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INTRODUCTION 

 
The present issue of the Radiation Yearbook from the Geophysical Institute, University of Bergen, is 
volume No. 22. 
 
The datalogger used (Digitec 3000) handles linear and non-linear de voltages in four ranges with a 
resolution of 1 µV for the best range of sensitivity (40 mV full scale). Resistances are handled in three 
ranges. A built-in CRT display and an alphanumerical printer can show the measured and computed 
value, and alarm conditions, if any. In use, each sensor is scanned every 20 s, the momentary values are 
stored and read out every hour both to the printer and to a magnetic minidisk for subsequent processing in 
a general purpose electronic computer. 
 
The GLOBAL RADIATION data are measured by means of an Eppley PSP No. 12441, having the 
calibration factor K1 = 9.509 µV/Wm-2. 
These reported data are every hour compared to readings from an additional instrument (PSP No. 12439), 
having the calibration factor K2 = 9.663 µV/Wm-2, and a message is printed if these values differ by more 
than 2%. 
 
The DIFFUSE (SKY) RADIATION is measured with an Eppley PSP No. 12606 with the calibration. 
factor K3 = 9.366 µV/Wm-2. When measuring the sky radiation the direct solar radiation is constantly 
shadowed off by means of a 6 cm diameter circular disc mounted on a 30 cm long rotating arm. No kind 
of shade-ring correction is therefore applied to the measured diffuse radiation. 

 

 
 
Figure 1. Panorama of the horizon of Bergen, with sun paths, as viewed from the observation tower of the 
Geophysical institute. 
 
As will be seen on Fig. 1 the anemometer mast sticks rather high up into the sky. The mast is, however, 
not compact, and it is estimated to screen off at most 0.7t of the sky radiation, an amount considered to be 
negligible. 
Further, the mountains surrounding Bergen (mean altitude ca 6˚) screen off approximately 1.5 % of an 
isotropic sky radiation on a horizontal surface. Since the albedo of the hillsides varies in the course of the 
year, no correction is applied to the measured diffuse radiation, due to the elevated horizon, either. 
 
It should be mentioned that the pyranometers for global and diffuse (sky) radiation are ventilated [1], in 
order to prevent the hemisphere from being covered by snow or dew, and to minimize zero-point 
deviations. 
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The vertical component of the DIRECT SOLAR RADIATION is not measured directly, but it is in the 
datalogger taken as the difference between the values of the global radiation and the diffuse radiation. To 
minimize truncation errors, hourly values of direct solar radiation less than 0.01 MJm-2 are set equal to 
zero by the electronic computer. Further, the global radiation and the diffuse radiation are equalized in the 
computer for hours when the mean solar altitude is so low that the apparent position of the sun will be 
behind the mountains surrounding Bergen (Fig. 1). For the summer half year (March to September) this 
equalizing of global and diffuse radiation is done for hourly mean solar altitudes less than 6˚ in the 
morning and less than 2˚ in the afternoon. In the winter half year the limiting solar altitudes are 2˚ and 7˚ 
for the morning and afternoon, respectively. 
 
ULTRAVIOLET RADIATION on a horizontal surface is measured by means of an Eppley UV-
illuminometer (photometer), No. 12804 [2], wavelength response 290-385 µm. In spring 1986 it became 
clear that the sensitivity of the UV-illuminometer had decreased significantly. The instrument was 
therefore shipped to the Eppley Laboratory where the filter and the photocell were replaced and the 
instrument was recalibrated (calibration factor = 146.1 µpV/Wm-2). Only observations with the repaired 
and recalibrated instrument are reported (from late October on). 
 
For the measurement of the long-wave radiation component a ventilated radiation balance meter (No. 
613) is used [3], only the output voltage of the upperfacing transducer of the Schulze radiation balance 
meter is recorded. This makes it possible to compute the DOWNWARD ATMOSPHERIC RADIATION, 
since the temperature of the instrument is also recorded. 
 
Based on calibration under a melting ice dome [4] the calibration factor used for long-wave radiation in 
1986 was KL = 51.0 µV/Wm-2 while calibrations with the sun as source yielded a short-wave calibration 
factor KS = 50.8 µV/Wm-2 which is used both for direct and diffuse solar radiation in 1986. 
 
The equations used for the evaluation of the long-wave radiation components are: 
 

(1)     A = σTi
4 + (U - KSG)/KL 

 

(2) Qe
L = σTL

4-A 
 
where U is the voltage output of the balance meter, G is the global radiation, KS and KL are the calibration 
factors for short-wave and long-wave radiation, and Ti is the temperature of the balance meter. Moreover, 
from the downward atmospheric radiation A obtained from (1) and the measured air temperature TL, the 
EFFECTIVE OUTGOING RADIATION, Qe

L, from a black surface at air temperature is readily obtained 
from (2). 
 
The DURATION OF SUNSHINE is measured by means of a Campbell-Stoke sunshine recorder with 
blue paper strips. The recorded strips are read according to the rules of WHO [5]. Maximum possible 
duration gives the number of hours the sun is above the natural horizon, as found from the records on 
days with clear skies at sunrise or sunset. 
 
The necessary routine calibrations of the pyranometers for the measurements of global, diffuse (sky) 
radiation, and of the radiation balance meter in the short-wave region are carried out by means of the 
absolute self-calibrating cavity pyrheliometer, EPAC 13617. This pyrheliometer was compared to the 
WRR pyrheliometer in Davos during the IV, V, and VI International Pyrheliometer Comparisons [6-8], 
and remained stable within 0.25% between 1975 and 1985. 
 
 

Bergen, May 1987 
 

Arvid Skartveit, Frank Cleveland, Bente Tverberg Hellan 



 V 

 REFERENCES 
1.  H. Schieldrup Paulsen: Uber die Anwendung von kunstlichen Beluftungseinrichtungen bei 

Strahlungsmessgeraten. Ann. d. Met. B, 1957/5B. 
 
2.  A.J. Drummond, H.W. Greer, and J.J. Roche: The Measurements of the Components of Solar 

Short-Wave and Terrestrial LongWave Radiation. Solar Energy. Vol. IX. 1965. 
 
3.  C.U. Dake: Uber ein neues Modell des Strahlungsbilanzmessers nach Schulze. Berichte die 

Deutsch. Wetterdienstes. Nr. 126, B. 16 1972. 
 
4.  H. Schieldrup Paulsen: Some Experiences with the Calibration of Radiation Balance Meters. Arch. 

Met. Geoph. Biokl. Serie B. 15. 1967. 
 
5. World Meteorological Organization: Guide to meteorological instruments and methods of 

observation. Fifth edition. Geneva (19B3). 
 
6. Fourth International Pyrheliometer Comparisons. Davos, October 1975. Results. Working Rep. 

No. 5B, Swiss Met. Inst. Zurich 1976. 
 
7. Fifth International pyrheliometer Comparisons and Absolute Radiometer Comparisons, Sept.-Oct. 

1980. Results. Working Rep. No. 94, Swiss Met. Inst. Zurich 1981. 
 
8. Sixth International Pyrheliometer Comparisons. Davos, October 1985. Results and Symposium. 

Working Rep. No. 137, Swiss Met. Inst. Zurich 1985. 
 
 
LEGENDS TO THE TABLES 
The tables consist of 4 groups. 
 
A. Hourly values. The tables, pp. 1-55, contain the hourly (and daily) values of the following elements: 
GLOBAL RADIATION (total solar radiation from sun and sky on a horizontal surface). 
DIFFUSE (sky) RADIATION (solar) on a horizontal surface. 
DIRECT SOLAR RADIATION on a horizontal surface. 
ULTRAVIOLET RADIATION from sun and sky on a horizontal surface.  
DOWNWARD (INCOMING) ATMOSPHERIC RADIATION on a horizontal surface. 
EFFECTIVE OUTGOING RADIATION from a horizontal black surface at air temperature. 
DURATION OF SUNSHINE. The tables are listed in the order mentioned separately for each month. 
The other groups of tables represent summaries for the year of the values given in Tables A. 
 
B. Daily values. 
 
C. Mean diurnal variation. In groups Band C each element is listed separately in monthly succession. 
 
D. Monthly and annual means. This is one table which gives a summary of all measured radiation 
components (including the duration of sunshine expressed as percentages of the maximum possible 
duration), for the months and for the year. In the tables the hourly values are valid for the hours centered 
at exact hours LAT. Radiation values are given in 10-2 - or 10-3MJ/ m2 referred to the WRR-scale. 
 
The duration of sunshine is given in minutes (min), except for totals and for the maximum possible 
duration (with completely clear skies). These latter values are given in tenths of an hour. In the tables a 
dash (-) indicates missing observations, an A in the row for mean values stands for an approximate mean 
value, based on more than 25 (325) values, but less than a complete month (year). M indicates an average 
value based on less than 25 (325) days, but more than 10 (250) days. 
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