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V O O R W O O R D 

The paper "E f fects öf solar var iat ions on the upper atmosphere" 

has been presented at the 14th E S L A B Sympos ium in S cheven ingen 

(16-19 September 1980). It will be pub l i shed in Solar Phy s i c s , 1981. 

A V A N T - P R O P O S 

L 'Ar t ic le "E f fects of solar var iat ions on the upper atmosphere" a 

été présenté au cour s du 14ème Sympos ium E S L A B à Scheven ingen 

( I 6 - I 9 September 1980). Il sera publ ié dans Solar Phy s i c s , 1981. 

V O O R W O O R D 

De tekst "E f fects of solar var iat ions on the upper atmosphere" 

werd voo rged ragen op het 14de E S L A B Sympos ium die p laatsvond in 

S cheven ingen (16 - 19 september 1980). Deze tekst zal in Solar Phy s i c s 

1981 ver sch i jnen. 

V O R W O R T 

Die Arbe i t "E f fects of solar var iat ions on the upper atmosphere" 

wurde zum 14. E S L A B Sympos ium in S cheven ingen (16 . -19 . September 

1980) vorgeste l l t . Sie wird in Solar Phy s i c s 1981 he rau sgegeben werden. 



E F F E C T S OF S O L A R V A R I A T I O N S ON T H E UPPER A T M O S P H E R E 

by 

G. K O C K A R T S 

Inst i tut d 'Aéronomie Spatiale 

3 Avenue C i rcu la i re 

B -1180 B ruxe l l e s , Belg ium 

Ab s t r ac t 

Severa l semi-empirical models of the terrestr ia l upper atmosphere 

are present ly available. These models take into account solar activity 

effects by u s i ng the solar decimetric f lux as an index. S u ch a proce-

du re is a consequence of the lack of cont inuous determinations of the 

solar spectrum direct ly respons ib le for the phys ica l s t ruc tu re of the 

upper atmosphere. Var iat ions of the thermopause temperature are 

d i s cu s s ed . U s i ng f ive sets of solar i r rad iances measured in the u l t ra-

violet and in the extreme ultraviolet, the penetration of solar radiation 

is analyzed as a funct ion of solar act iv i ty. Several examples of 

absorpt ion prof i les and ion product ion rates are d i s cu s sed for var iable 

condit ions. Va r i ou s energetic effects are also descr ibed. All computa-

tions are made for phys ica l condit ions above Scheven ingen (52 .08°N) 

where the 14th E S L A B sympos ium was held. 



Résumé 

Il ex is te actuel lement p lus ieu rs modèles semi -empi r iques de l 'atmo-

sphère s u p é r i e u r e de la t e r r e . Ces modèles t i ennen t compte dés e f fe ts 

de l ' a c t i v i t é sola i re en u t i l i san t le f l u x solaire déc imét r ique comme 

i n d e x . Cet te p r o c é d u r e est une conséquence de l 'absence de dé te rm i -

nat ion con t inue du spec t re sola i re d i rec tement responsable de la 

s t r u c t u r e phys i que de l 'a tmosphère s u p é r i e u r e . Les va r ia t i ons de la 

t empéra tu re à la thermopause sont d iscu tées . La péné t ra t i on du 

rayonnement sola i re est analysée en fonc t ion de l ' ac t i v i t é sola i re en 

u t i l i s a n t c inq sér ies de f l u x solaires mesurés dans l ' u l t r a v i o l e t et dans 

l ' ex t rême u l t r a v i o l e t . P lus ieurs exemples de p r o f i l s d ' abso rp t i on et de 

taux de p roduc t i ons ioniques sont d iscutés pour des cond i t ions 

va r i ab les . D i ve rs e f fe ts énergé t iques sont d i scu tés . Tous les calculs 

co r responden t a des cond i t ions phys iques au-dessus de Scheven ingen 

(52 .08 °N) où eut l ieu le 14ème symposium ESLAB. 
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Samenvatt ing 

Versch i l lende semi-empir ische modellen van de aardse hogere atmo-

sfeer zijn voor het ogenbl ik besch ikbaar . Deze modellen houden 

reken ing met zonne-act iv iteitseffecten door g eb ru i k te maken van de 

decimetrische zonnef lux als index. Een dergel i jke methode is het gevo lg 

van een geb rek aan continue bepal ingen van het zonnespectrum dat 

recht s t reeks verantwoordel i jk is voor de f y s i s che s t r u c tuu r van de 

hogere atmosfeer. Ve rande r i ngen in de temperatuur van de thermopauze 

worden be sp roken . De penetratie van de zonnestra l ing in functie van de 

zonne-act iv iteit werd geana lyseerd door te s teunen op vijf reeksen van 

zonne -be s t ra l i ng s s te rk ten gemeten in het ultraviolet en in het u iterst 

ultraviolet.. Versch i l lende voorbeelden van absurpt leprof lê lên en ionen-

product ie ve rhoud ingen worden besp roken voor verander l i jke voor -

waarden. Ver sche idene energet i s sche effecten werden eveneens be-

s ch reven . Al de bereken ingen werden gemaakt voor f y s i s che voo r -

waarden boven S cheven ingen (52°08N) waar het 14e E S L A B sympos ium 

werd gehouden. 



Zusammenfassung 

Versch iedene semi-empi r ische Modellen der e rd ischen höheren 

A tmosphäre s ind z u r z e i t d i spon ibe l . Diese Modellen f ü h r e n Rechnung 

übe r die Sonnenak t i v i t ä t mit Hi l fe der Sonnendec ime t r i sches t rah lung als 

I n d e x . Solche Methode f o l g t aus dem Mangel an du rch l au fenden 

Messungen des Sonnenspek t rum v o r a n t w ö r t l i c h f ü r die phys ika l i sche 

S t r u k t u r de r höheren A tmosphäre . Var ia t ionen der Tempera tu r zu r 

Thermopause s ind d i s k u t i e r t . Fünf Messungen der UV und EUV Sonnen-

s t r a h l u n g werden g e b r a u c h t um die D u r c h s c h l a g s k r a f t der Sonnen-

s t r a h l u n g f ü r ve rsch ieden Sonnenak t i v i t ä ten zu ana lys ie ren . Beispiele 

der A b s o r p t i o n und der l o n e n p r o d u k t i o n werden f ü r ve rände r l i chen 

Bed ingungen v o r g e s t e l l t . Versch iedene energet ische E f fek ten s ind auch 

besch r ieben . Die Rechnungen s ind g ü l t i g f ü r phys i ka l i schen Be-

d i n g u n g e n über Scheven ingen (52° .08N) wo das 14. ESLAB Symposium 

s t a t t g e f u n d e n ha t . 
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I N T R O D U C T I O N 

Soon after 1900 it became p r og re s s i v e l y clear that the propagat ion 

of wireless waves is inf luenced by ionized particles in the upper atmo-

sphere . A r o u n d 1925, the ioniz ing agent was tentatively attr ibuted to 

solar ultraviolet radiation. The absence of direct measurements of this 

radiat ion, the lack of laboratory data on absorpt ion c ro s s sections and 

recombination coefficients and the poor knowledge of the upper atmo-

sphere composition lead to several contrad ictory explanat ions. The early 

ionospher ic invest igat ions descr ibed by Bates (1973), Waynick (1975) 

and Ratcliffe (1978) are, however, a f i r s t milestone for our urider_ 

s tand ing of the upper atmosphere. G round based radio propagat ion 

exper iments remained d un ique technique until the advent of space 

vehic les. 

The f i r s t ultraviolet solar spectrum down to 240 nm was recorded 

at 55 km altitude on October 10, 1946 u s ing a V - 2 rocket (Baum et al. 

1946) and Johnson et al. (1952) ob se r ved shorter wavelengths above 

100 km in 1949. These exper iments opened a new area for upper atmo-

sphere research, s ince they p roved the existence and the measurement 

feasabi l i ty of the shor t wavelength part of the solar spectrum. S ince 

that time, s ign i f icant p r o g r e s s has been achieved in the measur ing 

techn iques which will not be d i s cu s sed here. The pr imary objective of 

th is paper is to s t res s the importance of reliable solar ultraviolet data 

for a quantitat ive unde r s t and i ng of the phys ica l phenomena occur ing in 

the upper atmosphere. S u ch an objective is sometimes in conflict with 

the pr imary interest of solar phy s i c i s t s s ince they may cons ider the 

Ea r th ' s atmosphere as an obstacle. It is, however, suitable to know the 

s t ruc tu re and the behavior of an obstacle if one wants to avoid it. 

A s a consequence the behavior of the upper atmosphere as a 

funct ion of solar act iv ity is d i s cu s sed in the framework of the limited 

amount of solar ultraviolet data present ly available. 
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2. S O L A R A C T I V I T Y A N D T E M P E R A T U R E OF T H E T H E R M O S P H E R E 

Af ter the launching of the f i r s t artificial satellites, Jacchia (1959), 

G roves (1959), Pr iester (1959), and K ing -He le and Walker (1959) 

showed almost s imultaneously that the apparent ly errat ic f luctuat ions of 

the orbital per iods are a direct consequence of total dens i ty var iat ions 

in the upper atmosphere. Satellite d rag data actually lead to a 

determination of the atmospheric total dens i ty in the v ic in i ty of the 

satellite per igee. Var iat ions of the total dens i ty at a g i ven height may 

resu lt from composition changes and/or temperature modifications. Above 

the mesopause, near 85 km altitude, molecular o x y g e n is photo-

dissociated by solar radiation with wavelengths shor ter than 175 nm and 

atomic o x y g e n becomes p rog re s s i ve l y more abundant than O^ and Ng as 

a consequence of d i f fu s i ve separat ion in the Ea r th ' s gravitat ional field. 

Fur thermore, d i f fus i ve t r an spo r t is such that two minor const i tuents at 

the mesopause, namely helium and atomic h y d r o g e n , become succes s i ve ly 

the most abundant components above 500 km altitude. In such an o ve r -

simplified p icture, the terrestr ia l thermosphere is character ized by four 

belts in which molecular n i t rogen, atomic o x y g e n , helium and atomic 

h y d r o g e n are succes s i ve l y the most abundant const i tuents ( Kocka r t s 

and Nicolet, 1962; 1963). For a g i ven temperature profi le, the vertical 

var iat ion of the total dens i ty is, however, insuff ic ient to explain the 

ob se r ved d rag data over a long period of time. It is actually neces sa ry 

to introduce temperature var iat ions which also affect the atmospheric 

composition. Temperature var iat ions can be induced by particle 

t r an spo r t p roces se s , by day to n ight var iat ions and by changes of the 

external heat sources . The importance of molecular heat conduct ion and 

of external heat sources were indicated by Lowan (1955) and Johnson 

(1956) in several attempts to cons t ruc t thermospher ic models. Detailed 

calculations of theoretical models are extremely diff icult, since they 

requi re a s imultaneous solution of cont inu i ty , momentum and ene rgy 

conservat ion equat ions. Even with an appropr iate mathematical 

technique, it is still neces sa ry to make use of experimental resu l t s for 
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u p p e r and lower b o u n d a r y cond i t i ons . Solar u l t r av i o l e t f l u x e s below 

175 nm are among the most impor tan t b o u n d a r y cond i t ions and these 

data shou ld be avai lable f o r all solar a c t i v i t y cond i t i ons . 

Present the rmospher i c models a re , however , based on an empir ica l 

approach pa r t i a l l y j u s t i f i e d by the lack of con t inuous solar u l t r av i o l e t 

f l u x measurements and by the mathematical d i f f i c u l t i e s to solve the 

coupled conserva t ion equat ions . Severa l t ypes of ve r t i ca l t empera tu re 

p ro f i l es are commonly used in the rmospher i c model l ing . A p ra t i ca l p ro -

f i l e wh ich allows an ana ly t ica l express ion f o r the ve r t i ca l d i s t r i b u t i o n s 

of the a tmospher ic cons t i t uen ts was i n t r oduced by Bates (1959) . I t 

shou ld be real ized t h a t t h i s p ro f i l e is not a so lu t ion of the heat con-

duc t i on equa t ion . T h e r e f o r e , i t can on ly be cons idered as an a p p r o x i -

mat ion. Such a p ro f i l e depends on the thermopause t empe ra tu re , on the 

lower b o u n d a r y tempera tu re at 120 km and on a shape parameter wh ich 

re lates these two quan t i t i es to the tempera tu re g rad ien t at the lower 

b o u n d a r y a l t i t ude . With g i ven shape parameter and lower b o u n d a r y tem-

p e r a t u r e i t is possib le to es tab l ish an analy t ica l re la t ion p ( z ) = f C T ^ z ) 

between the to ta l dens i t y p ( z ) at he igh t z and the thermopause 

tempera tu re T . Determin ing T ^ remains then the fundamenta l p rob lem. 

Co l lec t ing all n igh t t ime total dens i t ies near 4 to 5 hours local solar time 

and search ing to wh ich thermopause tempera tu re they c o r r e s p o n d , one 

can es tab l ish an empir ica l re la t ion between the thermopause tempera tu re 

and a parameter re f l ec t i ng the solar a c t i v i t y level . In all semi-empir ica l 

t he rmospher i c models, solar a c t i v i t y is rep resen ted by the 10.7 cm 

rad ioe lec t r i c f l u x measured r e g u l a r l y at Ot tawa. Th is dec imetr ic f l ux 

has no in f luence on the thermal s t r u c t u r e of the upper atmosphere. 

When the solar dec imet r ic f l u x is averaged over several solar ro ta t i ons , 

usua l l y t h r e e , the long term va r ia t i on of the thermopause tempera tu re 

T ( 1 ) is g i ven by 

T ^ U ) = a + b F (1) 

- 2 2 - 2 -1 
where F is the da i l y solar dec imet r ic f l u x in un i t s of 10 Wm Hz 
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averaged over three solar rotations and a and b are model dependent 
numerical coefficients. 

t 

The 27 days variation is taken into account by correcting 
express ion (1 ) in a way such that 

1J2) = 1 J I ) + c (F - F ) (2) 

where F is the daily 10.7 cm solar f lux taken one day before the day to 
which T (2 ) corresponds. A third approximation is obtained by 
correct ing T (2 ) for a geomagnetic effect associated with particle preci-
pitations and or Joule heating. In this case, 

T » ( 3 ) = T . ( 2 ) + AT (3) 

where AT is essential ly a function of the geomagnetic index in the f i r s t 
thermospheric models ( Jacch ia , 1965). The temperature increase AT is 
not associated with solar ultraviolet f lux var iat ions. Roemer (1971) has 
shown that the geomagnetic effect depends on the latitude. A fourth 
correction intends to represent the semi-annual variation observed in 
the total density such that the thermopause temperature is g iven by 

T.C4) = T J 3 ) + f ( t ) (4) 

where f ( t ) is a function of the day count in the year . Such a proce-
dure was used by Jacchia (1965) to obtain a nighttime minimum 
temperature and the diurnal variation was then estimated from a one-
dimensional theoretical calculation of Harr is and Priester (1962). 

A functional relation like expression (4) combined with constant 
boundary conditions at 120 km and the diffusion equil ibrium hypothesis , 
implies that any temperature variation induces instantaneously a modi-
fication of the total density . In situ measurements have shown that 
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composition changes are not necessar i l y associated with temperature 

changes . A s an example, Champion (1967) has shown that a seasonal-

latitudinal var iat ion of the total dens i ty ex i s ts in the lower thermo-

sphere below 200 km and Keat ing and Pr ior (1968) obse rved a s t rong 

increase of helium concentration above the winter pole as compared to 

the local summer value. With such cons iderat ions a new set of models 

(Jacchia, 1971) was const ructed and adopted as the C O S P A R 

International Reference Atmosphere ( C I R A , 1972). Lower boundary 

condit ions are now taken at 90 km; a departure from d i f fus ive 

equi l ibr ium is introduced for atomic and molecular o x y gen between 

90 km and 120 km; the geomagnetic effect is latitude dependent and 

associated s imultaneously with a temperature var iat ion and a total 

dens i ty var iat ion; the semi-annual effect is represented as a correct ion 

to the total dens i t y ; and, the d iurnal var iat ion of the thermopause 

temperature is g i ven by an empirical expres s ion . 

Two important aspects are, however, not covered by these im-

provements . F i r s t of all, temperature determinations from incoherent 

scatter observat ions ( C a r r u et al. 1967; N isbet, 1967) clearly indicate 

that the thermopause temperature peaks later than the 14 hou r s local 

solar time maximum of the total dens i t y . Th i s important contr ibut ion is 

only taken into account in v e r y recent models and specific models are 

now available for Sa in t - San t in ( 44 .6°N) ( Baue r et al. 1970) and for 

Millstone Hill ( 42 .6°N) (Sa lah et al. 1976). Furthermore, OGO-6 mass 

spectrometer observat ions (May r et al. 1974) have shown that the 

partial dens i ty of each const ituent reaches a maximum value at a local 

time which depends on the altitude and on the const i tuent. 

S ince the descr ipt ion of the terrestr ia l thermosphere is becoming 

more complex as it approaches phys ica l real ity, Jacchia (1977) developed 

a new set of models cons i s t ing of two par t s : static models and a set of 

empirical exp re s s i on s to compute the thermopause temperature and the 

expected deviat ions from the static models resu l t ing from all recognized 

thermospher ic var iat ions . The formulation is, however, more com-



pl icated, s ince any new ref inement must not destroy the prev ious 

achievements. 

A completely d i f f e rent approach has been made by Hedin et a I. 

(1974) who used spher ica l harmonics for a global representat ion of 

mass-spectrometr ic data. In a ve ry general case, one writes 

T . = T . Gj (5) 

T120 = f120 G2 ( 6 ) 

s = s G3 (7) 

n.(120) = n (120) exp (G. - 1) (8) 

where T w is the thermopause temperature, T 1 2 Q is the temperature at 

120 km, s is the shape parameter in the analyt ical temperature prof i le 

g iven by Bates (1959) and n. (120) is the concentrat ion of const i tuent i 

at 120 km al t i tude. G 1 , G 2 , G 3 and G. are spher ica l harmonics 

expans ions which depend on lat i tude, local solar time, geomagnetic 

index K or A , da i ly solar decimetr ic f lux F, solar decimetr ic f lux F 
P P 

averaged over three solar rotat ions and day count in the year. T^, 

T(120) , s and n.(120) are averaged values of the respect ive quant i t ies , 

when the co r respond ing G funct ion is one. Formal express ions G^ to G. 

s l ight ly va ry from one aouthor to another . Several semi-empirical models 

based on spher ica l harmonics are present ly avai lable (Hedin et al. 

1977a, 1977b; von Zahn et al. 1977; Bar l ier et al. 1978; Kohnle in, 

1980). A l l these models allow a computation of the thermopause tempera-

ture at any place over the globe as a funct ion of solar ac t iv i ty , geo-

magnetic ac t iv i ty , local solar time and day count in the year. Com-

par isons between var ious models have been made by Bar l ier et al. 

(1977), by Jacch ia (1979) and by Kockarts (1981). For ve ry low (F = 

70 x 10" 2 2 Wm"2 H z " 1 ) or ve r y h igh (F = 200 x 10~22 Wm"2 H z " 1 ) the 
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r e s u l t i n g da i l y averaged thermopause tempera tu re can v a r y by a p p r o x i -

mately 100 K depend ing on the adopted semi-empir ica l model. 

F igures 1a and 1b g ive the thermopause tempera tu re above 

Scheven ingen (52 .08°N) between 1958 and 1980. Computat ions are made 

at 17 hou rs LST ( local solar t ime) on the f i r s t of each month . The 

adopted LST approx imate ly co r responds to t ime of the da i ly t empera tu re 

maximum. Ver t i ca l do t ted l ines show the tempera tu re increase r e s u l t i n g 

f rom geomagnet ic a c t i v i t y . The fu l l l ine in the lower p a r t ind ica ted the 

10.7 cm solar f l u x F averaged over th ree solar ro ta t ions whereas the 

dashed l ine g ives the da i ly solar dec imetr ic f l u x F taken the day before 

the f i r s t of each month as r e q u i r e d by the model of Ba r l i e r et al . 

(1978) . Th i s model, cal led DTM ( D r a g Tempera tu re Mnrtel) is based on 

sate l l i te d r a g data and on a tempera tu re model c o n s t r u c t e d by T h u i l l i e r 

et a l . (1977) f rom F a b r y - P e r o t i n te r fe romete r measurements of spect ra l 

p ro f i l es of the 630 nm a i rg low l ine as observed on OGO-6 by Blamont 

and Luton (1972) . Incoheren t sca t te r data are also inc luded in the 

tempera tu re model. Tempera tu re data were obta ined f rom 8 June 1969 to 

16 A u g u s t 1970 as ind icated by the hor izon ta l l ine in F igure 1b. The 

DTM model is adopted here since i t is the sole semi-empir ica l model 

wh ich is c o n s t r u c t e d w i th op t i ca l l y measured tempera tu res . In all o the r 

semi-empir ica l model thermopause tempera tu res are quan t i t i es deduced in 

a way as to f i t measured concen t ra t ions or total dens i t ies . Opt ica l 

de te rmina t ions are p resen t l y the sole techn ique used to determine 

d i r e c t l y global t empera tu re coverage, since the incoheren t scat ter 

techn ique is u n f o r t u n a t e l y r e s t r i c t e d by the l imi ted amount of in -

coheren t sca t te r i ng s ta t ions . F u r t h e r m o r e , F a b r y - P e r o t i n te r fe romete r 

measurements are l imi ted up to now to a v e r y sho r t t ime per iod as it 

can be seem in F igure 1b. From an absolute po in t of v iew , all tempera-

t u r e s in F igures 1a and 1b before June 1969 and a f te r A u g u s t 1970 are 

ex t rapo la t ions ! However , these tempera tu res lead to concen t ra t ions and 

to ta l dens i t ies in reasonable agreement w i th mass spect rometer data and 

sate l l i te d r a g da ta . 



Fig. la : Thermopause temperature at 17 hours LST above Scheveningen (52.08°N) on 

the first of each month from 1958 to 1969. Vertical dashed line in-

dicate temperature increases resulting from geomagnetic activity. 

Dashed curve in the lower part gives the daily 10.7 cm solar flux F ^ ^ 
- 2 2 - 2 - 1 -

in 10 Wm Hz ; full curve represents the averaged value F
 7

 over 

three solar rotations. 



Y E A R S 

Fig. lb : Continuation of Fig. la from 1969 to 1980. Horizontal line labeled 

0G0-6 indicate the time period over which temperature data were 

measured with a Fabry-Perot interferometer. 



Several i n t e r e s t i n g fea tu res can be seen in F igures 1a and 1b. The 

va r i a t i on of the thermopause t empera tu re w i t h the 11 years solar cyc le 

is c lea r l y a p p a r e n t . F u r t h e r m o r e , two consecut ive solar cyc les are not 

necessar i l y i den t i ca l . As an example, the thermopause tempera tu re was 

much h i ghe r d u r i n g the 1958 maximum than d u r i n g the 1969 maximum, 

wh ich seems to be lower than the 1980 maximum. An annual va r i a t i on 

appears in the tempera tu re and i t is not co r re la ted w i t h the solar 

dec imet r ic f l u x . T h e r e f o r e , a h i ghe r solar dec imetr ic f l u x can 

co r respond to a lower t e m p e r a t u r e , depend ing on the day in the y e a r . 

Peaks in the da i l y f l u x F do not necessar i l y lead to peaks in the thermo-

pause tempera tu re wh ich cannot be cons idered as d i r e c t l y p ropo r t i ona l 

to F or F or a combinat ion of b o t h . 

3 . , G L O B A L TEMPERATURE AND TERRESTRIAL INSOLATION 

In the DTM model of Ba r l i e r et al . (1978) the spher ica l harmonics 

expans ions used in express ions (5 ) to (8 ) are fo rma l ly g i ven by 

oo °° 
G = 1 + F + M + I a P ° ( 0 ) + p 1 b° P°(8) cos [p Q(d - 6 ) ] 1 q= i q q P = i p p p 

+ p ? I { Cm pm (6) cos (mwt) + dm Pm(6) s i n (muit)) (9) n= l m=l n q n n 

where P™(6) are associated Legendre func t i ons of the co la t i tude 8, 
- 1 - 1 fi = 2ti/365 ( d a y ) and uj = 2n/24 ( h o u r ) . The solar dec imet r ic f l u x 

dependence and the geomagnet ic e f fec t are respec t i ve ly g i ven by F^ and 

M. Coef f i c ien t 0 is 1 + F^, d is the day count in the year and t is the 

local solar t ime. The development (9 ) is l imi ted such t ha t 35 unknown 

coe f f i c ien ts must be de te rmined by a least square techn ique . It should 

be noted tha t the form of some terms in express ion (9 ) is chosen a 

p r i o r i before a least square is used to determine the unknown coe f f i -

c ien ts . Th i s is the case f o r the solar a c t i v i t y e f fec t g i ven by 

F = A4 (F - F) + A 5 (F - F ) 2 + A6(F - 150) (10) 
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where the decimetric fluxes F and F are measured in units of 10 
- 2 - 1 

Wm Hz and for the geomagnetic activity effect given by 

-22 

- 1 

M = (A? + A
g
 P°(0)) K 8 2 P 

(11) 

where K p is the three-hourly planetary index taken 3 hours before the 

considered local solar time. 

When F = F = 150 and K = O expressions (5) and (9) lead to a 
P 

global temperature distribution which only depends on annual, semi-

annual and diurnal variations. The last effect can also be eliminated by 

integration over the 24 hours day period. A global diurnal ly averaged 

temperature distribution can be computed as shown in Figure 2 where 

thermopause temperature isopleths are given as a function of geographic 

latitude and day count in the year. Such a map shows a pronounced 

seasonal variation in both hemispheres. This variation is independent of 

a modification in the decimetric f lux (F = F = 150 = constant through 

the year) or in K^ kept always equal to zero. Such a hypothetical case 

can be used to make a comparison with the daily averaged insolation 

which should be at least partially responsible for a seasonal variation. 

According to Milankovitch (1930), the daily averaged insolation T 

on a horizontal surface at latitude q> for a solar declination 6 is given 

by 

— - 1 2 
I = I 71 (a/r) (4>

q
 sin <p sin 6 + sin cos cp cos 6) (12) 

where I is the solar f lux at 1 AU = a, r is the actual Sun-Earth a ' 
distance and i|<o = - tgcptg 6. For regions with permanent sunlight t|/Q = 

71 and dur ing polar night = O. Application of expression (12) leads 

to the isopleths shown in Figure 3 computed for an arbitrary incident 
f lux I = 1 . Values of I are given on each curve. Solar declination is a a 

indicated by the dashed line and limits of polar nights are shown by 

dotted-dashed lines. Figure 3 can be applied to any solar ultraviolet 
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Fig. 2 : Isopleths of daily averaged thermopause temperature for F ^ ^ - F 
150 x 10~2° Win^Hz"*1 and K = 0. 

P 



Fig. 3 : Isopleths of daily averaged insolation for an arbitrary solar ir-
radiance I = 1 at 1 A.U. Solar declination is given by the dashed line a 
and permanent polar nights are indicated by dotted-dashed lines. 



f l u x reach ing a hor izonta l sur face at the top of the atmosphere before 

absorp t ion processes become e f f e c t i v e . Dai ly averaged values are 

obta ined by m u l t i p l y i n g solar u l t r a v i o l e t f l u x e s by the numbers on each 

isop le th . F igures 2 and 3 have some obv ious s imi lar i t ies i nd i ca t i ng that 

the geometry of the insolat ion p lays a s ign i f i can t role in the global 

s t r u c t u r e of the thermopause t e m p e r a t u r e . F u r t h e r m o r e , both F igures 

show a de f i n i t e N o r t h - S o u t h asymmetry : d u r i n g local summer the 

tempera tu re is h i g h e r in the s o u t h e r n hemisphere which receives also 

more solar e n e r g y than the n o r t h e r n hemisphere. Such asymmetr ies 

ex is t also in the the rmospher i c composi t ion ( B a r l i e r et al . 1974), bu t no 

q u a n t i t a t i v e exp lanat ion has been g i v e n . 

F igures 2 and 3 are super imposed in F igu re 4 in o r d e r to chow the 

re la t ion between insolat ion and thermopause t e m p e r a t u r e . In the 

s o u t h e r n hemisphere the local summer maximum of the thermopause 

tempera tu re co r responds r a t h e r well w i th the maximum inso la t ion. How-

e v e r , in the n o r t h e r n hemisphere the maximum tempera tu re occurs 

before maximum in -so la t i on . The par t ia l s im i la r i t y between both types of 

isopleths in F igu re 4 is , neve r the less , an ind ica t ion to j u s t i f y another 

semi-empir ica l rep resen ta t ion as g i ven by express ion ( 9 ) . Since the in -

s tantaneous as well as the da i l y averaged i l luminat ion are known ana ly -

t i ca l l y i t could be r e w a r d i n g to i n t r o d u c e them in express ion ( 9 ) fo r a 

b e t t e r rep resen ta t i on of the e f fec t of solar u l t r a v i o l e t rad ia t i on . 

When the da i ly mean tempera tu re is averaged in each hemisphere 

one obta ins the r e s u l t shown in F igure 5 wh ich g ives also the da i ly 

mean insolat ion as a f u n c t i o n of the day count in the y e a r . The N o r t h -

South asymmetry appears v e r y c lea r l y in the mean hemispher ic tempera-

t u r e . However , i t should be noted t h a t the annual mean tempera tu re as 

well as the annual mean insolat ion are ident ica l in bo th hemispheres. 

No u l t r a v i o l e t solar f l u x data are inc luded in any semi-empir ical 

model, b u t t h i s does not imply tha t much b e t t e r models can be con-

s t r u c t e d w i t h o u t such data . The 10.7 cm dec imetr ic f l u x is commonly 



DAY C O U N T 

Fig. 4 : Superposition of Figs. 2 and 3 in order tc show a correlation between 

insolation (dashed lines) and temperature (full lines). 
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u s e d , s i nce no better i ndex is p r e s e n t l y ava i lab le to r e p r e s e n t v a r i a -

t ions of so lar u l t rav io le t f l u xe s r e s p o n s i b l e for the h i g h l y va r i ab le state 

of the t e r re s t r i a l u p p e r a tmosphe re . 

4. P E N E T R A T I O N O F S O L A R R A D I A T I O N 

Be fo re es t imat ing ef fects of so lar u l t rav io let rad iat ion on the 

te r re s t r i a l a tmosphe re , it is n e c e s s a r y to know how deep l y a n y so lar 

rad iat ion can penet ra te into the a tmosphe re . T h e bes t q u a n t i t y to make 

s u c h an est imation is the optical dep th de f ined b y 

t ( A , X , z ) = I a. (A) n. H. Ch ( X f z ) (13) 
1 L 1 1 

whe re x is the so lar zen i th d i s t ance , a . (A) is the a b s o r p t i o n c r o s s 

sect ion at wave l eng t h A for the i - t y p e a tmospher i c con s t i t uen t with 

concen t ra t i on n. and scale he i gh t H. at a l t i tude z. C h ( x , z ) is s imp ly the 
i i 

s ecant of the so lar d i s t ance when X is smaller than 75°: For l a r ge r 

d i s t a n c e s C h a p m a n ( 1931 ) ha s s h o w n that the E a r t h ' s c u r v a t u r e must be 

t aken into account and v a r i o u s analyt ica l app rox ima t i on s are avai lable 

for the C h a p m a n f unc t i on C h ( x , z ) ( S w i d e r , 1964; S w i d e r and G a r d n e r , 

1969) . 

A s a c o n s e q u e n c e of the exponent ia l dec rea se of the a tmospher i c 

c o n s t i t u e n t s , maximum of a b s o r p t i o n app rox imate l y o c c u r s at the a lt i tude-

whe re x ( A , x , z ) = 1- U s i n g the semi-empir ica l model D T M of Ba r l i e r 

et al. ( 1978 ) and the a b s o r p t i o n c r o s s sec t i on s tabu lated for 5 nm 

w a v e l e n g t h i n t e r va l s b y T o r r et al. ( 1979 ) between 5 nm and 105 nm, 

one ob ta i n s in F i g u r e 6 the a l t i tudes where un i t optical dep th is 

r eached as a f unc t i on of w a v e l e n g t h . Computa t i on s are made for 12 

h o u r s L S T above S c h e v e n i n g e n for spec i f ic d a y s when so lar u l t rav io let 

f l u x e s are ava i lab le in tabu la r form. A b o v e 105 nm molecular o x y g e n 

a b s o r p t i o n c r o s s sec t i on s are adopted as a v e r a g e d v a l u e s of the detai led 

measu rement s of O g a w a and Ogawa ( 1975 ) . T h e s e v a l u e s are in r e a s o n -

able ag reement with the a v e r a g e d c r o s s sec t ions s u g g e s t e d b y A c k e r m a n 

- 2 1 -
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(1971) . Since semi-empir ical models usua l l y do not ex tend below 120 km 

a l t i t u d e , the U . S . S t a n d a r d Atmosphere fo r 45°N was used below that 

he igh t w i t h some a r b i t r a r y a justment to match the concent ra t ions g iven 

by DTM at 120 km. It can be seen in F igure 6 tha t the he igh t fo r uni t 

opt ical dep th s t r o n g l y depends on the w a v e l e n g t h , on the solar zen i th 

d is tance and on solar a c t i v i t y . A l t h o u g h no solar f l u x value en te rs in 

the computat ion of the opt ical d e p t h , the neu t ra l atmosphere above 120 

km is s u f f i c i e n t l y va r iab le w i t h solar a c t i v i t y to modi fy the he igh t were 

maximum absorp t ion o c c u r s . Solar a c t i v i t y va r ia t ions induce s t rong 

modi f icat ions in the composi t ion and tempera tu re of the upper atmo-

sphere and it is completely unrea l i s t i c to adopt a un ique c u r v e fo r the 

a l t i t ude of u n i t opt ica l d e p t h . F u r t h e r m o r e , seasonal and d i u r n a l 

va r ia t ions alco a f f cc t the pene t ra t i on of suldr rad ia t i on . 

Solar u l t r a v i o l e t f l uxes c o r r e s p o n d i n g to the dates ind ica ted in 

F igure 6 were measured on board of A tmosphere Exp lo re r E and are 

tabu la ted by T o r r et al . (1979) below 105 nm. F igure 7 shows the 

ext reme values c o r r e s p o n d i n g to h igh solar a c t i v i t y (19 F e b r u a r y 1979) 

and to low solar a c t i v i t y (23 A p r i l 1974). Dots and crosses co r respond 

to solar emission l ines whose in tens i t ies are inc luded in the f l u x values 

averaged over 5 nm i n t e r v a l s . Above 105 nm the he igh t of un i t opt ical 

dep th is on ly g i ven fo r 23 A p r i l 1974 since tabu la ted f l u x values are 

on ly avai lable fo r th is date (Heroux and H i n t e r e g g e r , 1978) at the 

p resen t t ime. Hopefu l l y more data wi l l become avai lable v e r y soon, since 

the lower thermosphere between 85 km and 120 km is s t i l l poor ly 

known. Good solar i r rad iance data in the Schumann-Runge cont inuum 

below 175 nm are of paramount impor tance, since molecular o x y g e n is 

s t r o n g l y photod issoc ia ted in th is wave leng th range in the lower thermo-

sphere and leads to atomic o x y g e n which becomes a major atmospher ic 

cons t i t uen t above 150 km a l t i t ude . Comparisons between atomic oxygen 

concent ra t ions at 120 km f rom semi-empir ical models and f rom opt ical 

measurements reveal d iscrepanc ies wh ich may reach a fac to r of f ou r 

( K o c k a r t s , 1981). 
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Whereas semi-empirical atmospheric models use only two solar 

act iv i ty indices (F and F ) , solar ultraviolet f luxes measurements deal 

with more than 1000 indiv idual wave lengths . H interegger (1981) 

d i s cu s sed va r ious representat ions of solar f luxes for aeronomical 

appl icat ions. The re is actually no un iversa l solution, s ince the adopted 

wavelength intervals depend on the objective which has to be tackled. 

On one hand the solar spectrum has its own character i s t ics and on the 

other hand the atmospheric species have their indiv idual absorpt ion 

spectra. The c ro s s sections tabulated by To r r et al. (1979) at 5 nm 

wave lgnth intervals are weighted va lues computed from a compilation by 

K i r b y et al. (1979) at all wave lengths of the solar lines and continua 

g i ven in a solar reference spectrum of H interegger (1976). Molecular 

o x y g e n and molecular n i t rogen have complicated absorpt ion and ioniza-

tion c r o s s sections (see B a n k s and Kocka r t s , 1973a; Lofthus and 

K rupen ie , 1977) which are not always perfectly known. 

A s stated p rev iou s l y the optical depths used in F igure 6 are 

computed with 5 nm interval averaged molecular o x y gen absorpt ion c ro s s 

sections between 105 nm and 175 nm. Measured absorpt ion c ro s s 

sections (Ogawa and Ogawa, 1975) are shown in F igure 8 for the 
3 _ 

g r o u n d state 0 ? ( X I ). The s t rong band s t ruc tu re below 130 nm clearly 

indicates that a detailed ana lys i s of the penetration of solar radiation 

would require a much h igher resolut ion of the solar spectrum. Inc iden-

tal ly, the small absorpt ion c ro s s section of O^ at Lyman-a indicates why 

this radiation can penetrate in the terrestr ia l atmosphere down to meso-

spher ic levels. Lyman-a line at 121.567 nm is not included in the unit 

optical depth computation of F i gu re 6. 

Another interest ing example is g i ven by the h i gh l y var iable 

absorpt ion c ro s s section of O^ in the S c h u m a n n - R u n g e bands . U s i ng the 

absorpt ion c ros s sections of Ackerman et al. (1970) it is poss ible to 

estimate the s t ruc tu re of the solar spectra which could be ob se rved at 

85 km altitude for 90° solar zenith distance. The resu l t s of such a 

computation is shown in F igure 9 for the 10-0 band. The incident solar 
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i r rad iance, shown in the upper part of F i gu re 9, is taken from Samain 

and Simon (1976). It appears that the incident spectrum is s t rong l y 

modified and the resu l t ing spectrum is even temperature dependent 

s ince the absorpt ion c ro s s section in the S c h u m a n n - R u n g e bands is 

inf luenced by the atmospheric temperature. S u c h an experiment could 

p rov ide informations not only on the solar spectrum, but also on the 

absorpt ion spectrum of molecular o x y g e n . A f i r s t approach along this 

line has been made by Longmire et al. (1979) d u r i n g re -en t r y of a 

rocket launched from the White S a n d s , New Mexico, missile range. 

Other examples showing how the optical depth var ies in several bands 

of the S c h u m a n n - R u n g e system are g i ven by Kockar t s (1971). In photo-

chemical models deal ing with numerous chemical reactions and t ran spo r t 

phenomena, it i s , however, diff icult to introduce the detailed absorpt ion 

in the S c h u m a n n - R u n g e bands . The re fo re , several simple approximations 

have been establ i shed (see Kocka r t s , 1976) in o rder to prov ide a con-

venient technique for the computation of solar penetration in the 

S c h u m a n n - R u n g e bands of molecular o x y g e n . 

5. E N E R G E T I C E F F E C T S OF S O L A R R A D I A T I O N 

A n y cons iderat ion of the effect of solar radiation on the terrestr ia l 

atmosphere should deal with three aspects : the intens i ty of the solar 

radiat ion, the capabi l ity for atmospheric species to ab so rb th is radiation 

and the abundance of the ab so rb i ng species. With, the tabulated va lues 

of T o r r et al. (1979) for solar i r rad iances between 5 nm and 105 nm 

and the va lues of Heroux and H in teregger (1978) between 105 nm and 

175 nm, the atmospheric model of Bar l ier et al. (1978) leads to the 

absorbed ene rgy rates above S cheven ingen shown in F i gu re 10 for 12 

hou r s L S T on the day when the solar f luxes were measured. The U . S . 

S t anda rd Atmosphere was used below 120 km altitude. The full c u r ve 

g i ve s the total ene rgy absorbed between 5 nm and 175 nm. The dashed, 

dotted-dashed and dotted c u r v e s are the contr ibut ions of the indicated 

wavelength ranges to the total absorpt ion, t y m a n - a is not inc luded in 

the 105-135 nm interval , s ince th is radiation is on ly absorbed below 

-27-



Fig. 9 : Penetration of solar radiation in the 10-0 band of 

the Schumann-Runge system of Grazing incidence 

(X
 =

 90°) is assumed at 85 km altitude where two 

extreme temperatures are adopted. Incident solar 

flux is shown in the upper part. 
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Fig. 10 : Absorbed energy rate as a function of height at 12 
hours LST on 23 April 1974 above Scheveningen. 
Energy distribution in various wavelength ranges 
is shown by dashed line, dotted line and dotted 
dashed line. 
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100 km as a consequence of the low absorption cross section of O^ (see 
F igure 8) at 121.567 nm. It can be seen that the extreme ultraviolet 
wavelength range ( M 5-105 nm) is mainly absorbed above 150 km, 
whereas absorption in the Schumann-Runge continuum (AA. 135-175 nm) 
peaks around 100 km and Lyman-a has its maximum absorption in the 
mesosphere below 85 km alt itude. T h e wavelength range KX 105 - 135 nm 
corresponds to a h igh ly variable absorption cross section for O^ (see 
F igure 8) but the absorbed energy rate has been computed with 
averaged cross sections. Crosses in F igure 10 indicate total absorbed 
energy rates obtained when the neutral model of Hedin et al. (1977a, b ) 
is used instead of DTM. 

In order to emphasize the high var iabi l i ty of solar absorption in 
the extreme ultraviolet, F igure 11 shows the absorbed energy rate for 
f ive days between 1974 and 1979, i . e . from minimum ( c u r v e 1) to 
maximum ( c u r v e 5) solar act iv i ty conditions. Extreme ultraviolet i r ra -
diances ( T o r r et al. 1979) increase dur ing that period, but composition 
and temperature in the neutral model are simultaneously modified. 
Furthermore, at 12 hours L S T the solar zenith angle x is not constant 
with seasons. As a result , there is no simple relation between the 
absorbed energy rate and the variations of solar extreme ultraviolet 
f l u x e s . F igure 11 indicates that around 150 km for the same local solar 
time, the absorbed energy rate can be much smaller for maximum solar 
act iv i ty than for minimum solar act iv i ty conditions. The vertical integral 
of the absorbed energy i s , however, greater for maximum solar 
act iv i ty . 

S ince the f i r s t ionization potentials of O 2 , O, N 2 and He are at 
102.7 nm, 91.0 nm, 79.6 nm and 50.4 nm respect ively , a s igni f icant 
part of the absorbed energy rate below 105 nm is consumed in ionization 
processes. F igures 12 and 13 show ion production rates at 12 hours 
L S T on 18 ju ly 1976 and 14 December 1978, respect ively . These two 
days have been chosen since they correspond to the extreme solar 
zenith distances used prev ious ly . In F igure 12 the major ion production 



ABSORBED ENERGY RATE (erg c m J s J ) 

Fig. 11 : Absorbed energy rates above 120 km for the five days considered in Fig. 
6. Solar zenith distances X are given for each.day. 
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PRODUCTION RATE (crrr3sJ) 

Fig. 13 : Same as 
ditions. 

Fig. 12 but for 14 December 1978. High solar activity con-
He+ ion production is apparent. 



+ 

results from N 2 whereas the N 2 production rate is never the most im-

portant in Figure 13. Furthermore the He+ production rate is completely 

negligible below 350 km in Figure 12. Actual ly the total ion production 

rates in Figures 12 and 13 follow closely the corresponding absorbed 

energy rates in Figure 11. 

For a given extreme ultraviolet irradiance, ion production rates 

vary strongly dur ing the day as it can be seen on Figures 14 and 15 

where diurnal variations of and 0 + are shown at 150 km and 200 km 

altitude. Such an effect is a combination of the time variation of the 

solar zenith angle, and the diurnal variation of the neutral atmosphere. 

Both Figures indicate that ionic production is more important at 150 km 

than at 200 km for spr ing and summer condit ions. Dur ing winter the 

opposite situation occurs and no simple dependence on solar activity can 

be deduced. Furthermore, a good knowledge of solar irradiances is re-

quired when specif ic applications are attempted. As an example, Taieb 

et al. (1978) explained an observed daytime valley in the ionospheric F̂  

layer by introducing a downward ionization dr i f t . These calculations 
- 2 2 

were made by using Hinteregger's (1976) f luxes (F1 f ) 7 = 73 x 10 
- 2 - 1 Wm Hz ) and measurements on board of AEROS-A (Schmidtke, 1976) 

- 2 2 - 2 - 1 

when F 1 q 7 = 95 x 10 Wm Hz . Schmidtke's values were closer to 

the solar act ivity conditions at the time when the valley was observed 

and only these data lead to a good f i t with the incoherent scatter 

results. 

A fundamental parameter for the determination of the thermal 

structure of the upper atmosphere is the heating eff ic iency which is the 

fraction of the absorbed energy rate (see Figure 10) transfered into 

heat. Some of the absorbed energy is used for photodissociation, mainly 

in the Schumann-Runge continuum and below 102.6 nm some energy is 

consumed for ionization processes. The problem is, however, compli-

cated by the fact that products of photodissociation such as excited 

atomic oxygen 0( D) can undergo collisional deactivation and can be 

transported a lower heights. Moreover, after the production of electron-
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Fig. 14 : Daily variation of N 2
+ production rates at 150 km and 200 km. Solar 

activity increases from 1974 to 1979. 



LOCAL SOLAR T I M E ( h r s ) 

Fig. 15 : Daily variation of 0 + production rates for same conditions as in Fig. 
14. 



ion pa i r s the photoelectrons can excite neutral species leading to a i r -

glow phenomena and/or to atmospheric heat ing. B a n k s and Kockar t s 

(1973b) s ugge s ted that the heating eff ic iency shou ld depend on the 

solar cycle because the relative abundances of the dif ferent ions, atoms 

and molecules are var iable. Recent ly, T o r r et a I. (1980) found that the 

heating eff iciency is a funct ion of altitude and solar cycle. It peaks 

actually near the he ight of maximum extreme ultraviolet absorpt ion (see 

F i gure 11) at a value of approximately 50%. A t present time, it is 

extremely diff icult to cons t ruct theoretical models which could g i ve 

resu l t s comparable to those obtained in F i gu re s 1a and 1b from semi-

empirical models, s ince there are not enough solar ultraviolet i r -

radiances available for all solar act iv ity condit ions. Bu t , there are also 

h i gh latitude heat sources which must be included in three-dimensional 

models. The se h i gh latitude heat sources result from particle prec ip i ta-

t ions and from Joule d iss ipat ion by electric cu r r en t s (see B a n k s , 1977) 

and the whole thermosphere is inf luenced by dynamical interactions 

between the atmosphere, the ionosphere and the magnetosphere (see 

May r et al. 1978). H igh latitude heat sources may reach va lues as h i gh 
- 2 - 1 

as 100 e rg cm s ( B a n k s , 1977). Bu t solar extreme ultraviolet is tha 

most important heat source since it inf luences permanently 50% of the 

whole thermosphere. 

U s i ng the va lues of T o r r et al. (1979) for the extreme ultraviolet, 

the va lues of Heroux and H in teregger (1978) in the S c h u m a n n - R u n g e 

cont inuum and their var iat ions quoted by H in teregger (1981) and the 

Lyman-a var iat ions of V ida l -Madjar (1975), the energetic var iat ions of 

solar i r rad iances between minimum and maximum solar activity can be 

summarized as follows : 

- 2 - 1 
- from 5 nm to 105 nm, E = (5 ± 3) erg cm s 

- 2 - 1 
- from 105 nm to 175 nm, E = (9 ± 3) erg cm s 

- 2 - 1 
- at Lyman-a , E = (6 ± 2) erg cm s 



When these i r rad iances are compared to the solar constant value of 
6 - 2 - 1 

1.367 x 10 erg cm s (Wil lson, 1978), it appears that ob se r ved 

var iat ions in the solar ultraviolet f luxes only represent parts per million 

of the total electromagnetic emission of the SUn . It could seem s u r -

p r i s i n g how such a small f ract ion can induce the ob se r ved large 

var iat ions in the upper atmosphere. The quantitat ive importance of solar 

f lux var iat ions can be under s tood b y comparing the total kinetic ene rgy 

in a vertical atmospheric column to the solar ene r g y which can be 

absorbed in such a column. Table I g i ve s a r ough comparison between 

these quant it ies. The available solar ene r g y is estimated by as suming a 

24 hou r s permanent il lumination. It i s , therefore, an upper limit. It is 

seen that the extreme ultraviolet ene r g y (AA 5-105 nm) is comparable to 

the kinetic ene r g y present in a column above 100 km, S ince this solar 

ene r g y is actually absorbed in th i s column, it can s t r ong l y modify the 

thermospher ic s t ruc tu re . The S c h u m a n n - R u n g e cont inuum inc lud ing 

Lyman-a is comparable to the atmospheric kinetic ene r g y down to the 

mesopause level. Even when the available solar ene r g y is extended up 

to 200 nm or 300 nm it becomes less important compared to the ex i s t ing 

kinetic ene rgy in the s t ra tosphere . A s an example the ene r gy available 

in the 5 nm-200 nm range represent s on ly 1% of the kinetic ene rgy at 

the s t ratopause. Between 200 nm and 300 nm absorpt ion by ozone is 

c learly important in the s t ra tosphere . Bu t above 200 nm there is ap-

parent ly not enough var iat ion in the solar i r radiance (Cook et al. 1980; 

Thu i l l ie r and S imon, 1981) to induce changes in the absorbed ene rgy 

comparable to the atmospheric kinetic e n e r g y . 

6. C O N C L U S I O N 

Some solar ultraviolet i r rad iances below 175 nm are now available 

for aeronomical appl icat ions. One solar cycle, however , can be v e r y 

di f ferent from the next one (H i n te regge r , 1979) and up to now no 

s ing le measurement has ever been performed for v e r y h i gh solar 

act iv i ty such as in 1958. Con s i de r i ng the period from 1 Janua ry 1958 to 

30 Apr i l 1980, i .e. 8156 d a y s , it is poss ib le to compute the probabi l i ty 

-38-



TABLE I : Kinetic energy column content and available solar energy for 
24 hours illumination. 

XX(nm) Solar energy 
(erg cm 2) 

5-300 
5-200 
5-175 
5-105 

1.4 x 10 
(7 ± 0.8) x 10( 

(1.7±0.7) x 10 
(4.3±2.6) x 10" 

6 

Altitude 
(km) 

Kinetic energy 
(erg cm 

15 
50 
85 

100, 

7.0- x 10 
7.1 x 10 
2.5 x 10* 
2.5 x 10f 

10 
8 
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for f i nd ing solar act iv i ty condit ions approximately identical to the deci -

metric f l uxes F and F ex i s t ing on the d a y s when the f ive sets of i r r a -

diances used in th is paper were measured. F i gu re 16 shows th is p ro -

babi l i ty as a funct ion of s imultaneous var iat ions in the daily 10.7 cm 

f lux and in the three solar rotation averaged va lues. S u c h a probabi l i ty 

is seen to be v e r y low, especial ly for h i gh solar act iv i ty. In semi-

empirical models a var iat ion AF = AF = 10 leads to a thermopause 

temperature var iat ion of the o rder of 50 K and a quantitat ive deter -

mination of the var iat ion of solar ultraviolet i r rad iances is far from 

being available for all solar act iv ity condi t ions. 

Independent ly of the complicated interaction between solar radiation 

and the Ea r th ' s atmosphere, it shou ld be clear that solar i r rad iances 

const itute the most important upper bounda r y condition which shou ld be 

determined with the h ighes t poss ib le accuracy . S ince th is upper 

bounda r y condit ion is chang ing over shor t and long time per iods , many 

measurements are requ i red before a definite picture of the var iabi l i ty 

can be establ i shed. 
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