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lthough global-scale digitized climate information is abundant, in some countries a considerable amount of information remains in paper
records. These valuable records are at risk of being
lost forever. Several ongoing efforts are preserving
data at risk of deterioration by digitizing them into
computer-compatible form for easy access. In a 2004
Bulletin article, Page et al. described the following
main challenges in such data rescue projects: decaying paper records, missing data (because of damage
by improper storage, natural disasters, station operations suspensions, etc.), lack of funds, and the use
of obsolete technologies. Although that particular
article addressed the situation in Southeast Asia and
the South Pacific, the challenges are common to the
entire world.
Here we describe the ongoing project for rescuing
the solar radiation measurements dataset collected at
Camaguey, Cuba. The data have been collected over
a period of more than 30 years. Like many of the
current meteorological and climatic records in Cuba,
these data are only stored on paper, which inhibits
various applications. For instance, the need to update
procedures for information analysis was one of the
barriers to the development of solar energy applications identified by the Cuban report to the Solar and
Wind Resource Assessment.
Because of the lack of f u n d i n g for computer
equipment, we have developed a low-cost data rescue
design. It is based mainly on using old, out-of-service
PCs and involves key-entering software in FORTRAN running under MS-DOS, though the use of
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state-of-the-art PCs is also possible. Engaging the
complete research cycle is fundamental to Cuban
science philosophy, and thus to the Camaguey Lidar
Station team, so we have also gone further than just
rescuing the original observations. The project also
has involved developing the software for processing
the observations, controlling quality, and improving
the original manual processing.
TABLE

I. I n s t r u m e n t s used at C a m a g u e y M e t e o r o l o g i c a l

C e n t e r for solar radiation m e a s u r e m e n t s .
Instrument models
Actinometer M-3
Pyranometer M-80-M, M-l 15-M
Balanzometer M-IO-M
Galvanometer G S A - I M A , G S A - I M B

Usually, meteorological data-rescue projects in less
developed countries have been led and supported by
international organizations and/or institutions from
developed countries. The main reason for this is the
lack of funding in the less-developed countries and
sometimes a lack of local "know how." In this case,
we demonstrate an alternative approach with very few
material resources, optimizing both the local technical expertise and scarce material resources.
We believe such low-cost projects in less-developed
countries can complement the internationally supported data rescue projects that use state-of-the-art
technology.
S O L A R

RADIATION

M E A S U R E M E N T S .

Measurements at Camaguey Meteorological Station
(21.4°N, 77.9°W, 122 m ASL) began in 1966. The
manually operated Yanishevsky actinometric instrumentation was provided by the Hydrometeorological
Service of the former Soviet Union. Sensors from this
station type operate based on the thermoelectric principle. Similar instruments (see Table 1) have collected
valuable broadband solar radiation datasets in other
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data records of the station operation, maintenance,
and calibrations have been registered over the years
in the main station notebook. Also, the technical data
for each of the instruments have been registered in
the main station notebook.
DATA RESCUE

FIG. I. Original handwritten record of the solar radiation m e a s u r e m e n t conducted at 1312 LT 14 J a n 1987.

regions of the world, like the former Soviet Union
and Eastern Europe.
Measurements are made hourly from sunrise to
sunset of direct irradiance (S), diffuse irradiance (D),
global irradiance (Q), reflected irradiance (Rc), and
the net radiation balance (B). Regular calibration has
been augmented when instruments were replaced.
Meteorological variables relevant to the solar radiation
measurements were also observed at the station.
Until the present time, both the solar radiation
and meteorological parameters were registered in
notebooks, and the observer in charge of the measurements processed the data manually using a set of
printed tables to determine the solar zenith and azimuth angles. After 1983, the manual data processing
incorporated scale corrections to the galvanometer,
temperature corrections to the actinometer, and wind
corrections to the balanzometer. Also, before that
year, observers reported the processed measurements
in calories per squared centimeter per minute. Meta1508 1 B A f f t

AND

PROCESSING.

The

complete procedure consisted of the following two
steps. The first one, properly the data rescue procedure, transferred the original handwritten records to
digital form. Software was designed and created for
data key entering, under the principle of maximizing the potential use of old, out-of-service personal
computers as well as the state-of-the-art ones. Two
versions of the software were produced. The first one,
created with FORTRAN 77, is for discontinued PCs.
It runs in the original MS-DOS operating system,
as well as in the several emulated MS-DOS versions
under Windows 3.1,95, and 98. The second version of
the key-entering software was created using Borland
Delphi 7 (Pascal) for running on Windows 2000 and
XP operating systems.
Several verification phases guaranteed that the
keyed dataset contained exactly the information recorded in the original notebooks. That unprocessed,
verified dataset was designated version 0. Careful
quality control checks, correcting errors contained in
the original notebooks, led to version 1. It consisted
mainly of plausibility tests of the variables, verifying
that all of the values were within realistic limits.
The second step processed the digital records with
software created using the appropriate algorithms.
The processing software can import data files created by either version of the key-entering software.
Another procedure made sure the original hourly
measurements were in the proper digital or alphanumeric character formats. We created additional
software for collecting and digitizing both the calibration data and metadata.
Two 386 PCs that had been out of service were
refurbished and used with MS-DOS for keying data.
Both versions 0 and 1 are stored on CD-ROMs together with the software. For backup, we made three
copies of the CDs.
Several improvements were introduced in the
processing of the digitized database. They consisted
mainly of replacing the nomograms, tables, and plots
originally used in the manual processing. In the
case of the determination of the solar position, the
former set of tables was replaced by a computerized
procedure using the recently released Solar Posi-
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tion Algorithm. This algorithm calculates the solar
zenith and azimuth angle
with uncertainties equal
to ±0.0003° from the years
-2000 to 6000 CE. The rest
of the tables and plots for
manual interpolation of the
instruments' calibrations
were replaced by computerized procedures of least
squares fitting of the calibrations data contained in
a metadata file. Scale and
temperature corrections to
the galvanometer measurements and wind corrections to the balanzometer
were also implemented for

of the day, all measured
variables show the smooth
behavior typical of clear
days. Also, the values of
all of the measured variables are lower t h a n the
irradiance at the top of the
atmosphere, calculated for
the same day, demonstrating the consistency of the
measured variables. The
differences between the
direct irradiance and the
modeled irradiance range
f r o m a r o u n d 50 W m~2
at the first measurement
FIG. 2. Printed output f r o m the computerized
processing of t h e solar radiation measure(0700 LT) to around 300
m e n t conducted 1312 LT 14 J a n 1987.
W n r 2 at 1200 LT.
Average hourly and stanthe measurements conducted before 1983. The output dard deviations of S measurements conducted in
radiation variables units have been unified (W m~2) "relaxed" clear-sky conditions during the period of
1986-90 are shown in Fig. 4. Commonly, clear-sky confor the complete dataset.
ditions are defined as those measurements conducted
with total cloudiness equal or lower than one tenth or
S T A T U S . So far we have keyed (and checked format
and consistency of) 20 years of data. The processing equal or lower than two tenths. Because of the shortsoftware has been designed, quality controlled, and ness of the series currently available, we decided to reimplemented. The massive processing is already be- lax the clear-sky criteria to total cloudiness values equal
ginning. Ten years of hourly measurements had been or lower than three tenths. Maximum direct radiation
values at each one of the hours are also plotted. The
processed at the moment of drafting this paper.
We show an example of the processed database period of 1991-93 was excluded because of the presence
from 14 January 1987, a clear-sky day at Camagiiey.
At 0700 and 0800 LT no clouds were reported and the
total cloudiness was 1/10 during the rest of the day.
Figure 1 shows the handwritten record of the solar
radiation measurement made that day at 1312 LT.
Note that the paper is still in good condition almost
20 years after the registration of the observation, but
the written characters are beginning to fade. Several
earlier notebooks show greater deterioration.
The computerized processing output window of
the solar radiation measurement conducted at 1312
LT 14 January 1987 is shown in Fig. 2. In general, it
was designed to replicate the format of the original
registering notebooks, but also include the capabilities of computerized processing.
For the selected day, Fig. 3 shows the diurnal cycle
of the main broadband solar radiation variables. The
FIG. 3. Diurnal cycle of the main broadband solar radirect, diffuse, global, and reflected broadband irradiation variables for 14 J a n 1987. Variables plotted are
diances are plotted. The modeled direct solar broad- the direct (S), diffuse (D), global (Q), and reflected (Rc)
band insolation over a horizontal surface, considering broadband irradiances. Also, the irradiance at the top
only the solar position, is also shown. Over the course of the atmosphere ( T O A ) is shown.
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recovery and radiative transfer simulations will study
the effects of aerosols and clouds on solar radiation
for the Camaguey region.
Another important application of the information
shown in Fig. 5 is the determination of the real amount
of solar radiation energy available in the course of the
day during the whole year for clear-sky conditions.
It is information required for the application of solar
radiation as an alternative source of energy.
The results shown in the figures are preliminary and
should be considered cautiously because of the shortness
of the series and the relaxed clear-sky criteria. They are
shown to demonstrate some of the results obtained using
part of the already recovered dataset.
FIG. 4. H o u r l y averages and standard deviations for
the direct radiation (S) measurements conducted in
relaxed clear-sky conditions during the period of 198690. Also, the m a x i m u m for each hour is plotted.

of a high amount of stratospheric aerosols resulting
from the 15 June 1991 Mt. Pinatubo eruption.
The mean diurnal cycle of the direct radiation for
the entire year is clearly seen, with the typical bellshaped structure. Maximum direct radiation values
follow the same pattern. From sunset to 0900 LT,
maximum values differ in more than two standard
deviations from the mean. During the rest of the diurnal cycle the difference decreases to less than two
standard deviations, but is always higher than one
standard deviation. This behavior is caused by the
high variability introduced in the data both by the
short data series and the relaxed clear-sky criteria.
The average monthly hour section of the S measurements conducted in relaxed clear-sky conditions
appears in Fig. 5. Figure 5a (top) contains S reaching
the top of the atmosphere at Camaguey calculated
using a simple model taking into account only the
orbital parameters and the location of Camaguey.
Figure 5b (bottom) shows the mean S monthly hour
section derived from the measurements for the period
of 1986-90. Both sections show a similar pattern with
maximums at 1200 LT in the winter.
Because of the clear-sky condition imposed on the
selected measurements, the comparison of the magnitudes of the direct radiation shown in Figs. 5a,b give
an estimate of the amount of solar radiation absorbed
and dispersed by gases and aerosols in the conditions
of the atmosphere over Camaguey. Future research
combining the solar radiation database currently in
1510 1 B A f f t

C O N C L U D I N G R E M A R K S . The core of our data
rescue strategy (software usable on PCs ranging from
discontinued XT-chip-based systems to early Pentium

FIG. 5. M o n t h l y hour averages section of t h e direct
radiation for Camaguey. (a) A v e r a g e direct radiation
calculated using selected measurements according to
t h e relaxed clear-sky conditions during the period of
1986-90, and (b) the direct radiation modeled for the
location of Camaguey at the top of the atmosphere,
considering only orbital parameters. U is in k W m -2 .
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processors) is applicable mainly to less developed
countries holding climate data records on paper. It
could also be adapted to other local resources as well
as combined with a well-funded data rescue project
to optimize and expedite its results.
The solar radiation database we are developing
will have a higher quality than the original—it will be
more consistent because of the computerized processing and the quality control procedures. We envisage
many applications of the solar radiation database
when it is finished. The project homepage, to be available in both English and Spanish, is currently under
development (its Spanish version can be found online
at www.lidar.camaguey.cu/sdr/lndex.html).
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lions of dollars worth of household supplies that FEMA
had amassed for hurricane victims on the Gulf Coast.
The goods sat in agency warehouses for two years
before being declared surplus. Among the 16 states
that received the supplies, Mississippi took its share
and distributed them to prisons, volunteer fire departments, colleges, and other state agencies instead of
to groups working to rebuild coastal cities and towns.
Thompson, who is also chairman of the House Committee on Homeland Security, said he was stunned
with how Mississippi officials made "a mockery of the
whole process." He demanded answers as to how
"such a debacle" could have occurred, and at press
time was seeking a congressional hearing to get them.
Bill Stallworth, a Biloxi city councilman and executive director of the Hope Coordination Center in his
city, expressed outrage that he and other community
leaders were never told of the FEMA stockpiles.
" W h e n I hear people stand up and just beat their
chest and say we've got everything under control,
that's when I just want to slap them upside the head
and say, 'Get a grip, get a life.'" (SOURCE: C N N )
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Wyoming Excellence Chair in Atmosphere-Biosphere Interaction
The Departments of Atmospheric Science and Renewable Resources at the University of Wyoming seek a distinguished scholar for the new Wyoming Excellence Chair in Atmosphere-Biosphere Interaction. This endowed position will be filled at the rank of associate or full professor.
The successful candidate will have an earned PhD degree in atmospheric or life sciences, and
should be eligible for appointment with tenure in the Department of Atmospheric Science. Candidates with an internationally recognized research program focused on processes controlling
atmosphere-biosphere interaction are invited to apply. Preference will be given to those involved
with data, ranging from measurements in the field to data assimilation into climate models linking
the atmosphere to terrestrial ecosystems. The successful candidate will be expected to maintain
an active research program, advise graduate students, manage a research team, and develop
courses such as climate-ecology interaction, surface flux processes and measurements, or
climate change dynamics. The position includes a very attractive start-up package and access
to a suite of research facilities, including an NSF-supported King Air research aircraft, the Stable
Isotope Facility, the Environmental Simulation Laboratory, the W. M. Keck Aerosol Laboratory,
and the Elk Mountain Observatory.
The University of Wyoming has strong research programs in atmospheric and terrestrial (land
surface) sciences and a successful cross-disciplinary doctoral Program in Ecology (PiE). It
is forging new ties with the National Center for Atmospheric Research (NCAR) through joint
supercomputing endeavors. The successful candidate is expected to interact with faculty and
students in PiE and with NCAR scientists. More information of relevance to this position can be
found at http://wwweng.uwyo.edu/info/WyoExcelChair/.
Applications must include (a) a letter of interest stating research intentions and teaching
interests, (b) a list of the five most relevant publications, all publicly accessible, (c) the names
and contact information for at least three references, and (d) a curriculum vitae. Screening of
applications will begin on November 10, 2008 and will continue until the position is filled.
Applications may be mailed to:
ABI Chair Search Committee
Dept. of Atmospheric Science, Dept. 3038
1000 E. University Avenue
Laramie, WY 82071, USA

E-mail submissions are preferred:
ecoclim@uwyo.edu
For additional information, contact
the search committee chair
Dr. Bart Geerts
(geerts@uwyo.edu, +1 307 766 2261)

The University of Wyoming is a Carnegie Foundation Research/Doctoral Extensive Institution,
and adheres to the principles of equal employment opportunity and diversity and welcomes
applications from qualified individuals, independent of race, color, religion, sex, national origin,
disability, age, veteran status, sexual orientation or political belief. We welcome applications from
diverse groups, including women and people of color; and international candidates.
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