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ABSTRACT 

A review of the existing solar radiation
data base and instrumentation currently in use in the Central American countries indi­
cates that the existing data may be highlyinaccurate. In order to provide data usefulin the design of solar energy systems and inincreasing agricultural productivity, it isIecamlended that the eristing data base be
checked and rehabilitated if necessary andif possible, by installingCalibrated instruments new and properlyand by training and
coordinating personnel in the six Central
American countries. It is also recmmended[-tat the existing network of solar radiation 
data acquisition stations be upgraded andexpanded to provide infonlation that will 
prove valuable in the future as food and 
energy prices increase and shortages beccma 
more severe. 

..* 

1 II' 

I 



INrnrw.L'rICN 

Solar tnerica, Inc., was contracted by the Aency for 
International Development (AID/Washington) during July 1979 to 
assist the Regional Office of )ntral American Programs (ROCkt)
in designing a fuelwood and alternative energy project.sources 
Solar America Inc., 
was asked to (a)identify alternative energy
 
sources that could substitute for fuelwood in domestic and small 
industrial applications and (b) design a preliminary cost­
effective solar data collection plan for Central America, 
including Panama. The solar data plan was to include recom­
mendations for hardware, work plans, and delineations of respon­
sibilities of cooperating institutions in Central America. 
Prel iminry reccmendations were presented to ROCAP in the intial 
project paper.
 

After a temporary suspension of work on the solar data 
aspect of the contract, the scope of this waspart modified to 
include the following activities: 

(1) Personnel from Solar America, Inc., would travel'
 
to Central America to evaluate present .solar 
data and existing instrunentation and to uder­
stand better how national agencies interpret 
data they are now collecting. Meetings would be
 
held by Solar America with representatives of 
host countries and USAID personnel.
 

(2) After assessing the collected information, Solar
 
America would design 
a prelidnary plan to
 
improve data quality and reliability that could 
include (a) calibration of existing recording 
equipment, (b) expansion of the data collection 
system, if needed, (c) suggested routines for 
periodic recalibration and maintenance of
 
recording equipment, and (d) suggestions for 
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cooperation in program operations and servicing 
of equipment. Brief cost estimates would be 
prepared as part of this phase of wrk. 

(3) A conference of involved institutions would be 
held at technical and program direction levels 
to consider the proposal and recommended 
inprovements. 

As the demand and prices of energy and food increase, 
alternative energy sources need to be developed and agricultural 
productivity inproved. 

Solar energy technologies are being considered for many 
appropriate energy applications in the near future; several 'solar 
applications are already commercially !successful or are in 
advanced developnent stages. To yield the greatest benefit-to­
cost ratio, solar energy systems will) have to be designed; 
according to the known availability of solar radiation and other 
local clilmatological characteristics in any specific area. 

Agricultural production can be greatly increased by use of 
accurate climatological data, including patterns of solar radia­
tion availability and rainfall. 1 An .provement in agricultural
productivity can not only increase local food supplies, but it 
can also allow the possibility of scme production of synthetic
fuels fram bicmass. This bicaass could consist strictly of 
agricultural wastes, or it coule include grains that are grown 
specifically for fuel production. 

iHargreaves, G.A., Ministerio de Recursos Naturales, Honduras 
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Increases in agricultural productivity are an imrediately
desirable goal.. The production of energy solarfrom radiation 
may be a near-tetm necessity. 71o meet these goals, an accurate 
data base of solar radiation availability is needled. 

The existing data base for Central America may or may not 
be reliable. Solar America, Inc., on recent trips to Central 
America, noted that (a) the nuTber of data collection stations 
there are limited; (b) the instrunentation in use there for 
collecting solar data has beennot calibrated; and (c) the 
instrunents may not be functioning properly as a result of 
degradation and peeling of black coatings on radiaton-measuring 
parts, and condensation within the instrunent casings. Fbr these 
reasons, Solar America recczunends that the existing data be 
correlated with properly calibrated instruments that are operated
under properly controlled environmental conditions. It is 
possible that error factors can be developed statistically that 
will allow rehabilitation of orsome all of the existing data. 
Therefore, in as short a time as six months a reliable body of 
data may be developed. On the other hand, it may be necessary to
 
collect new data for a longer period of time in 
 order to obtain 
sufficiently accurate data for ure in designing cost-effective 
solar energy systems and for improvements in agricultural produc­
tivity based on knowledge of precipitation, solar radiation, and 
teiperature patterns for specific areas. 

By 1985, the use of earth satellite observations for esti­
mating solar radiation availability will probably be generally 
available. However, these observations will need to be verified 
and calibrated by reliable data acquired at ground stations. 
Meteorologists consider a 30-year period to be the standard 
length of time needed to develop an accurate data base. In order 
to determine whether the existing data can be rehabilitated, or 
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whether an entirely new body of data will have to be developed, a 
network of properly calibrated and Maintained meteorological data 
coll-tion stations is needed in Central America soona8 as 
poasible. 

Two basic types of measurenents are currently taken at 
ground-based sites. These are measurement of the total solar 
radiation falling on a horizontal surface from the entire sky
done, and measurement of the solar beam that comes directly frn 
the sun. This is recorded by pyrancmeters and pyrhelicmeters, 
respectively. It is poss'ble to develop mathematical models that 
show the long-term average relationships between these two 
measurements in a given climatic area. Thus, once a relationship 
is established, the measurement of only one to these paramenters 
my be sufficient for many purposes. 

II. THE SURVEY OF EXISTING DATA 
A number of international repositories of solar radia­

tion data records were contacted in an attempt to obtain 
data for Central America. These included the U.S. National 
Climatic Center in Asheville, N.C., and the World 
Meteorological Organization (WM) in Switzerland. No 
useful data were obtained from those organizations, largely 
because they repcrt monthly averages, not the daily 
information necessary for a thorough analysis. 

The local meteorological agencies in the Central American 
countries were contacted to identify what measured solar 
radiation data existed there. A large amount of data was 
identified. Initially, Solar America attempted to obtain 
all the historic data; it soon became clear, however, that 
the current project had insufficient resources, both in 
funding and time, to collect and analyze this data. Cnly a 
representative sarm21e was collected and reviewed. 
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A listing of the data colecticn stations is contajed 
in Appe dlix C. 

A large data base of solar radiation data measurements 
for Central America does exist. However, there appears to 
be a nurber of significant problems with that data base 
relative to reliability, including a 
and degradation and malfunctions 

lack 

of 
of calibration, 
the measuring 

instrunments. 

The current data base ccmes primarily from measuring
instrunents installed in the early 1970s. These instru­
ments are of two types--actinografos and heliografos, 

The actihografo (actincmeter) is an instrument design­
ed to measure total global solar radiation on a horizontal 
surface, the same as a pyrancmeter. This instrunent is 
designated a Class 3 instrunent in the WMO classification 
system (where 1 is the highest quality). All the instru­
ments examined were made by a German firm, Feuss. These 
instrunents rely on the differential expansion of three bi­
metallic strips, two white and one black, for the sensing
of solar radiation. These differential expansions move a 
pen that indicates the amount of solar radiation on a 
chart. The chart is driven mechanically by spring.a 
These charts must be read and manually integrated to obtain 
daily total values. These types of instrunents have been 
in wide use for many years around the world. The accuracy
of the data fran this instunent can vary widely depending 
upon the care with which it is maintained and calibrated, 
while the accuracy of a well-maintained instrLent could 
vary from +20% to +50%. This type of instrumeit suffers 
fram the following problem: 

a) The calibration constant is a fumction 
of ambient tenperature and probably of 
wind as well. 
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b) 	 These instruments are nonlinear, and 
calibration is a function of the solar 
elevation and azinuth.
 

c.) The mechanical movement 
 of the strips 
often causes flaking of the white and 
black paints, which thus alters the 
instrument's response. 

d) The instrument is not well sealed, and 
conditions ol" high humidity can cause 
deterioration of the painted surfaces 
and corrosion of parts, affecting oper­
ation and accuracy. 

Because of these problemu, these instruments are not 
relied upon today by those who are seriously planning solar 
energy programs. Despite these problem, historical data 
from a well-maintained network of these instruments may be 
better than no data. A careful examination of the existing 
data should be made to identify those data which are useful 
and those which are unusable. In addition, a careful 
calibration of all instruments should be done to determine 
their current conditions, calibrati6n factors, and other 
characteristics.
 

The 	 heliografo (interim reference sunshine recorder) 
measures a parameter similar to beam radiation. Little is 
known about the relationship between the heliografo mea­
surements and the pyrhelicmeter measurements. It should be 
possible to develop modela showing a relationship between 
those instrunents when sufficient data beccrie aAilable. 

Heliografo and actinografo measurements were collected 
fron a number of countries. These data were computerized, 
and a method that 	had been developed previously for eval­
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uating instrument calibration change was applied to the 
actinografo data. A sanple of the data was reviewed, and a
representative analysis is included in Appendix F. The 
general conclusions from this review a're: 

1) 	 The calibration of .most of the actino­
grafos reviewed has charged signifi­
cantly since the instruments were 
installed. 

2) 	 Fran the data collected, it appears
 
inpractical to 
predict which instru­
ments will change or by how much. 

3) 	 These problems place doubt on the qual­
ity of the data base available, mostly
 
because of the actinografo itself.
 

4) A careful analysis of the data and
 
comparison of existing instruments with 
pyrancmeters should establish the qual­
ity of the existing data base and pro­
vide data which can be used until re­
sults are obtainable fram a network of 
newer instruments. 

Data 	 from the heliografo were not examined in as much

detail, 
because this instrunent is not prone to changes in
 
calibration.
 

Brief visits were made to a number of observing sta­
tions. It was 
 judged that the personnel were competent and 
generally performed their current tasks well. 

A significant effort in specialized retraining will be
required for installation, maintenance, and operation of
modezn instruments. This is particularly true if elec­
trcnic data logging system are to be used. 
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7he average tenure in any given job is 1.4 years 2 

for positions of this type. The conclusion is that a con­
tinuous training program is mandatory for maintaining ade­
quate operation of stations. It was suggested that a cas­
sette tape and slide presentation method be used and that a 
series of course-lecture programs be prepared. This ap­
pears to be idealan method because of its moderate cost 
and reproduceability, and because projector facilities in 
most 	cases already exist. 

III. 	 _TYPES OF SOAR RADIATION DATA NED 

A. 	 Slar data needed for the design and evaluation of 
simple solar systems (water heaters, dryers, stills, 
etc.) and for agricultural uses.
 

In order to design and. evaluate the performance of 
sinple solar systems such as solar water heaters, solar 
dryers, and solar stills, one needs to know the following 
information: 

1) Total hemispheric solar radiation (pyrancmeter) 
2) Dry-bulb tenperature 

3) 	 Dew-point tenperature 
.4) Wind 	velocity and direction 

A pyrancmeter, together standardwith meteorological 
instnruentation systems, can provide all the above­
mentioned data. It is necessary that the pryancmeter be 

2 This statistic was 	 provided by Mr. Robert MCollough of 
ROCAP office in San Jose, (bsta Rica.
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calibrated periodically (at least once a year) against a 
standard pyranometer to ensure accuracy of meesured data. 

B. 	 Solar data needed for design and evaluation.or ccwmlex 
systems and for sinple :oncentrating collector 
systems. 

It is necessary to have reliable hourly direct-nrmal 
and total-hemispheric values of:,) solar radiation. ,The 
design of complex solar and meteorological data should con­
sist of the following: 

1) 

2) 
3) 

Direct-normal solar radiation (pyrhelicmeter) 
~Total-hemispheric solar,radiation (pyrancmeter) 

Meteorological data (dry-bulb temperature, dew, 
point, wind data) 

IV. 	 PRELIMINARY PLAN FOR IMPROVING THE DATA BASE 

The optitrum form of a data collection system Will, 
depend on. the technical progress made in a nunber-f areas,_ 
including the use of :satellite data and mathematical 
models for 	estimating solar radiation availability. It 
will also depend on the ability of organizations to 
maintain high-quality stations at operational status. 

The recommended plan is phased, with decision points 
at the end of each phase to allow acccxTnmation of lessons 
learned or new developments in the technology. 

This plan may be appropriately applied in any single 
country, and thus will succeed whether or not all countries 
Work together. Regional cooperation, however, will provide 
additional benefits to all.
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The recamendations in this plan are prioritized.
Those within each priority group are of equal priority: 
thus, the first-priority items should be undertaken before
 
those of second priority, and so forth.
 

Priority 1:
 

New instrumentation 
 with necessary 
training and management changes for one
 
category A station3 in each country.
 

Developnent of training programs that 
can be used to maintain desired levels
 
of conpetence.
 

Developnent of statistical models for 
estimating solar radiation 
 in the
 
Central American climates.
 

Priority 2: 

Additional instrumentation for research
 
facilities such as universities,
 

Rehabilitation, wherever possible, of 
existing data.
 

Calibration facility.
 

Research on using data from satellites.
 

3Category A, B, and C stations are defined in Appendix A
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Electronic data-logging systems. 

Aditional Category C stations in each 

country. 

Additional Category A stations in loca­
tions experiencing climatic extraes 

(sunny, cloudy). 

Priority 3: 

Use of satellite data. 

Development of coordinated regional 
publications on solar data acquisition 

and evaluation.
 
Autanated central-station data reduc­

tion in each country. 

Mnagement and Administration: The most iportant 
factors in any network are management and administration. 
It is recomnended that at least one full-time person at a 
level of Ingeniero (college graduate or technical-school
 
graduate) be assigned 
 to network administration in each, , 
country. 

Calibration: It is recommended that all instruments 
be calibrated at six-month intervals thefor first two 
years, and thereafter annually, or as experience dictates. 

It will be inportant to establish a calibration facil­
ity that can provide high-quality calibration services to a 
large number of instrunexits. Cne facility would satisfy 
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the needs for a ofnumber countries. Such a facilit)
should have two or three full-time personnel, at least one 
of which has a college degree in science. 

Until this facility is established, secondary stan­
dards for each country can be calibrated at the U. S. 
National Oceanographic Administration Agency Solar 
Radiation Facility at Boulder, (blorado. 

Maintenance: Routine checking of all instruments 
should be done daily by a trained person familiar with the
instruments and theJi operation. Initially, instruments 
should be checked by a trained technician weekly or 
monthly, and then quarterly or as experience dictates. 

Instrumentation: It is recmmended that the existing
actinametars be phased out soon asas practical, but they
should not be discarded. The actinaneters now in use
should be ccpared with a pyrancimeter for at least one year
at each site in order to establish calibration factors that 
can be used to rehabilitate the existing data base; after 
one year, these actincmeters can be recalibrated. 

The new instrunentation recmmended is of three levels

of sophistication. These are named here, 
 Category A (the

best), Category B, and Category C. Category A stations
 
provide hourly data and 
are equivalent to the best stations 
in any network. Category A data stations give the data 
needed for design and evaluation of caplex systems.
Category B stations allow the use of sampling to create 
models for extrapolating the data measured at Category A
and B stations elsewhere. The equipnent configurations for 
each category are given in Table I (See Appendix A). It is
also necessary that spare instrunents be purchased for each 
network. 
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It is recamnended that each country have at least one 
Category A station as a minimzn (See Appendix B). Then, as 
funds permit, Category C stations should be located wher-­
ever actinaneters have been located, and, as funding per­
mits, these stations should upgraded tobe Category B. 
Category A stations are important where any sophisticated 
solar power facility or any facility using concentrating 
collectors is planned. 

Approximately five years of data is required to estab­
lish the solar radiation climate at a given location. The 
current shortages of fossil fuel 
and the urgency of
 
developing alternative energy systems as soon as possible
 
suggest that progress be rapid. Therefore, it is recan­
mended, that an attempt first be made 
 to validate and/or 
rehabilitate data that has already been collected.
 

When changes of the magnitude discussed here are 
planned, the option of creating a completely new data col­
lection system, 
including personnel and organizations,
 
should be considered. Based on the evaluation of the 
existing organizations, it is best to improve the instru­
mentation in the existing organizations and to provide 
necessary training to existing personnel.
 

New data collection locations should be selected based ,
 
on the following criteria: 

1) lction that is a potential site 
for a solar energy or agricultural 
project that will require a history of 

data to measure performance of systems.
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2) 	 Any area that experiences an abrupt 
climtic change over a short geographic 
distance- this often occurs near moun­
tain 	ranges and seacoasts.
 

3) The feasibility of maintaining and 
operating a data collection system at 
any site. 

Potential problem are foreseen in two areas:
 

1) 	 Lack of familiarity of personnel with the 
Sequil'nent--particularly, the electronics 
and microcomputer data-logging systems* 

2) The effects of tropical climates on the 
performance of the instrumentation, plus 
the selection of data recording systems 
that will be most reliable and what 
environmental conditioning is needed for 
them.
 

3) 	 Short tenure of technical: 4mersonnel in 
Jobs. 

A phased program is recanmended to minimize these
 
potential problems. 7his includes: local training of per­
sonnel with hands-on experience of equipment, testing a 
variety of equipment in the environment in which it will be 
used prior to large-scale purchases of equipment, and use 
of consultants, on a regular basis, who 	 have specific 
experience in solvLig the problem encountered. It is also
 
reccmiended that self-paced training programs be developed
 
using 35-nm slides and cassette tapes.
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V. 	 t4~DED PROGMAM FOR A DATA CfLIMyLrI' NMIWORK 

Recamundations for Proceeding on a Solar Data Base Project 
for Central America 
I 	 It is recmierded that ICAITI and CRRH jointly submit 

a proposal to U.S. AID for a solarthree-year data 
base 	collection project as follows:
 

a. 	 Solar America, Inc., will be contracted by AID tc 
perform an in-depth study for all the. data
 
presently available from each country in Central 
America. The willdata be entered into a cOn­
puter analysis system, reliability and accuracy 
w;ill be determined, and a data base will be 
established by validation and rehabilitation.
 

b. 	 After the data reliability project is underway, 
Solar America, Inc., will assist in the design of
 
an 	 organizaional nanagement technical team 
involving the CRRH group and the IChITI group.
 

2. 	 The U.S. AID grant should be administered by ICAITI, 
because they have demonstrated 'stability, have had 
prior U.S. AID assistance, and have established proper 
fiscal and management control capabilities. The CRRHE 
group would manage the project.
 

3. 
7he 	 Regional Office of Centrai American'Programs 
(ROMP) located in Guatemala City, should be the 
U.S. 	 AID funding agent. 

4. 	 As in-kind contributions, each country will purchase 
all the equipnent necessary to establish the 	 solar 
data collection network through the CRRH group.
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5. 	 Solar America, Inc., will assist in the selection and 
purciase of U.S. equipment required for the project. 
Sola. America, Inc., will also assist in the first 
year of equipment set-up and operation and train 
Oentral American personnel on use, maintenance, and 
calibration. 

6. 	 The data collection project should consider wind and 
other climatological data as essential elements of 
this 	project. 

7. 	 Solar America, Inc., in conjunction with equipmnnt 
suppliers, will be responsible for developing a, 
comprehensive training program including slide shows 
and cassette tapes for in-country training, and will 
also be responsible for continuous upgrading of the 
training program over the entire three-year project. 
period. 

8. 	 Each country, through the CRRH group, should send one 
(1) individual to the United States to attend Iocpre­
hensive courses in both solar and wind data 
collection. 

9. 	 Solar America, Inc., in conjunction with equipment 
suppliers and. individuals who have been trained in the 
United -States, will conduct training and upgrade in­
country seminars for all individuals involved in the 
program.
 

10. 	 The core data base program will run approximately 
three (3) 	 years, with two to five years of follow-up 
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1 

program in training and in data verification and 
intrummntaton calibration. The total budget figura
should be approximately $1.75 million for three (3) 
years and $0.8 million for the foliowing two to five 
years. 

.lanning,oontractual Arrangements, and Organization (See 
AbstractProposl to Develop Pcj2t Plan) 

1. Prepare a detailed plan that be oncan used a 
country-by-counry basis. 

2. Wbrk out a owTplete budget, including participating-!
funds from each country (local governments.), 

3. Work out contractual arrangements on countrv-bv­a 
country basis.
 

4. Define responsibilities in this program as a whole and
 
within each country on a regional' basis. 

Initial Installation, Traing,ark!kuipnent Evaluation 

Purchase of complete equipment for one station, 
including at least one set of spare equipment for each
 
country. 

2. Training of technicians in the installation and 
operation of equipnent. 

3.. Evaluation and testing of equipment upon arrival. 
Setups in laboratory environment with sensors outside 
for initial checkout (2 weeks to 2 months of opera­
tion) and daily experimentation. 
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4. 	 Initial installation of ePquipent at one site 	near an 
existing main facility. 

5. Evaluation of system performance throughout 12-18 
months of operation. Declaration of operational 
status of system should occur during this perIzA1. 

6. 	 Begin collection of data fran new system and establish 
data reduction procedures and archival procedures and 
program. 

7. 	 Establishment of initial performance goals for 
systems. Suggested targets for the first year of 
operation are less than 20% of total hours with miss­
ing or invalid data in the first year after the 
station has been declared operational. Greater than 
50%missing data in the first operational year would 
be cause for considerable concern and should initiate 
reevaluation of the program. later years should have 
targets of less than 10%missing data, and 5% or less 
should be the ultimate goal. 

8. 	 Develop a plan for funding and management of a 
regional calibration facility. Contract with a facil­
ity manager. 

9. 	 Revision of the plan: The plan should be revised at 
the end of Phase 1, based on experience gained. 

Expansion of Network (following Solar Data Base Project) 

1. 	 The decision to expand (include additional stations 
into the new network) should be based on system per­
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formance after the first installation has been declar­
ed operat-ional. This decision may come as soon as 6 
months after the first station is operational or as 
long as 24 months from that time. The decision should 
be made by those managing the data collection 
networks.
 

2. New stations added to the network: New stations 
should be added, on-site personnel trained, and data 
collection begun, one station at a time. Ttablished 
sites in the new network should be maintained at a 
high level of reliability. Additional stationsnew 
should not be added unless the exisitng ones can be 
maintained at a high level of perfonance. 

3. The ultimate number of stations envisioned at this 
point is one for each location where an actinografo is 
now installed. Future expansion beyond this number of 
stations should be based on:
 
- future technological developnents 
 in solar 

radiation resource assessment, particularly 

the use of satellite data.
 
- perceived 
 needs for data in a particular 

area. 

The existing instrunents at sites should be maintained 
and data collected for at least one year after the new sys­
tem is declared operational. A degradation curve can then 
be developed for the old instrunents, which will provide 
the opportunity to develop correlations between the old 
instrunents and the new, which may lead to rehabilitation 
of the old data. Additional correlation with other 
climatological data alsocan contribute to possible 
rehabilitation of the existing data. 
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The establishment of a solar data base network is not
sufficient for the development of a solar energy program,
because solar resource data is used to predict the perform­
ance of solar systems, whose performance is measured by
testing under carefully measured conditions. Research and 
testing facilities for system performance evaluation must 
have equipnent for measurement of the solar radiation 
similar to those used for resource measurement. 

It is reccmnended that solar system research facili­
ties be equipped with the same solar sensors used for re­
sa,,;rce measurement and with ccuparable data-recording 
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V SPECIFIC REClMMDTIONS FOR EAM OUmRY 
The foregoing icrxmendations give a picture of the solar 

data collection network as it should appear in each country;
however, some specific problems were observed that should 
require individual attention in each country. these are given 
here on a country-by-country basis. 

COSTA RICA 

The first visit to Cbsta Rica consisted of a trip to the U. S.
Enbassy office of USAID/CR, where Mr. David Straley, USAID engineer,
assisted Solar America in locating all agencies in Costa Rica with 
meteorological interests or activities. His office set up appoint­
ments with such institutions as the Instituto Tecnologico in Cartago,
both of the universities, and the Central Office of the Instituto 
Meteorologico in San Jose. At the latter we met with engineer
Patricia Femirez and were given a comprehensive description and back­
ground on solar radiation instrunentation and data collection in Costa 
Rica. Historic data records were made available to Solar America for 
all stations in the country, and samples of this data were collected 
at this time. During the subsequent visit, engineers Hugo Herrera and 
Eladio Zarate made available additional requested data for further
 
study and evaluation. An on-site visit was 
also provided so that the
 
typical data collection 
systems could be observed and evaluated with
 
respect 
to the project. Engineers Herrera and Zarate provided time 
for discussion of instrunentation experience, maintenance, operations,
 
and problems related to each.
 

It was the consensus of the Solar America engineers that the 
Instituto Meteorologico is a well organized and operated organiza­
tion. The personnel are highly capable and seem to have excellent 
technical expertise and experience. Their records were well docu­
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mented, easily retrieved, and up to date. The personnel were very
cooperative in assisting Solar America in obtaining all the requested
data. They gavealso excellent assistance in data interpretation. 
The San Jose station typifies those of Costa Rica, having old equip­
ment that is now considered obsolete. The stations appear to be well 
maintained, but no calibration equipnent is available. 

Costa Rica would profit greatly by the implementation of
high-quality instrumentation and equipnent for collecting reliabie 
solar radiation data. 
The personnel are of high technical quality and
 
ixhibit a diversity of expertise. Although they do not seem to be in 
need of outside assistance in operating techniques for the solar 
radiation stations, 
assistance in the areas of 
setting up new

equipment, learning calibration techniques, and implementing solar 
data collection programs would be very beneficial.
 

All the institutions contacted in Costa Rica were aware of the 
Instituto Meteorologico, and most were acquainted with one or more of 
the personnel at the Instituto. It is recommended that a formal link
 
of coordination between I.C.E. (the electrical utility division of 
Costa Rica) and the Instituto Meteorologico be established in order to
 
give more useful sharing of data and calibration access, including
sharing of data and common archival methods Data publication would'. 
therefore be through one channel. 

The three universities are each pursuing courses of research in 
solar energy system development. These three programs should be co­
ordinated so that there will be minimum duplicaton of research. In 
addition, it was noted that there was a significant lack of measuring
instrunentation at the universities. It is suggested that an impor­
tant elenent in the program will be the obtaining of adequate solar 
radiation measurement instrumentation for researchers at these 
universitites.
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EL SALWOR 

The USAID office in San Salvador introduced Solar America to CEL, 
the electrical utility division of the government, where initial con­
tact was made with Dr. Alberto Chiquillo, superintendent of scientific 
investigation and special projects. Dr. Chiquillo is in direct con­
tact with the meteorological institute and is a key person in its 
relation with CEL. Successive viotrs were made to the Servicio 
Meteoroloauico Nacional at Santa Tecla, where discussions were held 
with Dr. Gelio T. Gumnan and the meteorological personnel, including 
Lic. Iblando Martinez and Lic. Jose Caceres. 

We found highly capable people involved with the solar radiation 
data collection process in El Salvador. It is unfortunate they do not 
have modern or adequate equipment with which to collect and record the 
solar data; they are well aware of the inadequacy of their present
instrumentation and have expressed a desire to upgrade the present 
system with new equipment as soon as possible. There was mention of 
unavailability of certain parts for the present equipment, namely
batteries and other small itews that are necessary to keep all the 
instrumerits in operation. The manual system of data currently in use 
is well organized, and current and historic data were made readily 
available upon request. 

The meteorological personnel are well aware of the efforts of 
other countries in upgrading and inproving solar radiation data col­
lection systems. Fram the Santa Tecla office we were able to obtain
 
the names 
of respected solar data researchers in other countries, such 
as Dr. Ignacio Galindo of Mexico. 

El Salvador's experience with solar data instruments has been 
with units manufactured by a European firm by the name of IRbitzsch, 
whereas all the other countries of Central America had chosen Feuss, 
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anoth'er EUroean unit. Both the Robitzsch and Feuss instruments are 
Class 3 units,, and both appear to have similar- problem in operating
properly. ither instrunent is sealed against water penetration
through ccndeimtion, and both have problems with the black absorber 
plates losing their pigmentation through flaking and peeling. The 
result is that the absorption rate changes and the irstrtunent does not 
collect and log uLiformly over a period of time. 

The El Salvador meieorological group definitely needs new and
adequate solar data collection and recording equipment in order to
bring their sol€c data system up to acceptable levels of reliability
and accuracy. The personnel are fully capable of handling the opera­
tions of any solar data collection system if given the proper equip­
ment and materials. They will need outside assistance in setting
solar data programs, and over a period 

up 
of time they would be able to 

develop their own continuing solar systems programs. From satellite 
data (four years' accumulation) and from historic solar data collected 
from the ten listed stations, it appears that El Salvador receives a 
great deal of solar radiation annually, probably more per unit of land
 
area than any 
of the other Central American countries. Further data 
collection with proper instrumentaton, will be needed to verify this 
fact. 

It is also recommended that more direct cooperation be instituted 
between CEL and the Servicio Meteorologico Nacional to ensure a maxi­
num sharing of data and of calibration resources. This would defi­
nitely benefit both of the institutions and enable the highly quali­
fied personnel within each to make their most effective contributions. 



HamURAS 

The Oentral station, located in the Tegucigalpa airport terminal,
Vas first visited during July of 1979. Engineer Pedro Cortez provided
all the requested data and described the solar data collection process
very ad3quately at that time. Sample data appeared to be consistent 
with respect to observed solar radiation for the althougharea, no
calibration or other confirmation techniques were available at that
time. later visits with other meteorological personnel indicated that
the meteorological staff has good capability from the standpoint of 
management and technical ability. The staff was very helpful in pro­
viding information, and it appeared that their manual methods of 
recording the daily data and information were efficient and current. 

rhe Honduras solar data collection instruments and equipment,
which are old and obsolete in coaparison to modern equipment, do not
have the capability of making accurate measurements and recording ade­
quate and reliable data. Although few stations currently exist, their
capabilities would greatly be enhanced by ccmplete replacement of the
equipnent now in use. Honduras, being a relatively large country,

would also benefit fram the addition of stations 
in remote areas in
 
which solar radiation is 
 not now being measured. 

Besides the very capable meteorological personnel, Honduras also
has sane great resources through the CRRH (Comite Regional de Recursos
 
Hidraulicos) 
 and their associated personnel. Sr. Nabil Kawas, a CRRH

staff member, is a tremendous 
 asset to both Honduras and Central 
America. He is actively involved in the improvement plans for both
local and regional solar data collection systems. He is knowledgeable
and enthusiastic in regard to adequate solar data coverage, and he has
regional cooperation and communication and possesses leadership quali­
ties that can be of great benefit to Honduras and Central America. 
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Another individual who is invaluable to both Hondura' and the 
region is Dr. George Hargreaves, who is associated with CRRH and with 
the Ministry of Natural Resources (Ministerio de Recursos Naturales). 
Dr. Hargreaves is also a special 
representative for Utah State 
University, an institution of exceptional quality in the agricultural 
sciences. Mbst persons with whon we visited informed us that Dr. 
Hargreaves is the top agricultural expert in Central America at this 
time. His services as consultant, instructor, special program
 
developer, and so forth are in constant demand. As of this writing,
he is just finishing a one-week program in Nicaragua and is starting a
 
two-week program in Panama that is especially tailored to technical 
government personnel and deals with the relationships of seasonal 
solar radiation availability, rainfall quantity, tenperature ranges,
and seed spacing, for the optimal production of corn by swall 
farmers. Dr. Hargreaves's abilities in datasolar collection and 
interpretation make him 
a valuable resource 
to any solar data:
 
collecion system that is ultimately chosen, whether for Honduzas or 
for the entire region.
 

It is reccmrended that any future inplementation of solar radia­
tion equipnent should involve all parties mentioned above. It is fur­
ther reconended that the northeastern flatland of Honduras be 
equipped with at least a Class C station because of the rotential for 
developing solar energy and agricultural econcnaies in that area. The 
potential at this time is unknown, but according to all indicators it
 
could be very large,
 

PANAMA
 

The primary visit to Panama included consultation with engineers

Lynn Sheldon and Eric Zallman of USAID/Panama, followed by a meeting 
with IRHE engineer Teresa De Bryson and others. 
The subsequent visit
 
with IRHE involved site visits to both T1cum= e Station and Canal Zone 

-
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to see the actual operations of typical stations and to visit with the 
station personnel regarding the equipment and data gathering process. 
Because the instruments and equipment at these sites undergo extremes 
of rainfall and humidity almost year-round, the types of instrunents 
used and the frequency of their calibration can be expected to greatly 
affect the reliability of data provided. 'Ihe Canal Zone Station, 
operated by the Smithsonian Institute, is well maintained. The data 
from this station can be considered extremely reliable on the basis of 
equipment capability, calibration, and personnel in charge of that 
station. 

The IRHE group (which runs all the stations except for the Canal 
Zone Station) has a considerable amount of expertise in the area of 
meteorology and technical capability, but its equipment is of the 
older, class III type instrumentation. In addition, the group had no 
local capabilities for regular instrument calibration, and therefore 
the data reported may not be sufficiently reliable because of measure­
ment inaccuracies. The IRHE people recognize the inadequacy of their 
present equipment and are looking ahead toward quality solar col­
lection capability in the future. The IRHE solar radiation records 
were well kept, and the personnel were most helpful in assisting Solar 
America in gathering the requested information. 

Solar America noted that an unusually good rapport exists between
 
IRHE and USAID/Panama, 
 and that excellent lines of camunication are 
always open between these two institutions. They should be encouraged 
to continue this cooperative relationship in order to bring the maxi­
mum benefit to both institutions and to the Republic of Panama. 

The cost-effective use of solar energy in Panama will rely on the 
ability of a solar radiation data base to provide accurate information 
on which solar designs and decisions may be made. The present equip­
ment is old, has exceeded its useful life, and should be replaced with
 
modern, high-quality equipment. The IRHE personnel would benefit from 
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technical assistance in the form of training and guidance in certain 
areas of the solar data program. However, it is felt that the IRHE
perasonel are technically well enough prepared to handle the solar
data station operation rndmaintenance without outside assistance. 
Various individuals %are noted to be very advanced in specific areas,
such as electronics, solar theory, mechanics, and data evaluation and
interpretation, and several individuals hold university degrees in 
related areas. 

Because the Panama meteorological data collection is handled byIRE, it is recmnmended that IRiE establish coordination with the
SmitYwonian Radiation Biology Laboratory. This same coordination 
should be established between the universities and technical institu­
tions, and between IRHE and the Smithsonian Laboratory. This type of
coordination will provide Panama with direct communication with one of 
the world's best technical resources with respect to not only solar
data collection, but also other meteorological areas such as wind, 

*etc.o 

GMUALA 

Three on-site visits were made to the Observatorio Nacional 

Guatemala City. The observatory administers 

at
 
the meteorological ser­

for all of Guatemala.vice Egineer Claudio Urrutia, the director, 
was most helpful in assisting Solar America with these visits and in

providing personnel 
in each of the areas of interest. Guatemala has 
ten stations that collect and record solar radiation data. All rec­
ords for these stations, both historic and current, are well docu­
mented and easily retrievable for use when needed. The personnel were
able to provide the requested solar radiation data for the entire 
country. They were also helpful in describing in detail how the solar 
radiation data processes are carried out, both in Guatemala City and 



across the country. It was at this central station that we were able 
to dee detailed meteorological mapping of the country and of Central 
America, including temperatures, rainfall, winds, and solar radiation. 

The instruments used in Guatemala are of the older, obsolete 
type, and a European Feuss instrument appeared to be used exclusively
for solar radiation measurements. An older, unnamed instrument was 
seen at the central station, indicating that solar radiation measure­
ments were being taken at some time previous to the documented station 
data included in Appendix C. Except for the Panama Canal Zone, it is 
probable that Guatemala was the first Central American country to take 
solar radiation measurements. 

The solar radiation personnel at the central station in Guatemala 
are capable people with good technical abilities. It is obvious that 
they fully understand how to operate and maintain a solar radiation 
station, for their station is among the best we have seen in Latin 
America. heir radiation data is kept current at all times and is 
undoubtedly as good as the instruments that provided the data. It is 
evident that new solar instruments and equipment neededare in order 
to update and improve the data collection system so that the informa­
tion is more reliable and accurate. The personnel quite capableare 

of handling and operating a modern station and 
should need no assis­
tance in this regard. They would, however, need outside assistance in 
setting up solar radiation programming for future application. 

It is recommended that the meteorological institute, the Univer­
sidad de San Carlos (Guatemala), 
 and ICAITI (the regional technical 
institution) establish cooperation and ccmunication for the purpose
of working together in the area of solar radiation data collection. 
This would place the various technical personnel in positions of 
interchanging information and assistance, and would thatit ensure 
there would not be simultaneous duplication of efforts in the pursuit
of solar radiation data. All data from each source would then be 
included in the national data archives. 
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NICARAGUA 

During the time of this contract is was not possible for Solar 
America to make on-site visits to the meteorological stations because 
of political and associated barriers. It has only recently become 
possible to make such visits. 

Nicaragua was able to send three of their technical people to the 
Solar Data Seminar in Guatemala during February, and from these people 
we were able to get some information on the country's solar radiation 
data status. Telephone follow-up also assisted in obtaining the 
information listed in Appendix C. 

Lic. Leon Olivarez is the director of the Servicio Mateorologico 
Nacional, located in Managua, the capital. 
The meteorological insti­
tute is administered by Nicaragua's department of defense. The three 
people who attended the seminar, Egineers Jaime Lopez, Mirna Navarro,
and Cesar Garcia, are capable technical persons who can operate and 
maintain solar radiation instruments without outside assistance. 
These people would probably need little or no outside assistance for 
inplementing new equipment and instruments. They would, however, need 
outside assistance in setting up new solar radiation programs and sys­
tems for future use. 

Nicaragua would benefit greatly from new instrumentation systems
for solar radiation data collecting and recording. Their present sys­
tems are obsolete or nonexistent, and all indications are that solar 
energy exists in abundant quantities over large portions of Nicaragua

during nuch of the year. The country has just came through a crisis 
and is in need of all available assistance during the rebuilding
phases. Solar energy use is of vital inportance during this period,
for it can offset some of the direct costs of conventional energy 
sources, 
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It is quite probable that training will be needed for numerous 
Peracel, for the abovementioned core does not constitute a suffi­
cient group to handle all the meteorological tasks for the entire 

country. 

It is recoaxnended that the meteorological pecple establish a co­
operative program with the universities and other institutions in 
order to share information and technical expertise throughout the 
ccmunity and country. This level of operation will ensure that the
maximum use will be made of solar radiation data and that there will 
be a minimum duplication of effort between all parties. 

It is also recomended that some special study be planned for the 
country. Past situations have contributed to intermittent operation
of same, if not all, meteorological sites, and it is likely that there 
is not now a workable solar radiation data collection process in exis­
tence. Nicaragua constitutes a large, central area within Central 
America, and some kind of data base is urgently needed there In order 
to build a regional solar data network. This void needs to be filled 
imnediately. 
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VII. JUSTIFICATIONS FOR RE3IOtALIZATION OF SOLAR DATA AOQUISITICN 

AN) ALYSIS PROGRAMS 

1. 	 Regionally organized planned programs 

a. 	 cut costs because plans do not need to be ompletely 
redeveloped cn a country-by-country basis; 

b. 	 allow researchers in various countries to learn from 
one another and to help solve each other's problems; 
mistakes need not be repeated; 

c. 	 involve easier dissemination of funds and easier 
management of programs; and 

d. 	 can present regionally organized training sessions 
that cost less and can cover more trainees with more 
talent. 

2. 	 Regionally archived and/or published data is more acces­
sible to researchers; also, much agricultural productivity
research and energy-oriented research is being done by
regional laboratories (such as IICA, ICAITI, etc.) 

Note: This does not mean we should eliminate any archives 
in each country. Each country must have immediate access 
to its own data. Development of local archives in each 
country should take priority over regional archival 
programs. 

3. 	 Despite the benefits of regionality, each country must be 
able to operate its own system or network independently. 

4. 	 A regional supply and repair center uould eliminate the 
time-consuming practice of ordering supplies from overseas 
and the high costs of shipping broken instruments long 
distances for repair. 
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APPENDIX A 

TABLE I 

OLAR DATA INs9urMEnMN 

iwr *atj.4 re=1eed for Category A, B, and C Stations 

at ry A* Jan. 1980 
($ US)

Pyrhelianeter (Eppley NIP with Tracker)
Pyranoneter (Eppley PSP) 

$ 1,700 
Tenperature and Humidity Sensors 

1,090 
1,500
Wind Velocity Sensor 
 1,000Digital Data Logging Systeo w/Intergrating Cap 12,0002 Strip Cmrt Readers for Backup

Equipment Racks & Instruznent Mbuntings 
6,000 
3t000
 

TOTAL COST $26,290
 

Category B* 

Pyranameter (Eppley PSP) .
 1,090Strip aiart Recorder *3,000Equipment Racks & Instrument mbuntings '500 

TaIAL COST $ 4#590
 
Category C*
 

Heliografo, Integrating Sol-A-Meter 
that does not require exter­
nal power $ 90 ,
Mex/Min Thermometer and Standard 900Instrument Shelter ** 


Instrunent Mbunting, 500
etc. 600 

TOTAL COST $ 2,000 
*These equipment lists assume stable llOV or 220V AC power is
available and that equipment can be housed in an existing
climate-controlled building. 
Where these facilities are not
available, the costs of providing them should be added to the

above costs.
 
*These 
items are optional, depending on the need for data.
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APPENDIX D
 

Minim= In trtmt ntaticn For Each Country 

\tern Installed Spares Tobtal 
~ey PSP pyrananeter
lpp 1 

1 12,ey NIP pyrhelianeter 
1 2pley solar tracker 1 0. ,Srip chart recorders 
t -3Misc, associated equipment, 

2 
Mo.untings, etc. 

The choice of an electronic data collection system is asignificant effort and is 
 not covered under the current contract.
 
A number of location-specific 
 conditions must be, considered,
 
including:
 

- availability of spare parts and maintenance
 
- performance in the tropical climate 
- effects of available power supplies. 

It is suggested that the selection of one or two specific data­
collection system be made during the initial portion of Phase 1
and that this be done in conjunction with those who will operate 
and maintain the new system. 

PreliminarySpecifications for Electronic DataCollection -System: 

1) Local availability of parts,. spares, and maintenance. 
2) Reliability of local power systems.
3) Reliable operation in the local climate or in a speci­

fied climate that becan maintained in a local 
building. 

4) Initial availability of instrunents with a minimu of
4 dc input channels and a resolution of 10 microvolts. 

5) Easy expandability to 16 channels. 
6) Capability of recording hourly integrated total 

values as well as instantaneous values.

7) Paper-tape 
 printed output and magnetic-tape 

cassette-recorded output. 
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)pendix 8 
Pbge 2 

8 An integral 24-hour clock. 
9) On-site programmability. 

10) Input impedances of 100,000 olms or greater.
11) High level of noise rejection at 60 Hz, or at 50 Hz if 

that is the frequency of the power supply. 
12) Accuracy of at least +0.1%. 

These specifications are preliminary only and should he
develCped in more detail before purchases are made, but they
should give enough information at this time to estimate costs. 
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APPENDIX C 
CaLtURy COSTA RICA: STATIONS MAKING SOIAR RADIATION MEASUREENTS 
Location lat Long History Actino Helio 

San Jose 
 9*56' 84o05 ' 1971-pres. 
 • , 
Puntarenas 
 9*58' 
85°50' 1970-pres. 


Nicoya 10009' 8527 *19 71-pres. , 
Limon 
 10°00 ' 83003' 1971-pres. • , 
Puriscal 
 '
9051' 84019 1975-pres. , 
 * 

Volcan Irazu 
 9059' 
83042' 1970-pres. 
 * * 
Palzmr Sur 8057' 83028 ' *1973-pres. 


* 
Taboga 
 10021' 85009 ' 1971-pres. * * 
7Urrialba (IIC) 
 9053' 83838' 1966-74 * , 
Cbbal 10015 83040 ' *1970-77 
la Pinera 9*11' 83020' 1970-77 
 * 

84016 
 1963-75*
 

INSTIMJ'rOw CONT1A~rED: InstitutoMtbowlogicoNacional 
SaiJose,costaRica 

PERSONNEL CTrACTED: Ing. Patricia Ramirez 

Lic. Eladio Zarate 
Ing.Hugo Herrera 
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APPENDIX C 
WAMy El Salvador: STATIONS MAKING SOLAR RADIATION MEASUREMENTS
 
Location 
 tat Long History Actino Helio 

Planes de MOntecristo '14"33' 89*22 1976-pres. * . 
Ahuachapan 
 13056' 89052' 1970-pres. 
 * * 

San Salvador (ITIC) 
 13*43' 89013' 1969-pres. * ,
 
Estacion Matriz 1973-pres. * * 

Nueva Concepcion 140081 
 89018' 1969-pres. * • 
Apastepeque 13042' 89045' 1972-pres. * * 

la Carrera '
13020' 88032 1972-pres. * * 

La Union Beneficio '13020' 87053 1970-pres. * * 

La Galera 14003 ' 18806' 1976-pres. 
 * • 

las Pilas '14022 89005 1977-pres. * 

INSTITUTION COACED: Servicio Meteorologico Nacional
 

Santa Tecla, El Salvador 

PERSORM CrACTED: Dr. Gelio Tnas Guzman L. 

Lic. Rolando Marinez 
Lic. Jose Jimenez Caceres 
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APPENDIx C 

CILRY Guatemala: STATIONS MAKING SOLAR RADIATION MEAW)RDEBrS 

Location 
 Lat Long History Actino Helio 

03. Guatemala 
 14*35' 90°32' 1972-pres. * * 

El Porvenir 14*57' 91055' 1972-pres. * * 

labor Ovalle 14052' 91030 1971-pres. * • 
Huehuetenango 15019, 91028' 1969-prs. * • 

Coban '15026' 90022 1971-pres. * * 

Panzos 1524' 89°39' 1971-pres. * * 

Pto. Barrios 15042' 88035 ' ? -pres. * " 

La Fragua 14*57' 89*33' 1971-pres. *
 

Esquipulas 14*34' 
 89027' 1974-pres. * * 

tbntufar 13049' 90009' ? -pres. 
 * * 

INSTITLUTION CONTACTED: 
Observatorio Nacional
 

Cd. Guatemala, Guatenala 

PERSMkE CONTACTED: Ing. Claudio Urrutia and
 

Technical Assistants 
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APPENDIX C
 
COUTY Honduras: STATIONS MAKING SOLAR RADIATION MEASUREMENTS 

Location Tat Long History Actino Helio 

7gucigalpa 
 14004' 87*13 ' 1969-pres. *
 

San Pedro Sula '
15030 87055' 1970-pres. 
 * 
(and others, ? ?) 

INSTITUTlION CONTAT: Srvicio LMeerlogico Nacioria 
Tegucigapa Hnuras 

PERSON CONTACTED: . Pedro Cortez0. and Others . 
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APPENDIX C
 
OUTh Honmduras: STATIONS MAKING SOLAR RADIATION MFASUREMWs 

tmcation rat Long History Actino Hellio 
Tgucigalpa 
 14004' 87013' 1969-pres. -


San Pedro Sula 
 15030' 87055 1970-pres. 
 * 

(and others, ? ?)
 

- -- f 

INSTITUrION CONTACTED: Servicio Meteoroloio Nacional 

Tegucigalpa, Honduras 

PERSON CONTACTED: Ing. PeIr Cortez0. and Others
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APPENDIX C 
(WMy Nicaragua: STATIONS MAKING SOIAR RADIATION MFSUREM4 S
 
Location 
 tat Long History Actino Helio 

Minagua 12-08- 86010 , (intermit.) 

Chinandega '12o37 87006' (intermit.)
 

Rivas '
1125 85850' (intermit.)

Juigalpa '
12005' 852
 (intermit.) 
 -

Dulces (miss.) (miss.) (intermit.) 
Puerto Cabezas 1.4003' 83*22 (intermit.) 

INSTITUTION ONTACTED Servicio Meteorologico Nacional 
Dept. de Defensa, Managua, Nicaragua 

PERSONNEL CONTACTED= Ing. Jaime H. Lopez (or telefono) 
(Lic. LeonOlivarez, Director) 
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APPENDIX C
 

02URM Panam STATIONS MAKING SOLAR RADIATION MEAsuREnrs
 

Location 
 lat Long History Actino Helio 

David 
 8*25' 82025 ' 1971-pres. *
 

Anton ' '
8023 80016 1971-pres. * • 

Tobumen 9003' 79022' 1971-pres. * • 

Real 
 1974,75,77 * * 

Los Santos 7057 ' '80025 1974-pres. * • 

La Raya 8008' 80048' 1971-75 ,
 

Santa Rosa ' '
8011 80040 1973-pres. 
 •
 

INSTITUTION CONTACED: 
Instituto de Recursos Hidraulicos y.Electrificacion 

Panama, Pana.a, 

PERSONNEL CONTACTED: Ing. Luue
 

Ing. Jaime Leon 
Ing. Jose, and others
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APPENDIX D-1
 

SEMINARIO CENTROAMERICANO
 
COLECCION, INTERPRETACION Y UTILIZACION 
DEL OATO SOLAR
 

PROGRAMA
 

Mi6rcoles 13 
de febrero
 

9:00 Inauguraci6n, Director del 
ICAITI, Lic.
Fancisco Aguirre; ROCAP, Dr. Jos6 Chacon
 
Comitd Regional de Recursos Hidrgulico.,

Ing. Nabil Kawas
 

10:00 Fundamentos de la radiaci6n solar,
 
SOLAR AMERICA, INC.
 

11:00-
 Descripci6n de los instrumentos bfisicos
 

12:00 
 Tlempo para almuerzo
 

14:00 Principios de operaci6n de los 
instrurnentos
 
termoel ctricos
 

15:00 
 Introducci6n a la calibraci6n-de 
los. dncimpntnr i 

Jueves 14 de febrero
 
8:30 Selecc16n del lugar e instalacdn.de-.los 

instrumentos 

9:00 Mantenimiento de los 
instrumentos.
 

10:00 
 M~todos de grabac16n de la data
 

10:30 Demonstracin de la calibraci6n de los 
instrumentos 

12:00 Tiempo-para almuerzo
 
14:00 
 Usos de satlites para obtenci6n de'data solar 
15:00 
 Usos de la informacl6n 
solar-para la agricultura
 

Recomendacion..
16:00 


Viernes 15 de febrero
 

8:30 Discusi6n programas
 

12:00 
 Clausura
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APPENDIX D-2
 
LIST OF PARrICIPANTS
 
SOLAR ENERGY SEZUNAR
 

CE 

GUATEMALA 

Noemi Gonzalez Merida 
(OsejoNacional de Planificacion 

Econacica 

David Isai Revolorio Molina 
Inotituto Geografica Nacional 

Edgar Ramiro Bucaro Rosales 
Desarrollo Petrolero y Energetica 

Naciones Unidas/Plan. Econ 

WIus Alberto Pas
Consejo Nacional de Planificacion 

Econzmica. 

Mario Hernandez Herrera 
INSIVUIEH 

Al fred RamidrezINSIVUMEH 

J. Joaquin Bayer S.
ICAITI 

Ramona Villalon Donoso 
ICAITI
 

Jaime Valladares L.
ICAITI 

Edwin Bracamonto OrozcoFacultad de Ingenieria
Universidad de San Carlos, Guat. 

NICARAGUA 

Mirna Jerez Navarro

Servicio Mteorologica Nacional 

Garcia 

Servicio Meteorologica Nacional 

Jaime Hernandez Lopez

Servicio eteorologica Nacional 

-45-

TRAL AMERICA 

EL SALVADCR 

Jose Hernandez Salguero
Servicio Meteorologico 

Jose Ovidio Alvarenga Sosa
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APPENDIX D-3 

SUMMARY OF 
FIRST REGIONAL CENTRAL AMERICAN SOLAR DATA SEMINAR, FEB. 13-15, 1980 

GUATEMALA, C.A. 

I. 	 CbJectives 

1. 	 T recognize the existence of 	solar energy data in CentralAmerica and Panama and to plan for improvement over the short
and long terms 

2. 	 Awareness of each participant of the importance of this type
of activity 

3. 	 Analysis, interpretation, evaluation and inventory of all the 
existing data 

4. 	 Identification of solar energy data sources 
5. 	 7b recognize the existing situation as to equipment, person­nel, organization, and method of 	 data acquisition at theinstitutions presently operating in Central America 

II. Problem Encountered 

1. 	 Deficiency in equipment 

2. 	 Lack of maintenance facilities for: 

a) 	 apparatus maintenance 

b) 	 calibration 

3. 	 Shortage of trained personnel 

4. 	 Difficulty in collection of information 

5. Lack of adequate econanic resources 

6. 	 lack of coordination in acquisition of adequate equipent and 
achievement uniformity of instrumentation for the region 
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APPENDIx D-3 
Page 2 

III- RecorMnations 

1. To hold seminars, concentrating on the necessities of theseactivities at the levels of
 

a) government
 
b) executive bodies
 

c) users, etc.
 

2, Setting up courses for training
 

a) foreign programs
 

b) local program ­
3. Participation of local experts in the acquisition of 

equipnent 

4. Arranging financing for access to satellite data 
5. Ceation of a calibration center for the region, with adequate

personnel and equipnent 
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APPENDIX 
D-4
 

CRITIQUES FROM CONFERENCE PARTICIPANTS
 

I. CRITICA
 

Se cumpli6 con la parte a)y b) del programa del seminario, no
asl con la c) "utilizaci6n de la data solar". 
 Si sehado' algo
con 
respecto a la agricultura per nada con respecto a la transforma­ci6n de esta energla; por ejemplo: 
 en electricidad.
 

II. PONENCIA PARA UN PROXIMO SEMINARIO
 

Que se trate Onicamente de utilizaci6n de la energla solar y que
se presenten peliculas hacerca de las fases de proyectos de este
tipo ya realizados, senalaudo el costo de los mismos y los
aparatos empleados. 
Un pocando todas las conferencias hacia
proyectos necesarios en el 
Srea centroamericana. 
Necesarioamente
los participantes deben tener conocimiento anticipado de los
temas a tratar en el seminario.
 

Agradezco la invitaci6n que me hiciera para participar en este
primer seminario.
 

El serninario en general me parecio adecuado, sin embargo se detecto
bastante desorfanizacion en 
la exposicion de la materia seria ideal
que ha profesores elaboraran un programa detallado de los temas
que expondran en cada sesion de esta manera se les facilitaria a
ellos la exposicion del tema y a los alumnae la compaension del mismo.
Hubo conceptos que no fueron explicados a su debido tiempo sino que
fueron expuestos en el momento que el profesor se recordo de ellos
en el piranometro, este lleva a confusion al alumno.
De todas maneras fraciar puet a pesar de la falta de seguencia en
las exposiciones pude aprender bastante.
 

Considerarla en base a lo discutido, se fijarSn varios proyectos en
donde fuda tracerse uso de la energia solar y en concordancia con
ello recolectar los datos ya con un objetivo que serfa la realizacidn
un fin determinado entonces seria )ueno 
realizar un seminario en
donde enfosaran proyectos que serla viable tuvieran su aplicaci6n
a 
nuestros paises, aprovechando la energia solar como un 
paliativo que
ayudara a 
afrontar la actual crisis energifica.
 
Respecto al curso per descinocimiento de varios de los aparatos mostrados,
no puedo hacer ninguna critica pues mas bien fue una experiencia en
cual obtuve conociemiento de instrumentos. la
 

Esto debido a mi trabajo
que representa mas que todo una acci6n de planificaci6n.
 

Es en ello que considero el lineamiento de varios proyectos en 
donde
se aplique su energia solar como un medio para ser que debido a la
importancia que presenten puedan tomarse en cuenta en los planes de
desarrollo nacionales en el 
ungl6n especifico del sector energetico. SS
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APPENDIX D-4
 

SUGERENCIAS DEL SEMINARIO
 

--	 Tratar que el serninario proximo sea mas amplio en tiempo (1Semana)

para profundo un mas en los topicon
 

Que los proximos seminarios sean individuales
 

I calibraci6n, instalaci6n y mantenimiento del equipo

2) 	recolicci6fi de datos
 

a) auspelaci6n
 
b ordenaci66
 
c eva'iuaci6n
 
d) publicaci6n
 

SUGERENCIAS GENERALES
 

Grater de crear un fondo para la traducci6n de manuales, falletos que
repartin en los seminarios congresos y otros reuniones.
Confeccionar un manual de meteorologia en general (observaci6n
estadistien y otros) para estandariz los criterion del 
personal
involverado en estudios proyectos del 
area C.A.
--	 Sugerir la standarizaci6n de todo el equipo que recoge datos ya
que la marjoria de los paises del 
area estan conprando aparatos
 
nuevos.
 

OBSERVACIONES
 

Considero que los seminarios o actividades similares deberfn de ser
de 	mas dias de duraci6n, una semana, por ejemplo
 

-- Tal vez seria necesario hacer actividades m~s acade'micas orientadas.­para personas que no trabajan en meteorologTa, pero que
tengan alguna relaci6n con 
la 	energla solar, por ejemplo los
interesados en proyectos de uti-lizaci6n de energla solar. 
 Coma sustituto
de 	algyna otra forma de energla.
 

SUGERENCIAS PARA FUTUROS SEMINARIOS
 

1. Realizar un seminario a nivel de jefaturas de los Institutos Meteorol6giocos
del area Centroamericana con el fin de conocerlos objetivos y programasde cada Instituto relativos al uso que se le da a la informaci6n
recolectada y aparte de ese seminario secar conclusiones y nuevos
objetivos para el 
uso de la informacion como podia ser: 
 la 	agricultura
uso de fuentes no convencionales de energla, meteorologia, etc.
 

-49-	
5+
 



APPENDIX D-4
 

De este seminario podrian salir a flote las necesidades y liroiticiones
de cada pals y pudrian esbozar un 
 futuro plan de seminarios y
cooperacion, los paises del area, donde se tratarian los proble,,as
comunidades. 
 Estos futuros seminarios seran el 
.... para los objL-tivos
programas a definidos por las autoridades del 
area.
 

2. Realizar un 
curso practico para tecnicos, en medici6n sobre calibraciS4,
medici6n, lectura y processamiento de informacion con objetivos
concretos que le permitan a este personal ruejorar la calidad de su
 
trabajo.
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APPENDIX E 

SATE!LITE REPRESE rATION 

The following 12 pages are monthly satellite representations of
 
solar radiation patterns for Central America. 
These "pictures" are
 
monthly reproductions taken frcn four years of satellite monitoring,

during which cloudy and clear conditions were photographed daily.
The dark areas indicate high cloud cover (low solar radiation to 
ground sites); the gray indicates mediun cloud cover, and the white
 
indicates low cloud cover.
 

The resolution of the satellite camera is noted by the printout
of small "blocks" (areas). The seasonal differences between sunny
skies and cloudy skies, and differences between mountain and lowland
 
sky conditions, are very evident in these reproductions.
 

Future improvements in satellite monitoring, data recording,
and reduction and interpretation will make it possible to obtain 
more precise solar radiation patterns for specific regions and 
sites.
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APPENDIX F 

COMPARATIVE COMPUER PRINT-OUrS OF TM DIFFEREN SOLAR DATA STATIONS 

The following two pages are graphical representations of solar
 
data profiles fran two different collection stations, one at Balboa,
Panama, the other at Taboga, (osta Rica. These profiles were 
printed by computer fron several years of continuous, daily solar 
radiation raw data.
 

The daily solar radiation accumulation through two-week periods
 
was checked against the calculated extraterrestrial radiation (ETR),

and only the daily %-age exceeding 50% of possible ETR was printed
 
by the caoputer. Fran this print-out, in two week increments, the 
profile was printed to indicate graphically the %-ageof days versus 
the %-age of ETR across the range.
 

The profile for Balboa, Panama gives a picture of a well main-, 
tained station. The shape of the print-out curve is not highly 
dissimilar fram the known ER 
curve. 
This station is maintained by
 
the Smithsonian Institute 
and is known to be kept in good
calibration through regular attention. The other profile is fron 
Tboga, Costa Rica, a remotely located station. The bi--mndal, 
irregular curve of this graph is indicative of changes occurring
from time to time through the data period, probably due to drift 
from calibration, exchange of recording instrnent, or other 
problems due to less than adequate maintenance of the sensor.
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SECRETARIA LIEESTADO EN EL DESPACHO 

DE 

RECURSOS NATURALES 
REPUBLICA DEHONDURAS 

Tegucigalpa, D.Cl.
 
November 16, :1979"
 

Mr. Robert Maushammer
 
LAC/DR' 2252 NS
 
U.S. Agency for International Development.
 
Washington, D.C. 20523
 
U.S.A.
 

Dear Mr. Maushammer:
 

Lic. Kawas forwarded a copy of his letter..to -you tnspan Sh. 

Inview of the possibility. that :you m."ay not read Spanish and
 
would like to have an English copy as your action copyI am
 
forwardi.ng a translation of his letter'.;.
 

Sincerely yours,
 

ENg/.GEORGE H. HARGREAVES
 
Asesor Ticnico del
 
Ministerio de Recursos 1aturales_
 

Enclosure: Translation,
 
cc: Executive Director, R;H.
 
cc: Files (2)
 
GHII:AMAW
 

http:forwardi.ng


SECRETARIA DEESTADO [N EL DESPACHO
 

DE
 

RECURSOS NATURALES 
REPUBLICA DE HONDURAS TRA1SLATION 

November 14, 1979,' 

Dear Mr. Maushammer: 

I am writing in reference to my visit to the offices of AID, In,Guate 
mala, where we talked wi-ch Eng. Alejandro Sundermann and Eng. Jos'e 
A. Chac6n of ROCAP. We 6lscussed the possibility of developing a So
 
lar Radiation Project on the Central American Isthmus.
 

I would like to indicate that El Comit6 Regional de'Recursos Hidrau
 

licos (CRRH) is an Intergovernmental organism, created by the coun
 
tries in 1967, for the coordination and developmen if programs in
 
the field of Water Resources in the region. To daLee have colabora 
ted and developed projects with OMM, UNESCO, PIADIC,etc. Various Pro
 
jects, Courses and Seminars have been executed for the training of 
personal at different levels. Also we have produced a series of 148
 
Technical Publications.
 

On October 15, 1979 we undertook the introductory part of Proyecto de
 
Previsi6n do Caudales e Inundaciones en el Istmo Centro Americano (Pro
 
ject for Flood Flows and Flooding In the Central American Isthmus).,
 
The principal objective is to serve as a Pilot Project for the instala
 
tion of a net-work of automatic stations on a chosen river basin. in
 
each country and a Hydrological Center that will process information:
 
using the mathematical models to estimate flood flows and water levels
 
in storage, etc.
 

At the same time the Committee in its XIII Ordinary Meeting held in
 
San Jos6, Costa Rica, July 16-20, 1979 decided to start activities
 
within the field of unconventional sources of energy, under a plan
 
that promotes the obtaining of basic information, in this field ond
 
its storage and use for development studies.
 

One of the most important fields is solar radiation, and at the pre
 
sent time very fvew stations distributed in some countries of the area
 
for this purpose. They have I Heliograph and I Actinograph and are 
not well equipped for the study of solar radiation.
 

Because of this, CRRH has consider convenient to formulate a program
 

•.1....t
 



.M. 

SECRETARIA DE ISTADO EN EL DESPACHO 

DE
 

RECURSOS NATURALES 
REPUBLICA DE HONDURAS 

that will have two main parts:: 

a. Elaboration of a Solar Radiation Atlas, using SateIlite Data, for all the Central American Isthmus, using ahematical iodels, because adequate Information does not exist. 

b. Installation of a net-work of Solar Radiation Stations ineach country so as to have the necessary observed Information. 
In each country all the Institutions that work in Hydrology andMeteorology are members of CRRH, through Law Decrees, so they willbe the Institutions encharged of the Operation and Maintance ofthecse'net-wrks by the respective countries after their instala 
tion.
 

For the above reasons I
am asking for your cooperation so that
AID/ROCAP will study the possibility of financing aProject-of.this type which I believe will be of much benefit to the coun'trie.
that are members of CRRH.
 

Sincerely yours, 

NAB I L KAWAS
 
Executive Secretary'
 

Mr. 
Robert Maushammer
 
LAC/DR 2252 NS
 
U.S. Agency for Internatfonal',Devel'oment -.

Washington, D.C. 
 20523
 
U.S.A.
 

cc: Director Ejecutivo de Recursos Hidricos
 
cc: Files (2)
 
/AMAW
 



CABLE: OCOREHO=12 dulcesclifofcontm g eaio~alR 

APARTADO POSTAL 718
 
TEL. 32-38-04
 

TEGUCIGALPA. 0. C.. HONDURAII. C. A.
 

S-CRMi/385/79 14 de Iloviembre de 1979. 

Estiznado Sefior Iiaushaimner: 

Por la presente, teng6 al-agW6d de escribirie refei-ente a mi visita, a 

las Oficinms do?! AID en 'Suatwalaq (o'ni3 conversmws con el Ing. Plejandro Sun­
dermn elc n-. Jose A. Chiaco'n de la Oficina de ROMAP, donede se discuti6' la, po­

sibilidad de dir-!erxol1ar un Proyecto sobre Padiacio'n Solar en el Isrio Centroa­

Trierkn.'c. 

C-1' de Piecurso73" Uc.'rgulic .- (CFE'-), un a­

ni~) :.' 1.i:~tzLlcm-a-'ior los pases dn-stCo V3~67, -r--ra Ma cooix;:t.cicn 
JYJseo ow e2.m'itti 7r'eoa ;: es 0. 

r~'': 

.:x.o' l~ ennla~ifW 'I~I,'J.ys)~r h) ;fnx e lc),to , 

ett:.. y fm lr_±n c---o ~.'i~,xrjyec:os en el ilr a Cizczc v Gemnfam~c%: pzx4 el 
L; itranwamiento Li r,,rnon-nl en los clistintos niveles, asi amo la producci6n de twia 

serie de 143 Rtilic-acionar. Tacnicas. 

1:1 15 do OctVu--.,x del presente afio, se inici6' la etapa: reipratoria del Pvyecto ­

de rtwvirln d- Cau~ales e Inundaciones en el.Istmo Centroxe-.ricaxio, con el obje­

tivo er.c±..31rvir coCrD Proyucto Piloto pa-ra 3a instalacion dle una ­co md de 

estacionou autc.-A.ticas en uma cuencai escogida por cada rai0s, y un Centro IMicrol6­

gico que *ela inforpaci6ii y a travAs de irodelos Yrrate%r"icos, generar$ cauda 

ieo, nivcl.-; de ez-balsc,etc. 

Al irro ti.cr:'o el "'m~ite' en su XIII Reunion Orcdimaria, celebrada en ')an Jose de 

Cota "tica, dA.! 1,6 al 20 ee Julio 6e 1979, resolvi6' iniciar actividades dentro ­

del c:.nm de XIs f£u:mco no convencionaics de e-i'2r;, a, bajo ufh plxan quce pronmuc-ve 
e'i prJ':'2Yo pr-4orirl;.%- la obtenuio'n 6o. la irnforr'acon b5sica, en cste campo su pr­

c'~~v~toayx.-uivo y utilizacio'n Dam' estudios a dcn-arrollar. 



jfContild egionad de 7 acutsear v.-iR!?tdu~icoj' 
APARTADO POSTAL 718 

TEL. 32-38-04 
TEOUCIGALPA. 0. C.. HONDURAS. C. A. 

I mode 10es 'amposMU n-iportantes es el de Racliac Solar y al rnetru oa 
esaiones distribuidas en alpuo pases del area se refiereen a ese campo y constande I.F'eliW6*nirfo y un Ac-tin0'graFo, los cuales no son suficientes para el estudio de laRadiacic'n Solar. 

por, tal 1r0ti-vo el CRII', ha cr\--ko conveniente la forrnulacio'n de un piogre que consta 
cssci~ !as de Raritci 


a.- r1
r~2~ e u Alas de P~ai~con Solm, u-tjli.endo t.ztos do Satf~15te,
.ptl to:yla el Istr..: Itrit or-mric.:--o, prr ntedijo de mocdelon" mtiwtc~L ,.Y&0[1 1c' -,itc I,- inffutracio~li &zcuada al rMSVt'et. 

-;1-Z2LJ (Z~ ~ Unar l~a U!~ 
** cs'&o. leCrY~..~ 

4"1 crle% Cie)(klos ifcr.S todas Ths Institucce clue tr~majan, en flidroloala y 1-?10Icl Son L'a'(:-~,,s del (C;MRH), oro 
por Demcetos !&~y, y pore lo tanto'serfan estum las Inst5.uciones jyi pm e-cr-aa de la Opr'aci'0n1y, Mntenijpjento de est~s redes, eespues-

Foy, tal rnotievo solici-to a Usted Su colaboracion t'ra interponer sus buenos officio-,­jxra que' AD)P/?., cstudis la pc'sibilidad dce financiar un Prcyecto de este tipo, ei ­c31a n,- duC---r).o sei4 0.. muchio beacficio puira los palses mdembros 
 del CRRHJ.
 

?2 vuIdI su contestacio~n a la presente y poniprdo-sie a sus gratas 6rdcnes, me!-suscribo. 

Atenta~i~iente, 

DELIAEJECti'V4 

lifFQItEGION ~L S!lCRIF73AMI t'JfCTrIVO 
11RAUI~.u S 



October 2, 19791 

Dr. Gaorge Hargrroves 
Direcci~n de rlecursos Hadricos,.
 
Teguciq.g.1p3* D.C.
 
Honduras
 

Dear Dr. l,;rgrc¢es: 

Tiis is in responsse -to your letter of August 8) 1979 
to Mr. rDnald Iiester of our oifice, regarding your proposal 

for a project to dcteTmine and map solar- radiation for the 

Central '.i,,rican reeglion. 

At the t!,:a oi Fran3 Mclrquez' visit with you, RCXAP 

to incllud]h a solar data colection elcr-,ent inwas planning 

a Fuel%;ocJ ;;nd Alt.:v:ative Lnnrn.jy Sources project that was
 

-. i[urin.j rovitew in
being d,:'e1opcd vitCh LA'IE nd ICAITI. 
Was1linj':on, 1(,r financial and :d:iinistrztive reasons, the 

o the project was deletod.solar daLa collection eluioant 

We unders.t;:nd that hID is reconsldurin7 the irztter and th.;t
 

a cable will be sen: to the UI1D oificus in Central T-rarica
 
soliciting their interest in a possible AID assisted coor­

dinated regional solar data collection system. AID Panarra
 

and AID Costa Rica already have approved projects whdch 

include some solar data gathering.
 

The major difference I se in what you propose and
 

what we hd originally considered under our project is the
 

.accuracy of data to be collected. Your proposal states that
 

errors of 10-15 percent are acceptable for most agricultural
 

uses of solar rcdi.ation; Solar America, Inc. recommnonded that
 

for energ,7y uses a lipire of + 2% was necessary, espcially 
I %ould appreciate any infor.t­for corrplex cnerqy systems. 

tion you r:ight have about data already on hand and the a.qlount 

of cloud-free coverage of satellite data available ior the
 

isthrIus.
 

http:Lnnrn.jy


Dr. Georv!e largroves 
Pa'ge 2
 
October 2, 1979
 

Since your proposal closely parallels what our Washington 
offices are considering, I am taking th librty of icrwardin 
o copy of your letter to Mr. Robert l.usher cr who is hrxn1ling 
the r tte . Ycu might want to c:ontact him directly. ILLs addre-ss 
is: IWC/ ?2252 RL7, U.S. Fgency for Intcrntional De-velopment, 
Wzshingtont D.C. 20523. 

Sincerely,
 

Alejandro Sundrmanfn, P.E. 
Chief 	Engineer 

bcc: 	 Robert Maushanmer'
 
Penny rerley
 



.. .Noto uo.. 
.,RETARIA DE ESTADO

DEEN EL DESPACHO 

NATURALESECURSOS 

1IPUBUICA DE HONDURAS, C. A. 

Tegucigalpa, DC.
 

August 8, 1979
 

Mr. Don Fiester 
Agricultural Officer"ROCAP
 
c/o American Embassy 

" Guatemala City,.Guatemala 

Dear Mr. Fiester: 
r a p r .IU Ie ]m oMr. .-maque at Corporation stopped in Hqn.Igecently Fran rkMarIuez of0 SolarAMe~ rl cans o ey"; f g~ 

pro:for regiona

that ROCAP might have some mone duras. He indicated 

Jects. 

a proposal for determining incident 
the process of developingWe are in I would like to propose a 

from GOES-2 satellite data. solar radiation 
5 year project of radiation 

determination and mapping for the Central A
 

The project should include 
some training of Central A
 

merican Isthmus. a 5 year projectI estimate that 
merican technicians in the methodology. 


would cost about $150,000 or about $30,000 per year. the

it could be started with only

the full project
Although I recommend probably ­its value wouldis startedafter it
first years financing as 

bring additional financing. 

of Central America wishes to 
de Recursos Hidrfiullcos 

The Comite Regional A copy of CRRH resolution is forwarded. 
sponsor this proposed project. of the methodology.brief description
Also I am forwarding a copy of a 

Ifyou are interested, would you consider 
financing a trip to Guatemala
 

in greater detail? 
could consider this proposed project

that wefor me so 

OS
Sincerely yours, 

•" G .A .S :, ,,I', ... - ._: , 
" 

i . A JZ -/ -"-;J,' "%,nr E IIGE H. HA ," 

;.*.MA,.:
 
G 

cc:fIles
 



PRO VECTOS 04I COLAW-OACIOV CONJ EL PIZADIC
 

214 LCkI1) Resolva.6u, aplob4ada et 19 delj~& de 0979';. 

El. cOMTER EGIONAL l'C RECURSOS IfIVRAULICOS 

cONs7PDMINDO: 
La inSo.-wut-in Pica.ell t po, ta ,ec'ke~amfa Eja' wtUva, 'Aettiva. 
4 (u6 p06 ibitidadesl qY pe1.6ectlvw poiahaW L4a.~Cabolun plIoD114a 
out, ell cotaboAMUAc6 con etY~fC 

JRESUILVE: 

1.So~t at PIAt7C, que cxpEo.Lelta po"t".scb.CifdcVe1LC(-I.6L1 
k~i0 aC.'to ell, c0.&tbola'c.C6,i cont 6- CR9Uif tL c.4letC eu;s M do. Ca--.~L 
vidade3 6Lg.-Uvltcs.: 

a) 	 PI.-Po..C.Cc',uit do. tfeios Pala it(cl~eiviw, itine.-iistf 
Zct vtrJ.s.tmo eel: t...alen,. ecallo. ell Za pi ;'tti e~ de.fr oli~ ta 
do-ids pa'a nCjo.-imivti de. Ze.4 Lanenos di yf.e& 

e ta - 4~iouniaciez C aCol.c ell eCp:w:l~ 
y de~a,'zbCte, de- toA sA tema- de ridZ'iL'ai4! 

b)Phopo.tona'i LLJo o IIkds CZtCC'6 pcam url.zLG (9-t cI'.s6 itt 
1e61a11te ell et 1iflI Cell V104jrmfL(C.vl., to( CC: i3O . 1 3 : 

4J:wcaCuCdo cC Jo1 4".. 	 .t***1, '.114% 	 4 . 

.'ittc GOES pa-lI *.- afe*~asid'as'd de:dj~ t 

C) 	 P-oe- as-.'*c;c2~a cotRta a'(aEtc~ 'tllwa.c 

mt("Ute GOES y ,'e: ta basquda dC :L' ImLe~jM . 

http:V104jrmfL(C.vl
http:Resolva.6u


d) 	 us.lulic.al .C nt'.enarlieaib ell et CXt(io'& de unc. od 4 
nieos (let 7.Stmo Cet' oaiucAiwio,g C-1.t uWa de -'sda,&cS 
det aaM.41c, GOES jwVa iri mapeo de. ta uda-il 'otmcuz 
dcnto, Pa Za ctabo."ati~6n de tnoddos de Inecii'Litac(oies . 
Convec.Uva.s yJ paa ('t)106 IL.56 MCetco.oC~gffcos c Ifictoet,91c-
Cos; 

2.Cnclaqa 4 ta Sccuzta.'ra E-jcu.va eeectut 0jct~. 'i 

ct PaIAPZC pata ta activ"da .a antvkiotta;
 

3.. 	 Encaiga a ta Sc'L-&mkL~ E-jecu tiva fa .aocizh'C'wcC, 
iAndauqcndo etz Pkie.5ullucto A'cspective ,~a au p.'esa'taenJ.Ni 
PrAPIC 1-neiat ap'ii'baCit6,i diet Cc'n.ttr; y 

4. 	 Esiem Ca Scc.ie.inla fj.'cueta's jct'n ~e:.~fs~-t 
nicoS~oc tct Le~~s p~ a ~ ~1 ! C( 1rn Cl .' " L~~nI . t J ~ kC Y3 

http:E-jcu.va
http:us.lulic.al


SOLAR IRADIATIO3 FRI SATELLITE. IATA
 

Solar radiation largely determines the potential g'row th rates
 
of crops. It is used In the reliable ieethods for'estirating the 
potential water use of crops or for calculating actual and poten­
tial crop.evapotra:npi ration.
 

In the Central trierican Isthmus there are few ground-based
measurcr,1onts of solar Insolation. Att(.rpts to Infer radiation from 
sunshine hotirs or the percentage of possible sunshine h-ve met with 
ccsic!erable success. llrever, the nevyorks of sunshine recorders 
Is too sparse to proeuce accurato estinrotus at all locatio;ns of in 
tcrest. rho only ecoai.nical and practical source of high resolutTion 
data isrieteoroIogical satellites.
 

Die Incident visible solar radiation flu. that arrives at thu ­
top of the atrmsr.herc Isdepleted by absorptien and scattc-rinn. The 
raJor a6soricers are water v.por and aerosols. In the presence of ­
clouds there Is a iarne increase in -catterinq., some increase In ob 
sorption and less inccn-.ing radiation at thic surface. -

Data available from.satellites include rean target briqhtness, ­
cloud amount and cloud brichtncss. The rian tarret bri.htness reasu 
res the reflected radiation due to all causes. The cloud arount and" 
bri htness yi~id Infomatioi on the radiation component scattered by 
clouds.
 

Tarpley (1)presents equations for est;m.ting solar radiation. 
VIslblo clear brirjhtness of the tnret to calculated by repression a 
nalysis. For this estim.ations the local solar zenith angle, X, and­
the aznuth angle betwreen sun au:&I satellite are used.. Cloud fraction 
Is detemined from tha satellite cata. Cms X Is proportional to o:x 
traterrestial radiatirn. Equations are presented witi) Cos X as the 
dominent tem and including use of fractional cloud xaount, n, neon 
tarct brit'htnoss, prndicted clear brightness, mean cloud hrightnnss 
and noro7veli.d clear hrightness.
 

(1) Tarpcy, J.D. "Estinating Incident Solar Radiation nt the Stir 
face fron Gerstatlonary Satellite a". ationni Environmental S1 
tellito Servict,, dlOM, V'shinctan, D.C., 1W49, 22 p plus tables and 
figures. (Paper submitd to kier. J. of ippllod H-teorolorly). 

I 



(2)
 

tn evaluation of satellite estirmtos of radiation was made by 
comparing with radiation roasurcd by 22 vell standartzed pyr-nc. 
ters. a,, use of tw:o pi-ccurus per day at OJO0 and 15A hours local 

tir. to mr;kc t'ally estim-.t.-s resulted in a .ioo,| correlation th a 
coefficient of correlation equalto O.U and a stand-ard d-viatlen 
equal to 5U.5 Langlays per day. Daily errors of in the orcer of 
10 to 15 percent are accpetable for ro(st aricultural and other uses 
of solar radittion. 

The procm.ure civen by Tarpley provides satisfactory results. 
The e,;uatio: cain be t. for use In any area or region. Ilowevor, 
it seers probab!le that odher procedures i.ay be evclo;nd that will ­

yilve as gjood or better cti:'.o Fru i. G years of daily m.,-.surni'lnts 

frcn 1-avis California, five day sums wcre used in a rere.! in n.al. 
sis. Solar roilatlon,P.$, was calculatod fron extraterrestial radla 
ticn, fLA, ond perccnta( o of possible sunshine, S., T:h equaLiMn.caii 
be wri ttt.n: 

RS - 0.075 RA X SI/2 

-This procedure predicted qE percent of the variance for 5-day rr.5. 
Entraterrestial radiatixi can le calculated from latitude for ay .11.i 
van location. A good corrlatiom bctmv,;ii r.rcent of possible suilshine 
and equaticns usinq mean target briithtaess, cloud amount and cloud ­

bri.ht.uss can be antic'ipated. 

Although Tarplcy presents usablo and adcquatq eruations, the pro 
cedures are ncii arau it can bu anticipated that as more data are rro ­
cessed the :n:thcdoloCy will be ir,.proved. I. is hoped that both ir.-roved 

accuracy and greater siz.iplicity will be possible. 

The GOS-2 satellite is staticned above the flu-tor at 7W11 lo;,( "_ 

tude. lata coveracge Is fron 25'1 to 125"'4 and frcm 59)"N to 5SY'S latitL' 
de. The data sam.ple or pixel is chout C tj.i. at tho satellite su!hpoint. 
For analysis Tirpley divided 'he arc into t~rcets a;:roxii.iatlcy !J3 "' 

.on a Wu., cach rade up of 7 X 6 arrays of P Kpi pixels. Ple tar'rts 
wcrz centereJ at tOe intrsacteins of .I0 Interval latitude and ion(.L 
tu't'-u lines beginning at the area boundaries. 

.1......l~ 



(3) 

rtindings are stored and nagnetlc tapes produced and sold to useragencies. The GOES dinlital data can be obtained nri 9 track 1600tapes at a cost of $60.00 per tape. 
bpi

"The prico Is reduced for largeorders. The satellite data sets can be obtained from: 

fir. J. Emmett Brag " 
Environ'mental Products Group, S 132
HESS, Vorid 'eather Building
5200 Atith Road 
Camp Springs, Maryland 20233. 



WNCREMEMTO DE LA PROQUCCION AGRICOLA EN CENrRO AMIERICA UTILZAJVDO 
l?/FONgACIOU CLIUATICA 

Et cwie.ente at( .6obte et abausteeimiento 6'Jtuto de atimento y
ta6 uehidadea6 w~genteh pwa ta expotac~n ag/zIcota,aumenta 
han conducido a ta 6o~a'zLtae6n de vaWt p'wpcse,6taz pa/ta tevL a
 
cabo un inven&'c.o de Loh6 'cecm&uo eftm6&tco.6 y de .6ueto4 de di 

6eAenteA eAM geog~v4~Zco6. Hi6'Ltcamente atA ededo't de wia 

­

te~ee-
Aa pa'Lte det ine~ementto de ta p'wdu2e-6n a~imentcia p'wuviene de 
wta apUaeoin de teenotogt mejo'zada en taz tieA~a,6 a'zfeoa& ex(A.­
.tenteA, y do6 teAewza de incolpou&w nueva-6 tie'z4a bajo euWvo. 
MAcha I-n6o.rmacijn adicLonat eA nee6a/zIa paza toma/ deckAione. 'wazo­
nabteu con 'teper-to a auae6 tUezA. y baja que coflct.onea 6e debe-.. 
A'dn pone&t bajo caUW&o. P'wbabtemente e6 de mayo4 Imnpo~tane&~, ta 
nee6idad de utt&ZA.' en macho m16 alto gizado ta itn6o'wmacin exZs
 
tente que pueda obteneute.
 

Un euuUo heco en Hondw po't et Con6 outeo pa.'u et Veuatto In­
teinacionat (CID) I 6e~a&& que et Aeato't ag'ttea debe haaeA do,6 zon­
tibuclonea pa~a et deaAtLo nacionaL. 

(a) TtCene que p'wducijt unit coantidad adecuoda de allmento4 y 
6a:Ma par~a CMmpUA con ta6 necezdade6 doml~tw~. 

(b) VebeAf hace.' una adeada contubuZn a La batanza co­
me~e.L 

Lh46 a4&2utoa de an andU66mqcAo-ecOondmZ co p'tesentado en et Indo't­
me tc4 que en bae aL.tekcambio came/wiat, hay que %ega&anteA 
de 1990 un &iPea adielonat de 64,000 hee~zea46. Tomando en cuen-ta am­
bod objeiva, 122.,000 heoldAea4 debe/rian poneiue baja tLiego ente 

1.Van de Vete.'ing, HI. y Ha~gteavu, GeoA'ge H., " P'tog~ama de Za,6
Recuuro 4 Htd'dcod P'topued~to pa~a et Mini.36te't.L de Recuu.6 Na­.twaCed. Con6oii papa et Ve6aAr~'wZo Intanacionat, JuUo
1978. 243 p. 
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1970 y 1990. Si be p~etende un .6o6tenido e oapitat a Izango,6 acepttt­
bte6, 6eMd tequc4*do nidA peuonat cai6tcado y una may04 ciaponibitU­
dad y u60 de ta in6o'rmac.Z6n 6oticitada. 
Loa InAaemen-toa itqeAido4 en La pwodueidn pueden .e't keatizadoa me­
ctiante wia combinaci6n de vaic actividade4 djenente.6 o tecnotogtah 
bd6~Lca6. ata.6 ine&±yen to zguierte: 
(a) 	 Aumento de2 duea de 'z.Zego 
(b) 	 Mejozamiento deZ cont'w de tnundoac/one6 y dienaje 
(c) 	 Mejowzmtexto det p'wee6o de aeimienaje y rnei~codeo a .t'tavf det.
 

mejoamZento det tuzn~po'zte y expanai6n de La etectticacdn
 

(d) 	 Expans6ihn det u,6o de &eti.Zzan-tez. 
(e) PAonoiendo atta .teenotogta de La agticuLtuua de 6ec~ano, cuoando 

Lo.6 6uetLo6 y ee e4?~ma .6on 6avuibte4. 
IS) oPutcAdn. det uzo ampL~o e Zegurnxno,6ah6 Uiate paAa rnejo~wlL 

La pt'wduck6n y 6e..ztiidad. 
Palta a,6ignoA pJio'udadeA a La.6 va&Wa. a&iidadeA y a Fo,6 dteAentu~ 
tioa e de.~wto, 6e necui6Ztoan mfi6 conoeimiento6 con 'LApecto a 
Ceoh6 4ueLoA, cUma y kLecuAoo6 e aqua. Se de aqut un dnjua6L ptedomi­
nante at Wmra y a La dm~cpoken depiwpue4taA y p'wg'ama pa'ii La 
mejo/L ecoteacCdn y u,6o de La injo~wiae6n.
 

EVALUACION DE RECURSOS VE LA TIERRA PARA AMERICA TROPICAL
 

Cochane2 po ne an ektudio de /Leconoecnuiento Ae Am~Aia Latina. L a 
evat&Lac.6n de compuh~ora 6e 'leatzmt~.a vta zt~Cte y polt rnedco de 
La imagen det ALada'L, ademd6 de La in(o~ma "-*6n convencionat dJ.Aponibte. 
Et ptoeer:eno %equiekeeZ mapeo o ta efmiL~tcacikn de Rat. dea6 que 

tienen cond'eione6 6.i~Au de topogiadta, 6ueto, vegetaeidn y cXiL­
ma. Se evaM ti elha p04%La e~timacZi det batance htdio utuzan­

do et rn~tdo deacA4Apo g/aveh 3.P04 

Lo,6 rnE~odo,6 p'zopue,6to,6 han sido eha44oWtado,6 y Lu;U.zadoh6 en atgww6, 

2. Cochuzne, Tom T. "Land Rehou~ceA Evatuoation 6o& T~opiWa Ame~r.ca', 
Cent'w In-te.nac. de Ag'ziceuttuu T'iopica, (CIAT) Cati, C0J'i~mbitt, Pe.'­
,6onat Commnwion OctobeA 1979, 11 p. 3. Haqkeaveh, Geo,%ge H., 
"C'o~ztd wateA 6o,% Ag iuelwc, Agency Jot Inte/uw.-Uono- Veve.Copmente, 
1977p 177 p. 

http:Ame~r.ca
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