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We describe efforts that are underway to assess the performance of recently
developed ice cloud bulk scattering models using measurements of nadir
radiances from 100-3000 cm? obtained from the UK Facility for Airborne
Atmospheric Measurements (FAAM) BAe-146 aircraft during the Cirrus Coupled
Cloud-Radiation Experiment (CIRCCREX). Preliminary results suggest that the
far- infrared observations can provide a means to discriminate between bulk
scattering models which are all able to satisfactorily match mid- infrared
observations due to their enhanced sensitivity to crystal habit.

Three lidar profiles were identified from SLR1, when suitable coincident TAFTS and CASE 1 (T355,,,0.598, 7,,,4=6-2-8.9 km)
ARIES spectra were available, as potentially interesting case studies. However,
upon further analysis, case 2 was found to be similar to case 1, hence only cases 1
& 3 are shown here. The objective was to assess the consistency of the simulated
spectra between the mid- (ARIES) and far- (TAFTS) infrared using the available
observational data and cirrus optical models.

Initial attempts to match the ARIES spectra yielded simulations that were around 5K
too warm across the 750 to 1250 cm* atmospheric window. Increasing the optical
depth by 50% yielded agreement to within the uncertainties of the ARIES spectra
(see figure 7), and for the ASC habit with an effective radius of 25 pm.
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This poster provides a brief summary of the relevant data obtained during flight ausE 01 Eﬂﬁﬂ i '].'ln |
B895 as part of the CIRCCREX campaign, and the methods and tools used to 260 £ 240 il .||I i1l |
simulate some of those observations. Two different approaches are taken: the m A 5 | ""Nl ) i —— st
initial stage of the work involves forward modelling of the observed radiances 230 e itk

using measurements of the atmospheric state, with a particular emphasis on
assessing consistency between our ability to capture mid- and far- infrared
behaviour. A second complementary activity aims to develop an inverse
modelling capability to assess whether the far infrared observations provide
additional information, particularly concerning the cirrus microphysics, compared 990
to that available from the mid- infrared.
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Figure 7. Simulated (black) and observed TAFTS and ARIES spectra.
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Simulations were performed for a range of crystal habits and particle sizes which
demonstrate those spectral regions in the FIR that may provide unique information

A1) e e e . on crystal habit and size when compared to the mid-IR alone (figure 8).
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Taking off from Prestwick in the UK on the 13" March 2015, FAAM flight B895 280 L -
overflew a decaying band of cirrus cloud associated with an occluded front. The X ]
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main objective of the flight was to characterise both the cirrus microphysics and

associated radiative signature across the electromagnetic spectrum. As such the i
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aircraft performed straight and level runs (SLRs) above and within the cloud, as

well as descending and ascending through the cloud layer. Note that since only
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a single aircraft platform was available the ‘in-cloud’ observations of cloud £ 4

microphysics were not taken at a cqlnmdent time with the remote _radlatlon 2 200 o e e an T T T o .

measurements. Figure 1 shows the flight track for the entire flight, with the 3 E -, | CASE 01: reff — 10um (ASC)
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Figure 4: Upper: TAFTS longwave (LW) and shortwave (SW) channel equivalent brightness temperature 5 r Rl " & =

spectra for cases 1 & 3 during SLR1 of FAAM flight B895. Lower: ARIES LW channel spectra. —4— —
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Figure 8: Top: Spectral differences due to variation in crystal habits compared to ASC. Bottom: Sensitivity

Data from the on-board aircraft instruments, combined with those from the to particle mean effective radius for sizes 15 to 60 pm compared to 10 pm for ASC.
dropsonde, lidar and ECMWEF Operational Analyses, were used to define the
atmospheric profile from the sea surface to the aircraft altitude at approximately 9.4 CASE 3 (T355,,,=0.80, Z,,4=6.0-8.9 km)

km above sea level, at 100 m vertical resolution. These data were then used as
Input to the Line-by-Line Radiative Transfer Model (LBLRTM) v12.8 to calculate the
optical depth for each atmospheric layer, and subsequently LBLDIS v2.1 to
calculate radiance spectra at the aircraft altitude. These spectra were then

Simulations were again focussed on providing the closest match to the ARIES
spectra. For this case, increasing the optical depth by 20% (within lidar extinction
profile uncertainties) yielded agreement to within the uncertainties of the ARIES
spectra (see figure 9) which are of the order of 1K. Significant differences are seen

Figure 1: Flight track for FAAM Flight B895 shown in black. The 3 SLRs are shown in colour, but convolved with the relevant TAFTS and ARIES instrument functions. A schematic of between the simulation and the observed TAFTS spectra in spectral regions that

note that SLR-1 lies directly beneath SLR-2 and is therefore not visible. the processing is shown in figure 5. may be particularly sensitive to crystal habit compared to the mid-IR (see figure 10).
CASE 03 — ARIES & TAFTS obs. & Sirmulation, ds1, (Baum ASC, re: 30um, 0Dx1.2)

The FAAM aircraft was fitted with a ‘cloud-radiation’ suite of instrumentation in FAAM Aircraft Sl T “E o

addition to its core instrumentation that enabled the atmosphere immediately in-situ T, P,  |mmmm) HELHIL Tt (@ profiles T, P, E

around the aircraft and also the cloud layer and underlying atmosphere to be WV, Z (AEiV;"G) WV LB gt

characterised. These instruments included two Fourier transform spectrometers 94 layer Ezmz— it | l.l"fl-" M

(FTS’s): the Tropospheric Airborne Fourier Transform Spectrometer (TAFTS, srerfeel) e [ =8 L 1.|||"" \ \\l (LI

Canas et al. 1997) with nominal spectral coverage from 80 cm™ to 600 cm™ at . = :E ] i ‘ r‘.||‘ |||' l|'||| \ 1l

0.12cm™ resolution, and the Airborne Research Interferometer Evaluation Lidar extinction LBLDIS v2.1 ég':"f"u;"w"*;'m""".t-'*wr' 1 k';,'w |‘||',. \'., L “ o

System (ARIES, Wilson et al. 1999) with nominal spectral coverage from 550 coefficient | (Baum optical models E‘ R U L |

cm to 3000 cm? at 1 cm resolution. A Leosphere ALS450 355nm elastic profiles ASC, SC, GHM) e

backscatter lidar (Marenco 2010) was also fitted along with the standard aircraft 1 | | e )

positioning, temperature and humidity sensors and the Airborne Vertical Simulated Figure 9: Simulated (black) and observed TAFTS and ARIES spectra.

Atmospheric Profiling System (AVAPS) [Vaisala, 1999]. Figure 2 indicates the radiance spectra . — . CASE O3 J0um Baum model differences

times during the period around the 3 SLRs when radiance spectra from TAFTS -~ < 4= —

and ARIES are available along with the times when the dropsondes were Apodisation n -

released from the aircraft. functions ‘= B

Figure 5: Schematic summarising the processing steps to produce simulated TAFTS and ARIES
radiance spectra.
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DROPSONDE #6 4 _ _ ] _ _

DROPSONDE #5 | Figure 6 shows the dropsonde profiles, interpolated to 100 m vertical resolution, of —4

oRoroone b temperature and water vapour for those two dropsondes released closest in time to T s e e hem e i

DROPSONDE 2 * cases 1 & 3, as well as the two lidar extinction coefficient profiles. ECMWF _ | wavenumber (em-) _

DROPSONDE #1 : : : : . Figure 10: Top: Spectral differences due to variation in crystal habits compared to ASC.
Operational Analyses data were obtained to provide estimates of the ozone column

ARIES ———— ——— —— — profile, surface temperature and wind speed. The sea surface emissivity was

) _ _ Note: These preliminary simulations have been performed at a relatively low spectral
characterised using the wind speed dependent model of Masuda (1988).

TAFTS @ Py & @ a0 & ot resolution (0.5 cm1) — hence differences between simulations and observations are not
shown. However, these simulations are being repeated at high spectral resolution, and it is
. S - evident even from these coarse resolution simulations that there are significant differences
1o——pobsonde temperature profiles PR ML I N o e 1R ) between the simulated and observed spectra in the FIR for well matched cases in the mid-
[ ' ' ' [T T T T ﬁ IR.
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Figur_e 2 Summary of the availability of TAFTS and ARIES radiance spectra and dropsonde data. e ol . s 1 : o= ] Oxford-RAL Retrieval of Aerosol and Cloud (ORAC), Poulsen 2012, is a state-of-

The timings of the 3 SLRs are shown for reference, and the release times for the dropsondes are s | o ] T | ] th ¢ . | " . b d retri | del d f t of the C it
indicated with an asterisk and colour-code indicating the SLR which they are associated with. £ 12 ] g - €-art optimal €s '_ma lon based re rlgva m_o el -and forms pfil’ of the Ommum y
I | | ] T ] Cloud Code for Climate (CC4CL). It is routinely used to retrieve cloud properties
| ' ‘ ; sase 02 ; from a number of satellite instruments using mid-IR and visible bands and is part of

Figure 3 shows the Leosphere ALS450 lidar data from the 3 SLRs that has been i _ T ‘_ ESA's Climate Change Initiative on clouds. ORAC will be developed to perform
processed to produce the atmospheric volume extinction coefficient as function N | _ _ _ retrl_e_vals of cirrus optical thickness, effective ra_dlus and cloud height using specific
of distance from the aircraft. This information can then be used to build a vertical o e N T addltlonal narrow band FIR channel data provided by TAFTS observations, alon,g
orofile of the cloud beneath the aircraft. Two lidar profiles, “CASE 1” & “CASE 3, _ . N I - . | with mid-IR c_h_annel_s extracted from ARIES spectra. An example of ORAC's
have been identified as suitable preliminary case studies when coincident 'gure 6: Dropsonde profiles o temperature (left) and water vapour (centre) for the two dropsondes current capability, using MODIS collection 061 data from an overpass at 10:40
) _ _ released in SLR1. Right: Lidar extinction coefficient profiles (defined at 355nm) for the two case studies UTC on the 13t March 2015. is shown in fiaure 11. The cloud optical thickness

TAFTS and ARIES observations are available. These interferometer spectra are with the cloud vertical extents and approximate aircraft altitude shown. _ , 9 - _ P

shown in figure 4, which highlights the variation between the two cases. (To.ss= 1), cloud top height (z,,,=7km) and cloud effective radius (r,#~30pm) show

promising agreement with the observations and the forward modelling approach.
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FAAM Flight B&45 Lidar Extinction Data
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In-situ cloud microphysical properties of the decaying band of cirrus were
measured after the completion of the 3 SLRs using a range of optical probes. A
summary of these and their results is reported in O'Shea 2016. They indicate
particle size distributions with a mean effective diameter ranging from around 80 to
200 pum. For the simulations reported here, the Baum (2014) ice cloud optical
property models have been used. These provide single scattering properties for 3
different crystal habits; solid columns (SC), aggregate of solid columns (ASC) and
a general habit mix (GHM), for wavelengths from 0.2 to 100 um, for effective
diameters from 20 to 120 um.
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Figure 3: Vertical profile of the Lidar extinction coefficients processed from the backscatter lidar returns during O’Shea, S.J., and 12 co-authors. Airborne observations of the microphysical structure of two contrasting cirrus clouds. U
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