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ABSTRACT

cosmic noise absorption (CNA), the K-index and the
F10.7 flux [16, 3, 4, 18, 23, 1, 24]. In general, the studies
find weak positive correlation factors between CNA and
PMSE strength. For the K-index and F10.7 flux, the studies disagree about the significance of the effect of precipitation [23, 4]. In review, these studies provide evidence of
a causal relationship between electron density and PMSE
strength, however it is clear that the relationship is not
simple.

We have studied the relationship between particle precipitation and PMSE strength on days where we observe PMSE layers both with the EISCAT VHF and UHF
radars. The UHF observations of the ionization and its
variation, above the PMSE layer, is used as a measure
of precipitation. Variations of the precipitation is compared with variations of the PMSE strengths observed
with both radars. Although many cases apparently show a
clear connection between precipitation and PMSE, where
an increased precipitation leads to a strengthening of the
PMSE, our findings confirm that there is no general and
simple proportionality between the two. For the weakest
PMSE there appears to be no correlation between precipitation and PMSE strength. For PMSEs around average
strength of our observations there appears to be a weak
positive correlation, which can be predicted by a timedependent dust cloud charge model. On some occasions
an increased precipitation can, apparently, initially lead to
an increase of PMSE strength which at some point starts
to decline even if the precipitation continue to increase.
This feature can also be seen in the results from the statistical analysis, however the number of occurrences is too
low to conclude with significance and the time-dependent
charge model described here does not reproduce such features. We have studied to what degree models for the
PMSE scattering can explain the various cases of reaction of PMSE to changes in precipitation.
1.

In the present paper we present the first results from a statistical analysis of the response of VHF and UHF PMSE
to precipitation. We exclusively study the correlation
on short timescales, i.e. response times from zero seconds to several tens of seconds; which is comparable to
PMSE charging times. The data used is VHF and UHF
radar data acquired at EISCAT Ramfjordmoen (69.58
N 19.21 E) during the summer campaign of 2004 (see
[19]). This is due to the high quality of the data and high
occurrence rate of PMSE, with echoes present 95% of
the time on the VHF radar and 11% of the time on the
UHF radar. Details about the radar data and its analysis
is presented in section 2. The results from the statistical
analysis are presented in section 4 and furthermore discussed in section 5 in context of the time-dependent dust
cloud charge model (see e.g. Havnes [10]) described in
section 3. On the basis of this discussion, we conclude
that there is a weak positive correlation between PMSE
strength and rapid changes in electron density for (moderately) strong echoes. This feature can be explained by
the presented model as a function of the plasma parameters represented by the P -value (see e.g. Havnes [10]).

INTRODUCTION

2.

Since the first observations were made of strong coherent radar echoes from the polar mesosphere in the late
1970’s and early 80’s [5, 7], this phenomenon; so called
Polar Mesospheric Summer Echoes (PMSE) (see Rapp
and Lübken [21] for a review); have been central in the
study of the upper mesosphere. The PMSE originates
from radar scattering at coherent length scales from icy
dust clouds residing around the polar summer mesopause,
which is the coldest place on earth with temperatures
reaching as low as 110 K [17].

RADAR DATA AND CORRELATION PROCEDURE

The experimental data analyzed here was collected at
0800-1000 UT on the 7th, 13th and 14th of July 2004,
following the discovery of the PMSE overshoot effect
one year earlier [10, 12]. All of the time series contain
both VHF (224 MHz) and UHF (931 MHz) PMSE, which
were sometimes simultaneous. The data shows PMSE
during a wide range of ionospheric and mesospheric ambient conditions. Figure 1 shows one hour of VHF data
(top panel) and UHF data (bottom panel) obtained on the

Several studies have investigated the diurnal and annual
variations of PMSE with precipitation measures such as
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Figure 2. Correlation procedure where monotonic gradients of precipitation (green dotted line), is correlated
with PMSE strength (solid line).
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Figure 1. Height-time plot of arbitrary PMSE intensity
for VHF (top) and UHF (bottom) starting at the 13th of
July 0900 UT.

troduced in Havnes et al. [11]. Following the approach of
Havnes [10] we generalize to allow for unequal electron
and ion temperatures.

13th of July between 0900 and 1000 UT. This example
displays the strongest precipitation values and PMSE occurrence rate encountered during the 2004 campaign. A
conspicuous feature of this time series is the occasional
very strong precipitation reaching down in to the mesosphere, as observed in the UHF data. This precipitation
often seems to coincide in time with the strongest UHF
PMSE seen around 86 km altitude. For other time series,
especially during weak to moderate PMSE, such coincidences are not as consistent.

Firstly, for electrons (e) and ions (i) in the background
plasma (with ne0 = ni0 = n0 ) the electric forces are assumed to balance the pressure gradients so densities become Boltzmann distributed:

ne,i = n0 exp

To investigate the relationship between precipitation and
PMSE, a measure of these two must be defined. We define a one-dimensional time-dependent measurement of
the PMSE strength by simply taking the maximum value
inside the layer (defined as inside the white borders in
fig. 1). Other measures such as the minimum, median
and mean PMSE strength have been tested, with very
similar results. The precipitation measure is defined by
first fitting an exponential function to the UHF data between 90 and 100 km (30 height bins) and extrapolate the
curve down to the altitude of the maximum PMSE value.
Furthermore we calculate the correlation between the two
measures by dividing the precipitation into chains where
the time development is monotonic and calculating the
correlation coefficient with Spearman rank analysis. In
this way we can robustly extract a strict relationship between precipitation and PMSE strength if there is one.
As discussed below, we also perform the calculation for
a range of time lag values. Figure 2 shows a schematic of
the procedure.
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where Ze,i is the charge number, V is the plasma potential, kB is the Boltzmann constant and Te,i is the ambient
electron or ion temperature.
To calculate the reaction time (or charging time) of the
PMSE cloud, we calculate the electron current to a grain
in equilibrium. For grains of sizes found in PMSE (& 20
nm) we can use average charge. We neglect dust polarizing effects such that the electron current to a grain becomes [6]:

Ie = ⇡rd2 se ce ne exp

✓

eU
k B Te
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(2)

TIME-DEPENDENT DUST CLOUD CHARGE
MODEL

where rd is the dust radius, ce = (8kTe,i /⇡me,i )1/2 is
the mean electron thermal speed and U = Zd e/4⇡✏0 rd
is the dust grain surface potential. The electrons are assumed to have a sticking probability of se = 1/2.

One of the main reasons for doing a correlation analysis
like the present, is to resolve issues regarding the physical
mechanisms of PMSE. We therefore here employ a timedependent simultaneous cloud v. grain charge model, in-

Havnes et al. [11] has argued that for PMSE relevant
plasma parameters, the plasma approximation can replace Poisson’s equation. It can accordingly be shown
that the dust surface potential and cloud potential can simultaneously be described by:

3.
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where ne,C (t) is the electron density in the center of the
PMSE scattering structure at time t, ne,0 (t) is the background density and ne,p is the electron density moderated
by precipitation.
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The dust charge will change according to
d ðZd eÞ
¼ Ie þ Ii :
dt

RESULTS

The diurnal variation of the ionospheric D-layer conditions was significant between the different data sets exð12Þ
amined
here. This means that the results from the analysis should represent a more general picture of the PMSEprecipitation relationship as opposed to a case study.

and equation (8) as

ð7Þ
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For the sake of clarity, we present there the correlation
This parameter is an ordering parameter for the grain v.
for 8 seconds of lag for reasons explained below. For
cloud charge problem, and at the short timescales we inmoderately strong PMSE (first panel), the flat distribuvestigate here, the most important proportionality is the
tion indicate that the peak around 0.5 show that there is
one of ne 1 . In equilibrium, as pointed out by Havnes
some preference for a positive correlation. For the second
et al. [11], the normalized potentials are solely functions
panel the positive correlation is less general, and contain
of the P -value. Havnes et al. [14] developed analytical
a few more negative coefficients, and coefficients around
approximations of the normalized potentials as function
zero. For the strongest PMSE in the third panel the sitof the P -value. For very low values of P, the approximauation is more unclear but may indicate that there is a
tendency for a negative correlation. The low number of
tion becomes linear in Vb . Figure 3 gives an example of
these occurrences prohibits conclusion with significance.
the development of the normalized potentials in equilibWe do not find that an anti-correlation can be explained
rium with P . It can be shown by insertion into eq. (6)
by the simple cloud charge model presented here.
that for low P -values, the change in the Vb -potential (developed to first degree in P ) is equal to the change in P ,
We do not present here the results from the UHF analysis.
so that a change in the external electron density does not
The number of coefficients is too low too conclude with
affect the PMSE strength.
significance, however, with the limited data available the
distribution becomes nearly Gaussian, proposing that that
Ginzburg [9] showed that the volume reflection of coherthe effect of precipitation is not as pronounced in UHF
ent echoes is proportional to ( ne )2 . Havnes et al. [13]
and Biebricher et al. [2] have adapted this to the time dePMSE as in its VHF counterpart. This may be due to
pendent dust charge model, such that the relative PMSE
that the UHF PMSE have a tendency to occur only in the
backscatter becomes:
stronger parts of the VHF PMSE layers [19].
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V
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Our findings regarding the PMSE v. precipitation relationship presented in this work will benefit from a clear
connection to a theory describing the reaction of the
PMSE layer to electron precipitation. For this purpose,
we investigate the validity of our findings in the framework of the time-dependent cloud charge model presented above.

Figure 6. Relative deviation between bin 8 (coefficients
⇠ 0.5) and the mean value of the rest of the bins, as a
function of lag.
of electron density (range of ne based on Friedrich and
Rapp [8]). For electron density values between 109 and
1010 m 3 , as calculated for our data by Næsheim et al.
[19], charging times range from 1 to 100 second depending on the dust radius. For larger particles, a charging
time of around 10 seconds is reasonable, indicating that
the correlation lag analysis has a certain validity.

The average length of chains of precipitation which increases monotonically is on the order of several tens of
seconds. It may then be expected that a relatively short
lag, of say a few seconds due to cloud charging inertia,
would yield very similar result as the no lag analysis carried out here. This follows from the nature of the Spearman rank analysis; ’outliers’ and short timescale irregularities are not strongly emphasized. If the charging time
was large compared to the average chain length, problems
may arise. When doing the same correlation analysis for
several lag values, bin number eight in fig. 4 is with few
exceptions the largest. In figure 6 we show the development of the size of this bin as a function of lag time.
At around 10 seconds lag, the bin has its relative largest
value (⇠ 70% larger than the mean at t = 8s). For illustrative purposes, we chose the eight second lag in figure 5
to best show the strength of the PMSE-precipitation relationship as a function of echo strength. A possible explanation of the enhanced correlation at these time lags may
be that the characteristic timescale of charging mechanisms to introduce sharp electron density gradients (and
thereof in PMSE strength) is around 10 seconds.

We also need to compare our findings of no or very weak
correlation at low PMSE strength and a weak correlation
for moderately strong PMSE with the introduced cloud
charge model. When utilizing the polynomial approximation of Havnes et al. [14] at small P-values (Vb becomes approximately linear in P ) we calculate a relative
PMSE backscatter with eq (6) of R ⇡ 1 for all reasonable
changes in ne ; significant strengthening of precipitation
does not alter the PMSE strength. Correspondingly, for
higher values of P (Vb is a function of P 2 ), a change in P
from 0.2 to 0.1 which is a doubling i ne induces a relative backscatter of R = 1.8; precipitation strengthens the
PMSE backscatter. Figure 8 shows the calculated relative PMSE backscatter by eq. (6) for a range of P -values
and electron density enhancements. From eq. (5) we find
that PMSE conditions leading to values of P comparable
to 1 will be hard to find. In addition to this it is clear
that there cannot be a linear relationship between P and
the strength of PMSE scattering. Havnes et al. [15] finds

In figure 7 we show calculations of the charging time of
dust grains of different sizes in equilibrium as a function
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in legend). It seems clear that P -values of the order of
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Figure 7. The time of dust grains in equilibrium of three
different sizes to acquire 0.3 additional negative charges
as a function of electron density. Electrons and ions are
assumed here to be thermalized.
a linear relationship for P less than ca 0.1, and a small
change in PMSE strength up to P ⇡ 0.6 followed by a
decrease above this.

precipitation-PMSE strength relationships.
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