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INTRODUCTION

GENERAL INFORMATION

The following tables contain data recorded at the radiation station of the
Norwegian Polar Institute in Ny-Alesund (78°55' N, 11°56' E) during the years
1988-92. The radiation instruments were mounted both on the roof of the station
building (17 m a.s.l., Fig.1) and on the tundra nearby (12 m a.s.l., Fig.2).

Fig.3 shows the course of the geographic horizon as seen from the roof of the
station. The mountain Zeppelinfjellet to the south reaches an elevation of 13.7°,
while Scheteligfjellet to the west reaches 8.4°. As indicated by the solar paths in
the diagram the mountains in this sector may intercept direct solar radiation during
a period after the end and before the start of the polar night. No attempt has been
made to correct neither for this effect nor for the insignificant influence of the
mountains on the sky radiation.

Assuming a refraction of 0.6° at the horizon, the polar night in Ny-Alesund starts
and ends on 25 October and 17 February respectively (whole solar disc remaining
below the sea-level horizon). Correspondingly the period with midnight sun
(whole solar disc remaining above the horizon) lasts from 18 April to 25 August.
These dates may of course vary slightly according to the distance to a leap year
and the magnitude of the refraction effect. At the equinoxes the sun's maximum
altitude in Ny-Alesund is 11.2°. At summer solstice the altitude varies between a
minimum of 12.4° and a maximum of 34.5°. Diagrams giving the altitude of the
sun in Ny-Alesund for individual days and hours may be found in a publication by
Hisdal & Berge (1987).



iy :

. By .

n
* TEeEaanae- )

» e

Fig.1. A view towards the east of the radiation instruments on the roof of the
Research Station. A: pyranometer, B: pyrradiometer, C: pyrgeometer, D: UV
radiometer, E: UV-B radiometer, F: pyranometer for sky radiation, G.
pyrheliometer mounted on "solar tracker", H: turbo-fan for instrument
ventilation.

Fig.2. The instruments on the tundra seen towards the east. A: net
pyrradiometer, B and C: upwards and downwards facing pyrgeometers and
pyranometers, respectively, D: turbo-fan for instrument ventilation.
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Fig.3. The geographical horizon as seen from the roof of the Research Station,
with a selection of sun paths. (Hours in True Solar Time.)



INSTRUMENTS AND RADIATION COMPONENTS

The instruments used for recording the various radiation components, as well as
their period of operation, are specified in Table A. In most cases WMO-adopted
symbols are used. One exception is that reflected global radiation is indicated by
E,* instead of E1.

To reduce zero-point deviations, as well as influences of water and ice on the
transparency of the protective covers of the sensors, all instruments were

ventilated by relatively strong air streams generated by turbo-fans.

The calibration methods are largely the same as those described in Hisdal et al.,
1992 (in the following called "the 1981-87-publication"). We here confine
ourselves to some supplementary remarks concerning the years 1988-92.

Pyrheliometers

The Angstrom pyrheliometer (No. 19325) was used during the whole period for
calibration of the "shortwave instruments". This pyrheliometer had been
checked in 1986 by comparison with the self-calibrating cavity pyrheliometer
EPAC (No. 13617) at the Radiation station in Bergen (cf. the "1981-87-
publication"). A new comparison with the same instrument in March-April 1993
gave a mean factor (8 series) for the Angstrom instrument relative to the Bergen
standard, that was only 0.4% higher than the factor found by Eppley 13 years
earlier. The original factor is therefor assumed to be unchanged during the
whole period.

To obtain continuous records of Direct solar radiation an Eppley normal-
incidence pyrheliometer (NIP No. 28256), mounted on a solar tracker, was put
in operation in May 1991. This instrument too is calibrated by reference to a
self-calibrating cavity pyrheliometer traceable to the WRR-scale.

Pyranometers

In June 1990 the Eppley pyranometer (No. 15614) measuring Global solar
radiation was replaced by a new Kipp & Zonen pyranometer (No. 902907).
Simultaneously an instrument of the same type (No. 902844), equiped with
shadow ring took over the recording of Sky radiation instead of the old



measuring device, that did not work satisfactorily. A multiplication factor
depending on latitude and solar declination, given by Kipp & Zonen, was used
to correct for the influence of the shadow ring.

Table A. Specification of the instruments used for recording the radiation
components tabulated for the years 1988-1992

INSTRUMENT INSTR. NO. PRODUCER COMPONENT SYMBOL PERIOD
Mounted on the roof of the Research Station
Pyrheliometer! 19325 Eppley Lab. Direct solar rad. S Whole period
v 2 28256 o " " " From 31.05.91
Pyranometer 15614 ’ " Global solar rad. Egl To 09.06.90
o 902907 Kipp & Zonen " " " From 09.06.90
" " 902844 T Sky rad. Egl From 07.06.90
UV radiometer 19546 Eppley Lab. Ultraviolet rad. Eyd To  09.06.90
"o 27887 o " " " From 09.06.90
UV Biometer? 0618 Solar Light Co. Ultrav.-B rad. Egl From 25.05.92
Pyrgeometer 28346 Eppley Lab. Downward longw. rad. Ep From 31.05.91
Pyrradiometer 1191 Siemen Ersking Downward total rad. El Whole period
Mounted on the tundra

Pyranometer 11565 Eppley Lab. Global solar rad. Egl To 12.06.92
o 15614 T " “ " From 12.06.92
o 17625 "o Reflected glob. rad. Egt To 12.06.92
o 15615 o " " " From 12.06.92
Pyrgeometer 29134 v Downward jongw. rad. Ep From 01.06.92
o 29135 v Upward longw. rad. Eit From 01.06.92
Net pyrradiometer 1205 Siemen Ersking Net total rad. E* Whole period

! Angstrom pyrheliometer used periodically as a secondary standard for establishing shortwave calibration

factors.

2 Pyrheliometer mounted on an automatic solar tracker for continvous recording of direct solar radiation.
3 The UV-B measurements will be discussed in a separate report.
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Later on, in June 1992 the old instruments for measuring Net shortwave
radiation on the tundra station were replaced by the former global instrument,
Eppley No. 15614, ("face up") in combination with an Eppley pyranometer No.
15615 ("face down"), previously used as a secondary standard for comparison
tests.

A special problem was encountered when calibrating the shortwave instruments
in May-June 1992. It turned out that on an average the multiplication factors of
the individual instruments, found by means of the Angstrém pyrheliometer,
were 2.8 to 3.0 % lower than those established during last summer. If correct,
this would mean a considerable increased sensitivity of several instruments,
which in itself was quite unlikely. As mentioned before, the Angstrom
instrument was tested in spring 1993, and the original calibration factor was
verified. In all probability the reason for this deviation must be a relatively
strong concentration of particles in the stratosphere, originating from the
volcanic eruption of Mount Pinatubo. This is in accordance with the unusually
pronounced "milky" appearance of the circumsolar sky during this period.

The "Pinatubo-effect” on the radiation conditions has been described by several
authors (see e.g. Michalsky et al. 1994). An example of the influence of the
effect on the circumsolar radiation is given by Skartveit et al. (1993). In our
case the shading disc as seen from the pyranometer sensor (0.03 steradians) is
considerably larger than the aperture angle of the pyrheliometer (0.006
steradians). This would be tolerable in the case of "normal" scattering
conditions. However, a strong increase of the circumsolar radiation at relatively
large angular distances from the sun, will involve a too large difference between
unshaded and shaded readings of the pyranometer compared with the Angstrom
value, and thus a too small multiplication factor for the instrument calibrated. A
further discussion of the phenomenon is difficult, since we in the present case
have no reliable measure of the change of circumsolar radiation with distance
from the solar disc.

It should be mentioned in this connection that in spring 1993 the described
reduction of the measured calibration factors were below 2%, while in spring
1994 it was practically absent.

10



UV radiometers

The Eppley ultraviolet radiometer (No. 19546) was used till June 1990, when it
was replaced by a new instrument of the same type (No. 27887). During an
overlapping period of a couple of weeks the values given by the old instrument
(calibrated by Eppley in June 1985) were only about 2% lower than those given
by the new instrument (calibrated in January 1990). The usual cleaning of the
diffusing quartz disc with alcohol proved to be important in this connection. For
the period 1988-90 a slightly increasing calibration factor was used for the old
instrument, in accordance with the difference observed between the two

instruments.
Pyrgeometers and pyrradiometers

Up to May 1991 the Downward and Upward longwave radiation were obtained
from the recordings of the Siemen Ersking pyrradiometers (Nos. 1191 and
1205), as described in "the 1981-87-publication”. In May 1991 an Eppley
pyrgeometer (No. 28346) was mounted on the roof, and in May the following
year two instruments of the same type, one upward facing (No. 29134) and one
downward facing (No. 29135), were mounted on the tundra station. No doubt
this meant an improved accuracy of the longwave radiation records, as the new
instruments, to a good approximation, give a direct measure of this part of the
radiation budget. Thus the cumbersome and somewhat uncertain "shortwave
reduction” of the total radiation given by the pyrradiometers was avoided.

In order to obtain information about the correspondance between the two types
of instruments, the pyrradiometers continued to record after the pyrgeometers
had taken over as longwave instruments. As a whole there was a good
agreement between the two sets of longwave data, especially during periods
with cloudy weather.

Fig 4 shows the variation of the hourly sums of Downward longwave radiation
and Net radiation for June and December 1992. For the former month also the
Global solar radiation is entered. The conservative character of the longwave
component is clearly apparent. As is well known, larger variations of this
element are mainly due to major changes of the cloud cover. Thus, as illustrated
by the June diagram, days with strong Global radiation (clear sky) are

11



distinguished by comparatively low Downward longwave radiation, and vice
versa.

REGISTRATION TECHNIQUES

A Fluke Helios I datalogger scanned each sensor every second minute, and
transferred the signals to a PC connected to a serial port. Each scan was
displayed as calibrated values on the PC screen, while the PC program collected
and stored the data as raw, uncalibrated values. The logger operated with a
maximum resolution of 0.5 pV, and was equipped with a termocouple (T-type)
board. As a routine check a printout of the data was taken every morning.

TABULATED DATA

There are several shorter or longer breaks in the recordings, mainly caused by
technical problems in connection with irregularities in the electricity supply.
Length and frequency of the breaks are indicated in Fig.5, where periods with
recorded Downward longwave radiation are indicated. A corresponding figure
for the other radiation components would be practically identical, disregarding
the obvious fact that shortwave radiation is absent when the sun is below the
horizon. Due to a break-down of the old logger unit and a time consuming
renewal of the whole recording system, data from the first half of 1988 are
lacking.

The tables contain hourly, daily, monthly, and annual values of the following
radiation components:

. Global solar radiation (Eg{)

. Sky radiation (E4!)

. Direct solar radiation (S)

. Ultraviolet radiation (E;)

. Net shortwave radiation (E;*)

. Downward longwave radiation (Ej{)
. Net longwave radiation (E;*)

. Net radiation (E*=Eg* + E*)

eI B e NNV R R A

12



102MI m2p

102MJ m2pt

102 MJ m2p!

102MJ m2p!

102MJ m2ht

June 1992

o - 1
& ) / \\% ,'1
4 l oy ;
4 A f : ‘.\
s;\ R k3 p—
g y {P_,/W W W
m " ) 1
X \ N ' N /\ ] 1
C
1 M 5 10
o
S
[=]
<
<
3
o~
o
2
(=]
2 25 30
December 1992
§.
=3
"/\.\_ﬁﬁ Downw. longw. rad W VAT
TN Netvad e~ VTN T R U
1 ! 5 10
3
N
8|
° JWM“MWwN\_
5] 15 ES)
[=]
8
g Wﬁ

21 ) ) 25 30

Fig.4. The variations of hourly sums of Downward longwave radiation (upper
full line) and Net radiation (lower full line) for June and December 1992. In the
June diagram also Global solar radiation (broken line) is entered.
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Fig.5. The horizontal lines indicate periods with records of Downward longwave
radiation. Breaks lasting two days or less are not shown.

During the polar night the number of components is restricted to E;! and

E*=E*. The ground albedo (pg) is not tabulated. It may be found from the

expression:
Pc = (Egl-Eg*)/Egl

The Egl values used when evaluating Eg* are measured by the albedometer

mounted on the tundra, which may differ slightly from the tabulated Ez| values

measured by the main instrument on the roof. In some cases with a low sun E,

and Eg* may be larger than zero, while E,t and pg are equal to zero. This is

partly due to the limited sensitivity of the recording device.

The hours are given in True Solar Time (TST), and the hourly values refer to
the indicated TST 0.5 hour.

Dots in the tables mean zero irradiance, while dashes mean breaks in the

recordings. If one or more hourly sums are lacking during a day, the whole day

is omitted, to prevent systematic diurnal variations from introducing a bias in

the values of totals and means. To facilitate the general survey of the tabulated

data, also months with no observations of one or more components are included,

and appear as "dash-dot tables".
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In agreement with the limits used by Skartveit et al. (Radiation Yearbook,
Bergen), averages based on at least 25 days, but less than a complete month, are
symbolized by the sign =~ before the row in the table. Correspondingly the sign
~ before a row indicates means based on at least 10 days, but less than 25 days.
If there are less than 10 days with observations in a month, no means are
calculated. Monthly totals (Type D tables, see below) are monthly means
multiplied by the actual number of days of the month.

For each year there are four types of tables:

Type A gives totals (sums) for each hour and day, and their monthly
means. These tables are not published here. They may be obtained on
application to Norwegian Polar Institute.

Type B gives a summary of daily totals.

Type C gives a summary of monthly means for each hour.

Type D gives monthly and annual totals.

The values are given in hundredths of Megajoule per square metre (102MJ m2),
except for E 4, which is expressed in Kilojoule (KJ m-2).
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Type A tables 1988 - 92
Hourly totals

Tables of "Hourly totals" are not
published here. These data may be
obtained on application to Norwegian
Polar Institute.
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Type B tables 1988 - 92
Daily totals
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