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PREFACE

Starting in August 1998, operational forecasts of cloud cover and water vapour above
European Southern Observatories (ESO) telescopes at Paranal and La Silla have been
issued on a daily basis. The first version of the forecast system used 6.7µm GOES-8
satellite imagery from the Co-operative Institute for Research in the Atmosphere (CIRA)
and upper-air meteorological model data from the European Centre for Medium-Range
Forecasting (ECMWF). A test of this version of the forecast system was completed in
August 1999 (Erasmus and Maartens, 1999) and showed that the system had been
successfully commissioned, that the operational forecasts met predetermined forecast
accuracy specifications and that continuation of the operational forecasts was
indicated.

In October 1999, under contract to ESO (Purchase Order 58311/ODG/99/8362/GWI/
LET) a project was commissioned to maintain, upgrade and conduct a second
verification of the upgraded operational forecast system.  This report documents the
work performed for this project.

EXECUTIVE SUMMARY

Since August 1998, an automated system has been producing daily forecasts of
atmospheric transparency (cloud cover and water vapour) at Paranal and La Silla
Observatories. Following an initial verification of the forecast accuracy in August 1999,
continued maintenance of the system and an upgrade was indicated. This report
describes

(i) maintenance action taken since August 1999
(ii) the upgrade carried out
(iii) a verification study conducted after the upgrade

In addition to routine maintenance action items (section 2 and Appendix A), two
investigations related to the future provision of the forecasts were carried out. The first
of these addressed the availability of an alternative GOES satellite data provider. A
suitable alternative (backup) provider was identified (details are provided in Appendix
B). Secondly, the effect that the switch from the currently operational (GOES-8) satellite
to its replacement satellite (GOES-11) may have on the operational forecasts was
investigated. This impact is expected to be minimal since information required to adapt
the forecast system to ingest data from GOES-11 will be available in advance of the
switch. A disruption of, at most, one week is currently anticipated during this transition.

The upgrade carried out primarily involved the addition of infra-red window channel
(10.7µm) satellite data as input to the forecast programme. The aim of this upgrade
was to improve the detection of low and middle level cloud that escapes detection in
the 6.7µm imagery. Additional improvements were made in the computation of
precipitable water vapour (PWV), the long-range outlook and the forecast update cycle.
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The verification study evaluated the forecast accuracy and determined whether cloud
detection was improved by inclusion of the 10.7µm imagery. The verification was based
on a full year of data and forecast accuracy was found to be similar to that from the
earlier verification based on less (4 months) data. The use of a larger data set led to the
identification of an area where forecast accuracy may be improved. It was found that,
under cloudy conditions for cloud cover forecasts in the time-slots 9-24 hours ahead,
the amount of cloud forecasted showed a need for improvement. Investigation of the
reasons for this inaccuracy pointed to the movement algorithm used in the forecast
programme. A revision of this algorithm is proposed in future work. The addition of the
10.7µm imagery was found to improve detection of the relative amounts of opaque and
transparent cloud although total cloud amounts were only marginally different.
Following the upgrade, for times that cloud is determined to be present by an observer
on the ground at Paranal, low-level cloud remains undetectable by the satellite only 5%
of the time. The corresponding fraction for all conditions (cloudy and clear) is 1%.
Further attempts at improving the cloud detection algorithm would therefore result in
only marginal benefits. Revision of the PWV computation has improved accuracy of
measurement and this has led to a significant improvement in PWV forecast accuracy
particularly for lead times of 3-12 hours.

Another area identified for future work is the derivation of a satellite-based transparency
parameter that is quantitatively related to atmospheric extinction at optical wavelengths.
In preliminary work Erasmus and Sarazin (2000a,b) established the basis for defining
such a parameter. Using 9 months of atmospheric extinction measurements by the Line
Of Sight Sky Absorption Monitor (LOSSAM) at La Silla and a fairly crude satellite-based
transparency index it was found that the index correctly discriminated between
photometric and non-photometric conditions 86% of the time when observing conditions
were “suitable for astronomy”.
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1. Introduction

In earlier studies (Erasmus and Peterson, 1996; Erasmus and Stanko, 1997) it was
shown that a specially developed programme using weather satellite data and data
from a numerical meteorological forecast (ECMWF) model was able to forecast water
vapour and cirrus cloud cover above ESO observatories at Paranal and La Silla with an
accuracy suitable for use in telescope scheduling. In 1998 that programme was
adapted to ingest data automatically in real-time and produce forecasts for operational
use. The forecast programme and the results of tests done on forecast accuracy was
described in detail in Erasmus and Maartens(1999).

Based on the findings and results from Erasmus and Maartens (1999), continuation of
the operational forecasts was indicated. An upgrade of the operational forecast
programme was also proposed. This upgrade included adding real-time surface
meteorological observations made at Paranal and La Silla as input to the operational
forecasts. Erasmus and Maartens (1999) had shown that the use of these data
significantly improves the accuracy of the forecasts of precipitable water vapour (PWV).
The proposed upgrade also included adding input of the infra-red window channel
(10.7µm) satellite data in order to improve the detection of cloud cover at altitudes
lower than cirrus cloud. Following the implementation of the upgrade, a verification
study would be conducted to test whether cloud detection was improved and to
evaluate forecast accuracy.

In accordance with the proposed maintenance, upgrade and verification of the forecast
system described above, this report is divided into three main sections as follows:

(i) maintenance action taken (Section 2)
(ii) forecast programme upgrade (Section 3)
(iii) verification of forecast programme upgrade (Section 4)

2. Maintenance of the operational forecasts

Operational forecasts are made automatically via the running of time-controlled (cron)
UNIX scripts. These scripts check periodically for the availability of new ECMWF model
and GOES-8 satellite data, run the forecast programme and update the forecast.
Maintenance of the operational forecasts is therefore critically dependent on the timely
delivery of the input data from the service providers. Reliability of data delivery and
forecast production was checked by monitoring email messages from the ESO Weather
Watch service and by visits to the operational forecast web site http://www.eso.org/
gen-fac/pubs/astclim/forecast/meteo/ERASMUS/). For the year 1 October, 1999 - 30
September, 2000 forecasts were issued on 355 days with 11 missed days giving a
reliability of 97%. This figure exceeds expectations. Of the 11 missed days, 4 days
were due to non-delivery of satellite data, 6 were due to server problems at ESO and
on one day ECMWF file format problems were encountered. A log of routine
maintenance action taken over the contract period, in response to breakdowns in the
operational forecasts, may be found in appendix A.
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In addition to the routine maintenance action described above, three specific
maintenance tasks were requested by ESO. Details on the action taken for each task
are presented in the indicated appendices. These tasks were:

(i) An investigation of GOES satellite data providers (Appendix B)
(ii) Launch of GOES-L/11 and replacement of GOES-8: Current status and

possible implications for the cloud cover and water vapour forecast
programme (Appendix C)

(iii) Attendance at the IAU Site2000 Workshop to promote ESO's operational
model within the scientific community (Section 5)

3. Programme Upgrade

3.1 Upgrade in the computation of PWV

The upgrade in the computation of precipitable water vapour (PWV) consisted of
revising the calibration coefficients for the derivation of the upper tropospheric humidity
(UTH), adding surface temperature and relative humidity data as input to the forecast
and improving the vertical mixing ratio profile. Revision of the UTH calibration
coefficients was made on the basis of new values released by NASA (www.ghcc.msfc.
nasa.gov/irgrp/ulhumidity_tech.html). Surface humidity and temperature measurements
were added as input to the programme in order to compute a surface water vapour
mixing ratio and thus derive a more accurate mixing ratio profile near the ground.
Additional improvements in the shape of the mixing ratio profile were made based on
analysis of the mean monthly mixing ratio profiles from the Antofagasta radiosonde.

It was shown in Erasmus and Maartens (1999) that a more accurate computation of
PWV can be made if a surface moisture measurement is used. In the first version of the
forecast programme, computation of PWV was based on the satellite-derived upper
tropospheric humidity (UTH) only. Using this method, assumptions needed to be made
about the vertical profile of moisture between the surface and about 650mb (the lowest
altitude at which the UTH can be used with confidence to determine the water vapour
mixing ratio). The validity of the assumptions made depended on whether the air near
the surface was dry or moist. If surface data are available these can be used to
compute the water vapour mixing ratio at the surface and thus a more reliable link can
be made between the surface moisture conditions and those in the middle and upper
troposphere.

Surface meteorological data for Paranal and La Silla are recorded at 00UT, 06UT,12UT
and 18UT. The values are a 20 minute average centred on the hour. Data files are
updated at 15 minutes past the hour. Each file contains the last 14 days of data. The
temperature and relative humidity data files are used. Various approaches using the
five (last 24 hours) most recent records were tested. It was found that the best results
are achieved if the most recent observation is used. In general this means that the
surface moisture measurement will be within 3 hours of the satellite measurement. For
the forecast period, the surface mixing ratio is kept constant at this value. This is a
reasonable approach since, typically, the surface mixing ratio does not exhibit large
changes over a 24 hour period. Also, since the surface logs are updated every 6 hours
and the forecast is updated approximately every 3 hours (when a new satellite image is
received), the surface mixing ratio for the forecast period is being revised approximately
every 6 hours. If the most recent surface observation is invalid for some reason, then
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there must be at least two valid observations in the last 24 hours for the surface data to
be used in the PWV computation. The most recent of these two valid observations will
be used to compute the surface mixing ratio. If fewer than two valid surface
observations are available for the previous 24 hours then the PWV is not computed and
"n/a" will appear in the forecast output for this parameter.

Even with measurements of the surface mixing ratio, it is necessary to make
assumptions about the profile of moisture with height when computing the PWV. The
challenge is how to link the two water vapour measurements known (one from the
satellite and the other at the surface) to each other. To address this question the mean
monthly vertical profiles of the humidity (water vapour mixing ratio) as measured by the
Antofagasta rawinsonde were used. Examination of these profiles revealed that while
the absolute amount of water vapour does vary significantly from Summer to Winter,
the ratios of water vapour at one pressure level compared to another are fairly constant.
Using the mean rawinsonde profiles for January and July (12UT) these ratios were
computed and averaged. These ratios are used as guidance in determining the water
vapour height profile from forecast-to-forecast.

For the middle and upper troposphere, the UTH is indicative of moisture in the layer
between 300mb and 600mb. The rawinsonde profiles between these levels show that
the average moisture for this layer corresponds to the moisture value at 475mb. This is
the level for the centre of mass of water vapour in the layer. The water vapour mixing
ratio (X) is computed for this level using the UTH and assigned a weight of 1.0. Using
the ratios derived from the mean rawinsonde profiles, the water vapour mixing ratio at
and above 600mb (50mb increments) is computed.

Then, using the computed surface (~750mb) mixing ratio, values at 700mb, 650mb and
600mb are derived using the scaling ratios obtained from the mean rawinsonde
profiles. In order to merge the two profiles in the mid-troposphere, a check is made to
see if the 600mb mixing ratio obtained by scaling downwards from the 475mb value
(XT600) is more or less than the 600mb mixing ratio obtained by scaling upwards from
the surface value (XB600). If XT600 > XB600 (moist aloft, dry surface), X600=XB600
and X550 = (XB600 + X500)/2. If XB600 > XT600 (moist surface, dry aloft),
X600=XT600 and X650 is obtained by scaling downwards further from 600mb. Once
the water vapour mixing ratios are obtained the PWV is derived by integrating the
values from the surface to the top of the troposphere.

3.2 Addition of infra-red window channel (10.7µm) satellite data

Motivation for adding the infra-red window channel (10.7µm) satellite data as input to
the forecast programme is derived from the finding by Erasmus and Maartens (1999)
that about 60% of the time that cloud is detected by an observer at Paranal, such cloud
is not detected by the satellite when only the water vapour channel image (6.7µm) is
used. The reason for this is because the 6.7µm channel image is only sensitive to water
vapour and high altitude (~9km) cirrus cloud. By adding the 10.7µm data, low and
middle level cloud can be detected thus providing for potential improvement in the
forecast accuracy.
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Developing an algorithm to use the infra-red window channel (10.7µm) satellite data to
detect middle and low cloud presents two main challenges:

(i) Detecting cloud above the altitude of the observatory without detecting
cloud below the observatory altitude (over the ocean)

(ii) Not mistaking ground as cloud (over the land), particularly at night

In principle the procedure for cloud detection at 10.7µm is straightforward. In order to
decide if clouds are present and to estimate their altitude, pixel temperatures computed
from the 10.7µm satellite data need to be referenced against observed temperatures
either from the surface or the ECMWF model data. If no clouds are present the satellite
pixel temperature will be the surface temperature. If clouds are present then the
satellite pixel temperature is the cloud top temperature. Therefore, if the satellite pixel
temperature is colder than the temperature measured at the surface (by some margin),
cloud is indicated at some altitude above the site. Also, since the ECMWF model data
are available for "standard" pressure levels (700mb, 500mb etc.), it is possible to
estimate the altitude of the cloud and confirm that it is indeed above the site.

In practice the task of unambiguous cloud detection is very difficult. This is because of
two main problems. The first is related to the existence of a strong temperature
inversion at about 900mb (Figure 3.2.1). As an initial approach to defining the threshold
temperature for cloud detection, it may be set equal to the observed Paranal surface
temperature (Tsfc) minus some margin, eg. Tsfc - 3.0oC. Since the surface pressure at
Paranal is about 750mb, it would seem that all cloud trapped below the inversion over
the ocean would be effectively excluded from detection. In fact, this is not the case. The
cloud top temperatures for cloud below the inversion is similar to that of the air
temperature at the inversion base while at the inversion top (~800mb) air temperatures
may be as much as 10oC warmer. Therefore, only at a pressure altitude of about
600mb do temperatures become colder than those observed at the inversion base. For
example, see the Antogfagasta rawinsonde temperature sounding for 4 July, 2000 in
Figure 3.2.1.

This presents an intractable problem since if the threshold temperature for cloud
detection is based on the surface (~750mb) temperature, cloud over the ocean trapped
below the inversion will be incorrectly determined to be above the Paranal observatory.
On the other hand, if the temperature at 600mb is used as the threshold for cloud
detection, there is a risk that some cloud below this level yet above the observatory will
go undetected. The latter option is clearly preferable. It is also likely that the problem it
presents is not a severe one. This is so because the existence of cloud in the inversion
layer is very unlikely. Since the inversion is caused by subsiding air, such subsidence
will effectively preclude the formation or maintenance of clouds.

It is worthy of note that the problem described above only exists for sites below 600mb
(~ 4400 m). At higher altitude sites this problem is avoided since the free air
temperature is significantly colder than that below the inversion.

Consideration was given to using satellite scene temperatures of the stratocumulus
cloud layer below the inversion over the ocean to define the detection threshold. If the
cloud top temperature of this nearly constant height cloud layer could be determined,
then it could be used to identify clouds above it. At least this would minimise the vertical
extent of the "dead" zone between the altitude of the inversion base and the altitude
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where temperatures once again became colder than that at the inversion base.
Unfortunately this approach proved unsuccessful. The reason is that the stratocumulus
cloud layer is more or less broken in places. These breaks frequently occur at the sub-
pixel scale. As a result, when averaging over an area of the cloud layer, the average
scene temperature is higher than for a continuous cloud layer at the same altitude. If
the detection threshold is based on this temperature, continuous cloud (with colder
cloud top temperatures), even though at the same altitude as the broken cloud (below
the inversion), will be interpreted as being above the altitude of the observatory. This
idea was therefore abandoned and it was decided to use the surface and ECMWF
temperature data to define the threshold temperatures for cloud detection. Following
several tests using temperatures between 500mb and 700mb, it was determined that
the temperature at 600mb provides for optimal unambiguous cloud detection. This
temperature is determined from the ECMWF data by interpolating between the
temperatures at 500mb and 700mb. On rare occasions when the surface temperature
is colder than the 600mb temperature, then the threshold temperature for cloud
detection is set at Tsfc - 5.0oC.

The second difficulty in achieving unambiguous cloud detection occurs over land areas,
particularly under clear conditions, in the early morning hours. This is because, under
clear conditions, land surfaces become very cold by radiative cooling. As a result, pixel
locations with cold temperatures may be mistakenly identified as being cloudy. Since
higher terrain locations are generally colder than lower areas, this problem can be
addressed by using digitised surface terrain heights of the land surface areas. Pixel
locations which have terrain heights above a certain altitude can be excluded from the
satellite image analysis or forecast areas. Additionally, since airmass movement is
typically from the west it is only the analysis time and occasionally the first or second
forecast period that is affected.

Figure 3.2.1 Antofagasta rawinsonde 
temperature sounding on 4 July, 2000 at 12UT 
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The altitude check for pixel exclusion is only done if the pixel location is determined to
be clear or transparent according to analysis of the water vapour channel image. Thus
high altitude opaque clouds over land are not excluded from the satellite image areas.
For clear and transparent pixels, if the pixel temperature in the 10.7µm image is colder
than the threshold for cloud detection, that pixel is excluded from the image area if the
pixel location altitude is higher than 1500m. The 1500m terrain height threshold was
chosen after several tests. Since the digitised terrain is at 1km resolution, peaks are
smoothed. Therefore a threshold terrain height lower than the observatory altitude
needed to be chosen. Also, it was noticed that locations lower than the observatory
may have colder temperatures due to cold air drainage into valleys. The above method
ensures that ground is not mistakenly identified as cloud at night. It also works during
the day since, when cold clouds are present, there will be a sufficient number of pixels
with terrain heights below 1500m to adequately quantify the cloud cover. When pixels
are excluded from the satellite image areas, the pixel counts are adjusted accordingly
so that the cloud cover fractions remain representative.

For high altitude sites (~ 5000 m) ground detection will also be a problem and,
depending on the terrain around the site, use of the 10.7µm data may be precluded for
all pixel locations in the analysis area. However, for forecasting purposes, air-mass
movement is largely from the west where over-land areas are at a much lower altitude.
Thus the 10.7µm data could be used. In addition, at high altitude sites, using only the
6.7µm image for cloud detection is much less limiting, since, at these locations, nearly
all cloud would by definition be “high altitude cloud”.

3.3 Other upgrades

3.3.1 Run script changes

Starting in August 2000, the script used to run the operational forecast was modified to
update the forecast every three hours on all incoming satellite images. Thus the new
up-date cycle is as follows:

(i) Twice per hour (at 00:15 and 00:45 past the hour) the script is run
(ii) CIRA is contacted via ftp to see if new satellite data are available. If

available, data are downloaded, otherwise the script exits.
(iii) The script then checks for availability of current ECMWF model data. If

present, the latest available surface meteorological data for Paranal and
La Silla are retrieved. Then the forecast programme is run.

(iv) If the current ECMWF data is from the 12UT run and the latest satellite
image is from the 23:45UT scan, both forecast and outlook products are
produced.

(v) On receipt of the satellite image from the 02:45UT scan the forecast and
outlook are updated using the 12UT data from ECMWF.

(vi) As soon as the output from the 00UT run of the ECMWF model is
received (about 06:00UT) the forecast is updated using the 02:45UT
satellite image.

(vii) Thereafter the forecast is updated (approximately every three hours)
when new satellite data are received about 1.5 hours after the 05:45UT,
08:45UT, 11:45UT, 14:45UT, 17:45UT and 20:45UT satellite scan times.
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These scripts currently run on a server at ESO headquarters in Garching and forecast
products are posted on a Web page (http://www.eso.org/gen-fac/pubs/astclim/forecast/
meteo/ERASMUS/).

3.3.2 Revision of outlook initial condition

The outlook algorithm as described in Erasmus and Maartens (1999) has not been
changed. However, the basis for classifying the initial condition of the outlook (Day 1 or
the day for which the 3-hourly forecasts are made) as DRY, MOIST, DRYING or
MOISTENING, has been revised. Instead of using the UTH as the basis for this
classification, the PWV is used. Since the PWV forecasts are based on the UTH and
surface humidity, use of this parameter allows for a better determination of the initial
(Day 1) moisture condition for the 2-8 day outlook. For example, the UTH may be very
low (<10%) but PWV may be high due to an abundance of low-level moisture. In this
situation an initial condition based on the UTH would be misleading as it would be DRY.
The methodology for the classification of days 2-8 remains unchanged.

The basis for the initial moisture condition, based on the forecasted values (0-30 hours)
of PWV is as follows:

Parameter Definitions

(i) PWVDAY1BEGINNING = (PWV0 + PWV0-3 + PWV3-6)/3

PWVDAY1BEGINNING is indicative of the moisture conditions at the start of day 1.

(ii) PWVDAY1ENDING = (PWV18-21 + PWV21-24 + PWV24-27)/3

PWVDAY1ENDING is indicative of the moisture conditions at the end of day 1.

(iii) PWVDAY1 = (PWVDAY1BEGINNING + PWVDAY1ENDING)/2

PWVDAY1 is indicative of the average moisture conditions for day 1.

These three quantities are then used to classify day 1 as outlined in Table 3.3.1 below.

CONDITION(S) CLASSIFICATION
PWVDAY1BEGINNING > 2 and PWVDAY1ENDING ≥ 6 MOIST

PWVDAY1BEGINNING ≤ 2 and PWVDAY1ENDING ≥ 6 MOISTENING

PWVDAY1BEGINNING ≥ 6 and PWVDAY1ENDING ≤ 2 DRYING

PWVDAY1BEGINNING< 6 and PWVDAY1ENDING ≤ 2 DRY

PWVDAY1BEGINNING ≤ 2 and 2 < PWVDAY1ENDING < 6 and PWVDAY1 ≤ 4 DRY

PWVDAY1BEGINNING ≤ 2 and 2 < PWVDAY1ENDING< 6 and PWVDAY1 > 4 MOISTENING

PWVDAY1BEGINNING ≥ 6 and 2 < PWVDAY1ENDING< 6 and PWVDAY1> 4 MOIST

PWVDAY1BEGINNING ≥ 6 and 2 < PWVDAY1ENDING < 6 and PWVDAY1 ≤ 4 DRYING

2 <PWVDAY1BEGINNING< 6 and 2 < PWVDAY1ENDING < 6 and PWVDAY1 ≤ 4 DRY
2 < PWVDAY1BEGINNING< 6 and 2 < PWVDAY1ENDING < 6 and PWVDAY1 > 4 MOIST

Table 3.3.1 Conditions for the classification of Day 1 (the day for which 3-hourly
forecasts of PWV are made) in the long-range outlook. Threshold values are in mm.
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4. Verification of forecast and cloud detection accuracy

In the verification of forecast accuracy the aim is to show that previous levels of
forecast accuracy are maintained or improved. In the case of moisture parameters,
UTH and PWV, some refinements in the computation of these parameters have been
made as described in section 3.1. For these two parameters, the measurement and
forecast accuracy of the 1st Version and Upgraded Version of the forecast programme
are compared for the period 26 August to 31 December, 1998, the test period used in
Erasmus and Maartens (1999).

For cloud cover, the verification study evaluated forecast accuracy and detection
accuracy. Firstly, in order to show stability in the accuracy of the forecasts following the
inclusion of 10.7µm data, a comparison of satellite cloud observations and forecasts
was done for the period 1 October, 1999 - 30 September, 2000 at Paranal. This output
was compared to the results of the verification carried out earlier for the period 26
August to 31 December, 1998. Secondly, in order to evaluate if adding the 10.7µm
imagery improves cloud detection, the 1st Version (6.7µm satellite data only) and
Upgraded Version (6.7µm and 10.7µm satellite data) were run for the same period and
measurements made at analysis times were compared to independent observations of
cloud cover by a human observer on the ground at Paranal. Since observations of
cloud cover from the ground at Paranal ended in December 1998, it was necessary to
use satellite data from 1998. An archive of both 6.7µm and 10.7µm imagery exists for
the period 12 January to 19 August, 1998.

4.1 UTH and PWV

For water vapour parameters, UTH and PWV, forecast accuracy was checked by
comparing forecasted values with observed values from the satellite and an
independent ground-based sensor. In Erasmus and Maartens, 1999, tests of forecast
accuracy carried out for the period 26 August - 31 December, 1998 showed that
accuracy criteria were met for UTH (≤10%) and PWV (≤1.5 mm).

Satellite-derived PWV is either the forecast for a given 3-hour forecast period or an
observation consisting of the average of two analyses separated by three hours. The
time of the satellite measurement or forecast is thus synchronised to time-slots starting
at 01:30UT, each three hours apart. Ground monitor PWV measurements are made
every two hours during the night at Paranal. These were synchronised with the satellite
values by computing a weighted average of the two closest PWV measurements. If
only one measurement is available and it is within an hour of the satellite-derived value
then that value is used. For the test of forecast accuracy, values corresponding to the
eight 3-hourly forecast periods between zero and 24 hours were compared to
observations. In addition, the average accuracy over the 24 hours was determined. The
RMS difference between forecasted and observed quantities was computed.

It is reasonable to expect that there will only be small differences in the forecast
accuracy for UTH and PWV between the first and upgraded versions of the forecast
programme since both versions make use of the 6.7µm (water vapour channel)
imagery. Some improvement may be anticipated due to the revision of the calibration
coefficients for UTH and the mixing ratio profile.
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For the test period used in Erasmus and Maartens, 1999 (26 August - 31 December,
1998), comparison statistics for the 1st and Upgraded versions of the forecast
programme are shown in Table 4.1.1. For the 1st Version, the effect of excluding the
surface meteorological data from input to the forecast programme is also tabulated.
Generally, small improvements are noticed in the Upgraded Version. Noteworthy is the
RMS difference between measured ground monitor and satellite PWV - 1.22 mm for
the 1st Version and 0.92 mm for the Upgraded Version. The mean difference between
these quantities is 0.13 mm. This shows that differences inherent in the sensing and
sampling methods are the dominant component of the forecast errors.

RMS difference
(first version)

Forecast
(Upgrade)

Forecast
(1st Version)

Forecast
(1st : excl.
Sfc Met)

Observed (Satellite)

Upgrade   1st Version

Ground Monitor Observed PWV 1.16 1.17 1.5 0.92 1.22
Satellite Observed PWV 0.80 0.98 1.58 n/a n/a
Satellite Observed UTH 7.28 9.85 n/a n/a n/a

Table 4.1.1. Root mean square differences between forecasted and observed values of
PWV (mm) and UTH (%) at Paranal for the 1st and Upgraded Versions of the forecast
programme. Average for all 3-hourly forecast periods out to 24 hours during the period
26 August - 31 December, 1998.

Table 4.1.2 shows how the UTH and PWV forecast accuracy declines over the 24
hours. The table indicates that forecast accuracy declines gradually so that the
accuracy criterion for PWV is, in fact, met for all forecast periods out to 24 hours.
Forecast accuracy has improved for the Upgraded Version.

Forecast
Period

UTH (%)
Upgrade

UTH(%)
1st Version

PWV (mm)
Upgrade

PWV (mm)
1st Version

PWV(mm)
(1st excl. Sfc Met)

00-03hrs 2.4 3.7 0.34 0.37 0.51
03-06hrs 4.7 7.4 0.61 0.80 1.06
06-09hrs 6.2 9.1 0.68 0.92 1.34
09-12hrs 7.3 10.2 0.81 0.99 1.59
12-15hrs 8.1 11.5 0.90 1.06 1.76
15-18hrs 9.1 12.7 0.94 1.20 2.02
18-21hrs 9.8 13.7 1.10 1.22 2.17
21-24hrs 10.7 14.5 1.06 1.29 2.23

Table 4.1.2 Root mean square differences between forecasted and observed values of
PWV (mm) and UTH (%) at Paranal for each 3-hourly forecast period out to 24 hours
during the period 26 August - 31 December, 1998.

4.2 Cloud cover: Comparison between forecasts and satellite observations

Comparisons of cloud cover forecasts and satellite observations have been made in
earlier feasibility studies (Erasmus and Stanko, 1997) and in a verification (26 August -
31 December, 1998) of the 1st Version of the operational forecast system (Erasmus and
Maartens, 1999). Based on these comparisons cloud cover forecast accuracy criteria
have been defined and compliance demonstrated. Since these comparisons were
carried out, the forecast system has been upgraded to include input of the 10.7µm
satellite data. In order to show stability in the accuracy of the forecast system following
this upgrade, another comparison was done for the period 1 October, 1999 - 30
September, 2000 at Paranal.
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4.2.1 Total cloud cover

Following the forecast upgrade, this quantity includes the amount of transparent cirrus
cloud and all opaque cloud having cloud top temperatures colder than the 600mb air
temperature. Forecasted or observed amounts are expressed as the fraction of the sky
covered by clouds at the analysis time or during each of the 3-hourly forecast periods.
For any given 3-hour forecast period the corresponding satellite observation was
obtained by averaging the analysis values for that parameter using the images at the
beginning and end of the forecast period.

Four cloud cover (sky cover) categories, the same ones used in earlier comparisons,
were defined as follows:

Cloud Cover Category % Total cloud Fraction of sky that is clear

Clear      < 25   >0.75
Mostly Clear      25-50 0.50-0.75
Mostly Cloudy      50-75 0.25-0.50
Cloudy      >75   <0.25

When forecasted and satellite observed values are in the same category, a hit is
counted. Neutral indicates values differ by one category and a miss by two or more
categories. Table 4.2.1 shows the accuracy for forecast periods between zero and 24
hours and the 24-hour average. Results for the 1st Version (1998 test period, 1834
values) and the Upgraded Version (1999-2000 test period, 9822 values) are indicated.

The originally determined accuracy criterion of 90% (24-hour average) is therefore met
by the Upgraded Version. Hence, the overall accuracy of the forecast system is not
compromised by addition of the 10.7µm channel imagery. Over the 24 hours, for all
days (clear and cloudy), accuracy remains above 90%. This accuracy is marginally
better than for the 1st Version of the forecast programme.

The figures in parentheses in Table 4.2.1 indicate the hit, neutral and miss percentages
for cloudy days only - ie. days observed by the satellite to be 100% clear have been
excluded. The figures show that for the 1999-2000 period (1116 values), on average
over 24 hours, 71% of the time, the forecasted cloud amount was within 50% (one
cloud cover category or less) of the observed cloud amount. This accuracy is down
slightly from 78% for the 1998 test period (200 values). Since the 1999-2000 sample is
much larger, the newer figures are most likely more accurate. Of the 29% considered a
missed forecast, about half, namely 17.7% of the total number of forecasts, are a total
miss (category 1 and 4 combinations). Considering the decline in accuracy with time,
accuracy is high (11.4% missed, 2.8% totally missed) out to 6 hours ahead. Beyond 6
hours there is a significant decrease in accuracy (30-40% missed, 20-30% totally
missed), however this accuracy stays nearly constant between 9 and 24 hours. Thus,
when conditions are cloudy, the amount of cloud forecast beyond 6 hours shows a
need for improvement.
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Total Cloud 1st Version Upgraded Version
Forecast
Period

%Hit %Neutral %Miss %Hit %Neutral %Miss

00-03hrs 93.7 (54.5) 5.0 (36.4) 1.3 (9.1) 96.5 (67.2) 2.9 (27.0) 0.6 (5.8)
03-06hrs 93.0 (58.6) 3.8 (20.7) 3.3 (20.7) 94.6(54.6) 3.4(27.6) 2.0 (17.8)
06-09hrs 91.6 (59.1) 3.6 (18.2) 4.8 (22.7) 93.6 (44.4) 3.0 (25.0) 3.4 (30.6)
09-12hrs 91.3 (56.3) 3.3 (18.8) 5.4 (25.0) 92.8 (38.0) 3.0 (25.9) 4.2 (36.1)
12-15hrs 90.4 (50.0) 3.8 (30.0) 5.8 (20.0) 92.5 (38.5) 2.9 (25.0) 4.6 (36.5)
15-18hrs 89.9 (42.9) 3.2 (28.6) 6.8 (28.6) 92.0 (37.4) 2.8 (22.0) 5.2 (40.7)
18-21hrs 89.2 (42.9) 3.9 (28.6) 6.9 (28.6) 91.7 (40.6) 2.7 (18.8) 5.6 (40.6)
21-24hrs 88.6 (80.0) 3.2 (0.0) 8.3 (20.0) 91.8 (36.5) 2.5 (20.3) 5.7 (43.2)

0-24hrs Avg. 92.2 (55.5) 3.7 (22.6) 4.0 (21.8) 93.6 (46.4) 3.0 (24.6) 3.4 (28.9)

Table 4.2.1 Percentage frequency of occurrence of total cloud cover forecasts
classified as hit, neutral and miss at Paranal for each 3-hourly forecast period out to 24
hours and the 24-hour average during the 1998 test period (1st Version) and the 1999 -
2000 test period (Upgraded Version). Figures in parentheses exclude days observed to
be 100% cloud free.

In this comparison, differences in observed and forecasted values can not be attributed
to cloud detection since both are derived in the same manner from the satellite.
Differences are therefore due only to inaccurate prediction of the cloud movement and
the rare likelihood of in-place cloud development. The decline in forecast accuracy
beyond 6 hours ahead, when clouds are observed to be present, indicates that cloud
motion (including direction of motion and time of arrival) needs to be improved in order
to improve the accuracy of the cloud forecasts for 6 to 24 hours ahead.

In order to predict cloud arrival time more accurately an improved use of ECMWF data
should be considered. This would be to use available ECMWF data for all grid points
surrounding the sites to derive cloud movements over sub-sections of the satellite
image. More complete information on the wind and pressure field has been shown to
improve the forecast accuracy. In Erasmus and Maartens, 1999 it was shown that
exclusion of Quintero rawinsonde data from input to the ECMWF model had a
detrimental effect on forecast accuracy at La Silla. When the Quintero rawinsonde data
are included, the forecast hit rate, under cloudy conditions, is 63.4% compared to
51.6% when it is excluded. Consistent with this observation, more complete use of the
ECMWF data at all grid points in close proximity to the observatory sites can potentially
improve forecast accuracy.

In addition to making use of ECMWF data at more grid points in the vicinity of the sites,
the movement algorithm should be modified to allow for moisture and cloud movement
from the east across the Andes. In the summer of 2000-2001, the South American
Convergence Zone (SACZ), east of the Andes, was positioned further south and was
more well developed than usual. This contributed to more cloud movement directly from
the east, across the Andes mountains over Paranal. While this type of cloud movement
may be anomalous, consideration should be given to including it in the movement
algorithm of the forecast programme. Such cloud movement across the Andes must, of
necessity, be occurring at high altitude (above 6000m). Therefore this cloud can be
detected unambiguously using a cold (high pressure-altitude) temperature threshold. In
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a study for Cerro Tololo Inter-American Observatory (CTIO), Erasmus and van Staden
(2001) found that if the air temperature at 400mb (~ 7500 m) is used as the threshold
for cloud detection at 10.7µm, no contamination by cold ground is observed in the high
Andes.

4.2.2 Transparent cirrus cloud cover

In order to be consistent with comparisons done in the feasibility study and in the first
verification, the accuracy of the forecasts of transparent cirrus cloud cover was also
tested for the period 1 October, 1999 - 30 September, 2000. The methodology for
transparent cloud detection and forecasting is identical in the 1st Version and Upgraded
Version since only the 6.7µm (water vapour channel) imagery is used for transparent
cloud detection. The purpose of the additional comparison was to establish consistency
of the forecast accuracy over an extended period. All forecast periods during which
more than 10% opaque cirrus was measured by the satellite were discarded. This was
done so that this test would indicate the skill in distinguishing between spectroscopic
and photometric conditions on nights that are generally clear. Four categories of
transparent cirrus cloud cover were defined as follows:

Cloud Cover % Transparent Fraction of sky that is photometric
Category Cirrus Cloud under spectroscopic conditions

Clear      < 10    >0.90
Nearly Clear     10-25 0.75-0.90
Mostly Clear     25-50 0.50-0.75
Mostly Cloudy      >50    <0.50

Again, as in the case with total cloud, when forecasted and observed values are in the
same category, a hit is counted. Neutral indicates values differ by one category and a
miss by two or more categories. Note that the transparent cirrus cloud cover category
thresholds have been selected to differentiate sky cover conditions more stringently
when it is clear to mostly clear.

Table 4.2.2 presents the results for the verification performed on 1998 data (1793
values) and that performed for the period 1 October, 1999 - 30 September, 2000 (9342
values). Overall, accuracy has improved, but for cloudy days only, accuracy appears to
have declined. The apparent decline is due to a very limited sample (96 values) being
used in the 1998 period, particularly for forecast periods beyond 6 hours. This caused
the accuracy to be artificially high for the later forecast periods. This was pointed out in
Erasmus and Maartens, 1999. The 1999-2000 figures are more representative of the
true accuracy of the forecasts under cloudy conditions as they are based on a much
larger sample (649 values). Total misses (category 1 and 4 combinations) only occur
8.4% of the time so the 33.4% miss rate can be misleading given the category
definitions used for transparent cirrus. Accuracy remains high (over 90%) for all
forecast periods out to 24 hours ahead.
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Transparent
Cloud

1st Version Upgraded Version

Forecast
Period

%Hit %Neutral %Miss %Hit %Neutral %Miss

00-03hrs 93.2 (60.0) 4.7 (28.0) 2.1 (12.0) 97.4 (64.8) 1.8 (22.2) 0.8 (13.0)
03-06hrs 92.4 (60.9) 3.1 (17.4) 4.6 (21.7) 96.9 (57.5) 1.3 (18.4) 1.8 (24.1)
06-09hrs 91.2 (70.6) 2.6 (11.8) 6.2 (17.6) 96.2 (46.2) 1.7 (24.2) 2.0 (29.7)
09-12hrs 90.8 (63.6) 3.3 (9.1) 5.9 (27.3) 95.1 (39.4) 1.5 (17.0) 3.3 (43.6)
12-15hrs 90.3 (28.6) 3.7 (14.3) 6.0 (57.1) 95.6 (42.0) 1.4 (17.0) 3.0 (40.9)
15-18hrs 90.3 (100) 3.3 (0.0) 6.4 (0.0) 95.1 (43.1) 1.3 (12.5) 3.6 (44.4)
18-21hrs 90.1 (80.0) 2.9 (20.0) 7.0 (0.0) 94.7 (45.3) 1.4 (14.1) 4.0 (40.6)
21-24hrs 89.3 (100) 2.8 (0.0) 7.9 (0.0) 95.4 (42.2) 1.1 (13.3) 3.5 (44.4)

0-24hrs Avg. 91.5 (70.5) 2.5 (12.6) 6.0 (17.0) 96.0 (48.5) 1.5 (18.0) 2.5 (33.4)

Table 4.2.2 Percentage frequency of occurrence of transparent cirrus cloud cover
forecasts classified as hit, neutral and miss at Paranal for each 3-hourly forecast period
out to 24 hours and the 24-hour average during the 1998 test period (1st Version) and
the 1999 - 2000 test period (Upgraded version). Figures in parentheses exclude days
that are observed to be 100% cloud free.

The figures in parentheses in Table 4.2.2 apply for days when some amount of
transparent cirrus is observed to be present and show a very similar pattern to that for
total cloud. Accuracy is good for the first six hours (17.9% missed, 3.6% totally missed)
but thereafter about 40% are missed with 10-20% totally missed. These findings
support the conclusions and recommendations in section 4.2.1 on how the accuracy of
the forecast system may be improved for forecasts 9 - 24 hours ahead.

4.3 Cloud cover: Comparison with Paranal ground observer cloud data

The Upgraded Version of the forecast programme determines sky cover conditions by
means of a cloud detection algorithm that uses both the 6.7µm and 10.7µm data (see
section 3.2). The 1st Version used only 6.7µm channel data. In order to evaluate
whether the addition of the 10.7µm data improves cloud detection, satellite-based cloud
observations using the 1st Version and Upgraded Version, respectively, are compared
to an independent measurement of cloud cover made by a human observer on the
ground at Paranal. The comparison is carried out for the period 12 January - 19 August,
1998, during which time, satellite data (for both channels) and ground observations are
available.

The ground observer record consists of estimates of cloud cover amount made every
two hours at night between 00UT and 10UT. The sky cover categories used by the
observer are as follows:

Category Name Category No. Cloud cover criterion

Overcast 5 100% cloud cover
Very Cloudy 4 70-100% cloud cover
Cloudy 3 33-70% cloud cover
Slightly Cloudy 2 10-33% cloud cover
Clear 1 less than 10% cloud cover
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Satellite cloud cover is observed every three hours starting at 00UT. The satellite
measurements of cloud cover were classified using the same categories as those used
by the ground observer. In the initial comparison the satellite cloud cover was
determined to be the total cloud cover (opaque plus transparent).

In order to synchronise the satellite and ground observer measurements, the ground
observations are interpolated manually from the ground observer record to the satellite
observation times. The ground observations for the 00UT and 06UT time-slots
correspond exactly but the cloud cover for 03UT and 09UT had to be determined
subjectively by interpolation from the observer record. Since cloud cover can vary
significantly over periods of 1-2 hours differences found between the satellite and
ground observer measurements may be attributed, to some extent, to the lack of
contemporaneous measurements. For this reason, in the comparison that follows,
cloud cover categories are combined in a way that allows for an assessment of when
there is complete disagreement between the satellite and ground observer.

In the comparison the five cloud cover categories shown above were combined into
three categories as follows:

Category Name    Categories Cloud cover criterion

Mostly Cloudy 4&5 more than 70% cloud cover
Partly Cloudy 2&3 10-70% cloud cover
Clear 1 less than 10% cloud cover

Pairs of observations are classified as falling in the same category (hit), differing by one
category (neutral) or differing by two categories (miss). The comparison was made for
all pairs of observations in the period and for cloudy cases only using the 1st Version
(6.7µm data only) and the Upgraded Version (6.7µm and 10.7µm data), respectively.
Cloudy cases are defined as those time-slots for which the ground observer reports
cloud. Table 4.3.1 shows the results.

Pairs of values % Hit % Neutral % Miss
All Data (1st Version) 615 85.7 11.0 3.3
All Data (Upgrade) 606 85.8 11.2 3.0
Cloudy cases (1st Version) 117 34.2 53.8 12.0
Cloudy cases (Upgrade) 117 36.0 53.8 10.2

Table 4.3.1 Comparison of Paranal cloud cover observations by ground observer and
satellite (total cloud) for all data and for cloudy cases only in the period January 12 –
August 19, 1998.

Table 4.3.1 shows that the accuracy of the Upgraded Version is only marginally better
than the 1st Version. Closer examination of cloudy cases revealed that, in most
instances, the additional use of the 10.7µm data did not change the measured amount
of total cloud cover but rather the relative amounts of opaque and transparent
cloudiness. In other words, in most instances the additional use of the 10.7µm data
leads to a reclassification of pixels from transparent to opaque rather than from clear to
opaque.
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To investigate this finding further, satellite cloud cover was re-defined as opaque cloud
cover only. Using this definition, the comparison with the ground observations was re-
done for cloudy cases.  Table 4.3.2 shows that the addition of the 10.7µm data does
improve the detection of opaque cloud significantly. Nevertheless, the amount of total
cloud cover agrees better with the measurement of cloud cover from the ground.

Cloudy cases Pairs of values % Hit % Neutral % Miss
1st Version 117 9.4 59.8 30.8
Upgraded Version 117 20.5 56.4 23.1

Table 4.3.2 Comparison of Paranal cloud cover observations by ground observer and
satellite (opaque cloud only) for cloudy cases only in the period January 12 – August
19, 1998.

Table 4.3.1 shows that, for the Upgraded Version, there were 12 cases (10.2% of 117)
of complete disagreement between the ground observer and the satellite ‡. These 12
instances were examined further to verify that the disagreement was real and to
determine the reasons for the disagreement. To assist this examination, an additional
run of the Upgraded Version of the forecast programme was made using the surface
temperature (Tsfc) as the threshold temperature for cloud detection in the IR window
(10.7µm) channel. Data for the twelve cases are presented in Appendix D. Detailed
examination of these cases indicated that in 6 of the 12 cases low-level opaque cloud
was missed due to the limitation of having to use the 600mb temperature (T600) as the
threshold for cloud detection. On 3 occasions disagreement may be attributed to timing
of the satellite and ground observations (these occurred at 03UT (1) and 09UT (2)).
Two instances appear to be due to an error in the observer log on 980204 and one
case was indeterminable. Thus about 5% (6/117) of the time that clouds are present or
1% (6/606) of the time in total, low opaque clouds go undetected by the satellite due to
the limitations imposed by using T600 as the threshold for cloud detection at 10.7µm.
This fraction is consistent with that found in a study by Erasmus and van Staden
(2001), in which successively warmer IR window channel cloud detection thresholds
were used starting at the 400mb level and going down to the surface at Paranal. For
morning hours, when the surface is warm enough not to be mistaken as cloud (see
section 3.2), over the same period used in the comparison described above (980112 –
980819), the difference in the cloudy fraction using T600 as the detection threshold
compared to using Tsfc was found to be exactly 1%.

For the purposes of improving the forecast programme, further revision of the IR
window channel cloud detection threshold temperature is likely to be of limited benefit.
By discriminating between day-time and night-time conditions it may be possible to
mitigate the ground detection problem, thus improving the analysis. However, for the
forecast periods, nearly all of which involve pixel locations over the ocean, avoiding the
detection of cloud below the inversion necessitates the use of T600 as the detection
threshold at 10.7µm. Additionally, as shown in this section, a relatively small
percentage of cloud occurrences are escaping detection using the current
methodology.

‡ 
While the comparison discussed here considers the ground observations as “ground truth”, it should be

noted that there were five cases where the satellite observed cloud when the ground observer reported
clear skies. In all these cases the satellite detected transparent cirrus cloud.
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5. Future work

In May 2000, an investigation was started (Erasmus and Sarazin, 2000a) to relate
satellite-derived water vapour and cloud cover parameters to atmospheric transparency
as observed from the ground at Paranal and La Silla. Direct measurements of
atmospheric extinction have been made for over a year at ESO Observatories at
Paranal and La Silla using the Line Of Sight Sky Absorption Monitor (LOSSAM). Using
9 months of observations for La Silla, a first attempt was made to relate the
atmospheric extinction coefficient (E) as measured by LOSSAM to the transparency
index (TI) derived from the satellite (Erasmus and Sarazin, 2000b).

From observing experience in astronomy, an rms atmospheric extinction lower than
0.01 magnitude corresponds to a perfectly photometric sky. In such conditions, the ratio
of the absolute flux F0 of a star to the actual flux F measured when observing through
the atmosphere does not depend on the direction of observation but only on the zenith
angle <. The zenith dependency is characterised by an atmospheric extinction
coefficient E for a given observing wavelength:

E = -2.5cos< [Log(F)-Log(F0)].

A relationship between TI and E was defined for situations where the sky was not
photometric but some type of astronomical observing, like spectroscopy, was still
possible and where satellite-based forecasts of transparency would be of direct
operational consequence. For these cases, ground-based measurements of rms
extinction ranged from 0.01 to 0.1 magnitude. The corresponding extreme TI values
were 1.0 and 0.3.

At La Silla observatory over the period January-October 2000, 486 pairs of
observations were obtained with 406 (83.5%) perfectly photometric (E < 0.01) and 80
(16.5%) with E in the range 0.01-0.1. A parameter Satrms was defined by the
regression relationship between E and Log(TI) for non-photometric conditions as
follows:

Satrms = -0.3137 [log(TI) + 0.0182].

Applying this relationship to the full data set, Satrms is plotted versus E in Figure 5.1
Table 5.1 summarises the comparison.

The satellite-derived extinction parameter correctly discriminates between photometric
and non-photometric conditions 86% (320/370) of the time. Closer examination of the
45 cases in which the satellite incorrectly indicates that conditions are non-photometric,
shows that for most of these cases, Satrms was in the range 0.01-0.03. In other words,
very close to the photometric threshold of E = 0.01. A slight adjustment in the definition
of TI would therefore further improve the discrimination accuracy. This preliminary work
shows that the definition of a transparency index based on satellite parameters that can
discriminate between photometric and non-photometric conditions on the ground at
Paranal and La Silla is possible.
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   Satellite

LOSSAM <0.01 >0.01
<0.01 287 45
>0.01 5 33

Table 5.1. Satellite–derived atmospheric extinction (Satrms) and LOSSAM
extinction (E) for photometric (E<0.01) and non-photometric (E>0.01) conditions.

Figure 5.1  Satellite–derived atmospheric extinction (Satrms) versus LOSSAM
extinction (E)

In terms of further improvements to the forecast programme, the following items have
been identified in this report:

(i) Revision of the movement algorithm to define cloud motion for sub-
sections of the satellite image near the sites and to allow for cloud motion
from the east across the Andes. This revision would be aimed at
improving the prediction of the direction and speed of cloud motion,
thereby forecasting the amount and time-of-arrival of clouds more
accurately.
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(ii) The derivation of a satellite-based indicator of atmospheric transparency
(extinction) and verification of the indicator by comparison with ground-
based extinction measurements at Paranal and La Silla using LOSSAM.
This would be the first step in being able to use the satellite-based
forecasts of cloud cover and water vapour to forecast whether observing
conditions at optical wavelengths are purely photometric or non-
photometric.

It is therefore recommended that future efforts be directed towards defining a satellite-
derived indicator of transparency and making more complete use of the ECMWF data
set in a revised movement algorithm for the operational forecast programme.
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APPENDIX A - MAINTENANCE ACTION LOG

1999.10.27 - Forecast run failure at ESO. Diagnosed as unavailability of ECMWF data at ESO. Problem
with ftp file transfers at ESO.

1999.11. - ESO server compiler compatibility problems.

1999.11.03 - 08 - Weather Watch not recognising forecast and wrongly reporting "No forecast" - Advised
ESO of problem.

1999.11.16 - Forecast failed to run. ESO server problem identified and corrected.

1999.11.24 - Forecast failed. Notification. ESO Server down for maintenance.

2000.01.01-08 - Satellite data delivery problem with CIRA. Y2K related.

2000.04.13 - Satellite data delivery problem with CIRA.

2000.06.05 - Failure of forecast query.

2000.06.02-09 - ftp access to ESO changed. ESO user established on e1.saao.ac.za.

2000.09.07 - Problem detected with ECMWF data files. Problem noticed within 24 hrs of occurrence.
Suspected file format change - confirmed.

2000.10.06 - Forecast failure. ECMWF not available. Server problems at ESO

2001.01.01 - Forecast failure. Satellite images not available at CIRA. Communicated failure. Service
restored

2001.01.7-12 - Failure in computation of PWV. Ground data available, therefore not the cause. Bugg
found in programme due to change to year 2001. Problem corrected.
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APPENDIX B - An Investigation of GOES Satellite Data Providers

Revised version of a report sent to Dr Marc Sarazin August 8th, 2000

Motivation

Real-time GOES satellite data for input to the operational forecasts of cloud cover and water vapour are
currently provided by The Co-operative Institute for Research in the Atmosphere (CIRA). While reliability
of data delivery has been good, some aspects of the service provided, particularly lack of notification
about server changes and filename changes have prompted an inquiry into the possibility of finding
another satellite data service provider.

Summary

The main finding of the investigation is that few alternative providers for satellite data are available. With
regard to satellite data providers, there appears to be two main problems in finding a suitable provider:
1. Commercial satellite data providers make timely delivery but products are unsuitable, consisting only of
image format (eg. jpeg) data. Navigation data are not provided.
2. Non-commercial (mostly government) agencies are geared towards providing archived data. Some
near-real-time data are available but server postings are typically 6-12 hours after scan time. There is no
guarantee of delivery from these sources.

Only one viable alternative satellite data provider to CIRA was identified - The Space Science and
Engineering Centre's (SSEC) Data Centre, University of Wisconsin. Some preliminary correspondence
regarding data delivery and prices was entered into with the Manager of the Centre (Dee Wade) and this
correspondence is presented in the full report.

Process

Inquiry was started with University of Wisconsin Space Science and Engineering Centre (SSEC), the
creators of McIDAS. Their data centre summarily referred me to the National Climatic Data Centre
(NCDC). Of course, even I know NCDC does not provide real-time data (only archive). Their negative
response to my enquiry puzzled me as I was fairly certain that they are real-time data providers. Not being
put off I wrote to NCDC anyway and they directed me to the Direct Readout Co-ordinator of
NOAA/NESDIS in Washington DC. There I went back and forth with Wayne Winston (Direct Readout Co-
ordinator, NOAA/NESDIS), who informed me that NOAA cannot provide real time data and that such
would have to be acquired by a commercial service. He recommended that I contact one such provider
VAS-DAS (http://www.vas-das.com). This company could provide the GOES-8 data with suitable delivery
time and reliability but not in a suitable format. The forecast programme requires navigation data and thus
needs McIdas Areas or similar/equivalent format. This seemed to be the problem with all commercial
providers.

Direct contact with NASA (Dr Dennis Chesters) confirmed that commercial providers of GOES data in the
required format do not appear to exist. So, at this point I had concluded that CIRA may, in fact, be the only
possible provider. Within a day or two after this, I heard from SSEC with a big apology. I corresponded
with Dee Wade, Manager, Space Science and Engineering Centre's Data Centre, University of Wisconsin
at some length. She informed me that I was given wrong information and that SSEC would be able to
provide the satellite data needed for the operational forecasts with a suitable delivery time, reliability and
format. She also addressed concerns about the possible switch to GOES-11 from GOES-8 in the near
future. Preliminary discussions on prices for data delivery were held and ESO (Dr Marc Sarazin) notified of
the details.

Relevant correspondence and contact information

Correspondence with Dee Wade, Manager, Space Science and Engineering Center's Data Center,
University of Wisconsin. (Correpondence in order from latest to oldest)

Friday, August 04, 2000 6:09 PM
To: Dee Wade <deew@ssec.wisc.edu>
Subject: Re: Request for information
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Thank you for answering my questions. I am preparing a written report to ESO
on the findings of my enquiry into satellite data providers. You have
addressed all my questions and your quotation is very reasonable. The final
decision on a service contract rests with my client. They or I will be in
touch with you in the near future.

Sincerely,

D. Andre Erasmus

----- Original Message -----
From: "Dee Wade" <deew@ssec.wisc.edu>
To: "D. Andre Erasmus" <erasmus@saao.ac.za>
Cc: "Dee Wade" <dee.wade@ssec.wisc.edu>
Sent: Friday, August 04, 2000 5:09 PM
Subject: Re: Request for information

> I do not anticipate any problems if there is a switch to GOES-11. We have been
> receiving GOES-11 since its first picture. SSEC beat all others with publishing
> the 1st GOES-11 image online,
> http://www.ssec.wisc.edu/data/goes11/firstgoes11.gif
>
> SSEC is very involved in the current science tests being done on GOES-11. We are
> ingesting every image it sends. At this time I don' t think you will find a
> better place to get GOES data in the world.
>
> I am willing to take a chance with $416.66/month for a year long contract. That
> would be about $5000 for a year.  At the end of the year we will both have to
> decide how this worked for both of us.  Let me know what you think.
>
> Dee
>
> "D. Andre Erasmus" wrote:
>
> > Your monthly rates are sounding much better. I do not foresee any problem
> > with the length of the initial contract being one year. This is what I
> > expect ESO will want. If a minimum one year contract is signed, would there
> > be any further lowering of the $6000/year rate?  If service is satisfactory
> > over the first year, there is every likelihood that annual renewal will take
> > place. The data are and will be needed to support day to day operations at
> > two of the worlds primary astronomical facilities.
> >
> > One of our concerns at the moment is the likely switch from Goes-8 to
> > Goes-11 at 75W within the next year or so. I know that no switch has been
> > scheduled but Goes-8 is nearing the end of its on-orbit life so a switch
> > seems inevitable within the year. Can SSEC provide any information on its
> > preparations for this switch and how it anticipates data delivery will be
> > impacted during this transition.
> >
> > Regards
> > Andre Erasmus
> >
> > ----- Original Message -----
> > From: "Dee Wade" <deew@ssec.wisc.edu>
> > To: "D. Andre Erasmus" <erasmus@saao.ac.za>
> > Cc: "Dee Wade" <dee.wade@ssec.wisc.edu>
> > Sent: Wednesday, August 02, 2000 4:15 PM
> > Subject: Re: Request for information
> >
> > > If you would be willing to commit to a "long" term agreement I think I can lower
> > > the price.
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> > > By long term I would mean at least 6 months to a year. The quote I gave you is
> > > the actual cost we charge for moving the data. Like you expected, it is based on
> > > the number of bytes.  The setup fee will remain the same. That is basically 4
> > > hours labour for scripts, web page etc. I am think we can cut the data cost to
> > > $500 a month. That would be better that 1/2 of the original estimate. Holding
> > > the data for 7 days should not be an issue.
> > >
> > > How does this sound?
> > >

> > > "D. Andre Erasmus" wrote:
> > >
> > > > Thank you for clarifying the situation. I always thought SSEC could provide
> > > > what we need.
> > > >
> > > > However your quote seems very high - $18K+ annually. This is more than three
> > > > times what we are paying currently. The data are used for scientific not
> > > > commercial) applications. The purchase agreement would be with European
> > > > Southern Observatories (http://www.eso.org). Would you be willing to revise
> > > > your quote for the daily data costs? Perhaps your quote is based on the
> > > > amount of data. In that case I can tell you that the daily volume is about
> > > > 16MB (2 channels, 8 times per day) if the files are compressed (gzip).
> > > >
> > > > Also we would prefer that the data are left on the server for a longer
> > > > period - say 7 days. All the other arrangements are satisfactory.
> > > >
> > > > Sincerely,
> > > > D. Andre Erasmus
> > > >
> > > > ----- Original Message -----
> > > > From: "Dee Wade" <deew@ssec.wisc.edu>
> > > > To: <erasmus@saao.ac.za>
> > > > Cc: "Dee Wade" <dee.wade@ssec.wisc.edu>; "Jerrold Robaidek"
> > > > <jerrold.robaidek@ssec.wisc.edu>; "Data Center Ops"
> > > > <datacenter@ssec.wisc.edu>
> > > > Sent: Tuesday, August 01, 2000 7:27 PM
> > > > Subject: Request for information
> > > >
> > > > > Hello Dr. Erasmus,
> > > > > My name is Dee Wade and I am the manager for the University of
> > > > > Wisconsin, Space Science and Engineering Center' s Data Center. Please
> > > > > let me start by apologising for the error my staff made when responding
> > > > > to you.  They receive so many request for archive data that I think they
> > > > > misread your email and assumed you were  asking for archive data and not
> > > > > real-time.  Our contact with NCDC requires that we send most of the
> > > > > archive requests to them. Again sorry for the misunderstanding.
> > > > >
> > > > > As far as providing real-time GOES-8 we are interested.  You mentioned
> > > > > that the area you are interested in is 10-45 South and 65-125 West,
> > > > > bands 3 & 4 every three hours. You mentioned that McIDAS AREA format
> > > > > would be acceptable.  All this is very doable for us.  I should mention
> > > > > that we are an University and are not staffed 24 hours/day.  We staff
> > > > > the computer room 5 days a week about 16 hours/day.  This being said, I
> > > > > would also like to mention that our percentage of recorded GOES-8 data
> > > > > so far 2000 is 99.96%.  We lost only 0.04% of the data the satellite
> > > > > sent.  But the possibility is there that we could have a problem when we
> > > > > are not staffed, and could go a day or two before it is rectified
> > > > > so I wanted to mention it. But as you can see the odds are very low.
> > > > >
> > > > > For this estimate I am assuming that we will provide an address where
> > > > > you can pick the data up and  FTP it to your site. It looks like each
> > > > > image will be about 4 MB of data. We should be able to keep 2-3 days of
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> > > > > data available at one time so that will give you a little time to get
> > > > > the data moved. If this is not correct and you wanted the data provided
> > > > > in a different manor please let me know.
> > > > > My estimate includes labour for setup of scripts and web pages as well as
> > > > > routine costs for the data.
> > > > >
> > > > > Setup                $200.00
> > > > > Data per day        $50.00 (this includes 16 images, 8 time periods
> > > > > every 3 hours, 2 bands)
> > > > >
> > > > > If this is something you would like to pursue further please let me
> > > > > know.
> > > > >
> > > > > Dee Wade
> > > > > --
> > > > > Dee Wade
> > > > > McIDAS User Services and SSEC Data Center
> > > > > Space Science and Engineering Center
> > > > > University of Wisconsin-Madison           Email: Deew@ssec.wisc.edu
> > > > > 1225 West Dayton Street                   Voice:     (608)263-0527
> > > > > Madison, WI  53706                        Fax:       (608)263-6738
> > > > >
> > > > >
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APPENDIX C - LAUNCH OF GOES-L/11 AND REPLACEMENT OF GOES-8: REPORT ON CURRENT
STATUS AND POSSIBLE IMPLICATIONS FOR THE CLOUD COVER AND

WATER VAPOUR FORECAST PROGRAMME

Revised version of a report submitted to Dr Marc Sarazin on July 20th, 2000

There are no scheduled plans to replace GOES-8 with GOES-11. As long as GOES-8 continues to
function, it will remain the GOES-EAST satellite until it fails. As of mid-2000, the GOES-8 satellite has
been operational for 6 years and is nearing the end of its on-orbit life. It appears very likely that it will need
to be replaced within a year.

Currently, GOES-11 is undergoing tests and will continue under NASA' s control until August 16, 2000. At
that date, operation of the satellite will be handed over to NOAA. It will be placed in storage mode at 104o

West until GOES-8 or GOES-10 fails.

If GOES-8 fails suddenly, it will take about thirty days (drifting at about a degree per day) for GOES-11 to
be moved to its new location at 75oW. To the best of my knowledge, the forecast programme will be able
to accommodate the different and change in position of the GOES-11 satellite during this period and
continue to run, provided all other factors involved with changing to the GOES-11 satellite have been
considered (see below).

There are no significant differences in the instrument package on GOES-11 compared to GOES-8. There
are no changes in spatial or radiometric resolution. Instrumentation on GOES-11 is essentially the same
as GOES-8 with problems corrected. In this regard, therefore, no revisions of the forecast programme will
be required.

CIRA reports that it is already receiving and performing some basic processing of GOES-11 data. The
data format, as we are now receiving it, will not change. Navigation will be unchanged. The satellite ID will
change from 08 to 11 in the file names and header.  In order to switch from GOES-8 to GOES-11, CIRA
will need to make some changes to their command file in order to process data from their raw GOES-11
machine. They assure me that this is a minor consideration requiring, at most, a day or two. Some minor
scripting changes will be required to accommodate the new file names. Time equivalent to one work-day
is estimated to accomplish this.

New calibration coefficients will be required for converting count values to radiance and temperatures
(hence also UTH). This will necessitate a significant revision of the forecast programme. It is estimated
that one work week of time will be required to accomplish this task. Calibration coefficients will be posted
on the NASA web page (http://rsd.gsfc.nasa.gov) when available. Since GOES-11 has started transmitting
IR channel data, this calibration information should be ready soon. The GOES-11,8,10 system
performance and operational testing (SPOT) was completed between June 10 and July 23, 2000. The
satellite was placed in storage mode at 104oW on August 14-15, 2000 and spacecraft handover to NOAA
occurred on August 16, 2000. NOAA is responsible for GOES-11 operations including satellite command
and control, data receipt and product generation and distribution. The satellite will be revived annually for
orbital adjustment until it is needed to replace GOES-8. 10 years worth of station-keeping fuel is on board.
Since the information required to perform this revision of the forecast programme is expected to be
available in the near future, it will likely be possible to complete the forecast programme revision before
the switch to GOES-11 takes place.
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APPENDIX D - CASE STUDY DATA
Data for cases where satelli te and g round ob servation o f cloud cover disagree completely at

Paranal Observatory – refer to section 4.3 for details

Yr Day
No

Mon Day Hr UTH UTH
Sig

PWV Opq Tra TI Tir Tir
Sig

TotCld
(Sat)

Cld
(grd)

Opq
(Tsfc)

Tra
(Tsfc)

TotCld
(Tsfc)

Remarks

98 35 2 4 0 25 3.7 10.06 0 0 1 288.9 1.9 0 50 0 0 0

98 35 2 4 3 26.4 4.8 9.05 0 0 1 286 1.9 0 50 0 0 0

98 35 2 4 6 23.5 1.9 9.07 0 0 1 282.5 1.9 0 80 0 0 0 Observer log error?

98 35 2 4 9 25.6 0.8 9.67 0 0 1 280.2 1.7 0 80 0 0 0 Observer log error?

98 40 2 9 0 80

98 40 2 9 3 33.8 1.7 9.23 0 0 1 274 4.5 0 80 33 0 33 Missed

98 40 2 9 6 32.3 1.5 10.54 0 0 1 276.8 4.3 0 80 0 0 0 Missed (?)

98 40 2 9 9 30.8 1.7 9.6 33 0 267.1 3.5 33 80 100 0 100

98 103 4 13 0 80

98 103 4 13 3 85 15 266.4 9 100 80 100 0 100

98 103 4 13 6 80

98 103 4 13 9 40 1 6.76 0 0 1 280.7 1.1 0 80 0 0 0 No miss - Timing

98 133 5 13 0 50

98 133 5 13 3 38.8 4.9 0 4 0.99 275.3 3.8 4 50 0 4 4

98 133 5 13 6 51.2 3.9 0 67 0.9 268.3 4 67 100 0 67 67

98 133 5 13 9 29 1.9 0 0 1 273.9 2.6 0 100 0 0 0 No Miss - Timing

98 167 6 16 0 80

98 167 6 16 3 80

98 167 6 16 6 10.8 1.2 3.03 0 0 1 269 3.2 0 80 0 0 0 Miss (cold Tsfc)

98 167 6 16 9 30.7 16.7 5.58 67 0 254.1 6.6 67 80 67 0 67

98 181 6 30 0 30.1 0.9 3.77 0 0 1 280.1 1.4 0 80 0 0 0 Missed

98 181 6 30 3 32.8 1 3.92 0 0 1 275.3 2 0 80 100 0 100 Missed

98 181 6 30 6 36.5 4 3.89 0 0 1 275.4 2.3 0 60 100 0 100

98 181 6 30 9 40.6 6.2 4.15 0 7 1 276.5 0.8 7 50 67 0 67

98 200 7 19 0 24.3 2.2 4.12 0 0 1 280.2 2 0 80 0 0 0 No miss

98 200 7 19 3 25.2 0.9 4.14 0 0 1 278.2 2.9 0 50 0 0 0

98 200 7 19 6 51.3 4.8 5.54 0 67 0.89 271.8 4.7 67 50 100 0 100

98 200 7 19 9 73 27 263.9 4.9 100 80 100 0 100

98 201 7 20 0 28.8 2.9 3.93 0 0 1 274.6 7.8 0 50 0 0 0

98 201 7 20 3 37.7 1.5 4.58 0 0 1 266.5 3.3 0 100 100 0 100 Missed

98 201 7 20 6 46.6 1 7.17 0 0 1 278 2.1 0 50 0 0 0

98 201 7 20 9 29 0.8 5.23 0 0 1 276.5 2.2 0 50 0 0 0

98 204 7 23 0 46.7 3.4 5.89 0 58 0.82 274.8 5.3 58 80 0 58 58

98 204 7 23 3 46.1 1.5 5.76 0 0 1 278.3 1.9 0 80 0 0 0 No miss – Timing

98 204 7 23 6 51.5 2.3 6.24 0 71 0.96 276.6 1.9 71 80 0 71 71

98 204 7 23 9 43.5 1.7 5.73 0 0 1 275.6 1.7 0 50 0 0 0

Notes:

(i) Cld (Grd) = Ground observer cloud cover estimate. Sky cover categories 1,2,3,4 and 5 (see section 4.3) are encoded
respectively as 0, 20, 50, 80 and 100 % in this column.

(ii) (Tsfc) indicates the cloud cover amounts obtained when the model is run using the surface temperature as the threshold
detection temperature for cloud cover in the IR window (10.7µm) channel. In this run low-level cloud, if present, would be
detected.


