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Abstract-Incoherent scatter observations of the ionosphericF, layer above Saint-Santin(44.6%) are
analyzed after correction of a systematic error at 165 and 180 km altitude. The daytime valley
observed around 200 km during summer for low solar activity conditions is explained in terms of a
downward ionization drift which reaches -30 m s-i around 180 km. Experimental determinationsof
the ion drift confirm the theoretical characteristics required for the summer daytime valley as well as
for the winter behaviour without a valley. The computations require an effective dissociative

recombination rate of 2.3 x lo-’ (300/‘F,)“.7@I&-‘) and ionizing fluxes compatible with solar activity
conditions at the time when the valley is observed.

1. INIXODUCIION
The

F,

layer of the terrestrial ionosphere is generally regarded as being well described by photochemical processes (see Bishbeth and Ganiott,
1969; Banks and Kockarts, 1973) and transport
phenomena are usually not important during the
day (Schunk and Walker, 1973). Photochemistry
alone can lead to a daytime Fl ledge discovered by
Appleton (1933) but not to a daytime F, valley
which is observed above Saint-Santin
(44.63”N,
02.22”E geographic coordinates). The purpose of
the present paper is to provide an explanation of
such a daytime irregularity (Taieb et al., 1975) by
using an ionic wind effect confirmed by observations at the French multistatic incoherent scatter
facility.
The irregularity is characterized by a daytime
valley in the electron density profile of the F1 layer.
Instead of observing a continuous increase of the
electron density above 120 km, it appears that the
concentration increases up to a value n_ at height
z -, then it decreases to a value nmin at altitude
.zmin,and finally starts to increase again towards the
normal F2 peak value. Incoherent scatter observations between 1967 and 1972 were analyzed by
Taieb et al. (1975) who showed that the phenomenon is seasonal and solar activity dependent with an
important diurnal variation. The importance of the
phenomenon was characterized by a valley parameter S = 100X (L-n&)/n,,.
The formation of
the valley starts several hours after sunrise between
1007

0700 and 1000 UT. The valley parameter
6
reaches its maximum value around noon, decreases
in the afternoon and disappears between 1400 and
1800 UT. The valley is present only from March to
the beginning of September. During the rest of the
year one observes the normal behaviour of the Fl
layer without this valley. Finally, there is no valley,
even between March and September, for high solar
activity conditions, i.e. from 1967 to 1969 in the
data presently analyzed.
The morphology of the phenomenon described
by Taieb er al. (1975) qualitatively remains valid
although a numerical error has recently been detected in the general computer program used for
the reduction of the data gathered since 1971 with
the French incoherent scatter facility.
Before the correction of this error in 1977, electron
densities determined after 1971 were systematically
underestimated
at two altitudes, namely 165 and
180 km. Although this correction unfortunately
falls in the height range analyzed by Taieb et al.
(1975) it does not affect the existence of the daytime valley phenomenon with its diurnal, seasonal
and solar activity variations. Two quantitative consequences, however, result from this correction:
-the
valley parameter 6 is between 5 and 10%
instead of 10 and 25%;
-the
density maximum occurs near 180 km
(instead of 150 km) and the density minimum
is around 200 km (instead of 165 km).
Figure 1 shows a comparison between the density
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FIG. 1. FLECIXONDENSITY
PROFILE
ABOVESAINT-SW
ONAUGUST9,1972 AT 1030 UT.
Full cnrve is obtained after correction of the systematic
error detected in 1977. Dashed curve corresponds to the
uncorrectedprofile.

profiles before (Taieb et al., 1975) (dashed line)
and after (full line) the correction for August 9,
1972 at 1030 UT.
The corrected electron density pro&s will be
analyzed by using the electron continuity equation
in which a realistic transport effect will be included
in order to reproduce reasonably well the observed
concentrations. Winter and summer conditions will
be examined separately since the dynamical behaviour is completely different. The theoretical
ionic movements required to explain the phenomenon will be compared with observations made with
the French multistatic incoherent scatter facility.
Such a comparison will show that the theoretical
ionic wind is compatible with the ionic drift observed at Saint-Santin.

less than 10 s in the E region and less than 1000 s
in the Fl region (see Banks and Kockarts, 1973), a
first attempt to explain the daytime Fl layer was
made by considering the classical balance between
ionic production and loss. Such an approach requires the knowledge of a neutral atmospheric
model in which ionic production by solar ultraviolet
radiation and by ion-neutral
reactions can be
equated to ionic loss by ion-neutral reactions and
by ion-electron
dissociative recombination.
With
the usual assumption of electric charge neutrality it
is then possible to compute the electron concentration by solving a system of algebraic equations.
The vertical temperature
distribution
T(z) is
given by (Bates, 1959)
T(z) = T,- (T,-

T&e-*(2-120),

(1)

where z is the altitude in km, T, is the thermopause temperature,
Tlu, is the temperature at
the lower boundary and s is a slope parameter. The
last three quantities can be deduced from incoherent scatter
measurements.
We adopt
T,=
1100 K, T,,, = 400 K and s = 0.026 km-’ in a set of
computations when the neutral concentrations
at
120 km arbitrarily vary within the following limits:
5 x lo9 cm-gdn(0)~5

x 10” cm-3,

1 x lo9 cm-3 < n(02) d 4 x 1ol0 cm-“,
1x10”cm-3~n(N,)~4x10”cm-3.

Since the time constants necessary to reach
photochemical equilibrium conditions are usually

Such extreme variations of the neutral concentrations at 120 km are highly improbable, but they
were used to see if photochemical
equilibrium
could eventually explain the daytime ionospheric
valley.
The solar ultraviolet fluxes (Hinteregger, 1976;
Schmidtke, 1976) as well as the absorption and
ionization cross sections adapted from Banks and
Kockarts (1973) are given in Table 1. In the altitude range of interest (120-250 km) the important

TABLE 1. SOLARULTRAVIOLET
FLUXES(lo9

s-l),

2. PHcYrocHEMIcALEQulLmRluM

photons cm-’

ABSORPTION

(A) AND IONIZATION
(r) CROSSSECTIONS

(lo-la cmq

Wavelength (nm)

Flux
(Hinteregger, 1976)

102.7-91.1
91.1-80.0
80.G70.0
70.0-63.0
63.G46.0
46.0-37.0
37.0-28.0
28.0-20.5
20.5-16.5
16.5-15.0

9.1
8.6
2.1
0.2
6.0
0.5
11.7
3.6
3.6
0.4

(Schmi::,
13.4
11.7
2.9
0.3
8.7
0.7
15.0
6.7
7.3
1.2

1976)

0

A=1

3.0
4.0
8.0
10.0
9.0
7.0
5.0
3.3
0.9

Cross sections
A
4.8
15.0
21.8
22.3
25.6
19.3
16.6
13.0
6.6
1.8

02

I

A

3.3
5.7
11.1
22.3
24.8
19.3
16.6
13.0
6.6
1.8

0.1
5.0
26.5
24.4
24.0
22.4
12.1
11.0
2.1
0.7

N2

I
18.0
23.5
23.5
22.4
12.1
11.0
2.1
0.7
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continuity equation for electrons assuming a
horizontal stratification of the ionosphere can be
written under steady state conditions in the Fl layer
as
The

0++02-,0+0*+
(cm3 s-l),

(2)

(cm’ s-l),

(3)

k, = 2 x lo-l6 (cm” s-l),

(4)

k, = 1.4x lo-” (cm’ s-l),

(5)

k5 = 7 x lo-” (cm3 s-l),

(6)

k, = 2.0 x 10-“(T/300)-“2
O++N,+N+NO+
k2 = 1.2 x 10-‘2(T/300)-’
O,++N,+NO+NO+
N,++O+N+NO+
N2++0,~N2+0,+

with the dissociative recombination processes
NO’+e+N+O
aNo+ = 4.1 x 10-‘(3oo/T.)

(cm3 s-l),

+a~+n(O2+h

(11)

where n, is the electron concentration, u. is the
vertical electron velocity and P. is the electron
production rate by photoionization. The loss term
results from processes (7) to (9). Introducing the
composition parameter p = n(O’)/n. and the effective recombination coefficient
a=

(7)

aNO+n(NO+)+aN2+n(N~+)+aol+n(02+)
n(NO+)+n(N2+)+n(02+)

’

02)

N,++e+N+N
aN,f = 3 x 10-7(300/T,)1’3 (cm’ s-l),

(8)

a%+= 2.2 x lo-‘(300/T.)

(9)

equation (11) becomes

O,++e+O+O

(13)
(cm3 s-l).

The reaction rate coefficients are taken from the
compilation of Banks and Kockarts (1973). It is
also possible to determine some important ionospheric reaction rates from the Atmospheric Explorer in situ measurements. The results obtained by
Torr et al. (1977a) for k2 and by Torr et al. (1977b)
for k, are in good agreement with the values used
in the present computations. The dissociative recombination rates aNO+ and a%+ also agree fairly
well with the laboratory measurements of Walls
and Dunn (1974).
Allowing extreme variations of the lower boundary conditions and using the previously described
photochemical scheme it is impossible to obtain a
daytime valley in the F1 region even by changing
arbitrarily the dissociative recombination rates by a
factor of two. At best a ledge could be obtained.
A last attempt has been made by introducing the
effect of neutral nitric oxide through the reaction
NO+02+-*02+NO+,

(10)

with a rate coefficient b = 4.4 X lo-” cm” s-’ (Lindinger ef al., 1975). A set of arbitrary nitric oxide
profiles was used and only negative values of NO
could lead to valley. Such an unrealistic assumption
of course must be eliminated and it appears that
photochemical equilibrium cannot explain the observed valley. It is, therefore, necessary to include a
transport effect in a realistic analysis.

with
n. =n(O+)+n(NO+)+n(N2+>+n(02+).

(14)

The electron continuity equation (13) can be
used to determine which electron velocity profile u,
is compatible with the observed daytime valley.
Such a vertical velocity profile must then be compared with the velocity profile measured by incoherent scatter sounding at the same time as the
electron density profile. Furthermore, a relationship must be established between the permanent
character of the observed phenomena (i.e. the systematic presence of the valley during several
months of the year) and the ion or electron velocity
resulting from neutral circulation and ionospheric
electric fields. Such an analysis takes into account
the various photochemical parameters (solar fluxes,
dissociative
recombination
rates, composition
parameter) whose influence can be pointed out.
Summer conditions for low solar activity will be
examined first and the winter situation without a
valley will be discussed in Section 4.
3.1 Ion uelocity model
When the electron density is assumed to be
known, it is possible to deduce the electron or
average ion vertical velocity profile by solving equation (13) for a specific set of photochemical
parameters. Compatibility with the presence of a
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daytime valley is assured if the velocity u. has
following characteristics:
- u, must be almost zero at low altitude near
130 km;
-above
130 km altitude u. must be negative
(i.e. downwards) and it must reach a value of
the order of -25 to -30 m s-l near 180 km
altitude;
-the
velocity gradient must change its sign
above that height and u, must tend towards
zero or a positive value around 220 km altitude.
The full curve on Fig. 2 represents a typical profile
obtained on May 6, 1975 at 1100 UT. Solar fluxes
measured by Hinteregger (1976) for low solar activity conditions have been used with the absorption and ionization cross sections given in Table 1.
Since the vertical electron profile is obtained in
approximately one hour, an average solar zenith
angle x of 33” (set x = 1.19) is adopted at SaintSantin on May 6, 1975 at 1100 UT. Neutral concentrations n(X) are computed from the relation
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(Mayr et ai., 1976). The effective dissociative

re-

combination a is adopted as
CY= 2.3 x 10-7(300/T,)o~7(cm3 s-l),

(16)

and
the effect of this expression will be discussed
later. The height variation of the composition
parameter p is given by Oliver (1975)

with the temperature profile (1) in which T, =
1100 K, T,, = 400 K and s = 0.026 km-’ were obtained from the incoherent scatter sounding on
May 6, 1975 (Carru et al., 1967; Bauer et al.,
1970), I-I, is the partial pressure scale height for
each neutral
constituent
X.
The
concentrations
at
120 km are respectively,
n(0) = 4 X 10” cmd3,
n(02) = 3 X 10” cmm3 and n(N,) = 2.8 x 10” cmm3
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Crossesrepresent velocities with their error bars observed
on May 6, 1975 between 1000 and 1100 UT at various
altitudes.

p=2/[1+[1+8Xexp

(y)r],

(17)

where zso is the altitude for which p = 0.5 and H is
an empirical scale height. Incoherent scatter measurements lead to z50 = 190 km and H = 20 km for
summer conditions.
With the empirical velocity protile of Fig. 2,
equation (13) is solved for the electron density.
Figure 3 shows satisfactory agreement between empirical and observed protiles. This implies that the
characteristics of the velocity profile given on Fig. 2
are realistic. Some variations are, however possible.
The valley depth becomes larger when the absolute
value of the minimum velocity increases. Furthermore, variations in the altitude of the velocity
minimum imply variations of the altitude of the
electron density maximum. The density maximum
around 180 km altitude actually results from a
downward electron fluz coming from higher levels
and reaching a value of 6-8 x 10s electrons cmm2s-’
around 180 km.
The agreement between the empirical and observed profiles of Fig. 3 must, however, be SUStained by observations of the ion drift which up to
now has been adjusted in a way to reproduce the
observed electron density profile. The French multistatic incoherent scatter facility (Bauer et al.,
1974) fortunately allows a determination of three
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components of the ion drift vector (Blanc et al.,
1977). Figure 2 also shows the observed vertical
ion drift deduced on May 6, 1975 from measurements at three receiving stations. At a given time,
the ion drift is measured along the bisector of the
emitted and received beams. The altitude of the
measured component is not the same for each
station. Homogeneous data are obtained at a given
height by averaging over a 2 h period with running
means over 30 min time steps. Height interpolation
leads to the ion drift vector in the reference frame
of the three stations. A change of coordinates gives
the vertical ion drift shown on Fig. 2. Observed
values of Fig. 2 clearly indicate a minimum in the
vertical velocity of the order of -40 m s-’ around
180 km. The observed values of Fig. 2 are in
satisfactory agreement with the postulated profile
despite the rather poor time resolution of the measurements.
The adopted ion velocity model is, therefore, confirmed by observations. It must, however, be
realized that each ionic species has its own velocity.
We consider here an average ion velocity since this
quantity is accessible through the incoherent scatter
data.
3.2 Ion drift effect on the permanence of the daytime
valley
Although the observations of May 6, 1975 are
compatible with the ion drift of Fig. 2, one has to
explain the permanence of the F1 region valley
during low solar activity summer conditions. When
ion diffusion is neglected, it is possible to show
(Amayenc, 1975) that the ion drift component vi1
perpendicular to the magnetic field B is given by
vil=vmI

ri2

-+-l+s

v,~xB
B

ri

l+ri

+E’ y+--ri

B l+ri

E,xB
B*

1

l+r;’

(18)

where v,,~ is the neutral wind velocity vector perpendicular to B, EL is the electric field vector
perpendicular to B and ri is the ratio of the mean
ion-neutral collision frequency y, to the mean ion
gyrofrequency C+ Knowledge of the various
parameters in equation (18) leads to the two components vti and viY of vii. The third component v,ll
parallel to the magnetic field can be identified with
the neutral wind component parallel to B when ion
diffusion is neglected below 200 km altitude. Once
the three components v,, vi, and Vi11
are known in
the geomagnetic reference frame, a coordinate
transformation leads to the vertical component vi,

in the geographical reference frame. A brief description of the quantities involved in equation (18)
will be given before showing numerical results.
Using the ion-neutral collision frequencies given
by Stubbe (1968), it is possible to write the mean
ion-neutral collision frequency as a function of the
composition parameter p and of the neutral concentrations in the following form
y, =

1:yi5’ [0.93(Z’/1000)0~37n(0)+0.687n(N2)
+ 0.667n(O*)]

+2x1o-15(1-p)

[0.25n(0)+0.415n(N2)

2-P
+0.585(T/1000)0~‘8n(02)],

(19)

where T is the neutral gas temperature. Expression
(19) is obtained by using the same atomic mass for
NO+ and 0,’ (i.e. 32 a.m.u.).
The mean gyrofrequency is given by
W=pW(O+)+(l

-P)0(02+),

(20)

where the mass of NO’ has also been assumed to
be the mass of 02+.
The adopted neutral wind model is the analytical
model developed by Amayenc (1974) from incoherent scatter measurements of Vill.The north-south
component of the neutral wind is considered in this
model as resulting from a 24 h diurnal tide and a
12 h semidiurnal tide for which phases and amplitudes are determined. The east-west component is
deduced from the north-south component by a
phase change of ~12.
The electric field E, is deduced from drift measurements obtained by incoherent scatter measurements during five days in July between 1973 and
1975 for low solar activity conditions. Since it takes
30-45 min to obtain a vertical ion drift profile
between 120 and 200 km, the velocities at each
altitude are averaged over one hour time interval
and a diurnal variation of E, is deduced from
running means over 30 minute interval (Blanc and
Amayenc, 1976).
Using relation (18) and the procedure which has
been described, one obtains the vertical ion profiles
of Fig. 4 at 0900 and 1000 UT for three hypotheses
about the electric field: i.e. zero electric field, electric field deduced from ionic drift measurements,
and electric field with a predominant
east-west
component. Figure 4 indicates that the shape and
the magnitude of the velocity profile is compatible
with the results of Fig. 3. Furthermore, it appears
that the electric field at Saint-Santin latitude has no
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major effect on the shape of the velocity profile.
The absolute value of the ion drift, however, depends on the electric field when the east-west
component (-2mV/m) in particular is predominant.
In the present case an east-west component of
-0.2mV/m
(positive towards east) and a southnorth component of -lmV/m
(positive towards
north) have been adopted. Since the neutral wind
and the electric field used in the computations of
Fig. 4 are characteristic for summer conditions
under low solar activity, it is reasonable to assume
that the velocity profiles of Fig. 3 and 4 are permanent features for these geophysical conditions. The
summer daytime valley for low solar activity, therefore, appears as a consequence of the particular
structure of the vertical ion drift.

COMPUTED

FOR z5,, =

than molecular ions. This fact points out the necessity for a good choice of the composition parameter
given by equation (17). Using the dissociative recombination rate given by equation (16), one obtains on Fig. 5 several electron density profiles
corresponding respectively to 210, 200, 190, 180
and 170 km for the altitude parameter zso where
n(O+)/n, =OS. None of these profiles obtained
without transport effect fits the observed density
(dashed curve) on May 6, 1975 at 1100 UT but, it
seems that 190 km s z5,, s 200 km could represent
average conditions. When the velocity profile of
Fig. 2 is introduced in the continuity equation, one
obtains the results of Fig. 6 which clearly shows

3.3 EfJect of photochemical parameters
It has been shown that photochemical equilibrium cannot explain the daytime valley in the Fl
region. Photochemical parameters such as the composition parameter p, effective dissociative recombination rate a and solar U.V. fluxes are, however,
constrained to a narrow range of values which are
now discussed.
A classical analysis of the equilibrium between
production and loss (Rishbeth and Garriott, 1969)
shows that a ledge can appear in the transition
region where atomic ions become more abundant
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that .zso= 190 km is a good choice to compute the
composition parameter p. Furthermore, the composition parameter directly deduced from the incoherent scatter measurements of May 6, 1975 is
shown as a function of universal time on Fig. 7 for
several altitudes. The composition parameter
obtained with equation (17) from Oliver (1975) are
0.31, 0.42, 0.58 and 0.79 for 165, 180, 220 and
225 km altitude with z50 = 190 km and H = 20 km.
These values used at 1100 UT are in good agreement with the observed values of Fig. 7. An ion
composition model (Torr and Harper, 1977) has
been derived from Atmosphere Explorer C data for
interpretation
of F1 region data at Arecibo. This
model is not in contradiction with the values used
in the present work.
In the previous computations the effective dissociative recombination rate was given by equation
(16). Adopting different values for (Ybetween 3.0 x
lo-’ (300/T.)‘” and 2.1 x lo-’ (300/T’)“.7 (cm’~-~),
one obtains the results of Fig. 8 where the transport
effect previously described is taken into account.
The best agreement with the observed profile results for (Y= 2.3 x lo-’ (300/T.)“.7 (cm3 s-l). Such a
dissociative recombination
rate cannot be directly
compared with laboratory data (Walls and Dunn,
1974) or with in situ determinations
(Torr et al.,
1977a) since the partial ion concentrations must be
accurately known as can be seen from equation
(12) which defines (Y.The value of o falls, however,
in the range of the experimental values obtained
for each ion (Biondi, 1969; Walls and Dunn, 1974;
Torr et al., 1977a).
The results presented in Figs. 5, 6 and 8 are
obtained with the ultraviolet fluxes (see Table 1)
given by Hinteregger (1976). Using the best photochemical parameters previously discussed, the same
computation has been made with the solar fluxes
(see Table 1) obtained by Schmidtke (1976). Figure
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9 shows a comparison of electron densities obtained with Hinteregger’s and Schmidtke’s fluxes
respectively when the upper boundary electron
concentration is the observed value at 225 km in
both cases. The shape of the electron distribution
resulting from the use of Schmidtke’s fluxes is
completely different from the density computed
with Hinteregger’s fluxes. Such an example shows
that in presence of a transport effect, the electron
density in the F1 layer is not proportional to the
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square root of the solar U.V. flux. This proportionality is, however, recovered at 140 km altitude where
the vertical ion drift used in the present computations is negligible. It is furthermore interesting to
note that the observed electron density of May 6,
1977 corresponds to a solar 10.7 cm radioelectric
flux Fro.7 = 76 x 1O-22W mm2Hz-’ whereas Hinteregger’s flux measurements correspond to Flo.7 =
73 x 1O-22W me2 Hz-‘. Schmidtke’s data were obtained for F,,, = 95 X 1O-22 W me2 Hz-‘. It appears,
therefore, that the differences between the two
computed curves of Fig. 9 reflect a different solar
activity level between May 6, 1975 and the observational conditions of Schmidtke (1976). Although
there is no unique correlation between the solar
decimetric flux and each individual line of the solar
ultraviolet spectrum, it is clear from Fig. 9 that any
attempt to fit an observed electron daytime valley
with a theoretical model requires an accurate
knowledge of solar fluxes obtained under similar
conditions to the electron densities.
CASEWllXlOUr AVALLJZV
Even for low solar activity conditions, a daytime
valley has never beetrobserved
above Saint-Santin
(Taieb et al., 1975) during winter. A typical profile
of January 30,1972 at 1100 UT is given on Fig. 10
where the electron density rapidly increases above
160 km altitude to reach the maximum density of
the F2 peak which is located around 250 km altitude.
The electron continuity equation (13) is solved
with the solar fluxes of Hinteregger (1976), a solar
zenith angle x of 66.4” (set x = 2.50) and an effective dissociative recombination rate given by equation (16). The composition parameter p is computed with H = 10 km and z50 = 155 km. The value
of zso was chosen after several attempts with 250
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from 150 to 200 km. The temperature
profile is computed from equation (1) with T, =
870 K, 7’120=335 K and s=O.O26 km-‘. Neutral
concentrations
at 120 km altitude are taken at
4Y’N for low solar activity conditions during winter
(Mayr et al., 1976). The adopted values are n(0) =
8 x 10” crr~-~, n(02) = 4 x lOlo cmw3 and n(N2) =
2.8~ 10” cmm3. The ionization drift used in the
computed profile of Fig. 10 is given by the full
curve of Fig. 11. It appears that the vertical ionization drift for low solar activity conditions (see Fig.
11) is rather diRerent from the summer profile of
Fig. 2. As for the summer case it is interesting to
compare the observed profile of Fig. 11 with a
theoretical computation.
Starting from equation
(18) where the various parameter
are computed
for winter conditions, one obtains the full curves
shown on Fig. 12. These results differ from the
experimental data of Fig. 11, particularly by the
presence of a minimum around 180 km altitude.
The full curves of Fig. 12 are, however, obtained by
omitting ionic diffusion which can become important above 180 km under winter conditions as a
consequence of the lowering of the F2 peak in
winter. The ionic diffusion velocity wb in the Fl
layer can be reasonably approximated
by (see
Banks and Kockarts, 1973)
ranging

kT,
w,=- -sin21
?%%I
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where k is Boltzmann’s
constant,
g is the
acceleration of gravity, Ti and T, are the ion and
electron temperatures, m is the mean ionic mass,
vi, is the ion-neutral
collision frequency, n. is the
electron concentration
and I is the magnetic dip
angle. The ion diffusion velocity is of the order
of - 15 m s-l at 200 km, - 9 m s-l at 190 km, and
rapidly vanishes below 180 km altitude for winter
wnditions. When the correction w, given by equation (21) is applied to the full curves of Fig. 12, one
obtains the dashed curves which are in reasonable
agreement with the experimental profiles of Fig.
10. The difference between summer and winter ion
drift profiles essentially results from the ion difision which starts to become important at lower
heights in the winter Fl layer. Furthermore, as a
consequence of the lower altitude of the F2 peak
during winter, the vertical electron density gradient
is much greater in the Fl layer (see Fig. 10) for
winter conditions. The combination of this effect
and the different winter ion profile is responsible
for the absence of a daytime valley in the Fl layer
under winter conditions.
5. CONCLUSIONS

valley has been observed in the F1
layer above Saint-Santin
during summer for low
solar activity conditions. Although photochemical
equilibrium theory is usually a good approximation
for the ionospheric Fl layer, it cannot explain the
presence of a daytime valley even qualitatively.
The introduction of a downward vertical ionization drift in the electron continuity equation leads,
A daytime
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however, to a satisfactory explanation. The downward drift must reach values of the order of -25 to
-30 m s-r near 180 km. Above and below this
height the vertical transport tends towards zero
near 130 and 220 km altitude respectively. Such a
transport, which initially was introduced to obtain
an electron vertical distribution in agreement with
the observations, is confirmed by measurements
with the French incoherent scatter facility. The
reality of the phenomenon is also emphasized by
the agreement between observed and theoretical
ionization drifts under low solar activity winter
conditions for which the daytime valley disappears.
From the analysis of the summer daytime valley,
it appears that the effective dissociative rewmbina(Y= 2.3 x lo-’
should
be
tion
rate
(300/T,)“~7(cm3s-‘),
i.e. a value compatible with
laboratory and in situ determinations
for specific
molecular ions.
Furthermore,
the ionizing U.V. fluxes must be
known with great accuracy in order to explain the
daytime valley. An ideal situation occurs when
solar U.V. fluxes are measured for identical solar
activity conditions as those existing at the time
when the daytime valley occurs. The introduction
of a transport effect destroys the proportionality
between ionizing fluxes and electron number densities.
In summary, the daytime valley in the F, layer

above Saint-Santin
is direct consequence
of a
downward ionization drift characterized by maximum downward electron flux of the order of 6-8 X
10’ electrons cm-’ s-’ around 180 km altitude.
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