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1. Introduction

In this chapter we will discuss solar spectral distributions and their corresponding impact
on the climate, especially on the Earth’s atmospheric temperature and energy balance at the
surface. Solar spectrum is defined as a spectral distribution of the solar radiation at the
top of the atmosphere (TOA). It represents the incoming solar energy to the earth system
containing the atmosphere and ocean. Solar radiation is the original driving force for the
continuous circulations of atmosphere and ocean. It has been recognized that the variation
of total solar irradiance (solar constant) at the TOA is one of the important factors impacting
climate change, though the variation in total solar irradiance is very small, approximately only
about 0.1% of the solar constant or about 1.3 W m 2 (Krivova et al, 2010). Besides the variation
of the total solar irradiance the changes in the spectral distribution of the solar radiation can
also affect the climate. However much less attention has been focused on this aspect.

The solar radiation at different wavelengths penetrates Earth’s atmosphere to different depths.
The high energy ultraviolet (UV) radiation is mostly absorbed by ozone in the mesosphere
and stratosphere. The atmosphere is relatively transparent to the visible (VIS) radiation and
allows most visible radiation to reach the earth’s surface and heat the land and ocean surfaces.
The atmosphere has strong absorption in the near infrared (NIR) radiation mainly due to the
water vapor in the lower troposphere. Therefore, different solar spectral distributions at the
TOA can affect the temperature structure in the atmosphere and the energy balance at the
surface, and hence impact the weather and climate.

In this chapter, the most commonly used solar spectra will be summarized and their
characteristics compared. These solar spectra will be applied to off-line radiation calculations
and climate model simulations to quantify the impact on climate.
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2. Measurement of the solar spectrum

Since the 1970s, the measurement of the solar spectral distribution at the TOA has become an
important issue for climate modeling. Since then several solar spectra have been proposed
and widely used. The solar spectrum can be measured at the earth’s surface and on
space platforms or estimated using proxy indicators such as sunspot and faculae. Before
satellite measurements of the solar spectrum became available, the data were mainly from
ground-based measurements and laboratory experiments. Since the historical time series
of the solar spectrum is required for long-term climate simulations and the data from
observations are not long enough for this purpose, reconstruction of the solar spectral time
series using empirical regression is inevitable. The most commonly used solar spectrum
in the early period was that provided by Neckel and Labs (1984) which was derived from
long-term observations of the absolute solar intensity measured at Kitt Peak Observatory and
from aircraft measurements. This solar spectrum became the reference and was used by many
science communities such as radiation model groups and the remote sensing community. We
refer to this solar spectrum as Neckel-Labs in the following discussions.

The second solar spectrum commonly used in the scientific community is that developed
by Kurucz (1995) based on measurements at Kitt Peak Observatory and balloon-based
measurements. This is a synthetic solar spectrum derived by a combination of measurements
and a theoretical model. The development of this spectrum was motivated by research
work performed by Gao and Green (1995) who found that the standard spectrum from
Neckel-Labs contains many absorption features in the 2.0-2.5 ym region that cannot be seen
in the observations from shuttle-borne instruments. These absorption features have been
corrected in the refined Kurucz spectrum. We refer to this solar spectrum as Kurucz95.
The advantage of the Kurucz95 spectrum is its high spectral resolution (~1 cm~1) which is
required by certain research applications, such as offline studies with line-by-line radiative
transfer models. Since this spectrum was published it has been used by several organizations
such as the UK Met Office, the US Atmospheric Environment Research and the Australian
Bureau of Meteorology, etc,. The Kurucz95 spectrum was recently updated by Chance and
Kurucz (2010) who corrected the absorption of solar irradiance by ozone and imported the
cross-calibration with the solar spectrum measured from satellite. We refer to this updated
version as Kurucz10 .

Lean (2000) provided the third solar spectrum which is a reconstruction of spectral irradiance
using multi-component empirical models, based on activity indices such as sunspot and
facular time series. This spectrum was updated with measurements from satellites from 1983
to 2004 covering the last two solar cycles and has been implemented into the UK Met Office
atmospheric model (Zhong et al., 2008). We refer to this spectrum as Lean00.

Satellites make it possible to directly measure the solar spectrum without the confounding
influence of the Earth’s atmosphere. In recent decades, a number of experiments have
been performed on various space platforms which have resulted in the new and improved
solar spectrum published by Thuillier et al. (2003). The spectrum provided by Thuillier
were derived from two instruments flown on the European Retrieval Carrier missions. This
spectrum covers the spectral range from 200 nm to 2400 nm and has been cross compared
with observations from other missions (Thuillier et al., 2003). We combine this data with that
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of the Kurucz10 for the wavelengths beyond 2400 nm to form a full spectrum. We use this
solar spectrum as the standard reference spectrum.
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Fig. 1. Spectral distributions of solar irradiance at the top of the atmosphere. Left: plots on
the original spectral grids; Right: two Kurucz spectra degraded by a moving average over 0.5
nm.

The five solar spectra mentioned above are shown in Fig.1. The major difference between
these spectra is the spectral resolution. The spectral resolutions for the two Kurucz spectra
are much higher than for the other three spectra and exhibit large oscillations in the spectral
region 200-1000 nm. The right panel shows the two Kurucz spectra degraded by taking a
moving average over the 0.5 nm spectral grids of the original spectrum. The degraded curves
are relatively smooth and agree better with the other spectra. Chance and Kurucz (2010) also
compared their modified spectrum with Thuillier’s spectrum using a similar degradation.

It is seen that the spectral distributions of the five solar spectra are different. However, highly
oscillatory spectral signatures make it hard to analyze these differences. In order to create
a picture that can clearly show the spectral differences between the five solar spectra we
calculate the fractional distribution of the incoming solar energy in the three solar spectral
ranges of UV, VIS and NIR and the results are shown in Fig.2. The results presented in this
figure have been normalized by the reference spectrum of Thuillier to explore the differences
relative to the reference spectrum. It is seen that the fractions of the solar energy among the
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five spectra are different in these spectral regions. These differences will result in significant
differences in the radiative heating rates in the stratosphere and irradiances at the surface as
will be shown in the following sections. The roles of the incoming solar energy in these three
spectral regions are very different. In the UV region, the ozone absorption is dominant in the
mesosphere and stratosphere and most of the solar energy is absorbed here. In the NIR range
water vapor is a dominant absorber with the corresponding strong absorption occurring in
the lower atmosphere. In the VIS range gaseous absorption is relatively weak allowing a large
portion of the solar energy to penetrate through the atmosphere and reach the earth’s surface.
Therefore, different solar spectral distributions can produce different heating profiles inside
the atmosphere and also influence the energy budget at the surface. These physical principles
help us to understand the results of the model simulations shown in the following sections.
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Fig. 2. The fractional distribution of solar energy over three spectral regions from 4 model
spectral data. The results have been normalized by the fraction of the Thuillier reference data.

3. Radiation and climate models

In order to study the sensitivity of the different solar spectral distributions, three kinds of
model will be used. The first is a high resolution line-by-line model, which is usually used
as a benchmark to verify the accuracy of a radiation algorithm used in a climate model,
but in this study, we use it to evaluate irradiance at the surface and the heating rate in
the atmosphere determined using the different solar spectral data. With the line-by-line
calculations, the detailed changes in the heating rates and irradiances corresponding to the
variations of the solar spectral distributions can be revealed. The line-by-line radiative
transfer model GENLN2 (Edwards, 1992) is used to perform these calculations at high spectral
resolution. Version 3.0 of the GENLN2 model is used and this model has been modified to
allow irradiance and heating rates calculations.

The broad-band model used in this study is the Sun-Edwards-Slingo version 2 (SES2) scheme
(Sun, 2011). It has 9 spectral bands in the shortwave region, 4 bands in the UV-VIS and 5 bands
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in the NIR. The 5 solar spectra have been implemented in the scheme so that their impact on
radiative heating in the atmosphere can be assessed in both off-line calculations and in climate
model simulations.

The Australian Community Climate Earth System Simulator (ACCESS) model is used to
perform the climate sensitivity study. ACCESS is a fully coupled system developed at the
Centre for Australian Weather and Climate Research. The atmospheric component is the
UK Met Office Unified Model. The SES2 radiation has been implemented in ACCESS. We
performed AMIP (Atmospheric Model Intercomparison Project) type simulations to assess
the impact of the variation of solar spectrum on the earth’s climate. The model used in this
study has a horizontal resolution of 1.25° x 1.875° in latitude and longitude and 85 vertical
levels. The model top height is about 85 km. The model dynamical core is a semi-implicit,
semi-Lagrangian, predictor-corrector scheme solving the non-hydrostatic, deep-atmosphere
equations (Davies et al., 2005). In addition, the model includes a prognostic cloud fraction and
condensate cloud scheme.

4. Impact of solar spectral distribution

There have been a number of studies investigating the possible impact on climate due to
changes in the solar constant (e.g. Kopp and Lean, 2011), but there is a lack of systematic
research on the intercomparison of those solar spectra mentioned above and the impact on
climate model simulations due to the differences in these spectra. Mlawer et al. (2000)
compared the solar spectral irradiance at the surface determined with their line-by-line
model (LBLRTM) using the Neckel-Labs and Kurucz95 spectra with high spectral resolution
observations obtained at the Southern Great Plains site of the US Atmospheric Radiation
Measurement (ARM) program(Stokes and Schwartz, 1994). Their results suggested that
Kurucz95 provides a better modelled irradiance at the surface. Zhong et al. (2008) compared
the impact of shifting from the Neckel-Labs spectrum to the Kurucz95 and Lean00 spectra in
a line-by-line radiation model and in a climate model. They found that the solar heating
rate in the stratosphere generated by Kurucz95 is significantly larger than that generated
by Neckel-Labs, because the larger incoming solar energy in the UV causes extra ozone
absorption in the Kurucz95 spectrum. Since different climate models may use any of the
solar spectra introduced above it will be useful to investigate the use of all of the spectra
mentioned above and their influence on radiation and climate models, particularly in the
context of AMIP style experiments. In addition, the recent satellite observation-based Thuillier
spectrum was not accounted for in Zhong et al. (2008) and has not been evaluated in climate
models. In this section, we present a comparison of the five solar spectral data, in which four
of them (Neckel-Labs, Kurucz95, Kurucz10 and Lean00) have been used in AMIP style model
simulations. The satellite observation-based Thuillier spectrum is used as the reference. It
should be emphasized that although we use the Thuillier spectrum as a reference, it should
not be regarded as the standard benchmark because the solar spectrum varies and a spectral
data averaged from a longer period may be preferred. An appropriate comparison with
observations may be desirable to assess the accuracy of these spectral data but this is beyond
the scope of this study.

In Zhong et al. (2008), the related physical discussion focused on the temperature bias in the
stratosphere due to changing the solar spectra. In our discussions, apart from the stratospheric
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temperature issue, more attention is paid to the physics related to the changes in the lower
tropospheric temperature and the surface energy balance.

4.1 Off-line radiation calculations

GENLN?2 line-by-line calculations are performed using a middle latitude summer (MLS)
atmosphere with 107 vertical levels to investigate the impact of the changes in solar spectrum
on the solar heating rates in the atmosphere. The HITRAN2008 data base is used and 6
absorbing species (H20, CO2, O3, CH4, N20, O2) are included in the calculations. The water
vapor continuum and oxygen collision-induced continuum are also included. The spectral
resolution of 0.005 cm~! and the Voigt line shape profile are used in the calculations. The
solar constant is taken as 1368.8 W m 2, the solar zenith angles is assumed to be 30° and the
surface albedo is set to 0.2.

o.oowf‘””i’-“ ocootF b T
__  Thuillier \
0.010F . 0.010F N :
= b neckel—lab84 I\
a 0.100 . 0.100 A .
< T
(&) ~N
5 1.000F s, 1.000F ARREN .
n = ) .2
o " S
£ 10000p oo KuruezsSS g 10.000 i :
/
100.000 { - Muruezil 1 100.000 F :
A Lean00
1000.000 Lttt it 10000000 o v v
0O 5 10 15 20 25 30 —4 -2 0 2 4
0.001 0.001
0.010} . 0.010F i
o BN
o 0.100 . 0.100 EINN :
< EIRNN
- S \ N
o 1.000F S 1.000 F v :
% B /./‘/
%] ., -
e 10.000 - 1 10.000 F e 8
o o
100.000{ 1 100.000 - .
1000.000 L i 1000000 o oo
0O 5 10 15 20 25 30 —4 -2 0 2 4
Heating rate (K day™) Heating rate difference (K day™)

Fig. 3. Solar heating rates determined using GENLN?2 line-by-line (upper panels) and SES2
broad-band (lower panels) schemes with five solar spectra. The calculations use the MLS
atmosphere with a solar constant of 1368.8 W m~2 and a solar zenith angle of 30°. The
Thuillier spectrum is treated as the reference and the left panels show the heating difference
between the model spectra and this reference.
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In Fig. 3, the upper left panel shows the solar heating rates calculated by GENLN?2 for the five
solar spectra. Taking Thuillier as the reference, the upper right panel shows the differences
in heating rate between the model solar spectra and reference spectrum. It is seen that the
maximum solar heating rate occurs at about 1 hPa. This is due to the absorption by ozone
whose maximum concentration is close to this level. A large difference in heating rate also
occurs around this region. Compared to the result from the reference spectrum, it is found
that the Neckel-Labs and Lean00 spectra produce smaller heating rates, and the two Kurucz
spectra produce larger heating rates. The difference in heating rate between Neckel-Labs and
the reference is about -1.5 K day ~! and the difference in heating rate between Kurucz10 and
the reference is about 2 K day*1 , which is about 10% of the heating rate close to 1 hPa.
Since the total incoming solar energy is assumed to be the same for all five spectra, in the
Neckel-Labs and Lean(0 spectra, less solar energy is filtered out by ozone absorption before it
reaches the lower atmosphere and ground.

The same calculations are also performed using the SES2 broad-band scheme. In the SES2
model Rayleigh scattering is included. The broad-band calculations use the MLS atmosphere
with 60 vertical levels and the rest of the specifications are the same as those for the line-by-line
calculations. It can be seen that the results from the broad-band calculations are very close to
those of the line-by-line calculations. Since the SES2 radiation algorithm is used in the climate
model calculations shown below, the results in 3 indicate that the radiation calculations in the
climate model are reliable.

It is seen in Fig.2, the old solar spectrum of Neckel-Labs has the smallest solar energy input
in the UV range. This is consistent with the result shown in Fig.3. The heating rate due to
ozone absorption is the weakest for Neckel-Labs. It is found that the two Kurucz spectra have
relatively large energy fraction in the UV spectral range. Therefore, the solar heating rates
from these two spectra are larger than those from the other spectra in the ozone absorption
region.

In order to verify the results of Fig.3, in Fig.4 we present the more detailed line-by-line spectral
heating rates at the 1.5 hPa level, where the ozone absorption is at its peak value. Only the UV
region is shown as the heating rate in other regions is essentially zero. In the upper panel the
heating rates from the Kurucz10, Lean and Thuillier calculations are shown as a function of
wavelength. It is seen that large heating rates occur in the Hartley band around 300 nm due
to the ozone absorption there. Also large differences in heating rate are found in this region
using the different solar spectra. The Lean spectrum produces the smallest heating rate and
the Kurucz10 spectrum produces the largest heating rate.

Figure 2 shows that the Lean00 spectrum has the largest solar fractional input energy in the
NIR region, so it is expected that the use of this spectrum would produce a larger heating rate
in the lower troposphere where the water vapor absorption dominates. However, since the air
density is high in the lower atmosphere, the heating rate becomes small, and the difference in
heating rate is not obviously noticeable in Fig.3. Nevertheless the difference in heating rate in
the lower troposphere can be more clearly found in climate simulations as shown later due to
feedback effects involving water vapor.

It is also seen in Fig.2, that the two Kurucz spectra and Neckel-Labs spectrum have relatively
larger solar input energy in the visible region. Since the atmosphere is relatively transparent
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Fig. 4. Solar spectral heating rates at the 1.5 hPa level of a MLS atmosphere determined using
the GENLN2 model for three solar spectra. The calculations assume a solar zenith angle of
30° and a surface albedo of 0.2. The lower panel shows the heating differences between
Kurucz10, Lean00 and the reference.

in this region, the larger the input solar energy at the TOA will lead to a larger downward
solar irradiance at the surface and this is demonstrated in Fig. 5.

In Fig.5, the downward solar irradiances versus solar zenith angle are plotted. The
calculations are performed using the GENLN2 model. As in Fig.3, the results are determined
taking the spectrum of Thuillier as the reference and the differences in the downward
irradiance at the surface between the model spectra and reference are shown. The upper
left panel of Fig.5 presents the differences in total downward solar irradiance at the surface. It
is found that the downward solar irradiances at the surface obtained using the all four model
solar spectra are higher than that using the reference spectrum. The irradiance difference
between Kurucz95 and the reference is smallest and the difference between Kurucz10 and the
reference is largest. At the solar zenith angle of zero, the Kurucz10 spectrum produces an
extra 2 W m~2 solar downward irradiance at the surface compared with the result from the
reference spectrum.

In order to understand the reason for the difference in the downward flux at the surface,
we separate the broad band results into three spectral ranges and the corresponding results
are shown in the other three panels. In the UV range (upper right panel), the downward
irradiance at the surface from the Kurucz10 spectrum is higher than that from the reference
spectrum, while the results from the other three spectra are less than that from the reference. It
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Fig. 5. Difference of downward solar irradiance between model spectra and the reference
determined using the GENLN2 model. The upper left panel shows the difference in full
spectrum, upper right for the UV spectrum, lower left for the VIS spectrum and lower right
for the NIR spectrum.

is shown in Figs.2 and 3 that Kurucz10 has a larger portion of the solar energy in the UV region
and produces the largest solar heating rate in the stratosphere. The downward irradiance
at the surface is also high using this spectrum. The proportion of the solar energy for the
Neckel-Labs spectrum is significantly smaller in this region and the surface irradiance from
this spectrum is also small compared with the reference results. The difference in irradiance
between Neckel-Labs and the reference can be as large as 7 W m~2 at zero solar zenith angle.

The differences in the downward solar irradiance in the VIS range are shown in the lower left
panel of Fig.5. Since the atmosphere in the VIS region is relatively transparent to downward
solar radiation, the results of the downward irradiance at the surface match well with those
of the incoming solar energy at the TOA as shown in Fig.2. The spectrum of Neckel-Labs,
Kurucz95 and Kurucz10 have a relatively larger proportion of the solar energy in this region
compared with reference spectrum. The downward irradiances at the surface from these three
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spectra are higher than that of reference, whereas the downward irradiance from Lean(00 is less
than the reference due to its relatively less incoming solar energy at the TOA. The difference
between Neckel-Labs and Thuillier is close to 7 W m~2, and difference between Neckel-Labs
and Lean is up to 9 W m2.

The differences in downward solar irradiance in the NIR region are shown in the lower right
panel of Fig.5. In contrast to the result of the UV, Kurucz10 is the smallest and Lean00 is the
largest. According to Fig.2, Kurucz10 contains the smallest proportion of the solar energy
compared to the other data, which leads to less downward flux at the surface. Also it is easy
to understand why the Lean spectrum has the largest downward irradiance, since the solar
incoming energy portion from this data is the largest one amongst the five spectra in the NIR
range.
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Fig. 6. Zonal mean temperature cross-sections determined by the ACCESS model for two
seasons. The upper panels show the results corresponding to the reference solar spectrum
and the following panels are the differences due to the model spectra relative to the reference.
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Overall the spectral distributions of the downward irradiance at the surface are largely
controlled by the distributions of the incoming solar radiation at the TOA, although gaseous
absorption in the atmosphere can also have an effect. It is seen that although the changes
in the downward total irradiance at the surface are within 2 W m~2 corresponding to the
changes in spectral distribution at the TOA, the changes in spectral band irradiance are much
larger, which will have large impacts on boundary layer and on land-surface processes. In the
UV spectral region, for example, the changes in irradiance at the surface will affect the UVB
forecasts that are important to the public. Radiation in the visible region (photosynthetically
active radiation) is partially absorbed by plants and affects crop production and the carbon
balance in the biosphere. In the NIR spectral region, water vapour absorption in the lower
troposphere generates significant greenhouse warming. The radiation reaching the surface
will be largely absorbed by the land surface because of the small albedo, which will lead to an
increase in the surface temperature. The downward solar irradiance at the surface can strongly
influence the surface energy budget and the surface sensible and latent fluxes. Therefore
seeking an accurate solar spectrum is clearly an important issue for numerical modelling of
weather and climate.

4.2 AGCM simulations

In this section, we focus on the impacts of the changes in solar spectral distribution on
present-day model-simulated climate. The climate simulations are performed with the
ACCESS atmospheric model, which has been discussed in the previous section. The AGCM
simulations have been performed with an initial condition specified at September 1978.
Prescribed sea surface temperature and sea ice data with seasonal variations are used as
forcing from the ocean. A series of 30-year climate integrations were performed in order to
find the influence of the different solar spectral distributions on climate simulations. A long
time climate model simulation is required to reduce the noise due to natural variability. We
present below the 30 year mean climatology.

The climate simulations based on four solar spectra (Thuillier, Kurucz95, Kurucz10 and
Lean00) are performed. The Neckel-Labs spectrum is not considered in the climate
simulations, since this old solar spectrum has became less popular in the last decade. As
for the off-line radiative transfer comparisons, the climate simulation results are based on
taking the Thuillier spectrum as the reference. Two seasonal mean results for summer
June-July-August (JJA) and winter December-January-February (DJF) are presented.

We first investigate the temperature response inside the atmosphere. Figure 6 shows the zonal
mean temperature cross-section for the two seasons and difference between the simulations
using the different model spectra and reference spectrum. It is found that higher temperatures
occur in the upper stratosphere due to the ozone absorption in the UV region. In the lower
atmosphere below 2 km, the temperature is relatively large too due to water vapor absorption
in the NIR range. In climate simulations feedback processes can play an important role.
The absorption of solar energy in the NIR spectrum can cause a warming effect, and the
temperature increase in the atmosphere can lead to more water vapor in return. This kind
of feedback can make the temperature bias more sensitive to changes in the incoming solar
spectral distribution.
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The differences in temperature between the climate simulations using different solar spectra
are shown in the lower panels. It is seen that the temperatures in the upper atmosphere from
the simulations using the Kurucz95 and Kurucz10 spectra are systematically higher than that
using the Thuillier spectrum. The difference can be as large as 5 K over large regions in
the upper stratosphere. This is consistent with the results from the off-line line-by-line and
broad-band calculations as shown in Figs.3 and 4. In contrast, the temperatures obtained
by using the Lean spectrum are systematically lower than that using the Thuillier spectrum.
Zhong et al. (2008) have performed GCM simulations to test the effect of the Kurucz95 and
Lean solar spectra used in an early version of the UM model. They have shown that the
use of the Kurucz95 spectrum results in a substantial warm bias above the stratosphere, and
using the Lean spectrum can reduce the warm bias by about 4.3 K. The results obtained here
are consistent with their finding. Furthermore, our results indicate that the use of Kurucz10
spectrum can cause an even larger warm bias in the stratosphere, which has not been studied
by anyone before.

In the lower atmosphere, the Lean00 spectrum produces a noticeable warming bias compared
to that of the Kurucz spectrum. As is shown in Fig.2 the Lean00 spectrum contains a larger
portion of the incoming solar energy in the NIR region, and this energy can penetrate through
the upper atmosphere and reach the lower troposphere where the water vapor absorption
is relatively strong and leading to the larger solar heating rate which warms the lower
troposphere and surface. The difference in temperature shown in the AGCM simulations
is generally larger than the difference in heating rate shown in the off-line calculations. This
is due to the positive feedback between the temperature and water vapor amount mentioned
above.

In the top panels of Fig.7, the two seasonal (JJA and DJF) mean global distributions of
the downward solar irradiances at the surface based on the simulations using the Thuillier
spectrum are presented. It is seen that the downward solar irradiance is much larger in the
northern hemisphere in the summer season and the opposite result happens in the southern
hemisphere. In the lower panels (second to fourth rows), the differences in the downward
solar irradiance are presented. It is seen that changes in solar spectra can cause changes in
solar irradiance at the surface as large as 3 W m~2, which is much lager than that due to the
aerosol forcing (Nicolas et al., 2005). The difference is also larger in the summer hemisphere
than in the winter hemisphere. Of the three model spectra, Kurucz10 has the largest difference
in the downward irradiance and Kurucz95 has the smallest difference compared to that of the
Thuillier spectrum. This is consistent with the off-line broad band results as shown in the
upper left panel of Fig.5.

In Fig.8, the impacts on the surface temperature due to changing the solar spectra are
presented. The upper two panels show the surface temperatures produced by the reference
Thuillier spectrum, for the two seasons of JJA and DJE. The lower panels show the differences
in surface temperature between the model spectra and the reference spectrum. The two
Kurucz spectra produce lower surface temperatures compared to the Thuillier spectrum. It
is seen that the temperature response to the changes in solar spectra is in a range of £2K. As
seen in Fig.7, using the Kurucz10 spectrum leads to more solar irradiance (and hence, solar
energy) reaching the surface. The surface temperature, however, does not respond in the same
direction as this forcing. We therefore need to understand the related physical reasons behind
this behavior. An obvious reason is that the surface albedo is very different in the different

www.intechopen.com



Evaluation of Solar Spectra and Their Effects on Radiative Transfer and Climate Simulation 51

Thuillier JJA Thuillier DJF

o)
o
3
i)
=
=
©
—
100°E 160°W 80°W “ 100°E 160°W 60°W
Kurucz95 — Thuillier Kurucz95 — Thuillier
)
o
5
o
=
3
©
—
[0)
o
=]
o
=
e
©
—
0° 100°E 160°W 60°W 0° 100°E 160°W 60°W
Lean00 — Thuillier
)
<
3
-~
=
-—
o
—

Longitude Longitude

Fig. 7. Compared in the upper panel are the total downward solar irradiance (W m~2) at the
surface determined using the reference solar spectrum for winter (DJF) and summer (JJA)
seasons with those determined by the model solar spectra, shown as separate differences
(model minus reference) separately in the bottom three panels.

spectral regions. Generally, the surface albedo is relative lower in the NIR range and higher
in the UV and VIS range. A higher surface albedo indicates a stronger surface reflection,
which limits the energy absorption by the surface and produces a lower surface temperature.
The surface albedo in the NIR is about 1/3 of that in the UV and VIS. Therefore, the surface
solar energy absorption is largely determined by the downward solar radiation in the NIR
range. In Fig.5, it has been shown that the Kurucz10 spectrum produces the lowest downward
irradiance at the surface in the NIR range. This explains why the Kurucz10 spectrum produces
the lowest surface temperature. Following the same argument, we can understand why the
Lean00 spectrum produces the relatively highest surface temperature as shown in Fig.8, since
the Lean spectrum corresponds to the largest downward solar irradiance in the NIR range.
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Fig. 8. Compared in the upper panels are the surface temperature distributions determined
by the ACCESS model for two seasons using the reference solar spectrum with those
determined using the model spectra displayed as separate differences in the bottom panels.

5. Summary and conclusions

In this chapter, we have analyzed the solar spectra currently used in climate models.
The radiative impacts of the solar spectra are examined by using high spectral resolution
line-by-line and broad-band radiative transfer models. It has been found that the solar heating
rate in the stratosphere is very sensitive to the solar spectral distribution at the top of the
atmosphere. The most sensitive spectral region is in the Hartley band near 300 nm where
ozone has a strong absorption. The solar energy fraction from the Kurucz95 spectrum in
this region is relative larger and the use of this spectrum leads to a large solar heating in the
upper stratosphere. The modified spectrum of Kurucz10 contains an even larger proportion
of energy in this region, which produces an even higher heating rate. The Lean00 spectrum
which includes the latest observations from space platforms produces heating rates close to
those using the reference Thuillier spectrum.
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It is found that the radiative impact of the solar spectra is not limited to the ozone absorption
in the UV range. The water vapor absorption in the lower atmosphere and the downward
solar irradiance at the surface are also strongly influenced by the choice of the solar spectra.
The effects of changes in the solar spectral distribution on the solar irradiance in three major
spectral regions are much larger than on the total irradiance. The maximum difference in the
total irradiance among the five solar spectra is about 2 W m~2 whereas those in the three
spectral band irradiances are about 6 - 9 W m~2. These spectral differences will in turn
influence important processes, such as the forecast UVB, land-surface processes, and sensible

and latent heat fluxes.

Four solar spectra have been evaluated using the ACCESS climate model. The climate model
simulations show that the temperatures in the stratosphere and above from the Kurucz95 and
Kurucz10 spectra are systematically higher than the result using the Thuillier spectrum. The
difference is up to 5 K. On the other hand the stratospheric temperature due to use of the
Lean00 spectrum is generally lower than the result using the Thuillier spectrum. In the lower
atmosphere the Lean00 spectrum produces a noticeable warming bias compared to that of the
Kurucz spectrum because this data contains a larger portion of incoming solar energy in the
NIR range.

The climate model simulations also show that the changes in solar spectra can influence the
downward solar irradiance at the surface. The difference can be as large as 3 W m~2 for
different solar spectra. The changes in the downward solar irradiance is expected to have
an influence on the surface temperature. However, it is interestingly found that the larger
downward total solar irradiance at the surface does not necessarily correspond to higher
surface temperature. The surface temperature strongly relies on the surface albedo and the
surface albedo is generally much lower in the NIR range. Therefore the surface solar energy
absorption is largely determined by the downward solar radiation in the NIR range.

From the results presented in this study, we cannot make a recommendation on which solar
spectra should be used in a climate model because of the lack of the necessary comparison
with observations. However, our results are of use for future work. For example, it may
be better to examine the solar spectra against observations in the UV spectral region. This
is because the differences in the solar irradiance amongst the five spectra are largest in this
region where only the ozone absorption is important. The calculations in this region are not
influenced by uncertainties from water vapour and other absorbing species. Although we
cannot make a general recommendation our results suggest that the Lean(00 spectrum should
be used in the ACCESS (UM) model as it can reduce the model warm bias as identified by
Zhong et al. and the current study.
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