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Key Points:
PMSE occur much more than PMSE-Es.●

The diurnal, day-to-day and year-to-year variations of PMSE-Es and PMSE are similar.●

The correlation between the year-to-year variation of PMSE OR and PMSE-Es OR is positive.●
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Abstract: Polar mesosphere summer echoes (PMSE) are observed simultaneously with Digisonde and EISCAT VHF radar. The
phenomenon of irregular Es layers is called PMSE-like or PMSE-Es (Polar Mesosphere Summer Echoes-Es) and has some relationship with
real PMSE. In this paper, the characteristics of irregular Es layers at 80–100 km were observed by Digisonde at Tromsø during 2003–2014
are statistically analyzed with ionograms. The diurnal, day-to-day and year-to-year variations and discrepancies of occurrence rate
between PMSE and PMSE-Es are compared with the statistical results observed by Esrange MST radar (ESRAD), and the reasons are
discussed. The results show that the trends in the occurrence rate of PMSE-Es are similar to the trends in the occurrence rate of PMSE, but
there are some notable differences. The occurrence rate of PMSE-Es is much lower than the occurrence rate of PMSE. The minimum value
of PMSE-Es appears 1–2 hours earlier than the minimum value of the PMSE occurrence rate, while PMSE-Es appear earlier than PMSE in
the year. In addition, there is a significant positive correlation between the annual average occurrence rates of PMSE and PMSE-Es. PMSE-
Es is a relatively important occurrence in the polar mesopause. Analysis of its characteristics can provide new ideas and methods for
studying the formation mechanism of PMSE.
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1.  Introduction
Polar  mesosphere  summer  echoes  (PMSE)  are  abnormally  strong
radar  echoes  from  altitudes  of  80–90  km  during  local  summer
near  the  mesopause  (Ecklund  and  Balsley,  1981).  Since  the  first
observation  of  PMSE,  scientists  have  carried  out  comprehensive
research and gained many insights and achievements at a variety
of  frequency  bands  ranging  from  MF/HF  (Medium
Frequency/High  Frequency)  (Karashtin  et  al.,  1997; Ogawa  et  al.,
2002, 2003, 2011, 2013; Hosokawa et  al.,  2004, 2005)  to  VHF and
UHF bands (Cho et al., 1992; Li HL et al., 2010; Liu EX et al., 2012; Li
and Rapp, 2013; Mann et al., 2016; Mahmoudian et al., 2018; Rauf
et al., 2018, 2019; Ge SC et al., 2020, 2021). In recent years, new ex-
periments were carried out based on in-situ observations, ground-
based observations,  numerical  simulations,  and  theoretical  con-
siderations, revealing some possible scientific explanations for the
generation of  PMSE.  Some key parameters,  such as ion and elec-
tron temperature, electron density, dust density, and dust charge

were  detected,  useful  measures  for  explaining  the  formation

mechanism of  PMSE.  Though  several  theories  have  been  de-

veloped for explaining PMSE, a conclusive explanation still has not

been put forward.

PMSE  exhibited  pronounced  day-to-day  variations  from  the  first

observations  for  1979–1980 (Ecklund and Balsley,  1981).  In  1998,

Kirkwood et al.  studied the short-term variation characteristics of

PMSE  (Kirkwood  et  al.,  1998),  and  a  similar  pattern  of  PMSE  SNR

(signal-to-noise ratio) daily variations were studied using the ALO-

MAR SOUSY radar during 1994–1997 (Hoffmann et al., 1999). Bara-

bash et al.  (2002) investigated the diurnal  variations of  PMSE ob-

served  with  ESRAD  (Esrange  radar). Latteck  et  al.  (2007) showed

the characteristics  of  the  PMSE  occurrence  rate  (OR)  using  ALO-

MAR  SOUSY  radar  observation  data.  The  same  year, Morris  et  al.

(2007) reported  similar  semidiurnal  variations  of  PMSE  strength

and  OR  for  one  season  from  2004–2005  at  Davis,  Antarctica.

Bremer et  al.  (2009) reported long-term observations of  PMSE by

ESRAD during 1999–2008, while Smirnova et al. (2010) studied the

diurnal and  the  day-to-day  variations  of  PMSE  observed  by  ES-

RAD during 1997–2008. Latteck and Bremer (2013) reported long-

term variations of  PMSE for  17 years  from 1994–2012.  In  2007,  Li

et al. gave the long-term variations of polar mesosphere summer
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echoes-sporadic E  (PMSE-Es)  for  eight years  from 1995–2002,  de-

tected by Digisonde at Antarctica (Li HL et al., 2007a).

Ionospheric sporadic E (Es) layers are thin-layered structures with

intense, high electron densities at 80–130 km altitudes,  and their

appearance is usually due to particle sedimentation. The electron

density  in the polar  Es  layer  is  relatively  high,  and we found that

the occurrence regions of some Es layers overlap with PMSE, with

similar characteristics. We defined the phenomenon of irregular Es

layers observed by Digisonde at 80–100 km as PMSE-like or PMSE-

Es (Polar Mesosphere Summer Echoes-sporadic E). It has close ties

to real PMSE, although the formation mechanism of the Es layer at

polar latitudes is still inconclusive and requires further verification.

Further,  researchers have done much-related work regarding the

generation mechanism  of  PMSE.  For  example,  a  series  of  experi-

ments  were  based  on  field  observations  of  sounding  rockets,

ground observations  of  radars  and  lidars,  and  numerical  simula-

tions  combined  with  microphysical  models  of  aerosol  particles.

However, so far there is still no conclusive mechanism.

In this paper, the characteristics of the mesospheric radar echoes

observed simultaneously with Digisonde and EISCAT VHF radar at

Tromsø  are  analyzed  first.  Then,  based  on  data  obtained  from

2003 to 2014 by Digisonde at Tromsø, the diurnal, day-to-day and

year-to-year variations  of  PMSE-Es  OR  are  studied  and  are  com-

pared with the statistical results of PMSE OR observed by ESRAD.

At the  end,  the  main  differences  in  their  characteristics  and  pos-

sible reasons are given. 

2.  Experiments Configuration
PMSE can be easily observed by the monostatic EISCAT VHF radar

at  Tromsø,  Norway  (69.6°N,  19.2°E).  It  operates  in  the  224  MHz

band with a peak transmitter power of 2 × 1.5 MW using a 120m ×

40m parabolic cylinder antenna. The ionogram is a record of iono-

spheric conditions, indicated by the relationship between the fre-

quency of the radio pulse emitted upward and the virtual altitude

of echoes reflected from the ionosphere. Figure 1 shows the PMSE

observed  by  EISCAT  VHF  (224  MHz)  radar  during  09:00–10:00  on

July 12, 2007. At the same time and site, echoes in the mesopause

were  observed  by  Digisonde  at  09:45  UT  on  July  12,  2007.  The

ionogram is shown in Figure 2. The data are commonly recorded

once  every  quarter  of  an  hour,  with  the x-axis  and y-axis repres-

enting frequency (MHz) and virtual altitude (km), respectively. The

main parameters of the Digisonde and EISCAT VHF radars are col-

lected  in Table  1 (Rietveld  et  al.,  2008).  The  local  time  (LT)  at

Tromsø is 1 hour ahead of universal time (LT = UT+1 hr).

Figure 1 shows an obvious PMSE event at an altitude of 80–90 km.

The Digisonde ionogram in Figure 2 at 09:45 UT on July 12, 2007

also  shows  an  obvious  Es-like  trace  at  an  altitude  of  80–100  km.

For a detailed description of the ionogram trace, please refer to Ri-

etveld et al. (2008) observed by Digisonde while PMSE is detected

by EISCAT VHF radar. However, this phenomenon observed by Di-

gisonde  may  not  be  a  PMSE  as  generally  considered,  suggesting

that PMSE-Es instead may have appeared at this time. 

3.  Criteria of PMSE-Es Observed by Digisonde
Li HL et al. (2007b) found Es traces by analyzing the ionogram ob-

served  at  Zhongshan  Station,  Antarctica  (69.4°S,  76.4°E).  These

were  similar  to  PMSE,  the  so-called  PMSE-Es,  and Li  HL  et  al.

(2007a, b) also described a method to determine PMSE-Es.

In  order  to  explore whether  there exists  a  PMSE-Es  similar  to  the

southern  hemisphere  in  the  northern  hemisphere,  the  ionogram
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Figure 1.   PMSE was observed by EISCAT VHF radar during 9:00–10:00 UT on July 12, 2007.
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observed  by  Digisonde  at  the  Tromsø  was  used  to  compare  and

verify this hypothesis. Figures 3 and 4 show the monthly median

value of the Es virtual altitude as a function of time in January and

July 2009 and 2013, respectively. The black and blue lines repres-

ent the monthly median value of the Es virtual altitude in January

and  July,  respectively.  In Figures  3 and 4,  the  monthly  median

value of the Es virtual altitude could occur below 100 km, and the

height is lower in July and higher in January. The altitude and sea-

son of the irregular Es layers occurrence are consistent with PMSE

observed in the northern hemisphere (Liu JY et al.,  2002). The Es-

like trace agrees well with the PMSE-Es criteria given by Li HL et al.

(2007b). Therefore, PMSE-Es exists in the mesopause of the north-

ern hemisphere in summer.
 

4.  Characteristics of PMSE-Es at Tromsø
The  PMSE-Es  has  its  own  regular  variation  rules,  such  as  diurnal

variation  and  day-to-day  variation,  etc.  (Barabash  et  al.,  2002;

Smirnova  et  al.,  2010).  We  mainly  studied  the  characteristics  of

PMSE-Es,  to  provide  a  basis  for  the  comparative  study  of  PMSE
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Figure 2.   Digisonde ionogram at 09:45 UT on 12 July, 2007.

Table 1.   Digisonde instrument and EISCAT VHF radar characteristics.

Name Lowell Digisonde instrument EISCAT VHF radar

Location Ramfjordmoen, 69.6°N, 19.2°E Ramfjordmoen, 69.6°N, 19.2°E

Antenna type Rhombic Parabolic cylinder

Pulse repetition frequency 200 Hz –

Beam width – 1.2°×1.6°

Peak power (normal operation) 300 W 3 MW

Range resolution 0.5 km 0.3 km

Time resolution – 5 s

Frequency coverage Typically 1–12.0 MHz, but programmable 224 MHz

Frequency resolution 50 kHz –

Sweep time (typical frequency range) 5–6 min –

Common ionograms sample interval 15 min –
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and PMSE-Es OR in the next section.
 

4.1  Diurnal Variations

The investigation of  the OR of  irregular  Es  layer  is  carried out  on

the basis  of  data  recorded  at  fifteen  minutes  intervals  by  Digis-

onde from 2003 to 2014. According to these ionograms, the ratio

of time when PMSE-Es exists to the corresponding total  observa-

tional time is expressed as the occurrence rate of PMSE-Es.

The PMSE-Es OR based on four months of  data (from May to Au-
gust) from 2003 to 2014 are given in Figure 5. The x-axis and y-ax-
is represent universal time (UT) and mean OR of PMSE-Es over the
four month period (from May to August), respectively. In order to
better  distinguish  characteristics  of  PMSE-Es,  nine  nonlinear
curves are used to analyze the relationship between PMSE-Es OR
and time in each subgraph. According to the ionogram, we define
the  PMSE-Es  OR  equal  to  total  PMSE-Es  occurrence  time  divided
by  total  observation  time.  Analyzing Figure  5,  the  PMSE-Es  OR
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Figure 3.   The monthly median value of Es virtual altitude as a

function of time in January and July 2009.
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Figure 4.   Same plot as in Figure 3, but for the periods of January and

July 2013.
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Figure 5.   Diurnal variations of mean PMSE-Es occurrence rate (OR) during 2003–2014.
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shows obvious diurnal  characteristics  with a peak value at  12–15
UT and a minimum value at 17–22 UT, except for 2011, which has
a peak value at 7–23 UT and a minimum value at 1–4 UT. In 2008,
2012,  2013  and  2014,  the  PMSE-Es  OR  has  two  peaks,  and  its
second peak appeared at 4–8 UT. The minimum value that occurs
in  the  evening  is  the  minimum  PMSE-Es  OR  in  a  year,  except  in
2011. By our calculations, the PMSE-Es OR shows lower levels from
2003 to 2014. The maximum PMSE-Es OR is about 20%–40%, and
the minimum value is about 0.02%, which indicates that the dura-
tion of PMSE-Es is relatively short. Liou et al. (1997) indicated that
auroral  intensities  maximize  in  the  post-noon  LT  sector,  and
sometimes exhibit a weaker local maximum emission in the night
sector.  The  diurnal  variation  of  PMSE-Es  is  consistent  with  these
observations  (Liou et  al.,  1997),  and thus  we can posit  what  may
cause the diurnal variation of PMSE-Es. The latitude of the Tromsø
station is about 69.65°N, which is located outside the aurora oval
throughout the day and exhibits a relatively high occurrence rate
of  PMSE-Es.  When  the  Tromsø  station  is  covered  by  the  auroral
oval region, the occurrence rate of PMSE-Es drops sharply due to
the  influence  of  auroral  particles.  When  it  left  from  the  aurora
oval, the occurrence rate of PMSE-Es began to rise again. 

4.2  Day-to-Day Variations of PMSE-Es
Figure 6 describes the day-to-day variation of  PMSE-Es OR which

is  calculated  in  units  of  5  days  of  ionogram  data  (PMSE-Es  OR  is

the average  of  5  days  of  measurement  data)  detected  by  Digis-

onde from 2003 to 2014. Note that in Figure 6 the first bar shows

the  average  PMSE-Es  OR  on  the  121–125th  day  of  the  year  for

2004,  2008  and  2012,  while  the  first  bar  for  other  years  uses  the

average of the PMSE-Es OR on days 122–126.

Since the PMSE-Es OR is extremely low during the year except for

May  to  August,  only  four  months  of  data  from  May  to  August  is

given in Figure 6.  The x-axis and y-axis represent days (every five

days equals one unit) and PMSE-Es OR, respectively. Generally, the

PMSE-Es OR begins to increase from the end of April or the begin-

ning of May, reaches the maximum in July, and finally drops in Au-

gust. This tendency was found in all of the years studied, with the

exception  of  2012  when  one  broad  minimum  was  observed  at

days  190–220.  The  comparative  analysis  found  that  the  day-to-

day variation of PMSE-Es OR is consistent with the day-to-day vari-

ation of PMSE OR (Smirnova et al., 2010); these results are presen-

ted in Section 5.2.
 

5.  Comparison of Observed Characteristics Between

PMSE-Es and PMSE
Giving the experimental observation of 8:00–11:00 UT on July 12,

2007 (VHF radar observation time is 8:00–10:47 UT) as an example,

data from the EISCAT UHF and VHF radars and the corresponding

time  ionogram  data  are  used  make  a  comparative  analysis.

Figures  7 and 8 describe the PMSE observed by EISCAT UHF and

VHF radars on July 12, 2007, respectively. Figure 9 is the ionogram

observed by the Digisonde during the corresponding time period.

0.4

0.3

0.2

0.1

0.0

0.4

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

M
e

a
n

 O
R

 o
f 

P
M

S
E

-E
s

M
e

a
n

 O
R

 o
f 

P
M

S
E

-E
s

120 140 160 180 200 220 240
Day

120 140 160 180 200 220 240
Day

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

 
Figure 6.   Day-to-day variation of the PMSE-Es OR during 2003−2014.
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As time  progresses,  the  corresponding  maximum  plasma  fre-

quency becomes smaller during the trace of the ionogram. Simul-

taneously, the plasma frequency range is reduced and dispersed,

indicating that the echo density is weakening. This is not consist-

ent  with  the  intensity  of  PMSE  at  the  corresponding  time  but  is

consistent with the intensity of the high energy particle precipita-

tion observed by EISCAT UHF radar in Figure 7. Thus, as time goes

by,  the  intensity  of  the  high  energy  particle  precipitation  at  the

UHF becomes weaker, and its range becomes smaller. As shown in

Figure 9, the trace of the ionogram is very sparse at 10:45 UT, i.e.,

few  weak  PMSE-Es  appear,  but  there  is  a  strong  PMSE-Es  during

the rest of the time. This is consistent with the PMSE intensity ob-

served by the EISCAT VHF radar. 

6.  Comparing Diurnal, Day-to-Day and Year-to-Year

Variations of PMSE-Es with PMSE
PMSE-Es  detected  by  Digisonde  at  Tromsø  and  PMSE  observed

by the Esrange MST 52 MHz radar (ESRAD) (67.88°N, 21.10°E. LT =

UT+1 hr) are used to conduct a comparative analysis. Their charac-

teristics are similar, such as diurnal and seasonal trends, but there

are still  some differences,  the most  obvious being that  the PMSE

OR is much higher than that of PMSE-Es. Some smaller differences

at multi-scales are discussed below. 

6.1  Diurnal Variation
In 2010, Smirnova et al. (2010) used ESRAD observation data from

1997 to 2008 to analyze the diurnal variations of PMSE OR and dis-

cussed  the  influence  of  equatorial  meridional  wind/zonal  wind

shear, geomagnetic  activity,  solar  activity,  and  cosmic  noise  ab-

sorption  on  PMSE.  Here,  we  use  ESRAD  observation  data  from

June 1 to August 5 of each year from 1997 to 2008 to analyze the

diurnal variation of PMSE.

The  diurnal  variation  of  PMSE  OR  has  dominating  day-night  and

semidiurnal  variations  with  one  maximum  at  12–15  UT  and  one

minimum at  19–23  UT,  which  are  stable  through  the  whole  sea-

son. At the same time, there is one secondary maximum at 3–6 UT

and minimum at about 6–10 UT, which begins to decrease rapidly

at 15–17  UT.  However,  because  of  irregular  forms,  diurnal  vari-

ations  can  reveal  several  weak  maxima  and  minima  before  the

deep  decrease,  which  starts  at  about  15–17  UT.  As  mentioned

above, the PMSE-Es OR appear to peak and nadir at 12–16 UT and

17–22 UT, respectively. The maxima of PMSE and PMSE-Es OR are
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Figure 7.   PMSE observed by EISCAT UHF radar during 8:00–11:00 UT on July 12, 2007.
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Figure 8.   PMSE observed by EISCAT VHF radar during 8:00–10:47 UT on July 12, 2007.
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consistent. The  minimum  of  PMSE-Es  occurs  about  1  hour  in  ad-
vance,  but  the  timing  before  the  deep  decrease  which  starts  at
about 15–17  UT  is  consistent.  The  secondary  maximum  only  oc-
curs in the early morning at 4–8 UT in several years. 

6.2  Day-to-Day Variation
The  average  estimated  time  for  the  start  of  the  PMSE  is  21–22
May,  and  the  average  time  for  the  end  of  PMSE  season  is  19–20
August  (Smirnova  et  al.,  2010).  PMSE  usually  start  in  the  last  ten
days of May, increase sharply until  the beginning of June, stay at
the  highest  level  with  OR  reaching  90%  in  July,  then  decrease
gradually  until  the end of  August  every  year.  These observations
are  in  general  agreement  with  independent  observations  from
different  radars  located  at  similar  geographical  latitudes  (Balsley
and Huaman, 1997; Kirkwood et al., 1998).

Though the  day-to-day  variation  rule  of  PMSE-Es  OR  has  ex-
tremely  similar  characteristics  with  that  of  PMSE,  we  found  that
they occur  throughout  the  four  month period of  May to  August.
These differences can be explained by the following two aspects:

First, the minor deviation is unavoidable because the PMSE-Es cri-
teria  come from the virtual  altitude and scanned ionogram trace
observed  by  Digsionde  without  the  support  of  strong  echoes.
Second,  the data used in the paper  is  extracted from ionograms,
with time resolution lower than that in VHF radar, which can con-
tinuously observe PMSE with higher time resolution. PMSE-Es was
affected by many elements, such as precipitating particles, atmo-
spheric temperature, and general atmospheric circulation. In addi-

tion, the  measurement  results  were  different  due  to  the  disper-

sion  medium  properties  of  the  ionosphere,  while  the  diffusion

characteristics of  the  ionosphere  vary  with  the  operating  fre-

quency (Bremer et al., 1996). 

6.3  Year-to-Year Variation
The  year-to-year  variations  of  the  PMSE  OR  observed  by  ESRAD

and PMSE-Es observed by Digisonde were both averaged over the

time  interval  of  May  1  to  August  31  for  the  years  2003–2014,

shown  in Figure  10.  The x-axis  represents  years,  while  left  and

right y-axis represents the mean PMSE OR (black curve) and mean

PMSE-Es  OR  (blue  curve),  respectively. Figure  10 illustrates  the

PMSE and PMSE-Es OR both averaged. This OR is  lower than that

given by Smirnova et  al.  (2010) because  the  time period used to

calculate the average PMSE OR is different; they used the average

PMSE OR from June 1 to July 31 for analysis,  and the PMSE OR is

usually lower in May and August.  However,  the variation trend is

highly consistent, especially in 2003, 2007, 2008 and 2011. In addi-

tion,  we  used  the  correlation  coefficient  method  to  analyze  the

correlation  between  the  average  PMSE  OR  and  PMSE-Es  OR,  and

the correlation coefficient R = 0.71, which shows that they have a

significant positive correlation.

Still, the results about PMSE year-to-year variations are controver-

sial. Smirnova et  al.  (2010) found a  negative correlation between

the year-to-year variations of PMSE and solar activity, and a posit-

ive  correlation  between  long-term  PMSE  variations  observed  by

ESRAD and geomagnetic activity (Smirnova et al., 2010). Bremer et

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-Es

Tromso 2007 Jul 12  08:00

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-Es

Tromso 2007 Jul 12  08:15

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-Es

Tromso 2007 Jul 12  08:30

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-Es

Tromso 2007 Jul 12  08:45

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-ES

Tromso 2007 Jul 12  09:00

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-ES

Tromso 2007 Jul 12  09:15

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-Es

Tromso 2007 Jul 12  09:30

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-Es

Tromso 2007 Jul 12  09:45

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-Es

Tromso 2007 Jul 12  10:00

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-Es

Tromso 2007 Jul 12  10:15

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-Es

Tromso 2007 Jul 12  10:30

150

80
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

PMSE-Es

Tromso 2007 Jul 12  10:45

A
lt

it
u

d
e

 (
k

m
)

Radio and plasma frequency (MHz) Radio and plasma frequency (MHz)
 

Figure 9.   Digisonde ionogram during 8:00–11:00 UT on July 12, 2007.
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al.  found  that  PMSE  echoes  observed  at  Andenes  are  positively
correlated with both solar and geomagnetic activity (Bremer et al.,
2009).  Thus the year-to-year variations of PMSE-Es with solar and
geomagnetic  activity  are  a  controversial  and very  complex  issue,
which needs  more  in-depth  exploration  and  future  research.  Re-
cently, Hall et al. (2020) reported that the meteor radar located at
Svalbard, Norway (78.2°N 15.1°E) is capable of detecting PMSE. In
a subsequent  study,  we  will  conduct  a  comparison  of  PMSE  ob-
served  by  the  meteor  radars  at  Svalbard  and  Tromsø  co-located
with EISCAT VHF radar (see examples in Hall et al., 2006; Yi W et al.,
2019), which may help us to understand the physical processes of
these crucial phenomena. 

7.  Conclusions
This  paper  studied  the  irregular  echoes  from  the  polar  summer
mesopause  observed  simultaneously  with  Digisonde  and  EISCAT
VHF  radar.  The  unique  long-term  data  extracted  from  Digisonde
ionograms  at  Tromsø  from  2003  to  2014  was  used  to  study  the
characteristics  of  PMSE-Es.  We  compared  the  diurnal,  day-to-day
and year-to-year variations of PMSE OR and PMSE-Es OR, and ob-
tained the following conclusions:
(1) The OR of PMSE is much higher than that of PMSE-Es.
(2) The diurnal, day-to-day and year-to-year variations of PMSE-Es
OR and  PMSE  OR  are  similar.  Nevertheless,  there  are  also  differ-
ences.
1)  Diurnal  variation:  The  maximal  value  of  PMSE  OR  appears  at
12–15  UT,  and  the  minimal  value  appears  at  19–23  UT.  At  the
same time, there is a second maximal value at 3–6 UT and second
minimal value at  6–10 UT.  The maximal  value of  PMSE-Es OR ap-
peared  at  12–16  UT,  and  minimal  values  appeared  at  17–22  UT.
The  minimal  value  of  PMSE-Es  appeared  1–2  hours  earlier  than
that of  PMSE,  and  the  second  maximal  value  of  PMSE-Es  some-
times appears at 4–8 UT.
2) Day-to-day variation: PMSE usually begins to appear at the end
of  May,  and  increases  rapidly  at  the  beginning  of  June,  remains
high in July, then gradually decreases or disappears at the end of
August. PMSE-Es  have  obvious  day-to-day  variations  which  ap-
pear from May to August,  and it appears earlier than PMSE every
year.
3) Year-to-year variation: There is a significant positive correlation

between the year-to-year variation of PMSE OR and PMSE-Es OR.

These  results  show  that  PMSE-Es  events  may  become  important
phenomena  in  the  polar  mesosphere,  and  we  present  a  novel

method to analyze PMSE. 
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