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.CHAPTER I. INTRODUCTION

It is difficult, and perhaps unrealistic, to summarize in a few pages the
various meteorological research and instrumentation development programs that
are currently pursued at the Space Science and Engineering Center. An attempt
to do this will require one to write extensively on the research and development
in the electronic sensors and probes for agricultural and space research; on
the developments in computer hardware and software techniques; on the contribu-
* tions in éhe meteorological uses of data from satellites; and on other.scientific
investigations that have direct bearing on man and his environment. All these
have engaged the attention of researchers at the Center for over a decade.
Researéh activities are performed at the state of the art, and there are plans
to exfend the scope and quality of research in the future. With such plans, it
is doubly difficult to write a comprehensive report on the éctivities at the
Center,

The purpose of this report, therefore, is to present to my colleagues in
. Nigeria and to the sponsors of my visit to the United States a quélitative
appraisal of my exposure to the facilities and to a small fraction of the current

research activities at the Center. The time spent at the Center was too short

to digest most of the techniques and to participate effeétively in some ongoing -
résearch work, However, I was around long enough to have the "flavor" of the
various research-endeavors.at‘the Center., In the subsequent chapters, I shall
attempt to summarize very briefly some of my impressions and my involvements in
the activities at the Center,

A brief account of the applications of McIDAS (Man-computer Interactive Data

Access System) is given in chapter two, Literature on this system abounds at



the Center and no effort will be made to give a complete description (assuming
that is possible) in this report, The system is being eipanded to improve its
- capabilities and its efficiency, even at the time this report is being written.
Many statements that may be true about the system now will be invalid in the
next six months, The chapter about the McIDAS, therefore, will only state the
‘salient points about the basic structure and capabilities of the system at the
time of the report.

In chapter three, I shall.discuss some results of my "encounter" with the
McIDAS and my acquaintance with some of the ongoing scientific investigations
at the Center. No calculative details will be given; in fact, éxtensive
discussion of the various topics is impossible in a report of this kind. Such
'discﬁssions will not only make the report unwieldy but also defeat its purpose
Pictures of graphic displays by the McIDAS of some quantities computed on the
system are shown to demonstrate some capabilities of the system. A

In chapter four, the possibilities for introducing this system or something
like it for meteorological operations and research in Nigeria and perhaps other
parts of Africa is explored.

Some concluding remarks to this report are given in chapter five. It is
my hobe that this will not conclude my association with the Center. For, affer
spending about ninety days at the Center, I have been able to identify several
areas of meteorological and space research that call for cooperation between
Nigerian scientists and the scfentists at the Center. Such cooperation will not
only involve visits by scientists at the Center to Nigeria but will also require
that Nigerian scientists pay more visits to Madison,

I have avoided identifying references in the text of this report in the

usual manner for two reasons, First, I have had the opportunity of talking



directly with the people whose publications I will be referring to. As is
Vusually the case, more ideas have been developed since the last time they put
their thoughts down in writing. Although the time I had to talk to the
scientists varies from a few minutes to one hour at a time, necessary words
were said and important comments were made during these periods to help me in
understanding the various aspects of the ongoing reseafch at the Center.
Second, in the chapter on acknowledgements, specific names were mentioned
" in connection with specific ideas learned. I found it a particularly difficult
task to list all the names of the people at SSEC who have helped directly or
indirectly in making my stay at the Center very rewarding. If some names are
omitted, it is not intentional and such omissions are regretted. Parts played

by such people are equally appreciated.
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CHAPTER II, THE McIDAS SYSTEM

The McIDAS is a computer controlled data procéssing device developed by
the Space Science and Engineering Center (SSEC) of the University of Wisconsin.
The device is a demonstration of how a large variety and a large amount of data
can be accumulated, quality-controlled and used not only on aAdelayed time basis
but also on a real time basis, The basic needs of weather forecasting are timely
data in the ﬁecessary quantity and variety and the ability to process the data
with speed and acceptable accuracy. Such requirements are within the demonstrated
capabilities of the McIDAS system. Data collected and processed by the McIDAS
have an objectivity that is advantageous. The software and hardware in the
system have been designed to provide efficient processing of enormous quantities
of data generated by satellite imaging with little or no loss of quality in
spatial and brightness resolution. Conventional data are stored in the system
and computations made from them and pPresented to the user of the system at his
command. The computers in the system make calculations, subject many results
to comparative analysis and draw most likely conclusions from the data more
effectively than can be done otherwise.

Figures 2-6 show the McIDAS system functional block diagrams and flow charts.
These illustrations have been adapted from the publications and other general
information available at the Center. As a detailed description of this system -
cannot be accomodated in this réport, readers who may be interested in learning
more about the system are referred to publications by SSEC.

However, the following salient points about the McIDAS system can be made.

1, General Capabilities of the McIDAS

(1) The McIDAS can digest any set of data points and arrange them for
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picture format display. It can also display a set of images in any desired time
sequence,
(11) The system allows for its operator to make decisions on the kind

of data he wishes to display and use, The ability of the users to control the

quantity and the quality of the data he uses is an important feature of the system.

2, Application of McIDAS for the Analysis of Satellite and Conventional
Meteorological Data

(1) The McIDAS system utilizeé both the precision of digital data
storage techniques for computational use and the wide bandwidth capabilities of
analogue storage for image display. The device also has a data cataldéuing
system which aids the user in finding and using several thousands of satellite
imagery that may be available for use. )

The MciDAS at SSEC is connected by telephone lines to satellite
ground stations, to a weather radar, and by teleprinters to the airways weathér
reporting stations network. The system then collects, decodes and stores these
various data in parameter/time files by the weather data ingest and management
group of modules.

The weather data analysis modules in the system are capable of
computing streamlines, equivalent potential temperature, vorticity, divergence,
stretch and shear deformations and other derived parameters which are then
converted into graphics and displayed on the video screen. Line drawings and
character plots of basic parameters like temperature, pressure, winds, etc. and
derived parameters including upper air soundings, cross sections, advection plots
and many others can be handled by the graphic modules in the system,

(1) It is possible, on the McIDAS system, to combine into a single TV
display images representing different spectral channels., This capability allows

the user to view cloud patterns as seen both in the visible and the infrared
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channel simultaneously, The operator not onl& sees the cloud distribution but
also has an idea of the temperature field accompanying it,

(1i1) The enhancement of satellite image data is an operation which
emphasiies selected portions of the linear curve relating radiance to signal
strength., An enhanced imagery iéolates deep convection from other clouds, and
distinguishes between darker seas and vegetated land surfaces. The process thus
makes it pqssiﬁle to delineate areas of strong convection and to identify cloud
types and levels. The McIDAS has a digital enhancement capability so tﬁat the
enhancement of satellite imagery can be accomplished in a matter of seconds.

(iv) The McIDAS system has a loop capability. This capability allows
for a movie loop of a set of picture sequences to be made from original digital
data from a geostationary satellite, The images are then displayed on a TV
screen. Cloud tracking to estimate winds on such movie loops are done routinely
at SSEC for research purposes. The system allows for double looping of infrared
and visible images (by use of two independent heads on the analog disk). With
a single key one can transfer from one image to the other.

The process by which winds are generated on the McIDAS cannot be
fully‘described in this report. However, more will be said on this aspéct of thei
use of McIDAS in the ﬁext chapter.

(v)  Although the physical basis for the relationship between convective
cioud brightness as observed from satellites and rainfall is not well established
and experiments on this are sfill going on at the Center and elsewhere, considerable
advances have been made at the Center to infer rainfall from images using basically
this concept., Cloud areas and associated volumetric rainfall are measured with
McIDAS at the Center, The procedure developed at the Center has been used to

estimate rainfall from geostationary satellite images over the GATE area.



Essentially, the procedure inyolves measuring areas and thickness of individual
clouds (this requires some amount of eipertise) as a function of time, and then
" rainfall is estimated for each cloud using gauge calibrated rainfall data.

CQi)' One of the many advantages of the McIDAS is the speed with which
data can be processed and analysed on real time or near real time basis, thus
péoviding prompt resﬁlts. Ekamples of how current satellite pictures (GOES—Q)
and data from the conventional observation platforms can be amalgamated to give
current weéther information over most of the North American continent are shown
elsewhere in this report, .

(vii) Vertical temperature profiles of the étmbsphere can be derived
from satellite radiation measurements. Literature now abounds on the theories
relating satellite raaiance measurements to the temperatures in the atmosphere for
both cloudless and cloudy conditions., Interpretation of radiance measurements
from satellites, however, is still complex and difficult. Instrument calibration
and instruﬁental noise remain a problem. Nevertheleés, temperatures for
different levels of the atmosphere are now inferred from satellite soundings in
research centers (and operationally in a‘few places) with increasing accuracy.
Experimental results from the McIDAS to test the capabilities of the device in
this area of temperature retrieval have been good. Such capaﬁilities will be
further developed'in preparation for the VAS (Visible Infrared Spin Scan Radiometer
é;mospheric Sounder) program in which the Space Science and Engineering Center
will be participating actively, The VAS will be the first radiometer to provide
data from geosynchronous orbit for profiling temperature and humidity of the
atmosphere,

3. Use of McIDAS for Analysis of Data from LANDSAT (ERTS)

In the earlier sections of this chapter, the utility of McIDAS for
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purely meteoxrological analysis and computation were considered, Data from

ERTS (Enviromnmental Resource Technological Satellite~~launched in 1972 and

~ renamed LANDSAT I in 1975) have been analysed successfully on the McIDAS.

LANDSAT II has also been launched, As their names imply, these satellites
recelve (apart from making passive measurements on their own) and retransmit
data about the earth's environment from collection platforms mounted on buoys
(air and water temperature and motion), from ground based data collection points
(weather, hydrological and seismic data) and from constant level balloons
(temperature, pressure and winds). They are used for moni;oring and identifying
crops, soil and water surface conditions and other structural features of the
earth's surface, The green and red visible channel and two near infrared
channels on the satellites make these possible.

The McIDAS can be used to carry out complex analysis of the LANDSAT
data., It can be used to separate urban from rural areas, identify particular
crops, select best routes for the construction of roads, etc. The device can

also analyse data from LANDSAT for land use and classification. The SSEC has

evaluated and is still experimenting with several classification schemes on the

McIDAS.



CHAPTER TII. SOME RESULTS OF MY INTERACTION WITH THE McIDAS SYSTEM
AND WITH SOME RESEARCH ACTIVITIES AT SSEC

Naturally I was interested in those research areas in which I have had
experience, namely mesometeorological research, operational weather forecasting
research, and research in the use of satellites in the atmospheric scienceé.
Since my stay at the SSEC was short, I was unable to engage in any particular
research, However, my experience in these areas of meteorological research
have been enriched and my horizons in the techniques for research have been
extended considerably, My association with scientists at the Center has enabled
me to initiate specific research efforts which will engage my attention in the
next few years. These research efforts are tied in with the West African
Monsoon Experiments (WAMEX). While the main WAMEX experiments will not take
place until April next year, the preparations and anxieties about the program
have already begun, The three areas of research in which I will be involved
are:

(a) The structure of the southwestérly flow over the continental West

Africa;

(b) The structure of convective systems over West Africa;

(c) The analysis of satellite data from Meteosat and other satellites.

Exposure to some research activities at SSEC has provided some leads as to
how these research efforts should proceed, In particular, my acquaintance with
the following actiyvities at SSEC needs mention:

1. Research with Satellite-Derived Dafa

@) I had the opportunity to make computations on the McIDAS of cloud

drifts in an attempt to estimate winds from geostationary satellite data. The
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results of such computations are shown later in this chapter,

(i1) ﬂethods of estimating precipitation from satellites and the
 underlying theories behind them were learned,” There were, however; no
opportunifies to carry out specific computations on the McIDAS.

(1ii) Problems of éomputing albedos, brightness from satellite data
and cognate problems were discussed with scieutists directly involved in this
research effort, I was made aware of the current techniques and applications
of the results of research. The application of results of albedo studies to the
problems of the Sahelian drought was of much interest. Unfortunately, apart
from a few demonstrations of how informétion on albedo and brigﬁtness could be
extracted from satellite data on the McIDAS, there was no time to get more
involved in the ongoing research.

| (iv) Discussion sessions on the retrieval of temperature profiles df
the atmosphere and the related problems of determining cloud heights from
satellite data were also held with people active in this area of research.
Possibilities of applying new techniques developed by these scientists to some
research effort that I have attempted in the past are good, and pfospects of
cooperative efforts in that direction are being discussed. Definite proposals
on such cooperative efforts will be written in due course.

) In the search for organizing concepts in the understanding of the
ﬁtmospheric processes in the tropics, several international experiments have
been mounted over different régions of the northern Atlantic Ocean. The most
recent and the most intensive (in terms of equipment, frequency of observation,
number of participating countries, etc,) was the GATE (gARPAéﬁlantiC Tropical
E#periments) which was organized off the coast of West Africa, west of Dakar

in 1974, The SSEC is an important Center for the analysis of the enormous data
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collected during the Experiment, The'Eiperiment has provided the facts; the
process of eiplaining the facts has engaged the attention of several research
.. groups at SSEC,

Mesoanalysis of cloud clusters and related convective systems
over the GATE area has been done by scientists at the Center using satellite-
derived windsets, computed on the McIDAS. Documents on ;ome initial results
obtained have been made available to me, I have also had the opportunity to
~ go through tapes (save tapes) of some of the processed data collected during
this experiment, T was exposed to the methods of the processing of these data
on the McIDAS and to some of the procedures for making computations from the
data. The various problems involved in the analysis of the data were also
explained,

The information provided by the scientists involved in the GATE
data analysis and interpretation will serve as a guide in the execution of
some aspects of the West African Monsoon E#periment (WAMEX) .

(vi) The WAMEX program is part of the extensive global monsoon
experiment of GARP, Scientists at SSEC have been actively involved in the
recent monsoon experiments over India énd in East Africa. Some preliminary
analysis of the monsoon as observed in the Ocean adjacent to the continent of
West Africa is also being carried out. The useful discussions with those who
are engaged in this research effo;t will no doubt give a lead in the interpreta-
tion of the data that will be-collected during the WAMEX progran.

During WAMEX, attention will be focused on the continental West
Africa and the Gulf of Guinea. The various scales of atmospheric motion over
the reglon, the upwelling in the Gulf and its effects on weatﬁer processes

over land, and other phenomena will be the subject of intensive research during
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the Experiment, Explanations of observations from WAMEX will extend some of t"a
results from GATE (Oceanic) to cover the land areas of West Africa. Such
"phenomeha as the West African squall lines, monso:1 rains, dust laden Harmattan
winds, flood producing convective systems will be studied from better organized
and well-coordinated data sets, Some preliminary analysis of the squall line

made from sate!lite data has been carried out at SSEC by a graduate student.

(vii) Information about the procedure used for navigating imageries
from geostationary satellites at SSEC was also obtained. Navigation is the
process by which transformations from satellite image coordinaté systems to an
earth coordinate system are made from the knowledge of the position of the
satellite in space. At SSEC the approach to the ﬁavigation of the imageries is
to model the orbit and motion of the spacecraft, The system uses an initial
orbit measured by NASA tracking, refines the orbit to the accuracy required for
image processing and then pfopagates the orbit in time with a simple elliptical
orbit model. The necessity for navigating the imageries from geostationary
spacecraft systems arises from the fact that images taken by the éatellites
tend to move. This apparent motion of the images can be attributed to three
things. First, the orbits of the spacecraft are not perfectly circular as
theories require. Secondly, the orbits are usually inclined relative to the
earth's equatorial plane. Thirdly, the spin axis of the satellite is usually
not paraliel to the spin axis of the earth. The net effect of these is to cause
the satellite images to make a figure eight pattern.

I did not have the opportunity to navigate images on the McIDAS,
but I was acquainted with some of the procedures used at the Center for doing

this,
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(viii) The METEOSAT is the geostationary satellite owned and managed
by the European Space Agency. The satellite was launched in December 1977
with a subpoint near the Greenwich meridian and the equator. This launching
of the METEOSAT presages a new era for meteorology over the West African
continent. With the ATS/SMS generation of satellites part of the region is
too close to the terminator and most of the region is completely outside the
field of view of the satellites. The data from these satellites, as far as
this region was concerned, were only useful in the western edge of the region.
The METEOSAT is located right over the region. This makes for better resolution
of data and better coverage of the region for the WAMEX experiments. The
METEOSAT also has three channels -- the visible (0.4-0,7u ), the water vapor
(6.7 1), and the infrared (11.2 ). The water vapor channel is of special interest
Lince it will allow for the tracking of moisture over the region. The informa-
tion about moisture distribution over the region is very important to the study
of the monsoon over West Africa.

The process of storing the METEOSAT data obtained from the European Space
Agency on the McIDAS had just begun during my stay at SSEC. However, I had the
opportunity of looking at some of the data from the water vapor channel on the
McIDAS. I was also acquainted with some of the problems involved with the use
of data from the METEOSAT. I hope to become better acquainted with this satellite
during my short visit to Darmstadt, Germany.

In the meantime, I have g;ne through some relevant data from the Defense Meteo-

"rological Satellite Program (DMSP) satellites of the United States Air Force in
preparation for the WAMEX program. The DMSP satelliteS‘aré in sun synchronous

circular orbit about 450 nautical miles above the earth. Two types of data are

obtainable from these satellites -- visible data, which is a measure of reflected solar
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radiation, and infrared data which is a measure of emitted earth and cloud
“"radiation. The resolution of the satellite is 2.0 nautical miles in the visible
data and 2.4 nautical miles in the infrared data at the subpoint. Better reso-
lution is available in both the visible and in the infrared with some of the
DMSP satellites.

Data from the DMSP are available at SSEC and I have made copies of the
data that will be of research value to the WAMEX program.

2. Research with Conventional Data

I had an opportunity to go through some of the conventional data
collected during GATE and to be familiar with how the data was integrated
with the satellite data to analyse synoptic and mesosynoptic systems over the
area of the experiments. However, an equally exciting experieﬁce was the use
of the conventional weather information brought into the McIDAS for synoptic
analysis of the current weather on the system. Only those who have undergone
the ordeal of analysing the synoptic charts manually can appreciate the
amount of labor that has been removed by the process of analysing charts on
the McIDAS. General information on the kinematics of the atmosphere can be
obtained promptly. Up-to-date weather information for airline operations and
for the general public can, therefore, be provided.

For research purposes, the capabilities of McIDAS can be used to
analyse a large amount of data to start with, and to select the more important
data for thorough analysis. Figures 7-15 illustrate some of the operatioms
that can be accomplished on the McIDAS.

3. Computation of Cloud Drift Winds from Geostationary Satellite Imageries
on the McIDAS

An example of winds generated on the McIDAS is shown in Figures

16-24, The data used was chosen from the numerous data from the geostationary
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satellite, GOES-2, archived at SSEC. The data was for June 22, 1978
(1000-1200Z) . The area over which the computation was made was centered at
about latitude 10°N and longitude 30°W.

The philosophy behind estimating winds from the cloud motion observed
from geostationary satellites is predicated on the assumption that if cloud
tracers are properly chosen and tracked their motion will reflect the speed of
the air in which they are imbedded. The knowledge to achieve this runs through
the gamut of many recognized disciplines —- celestial mechanics, radiative
transfer, spherical geometry, algebra, microphysics of clouds, etc. Most of
the computations which a few years ago had to be done manualiy and sometimes
with the help of computers can now be done quickly and with great efficiency
on the McIDAS. There are many problems attending the estimation of winds from
cloud drifts observed from satellite platforms. Some of these problems are
discussed in subsequent paragraphs.

(i) Some problems involved in estimating winds from geostationary satellites.

(a) Problems of Navigation: Navigation is the process by which

satellite motion is removed from the cloud motion computations. To have
confidence in the use of satellite imagery used for cloud motion computation,
one needs to know the earth location of cloud tracers of interest. Due to
orbital effects, the earth moves around within the image plane of the satellite.
The knowledge of where the position of the satellite is and how it is oriented
in space vis—a-vis the earth is required. The navigation process therefore calls for
knowing the satellite attitude-and to use the information to make a trans-
formation from the satellite image coordinate system to an earth coordinate system.
At SSEC, the scientists have developed a good technique to‘accomplish the navigation
pProcess on the McIDAS

(b) Problems of determining cloud heights: From experience,
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meteqrologists know that the variation of winds with height can be quite large.
This‘makes the precision with which the level at which the cloud tracers are
"beingatracked rather poor. The scientists at SSEC have employed several methods
~ based on the infrared data and are experimenting with other techniques.

The téchniques now used at'SSEC, and which have been incorporated into the
McIDAS, have met with some success. The cloud height system developed at
Wisconsin uses the visible channel data to determine the optical thickness of
the cloud tracer of interest. The optical thickness is then used to detérmine
the infrared emissivity and this measurement, in conjunction with fractional
cloud measurement, ié then used to correct blackbody temperature. This infrared
cloud temperature thus obtained is then equated to the actual cloud temperature,
and the height is determined through comparison with temperature and height in
standard atmosphere sounding.

(¢) Problems of clouds not moving with the speed of winds in which
they are embedded: 1In nature this situation probably obtains more often than not.
However, good judgment in selecting a suitable cloud tracer by a competent meteor-
ologist can reduce errors due to this problem considerably. The McIDAS permits
its users to make decisions of cloud selection of this wind.

(d) Resolution errors: The accuracy with which cloud drift
winds can be estimated from satellite imagery also depends on.the temporal and
spatial resolution of the imageries used. Data obtained near the subpoint of the
satellite and at 5-10 minute intervals are bound to produce better results than
imageries obtained near the terminator and with longer time intervals. Effects of
these parameters on cloud tracked winds have been taken into account on the McIDAS.
Pixel sizes are matched to image timing by averaging data. For the examples shown

in Figures 16-24, images at about a 30 minute interval from GOES-2 have been used.
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(e) Operational errors: Magnitude of this kind of error depends
largeiy on the operator of the McIDAS. The greater the competence of the
operator and the longer his experience, the smaller the error. My three months
- experience with the McIDAS can hardly be regarded as adequate to reduce errors

of this kind to the minimum. However, from the computations made from the wind
set shown in the examples the expected magnitudes of quantifies are obtained.
Therefore, errors arising ffom limited experience have not manifested themselves
appreciably.

(ii) Procedure to compute satellite-derived winds: In this section
the procedure used for obtaining winds for this report is outlined without
elaboration and.without filling in the technical steps.

(a) The first thing to do is to obtain a series of satellite images
(three or more pictures already navigated and properly stored), with good
geometric fidelity, which are then made into a loop. This is accomplised on the
McIDAS.

(b) Suitable clouds for tracking are then identified on the McIDAS
video system. This requires experience, and a qualified meteorologist is needed
to do this. The operator then commands the computer through a keyboard using a
special language requiring no knowledge of programming. Only dexterity is required
for this aspect.

(¢) Tracking of elouds can then be commenced. Three methods of
tracking clouds are available at present on the McIDAS.
| ‘In the first case, the operator uses the cursor (which is manipulated
by one of two joysticks which are part of the keyboard eesemble) to indicate the
cloud position in line and element on two successive pictures. The navigation
transform converts line and element to longitude and latitude, and the computer

computes the cloud velocity.

T SN P R
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The second method involves single pixel tracking. Here the opérator

positions a cursor on the cloud tracer to be tracked. The velocity cursor function

" then 'automatically displaces the cursor from one picture to the next according to

the position of the second joystick. This displacement is linear within the display
television set., The computer then computes the distance covered within the time
interval and produces the speed.

The third method(is called "correlation tracking." This method
of tracking is more accurate than the single pixel tfacking system, even though
that method has its own utility. In the example shown here the winds have been
computed by correlation tracking. With this method, the operator uses a square
box cursor ('manipulated' by a joystick) which he places over the cloud of interest.
The compuﬁer is then commanded to perform a correlation analysis on the original
digital data within the box cursor for successive pictures. The correlation
computation measures the cloud displacement to less than a picture element.

(iii) Computation of cloud heights: The heights of cloud elements
whose velocities have been calculated can now be estimated using both the visible
and infrared data. The first step is to use the visible imagery to determine
the emissiQity of the cloud. The infrared blackbody temperature data is then
corrected for emissivity to.determine the cloud top temperature. Finally,
standard atmosphere soundings corrected for latitude are theﬁ used to determine
the height of clouds.

Both height in geopotential meters ané in pressure coordinates (mb's) are
computed. In the example reported in this manuscript.the cloud drift motions
computedlwere grouped into three levels -- low levels (from 900mb to 700 mb),

middle levels (600 mb to 400 mb), and upper levels (300 mb to 100 mb).

.
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(1v) Quality control. There is no doubt that some cloud vectors
computed will be of dubious quality for a vafiety of reasons. Cloud elements
. do change in shape and size every minute and the structure of cloud elements
being tracked may change appreciably from one picture to another.

To control the quality of cloud motion computed on the McIDAS
two procedures are adopted.

(a) Cloud measurements are made twice using three imageé. The
measuremeﬁts that do not agree with a residual criteria set by the operator
are flagged to be in error. The same quality control procedure could be applied
to height determination. A

(b) If during correlation, the best match of two images occurs
on the boﬁndary of the data matrix, the data is flaggéd.

There are several other quality control measures under
development at SSEC.

(v) Results from computations.

(a) Table 1 shows a sample from the 618 vectors computed from the
GOES-2 data of June 22, 1978 over the east Atlantic off the coast of West Africa.
The data was automatically produced and printed out as each vector is computed
on the McIDAS.

Column five gives an estimation of the level of the cloud
tracer in hundreds of millibars. Colums six and seven give the longitude aﬁd
latitude of the computed vector and columns eight and nine give the easterly (x)
and northerly (y) components of the vector. Columns ten and eleven give the
speed and direction of the vector. The last two colums give the estimatés of
the cloud thickness an& blackbody temperéture of the cloud toﬁ. The first

five columns indicate respectively the identifying number for each vector, the
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day,\and the times T, and T2 at which the positions of the cloud element were

1
- determined (the speed was determined using the time interval T2—T1). The
vectors were sorted out and grouped into three levels —- lower level (900-700 mb),
middle level (600-400 mb), upper level (300-100 mb). Some averaging process
was used to smooth the vectors for each level and the resultant vectors
were plotted by the computer as shown in Figs.
(b) Derived quantities of the cloud motion fields: Table 2a-j,
3a-j, and 4a-j show derived quantities from the cloud motion fields. The grid
is a 5° by 5° grid. It must be noted that these computations were made solely
to illustrate the possible analysis that can be made with the cloud motion
fields and not for making conclusions about the state of the atmosphere over
the area where the data was taken. To do this a more careful analysis of the
data will have to be made. This will be done in the future.
Tables 2c¢-2d, 3c-3d, 4c-4d give the field of relative vorticity
and divergence. The tables 2e-2g, 3e-3g, and 4e-4g give the stream functions
and the non-divergent wind values, respectively. The velocity potential and

the divergent values for the u and v components are shown in Tables 2h-2i;



CHAPTER IV. POSSIBLE IMPACTS OF THE McIDAS SYSTEM ON

METEOROLOGICAL OPERATIONS AND RESEARCH IN NIGERIA

The examples of the application of the McIDAS systems for the analysis
Of meteorological data at SSEC given in previous chapters bear out the promise
that the McIDAS system .or systems based on the McIDAS idea will become common

features in meteorological research centers, and airline operation centers in

. the foreseeable future. Whether African countries should take advantage of

this kind of technological advancement at this stage of their development is

a subject that often provoked heated debates; and fof good reasons. Certain
questions are usually ésked when decisions about introducing results of modern
technology into many African countries are made. First, can the country provide
the monetary outlay to acquire such technology? Secondly, does the country
have enough human resources - (qualified personnel) to mount an effectivé
scientific program to justify the investment? Thirdly, are there complementary
facilities (reliable power supply, technical staff to maintain the equipments)
to make the importation of the results of modern techﬁology (or the technoliogy
itself) into the country? Fourthly, do the priorities of the country warrant
the investment? Fifthly, how would the new technology help.in the development
of the country? Sixthly, can the‘country improve on the technology it is
importing? These and similar questions are usually asked by African governments
before they make decisions on introducing products of new technology iﬁto their
countries. Some countries ponder answers to theée questions carefully before
they take decisions. Some do not even ask the questions (let alone find answers)
before they acquire new products of modern technology. The results in such
cases are disastrous.

In the case of Nigeria the following can be said:

=
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First, there is a growing awareness of the usefulness of remotely sensed
>data for land use analysis, water resources, etc., within the country. There

is also an awareness that the data involved could be enormous. The task of
learning how to use this data in Nigeria has already begun. A system like the
McIDAS may make the task easier.

Second, Nigeria has produced some scientists (even though the community is
still small) in the Earth, Space and Computer Sciences to appreciate the utility
of a system like the McIDAS.

Third, with the present stage of the development in the country some
complementary facilities can be provided to support such a system.

Fourth, there is a plan (part of which is under execution) to build or
expand the existing facilities for weather forecasting and analysis in the
nineteen states of the country. There is also a plan by the government to
expand research in atmospheric sciences in Nigeria. More meteorological data
will be generated as a result of these expansions. The McIDAS type of equipment
may be the answer to the effective management of such data.

Fifth, Nigerians are receiving training and participating in research in
every sphere of scientific endeavor around the world. As these people return
to Nigeria, local expertise in various areas of science and technology are
developed. Currently a colleague, Dr. F. B. A. Giwa (from Nigeria), with
interest and experience in instrument design, computer programming and meteorology
is spending his sabbatical year at SSEC. There are Nigerian scientists at the
Jet Propulsion Laboratory and at the Agency of the United Nations dealing with
the peaceful uses of outer space. Several Nigerians have also undergone the
United Nations (FAO) training in the use of satellite derived data for application

in forestry and water resources.
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Nigeria is an active participant in the WAMEX program, and Nigerian
scientists will be very much involved in the.collation and analysis of the
data obtained during the experiment. The McIDAS system is the ideal for archiving
and retrieving such data.

The apparent cost of the McIDAS system can be deceiving. There are many
examples of routine use of systems and techniques, once considered too expensive,
that have actually sometimes proven to be economical. The acquisition of the
McIDAS type of equipment for use in atmospheric and space résearch in Nigeria

may turn out to be a wise investment.



CHAPTER V.  CONCLUDING REMARKS

In the preceeding chapters I have attempted to summarize my experience at
the Space Science and Engineering Center of the University of Wisconsin-Madison.
There were many activities in which I was unable to participate because of the
limited time available to me. However, it was possible for me to discuss in
~ general tefms some areas of future cooperation with the scientists at thel
Center. The two areas of cooperaﬁion in the immediate future are:

1, Study of‘the structure and the propagation of tropical cyclones
using data (visible, infrared, water vapor) from satellites. In this study,
advanced methods currently being developed at SSEC will be used to investigate
the tropical storms along the general lines in which I have worked in the past.

2. Study of convective systems over the land areas of Wést Africa.
Possibilities of a joint investigation of the convective systems over West
Africa (with some data collected during the WAMEX pfogram) by myself and
some scientists at SSEC have been discussed in general terms. There is no doubt
that this investigation will benefit from the experience gained from the analysis
of GATE data by scientists at SSEC, and by myself. Details of such a joint
program will be drawn up in due course.

If plans to carry out these joint programs materialize and are carried

out successfully, then they will open new areas of further cooperation.

-
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FIGUKE /. Surface winds ror 1ZUUZ, 1U August 19/8 over North America
plotted over GOES-2 satellite imagery, 1430Z, 10 August 1978.

FIGURE 8. Surface streamlines and divergence 106 sec™l for same situation
as in Figure 7



FIGURE 9a. Surface equivalent potential temperature GE (situation same
as in Fig. 7)

FIGURE 9b. Dew point temperatures




FIGURE 10.

FIGURE 11.

Streamlines for 700 mb surface, 1200Z, 10 August 1978

Streamlines for 500 mb surface (situation

same as in Fig. 10)




FIGURE 12. 24 Hour height change for 500 mb surface 1200Z, 10 August

FIGURE 13. Streamlines for 200 mb surface (situation same as Fig. 10)




FIGURE 14. Upper air sounding for station 72465, 1200Z, 10 August 1978

FIGURE 15. Enhanced satellite picture from GOES-2, 1430, 10 August 1978




FIGURE 16. GOES-2 satellite picture for 10 August 1978 of coast of West
Africa. Center of picture 10°N latitude, 30°W longitude.

FIGURE 17. Same as Figure 16 but in infrared




FIGURE 19. Gridded version of Figure 18




FIGURE 20. Computed cloud motion vectors from satellite data in Fig. 17

FIGURE 21. Gridded version (2° x 2°) of Figure 20




500-400

FIGURE 23. Same.as

Figure

22, but for 600-400 mb winds.
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FIGURE 24. Same as Figure 23, but for 300-100 mb winds
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TABLE 2a
Lower Level Data, 900-700 mbs

U WIND COMPONENT (M SECw1)

__ ANALYZED VALUES

wlly =9y wBs O . @¢.  'Bs 0Os Do

Oy Ds

'flow L -X) =4, -Q;W“;éo ;ll.

»9¢ «]0 =be -8 =6y -8, Oe Oe

=7y <8+ =b6s =9, =be =B84 =8, O

=7, 0 7 ;100 =7 Qe Oe O

0. 0. O O O d: 0; ‘wd;u“

TABLE 2b
Lower Level Data, 900-700 mbs

V WIND COMPONENT (M SEC=1)

____ ANALYZED VALUES

-y, -3 -4, O, Oo Oe O, O,

=S¢ 3« =2+ =4s =4, =2. O, O,

'20 2; -] =2 =3, =4, 00 OI

Ie ls  2s la =24 =5, =54 O,

3, 3¢ 2o le q.' LX) 0; _0;

0, D0. Os O¢ Os 0O« 0o O



____ANALYZED VALVES .

TABLE 2c¢
Lower Level Data, 900-700 mbs

RELATIVE VORTICITY (10=6 SEC=1)

B 5. 5. o, B 5. o, oy
Bs  2s s =9, AUMEN. 3. Gs -
@1 ~2» =Bs =7 GEECEL . 4, D,
By 2. ”:TI__ZETfW:ZIM*ZJJ""'q. Bl
T u.jﬁd.7~67“'qf"f§f‘ 0.
B 0. 0 Gi SR 0. 0s
TABLE 2d
Lower Level Data, 900-700 mbs

" DIVERGENCE (10-4 SEC=1) B
Bs O+ ©Ose Q¢ O: ©Bs O, DO,
Os 24 w=ls =2¢ =3¢ (2« 10e¢ O,
0. 5S¢ =3, =5, =2. 8, :z. 0,
Oy =0¢ =44 =2, =be =0, B8, O,
G ds 1s le Sty 2, 4y O
6. 0. 0+ 0+ Os 0. O 0,



TABLE 2e
Lower Level Data, 900-700 mbs

STREAM FUNCTION (10 M)

_RELATIVE HEIGHY VALUES

292 149 1e6 le4 1.4 143 o9 o7

1e2 1ol lel 1ol 9 '8 o5 o4

o4 o 5 5 ] sl o0 nel

melf @el @93 =e3 =33 me4 wsb =5

w]02 =142 =1¢2 =102 =lel =lel mle2 =9

el1o7 =1e7 =127 =leB “Job =1sb =1s8 =1¢3

TABLE 2f
Lower Level Data, 900-700 mbs

U WIND COMPONENT (M SEC=1)

NONDIVERGENT VALUES

«]lse =9¢ =8+ =0, Do 0, =0, 0,

=11l -7e¢ =5, -l b ‘7; ;qo =3,

*7¢ =lls =7 =8, =4y =5, -3, -4,

«7. ~10e =70 =10+ =5. =5e¢ =9 =3,

b, -9 =7¢ =10, =7 4 -2, =2,

(0]% >00 Oe 'O;N >i0 =0, 0; 0,




TABLE 2g
Lower Level Data, 900-700 mbs

TV WIND COMPONENT (M SEC=1)

__ NONDIVERGENY VALULUES

iy, =3¢ =4, =0, L, =B - w3 "Qe

w6y 1s m2s w4  wde NREL =4, Da

2 20 =0 =] =2 -] le Oe

U8 s, ¥ Bh REE Tehe MO BRI

3. 3 O lo 20 =5 2e 0!

0e 1+  Oe  1ls  De 1e 2+ Oy

TABLE 2h
Lower Level Data, 900-700 mbs

VELOCITY POTENTIAL (10 M)

RELATIVE HEIGHT VALUES

1e2 1ol lel . 1ol .9 8 '3 o4

ol o 4" 5 ys 3 ;l 0 =e0

sl mgY4 we3d me3 =e3 =44 =eb =45

w]le2 =]1e2 =102 =102 =lel =lol =1e2 =e9

=117 #1s? slad mlsd Slatk wigh =lsd w=ied




TABLE 2i

Lower Level Data, 900-700 mbs

U WIND COMPONENT (M SEC=1)

__DIVERGENT VALUES _

Ob ©O¢ ©Oe DO, Os 0s O O,
0, 1s s  Os =34 = 4, 0Oy =l
Oe le 2¢ =ls =24 =3¢ 3. O
By | 2s» s Gs mllk  #Hy 1x. O« - 10N
O¢ D¢ Os¢ O+ =0s =l¢ 2+ O
Ba Ge 05 ©Os DolanOe:. Bs 0o 0
TABLE 2j
Lower Level Data, 900-700 mbs
V WIND COMPONENT (M SEC=1)
DIVERGENT VALUES _ s S L LI
0, 0Oe¢ 0+ O, O« iDs Dy O
0, le aly =0, Oe 2. 44 O
O¢ «0s =lo =lo =1y =3¢ =lo O,
O0¢ =1l le le 0O+ =le¢ =24 O,
Oe O 2 le 2¢ =ls =2, O,
Oy  ©Os  Os DOy Bs . OG¢ Oy O5




TABLE 3a
Middle Level Data, 600-400 mbs

SECwE)

U WIND COMPONENT (M
_ ANALYZED _VALUES
O, <0e Oe DOy Oe =lle Oo O
7y =]le¢ =le¢ =3¢ =10 =11le =% O,
wFe =80 wl7e =7 =5e¢ wbo =8 Qe
-8, =8 e ~;70 =7 w‘éo ;90 Oe >00
Op =10 w9e =% =7 e Oe O O
0. 00 0. 0. 0' 00 00 00
TABLE 3b

Middle Level Data, 600-400 mbs

"V WIND COMPONENT (M SEC=1)

___ANALYZED VALUES _

0, S O O Os =1e 0, O
3. 5. 0s =2y =3. =ls =24 0O,
Te 2¢ =ls =les =2¢ =1s =3¢ 0O,
T TEEL ' "
Bs <ja J&¢ DB3x 40y 8y Os Do
Os  Bs Oa 0On 0x - O Oy . G



TABLE 3c
Middle Level Data, 600-400 mbs

TRELATIVE VORTICITY (10-6 SEC=1)

___ANALYZED VALUES e e
0, 0. 0O+ O, Os 0. 0. O
Os =10s =13¢ -10s =5, 5. =be¢ O¢
Os =8s =Be =5+ 35 0l@e - 9¢ Os
Do =lo =le =7¢ =6+ 9, 10, Oy b
Be B¢ 9« Bs« 3m, By By Do
8, 0. 0s DO. Osllb8s 0s Ov
TABLE 3d
Middle Level Data, 600-400 mbs
DIVERGENCE (10-6 SEC=1)
0, O Oe O O Oe 0, O,
Os Be =ls =7¢ =5, le 13¢ DOy
Oe 6¢ =0o =0, 30 =1 3. 0,
O 3¢ ®2¢ =24 =2¢ 44 54 0y
Os =7 2, 2 3 4 0O, O
B¢ Os Os G By ©Os 0« Do



TABLE 3e

___ RELATIVE HEIGHT VALUES

e 1eD 1eZ Le3 le5 128 }s% Lo
*4 48 1+0 lel 1e0 140 12 te2
=93 2 o4 o4 3 3 «3 o7
wled ws7 wyb =32 wed meE «+3 o3 . Lod
"105 =145 =1¢3 wlsl =140 =1¢0 =¢7 =03

wish =1aB *ha? rlob =il ad =53 =10}

TABLE 3f

Middle Level Data, 600-400 mbs

___ NONDIVERGENT VALUES.

U WIND COMPONENT (M SEC=1)

Os =O¢ =0s =0y O« =11s O, O,
«S¢ =le¢ =4y =34 =lle =10s =6b¢ =0y
-9, -7.‘ =bs =7+ =84+ =9, =5, 2,

«7¢ =7s =B« =75 #Byg «lbs <«0; (O L
=24 =9s =be =84 =74 =3¢ 04 o

O: «0s Os Des O+ D0Os -=O0¢ Os -



TABLE 3g
Middle Level Data, 600-400 mbs

V WIND COMPONENT (M SEC=1)

__- NONDIVERGENT VALUES _

O 3e Qe 20 O 2e =0, O

3, Se =l =2 LR | O ;0.“’m

Ie 20 =2 -2, =3 LX) -2, =0,

lo de 2 2¢ -5 =5 -l =0,

Do le 2e 3, le le =0, =0

e =20 lo Oe » 2¢ O« -I;A 70‘

TABLE 3h
Middle Level Data, 600-400 mgs

VELOCITY POTENTIAL (10 M)

__ RELATIVE HEIGHT VALUES

09 1e¢0 162 193 1¢5 148 169 1leéb

o8 o8 140 1ol 1¢0 140 102 1le2

L 02 ol o4 03 '3 *3 o7

w]lel -y7 welS -el -e3 ';5 '03 e 3

w]e5 =145 =143 =lel =140 =140 =e7 =03

wleb =108 =le7 =106 =1e8 =104 =103 =le}




TABLE 3i

Middle Level Data, 600-400 mbs

U WIND COMPONENT (M SEC=1)

_ DIVERGENT VALUES

O, ©Oe¢ DOs Oy Os ©s« DOy D%
D¢ =0e¢ 38 =0+ 1o =le =3¢ 0Oy
Oe =ls =1+ =0¢ 3¢ 4o =20 O
De.. =is - v =i+ =bs, s Os. 0Of
O wle =24 =ls =0¢ 3, =0 O,
0w O« 0+ Oy Os 0. Os O
TABLE 3j
Middle Level Data, 600-400 mbs
"7V WIND COMPONENT (M SEC=1) .
DIVERGENT VALUES o
Bs DO+ Ds Oe¢ Os MBs D0Os . 04
By =0s  1s  Js deliwEs wkx , 0
O, <o, le 24 le 4o =le 0o
Be: »e =bBs =iz ORI Bs s D r
O¢ =2+ wls =0¢ =l¢ =l¢ O« O,
===""N: " b O» 0Oy, @y . Os BOs Bs .



TABLE 4a

Upper Level Data, 300-100 mbs

U WIND COMPONENT (M SEC=1)

__ ANALYZED VALUVES

8. 0, 0. O, 0+ 0., 0. O
a9 53y =ls B 03 wils mbe Os
=10, =10 =8¢ =74 =94 =7 =4¢ D¢
5 am; w0, =% WOEz)  wbe Ds
0, =10s Os =94 D0+ 0« O+ DO
B O By Os  BRUBBE . v O CEE
TABLE 4b

Upper Level Data, 300-100 mbs

V WIND COMPONENT (M SEC=1l)

____ANALYZED VALUES

O Oe O 0o O O O, Oo
5, H4s Os Os 0O¢ =le¢ =le¢ DO
3. 3. -1. Oe =1ls =0s =0e¢ O
De  Os wZs =43 =5¢ =3¢ w2e 0,
Oy, -lo Os =80 O¢ O 0. O
5 B O, 8. 8. 0s 0. 0O,



TABLE 4e
Upper Level Data, 300-100 mbs

" RELATIVE VORTICITY (10=6 SEC=1)

ANALYZED VALUES _

O Oe Oe 0. 0. D O oi

0. ')QOM:TI;‘ -%; "G e '8; -3, O

Oe¢ =8¢ =100 ;100 wbo ~]le 1o O

O =3+ 3+ =4e ¢ e 6 O

0. 8o 20 T 7 5, O

e e i e e

0, O O Oe B D4 oi"f Oe

TABLE 4d
Upper Level Data, 300-100 mbs

T DIVERGENCE (10=6 SEC=1)

Oe 3. 20 le ebe mbhe 7. O

O, Se e 3 Y X 7 Oe¢

O kI le 1le e =0« be Oe

0. Ce wle =3¢ 3¢ =3¢ =2 Qe

O, Oe Oe Oe Qe Oe O Ce



STREAM FUNCTION (10 M)

_ RELATIVE HEIGHT VALVES _

TABLE 4e
Upper Level Data, 300-100 mbs

o2 141 140 140 140 1ol 100 8
«9 1l 1.I—‘775"f—75"‘”T§*_»-1 v
'l '5 b o6 3 .2 el ol
e LT DT (- AP RPN 1
ce7 =09 a8 =140 =142 =141 =09 o7
_— ECENTER TR

U WIND COMPONENT (M SEC=1)

-1'2 -1.0 -

TABLE 4f
Upper Level Data, 300-100 mbs

_ NONDIVERGENT VALUES .
Oy, =0+ =0s =0, =0s 0+ O, O
wbe =20 =20 =ls =24 ~H4e =bs =20
«By, =8: =Bs =74 =8. =Be =bs =3,
ZWy =%s wBs =93 =00 Shs =bs w3y
Os =9¢ =ls =7¢ 0Os =1s 04 =1l
B¢ =05 Ov =0% . 0Os =0e DOs 85,



TABLE 4g
Upper Level Data, 300-100 mbs

V WIND COMPONENT (M SEC=!)

___ NONDIVERGENT VALUES

O wle w0, e, 1o 1o w2, Oe

Se 2¢ =29¢ =2¢ w30 =3 e4e =04

3 2¢ Lo w2 =2, -2 2 Oe

0. 2¢ =1+ =24 =Hs =l¢ Oy DO

O« 2o O LE ) le le 20 O

0, De T 25 wbe Lo O

TABLE 4h
Upper Level Data, 300-100 mbs

VELOCITY POTENTIAL (10 M)

_ RELATIVE HEIGHT VALUES

193 1s2 10 10 Jall Lol 14} )

29 1Tsl1 1s1 sl 58 - 18 7 b

el “e5 v b e b 3 2 R o]

3B Se2 mel =43 gl mib web -943

=7 -9 »e8 =140 =1lol! =l.l -9 ~e?

me® mpe? =hs0 wled “1s2 *loZ *is] =1e0




 DIVERGENTY _VALVUES

TABLE 41

Upper Level Data, 300-100 mbs

U WIND COMPONENT (M SEC=1)

O

Oe

O.

O

De

0,

=0

O

lo

2.

O

O O,

=3

-lO. 0.

0.

O

Oe

2, Oe

0.

w2

=2

bs Oe

)

le

-0. 00

V WIND COMPONENT

O

Oe

Oe

O

TABLE 4j
Upper Level Data, 300-100 mbs

-00

0, O,

_ DIVERGENT_VALUES.

(M SEC=1)

0.

O

Oe

O.

O.

O

O

O

de

2¢

3

Oo

20

2.

Oe

O

Oe

m2e

-2

O

O

=0,

0.

O

Oy

O

O



