I E A o, > _ program )
e T - to develop and test )

SOLAR R&D e solar heating | a

and cooling systems -

task 'V

solar r-adlatlon data |
sour-ce catal.gue o

october 1980 .




/

INTERNATIONAL ENERGY AGENCY

in order to strengthen cooperation in the vital area of
energy policy, an Agreement on an lIaternational Energy
Program was formulated among a number of industrialized
countries in November 1974. The International Energy
Agency (IEA) was established as an autonomous body
within the Organization for Economic Cooperation and
Development {OECD) to administer that agreement, Nine-
teen countries are currently members of the |[EA, with the
Commission of the European Communities participating
under a special arrangement.

As one element of the International Energy Program, the
participants undertake cooperative activities in energy re-
search, development, and demonstration. A number of
new and improved energy technologies which have the po-
tential of making significant contributions to our energy
needs were identified for collaborative efforts. The IEA
Committee on Energy Research and Development (CRD),
assisted by a small Secretariat, coordinates the energy re-
search, development, and demonstration program.

Solar heating and cooling program

Solar Heating and Cooling was one of the technologies se-
lected by the [EA for a collaborative effort. The objective
was to undertake cooperative research, development, dem-
onstrations and exchanges of information in order to ad-
vance the activities of all Participants in the field of solar
heating and cooling systems. Several sub-projects or »tasks»
were developed in key areas of solar heating and cooling.
A formal Implementing Agreement for this Program, cover-
ing the contributions, obligations and rights of the Partici-
pants, as well as the scope of each task, was prepared and
signed by 15 countries and the Commission of the Euro-
pean Communities. The overall program is managed by an
Executive Committee, while the management of the sub-
projects is the responsibility of Operating Agents who act
on behalf of the other Participants.

The tasks of the |EA Solar Heating and Cooling Program
and their respective Operating Agents are:

| investigation of the Performance of Solar Heating
and Cooling Systems — Technical University of
Denmark

1 Coordination of R & D on Solar Heating and Cool-
ing Components — Agency of Industrial Science and
Technology, Japan

11l Performance Testing of Solar Collectors — Kern-
forschungsaniage Julich, Federal Republic of
Germany

IV  Development of an Insolatiocn Handbook and In-
strumentation Package — United States Depart-
ment of Energy

v Use of Existing Meteorclogical Information for
Solar Energy Application — Swedish Metecrological
and Hydrological [nstitute

VI  Performance of Solar Heating, Cooling and Hot
Water Systems using Evacuated Collectors — United
States Department of Energy

V1l Central Solar Heating Plants with Seasonal Storage
— Swedish Council for Building Research

Collaboration in additional areas is likely to be considered

as projects are completed or fruitful topics for cooperation
identified.

Task V — Use of existing meteorological informa-
tion for solar energy application

Recognizing the importance of resource information, two
of the five tasks were designated as meteorological suppart

tasks for solar heating and cooling research and applications.

The objectives of Task V are to improve the availability of
existing solar radiation and related meteorological data and
to support the collection and presentation of such data in
an effective manner for the solar.energy community,

The profect is comprised of the following subtasks:

A Compilation of Sources of Solar Radiation and Rele-
vant Meteorological Data
B8 Preparation of a Handbook on Estimation Methods

Cc Recommendations Concerning Meteorological Sta-
tions

D Preparation of a Uniform Format for Presentation of
Data.

The following countries are participants in this task: Austria,
Belgium, Canada, Denmark, Germany, Italy, the Nether-
lands, Spain, Sweden, Switzerland, United Kingdom, USA,
and the Commission of European Communities.

This report documents work carried out under subtask A
of this task, The cooperative work and resulting report is
described in the following section.
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INTRODUCTION

The intention of the Data Source Catalogue is to in-
crease the availability of existing radiation data
and relevant meteorclogical data.

The catalogue consists of three parts here called In-
troduction (I), Explanation (II), and Data List (III).

In part I several important concepts of radiation are
introduced together with a brief presentation of ra-
diation gquantities and radiation instruments. To get
more than a general view of those and related subjects
the IEA-Handbook is recommended. This and other publi-
cations are included in the reference list, see page
(1-31).

The purpose of part II is to give all information
needed for an optimal use and understanding of the
data presented in part III.

Part ITII is a compilation of radiation data sources
and radiation stations. It also includes addresses
where requests for these data should be sent.

Solar radiation data and related weather data may be
corrected, controlled and published, microfilmed,
placed on punch cards or magnetic tape. Sometimes it
is only available in a raw form as recorded on strip
charts etc,

If known, the type of storing is given in the Data
List i.e. published, data sheets, magnetic tapes or
punch cards and strip charts.

The question of the representativeness and accuracy of
the radiation data listed in this catalogue is .nat dis-
cussed. For detailed information contact the organiza-
tion that is collecting and storing the data. The only
method to obtain detailed and accurate data on solar
radiation is to measure carefully with an accurate
instrument at the site of interest. However, there

are methods of estimating solar radiation fluxes

where measurements are not available.

Solar radiation models and interpolation techniques
are discussed in references [1,5,21-24].

Since the compilation of this book many changes have
occurred and will occur. The number of stations and

the amount of radiation data are increasing rapidly.

As it is our intention to keep the Solar Radiation

Data Source Catalogue up to date the reader is respect-
fully requested to report any known change or correc-
tion of information that should be included.
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SOLAR AND TERRESTRIAL RADTATION

The driving power of the ocean currents, the wind and
the photosynthetic process emerges from the sun. This
power arrives at the earth as electromagnetic radia-
tion, so called extraterrestrial solar radiation. More
than 99% of the energy is concentrated in the spectral
range 0.15-4.0 m.

The intensity of the radiation varies about 3% frog

the average value, the "solar constant" (1.368 kW/m™,
[12]) due to the elliptical orbit of the earth.

Ozone Absorption

RN
(/7] Water vapour absorption

Water vapour and
Carbondioxide absorption

Fig.

Wavelength (um)

17 Schematic spectral distribution of solar radiation:

1. Outside the Earth's atmosphere.

2. Typical at sealevel after scattering in dust
and molecules and

3. after absorption.

There are many processes in the atmosphere affecting
the character and reducing the intensity of the solar
radiation. The primary ones are scattering, absorption
and reflection. The first and the last process change
the direction of the rays while the remaining effect
reduces the energy of the radiation.




Principal producers of scattering are
i) dry air molecules
ii) water wvapour molecules and
iii) aerosols

Principal absorhers are
i) ozone
ii) carbon dioxide
iii) water wvapour and
iv) dust

Principal reflectors are
i} clouds and
ii) dust

The intensity reduction of the direct solar radiation
caused by aerosols in the atmosphere can be described
by a parameter called the atmospheric turbidity. Seve-
ral methods exist to characterize the effect of turbi-
dity, usually by studying the attenuation of the direct
solar radiation. Well known turbidity parameters are
the Angstrdm and the Schiiepp turbidity coefficients

and also the turbidity factor of Linke.

With a simple instrument called the Volz Sunphotometer
the direct solar radiation attenuation (in one oxr two
narrow spectral regions) can be measured in order to
determine the Schiiepp turbidity coefficient.

There exists a network organised by the WMO (World
Meteorological Organization) using this method (the
main part of the compilation called "Turbidity Network™
in this catalogue) from which data are available in
the publication "Atmospheric Turbidity and Precipita-
tion Chemistry Data for the World", Environmental Data
Service, Asheville, N.C. 28801, USA.

Representative turbidity values in rural areas are in
the summer 0.1 and in the winter (.05. Urban areas
have higher values caused by pollution in the lower
layers of the atmosphere.

In the stratosphere an upper layer of dust caused by
aeroscls from large volcanic eruptions contributes to
the turbidity.

Another important parametexr affecting the radiation
is the reflectance, also called the albedo. For in-
stance overcast sky and snow covered ground causes
multiple reflection which contributes considerably to
the diffuse solar radiation.

For a specific surface (so0il, vegetation cover, snow
etc.) the albedo is not fully specified by knowing the
composition and the state of the surface, e.g. rough-
ness and humidity. Primarily the spectral range must
be defined because the wavelength dependence is consi-
derable. For example the albedo of maize {(corn) is
about 10% in the visible and about 30% in the near
infrared part of spectrum.




1-5
The albedo values for the range 0.3 - 4.0 um will be
affected as the spectral composition of global and
diffuse solar radiation varies with solar height, cloud
and turbidity conditions.

Another factor influencing the albedo is the angle of
incidence of the radiation. That is why the albedo is
significantly dependent upon solar elevation, especi-
ally for smooth surfaces and low altitutes of the sun.

The complex dependence on different factors causes
daily, yearly 'and spatial variations of the albedo.

A few examples of albedo values can be found in table 2.
More detailed information on albedo can be found in
references [1, 5, 14, 15, 16, 17, 18] and some of those
contain additional useful ones.

The earth and its atmosphere absorb much of the solar
radiation. To avoid overheating the surface of the
earth and the atmosphere with its clouds, dust and
gases must radiate energy into the space. This energy
balance is outlined in fig. 2.
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More than 99% of the energy is emitted in the spectral
range 4-100 pm. Since this range does not coincide
with that of solar radiation, a special denomination

is used in meteorology, namely longwave radiation or
terrestrial radiation to distinguish it from the short-
wave radiation or solar radiation.

The transmittance of longwave radiation in the atmo-
sphere shows a strong variation with the wavelength.
In the range 8-13 pm the air is very transparent and
radiation can escape to space. This spectral range is
known as the atmospheric window.

On the other hand, at some wavelengths absorption and
emission of the atmosphere is so strong that only a
one meter layer of air is needed to totally absorb the
radiation emitted by a specific object.

The main gaseous absorbers and emitters of longwave
radiation in the atmosphere are not oxygen and nitrogen
but water vapour, carbon dioxide and ozone. Dust and
clouds act approximately as 'black bodies' in the
terrestrial range, i.e. they absorb all the incident
radiation and emit the maximum radiation in that range.




Solar Radiation (W m"z)

COMPONENTS OF RADIATION

This is a brief presentation of the different radia-
tion compeonents and some of their properties. The ter-
minclogy and the abbreviations for the various fluxes
are defined in legend 2.

Solar radiation components

The primary flux is the DIRECT SOLAR RADIATION measured
at normal incidence. The magnitude of the flux depends
on the attenuation in the atmosphere and especially

by clouds.

10004 10004
& JUN
d IE
BEC =
MAR = MAR
SEP E SEP
500- j” 500 |
JUN =
&
< / DEC
S
(7]
L] 1 1 ¥ 1 ) ] L] 1
6 9 12 15 18 6 9 12 15
Solar Time (hrs) Solar Time (hrs)

Fig. 3 Example of the daily variation of direct solar
radiation (left) and global radiation (right) for
a very clear day and for different times of the
year at approximately 45° 1atitude.

Radiation received directly from the solid angle of
the sun's disk and also scattered and reflected radia-
tion from the sky is called GLOBAL RADIATION, earlier
referred to as TOTAL RADIATION. It is usually measured
on a horizontal surface., If the receiving surface is
inclined a reflected flux is introduced. The measured
radiation depends not only on the orientation and tilt
of the surface but also on the albedo of the surroun-
dings.

The DIFFUSE SOLAR RADIATION or SKY RADIATION is the
scattered and diffusely reflected radiation from the
sky. In clear conditions the diffuse solar radiation
is about 10-30% of the global radiation. If the sun
is obscured the components are identical.

The upward solar radiation reflected by the Earth's
surface is called REFLECTED GLOBAIL, RADIATION.




1-8
The components above are usually measured so that all
solar radiation is included. With the aid of filters
the solar radiation in selected spectral bands can be
measured. A purpose of those measurements may be to
determine the atmospheric turbidity. A list of filters
and their transmission bkands is presented in legend 7.

Special cases are the measurement of the DAYLIGHT
ILLUMINATION, the PHOTOSYNTHETICALLY ACTIVE RADIATION
(PAR) and the ULTRAVIOLET RADIATION.

Measurements are also made of the solar radiation
falling on a spherical receiving surface. The result
will ke dependent of the albedo of the surrounding,
which implies less accuracy. Those observations are
of minor importance for solar energy applications but
in many countries it is the only radiation quantity
measured. Daily walues can be converted to the corre-
sponding global radiation as received by a horizontal
surface.

The SUNSHINE DURATION is the amount of time in which
the direct solar radiation can activate the recorging
instrument, threshold limit approximately 200 W/m~. It
is not an energy measurement but a determination of
the time the sun is unobscured by clouds, dust etc.
Therefore the sunshine duration is highly correlated
with the cloudiness, which in turn has a great influ-
ence on the solar energy fluxes,.

A great number of stations measure sunshine duration,
many of them with records extending over long periods.
This makes sunshine data wvaluable for statistical treat-
ment and for estimating global radiation in sparse net-
works.

The high correlation between sunshine duration and
global radiation particularly for periods of several
days or a month implies the existence of a relation-
ship.

A frequently used linear relation between global radia-
tion G and percentage of possible sunshine S is

G = Go(a+bS)

where G is the extraterrestrial solar radiation on a
horison®al surface and a and b are empirical constants.

Terrestrial radiation and total radiation components

Terrestrial radiation is emitted by all matter and is
more complex to describe than solar radiation. In a
broad sense terrestrial radiation behaves as if it is
a diffuse flux.

The measured fluxes through a horizontal surface are
the DOWNWARD ATMOSPHERIC RADIATION, the UPWARD TERRE-
STRIAL RADIATION and the NET TERRESTRIAL RADIATION.
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Total radiation is the sum of solar radiation and
terrestrial radiation. The gquantities usually measured
are the DOWNWARD TOQTAL RADIATION, the UPWARD TOTAL
RADIATION and the NET RADIATION.




RADIATION INSTRUMENTS

The terminology for radiation instruments used in the
Data Source Catalogue is the terminology recommended
by the World Meteorological Organization.

PYRHELTOMETER
A pyrheliometer is an instrument for measuring the
intensity of direct solar radiation at normal in-
cidence.

PYRANOMETER
A pyranometer is an instrument for the measurement
of the solar radiation received from the whole
hemisphere. It is suitable for the measurement of
global or sky radiation.

PYRGEOMETER
A pyrgeometer is an instrument for the measurement
of net atmospheric radiation on a horizontal upward-
facing black surface at the ambient temperature.

PYRRADIOMETER
A pyrradiometer is an instrument for the measure-
ment of both solar and terrestrial radiation (total
radiation).

NET PYRRADIOMETER
A net pyrradiometer is an instrument for the measure-
ment of the net flux of downward and upward total
{(solar, terrestrial surface and atmospheric) radia-
tion through a horizontal surface.

O

ol

Fig. 4 The Angstrom electrical Fig. 5 The EppTeyNormalIncﬁdence

compensation pyrhelio- Pyrheliometer (NIP)
meter. mounted on a solar tracker




Pyrheliocmeters

Direct scolar radiation is measured with pyrheliometers.
Only the most well known types are discussed briefly
below.

The WMO classifies pyrheliometers as standard, first
class and second class., Another classification is
based on the concept of absolute and relative instru-
ment. Most pyrheliometers are relative instruments

and have to be calibrated against a standard instru-
ment, normally the Angstrdm pyrheliometer or the sil-
ver-disk pyrheliometer, although the second one is not
an absclute instrument.

During the 1960's substantial efforts have been made

to develop improved absolute pyrheliometers. Well
known are the Active Cavity Radiometer (ACR} and the
Practical Absolute Cavity Radiometer (PACRAD), now
comercially available as the Eppley-Kendall radiometer.
They are often referred to as absolute radiometers,
cavity pyrheliometers or self calibrating pyrheliome-
ters. In comparisons the measurements of these new
developed pyrheliometers have produced close agreement.

Pyrheliometers are often provided with filters to make
it possible to measure the solar radiation in various
bands.

Instruments in routine operation have large aperture
angles compared with the angle of the sun's disk, 0.5°.
Consequently they will view different amounts of thg

. I ; O
c1rcgm—8olar sky, e.qg. Aggstrom pyrhellometer 37x12
or 2°x77, Eppley NIP 5.7  diameter ' of circular aper-
ture, Linke-Feussner pyrheliometer 10.2° diameter of
circular aperture. This will introduce an error if the
purpose of the measurement is to determine the radia-
tion from the sun's disk only or to compare two pyr-
heliometers with different apertures.

Other sources of error are turbulent transport of
heat from the sensor, dependence of instrument tempe-
rature and scattering of radiation inside the instru-
ment.

The sensor of the pyrheliometer is two blackened manga-—
nin strips situated at the lower end of a collimator
tube. The strips can alternately be shaded from the

sun and each of them is connected to an electrical
circuit.

Two thermojunctions are attached to register the tem-
perature difference between the strips.

In operation one strip is exposed to the direct solax
radiation, while the other one is heated by an electric
current to achieve equal temperature of the strips.
This is controlled by a galvanometer connected to the
thermojunctions.

11
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By alternate exposure of the strips the compensation
electric current, i, is determined. The direct solar
radiation, I, is then obtained from

I =K i°

where K is the instrument constant. Normally K is deter-
mined by reference to a standard pyrheliometer, but it
may be calculated in terms of the instrument characte-
ristics. Therefore the Angstrdm pyrheliometer is an
absolute instrument. Fig. 4.

In the silver-disk pyrheliometer solar radiation is
absorbed by a blackened silver disk at the base of a
collimator tube, with aperture angle 5.7° diameter.

A shutter is rotated to alternately shade and expose
the disk. A thermometer inserted into the disk measures
the changes in temperature due to the radiation. Rea-
dings and shadings are made in carefully timed sequence.
When the temperature readings are corrected for air,
stem and bulb temperatures the direct solar radiation
may be obtained.

The sensitive element of the Eppley NIP is a thermopile
mounted at the base of a brass tube, which is hermi-
tically sealed and filled with dry air. A temperature
compensating circuit minimizes the dependence on am-
bient temperature.

The pyrheliometer has a robust and weatherproof design
and is provided with a filter wheel for spectral mea=-
surements. It is suitable for spot readings as well as
for continuous recording. In the latter case an equato-
rial mounting is required for sun tracking (fig. 5).

In the Linke-Feussner pyrheliometer two equal sections
of a thermopile are used as the sensor. One section is
exposed to the radiation and the other is shaded. Tem-
perature fluctuations of the environment are compensa-
ted because they are supposed to influence both sec-
tions equally. A thermometer embedded in the pyrhelio-
.meter makes it possible to correct the measurements
for their dependence on the instrument temperature.

In the Michelson bimetallic pyrheliocmeter the solar
radiation causes a deflection of a very fine bimetallic
fiber, that is observed through a microscope. The in-
strument must be frequently compared to a reference
standard to achieve a reliable calibration constant.




Pyranometers

Instruments called pyranometers are used to measure
solar radiation from a sclid angle of 2m steradians.
The pyranometer is usually mounted horizontally but
it can of course have another orientation, in which
case reflected solar radiation will have an influence
on the measurement.

The diffuse solar radiation component is measured by
shading the pyranometer from direct solar radiation
with a shadow ring or with a sun tracking disk, see
fig. 6 & 7. Compared-with the shading disk equipment,
the shadow ring is simple in construction and also
inexpensive. A correction factor has to be used, be-
cause a part of the diffuse solar radiation is inter-
cepted by the shading ring.

Thermopile types

Most pyranometers in routine use are of the thermopile
type. Most popular are those manufactured by Eppley
Lab. and Kipp and Zonen. These instruments have a
thermopile that records the temperature difference
between a black surface, exposed to solar radiation,
and a white surface or a heat sink. The difference is
a function of the amount of solar radiation.

To protect the receiving surface from the influence
of wind, dust, precipitation etc., and to filter
terrestrial radiation it is covered by one or two
glass hemispheres. Glass hemispheres in use are tran-
sparent for the main part of the solar spectrum. In
the ultraviolet region the transmission decreases and
for the infrared radiation with wavelengths greater
than 2-5 um the glass is opaque.

This selective spectral sensitivity introduces errors
if the measurement conditions are different from those
under which the instrument is calibrated. For routine
use this error is negligible.

The whole ultraviolet part of the solar radiation pene-
trating the atmosphere will be included in the measure-
ment if the glass hemisphere is replaced by one of
guartz.

For measurement in selected spectral bands the glass
dome is replaced by spectral filters. Different Schott
spectral filters and their spectral range of trans-
mission are presented in legend 7.

The response of a pyranometer should be proportional
to the cosine of the angle of incidence of radiation.
For practical instruments the response does not follow
the true cosine variation, with significant errors
occurring at large incidence angles. The rectangular
Kipp and Zonen thermopile introduces an asymmetry in
azimuth into this cosine error.

13
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Another complication of pyranometers is that the sen-
sitivity depends on the temperature of the instrument.
Cerxtain modern instruments are compensated for this
effect to minimize this source of error. Data recorded
with uncompensated pyvranometers may have a considerable
error of this type, unless corrections based on the
air temperature have been applied to the measured
values.

The quality of radiation data is dependent on many
factors. A pyranometer that is carefully calibrated
and reasonably well maintained, i.e. compared with a
standard instrument, inspected at least once a day,
cleaned, level controlled, time checked etc., is ex-
pected to have an accuracy of 5% for daily sums of
global radiation. Hourly sums from routine cbserva-
tions of course have lower accuracy, particularly at
low sun elevations.

= N
\N=",

I°d

Fig. 6 & 7 A shadow ring and a shading disk together
with pyrancmeters for the measurement of
diffuse solar radiation.

The bimetallic pyranometer is used all over the world.
It is a simple self recording instrument, which makes
it suitable for remote operation.

There are different tvypes in routine use but they all
work similarly. The sensor is a blackened horizontal
bimetallic strip that bends depending on the amount
of solar radiation. Through a mechanical linkage the
bending causes a deflection of a recorder pen, that
makes a trace on a chart mounted on a rotating drum.

The bimetallic pyranometer is not recommended for any
measurements except daily totals. Even with the most
careful calibration these daily totals must be regarded
as having an accuracy not better than +10%.
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The distortion of the strip is not only a function of
the amount of solar radiation received. It is also
depending on the ambient temperature and the fact that
the strip does not remain flat. This in turn makes the
calibration constant a function of both solar eleva-
tion and solar azimuth,

Due to the large heat capacity of the sensor the re-
sponse (98% of a step-function change of radiation)
is slow, 10-15 minutes.

Fig. 8 A bimetallic pyranometer (actinograph) with
cover removed,

Solar cells
Solar cells are simple and inexpensive. This makes
them attractive as sensors in pyrancmeters.

Two main disadvantages of solar cells are that they
only measures a part of the solar spectrum and that
the response deviates strongly from the ideal cosine
law. Generally the cosine response is improved by moun-
ting the cell below a diffuser.

Despite low accuracy solar cells are used to measure
radiation, preferably daily sums.

Fig. 9 Mounted solar cell sensor from Lambda Inst. Corp.




Measurements of global radiation on a spherical sur-
face with different types of the Gunn-Bellani integra-
ting spherical pyranometer are denoted G(BS) in the
Data Source Catalogue. A number of models of the in-
strument are available but they all have the same
basic design.

Solar radiation is absorbed by the blackened surface
of a sphere enclosed in a glass-bulb. The black sphere,
containing a liguid, is heated. The liquid evaporates
and the vapour is transferred to a chamber where it

is condensed.

The accumulated volume of the liquid in the chamber

is a measure of the radiation received. It is normally
read and reset once a day. More frequent readings will
be affected with large errors, because of the great
lag of the instrument due to the large heat capacity
of the black sphere and the ligquid.

Sources of error for the spherical pyranometer are am-
bient air temperature, wind speed, temperature depen-—
dent threshold radiation and of course the albedo of
the surroundings.

Distillation pyranometers with a horizontal surface
exist but normally the data referred to a spherical
surface are converted to give the global radiation
as received by a horizontal surface. This conversion
of course lowers the accuracy of data.

—~
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Recorders of sunshine duration

Different types of instrument have been used to mea-
sure the duration of sunshine. The measurement with
one type of instrument will probably not agree with
that made with another instrument. Therefore the
Campbell-Stokes recorder was adopted as standard of
reference in 1962. It is called the interim reference
sunshine recorder (IRSR} and in the future all values
of sunshine duration should be reduced to this stan-
dard, if not a note with the reduction factor should
be attached to the data.

The two most common instruments (1979) are presented
below. New types of instruments have been developed
and data from those will be available in a near future.

The Campbell-Stokes sunshine recorder consists of a
glass-sphere mounted in a section of a spherical bowl.
The sun's rays are focused, by the sphere, on a card
inserted in slots inside the bowl. If the intensity
of solar radiation is over the Ehreshold limit (IRSR-
threshold approximately 200 W/m”) a trace is burned
in the card.

Sources of error are unsatisfactory adjustment of the
bowl, inserting of the cards, levelling of the instru-
ment and also wet cards and frost on the bowl. The
latter can be prevented by heating the instrument.

Fig. 10 The Campbell-Stokes sunshine recorder.

Foster_ sunshine switch

In the Foster sunshine switch two photo-cells act as
the sensor. One cell is shielded from the direct solar
radiation, while the other is not. They are both ex-
posed to the diffuse solar radiation, but balanced to
each other that no response result if the sun 1s ob-
scured. However, exposed to direct solar radiation




there will be imbalance between the cells and the in-
strument gives a response activating a recorder.

This instrument is not commercially available.
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Pyrgeometers, pyrradiometers and net pyrradiometers

Radiometers for the measurement of longwave radiation
are called pyrgeometers.

Total radiation (longwave and shortwave radiation) and
net radiation are measured with pyrradiometers and net
pyrradiometers.

A large number of different types of radiometers mea-
suring these components exist. Below only a selecticn
of instrument will be presented but different types
have many problems and operate in common and it will
be beyond the scope of this introducticon to enter in-
to details. For further information reference may be
made to the manufactures manuals and to [1, 6].

The large spectral range that is to be measured by
pyrradiometers introduce specific problems, because
there is no ideal material either for the "black" re-
ceiving surface or for a shielding dome. This makes
the response, the calibration and the cosine-error
dependent on the wavelength.

Estimates of the accuracy of net radiation measure-
ments during the IGY, International Geophysical Year
1957-1958, as quoted by Robinson 1964, [20], are the
following:

Hourly sums #£20% or 20 Jc@?, whichever the largest
baily sums +15% or x40 Jcm', whichever the largest
Monthly sums *15% or 400 Jcm,, whichever the largest
Annual sums *15% or #8800 Jcm™, whichever the largest

The estimated accuracy of downward atmospheric radia-
tion and net radiation during the IFYGL, International
Field Year for the Great Lakes, 1s approximately +4%.
Reference [4].

This pyrgeometer is a development of the Eppley PSP.
The sensitive element is a blackened surface of a ther-
mopile and the response is compensated for dependence
of the instrument temperature.

Shortwave radiation is eliminated by a silicon hemi-
sphere with an interference filter deposited on its
inner surface. The transmission of longwave radiation
is in the range 4-50 um.

If using data from this instrument one must be careful,
because accurate measurements are difficult to obtain.

The sensor of the radiometer consists of a thermopile
between two thin blackened and horizontal plates. The
temperature difference between the upper and lower

surface is assumed to be a function of the difference
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in radiation incident upon the two surfaces but heat
can also be exchanged with the ambient air by nonradia-
tive processes, e.g. evaporation, convection and con-
duction.

This problem can partly be controlled by shielding
the sensor or, as for the Gier and Dunkle instrument,
by establishing a ventilation across the plates. The
ventilation must be uniform to assure that convective
heat losses from both plates are equal. This can be
tested by inverting the instrument.

The wind affects the response, particularly at counter-
flow and for speeds over 5 m/s.

VAN

Fig. 11 The Gier and Duncle net pyrradiometer.

The net pyrradiometer may be converted into a pyrradio-
meter by putting a blackened plate of metal as a shield
below the lowerxr surface. If the temperature of the
shield is equal of the temperature of the lower sur-
face the instrument will measure the downward total
radiation.

Shielding of the sensor is one method of controlling
and minimizing the non-radiative effects.

The receiving surfaces of the Funk net pyrradiometer
are protected by two hemispheres of thin polyethylene
which is transparent from about 0.3 ym to 100 um, but
there are narrow absorbtion bands.

To prevent condensation and to keep the shield spheri-
cal they are inflated by a slow strem of dry gas. By

a heating ring or a stream of dry air the formation

of dew on the outside is prevented.

The senscr is a thermopile in good thermal contact
with twe thin plates of blackened aluminium.




Fig, 12 The Funk net pyrradiometer.

The Funk net pyrradiometer and also other types of net
pyrradiometers can be used as pyrradiometers by shiel-
ding one surface of the sensor from radiation exchange.
The measured response is a function of the incident
radiation upon the other surface minus the radiation
emitted by the instrument itself. The latter can be
determined by measuring the temperature of the instru-
ment.
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General remarks about quality of radiation data

Before dealing with measured radiation data one should
be aware of some fundamental concepts, namely the time
system used, the radiometric scale and units of the
data and their estimated accuracy.

Solar data are often related to True Solar Time (TST),
alternatively called Local Apparent Time (LAT) and not
to Local Standard Time (LST). As a consequence hourly
values recorded in two different systems are not com—
parable. Fortunately this is not true for daily and
monthly values. The Japan Meteorological Agency uses
LST and so does NOAA (USA) since 1977.

Dispite the introduction of the International System
of Units (SI) there are still, and will probably re-
main so, other ugits in use fgr radiation quantities,
for example Jcm and mWh cm

Earlier the Langley (cal cm~ %) was the most frequently
used unit for energy density. Conversion factors for
units of energy (radiant energy), energy density (ir-
radiation) and power density (irradiance) are presen-
ted in table 1.

When comparing different data samples it is important
to know if they are referred to the same radiometric
scale. By recommendation from the International Ra-
diation Conference, Davos 1956, data should be adjusted
to the International Pyrheliometric Scale (IPS 1956).

A new reference, the World Radiometric Reference (WRR),
is proposed to be brought into effect on 1 January 1981.

To change data referred to IPS 1956 to WRR they have
to be multiplied by 1.022.

2 } .98 -«  SMITHSONIAN SCALE 1913
0 p 1.00 <> WORLD RADIOMETRIC REFERENCE (WRR)

-2 F 1.02 -w» TIPS 1956
-  ANGSTROM SCALE 1905

~3 P+ 1.03
relative scale xnmltiply data by this correction factor
values, % to obtain WRR
Fig. 13 Radicmetric scales and correction factors, [8]

Measured radiation data may be representative only

for a small area around the station and are not necessa-
rily applicable to an adjacent place. Users are cautioned
against interpolation techniques as radiation regimes

are subject to modifications caused by:
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i) albedo values differing from the surroundings

ii) non-representative cloudiness
iii) local air pollution

The main sources of error for radiometers are listed
disregarding their significance and application for a

specific instrument.

1) Instrument characteristics
ii} Recording system
iii) Maintenance and calibration
iv) Data processing

The absolute accuracy of radiation data is
determine. However, it is possible to make
of systematic and random errors to provide
tion of probable errors. References [1, 3,

hard to
estimates
an indica-

4, 6, 7, 201.




RELEVANT METEQROLOGICAL PARAMETERS

This section comprises a brief presentation of meteo-
rological parameters that are relevant for solar ener-
gy applications.

For stations listed in the Catalogue there is no ex-
plicit information about those parameters, only the
daily frequency of observations is given in column 9
of the part called Data List. Detailed information
about instruments, accuracy of data etc. can only be
given by the administrator of the station.

The accuracy requirements in the text are applicable
to most climatological and synoptic observations.
References [2, 3].

Wind

The standard exposure of wind instrument is 10 m above
the ground and in an open terrain.

i) Wind direction is usually measured by a
vane and is averaged over a 1, 5 or 10 mi-
nute period and reported to the nearest
10 degrees.

Accuracy: +10°

ii) Wind speed measured by a cup- or propeller-
anemometer is averaged over a 1, 5 or 10 mi-
nute period and is recorded to the nearest
m/s, knot or mile/hour.

Accuracy: 0.5 m/s up to 5 m/s
x10% above 5 m/s

There are stations recording both the wind direction
and the wind speed continuously on strip charts.

Visibility

The visibility is the greatest distance at which an
object can be identified when observed against a back-
ground of sky or fog.

Visual observation is the method most used, only a few
stations use instruments. The visibility is reported
in hectometers and kilometers.

Accuracy: +£10-20%

Precipitation

The amount of precipitation is the vertical depth in
millimeters of the water (if snow, melted) solid or
liquid which falls to the ground during a known period
of time.

The precipitation is measured with a gauge, a cylinder,
open at one end and with a known area.
Accuracy: 0.1 mm up to 10 mm

2% for larger amounts




Pressure

Atmospheric pressure can be measured by mercury baro-
meters or aneroid barometers. The instrument is usually
placed in a room where it is protected from draught,
direct sunshine, temperature changes and rough handling.

Pressure i1s still reported in millibar (mbar} but as
this unit does not belong to the International System
of Units (SI) there are plans to report the pressure
in kilogascals (kPa). A mbar is egual to 100 Pa or

100 N/m®. Standard pressure at sea-level is considered
to be 1013.2 mbar or 101,32 kPa. Many stations use a
barograph to get a continuous record of the atmosphe-
ric pressure.

Accuracy: Mercury barcmeter +30 Pa (0.3 mbar)
Anercid barometer =50 Pa (0.5 mbar)
Barograph 100 Pa (1.0mbar)

Temperature

The temperature is usually recorded in a well ventila-
ted, white painted shelter, in which the sensor is
protected from radiation, wind and precipitation. The
instrument is supposed to be placed 1.25 - 2 m above
ground and in representative surroundings.

A standard instrument is the psychrometer which besilde
air temperature can be used to determine the humidity
of air. Alsco in common use is the bimetallic thermo-
graph to achieve a continuous record of the temperature.
The unit generally used for temperature is degrees
centigrade “cy.

Accuracy: Psychrometer: +0.1°C o
Thermometers for extreme temgeratures: z0.57C
Bimetallic thermograph: %0.5°C

Humidity

The amount of water vapour in the air can be expressed
in many terms; relative humidity, vapour pressure, dew-
point etc. They can all be converted into each other

if the air temperature and the pressure are known.

Hair hygrometers and psychrometers are most widely used.
Readings are very often simultaneous with temperature
measurements. For continuous recording hygrographs are
in common use.

Accuracy: Psychrometer: £2%
Hair hygrometer: 5%
Hygrograph: £h%

L.ess accuracy is achieved at low relative humidity
and at low temperature.

25
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Cloud

visual observation gives the AMOUNT of the sky that
igs covered with clouds in a scale of tenths or eighths.
Note that the clouds do not have to be opague.

The TYPE of the clouds are also determined by visual
observation. For details see the International Cloud
Atlas, WMO, Geneva, Vol., T and II, 1956.

HEIGHTS of clouds are reported in dekameters and can
be based on visual estimation, aircraft reports or
instrument readings. The accuracy depends strongly
on the method.



TABLE 1

CONVERSION FACTORS

Energy (radiant

enerqgy)

From To Jd = Ws kcal Wh BTU
-6 -6 -6
J = Ws 1 238.8x10 277.8 x10 947.8 x10
kcal 4.184%10° 1 1.162 3.968
Wh 3.600x10° 859 .8x10 > 1 3.410
BTU 1.054x10°>  252.0x10 °  292.9 x10°° 1
Energy density (irradiation)
From To ly=cal cm” 2 Jm~2 Wh m~? BTU £t~ 2
ly = cal cm 2 1 41.84x10 11.63 3.6867
J m 2 23.89x10"° 1 277.8 x10°° 88.11 x10°°
Wh m 2 85.93x107° 3.60x10° 1 316.82 x10°°
BTU ft 2 271.25x10°°  11.35x10° 3.152 1
Power density {(irradiance)
From To ly min~ T W 2 BTUmin Tft % BTU h Tft 2
1y min~t 1 697.3 3.688 221.2
Wm~ 2 1.434 x10°°3 1 5.285x10 > 317.21x10 >
BTU min “£t 2| 271.1 x10 °  189.2 1 59.97
- - - -7
BTU h™L1ft 2 4.5208x10°° 3.152 16.68 x10°° 1
Example
To convert BTU h™Tft™? to Wm 2 multiply by 3.152, e.g. 100 BTU h Lft 2
is equal to 315.2 Wm_z.




TABLE 2

ALBEDO-VALUES

(short-wave radiation, approx.

Sand

Fields

Grass

Forests, coniferous
Water, ocean

Snow & Ice

Cities

Cloud, stratus

0.3-4.0 yum)
Albedo_(%
10 40
3 25
15 30
10 15
10
45 90
30
85



TABLE 3 MEAN DAILY GLOBAL RADIATION (J CM_2)

JAN FEB MR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL YRS
Sidi-Bou=-Said, Tunisia 862 1151 1531 1558 2431 2594 2694 2385 1866 1431 1134 778 1736 6
Tahrir, Egypt 1268 1640 2004 2397 2694 2870 2824 2607 2222 1757 1326 1130 2063 10
Casablanca, Morocco 971 1326 1636 2159 2389 2469 2540 2884 1975 1452 1054 874 1761 [
Bissau, Guinea-Bissau 1803 2071 2351 2414 2330 2146 1971 1803 1925 1966 1824 1695 2033 9
Wad Medani, Sudan 2050 2310 2469 2590 2464 2397 2268 2259 2356 2238 2121 2029 2297 10
Benin City, Nigeria 1523 1682 1749 1724 1749 1548 1297 1292 1397 1640 1745 1582 1582 8
Naircbi, Kenya 2314 2318 2230 1912 1669 1552 1276 1389 1916 1987 1904 2251 1904 10
Kisangani, Zaire 1657 1812 1874 1879 1816 1669 1498 1510 1778 1866 1724 1669 1715 9
bundo, Angola 1648 1678 1695 1699 1741 1653 1565 1464 1682 1807 1720 1736 1665 9
Pretoria Forum, South Africa 2452 2259 2050 1689 1515 1397 1502 1812 2171 2293 2431 2527 2004 8
Port Elizabeth, South Africa 2510 2222 1841 1431 1117 954 1033 1301 1669 2092 2439 2611 1770 10
Cape Chelyuskin, U.5.S.R. 0 17 335 1243 2201 2284 1811 849 1326 59 0 0 745 10
Verkhoyansk, U.S8.S.R. 21 205 761 1506 1920 2159 1941 1305 695 293 63 4 908 10
Omsk, U.S.S.R. 276 628 1088 1540 1904 2134 2096 1577 1109 544 293 201 1117 10
Petropavlovsk-Kamchatsky, U.S.S.R. 347 661 1184 1715 1741 1774 1699 1410 1197 757 418 264 1096 10
Tashkent, U.S5.5.R. 678 962 1234 1766 2385 2766 2736 2502 1933 1268 782 515 1628 10
Ulan~-Bator, Mongolia 611 1008 1490 1849 2167 2272 2008 1766 1527 1109 665 477 1414 10
Pyonggyvang, Korea 816 1163 1510 1782 2079 1962 1594 1531 1506 1264 82§ 699 1393 9
Sapporo, Japan 565 862 1268 1602 1732 1815 1674 1481 1293 925 582 469 1188 10
Tateno, Japan 895 1113 1477 1519 1803 1556 1498 1674 1192 1035 879 8ls 1284 10
Fukuoka, Japan 657 849 1203 1389 1745 166% 1598 1720 1326 1134 820 569 1243 7
Macau 1100 1004 1146 1339 1623 1682 1933 1828 1803 1582 1385 1121 1464 9
Lahore, Pakistan 1017 1351 1795 2075 2297 2138 2050 1895 1900 1582 1222 1000 1695 - 7
Shilleng, India 1372 1799 1916 1996 1887 1397 1464 1410 1389 1368 1414 1397 1565 5
Ahmadabad, India 1711 2042 2360 2573 2682 2251 1770 1644 2029 2063 1789 1836 2046 9
Madras, India 1849 2238 2414 2431 2264 2067 1941 2021 1992 1728 1531 1502 1996 9
Maracaibo, Venezuela 1544 1707 1799 1690 1548 1665 1753 1753 1644 1519 1393 1431 1619 10
Ciudad Bolivar, Venezuela 1611 1816 1986 1920 1799 1699 1791 1870 1874 1749 1619 1586 1774 10
Puerto Viejo, Equador 1172 1243 1377 1443 1272 1059 1155 1272 1377 1276 1184 1213 1251 4
Huancayo, Peru 2653 2414 2356 2356 2222 2259 2268 2427 2582 2686 2791 2594 2469 3
Parina Cota, Chile 1925 1816 1858 2008 1753 1623 1690 1975 2197 2307 2477 2188 1992 5
Valparaiso, Chile 212 1803 1448 1004 669 510 649 933 1255 1615 1986 2176 1356 [
Lago Chapo, Chile 1720 1615 1247 724 393 285 331 548 845 1318 1669 1749 1038 5
Buenos Aires, Argentina 2519 2289 1849 1397 967 761 B20 1201 1506 ‘1912 2389 2561 1682 5
Port Stanley, Falkland Islands 2155 1582 1205 695 397 259 314 598 1042 1632 2105 2280 1188 3
Resolute, Northwest Territories 0 59 536 1498 2356 2519 1833 1109 531 130 4 0 883 10
Norman Wells, Northwest Territories 50 272 887 1623 2054 2188 1904 1423 724 310 84 17 967 5
Churchill, Manitoba 230 594 1234 1925 2142 2209 2100 1640 933 431 243 155 1155 8
Goose, Newfoundland 339 682 1142 1598 1774 1841 1770 1452 1029 594 318 251 1067 10
Edmonton, Alberta 377 715 1335 1778 2117 2163 2243 1866 1218 711 381 272 1264 10
Toronto, Ontario 515 820 1167 1602 1958 2176 2192 1862 1364 874 431 351 1276 10
Fairbanks, Alaska 67 297 B9l 1573 1929 2109 1816 1326 753 343 109 25 937 25
Seattle, Washington 314 582 1109 1686 2105 2138 2368 1891 1356 787 435 226 1255 9
Madison, Wisconsin 619 920 1310 1648 1950 2151 2222 1891 1456 1C08 607 481 1356 45
Boise, Idaho 577 987 1431 2029 2448 2661 2803 2410 1925 1259 761 519 1653 10
Blue Hill, Massachusetts 640 954 1335 1628 1962 2134 2100 1879 1481 1113 678 565 1372 26
Nashville, Tennessee 623 954 1347 1807 2105 2305 2218 1979 1686 1288 870 628 1485 17
Albuquerque, New Mexico 1268 1615 2138 2586 2870 3038 2858 2619 2318 1833 1397 1155 2142 13
Los Angeles, California 1038 1385 1966 2155 2393 2494 2682 2431 2105 1561 1209 1008 1937 9
Miami, Florida 1460 1736 2046 2259 2314 2226 2226 2113 1841 1607 1477 1322 1887 10
Brovmsville, Texas 1243 1427 1682 1908 2360 2552 2623. 2377 1987 1720 1238 1100 1849 10
Honoluiu, Hawaii 1519 1766 2159 2339 2582 2573 2573 2561 2397 2121 1782 1552 2159 4
Ciudad University, Mexico 1699 1950 2079 2142 2067 2071 1828 1749 1674 1678 1682 1515 1845 [
Swan Islands 1849 2075 2573 2703 2615 2276 2460 2473 2238 1912 1648 1598 2201 7
San Salvador, Salvador 1807 1929 2050 1979 1715 1824 2033 1904 1753 1707 1703 1736 1849 3




TABLE 3 MEAN DAILY GLOBAL RADIATION (J CM"Z) cont,

Wake Island

Quezon City, Philippines
Singapore

Canton Island

Dili, Timor

Nandi, Fiji

Aljce Springs, Australia
Perth, Australia
Aspendale, Australia
Wellington, New Zealand
Invercargill, New Zealand

Revkjavik, Iceland
Bargen, Norway

Luled, Sweden

Jokioinen, Finland
Taastrup, Denmark
Valentia, Ireland
Carbridge, United Kingdom
Braunschweig, Germany Fed. Rep.
De Bilt, Netherlands
Uccle, Belgium

Limcges, France

Angra, Azores

Wien, Austria
Locarno-Monti, Switzerland
Napoli, Ttaly

Warszawa, Poland

Beograd, Yugoslavia
Archangelsk, U.S.5.R.
Moscow, U.S5.5.R.

Odessa, U.S8.5.R.

Thilisi, U.S.S.R.

Bet Dagan, Israel

Approximate positions ( ¥ } of the stations in table 3.

JBN

1640
1301
1669
2460
1741
1954
2573
2699
2427

. 2155

1966

50
75
38
79
159
247
230
213
209
218
423
632
280
556
649
188
51¢
50
238
335
556
1042

FER MAR APR

1874
1582
1833
2619
1745
1879
2356
2489
2184
1987
1795

213
268
238
289
381
515
444
406
431
414
657
891
506
841
900
347
761
234
502
523
833
1414

2226
1699
1837
2653
1812
1695
2159
2033
1736
1448
1218

607
561
690
766
812
933
8le
71
803
799
1121
1305
508
1301
1335
778
1188
649
954
946
1180
1787

2431
1933
1732
2527
2004
1536
2017
1335
1188
1017

757

1096
1113
1197
1205
1297
1393
1167
1159
1209
1172
1498
1653
1368
1711
1820
1146
1657
1201
1255
1515
1536
2222

MAY

2540
1820
1590
2347
1766
1385
1552
1134

57

623

469

1540
1435
1682
1753
1749
1745
1640
1636
1648
1632
1837
2021
1774
1908
2234
1586
2025
1669
1824
1950
2004
2640

N JUL ARG

2498
1613
157
2297
1732
1264
1481
870
644
51%
364

1506
1619
1992
2180
2109
1837
1799
1849
1799
1753
2046
2067
1908
2142
2473
1954
2255
2013
2117
2238
2205
2858

2393
1427
1623
2301
1820
1339
1636
1021

703

556

444

1607
1434
1837
1920
1824
1732
1648
1661
161l
1636
2109
2092
1933
2268
2515
1828
2251
1862
1858
2218
2213
2807

2243
1393
1519
2498
2004
1561
1941
1343

937

774

699

1246
1218
1251
1414
1561
1452
1339
1448
1464
1439
1682
1983
1590
1891
2192
1561
1975
1268
1523
1933
1874
2573

SEP

2113
1456
1674
2678
2121
1774
2310
1791
1331
1259
1096

695
695
674
74
1008
1058
1054
975
1050
1096
1439
1540
1167
1423
1640
1017
1477
623
929
1452
1481
2192

ocE

1920
1339
1628
2724
2213
1904
2439
2208
1799
1720
1548

326
310
272
356
531
582
611
548
615
653
992
113¢
745
996
1201
556
1079
222
423
900
1084
16895

Nov
1690
1297
1473
2510
2155
2075
2623
2464
2209
2054
1895

88
109
75
113
230
305
331
243
280
297
510
749
351
556
736
205
594
67
197
381
615
1238

DEC

1586
1192
1418
2393
1895
1987
2531
2724
2439
2218
2167

21
46

46
121
188
180
146
180
172
37
602
243
477
544
130
368

21
117
247
477
967

ANNUAL YRS
2096 10
1506 9
1640 9
2498 8
1508 9
1695 8
2134 4
1841 5
1531 9
1360 9
1201 9

761 10
745 8
828 8
908 10
983 9
1000 10
883 8
920 10
941 10
941 10
1226 6
1389 9
1063 10
1339 10
1519 10
151 10
1343 10
824 10
996 10
1222 10
1339 6
1954 10




WORLD CLIMATOLOGICAL

DATA REFERENCES

CLIMATOLOGICAL NORMALS (CLINO)
FOR CLIMAT AND CLIMAT SHIP
STATICNS FOR THE PERIOD 1931-
1960 WMO/OMM-No.117.TP.52

WORLD WEATHER RECORDS

US Dep. of Commerce

Period: 1921-1930
1931-1940
1941-1950
1951-1960

WORLD SURVEY OF CLIMATOLOGY,
1-14
H.E. Landsherg

TABLES OF TEMPERATURE, RELA-
TIVE HUMIDITY AND PRECIPITA-
TION FOR THE WORLD, PART I-VI
ATR MINISTRY METEOROLOGICAL
OFFICE

Contains monthly mean
values for the period of
pressure, temperature,
duration of sunshine,
vapour pressure, humidity,
precipitation

Contains monthly mean
values for the period of
pressure, temperature,
precipitation, free:ze
and thaw dates

Contains a description

of the regional climate
and various charts and
tables with climatoleogical
information about pressure,
temperature, precipitation,
humidity, wvapour pressure,
wind, snow, clcudiness,
duration of sunshine,
gleobal radiation and for
some stations or regions
direct radiation, diffuse
radiation, albedo and
ultraviolet radiation

Contains monthly average
of highest and lowest
temperature for each month,
daily maximum and minimuim
temperature, of relative
humidity at 0600 & 1400,
of precipitation.

Absolute maximum and mini-
mum temperature and maxi-
mum rainfall in 24 hr.

for each month.

A new edition will also
contain mean values of
sunshine duration.
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"EXPLANATION

In the Data Source Catalogue the radiation measurements
are related to the geographic site (station) where they
have been obtained. Stations are placed under the country
they belong to. Countries are arranged alphabetically
within their region (figure 14). Canada and USA are sub-
divided into their states and provinces.

The stations of each country are divided in two groups,
one that measures radiation and another that only measures
gsunshine duration. Within those groups, the stations are
listed according to their latitude from north to south.

0 55o 3
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Fig. 14 The division in Regions used in the
catalcogue 1s according to WMO.

The "Data List" which is the main part of the catalogue
is divided in columns, explained in legend 1.

Briefly the content is name and position of each station,
the parent organization or administrator, the radiation
component measured, the instrument used and the period
for the measurement. The abbreviations are explained in
legends 1-8.

The following three columns contain information on the
type of data available in publications or from the ad-
ministrator. The type of data available on magnetic
tape or punchcards can also be deduced.
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Column 9 is important because 1t contains the daily
frequency of observations of other meteoroclogical para-
meters. The observations are usually made independently
of the radiation measurements since most sites are also
a climatological or a synoptic observation station.

Some meteorological parameters might be registered conti-
nously. For example temperature and humidity are often

measured with a recording instrument. For further infor-
mation about the meteorological parameters see page 1-24.

References to climatic data compilations that can be
useful are included, see page 1-31.

The last column gives additional information, for ex-
ample the orientation and tilt of inclined surfaces.

Note that the catalogue only gives the availability of
measured data as hourly and daily sums. By processing
their data many countries are able to present statistical
distributions as well as other types of average values
than those mentioned in the catalogue.

There also exist more or less complex models and calcu-
lations of the correlation between different parameters.

For information about the availability of those special
data the meteorological office of the actual country
should be contacted.

In the section "Administrators and Publications" are
the names and addresses of administrators and parent
organizations of the stations listed together with pub-
lications for each country. The countries are arranged
in the same way as in the "Data List". Requests for
measured data and for further information about the
stations should be sent to those addresses.,

The catalogue also includes a "Library List" (only IEA),

see page2-83. For each library in the list, the available

publications with radiation data are listed in the abbre-
viated form also used in the "Data List".



LIBRARY LIST
(only IEA)

Data that have been published, might be available- from
some of the libraries listed below. A number of publica-
tions available at each library have been listed in an
abbreviated form.

The abbreviations consist of one, two or three letters
followed by a number.

By using legend 8, the letters can be decoded to give
the publishing country. In the list of administrators
and publications of this country the publications are
listed according to the number menticned above.

Example:
In the column 6 of the "Data List" one can find D: Al
- SUl. The D: means that daily values can be found in
the publications Al and SUL.
Legend 8 gives A AUSTRIA

SU SOVIET UNION

From the list of "Administrators and Publications" for
Austria and Soviet Union one can find:

Al = Ergebnisse von Strahlungsmessungen in Osterreich,etc.
SUl = Solar Radiation and Radiation Balance Data, etc.




LIBRARY LIST, ONLY IEA

Available publications

AUSTRIA

Central Institute for Al A2 Bl B2 CH1 CCH3

Meteorology and Geodyna- D1 D2 D3 D4 DKl GBl

mic, Library, I2 1ILZ2 1IL3 IND2 IRL2 ISl

Hohe Warte 38 Is2 Jl J2 N1 N2 NL1

A-1190 Vienna NL2 NZ1 Pl B2 sl S2
SUl S8U2 §SU3 US1 Usz2 VYUl
ZAl

BELGIUM

Bibliothique de l'obser- Al A2 Bl B2 CDN1 CH1

vatoire Royal de Belgique CH3 D1 D2 D3 D4 DKL

3, Avenue Circulaire GB1 i3 I5 In2 1IL3 IRL1

B-1180 Bruxelles IRL2 ISl 1Is2 Jl J2 NY
N2 WNL1 Pl P2 R1 51
82 S8Ul 8U2 USl Us2 Us4
YUl ZAl

CANADA

The Librarian Al A2 B1 B2 CDN1 CDN2

The Atmospheric Environ- CDN3 CH1 CH3 D1 D4 DKL

ment Service GBL I2 I3 I5 1IL2 IRL1

1905 Dufferin Street ISl 1Is2 JL J2 N1 N2

Downgview NL1 Pl P2 Sl g2 sul

Ontario, M3H 5T4 SU2 USl US2 USsS3 Us4 YUl
ZAl

GERMANY, FEDERAL REPUBLIC OF

Bibliothek des Deutschen Al A2 Bl B2 CDN1 CDN2
Wetterdienstes CH1 CH3 D1 D2 D3 D4
Frankfurter Str. 135 D5 Dé DKl GBl1 I3 1ILZ2
D-6050 Offenbach a.M. IL3 IND1 IRL1 IRLZ2 IS1 IS82

J1 J2 J3 N1l N2 NL1
NL2 NZ1 Pl P2 R1 s1

52 SsUl Suz2 sSU3 US1 Us2
UsS3 YUl ZAl

ITALY

Library Bl B2 CDN1 CDN2 CH1 CH3
Servizic Meteorologico Dl D3 GBRl T1 I2 I3
Piazzale Archivi - Roma I4 I5 1TIL2 1IL3 J1 J2
& NL2 s1 S2 88Ul s8suU2 Uysl
Library UsS2 US3 Uus4

Istituto Fisica Atmosfera
P.le Sturzo 31 - Roma
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Available publications

THE NETHERLANDS

Bibliotheek Al A2 Bl B2 CDN1l CDN3
Koninklijk Nederlands CH1 CH3 D1 D2 D3 D4
Meteorclogisch Instituut GB1 I2 I3 I5 1IL1 TRL1
De Bilt ISl JL J2 J3 N1 N2

NL1 NL2 Pl P2 R1 suUl
SUuz2 USl wuUs2 UsS3 Us4 vYuil

ZAl
SWEDEN
Sveriges Meteorologiska Al A2 B1 B2 CH1 CH3
och hydrologiska Institut Dl D2 D3 D4 D5 DK1
Box 923 I1 12 I3 I5 ISl 1IS2
5-601 19 Norrk&ping J1l J2 N1 N2 ©NL1 NL2
sl 82 ©SF1 §S8F2 ©SF3 ©SrF4
SUl su2 USl Yul ZAl
Meteorologiska institu- Al A2 Ad Bl B2 CH1
tionen CDN3 D1l D2 D4 DKl GB1
Uppsala Universitet I3 181 Jl J2 N1 N2
Box 516 NL1 Pl Sl 52 ©8Fl1 ©SF2
5-751 20 Uppsala 1 SF3 SUl s8sU2 USl YUl
SWITZERLAND
Meteorologische Zentral- Al A2 Bl B2 CDN1 <cCH1
anstalt CH2 CH3 CH4 (CHS Dl D2
Kréhbihlstrasse 58 D3 P4 GBl I2 I3 I5
CH-8044 Ziirich IL2 IND]1 IRL]1 ISl Jl J2

J3 N1 N2 NL1 ©WNZ1l Pl
P2 Rl US1 USs2 ZAl

UNITED KINGDOM

Meteorologic¢al Office Al A2 Bl B2 CDN1 CDN3
Eastern Road, Bracknell CH1 CH3 D1 D2 D3 D4
Bexrkshire, RGl2 2UR DK1 GBl1 12 I3 I5 1ILz2

IL3 INDl TIRL1 ISl 1Is2 J1
J2 J3 N1 N2 NL1 NL2
Pl P2 R1 S1 52 sUl

SU2 $SU3 USl ©US2 US3 US4

YUl ZAl
USA
NOoAA -~ LISD D822 Al A2 Bl B2 CDN1 CDN2
Building 4 CHl CH3 D1 D2 D4 DRl
6009 Executive Blwvd. GBl I2 13 I5 IL2 1IL3
Rockville, MD 20852 IDN1 IRL1 Isl 1Is2 Jl J2

J3 N1 N2 NL1 ©NL2 Nzl

Pl P2 R1 S1 SuUl s8suv2
UsSl USs2 US3 Us4 USse Us7
Us8 Yul ZAl
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= MATRTX = DIRECT RAD GLCBAL, RADIATTION DIFFUSE RAD REFL INC COUT NET INC OQUT NET ILLU UV SUN
cont inst fil- hor incl fil- sphr hor incl fil- RAD LONGWAVE RAD RADIATTON MINA RAD DUR
NUMBER CF STATIONS ter surf surf ter swf surf surf ter TION
MEASURTNG DIFFERENT
RADIATION COMPONENTS I I* IX G G/ GX G(BS) D D/ DX R L+ L= L* QF - Q* E v S
SOUTH AFRICA 1 14 14 70
REGION I 3 103 17 18 1 400®
(except South Africa)
JAPRN 1 13 1 68 1 1 1 1 90
2
U.S.5.R, 7 26 26 12 21 25%
(Region IT) x
REGION IT 6 106 1 3 150
(except Japan & USSR) 2
REGION ITT 6 117 5 250%
CANRDA 2 56 2 10 7 1 2 27 1 310
2 3¢ 2 4 1 4 11 1 1
U.S.A. 80 5 1 302 56 5 20 2 6 3 4 165
7 11 154 3 4 1 1 1 2 5
REGTON IV 3 41 4 20%
{except Canada & USA) 1 1
AUSTRALIA 1 1 1 35 3 16 3 1 1 135
8 3 1 1
NEW ZEALAND 20 1 30
7
REGION V 1 1 40 1 1 120%
{except Aus. & NZ) 1
ALBANIA 1 6 1 3 20
A[JSTRIA 3 19 2 4 2 3 2 130
14 2
BELGIUM 1 6 1 1 1 1 1 20
2
BULGARTA 1 6 1 1 45
CYPRUS L 2
CZECHOSLOVAKTA 2 4 1 2 1 1 1 130
1 1
DENMARK 1 1 1 1 35
1
FINLAND 5 0 1 9 5 5 35
1
FRANCE 2 1 1 25 9 1 1 110
2
GERMAN DEM. REP, 1 6 1 4 1 1 90
1 1 1 1 1 1
GERMANY, FED. REP. OF 33 1 15 2 1 1 1 1 1 130
1 1 e 1 2 1 1 3 1 1 2
GREECE 1 1 12 40
GREENLAND
HUNGARY 2 9 1 1 1 20
2 8 1 1
ICELAND 1 9
TRELAND 1 1 6 1 1 2 1 50
1 1
ISRAFT, 1 9 1 3 1 2 4 5
1
ITALY 33 1 1 1 1 130
JORDAN 10 15
LERANON 2
Upper in operation The mmber ¢f sunshine duration stations is approximate and

Lower

figure indicates the mmber of stations

out of operation
not always presented in the catalogue.,

an "x" indicates an estimated muber. Note that they are
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= MATRIX = DIRECT RAD GLOBAL RADTATICN DIFFUSE RAD REFI, INC OUT NET INC OUT NET TILLU 1V SUN
cont inst fil- hor incl fil- sphr hor incl fil- RAD LONGWAVE RAD RADIATTION MINA RAD DUR
NUMBER COF STATIONS ter surf surf ter suwrf surf surf ter TION

MEASURING DIFFERENT
RADTATTION COMPONENTS T I* IX G G/ GX G(BS) D D/ DX R I+ L- I*x o+ O ©* E o )

MALTA 2
1 1 1
THE NEYHERLANDS 1 1 7 1 1 30
2
NORWAY 3 8 1 1 1 1 1 1 1 25
10 2 3 3 %
POLAND 12 12 14 5 1 1 1 11
PORTUGAL 4 4 il 1 3 1 2 100
1 1 1
ROMANTA 1 4 4 8 1 1 6 4
SPATN 1 1 30 2 1 100
SWEDEN 1 1 i 16 1 1 2 1 1 30
2 9 1 3
SWITZERLAND 2 1 2 47 7 6 21 6 1 4 2 2 1 1 60
2 1 1 9 2 6 6 3 3 1
SYRIA 3 3 3 23
1 i
TURKEY 39 85
UNITED KINGDOM 2 1 33 1 15 6 1 350
6 1 6
U.S.S.R. 5 48 12 7 1 9
(Region vI)
YUGOSLAVIA 2 2 18 4 3 2 1 30
2 2 1
ANTARCTTCA 1 22 1 3 2 5 16
(different admini-
strators)
Upper . s . in operation, The mumber of sunshine duration stations are approximate
Lower figure indicates the mmber of stations ocut of operation. and they are not always presented in the catalogue,

An "X" indicates an estimated number.




Legend 1

EXPLANATION COF COLUMNS

Column 1
(6 pos.)

Column 2
{24 pos.)

Column 3
(2 pos.)

Column 4
(17 pos.)

Column 5 °

(22 pos.)

Column 6
(16 pos.)

Column 7
(3 pos.)

Column 8
(3 pos.)

Station number
Name of station

Abbreviation of the parent organization or
institution, e.g. administrator according to
the list following each nation.

This column gives the latitude and the longi-
tude in degrees and minutes followed by the
elevation of the station (in some cases the
instrument} in metres above mean sea level,.

The letters before the parentheses indicate
the radiation component. The letters in the
parentheses indicate the instrument type.
The parentheses are followed by figures in-
dicating the start year and the end year (if
not in operation) of the observation period.

The meaning of the symbols used in connection
with the observation period:

62-71 Continuous record with no
significant interruption.

55%5g Intermittent record or instan-
taneous measurements.

56-59, 60~ Significant interruption.

Note: The obsexrvation period does not usually
coincide with the data availability
given in columns 6, 7 and 8.

Abbreviaticns see legend 2 and 3.

The first letter(s) indicates the shortest
integration time interval for the radiation
values available in the publication(s) indi-
cated by the following letters.

Abbreviations see legend 5 and 6.

The shortest integration time interval for
the radiation values available from the ad-
ministrator.

Abbreviations see legend 5.

The shortest integration time interval for
the radiation values available on magnetic
tape and/or punchcards.

Abbreviations see legend 5.
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Column 9 The daily frequency of meteorological obser-
(3 pos.) vations.

Column 10 Additional information.

(15 pos.)
Abbreviations see legend 7.
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Legend 2

RADIATION QUANTITIES

I

L+

I *

Qo+

Q*

ov

DIRECT SOLAR RADIATION

Solar radiation coming from the solid angle of the
sun's disk on a surface perpendicular to the axis
of the solid angle.

GLOBAL RADIATION

The downward direct and diffuse solar radiation
as received on a horizontal surface from a solid
angle of 2.

DIFFUSE SOLAR RADIATION (SKY RADIATION)

The downward diffuse soclar radiation as received
on a horizontal surface from a solid angle of 2w
with the exception of the sclid angle subtended
by the sun's disk.

REFLECTED GLOBAL RADIATION
The upward solar radiation reflected by the earth's
surface.

DOWNWARD ATMOSPHERIC RADIATION
Downward long-wave atmospheric radiation mainly
emitted by the atmosphere.

UPWARD TERRESTRIAL RADIATION
Upward terrestrial surface and longwave atmospheric
radiation.

NET TERRESTRIAL RADIATION
Net flux of atmospheric and terrestrial surface
radiation. L* = (L+) - (L-)

DOWNWARD (TOTAL) RADIATION
Downward solar and downward atmospheric radiation.
O+ = G + (L+)

UPWARD (TOTAL) RADIATION
Upward sclar, terrestrial surface and atmospheric
radiation. Q- = R + (L-)

NET RADIATION

Net flux of downward and upward radiation;
net flux of all radiations.

o* = (Q+) - {(Q-)

ULTRAVIOLET RADIATION
Direct, global or diffuse solar radiation approxi-
mately in the range 30-400 nm.

ILLUMINATION
Daylight illumination due to solar radiation.

Related quantitiés and symbols

S

DURATION OF BRIGHT SUNSHINE

The amount of time in which the direct solar radia-
tion can activate the recording instrument.



INCLINED SURFACE

If the radiation components are measured for in-
clined or vertical surfaces the radiation symbol
is followed directly by the symbol /. The orienta-
tion of the surface is given in column 10,

SPECTRAL

If the radiation components are measured in broad
or narrow spectral bands the radiation symbol is
followed directly by the symbol X. If possible
further information is given in column 10.




Legend 3

PYRHELTOMETERS

A Angstrdém Pyrheliometer

AC Active Cavity Radiometer

EK Eppley-Kendall Absolute Radiometer

SD Abbot Silver-Disk Pyrheliometer

TM Technical Measurements, Inc. Pyrheliometer

thermopile types:

EO Eppley Normal Incidence Pyrh. (not temp. comp.)
EN Eppley Normal Incidence Pyrh., NIP (temp. comp.)
JP Japan Meteorological Agency Pyrh.

LF Linke-Feussner Pyrheliometer

MG Moll-Gorczynski Pyrheliometer

Y Savinov-Yanishevsky Pyrheliometer

bimetallic types:
MIT Michelson-Moscow, Bilittner and Marten Pyrh.

PYRANOMETERS

thermopile types:

D Physico Meteorological Observatory, Davos Pyrano-
meter

ELl Eppley Pyranometer (180O Pyrheliometer, model 10
& 50 Junction)

E2 Eppley Precision Spectral Pyranometer (PSP, model
2 & 15)

E8 Eppley Black-and-White Pyranometer (model 8 & 48)

HC Pyranometer (HY-cal Engineering, diff. models)

I Pyranometer of International Scientific Industries
Jp Japan Meteorological Agency Pyranometer
K Kipp and Zonen Pyranometer (Moll-Gorczynski)

LT Pyranometer of Lintronic Limited

PB Pyranometer of Belfort Instrument Co
PS Pyranometer Sonntag

SR Spectrolab Pyranometer (model SR-75)
S Starpyranometer (Dirmhirn-Sauberer)
v Volachine Pyranometer

WM Pyranometer of Weather Measure Corp.
Y Yanishevski Pyranometer (P 3x3)

solar cell types:

L Pyranometer of Lambda Inst. Corp.

MK Pyranometer of Matrix, Inc. (MK 1-G & MK 14)
SO Solameter, Photovoltaic Cell

PH Unknown solar cell type

electrical resistance types:

CL Callendar Pyranometer




distillation types:
BS Bellani Spherical Pyranometer
bimetallic types:

R Robitzsch type actinographs (Casella/London, Fuess/
Berlin, SIAP/Italy, Foster/MSC, Japanese model)

PYRGEOMETERS, PYRRADIOMETERS & NET PYRRADIOMETERS

unshielded sensors:

GD Gier and Dunkle Pyrradiometer and Net Pyrradiometer
(Beckman and Whitley, Teledyne Geotsch)

KE Net Pyrradiometer of the Kew Observatory

SF Suomi, Fransilla and Islitzer Net Pyrradiometer

W Wagner Net Pyrradiometer

Y Yanishevsky Net Pyrradiometer (M-10)

shielded sensors:

D Physico Meteorological Observatory, bavos Pyrrad.
and Net Pyrrad.

EG Eppley Precision Infrared Radiometer (Pyrgeometer)

FR Fritschen Net Pyrradiometer

FU Funk Net Pyrradiometer (CSIRO, Middleton)

GR Georgi Universal Radiationmeter (Kahl)

HY Net Radiometer (HY-CAL Engineering)

LR Linar Net Radiocmeter (Swissteco)

NE Net Pyrradiometer (Siemen Ersking)

PG Pyrgeometer Model 4064 (Spectran)

RM Radiometer (Molectron)

RS Pyrradiometer (Schenk)

SH Schulze Net Pyrradicmeter

SK Suomi-Kuhn Net Pyrradiometer

TG Teledyne Geotech Pyrradiometer

TH Thornthwaite Net Pyrradiometer

ULTRAVIOLET RADIOMETER

Cu CSIRO Ultraviolet Pyranometer

DU Dehne UV-B Radiometer

EU Eppley Ultraviolet Radiometer

RB Robertson-Berger UV-V Radiometer
538) Smithsonian UV-B Radiometer

PHOTOMETERS (ILLUMINOMETERS)

E Eppley Illuminometer

LN Leeds-Northrup Photometer

LP Photometric Sensor (Lambda Inst. Corp.)
MO Photometer used in United Kingdom

WB Weber-Bylov Photometer

SUNSHINE RECORDERS

C Campbell-Stokes Sunshine Recorder
F Foster Sunshine Switch
H Haenni Sunshine Recorder




Helior Sunshine Recorder
Jordan Sunshine Recorder
Maring-Marvin Sunshine Recorder
Maurer Sunshine Recorder

14



Legend 4

RADIOMETER ABBREVIATIONS IN ALPHABETICAL ORDER

A Angstrdm Pyrheliometer

AC Active Cavity Radiometer (Absolute radiometer)

BL Bruno Langes Luxmeter

BS Bellani Spherical Distillation Pyranometer

C Campbell-Stokes Sunshine Recorder

CL Callendar Pyranometer

CU CSIRO Ultraviclet Pyrancmeter

D Radiometer of the Physico Meteorological Observa-
tory, Davos

DU Dehne UV-B Radiometer

E Eppley Radiometer

El Eppley Pyranometer (180° Pyrheliometer, model 10
& 50 junction)

E2 Eppley Precision Spectral Pyranometer, PSP (model
2 & 15)

E8 Eppley Black-and-White Pyranometer {(model 8 & 48)

EG Eppley Precision Infrared Radiometer (Pyrgeometer)

EK Eppley-Kendall Absolute Radiometer (PACRAD)

EN Eppley Normal Incidence Pyrheliometer, NIP (temp.
comp. )

EO Eppley Normal Incidence Pyrheliometer, NIP (not

, temp. comp.)

EU Eppley Ultraviolet Radicmeter

¥ Foster Sunshine Switch

FR Fritschen Net Pyrradicmeter

FU Funk Net Pyrradiometer (CSIRO, Middleton)

GD Gier and Dunkle Pyrradiometer and Net Pyrradio-
meter (Beckman and Whitley, Teledyne Geotech)

GR Georgi Universal Radiationmeter (Kahl)

H Haenni Sunshine Recorder

HE Helior Sunshine Recorder

HC Pyranometer (HY-CAL Engineering, diff. models)

HY Net Radiometer (HY-CAL Engineering)

I Pyranometer of International Scientific Industries
J Jordan Sunshine Recorder

JP Radiometer of the Japan Meteorological Agency

K Kipp and Zonen Pyranometer (Moll-Gorczynski)

KE Net Pyrradiometer of the Kew Observatory

L Pyrancmeter of Lambda Inst. Corp.

LF Linke-Feussner Pyrheliometer

LI Pyranometer of Lintronic Limited

LN Leeds—-Northrup Photometer

P Photometric Sensor (Lambda Inst. Corp.)

LR Linar Net Radiometer (Swissteco)

M Maring-Marvin Sunshine Recorder

MA Maurer Sunshine Recorder

MG Moll-Gorczynski Pyrheliometer

MI Michelson-Moscow, Biittner and Marten Bimetallic
Pyrheliometer

MK Pyranometer of Matrix, Inc. (Mk 1-G)

MO Photometer used in United XKingdom

NE Net Pyrradiometer (Siemen Ersking)

PB Pyranometer of Belfort Instrument Co

PG Pyrgeometer Model 4064 (Spectran)

PH Pyranocmeter, solar cell type

PS Pyranometer Sonntag
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Robitzsch type actinographs (Casella/London, Fuess/
Berlin, SIAP/Italy, Foster/MSC, Japanese model)
Robertson-Berger UV-B Radiometer
Radiometer (Molectron)
Pyrradiometer (Schenk)
Starpyranometer (Dirmhirn-Sauberer, Kahl)
Abbot Silver-Disk Pyrheliometer
Suomi, Fransilla and Islitzer Net Pyrradiometer
Schulze Net Pyrradiometer (Lange)
Suomi-Kuhn Net Pyrradiometer
Solameter Pyranometer, Photovoltaic cell
Spectrolab Pyranometer (model SR-75)
Smithsonian UV-B Radiometer
Pyrradiometer, Teledyne Geotech, different types
Thornthwaite Net Pyrradiometer
Technical Measurements, Inc. Pyrheliometer
Volochine Radiometers
Wagner Net Pyrradiometer
Weber-Bylov Photometer
Pyranometer of Weather Measure Corp.
Yanishevsky Radiometers



Legend 5 & 6

TYPE OF AVAILABLE DATA

Shortest integration time interval for the radiation
values availlable from the administrator of the station
or in the given publication.

S second sums
M minute sums
H hourly sums
D daily sums

MO monthly sums

205 twenty second sums
5M five minute sums
12H twelve hour sums

* instantaneous wvalues
CON continuous record

Only the shortest available value is given. Of course
sums for longer interval are available and alsoc other
types of data. There might exist raw material from
which a better time rescolution can be evaluated.

ABBREVIATIONS FOR PUBLICATIONS

By using an abbreviation for the editing nation (le-
gend 8) together with a figure the publication can
easily be found in the list of "Administrators and
Publications". The abbreviations above are used for
the type of published data.

Example: D:SUlL

D: = daily sums (type of data)
SU = Soviet Union (editing nation)
SULl = Solar Radiation and Radiation

Balance Data, The World Network,
Leningrad (publication)



Legend 7

ABBREVIATIONS USED IN COLUMN 10

Measurements are made in specified spectral ranges:

FILTER TRANSMISSION (approximate)
WG295 WG7 295-2800 nm
GG395 GG22 395-2800 nm
GG400 400-2800 nm
GG495 GGl4 495-2800 nm
0G530 oGl 530-2800 nm
0G570 0G2 570-2800 nm
RG610 RG1 610-2800 nm
RG630 RG2 630-2800 nm
RG695 RGS 695-2800 nm
RG715 RGI10 715-2800 nm
RG805 805=-2800 nm
QUA 250-4000 nm Quartz
PAR 400- 700 nm Photosynthetically

Active Radiation

Measurements are used to determine the atmospheric
turbidity:

B not specified

TBA Angstrdm Turbidity Coefficient
TBS Schilepp Turbidity Coefficient
TBL Linke Turbidity Factor

The inclination and orientation of non-horizontal
surfaces:

The first two figures give the inclination from the
horizontal plane and the following letters indicate
the orientation.

Example: 608, 90N, E, 5, W
These notations mean one surface inclined sixty degrees

and facing south and four vertical surfaces facing north,
east, south and west.




Legend 8
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ABBREVIATIONS OF COUNTRIES IN ALPHABETICAL ORDER

A
AB
AD
AG
AL
AN
AUS

B

BC
BG
BR
BU
BW
BZ

C
CDN
CkE
CcH
CHI
CI
CL
Ccs
CY
Cz

D
DDR
DK

E

EJ
EQ
BT

F
FM

GB
GC
GN
GO
GR

H
HKJ
HO

I
ID
1L
IND
IR
IRL
Is
IQ

J
JM

AUSTRIA
ALBANIA

DEM. REP. YEMEN
ARGENTINA
ALGERIA

ANGOLA
AUSTRALIA

BELGIUM
BOTSWANA
GUYANA
BARBADOS
BULGARIA
BANGLADESH
BRAZIL

CUBA

CANADA

CENTRAL AFR. REP.
SWITZERLAND
CHILE

CHINA

SRI LANEKA

COSTA RICA
CYPRUS
CZECHOSLOVAKIA

GERMANY, FED. REP. OF
GERMAN DEM. REP.
DENMARK

SPAIN
FIJI
EQUADOR
ETHIOPIA

FRANCE
MOROCCO

UNITED KINDOM
GHANA
GUINEA-BISSAU
GABON
GREECE

HUNGARY
JORDAN
HONDURAS

ITALY
INDONESTIA
ISRAEL
INDIA
IRAN
IRELAND
ICELAND
IRAQ

JAPAN
JAMATCA

KN
KO
KW

LA
LB
LY

MEX
MG
ML
MO
MS
MV
MZ

N

NI
NL
NZ

P

PH
PK
PL
PM
PY

QT

RN
RZ

SD
SDN
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