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Abstract. The solar irradiance below 120 nm was first predicted by astronomers. Since its accurate 
measurement required the solution of a variety of technological problems, little is known about the 
variability before 1972, though for more than two decades data have been collected. Therefore, on a 
quantitative basis only a very rough picture can be given for the solar cycle 19. Also, not enough data 
with sufficient absolute accuracy are available to describe the solar EUV flux variations of the solar cycle 
20, especially during the period of solar maximum. However, due to technological improvements of space 
and laboratory instrumentations, an almost complete set of data has been obtained from 1972 to date. 
These observations exhibit strong differences of the flux variations from solar cycle 20 to 21.-  For the 
theoretical and for semi-empirical treatments of many aeronomic processes controlled by the solar EUV 
radiation, its adequate representation e.g. as indices is required. The problems involved and possible 
solutions are discussed. Results from some relevant aeronomically oriented computations based on 
variable solar EUV fluxes are presented. 

1. Introduction 

A s t r o n o m e r s  were  the  first p r ed i c t i ng  so lar  E U V  rad ia t ion  using a so lar  b l ack  b o d y  

m o d e l  of 5 0 0 0 - 6 0 0 0  K to desc r ibe  the  e m i t t e d  flux at  shor t  wave lengths .  T h e  

app l i ca t i on  of  these  resul ts  to the  E a r t h  (Elias,  1923) compu t ing  the  i on -e l e c t ron  

p r o d u c t i o n  prof i les  in an i so the rma l  a t m o s p h e r e  p r o v i d e d  ion iza t ion  equ i l ib r ium 

prof i les  b e f o r e  the  i onosphe r i c  layers  were  d i scovered .  This  s tudy  was p e r f o r m e d  

on  a qua l i t a t ive  basis.  

Q u a n t i t a t i v e  t r e a t m e n t s  of this p r o b l e m  b e c a m e  poss ib le  af ter  t h o r o u g h  iono-  

spher ic  obse rva t ions .  In  o r d e r  to b r ing  the  la t te r  in a g r e e m e n t  wi th  the  b l a c k - b o d y  

m o d e l  of the  Sun for  the  E U V  spec t ra l  reg ion ,  an ' u l t r av io le t  excess fac to r '  (Saha,  

1937;  K i e p e n h e u e r ,  1945) had  to  be  i n t roduced  be ing  as la rge  as 106. 

C o m p a r i s o n  of the  b lack  b o d y  t e m p e r a t u r e s  as de r ived  f rom m e a s u r e m e n t s  in the  

vis ible  spec t ra l  reg ion  with  those  in the  far  u l t rav io le t ,  e.g. b e t w e e n  3 0 0 - 2 0 0  nm, 

show tha t  the  l a t t e r  ones  were  s ignif icant ly lower .  Close  to 200 n m  the  t e m p e r a t u r e s  

de r i ved  were  still lower ,  c lose to 4000  K. H o w e v e r ,  for  wave leng ths  b e l o w  200 n m  

t e m p e r a t u r e s  b e c a m e  higher .  The  i n t e r p r e t a t i o n  of m e a s u r e m e n t s  in the  soft  X - r a y  

reg ion  p r o v i d e d  t e m p e r a t u r e s  up to 20 x 106 K as de r ived  f rom rad ia t i on  analysis .  

Thus  a ve ry  b r o a d  t e m p e r a t u r e  r ange  is f o u n d  on the  Sun or ig ina t ing  at  d i f ferent  

a t m o s p h e r i c  layers .  Bea r ing  in mind  the  local  i nhomogen i t i e s  of these  layers  and  

the  changing  so lar  act ivi ty  wi th  t ime,  a s t rong  var iab i l i ty  of the  c o r r e s p o n d i n g  so lar  

r ad i a t i on  as g e n e r a t e d  in the  c h r o m o s p h e r i c  and  co rona l  reg ions  is to be  expec ted .  
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Fig. 1. First photographic measurement of the solar spectrum below 120 nm (April 19, 1960, WSMR, 
NRL) (Detwiler et al., 1961, in Hinteregger, 1963). 

2. Spectral Signature of the Solar Radiation be low 120 nm 

The solar radiation be low 120 nm is generated in chromospheric  and coronal 
regions. The first measurement  was performed by Johnson e t  al .  (1958) photograph- 
ing the emission spectrum down to 97.7 nm. Figure 1 shows the most  intense features 
in this spectral region with emission lines from atoms and ions such as H I, C ni, 
N m,  Si ni,  and O vI being dominant.  However ,  the technique based on photo-  
graphic recording is limited by the straylight background (since the Schumann film 
is also sensitive to visible light, more  than 7 orders of magnitude of energy in the 
visible compared to emissions close to 100 nm have to be kept off the film), the low 
temporal  resolution, the low absolute accuracy, and the small dynamic range. In 
general, for quantitative measurements  of  the variability of  the solar radiation be low 
120 nm the photoelectric  techniques has proven superior (Hinteregger, 1963). This 
is well  demonstrated in Figure 2 which compares  a photoelectric  (upper part) and a 
photographic (low part) recording covering the spectral range between 60 and 90 nm 
(Hinteregger, 1963). As  seen in Figure 2 the Lyman continuum of the hydrogen 
atom is the most  intense continuous feature of this spectral region. In addition, less 
intense continua exist from C i be tween  110-95  nm and He  I between 50 .4 -45  nm. 

With decreasing wavelengths more  emission lines from higher ionized atoms such 
as He  n, 0 II-V, Ne  v i i -v i i i ,  Mg i x - x ,  Fe i x - x i i  up to Fe xvI  appear down to 10 nm. 
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Fig. 2. Comparison of spectral recording techniques: (a) Counter  spectrogram (Aug. 23, 1961, 
AFCRL);  and (b) densitometer record (April 19, 1960, NRL) (Hinteregger, 1963). 

The soft X-ray region below 10 nm down to 2.5 nm is difficult to detect, since the 
energy of the emission lines is lower by orders of magnitude as compared to the 
18-31 nm spectral region. Based on photographic recording, up to 13 orders of 
magnitude of visible light compared to weak lines between 10-4 nm are taken off 
the film either by thin film filter techniques (Freeman and Jones, 1970) or by the 
sophisticated diffraction filter techniques (Schweizer and Schmidtke, 1971; 
Schmidtke and Schweizer, 1972). Again, the emission identified stem from highly 
ionized atoms. 

Below 2.5 nm Geiger counter  techniques with Bragg crystal spectrometers or 
rather low resolution proportional counter techniques are applied to record charac- 
teristic X-ray emissions or X-ray continua. 

The X-ray emission is strongly localized on the solar disc. It is mostly generated 
in active regions, similar to the emissions of Fe xvI  ions. The area of origin of the 
different emissions is larger when the excitation energy necessary for the photon 
generation is lower. Moreover  each emission, even each of the resonance lines is 
distributed over the solar disc in a different way (Figure 3). 

Summarizing the spectral features below 120 nm, a great variety of emission 
spectra and continua is generated in the chromospheric and coronal layers of the 
Sun, the transition-region included, at plasma temperatures ranging from 8 • 103 to 
30 • 106 K. Taking into account the non-uniform distribution of solar activity with 
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Spectroheliograms representing chromospheric, transition-region and coronal emission lines 
(Timothy, 1977). 
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Variability of the solar X-ray spectral region (Kreplin et aL, 1977). The curves represent 
measured fluxes at different times. 
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respect to space and time, a great variety can be expected with respect to the 
variability of the numerous emissions. 

3. Variability of the Solar Irradiance below 120 nm 

During solar flares and during high levels of solar activity X-ray radiation is an 
important source of ionization in the ionospheric D-region of the terrestrial atmos- 
phere. For this reason the variability of the solar X-ray radiation is measured from 
rockets and satellites. Of special interest are the measurements aboard SMS-1 and 
2 (Synchronous Meteorological Satellites) and GOES-1 (Geostationary Operational 
Environmental Satellite). The strongest temporal changes in the spectral range 
below 120 nm occur in the X-ray region (Delaboudiniere et al., 1978). The variabil- 
ity exceeds five orders of magnitude on a solar cycle time scale (see Figure 4). During 
flares changes by two orders of magnitude are often measured on a time scale of 
seconds (Kreplin et al., 1977). 

Little is known concerning the variability in the soft X-ray region between 
2.5-15 nm. There is too little energy emitted from the Sun to control any geophysical 
effect of interest. Also, the technical problems involved in continuous measurements 
are rather difficult to solve. For these reasons this field of research is almost 
abandoned now. The last published measurements were made in 1972 (see Figure 
5 for an intercomparison of different measurements), and consequently, not much 
is known with respect to the variability. Figure 6 summarizes our knowledge of the 
spectral irradiance variability in this wavelength range. 

At longer wavelengths (15-120 nm) the situation is quite different, because this 
spectral range is very important for the aeronomy of the upper atmosphere and 
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Fig. 5. Measurements in the wavelength range 5-12 nm (Delaboudiniere et al., 1978). 
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Fig. 6. Solar spectral irradiance between 1-30 nm (Manson, 1977). 

hence for satellite orbit predictions. Therefore,  the necessity for monitoring the solar 
EUV flux continuously has been recognized for a long time. Many technological 
problems, especially with respect to absolute calibration had, however, to be solved 
(Hinteregger, 1963; Delaboudiniere et al., 1978; Schmidtke, 1978). 

Systematic rocket  measurements for aeronomy purposes were performed first by 
Hinteregger (1961). From subsequent measurements a tabulation of the solar EU V  
flux was presented (Hinteregger et al., 1965). Though some variability of the 
radiation was expected from the interpretation of measurements on the OSO-1 
satellite (Neupert et al., 1964), no estimate could be presented in the tabulation. For 
this reason the tabulation was used as an 'EUV standard flux' for many years. 

With the operation of the EUV spectrometer aboard the OSO-3 satellite in 1967 
(Hall and Hinteregger, 1970) and of the 30.4 nm monochromator  aboard the OSO-4 
satellite in 1967 and 1968 (Timothy and Timothy, 1970) short-term (for periods of 
5-10 min) and medium-term (for periods of a solar rotation) variations have been 
observed. On a relative intensity scale the short-term variations range up to about 
25% of the total EUV-flux with different variations for each solar emission. A total 
flux variation of up to 40% has been measured during solar rotations (Hall and 
Hinteregger,  1970). Examples are presented in Figure 7. Similar levels of variation 
are reported from later missions for short events (Figure 8), but those measurements 
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represent a small fraction of the total time period only. Therefore, the numbers given 
probably do not represent the actual maximum variations. 

After short-term and medium-term variations have been observed for different 
levels of solar activity, the determination of long-term variations over periods of the 
order of a solar cycle revealed technological problems related to the calibration of 
the instruments and to the changes of calibration parameters with time. With an 
uncertainty of the laboratory calibration of about 10-15% and a more severe error 
source due to the calibration parameter changes during instrumerital spacecraft 
integration and launch as well as during the mission, the best overall accuracy of the 
flux determination probably is about 30%, i.e. about the same order of magnitude 
as one of the estimates for the total long-term variation during solar cycle 20 
(Hinteregger, 1978). From AEROS-A measurements (Schmidtke, 1978) a decrease 
of about 30% of the total flux during the period of the declining cycle 20 from 
December 1972 through August 1973 was derived in the long-term component with 
a spectrometer applying an inflight calibration of the multipliers. These measure- 
ments were, however, inconclusive with respect to the changes from solar maximum. 
Other measurements did not indicate variations (Heroux and Higgins, 1977) exceed- 
ing the calibration uncertainties between different rocket flights. On the other hand 
the flux ratio of the emissions of Fe xv at 28.4 nm and He ii at 30.4 nm is a good 
qualitative indicator of solar activity. During solar cycle 20 this ratio changed by 
about one order of magnitude (Figure 9). At this time quantitative numbers 
concerning the variability of the total EUV flux during the past solar cycles cannot 
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be derived, neither from this ratio nor from any other set of data (Figure 10). This 
is a remaining dissatisfactory fact. 

With the missions of the aeronomy satellites AEROS-A and -B and the Atmos- 
pheric Explorers C and E this situation has greatly improved since the end of 1972. 
Since then almost continuous measurements are performed (Schmidtke, 1976; 
Schmidtke, 1979a; Hinteregger, 1981) with, for example, data being collected for 
more than five years by Atmospheric Explorer E. Most exciting is that one and the 
same instrument was operated during solar minimum and maximum conditions of 
the cycle 21. In this case the rather difficult problem of significantly changing 
calibration parameters with time has not yet occurred. One of the results indicates 
that the total EUV flux increased from July 1976 (Rz = 0; F10.7 = 70) to January 
1979 (F10.7 = 234) by about a factor three (Hinteregger, 1981) as shown in Figure 
11. The increase relative to the solar 'EUV minimum' (Hinteregger, 1977) is even 
larger, because the solar EUV flux during the rising solar cycle 21 was significantly 
higher than during the declining cycle 20 for similar solar conditions, as expressed 
by the classical indices Rz and Flo.7. Therefore, the long-term variability of the solar 
flux below 120 nm looks very different for both cycles. 

4. Representation of Solar EUV Flux 

There are periods for which correlation studies between the solar EUV flux and 
classical solar indices look promising in order to establish empirical relations to 
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Fig. 11. Solar EUV flux increase from July 1976 to January 1979 (Hinteregger, 1981). 

compute the solar E U V  radiation from ground-based radio measurements. 
However,  detailed analysis shows that this is only possible for certain periods with 
limited accuracy. Extrapolation to periods without actual EU V  measurements may 
give misleading results (Hinteregger, 1976; Timothy, 1977; Schmidtke, 1978; 
Hinteregger, 1981). 

The situation is quite different for the periods when the flux data were collected. 
There  is a wealth of data for about 1100 different wavelengths including emission 
lines and continuum intervals. For some applications less detailed spectral informa- 
tion is needed. Then wavelength intervals can be combined to generate EUVy_z 
indices expressing the flux in units of p~Wm -2 (mergcm-2s  -1) with Y and Z 

representing the interval limits in nm (Schmidtke, 1976) or E U V x  for emission lines 
(X in nm). However,  as more detailed information is required, as more numbers 
must be handled. For these cases another approach is studied (Hinteregger, 1981). 
Based on a computer  stored reference spectrum of fluxes F0a a variability index Ca 
is assigned to each of 1957 different wavelengths in the wavelength range from 
14-185 nm. In addition, the wavelengths are assigned to three 'variability classes' 
K = 0, 1, and 2, each of them being represented by one 'reference emission': 
)to = 177.5-185 nm, A1 = 58.43 nm (He I), and A2 = 33.54 nm (Fe xvI). The relative 
flux value of a given day to the reference flux of this emission is denoted by RK. If 
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these three numbers Ro, R1, and R2 are known the corresponding total EUV flux 

F can be derived from 

F = Y~ Fox (1 + (R~c - 1)Cx). 
h 

The accuracy of this representation which depends on the validity of the parameters 
Cx with respect to the length of the time periods (e.g. years or fractions of years) is 

still under study. 
This system requires two tables (Fox and CA) and three daily indices Ko, K1, and 

K2 to generate very detailed solar EUV fluxes. Figure 12 shows the variability of 
the 'reference emission' hi for the period of AEROS B (Schmidtke et al., 1981). 
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Fig. 12. Example for the variability of a 'reference emission' (Schmidtke, 1981). 

5. EUV Flux as an Energy Source for the Upper Atmosphere 

The EUV spectrometers as operated aboard the AEROS and Atmospheric Explorer 
satellites also measured quasi-height profiles of atomic oxygen in the 200-450 km 
altitude region during occultation. From these extinction measurements exospheric 
temperatures are derived. Analysing these data interesting longterm and medium- 
term trends are obtained: The decrease of the solar EUV flux by about 30% during 
the mission of AEROS-A is not reflected in the exospheric temperatures (Schmidtke 
et al., 1981). The significant flux increase from 1974 to 1976 did not raise the 
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exosphe r i c  t e m p e r a t u r e s  s ignif icant ly  (Hin te regger ,  1978),  e i ther .  A l so ,  flux var i -  

a t ions  wi th  so lar  r o t a t i o n  do  no t  con t ro l  the  exosphe r i c  t e m p e r a t u r e s  significantly.  

Ins tead ,  the  s igna tures  of g e o m a g n e t i c  d i s tu rbances  are  much  s t ronger .  Two  p r o -  

cesses m a y  cause  this b e h a v i o u r  of  the  u p p e r  a t m o s p h e r e :  

(a) T h e  so lar  wind  is a c o m p e t i n g  ene rgy  source  for  the  u p p e r  a t m o s p h e r e  

(Schwenn,  1981). This  can eas i ly  be  t r aced  for  g e o m a g n e t i c  d i s tu rbances  

(Hin te regge r ,  1980;  S c h m i d t k e  et al., 1981).  

(b) T h e  hea t  efficiency of  the  so lar  E U V  rad i a t i on  in the  u p p e r  a t m o s p h e r e  is not  

cons t an t  (Tor r  et al., 1981), 

Because  of these  effects and  in view of the  d i f ferent  types  of  va r i a t ions  the  ro le  

of the  so lar  E U V  rad i a t i on  as an ene rgy  source  for  the  u p p e r  a t m o s p h e r e  is ve ry  

difficult to descr ibe .  

6. Conclusions 

T h e  va r i ab i l i ty  o f ' the  so lar  i r r ad i ance  b e l o w  120 n m  is s t rong  and  so t ime  d e p e n d e n t  

tha t  t he re  is no subs t i tu te  for  d i rec t  m e a s u r e m e n t s ,  T h e  conve r s ion  of the  E U V  

ene rgy  in the  u p p e r  a t m o s p h e r e  is r a t h e r  difficult to desc r ibe  in view of the  compe t ing  

so lar  wind  and  the  va r i ab le  hea t  efficiency. T h e  abso lu t e  accuracy  of  the  E U V  

m e a s u r e m e n t s  shou ld  be  i nc reased  by  the  app l i ca t ion  of  t rue  inflight ca l ib ra t ion  of 

the  i n s t rumen t s  as it  is p l a n n e d  for  Space l ab  missions.  
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