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Abstract. The infrared limb spectra of the Michelson Inter- tion thresholds of the applied detection methods. Based on
ferometer for Passive Atmospheric Sounding (MIPAS) onBTR, a detection threshold of ADP =ian?cm2 and an
board the Envisat satellite include detailed information onice water content of 16® gm~2 is estimated, depending on
tropospheric clouds and polar stratospheric clouds (PSC)the horizontal and vertical extent of the cloud.
However, no consolidated cloud product is available for Intensive validation of the cloud detection methods shows
the scientific community. Here we describe a fast prototypethat the limb-sounding MIPAS instrument has a sensitivity
processor for cloud parameter retrieval from MIPAS (MIP- in detecting stratospheric and tropospheric clouds similar to
clouds). Retrieval of parameters such as cloud top heightthat of space- and ground-based lidars, with a tendency for
temperature, and extinction are implemented, as well as rehigher cloud top heights and consequently higher sensitivity
trieval of microphysical parameters, e.g. effective radius andfor some of the MIPAS detection methods. For the high cloud
the integrated quantities over the limb path (surface area deramount (HCA, pressure levels below 440hPa) on global
sity and volume density). MIPclouds classifies clouds as ei-scales the sensitivity of MIPAS is significantly greater than
ther liquid or ice cloud in the upper troposphere and polarthat of passive nadir viewers. This means that the high cloud
stratospheric clouds types in the stratosphere based on statiaction will be underestimated in the ISCCP dataset com-
tical combinations of colour ratios and brightness tempera-pared to the amount of high clouds deduced by MIPAS. Good
ture differences. correspondence in seasonal variability and geographical dis-
Comparison of limb measurements of clouds with modeltribution of cloud occurrence and zonal means of cloud top
results or cloud parameters from nadir looking instrumentsheight is found in a detailed comparison with a climatology
is often difficult due to different observation geometries. We for subvisible cirrus clouds from the Stratospheric Aerosol
therefore introduce a new concept, the limb-integrated surand Gas Experiment Il (SAGE 1) limb sounder. Overall, val-
face area density path (ADP). By means of validation andidation with various sensors shows the need to consider dif-
radiative transfer calculations of realistic 2-D cloud fields asferences in sensitivity, and especially the viewing geometries
input for a blind test retrieval (BTR), we demonstrate that and field-of-view size, to make the datasets comparable (e.qg.
ADP is an extremely valuable parameter for future compar-applying integration along the limb path through nadir cloud
ison with model data of ice water content, when applying fields). The simulation of the limb path integration will be an
limb integration (ray tracing) through the model fields. In ad- important issue for comparisons with cloud-resolving global
dition, ADP is used for a more objective definition of detec- circulation or chemical transport models.
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7136 R. Spang et al.: Fast cloud parameter retrievals of MIPAS/Envisat

1 Introduction Raspolini et al. (2002) showed that cloud spectra may have
a significant impact on the retrieval of pressure, temperature
The Michelson Interferometer for Passive Atmosphericand trace gas profiles and proper cloud screening is necessary
Sounding (MIPAS) on board the ENVISAT satellite mea- to avoid erroneous retrieval results. The ESA operational MI-
sures limb infrared (IR) spectra in the wavelength range fromPAS level 1 and 2 products do not include any information on
4 to 15 pm (Fischer et al., 2008). The MIPAS radiance spec-clouds and aerosols. This is not surprising, because the anal-
tra contain a variety of crucial data on atmospheric processegsis and retrieval of cloud parameter from limb IR spectra is
including cloud formation and chemical interaction of clouds a challenging and time-consuming task due to the complex
and trace gases. The exploration of cloud spectra — measureddiative transfer in the presence of clouds.
globally with very high spectral resolution in the limb —has A validated and consolidated MIPAS cloud product is cur-
been investigated in more detail in the last 10 yr. First publi-rently not available for the scientific community and the de-
cations already demonstrate the great scientific impact theseelopment of a cloud processor providing standardised and
data can achieve (Spang et al., 2005a, b; Ewen et al., 200%alidated cloud product parameters would be extremely valu-
Hopfner et al., 2006a). For example, IR limb measurementsable. Consequently, MIPclouds, a prototype of a cloud pa-
from space are extremely sensitive to the detection of opti+ameter processor, was developed as part of an ESA-funded
cally thin clouds in the upper troposphere and lower strato-study with the emphasis on time-efficient processing — with a
sphere (UTLS) (Mergenthaler et al., 1999; Spang et al., 2002speed faster than near-real-time (NRT) — where simple tech-
Massie et al., 2007), such as subvisible cirrus (SVC) (Sasseniques such as colour ratios or simplified radiative transfer
et al., 1989) or ultrathin tropical cirrus (Peter et al., 2003; models are applied to match the NRT constraint.
Luo et al., 2003). A large proportion of the uncertainties of To date, the focus of most scientific analysis of MIPAS
climate change prediction using general circulation modelscloud observations is on the analysis of PSC (Spang et al.,
(GCMs) arises from poorly understood and represented in2005a, Hbpfner et al., 2006a, b, 2009) or technical aspects
teractions and feedbacks between dynamic, microphysicalpf the cloud parameter retrieval (Spang et al., 2005; Green-
and radiative processes affecting cirrus clouds. Modelled cli-hough et al., 2005; Hurley et al., 2009, 2011; Sembhi et al.,
mates are sensitive even to small changes in cirrus coverag2012). For the first time this paper presents a combination of
or ice microphysics (Brcher and Spichtinger, 2010). Opti- the best suited detection methods and new developed cloud
cally thin cirrus in the tropical tropopause layer dehydratesparameter retrievals in one processing system with corre-
the air entering the stratosphere, thus affecting stratospherisponding data products. A stringent cross-validation of the
water vapour and ozone concentrations (Zhang et al., 2005applied detection methods with cloud products of other satel-
All these processes highlight the importance of quantitativelite instruments is performed to optimise, quantify, and vali-
information on clouds and especially optically thin cirrus date the detection sensitivity of the new, combined approach.
clouds, where MIPAS can provide a substantial amount ofFirst attempts for a more adequate comparison of cloud prod-
information. ucts of different instrument types and viewing geometries are
MIPAS is the first instrument which allows the compila- presented and applied to the data. Finally, this paper intro-
tion of a pole-covering climatology on the occurrence of po- duces to the scientific community a new and — after the com-
lar stratospheric clouds (PSC) and the classification of varpletion of the processing of the full measurement period — a
ious cloud types under daytime and night-time conditions10yr data record of cloud products for future comparisons
(Spang et al., 2005a, b;dpfner et al., 2006b). The PSC with model data (e.g. GCM or ECMWF re-analyses) or with
measurements are valuable for validating the treatment o€ombined cloud datasets of operational nadir instruments.
polar chemistry by climate chemistry models (CCMs) and This article is organised as follows. First, Sect. 2 will give
thus providing confidence in the prediction of future po- an overview of the MIPclouds processing system, followed
lar ozone loss. CCMs used for assessments of stratospherhty Sect. 3 with a description of the algorithms and techniques
ozone loss (e.g. Eyring, et al., 2005) often employ rather sim-applied in the processing. Section 4 will introduce a blind test
ple heterogeneous chemistry schemes. The simpler schemestrieval approach used for validation and consolidation of
are frequently based on nitric acid trihydrate (NAT), al- retrieval parameters. Finally, validation results are presented
though it is known that heterogeneous chemistry on superand discussed with the focus on cloud detection and cloud
cooled ternary solution (STS) and on cold binary aerosoloccurrence. In the following sections all algorithm and val-
particles probably dominates polar chlorine activations (e.gidation results are based on the software version 1.6 of the
Solomon, 1999; Drdla and Mler, 2010). The activation po- processor.
tential and temperature formation threshold of different types
of PSC are very different. Therefore, detailed information
about observed PSC compositions is a prerequisite for a2  Overall structure of the processor
accurate, process-based simulation of chlorine activation in
polar ozone chemistry and the prediction of the recovery ofThe simple flow chart in Fig. 1 illustrates the workflow of
the Antarctic ozone hole. the data processing. In a first step, various data sources such
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with macro retrieval) starts. Subsequently, a cloud classifica-

Prle-pf?%estsed tion takes place based on the top two cloudy tangent heights.
(”232 ECfAfVF) In the free troposphere=6G km) and UTLS region, cloudy

spectra are classified as belonging to either water or and cir-
rus clouds. In the polar winter stratosphere cloudy radiances
are classified as originating from ice, nitric acid trinydrate, or
liquid supercooled ternary solutions droplets. Based on the
classification, additional microphysical parameters are esti-
mated such as the effective radiugf), the limb integrated
volume or surface area density path (VDP and ADP), along
Cloudy ? NO with some simplified estimates of volume density and ice wa-
(confidence) ter content.

For validation purposes, such as comparisons with other
sensor and cloud climatologies, it is essential to compute
cloud occurrence frequencies (COF) based on the retrieved

\

Detection
(various methods)

Macro-Retrieval

(CTH,CTT, Extinction) cloud top height. The COF is an important secondary product
+ of the processor. However, as we show in Sect. 5, a correct
comparison of COF needs specific refinements depending on
Classification the measurement characteristics of each sensor, such as ob-
(PSC types, cirllig) servation geometry or the size of the field of view.
+ The MIPAS instrument made nearly continuous measure-
Mi . ments from September 2002 to March 2004 in the full
icro-Retrieval . iy
(IWP*/ADP, Reff**) resolution mode of the spectrometer (0.025¢nspectral
+ sampling). These measurements were taken as the primary
dataset of interest for the application of the new prototype
/ C?rl]let%gFDSa}]a / processor and the following analyses and validation results
chronised with 1b) are restricted to this time period. However, special care was

also taken to keep the algorithms flexible so that only mi-

Fig. 1. Overview of the MIPclouds processing scheme. The pre-nor modifications _WOUld be necessa!'y .to allow prqcessmg
processing of the input data is part of the original cloud processor®f meéasurements in the so-called optimised resolution mode
(*) Ice water path (IWP) is an integrated quantity over the limb (0.0625 cnt) for data from 2005 onward.

path, as well as for the area density path (ADP)) For the current

processor version, retrieval resultsRds are not recommended for

scientific analyses, further investigations and improvements on the

algorithms are necessary. 3 Algorithms and techniques

This section summarises the algorithms applied for the re-
as the level 1b (L1b), level 2 (L2), and reanalysis data fromtrieval of cloud parameters in the processing system. Some
the European Centre for Medium-Range Weather Forecast@ethods have already been published or recently submitted
(ECMWF) are merged on basis of the spatial collocation ofto peer-reviewed journals (specific references see sections
calibrated L1b spectra. Pre-processing creates a consolidatdt¢low). Consequently these methods are described here only
profile-based dataset of radiances for a number of specifie@riefly. In addition, a more technical description of all the
microwindows. This step includes an altitude correction of algorithms is given in Spang et al. (2010a). For better orien-
uncertainties up to two kilometres of the original level 1b en-tation of the readers, a number of frequently used acronyms
gineering heights (Kiefer et al., 2007) and the Norton-Beerand shortcuts in the manuscript are listed in Appendix A.
apodisation of the spectra. The final corrected tangent alti-
tude is assumed to be accurate in the order of 200m, 5003.1 Cloud detection
and +1.5km depending on the level of correction that can
be achieved (e.g. von Clarmann et al. 2003, details on théd number of complementary cloud detection methods are
altitude correction of the processor are given in the Suppleimplemented as initial steps in the processing scheme: (a)
ment). Various cloud detection methods are then applied anthe multi-colour ratio (Cloud Index: Cl) approach in various
combined for the most relevant decision of the processing, ifwavelength regions with improved threshold definition, (b) a
a spectrum has to be flagged as cloudy or non-cloudy. Aftessingular value decomposition (SVD) approach for cloud de-
this step, the retrieval of macroscopic cloud properties (cloudection, (c) a multi wavelength (10) microwindows method
top height, temperature and extinction, abbreviated belowat 930-960 cm?, and finally (d) a weighted combination of
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PDF for 200306Lat] 10, 10] ehut a strong trace gas emitter is present, for example,@ad
T S ———— T s162 MW is typically part of an atmospheric window region.
VT B - I 1778 Table 1 shows the selected wavenumber regions and CI
5 hu | — e thresholds for the processing. The main intention of the new
30 316 processor was to enhance detection sensitivity by introduc-
178 ing Cl threshold profiles dependent on latitude, altitude and

56 time, which consider the clear sky variability of radiance in
32 the selected MWSs, instead of the robust but simple constant
10 thresholds used in various MIPAS retrieval processors (e.g.
5 Raspollini et al., 2002, 2006; Milz et al., 2005; Hoffmann et

3 al., 2008), where the variability in the thresholds (e.ga ClI

1 thresholds vary from 1.8 to 4.5) is based on criteria of how
logi(C) ' ' much cloud emission will still allow accurate trace gas re-
trievals.

altituds[km]

o b b b i 8

Fig. 2. The probability density distribution of lag(C1a) for MI-
PAS measurements in June 2003 in the equator regid® (leg
latitude). Superimposed on a 3km vertical grid various percentilesA variable CI threshold profile based on MIPAS 2003
(0.1, 1, 50 (median), 95, and 99 %), a mean, and an optimised Cbbservationsm (CLTHRESH)
threshold profile (thick solid vertical line, details see text) as well
as the constant threshold of Cl=1.8 (thick dashed line). HorizontalAn example of the number density distribution for the se-
stripes are caused by the accurate pointing of the nominal tangengcted colour ratio in MIPAS band A (@) is presented in
height (3 km altitude grid with minimum heights around 6—7 km). Fig. 2. Typically, values for G are close to unity when an
optically thick cloud is present in the MIPAS field of view

, .. (FOV) and Ch tends to be large (GI> 6.0) for a clear
the cloud detection flag of each method for the determlnatlonsky conditons. Low to high Gl values represents the tran-
of detection confidence. sition from optically thick to optically thin clouds. A bi-
modal character of the lower altitude Cl values is obvious for
tropospheric measurements (belevil8 km in the tropics)

For the ESA L2 processing, a fast and effective cloud Oletec_and is also observed in the polar winter stratosphere caused

tion method is required to identify cloud-contaminated M- by PSC occurrences (not shown). The transition region be-

PAS spectra. Historically, this function has been fulfilled by tt;/veeln tge ]E\?l’o maxllma |stcrfe Etg\(j b¥ t%pt'.c ally thin ?Ogds or
the cloud index (CI) method based on the approach originally y clouds Tifing only part o ot the instrument. HOWw-
ver, in the free troposphere enhanced continuum emission

described in Spang et al. (2002) for the CRyogenic Infrarede]c ater vapour can also sianificantly reduce the Cl value
Spectrometers and Telescopes for the Atmosphere (CRISTA? W vapour can 0 signifi y reau vaiue,
hich can be artificially interpreted as an effect by clouds.

data processing (Riese et al., 1997, 1999) and extended his is tvpicall blem f : . ti0S 500—
MIPAS in Spang et al. (2004). Although its original purpose IS IS typically a problem Tor water mixing ratios
was to remove cloudy spectra from trace gas retrievals, the CJrOI0 0 pp])c_mv (Spang et alh’ 202 4I)d files f W d
method was also used successfully to derive cloud distribu}. n da .'rSt Stf_p’ nle_w t rles 0 208;() '?i’mg;é: f/rei e
tions and occurrence frequencies from MIPAS (e.g. Green,Mmead using a yrgmgto ogy ( . .)O Abalues. .
hough et al., 2005 Spang et al., 2005b). The threshold profile is a combination of the 1st percentllg
plus a tolerance for altitudes above the level where the bi-
modal character becomes obvious. This is usually around the
tropopause (Fig. 2) or during the PSC season in the strato-
sphere at altitudes up to 26 km. Below this level in the area of
ratio of mean radiances in different spectral regions: of the 99th and 1st percentile in the ka¢Cl) space. Finally,
some vertical smoothing is applied to the resulting threshold

3.1.1 Colour-ratio-based methods

The standard operational Cl approach (OPERCI)

L n profiles on a monthly, 1 km, and 2@atitudinal grid. In com-
ni i;Li(”il) parison with the constant ClI threshold of 1.8 in Fig. 2, which
Cl=—F——, 1) is a robust choice for the detection of optically thick events,
2
1 > Li(vi2) the new threshold profiles are more sensitive for the detec-
na 1
1=

tion of optically thin cloud in the polar stratosphere, UTLS

with L; being the radiance measured at the WavenumbeFJlnd free troposphere.

v; with indices 1 and 2 of the corresponding microwin-
dow (MW) pair. Typically MW represents a region where
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Table 1. Cloud index microwindows (MW) and thresholds/acronyms.

MIPAS band MW MW, Cl threshold MIPAS based Gas index
[cm™] [cm™T (OPERCI) threshold (CIOPTTHRESH)
Cl-A 788.2:796.2 832.0:834.4 1.8 (CHRESH) GI-A
Cl-B 1246.3:1249.1 1232.3:1234.4 1.2 - GI-B
Cl-D 1929.0:1935.0 1973.0:1983.0 1.8 - GI-D

(): indicates the identifier of the CI detection method in the processor and in the analyses below.
*: the CI-THRESH method uses altitude, latitude and time-dependent threshold profiles.

A more objective clear sky approach by model 30F ]
calculations (CIOPT_THRESH) g 2037298 ]
: 20N-65N ]

655—90S ]

E 20F 65N—90N ]

In a second investigation, a simulation approach was used to
calculate optimised thresholds that distinguish between clear
sky and cloudy MIPAS CI values. In essence, these thresh-

(@]

Altitude [k

olds should be able to successfully separate cloud signatures »
from variable trace gas signatures. Here, the gas index (Gl) is ;
introduced as an index for each band (A, B, D and so forth) 0 ;

that describes the “trace gas only” signal in the radiances.
This approach is independent of MIPAS data and allows a 1 10
detailed analysis of the radiance variations expected in the Gas Index (thresholds)

primary MIPAS microwindows due to trace gas variability 5 1preshold profiles applied in the CIOPTHRESH detection

only. method of the MIPclouds processor (V1.6) based on the gas index
Spang et al. (2004) already showed that the temperaturgnaysis for MIPAS band A.

dependence of the ratio is especially weak (e.t)%/K be-
tween 10 and 30 km for G)), but in the lower troposphere
high water vapour amount (e.g1000ppmv for CA) can  (NESR) propagating into each micro window:
cause false detection results. Consequently, realistic water
vapour variability must be taken into account when mod-
elling Gl values. , _ Figure 3 shows the latitude- and altitude-dependent GI
MIPAS cloud microwindows are S|mulated_ using the Ox- thresholds for band A.
ford Reference Forward Model (RFM) (Dudhia et al., 2002).
The model is set up in such a way that it takes into accoun.1.2  Singular value decomposition method
the MIPAS FOV and the instrument line shape (ILS). Radi-
ances are calculated in 1 km steps for each spectral regiomhe singular value decomposition (SVD) technique ap-
at the full spectral resolution of 0.025cth and calcula-  plied to MIPAS data is described in detail by Hurley et
tions are performed with: (a) background trace gas and temal. (2009). The basic principle is to establish a set of sin-
perature estimates coming from the latitudinally dependengular vectors SV (i.e. empirical orthogonal functions) which
and seasonally varying climatology (Remedios et al., 2007)fit clear scenes, then extend this set to fit cloud-contaminated
(b) aerosol is represented by latitude-dependent aerosol excenes, all based on simulated data. The first singular vec-
tinction profiles created from MIPAS extinction retrievals tor SVhjaccounts for as much of the variability in the data
merged with a HALOE mid-latitude extinction profile; and as possible, and then each successive &¢ounts for as
(c) UTLS water vapour variability is represented by a rangemuch of the remaining variability as possible. An ensem-
of water vapour concentration profiles calculated from theble of RFM-simulated MIPAS spectra containing varying
saturation mixing ratio profiles with climatological temper- amounts of cloud have been used to define singular vectors
ature and pressure profiles (Remedios et al., 2007). In addwhich span the clear and cloudy atmospheric states (Hurley
tion, per latitude band and altitude step the maximup®H et al., 2009), called S¥ear and S\joudy, respectively. The
from ECMWF re-analyses is used for a realistic represen-simulated spectra—and hence the singular vectors — cover the
tation of the large water variability in the modelled colour upper half of the MIPAS A band (a spectral range of 827.5—
ratios (Sembhi et al., 2012). 970 cntt) because the bottom half of the MIPAS A band is
The optimal Gl is calculated as the minimum GI profile characterized by strong gas lines. These singular vectors are
minus ¥ whereo is the noise equivalent spectral radiance defined for each tangent height in the MIPAS nominal scan

Iopt = Glmm —3x0

www.atmos-chem-phys.net/12/7135/2012/ Atmos. Chem. Phys., 12, 7113%4 2012
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pattern. Any arbitrary spectrum can be successfully fitted tois a good approximation for CEF, witR the continuum ra-
a high degree using this set of altitude-dependent singuladiances ands; the spectrally averaged Planck function cor-
vectors which span the clear and cloudy atmospheric statesresponding to the cloud top temperature (CTT). Scattering
Taking an arbitrary MIPAS IR spectrurhmeas the first ~ from cloud particles can act to increaBeandw > 1 can be
step is to normalise the spectra by subtracting the averagebtained from scattering clouds. In practice, MIPAS data do
radiance ofl.neas The linear least squares fi; of this nor- not show frequent examples of this and operationally CEF
malised spectrum is then trivially found, such that: is set to 1 (Hurley et al., 2011). For the computationxpf
for a specific microwindow, it is sufficient to estimate CTT
2) for B. from the temperature of the corresponding altitude of
ECMWF analyses. In a later stage of the processing, a more
detailed multi-target retrieval of cloud top height, top tem-
Wherelclearandcioudy are constant coefficients of the least perature and extinction (CEX) is performed (see Sect. 3.2.2
square fit. Once the linear least square fit has been obtaine@dnd Hurley et al., 2011). A threshold value, e.g. a CEF of
the radiance components of the original signal can be recong. 1, is then used to determine whether or not there is signifi-
structed: the signal due to the clear background stai@:  cant cloud contamination in this field of view. This is estab-
(defined by the left sum of Eq. 2) and that due to possiblelished independently for each microwindow and the level of
cloud presencé cioudy (right sum). The degree of cloud con- confidence in the result is indicated by the consistency be-
tamination is determined from the size of the coefficients oftween microwindows, which is merely the number of cloudy
the cloudy vectors. flagged microwindows.
It follows, then, that when the radiance due to cloud pres-
ence becomes non-zero, a cloud is present. To normalise th&.1.4 Confidence of detection
quantity, the ratio of the cloudy radiance to the total radiance
Liotal, called the integrated radiance ratio, is considered sucHrach cloud detection method discussed above has its uncer-

Mclear Mcloudy

Lt = Z )\clear 'SVcIeal;- + Z }»cloudy,- 'SVcIoudy,
i=1 i=1

that when tainties. Anindividual cloud flag is defined for each analysed
spectrum and each method of cloud detection. It was found
Lcloudy =0 that a combination of these results provides a more objective
Liotal cloud decision and measure of confidence in the detection.

_ For all methods, a certain weight is defined when combining
for cloudy spectra, wheré represents the average of the the individual cloud flags depending on how well the differ-
reconstructed radiance in the 960-96¢nmicrowindow.  ent detection methods work in general. The confidence for a
The logarithm of the integrated radiance ratio is the metriccertain tangent height can be written as a weighted sum over
which is then used for the threshold in this method. Appro-all detection methods (G
priate thresholds were chosen by application to MIPAS data
from 2003 and are implemented in the processor (Spang et R
al., 2010a) CONFC|0ud = ;FLAGCDI, + WCDh;

1=
3.1.3 Multi-wavelength continuum approach at

930-960 crTl This confidence is then normalised by the sum over all the

weightswcp; for those methods applied at the specific MI-
PAS spectrum. The weighting used in the data presented,
Version 1.6, is summarised in Table 2. The resulting flag
helps to decide how confident the cloud detection in a spe-
§ific spectrum is. Optically very thin clouds will result in
rc,maller confidence values due to the fact that not all meth-
ods are sensitive to these clouds. The weighting in Table 2
Bakes into account validation results of previous data ver-

on climatological concentrations (Hurley et al., 2011). Given sions. Currently, a smglg CONF value is qormallsed by t.h.e
an a priori estimate of temperature, an estimate is made Orflctual number of detection methods working at the specific
the cloud effective fraction (CER) irll each microwindow altitude, which is not necessarily a constant number due to
which is effectively the continuum radiance expressed as th(%.r:e dfact that S_?”E)T n;etk:odtf] on:%{togerate n afr_etstrlctttadeal—
fraction of the radiance that would be expected if the entire itude region (Table 2). In the altitude range of interest (6—

FOV was filled with an opaque cloud (Hurley et al. 2009). 30|km)(,jda.tt'least tlhree me;hodsf%hould alw%ys Ogelg?te'l.k |
Hurley et al. (2011) showed that n addition, classes of confidences — disputable, likely,

very likely, and confident cloud — have been defined for each
R spectrum as illustrated in Table 3. For example, Fig. 4 shows
= 570 a histogram of the specified confidence classes for March

The background continuum radianéeis determined in a
number ¢~10) of microwindows in the atmospheric window
region around 930-960 cm by simple mean radiances for
each radiance spectrum at each tangent height in a MIPA
scan below about 25 km. Each microwindow contains one o
two CQO;, lines. These lines are masked for the computation
of R; by precomputed molecular transmittance spectra base

o

Atmos. Chem. Phys., 12, 7135164 2012 www.atmos-chem-phys.net/12/7135/2012/
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Table 2.Settings of the cloud confidence weighting and correspond- Cloud Confidence: 200403_v6 (N=200242)
ing altitude range for all cloud detection methods. [
Method Weighting Altitude j%’
wep; range K
V1.6 [km] 2
S
OPERCI-A 0.5 3-30*
OPERCI-D 0.25 8-33% -
CIOPT_THRESH ClA 0.5 3-33 clear sky disputable likely very likely confident
CIOPT_THRESH Clg 0.25 3-33 )
Cl.THRESH 05 4-38 Cloud Confidence: 200306_v6 (N=203265)
SVD 1.0 6-21
CEF (input for 10x0.1 3-3%
MACRO rtv.) (for each MW)

* upper altitudes of these methods are in some way extendable if the applicable
altitude range in the processor is extended.

[%] of events

Table 3. Definition of cloud confidence classes.

clear sky disputable likely very likely confident
Normalised Confidence 200306_v6 Profiles= 22044
cloud class
confidence
{0} clear sky/cloud-free :§
10,0.2 disputable cloud .
10.2, 0.5] likely cloud w
10.5, 0.8[ very likely cloud -
[0.8, 1.0] confident cloud

clear cloudy

Fig. 4. Probability distribution in percentage of the normalised

2004 and June 2003. The cloud confidence distribution IOOI(Scloud confidence classes (for definitienTable 3) for all spectra

very s_lmllar for both months, Where the “confident cloud” analysed for March 2004 (top) and June 2003 (middle) in the alti-
class is of roughly the same size as the sum over the threg,qe"range 3 to 33km. The bottom figure shows the corresponding
other less significant classes of cloud confidence (10 % of alhumber of cloudy and non-cloudy profiles for the June 2003 distri-

analysed spectra). Most spectra are classified as “clear skybution shown above.
in the altitude range 3—-33 kn»-(75 % of~200 000 spectra).

In the profile-based count statistics for June 2003, about
80 % of the profiles show one or more cloudy spectra somefound that HCA accounts 50 %, MCA for 12 %, and LCA

where in an altitude scan. This value can be used as #r 38% of all clouds. This results in a CALIPSO cloud
rough estimate of the total amount of global cloud be-amount of only~50% above 3km altitude, not accounting
tween 3 and 33km measured with MIPAS. It is in sur- for multilayer clouds. The significant difference to MIPAS
prisingly good agreement with the total cloud amount re-may arise as the probability of detecting a cloud along the
trieved from the CALIPSO satellite with active measure- MIPAS LOS (300-400 km) is quite large in comparison with
ments of the Cloud-Aerosol Lidar with Orthogonal Polar- the extremely small footprint (90 ®90 m) of the lidar in-
ization (CALIOP) (Stubenrauch et al., 2010, Table 2). This Strument. However, it is also possible that CALIPSO under-
is currently thought to be the most sensitive sensor forestimates the cloud amount for optically thin cirrus clouds
the detection of clouds from space. When considering only2s suggested by Davis et al. (2010). Care should be taken
the uppermost layers of the clouds and including Svcs,when comparing quantities like cloud amount, cloud cover
Stubenrauch et al. (2010) identified a cloud amount of 80 %.0r occurrence frequencies of different sensors, especially be-
Their results include clouds below 3km (not covered by tween limb and nadir measurements. Specific adaptations in
MIPAS) and represent a climatological mean from 2007 tothe analysis are necessary for each instrument to make quan-
2008. The analysis of Stubenrauch et al. (2010) differenti-tities comparable (see also Sect. 4).

ates low-level, middle-level, and high-level cloud amounts

(LCA, MCA, HCA). These amounts are defined by cloud

top pressurgyclg > 680 hPa 3 km), 680> pcq > 440 hPa

(~6 km), andp¢ig < 440 hPa, respectively. Stubenrauch et al.
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3.2 Cloud macrophysical parameters lation and these are then convolved with the instrument field
of view to predict the observed continuum radiances. The re-
3.2.1 Simple estimate of CTH, CTT and CTP trieval adjusts the three parameters (CTH, CTT, CEX) until

the best fit to the measurements and the a priori estimates is
Cloudy spectra detected by the different detection method®btained. Results from the 10 microwindows are combined
are directly linked to a corresponding altitude or engineeringand the scatter used to establish the uncertainty in the re-
height of the tangent point. This defines the first guess cloudsults. Finally, the optimal estimation retrieval results in an
top height (CTH) for each colour ratio, SVD, and multi- improved representation for CTH and CTT compared to the
wavelength continuum method. The corresponding cloud topsimpler SVD or cloud index approach by taking into account
pressure (CTP) and cloud top temperature (CTT) are deterthe relatively large field of view of the instrument (3 km).
mined from the ECMWF re-analyses at the coincident loca-
tion of the CTH. The altitude correction described in the sup-3.3  The cloud scenario database

plement material is taken into account. The resulting CTHs ] ) )
have an uncertainty in the order of half of the vertical FOv A comprehensive cloud scenario database (CSDB) contain-

(i.e. ~1.5km), because the vertical sampling is in the samel"d modelled MIPAS radiance measurements in the pres-
order of magnitude like the FOV. Higher resolved informa- €nce of various cloud types and related Jacobians with re-
tion for CTH, where the altitude of the cloud top is located spect to cloud microphysical parameters and interfering vari-

relatively in the FOV, would substantially improve the quality 2P!es was compiled. Currently, the database contains more
of the CTH as well as for the other derived parameters, CTFihan 70000 different cloud scenarios and more than 600,000

and CTT. This improvement has been realised in an optimaf!oud spectra for PSC (liquid supercooled ternary solutions
estimation retrieval and is described in the next section.  (STS), solid nitric acid trihydrate (NAT), and ice), cirrus

For a simple use in scientific applications, combined (sum-2nd liquid water clouds (Spang et al., 2008). To our knowl-

mary) information of all methods for each macroscopic Ioa_edge, this is the first time that such extensive simulations
rameter (CTH, CTP, and CTT) is an output of the process-have been performed for mid-IR Iimb-emissi_on sounding
ing (variable prefix: SUMCLOUD). Currently, these param- of clouds. Constraints such as selected regions for algo-

eters are dominated by the optimal estimation retrieval reithms of previous studies and atmospheric window regions
sult. If there is a successful retrieval then this is used forWith small gas contribution were taken into account and re-

the SUM.CLOUD information, if this is not the case then Sulted in the following optimised list of window regions,
weighted CTH information of all other detection methods is " total a range of 137 crt, for the database: 782-841,
applied in a manner similar to the cloud confidence param—940‘965' 1224-1235, 1246-1250, 1404-1412, 1929-1935,
eter in Sect. 3.1.4. The SUMLOUD information is part ~1972-1985, 2001-2006, and 2140-2146¢m

of an ongoing optimisation procedure for the definition of All CSDB spectra were generated with the Karlsruhe Op-
the best possible combination of different detection methoddimized and Precise Radiative transfer Algorithm (KOPRA)

based on the validation results (see Sect. 5). model (Stiller, 2000), which takes single scattering into ac-
count (Hopfner, 2004). Input parameters such as effective
3.2.2 Optimal estimation retrieval for CTH, CTT and radius, volume density (or IWC), cloud types and composi-

tion (e.g. three HSO4/HNO3 compositions for STS: 02/48,
25/25, and 48/02 with 50 % #D) as well as cloud top and

The optimal estimation retrieval for CTH, CTT and extinc- bottom height were varied for the database. In addition, var-
tion (CEX) based on a simple continuum fit has been devel/0US background atmospheres for temperature and the ma-
oped and is described in detail in Hurley et al. (2011). ThelOf trace gas emitters in the corresponding wavelength re-

cloud effective fraction (CEF) method briefly introduced in 9i0ns are accounted for. The KOPRA results were compared

Sect. 3.1.3 is applied to establish where the cloud top is loWith multiple scattering calculations of the FM2D/SHDOM

cated in the relatively large vertical field of view of MIPAS Model (Kerridge et al., 2004). The conclusions from these

(3-4km). Using the continuum radiance in this and the ad-Simulations are (Spang et al., 2008): (a) multiple scatter-
jacent fields of view above and below, as well as an a priori"d IS important for intermediate cloud optical thickness, but
estimate of temperature and the retrieved CEF, a retrieval 9000 @greementis found for optically thin and optically thick

then performed of cloud top height (CTH), cloud top temper- cloluds; (b) radiance dlfferences introduced by multlple'sc.at—
ature (CTT) and cloud extinction (CEX). The retrieval for- tering are generally within the range of other uncertainties

ward model assumes a simple homogeneous cloud acting a?{fécting cloud radiative transfer (about 2-5% at 950¢m

grey absorber but with a vertical temperature gradient deterPUt significant larger 20-50 % differences at 2000¢jn(c)

mined by the a priori temperature profile and no other atmo-consideration should be given to the effect of solar scattering
spheric absorption or emission (justified by the use of contin-f0r daytime retrievals) in the short wave.
uum radiances as input). The radiances of pencil beams can

be modelled using a relatively simple radiative transfer calcu-

cloud extinction
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3.4 Cloud type classification with the CSDB show that MIPAS band A cloud index,db
very well correlated with ADP and could be easily retrieved

Multicolour ratios were successfully used for the classifica-from the data. The surface area densiy is defined as:

tion of PSC types (Spang et al., 200X piner et al., 2006a,

b) with IR limb measurements. Brightness temperature dif- 4 — 3-V

ferences (BTD) are typically applied for nadir sounders for Reft

the dlfferentlz_mon of tropospheric aerosol and water cloudWith v volume density typically in fir®/c®] and Reg : the
types (e.g. Li et al., 2003). In the MIPclouds processor, a . oo . . e
LTS . -7 “effective radius in i of the particle size distribution, and
combination of the best suited BTD and colour ratios is im- . . T
: o : A typically in [ urré/cn?]. The relation is exactly correct only
plemented together with a statistical multi-BTD approach. ; . o
for spherical particles. The guantities necessary to calculate

The latter ”."E”?Od IS a S|mp,)le prObab'“.St'C classm?r t_)as”edA for the modelled spectra are defined in the CSDB. The area
on the application of Bayes’ theorem with strong (“naive

independence assumption (Hanson et al., 1991). The CSDEoePhselzt{azatehnlts tgiit";tfgrtitﬁg:r? :Een-sny from the observer
was used to develop and train the algorithms. The metho gentp P space.

3

selects the best micro window pairs (up to 10) by optimis- 00
ing the product probability of the probability density distri- aApp — / A dx[pum cni?] (4)
bution of all potential BTDs for 1 cmt broad MWSs from the

CSDB. The following cloud types can be classified: (a) polar 0bs=0

stratospheric cloud types: ice, nitric acid trinydrate and su-This approach eliminates the uncertainty in where the cloud
percooled ternary solution droplets, (b) cirrus (cir) and liquid is located along the limb path and how large the horizontal
(lig) clouds in the free troposphere and upper tropospherextent of the cloud is. Therefore, ADP is a useful quantity for
and lower stratosphere. A more detailed description of thecomparisons with global models where the limb path can be

classification can be found in the supplement material. traced through the model output to generate the ADP quan-
tity. Note thatA is linked to the limb IWP by Eq. (3) and (4)
3.5 Microphysical parameters to:
o oo
Retrieval studies on potential microphysical parameter re- _ _ _
trieval based on Jacobian spectra as part of the CSDB showed' " — / IWC dx = / V- Picedx ©)
that the MIPAS spectra contain sufficient information on 0bs=0 0bs=0
quantities such as IWP and effective radiigg) for full ra- 1 F
diative transfer retrieval (single scattering) with three or four =3 / A - Refi - pice dx,
wavelength regions with respect to the noise error. However, obs=0

realistic retrievals need to include scattering processes with . . .
.y . o with pjce the mass density of ice, and for a homogeneous
sufficient accuracy and this approach was not realistic for 3 !
. . . imb path segment ADP becomes:
processing system with NRT capability. As a consequence,
a retrieval of simpler estimates such Rs, the limb IWP,  ADP = 3. IWP/ (Refi - pice) (6)
and the parameter surface area density path (ADP) has been
investigated and the estimates are currently at the validatiofrigure 5 shows an example for the relation between&id
phase (see Sect. 4). the limb-integrated IWP (equivalent to the integrated volume
The current processor retriev&®gg and ADP for the top  density) for tropical cirrus cloud spectra at 14 km altitude of
three altitudes of cloudy spectra of the MIPAS measurementhe CSDB. For optically thin conditions<(L.3<Cla < 7), a
profile. This restriction is applied because tangent heightdarge scatter becomes obvious, but with a strong dependency
below are difficult to penetrate. A quantitative separationon radius (colour code). A scaling of IWP IRes or the use
of cloud effects in the actual tangent height spectrum fromof ADP, which is equivalent to the scaling, results in a very
emissions of cloudy layers above is not achievable with thecompact correlation between £and ADP (Fig. 6), and Gl
current approach. Based ®a¢ it would be possible to deter- can be used as an excellent proxy for ADP. The method is
mine the limb IWP (ADP is proportional to product of limb only weakly sensitive to the background atmosphere (sea-

IWP andRef), but this has not yet been implemented. sonal changes), but shows a significant dependency with al-
titude (not shown). The correlation between ADP and CI
3.5.1 Surface area density path is currently implemented in the retrieval for cirrus clouds

and ice PSC. The 4th order polynomial fitting parameters for
With respect to infrared emission in the limb geometry, the ADP(Cla) are filed in altitude-dependent look-up tables. A
absorption and extinction characteristic of a cirrus cloud issimilar approach can be applied for the volume density path
mainly dominated by the particle surface area density inte{VDP) for clouds where small particles dominate the size
grated along the optical path (ADP). For example, analysedlistribution. This has been applied for STS and NAT, where
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Fig. 6. Correlation diagram between IggCl 5) and log o(ADP)

with ADP in m? cm~2 for tropical CSDB spectra at 14 km tangent
height (dots). Roots mean square error bars with respect to a fitted
4th order polynomial are superimposed.

Fig. 5. Correlation diagram between £hnd the cirrus IWP (both
parameters in log, space) for tropical CSDB spectra at 14 km alti-
tude. The varying effective radius in units of um is colour coded.

the results for the CSDB showed a more compact correlation 1pq implemented method of estimating particle radius
than for ADP. The latter differentiation of the cloud types om MIPAS cloud observations is based on a least-squares
with respect to VDP and ADP highlights the well-known fact comparison of MIPAS infrared limb radiance data in se-
that for small particles the extinction is proportional to the |oteq spectral regions with simulated radiances form the
volume density and for large particles to the area density.  cspp,. This method was chosen since there is no unambigu-
The saturation of ADP with respect to £In Fig. 6 can 55 and simple dependence of radiance on radius. However,
be used to specify a detection limit for optical thick condi- e cyrrently employed method has its limitations. Modelled
tions when the spectra are saturated and hds to con- | gpectra based on well-defined particle size distributions
verge against a value1.1 (in Fig. 6): logo(Cla) ~0.05). ~ and microphysical parameters were fed into the processor
This is the ratio of the black body emissions at the tWo ¢q hjing test retrievals (for details of the setup of the blind
wavenumber regions used in the colour ratio, and where iteg; retrieval see Sect. 4.2). First results of the comparison
is n_ot possible to retrieve a reliable ADP by the _methqd de'show a significant low bias in the retrievé values com-
scribed above. The upper ADP threshold is t%/p|cally in the hared to the input. Possible reasons for the bias are: (1) the
range of 8.5logio(ADP) <9 (ADP in pnf cm™?) depend-  jimited range of atmospheric conditions simulated within the

ing on altitude and background atmosphere. CSDB; (2) the degree of realistic cloud simulations within
) ] . the database, especially related to effects of neglecting cloud
3.5.2 Anestimate for effective radius inhomogeneity and multiple scattering (both effects are con-

sidered in the blind test data); (3) an inability to distinguish
Results of thd-\’eff retrievals are not part of the validation sec- between homogeneous’ opncany thin cloud |ayers which en-
tion. Therefore the method is described only briefly to give atjrely fill the instrument’s field of view and inhomogeneous
complete overview of the parameters retrieved with the pro-scenes. Further investigations will be necessary to improve
cessor. the quality of theRe retrieval for scientific applications, for
From the definition ofAand ADP it is crucial to obtain examp|e to quantify the impact of the effects above and to
information ONReff from the measurement to make it pOSSi' rule out potentia| other error sources.

ble to compute the limb IWP. It has been shown by means

of radiative transfer simulations that MIPAS observations of

(optically thin) clouds are generally sensitive to particle ef- 4 Validation on simulated data

fective radii in the range betweer0.8-30 um (Spang et al.,

2008). In the case of smaller particles it is not possible toA new dataset of simulated cloudy and non-cloudy radiances
distinguish between different sizes since the measured radfor various cloud geometries and parameters as well as mi-
ance is only sensitive to the total particle volume density. Forcrophysical properties was created for the validation of the
larger particles, the limb radiance depends mainly on the toprocessor by the blind test retrieval (BTR) approach. The ra-
tal particle surface density. diative transfer simulations were made using a 2-D radiative
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transfer model with multiple scattering calculations and areter clouds are both present in the same ECMWF grid box
based on cloud fields selected from ECWMF analysis datgusually at altitudes below 5 km).

(Kerridge et al., 2004). The modelled spectra include the The cloud parameters given by the ECMWF operational
impact of the finite horizontal extent of clouds, their poten- analysis include the mass mixing ratio of liquid-water and ice
tial displacement far from the tangent point along the line of within the model box, and the fraction of the cloud model box
sight (LOS), the spatial variation of cloud parameters within occupied by cloud. Additional optical parameters required by
the clouds, and multiple cloud fragments within the atmo- the forward model were taken from optical models based on
sphere which all scatter into the line of sight. The modelledMie theory for liquid cloud and aggregate particles for cir-
radiances were used as input to the retrieval code. The resultus (Baran et al., 2001). The effective radius for the ice par-
ing BTR parameters are evaluated in comparison with theicles was calculated using a correlation with the ice water
original cloud field parameter, the so-called “true state” (e.g.content as described by Evans et al. (1998b) (with a mini-
for IWC, IWP, Rest or ADP). mum value of 10 um). The liquid water effective radius was
assumed to have a constant value of 10 um. The sum optical
properties for liquid and ice particle (extinction coefficients,
phase function, etc.) are computed based on the sampling of
Simulations were based on transects through 2-D atmthe ECMWEF grid. These optical properties are input to the ra-

spheres, with parameters allowed to vary along track to Sim_dlatlve transport model, allowing mixtures of liquid and ice at

ulate realistic changes along the MIPAS line of sight. The 2 9VeN point along the line of S’.'ght as yvell as the integration
. : or weighted means along the line of sight. Background tem-
final output of the forward model calculations was a set of

MIPAS radiance profiles at various locations throughout theperatures, pressures and the ozone and Wate_r vapour fields
2-D atmosphere. were also taken from the ECMWF data and varied across the

X . . .. scenario. Other trace gas concentrations were set to clima-
The simulations were performed using a Comblnatlontolo ical values. A constant background aerosol extinction
of two models: SHDOM, and elements of the Rutherford 9 ) 9

Appleton Laboratory (RAL) line-by-line radiative transfer profile was also used.

model FM2D. The SHDOM model (Evans, 1998a) is able Three scenarios were selected. Scenario 1 represents mid-
. : atitude clouds for a latitude range between 40-60and
to calculate the complete scattered radiance field for a S-d

. . . ~Scenario 2 and 3 are two typical tropical cloud structures for
scattering atmosphere, but has not been designed for I|m§ latitude range between 18-25 N and 20 S—10 N, re-

sounding radiances and neglects spherical geometry. Hence ~ . : : .
. . . : . Spectively, with horizontally extended and smaller scale cir-
it was necessary to combine this model with the ray tracing

ability of FM2D (Kerridge et al., 2004). rus layers and high-reaching convective systems.

The combined FM2D/SHDOM model runs consisted of Figure 7 shows the IV.VC dls_trlbutlons for_ Scenarios 1 and
. . 2. The output from the simulation was the simulated radiance
a number of steps: (1) Calculations were performed to ob-

tain the optical properties of the cloud, along with the tracespectra for the spectral microwindows used in the retrieval of

gas absorption coefficients for all grid points along the 2_the processor along with the “true state” of the atmosphere

D transect. (2) SHDOM was then used to calculate the 2_at the tangent point, like pressure, temperature, and the cloud

. : : H:)arameters required for validation. These included a limb-
D source function. (3) This was then integrated along eac integrated ice water path, liquid water path, optical depth, an
MIPAS line of sight (neglecting refraction) to output pencil 9 pamn, 19 path, op el

beam spectra at a fine vertical grid for each tangent point progpprommate limb ice effective radius’ obtained by an inte-

file. (4) Spectra were convolved with the MIPAS instrument gr?:té?neo;éiﬁﬁsvc\:/g:]g;tigd \t?/]lrtZeIV\éicf:f:rlcoaz? ;Z?S“r;ef c;];zluglg were
line shape. (5) A field-of-view convolution was performed to '

output spectra on MIPAS tangent heights. The original Spec_provided. Firstly, a set without convolution of the field of

tra without field-of-view convolution were also provided as view (qn 0.5km _vert|caIIy spaced pencil be_ams_) —the h.'gh'
output resolution BTR input, and then two sets with field—of-view

convolutions — the MIPAS resolution BTR input, looking
at different tangent altitudes grids e.g. 6, 9, 12 ... km, and
4.2 Setup of various cloud scenarios 4.5,7.5,10.5...km, respectively (FOV1 and FOV2). This ap-
proach further extended the number of validation test profiles
The basic data used to define the cloud fields for the simufor each scenario without additional computational effort. In
lations came from ECMWF operational analysis data for 22total, 215 profiles for the high resolution and 430 profiles
July 2007, 00:00 UT. North-south transects of the data werdor the MIPAS resolution blind tests were prepared, where
examined for potentially suitable and varying cloud scenar-the majority of profiles are influenced by cloud radiation in a
ios. One requirement for selecting the data was that thereertain altitude region. A small fraction of clear sky profiles
should be sufficient high ice clouds with thicknesses withinis also included €5 %).
the range to which MIPAS is expected to be sensitive. All
scenarios (transects) include regions where ice and liquid wa-

4.1 Forward model simulations
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Ice Water Content 4.3.1 Comparison of different detection methods

20j ] Figure 8 shows examples of the limb-integrated area den-
2 I 1 sity path for Scenarios 1 and 2 computed from the 2-D tran-
15 - sects of IWC from ECMWF and the estimat®&ds for the
[ ] FM2D/SHDOM input, which can be described as the “true
state” ADP of the atmosphere for the blind test approach.

10 - 1 The top figures show results for the original grid of the radia-

- [ O ] tive transfer calculations with a vertical resolution of 500 m,

-6 [ ] which is representative of a virtual instrument with 500 m
51 Q@O% 1 vertical FOV. The lower panels present the BTR results for

Log,,(iwc)
Altitude [km]

input spectra with realistic MIPAS vertical resolution and
-8 [ vertical sampling (3km). The two kind of datasets for high
0 ‘ ‘ ‘ resolution (HR) and MIPAS resolution (MR) BTR are de-
40 45 50 55 60 scribed below. Each colour-coded box centred at a specific
Latitude altitude grid point represents the integrated surface area den-
sity along the limb path at the corresponding observation tan-
Ice Water Content gent height (illustrated by one example of a limb path for a
, ‘ , , , ] tangent height of 8km in Scenario 1 in the MR-BTR). For
1 larger profile statistics, a significantly higher horizontal sam-
[ ] pling was applied to the model fields compared to the origi-
15 v ] nal MIPAS data (typically 3-2in latitude), which does not
r m 1 affect the following analyses.

The effect of using more realistic 2-D cloud distribu-
tions instead of idealised 2-D-homogeneity becomes obvi-
ous when comparing the original IWC fields (Fig. 7) and the
limb-integrated “true state” ADP fields (Fig. 8). Even small
extended cirrus layers as in Scenario 2+d2 km and be-

[ ] tween—5° and 2 latitude) affect a significantly larger area
-8 ol ] of potential limb measurements in the horizontal and verti-
cal domain than suggested by the IWC distribution. This will
10 5 0 5 10 15 20 25 cause an overestimation in the deduced means of cloud pa-
Latitude rameters such as occurrence frequencies, coverage or cloud
amount. Consequently, special adaptations to the analyses

and log g scale from ECMWF data. These data were input to the are necessary when comparing these parameters, for exam-

radiative transfer calculation with FM2D/SHDOM for Scenario 1 ple, with nadir quklng |n.$'truments (Q.g. 'Llao etal., 1995, see;
and 2 (top/bottom: mid and tropical latitudes). also Sect. 5). This specific caveat with limb measurements is

described in the following by the limb-smearing effect.
CTHs retrieved with a subset of methods of the proces-

sor are superimposed in Fig. 8 and give an indication of
4.3 Results on cloud detection the detection sensitivity of each method with respect to the

optical thickness of the cloud, here illustrated by the pa-
Cloud detection methods can be validated by comparisomameter ADP. Unfortunately, it was not possible to validate
with various sensors of retrieved cloud top heights and corthe SVD method with the blind test approach. Due to the
responding cloud climatologies (see next section). Howeverrelatively large wavenumber range necessary for the SVD
the validation with coincident observations between sensorsnethod (Hurley et al., 2009) compared to the other detec-
— the most stringent method - is a difficult task, due to dif- tion methods, the computation time of the forward model for
ferent detection sensitivities and viewing geometries (e.gthe creation of an adequate dataset would have been too long
limb and nadir, or field of view). The blind test data (mod- for the time frame of this study.
elled limb radiances) and the related input parameters of the The summary information of all detection methods — the
forward model (e.g. temperature, limb-integrated IWP, re-SUM_CLOUD parameter introduced in Sect. 3.2.1 —is added
trieved parameters such as the area density path based on timeFig. 8 (as crosses). As already mentioned, this parame-
ECMWEF IWC and LWC data) can be used as a reference tder is dominated by the macro retrieval result. All the meth-
quantify the quality of the detection methods introduced inods provide consistent results for the high-resolution case
Sect. 3. with high detection sensitivity (Fig. 8, top plates). This is

200 '

10

Log,,(iwc)
Altitude [km]

5

Fig. 7. Latitude-altitude cross section of ice water content in‘g3m
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Fig. 8. Colour-coded area density path (AREy) of the so-called “true state” of the cloudy atmosphere presented for latitude versus altitude,
computed from the corresponding IWC distribution of Fig. 7 and effective radius information along the line of sight. No field of view is
applied for the top panels and a MIPAS field of view of 3km is convolved for the lower panels. Blind test retrieval (btr) results of CTH for
various detection methods of the processor are overlaid (black symbols). CTHs at 1 km altitude indicate non-cloudy conditions based on the
retrieval. Each colour-coded ADP box represents the integrated ADP along a limb path with a corresponding tangent height in the centre of
the box. Superimposed in Scenario 1 with MIPAS FOV is a typical limb path for a tangent height of 8 km.

also a valuable finding for the proposed limb-imaging tech-caused by liquid clouds, as can be confirmed by analysis of
nique (Riese et al., 2005; ESA, 2008) that will utilise FOVs the ECMWF LWC fields. The slightly overestimated cloud
with a vertical extension similar to the high-resolution case.tops for Scenario 2 in the FOV case betweérafid £ lati-
CTHs rarely differ by more than 500 m for Scenario 1 and tude are artefacts caused by the macro retrieval and are only
slightly more for the tropical case. This highlights generally observed at this location and this specific vertical sampling
similar detection sensitivities for all the methods. In addi- and not in the 1.5 km shifted FOV sampling (not shown).
tion, the CTHs of a specific method seem to be coincident The mid-latitude BTR with MIPAS resolution shows very
with roughly constant ADP values, which make it possible nicely the advantages of macro retrieval. In the coarsely re-
to quantify an objective detection sensitivity by the ADP ap- solved MIPAS FOV the retrieved cloud top locations give an
proach (see below). ADP values smaller thaf (1O cm—2 excellent estimate of the ‘real’ and more realistic cloud top
are rarely detected. evolution along the latitude cross section, which becomes ap-
Obviously, differences become larger between the methparent when results are compared with high-resolution ADP
ods when considering the MIPAS FOV. The OPERand  distribution and CTHs.
CI_.THRESH methods detect a lower cloud top than the
macroscopic parameter retrieval and CIOPHIRESH for ~ 4.3.2  Quantification of detection sensitivity by ADP
some profiles. In the HR case, the latter method already ) o o )
showed the highest cloud tops in the upper troposphere ang@ch detection method has limited sensitivity. Figure 8
there is also a tendency to underestimate cloud tops in th&"oWs qualitatively for a2II the methods that limb paths with
lower troposphere<7 km) compared to the other methods. PP <106_107 um? cm- are not detectable, even in the
However, cloud tops are also detected in both scenario§igh resolution BTR which are representative of a limb
where the “true state” ADP shows no indication of cloud ef- Sounder with much better vertical resolution and sampling
fects. The events at 4043 latitude (Scenario 1) and10° than MIPAS. For a more quantitative definition of detection

to —7° (Scenario 2) for altitudes below 6km are generally sensitivity we used the probability distributions of the mod-
elled “true state” ADP values (ADRg) at the detected CTH
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Fig. 9. Probability density functions (PDF) of all “true state” ADP Fig. 10. Same as Fig. 9, but now for the retrievals of the two dif-
values from the BTR input data (Scenarios 1-3) at the retrievedferent MIPAS field-of-view convolutions applied to the modelled
CTH of the various detection methods (top) in comparison with radiance fields (FOV), see also Sect. 4.2.
the PDF of the maximum “true state” ADP in the profiles where
the detection methods retrieved non-cloudy conditions (bottom).
Both analyses were carried out for the high-resolution (HR) modelcessing. Better sensitivity will be difficult to achieve with the
fields. Total percentages of detected and non-detected clouds fagsurrent methods. The optically thinnest parts of the clouds
each method are presented in the figure legends. are in the region where the LOS hits an area with WG
for the first time in a profile. In the vertical direction this is
the top and in horizontal direction the side edge of the cloud

location for HR (Fig. 9) and MIPAS resolution (Fig. 10). Structure. In these top regions, “trug ;tate” AD_P values of
The statistics are performed together for Scenarios 1, 2 and0"~10 un? cm-2 appear. Due to grid interpolation effects
3. The results show that all the methods are able to dethese values might be even smaller than in the original
tect ADP values down to TP cm2. The maxima of ECMWEF fields. However, it is very likely that the data do
most of the probability density functions (PDFs) are aroundnot cover even optically thinner cirrus structures present in
log1o(ADP) = 8. Values of logo(ADP)<6 are definitively not the real atmosphere but not resolved in the ECMWF fileds.
detectable in the HR nor in the BTR with MIPAS resolu- 10 make the ADP detection threshold more compara-
tion. In the HR case, almost all the potentially cloudy pro- ble to other sensors or model data it is helpful to estimate
files are detected, e.g. up to 99.5% of all true state cloudyeduivalent typical IWP and IWC. By Eq. (5) the ARs
profiles (ADP>0) for the combined SUMCLOUD detec-  Of 107 u? cm=2 can be transformed into a limb-integrated
tion. In the statistics for the MIPAS FOV resolution, the IWP/Ref of 0.03gnm?pum. If one assumes a typical effec-
CIOPT.THRESH shows a significant weakness (or§0% Ve rgdlus for opt|cally t.hln cirrus clouds of 10 um, this re-
of the cloudy profiles are detected), where all other meth-Sults in an equivalent limb IWP of 0.3 gr. For a hor-
ods show good results with a success in detection of 85 9Zontally extended cloud layer of 300km or a very small
to 90 %. The figures also show the PDF for the maximumextent of 3km along the LOS, this results in an IWC of
ADP in the profile where the retrieval predicts non-cloudy ~10~'gm~° and~10->gm-3, respectively. These values
conditions throughout the full profile (bottom diagram). The are in the typical range of IWC in-situ measurements in sub-
results give some evidence that modelled clouds with maxi-visual cirrus clouds. For example McFarquhar et al. (2000)
mum ADP of 10 cm-2 are even difficult to detect with - Measured IWC values from 16gm~3-10"°gm~3, similar
a combined detection analysis such as the SOMDUD pa-  t0 Lawson et al. (2008) with values between®* gm™3-
rameter (black line in the FOV case). The CIOPRRESH ~ 107°®gm3. Davis et al. (2010) found in laminar SVC struc-
method misses more than 20% of the cloudy profiles everfures IWC values of significantly less than fym° over a
for relatively large ADP £ 108 un? cm2), which is not that vertical extent of a few hundred meters of the cloud. The au-
large in the HR case. thors showed that CALIPSO would be missing/3 of this

In summary, a detection threshold ARRs of  type of ultrathin cirrus clouds.
10’ pmPecm—2 is a good estimate for current cloud pro-
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Fig. 11. Retrieved ADP versus “true state” ADP values at the detected CTH in blind test data fields for Scenario 1 and 2 (left/right). Top
figures show the high-resolution (HR) and the bottom figures the FOV convolution results.

The estimated low IWC detection thresholds for MIP- FOV1 blind test retrieval. In the retrieval processing, ADP
clouds are highlighting, on the one hand, the high sensitivityis only generated for the CTH and two altitude levels below.
of the detection methods applied and, on the other hand, th&enerally, all scenarios show a quite compact correlation and
exceptional sensitivity of IR limb sounding in general for the the differences are smaller than 50 % for most of the com-
measurement of optically thin and/or vertically and horizon- parison. Only for some optically thicker events (large ADP)
tally small cloud structures. The long optical path through thedo the errors become larger and here especially for the two
clouds indicates the robust detection of ultrathin SVC (opti-tangent heights below the cloud top, where horizontal cloud
cal depths between 18 and 10°3, Davis et al., 2010) which  inhomogeneities might produce larger errors in the simple
are difficult to measure even with spaceborne lidars. fitting approach of the ADP retrieval.

More detailed comparisons with in-situ and CALIPSO There is an obvious tendency to a low bias in the retrieved
measurements are a priority for the ongoing completionADP. A median 0f~30 % for the relative differences is found
of the MIPclouds processing. The long data record (2002-over all scenarios for the MIPAS FOV runs, where the tropi-
2011) can provide complementary and additional informa-cal blind tests show a systematically smaller offset (20 % and
tion for climatologic datasets of the global occurrence of (ul- 50 % for the mid-latitude scenario 1). The low bias is quite
trathin) cirrus clouds in the tropopause region. This informa-constant in logo(ADP) for each specific case and results in
tion is essential for the evaluation of climate model results. median values of 0.1 (tropics) up to 0.3 (mid-lat). In addi-

tion, the high resolution blind tests show generally smaller
4.4 Error estimate of retrieved ADP biases than the MIPAS FOV runs. This is an indication that

the modelled Gl versus ADP used for the ADP retrieval
A comparison of the “true state” ADP values computed from causes larger errors if a broad FOV comes into play.

the input parameter fields for the radiative transfer calcula-

tion (ADPmog) and the results of the ADP blind test retrieval

(ADPy,,) is used to estimate the error in the ADP retrieval 5 Validation of cloud detection

(introduced in Sect. 3). Figure 11 shows correlation diagrams

for the retrieved ADE;, versus the true state ARRqy for Various spaceborne, airborne and ground-based mea-
Scenarios 1 and 2 for the high-resolution 0.5km and thesurements were investigated with respect to potential

www.atmos-chem-phys.net/12/7135/2012/ Atmos. Chem. Phys., 12, 7113%4 2012



7150 R. Spang et al.: Fast cloud parameter retrievals of MIPAS/Envisat

coincidences with the MIPAS instrument for the time period 5.1.2 Comparison of the mean CTH of MIPAS detection

September 2002 to March 2004. Three types of validation methods
methods are applied to the processor output parameters, de-
pending on the dataset or parameter of interest: In a first step of the validation, the differences in sensitivity

between each detection method were investigated using the
1. Validation on the basis of coincident measurements in aSAGE Il SVC data for reference. The Systematic differences
certain miss-time and miss-distance window. between the zonal mean CTH of each method are illustrated
2. Statistical comparison of parameters based on tempordf1 Fig. 12. CTH is defined _by the tangent height of the T'rSt
- cloudy spectrum detected in the MIPAS or SAGE Il vertical
and spatial means. . . .
top-down scan. The computation of zonal means is restricted
3. Blind test retrievals based on modelled spectra of real-to altitudes above 6 km where all methods are applicable. For
istic cloud scenarios (Sect. 4). the colour ratio methods, we selected only the band A cloud
) ) L ~index for OPERCI, CIOPT.THRESH, and CITHRESH
In the following sections, attention is focused on the valida- (defined for Ch only) as well as the complementary meth-
tion of cloud detection and c_orresponding parameters such a§4s svD and macro physical retrieval, which are based on
cloud occurrence frequencies (COF) or high cloud amounte myiti-wavelength approach. The zonal means can give an
(HCA). Other parameters (CTH, CTT, CEX) have already jnqication of the detection sensitivity of the applied methods.
been investigated in detail by Hurley et al. (2011) or are still joyever, large values can also suggest erroneous detection
under !nvgst|gat|on and will be published at a later stage (e-gevents, where, for example, the CI threshold value has an
classification andef)- overlap with Cl values typical of cloud-free conditions.
Overall, the highest mean cloud top heights were found
in the tropics and for winter in the Antarctic polar vortex,
51.1 SAGE Il instrument and data where PSC are detected up to altitudes of 28 km. Difference_s
between the methods are more or less constant for all lati-

The Stratospheric Aerosol and Gas Experiment Il (SAGE I1)tudes and up to a maximum of 3km, which is equivalent to
is a solar occultation instrument (McCormick, 1987) and one altitude step in the MIPAS scan. Differences larger than
is especially suited for the validation of the MIPAS cloud 3km are linked to the PSC season (May — September), where
detection. The instrument measures in the limb direction MACRO and CIOPTTHRESH show the highest mean CTH
which counteracts basic problems due to different viewingand consequently the highest sensitivity. For all seasons,
geometries, and has the sensitivity to detect subvisible cirrughe detection methods show significant and systematic dif-

clouds (Wang et al., 1996). These are the optically thinnesferences. The optimised Cl-threshold method produces the
clouds and they are usually invisible for nadir or geosta-highest mean CTHs followed by the macro retrieval and the

tionary sounders. The SAGE Il instrument has a much bet-CI-THRESH method. SVD and OPERI show very similar

ter vertical resolution than MIPAS (FOV=0.5km) and is mean CTHs and consequently quite similar detection sensi-
able to detect clouds and aerosols down to extinctiefs ( tivity.

of 10 6km™! at visible wavelengths. By means of a two-  The large mean CTH for CIOPTHRESH are caused by
wavelength approach it is possible to differentiate betweerproblems in detection for lower altitudes @ km) where the
background aerosol and SVC. According to the analyses ofelected thresholet 1 (see Fig. 3) for the tropical and north-
Wang et al. (1994), SAGE Il can detect SVC down to ex- €rn mid-latitudes seems to be too conservative for the detec-

tinctions of 2<10~4km~1 at a wavelength of around 0.7 um, tion of any cloud at all. An underestimate of cloud occur-
which is in line with the lower bound of the typically ap- rence at these lower altitudes results in a larger mean CTH
plied cirrus classification by Sassen and Cho (1992). Generthan for the other methods, also in comparison with the cli-
ally, SAGE Il is able to detect SVC in the extinction range matological mean of SAGE II. The same problem occurs for
3x107% - 3x102km™1 for the SAGE Il 1.02 pm channel all SAGE Il comparisons in general, due to the fact that the
(Wang et al., 1994). We analysed the height-resolved cloud>AGE Il climatology does not include opaque clouds follow-
flag in the SAGE Il version 6 data (SAGE, 2011). Due to ing the definition of Wang et al. (2001). A differentiation of
the use of the occultation technique (typically 30 sunriseopaque and subvisible cirrus is so far not implemented in the
and sunset measurements per day), the number of coincMIPAS processing. This would be achievable by the extrac-
dent measurements is limited. In the period of interest 9/2002ion of an ADP threshold in the CI-ADP correlation (Fig. 6).
to 3/2004, the SAGE Il measurement sampling was reducediowever, this threshold would be altitude dependent and not
to only 15 profiles per day. Due to the limited number of comparable with the SAGE Il definition of opaque condi-
coincidences, the following analyses also used climatologitions. The inclusion of optically thick clouds in the IR mea-
cal means of the global distributions of subvisible cloud oc-surements can cause biases when comparing both data sets,
currence above specific altitude levels for the time periodespecially at lower altitudes.

12/1998 to 11/2004.

5.1 Comparisons with the SAGE Il dataset
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Fig. 12.The zonal mean CTH for various detection methods above 4 km altitude for spring, summer, autumn and winter seasons in the 2002
(Dec) to 2004 (January—November) time period together with the corresponding SAGE |l climatology distribution (for details see text).

The parameter SUMCLOUD in Fig. 12 refers to the regions 30°) and minima at mid- to high-latitudes and a
summary CTH information, the combination of all de- local minimum at the equator. The overall good correspon-
tection methods of the cloud processor. As introduced indence highlights the fact that both instruments observe pri-
Sect. 3.1.4, for the current version (V1.6) of the processormarily the same kind of clouds, namely SVC.
the SUM.CLOUD information is usually dominated by the
CTH information of the macro retrieval. If the macro resultis g 1 3 Comparison of horizontal cloud occurrence
not available then weighted information of a selected number frequencies
of detection methods is used. Consequently SOMOUD

and macro retrieval mean CTHs differ only marginally. . L .
The standard deviations} of the zonal mean CTH is The analysis for subvisible cirrus cloud occurrence frequen-
cies (COF) in the SAGE Il data is described in detail in Wang

|IIu_strated in Fig. 13. Large_varlabnlty oceurs _typ|cally at et al. (1996) and for comparisons with other limb sounders
latitudes where stratospheric and tropospheric clouds Call spang et al (2003). Here, we apply a slightly different ap-
be observed in the same season (winter) and with simi- pang ) ' ’ PRl gntly b

lar occurrence frequency, for example for JJA inside theproach to consider in a more robust form the different fields

southern polar vortex. Usually these regions are not covereg f view (0.5km/Skm) and vertical sampling (0.5 km/3 km)

by the SAGE Il dataset. The detection methods SVD and.Of the SAGE Il and MIPAS instruments. Instead of measur-

CIOPT_.THRESH show the largest-values. The strong en- Ing COF W|th|n.a sp_emflc.alutude box, Fhe COFis compu_ted
above a certain grid altitudg,,. The instrument-specific
hancement for the CIORTHRESH method compared to all . : > . X
. : . FOV is considered by subtracting the maximum uncertainty
other methods at relatively low latitudes for the polar win- d : ! :
. : - where the cloud top is located in the field of view from the
ter season at 30N and 40 S, respectively, is an indicator

of the slightly oversensitive threshold value for this specific tangent height/(o = TH — FOV/2, but not for the macro re-

latitude and altitude region, which might create artefacts Oftrieval, where the FOV is already considered). In addition,

. region, mig . only the CTH information is considered for the COF, be-

even slightly overestimated CTHs in some of the profiles. cause for information on cloudiness for the layers below the
The CTH standard deviation for SAGE Il and MIPAS Y

) . CTH this i i I . That i h
shows a very good correspondence in absolute values, wnf? this is not unambiguously assured. That is to say, the

minima of 1.5 km and maxima of around 4.5 km, also for the fadiances measured at tangent heights below the CTH are

. o : . ..~ ~“dominated by the cloud top radiances, resulting in a kind
latitudinal distribution, with local maxima at the tropical jet of shadowing effect, which can bias the statistics for both
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Fig. 13. The standard deviation of the zonal mean CTH for various detection methods above 4 km altitude for the spring, summer, autumn
and winter seasons in the 2002 (December) to 2004 (January—November) time period.

instruments. The MIPAS and SAGE |l datasets were anal+andomly distributed, most likely caused by annual variabil-
ysed in an identical way. CTHs were used for the compu-ity.
tation of cloud occurrence frequencigs (COF) above a At mid-latitudes, the COF values are strongly reduced at
certain altitude. A 1knx10° x 20° grid for altitude, lati-  this altitude. Around 50N, SAGE Il shows a few percentage
tude and longitude was defined and the MIPAS parametepoints more in COF than MIPAS, but in other regions the
SUM_CLOUD is usually used in the following comparisons. differences are usually arounid 5-10 %, and no systematic
A minimum of five observations per grid box was found nec- offset between the instruments is observed.
essary for consideration in the analysis. Generally, differences might be affected by the natural an-
The comparison of the resulting cloud occurrences isnual variability in COF, when comparing a specific year with
illustrated in Fig. 14 for 15km altitude for the De- aclimatology of 6yr. El Nino-La Nina effects in the longitu-
cember/January/February NH winter season (DJF) andlinal cloud distribution need to be considered in more detail
June/July/August NH summer season (JJA). The horizonto quantify and understand the differences. For example, the
tal pattern is very similar between MIPAS and SAGE Il. 1998-2004 period includes only one El Nino event and was
However, discrepancies at specific regions are obvious aslassified as a moderate El Nino, but the main signal of this
well. The pattern shows the expected maxima in the warmevent was just between October 2002 and January 2003 (e.g.
pool regions over the Micronesia-West-Pacific region, Cen-see Oceanic Nino Index (ONI) at the Climate Prediction Cen-
tral Africa and Central America. Also obvious is the consis- tre — NOAA website). This is highlighted in the MIPAS data
tent slight shift in the COF distribution between NH summer by the enhanced COF values in the east Pacific and the exten-
and winter conditions in line with the drift of the intertropical sion of enhanced COF values to the south-east of the Pacific
convergence zone (ITCZ) for both datasets. For the DJF sean the DJF season, which is typical of El Nino conditions
son, the peak COF values of MIPAS are significantly larger(e.g. Spang et al., 2002; Wang et al., 1996).
than the SAGE Il values. Differences of up to 20—-30% can be The strong signals of Arctic and Antarctic clouds (mainly
observed. However, for JJA the systematic difference in thePSCs) in the MIPAS data are not expected in the SAGE Il
tropics is partly compensated, and the differences are mordata. Due to the analysis of the SVC flag in the SAGE Il
data, the results are not sensitive to PSCs, but discrepancies
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Fig. 14.MIPAS (top) parameter SUMCLOUD for DJF and JJA 2002/2003 and SAGE Il (middle) SVC climatology of occurrence frequen-
cies and the corresponding differences of MIPAS-SAGE Il (bottom panels) for altitudes above 15 km. Overlaid contour lines run from 1, 5,
10, 20... to 90 %.

are also affected by the limited geographical coverage ofcorrespondence in the COF distribution with SAGE II. The
SAGE Il measurements in these regions for the specific seamacro results show cloud occurrences on a 1% level in the

sons. tropics up the 20 km and 21 km level, which is significantly
higher (1-3 km) than for SAGE Il and the two other MIPAS
51.4 Zonal mean cloud occurrences methods. The observation of clouds above 20 km seems quite

high. This is clearly in the stratosphere and due to the in-
The analysis of the zonal mean COF might give more in-Creasing temperatures and low water vapour mixing ratios

sights into systematic differences between the two datasetdYPically 2—4 ppmv) the formation of cirrus clouds becomes

and might also show some strengths and weaknesses of Sp\éery unlikely. So far, it is not found in other remote sensing
r in situ datasets. The cloud events in the stratosphere are

cific MIPAS detection methods. Figures 15 and 16 presemO ! ] -
the COF distribution of the macro retrieval. the OPER  Potentially artefacts of the macro retrieval related to vertical

and SVD methods in comparison to SAGE I, again for the SMoothing effects caused by the coarse FOV and sampling
DJF and JJA season. OPER and SVD show the effects of grid (3 km). Over-sampling used in the MIPAS measurement
the relatively broad FOV of MIPAS by the step-like changes Since the end of 2004 (2 km steps) might help to reduce this
in contour lines. The macro retrieval runs clear of the FOV effect. ) .

effect due to specific handling of the FOV in the retrieval Generally, in the tropics SAGE Il and all MIPAS meth-
(Hurley et al., 2011), and shows for both seasons a good)ds show a consistent decrease between DFJ and JJA for
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Fig. 15. Zonal mean cloud occurrence frequencies (COF) above a certain altitude for the MIPAS detection methods MACR@,| OPER
and SVD in comparison to SAGE Il (top left) for the Dec-Jan-Feb (DJF) season 2002/2003 and the climatology time period of December
1998-November 2004, respectively.

CTH occurrences at higher altitudes in the tropics, wherebygood correspondence between MIPAS and SAGE Il in the
mid-latitudes indicate the opposite effect for the winter hemi- COF analysis is in line with a comparison between SAGE Il

sphere. All zonal means show minima in COF arounél 30 and the CRISTA infrared limb sounding instrument (Spang

south and north, and local maxima around 4548(5. These et al., 2002).

local extremes are more pronounced in the SAGE |l data. The

former are affected by the different handling in the statis-5.1.5 SAGE Il — MIPAS coincidences

tics of clouds which are opaque for SAGE II. These clouds

are not included in SAGE Il but are included in the mi- In the period September 2002 to March 2004, around 1600

PAS statistics, because they cannot be distinguished frofMIPAS - SAGE Il coincidences were found for a miss-
optically thinner clouds in the MIPAS measurements. Thistime/miss-distance criterion of 4 hours and 400 km, respec-
might also be the reason that the MIPAS zonal means do noiiVely. The tropics (30S-30 N) include only 134 events
show any local maximum in the tropical upper tropospherea”d no coincidences were found for high southern latitudes
between 9-12 km whereas SAGE Il does. Instead they al{>60°S) where coincidences are dominated by PSC obser-

ways have an increasing COF with decreasing altitude at al¥ations in the MIPAS data, which are not included in the
latitudes. SAGE Il cloud flag. Figure 17 summarises the mean differ-

The observation of PSCs is not possible with the SAGE |1 €nce in CTH between MIPAS and SAGE Il for 3km altitude
cloud information ﬂag used here, but the Comparison beblns. Each MIPAS detection method is Compared to SAGE ”,

tween the methods for MIPAS indicates the higher sensitivityOnly results where both instruments show a CTH in the pro-
for PSC detection for the macro retrieval and the limitationsfile (cloudy-cloudy) are included in the statistics. Finally,

of the SVD method for detecting clouds above 21 km, espe_the tropics did not show sufficient count statistics of cloudy-
cially in the winter SH polar vortex where the PSC occur- cloudy coincidences (only 28 events) for an altitude-resolved

ern hemisphere was not meaningful due to the shadowing
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Fig. 16. Zonal mean cloud occurrence frequencies above a certain altitude for the MACRO,_ OP&#RI SVD detection methods of
MIPAS in comparison to SAGE Il (top left) for the Jun-July-Aug (JJA) season 2002/2003 and the climatology time period of December
1998-November 2004, respectively.

effect by PSC in the MIPAS measurements. The results for For high northern latitudes the agreement is excellent,
the three remaining latitude bands give a consistent pictur®nly 12 % and 13 % of the coincident profiles are flagged as
for all MIPAS detection methods. MIPAS CTHs around the cloudy when the other instrument detects no cloud. At low
tropopause (top two levels) show a very small difference tolatitudes there is less agreement. Yet the number of coin-
SAGE Il (=1 km), with a tendency to higher CTHSs for MI- cidences is also significantly smaller than at high and mid-
PAS for the top altitudes. This indicates slightly higher detec-latitudes and consequently the statistical significance is re-
tion sensitivity for MIPAS in this region, which is also high- duced.
lighted in the summary statistics of Table 4, where usually Coincidences at high southern latitudes are mainly ob-
the number of MIPAS cloud events with no SAGE cloud de- served during polar winter and are dominated by high oc-
tection is significantly larger for all latitude bands than vice currence rates of PSC observations in the MIPAS measure-
versa and these differences are mainly caused by high cloudsents. The detection of PSCs is not covered by the SAGE Il
(not shown). At the lower two altitude levels, the difference detection SVC flag. Consequently, the discrepancies for the
between MIPAS and SAGE Il becomes significantly negativecloud/no-cloud events are not meaningful. But there is a sig-
and increases with decreasing altitude from 1-2 to 3-5 kmpificant correspondence for non-cloudy conditions between
depending on the detection method. MIPAS seems to los¢he instruments. No clouds are detected by SAGE Il when
sensitivity compared to SAGE Il when penetrating into the MIPAS predicts non-cloudy conditions for the coincidence.
troposphere. In the tropics, MIPAS detects in 39 % of the coincidences
Table 4 summarises the coincidence statistics. All com-a cloud where SAGE Il seems cloud-free, whilst for 8 % of
binations of coincidences are accounted for: cloudy to nonthe profiles SAGE Il detected a cloud for cloud-free con-
cloudy for SAGE Il and MIPAS, respectively, both cloudy, ditions with MIPAS. The imbalance is basically caused by
and both non-cloudy. Percentages are given with respect tMIPAS detections with CTHs above 15 km. This is indicat-
the total number of coincidence events (bottom row). ing a higher detection sensitivity for MIPAS than SAGE I
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Table 4. Coincidence statistics between SAGE Il and MIPAS.

Latitude 90S-60S 60S-30S 30S-3CN 30°N-6C°N 60°N-9C°N
SAGE Il no-cld* 65 % 25% 39% 27% 13%
MIPAS no-cld* o 14% 8% 11% 12%
both non-clouds 35% 21% 32% 14% 5%
both cloudy O** 39% 21% 48 % 70%
No. of events 283 247 134 389 590

* All percentages are given for the MIPAS summary cloud detection parameterGUOUD
** MIPAS observations are dominated by PSCs, which are not detectable with the SAGE Il SVC flag.

Lat=[-60,-30] 4h/400km Lat=[ 30, 60] 4h/400km emission instrument when probing the same air mass. This
e o 2o SO fact, together with the relatively large coincidence crite-
15l 00 15k 0,40 ria (400km/4h), may produce misleading results (reduced
e fes + 26 28 € fes * 61 49 number of both-cloudy coincidences) especially in the mid-
s 10fss N s 10f%0 W ® 7 troposphere where the horizontal cloud scales are smaller.
:_(‘3 SRR B ;z N S o1s s0 These restrictions seem to affect especially the mid- and
50, oo ] 50, fo 0 o tropical latitude analysis. An unbalance in the amount of
. j . j inconclusive (cloudy/non-cloudy) coincidences between the
s o 5 o o S instruments is always an indication for differences in the de-
dCTH MIPAS=SAGE Il [km] dCTH MIPAS—SAGE Il [km] tection sensitivity or a hypersensitivity of a specific detec-
zgot=['60, 90] 4h/400km tion method. This becomes obvious for MIPAS in the mid-
0 oo latitudes and tropopause region of the tropics.
o o o + = sum_cloud
151 H = ci_thresh ' . '
T | o5 95 60 = oper_ci 5.2 Comparison with the GLAS instrument
3 * = clopt_thresh
8 10p31 * 211 180 A A = macro .
2 |y, e 1 + = svd 5.2.1 GLAS instrument and data
< A
51 1 ] . . . .
S One of the few techniques available to obtain continuous
0 . 0 : daily global coverage of subvisible/ultra-thin cirrus clouds
dCTH MIPAS—SAGE Il [km] and PSCs are space-borne lidars. Launched in early 2003,

_ _ _ the Geoscience Laser Altimeter System (GLAS) on the Ice,
Fig. 17.Mean difference in CTH between MIPAS and SAGE Il for  Cloud and Land Elevation Satellite was the first polar orbit-
coincident cloudy profile measurements between October 2002 ani:hg satellite lidar and is intended for comprehensive earth
March 2004 on a 3km altitude grid and three latitude binS 80 e ce applications covering surface altimetry for ice sheets

30°S, 30'N-60° N, and 60 N-9" N). Coloured symbols indicate and vegetation and atmospheric profiling (Spinhirne et al
the different MIPAS detection methods and the coloured numbers 9 P P g (5p N

represent the counts of CTHs for MIPAS for the corresponding a|-2005)"The InStrurr?enj[ de'slgn Includgd hlgh-performance ob-
titude bin and detection method. servations of the distribution and optical scattering cross sec-

tions of atmospheric clouds and aerosol. The backscatter li-
dar operated at two wavelengths, 532 and 1064 nm, whereby
. ] only the 532nm measurements are used in the following
for cirrus clouds around the tropical tropopause (see alsqnalyses. With a measurement frequency of 40 Hz the instru-
Sect. 5.1.4). _ _ ment achieved a horizontal resolution of 170 m and vertical
At mid-latitudes the percentages of in-conclusive results;esoiution of 80 m.
are reduced, but there are still significantly higher detection During the first phase of MIPAS observations (June 2002
rates for MIPAS. In this case the events are not caused by, pmarch 2004) GLAS recorded continuous data between 25
detections around the tropopausel@ km) but due to de-  geptember and 18 November 2003. For the analysis of coin-
tections at lower altitudes (6 and 9km). In this region the cijences we use all available MIPAS and night-time GLAS
analysis is biased by missing opaque clouds in the SAGE llyata \We found that no coincidences exist for time differ-
statistic. The amount of both-cloudy coincidences is highergnces below 2 h at some latitude bands. As a compromise
than in the tropics and indicates generally better agreemenganyeen as-close-as-possible matches and sufficient data for
for mid-latitudes. . statistical purposes, a maximum miss-timeAof= 2 h, and
_Although both SAGE Il and MIPAS use the limb tech- 5 maximum miss-distance in location af/ = 200 km were
nique, the satellite orbit for the occultation measurementssgected.

results in a quite different viewing direction than for the
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5.2.2 How to compare nadir and limb viewing cloud top  Argument (a) is also supported by better agreement with the
heights? less sensitive MIPAS detection methods OPERand SVD.
Tropical cirrus Compared to the PSCs, the CTHSs of high

When looking at the two measurement geometries of MI-Cirrus clouds in the tropics at an altitude of 11.5-17.5km

PAS and GLAS, limb and nadir, the question arises of howtompare better. At these_ altitudes, in the latitude range
to compare the cloud detection results of two instruments pri-—10°—10" the mean CTH differences are around 1 km. There

marily in terms of vertical and horizontal resolution. Two &€ Some indications (2830° N/S) of higher detection sen-

different approaches were applied: from each ensemble ofitivities at the upper altitudes, mainly driven by the macro
matching GLAS profiles belonging to a single MIPAS limp Tetrieval and less explicitly by SVD and CIOPTHRESH.
scan, we (1) used the mean lidar cloud top height of only Tropospheric mid- and high-latitude cloudslIPAS and
the cloudy samples or (2) the lidar cloud top height was aslidar CTHs of tropospheric clouds at m|d_ ar_1d h_|gh latitudes
signed to the maximum of all cloud top heights of the sample &t @round 6-11km agree well, mostly within differences of

Global statistics on the mean differences at different altitudest—2 kM- This agreement is slightly better for northern than
showed that the second approach results in the most consifor southern latitudes. The CIOPTHRESH method and to

tent comparison between the two instruments, which makeS0mMe extent SVD show some high CTHsIG km) between
sense since MIPAS is most sensitive to the first and usu30° N and 70 N that are rather doubtful, but only for a small
ally highest cloud fragment along the line of sight of the in- Number of coincidences<(10). As already reported above,
strument. In addition, the miss-distance criterion of 200 km, this may point to a hypersensitivity of these methods and up-
which is equivalent to a diameter of 400km, considers todates on the altitude thresholds are necessary to improve the
some extent the limb path smearing effect along the Losmethods in future data versions (e.g. Sembhi et al., 2012).

through the tangent height layer400 km for a vertical FOV . .
of 3km). Consequently, we only present results for the Iidar5'2'4 Conclusions from the SAGE Il and GLAS analysis

rr'1a>'<imurr.1 CTH for thg miss-time/rn'iSS'diS.tance criteria. A he coincidence analysis of the mean difference of CTHs
similar slightly simplified approach is applied for the com- \oyjeved from MIPAS with respect to the limb occultation
parisons of MIPAS with horizontally high resolved IRIUV/VIS jqryments SAGE 11 and the active nadir lidar instrument
nadir sounders, and this is described in Sect. 5.3.2. GLAS shows good agreement for both comparisons, espe-
cially for the altitude regions around the tropopause. How-
5.2.3 Height resolved coincidence analysis for GLAS ever, at lower altitudes MIPAS seems to lose sensitivity with
respect to SAGE Il. This is in contrast to the GLAS compar-
Figure 18 shows a summary of the mean differences beison where MIPAS shows nearly constant mean differences

tween the CTHs of the various MIPclouds detection meth-(<2km, depending on detection method) at the lowest 2-3
ods and the lidar coincidences. As already mentioned irgltitude levels (troposphere). Increasing positive differences

Sect. 5.1.3, the results for the lidar maximum CTH for the With respect to GLAS for the highest levels (polar strato-

miss-time/miss-distance criteria are best suited for the comSPhere and UTLS) indicate a hypersensitivity of only 1-2

parison with MIPAS. For better visibility, the differences are Methods in some latitude regions but may point to slightly
binned within altitude bands of 3km height. Numbers on thehigher detection sensitivity than GLAS for ultrathin clouds.

left inside the plots indicate the number of coincident sam- 1Nis was already postulated in the blind test retrieval results
ple pairs which fall into the respective altitude range for the (Sect. 4.3.2).

SUM_CLOUD parameter results. The following discussion 1 ne nearly parallel orbit geometry displayed by GLAS and
will concentrate on those altitude bins with a sufficient num- MIPAS allows much better coincidence criteria (2 h/200 km)

ber of samples (i.ex 20). than for SAGE Il (4 h/400 km). The resulting scanning di-
PSCs A typical feature at high southern latitudes (290 rections of MIPAS and GLAS through the cloud fields are

to —70° and —70° to —5C°) is a relatively high positive accordingly very similar in contrast to SAGE Il (see also

bias of many MIPAS CTH indices (exceptions are OPER Sect. 5.1.5). The more consistent results for the GLAS co-
and SVD). Such high clouds above 13km in the south ardncidences show that a consideration of the limb path smear-

very probably PSCs. Inspecting the corresponding correlaiNd Of MIPAS, by selecting the maximum CTH of GLAS in

tion plots shows that only a few lidar samples indicate higherthe horizontal coincidence window (see above), is crucial and
CTHs than MIPAS and most are lower. This might be ex-
plained by (a) a smaller sensitivity to optically thin polar

stratospheric clouds by the lidar compared to MIPAS and (b)
a large inhomogeneity of the PSC field at the end of the po-
lar winter. At that time, due to the preceding denitrification

of the stratosphere, PSCs are optically thinner and are not

as homogeneous as during the period from June to August.

provides a reliable approach to make the nadir and limb CTH
measurements comparable.
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Fig. 18. Altitude-binned differences of cloud top heights between the various MIPAS detection methods and the GLAS lidar co-incidences
(200 km/3 h). Black number represents the number of both-cloudy events for the parameteZISDYD.

5.3 GEWEX/ISCCP comparison available global, long-term cloud data products, with a spe-
cial emphasis on the International Satellite Cloud Climatol-
5.3.1 GEWEX/ISCCP dataset ogy Project (ISCCP) (Rossow, et al., 1999).

ISCCP is the best known of cloud climatologies and hence
The MIPAS cloud products were compared with the dataset§orms the baseline for many cloud comparisons. However,
prepared for the Global Energy and Water Cycle Experimenthe ISCCP data set is known to be not particularly sensi-
(GEWEX) cloud assessment. The GEWEX cloud assessmertive to high clouds. Hence, the project has also compared
group (GEWEX, 2010) was initiated by the GEWEX Radi- the data to other satellite cloud climatologies, in particular
ation Panel (GRP) in 2005 to evaluate the reliability of the
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to climatologies which make use of the €@licing tech-  HCA for the ATSR “MIPAS-like” product is still less than
nique such as AIRS (Aumann et al., 2003). AIRS (Atmo- the MIPAS product, as would be expected due to differences
spheric Infra Red Sounder) is one of 6 instruments on boardn sensitivity and the limb geometry. However, this product
the Aqua satellite that was launched in May 2002 and com-shows strong spatial correlations with the MIPAS product,
prises 2378 spectral channels. The fractional cloud cover repespecially in the tropics. Mid-latitude occurrence frequen-
resents the fraction of clouds in a 45x45km area. This prod<ies are significantly higher for MIPAS especially over the
uct is one of the most sensitive nadir viewing instrumentsoceans. In the tropics and high latitudes, differences of up to
for high level cloud in comparison to other nadir instru- 40-50 % can be observed.

ments. GEWEX includes the AIRS-LMD retrieval products  There are a few regions where the ATSR product shows
described by Stubenrauch et al. (2008). Finally, the Alonga larger HCA (e.g. over the north of India, West Siberia,
Track Scanning Radiometer (ATSR) cloud product (Poulsenand parts of north Canada). But on a global basis the much
etal., 2011) is used. The ATSR instruments are dual-viewingsmaller HCA for all passive nadir instruments highlights the
imaging instruments measuring visible and infrared radi-better detection sensitivity of the limb instrument and the im-
ances (at 0.55, 0.67, 0.87, 1.6, 3.7, 11 and 12 um) with 1 knportance of a dataset of cloud parameters from MIPAS to
spatial resolution at the sub-satellite point and operate on difimprove global climatologies on cloud occurrences of cirrus
ferent satellite platforms. Data are based on a multi-spectratiouds.

optimal estimation retrieval of cloud parameters, in particu-

lar for ATSR-2 and AATSR. The cloud parameter used in the5.3.3 A concept on how to compare limb and nadir
comparisons with MIPAS is the cloud top pressure. cloud occurrences

For statistical comparisons, global datasets of the high . . . .
cloud amount (HCA), which is defined by the detection of Usually, in a COF analysis nadir instruments underestimate

CTHs above a pressure level of 440 hPa, were prepared fdf€ trué COF due to a lack of sensitivity. Limb based COF
the different nadir viewing instruments at the resolution of @nalyses will overestimate the amount of clouds seen in

the MIPAS cloud occurrence frequency analysis®(Rhgi- the nadir direction due“to the Ii_mb" path sn"_nearirjg effect
tude x 10° longitude grid). (Sect. 4.3.1). The ATSR “MIPAS-like” product is a first step

to make limb and nadir measurements better comparable.
Similar to the blind test in Sect. 4 where the “true state”
ADP is computed from ECMWEF data and compared with

Figure 19 shows global maps of the high cloud amountsthe retrieved CTH and ADP, it would be better to raytrace
(HCA) for the nadir viewing instruments at the resolution the MIPAS limb paths through the horizontally high resolved

of the MIPAS COF analysis (20ongitude x 10° longitude cloud parameter fields of the nadir instrument and to esti-
grid). The ATSR cloud product shows marginally more sen-Mate, for example, an effective limb CTH from the nadir
sitivity at mid-latitudes but with lower HCA in some tropi- CTHS along the LOS. A similar approach was successfully

cal regions than the ISCCP dataset. The AIRS instrument i@PPlied to global nadir BTR composites to create realistic
the most sensitive of the nadir instruments with significantly N9 resolved fields of CTHs (Adams et al., 2009). The study
larger percentages in HCA. quantified the benefit of limb cloud imaging for infrared limb

In addition, the ATSR level 2 cloud data set is collocated in S0Unding of tropospheric trace gases.

time with MIPAS and was used to generate an ‘MIPAS-like’  Additional nadir information orRef, IWC or vertical IWP
product. This new product is more representative of a limb-would offer the potential to estimate a limb equivalent ADP

viewing instrument that will assign cloud over a large hor- ffom the nadir data. Consequentially, the most realistic ap-
izontal footprint. The “MIPAS-like” product was generated proach to make cloud occurrence frequencies from nadlr and
by the following steps: (1) Averaging the ATSR orbit infor- limb measurements _comparable would be pased on rgtneved
mation onto a 1 longitude by 2 latitude grid. (2) If the high ADE’ va]ues for both mstru.ment types, even if the nad|r qur-
cloud amount (cloud-440 hPa) was greater than 0 then the Mation is only a rough estimate (e.g. as a first approximation
cloud fraction of the grid box was set to one. If a single ob- 21 ADP>0 is equivalent to a cloud detection in the limb).
servation is detected in the larger footprint it is assumed thaP€t@iled analyses and refinements will be necessary to test

the MIPAS instrument would have detected it. (3) The data@nd guantify the benefit of the new concept. However, the re-
was then projected onto the MIPAS monthly grid. The result- SUlts of the blind tests in Sect. 4 already show that the concept

ing product was labelled “ATSRMIPAS” and is also shown in should be applied for comparisons of limb measurements and

Fig. 19 with both the MIPAS cloud occurrence and the differ- 3-D model data with incorporated cloud physics.
ence MIPAS—ATSRMIPAS for March 2004 (three right-hand
panels).
Obviously, the limb viewing instrument is more sensitive
to thin and high altitude clouds because of the longer path
through the atmosphere than that of the nadir instrument. The

5.3.2 Comparisons of high cloud amount
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ATSR 200403 hca ATSRMIPAS 200403 hca

Fig. 19. Comparison of ATSR, ISCCP, AIRS (left column), as well as the MIPAS-like ATSR product (details see text), MIPAS COF of the
summary information SUMCLOUD, and the difference between MIPAS and MIPAS-like ATSR (right column) for high cloud amounts
(hca:p < 440 hPa) for March 2004.

6 Conclusions and outlook Various validation techniques were applied. The analyses

show that it is often difficult to compare parameters deduced
A new cloud parameter processor for MIPAS with near-real-by complementary measurement techniques (e.g. nadir and
time capability has been developed. Various cloud detectiodimb). Validation comparisons need to consider differences
and classification methods as well as micro- and macrophysin sensitivity, viewing geometries, FOV or the vertical and
ical parameter retrievals were implemented in the proceshorizontal sampling of the two sensors of interest, otherwise
sor. The validation of cloud parameters shows in many casegesults may be misleading. A blind-test retrieval (BTR) ap-
a good correspondence with selected validation instrumentproach was developed to address this problem. BTR results
and datasets. However, differences are also observed but itvased on modelled spectra of limb sequences for various
dicating different detection sensitivity between the detectioncloudy scenes show the high sensitivity in cloud detection
methods and instruments for varying regions of the UTLSfor various MIPAS methods. The combination of the differ-
and mid troposphere. Some retrieved parameters, such as tle@t techniques to deduce one CTH parameter and the defi-
newly deduced area density path (ADP), and the classificanition of a cloud confidence flag are a new approach for a
tion polar stratospheric clouds (PSC) types (not presented imore reliable detection of clouds by IR limb sounders. This
detail), show the capability for new innovative research ob-has not yet been applied in an optimised form to the MIPAS
jectives, such as the understanding of cloud formation pro-data. However, the validation results of the current processor
cesses and the spatial and temporal distribution of opticallyersion of cloud occurrences and CTH via coincidence and
thin cirrus and polar stratospheric clouds.

Atmos. Chem. Phys., 12, 7135164 2012 www.atmos-chem-phys.net/12/7135/2012/



R. Spang et al.: Fast cloud parameter retrievals of MIPAS/Envisat

the geographical statistical means with various sensors ar@ppendix A
quite consistent and satisfactory.
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For example, the overall detection sensitivity of the pro- Abbreviations and acronyms

cessor is similar to, or in some regions even better than,

the lidar in the GLAS space instrument, and also similar ADP
to ground-based lidars (not shownppfner et al., 2006a; A
Spang et al., 2010b). The MIPAS results for the occurrence BTD
frequencies of high amounts of cloud440 hPa) show sig- BTR
nificantly higher values on global scales compared to passive CEX
nadir viewers in the GEWEX dataset or ISCCP as part of Cl

GEWEX, even if the limb-smearing effect is taken into ac- CIOPT_THRESH

count in the nadir analysis.

The BTR results give evidence of a quantitatively defined CI-THRESH
detection threshold for subvisible cirrus clouds (SVC) in
terms of ADP. The retrieved AQResnhfor cloud occurrence ~ COF
of 10’ pm? cm 2 is independent of unknowns about cloud CTH
inhomogeneities along the line of sight (LOS) and is a rep- CTT
resentative quantity under various conditions (different alti- CSDB
tudes and geographical regions). Depending on the horizon- FOV
tal extent of the cloud along the LOS, for example, a typically Gl
expanded cirrus structure of 300 km and a very narrow cloud IWC
of 3km, an ice water content IWC threshold-e10~" g m—3 WP
and~10-5gm3, respectively, is estimated. The larger IWC LOS
threshold value represents SVCs of extremely low optical LWP
thickness. Based on airborne measurements during the Trop-MIPclouds
ical Composition, Cloud and Climate Coupling (TC4) cam- MW
paign in comparison to the CALIOP lidar on the CALIPSO NAT
satellite, Davis et al. (2011) postulated that the space lidar OPERCI
might miss~2/3 of these optically thin clouds (< 0.01).

Consequently, a comparison of CALIPSO and MIPAS, as al- PSC
ready performed for PSCs indgfner et al. (2009) is highly ~ Reff
recommended for future analyses to prove the indirect con-
clusion that MIPAS might be able to detect optically thinner STS
cirrus clouds more effectively than CALIPSO.

The processing of the full MIPAS time series X0 yr)
would create a unique and complementary data series SVD
of cloud parameters (e.g. compared to products of nadir
viewers) for climate related studies with respect to cloud SVC
processes. Comparisons with models incorporating cloud VDP
physics — such as the ECMWF, chemical transport and cli-
mate models — are a major issue for future applications. The

SUM_CLOUD

Surface area density path

Surface area density

Brightness temperature difference
Blind test retrieval

Cloud extinction

Cloud index

Optimised ClI threshold method with
latitude and altitude dependency

Cl threshold method based on Cl cli-
matology for 2003

Cloud occurrence frequency

Cloud top height

Cloud top temperature

Cloud scenario database

Field of view

Gas index

Ice water content

Ice water path

Line of sight

Liquid water path

MIPAS clouds parameter processor
Microwindow

Nitric acid trihydrate

ESA operational 12 processing ClI
method

Polar stratospheric cloud

Effective radius of the particle size
distribution

Supercooled ternary solutions
Summary cloud information param-
eteron CTH, CTT, etc.

Single value decomposition (detec-
tion method)

Subvisible cirrus cloud

Volume density path

MIPclouds data can be used to validate the model capabilitieSUPPlementary material related to this article is
to predict the cirrus distribution and coverage as well as watefvailable online at: http://www.atmos-chem-phys.net/12/
transport in the UTLS region. However, it is necessary to ap-/135/2012/acp-12-7135-2012-supplement.pdf

ply a kind of MIPAS simulator to the model data to properly
consider the FOV, sampling, sensitivity issues and the limb
path integration. In the future, new topics will come within
the scope of a possible extension of the MIPclouds proces-

sor, for example: further improvements and developments aréokno"‘”e.dgememSThe authors gratefully acknowledge S. P.
alm (Science Systems and Applications Inc., Lanham, Maryland,
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