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Abstract

Monthly median empirical models IRI-95 and NeUoG were compared with incoherent scatter EISCAT and
Millstone Hill observations as well as with El Arenosillo Digisonde N (/1) bottomside profiles. A comparison was
made for various seasons, levels of solar activity, daytime and night-time hours. The results on the topside
comparison: 1) the IRI-93 model systematically and strongly overestimates the N (/) effective scale height both
for daytime and night-time periods especially during maximum and middle solar activity both at EISCAT and
Millstone Hill; 2) the NeUoG model on the contrary systematically underestimates the scale height at all levels of
solar activity. But the NeUoG model provides much better overall agreement with SD being less by a factor of
1.5-1.7 in comparison with the IRI-95 model results. The results on the bottom-side comparison: 1) the IRI-95
accuracy is different for daytime and night-time hours, being much worse for the night-time; 2) the NeUoG
model similar to IRI-95 demonstrates much worse accuracy for the night-time hours; 3) the NeUoG model
demonstrates no advantages over the [RI-95 model in the bottomside N,(h) description. A new simple TopN
model for the N (/) topside distribution based on the EISCAT and Millstone Hill observations is proposed. The
model is supposed to be normalized by the observed hmF, and Nm#, values and is valid below a 600 kim height.
The TopN. model provides good approximation accuracy over EISCAT and Millstone Hill observations. A
comparison with the independent Intercosmos-19 topside sounder observations is given.

Key words empirical N(h) models — incoherent files in the most widely used IRI model (IRI-80,

scatter — digisonde — topside sounder observations 86, 90, 95) are based on the bottom- and topside
ionosonde observations.

If the bottomside N () model description

1. Introduction has been improved over the yeurs, the topside
N (h) is based on Alouette | and 2 topside sound-

Knowledge of electron density height dis- er measurements from 1962 to 1966 and practi-
tribution N (/1) is of great importance for ground- cally has not been changed since 1970 when it
based and space techniques using radio signals was proposed by Bent and colleagues (see Bi-
traveling through the ionosphere. The NV (/) pro- litza er al., 1993 and references therein). These

Alouette observations include only solar mini-
mum and low solar moderate (F,,, < 130) con-
ditions. Obviously this shortcoming of the IRl
dFTonrossiial Masnetism, Ionasphotatd Radia Wats Brinik lqpmdc_a N (/1) was revealed in comparison with
gation, Russian Academy of Sciences, 142092 Troitsk, direct incoherent scatter (Buonsanto, 1989) and
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(Benjkova ef al., 1990). So additional attempts
have been undertaken to improve the IRI model
N (h) specification (Decker et al, 1997). Re-
cently a new global University of Graz N(h)
model (NeUoG model) has been proposed by
Leitinger (1998) in the framework of the Euro-
pean COST 238/251 Projects.

The only straightforward way to estimate the
quality of the N.(#) model is to compare the
N (h) model profiles with direct incoherent scat-
ter or topside ionospheric sounder observations.
A comparison with TEC is also possible (Bilitza
et al., 1998), but TEC is an integral characteris-
tic and does not say anything about the specific
shortcomings of the N (#) distribution.

The aim of this paper is to compare the [RI-
95 and the NeUoG-model with incoherent scat-
ter EISCAT (69.6N; 19.2E) and Millstone Hill
(42.6N; 288.5E) as well as with El Arenosillo
(37.1N; 353.3E) digisonde observations for dif-
ferent geophysical conditions to make a quanti-
tative conclusion about the merits of these mod-
els. A new TopN, model for the N,(h) topside
specification based on the EISCAT and Mill-
stone Hill observations is proposed as well and
some comparisons with Intercosmos-19 topside
sounder cbservations are made.

2. Data selection

Daytime (around noon) and nighttime
(around midnight) EISCAT and Millstone Hill
incoherent scatter observations were chosen for
the analysis. EISCAT summer nighttime hours
in fact correspond to twilight conditions as solar
zenith angle is around 90°. Periods of maxi-
mum, middle and low solar activity were ana-
lyzed. Only quiet days with A < 12 were select-
ed. The use of quiet time periods implies the
analyzed conditions to be close to monthly
median as the tested models are monthly medi-
an ones. Additional comparison of model bot-
tomside N,(f) was made with available daytime
El Arenosillo digisonde observations for solar
middle and minimum conditions. The night-
time digisonde profiles were not analyzed as
there is a great deal of uncertainty with the V(1)
specification in the E-F valley region, especial-
ly during night-time hours. The distribution of
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tested data over years, solar activity and seasons
is given in table 1.

The EISCAT CP-1 program provides range
profiles of N, every 5 min with the antenna
beam directed along the local geomagnetic field
line. As the field line inclination at the EISCAT
location is 77.6° and sinl = 0.98, these range
profiles may be considered with sufficient accu-
racy as height N (/) profiles. They were used to
calculate median profiles over a two-hour time
interval (about 25 values) for the chosen peri-
ods, These median N (h) profiles were com-
pared with model N (/) for corresponding geo-
physical conditions,

Millstone Hill IS facility provides three local
N.(h) profiles per hour, and we used at least a
3 h period of observation (8-10 profiles) to cal-
culate median height profiles. Of course, such a
3 h averaging interval is too long with respect
to the 1.5 h characteristic time for the daytime
F,-layer maximum, so we tried to select the days
and periods around noon and midnight of rela-
tive stability in Nm/F, and linF, daily variations.
These median N (4) profiles were spline-inter-
polated to give a constant 10 km height step
convenient for a comparison with the models.

Routine El Arenosillo digisonde daytime
N (h) profiles obtained with a 10 km height step
were used for a comparison. Each N.(h) was
analyzed separately and only reliable profiles
for quiet days (A, < 12) were left for further
comparison. The tested models were normal-
ized by the observed Nm/f, and hmF, values to
analyze the relative accuracy of model N(h)
specification. We calculated the standard devia-
tion (8D) and the mean shift (SHIFT) of model
log Ne(h) with respect to the observed log Ne(h)
for the topside and bottomside of N (/1) sepa-
rately using the following expressions:

SHIFT = izdx
n

SD=\/M%D[Z(dX2)—l(ZdX)Z}

where dX = logN,  —logN  at each height
step. The SHIFT parameter gives mainly the

qualitative characteristic of the model N (/) pro-
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Table I The distribution of testing data over years, solar activity levels and seasons for EISCAT, Millstone Hill

and El Arenosillo observations.

o

Number of

Solar activity Years Average I, Season
level profiles used
EISCAT

Maximum 1989-1991 190-222 Winter 23
Summer
Equinox

Middle 1987,1988,1992 123-153 Summer 18
Equinox

Minimum 1987 T1-83 Summer 10
Equinox

Millstone Hill

Maximum 1990-1991 184-215 Equinox 18
Winter

Middle 1992-1993 124-134 Summer 11
Winter

Minimum 1997 73 Winter 6

El Arenosillo

Middle 1993 108.7 Equinox 37
Summer
Winter

Minimum 1995-1996 65-73 Equinox 59
Summer
Winter

Table II. Empirically found correction factors for /,
to fit the observed A, at Millstone Hill.

Solar activity level Daytime Night-time
Maximum 0.65 1.0
Middle 0.85 1.15
Low 1.1 1.25

file with respect to the observed one, while the
standard deviation SD gives the quantitative
characteristic of such a comparison. Calculated
SHIFT and SD over each profile with a 10 km
height step were averaged for given solar activity
level, day and night periods. The results of this
comparison for three models in the 150-600 km
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height range for EISCAT and Millstone Hill
observations are given in tables IIL and 1V, Table
IV also gives the results for El Arenosillo digi-
sonde bottomside noon N (1) observations.

3. TopN, model derivation

Incoherent scatter observations are known
to provide an excellent material on N(4). T(h),
T(h) height distribution for 1-2 decades of con-
tinuous observations for all seasons and local
times. But unlike satellite observations, they
provide only local data. These IS observations
may be used for the analysis and derivation of
N (1) models, but being linked to local observa-
tions such models need special testing to check
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Table III. Model testing results for topside N (k). Mean SD and (SHIFT) values are given for daytime and
mc'ht time (second line) pennds for three levels of solar stlwty

Solar activity level IRI-95 NeUoG-model TopN -model
) - EISCAT -
Mauximum 0.125 (0.178) 0.059 (- 0.085) 0.012 ( 0.021)
0.079 (0.098) 0.035 (-0.029) 0.014 (- 0.009)
Middie 0.051 (0.095}) 0.047 (- 0.077) 0.019 ¢ 0.029
0.041 (0.071) 0.044 (- 0.027) 0.026 ( 0027
Minimum 0.064 (0.022) 0.025 (-0.035) 0.023 ( 0.033)
0.046 {0.037) 0.053 (- 0.051) 0.030 ( 0.041)
Average SD daytime 0.080 0.044 0.018
Average SD night-time 0.055 0.044 0.023
7 Millstone Hill
Maximum 0.095 (0.155) 0.046 (-0.019) 0.025 ( 0.000)
0.117 (0.152) 0.057 ( 0.07D) 0.021 ¢ 0.010)
Middle 0.055 (0.111) 0.024 (- 0.032) 0.016 ( 0.021)
0.061 (0.086) 0.036 (- 0.000} 0.033 (- 0.014)
Minimum 0.066 (0.126) 0.031 ( 0.047) 0.034 (-0.025
0.039 (0.001) 0.051 (-0.0335) 0.032 (-0.016)
Average SD daytime 0.072 0.034 0.025
Average SD night-time 0.072 0.048 0.029

their applicability to other areas over the globe.
A simple empirical model of the topside N (/1)
distribution based on the analysis of EISCAT
(auroral zone) and Millstone Hill (midlatitude)
observations is proposed. The approximation
accuracy ol the experimental 1S profiles with
this model is analyzed and topside scunder
Intercosmos-19 N (h) observations are used as
an independent material for comparison.

The analysis of the observed IS N(h) pro-
files shows that the N (/) topside distribution
below 600 km has practically constant effective
scale height. General expression for the vertical
plasma velocity in the ambipolar approximation
is following (Banks and Kockarts, 1973)

T, +T) .,
e

V.=- n-{:

v, (3.1)

. dInN, . gni, din(T, +T,) W
dh KT, +T) dh
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where V_is the vertical plasma velocity, 7 and 77 -
plasma temperatures, m,- O' ion mass, v - total
O’ ions collision frequency, W - vertical plasma
drift velocity due to thermospheric winds and
electric fields. The expression (3.1) may be re-
written to give the effective scale height,
H,=—|dInN/dh]"
V. -W
+

am,
KT +T)

D

— - l
. din(T, +T.)
dh

(3.2)

where D, = k(T +T)) sin’ //my. is the ambipolar
ditfusion coefficient.

The second term in (3.2) is known to provide
the main contribution to H,. The quantitative
contribution of different terms to A in {3.2)
may be estimated using the results of the self-
consistent method by Mikhailov and Schlegel
(1997) application to the incoherent scatter ob-
servations. This method using the standard N.(h),
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Table IV. Model testing results for bottomside N (4). Mean SD and (SHIFT) values are given for daytime and
pight-time (second line) periods for three (EISCAT, Millstone Hill) and two (El Arenosillo) ]evels of solar activity.

Only noon El Arcnosillo observations are analyzed.

NeUoG-model

" Solar activity level IRI-95

B EISCAT

Maximum 0.066 (-0.019) 0.079 ( 0.000)
0.333 (- 0.320) 0.162 (—0.240)

Middle 0.040 ( 0.011) 0.066 (-0.025)
0.461 (—0.397) 0.127 (-0.212)

Minimum 0.032 (- 0.012) 0.102 (- 0.043)
0.184 (—0.197) 0.137 ( 0.002)

Average SD daytime 0.046 0.082

Average SD night-time 0.326 0.142

0 Millstone Hill

Maximum 0.129 (- 0.044) 0.114 (- 0.046)
0.194 ( 0.012) 0.372 ( 0.169)

Middle 0.066 (- 0.038) 0.064 (- 0.040)
0.240 (- 0.084) 0.315 ( 0.121)

Minimum 0.086 (- 0.076) 0.097 (-L164)
0.238 (- 0.029) 0.273 ( (1L1306)

Average SD daytime 0.094 0.092

Average SD night-time 0.224 0.320

B El Arenosillo 7
Middle 0.092 (- 0.062) 0.198 (- 0.123)
Minimum 0.079 (- 0.020) 0.270 (= 0.190)

~ Average SD daytime 0.085

0.234

7.(h), T(h), V.(h) incoherent scatter observations
provides the set of main aeronoemic parameters
responsible for the observed N (f) distribution
in the daytime F -region. The calculated neutral
composition and temperature as well as vertical
plasma drift W allows us to estimate the contri-
bution of different terms in (3.2) to H,,. Figure |
gives two examples of such N (h) fitting analy-
sis for daytime hours and the ratios of the first
and the third terms in (3.2) to the second one.
The contribution of the first term is seen to
decrease rapidly with height, then remains prac-
tically unchanged above the hmF, height. The
contribution of the third term may be up to 30%
in the topside. The contribution of the first term
is seen to increase at lower latitudes where the
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magnetic inclination I is less. This is due to D,
dependence on sin’f as well as to W increase
being related to the meridional thermospheric
wind V as W=V sinl cosl. Therefore, in prin-
ciple, with known plasma temperatures T (/)
and T (k) the effective scale height H_, may be
calculated above 400-450 km using plasma scale
height H, corrected by a factor 01‘ + (10-15)%
(the first term contr ibution). This correction lac-
tor is negative during daytime and positive dur-
ing night-time hours. Both the northward ther-
mospheric wind (negative plasma drift W) and
the upward plasmaspheric flux decrease H,, with
respect to H during the daytime. The effect of
winds and phsmaspheng fluxes is inverse dur-
ing night-time hours and H, increases with re-
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Fig, 1. The results of N (h) fitting for EISCAT and Millstone Hill observations using the Mikhailov and Schlegel
(1997) self-consistent method (left boxes) and corresponding height variations for Term!/Term?2 and ’I‘crm3/

Term?2 ratios from the expression (3.2).

be applied. The Brace and Theis (1981) model
for 7, and the Titheridge (1998) model for T,
were used in model derivation, Unfortunately, a
comparison of model T, with direct IS observa-
tions gives large discrepancies, therefore such a
simple H, correction cannot be applied directly.

spect to H_ (Ivanov-Kholodny and Mikhailov,
1986).

The most essential point is to use correct
plasma temperatures. As the model is supposed
to be used globally at medium and moderately
high latitudes, the global 7, and 7, model should
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Usuvally model T, are much higher than the ob-
served ones and a special analysis was under-
taken to find empirical factors to correct the
calculated plasma scale height. On the other
hand, T, being linked to the neutral temperature
(MSIS-83 model was used in our analysis) in
the considered height range, turns out to be
close to IS observations. The empirical factors
for H_ turned our to be larger than mentioned
above to compensate improper model 7, values.
Moreover a different correction was required
for different levels of solar activity and seasons.
Table II gives the empirical correction factors
for H, to fit the Millstone Hill N (k) observa-
tions. The above mentioned tendency in daily
H , variations due to thermospheric wind and
plasmaspheric flux changes is clearly seen in
table II. Somewhat different coefficients were
obtained to fit the EISCAT observations keep-
ing in mind specific conditions of the auroral
ionosphere especially during winter time.
Chapman shape profile was used to model
N (h) in the vicinity of the F,-layer maximum

N(h)=N_exp[l —-X-exp(-X)] (3.3)

m

where X = (h-h )/H_ and H_, is a scale height to
be specified. After differentiation (3.3) gives

dinN, _
dh

1 " exp(fX)-

H (3.4)

Ch Ch
The scale height ., is specified under the
condition h-h, = H_,. Keeping in mind that
dInN [dh = -1/H ,, we obtain from (3.4) A, =
= (0.632 H_(h). The H, is taken at the level
h = h +H (h). Usually i, = 375 km, but
h,= 475 km for daytime at high solar activity.
Linear interpolation is applied everywhere to
find the parameters for twilight and intermedi-
ate levels of solar activity.

The N(h) height distribution above the A,
level is obtained by the 1/H_ integration in height

J. (3.5)

Further analysis has shown that better N (h)

h

N, (h) =N, (h,)exp (j L

ity eff
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approximation for EISCAT and Millstone Hill
cbservations for all conditions except for solar
minimum may be cbtained if a constant H _ is
applied above the & = h +H(h ) height, H
being the neutral scale height for atomic oxygen at
the £,-layer maximum and H,, = —(dInN/dh)"
is the scale height around 450 km obtained
from (3.5).

4. Comparison with observations

The results of IRI-95 and NeUoG models
testing are given for topside (table IIT) and bot-
tomside (table IV) N (h) observed with EISCAT
and Millstone Hill IS facilities. A similar com-
parison was made for the newly proposed Top/,
model to demonstrate the accuracy of data ap-
proximation with this model. Table TV also gives
the results for IRI-95 and NeUoG models com-
parison with noon El Arenosillo digisonde N, (/)
observations.

Examples of typical (with SD and SHIFT
close to the values given in tables 1II and 1V)
model N (h) profiles along with the IS observa-
tions are shown in figs. 2 and 3 for day and
night-time periods and three levels of solar ac-
tivity. Figure 4 gives a comparison with di-
gisonde daytime observations for three seasons,
middle and low solar activity. Model profiles
are normalized by the observed hmF, and NmF,
values.

5. Discussion and conclusions

The results of the topside N (k) comparison
(table III, also figs. 2 and 3) show:

1) The IRI-95 model systematically and
strongly overestimates the scale height (positive
SHIFT) both for daytime and night-time peri-
ods especially during maximum and medium
solar activity. This is not surprising as the Allou-
ette 1 and 2 observations at low solar activity
were used for the IR model derivation. Average
SD are quite large (0.06-0.08) being close for
daytime and night-time periods. These conclu-
sions are valid both for EISCAT and Millstone
Hill.



Andrei V. Mikhailov, Tatjana Yu. Leschinskaya, Gloria Miro and Vietor Kh, Depuey

700 —_——
| Aug 02, 1989 A
FSm_7=208
600 -,
— "',_\. '
§ =
§500 ——— EISCAT ™=
1 - -- IRI-95 1
5400 = === NelUoG ]
= | #*=== TaopNe J
pai i i
=300
200+ 1
= .,J'
e
100 ¥ ._T T T T i3 ¥ T T T T
48 50 52 54 656 58 690
Log Ne(h), em—3
700 — T T
| Aug 30, 1988 —— EISCAT |
FS107=153 - -~ IRI-95
600 e wue NelUoG 1
J o, TopNe
E =~
&500— ]
9 400
=
-+ -
5300
200 1
4 .“ﬂ_‘ 4
100+—"——F—+ 11—
4.8 60 52 54 56 58 6.0
Log Ne(h), cm—3
7001 ————
Mar 24, 1987 EISCAT |
FS14=77.0 -~— IRI-95
600+ 5 =+ +rs NeUoG
. W TopNe
gsoo-_ ]
< 400+
= ]
e J
a2 — -
%«300
200

OO0 —— ST e
4.0 42 44 46 4.8 50 5.2 54 5.6
Log Ne(h), ecm—3

700 T r T —— T T
1 Aug 02, 1989 _
FSlu‘7=208
6004 e, |
— 1 \ 7
E50090 ___ piscar 1
~ 1 —-— IRI-95
5200 = —— NeUoG
] TopNe
b=t
- -
=300 i
200
100 T T T T
4.8 5.0 52 54 5.6 5.8
Log Ne(h), cm-3
700 e
Aug 30, 1988
FS07=153
600 i
— ‘l\.
5500’ ——— TEISCAT
e 1 - - - IRI-95
L4004 ==+ NeUoG -
=] | A TOPNG ]
=
+ - o
2300 !
4 J
200—_:"..
100 T =TT —
4.6 4.8 5.0 5.2 5.4 5.6
Log Ne(h), cm—3
00— r—T—T—F——F"—T—FT T T
May 13, 1987 |
FS8,0,=83.5
600 '\. ~ !
Ny
3 - "
&°997 — mscar
1 -—-—- IRI-95 T
G400~~~ NeUoG
= | aaaaa TOPNE
*
ik -
2300
200+ e i
00 \l-hl ‘)i-.|—.i~.’f S ST e W R S e
4.0 4.2 4.4 46 48 50 52 54 56

Log Ne(h), cm—-3

Fig. 2. Typical model N (k) profiles along with the EISCAT observations for day (left hand boxes) and night
(right hand boxes) periods for maximum, middle and low levels of solar activity. Model N (/) profiles are normalized

by the observed fimF, and NmfF..

112




A comparison of N (/) model profiles with ground-based and topside sounder observations

700 T ———r— T 700 T T T - T T T
Dec 06, 1991 | Apr 08, 1990 |
FS;7=215 FS;p,=187
600‘ 10.7 600‘ 10.7 |
— 1 \ i — T “
£500- s 5500— VL . |
= 11— MH. N 17~ 1---IRI-95 . 1
=400+ - - - IRI-95 g 4004 == === NelUoG ]
2 | wu wne NeUoC B sssss TopNe
e TopNe e
=300 1 Z300+
2001 T 1 200
100‘:'?('.,.1.....1.... 100———m————
4.8 5.0 52 54 5,6 58 6.0 6.2 6.4 48 50 52 &4 56 58 6.0
Log Ne(h), em-3 Log Ne(h), em-3
700 —— 17— 700 1+——F—F——— S
Jul 30, 1992 — M.H. i 1 Jan 23, 1993
FS10,=98.1 — —— IRI- FS1p7=134
600 10.7 e o i%[Ug(ﬁ} 600 10.7
— i | ’é‘ ]
5500 ﬁ5oo M
= ] 1 ——— IRI-95
=400+ 4 5400 == NeUoG 1
= =] T TOPNG
= 300+ =300+ ]
200+ 1 200 _
i e
100 - ; e ——
4.8 5.0 5.2 54 58 58 2.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2
Log Ne(h), em-3 Log Ne(h), cm-3
1 S — I o s
Jan 07, 1997 ~—— M.H. | Jan 07, 1997 — M.H.
FSia7=73 ——— IRI-95 FS107=73 - —— IRI-95
600 v e es NeloG A 660 A ws o= NelUoG
— swsss TopNe | s+sas TopNe
§500t 1 §5oo—
& 400+ 1 S400- .
=} | i =
+ A | = B 4
2300 =300
200 1 200
e 4 i
100+ 20+——————1———1—————
44 4.6 4.8 50 52 54 56 5.8 3.4 36 838 40 4.2 4.4 4.6 4.8

Log Ne(h), em-3

Fig. 3. Same as fig. 2, but for Millstone Hill observations.

113

Log Ne(h), cm-3



Andrei V. Mikhailov, Tatjana Yu. Leschinskaya, Gloria Miro and Victor Kh. Depuev

v . ; T ; 300 ——
A Jul 12, 1996, 12.0 UT Jul 06, 1993, 12.0 UT
FSpa=71.1 FSi0,=100.7
2501 T C ;E}%I_Aggnosﬂlo { 2501 ]
g = H
ks e NBUOG,,’ e — El Arenosillo
= - . ~ - - - IRI-95
%200_ L ] 3200* = =un NelloG 4
2 2
- -+
= =
150+ 1 150+
- =
100 = \ T T T T T 100 e e ey
5.0 52 5.4 56 5.8 48 50 b2 64 56 658 6.0
Log Ne(h), cm-3 Log Ne(h), em-3
250 T v T T T T T 250 T T T T T T T T T
Dec 05, 1996, 12.0 UT Dec 15, 1993, 12.0 UT
FS;p,=68.0 FSy0,=105.2
= = — El A ill
E 200- Beoo —- - mites . |
— - == === NelUoG
< <
2 A7 2
-+ -~ -+
=S 1509 = 1 ] b
= !\ —— El Arenosillo =R
A ~— - IRI-95
¢ == o= NelUolc
100+—7— 100 Al
4.8 5.0 5.2 5.4 56 5.8 4.8 850 62 54 56 58 60
Log Ne(h), cm-3 Log Ne(h), cimn—3
250 T T T T T 300 . T . . :
Oct 10, 1996, 12 UT Apr 11, 1993, 12 UT
FS107=68.9 FS157,=121.5
E —~ 2501
82007 —_ gl Arenosillo P 4 1 E,« — El Arenosillo
b - - - IRI-95 o8 L - - - IRI-95
L == wev NelloG B agp,| NelUoG ]
z g
£ 150- o t B
i 150 1
i
e /
- Ao
100 T T T -
4.6 5.0 5.4 58 10%.0 5.4 5'g 6.2
Log Ne(h), cm-3 Log Nef(h), cmm—3

Fig. 4. A comparison of typical El Arenosillo digisonde noon-time N (h) profiles with the IRI-95 and NeUoG
models for middle and low of solar activity.
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Fig. 5. A comparison of three models with the Intercosmos-19 topside sounder observations. Model N (%) profiles
are normalized by the observed imF, and NmfF, values.
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2) The NeUoG-model, on the contrary sys-
tematically underestimates the scale height (neg-
ative SHIFT) at all levels of solar activity. This
elfect is especially obvious in comparison with
EISCAT observations. No noticeable difference
is seen between daytime and night-time condi-
tions — the SD is about 0.035-0.045. But this
is much less (by a factor of 1.5-1.7) than the
IRI-95 model. So, the NeUoG model is much
more efficient than TRI-95 in describing the N (/)
topside distribution,

3) A new TopN -model provides quite good
approximation accuracy. The SD ranges from
0.018 to 0.029 and this is by a factor of 2.7-3.2
smaller than the IRI-95 model gives. No sys-
tematic shift of the scale height is seen — half of
the results has one sign, the other has the oppo-
site. But it should be kept in mind that the Top/,
model was derived using the same IS obser-
vations. A comparison with the independent
topside sounder Intercosmos-19 observations is
given below in fig. 5.

The results on the bottomside comparison
(table IV, also figs. 2 to 4) show:

1) Unlike the topside case the TRI-95 bot-
tomside description accuracy is quite different
for daytime and night-time hours. It is much
worse for the night-time period where the aver-
age SD equals 0.326 at EISCAT and 0.224 at
Millstone Hill. During the daytime SD is quite
acceptable being equal to 0.046 at EISCAT,
0.094 at Millstone Hill and 0.086 at El Areno-
sillo. Negative SHIFT at EISCAT and Millstone
Hill tells that the IRI-95 bottomside N (k) pro-
file is narrower (especially during night-time)
than the observed one. This is the case for all
levels of solar activity at both IS locations. At El
Arenosillo the sign of SHIFT is also negative
telling us that the IRI-95 profile is narrower
than the observations.

2) The NeUoG model does not show any
systematic shift of the N (k) profile (signs of
SHIFT are different), but similar to the IRI-95
model the accuracy of the night-time N (/1) de-
scription is much worse (SD =(0.142-0.32) com-
pared to the daytime period (SD = 0.082-0.092).
Even worse results are obtained in comparison
with digisonde observations. Average daytime
SD = 0.235 and this is worse than the IRI-95
model provides. So one cannot say that the
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NeUoG model demonstrates any advantages over
the TIRI-95 model in the bottomside N(h) de-
scription.

On the other hand, fig. 4 shows the problems
with the digisonde N () profile during daytime
solar minimum conditions, Figure 4 (top left
hand panel) obviously shows the effect of the
well developed F-layer appearance. The auto-
matic ionogram scaling results in an unrealistic
N.(h) profile. An analysis of the El Arenosillo
digisonde N (h) profiles shows that this is a
typical daytime situation at solar minimum. Ob-
viously a comparison of models with such N (/1)
profiles is not correct.

A newly developed TopN, model may be
compared with Intercosmos-19 topside sounder
observations which were not used for the model
derivation. The Intercosmos-19 sounder operat-
ed during very high solar activity (1979-1980).
Some winter and summer, daytime and night-
time N (/) profiles obtained in different longitu-
dinal sectors were chosen for a comparison.
Three models were compared with the observed
N (h) profiles in fig. 5. As above, model profiles
were normalized by the observed fim £, and N I,
values. Left-hand boxes are supposed to dem-
onstrate more or less close agreement of the
TopN, model with the observations, while right-
hand boxes give the examples of poorer agree-
ment. As in figs. 2 and 3 the IRI-95 model is
very far from the observations in all cases while
the NeUoG model gives much better overall
agreement.

Three December cases (right-hand boxes)
were specially chosen to demonstrate the prob-
lems with a pure empirical approach to the N (/)
modeling. Dynamical effects related 1o the ther-
mospheric winds and the plasmaspheric fluxes
are clearly seen in the N (/) topside distribu-
tions. Strong poleward neutral thermospheric
wind along with the upward plasmaspheric flux
result in a small H_ during daytime winter hours
on December 6 and December 28. The opposite
effect is seen for the night-time case of Decem-
ber 1, but not for similar conditions on Decem-
ber 3 (left-hand, bottom box). Obviously it is a
problem to take into account such longitudinal
variations in an empirical model. A more ex-
tended comparison of the TopN, model with
topside sounder observations is required in fu-
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ture to obtain statistically significant figures of
merit. But the most perspective solution is seen
in a semi-empirical approach to the N (k) mod-
eling when observed himF, and NmF, values are
included in a theoretical model to give a proper
N (h) description.
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