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Abstract. Ground and space measurements of the solar spectral irradiance at radio,
visible, UV, and X ray wavelengths show a large decline in the first 6 months of 1992.
This sustained drop in the solar output is important in understanding the connection
between the emergent magnetic flux on the Sun and the radiative output as well as in
understanding the effects of such change in the upper atmosphere of the earth. We
present preliminary estimates of the observed changes as the means to spur inquiry
into this solar event in the declining phase of solar cycle 22. Typical decreases are 15%
in Lyman «a and 40% in 10.7-cm radio flux. Mass spectrometer and incoherent scatter
model calculations at 600 km in the thermosphere indicate a 30% decrease in the
temperature and a 3X decrease in the density of the thermosphere near the altitude
where both the Upper Atmosphere Research Satellite (UARS) and Hubble Space
Telescope are flying. Decrease of the orbital period of the UARS shows the expected
effect of decreasing density at flight altitude. Work in progress indicates that the output
change results from the decline in solar magnetic flux to a lower level of activity in the
southern hemisphere of the Sun. § 2 8
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Change in the radiative output of the Sun in 1992

and its effect in the thermosphere

O. R. White,! G. J. Rottman,! T. N. Woods,! B. G. Knapp,! S. L. Keil,2
W. C. Livingston,? K. F. Tapping,* R. F. Donnelly,’ and L. C. Puga®

Abstract. Ground and space measurements of the solar spectral irradiance at radio,
visible, UV, and X ray wavelengths show a large decline in the first 6 months of 1992.
This sustained drop in the solar output is important in understanding the connection
between the emergent magnetic flux on the Sun and the radiative output as well as in
understanding the effects of such change in the upper atmosphere of the earth. We
present preliminary estimates of the observed changes as the means to spur inquiry
into this solar event in the declining phase of solar cycle 22. Typical decreases are 15%
in Lyman a and 40% in 10.7-cm radio flux. Mass spectrometer and incoherent scatter
model calculations at 600 km in the thermosphere indicate a 30% decrease in the
temperature and a 3X decrease in the density of the thermosphere near the altitude
where both the Upper Atmosphere Research Satellite (UARS) and Hubble Space
Telescope are flying. Decrease of the orbital period of the UARS shows the expected
effect of decreasing density at flight altitude. Work in progress indicates that the output
change resuits from the decline in solar magnetic flux to a lower level of activity in the

southern hemisphere of the Sun.

1. Introduction

From February to May 1992, the radiative output of the
Sun declined from a period of high solar activity to a lower
level associated with the change in activity in the southern
hemisphere of the Sun. This change occurred during the
Upper Atmosphere Research Satellite (UARS) mission
which is routinely measuring the total irradiance and the UV
spectral irradiance from 117 to 420 nm. Thus we have
absolute measurements of the solar output measured to-
gether with the traditional indicators of solar activity such as
Call K, 10.7-cm radio flux, and GOES X ray flux, for
example. Furthermore, the solar change is large enough and
has been sustained long enough to produce changes in the
thermosphere that are of diagnostic value in understanding
solar-terrestrial coupling. Here we make a preliminary re-
port of the solar change and its effect in the thermosphere as
shown by orbital properties of the UARS satellite. Research
is now under way to relate this change to variation in solar
magnetism and the total radiative output.

2. The Observations

All indices of solar radiative output examined thus far
from 1-A X rays to the 10.7-cm radio flux show the decline is
1992. To place this event in the context of the solar cycle as
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measured by the Call K index and 10.7-cm radio flux, we
show these two indices for cycles 21 and 22 in Figure 1.
Thesc data are from the long-term study of solar variability
at the National Solar Observatory [White et al., 1991] and
the Dc.qinion Radio Astrophysical Observatory [Tapping
and Charrois, 1992). These indices describe variability in the
radiation from the solar chromosphere and transition region.
Figure 1 shows that similar decreases in radiative output
occurred late in cycle 21, but they appear to have been
shorter-lived. Of events of this type, the 1992 decline is the
best observed in terms of the change in irradiance; therefore
its study is potentially the key to understanding those in the
past. We note that the solar output has not yet declined to
radiation levels characteristic of solar minimum.

The observations from the SOLSTICE instrument on
UARS provide new data on variability of the Sun’s UV
spectrum between 120 and 420 nm beginning on October 3,
1991. These measurements show the rapid decline of solar
UV radiations from February 1992 to June 1992 as reported
by White et al. [1992]. The 170-300 nm band controls ozone
chemistry in the Earth’'s atmosphere, and the solar change
will effect the solar input boundary condition for ozone
equilibrium during this time.

To illustrate the general nature of this solar change, we
plot several different measures of irradiance and solar activ-
ity in Figure 2. After scaling and shifting these data to fit on
a single plot, we show the SOLSTICE irradiance observa-
tions of the integrated intensity in Lyman a (121.6 nm)
together with the 10.7-cm, GOES X ray, Mgll core/wing
ratio, and geomagnetic A, records for 1991-1993 [Donnelly
et al., 1993; Tapping and Charrois, 1992; White et al., 1992].
These data from independent sources illustrate the reality of
the decrease in radiation from different parts of the solar
atmosphere, while the geomagnetic signal displays typicai
sporadic behavior without any obvious change correspond-
ing to the radiative change. The quasi-periodic variation in
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Figure 1. Irradiance history of the sun for cycles 20, 21,
and 22 as shown by the 10.7-cm radio flux measurements
from the Canadian Dominion Radio Astronomy Observatory
{Tapping and Charrois, 1992) and the Call K index data
from the U.S. National Solar Observatory [White er al.,
1991]. These two indices measure variability of the radiation
from the solar chromosphere.

the radiative signals is the solar rotational modulation due to
the apparent motion of active regions across the solar disk as
the Sun rotates. Superimposed on this oscillatory pattern is
the radiative decline, which began after the strong peak in
February 1992 and apparently ended in June 1992. The
27-day modulation continues after the decline with a smaller
amplitude and a lower mean level. These data suggest that
the sun readjusted to a lower level of magnetic activity on
perhaps a ‘‘global’’ scale. Work in progress by K. L. Harvey
and O. R. White (unpublished data, 1993) shows that the
principal cause of the radiative change occurred in the
southern solar hemisphere, where the amount of magnetic
flux emergent in the photosphere decreased 2X at this time.

To give a more quantitative picture of the degree of change
in radiative output, we list in Table 1 the changes in mean
levels before and after the decline for the various measures
shown in Figure 2 and in addition the Call K index. We give
the mean intensity levels for December 1991 to March 1992
and for June 1992 to January 1993 as well as their ratios for
Lyman a, GOES X ray, 10.7 cm, Call K, Mgll core/wing
index, and A,
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3. Thermospheric Effects

With a solar change of the scale observed in 1992, a
sustained effect on the temperature and density of the
thermosphere is expected. The new Lyman a data from
UARS are highly correlated with the EUV emissions below
50 nm that heat the thermosphere. See Roble [1987] for data
on sensitivity of the thermosphere to EUV radiation. Both
UV and EUV emissions follow the degree of solar activity,
but the range of variability is much larger for the EUV
spectrum [e.g., Lean, 1987].

To estimate the thermospheric change, we followed Prinz
et al. [1992] and used the mass spectrometer and incoherent
scatter model (MSISE-90) [Hedin, 1991] to estimate temper-
ature and density near the altitude of UARS for the 1992
period of interest. The MSISE-90 model is an empirical
model derived from lidar experiments relating the 10.7-cm
radio flux and the A, geomagnetic index to the physical and
chemical compositions of the thermosphere. Results of our
calculations of modeled global mean temperature and den-
sity at 600-km altitude are shown in Figure 3. The estimated
mean temperature at this altitude decreased from 1200 to 900
K, while the mean density decreased from 6 x 107 '3 t0 2 x
107" kg/m3.

The Hubble Space Telescope and UARS are flying near
585 km; consequently, this solar-induced change affects
these spacecraft by modulating atmospheric drag. Available
data on the UARS illustrate the effect of variable solar
radiation on the orbit of a large satellite. Figure 4 shows the
orbital period, the orbital period decay rate for UARS, and
the Lyman « irradiance from launch through the beginning of
1993. Figure 4a is a plot of the measured orbital period
showing both the periodic hydrazine burns to reboost the
satellite and the steady decline in the orbital period between
the reboosts. The circled points in Figure 4a mark the time
and orbit period during the reboost, and the arrows mark the
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Figure 2. Comparison of the SOLSTICE Lyman a,
10.7-cm radio flux, NOAA (SBUV2) Mgll core/wing index,
GOES X ray flux, and A, geomagnetic activity index for the
duration of the UARS mission. Data source: UARS project
and the World Data Center, NOAA. The radiative indices
shown here reflect variability from the solar chromosphere
into the corona associated with active regions, while the A4,
geomagnetic index refers to variability in the Earth’s mag-
netic field due to changes in the magnetic coupling of the Sun
and the Earth.
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Table 1. Change in Mean Intensity Levels
Estimated
Mean Before Decline, Mean After Decline, Ratio, Intensity at
Measurement Dec. 1991 to March 1992 June 1992 to Jan. 1993 After/Before Solar Minimum
Ly 121.6 nm, mW/m? 8.4 7.2 0.86 s
MglI core/wing 280 nm, A 0.280 0.271 0.97 0.264
Call K 393 nm, A 0.098 0.093 0.94 0.086
10.7-cm flux, 10~2 W/m? 202 130 0.654 68
GOES X ray 1-8 A, W/m? 1.34 x 1073 0.525 x 1073 0.392 0
Geomagnetic A, 2 nT 4 18 0.765 0
e T T Y T

time of the burn. The orbital period decay rate shown in
Figure 4b (solid curve) is the negative first derivative of a
spline fit to the orbit period data. We superimpose these
decay rate variations on a plot of the SOLSTICE Lyman a
irradiance time series (dashed line) to show the nature of
correlation between orbital decay and chromospheric vari-
ability. The UARS orbital decay rate obviously follows the
solar irradiance during its 1992 decline as well as some of the
rotational modulation in the Lyman a time series. The lack
of detailed correspondence results from the difference in
variability of Lyman a and the EUV spectrum as well as
from the effects of satellite operations, thermosphere re-
sponse time, and particle injection from the magnetosphere.

" " i "
918 920 923 230 233 94.0

1.4m0”12 — - T T

vano~ 2k .

£ rom0”? -
E 3
X aoni0"3f

[ ]

s.om0™3f .

aox10™"3

TYrrTy Y
1

20m0~ '3

vy
1

[ A i N A
”"nsy 2.0 2.3 20 3.8 94.0

Figure 3. Variability of the giobal mean (a) thermospheric
temperature and (b) density at 600-km aititude for 1991 to
1993 as computed from the MSISE-90 model [Hedin, 1991].
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Figure 4. (a) Observed orbital period and (b) computed
decay rate of the UARS for 1991-1993 together with the
Lyman a irradiance from SOLSTICE. In Figure 4a we plot
the measured UARS orbital period with its =1 sigma bounds
together with indicators of the orbital “‘reboosts’’ (circled
points). The feature of interest is the decrease in slope of the
segments between reboosts. This decrease is due to the
decrease in thermospheric density accompanying the decline
in solar radiation. Figure 4b shows the decay of the orbital
period as computed from the negative first derivative of a
spline fit to the orbital period measurements plotted together
with Lyman o measurements from SOLSTICE.
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4. Discussion

From the solar physics perspective, we ask whether this
decline is due strictly to a decrease in the number of active
regions during this period or whether a more global change
occurred on the Sun. Images in the Hel line at 1083 nm from
the National Solar Observatory certainly suggest a decrease
in the amount of absorbing plasma outside active regions,
which incidentally also appear to be smaller and more
compact. At the same time, the total emergent magnetic flux
on the Sun decreased by a factor of 2 and has remained at
such low values (K. L. Harvey and O. R. White, unpub-
lished data, 1993). This demonstrates the close relationship
between radiative energy losses in the outer solar atmo-
sphere and the presence of photospheric magnetic fields
linking the solar interior to the chromosphere. One impor-
tant question is, What is the effect in the total irradiance?
This question is under study using data from the Earth
radiation budget experiment on Nimbus 7, the active cavity
radiometer irradiance measurement on UARS, and the SA.
VOS experiment on the European Recoverable Carrier
satellite. All that can be said at this point is that an effect is
present in the total irradiance and is on the order of 0.4
Wim?.

A second question is the relationship between this change
in solar output and similar ones occurring in the declining
phases of solar cycles in the past. Do they mark a point in the
solar cycle when a large-scale change in the topology of the
Sun’s magnetic field occurs during each cycle? (Mclntosh,
1992).

For the thermospheric physicist, this change in the solar
input to the Earth's atmosphere offers an opportunity to
improve our grasp of the sensitivity of the upper atmosphere
to solar forcing as solar activity declines in cycle 22. The size
of the decline plus the persistence of the lower level of
irradiance after June 1992 perhaps gives us the signature of a
change between two equilibrium states in both the solar and
terrestrial atmospheres.

Acknowledgments. We thank Ray Roble and Art Richmond of
HAO for their advice in this project. We also acknowledge the
valuable assistance from the JGR referees in making this presenta-
tion clearer to the reader. This research is supported under NASA
contracts S-87289-E and NASW-4721. The National Solar Observa-
tory and the National Center for Atmospheric Research are oper-
ated under contract from the U.S. National Science Foundation.
The 10.7-cm radio flux data are provided as a service to the scientific
community by the National Research Council of Canada. The Mgll

WHITE ET AL.: SOLAR CHANGE IN 1992 AND ITS THERMOSPHERIC EFFECT

data are from an analysis project within the Space Environment
Laboratory of the Environmental Resecarch Laboratory, NOAA,
U.S. Department of Commerce.

The Editor thanks J. M. Pap and J. Lean for their assistance in
evaluating this paper.

References

Donnelly, R. F., J. Barrett, S. D. Bouwer, J. Pap, L. Puga, and A.
Tobiska, Solar UV flux measurements from the SBUV2 monitor
on the NOAA 9 Satellite, 1, Mgl! h and k lines core to wing ratio
for 1986 to 1988, ERL SEL Tech. Memo., in press, Natl. Aero-
naut. and Space Admin., Boulder, Colo., 1993.

Hedin, A. E., Extension of the MSIS thermosphere model into the
middle and lower atmosphere, J. Geophys. Res., 96, 1159-1172,
1991.

Lean, J.. Solar ultraviolet irradiance variations: A review, J. Geo-
phys. Res., 92, 839-868, 1987.

Mcintosh, P. S., Solar cycles and solar output, Eos Trans. AGU.
73(43), Fall Meeting suppl., 436, 1992.

Prinz, D. K., G. Brueckner, J. Lean, M. VanHoosier, ]. D. Lumpe,
and C. H. Wang, O, and O; vertical number densities from solar
occultation observations by the UARS SUSIM instrument, Eos
Trans. AGU, 73(43), Fall Meeting suppl., 105, 1992.

Roble, R. G., Solar cycle variation of global mean structure of the
thermosphere, in Proceedings: Solar Radiative Output Variation
Workshop, edited by P. Fonkal, p. 1, National Center for Atmos-
spheric Research, Boulder, Colo., 1987.

Tapping, K. F., and D. P. Charrois, The 10.7 cm flux as an index of
solar activity, Eos Trans. AGU, 73(43), Fall Meeting suppl., 436,
1992

White, O. R., W. C. Livingston, and S. F. Keil, Solar Call K
measurements and activity cycles in solar-type stars, in Proceed-
ings: SOLERS22 Workshop, edited by R. F. Donnelly, p. 160,
National Oceanic and Atmospheric Administration, Boulder,
Colo., 1991.

White, O. R., G. J. Rottman, and T. N. Woods. UARS SOLSTICE
instrument, 3, State of the sun during the UARS mission, Oct "91
to Dec 92, Eos Trans. AGU, 73(43), Fall Meeting suppl., 105,
1992.

R. F. Donnelly and L. C. Puga, Space Environment Laboratory,
NOAA, 325 Broadway, Bouider, CO 80303.

S. L. Keil, Phillips Laboratory, U.S. Air Force, Sunspot, NM
88349.

B. G. Knapp, G. J. Rottman, O. R. White, and T. N. Woods. High
Altitude Observatory, National Center for Atmospheric Research,
P.O. Box 3000, Boulder, CO 80307-3000.

W. C. Livingston, National Solar Observatory, Box 26732, Tuc-
son, AZ 85726.

K. F. Tapping, Dominion Radio Astronomy Observatory, Na-
tional Research Council, P.O. Box 248, Penticton, British Colum-
bia, Canada V2A 6K3.

(Received March 2, 1993; revised July 22, 1993;
accepted September 3, 1993.)

Accesion For } T
P-—_- e —
NTIS CRa¢y V)
DTIC T:E 0 s
Unannoy. . ¢ N
Justiiicat.r )
BY ]
Dist:ibutio- | |
—_— e ]
Avauatwty Les
D.st AV(_SII; ..-C“a‘; Q
A-1|20]
o




