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Abstract. — We have measured the sky brightness at the European Southern Observatory (ESO), La Silla, during
40 moonless nights in the years 1978 - 1988. Most of the measurements were performed in five intermediate band
filters between 3500 and 5470 Å, including the Strömgren u, b, and y bands. In addition we made measurements in
the uvgr and BVRI photometric systems. Typically 20 to 40 readings were obtained each night at a fixed (α, δ)
position, selected to be free of stars down to a limiting magnitude of B≈ 20. The sky brightnesses were calibrated
using standard stars. We discuss the sky brightness variations both during individual nights and from year to year.
We have found that the long-term variations are well correlated with the solar activity, for which the 10.7 cm radio
flux is used as a measure. We compare the sky brightnesses as observed at La Silla with the published values for
several other sites. Finally, based on the tight correlation of the airglow variations in two pass bands near 4000 Å we
propose a new method for the separation of airglow and zodiacal light contributions.
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1. Introduction

The brightness of the night sky at an undisturbed site
consists of several natural components of both extrater-
restrial and atmospheric origin, including the extragalac-
tic background light (EBL), the integrated light of stars
(ISL), the diffuse galactic light (DGL), the zodiacal light
(ZL), the airglow (AGL) and aurora, as well as the scat-
tered light from the earth’s troposphere. During the past
decades man-made lighting has caused, via its scattering
in the troposphere, an ever-increasing additional contri-
bution to the light of the night sky (LONS). This light
pollution has been of great concern to the astronomical
community (see e.g. McNally 1994) and raises the need,
besides measures taken to protect the sky, also for more
observing campaigns. There has also been interest from
geophysicists to have new night sky data for comparison
with the airglow monitoring conducted during the Inter-
national Geophysical Year in 1957-58.

Besides its absolute level another important aspect of
the sky brightness is its long- and short-term variability
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which is caused by the varying level of airglow, and, to
a lesser extent, by the varying tropospheric conditions.
While the short-term variability (minutes to hours) may
be harmful for observations of very faint sources the long-
term variability (∼ solar cycle) may mask the increasing
level of light pollution.

Long-term observing campaigns have been carried out
at several observatories and potential sites to determine
the total natural sky background as well as to monitor
the level of sky pollution by artificial lighting (see e.g.
Lyutyi & Sharov 1982; Walker 1988; Pilachowski
et al. 1989; Krisciunas 1990; Leinert et al. 1995). For the
ESO observatory at La Silla very few data on the sky
brightness have been published so far. The BV RI values
given in The ESO Users Manual (Schwarz & Melnick 1989)
refer to earlier, rather scanty observations by the present
authors (Schnur & Mattila 1979). La Silla is one of the
very few major observatory sites with no or only negligi-
ble pollution from artificial lighting. The nearest cities are
Vallenar, 65 km NNW, and La Serena/Coquimbo, 150 km
SW of La Silla, with populations of 38000 and 164000, re-
spectively. Their combined contribution to the sky bright-
ness at La Silla can be estimated to be less than 0.02 mag
(Walker 1977).

In the present paper we report on an extensive series of
sky brightness measurements at La Silla during the years
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1978–1988 . The sky brightness data were obtained as a
byproduct of long-term projects aimed at the measure-
ment of the extragalactic background light and the diffuse
light in clusters of galaxies. The observational procedures
and reduction techniques are described in Sect. 2. The re-
sults are presented in Sect. 3. In Sect. 4 we discuss the sky
brightness variations and their correlation with solar ac-
tivity. In Sect. 5 we compare the sky brightness values as
measured at La Silla with other observing sites. In Sect.
6 we suggest a new method for the separation of airglow
and zodiacal light, and in Sect. 7 we present our summary
and conclusions.

2. Observations and reductions

The observations were carried out at the European South-
ern Observatory, La Silla, Chile. The observatory is lo-
cated at λ = 70◦ 43.8′ W, ϕ = −29◦ 15.4′ and at a height
of 2350 m. Two telescopes were used simultaneously, the
ESO 1-m and 50-cm telescopes, located at a distance
of ca. 200 meters from each other. Each telescope was
equipped with a standard single-channel photoelectrical
photometer.

2.1. Intermediate band pass data

Our intermediate band observations were carried out pri-
marily for the purpose of separating the extragalactic
background light from the other night sky brightness com-
ponents. The method utilizes the shadowing effect of a
high-galactic latitude dark nebula (cf. Mattila et al. 1991).
A two-telescope measuring technique was introduced for
the purpose of eliminating the airglow variations. The 50-
cm telescope was used as a monitor and was pointed to-
wards the same position on the sky (α, δ fixed) in or near
the dark cloud during the whole measuring cycle. The 1-
m telescope was used to measure several individual star-
free positions within and outside the dark cloud in a total
area covering some 5 degrees on the sky. A “standard”
position was measured typically from one to three times
each hour at the 1-m telescope. The 50-cm telescope data
could have been used for the present purpose also alone,
without the 1-m telescope data. However, the calibration
was done with the 1-m telescope only. Also, because of
the much larger focal plane aperture size used at the 50-
cm telescope the contribution of starlight was unavoidably
present whereas it was excluded down to the limiting mag-
nitude of B ≈ 20 mag in the 1-m data.

For these reasons, only the “standard” position values
from the 1-m data were used to get the final sky brightness
directly. However, the 50-cm data were used, in addition,
to get “effective” standard position measurements; this
could be done because the ratio of the responses from the
two telescopes remains very stable during the night de-
spite the temporal variations of the airglow. For the stan-
dard positions we calculate the ratio of the 50-cm and 1-m

counts and then interpolate the ratio values correspond-
ing to measurements between two consequtive standard
positions. A simple linear interpolation is justified by the
stability of the ratio values. Dividing the value of 50-cm
in-between -count with the interpolated ratio, we get the
corresponding count rate for the 1-m standard position.
This method was used in connection with the reductions
of all the intermediate band data.

Our observing method, although not specifically in-
tended for the total night sky brightness measurements
has some advantages as compared with the previous night
sky brightness measurements: (1) we have selected fixed,
well-identified positions which were repeatedly observed
in the different nights and years; thus, the differences (in
zodiacal light and galactic light components) between dif-
ferent α, δ positions on the sky do not introduce scatter in
our data; (2) the positions are selected to be free of stars
down to B ≈ 20 mag. Thus, the starlight contribution is
negligible and does not introduce additional scatter. The
elimination of the starlight component is especially im-
portant when measuring in the “pseudocontinuum” of the
airglow spectrum; (3) for multicolour observations it is
important that all colours are are observed at the same
position and at nearly the same time; (4) because the zo-
diacal light contribution varies greatly over the sky it is
important that the measured positions are known and the
ZL differences are taken into account when comparing dif-
ferent data sets.

The sky brightness measurements in the intermediate
band filters were carried out in a total of 24 nights in four
sets of observations: June 22–24, 1979, December 6–10,
1980, December 15–20, 1987, and December 2–11, 1988.
The dark cloud L134 was observed in the year 1979 and
L1642 in the rest. The coordinates for the “standard” ob-
serving positions are given in Table 1. The airmass values
as function of the local sidereal time are shown in Fig. 1.

The diameter of the focal plane aperture used at the
1-m telescope was 6.40 mm corresponding to 86.55 arc
sec on the sky. The effective aperture solid angle was
determined by comparing the sky signal of this larger
(non-uniform) aperture with the sky signal measured with
smaller apertures (assumed to be uniform). It was found to
be 4.13 10−4 sq. degrees or 1.27 10−7 sterad, correspond-
ing to a “beam efficiency” of 0.91. (This beam efficiency
is wrt the response at the centre of the apertures where
the standard stars were placed during the calibration mea-
surements.) At the 50-cm telescope, in order to maximize
the signal, no focal-plane aperture was used. This resulted
in a non-uniform beam corresponding to an effective aper-
ture diameter of ∼ 7′.

The photomultipliers were of the same type at both
telescopes: EMI 6256S in 1979 and 1980 and EMI 9789 QB
in 1987 and 1988. In the years 1980 and 1987 we used five
filters, u (3500 Å), 3840 Å (∆λ = 175 Å), 4160 Å (∆λ =
140 Å), b (4670 Å), and y (5470 Å). Of these, u, b and y
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Table 1. Coordinates of the observed positions and an estimate for the intensity of the zodiacal light in units of S10(G2V)

Position α1950 δ1950 β IZL

CL004.8-3450 0h 02m 56.4s -35◦ 10′ 54′′ -32.◦2 85
S245 3h 59m 03.8s 2◦ 08′ 49′′ -18.0 124
L1642 Pos. 8 4h 32m 53.4s -14◦ 22′ 33′′ -35.9 94
L1642 Pos. 7 4h 33m 18.0s -14◦ 21′ 27′′ -35.9 94
A496 4h 31m 18.0s -13◦ 21′ 00′′ -34.8 87
A754 9h 04m 40.5s -9◦ 19′ 58′′ -24.9 112
A1060 10h 34m 30.0s -27◦ 16′ 00′′ -33.3 87
A1146 10h 58m 54.0s -22◦ 27′ 00′′ -28.6 90
L134 15h 50m 50.6s -4◦ 25′ 28′′ 15.3 115

Fig. 1. Airmass as a function of local sidereal time for the
targets. The LST intervals indicate the ranges for our mea-
surements

refer to the standard Strömgren system and the other two
are interference filters manufactured by Omega Optical
Inc. (halfwidths in parentheses). In the year 1979 the u
filter was not in use; in the year 1988 seven intermediate
band filters were used; in addition to the previous ones we
had interference filters centered at 5010 Å ([OIII]; ∆λ =
20 Å) and 4870 Å (Hβ narrow; 27 Å). The response curves
of all the filters are given in Fig. 2. The observations were
carried out as varying sequences from year to year, e.g.
u, b, y, 3840, 4160, u, in the year 1987, with a 30 to 60 sec
integration time per filter.

The sky brightness values, fλ, for the intermediate
band data are expressed in units of 10−9 ergs cm−2 s−1

sterad−1 Å−1. The calibration and the determination of
extinction coefficents were done by observing every night
ca. 10 spectrophotometric standard stars from the lists
of Stone (1977) and Oke (1974). A journal of observa-
tions and the extinction coefficients are given in Table 2a.
We should emphasize that our sky brightness values are
as actually observed from the ground with no extinction
correction made. An extinction correction would not be

Fig. 2. Spectral responses of the filters.The intermediate band
filters are drawn with full line, the uvgr filters with dashed line

meaningful for the present purpose. The extinction co-
efficients are needed, however, for the determination of
the calibration factors in terms of (extraterrestrial) stellar
fluxes.

2.2. BVRI data

The BV RI broad band sky brightness measurements were
carried out in the four consequtive nights February 5–
8 1978. The primary aim of these measurements was to
determine the diffuse light in galaxy clusters. The broad-
band sky brightnesses to be reported here were obtained
and calibrated at the 1-m telescope alone. The standard
set of B, V, R, and I filters available at ESO, La Silla was
used. The aperture size was 60.86 arcsec and was assumed
to have a “beam efficiency” of 1. The type of photomulti-
plier was RCA 31034A. The minimum count rate for the
sky readings was ∼ 3000 counts/s.

The sky brightnesses were calibrated and atmospheric
extinction coefficients were determined by observing in
each night ca. 10 standard stars (V = 10−13 mag). A
journal of observations and the extinction coefficients are
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Table 2. Journal of observations and extinctions coefficents

a) Intermediate band observations

Date Targets Extinction coefficents Remarks
observed u 3840 4160 b y OIII Hβ

1979–06–22 L 134 – 0.41 0.33 0.22 0.17 – –
23 L 134 – 0.41 0.33 0.22 0.17 – –
24 L 134 – 0.41 0.33 0.22 0.17 – –

1980–12–06 L 1642 0.66 0.42 0.32 0.20 0.14 – –
07 L 1642 0.82 0.44 0.35 0.22 0.18 – –
08 L 1642 0.64 0.43 0.33 0.22 0.15 – –
09 L 1642 0.57 0.39 0.28 0.17 0.11 – –
10 L 1642 0.59 0.40 0.30 0.19 0.11 – –

1987–12–15 L 1642 0.61 0.37 0.29 0.20 0.13 – –
16 L 1642 0.51 0.30 0.26 0.16 0.12 – –
17 L 1642 0.53 0.36 0.25 0.16 0.11 – –
18 L 1642 0.54 0.35 0.27 0.15 0.12 – –
19 L 1642 0.59 0.35 0.26 0.17 0.12 – – 1
20 L 1642 0.56 0.34 0.25 0.14 0.11 – –

1988–12–02 L 1642 0.50 0.34 0.23 0.14 0.11 – 0.12 2
03 L 1642 0.50 0.34 0.23 0.14 0.11 – 0.12 2
04 L 1642 0.52 0.39 0.24 0.14 0.11 0.15 0.15
05 S 245 0.50 0.34 0.23 0.14 0.11 – 0.12 2
06 S 245, L 1642 0.50 0.34 0.23 0.14 0.11 – 0.12 2
07 L 1642 0.48 0.30 0.23 0.14 0.10 – 0.11
08 L 1642 0.48 0.32 0.21 0.14 0.12 – 0.11
09 L 1642 0.50 0.32 0.24 0.16 0.11 – 0.10
10 L 1642 0.50 0.34 0.23 0.14 0.11 – 0.12 2
11 L 1642 0.52 0.34 0.24 0.15 0.10 – 0.15

1. Standard La Silla extinction. 2. Average extinction for 1988-12-4/7/8/9/11

b) BV RI observations

Date Targets Extinction coefficents Remarks
observed V B − V V −R V − I

1978–02–05 A1060 0.13 0.11 0.06 0.10 1
06 A496, A1060 0.13 0.11 0.06 0.10
07 A496, A1060, A1146 0.13 0.13 0.05 0.08
08 A496, A1146, A1060 0.13 0.11 0.06 0.10 1

1. Extinction adopted from 1978-02-06

c) uvgr observations

Date Targets Extinction coefficents Remarks
observed u v g r

1980–05–10 A1146 0.50 0.30 0.13 – 1
11 A1146 0.50 0.30 0.13 – 1

1982–02–24 A1146 0.55 0.34 0.17 0.11 2
25 A754, A1146 0.55 0.34 0.17 0.11 2
26 A754, A1146 0.55 0.34 0.17 0.11 2
27 A754, A1146 0.55 0.34 0.17 0.11 2
28 A1146 0.55 0.34 0.17 0.11 2

03–01 A1146 0.55 0.34 0.17 0.11
08–15 CL004.8-3450 0.58 0.29 0.17 0.07

16 CL004.8-3450 0.61 0.29 0.17 0.08
1983–01–13 A1146 0.43 0.24 0.13 0.09 3

14 A754 0.43 0.24 0.13 0.09 3
15 A754, A1146 0.43 0.24 0.13 0.09 3
16 A754, A1146 0.43 0.24 0.13 0.09 3
17 A754, A1146 0.43 0.24 0.13 0.09 3

1. Average extinction for 1980-05-10/11. 2. Extinction adopted from 1982-03-01
3. Average extinction for 1983-01-13 to 17
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given in Table 2b. The B and V magnitudes and colours
are in the Johnson (1955) system and the V − R and
V − I colours in the Arizona-Tonanzintla system (Iriarte
et al. 1965). The following type of colour equations (with
the values of constants for Feb. 5th inserted) were used
for the colour transformations between the extraterres-
trial instrumental magnitudes, b, v, r, i, and the standard
U,B, V, R, I magnitudes:

B − V = ((b − v) + 0.671)/0.947
V = v + 4.306
V − R = ((v − r)− 0.490)/1.387
V − I = ((v − i) + 0.910)/1.070

These equations represent a simplified form of the system
used for stellar photometry. Colour-terms depending on
stellar spectral characteristics (such as the U −B excess)
were not included since the night sky spectrum is very
different from typical stellar spectra.

The sky brightness values are expressed in units of 10th
magnitude stars per square degree, S10. The transforma-
tion into the frequently-used units of mag/2′′ is given by

I(mag/2′′) = −2.5 lg I(S10) + 27.78.

2.3. uvgr data

The sky brightness measurements in the uvgr
intermediate-band photometric system of Thuan & Gunn
(1976) were carried out in 16 nights during four observing
sessions: May 10-11 1980, February 24 - March 1 1982,
August 15-16 1982, and January 13-18 1983. The aim of
the observations was to measure the diffuse intergalactic
light in clusters of galaxies (see Schnur 1980). Simulta-
neous measurements were carried out at the ESO 1-m
and 50-cm telescopes. The standard ESO filters for the
uvgr system (Nos. 232-235 for the 1-m and 236-239 for
the 50-cm telescope) and RCA 31034A photomultipliers
were used. The diaphragm size at the 1-m telescope was
86.55 arcsec, the integration time per filter was 10 s, and
the minimum count rates were ∼ 2000 counts/s. A “beam
efficiency” of 0.91 was used, i.e. the effective aperture area
was the same as for the intermediate band observations.

The sky brightness measurements were calibrated and
atmospheric extinction coefficients (see Table 2c) were de-
termined by means of standard star observations from the
list of Thuan & Gunn (1976). Our photometric system was
found to reproduce the Thuan and Gunn standard system
with sufficient accuracy; thus, no colour transformations
were introduced. The sky brightness values are expressed,
as for BV RI, in S10 units.

The zero points for the magnitudes and colour indices
in the uvgr-system are defined wrt the primary standard
BD+17◦4708, an sdF6 star. In order to facilitate a com-
parison with sky brightness data in the UBV RI-system
we present the uvgr data also in a modified uvgr sys-
tem in which the zero points are defined wrt A0V spec-
tral type. Using the average values for six A0V stars as

observed by Kent (1985) we find that an A0V star with
U = B = V = R = 0 has the following uvgr magnitudes:
u = −0.24, v = −0.54, g = −0.19, r = 0.32.
Thus, in order to transform the sky brightnesses into an
“A0V-based uvgr-system” we have to multiply the uvgr
intensities (given in S10) by the factors:
0.802(u), 0.608(v), 0.839(g), and 1.343 (r).

To facilitate a comparison with our intermediate band
photometry we have calibrated the uvgr measurements
in units of 10−9 ergs cm−2 s−1 sterad−1 Å−1. This was
done by using the spectrophotometry of Oke and Gunn
(1983) for the uvgr primary standard BD+17◦4708 along
with the uvgr filter band pass curves as given by Thuan
& Gunn (1976). Thus we found the following factors by
which the uvgr intensities given in S10 are to be multiplied
to convert them into units of 10−9 ergs cm−2 s−1 sterad−1

Å−1: 1.08(u), 1.39(v), 1.41(g), and 1.00 (r).

3. Results

3.1. Sky brightness values: Intermediate band data

The individual intermediate-band sky brightness values
for each night are presented in Fig. 3a. The data were
taken only during moonless hours (except at the end of
the nights 1987–12–15 and 1988–12–02) and mostly with
no twilight contamination. In a few cases we have included
some measurements during the evening twilight hours:
1980–12–07/09, 1988–12–08/09/10. In these cases one can
see an upturn of sky brightness, especially at the shortest
wavelengths (see Fig. 3a).

We present in Table 3 and in Fig. 5 the nightly av-
erages of the sky brightnesses. A representative value for
each observing night was determined by averaging the val-
ues between 15 and 17 hours LST in the year 1979 (target:
L134) and between 3 and 6 hours LST for the other years
(target: L1642). For the night 1988–12–06 we use for the
averaging only the last hour of the night (during which
L1642 was observed). The whole night of 1988–12–05 was
spent at a different position (S245) (See Fig. 3).

3.2. Sky brightness values: BVRI data

The individualBV RI sky brightness values along with the
colour indices B − V, V − R, and R − I are presented in
in Fig. 3b. The solid and open symbols in this figure refer
to ON- and OFF- positions, respectively, in the observed
clusters of galaxies. The nightly averages of sky brightness
are given in Table 5 both in units of S10 and mag/2′′.

3.3. Sky brightness values: uvgr data

The individual sky brightness measurements in the uvgr
system are shown in Fig. 3c for the three nights Feb. 24,
26, and 28 1982. The colour indices u− v, v − g, and g −
r are shown as well. The nightly averages are given in
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Table 3. Average sky brightnesses as observed for individual nights in the intermediate bandpasses

I(u) I(3840) I(4160) I(b) I(Hβ) I(OIII) I(y)[
10−9 erg s−1 cm−2 str−1 Å−1

]
1979–06–22 – 246 247 293 – – 445

23 – 248 252 303 – – 456
24 – 248 253 307 – – 518

1980–12–06 553 353 381 376 – – 816
07 402 260 308 334 – – 585
08 469 299 347 386 – – 773
09 348 252 285 299 – – 517
10 378 285 316 331 – – 616

1987–12–15 184 160 194 207 – – 279
16 163 149 189 203 – – 243
17 203 178 211 214 – – 313
18 227 190 224 224 – – 327
19 182 151 191 208 – – 260
20 210 180 214 222 – – 320

1988–12–02 279 210 250 253 261 244 419
03 399 292 306 291 292 237 648
04 325 226 259 268 312 289 522
05 454 336 377 359 477 357 690
06 348 269 299 284 301 – 573
07 287 218 262 268 278 – 451
08 263 200 244 253 255 – 415
09 274 202 251 269 284 – 449
10 228 186 233 257 267 – 374
11 257 200 257 285 304 – 452

Table 4. Synthetic broad band sky brightnesses for UBV as derived from the intermediate band data of Table 3

IU IB IV IU IB IV
[S10] [mag/2 ′′]

1979–06–22 – 128 354 – 22.51 21.41
23 – 131 363 – 22.48 21.38
24 – 133 409 – 22.47 21.25

1980–12–06 351 184 634 21.41 22.11 20.77
07 257 152 461 21.75 22.32 21.12
08 298 175 604 21.59 22.17 20.83
09 229 139 407 21.88 22.42 21.25
10 252 155 483 21.78 22.30 21.07

1987–12–15 128 93 224 22.51 22.85 21.90
16 116 90 197 22.62 22.89 22.04
17 142 100 250 22.40 22.78 21.78
18 156 105 261 22.29 22.72 21.74
19 125 92 210 22.53 22.87 21.97
20 146 102 256 22.37 22.75 21.76

1988–12–02 186 119 331 22.10 22.59 21.48
03 263 146 503 21.73 22.36 21.03
04 212 126 408 21.96 22.53 21.25
05 301 177 540 21.58 22.16 20.95
06 233 141 447 21.86 22.40 21.15
07 192 125 356 22.07 22.53 21.40
08 176 117 328 22.16 22.61 21.49
09 182 122 355 22.13 22.56 21.40
10 156 114 299 22.29 22.64 21.59
11 173 126 358 22.18 22.52 21.39
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Table 5. Average sky brightnesses for individual nights as measured in the BV RI system

IB IV IR II IB IV IR II
[S10] [mag/2 ′′]

1978–02–05 109 284 630 1944 22.69 21.64 20.78 19.56
06 98 267 625 2098 22.80 21.71 20.79 19.48
07 95 234 574 2111 22.84 21.86 20.88 19.47
08 88 250 642 2201 22.92 21.79 20.76 19.42

Table 6. Average sky brightnesses for individual nights as measured in the uvgr system. The primed values in the right-hand
part of the table are sky brightnesses converted to a system where the zero points are wrt spectral type A0V

Iu Iv Ig Ir I ′u I ′v I ′g I ′r
[S10] [mag/2 ′′]

1980–05–10 243 175 225 – 22.06 22.71 22.09 –
11 276 190 222 – 21.92 22.62 22.10 –

1982–02–24 276 183 214 464 21.92 22.66 22.14 20.79
25 344 222 236 536 21.68 22.45 22.04 20.64
26 448 265 271 546 21.39 22.26 21.89 20.62
27 343 213 248 570 21.68 22.50 21.98 20.57
28 238 175 200 534 22.08 22.71 22.22 20.64

03–01 330 227 242 487 21.72 22.43 22.01 20.74
08–15 206 181 197 550 22.23 22.68 22.23 20.61

16 238 181 197 528 22.08 22.68 22.23 20.65
1983–01–13 195 149 179 327 22.29 22.89 22.34 21.17

14 276 198 213 406 21.92 22.58 22.15 20.94
15 193 148 169 379 22.31 22.89 22.40 21.01
16 285 189 202 383 21.88 22.63 22.21 21.00
17 218 160 169 390 22.17 22.81 22.40 20.98

Table 6 for all 15 uvgr observing nights. The left-hand
part of the table gives the data in S10 units in the proper
uvgr system, whereas the right-hand part contains the
sky brightnesses in a modified system where – in order to
facilitate comparison with UBV RI data – the zero points
are wrt A0V spectral type (see Sect. 2.3).

3.4. Sky brightness variations

As the zenith distance of a measuring position changes
during the night one would expect that its brightness
varies, because of the varying path length through the
airglow layer, in accordance with the van Rhijn (1921)
formula, i.e. very roughly speaking proportionally to the
airmass. This would mean that for our targets a mini-
mum sky brightness should be observed at LST = 16 h
for L134 and at LST = 4.5 h for L1642. Such a system-
atic behaviour is, however, generally not observed. The
sky brightness variations are dominated by the overall
variability of the airglow and possibly also by its patchy
structure.

The sky brightness variations in individual nights dis-
play a multitude of different patterns, with both increas-
ing, decreasing and almost constant time behaviour (see

Fig. 3). We do not see any indications for the systematic
every-night behavior of a decreasing sky brightness after
the end of twilight as reported by Walker (1988) for the
San Benito Mountain during the period 1976-87. For Kitt
Peak, Pilachowski et al. (1989) also found greatly varying
brightness vs. time behaviour patterns.

It can be seen from Fig. 3a that in most cases the time
variations in different intermediate band filters seem to be
correlated. In order to study the correlations in more de-
tail we have calculated the correlation coefficients between
the different colours for each night. The median values
of these correlation coefficients are shown in Table 7. It
can be seen that large correlation coefficients (ρ ∼ 0.9 )
are found between all band passes. We present in Fig. 4
examples of the correlations between the different filters
with the y-filter for the years 1979, 1980 and 1987. We
see that in the 1980 and 1987 observing periods the corre-
lations were tight, both during each individual night and
from night to night, whereas in 1979 the scatter was much
larger. For our broad band (BV RI) measurements in 1978
February the correlations between the different filters are
less pronounced. This is especially true for the R and I
bands and for the nights1978-02-7/8 (see Fig. 3b).
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Barbier (1956) investigated extensively the correla-
tions between the different airglow emission lines and
“pseudocontinuum” bands using eight intermediate bands
centered at 3670 Å (∆λ = 350 Å), 4400 Å (570 Å),
5260 Å (120 Å), 5580 Å (115 Å), 5900 Å (140 Å), 6340 Å
(460 Å), 6300 Å (130 Å) and 6700 Å (broad band). Three
filters of his set correspond closely to our filters u(3500 Å),
b(4670 Å), and y(5470 Å). Barbier found good correlations
between several of his eight band passes both within one
night and from night to night. He established three “co-
variance groups” of emissions. Barbier’s first group is of
special interest for us. It includes the four bandpasses 3670
Å, 4400 Å, 5260 Å and 5580 Å. We do not have a filter
corresponding to 5260 Å, but we find that the other three
band passes corresponding to Barbier’s group I also show
good correlation in our case.

Dumont (1965) has utilized extensively the correla-
tion of the 5577 Å line with the “pseudocontinuum” at
4600 Å (∆λ = 200 Å), 5020 Å (240 Å), and 5700 Å
(140 Å) for the purpose of separating the airglow from
the ZL and other extraterrestial night sky components.

Table 7. Median correlation factors of intensities over all ob-
served nights

ρij u 3840 4160 b y

u 0.84 0.94 0.92 0.93
385 0.84 0.94 0.87 0.91
415 0.94 0.94 0.94 0.92
b 0.92 0.87 0.94 0.95
y 0.93 0.91 0.92 0.95

4. Correlation of the night sky brightness with
solar activity

Rayleigh (1928) and Rayleigh & Jones (1935) reported
a correlation between the intensity of the 5577 Å [OI]
airglow line with sunspot numbers. This correlation was
questioned later (e.g. Roach 1955, for a review see
Chamberlain 1961) but is now well established both for the
5577 Å as well as other emission lines of [OII], Na D and
OH (see e.g. Rosenberg & Zimmerman 1967, and Walker
1988 for a review). Walker (1988) found that during the
period 1976-87 the broad band night-sky brightnesses in
the V and B photometric bands were well-correlated with
the solar 10.7 cm radio flux, used as an indicator of the
solar activity. These results demonstrated that the corre-
lation between sky brightness and solar activity exists,
not only for the strong lines but also for the airglow
(pseudo)continuum emission which dominates at least in
the B band.

We present in Fig. 5 the nightly averages as a function
of date for our intermediate-band and uvgr observations.
In the figure are also plotted the monthly mean values of

the 10.7 cm solar flux (in 104 Jy) and the sunspot num-
bers. The u-bands of both these photometric systems are
very similar (see Fig. 2); therefore, these data have been
combined into the same figure. The Thuan & Gunn v-band
is well covered by the combination of our 3840 and 4160 Å
filters; therefore, we have combined the v-band data with
average values of the 3840 and 4160 Å intensities. The
Strömgren b band covers the short-wavelength half of the
Thuan & Gunn g-band; because the fλ- spectrum of the
night sky is almost flat over this wavelength domain (see
Fig. 7 of this paper and Fig. 7 of Leinert et al. 1995), we
have combined the b and g band data into the same figure.
We note also that our targets for the intermediate band
observations (L134 and L1642) and the uvgr-observations
(clusters of galaxies) were at almost the same ecliptic lat-
itude and had nearly the same IZL (see Table 1) and the
same airmass of ∼ 1−1.4 (see Fig. 1).

It can be seen from Fig. 5 that the sky brightness shows
a slight rise from 1979 to 1980 and then a clear tendency
of decreasing intensity to 1987, and finally an increase
to the year 1988. This dependence has a clear similarity
with the solar activity: solar activity had its maximum
in December 1979 and a minimum in September 1986; the
next maximum was in July 1989. However, we see also that
the scatter between the individual nights within a given
observing period, particularly at the times of maximum,
is roughly half of the long term (year-to-year) changes.

In order to study in more detail the correlation with
solar activity we plot, in Fig. 6, the nightly averages of sky
brightness against the solar 10.7 cm flux. The error bars
indicate the standard deviations of individual measured
values (due to nightly airglow variations) included in the
averages. The solar 10.7-cm flux values, as measured at
17.00 hours UT every day at the Ottawa River Solar Ob-
servatory, were obtained from National Geophysical Data
Center, Boulder, Co. They are the “observed values” (i.e.
not corrected to a 1 AU solar distance). For each night the
flux value from the day before the night was adopted. It
has been found previously that the 10.7 cm flux is a good
indicator of the solar activity and has a somewhat better
correlation with the 5577 Å airglow line than the Zürich
sunspot numbers (e.g. Rosenberg & Zimmerman 1967).

Correlation coefficients for the individual scatter dia-
grams are presented in Table 8. It can be seen that the
two quantites are clearly correlated in all filters.

The least squares fits are also given in Table 8. The
slopes of these relationships are such that, for our ob-
served range of solar flux values from 90 to 190 104 Jy,
the sky brightness changes by a factor of 1.69, 1.50, 1.49,
1.46, 1.45, 2.06, and 1.55 in the colours u, 3840, 4160,
v/(3840+4160), b/g, y, and r, respectively. A compari-
son with the results of Leinert et al. (1995) shows that
the slopes are, in the present case, somewhat larger in
the u, 3840 Å and 4160 Å bands, and somewhat smaller
in the b/g band than the coresponding values for Calar
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Fig. 5. Nightly averaged sky brightnesses (unit: 10−9 erg cm−2 s−1 sterad−1 Å−1) vs. date for the intermediate- (filled circles)
and uvgr-band (open circles) data The numbers on the time axis denote the beginning of the year. The solar cycle, in terms
of sunspot numbers (dashed line) and solar 10.7-cm flux (solid line, unit: 104 Jy), is also shown. The values are monthly mean
values
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Fig. 6. Correlation of the night-sky brightness (unit: 10−9 erg cm−2 s−1 sterad−1 Å−1) with the solar 10.7-cm flux density
(unit: 104 Jy) for the intermediate- (filled symbols) and uvgr-band (open symbols) data
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Table 8. Correlation of the night sky brightness with the solar 10.7 cm flux. The correlation coefficients ρ and the least squares
fit parameters (Isky = a · fsol + b) are given for each colour. Isky is in 10−9 ergs cm−2 s−1 sterad−1 Å−1and fsol is in 104 Jy

u 3840 4160 v/3840/4160 b/g y r

ρ 0.58 0.66 0.76 0.69 0.76 0.73 0.78
a 1.39 0.99 1.10 0.89 0.98 3.26 1.76
b 77 82 101 112 130 −3 160

Alto. The mean value of the slopes for 3840, 4160, v and b
corresponds to 0.41 mag., in good agreement with the dif-
ference of 0.35−0.40 mag which is obtained from Walker’s
(1988) B band data (his Fig. 4). Our corresponding num-
ber for the y band data is 0.79 magnitudes which is larger
than Walker’s V band value of ∼ 0.45 mag; this is under-
standable since the y band sky brightness is strongly in-
fluenced by the 5577 Å line. Our number for the Thuan &
Gunn r band is 0.48 mag, which is in good agreement with
Walker’s V value. Our observations thus confirm both
qualitatively and quantitatively Walker’s (1988) results on
the correlation of the airglow “pseudocontinuum” inten-
sity with the solar activity. A corollary of this correlation
is that, for the purpose of comparing sky brightnesses ob-
tained at different dates, one has to take the level of solar
activity into account.

We have also checked whether the correlation found for
the year-to year variations pertains also to the short-term
(night-to-night) variations of the sky brightness. For this
purpose the data points for different years are indicated
with different symbols in Fig. 6. The data points for each
year were obtained during an observation period of about
one week. As can be seen from Fig. 6, the daily correlations
are much weaker than the overall correlation. In the years
1979 and 1987 (nearest to the solar activity minima) both
the sky brightness and solar flux remained comparatively
stable. In the years 1980 and 1988 there is more scatter
in the solar flux values but if there is any trend in the
sky brightness values, it is in the opposite direction to the
expected one. We conclude that our data do not indicate
any conclusive short-term correlation between the night-
sky continuum brightness and the solar 10.7 cm flux as
measured during the preceeding day. Walker’s (1988) sug-
gestion that the night sky brightness could be predicted
by using the solar radio flux measurement of the previ-
ous day appears too optimistic on the basis of our data.
Our results are in qualitative agreement with Rosenberg &
Zimmerman (1967) who found that the correlation be-
tween the 5577 Å line and the 10.7 cm flux was much
weaker for the nightly averages than for the monthly av-
erages.

Besides the solar activity also the lunar and solar
tides have been found to trigger variations in the air-
glow emission line intesities (cf. Chamberlain 1961, p. 548;
Christophe-Glaume 1965; Hecht et al. 1995). Inspection of

our data for such effects did not reveal any clear indica-
tions for a tidal modulation.

5. Comparison with other observing sites

5.1. Level of sky brightness: intermediate band data

The results of the previous section demonstrate that it is
important to take the level of solar activity into account
before trying to compare sky brightness measurements
made at different sites at different times. Also, even at
the same level of solar activity (10.7 cm flux) large night-
to-night variations occur in the sky brightness (especially
close to solar maxima) making it necessary to collect data
during several nights before any conclusions can be drawn.

We can compare our measured intermediate band
sky brightnesses directly with Barbier’s (1956, 1961) re-
sults from Haute Provence in the years 1953–59, with
Dachs’s(1970) results from the “Jonathan Zenneck” re-
search station at Tsumeb (Namibia) in the year July 1965
to June 1966, and the sky brightness measurements from
Calar Alto in the years 1989–1993 (Leinert et al. 1995).
We compare in Table 9 our data with Barbier, Dachs and
Leinert et al. in four wavelength domains which were close
to our’s. For each data set (exept Tsumeb) we give the
minimum and maximum value determined as the average
of the three smallest (largest) values in the data set. For
Tsumeb the values for individual nights were not available
but only the mean values (for the whole data set) and their
standard errors; they are given in Table 9. It can be seen
that (1) the range of the ultraviolet values (3670/3500
Å) is similar in Haute Provence and Calar Alto, but the
ESO minimum values are lower by ∼ 20 per cent; (2) at
3920 Å the Tsumeb value is ∼ 20% lower than the ESO
minimum value at 3840 Å, but it should be noted that
for Tsumeb the contribution of the airglow line at 3914 Å
has been subtracted and that the whole Tsumeb data set
refers to the time of solar minimum; the Calar Alto mini-
mum value is ∼ 20% higher than the ESO value whereas
the maximum values for these two sites are almost the
same; (3) for the blue filters (4400/4670/4900 Å) the ESO
values agree very well with Haute Provence and Tsumeb,
while the minimum values of Calar Alto are ∼ 30% higher;
(4) for the green/yellow filters it is more difficult to com-
pare the ESO results with the three other data sets be-
cause the Haute Provence and Calar Alto filters avoid the
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5577 Å line and in the case of Tsumeb its contribution
has been subtracted; nevertheless, the minimum ESO val-
ues are close to the minimum values for Calar Alto and
Tsumeb and no more than 35% higher than the values
for Haute Provence which can be accounted for by the
5577 Å line; (5) in summary, although the data sets are
not fully comparable — e.g. reduction to zenith would re-
duce the ESO and Calar Alto values by 10−15% — the
fact remains that the ESO ultraviolet sky is darker by
perhaps 20−30% and and the blue/green sky about equal
to Haute Provence as in 1953-59. The sky is darker at
La Silla than in Calar Alto probably because of (modest)
light pollution at Calar Alto emanating from Almeria.

5.2. Level of sky brightness: B and V

Most sky brightness measurements available in the litera-
ture have been carried out in the broad band filters B and
V .

We can directly compare our data with them only for
the four nights 1978-02-05 to -08. In order to compare our
intermediate-band data with the B and V data we have
estimated the conversion factors using the UX,B, and V
bandpass curves of Bessel (1990). We find the following
transformation formulae:

IU [S10] = 0.471 · Iu + 0.231 · I3840 + 0.026 · I4160

IB [S10] = 0.059 · I3840 + 0.215 · I4160 + 0.185 · Ib
+ 0.015 · Iy

IV [S10] = 0.097 · Ib + 0.733 · Iy,

where the intermediate band data are, as throughout this
paper, in units of 10−9 ergs cm−2 s−1 sterad−1 Å−1.

We should note that although our intermediate band
filters cover only about half of the total wavelength range
of the B filter they still provide a reasonably good coverage
of this band pass. The y filter is centered at almost the
same wavelength as the V filter but is narrower by a factor
of ∼ 5 and is, therefore, much more strongly affected by
the bright airglow line at 5577 Å . Therefore, our estimated
values for the V band, which are based almost solely on
the y observations, represent only an upper limit to the
sky brightness in V .

We present in Table 4 our synthetic UBV sky bright-
ness values and in Table 5 the observed ones. A direct com-
parison of the synthetic values with the measured ones is
not possible since we did not have measurements in both
photometric systems during the same night or even within
the same observing period. We can do some comparisons,
however, because the solar activity level was, during our
BV RI observations in 1979 February, similar as the av-
erage value for our 1987 and 1988 observing periods. The
average sky brightnesses in these two periods were:
1978 Feb.: IB = 22.81, IV = 21.75 mag/2′′

1987 Dec./1988 Dec.: IB = 22.65, IV = 21.59 mag/2′′

where the latter values are synthetic ones. We have esti-
mated the contribution of the 5577 Å line to the signal in

the y filter by assuming for its intensity a range from 40
to 400 rayleigh (see e.g. Dumont 1965; Dachs 1968) and
for the continuum an intensity range as observed in this
study. The result is 0.16 to 0.76 mag/2′′. Similarly, the
contribution to the V band is estimated to be 0.05 to 0.25
mag/2′′. Massey et al. (1990), using the measured spec-
tral energy distribution of the night sky at Kitt Peak dur-
ing the nights 1988–02–18 and 1988–03–29 estimated the
5577 Å line contribution to the V band to lie between 0.10
and 0.29 mag. The V/y-band difference between our two
sets of data (1978 vs. 1987/88) is in qualitative agreement
with these estimates, and indicates that, due to the 5577
Å line, the y band data are at least 0.1 mag/2′′ brighter
than the V band ones. The difference in the B band val-
ues is more surprising. There are no significant airglow or
artificial lighting lines within our 3840/4160 Å filter pass
bands. Thus, the difference between the two periods is
more probably due to a real sky brightness difference.

To compare our B and V sky brightness values
with the previous measurements at other sites we list
in Table 10 the representative minimum and maximum
sky brightness for each set of observations. The mini-
mum/maximum values given are averages of the three
smallest/largest sky brightness values occuring in each set
of data. The values refer to zenith. The corresponding so-
lar 10.7-cm flux value is also given.

We have done some measurements of the zenith dis-
tance dependence of the airglow at ESO and Calar Alto.
We have found that a correction of 0.05 mag/2′′ is appro-
priate for B and V to correct the sky brightness from air-
mass 1.15 (a representative airmass for our nightly average
values, see Fig. 1) to zenith. This correction corresponds,
on average, to the results obtained by Walker (1970) for
several sites.

The values given in Table 10 for ESO, La Silla are as
follows: The B and V band given in bold numbers cor-
responds to the observed minimum and maximum sky
brightness from the period February 5-8 1978 corrected
by 0.05 mag to zenith; the numbers following in parenthe-
ses are the averages of three minimum/maximum values
out of the whole data set including the synthetic values. As
can be seen from Table 10 the difference between the two
IB(min) values is minimal. The directly observed IV (min)
value is 0.11 mag brighter than the synthetic one. In this
case we consider the synthetic value more appropriate be-
cause it represents an observing period (Dec. 1987) closer
to the solar minimum. Because of the 5577 Å line contri-
bution this minimum value should probably still be cor-
rected by at least 0.05−0.1 mag, as discussed above (we
have, however, not applied this correction to the data pre-
sented in Table 10).

The actually observed B band maximum brightness,
IB(max), is clearly not representative as it refers to a pe-
riod of only average solar activity. The synthetic IB(max)
value should be adopted. For the V band maximum
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Table 9. Comparison of intermediate band sky brightnesses (in 10−9 ergs cm−2 s−1 sterad−1 Å−1). For each value the lower
limit is the average of the three lowest values and the upper limit is the average of the three highest values belonging to the
data set (Haute Provence, Calar Alto and ESO). For Tsumeb the mean value with its standard error is given

Site Iλ Dates Solar min./max. date Ref.

I(3670 Å) I(4400 Å) I(5260 Å)
Haute Provence 254–491 187–341 192–331 1953–55 1954.3(min)

366–668 259–481 210–412 1957–59 1957.9(max) 1.

I(3920 Å) I(4900 Å) I(5580 Å) 1964.8(min)
Tsumeb (Namibia) 124 ±15 236 ±14 281 ±34 1965–66 1968.9(max) 2.

I(3500 Å) I(3920 Å) I(4670 Å) I(5250 Å) 1986.8(min)
Calar Alto 236–500 170 – 322 263–484 263–481 1989–93 1990.2(max) 3.

I(3500 Å) I(3840 Å) I(4670 Å) I(5467 Å) 1979.9(max)
ESO 176–475 153 – 329 206–365 261–746 1979–88 1986.8(min) 4.

1. Barbier, 1956, 1961
2. Dachs, 1970
3. Leinert, et al., 1995
4. This paper

Table 10. Comparison of B and V zenith sky brightnesses at different sites. The minimum/maximum values given are averages
of the three smallest/largest sky brightness values (nightly averages) given for each site. The solar 10.7 cm flux vlue is the
average of the three nights in question

Site IB(max) IB(min) IV (max) IV (min) Solar flux Corresponding dates ref.

ESO 22.74 21.69 164 78-02-05 1.
(22.20) (20.85) 168 80–12–06; 80-06-08; 88–12–05

22.97 161 78-02-08
(22.94) 116 78–02–08; 87–12–16; 87–12–19;

21.91 162 78-02-07
(22.02) 94 87–12–15; 87–12–16; 87–12–19;

Calar Alto 22.54(22.30) 191 90–26–27; 89–05–03,04,05 2.
23.05(22.98) 176 89–05–06; 90–06–26; 93–06–21

21.16 206 89–05–04; 91–06–11; 91–06–16
21.83 156 90–06–23; 90–06–26; 91–06–16

San Benito Mt. 22.37 21.32 233 80–04–11; 81–07–28; 82–06–22 3.
23.08 78 76–04–30; 87–04–25; 87–06–29

22.07 76 76–04–30; 87–04–28; 87–06–29

Kitt Peak 22.65 114 88–01–21; 88–03–17; 88–06–14 4.
22.98 75 86–12–02; 86–12–30; 87–06–22

21.60 114 87–11–20; 88–03–17; 88–06–14
22.01 75 86–12–02; 86–12–31; 87–06–22

Crimea 21.91 21.10 122 68–04–28; 71–04–25; 70–08–09 5.
23.05 22.05 136 68–03–29; 68–04–06; 68–04–28

Hawaii 22.27 210 88–11–13; 89–03–28; 89–09–12 6.
23.03 142 87–08–26; 87–11–13; 89–06–10

21.21 166 85–12–13; 88–11–13; 89–03–28
22.05 102 86–06–02; 87–08–26; 88–07–18

McDonald 22.54 21.54 138 60–02–04; 72–12–30; 73–01–12 7.
Observatory 23.01 156 60–01–27; 72–01–11; 72–01–15

21.92 159 60–01–27; 72–01–15; 73–01–08

1. This paper
2. Leinert et al. (1995)
3. Walker (1988)
4. Pilachowski et al. (1989)
5. Lyutyi & Sharov (1982)
6. Krisciunas (1990)
7. Kalinowski et al. (1975)
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brightness the same conclusion holds, except that here the
synthetic IV (max) is some 0.1−0.5 mag too bright due to
the 5577 Å contribution.

Even without applying the correction factors discussed
above (which would improve the La Silla minimum values)
it can be concluded from Table 10 that the sky brightness
at La Silla is very similar to the best among the other
observing sites listed. We should note that our observing
positions for the intermediate band photometry (“stan-
dard positions” in L134 and L1642) were located in the
densest and darkest parts of the two dark clouds. At these
positions there is still some excess surface brightness (scat-
tered light) present above the surrounding empty sky level.
This contribution amounts to ∼ 2−25 10−9 ergs cm−2 s−1

sterad−1 Å−1between 3500 – 5500 Å (Mattila et al. 1996,
in preparation). Subtracting these values from the directly
observed sky brightness values would not make any no-
ticeable change. It is also to be noted that in the other
night sky measurements listed in Table 10 excess surface
brightness components of similar magnitude were present,
e.g. due to integrated starlight within the large measuring
aperture.

5.3. Spectral energy distribution of sky brightness

We show in Fig. 7 the spectral energy distributions (SED)
of the night sky brightness as observed at ESO. The aver-
age values for each observing period are presented as filled
circles for the intermediate band data (dark clouds L134
and L1642) and as open circles for the uvgr data (clusters
of galaxies). We show, for comparison, the spectral energy
distribution for Mt. Palomar in the night 1972–11–28 as
reported by Turnrose (1974). This observing date was ∼ 4
years after the solar maximum of 1968.9. We do not have
a corresponding year in the solar cycle; of our years, the
year 1980 is at the highest on the solar cycle, and clearly
gives larger sky brightnesses than Turnrose’s data; 1987
is just past a minimum (8 years after maximum) and has
a lower sky brightness than Turnrose; the best agreement
is with our year 1983, which was 3.2 years after the maxi-
mum of 1979.9. This diagram also demonstrates the large
differences in sky brightness between adjacent wavelength
bands in the red part of the spectrum.

For comparison we show in Fig. 7 the SED for the zo-
diacal light at the two observed dark clouds, which are
located at the ecliptic latitudes of β ≈ −36◦ and 15◦ for
L1642 and L134, respectively. The galaxy cluster areas had
similar ecliptic latitudes of between β ≈ −35◦ to −25◦.
These ZL spectra were obtained by scaling the ZL values
IU , IB and IV from Helios (Leinert et al. 1982) with the
solar SED given by Labs & Neckel (1970). As can be seen
from the figure, the ZL contribution is always ≤ 50% of
the total LONS.

6. A new method for separation of zodiacal light
and airglow

6.1. Description of the method

Photometry of the zodiacal light has been performed dur-
ing the past thirty years by several space-borne instru-
ments, most notably by the Helios 1 and 2 solar probes
(Leinert et al. 1982). Observing from outside the earth’s
atmosphere overcomes at once the problems caused by the
tropospheric extinction and scattering as well as airglow.
There are, however, other problems with the space-borne
observations, such as the starlight subtraction (because of
the large field of view) or limited spatial and time cover-
age, which ought to motivate at least some ground-based
observational work in future.

So far the the most extensive ground-based zodiacal
light photometry has been performed by Dumont and
Sánchez (cf. Dumont 1976 and references therein). Be-
cause of the innovative and accurate techniques developed
by Dumont for the separation of airglow and zodiacal light
(“Method of Multiple Heights”) this photometry has re-
mained a standard source of reference in the era of space-
borne observations.

In this section we will present another method for the
separation of zodiacal light and airglow. As in the method
of Dumont, we utilize the correlated variations of the air-
glow in two adjacent bands. However, unlike in Dumont’s
method, we do not rely on the zenith distance depen-
dence of the airglow but rather on the different spectral
shapes of zodiacal light and airglow around 4000 Å. In our
case both bands measure the airglow (quasi)continuum in-
tensity, one just below and the other one just above the
4000 Å discontinuity. The zodiacal light has a spectrum
which is a direct copy of the solar Fraunhofer line spec-
trum in its narrow-band features (cf. Blackwell & Ing-
ham 1961a,b). We utilize here the discontinuity at 4000 Å
which is very prominent in the solar spectrum as well as in
all late type stars. The intensity ratio for zodiacal light in
our two filter bands was determined using the solar SED
as published by Labs & Neckel (1970), and we obtained
for it the value Iλ(3840 Å)/Iλ(4160 Å) = 0.61.

The ratio is distinctly different from the observed in-
tensity ratio for the airglow. This fact enables us to achieve
a separation of the two components by observing the same
fixed position on the sky at different epochs with greatly
differing, but correlated airglow contributions.

6.2. Observations, reductions and results

In Figs. 8 and 9 the night sky brightness, as observed in
the filter band at 3840 Å, is displayed vs. the sky bright-
nesses in the the 4160 Å band. Data from three separate
observing periods, Dec. 1980, Dec. 1987, and Dec. 1988
are plotted in Fig. 8 for L1642. For the other target, L134
(Fig. 9), we had data for only one observing period in June
1979. It is apparent from these two figures that the sky
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Fig. 7. Spectral energy distribution of the LONS at ESO. Solid dots refer to the intemediate-band data of dark clouds, open
circles refer to the uvgr data of clusters of galaxies. For comparison, the ZL spectrum (relative form = Solar spectrum) is
shown for the two dark clouds, as well as the spectrum of the LONS on 1972–11–28 at the Palomar Observatory as reported by
Turnrose (1974). Unit is 10−9 erg cm−2 s−1 sterad−1 Å−1

brightness variations in the two adjacent filter bands are
tightly correlated. It can also be seen that the slope of
the linear least-squares fit, shown as a continuous line, is
close to unity for the data in Fig. 8 while it is somewhat
steeper for the data in Fig. 9. It is apparent that the fit-
ted line does not pass through the origin in either c ase.
This is due to the presence of the zodiacal light. We have
plotted in Figs. 8 and 9 the possible locations of zodia-
cal light data points corresponding to the intensity ratio
0.61 as a dashed line, labeled ZL. If only zodiacal light
were present the observed values for any position on the
sky should lie on this line. As can be seen from Figs. 8
and 9 the ZL line and the regression line fitted through
the observations intersect at Iλ(4160 Å) = 89 and at 95
10−9 ergs cm−2 s−1 sterad−1 Å−1 for L1642 and L134,
respectively. This crossing points give the raw values for
the zodiacal light intensity in these two directions. They
have still to be corrected for atmospheric scattered light
and extinction.

The observed night sky brightness as seen by a ground-
based observer can be written in the general form:

Iobs = (IEBL + IISL + IDGL + IZL + IAGL)e−τ(z) + Isca,

where the individual components refer to the ex-
tragalactic background light (EBL), integrated starlight
(ISL), diffuse galactic light (DGL), zodiacal light (ZL),
and airglow (AGL). All these extraterrestrial surface
brightness components are subject to the tropospheric ex-
tinction by the factor e−τ(z), where the optical depth, τ(z),
refers to the zenith distance of the observation. Part of

the light which is removed by extinction from the above
mentioned components is returned as scattered light, de-
scribed by the term Isca. The scattered light along a spe-
cific line of sight depends on the light distribution over the
whole sky above the horizon. For a given fixed position (in
α, δ) Isca thus depends also on the time. Staude (1975)
has performed extensive numerical calculations for the tro-
pospheric scattered light with realistic surface brightness
distributions for the ISL, ZL and AGL as the input light
source. He has found that among the various approxima-
tive reduction techniques the recipe of Dumont (1965)
gave the best agreement with the numerical results. We
notice that in our case the components IISL and IEBL are
negligible, the former because of the selection of star-free
observing areas. Nevertheless, the ISL still contributes to
Isca by full weight and must be considered. In our case
the “raw” ZL value, as obtained as the intersection point
of the two lines shown in Figs. 8 and 9 is already free
of airglow and also of airglow-induced scattered light (be-
cause the latter has the same intensity ratio I(3840 Å)/
I(4160 Å) as the airglow itself).

For the further reduction steps we apply the recip-
ies of Dumont (1965): (1) we subtract the tropospheric
Rayleigh scattered light due to ZL and ISL; (2) we correct
the intensity thus obtained for Rayleigh extinction ; (3)
the aerosol scattering is strongly forward-directed and is
assumed to cancel against extinction for extended surface
brightness sources. We end up with the extraterrestrial
surface brightness values of I0(4160 Å) = 84.4 and 88.7
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Fig. 8. Correlation of night sky brightnesses at 3840 and 4160 Å as observed during different nights in the direction of L1642.
The unit is 10−9 erg cm−2 s−1 sterad−1 Å−1

Fig. 9. Correlation of night sky brightnesses at 3840 and 4160 Å as observed during different nights in the direction of L134.
The unit is 10−9 erg cm−2 s−1 sterad−1 Å−1
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10−9 ergs cm−2 s−1 sterad−1 Å−1 for L1642 and L134,
respectively. As a final step we have to subtract the dif-
fuse galactic (scattered) light contributions from our dark
cloud targets. They were accurately determined by com-
paring the dark cloud position with several OFF positions
outside the nebula which are free of dust to very low levels
(see Mattila et al. 1991; Laureijs et al. 1987). The DGL
value at 4160 Å at the observed positions was 13.5 and
5 10−9 ergs cm−2 s−1 sterad−1 Å−1 in L1642 and L134,
respectively. Thus our final values for the ZL at 4160 Å at
these two positions are:
L1642: IZL = 71 10−9 ergs cm−2 s−1 sterad−1 Å−1

L134 : IZL = 84 10−9 ergs cm−2 s−1 sterad−1 Å−1.

We can compare these values with the results of He-
lios 1 and 2 (Leinert et al 1982). The Helios photometry
was performed at β ≈ ± 16◦ and ± 31◦, i.e. very close
to β(L1642) =−35.9◦ and β(L134) = 15.3◦. After small
corrections for the ZL gradients according to Leveasseur-
Regourd & Dumont(1980) we end up with the following
Helios values at 4160 Å:
L1642:IZL = 86±15 10−9 ergs cm−2 s−1 sterad−1 Å−1

L134 :IZL = 102±15 10−9 ergs cm−2 s−1 sterad−1 Å−1.
Since our values also have an uncertainty of at least ±15
10−9 ergs cm−2 s−1 sterad−1 Å−1, we can conclude that
the agreement with Helios is excellent. Although this good
agreement may be fortuitous, we can still offer a possible
explanation for the difference between Helios and our re-
sults: We have subtracted the diffuse galactic (scattered)
light contribution (cirrus), a component which – thanks
to IRAS – is now known to be present almost all over the
sky, but has not been considered by the ZL observers so
far.

For any further application of the method the following
remarks should be made:
(1) Although the correlation between the two filters just
below and above the 4000 Å discontinuity appears to be
a very tight one, it is not certain that the extrapolated
least-squares line really passes through the zero point (i.e.
IAGL = 0); in other words, there may be a constant offset
in either one of the pass bands. This will especially be the
case if even a slight amount of pollution through artificial
lighting is present. The strong Hg line at 4047 Å may be
very disturbing if included in the upper filter pass band.
A high mountain site is preferrable in order to reduce the
effects of atmospheric scattered light and extinction.
(2) Filters as close as possible to the 4000 Å discontinuity
should be used in order to avoid differences in atmospheric
extinction and scattered light.

7. Summary and conclusions

We have performed intermediate and broad band photom-
etry of the night sky brightness during 1978 - 1988 at the
European Southern Observatory with an observing tech-
nique that allows elimination of starlight and permits ac-

curate comparison of measurements from different nights
and years. Our main conclusions are the following:

1. More than 50% of the continuum sky brightness
at ESO during moonless nights is due to airglow. The
airglow intensity varies strongly both during individual
nights, from night to night, and from year to year. We do
not find any regular patterns in the nightly variations.

2. The night sky brightness variations in the differ-
ent intermediate band continuum filters between 3500 and
5470 Å are well correlated. This is in agreement with the
“covariance group I” found by Barbier (1956). However,
variations in the broad band BV RI filters as observed in
1978 are poorly correlated.

3. The long-term variations of the night sky brightness
in the airglow “pseudocontinuum” between 3500 and 6500
Å are correlated with the solar activity. For the nine-year
period covered by our intermediate band observations we
have found a change of sky brightness by a factor of 1.5 in
the blue spectral range, in good agreement with the earlier
findings of Walker (1988). This solar-activity-dependent
long-term variability must be taken into account when
studying the long-term increase of light pollution effects,
or when comparing measurements from different sites ob-
tained at different dates.

4. We have compared our intermediate band sky
brightness measurements with similar data from Haute
Provence, Tsumeb (Namibia) and Calar Alto. We have
found that the La Silla sky brightnesses are similar or
lower than the three other sites.

We have compared our sky brightness measurements
at La Silla with the broad band B and V values available
in the literature for other good observing sites. We have
found that the La Silla sky brightness is as good as that of
the very darkest sites, e.g. San Benito Mountain or Hawaii.

These results are contrary to the public rumours that,
possibly due to the South Atlantic Anomaly, the sky in
Chile would be brighter than e.g. in South Africa or south-
ern parts of North America.

5. Based on the good correlation of the airglow vari-
ations in the two adjacent bands at 3840 and 4160 Å we
have suggested a new method for the separation of the
airglow and zodiacal light.

References

Barbier D., 1961, Contr. de l’Inst. d’Astroph. Paris Ser. B 216,
35

Barbier D., 1956, The Airglow and the Aurorae, Special Suppl.
5 to the J. Atm. Terr. Physics, p. 38

Bessel M.S., 1990, PASP 102, 1181
Blackwell D.E., Ingham M.F., 1961a, MNRAS 122, 113
Blackwell D.E., Ingham M.F., 1961a, MNRAS 122, 129
Chamberlain 1961, Physics of the Aurorae and Airglow.

London, Academic Press, p. 516
Christophe-Glaume J., 1965, Ann. de Geoph. 21, 1
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