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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 highly
inaccurate. 1In order to provide data useful
in the design of solar energy systems and in
increasing agricuiiural productivity, it ig
recammended that the eristing data base be
checked and rehabilitated if necessary and
if possible, by installing new ard properly
calibrated instruments and by training and
coordinating personnel in the six Central
American countries. It is also recammended
that the existing network of solar radiation
data acquisition stations be upgraded and
expanded to provide infonmtion that will
prove valuable in the future as food and
energy prices increase and shortages become
more severe. o




I. INTRODUCTION

Solar mmerica, Inc., was contracted by the Xgency for
International Development (AID/Washington) during July 1979 to
assist the Regional Office of Jentral American Programs (ROCAD)
in designing a fuelwood and alternative energy sources project.
folar America Inc., was asked to (a) identify alternative energy
sources that could substitute for fuelwood in damestic and gmall
industrial applications and (b) design a preliminary cost-
effective solar data collection plan for Central America,
including Panama. The solar data pPlan was to include racom-
mendations for hardware, work plans, and delineations of respon-
sibilities of cooperating institutions in Central America.’
Preliminary recommendations were presented to ROCAP in the-intial -

project paper.

After a temporary suspension of work on t'he solar dataff]:
aspect of the contract, the scope of this part was modifled to'
include the following activities: ' ’ -

. _ R

(1) Personnel from Solar America, Inc. ' would travell‘_
to Central America to evaluate present ‘solar

| ‘data and existing instrumentation and to under-*

- stand better how national agencies interpret

| data they are now collecting, Meetmgs would: be
held by Solar America with representatives of

host countries and USAID persorinel.,

:7(2) After assessing the collected information, Solar
| . America would design a prelininary 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 work.

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

o As the demand and prices of energy and food increase,
‘alternative energy sources need to be d.aveloped and agncultural

pruiuctivity improved.

Solar energy technologies are being con51dered for many'-‘
appropriate energy applications in the near future; several solar"
applications are already ccnmercially successful or are in'
advanced development stages. To yield the greatest beneflt-to-"
cost ratio, solar energy systems w111 ~have to be: designed-r
according to the known availability of solar radiation and other;

local climatological characteristics in any specif:.c area.

'
1\

Pgricultural product:.on can be greatly increased by use of '

accurate climatological data, J.ncludmg pa@terns of solar radia-

tion availability and rainfall.l an mprovenent in agricultural
productivity can not only increase local food supplies, but it

can also allow the poss:.bil:.ty of same product:.on of synthetch
fuels from biomass. . This bicmass could consist strictly of

agricultural wastes, or it could include grains that are grown
specifically for fuel production, - o

lbhrgreaves, G.A., Ministerio de Recursos Naturales, Honduras
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Increases in agricultural productivity are an immediately
desirable goal. The production of energy from solar radiation
may be a near-term necessity. To meet these goals, an accurate
data base of solar radiation availability is nee‘ed.

The existing data base for Central America may or may not
be reliable. Solar America, Inc., on recent trips to Central
Averica, noted that (a) the number of data collection stations
there are limited; (b) the instrumentation in use there for
collecting solar data has not been calibrated; and (c) the
instruments may not be functioning properly as a result of
degradation and peeling of black coatings on radiation-measuring

parts, and condensation within the instrument casings. For these:

reasons, Solar America recommends that the existing data be
correlated with properly calibrated instruments that are operatéd
under properly controlled envirommental conditions. It is
possible that error factors can be developed statlstlcally that

will allow rehabilitation of same or all of the existing data. ’
Therefore, in as short a time as six months a reliable’ body of B
data may be developed. On the other hand, it may be necessary to

collect rew data for a longer period of time in order to obtain
sufficiently accurate data for ure in des:.gm.ng cost-effective

solar energy systems and for improvements in agricultural produc-.
tivity based on knowledge of precipitation, solar radiation, and

tetrperature 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

-3-



whether an entirely new body of data will have to be developed,
network of properly calibrated and maintained meteorological data
collection stations is needed in Central America as soon as
possible.

Two basic types of measurements are currently taken at
ground-based sites. These are measuremeat of the total solar
radiation falling on a horizontal surface from the entire sky
dame, and measurement of the solar beam that canes directly from
the sun. This is recorded by pyranometers and Pyrheliameters,
respectively. It is possible 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
may be sufficient for many purposes.

II. ‘THE SURVEY OF EXISTING DATA

A number of international repositories of solar radJ.a-;:;
tion data records were contacted in an attempt to obtain ;

data for Central America. These included the U. S. Nat10na1
Climatic Center in Asheville, N.C., and .the WOrld
Meteorological Qrganization (W0) in Sswitzerland. No
useful data were obtained from those organizations, largely
because they repcrt monthly averages, not the daily
information necessary for a thomugh analysis.

The local meteorological agencieé 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. Only a
representative samle was collected and reviewed.

4
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A listing of the data collecticn stations is contained
in Appendix c. /

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

' The current data base cames ‘primarily fram measuring
instruments installed in the early 1970s. These instru-

ments are of two types--actinografos and heliografos.,

The actinografo (actinometer) is an instrument design-
ed to measure total global solar radiation on a horizontal
surface, the same as a Pyranameter. fThis instrument is
| designated a Class 3 instrument in the WMO claésification
system (where 1 is the highest quality). All the instru-
ments examined were made by a German firm, Feuss. These
instruments rely on the differential expansion of three bi-
metallic strips, two white and one black, for the sensing

of solar radiation. fThese differential expansions move a

pen that indicates the amount of solar radiation on a
chart.. The chart is driven mechanically by a spring.
- These charts must be read and manuallyjintegrated to obtain
‘daily total values. These types of instruments have been
~ in wide use for many years around the world. The accuracy
of the data fram this instriment can vary widely depending
upon the care with which it is maintained and calibrated,
while the accuracy of a well-maintained instrument could
vary fram *20% to 508,  This type of instrument suffers
fram the following problems:
a) ‘The calibration constant is a function
of ambient tenperature ang probably of
wind as well.
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b) These instruments are nonlinear, and
caiibration is a function of the soiar
elevation and azimith.

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 of high hunidity' can cause
deterioration of the painted ‘surfaces
and corrosion of parts, affecting oper-
ation and accuracy.

- Because of these problems, these instruments are not
i relied ‘upon today by those who are seriously planning solar
energy programs. Despite these problems, historical data
from a well-ma:intained 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 J.nstrunents s‘hould be done to determine.

their current conditions, calibratidn factors, and other
characteristics.

'Ihe heliografo (interim reference sunshine recorder)
‘measures a parameter similar to bsam radiation. Little is
known about the relationship between the heliografo mea-
- 8urements and the pyrhelicmeter measurements. It should be
possible to develop a model showing a relati. onship hetween
those instruments when sufficient data became available.

Heliografo and actinografo measurements were collected
fram a nunber of countries. These data were camputerized,
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 sample of the data was reviewed, and a
representative analysis is included in Appendix F. fThe
general conclusions from this review are:

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

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

'3)  These problems place doubt on the quai-
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
Pyranameters 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 hellografo were not examined in as. much

f detail, because this instrument is not prone to changes in"

: :_I calibration.

Brief visits were made to a nutber of observing sta-
tions. It was Judged that the personnel were carpetent and
generally performed their current tasks well,

- A significant effort in specialized retraining will be
required for installation, maintenance, and operation of
modern instruments. This is particularly true if elec-
trenic data logging systems are to be used.
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The average tenure in any given job is 1.4 years?
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 an ideal method because of its moderate cost
and reproduceability, and because projector facilities in
most cases already exist.

1I1. TYPES OF‘SOLAR RADIATION DATA NEEDED

A. Solar data needed for the design and ‘evaluation of
sinple 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 follcwing )
information: ;

1) Total hemispheric solar radiation (pyrancmeter)

2) Dry-bulb temperature

3) Dew-point temperature ,

| 4) Wind velocity and direction

A pyranometer, together with standard meteorological
instrunentatlon systems, can provide all the above-
mentioned data. It is necessary that the pryanameter be

2This statistic was provided by Mr. Robert McCollough of
ROCAP office in San Jose, Costa Rica.

-8~
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calibrated periodically (at least orce a year) against a
standard pyranameter to ensure accuracy of meesured data.

B.  Solar data needed for design and evaluaﬁj.op,pf ‘complex

systems and for sinple __f;concentraﬁing collector
systems., o N,

It is necessary to have reliable ‘hourly direct-normal

and total-hemispheric values of solar radiation. “The

design of conplex solar and meteorological data’ should con-

sist of the follawing: : CR

1) Dbirect-normal solar radiation (pyrheliometer)
2). Total-hemispheric solar radiation (pyramneter)

'3)  Meteorological data (dry-bulb temperature, dew

point, wind data)

' PRELIMINARY PLAN FOR IMPROVING THE DATA BASE

/

The optim.m form of a data oollect::on system willff
depend on the technical progress made in.a mmber of areas,
including the use of :satellite data and mathematical |

L ‘models for estimating solar radiation availability. It
. will also depend on the ability of organizations to
maintain high-quality stations at operational status.

The recamended plan is phased, with decision pomts
at the end of each phase to allow accammodation of lessons
learned or new develomments in the technology.

This plan may be appropriately applied in any smgle
country, and thus will succeed whether or not all countries
work together. Regional cooperation, however, will provide
additional benefits to :3111.
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The recommendations in this plan are prioritized.
Those within each priorit <Y group are of equal priority:
thus, the first-pricrity items should be undertaken before
those of second priority, and so forth.

Prioritz 1:

New instrumentation with necessary

training and management changes for one
category A station3 in each country.

Development of training programs that
~can be used to maintain desired levels
of competence. '

. Developnent of statistical models for:.’;_«vf
‘estimating solar radiation 1n ‘the‘{i
Central American climates. .00

g 'Pfiaritx 22

Additional instrumentation for research
© facilities such as universities,

'Re}iabilitation, wherever possible, of
existing data.

Calibration facility.

Research on using data from satellites.

3category A, B, and C stations are defined in Appendix A

-10-
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Electronic data-logging systems.

Addtitional Category C stations in each
Camtry. "

. Additional Category A stations in loca- :
. tions experiencing cl:lmatic extrene
~ (sunny, cloudy). b

'ffjpfioritx 3:
Use of satellite data |

Development of coordinated regidnal
publications on solar data acqu:.s:.tion
ard evaluation.:

Automated central-station data reduc-
tion in each country.

Management and Administration: 'Ihe most mportant..

factors in any network are management and adrm.m.stration.

It is recommended that at least one full-time person at a

level of Ingeniero (college graduate or technical-schoolf
graduate) be assigned to network administration in each;;{{év

country.

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

It will be important to establish a calibration facil-
ity that can provide high—quality calibration services to a
large number of instruments. One facility would satisfy

~11-



the needs for a number of countries. Such a facility
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 starn-
- dards for each country can be calibrated at the u. S.
National Oceancgraphic Administration Agency Solar
Radiation Facility at Boulder, Oolorado.

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

Instrumentation: Tt is recamended that the existirig‘
actinametars be phased out as soon as practical, but they i

should not be discarded. The actinameters now in use

should be conpared with a pyranameter for at least one year-

at eaéh site in order to establish calibration factors that

can be used to rehabilitate the existing data base; after

One year, these actinameters can be recalibrated,

The new instrumentation recammended 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 camplex systems.
' Cai".egory B stations allow the use of sanpling to create
models for extrapolating the data measured at Category A
and B stations elsewhere. The equipment configurations for
each category are given in Table I (See Appendix A). It is
also necessary that spare instruments be purchased for each
network.

~]12-
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It is recamended that each country have at least one
Category A station as a minimm (See Appendix B). Then, as
funds permit, Category C stations should be located wher-
ever actinameters have been located, and, as funding per-
mits, these stations should be upgraded to 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

| developmg alternative energy systems as soon as possible
' suggest that progress be rapid. Therefore, it is recom-
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 inprove the instru-
mentation in the existing organizations and to prov:.de

necessary training to existing personnel.

New data collection locations should be sel"" '
on the follow:.ng criteria- S T :

) "-':Any location that is a potential site
' f‘for a Bolar energy or agricultural
project that will require a history of

data to measure performance of systems.

-13-
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2) 2Any area that experiences an abrupt
climatic change over a shert geographic
distance:; this often occurs near moun-
‘tain ranges and seacoasts.

3) e feasibility of mintaining and
operating a data collection system at
any site.

Potential problems a:e' foreseen in tvp'_ereefs" F

1) 'kLack of familiarity of personnel with th *
‘ H.equiment-—particularly. the - electronics
" and microcamputer data-logging systens. )

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

3) short tenure of technical ioe

- - A phased program is recarmerxied to minimize these '
: potential problems. This includes: 1local training of per-

ksonnel 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 equimment, and use
of consultants, on a regular basis, who have specific
experience in solving the problems encountered. It is also

recammended that self-paced traim.ng programs be developed
using 35-mm slides and cassette tapes.

14—
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V. RECOMMENDED PROGFAM FOR A DATA COLLECTION NETWORK

Recammendations for Proceeding on a Solar Data Base Project

for Central America

1.

2.

-4

It is recommended that ICAITI and CRRY jointly submit

a proposal to U.S. AID for a three-year solar data

base collection project as follows:

The U.S. AID grant should be administered by IGAITI,
because they have demonstrated ’ stability, have had o
prior U.S. AID assistance, and have established proper .
fiscal and management control capabilities. The CRRH
group would manage the project. SRR

Solar America, Inc., will be contracted by AID tr-»,‘_
perform an in-depth study for all the data

presently available fram each country in central

America. The data will be entered into a com-'

puter amalysis system, reliability and accuracy
will be determined, and a data base will be
established by validation and rehabilitation.

After the data reliability project is underway,
Solar America, Inc., will assist in the design cf '
an organizaional management technical team .

involving the CRRH group and the ICATTI gi:oup.

'_'Ihe Regional Office of centra.l. American 'ngrams'
" (rocap), located in Guatemala City, should bé"the
 U.S. AID funding agent. L

As in-kind contributions, each country will purchase
all the equipment necessary to establish the solar
data collection network through the CRRH group.

-15-

A



: ..

6

7.

‘ aé

9.

© 10.

'St)lar America, Inc., will assist in the selection and

purctase of U.S. equipment required for the projact.
Solai' America, Inc., will also assist in the first
year of equipment set-up and operation and train
Central American personnel on use, maintenance, and
calibration.

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

Solar America, Inc., in conjunction with equipnrmt«-" v_
suppliers, will be responsible for developing a‘fff“-
camprehensive training program including slide shwsj.“
and cassette tapes for in-country training, and will
also be responsible for continuocus upgrading of the
training program over the ent.ire three-year project‘;

period.

~ Each country, through the CRRH group, should send one
(1) individual to the Unlted States to attend carpre-- i
hensive courses in both solar and . wind data

collection.

‘So‘lar 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.

~The core data base program will run approximately

three (3) years, with two to five years of follow-up

~16~
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programs in t-aining and in data verification and
instrumentation calibration. The total budget figure
should be approximately $1.75 million for three (3)
years and $0.8 million for the following two to five

years.

Planning, Contractual Arrangements, and Organization (See

Abstract Proposal to Develop Project Plan)

1.

2.

3.

4.

Prepare a detailed plan that can be used on a

country-by-country basis.

Work out a complete budget, including participating’(",:

funds from each country (local gcverments )

«l,',

Work out contractual arrangenents on a countrv-bv—f‘»

country basis.

Define responsibilities in t.‘nis program as’ a whole and'

within each country on a regional basis.

1.

2.

3.

Initial Installation, Training. an’ Equipnent E\raluation :

Purchase of complete - equipment for one station,
including at least one set of spare equipnent for each

country.

- Training of technicians in the installation ‘and
. operation of equipnent.

‘Evaluation and testing of equipment upon arrival.

Setups in laboratory environment with sensors outside
for injtial checkout (2 weeks to 2 months of opera-
tion) and daily experimentation.

-17=




4.

5.

6.

8

1.

Initial installation of equipment at one site near an
existing main facility.

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

- Begin collection of data fram new system and establish

data reduction procedures and archival procedures and
programs.

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. Iater years should have

targets of less than 10% missing data, and 5% or .less
should be the ultimate goal.

Develop a plan for funding and management of a,i
regional calibration facility. Oontract with a facil-.‘tj;
ity manager. S

Revision of the plan: The plan should be revised at

the end of Phase 1, based on experience gained.

V" _Eg(pansion of Network (following Solar Data Base Project)

The decision to expand (include additional stations’

into the new network) should be based on system per-

-18-
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2.

3.

formance after the first installation has been declar-
ed operational. ‘This decision may came as soon as 6
months after the first station is operational or as
long as 24 months fram that time. The decision should
be made by those managing the data collection
networks.

New stations added to the network: New stations

should be added, on-site personnel trained, ‘and data ,
collection begun, one station at a time. Fstablished

sites in the new network should be maintained at a
high level of reliability. Pdditionai'»; new stations
should not be added unless the exisitng ones can be
maintained at a high level of pverformance.

The ultimate nutber 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 developments in solar
radiation resource assessment, particularly
the use of satellite data.
- perceived needs for data in a pa.rticular
area.

The existing instruments 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 instruments, which will provide
the opportunity to develop correlations between the old
instruments and the new, which may lead to rehabilitation

of the old data. Additional correlation with other

climatological data can also contribute to possible

rehabilitation of the existing data.

~19~



 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 equipment for measurement of the solar radiation
similar to those used for resource measurement.

It is recammended that solar system research facili-
ties be equipped with the same solar sensors used for re-
sciurce measurement and with caparable data-recording
eqidipment. |

-20-



VI. SPECIFIC RECOMMENDATIONS FOR EACH COUNTRY
The foregoing 1coammendations give a picture of the solar
data collection network as it should appear in each country;
however, same gpecific 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 Costa Rica consisted of a trip to thé U. s.
Embassy office of USAIL/CR, where Mr. David Straley, USAID engineer,
assisted Solar America in locating all agencies in Obsta Rica with

meteorological interests or activities. Hig 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 Ramirez and were given a ccnpréhensive description and ba;ck-
ground on solar radiation instrumentation and data collection in Oosta
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 evaiuated with
respect to the project. Engineers Herrera and Zarate provided time
for discussion of instrumentation 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 also gave excellent assistance in data interpretation.
The San Jose station typifies those of Qosta Rica, having old equip-
ment that is now considered obsolete. The stations appear to be well
maintained, but no calibration equimment is available.

Oosta Rica would profit greatly by the inplementation of
high-quality instrumentation and equipment for collecting reliabie
solar radiation data. The personnel are of high technical quality and
exhibit 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.

Instituto Meteorologico, and most were acquainted with one or more of
the personnel at the Instituto. It is recammended that a formal link

All the institutions contacted in Costa Rica were aware o‘f’the-

of coordination between I.C.E. (the electrical utility division of |
Qosta Rica) and the Instituto Meteorologico be established in order to -
give more useful sharing of data and calibration access, iricluding
sharing of data and cammon archival methods. Data publication muld"‘ff'l‘

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 minimm duplicaton of research. 1In
addition, it was noted that there was a significant lack of measuring
instrumentation at the universities. It is suggested that an impcor-
tant element in the program will be the obtaining of adequate solar
radiation measurement instrumentation for researchers at these
universitites.

=22~
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EL SALVADOR

The USAID office in San Salvador introduced Solar America to CEL,
the electrical utility division of the govertment, 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 vicits were made to the Servicio
Meteorologico Nacional at Santa Tecla, where discussions were held
with Dr. Gelio T. Guzman and the meteorological personnel, including
Lic. Rolando Martinez and Lic. Jose Caceres.

We found highly capable people involved with the solar radiation
data collection process in El Salvador. It is unrortunate 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
systems with new equipment as soon as possible. There was mention of
unavailability of certain parts for the present equipneht, namely
batteries and other small items that are necessary to keep all the
instruments 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 improving 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 Robitzsch,
whereas all the other countries of Central America had chosen Feuss,
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another European unit. Both the Robitzsch and Feuss instruments are
Class 3 units, and both appear to have simila: problems in operating
properly. Neither instrument is sealed against water penetration
throuch condensation, and both have problems with the black absorber
plates losing their pigmentation through flaking and peeling. The
result is that the absorptiocn rate changes and the instrument does not
collect and log uniformly over a period of time.

The El Salvador meteorological group definitely needs new and
adequate solar data collection and recording equipment in order to
bring their solcc data system up to acceptable levels of reliability
and accuracy. The personnel are fully capable of handling the opera-

tions of any solar data ocollection system if given the proper equip- -

ment and materials. fThey will need outside assistance in setting up
solar data programs, and over a period 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
fram the ten listed stations, it appears that El1 Salvador receives a
great deal of solar radiation annually, probably more per wnit 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-
mun 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.

N~



HONDURAS

~ The Central station, locuted in the Tegucigalpa airport terminal,
was first visited during July of 1979. Engineer Pedro Cortez provided
all the requested data and described the solar data collection process
very acaquately at that time. Sample data appeared to be consistent
with respect to observed solar radiation for the area, although no
calibration or other confirmation techniques were available at that
time. Iater visits with other meteorological personnel indicated that
the meteorological staff has good capability fram 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. -

The Honduras solar data collection instruments and equipment;
vhich are old and obsolete in camparison to modern equipnept, do not

have the capability of making accurate measurements and recording ade~

quate and reliable data. Although few stations currently exist, theif ”
capabilities would greatly be enhanced by camlete replacement of the :
equipment now in use. Honduras, being a relatively large country,

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

Besides the very capable meteorological personnel, Honduras also
has same 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
Averica. 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 Anmerica.
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Another individual who is invaluable to both Honduras 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. Most persons with wham 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
govermment personnel ard deals with the relationships of seasonal
solar radiation availability, rainfall quantity, temperature ranges,

and seed spacing, for the optimal production of com by snalli i
farmers. Dr. Hargreaves's abilities in solar data collection and
interpretation make him a valuable resource to any solar data‘fs
collecion system that is ultimately chosen, whether for Honduxas orf _f :

for the entire region.

It is recamended that any future hplenentation of solar- rad:La-_‘i‘fxij"
tion equipment should involve all parties mentioned above. It is' fur-?'!:"ﬁk
ther recamended that the northeastern flatland of Honduras be
equipped with at least a Class C station because of the Eotential for"f, _
developing solar energy and agricultural econamies in that area.. 'Ihe
potential at this time is unknown, but accord.mg to all md:.cators J.tf'”

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 Tocumen 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 instruments
used and the frequency of their calibration can be expected to greatly
affect the reliability of data provided. ‘The Canal Zone Station,
operated by the Smithsonian Institute, is well maintained. The data
fram this station can be considered extremely reliable on the basis of

equipment capability, calibration, and personnel in charge of that 5

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 locking ahead toward quality solar col-

lection capability in the future. The IRHE solar radiation Jl:'ecords' b
were well kept, and the personnel were most helpful in a551st1ng 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 vwhich 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 Dersonnel would benefit from
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technical assistance in the form of training and quidance in certain
areas of the solar data program, However, it is felt that the IRHE
personnel are technically well enough prepared to handle the solar

data station operation and maintenance without outside assistance. °

Various individuals were 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 metecrological data collection is handled by
IRHE, it is recomended that IRHME establish coordination with the
Smithsonian  Radiation Biology Laboratory. This same coordination
should be established between the universities and technical institu-
tions, and between IRHE and the Smithscnian Laboratory. fThis type of
coordination will provide Panama with direct communication with e of

the world's best technical resources with respect to not only solar

data oollection, but also other meteorological areas such as wind,
' etc. X} ’ : ’ ’ :

~ Three on-site visits were made to the CObservatoric Nacional at

Guatemala City. The cbservatory administers the meteorological ser-
vice for all of Guatemala. Engineer 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 oollect 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
dble 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



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

The instruments used in Guatemala are of the older, obsolete
type, and a Buropean Feuss instrument appeared to be used exclusively
for solar radiation measurements. 2an older, unnamed instrument was
8seen 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 Iatin
Averica. ‘Their 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 are needed in order
to update and improve the data collection system so that the informa-
tion is more reliable and accurate. The personnel are quite capable
of hardling and operating a modern station and should need no assm-
tance in this regard. They would, however, need outside assistance in
setting up solar radiation programming for future application.

It is recamended that the meteorological institute, the Univer-
sidad de San Carlos (Guatemala), and ICAITI (the regional technical
institution) establish cooperation and cammnication 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 it would ensure that
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
AMmerica to make on-site visits to the meteorological stations because
| ... Of political and associated barriers. It has only recently became
| 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 same information on the country's solar radiation
data’ status. Telephone follow-up also assisted in obtaining the

infomation listed in Appendix C.

Lic. Leon Olivarez is the director of the Servicio Meteorologico
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, Engineers Jaime Iopez, 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'
implementing new equipment and instruments. They muld, however, need :

outside assistance in setting up new solar radiation programs and sys-”

tems for future use.

Nicaragua would benefit greatly frcm new instrunentation systems
for solar radiation data collecting and recording. Their present sys-
tem are obsolete or nonexistent, and all indications are- that solar
energy exists in abundant quantities over large portions of Nicaragua
durmg mich of the year. fThe 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 importance during this period, -

for it can offset same of the direct costs of conventional energy
sources,
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It is quite probable that training will be needed for numerous
personnel, for the abovementioned core does not constitute a suffi-
cient group to handle all the meteorological tasks for the entire

ocountry.

It is recommended that the meteorological people establish a co-
operative program with the universities and other institutions in
order to share information and technical expertise throughout the
camunity and country. This level of operation will ensure that the

maximm use will be made of solar radiation data and that there will'

be a minimm duplication of effort between all parties.

It is also recommended that some special study be planned for the 
country. Past situations have contributed to intermittent operation
of same, if mot 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 same 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 REGIONALIZATION OF SQOLAR DATA A(DUISITIQQ
AN ANALYSIS PROGRAMS

1.

2.

4.

Regionally organized planned programs

a. cut costs because plans do not need to be completely
redeveloped on a ocountry-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.

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
regiocnal laboratories (such as IICA, ICAITI, etc.)

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

programs. -

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

A regional supply and repair center would 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

SOLAR DATA INSTRUMENTATION

Imtrmmtationrecanmnded for Category A, B, and C Staticns

Category A*

Pyrheliameter (Eppley NIP with Tracker)
Pyranameter (Eppley PSP) :
Tenperature and Humidity Sensors

Wind Velocity Sensor REREE
Digital Data Logging System w/ Intergrating Cap
2 Strip Chart Readers for Backup IR
Equipment Racks & Instrument Mountings

TOTAL COST
Category B*

Pyranameter (Eppley PSP) s
Strip Chart Recorder S
Equipment Racks & Instrunent Mountings

TOTAL COST

Catggogx C*

Heliografo, Integrating Sol-A-Meter
that does not require exter-
nal power

Max/Min Thermameter and Standard
Instrument Shelter **

- Instrument Mounting, etc.

TOTAL COST

$4,590

Jan 1980

(s Us)

1,090
1' 500
1,000
12,000
6,000
3,000

$26,290

§ 1,000

TG 500 :

600

$ 2,000

*These equipment lists assume stable 110V 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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\
\Mlnim.m Instrumentation For Each Country

1
i

APPENDIX B

\\ttem Installed Spares 'Ibtal

i‘ppley PSP pyranameter
\PPley NIP pyrheliameter
a\apley solar tracker
S\rip chart recorders B
Mi‘sc. associated equipment, Mountings, etc,

e
MO
WD

The choice of an electronic data collection system is a
significant effort and is not covered under the current contract,
A nurber 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 systems be made during the im.tial portion of. Phase lf
and that this be done in conjunction with t.hose who will operate'

and maintain the new systems.

Preliminary Specifications for Electronic Data collection 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 can be maintained in a local

" bullding.

?,:'4) Initial availability of instruments with a minimum 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 ang magnetic-tape

cassette-recorded outpuyt.
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Appendix B
Page 2

8

- 9)
7 10)
1)

12)

These specifications are preliminary only and should be:
developed in more detail before purchasea are made, but ‘they"'
should give enough information at t‘nis time to estimate costs.

An integral 24-hour clock.
On-site programmability.
Input impedances of 100,000 chms or greater.

High level of noise rejection at 60 Hz, or at 50 Hz if

that is the frequency of the power supply.
Accuracy of at least t0.1%.
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APPENDIX C
OOUNTRY COSTA RICA: STATIONS MAKING SOLAR RADIATION MEASUREMENTS

Location Lat Long History Actino  Helio
San Jose 9°56' [84°05"' 1971-pres. * *
Puntarenas 9°58" |85°50' 1970-pres. * *
Nicoya 10°09' |85°27* 1971-pres. * *
Limon ‘ 10°00' (83°03' 1971-pres. * *
Puriscal 9°51' [84°19' 1975-pres. ® *
Volcan Irazu 9°59' [83°42' 1970-pres. * *
Palmar Sur 8°57' [83°28' 1973-pres. * *v
Taboga 10°21' |85°09' 1971-pres. * . *
Turrialba (IICA) | 9°53' [g3°3g' |1066-74 LR
Cobal 10°15' [83°40' [1970-77
1a Pinera 9°11' [83°20' [1970-77
Central , 10°01' [84°16' |1963-75

PERSONNEL CONTACTED:  Ing, Patricia Ramires -
o S Lic. Eladio Zarate
Ing. Hugo Herrera
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APPENDIX C
CONNTRY E1 Salvador: STATIONS MAKING SOLAR RADIATION MEASUREMENTS

Location Lat Long  History Actino  Helio
Planes de Montecristo (14°33' |go°22’ 1976-pres. * *
Ahuachapan 13°56' [B9°52' 1970-pres. ‘ * *
8San Salvador (ITIC) 13°43' |89°13' 1969-pres.‘ * *
Estacion Matriz 1973-pres., * *
Nueva Concepcion 14°08' [89°18' (1969-pres. * *
Apastepeque 13°42' 189°45' |1972-pres. * *
ILa Carrera 13°20* |88°32' |1972-pres. * *
La Union Beneficio 13°20' |87°53' {1970-pres. * *
la Galera 14°03' [88°06' 1976-pres. * *
Ias Pilas 14°22' [89°05' [1977-pres. *

INSTITUTION CONTACTED: Servicio Meteorologico Nacional .
: ' santa Tecla, Fl Salvador

PERSCNNEL CONTACTED:  Dr. Gelio Tamas Guzman L.
I Lic. Rolando Martinez
Lic. Jose Jimenez Caceres




QOUNTRY Guatemala:

STATIONS MAKING SOLAR RADIATION MEAUUREMENTS

APPENDIX C

Location Lat Long History Actino Helio
Qd. Guatemala 14°35' |90°32' [1972-pres. . *
El Porvenir 14°57' |91°55' [1972-pres. * *
Labor Ovalle 14°52' [91°30 |1971-pres. * *
Huehuetenango 15°19' [91°28' [1969-prs. * *
Coban 15°26' |90°22' |1971-pres. * *
Panzos 15°24' |89°39' 1§71-pres. *

Pto. Barrios 15°42' |88°35' ? -pres. *
La Fragua ]14°57' {89°33' |[1971-pres. *
Esquipulas 14°34' - |89°27' {1974-pres. *
Montufar 13°49' |90°09" ? -pres. * .

INSTITUTION CONTACTED: Observatorio Nacional
' Gd. Guatemala, Guatemala

PERSONNEL CONTACTED:

Ing. Claudio Urrutia and

Technical Assistants
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QOUNTRY Honduras: STATIONS MAKING SOLAR RADIATION MEASUREMENTS

Location

Iat

APPENDIX C

Long

History

Actino Helio

Tegucigalpa

14°04'

87°13'

1969-pres.

*

San Pedro Sula

15°30'

87°55'

1970-pres.

*

(and others, ? 7)

Servici 'AMeteorologico Nacicnal

Tegucig ‘E Honduras
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OQOUNTRY Honduras: STATIONS MAKING SOLAR RADIATION MEASUREMENTS

Location

APPENDIX C

Iat Long History Actino Helio

Tegucigalpa 14°04' |[87°13' 1969-pres. * -l

S8an Pedro Sula 15°30' |87°55' |1970-pres. *

(and others, ? ?) | .
INSTITUTTON CONTACTED: Servicio Meteorologico Nacicral.

' N  Tegucigalpa, Honduras
PERSONNEL CONTACTED:  Ing. Pedro Cortez Q. and Others

i L\-
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APPENDIX C
QOUNTRY Nicaragua: STATIONS MAKING SOLAR RADIATION MEASUREMENTS

Location Lat Long History Actino Helio
Managqua 12°08' [86°10' |(intermit. )
Chinandega 12°37' 187°06' [(intermit.)
Rivas 11°25' [85°50" (intermit.)
Juigalpa 12°05' [85°21" (intermit.)
Dulces (miss. )| (miss.) (intermit.)
Puerto Cabezas - 14°03' [83°22' (intermit.)

INSTITUTION CONTACTED: = Servicio Meteorologico Naciomal
o “ Dept. de Defensa, Managua, Nicaragua

pmsmcommv Ing. Jaime H. Lopez (por telefono)
A (Lic., Leon Clivarez, Director) o

T
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APPENDIX C
OCOUNTRY Panama: STATIONS MAKING SOLAR RADIATION MEASUREMENTS

Location lat Long Higtory Actino Helio

David _ 8°25' |82°25' |1971-pres. *

Anton 8°23' |80°16' 1971-pres. * *
Tocumen 9°03' [79°22' |1971-pres. * *

Real 1974,75,77 * *

los Santos 7°57'  |80°25' [1974-pres. * *

Ia Raya 8°08' {80°48' [1971-75 *
Santa Fosa 8°11' [80°40' [1073-pres. ]

INSTITUTION CONTACTED: "Instituto de Recursos Hldraulicos y Electrificamon _

PERSONNEL, CONTACTED: - Ing. Luque
' Ing. Jaime Leon . o
Ing. Jose, and oi-.‘ne"rs";_{;
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APPENDIX D-1

SEMINARIO CENTROAMERICANO

COLECCION, INTERPRETACION Y UTILIZACION DEL DATO  SOLAR

PROGRAMA

v

Miércoles 13 de febrero

9:00

10:00

12:00°
14:bbj

15:00

 Tiempo para almuerzo

.7.Pr1nc1pios de operacidn:ﬁ
'*termoeléctricos

Inauguracién, Director del ICAITI, Lic.
Fancisco Aguirre; ROCAP, Dr. José Chacon

Comité Regional de Recursos Hidr&ulicos,
Ing. Nabil Kawas

Fundamentos de la radiacién solar,
SOLAR AMERICA, INC. 2

Descripci6n de los 1nstrumentos bfsic

e los instrumentos:

IntroducciGn a la calibracidn de ‘los docu

Jueves 14 de febréfo

8:30

9:00
10:00
10:30

12:00
14:00
15:00
16:00

Viernes 15 de

finstrumentos

l Usos de la 1nformac16n sol

Seleccién del lugar e . instalacién de: los
1nstrumentos

‘Mantenimiento de- los,m”t\r'u""'"'1 s

Métodos de gra

Demonstracidn‘de

‘,Fbégﬁriéfigficuitura‘

- Recomendaciones

febrero

8:30
12:00

Discusién programas

Clausura

9
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APPENDIX D-2
LIST OF PARTICIPANTS
SOLAR ENERGY SEMINAR

CENTRAL AMERICA

GUATEMALA

Noemi Gonzalez Merida
Qonsejo Nacional de Planificacion
Econamica

David Isai Revolorio Molina
Instituto Geografica Nacional

Bdgar Ramiro Bucaro Rosales
Desarrollo Petrolero y Energetica
Naciones Unidas/Plan. Bcon

Luis Alberto Pas

Oonsejo Nacional de Plam.ficacion S

Economica

Mario Hernandez Herrera ‘
INSIVUMEH

Alfred Ramirez

INSIVIMEH

J. Joaquin Bayer .
ICAITI ‘

Ramona Villalon Donoso
ICATITI

Jaime Valladares L.
ICAITI

BEdwin Bracamonto Orozco
Facultad de Ingenieria
Universidad de San Carlos, Guat. .

NICARAGUA

Mirna Jerez Navarro 2
Servicio Meteorologica Nacional

Cesar Lopez Garcia
Servicio Meteorologica Nacional

Jaime Hernandez ILopez
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APPENDIX D-3

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

I. bjectives

l. To recognize the existence of solar energy data in Central
America and Panama and to plan for improvement over the short

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

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

4. Identification of solar energy data sources

5. To recognize the existing situation as to equipment, person-

nel, organization, and method of data acquisition at the
institutions presently operating in Central America

II. Problems Encountered
1. Deficiency in equipment A
2. Iack of maintenance facilitiés;‘fjcjr:f;
a) apparatus maintenance |
b) calibration
3. .""‘S.i_obftage of trained personnel
 4.’ Difficulty in collection of information
S.k Lack of adequate econamic resources

6. Lack of coordination in acquisition of adequate equipment and
achievement uniformity of instrumentation for the region
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Page 2

III.

Recannerdations

1.

3.

4.
5.

To hold seminars, concentrating on the necessitieé of these
activities at the levels of

a) govermment
b) executive bodies
c) users, etc.

Setting up courses for training

a) foreign prograins;}:
b) local programs

Participation of local experts in the J,facquisxtion ofw

equipment |
Arranging financing for access to satelllte" data"»

Creation of a calibration cente: for the reg:.on,
personnel and equipment ‘ S :

8]
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NAPPENDIX D-4

CRITIQUES FROM CONFERENCE PARTICIPANTS

I. CRITICA

‘Se_cumpli6 con la parte a) y b) del programa del seminario, no

as¥ con la ¢) "utilizacidn de 1a data solar". Si sefiado” algo

con respecto a la agricultura per nada con respecto a 1z transforma-
cibn de esta energfa; por ejemplo: en electricidad,

I1. PONENCIA PARA UN PROXIMO SEMINARIO

Que se trate Gnicamente de utilizacidn de la energfa solar y que
Se presenten peliculas hacerca de las fases de proyectos de este
tipo ya realizados, seflalaudo 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 invitacign que me hiciera para participar en este .
primer seminario. ‘ :

Fededededk e de ok ke ok dede sk o

E1 seminario en general me parecio adecuado, sin embargo se detecto
bastante desorfanizacion en 1la exposicion de la materia seria ideal
que ha profesores elaboraran un programa detallado de los temas

fueron expuestos en el momento que el profesor se recordo de ellos
<eeess.. €N el piranometro, este 1leva a confusion al alumno. L
De todas maneras fraciar puet a pesar de la falta de seguencia en . -
las exposiciones pude aprender bastante. o

Kk dedeok s ko kkok ke ke

Considerarfa en base a 1o discutido, se fijarsn varios proyectos en

donde fuda tracerse uso de 1a energfa solar y en concordancia con ,

ello recolectar los datos ya con un objetivo que serfa la realizacign

un fin determinado entonces seriafbueno realizar un seminario en

donde enfosaran Proyectos que serfa viable tuvieran sy aplicacidn ,
- @ nuestros paises, aprovechando 1a energia solar como un paliativo que

ayudara a afrontar la actual crisis energitica.

Respecto al curso per descinocimiento de varios de los aparatos mostrados,
no puedo hacer ninguna critica pues mas bien fue una experiencia en la
cual obtuve conociemiento de instrumentos. Esto debido a mi trabajo

que representa mas que todo una accidn de planificacidn.

Es en ello que considero el Tineamiento de varios proyectos en donde

se Qplique 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 e] ungldn especifico del sector energetico. Sy
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APPENDIX D-4

SUGEREHCIAS DEL SEMINARIO

-- Tratar que el seminario proximo sea mas amplio en tiempo (1 Semana)
para profundo un mas en los topicon

-~ Que los proximos seminarios sean individuales

1; calibracifn, instalaci6n y mantenimiento del equipo
2) recoléccibi de datos

a) auspelacidn

b) ordenacidn

c) evaluacibn

d) publicacién

SUGERENCIAS GENERALES

-~ Grater de crear un fondo para 1a traducci6n de manuales, falletos que
repartean en los seminarios congresos y otros reuniones. o

-- Confeccionar un manual de meteorologia en general (observacign
estadistien y otros) para estandariz los criterion del personal
involverado en estudios proyectos del area C.A.

-- Sugerir la standarizacidn de todo el equipo que recoge datos ya
que la marjoria de los paises del area estan corprando aparatos
nuevos,

deeddkkkkdk

O3SERVACIONES N ' L
- Considerd'que Tos seminarios o actividades similares deBeréﬁ‘déiééhﬂ
de mas dias de duracién, una semana, por ejemplo U
-- Tal vez seria necesario hacer actividades mids académicas oriehta&éS?
para personas que no trabajan en meteorologia, pero que
tengan alguna relacién con 1a energia solar, por ejemplo-los.
interesados en proyectos de utilizacidn de energia solar. Como sustituto

rde algyna otra forma de energfa.
s dedede dede ook

SUGERENCIAS PARA FUTUROS SEMINARIOS

1. Realizar un seminario a nivel de jefaturas de los Institutos Meteorolégiocos
del area Centroamericana con el fin de conocerlos objetivos Y programas
de cada Instituto relativos al uso que se le da a la informacidn
recolectada y aparte de ese seminario secar conclusiones y nuevos
objetivos para el uso de 1a informacion como podia ser: Jla agricultura
uso de fuentes no convencionales de energia, meteorologia, etc.
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APPENDIX D-4

De este seminario podrian salir a flote las necesidades y limiticiones
de cada pais y pudrian esbozar un futuro plan de seminarios y
cooperacion, los paises del drea, donde se tratarian los problenras
comunidades. Estos futuros seminarios seran el .... para los objetivos
programas a definidos por las autoridades del area.

Realizar un curso practico para tecnicos, en medicibn sobre ca]ibraciﬁﬁ,
medicibn, lectura y processamiento de informacion con objetivos
Concretos que le permitan a este personal ruejorar la calidad de su
trabajo.

8]
G
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APPENDIX E

SATELLITE REPRESENTATION

The following 12 pages are monthly satellite representations of
solar radiation patterns for Central America. These "pictures" are
monthly reproductions taken from four years of satellite monitoring,
during which cloudy and clear conditions were photographed daily.
The dark areas indicate high clowd cover (low solar radiation to
ground sites); the gray indicates medium 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 imprcvements 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 COMPUTER PRINT-OUTS OF TWO DIFFERENT SOLAR DATA STATIONS

The following two pages are graphical representations of solar

data profiles fram two different collection stations, one at Balboa,
Panama, the other at 'I‘aboga, Qosta Rica. These profiles were
printed by camputer from several years of continuous, daily solar
radiation raw data.

The daily solar radiation accumilation through two-week: per:l.ods‘

was checked against the calculated extraterrestrial radiation (E'I‘R) '
and only the daily $-age exceeding 50% of possible ETR was printed

by the camputer. Fram this print-out, in two week increments, the
profile was printed to indicate graphically the $-age of days versus';;';

,,’,y"'

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 prmt-out curve is not hlghly
dissimilar from the known ETR curve. This station is mamtained by
the Smithsonian Institute and is known to be kept in good
calibration through regular attention. The other profile is from
Taboga, Costa Rica, a remotely located station. The bi-modal,
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 instrument, or other
problems due to less than adequate maintenance of the sensor.
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SECRETARIA CE £STADO EN EL OESPACHO
OE

RECURSOS NATURALES
REPUBLICA DE HONDURAS

Tegucigalpa, D C ii
November 16, 1979;_

Mr. ‘Robert Haushammer
LAC/DR" 2252 NS e R T

" U.S. Agency for International Development
Washlngton, D. C 20523 e s
U.S.A. :

Dear Mr. Maushammer‘~

L:c Kawas forwarded a copy%of:hls.le;terito*you:in Spanishff

ln vnew of the posslblllty‘tha you may . not read:SpanIsh
would like to have an Englls copy.as your actionico
forwardlng a translation of hls letter.pz

~ Sincerely yours,

' VHV 74/
EN,;/ GEORGE H. HARGREAVES

Asesor Técnico del = . ~
Ministerio de Recursos: Natural

Enclosure: Translation:
cc: Executive Director, R H.:
cc: Files (2) o
GHH*AMAW
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SECRETARIA OE ESTADO EN EL DESPACHO

OE
RECURSOS NATURALES N o
REPUBLICA DE HONDURAS .| TRANSLATION

November 14, 1979}?1

~V/.

Dear Mr. Maushammer

| am urntnng |n reference ‘to’ my visit to the ‘offices of AID ln 

mala, where we talked with Eng. Alejandro Sundermann and- Eng, nJose P
A. Chacdn of ROCAP. We discussed the possibility of developlng a So
lar Radlatnon PrOJect on the Central American lsthmue. :

| would like to |nd|cate that E! Comité Reglonal de’ Recursos Hidrau
licos (CRRH) is an Intergovernmental organism, created by the coun
tries in 1967, for the coordination and developmen®ll\f programs in =
the field of Water Resources in the region. To date™we 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. ‘ S

On October 15, 1979 we .undertook the introductory part of Proyecto de

Previsidon de Caudales e Inundaciones en el Istmo Centro Amerlcano (Prok
ject for Flood Flows and Flooding in the Central American Isthmus).,;-g
The principal objective is to serve as a Pilot Project for the- instalai
tion of a net-work of automatic stations on a chosen river basin in. .=
each country and a Hydrological Center that will process |nformation =
using the mathematical models to estImate flood flows and water levelsm
in storage, ctc. : : S

At the same time the Commlttee in lts X1 Ordlnary Meetlng held in
San José&, Costa Rica, July 16-20, 1979 decided to start activities
within the field of unconventlonal sources of energy, under a plan
that promotes the obtaining of basic information, in this field and
its storage and use for development studies.

One of the most important fields is solar radiation, and at the pre
sent time very few stations distributed in some countries of the arca
for this purpose. They have 1 Heliograph and 1 Actinograph and are
not well equipped for the study of solar radiation.

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

Y P
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SECRETARIA DE ESTADD EN EL DESPACHO

RECURSO
REPUBLI

DE

S NATURALES
CA DE NONDURAS

@

that will have two main parts:

a. ‘tlabOrafion‘of é'Solar‘Rédlafidn Atlas;‘UangVSé;eTlitéfw1,4“
ta, for all the Central American Isthmus, using mathematical mo .
dels, because adeqUate’lnformatlon does not exist, s :

b. . Installation of a net-iwork of Solar Radiation Stations in
each country so as to have the necessary observed information.

In each country all the Institutions that work in Hydrology and
Meteorology are members of CRRH, through Law Decrees, so they will
be the Institutions encharged of the Operation and Maintance of
these' net-works by the respective countries after thejr instala
tion. '

For the above reasons | am asking for your cooperation so thatQ 3f
AID/ROCAP will study the possibllity‘of_f[napcing}aerojeCt”qu;;ag
this type which I believe will be of much ‘benefit to the countries’

that are members of CRRH, »
Sincerely yours,

NABIL KAWAS. ~ .

- Executive SétfefarYP

Mro oo

Robert Maushammer

LAC/DR 2252 NS -
U.S. Agency for International: Develobment .
Washington, D.C, 20523

U.S.A. IR

cc: Director Ejecutivo de Recursos Hidricos
cc: Files (2) ~
/AN '



CABLE! “CORREH*

Comité Regional de Recutsos SHidrdubicos

APARTADO POSTAL 718
TEL. 32-38-04
<~ TEGUCIGALPA, D. C.. HONDURAS, C. A.

CrRI1/385/79 14 de loviembre de 1979.

Estimado Sefior Haushanmer‘

Por la prusnnte, “fen; o el agmdo de escmblr'le referente a mi visita a
las Oficinas de) AID en Suaterala, domiz conversamos con el Ing. Alejandro Sun--
denman v el Ina. José A. Chacén de la Oficina de ROCAP, donde se discutié la po-
sibilidad de desarrollar un Proyecto sobre Padiacién Solar en el Istro Centroa--

nersL.cano.

Leseo sefzlor ouz el Cormitd Peaional de Recursos 'rllclréul"f-';s (CFRE), es un Crga-

nicun Totee o wr aupntad, oreddo por los pafses dende 1%87, pera la coo '-""'*:cic‘;n

y otuianeetlo e promramas o el camw o5 Feoinscs Ii’a:’. ¢3 en la rocifn, Al
it boona ealatoydo v dinarsollado Peoyectos con la T ', U"!?SbO TTATIC, -
eve. y se han ejecutzdo varics Pmyecr"os en el Irea, Curscs v ouunam.c pari el

Tatreramiento de Tersonzl en los distintos mveles, a51 co'o la prodaccn,on de una‘ o

serie ¢e 143 I‘ub" icaciones Técnicas.

£l 15 de Octutae cel presente afio, se 1mc:.o la etapa pm;matoma del Pno jecto -
de Previsidn de Caulales e Inundaciones en el Istmo Centm.sr. sricanc, con el obje-
tivo pringcinal de servir comd Proyocto p:p.loto pana la. instalacién de una rad de -
eslaciones avlemiticas en una cuenca cscoglda por cada pzfs, y un Centro Hidrols-
gico que prov:se le infor racibn y a través de 1rodelos rateniticos, generar, cauda
les, niveles de e.':bal..c,etc.

Al wisro ticmzo el Domité en su XITI Reunidn Ordinaria, celebrada en San José de
Costa Mica, dwl 15 2l 20 de Julio de 1972, resolvid inicier actividades dentro -
del camoo de las fusntes no convencionales de enarpia, b2jo uf plan que prorucve
en privaro prioridzd la obteneidn Ge la informaeidn bisica, en este campo,su pro-
czsaiento archivo y utilizacidn para estudios a decarrcller.

T



!
i
I
o
-

CABLE: <CORREH*

Comité Regional de Recursos Hidedubicos

[4

\:’ APARTADO POSTAL 718
"E -lg ' TEL, 39-38-04
,é:..(’ TEQUCIGALPA, D. C.. HONDURAS, C. A.
-2

o de los ~anpos mis importantes es el de Radiacién Solar y al momento, miy pocas -
estacions=s distribuidas en algunos paises del drea se refieren a ese campo y constan
de 1 Helibzrafo y un fetinbgrafo, los cuales no son suficientes para el estudio ce 1a
Radiacién Solar.

Por tal motivo el CRRY, ha creilo conveniente la formulacidn ce un programa que consta
de 2 partes csenclales; N R | a

@.- EIlatoreeidn de un Atlas de Radicién Solar, utilizando Tatos de Satilite,
Pra torie 2l Istmd Centroamricimo, nor nedio de mc‘lelbs”mafén.a‘ciécﬁ,~-'fy"'

- aue no axdiste.la infummacidn edecuada ol mspacto,

2. ey T R T R R L )
ed ae DL Lnienes da Radiacié

-p
t
‘.,
e
5
i
cr
i
3
de
-
o,
G
E

i

n

Solar en codt und de

I e

Jesipetenn, pamm nodie tener la informcidn nécssania observible o coto

can lj'.;-’ ) .

R S AN

"ncada wo Ge los pafses todas las Instituciéﬁeéfquéf'z'tj:xﬂ:djaxi ‘en Hidi:ologia y lateoro
lozia son jHedbros del (CRREJ, por Decretos 1av','v pop 1o “Fart ‘
tucicnes por pafs ercaradas de la Operacién y Mantenimicnto de estds redes, despuds -

]

“2 su instalacién.

&Y,y por Iotanto ‘serfan estcs las Insti

s

Por tal motivo solicito a Usted Su colaboracifn para interponer sus buenos oficios, -
rama que’ AIN/POCAP, estudiz 1a posibilidad de financiar un Provecto de este tipo, el -
¢.2l @ no dudarlo serd de mucho bencficio pira los pafses miembros del CRRY.

i'3p2rando su contestacidn a la presente y poniéndoms a sus gratas ordenes, me suscrilo.
t o yy B . . -

Atentarente,

2Z0

oo

£YAHIA EJECyy
pEL

- A il YAS
COMITE REGIONAL STCRETARIO  LJiCUTIVO
DE {ECURSOS

\%, ILORAGLICUS (v

e,

1

~
R
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it
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Dr. George Hargroves ...~

Direccitn de Recursos Hidricos,:
- Teguciyalpa, D.C. A Ty
Honduras

Dear Dr. Hurgroves:

. This is in respouse to your letter of August 8, 1379 .
to Mr. Donald Flester of our office, regarding your proposal .
for o project to detexmine and map solav radiztion for the
Central iaerican region. .

At: the tira of Frank Morquez! visit with you, ROCAP
was plannirg to include a soler data colloction elerant in
a Fuelwoud end Alt-inative knergy Sources project that was
being duveloped with CATIE and ICNITI. furing review in
tlashing:cn, tor financiol and odudnisteative reasons, the
solar Cata c¢ollaction elumsent oi the prouject was deleted,
e understand that AID is reconsidering the matter and thst
a cable will be sent to the USHID oifices in Central Emcrica
goliciting their interest in a possible RID sssisted CoOX-
dinated regional solar data collection system, AID Panama
and NID Costa Rica already have approved projects which
include soms solar data gathering. ’

The major difference I sse in what you propose and
~ what we had originally considered under our project is the
.8ccuracy of data to be collected., Your proposal states that
errors of 10-15 percent are acceptable for most agricultural
uses of solar radiation; Solar America, Inc, recomnended that
for energy uses a figure of + 2% was necessary, espacially
for complex energy systems. I would appreciate any informa~
tion you might have about data already on hard and the asount
of cloud-free coverage of satellite data availzble for the
isthmus.
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Dr. Ceorye llargroves
Page 2
October 2, 1979

Since your proposal closely parallels what our Washington
of£4ces are considering, I am tasking th2 libercy of {cerwarding
2 copy of your letter to Mr, Robert ‘laushamser who is handling
the m:tter, Yeu might want to contact him directly, ilis address
s IAT/.R 2252 WO, .G, hgency for Tntornetional Development,
Washdngton, BD.C. 20523,

Sincerely,

'.Alejandro Sundermann, P.E,
- Chief Enylneer '

hee: Pobert MaUshamme}'r/
‘ ierny lerley



CRETNS?SPTCSgA[?EO Nota No. CE-07-79.....
L .

ECURSOS NATURALES

gEPUBLICA DE HONDURAS, C. A.

......................

Tegucigalpa, DC.
August 8, 1979

Mr. Don Fiester . -~ . .=
Agricultural o0fficer ROCAP
c/o American Embassy =
Guatemala City, Guatemala -

Dear Mr. Fiester:

Recently Mr. Frank Harqueifdfkséfar?Ahéff¢aﬁ7Cbkppfﬁfjpnmstdbbéﬁ;thﬂ%i
duras. He indicated that ROCAP might have spme.mpney;forfregianJ@prQJ
Jects. TS T B R

We are in the process ‘of developing a proposal for detérmining7incfdeht,gA'
solar radiation from GOES-2 satellite data. | would like to propose a A
5 year project of radiation determination and mapping for the Central A~ -~
merican Isthmus. The project should include some training of Central A
merican technicians in the methodology. | estimate that a 5 year project’
would cost about $150,000 or about $30,000 per year. S
Although | recommend the full project it could be started with oh1y;ﬁh¢;fﬂi
first years financing as after it is started its value would probably =
bring additional financing. ’ R

The Comité Regional de Recursos Hidféulicdé of Central Amer]ca‘wiéﬁes_;bf;'
sponsor this proposed project. ‘A cdpy;of;CRRH resolution is forwarded,
Also | am forwarding a copy of 3 brief description of the methodology. = =

If you are interested, would ybu‘cdhéfderifinancing a trip to Guatemala -

for me so that we could consider this proposed project in greater detail?

“'.CU' Rfos
Sincerely yours, <;»$“;‘...__, 1,
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PkDVECTOS EN COLAGOVACION CON EL PIADIC

214 : (CPRM) Auobtuér aprobada ¢l. 19 de juiio de 970

tl CO“K’TC "EGI-.NAL vL R"CURQOS HIVRAULICOQ

CONSTOIRANDO: T “';s SR o
la mgo'unacwn pw&cntada polz la .,ec'tww.ta E Jc Led a,m'a
a Las pos dul.c.d'zdcs ¥ pmspcctwws pa/za u’evam a; abo un’ pa
ma en coCabaaaudu cou et PIADIC, .

RESUtLvsz.[

'vu!ar'..s Mg'ucutc..s- ,
a) P.'uq.za/:c.com;'z de (::u'tk'cb;s pa':d "-"3""7 ('i'a.'( an i ‘.-:é'ri'ii Ranl
ol el Istmo Contsoames ceane, en Ca pro soame (e W cmf wila-
o doans pata el me fonquni ento dc fos bancey de daivs o  cf '
o ,t.'c. La wsomna..c('n climateldgica en el pf e 'mun.o a'ntha
o j.dcm.aoCCa de Los sistemas do cul?ivass L

'(B}‘f-ﬂ‘mopo weorat wo o mds Léenices para AeaLinit r-' cu sd; 4!‘_(:
.f'»;nc:mnte en el Iatmo Centwoarenicane, en eb iso M (es ga -
f@o& c.u...ic\ccs pRia ed plancasicinde o ps '«_fa::‘.:.:':'. aukiesiie,
."‘&l{t‘.&q.'(‘t.uo €S W0 2 & GREEAmIt T Py Mt e A0 s oF "
£86¢te GOES pasa S propatacidn de maas Aoy ey de »y s
dicedn solar 4ncidenie;
c) Proveer asdssencda en La efabetie (e de mn prow ele teygdinal
de mapas de xadiacidn solax .uu..uf( nle, wsamde tos datos dod
- datseite GOES y an ta bidsqueda ded fénanedamcento iRa el s g\


http:V104jrmfL(C.vl
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2.

d) Financdatr of entrenanients en el cxtenion de uno o dos 4fe
nicos del 1stmo Centioamericano, cn ol uso de &os dates «
del satflite GOLS para &€& mapeo de fa aadiae éin solar died
deate, para {a elaboracién de medelos de precipitaciones s
Coiveetivas Y para 0thos wsos .!h.fco'wtdgu 0’ ¢ M4d10€u3¢.-

- cos; -

2. L'ncaaga:c a fa Scca;tau‘a E Jccutwa eﬂectua.t &:. am.wm.s mue‘*’.
el PIADIC para Las cetividales anteriones; T

3.. Encargatr a 2a Secnetaria £ jecutiva La cl’abomcwn dt'c. p'wyv Cr' "7
Ancluyendo c& presupuedfo respective, pia su pu.u'nmudn ..4.
' PIADIC‘; tevia aprobaeddn del Comits; ¢ - LR

4. l‘ucr.'._;.u a la Seenetaria Ejecutiva Las qcsrwows m'(c l'u.s u‘ 't-:

im,sn.as co't'xc.spc-m!u'uru, pma c( 5(»..uvcmmcu(u .'M' wpecde,

: %")ﬂ
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" $OLAR RADIATION 'FROM SA‘réLl;?i;"rt-.~z’='riA"r"'A'5ff

Solar radlatlon largely dc_tcrmlnos the- potcnttal grouth rates Y
of crops. It is used In the reliablea mathods for: estlratlng ‘tha -
potentlal water use of croys or for calculatlng actual and poten
tial crop (_vapotram.plration. S

in the Central American Isthmus there are few ground-based ,
measurcients of solar Insolation. Attenpts to Infer radiation from
suashine hours or the percentage of possible sunshine have met with
ceaslderable success. Hovever, the networks of sunshine recorders
Is too sparse to procuce accurato estiimates at all locations of in
terest. The only econcmical anu practical source of high resolution
data Is neteorological satellites.

The Incldent visible solar vadlation flux that arrives 2t the -
top of the atrosphere Is depleted by absorpticn and scatterina., The
najor avsorlers are water vapor and aerosols. In the presence of -
clouds there Is a laraa Increase in <cattering, some incrcusc in ab
sorption and less incoming radiation at the surface.

bata available from satellites include rmean target brightness, -
cloud amount and cloud brichtness. The rican tarcet brightnass reasy
res the rcflected radiation due to 211 causes. The cleud amount and
brightness yiéld Infonaation on the radiation component scattered by
clouds.,
[ ]
Tarpley (I) presents cquatlons for estimating solar radiation.
Vislble clear brightnoss of the tarqet [s calculated by regression a
nalysis. For this estimations tiie local solar zenlth angle. X, and’
the azruth angle between sun and catelilte arc used.. Cloud Fractlon
s detemined from the satellite data. Cos X Is proportional to ex
traterrestial radiation. Equaticns are presented with Cos X as the
dominent tem and lacluding use of fractional cloud amount, n, mean
target brichtanss, prodicted clear brightnass, mean cloud brightness
and normalized clear brightuess. ’

LY
(1) Tarnley, J.9. "Estimating Incldent Solar Radiation at the Sur
face from Geostotionary Satelllte Nata', Hatfonal Envircnmental aa
teliito Scrvlc-', HOM, Mashington, D.Coy 1579, 22 p plus tables and
flgures. {(Paper subml tead to Acer. J. of Arpliocd Heteoroloqgy).

o
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(2)

fn evaluation of satallite estinutos of radiation was made by
conparino with radiation measured by 22 well stundarlzed pyrencams
ters. he use of o plctures per day at 0300 and 1500 hours 1ocal
tire to noke daily estimates resulted In a wood correlation with a
coefflicicnt of corrclation cqual to 0.¢8 and a standard daviztlcn
equal to 5C.5 Langleys per day. Datly errors of In the orcer of
10 to 15 percent are accretehle for rost uorlcultural and other uses
_of solar radistion.

The procadure clven by Tarpley provides satisfactory results..
The equatfon can be aggesidd for use {n any area or region. la&nv;r.;: -
It scems probable that oiher procedures 1ay be cevelepad that will - Sl
givie as good or better estimates, Frow U years of dally rocsurcrents
fren Lavis Caiifornia, five day sums were uged In 2 regressien amaly
sfs. Solar radiation,ns, was celculated from extraterrestial r:Lia
tion, LA, and percentace of possible sunshine, S, Tae equation: cgn
he wuittcn'

ks = 0,075 Ra x 5 172

SS—})

This procedura predicted 98 percent of the varlance for S-Uay ruqn ‘
Eatraterrestial radiation can be calculated from latlitude for any qi ;a.a
ven location. A ¢ood corrclation between percent of possible sunahnnu

and cquaticns uflnq mean targat brightaess, cloud amount and cloud -
brightuzss can Lo anticipated.

Althougn Tarplcy presents usable ond adequatq equations, the pre
cedures are now and It can be anticipated that as more data are pro =
cessed the mathedolony will be fmproved. 1L Is hoped that Loth icproved
accurccy and greater shaplicity will be possible.

The GOCS-2 satellite fs statfoned shove the equator at 75°4 longl
tude. Data coverage Is from 257 to 12579 and frem S9°M te 5096 lptllu
de. The dato sample or pixel is chout U tn. at tho satel}ite suhpoint.
For analysis Tarpley divided the arca i{nto t3r<cgs opproximately 53 i,

“on a slde, cech rade up of 7 X 6 arrays of S ¥Xa pixels. The tarcets
wera centercd at the intersecticns of 0.5° Interval latltude and lon€l
tude lines begioning at the area boundaries.

l.lt./..“..
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Readings are stored and magnetic tapes produced and sold to user
agenclies.” The GOES dinltal data can be obtained nn 9 track 1600 bpt
tupes at a cost of $60.00 por tape. The price Is recuced for large
orders. The satellite data scts can be obtained from:

Hr. J. Enmett Braag
. Environmental Products Group, S 132
RESS, Vorld ‘leather Bullding

5200 Auth Road

:VCamp Springs, Maryland 20233

°5%



INCREMENTO DE LA PRODUCCION AGRICOLA EN CENTRO AMERICA UT IL1ZANDO
INFORMACION CLIMATICA ~

EL creciente intenés sobre el abastecimiento futuro de alimento y

Las nacesddades urgentes para aumentar £a exportacién aglof.cota

han conducido a La formubacibn de varias propuestas para LLevar a
cabo un inventario de Los necursos climdticos Yy de suelos de di -
ferentes dreas geogndficas. Histénicamente alrededon de una ferce-

A2 parte del incremento de fa produccifn alimenticia proviene de
una aplicacién de tecnologia mejorada en Las tiernas agrlcolas exis-
Lentes, y dos terceras de incorporar nuevas tierras bajo cultivo, -
Mucha dnfonmacibn adicional es necesaria para toman decisiones razo-
nables con nespecto a cuafes tiemas y bajo que condiciones se debe-
adn poner bajo cultivo. Probablemente es de mayor {mportancia, La
necesdidad de utilizar en mucho mis alto grado La Anformacibn exis -
Lente que pueda obtenense. ‘

Un estudio hecho en Honduras por el Consorcio para el Desarrollo In-] |
ternacional (CI19)! seiata que el sector agnicola debe hacen dos con-
ibucdlones para el desarrollo nauonwe , i

(a) Tdene que producin una cantidad adecuada de w&mentoo y
fibra para cumplin con Las necesidades domésticas, - . - .

(b) Debers hacvz una adecuada contribucibn a La bweanza co -' o

- mercdal, R 4

' LOA cdloulos de un anauu mamo-e.cond’mwo presentado en el Infor-

me ind{ca que en base al mteaaambw comeredial, hay que regan antes

de 1990 un drea adicional de 64,000 hectdreas. Tomando en cuenta am-

bos objetivos, 122,000 heetdneas deberian ponerse bajo niego entre

1, Van de Wetering, H. y Hargneaves, Geonge. H., " Proghama de 204
Recurnsos Hidricos Propucsto para el MLwt%w de Recursos Na-
tunales™. Consoncio para el Desamrollo Intenacional, Juldo

1978. 243 p.

%
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1970 y 1990. S{ se pretende un sostendido e capital a rangos acepta-
bles, send requerido mas personal caldgicado y una mayor disponibiid-
dad y uso de £a Lnformacibn solicitada,

Los dncrementos hequeridos en £a produced{6n pueden ser realizados me-
diante una combinacibn de varics actividades diferentes o teenologlas
bdsicas. Estas incluyen Lo sigulente:

{a] Aumento del drea de riego

(b) Mejoramiento del control de Lnundaclones y drenaje

{e) Mejonamiento del proceso de almacenaje y mercadeo a través del.
meizz.memto del transporte y expansibn de fa electrificacion
A

{d) Expansibn del uso de fertilizantes. A

(e} Promoviendo afia tecnofogfa de fa agricubtura de secano, cuardo o
£0s suelos y el clima son gavorables. v

{§) VProrocibn del uso amplio de Leguminosas mpéca,eu palw. mejom
£a produccibn y fertilidad, :

Pana asignan prionidades a Las varias actividades y a Los da.ﬂe/w.n«tu
Lipos de desarnolle, se necesitan mas conoeimientos con lw\opecto, a
208 suekos, clima y necursos de agua. Se dd aqul un Engasis predomi-
nante al ctima y a La descripedén depropuesitas y pfwgaamaA pana £a '
mejon necoleceiln y uso de La informacibn,

EVALUACION DE RECURSOS DE LA TIERRA PARA AMERICA TROPICAL

Cochrane? propone un estudio de heconoeimiento de América Latina. la
evaluacibn de computadona se healizanla via sattlite y por medio de
La imagen del nadar, ademds de £a informacibn convencional disponible.,
EL procedimiento requiere el mapeo o La clasifdcacibn de Jas dreas que
Lienen condiciones similares de topoghagla, suelo, vegetaciln y cli-
ma. Se evalda ef clima por La estimacdifn del balance hidrico uw,cza.n-
do el método descnifo pon Hangreaves 3. |
Los metodos propuestos han sido desamnollados y utilizados en weg’ano&“

2. Cochnane, Tom T."Land Resources Evaluation for Tropical Amerdca’,
Cemvw Internae. de Agnicubtura Thopical, (CIAT) Cali, Colombia, Per-
sonal Communication October 1979, 11 p. 3. Ha/:.gneavu Geonge H.
"Wornld Water for Agriculture, Ageney fon International Deveeopmenx:,
1977, 177 p.
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