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Comparison of the first long-duration IS experiment
measurements over Millstone Hill and EISCAT Svalbard
radar with IR12001
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Abstract

The first long-duration incoherent scatter (IS) radar observations over Millstone Hill (42.6°N, 288.5°E) and EISCAT Svalbard
radar (ESR, 78.15°N, 16.05°E) from October 4 to November 4, 2002 are compared with the newly updated version of the IRI model
(IRI2001). The present study showed that: (1) For the peak parameters sz and -, F», the IRI results are in good agreement with
the observations over Millstone Hill, but there are large discrepancies over ESR. F/or the B parameters, the table option of IRI pro-
duces closer values to the observed ones with respect to the Gulyaeva’s option. (2) When the observed F, peak parameters are used
as input of IRI, the IRI model produces the reasonably results for the bottomside profiles during daytime over Millstone Hill, while
it gives a lower bottomside density during nighttime over Millstone Hill and the whole day over ESR than what is observed exper-
imentally. Moreover, IRI tends to overestimate the topside (. profiles at both locations. (3) The , ; profiles of IRI can generally
reproduce the observed values, whereas the IRI-produced .. . profiles show large discrepancies with the observations. Overall com-
parative studies reveal that the agreement between the IRI predictions and experimental values is better over Millstone Hill than that
over ESR.
© 2005 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The International Reference Ionosphere (IRI) model
is the mo.
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this campaign, this paper makes a comparative study be-
tween the ISR observations at these two sites and the
IR12001 model. As ISR can probe the whole ionospheric
information from bottomside to topside, rather than
ground ionosondes can only see the ionosphere up to
the point of highest density (the F, peak), the measure-
ments are used to assess the whole electron density pro-
files also the plasma temperature profiles predicted by
the IRI model.

2. Data set and analysis method

A long-duration incoherent scatter radar experiments
were carried out at Millstone Hill and ESR from Octo-
ber 4 to November 4, 2002. Over Millstone Hill, these
experiments included the 410 and 480 ps single-pulse
(S/P) and the alternating code (A/C) measurements. In
this study, the A/C data with higher height resolution
~5 km are used to deduce the peak parameters and B
parameters, while the S/P data with higher upper height
boundary are used to compare the IRI height profiles.
Over ESR, the vertical measurements, with the variable
height space from 3 to 36 km over the height range of
90-772 km, are used to analyze.

First, the peak electron density (¢ ,F») and its height
(. mF») are obtained with a least-quares fitting for the
dbserved profiles from the Chapman function (Rishbeth
and Garriott, 1969),

Ne(h) = NpFyexp[0.5(1 —z —e77)],
z = (h— hnF>)/H(h). (1)

Here, the scale height 1is taken to be
. () =41 — . mF») 4 om in the bottomside, and
‘ (,”)ZAQ(,” —,”sz) H m in the topside (see Lei et
al.)! 2004, 3008). Thus, ¢ F mF2 ¢ m A1, and A»
are set as adjustable variables to"bringﬁl the best match
with the observed electron profiles ¢.(,). As for the fit
analysis, the electron height profiles Between 160 and
600 km are employed. We consider that the derived peak
parameters ¢ ,F> and _ ,F5 are reliable, given that most
profiles can reach quitg good agreement.

Next, the thickness parameter BO and the shape
parameter Bl are obtained by best fitting individual
observational profile from the peak height | ,F>, down
to the 0.24 ,,F, height (_ g»4) if no Fl-lay%r exists or
to the F; ptak if F;-layer occurs, using the least-
squares-fitting approach, with the formula used in the
IRI model,

Ne(h) = NF, exp(—xB')/ cosh(x),
x = (hnF, — h)/BO0. (2)
We also compare the observations with those of the

IRI2001 to validate the prediction capacity of the empir-
ical model. Given that the IRI model profiles represent
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the monthly mean ionosphere, the monthly average rep-
resentative results are obtained by using all the data in
this experiment to compare with IRI results. The model
values are calculated under Fy; = 166.8 as well as with
the day number 290, as representative of October 2002.
Note that the observed . ,F», ¢ F> are used as input
parameters of IRI12001 8 compute the model B param-
eters and density profiles ¢.(,). The (.(,) profiles are
calculated with IRI using }shstandarctlv option, but . ;,
.. profiles are calculated using the option of Truhlik

et al. (2000).

3. Results
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Fig. 1(a) and (b) show the observations (solid lines
with circles) of the F, peak parameters (| ,F», f°F2)
and the thickness and shape parameters (BO,)BI) for this
campaign over Millstone Hill, and ESR, respectively.
The critical frequency ~,F> in MHz is equal to (¢, F»/
1.24 % 10")2 if , F5 is given in m~>. To combare,
the corresponding Yesults predicted by IRI are also pre-
sented. For _ ,F> and -, F,, the model results obtained
from the CCIR coefficients are plotted with dashed lines.
For the B parameters, the IRI model provides two op-
tions, i.e., the table option and Gulyaeva’s option (Gul-
yaeva, 1987) and their results are plotted with solid and
dotted lines, respectively.

Over Millstone Hill, . ,F, reaches its peak values at
midnight, and then dispfays two daytime minima at 08
and 16 LT, creating a ‘W’-like diurnal variation. The
diurnal variation of ,,F, displays a simple pattern:
higher during daytime and lower during nighttime.
The IRI model reproduces the observed . ,F, well dur-
ing daytime and underestimates its valued during night-
time; while for . F,, the IRI values show good
agreement with tt{e observed ones. For the parameter
BO, its diurnal variation can be characterized by morn-
ing and afternoon collapse, with two peaks occurring
at midday and midnight. This feature is evident over
Millstone Hill in the diurnal variation of B0 for sea-
sons other than summer as reported by Lei et al.
(2004). B0O-Gulyaeva value of IRI shares quite good
agreement in the diurnal tendency with the observa-
tional ones, while BO-Table option generates a little
closer value. In addition, the experimental Bl has a
low value during daytime and a high value during
nighttime. Bl-Table reproduces the daytime value
while overestimates the nighttime value. B1-Gulyaeva
values are significantly larger during daytime than
those from the measurements, given that the B1-Gulya-
eva option takes the constant value of 3, and without
changing with seasons and local time.
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in agreement with the observed topside profiles. This
factor generally agrees with that of Bilitza (2004). For
- i the main difference in magnitude occurs above
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