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of the two. If neither of the subsegments give a result, then a further third
fitting is tried with all clear and target pixels included.

Due to the segmentation being done using fixed size segments in fixed
positions (a grid of segments starting from the lower left corner of the image
area) some segments by chance may contain a distribution in which the fit-
ting fails, although nearby segments produce a result. To obtain as good
a coverage as possible with acceptable results, the image area can be pro-
cessed up to four times using a differently positioned segment grid. The
number of segment locatings can be specified in the configuration settings,
and the given number (1-4) of segmentations are made in the following or-
der.

1 the default segmentation

2 shifted half-width right and half-height up
3 shifted half-width right

4 shifted half-height up

Obviously the the best coverage of succesful fits results from using all shift-
ing modes, and the only reason to restrict this is the total computing time
requirement.

As a result of the shifted segmentations the default segment is divided
into four quarters or subsegments, and for each of them there could be up to
four solutions from the four different segmentations. If there are both over-
land results and over-water results, then in principle the number of results
for a given subsegment can be higher than four. In the current version the
final solution for a subsegment is the weighted mean over all results, the
weighting being done by using the number of target pixels in each fit.

We now go through the settings in the configuration file, as listed in Ap-
pendix A. The first two values set the default functioning and the level of
output printing, respectively.

SETTINGS[’runmode’] = "batch" # batch / xwindow
SETTINGS|[ verbose’] =0 # Output print level 0,..,7,..

As mentioned already, the default run-mode is "batch", which does the
least-squares fitting for all the image segments from the input data. The
other possibility is the X-window mode for browsing results, as will be de-
scribed later. Increasing the ’verbose’ number will add more output printing
throughout the processing. These two settings may also be changed with
command line options, by specifying "batch" or "xwindow", and by giving
some substring of "verbose" at the end of the command line.

The configuration settings that define the basic processing method are
the following.
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SETTINGS[’Isqname’] = "starpac” # Lsq fit (python/numrec/starpac)

SETTINGS[ nfree’] = 3 # No of free parameters (2-4)
SETTINGS[’segw’] = 32 # Segment width
SETTINGS[’segh’] = 32 # Segment height

Three different Levenberg-Marquardt method implementations are avail-
able for the ’Isqgname’ setting. "python" uses the method implemented in
the Scientific python module. It is here for testing purposes only, as it is too
slow for operational processing. "numrec"” uses the method from Numerical
Recipes, and the default, "starpac”, uses the freeware statistical algorithm
package Starpac.

The theoretical model for the arc shape histogram has four free parame-
ters.

T, cloud top brightness temperature (bt)

B ratio of absorption coefficients - "the exponent"
T, channel 4 surface bt
s channel 4 - channel 5 surface bt difference

The fitting algorithm needs a first guess for all four, and then it tries to find
the best fit by iterative adjustments. The first two parameters are always left
free for the fitting algorithm to solve, but T, and &, could be fixed using
forward radiative transfer estimates for their values. If 'nfree’ configura-
tion value is set to 4, then no fixing is done. If it is set to 3, then the first
three parameters are free, and the curve fitting is tried several times for fixed
0, values which deviate from the first guess by an increasing amount, but
within some reasonable interval. If the 'nfree’ parameter is set to 2, then
the first two parameters are free, and the curve fitting is similarly tried se-
veral times with both T, and §, having fixed values around the first guess
point. With the implemented least-squares algorithms the ’nfree’ mode 3
gave convergent results most often, hence it is the default.

The configuration settings that set the quality control limits are the fol-
lowing.

SETTINGS[’max_rmse’] = 0.6 # Distribution max rms deviation
SETTINGS[’min_p’] =0.001  # Distribution min probability

’max_rmse’ is the largest acceptable root mean square deviation of the
brightness temperature difference T, — T5 values (i.e. the y; values) from
the best fit curve. *min_p’ on the other hand is the smallest acceptable pro-
bability for the distribution x? value to be as large (or larger) than the value
from the actual distribution when assuming the best fit model. The quality
control scheme rejects the result if both requirements are not met for the
segment.

With unlimited processing time the least-squares fitting results from all
four segmentation position modes can be examined. However, when the
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processing must be completed in a given time, the following parameters
may be set to define a less exhaustive search for the solutions.

SETTINGS[ shift_modes’] = 2 # no of shift mode passes (1-4)
SETTINGS[’sub_results’] = 1 # shift mode parameter
SETTINGS[’seg_fraction’] =0.1 # shift mode parameter
SETTINGS[’sub_fraction’] =0.2 # shift mode parameter

The value of ’shift_modes’ defines the number of segmentation grid posi-
tions that will be used for the image. We have already described the details
of this option at the beginning of this section. The value of ’sub_results’
defines how many fittings are attempted for each subsegment. This could be
set to four if all four shift-modes are being used, or even higher as there may
be both "over-land" and "over-water" solutions. On the other hand a low
value will speed up the processing, as the segment will be skipped in further
shift modes if all its subsegments already have the desired number of solu-
tions. Note that this option does not cause exclusion of subsegments from
the final results in the case when there are fewer solutions than the value of
’sub_results’. The other two parameters speed up the processing by skip-
ping segments that have few target pixels. The parameters ’seg_fraction’
and ’sub_fraction’ define the treshold fractions of target pixels within the
segment and within any of the subsegments, respectively, which indicate
the need to process the segment. With sufficient computing speed these two
parameters can be set to zero.

4.3 Graphical user interface

Adding the X argument to the end of the command line when starting ctth.py
makes the program start interactive graphical window mode, e.g.

> ctth.py 200009241343 cliwanet_north noaal4 X

In this mode the program will not start to process the data. It expects the
pass to have been processed earlier, so that in this case the files

200009241343.cliwanet_north.noaal4.ctth.dat
200009241343 .cliwanet_north.noaal4.ctth_ctt.gif

would need to be available in the current directory, containing the process-
ing results and the result gif-image, respectively. The interface shows the re-
sulting image in a window, as shown in figure 3, and offers some pull-down
menus for selecting the satellite pass and image to display, for changing the
processing options and for defining the mouse functions.

Processing of a given segment can then be requested simply by clicking
the image location of interest. The least-squares fitting algorithm output can
be checked from the starting window, and if defined in the mouse menus, the
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6 Validation

Validation of cloud top temperature/height retrievals from satellite data is
a well known problem. It is difficult to obtain independent verifying mea-
surements, co-located in time and space, and further these measurements
often do not directly provide a "ground truth", but give a rather indirect
measure which needs further interpretation, sometimes requiring rather ad-
vanced techniques.

To deal with this problem we have chosen to explore several different in-
dependent data sources. We are trying to establish a useful validation of the
histogram method by comparing against other satellite retrieval techniques
and by utilising both ground based observations and flight reports of cloud
observations. It will be obvious from the discussion below that more data
are needed in order to draw firm conclusions, but hopefully what follows
will show a useful procedure for further validation studies.

In section 6.1 we present the different data sources, including the satel-
lite data itself. In the following sections from 6.2 till 6.4 we present the
results of the histogram analysis for a few selected cases, and compare the
results with the validation data. Section 6.2 compares the results with those
of an opaque retrieval. In section 6.3 the results are compared to manual
observations from a few of the daily routine flights of the Swedish Airforce.
Finally in section 6.4 we compare the retrieval results against ground base
remote sensing measurements and radiosonde data.

6.1 Data

The validation study was performed primarily on data from August and
September 2000, coincident with the first intensive observation campaign
(CNN1) of the EU Framwork 5 project CLIWA-NET (see
http://www.knmi.nl/samenw/cliwa-net/), and secondly on a short period of
one week of data in November 2000.

6.1.1 Satellite data

We used locally received (at Norrkoping) satellite data from the operational
satellites NOAA 12 and 14. The raw hrpt (hfm format) data was ingested
into AAPP, and the AVHRR level 1b data calibrated, geo-located, and then
remapped (using nearest neighbour resampling) to a Lambert Azimuthal
Equal Area projection having a pixel resolution of 1km. The region of in-
terest was The Baltic Sea drainage basin. The region was divided in two
sub-regions as specified in table 1.

The HIRS level 1b data were calibrated and geo-located, and kept in
satellite projection. Since the level 1b data contains geo-location data for
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Projection coord. | central meridian: 60.0NV
central parallel: 20.0F
Scale horozontal - x: 1000m
vertical - y: 1000m
Size horozontal - x: 1670
horozontal - x: 1134
cliwanet north area
Area extent lower left x,y: (—726561.014, —87494.003)
(meters) upper right x,y: (943438.986,1046505.997)
cliwanet south area
Area extent lower left x,y: (—726561.014, —1221494.003)
(meters) upper right x,y: (943438.986, —87494.003)

Table 1: Projection and area specification for the two areas covering the
Baltex Sea drainage Basin

each HIRS FOV no interpolation or remapping was needed before process-
ing and comparison with AVHRR.

6.1.2 Radiosondes

Radiosonde data are sometimes, and especially in cases of low clouds, able
to give at least a rough indication of the height of the cloud base and the
cloud top. Six-hourly radiosonde data from the few available stations in the
region was stored during the fall of 2000 for this purpose, namely to validate
the histogram method in situations with low level clouds.

6.1.3 Ground based measurements

During the CLIWA-NET campaign CNNI1, remote sensing techniques from
ground based instruments at a few sites in northern Europe were employed.
Ceilometers and IR-radiometers provide data for estimating cloud base, and
sometimes cloud top, height. The sites in our area of interest encompass
Kiruna (21.1E;67.9N), Onsala (11.9E;57.4N), Potsdam (13.1F;52.4N),
Lindenberg (14.1F;52.2N), Helsinki (24.8F;60.2N), and St. Petersburg
(30.7E;59.9N).

6.1.4 Manual reports from Swedish airforce flight missions

An informal cooperation between SMHI and the Swedish airforce base in
Link6ping was setup in the late autumn of 2000, with the purpose of getting
"cloud truth" information for the validation and improvement of satellite
based cloud retrievals developed at SMHI.
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Weather flight missions from the Airforce base in Linkdping (and from
other places in the country) are fairly regular, and are done typically once
per day, and usually in the late morning. During these weather surveys, the
accompanying meteorologist observes cloud conditions and reports back to
the Meteorological office on the ground. Most of the time the aircraft flies
in and above the clouds, and when above the cloud top, the height, and
sometimes the cloud top structure, is observed.

The collection and transfer of data from the airforce base to SMHI on the
one side, and the collection and co-location of satellite data on the other side,
required significant manual interaction and effort, and would not be straight-
forward to automate. Also the quality of these data for validation of the
CTTH algorithm is still uncertain. For instance, the exact earth-coordinates
are not easily extracted in the process described above, but instead the cloud
observations are geo-located by refering to cities, lakes, or similar ground
control points, which may not allways be sufficently exact, and which in
some cases can be ambiguous.

Therefore, in order to assess the feasibility of the setup, in terms of
cost-benefit, a one week pilot study was performed in late November. This
one week, giving only 4 observations, proved to be too short, especially
considering the poor satellite coverage in the late morning at that time (only
NOAA 12 and NOAA 14 available). Also, the frequently rather complex
cloud field observed made the data analysis particularly difficult. It was
therefore decided that this pilot study should be extended to include a few
more weeks of intercomparison, before a fair conclusion on the feasibility
can be made. A further collection effort continued in April and September
2001, giving 10 more cloud top observations, which have yet to be analysed.

6.2 Comparison against opaque retrieval

Maybe the most basic validation of the window technique and the retrieval
of the cloud top temperature and height of semi-transparent clouds, is to
make a comparison with the results of the opaque retrieval. Most often
the cloud field is a mixture of semi-transparent and more opaque clouds.
Using the opaque retrieval there will thus often be a cloud top temperature
or height available in the neighbourhood to compare with. Of course, the
quality of the cloud top temperature and height derived using the opaque
retrieval will depend on the complexity of the cloud field (sub pixel cloudi-
ness is not treated properly) and the quality of the cloud mask and type.
It is the Cloud Type algorithm which determines if the cloud is opaque or
semi-transparent, and what is determined as opaque will not always be tru-
ely opaque. Therefore, such a validation against the opaque retrieval needs
to be done carefully and will have to be carried out on a case study basis.
We have selected 20 cases from September 2000, during the CLIWA-
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NET campaign CNN-1. The selection has been done so as to cover differ-
ent weather situations, but favouring situations with thin cirrus. We have
derived the cloud top temperature using both the straight forward, and op-
erational, opaque retrieval, and the histogram method. Below we include
results from two of these cases.

6.2.1 14:46 UTC, September 2, 2000

We focus on the cliwanet north area where a frontal band of high clouds
cover north eastern and central Sweden. Particularly in the middle of the
area where the frontal cloud band seems to disolve (or where the two bands
are merging) over the eastern parts of Sweden and over the Baltic sea a
lot of thin cirrus are observed. Most of the time the cirrus clouds seem
to be overlying middle or lower clouds. We know that these (multi layer)
conditions are not the best for the semi-transparency retrieval, but on the
other hand this is an example which is rather representative of the often
complex cloud systems observed in reality. In order to justify the use of
the histogram technique it must show some skill even in these otherwise
complex situations.

In figure 9 we display the cloud top height image of the semi-transparent
retrieval only and after merging with the opaque result, together with the
channel 3,4,5 RGB and Cloud Type images. It is of course difficult to judge
the retrieval in detail from the rather small images shown and the rather
coarse height scale. But in general the results seem consistent with the
opaque results. We see that the cloud top height is retrieved even for large
parts of the lower clouds in the northwest. ~

If we look a little closer, as in figure 10, we may get a better idea of the
performance, though. In figure 10 the semi-transparent results are shown
for a small area in the central part of the cliwanet north area, together with
the merged results of the opaque and the semi-transparent retrievals, and the
channel 3,4,5 RGB.

At a first glance it looks as if the retrievals are not in agreement with
each other. But the lower cloud height of the opaque retrieval for the cloud
band in the central to lower part of the sub-area, as compared to the semi-
transparent results, is rather a result of an actual hole in the thin cirrus cloud
cover, than an inconsistency. The thin cirrus clouds are overlying a broader
middle level cloud deck. The cirrus clouds lie on a height of around 6400 to
7400 meters according to the semi-transparent retrieval.

As an example of the performance of the semi-transpancy retrieval we
look closer at the four segments corresponding to the 2nd and 3rd column
and the 3rd and 4th row (in segment resolution counted from upper left
corner) of the close-up shown in figure 10.

In figure 11 we show the two-dimensional histograms and the fitted
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the surrounding semi-transparent cloud tops derived using the window tech-
nique. Since the cloud field seems to be multi-layered both estimates could
actually be correct at the same time.

In the last, lower right, of the four segments, there are more points on the
left leg of the curves (see lower left panel of figure 11) and both the water
and the land regimes provide nearly identical estimates. This is of course a
good indicator of a reliable estimate, and such information will be passed
to the quality flagging process in the possible future product. The cloud top
temperature and height becomes 242K and 6800m.

6.2.2 13:28 UTC, September 23, 2000

We focus on the cliwanet north area where, much like the case of the 2nd
September discussed above (section 6.2.1) a frontal band of high clouds
goes from the north and centre in an arc towards the southwestern corner of
the area. But in this case the cloud band is more dominated by thin cirrus,
and the cloud field is less complex, with larger parts of the area covered with
what looks like only one cloud layer.

The cloud top height images (for semi-transparent clouds only and for
both opaque and semi-transparent clouds) and the channel 3,4,5 RGB are
shown in figure 12. Again it is difficult to judge the retrieval in detail from
the rather small images shown, but figure 12 provide an overview of the
performance. We observe that there are many white areas indicating that the
clouds have rather high tops (3000m or higher), but one may also observe
that many cloudy areas are not solved. These frequently unavailable cloud
top height estimates are due to the generally rather thin cloud cover (too few
pixels in the left part of the two-dimensional histograms).

If we zoom in on the thin cirrus over the Botnian Bay shown in figure 13
we see that the cloud top height is available only for less than half of the
cloudy pixels. The cloud top height is around 7000m to 8000m, except
for the clouds in the lower left corner of the sub-area, where cloud tops of
nearly 10000m are found.

The upper left segment of the sub-area apparently have too few land
pixels in order to provide an estimate for the land regime (see figure 14).
But the water regime nicely produces a cloud top temperature of 246.2K,
giving a cloud top temperature and height output for the clouds inside the
segment of 246 K and 7200m. We see that the thicker cirrus clouds, which
have been detected as opaque, in the northwest have approximately the same
cloud top heights of between 6600m and 7600m, which is encouraging for
the window technique.

The cloud top temperature retrieval for the segment to the right (next
to the one discussed above) seem more problematic when looking at the
histogram in the right panel of figure 14. The land pixels are very few, and
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6.3 Comparison against flight observations

During the initial phase of the pilot study of collection of cloud top observa-
tions from weather survey flights performed by the Swedish airforce aimed
at validating the cloud top temperature and height algorithms, four obser-
vations in early November 2000 were made, as mentioned in section 6.1.4.
Here we do not intend to use these 4 cases as a true validation of the semi-
transparency retrieval, but merely to illustrate the prospects for validation
these kind of data may provide.

As already indicated in section 6.1.4 the cloud field in southern Sweden,
where the weather surveys are performed, were often rather complex. Often
the cloud field was highly spatially varying and with more than one cloud
layer present. In addition three of the flight observations were made more
than 2 hours from the closest satellite pass. This, together with the inaccu-
rate position of observation made the data impossible to use in a quantitative
validation.

Here we discuss the only case with nearly coincident aircraft and satel-
lite cloud top observations on November 9, 2000. The observations are
delivered to SMHI in textform (in Swedish) via email, and for this case it
looked like this:

Molnoversida 001109 1440z.

Ref till NOAA-bild 1313z.

Molntopp Linkdping - Sommen (sj6 50 km SW Link6ping):
2900 m.

S-SW Sommen : molntopp 5000-5500 m.

Uppmiitt kl 1440z.

The above can be translated and summarised as:

Cloud top observations at 14:40 UTC, with reference to NOAA
AVHRR image at 13:13 UTC: At the lake Sommen (a rather
large lake extending from north west around 15.0°F; 58.2° N
to south east around 15.4°FE;57.9°N) a cloud top height of
2900m, and S-SW of the lake Sommen cloud tops around 5000—
5500m.

The cloud top observations refer to an area near the edge of a higher
cloud overlying a lower cloud deck, in the satellite image at 13:08 UTC
(the same as the 13:13 UTC referred to above). We assume that the two
observations refer to these two major cloud decks. The approximate area
is encircled in the left RGB image shown in figure 15 and in the close-up
shown in figure 16.
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From the satellite data at 13:08 UTC we get cloud top heights of 2600m
to 3400m in and a little to the north of the marked area, and for the higher
cloud deck a little to the south west, refered to, we get cloud top heights of
4800m to 5800m (the green colours in the right panel of figure 16).

Later at 14:47 UTC we get cloud top heights between 2200m and 3200m
for the lower cloud deck and approximately 4200m to 5200m for the higher
one. The high clouds look more fuzzy and less opaque in the RGB images
at this time, indicating that the clouds may be in the process of disolving.
To the north of the area there are several clearly detectable patches of low
level clouds which from the cloud top temperature image look rather ho-
mogeneous. These clouds have tops around 2600m to 3400m, thus a little
higher than what was retrieved closer to the observation point.

Though the above clearly demonstrate the limitations in this kind of in-
tercomparison we can conclude that the satellite retrieval does not contra-
dict the aircraft observations. But as observed in the figures 16 and 17 most
clouds are detected as opaque, and therefore a direct validation of the semi-
transparent retrieval is not possible. The semi-transparent retrieval proved
to be able to add only little extra information here.
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7 Conclusion and recommendations

Based on the work of Inoue (1985) and Derrien et al. (1988), we have
developed software which implements a two-dimensional histogram method
for obtaining the semi-transparency correction for the AVHRR near infrared
window channel brightness temperatures. This correction is required if the
cloud top temperature and height is to be derived over semi-transparent and
broken cloud fields.

The experience from this study generally shows that the method works
well for pixel histograms with sufficient coverage over the channel 4 tem-
perature range, in which case the histograms can show good agreement bet-
ween the observed distribution and the theoretical model. But the method
is vulnerable to misfits, most often when there is little variance in the cloud
transmittance or when there are multiple cloud layers present. Therefore
attention must be paid to setting up appropriate quality control tests, with
their respective rejection limits.

Howeyver, it must be taken into consideration that the implemented met-
hod was not tested in winter situations with a cold underlying surface. Such
conditions will inevitably limit the channel 4 temperature range, and con-
sequently make the retrieval less succesful. In order to better assess the
global (meaning central and northern european conditions) performance of
the algorithm more Scandinavian winter cases are necessary.

As the required quality control limits tend to reject more segments, we
included in the current implementation some methods which help to in-
crease the final coverage of the successful CTTH assignments. The first
method is to increase the CTTH resolution to subsegment level, which is
achieved through shifting the segmentation grid. A further method is to
interpolate over this higher resolution subsegment grid. The segmentation
shifting processing can be controlled by user specified configuration param-
eters, and with increasing computing power or less critical processing time
requirements, a more exhaustive search for solutions can be chosen.

In addition to the histogram correction software as such, we have devel-
oped an interactive graphical user interface for applying the method. This
allows particular segments or segment subsets to be selected and displayed,
and to start the processing for individual segments and then examine the
results and evaluate performance of the quality control settings.

We knew that validation of cloud top temperature and height retrievals
in general is a difficult task, and our efforts described herein illustrate some
of the problems expected. We did not manage to carry out all of the de-
sired validation tasks, but instead indicated how one may proceed if further
resources are provided.

We also prepared software for producing cloud top temperature results
from the radiance ratioing method and for comparing them against the re-
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sults from the histogram method. Comparison and validation of these data
will extend the validations in the future work.

Intercomparison of the results from the opaque and the semi-transparent
cloud retrieval methods show in general good agreement in the few cases
studied in detail. When both estimates are available the cloud top height
derived using the semi-transparent retrieval is always equal or higher than
the top height derived using the opaque cloud retrieval. This fact is taken
as a sign of health of the histogram method implemented. The sometimes
significantly larger cloud top heights of the semi-transparent retrieval do
not necessarily imply that these estimates are wrong, but may be due to
erroneous cloud top heights derived from the opaque retrieval method.

Clouds are classified as opaque provided the brightness temperature of
AVHRR channel 4 is equal to or only slightly higher than at channel 5.
This method is based on the assumption that the transparency, of especially
ice-particle clouds, increases with increasing wavelength in this part of the
spectrum, and that the temperature decreases with hight. If this assumption
is violated, as e.g. in situations with temperature inversions, clouds classi-
fied as opaque may in reality be semi-transparent. In these cases the height
derived from the opaque retrieval can be too low.

We carried out a preliminary analysis of aircraft derived cloud top ob-
servations to validate the algorithm. Unfortunately the data from the four
flights in November 2000 proved to be very difficult to use due to both the
time deviations between observations (flight reports and satellite data) and
the prevailing rather complex cloud field, which was composed of several
cloud layers and had great spatial variability. This kind of validation is very
time consuming, but due to the lack of other methods it may prove valuable
once a little more data have been analysed.

The algorithm can certainly be refined with further development work.
More sophisticated histogram analysis could be applied in the quality con-
trol procedure, and the final output needs the resulting quality flags to be
defined, Overall, the performance of the histogram method in the imple-
mentation described here seems encouraging.
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A Software

A.1 ctth_config.py

This is a configuration file which is read by the other Python modules. Edit-
ing the global variable values in this file defines the directory names for the
input data and sets processing options. Listed below is an example configu-
ration file.

# global variable. definitions

global PHYSIO_DIR, PREPRO_DIR, AVHRR_DIR, CLOUD_DIR
global AAPP_DIR, RAOBDIR, SOURCE_DIR

global MF, FIRSTGUESS

global LMASK, PHYSIO, PREPRO, AVHRR, CLOUD, INFO
global SETTINGS

global SEGH, SEGW, SEGNX, SEGNY, RAOBIDX, DISPLAY
global FILE, TIME, AREA, SAT, REG, RES

global TRUE, FALSE, FNOVAL

TRUE = 1

FALSE =0

FNOVAL = 999999.

# directory names

PREFIX = "/home/data/CTTH"
PHYSIO_DIR = PREFIX + "/phys"

- PREPRO_DIR = PREFIX + "/prepro”
AVHRR_DIR =  PREFIX + "/avhrr"
CLOUD_DIR = PREFIX + "/cloud"
AAPP_DIR = PREFIX + "/aapp"
RAOB_DIR = PREFIX + "/raob"”
SOURCE_DIR = PREFIX + "/src"

# Default settings
# Some of these may be changed by command line options
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SETTINGS = {}
SETTINGS[’runmode’] = "batch"
SETTINGS[ verbose’] =0

SETTINGS[ Isgname’] = "starpac"

SETTINGS[ nfree’] = 3
SETTINGS[’segw’] = 32
SETTINGS[’segh’] = 32
SETTINGS[’max_rmse’] = 0.6
SETTINGS[ 'min_p’] = 0.0
SETTINGS[’shift_modes’] = 1
SETTINGS[’sub_results’] = 1
SETTINGS[’seg_fraction’] = 0.25
SETTINGS|’sub_fraction’] = 0.50

# batch / xwindow

# Output print level 0,..,7,..
# Lsq routine

# No of free parameters

# Segment width

# Segment height

# Distribution max rmse

# Distribution min probability
# shift mode passes (1-4)
# shift mode parameter

# shift mode parameter

# shift mode parameter

A.2 ctth.py

This module is the main program, which reads the configuration file and
starts the processing of the data for a given satellite pass over a given re- -
gion. The processing request is specified through command line arguments
in the form

> ctth.py <yyyymmddhhmi> <area> <satellite>

or alternatively, the arguments can be given with a single string contammg
the arguments separated by dots, in the form

> ctth.py <yyyymmddhhmi.area.satellite>
The processing start command could, for example, be
> ctth.py 200009241343 cliwanet_north noaal4

Data specification from the arguments together with the directory names
from the configuration file are used to locate the input data files required
for the processing. After reading the input data ctth.py starts the processing
by calling the method cloudtop.temperature. The processing method is dis-
cussed in depth in section 4.2.

Once the processing has completed for a certain pass, and the output files
have been produced, ctth.py can be started in an interactive graphical win-
dow mode, as described in section 4.3. The command in this case would be

> ctth.py 200009241343 cliwanet_north noaal4 X

A.3 cloudtop.py

Module cloudtop.py implements the method cloudtop.temperature, which is
the main processing subroutine for the data provided by ctth.py. By calling
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appropriate subroutines in this module cloudtop.temperature handles both
the full processing mode and the graphical interface mode.

A4 cttsegment.py

Module cttsegment.py is called by the cloudtop module in interactive mode.
When the user selects a segment to be processed again, the details of the
processing are written into a temporary file. This filename together with
the segment dimensions are passed to cttsegment.py as arguments. Cttseg-
ment.py then plots the histogram and the model fit in a new window that
appears on the screen. '

- A.5 radratio.py

The module radratio.py implements the radiance ratio method for obtaining
the cloud top temperature estimate from HIRS observations, as described in
section (3.3). The module can be started in a similar way as ctth.py, i.e. by
specifying the satellite pass and a region with the command line parameters.
The processing command could, for example, be

> radratio.py 200009241343 cliwanet_north noaal4

The module reads the output produced by ctth.py together with the file con-
taining AAPP processing results for HIRS data. After computing the radi-
ance ratio estimate for each HIRS fov it then compares these results against
the nearest histogram method results. The program reports the bias and
standard deviation for the two methods. '

A6 C extensions in ctth_cmod.C

Compiled extensions to Python are most commonly implemented with C
routines, so that standard methods for the calling interface Python/C can
be easily applied. Therefore, although the extension subroutines needed by
cloudtop.py come from software packages coded in Fortran, a C-interface
was introduced as a layer between Python code and the Fortran subroutines.
Subroutines or C-modules in an imported object file are seen as methods
from Python, and ctth_cmod.c implements the following five methods.

ctth_cmod.cttfitc

This method is the interface to the least-squares fitting computation for data
from a given segment. The call is of the form

Isqfit = ctth_cmod.cttfitc(

method, firstguess, limits, verbose, segarea, t4, d45, flags)
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and the subroutine reads the data passed in the arguments, and calls the
Fortran subroutines in an appropriate way. method is the identifier for the
least-squares fitting method, which can be selected in the configuration file.
firstguess is for passing the four parameters ( fgtc, fgbeta, fgts, fgdt) that
specify a first guess for the model fit to the segment data. limits specifies an
acceptable range for each of the four parameters. verbose is a numeric value
which can be set in the configuration file, and which indicates how much
log output should be produced during the computations. segarea gives the
size of the segment, also set up in the configuration file. #4 contains the
channel 4 brightness temperatures for the segment pixels, and d45 contains
the difference of channel 4 and 5 brightness temperatures. flags is an array
of the same size as t4 and d45 and indicates which pixels should be used in
the model fitting. ‘

The return value from the subroutine is a set of four parameters together
with goodness of fit estimators, (tc, beta,ts, dt,rmse,p). The parameters
specify the best fit of the model to the data, and the variable rmse gives
the RMSE of the distribution from the best model. Negative values mean
failure in the fitting. Variable p estimates the fit in terms of the probability
of the distribution with the given model.

ctth_cmod.start_rttov

This method can be used to invoke RTTOV forward computations for a
single segment. In the graphical user interface mode this feature can be
selected as one of the mousebutton-1 options. RTTOV output is then part of
the information returned when the user points and selects a segment.

ctth_cmod.process_rttov

This method is called from radratio.py and it passes the cloud top tempe-
ratures obtained by histogram method to the program radratio.F. radratio.F
then compares the results against the cloud top temperatures obtained from
radiance ratioing method.

ctth_cmod.segsave

This method is called from cloudtop.py in graphical interface mode, when
model fitting has completed for the chosen segment. Data for the segment
together with the model fit are stored in a temporary file.

ctth_cmod.segload

This method is called from cttsegment.py in the interactive mode when read-
ing in data for the segment to be plotted.
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A.7 Fortran modules in ctth_fmod.F

This module contains the Fortran subroutines that are called by data pass-
ing C-routines in the ctth_cmod interface. The subroutines rearrange the
data into the form required by the software package programs (in Numeri-
cal Recipes and Starpac) and control the data processing for finding the best
model fit in one segment. The module contains the following subroutines.

cttfitf

This is the main subroutine controlling the best fit search. Depending on the
chosen method in the configuration file it calls an interface routine either for
Numerical Recipes (fit_mrqmin) or Starpac (fit_nlsd). In the configuration
file one can also define the number of free parameters in the set (tc,beta,ts,dt)
as they are passed to the least-squares fitting algorithm. Depending on this
choice cttfitf varies the remaining "fixed" parameters around the firstguess,
and calls the fitting algorithm repeatedly to find the best fit.

fit_mrqgmin
This subroutine calls the least-squares fitting algorithm in the Numerical
Recipes software.

mrq_mdl

mrq_mdl implements the model and its derivatives in a subroutine that Nu-
merical Recipes subroutines can call.

fit_nisd

This subroutine calls the least-squares fitting algorithm in the Starpac soft-
ware. '

nisd_mdl

nlsd_mdl implements the model in a subroutine that Starpac subroutines can
call. '

nisd_drv

nlsd_drv implements the model derivatives in a subroutine that Starpac sub-
routines can call.

fittest

After finding the best fit parameters of the model the subroutine fittest is
called to compute the goodnes of fit estimators, RMSE and p, which will
be returned to the calling python module. Using this subroutine, instead
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of returning the quality control value from the applied algorithm makes the
fitting task consistent as seen from python level.

A.8 radratio.F

This subroutine runs RTTOV to produce cloud top temperatures with the
radiance ratioing method, and compares the results against the temperatures
obtained by the histogram method, and passed in through an argument array.

A.9 Fortran subroutine packages

Numerical Recipes

The Levenberg-Marquardt method for nonlinear least-squares fitting is im-
plemented in Numerical Recipes in the subroutine mrqmin. Together with
the subrotines which become called by mrqmin the required modules are
covsrt.F, gaussj.F, mrqcof.F, mrqmin.F, gammIn.F, gammq.F, gcf.F and gser.F.

Sfarpac

STARPAC (Standards Time Series and Regression Package) freeware is a
portable library of Fortran routines for statistical data analysis from the Na-
tional Institute for Standards and Technology (NIST). Information about the
software together with links for downloading the code and a User’s Guide
can be found at http://www.scd.ucar.edu/softlib/STARPAC.html.
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Aarno Korpela et al.

Retrieving the CTT/H in semi-transparent...
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Figure 14: Histogram and fitted curves for the four segments corresponding
to the 1st and 2nd column and the 1st and 2nd row (in segment resolution
counted from upper left corner) of the close-up shown in figure 13. The
segment numbers of the original cliwanet north area of the NOAA 12 scene
13:28 UTC September 23, 2000, are written above the plots. See capt of
figure 11 for further explanations.
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Aarno Korpela et al. Retrieving the CTT/H in semi-transparent...

From the satellite data at 13:08 UTC we get cloud top heights of 2600m
to 3400m in and a little to the north of the marked area, and for the higher
cloud deck a little to the south west, refered to, we get cloud top heights of
4800m to 5800m (the green colours in the right panel of figure 16).

Later at 14:47 UTC we get cloud top heights between 2200m and 3200m
for the lower cloud deck and approximately 4200m to 5200m for the higher
one. The high clouds look more fuzzy and less opaque in the RGB images
at this time, indicating that the clouds may be in the process of disolving.
To the north of the area there are several clearly detectable patches of low
level clouds which from the cloud top temperature image look rather ho-
mogeneous. These clouds have tops around 2600m to 3400m, thus a little
higher than what was retrieved closer to the observation point.

Though the above clearly demonstrate the limitations in this kind of in-
tercomparison we can conclude that the satellite retrieval does not contra-
dict the aircraft observations. But as observed in the figures 16 and 17 most
clouds are detected as opaque, and therefore a direct validation of the semi-
transparent retrieval is not possible. The semi-transparent retrieval proved
to be able to add only little extra information here.
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