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Introduction 

Historically, the USA has been a leader in the 
training of users throughout the world in the 
appl ication of meteorological satellite data. Over 
the years, in cooperation with WMO, NOAA's 
National Weather Service (NWS) and National 
Environ m enta l Satellite Data and Information 
Service (NESDIS) have provided a number of 
successful satellite training courses. As one 
might expect, the pro l i feration of meteorologi-
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cal satellites and the evolution of multichannel 
datasets, coupled with users becoming i ncreas­
ingly sophisticated in their ability to display and 
analyse satellite imagery, has resulted in great 
demand for advanced training in the use of 
those data. That increased demand, coupled 
with a limited number of experts available in the 
major satellite-operating countries, prompted 
WMO to develop a new training strategy known 
as "training the train ers ." In November 1995, 
NESDIS scientists travel led to the Costa Rica 
Regional Meteorological Training Centre ( R MTC) 
and participated in the fir st training course under 
this new strategy. D uring the course, Dr Donald 
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Hisman (WMO) and the author met with Dr 
Vilma Castro Leon (Costa Rica RMTC) and sci­
entists from both the National Meteorological 
Institute and the University of Costa Rica to 
explore the possibility of implementing an inno­
vative approach for both train ing and applied 
research in satel l ite data utilization. The collec­
ive desire was to demonstrate how an RMTC 
could develop considerab le expertise in the uti­
lizaticn of, and training capability with, digital 
GOES satel lite imagery by participating in a "vir­
tual laboratory" with NOAA's Cooperative Insti­
tute for Research in the Atmosphere (CIRA) and 
Cooperative Institute for Meteoro logical Satellite 
Studies (CIMSS). 

Background 

The effort was undertaken in the spirit of the 
45th session of the WMO Executive Counci l , 
which recommended that "each satellite opera-
tor ... cooperate with at least one of the special­
ized satellite applications training centres ("cen­
tres of excel lence") strategically located around 
the globe with regard to the satellite training 
programme, fac ilities and expertise required". 
In this activity, CIRA, CIMSS and the Costa Rica 
and Barbados RMTCs are participating in a 
demonstration project that i s designed around 
the concept of a virtual laboratory. The virtual 
laboratory is modelled after the high ly success 
ful RAMSDIS ("regional and mesoscale meteor­
ology advanced meteorolog ica l satellite demon­
stration interpretation system") program (Molenar 
et al., 1 9961 . The RAMSDIS program uses Inter­
net for data transfer from a NESDIS server to 
selected NWS offices, where inexpensive com­
puter technology is used for imagery display, 
analysis and animation (movie loops). The origi­
nal purpose of RAMSDIS was to provide half­
hour ly digital GOES satelli te imagery and prod-

ucts to NWS offices for: (al assessment of data 
quality; with d igital satel l ite data 
and products and establishment of a baseline 
for training needs; and (c) improvement in the 
utility of satellite imagery and derived image 
products . Throughout t he programme, CIRA 
provided the expe r t guidance for NWS f ie ld 
offices in the use of the data. An electronic bu l­
letin board allowed participants to share experi­
ences in the use of satellite imagery for fore­
casting, whi le providing a forum for discussion, 
questions and answers. Computer-a i ded learn­
ing (CAL) modules were developed by RAMM/CIRA 
staff (Phi lli ps and Purdom, 1 996) and placed on 

all RAMSDIS systems. One CAL module, Intro­
ducton to GOES8, covers basic capabilities of 
the new GOES series and inc ludes comparisons 
with the previous generation GOES; the other, 
GOES8 3.9 Micron Tutorial, focuses on special 
uses of the 3.9 µm channel. RAMSDIS has sig­

the utility of satellite imagery 
at NWS forecast offices: response from the field 
has been exceptional and uniformly positive. In 
addition to meeting i ts original goals, the RAMS­
DIS effort has a ided in r ef ining advanced GOES 
products. The ef for t has expanded in scope to 
include a number of research-related activities, 
with appl ied research activity under way at sev­
eral NWS forecast offices. S imilar to the RAMS­
DIS progr am, the RMTC virtual laboratory utilizes 
inexpensive PC technology and digital tapes, CD­
ROMS and Internet for data distribution. Although 
the goals of the RMTC effort are s im i lar i n nature 
to those of RAMSDIS, they are, however, more 
aggressive. Because the RMTCs were already 
specialized satellite appl ications train ing cen­
tres ("centres of exce llence") the major thrust 
of the vir tual laboratory became: (a) familiariza­
tion with digital GOES satellite data and prod­
ucts; (b) participation in joint research projects 
uti l i zi ng GOES digital data; and (c) the develop­
ment of t ra in ing cases for use by the RMTC. 

The backbone of the RAMSDIS program is 
an advanced, menu-driven analysis-a nddisplay 
system developed at CIRA. The system is based 
on Mc lDAS-OS2 and uses stateof-the-ar t Pen­
tium PC technology. The RAMSDIS PCs at the 
RMTCs are capable of displaying imagery using 
256 colours or shades of grey. Images displayed 
on those systems are 480 by 640 pic ture 
elements in s ize. By utilizing computer memory 
(RAM), up to 250 frames of image data are avail­
able at any time. The ingest systems contain a 
1 . 2 GB hard disk drive, while the research 
RAMSDIS PCs have larger storage capacity for 
archived case-study and research datasets. 

On the RAMSDIS PCs, real-time GOES8 
satellite data loops (visible, 3.9, 6.7 and 1 0. 7 µm 
channels) and products can be viewed by sim­
ply pressing a function key. A list of the data 
and associated display resolution and ingest 
frequency are shown in the table overleaf. Easy­
to-use menu driven satellite data analysis rou­
tines are also provided on the system. Applica­
tions developed by CI RA include routines to 
enhance, combine and improve data interpretation 
and analysis . To enhance sate l lite imagery, the 
colour look up table can be shifted to highlight 
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GOES imagery loops available on Costa Rica 

Data type 

Visible 
Visible 
3.9 µm I R 
6.7 µm I R 
10.7 µm IR 
LO.7 µm IR 

6.7 µm IR 
6.7 µm I R 
Fog product 

Reflecti vity product 

Display 
resolution 

I x 1 km 
2 x 4 km 
2 x 4 km 

2 x 4 km 
2 x 4 km 
2 x 4 km 

I6 x 16 km 
4 x 8 km 

2 x 4 km 
2 x 4 km 

Image 

frequency 

30 min 

30 min 

30 min 
30min 
30 min 

2-h averages 
60 min 
30 � min 
30 min 
30 min 

specific data features such as c loud-top tem­
peratures. In addition, the cursor can be placed 
over a cloud top and the min imum, average and 
maximum temperatures beneath the cursor can 
be d isplayed. A time-series of imagery can be 
averaged into a single product, which can be 
used to indicate areas of heavy precipitatio n . 
Several applications have been developed to 
determine wind velocity, storm motion and fe a ­
ture arrival time at a specific loc at ion. Analysis 
af a time-series of imagery with the storm motion 
removed provides the ability to isolate and study 
flow patterns relative to storm development and 
decay. Another usefu l appl i c at ion is the abil ity 
to overlay surface and upper-air plots and anal­
ysed f i e lds. 

The hardware and softwa re capabilities d is­
cussed above make the RAMSDIS PC a power fu l , 
easy-to-use, low-cost workstation for the analysis 
of digital satellite imagery. RAMSDIS provides the 
ab i l ity for remote sites to share software and data 
on a common platform, which is essential to the 
success of joint research and training efforts . 

Activities during the demonstration year­
getting up and running 
The first year has been a busy one. Since the 
summer of 1996, CIRA, C IMSS, and the Costa 
Rica a nd Barbados RMTCs have been partici­
pating in a virtual laboratory focusing on a famil­
iarization, research and training programme in 
the use of digital GOES satell i te imagery. After 
receiving funding from the NWS I nteragency 
Activities Office, CIRA purchased and config­
ured two RAMSDIS PC units for each RMTC, 
with CIMSS providing McIDAS software for each 
unit. For each RMTC, one RAMSDIS un i t was set 
up for research, while the other was configured 
for real-time data ingest over Internet. In July 

Frames 
in loop 

16 
16 

1 6 

I 6 
I 6 
16 
24 
16 
16 
16 

Comments 

Zoom in from 2 x 4 km visible 
Intcmct 
Intermet 
Zoom in from 4 x 8 km 6.7 µm IR 
Intemet 
Average of images from 10.7 ingest 
Internet 
Internet 
Derived from 3 . 9 and 1 0 . 7 data 
De rived from 3,9 axi 1 0,7 data 

1996, GOES-8 data covering each RMTC's area 
of interest was loaded onto the hard drive of 
the appropriate research RAMSDIS PC, which 
was then sent to the RMTC: this allowed RMTC 
staff to become familiar with the RAMSDIS PC 
functional ity prior to specialized train ing at CIRA. 
In mid-August 1 996, Dr Javier Soley (Costa Rica) 
and Mr Selvin Burton (Ba rbados} v i s ited CIRA 
for train ing related to RAMSDI S PC and G0ES-8. 
During that week, in itial resea rch topi c s were 
agreed upon. After the training, they returned to 
their respective RMTCs and shared their newly 
acquired knowledge with colleagues about RAMS­
DIS and its menu driven applications through 
demonstrations and hands-on training. An Inter­
net-compatible RAMSDI S PC was shipped to 
Costa Rica in the late autumn and, through per­
sistent work by the RMTC staff, Internet access 
problems were solved and the system was run­
ning and ingest ing data by 13 December 1996. 
Since that t ime, near-real-time G0ES-8 digital 
imagery has been provided to the Costa Rica 
RMTC via Internet from the NESDIS GOES8 
server. During night·time hours, when Internet 
traffic is light, data flow has been smooth; in 
the daytime, however, when the traffic is heavy, 
data flow has at times been interrupted. Current 
Internet service to the Barbados RMTC is not 
capable of supporting RAMSDIS PC data f l ow 
and unti l that situat ion is cor rected, CIRA will 
select datasets for case-study work. 

Since the science focal po ints from each 
RMTC had visited CIRA during the autumn of 
1 996, it was both appropriate and necessary 
that CIRA scientists who would act as the foca 
point for each RMTC shoukl undertake a recip­
rocal v isit in early 1997. Thus, Bernadette Con 
nel l visited Costa Rica during the last week of 
January 1997 and Carol Vaughn visited Barba 
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dos during early Marc h  1 997 . Those visits had 
s imilar purposes, i. e .  to : la) become familiar with 
the RM TC  operation and i ts staff; ( bl provide 
fu rther training and troubleshooting in the use 
of the research RAMSDIS un it, as well as the 
ingest RAMSDI S at Costa Rica; and (c) continue 
work on case-studies and refine areas of joint 
researc h. 

Real-time imagery 

The Costa Rica RMTC is  located at the main 
campus of the Univer sity of Costa Rica , with 
staff from the School of Physics, Department of 
Atmospheric Sc ience. This provides the oppor­
tunity for University sc ientists and students not 
di rectly associated with the RMTC to have access 
to imagery for both educational 
purposes and th e development of joi nt projects 
with RMTC staff. Th e Costa Rica system is set 
up to receive half-hourly d ig ital (8 bit) GOES-8 
data from four of the imager's channels, a s  
shown in the tab le o n  page 232 .The table al so 
shows cther image products that are produced 
on the RAMSDIS PC from the Internet data stream. 
Each movie loop can be accessed quickly from 
the function keys on the computer keyboard 
and toggle keys allow for the comparison of 
products and imagery from differe nt channel s. 
Su rface, international sh ip a nd buoy data are 
ingested every hour and plotted automatically 
on selected loops. The surface data consist of 
hourly SAO observations from the USA and por­
tions of the Caribbean islands and Mexico. Radio­
sonde data over North America at mandatory 
levels are ingested twice a day, and may be 
accessed for display on imagery th rough the 
menu system . 

The 1 6  km resolution 6 . 7 µm imagery is 
used to show broad scale, hemispher ic upper­
level flow patte rns and mesoscale aspects of 
larger-scale flow fea tu res that may influence 
weather w ith in the RMTC's area of interest. The 
magery can be expanded to a display resolu­
tion of 2 x 4 km in a different frame allocation 
area, allowing those data to be easily compared 
with the other 2 x 4 km resolution images. The 
6 .7  µm image is part ic u larly useful when used 
with the 10.7 µm image for he lping d iscrimi­
nate between thick and thin Cirrus cloud . For 
that reason, the 6.7 µm and 1 0. 7 µm imagery 
is displayed using the same colour enhancement 
for cold scene temperatures. Away from the cold 
temperature range, the 10. 7  and 6.7 µm colour 
enhancements are different: the 1 0. 7  µm  

imagery is displayed with normal wh ite (cool ) to 
dark (warm) grey shad ing, while the 6.7 µm 
image u ses white to dark grey tones to indicate 
cooler moist regions and ora nge and red colours 
for warmer dry Fo r both the 6. 7 and 
1 0. 7  µm images, the colour bar and a temper­
ature scale are d isp layed at the bottom of the 
images . To a id  i n  th e analysis of the 1 0 . 7 µm 
imagery, the RAMSDI S PC menu allows the 
colour bar to be shifted easi ly to highlight an 
operator-selected temperature capa­
b ility makes it much easier to monitor phenom­
ena such as the d iurnal heating and cooling cyc le 
of l and. Visible images that matc h the scale of 
th e 6.7 a nd 10 . 7  µm imagery a re availab l e d ur­
ing daylight hours , while matching 3.9 µm � 

image s are available 24 hours a day. From the 
visible data a c lose-up image, Figu re 1 (a) , is 
produced on th e RAMSD IS PC for di splay and 
analysis . That imagery is usefu l for following the 
evolution of clouds a ssoci ated with mesoscale 
phenomena such as mountai n-induced convec­
tion and l and and sea-breezes. Once the 1 0 . 7 
and 3 .9 µm data are received by the RAMSD IS 
PC,  de r ived image products (fog, F igure 1 (b) 
and reflectiv ity product (Figure s I (c ) and 1 (d)) 
are produced for display on the system. Those 
products are u sefu l for discrimination between 
ice and water c loud , detection of fires, and 
tor ing of volcanic ash cloud . An explanation of 
those products is provided in a CAL module, 
which resides on the RAMSDI S PC and is avai l ­
able ove r Inte r net from the RAMM homepage 
(RAMM, 1997 ] . 

The Barbados RMTC, the Caribbean Meteoro­
logic al I nstitute (CMI), does  not h ave an Inter­
net serv ice capable of meeting the demands of 
RAM SD IS data flow. Spec ial focus , t herefore, 
has  been placed on the uti l iz ation of retrospec­
tive d atasets for as we ll a s  for 
research and traini ng case development. Th e 
CMI is affi l iated with the Unive rsity of the West 
Indies, whose campus is less than 2 km away. 
The re search RAMSDI S is located at the RMTC, 
and the datasets on it are shared with colleagues 
at CMI and the University participating in its 
meteoro logy programme. 

Use of retrospective data at the RMTCs 

Ca se-studies have been c hosen as the major 
venue for research activity and training material 
development. A research RAMSOIS PC was p laced 
at each RMTC to minimize conflicts between real­
time data flow and research activity. Case-stud-
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Figure I{a) - Example of 1 km visible image that is 
derived from Ie 2 x 4 km vi s ible data and 
provides a close-up view ecn m e d on the 
arca ar ound San Jose, Costa Rica. 

Fi g u r e 1 (c) - Exampk of daytime 3,9 µm pszudo-rcflee­
ti vity prodic t: t h i s product 1s use ful for dis­
tinguishimg ice and water cloud during day­
time and for detecting fi res ( see close-up in 
Figure I ) and v ok an ic as h. In tropical 
areas. however, this capabili t y is dependent 
on the sca t tering angle. 

ies a llow for i n-depth exploration of the ca pabi li­
ties of digital satelli te imagery, encourage inter­
action within the virtual laboratory environment, 
and lead to the development of tr ai ning materi­
a l s that can be u sed at the RMTC. To encourage 
interaction withi n the virtual laboratory, CIRA 
estab l ished an e lectronic "mailing group" for 
d iscussion purposes. To fac ilitate the case study 
activity and take advantage of the CIRA satellite 
data-collection and archival capability, CIRA sci­
entists routin ely capture cases of interesting 
meteorological activity over each RMTC's region 
of responsibi lity. Unlike t he real - t ime data flow, 
those datasets contain ful l reso lution data for 
the v isible, 3 .9, 6.7 and 10 . 7  µm imagery and 
cover an area larger than the nominal 480 x 640 
i mage size . Those special data are transferred 
to either CDS or digita l tapes and sent to th e 

Figure l b) - Example of n i ght-time fog product: i n trop­
i cal regions, this product i s useful for dis 
tinguising ice (Mack) and w at e r (white) 
clouds at n i ght . It is not a daytime produc t 

Figurc 1 (/) - Example of fi res duri ng dayt ime i n 3,9 
µnm re f lect i vit y product. The fires appear 
ns numerou s bright spots in Panama 

appropriate RMTC for study on thei r research 
RAMSDIS system . A number of interesting cases 
have been shared with the RMTCs, includi ng 
one·-minute interval imagery of hurricanes, vari 
ous cycles of convective development over land 
and water, strong ind events, tropical storms 
and heavy precipitation . Both RMTCs are study­
ing hurrica ne Cesar dur ing d ifferent portions of 
its l i te. 

Two researc h activ ities are under way at 
the Costa Rica RMTC .  One focuses on the devel­
opment of rainfall algor ith ms for satellite imagery 
from Cesar. Those estimates wil l be compared 
with ground based measurements. Work has also 
started on the development of GOES-8 satell i te­
based cloud c l imatologies with data ingested 
on the RAMSDIS system. An example from the 
me soscale cloud climatologies is shown in F ig-
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ures 2(a ) and 2( b). F igure 2a shows the mi ni­
mum and maximu m brightness count derived 
from visible imagery at 1 91 5 GMT for the last 
two weeks in November and the first two weeks 
in December 1996, Note that during both peri­
ods, there are cloudy areas over the mountains 
in the minimum images, wh ile, in the maximum 
imagery for November, c louds appear over the 
entire image while the December 1996 imagery 
has cloud-free areas. F igure 2b, a 4-pa ne l of 
average imagery for 1 3 15 ,  1 51 5 ,  1 7 1 5  and 
1 9 1 5  GMT for the last two weeks in November 
1996, shows a portion of the d iurnal cycle with 
the development c f clouds in mountainous  areas , 
particularly over Costa Rica. C l imatologies of 
this type have great potential for use in tra ining 
and helping understand topographic influences 
on c loud development. They also have a broad 
variety of potentia l applications that range from 
agr icu ltural activity to solar power. 

Exciting research is also u nder way in Ba r­
bados. The genesis of hurricanes Cesar and 
Dolly, which both impacted Barbados, are being 
studied. Similar to Costa Ric a, Barbados is 
studying heavy rainfal l events ; in particular, an 
October 1996 late season tropical wave which , 

in combination w ith an upper trough, p roducec 
heavy ra i n fa ll and severe floodi ng in St Lucia ; 
200 mm of rain fell on the island during one 
six-hour period. Series of three·hour averages 
of 1 0.7 µm images , such as those from from 
that study, may be of use in defining locations 
of maximum ra in fall . 

Other activiti es fostered by the  virtual 
l aboratory venture 

It is satisfying to see that the goals set u p  at 
the beginn ing of this effo rt are being met. Other 
benefits of the virtual laboratory effort, however, 
make this doubly exciting. In Barbados, Sevin 
Burton is using some of the data for demon­
stration in a satellite meteorology course 
offered at the Un iversity (e .g. satell ite winds, 
relative motion, 3.9 µm data interpretation and 
its use) . Students have shown a keen interest in 
the capabilities afforded by digital satellite imagery 
and are excited about the prospects of using 
RAMSDIS and information available through the 
virtual laboratory to help improve their knowl­
edge and use of sate l l ite imagery. Selvin has 
been joined by his twin brother, Horace, in 
investigations at the RMTC using the digi ta l 
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GOES case-study data . O ther member s of staff 
at the CMI , though not involved in the research , 
have shown an interest in the RAMSDI S system. 
The results of the research being undertaken 
jointly by the CMI and CIRA staff, partic ular ly the 
heavy rainfall event in St Lucia , are expected to 
be published. In Costa Rica, the ingest RAMS­
DIS is being used daily for weather briefi ngs 
attended and presented by both students and 
staff. Dr Vilma Ca stro Leon is using RAMSDIS 
and information ava ilable through the virtua l  lab­
oratory to provide students with examples that 
relate to i nformation presented to them in 
classes on dynamic a nd synoptic meteorology, 
cloud physics, and meteorological observa­
ti ons . Dr \Walter Fernandez (Univers ity of Costa 
Rica) and Rosar io Alfaro (National Meteorologi­
cal Institute) a re Icoking into satel lite derived 
rainfall estimates during hurricane Cesar and 
use of thi s derived rainfall a lgo rithm for opera­
tional purposes. Staff members are excited 
about developing clo ud climatologies and their 
potential in identifying repetitive meteorological 
patterns. These last two research effo r ts wi ll 
result i n  co l l aborative pub lications between 
CIRA and the University. 

Conclusi ons and future activity 
The RAMSDIS program may be looked upon as 
one of the first ventures into the word of virtual 
laboratories. The experience has been valuable 
in bringing to fruition a d emonstr at ion project 
that is showing how an RMTC can develop into 
a specia lized satell ite applications tra ining cen­
tre by participating in a virtual laboratory envi­
ronment. Fami l iarization and specific applied 
researc h tasks are bei ng performed at each 
RMTC using digita l satellite image ry. Based on 
the activities at each RMTC, t r ai n ing cases are 
being developed as a joint effort with C IRA for 
use at th e RMTC . Results have far exceeded 
expectations. 

Near-real-time GOES8 digital imagery will 
continue to be provided to the RMTCs via Inter­
net using the NESDIS GOES-8 server. A sate llite 
d i sh for Internet connections is bei ng in stalled 
at the University of Costa Rica. Thi s will provide 
a smoother daytime data flow. Efforts are forg­
ing ahead at the CMI for the provision of an 
Internet connection which is c apable of meeting 
the demands of the RAMSDIS data flow. C IRA 
scientists will continue to collaborate with the 
staff at each RMTC in the development of case-
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