
eMeteorNews 2022 – 3 

© eMeteorNews 159 

2021 Andromedid complex by Global Meteor Network 
Paul Roggemans1, Peter Cambell-Burns2 and Denis Vida3 

1 Pijnboomstraat 25, 2800 Mechelen, Belgium 

paul.roggemans@gmail.com 

2 UKMON, Cavendish Gardens, Fleet, Hampshire, United Kingdom 

peter@campbell-burns.com 

3 Department of Earth Sciences, University of Western Ontario, London, Ontario, N6A 5B7, Canada 

denis.vida@gmail.com 

A study of the 2021 Andromedids is presented based on the Global Meteor Network results. Andromedid orbits 

were identified during the interval in solar longitude 206° to 278°. Although rates were very low, three intervals 

with enhanced activity could be distinguished, a first dispersed at λʘ ~234°, a second more compact at λʘ ~239.4° 

and a final short enhancement at λʘ ~246.0°. The usual radiant drift caused by the rotation of the Earth around the 

Sun is partly compensated by the drift of the orbital elements. This explains the disagreement in radiant drift between 

different sources as these depend on the activity interval taken into consideration for the radiant drift. The orbital 

elements show a distinct evolution in time, the longitude of perihelion Π, the inclination i, and especially the 

perihelion distance q increase during the activity period. The eccentricity e decreases and the semi major axis a 

remains constant. 

 

1 Introduction 

The Andromedids have an impressive record in history 

books with most impressive meteor storms in the 19th 

century. During the 20th century this meteor shower seemed 

to have vanished and it was assumed that the dust had 

spread and did no longer cross the Earth orbit.  

The parent comet 3D/Biela is a Jupiter-family comet first 

discovered in 1772 by Montaigne in France and at a later 

return in 1805 by Pons in France. It was Wilhelm von Biela 

at a later return in 1826 who obtained enough observations 

to prove this was a new periodic comet which had been 

observed before in 1772 and 1805. In 1846 the comet was 

observed with two separated nuclei. It was a last time seen 

in 1852 and all later attempts to rediscover it failed (Kronk, 

1988). 

The earliest known appearance of the Andromedids was 

witnessed by H.W. Brandes in the evening of 6 December 

1798 when he counted about 100 meteors an hour for 4 

hours. No information was mentioned about the radiant, but 

this outburst concerned most likely the Andromedids. Also 

on 7 December 1830, Abbe Raillard in France mentioned 

many meteors were seen without giving any further details. 

More information was obtained by Herrick in 1838 when 

large and splendid fireballs were seen on both December 6 

and 7. Additional observing reports revealed that the radiant 

position was not far from Cassiopeia or perhaps near the 

cluster in the sword of Perseus with rates between 125 and 

175 per hour. Eduard Heis observed the Andromedids on 6 

December 1847 in Germany and obtained a radiant position 

at R.A. 21° and declination +54° (Kronk, 1988). 

In the 1860s the link was made between comets and meteor 

showers. Edmond Weiss, Heinrich Louis d’Arrest and 

Johann Galle found independently that the meteoroids that 

caused the activity outbursts in 1798 and 1838 were 

associated with comet 3D/Biela. Edmond Weiss computed 

further and noticed the drift of the ascending node of the 

comet’s orbit and predicted that meteor activity caused by 

debris of this comet might be seen around 28 November 

1872 from a radiant at R.A. 23.4° and declination +43.0° 

(Kronk, 1988). 

The big surprise came in the evening of 27 November 1872 

with a most spectacular meteor storm, described as a rain of 

fire with about 400 meteors every 1.5 minutes. The radiant 

could be precisely determined at R.A. 26.6° and declination 

+43.8°. The time of the maximum was estimated to be at 

November 27.84 UT when the meteors were too numerous 

to count. Predicted outbursts for 1878 and 1879 did not take 

place or went by unnoticed. Another possible outburst was 

predicted on short notice for 27 November 1885 and did 

materialize as observers with clear sky noticed immediately 

an acceptable activity. William Denning had observed 

meteor activity from the Andromedids with rates of about 

100 per hour one night earlier. The evening of 27 November 

the number of meteors was too high and impossible to count 

them all with about one meteor every second. At the next 

expected passage of the parent comet, no such spectacular 

meteor storm was seen but rates were still several hundreds 

of meteors per hour on November 24. Andromedids 

displayed rates of about 100 meteors per hour on 24 

November 1899 and about 20 per hour on 21 November 

1904. No more activity from this shower was seen until 

1940 when R.M. Dole in Maine, USA, reported an outburst 

with 30 meteors an hour on 15 November and J.P.M. 

Prentice reported rates of 5 meteors an hour between 27 

November and 4 December (Kronk, 1988). No further 

visual activity from this shower was reported in the 20th 

century and the dust released by comet 3D/Biela was 

assumed no longer to intersect with the Earth orbit. Past 
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Andromedid outbursts were modelled and described by 

Jenniskens and Vaubaillon (2007). 

The Andromedids surprised with hourly rates of about 50 

during the nights 3–5 December 2011 with a radiant at R.A. 

18° and Declination +56°, the best activity in more than a 

century and again from the radiant position in Cassiopeia as 

it was in the beginning of the 19th century. The unexpected 

return was covered by the meteor radar CMOR in Canada 

(Wiegert et al., 2013) and the CAMS project (Jenniskens et 

al., 2016). A weak to moderate activity predicted to occur 

in 2018 did not materialize but the Andromedids surprised 

unexpectedly in 2021 with significant above normal 

Andromedid rates observed around 20 November by 

CAMS networks at the northern hemisphere (Jenniskens, 

2022a). This broad activity enhancement was followed by a 

sharp peak on 28 November at λʘ = 245.887 ± 0.007° 

(Jenniskens, 2022b). 

The Global Meteor Network (Vida et al., 2021) also 

recorded the 2021 Andromedid activity, and these results 

are presented in this analysis. 

2 GMN 2021 Andromedid results 

The Global Meteor Network identified 1034 orbits as 

Andromedids. This identification has been made based on a 

list of known meteor showers (Jenniskens et al., 2018) for 

orbits recorded within 1° in solar longitude of the known 

activity period, with the radiant within 3° relative to the 

known radiant position and with a geocentric velocity vg 

within an interval of 10% relative to the reference 

geocentric velocity (Moorhead et al., 2020).  

Using an existing list of meteor showers with earlier 

determined radiant positions, activity periods and 

geocentric velocity, is helpful for a preliminary 

classification of shower meteor meteors, but this approach 

also creates a bias as the radiant positions, activity period 

and velocity range obtained will just confirm the reference 

that has been used for classification. 

To consider all the orbits with the same criteria the author 

applied an iterative procedure starting from some initial 

reference orbit to identify all orbits that form a 

concentration of similar orbits which define the meteor 

shower. This method has been described before 

(Roggemans et al., 2019). 

To identify all possible Andromedid orbits in an 

independent way all Andromedid orbits according to the 

GMN identification have been used to obtain a mean orbit 

according to the method described by Jopek et al. (2006). 

This mean orbit has then been used to run an iterative 

procedure to select all similar orbits, recompute the mean 

orbit and repeat this procedure until the iteration converges 

at a selection of similar orbits with the most representative 

mean orbit. To compare orbits on similarity mathematicians 

established different discrimination criteria, often 

abbreviated as D-criteria. The D-criteria that we use are 

these of Southworth and Hawkins (1963), Drummond 

(1981) and Jopek (1993) combined. The oldest and most 

popular D-criterion DSH, established by Southworth and 

Hawkins, proves often too tolerant and unsuitable for short 

period orbits near the ecliptic. It is not unusual that orbits 

which are very similar according to DSH, fail for another D-

criteria such as that of Drummond or DD. 

To distinguish dispersed and compact orbits we define five 

classes with different threshold levels of similarity, groups 

of orbits with comparable degree of dispersion. These 

should help to visualize the degree of dispersion and 

compactness within the meteoroid stream. The different 

classes of similarity are defined as follows: 

• Low: DSH < 0.25 & DD < 0.105 & DH < 0.25; 

• Medium low: DSH < 0.2 & DD < 0.08 & DH < 0.2; 

• Medium high: DSH < 0.15 & DD < 0.06 & DH < 0.15; 

• High: DSH < 0.1 & DD < 0.04 & DH < 0.1; 

• Very high: DSH < 0.05 & DD < 0.02 & DH < 0.05. 

The low threshold class with DD < 0.105 represents the most 

dispersed particles which may include sporadics with pure 

chance similarity. The very strong threshold class with 

DD < 0.02 represents the core of the dust trail with almost 

identical orbits. For readability reasons we refer to these 

classes using only the Drummond DD notification. 

To limit the dataset in volume all 2021 GMN orbits were 

chosen between 20 October 2021 and 31 December 2021, 

in total 76570 orbits. 1954 orbits were identified to fulfill 

the low threshold criteria, registered between 20 October 

2021 (λʘ = 207.3°) and 29 December 2021 (λʘ = 278.0°). 

195 of these fulfilled the very high threshold criteria, 

registered between 13 and 26 November 2021  

For a better comparison between results based on orbit 

similarity criteria and the shower identification based on the 

GMN identification method (radiant position and velocity), 

the similarity criteria were applied on the dataset with the 

1034 preliminary GMN identified Andromedids. The mean 

orbit of these 1034 Andromedids has been used as reference 

orbit. Four orbits failed to fulfill even the low threshold 

criteria, the remaining 1030 GMN Andromedids were 

classified according to the different similarity classes. 

3 Activity profile 

A simple approach to obtain an activity profile is to count 

the number of recorded Andromedid orbits per time 

interval. To eliminate the influence of variable weather 

circumstances and different camera coverage for different 

time zones, we use the number of sporadic orbits without 

shower meteors to calibrate the Andromedid number of 

orbits for each time interval. This leaves the influence of the 

zenith distance of the Andromedid radiant as only factor 

that influences the number of Andromedids per time 

interval. The zenith distance factor cannot be determined 

for a mixture of orbits obtained for many different 

geographic locations mixed in each time interval. Statically 

we can just assume that the mixture of radiant distances in 

each interval will tend to average out the influence of the 

zenith distance. 
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Figure 1 – Activity profile with the number of Andromedid orbits 

defined by the GMN shower identification method, expressed as a 

percentage relative to the number of sporadic orbits recorded 

during the same interval. The different similarity classes are color 

coded. 

 

Figure 1 shows the resulting activity profile using a 

sampling interval of 1.1° in solar longitude, skipping 0.2° 

forward in solar longitude for each sampling interval. The 

width of the sampling interval has been chosen to smooth 

statistical fluctuations and still to maintain enough detail of 

the activity variation during the transit of the Earth through 

the Andromedid dust. The mean orbit used for the similarity 

criteria was obtained at the median value of the solar 

longitude of all GMN identified Andromedid orbits 

(λʘ = 240.6°). It is obvious that this mean reference orbit 

represents mainly the orbits around λʘ = 240.6° with many 

very high threshold similarities marked in purple in  

Figure 1. The earliest recorded Andromedid orbits have low 

similarity with this reference orbit and the profile in  

Figure 1 ends abruptly at about λʘ = 248° before the last 

peak on 29–30 November was completely ended. It is 

obvious that the activity period defined in the GMN 

reference table for shower identification ends too soon. 

The abrupt end of the Andromedid activity period in the 

GMN reference list of meteor showers is to some extent 

compensated by the recorded December psi Cassiopeiids 

(DPC#446) which are in fact nothing other than 

Andromedids which were renamed at the 2011 Andromedid 

outburst in early December when the radiant was situated in 

the constellation of Cassiopeia. 

Looking at the same activity profile based on the shower 

identification with orbit similarity criteria (Figure 2), the 

first possible Andromedid orbits were detected ten days 

earlier than with the GMN shower identification. Possible 

Andromedid orbits were detected during one month after 

the last Andromedid orbit identified by GMN. The main 

shape of the activity profile is visible in the two graphs. A 

first enhanced Andromedid activity appeared roughly 

between 227° < λʘ < 236° with a first modest peak at 

λʘ = 234° (2021, November 16, 11h UT). A second 

component of enhanced activity can be seen in the interval 

236° < λʘ < 242.6° with a peak at λʘ = 239.4° (2021, 

November 21, 20h UT). The sharpest and highest activity 

occurred in the interval 243° < λʘ < 247.2° with a sharp 

peak at λʘ = 246.0° (2021, November 28, 08h UT). Before 

and after these three intervals only few and dispersed 

Andromedid orbits were recorded. 

 

Figure 2 – Activity profile with the number of Andromedid orbits 

according to the orbit similarity criteria, expressed as a percentage 

relative to the number of sporadic orbits recorded during the same 

interval. The different similarity classes are color coded. 

 

The activity profile based on numbers of orbits provides no 

precise data on the level of the shower activity in terms of 

zenithal hourly rates but the shape of the profile provides 

sufficient evidence for the layered structure of the 

Andromedid meteoroid stream and the approximate times 

of the different maxima. It is obvious that the Andromedids 

are a complex meteoroid stream with multiple 

superimposed dust trails embedded among widely 

dispersed particles that encounter the Earth orbit during a 

period of more than two months. 

4 Radiant structure 

The long duration activity period of the Andromedids 

suggests a significant radiant drift in geocentric equatorial 

coordinates. However, the values quoted in literature are not 

in agreement. Jenniskens (2006) lists Δα = 0.63°and 

Δδ = +0.33°, SonotaCo (2009), Δα = 0.12°and Δδ = +0.30°, 

Jenniskens et al. (2016) Δα = 1.00°and Δδ = +0.37° and this 

study resulted in Δα = 0.19°and Δδ = +0.75°. Looking at 

Figure 3 the radiant drift doesn’t show up as expected. The 

pattern of the radiant drift during the Andromedid activity 

displays a shape of a crescent. During the first part of the 

Andromedid activity the radiant drift shows a normal 

increase in Right Ascension and declination, while the 

declination continues to increase the Right Ascension 

remains constant and decreases towards the end of the 

activity period. The large differences in radiant drift values 

found in literature can be simply explained as these values 

depend on the activity interval on which the radiant drift has 

been obtained. Looking at the 1954 Andromedid orbits 

identified with the orbit similarity criteria (Figure 4) this 

plot displays the same crescent shape. The December psi 

Cassiopeiids marked as triangles in Figure 3 and many of 
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the sporadic orbits according to the GMN shower 

identification were identified as Andromedids by the orbit 

similarity method. 

 

Figure 3 – The Andromedid radiants in equatorial geocentric 

coordinates based on the GMN shower identification, color coded 

according to the orbit similarity criteria. The triangles indicate the 

Andromedids which were identified as December psi Cassiopeïds  

(DPC#446). 

 

Figure 4 – The Andromedid radiants in equatorial geocentric 

coordinates based on the orbit similarity shower identification, 

color coded according to the orbit similarity criteria. The 

December psi Cassiopeïds (DPC#446) orbits from Figure 3 are 

detected as Andromedids. 

 

Figure 5 – The radiant drift in Right Ascension, based on the 

GMN shower identification. 

 

Figure 6 – The radiant drift in declination, based on the GMN 

shower identification. 

 

Figure 7 – The radiant drift in Right Ascension, based on the orbit 

similarity shower identification. 

 

Figure 8 – The radiant drift in declination, based on the orbit 

similarity shower identification. 

 

The radiant drift in Right Ascension in this case should not 

be described with an ordinary linear regression, but rather 

with a second order polynomial to fit the decreasing drift in 

function of the solar longitude (Figure 5). The radiant drift 

in declination shows an almost linear increase during the 

activity period (Figure 6). The unusual radiant drift 

behavior is even better visible in the plot with the orbit 

similarity shower identification with a longer activity 

period but ignoring the low similarity cases (Figure 7). 
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With the much longer activity period detected with the orbit 

similarity shower identification, the radiant drift in 

declination increases significantly in the second half of the 

activity period after a rather constant drift in declination 

during the first half (Figure 8). The third and last part of the 

activity period determined by orbit similarity identification, 

includes the orbits that were identified by GMN as 

December psi Cassiopeiids (DPC#446). 

 

Figure 9 – The radiant drift in Right Ascension, using the sliding 

mean of the Right Ascension computed for a time interval of 0.4° 

in solar longitude in steps of 0.2°. The GMN shower identification 

is marked in red for the Andromedids and in green for the 

December psi Cassiopeiids, the Andromedids according to the 

orbit similarity identification are marked in blue. 

 

Figure 10 – The radiant drift in declination, using the sliding mean 

of the declination computed for a time interval of 0.4° in solar 

longitude in steps of 0.2°. The GMN shower identification is 

marked in red for the Andromedids and in green for the December 

psi Cassiopeiids, the Andromedids according to the orbit 

similarity identification are marked in blue. 

 

To reduce the scatter on the Right Ascension and 

declination for each interval in solar longitude, the average 

value has been calculated for intervals of 0.4° in solar 

longitude, using steps of 0.2°. The values for the radiant 

positions of Andromedids according to the GMN shower 

identification (red) display very little scatter compared to 

the values according to the orbit similarity identification 

(blue) (Figures 9 and 10).  

The December psi Cassiopeiids (DPC) identified by the 

GMN method display a deviant behavior as the radiant 

regresses in Right Ascension (Figure 9) and increases more 

in declination (Figure 10). These radiants were detected by 

the orbit similarity method as ordinary Andromedids among 

plenty of other Andromedids identified after the assumed 

activity period in the reference list used for the GMN 

identification. DPC orbits display a slightly different radiant 

drift compared to the ordinary Andromedids which appear 

with a very large scatter on the radiant positions. 

 

Figure 11 – The Andromedid radiants in Sun-centered geocentric 

ecliptic coordinates based on the GMN shower identification, 

color coded according to the orbit similarity criteria. The triangles 

indicate the Andromedids which were identified as December psi 

Cassiopeiids. 

 

Figure 12 – The Andromedid radiants in Sun-centered geocentric 

ecliptic coordinates based on the orbit similarity shower 

identification, color coded according to the orbit similarity criteria. 

The December psi Cassiopeiids (DPC#446) orbits from Figure 11 

are detected as Andromedids. 
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The usual way to look at a radiant without the radiant drift 

caused by the rotation of the Earth around the Sun is to plot 

the Sun-centered geocentric ecliptic coordinates. For most 

showers this results in a compact concentration of radiant 

points. For the Andromedids this results in a completely 

different picture with a long stretched radiant area. This 

means that the particles don’t move on parallel orbits but 

encounter the Earth at different angles to an extent that the 

usual radiant drift is compensated. The plots obtained with 

the GMN identification, and the orbit similarity 

identification can be compared in Figures 11 and 12. 

 

Figure 13 – The radiant drift in Sun-centered geocentric ecliptic 

longitude, using the sliding mean of the Sun-centered geocentric 

ecliptic longitude computed for a time interval of 0.4° in solar 

longitude in steps of 0.2°. The GMN shower identification is 

marked in red for the Andromedids and in green for the December 

psi Cassiopeiids, the Andromedids according to the orbit 

similarity identification are marked in blue. 

 

Figure 14 – The radiant drift in geocentric ecliptic latitude, using 

the sliding mean of the geocentric ecliptic latitude computed for a 

time interval of 0.4° in solar longitude in steps of 0.2°. The GMN 

shower identification is marked in red for the Andromedids and in 

green for the December psi Cassiopeiids, the Andromedids 

according to the orbit similarity identification are marked in blue. 

 

The Andromedids are a very particular meteoroid stream 

with perturbed orbits in a way that it results in a mechanism 

compensating the usual radiant drift caused by the Earth’s 

movement around the Sun. The degree that these orbits have 

been smeared out during the transit of the Earth is very well 

reflected in a drift of the Sun-centered geocentric ecliptic 

coordinates. Most meteor showers do not display anything 

like this. Figures 13 and 14 show this effect. The radiant 

drift due to the perturbed smeared out orbits in Sun-centered 

geocentric ecliptic coordinates equals Δ(λ – λʘ) = –0.1°and 

Δβ = +0.12°. The drift in geocentric ecliptic latitude for the 

December psi Cassiopeiids deviates slightly in ecliptic 

latitude as can be seen in Figure 14. The authors have no 

explanation for this remarkable anomaly. 

Apart of the radiant position which indicates the direction 

from where the particles hit the planet, the velocity relative 

to the Earth is another very important property of a meteor 

shower. Measuring the velocity of a fast-moving object on 

a short trail at the sky introduces instrumental measurement 

errors. If all shower meteors would have the same velocity, 

we should see a nice symmetric Gaussian distribution 

representing the spread caused by measurement errors. This 

is not the case whether we look at the Andromedids 

identified by GMN (Figure 15) or identified by the orbit 

similarity method (Figure 16). The GMN identification has 

very little dispersed orbits, while the orbit similarity method 

picks up more dispersed particles. 

 

Figure 15 – The histogram with the distribution of the geocentric 

velocity obtained for Andromedids identified by the GMN shower 

identification method. 

 

Figure 16 – The histogram with the distribution of the geocentric 

velocity obtained for Andromedids identified by the orbit 

similarity shower identification method. 
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The profiles appear skew and show different peaks, 

suggesting that some components with slightly different 

geocentric velocity contributed to the 2021 Andromedid 

activity. The different classes of similarity show a 

concentration of almost identical orbits (DD < 0.02) at 

vg = 16.3 km/s which is the geocentric velocity of the 

reference orbit obtained as mean orbit for all GMN 

identified Andromedids. The orbits with DD < 0.04 which 

correspond mainly with the orbits of the second and the last 

peak, had a slightly lower velocity. Several lower similarity 

orbits had a significant faster velocity compared to the main 

bulk of Andromedids. This requires a look at the variation 

in velocity in function of time, in our case we use the solar 

longitude λʘ. 

 

Figure 17 – The variation in geocentric velocity vg, using the 

sliding mean of the geocentric velocity computed for a time 

interval of 0.4° in solar longitude in steps of 0.2°. The GMN 

shower identification is marked in red for the Andromedids and in 

green for the December psi Cassiopeiids, the Andromedids 

according to the orbit similarity identification are marked in blue. 

 

Figure 18 – The variation in heliocentric velocity vh, using the 

sliding mean of the heliocentric velocity computed for a time 

interval of 0.4° in solar longitude in steps of 0.2°. The GMN 

shower identification is marked in red for the Andromedids and in 

green for the December psi Cassiopeiids, the Andromedids 

according to the orbit similarity identification are marked in blue. 

 

The change in geocentric velocity vg in function of the solar 

longitude is shown in Figure 17. The geocentric velocity is 

the result of the sum of the velocity vector of the Earth’s 

own movement around the Sun, about 29.8 km/s, and the 

velocity vector of the particle in its orbit around the Sun. 

The heliocentric velocity vh of the Andromedids appears to 

be constant, apart from a slight increase of 0.4 km/s between 

the start and then end of the activity period. The decrease in 

geocentric velocity is caused by the change in angle of entry 

of the Andromedids during the shower activity as the 

radiant moves towards the antapex. The different peaks in 

Figures 15 and 16 may be caused by the large input during 

the different peaks in the activity profile which appeared at 

different times with slightly different velocities. 

Another interesting plot is the radiant distribution in Sun-

centered geocentric ecliptic coordinates, color coded for the 

geocentric velocity (Figures 19 and 20). The Earth first 

encounters the fastest Andromedid particles and gradually 

intercepts Andromedid particles at lower geocentric 

velocity from more northern ecliptic latitudes and lower 

Sun-centered ecliptic longitude. Both shower identification 

methods show the same effect. The more scattered orbits 

defined by the orbit similarity method show the fastest 

Andromedids at higher Sun-centered ecliptic longitude at 

the beginning of the shower activity, the slowest particles 

appear towards the end of the activity. 

 

Figure 19 – The Andromedid radiants in Sun-centered geocentric 

ecliptic coordinates based on the GMN shower identification, 

color coded according to the geocentric velocity. 

 

 

Figure 20 – The Andromedid radiants in Sun-centered geocentric 

ecliptic coordinates based on the orbit similarity shower 

identification, color coded according to the geocentric velocity. 
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5 The drifting in orbital elements 

Longitude of perihelion Π 

 

Figure 21 – The histogram with the distribution of the longitude 

of perihelion Π obtained for Andromedids identified by the GMN 

shower identification method. 

 

Figure 22 – The histogram with the distribution of the longitude 

of perihelion Π obtained for Andromedids identified by the orbit 

similarity shower identification method. 

 

Figure 23 – The variation in longitude of perihelion Π, using the 

sliding mean of Π computed for a time interval of 0.4° in solar 

longitude in steps of 0.2°. The GMN shower identification is 

marked in red for the Andromedids and in green for the December 

psi Cassiopeiids, the Andromedids according to the orbit 

similarity identification are marked in blue. 

The distribution of the longitude of perihelion Π, provides 

insight in the dispersion of the meteoroid stream at its 

perihelion which corresponds to its closest position to the 

Sun. The longitude of perihelion is composed by the time 

dependent longitude of the ascending node Ω and the 

argument of perihelion ω. 

Both the GMN (Figure 21) and the orbit similarity shower 

identification (Figure 22) result in a similar asymmetric 

distribution with some peaks. The variation of the longitude 

of perihelion in function of the solar longitude λʘ indicates 

a slight increase for the Andromedids but remains rather 

constant for the December psi Cassiopeiids (Figure 23). 

The large scatter indicates that the positions of the perihelia 

of the Andromedids got very dispersed. 

The inclination i 

The inclination i provides insight in the orientation of the 

meteor orbits relative to the ecliptic. Both the GMN 

(Figure 24) and the orbit similarity shower identification 

(Figure 25) result in a similar asymmetric distribution with 

at least two distinct peaks. 

 

Figure 24 – The histogram with the distribution of the inclination 

i obtained for Andromedids identified by the GMN shower 

identification method. 

 

Figure 25 – The histogram with the distribution of the inclination 

i obtained for Andromedids identified by the orbit similarity 

shower identification method. 
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Figure 26 – The variation in inclination i, using the sliding mean 

of the inclination computed for a time interval of 0.4° in solar 

longitude in steps of 0.2°. The GMN shower identification is 

marked in red for the Andromedids and in green for the December 

psi Cassiopeiids, the Andromedids according to the orbit 

similarity identification are marked in blue. 

 

Figure 26 shows that the wide range in inclination shown 

in Figures 24 and 25, changes in time. The first 

Andromedids encountered by Earth have a lower 

inclination than during the activity maxima. The peaks in 

the histogram correspond to the maxima in the activity 

profile. The gradual increase in inclination during the 

activity is obvious for the Andromedids and the December 

psi Cassiopeiids identified by GMN. The scatter at the end 

of the activity period for the orbit similarity identification is 

due to some outliers among fewer datapoints. 

 

Figure 27 – The Andromedid orbits plotted as inclination i against 

the longitude of perihelion Π based on the GMN shower 

identification, color coded according to the orbit similarity criteria. 

The triangles indicate the Andromedids which were identified as 

December psi Cassiopeiids. 

 

The inclination i can be plotted against the longitude of 

perihelion Π to check for concentrations within the 

meteoroid stream. The graph with the inclination i plotted 

against the longitude of perihelion Π shows two 

concentrations with the first modest peak at λʘ = 234° 

containing lower inclination orbits around Π = 107.6° with 

i = 10.6°. The two other peaks at λʘ = 239.4° and 

λʘ = 246.0° include higher inclination orbits at Π = 110.8° 

with i = 11.8° and at Π = 111.2° with i = 12.8°. The 

December psi Cassiopeiids at the end of the Andromedid 

activity appear with higher inclination and more dispersed 

in length of perihelion. The same picture appears in the plot 

with the GMN shower identification (Figure 27) as well as 

in the orbit similarity shower identification (Figure 28). 

 

Figure 28 – The Andromedid orbits plotted as inclination i against 

the longitude of perihelion Π based on the orbit similarity shower 

identification, color coded according to the orbit similarity criteria. 

The December psi Cassiopeiids (DPC#446) orbits from Figure 27 

are detected as Andromedids. 

 

Figure 29 – The Andromedid orbits plotted as inclination i against 

the longitude of perihelion Π based on the GMN shower 

identification, color coded according to the geocentric velocity. 

 

Looking at the distribution of the inclination against the 

longitude of perihelion color coded for the geocentric 

velocity, we see a concentration with at Π = 107.6° at about 

9° inclination with mainly fast Andromedids. Another 

concentration appears at Π = 111° with an inclination of 

about 13° with significant slower Andromedids. The more 
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scattered dots at higher inclinations were all identified as 

December psi Cassiopeiids (see Figure 27). 

 

Figure 30 – The Andromedid orbits plotted as inclination i against 

the longitude of perihelion Π based on the orbit similarity shower 

identification, color coded according to the geocentric velocity. 

 

The same plot for the orbit similarity shower identification 

shows a much larger scatter in inclination and longitude of 

perihelion (Figure 30). The two concentrations seen in 

Figure 29 are still visible but less distinct. 

The perihelion distance q 

The perihelion distance gives insight in the dispersion in the 

closest approach to the Sun of meteoroid orbits. The closer 

the particles of a meteoroid stream get to the Sun, the more 

intense their exposure to the destructive forces of the Sun. 

For the fragile cometary dust of comet 3D/Biela these 

particles will suffer a significant stress at each perihelion 

passage. If the distance to the Sun differs a lot for different 

components of the shower, this effect will have a different 

result for these components.  

 

Figure 31 – The histogram with the distribution of the perihelion 

distance q obtained for Andromedids identified by the GMN 

shower identification method. 

 

Looking at the histogram with the perihelion distance 

distribution we see a very asymmetric distribution covering 

a wide range of perihelion distances q with at least two 

distinct peaks at q = 0.84 A.U. and q = 0.86 A.U. Within a 

wide range from about 0.68 to almost 1.00 A.U. the 

registered Andromedid orbits undergo a significant 

different thermal stress at their perihelion passage. Both 

shower identification methods result in a similar histogram 

(Figures 31 and 32), with the orbit similarity method having 

more Andromedids at the beginning and the end of the 

activity period. 

 

Figure 32 – The histogram with the distribution of the perihelion 

distance q obtained for Andromedids identified by the orbit 

similarity shower identification method. 

 

Figure 33 – The variation in perihelion distance q, using the 

sliding mean of the perihelion distance computed for a time 

interval of 0.4° in solar longitude in steps of 0.2°. The GMN 

shower identification is marked in red for the Andromedids and in 

green for the December psi Cassiopeiids, the Andromedids 

according to the orbit similarity identification are marked in blue. 

 

Looking at the perihelion distance q in function of the solar 

longitude λʘ, a very distinct trend can be seen (Figure 33). 

The Andromedid activity starts with orbits with a perihelion 

distance closer to the Sun, gradually increasing the 

perihelion distance towards the Earth’s orbit during the 

Andromedid activity period. The December psi 

Cassiopeiids are perfectly in line with this trend. The peaks 

in Figures 31 and 32 correspond to the different maxima in 

the activity profile (Figures 1 and 2). The drift in perihelion 

distance during the transit of Earth through the stream is 

remarkable. The distribution of the perihelion distance in 
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function of the longitude of perihelion and inclination 

provides some more insight in the structure of the stream. 

 

Figure 34 – The Andromedid orbits plotted as inclination i against 

the perihelion distance q based on the GMN shower identification, 

color coded according to the orbit similarity criteria. The triangles 

indicate the Andromedids which were identified as December psi 

Cassiopeiids. 

 

Figure 35 – The Andromedid orbits plotted as inclination i against 

the perihelion distance q based on the orbit similarity shower 

identification, color coded according to the orbit similarity criteria. 

 

How does the inclination i, or the orientation of the 

Andromedid orbits relative to the ecliptic change with the 

perihelion distance q? Figure 34 shows a clear trend with 

an increasing perihelion distance and increasing inclination. 

Figures 26 and 33 show how the inclination and perihelion 

distance increase in function of the solar longitude. The plot 

based on the orbit similarity shower identification  

(Figure 35) displays more scatter but confirms the pattern 

of Figure 34. 

Taking the geocentric velocity vg into account the fastest 

Andromedids appear at the lowest perihelion distances and 

lower inclination at the beginning of the activity period 

(Figure 36). The plot for the orbit similarity shower 

identification confirms this trend but appears more diffuse 

covering a wider range in inclination with mainly dispersed 

particles (Figure 37). 

 

Figure 36 – The Andromedid orbits plotted as inclination i against 

the perihelion distance q based on the GMN shower identification, 

color coded according to the geocentric velocity. 

 

Figure 37 – The Andromedid orbits plotted as inclination i against 

the perihelion distance q based on the orbit similarity shower 

identification, color coded according to the geocentric velocity. 

 

Looking at the distribution of the perihelion distance against 

the longitude of perihelion, we get a very good picture of 

the dispersion of the Andromedids at their perihelion in 

both longitude and distance to the Sun. Figure 38 shows this 

distribution where the first part of the activity period with 

the first moderate maximum appears separated from the 

dense concentration caused by the second and the third 

peak. The December psi Cassiopeiids partly overlap with 

the last concentration. The plot for the orbit similarity 

shower identification (Figure 39) confirms this picture, 

although with a larger spread in longitude of perihelion. 

Taking the geocentric velocity vg into account, there is a 

clear trend with faster Andromedids at lower perihelion 

distances and slower meteors at higher perihelion distance 

(Figure 40). The orbit similarity shower identification 
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results in the same picture but with larger scatter in 

longitude or perihelion (Figure 41). 

 

Figure 38 – The Andromedid orbits plotted as perihelion distance 

q against longitude of perihelion Π based on the GMN shower 

identification, color coded according to the orbit similarity criteria. 

The triangles indicate the Andromedids which were identified as 

December psi Cassiopeiids. 

 

Figure 39 – The Andromedid orbits plotted as perihelion distance 

q against longitude of perihelion Π based on the orbit similarity 

shower identification, color coded according to the orbit similarity 

criteria. 

The eccentricity e 

The eccentricity describes the shape of the orbit, with e = 0 

for a perfect circle, e = 1 for a parabolic orbit and e > 1 for 

a hyperbolic orbit. The histogram for the eccentricities 

recorded for the Andromedids shows a slightly skew profile 

(Figures 42 and 43) for both shower identification methods. 

 

Figure 40 – The Andromedid orbits plotted as perihelion distance 

q against the longitude of perihelion Π based on the GMN shower 

identification, color coded according to the geocentric velocity. 

 

Figure 41 – The Andromedid orbits plotted as perihelion distance 

q against the longitude of perihelion Π based on the orbit similarity 

shower identification, color coded according to the geocentric 

velocity. 

 

 

Figure 42 – The histogram with the distribution of the eccentricity 

e obtained for Andromedids identified by the GMN shower 

identification method. 
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Figure 43 – The histogram with the distribution of the eccentricity 

e obtained for Andromedids identified by the orbit similarity 

shower identification method. 

 

Figure 44 – The variation in eccentricity e, using the sliding mean 

of the eccentricity computed for a time interval of 0.4° in solar 

longitude in steps of 0.2°. The GMN shower identification is 

marked in red for the Andromedids and in green for the December 

psi Cassiopeiids, the Andromedids according to the orbit 

similarity identification are marked in blue. 

 

Figure 44 presents the evolution of the eccentricity with 

time (solar longitude) and shows a slight decrease within a 

significant scatter during the activity period. The December 

psi Cassiopeiids fit in very well at the end of the activity 

period of the Andromedids. 

The plot of the eccentricity against the longitude of 

perihelion (Figures 45 and 46) reveals a distinct 

concentration with the early orbits at higher eccentricity 

values and lower longitude of perihelion values. The second 

and third peak appear at slightly lower eccentricity and 

higher longitude of perihelion. 

A clearer picture emerges when we look at the same plot 

with eccentricity against longitude of perihelion with the 

velocity color coded. In Figure 47 shows two 

concentrations, one formed at the first peak with higher 

eccentricity and lower longitude of perihelion. The second 

and the third peak form another concentration with slightly 

lower eccentricity, higher longitude of perihelion and 

significant lower velocities. The same trend can be seen in 

Figure 48 although more diffuse due to the much more 

dispersed orbits. At the top of Figure 47 we see that 4 data 

points with high eccentricity are missing in Figure 48. This 

is because the orbit similarity shower identification rejects 

these 4 orbits which were identified as Andromedids by the 

GMN shower identification. 

 

Figure 45 – The Andromedid orbits plotted as eccentricity e 

against longitude of perihelion Π based on the GMN shower 

identification, color coded according to the orbit similarity criteria. 

The triangles indicate the Andromedids which were identified as 

December psi Cassiopeiids. 

 

Figure 46 – The Andromedid orbits plotted as eccentricity e 

against longitude of perihelion Π based on the orbit similarity 

shower identification, color coded according to the orbit similarity 

criteria. 
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Figure 47 – The Andromedid orbits plotted as eccentricity e 

against the longitude of perihelion Π based on the GMN shower 

identification, color coded according to the geocentric velocity. 

 

Figure 48 – The Andromedid orbits plotted as eccentricity e 

against the longitude of perihelion Π based on the orbit similarity 

shower identification, color coded according to geocentric 

velocity. 

 

Figure 49 – The Andromedid orbits plotted as eccentricity e 

against the inclination i based on the GMN shower identification, 

color coded according to the orbit similarity criteria. The triangles 

indicate the Andromedids which were identified as December psi 

Cassiopeiids. 

 

Figure 50 – The Andromedid orbits plotted as eccentricity e 

against the inclination i based on the orbit similarity shower 

identification, color coded according to the orbit similarity criteria. 

 

The plot of the eccentricity e against the inclination i shows 

a concentration with the first peak Andromedid orbits at 

higher eccentricities with lower inclination and the second 

and third maximum Andromedids with slightly lower 

eccentricity at higher inclinations (Figure 49). The 

December psi Cassiopeiids appear more dispersed mainly 

in inclination. The plot with the orbit similarity shower 

identification confirms the same trend, although many more 

dispersed orbits, including the December psi Cassiopeiids 

were identified as Andromedids (Figure 50). 

 

Figure 51 – The Andromedid orbits plotted as eccentricity e 

against the inclination i based on the GMN shower identification, 

color coded according to the geocentric velocity. 

 

The same plot but with the velocity color coded (Figure 51) 

shows two more distinct concentrations with faster 

Andromedids with higher eccentricity and lower inclination 

during the first weeks of the activity with the first peak. The 

second and third peak occurred at higher inclination with 

slightly lower eccentricity and with lower velocity. The plot 

based on the orbit similarity (Figure 52) confirms this trend, 
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although with a larger dispersion in inclination. The lower 

the eccentricity and the lower the inclination, the slower the 

velocity. Four data points at high eccentricity in Figure 51 

have disappeared in Figure 52 because the orbit similarity 

criteria rejected these orbits which were identified as 

Andromedids by GMN. 

 

Figure 52 – The Andromedid orbits plotted as eccentricity e 

against the inclination i based on the orbit similarity shower 

identification, color coded according to the geocentric velocity. 

 

Figure 53 – The Andromedid orbits plotted as eccentricity e 

against the perihelion distance q based on the GMN shower 

identification, color coded according to the orbit similarity criteria. 

The triangles indicate the Andromedids which were identified as 

December psi Cassiopeiids. 

 

Plotting the eccentricity e against the perihelion distance q, 

a similar picture emerges as for the inclination. A first 

concentration can be seen at higher eccentricity and smaller 

perihelion distance, including the first peak. The other 

concentration at larger perihelion distance covers the 

second and the third peaks. the December psi Cassiopeiids 

fit in this plot with some larger dispersion after the main 

Andromedid activity (Figure 53). The plot based on the 

orbit similarity shower identification (Figure 54) confirms 

this result with many more dispersed orbits identified as 

Andromedids. 

The plot of eccentricity e against perihelion distance q, 

color coded for the velocity shows two distinct 

concentrations. The first concentration at smaller perihelion 

distances appears with the fastest Andromedids, the second 

concentration at larger perihelion distances at slightly lower 

eccentricity includes slower Andromedids (Figure 55).  

 

Figure 54 – The Andromedid orbits plotted as eccentricity e 

against the perihelion distance q based on the orbit similarity 

shower identification, color coded according to the orbit similarity 

criteria. 

 

The plot based on the orbit similarity shower identification 

displays a more diffuse picture, including more dispersed 

orbits. The higher the eccentricity and the smaller the 

perihelion distance, the faster the velocity, the larger the 

perihelion distance, the lower the eccentricity, the slower 

the velocity (Figure 56). 

 

Figure 55 – The Andromedid orbits plotted as eccentricity e 

against the perihelion distance q based on the GMN shower 

identification, color coded according to the geocentric velocity. 
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Figure 56 – The Andromedid orbits plotted as eccentricity e 

against the perihelion distance q based on the orbit similarity 

shower identification, color coded according to the geocentric 

velocity. 

The semi major axis a 

 

Figure 57 – The histogram with the distribution of the semi-major 

axis a obtained for Andromedids identified by the GMN shower 

identification method. 

 

Figure 58 – The histogram with the distribution of the semi-major 

axis a obtained for Andromedids identified by the orbit similarity 

shower identification method. 

 

Figure 59 – The variation in semi-major axis a, using the sliding 

mean of the semi-major axis computed for a time interval of 0.4° 

in solar longitude in steps of 0.2°. The GMN shower identification 

is marked in red for the Andromedids and in green for the 

December psi Cassiopeiids, the Andromedids according to the 

orbit similarity identification are marked in blue. 

 

The semi major axis is the easiest element to visualize for 

an elliptic orbit and can be calculated using the perihelion 

distance q and the eccentricity e as:  

𝑎 =
𝑞

(1 − 𝑒)
 

The semi-major axis is the most stable orbital element 

during the transit of Earth through the Andromedid stream, 

resulting in a symmetric profile in the histogram for both 

shower identification methods (Figures 57 and 58). 

The values of the semi-major axis remain stable around 3.0 

A.U. during the entire Andromedid activity (Figure 29) and 

the December psi Cassiopeiids fit very well in this graph. 

6 Andromedid magnitude distribution 

 

Figure 60 – The histogram with the distribution of the absolute 

magnitudes recorded for Andromedids identified by the GMN 

shower identification method. 
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Figure 61 – The histogram with the distribution of the absolute 

magnitudes recorded for Andromedids identified by the orbit 

similarity shower identification method. 

 

Figure 62 – The variation in absolute magnitude, using the sliding 

mean of the absolute magnitude computed for a time interval of 

0.4° in solar longitude in steps of 0.2°. The GMN shower 

identification is marked in red for the Andromedids and in green 

for the December psi Cassiopeiids, the Andromedids according to 

the orbit similarity identification are marked in blue. 

 

Looking at the magnitude distribution, based on the 

absolute magnitudes derived from the measured intensity of 

the video recordings, the available data indicate that the 

Andromedids were mainly faint meteors. Apart from some 

isolated fireballs rather few bright Andromedids were 

recorded. The orbit similarity method seems to identify 

mainly more fainter shower members than the GMN 

method (Figures 60 and 61). 

Looking at the average absolute magnitude during the 

activity period no trend or variation can be detected apart 

from scatter caused by some outliers (Figure 62). 

7 The complex composition of the 

shower 

The unusual radiant drift and significant change in orbital 

elements during the activity period make it impossible to 

identify these orbits correctly with a single mean orbit as 

reference. The radiant drift cannot be determined with a 

simple linear fit because of the unusual composition of the 

Andromedid shower. Masahiro Koseki (2021) studied the 

annual activity of the Andromedids based on SonotaCo 

orbit data for the period 2007–2018 and found the same 

radiant drift in Sun-centered ecliptic coordinates and the 

same trend in the changing orbital elements. 

Instead of using a single reference orbit to try to identify 

Andromedid orbits, it would be more appropriate to use a 

matrix of orbital elements to take the significant changes in 

the orbital elements into account. In an attempt to visualize 

the effect of the selection of the reference orbit on the 

identification of Andromedid orbits and the subsequent 

activity profile; the mean orbit has been calculated based on 

a reference orbit obtained for different time intervals.  

The mean orbits (Jopek, 1993), obtained with reference 

orbits valid for different time intervals have been listed in 

Table 1. First 7 intervals were used between solar longitude 

215° and 250° in steps of 5°. Three mean orbits were 

obtained for the three shower maxima intervals, 

222.5°–228.5°, 238.5°–242.5° and 245.6°–246.1°.  

 

Table 1 – The mean orbits for the Andromedids identified with a reference orbit calculated for a specific range of GMN-identified orbits. 

Range ref. λʘ αg δg λg–λʘ βg vg a q e i Ω ω N 

λʘ  (°) (°) (°) (°) (°) (°) km/s A.U. A.U.  (°) (°) (°) D < 0.04 

215–220 217.65 20.6 22.2 169.9 12.5 19.0 2.96 0.722 0.7555 8.4 218.22 248.43 221 

220–225 222.57 22.0 25.3 167.4 14.9 18.3 3.00 0.749 0.7502 9.0 222.70 244.62 279 

225–230 227.44 23.2 28.1 164.6 17.0 17.4 2.96 0.776 0.7376 9.5 227.48 240.65 295 

230–235 232.21 23.7 32.4 162.1 20.8 16.9 3.01 0.807 0.7315 10.3 232.46 235.65 507 

235–240 238.71 25.2 37.6 159.0 25.2 16.2 2.99 0.832 0.7216 11.6 238.90 231.36 754 

240–245 242.55 25.7 41.4 157.3 28.5 15.9 2.98 0.849 0.7155 12.2 242.49 228.39 758 

245–250 246.54 25.6 44.3 154.7 31.2 15.5 3.01 0.865 0.7129 13.0 246.00 225.26 739 

222.5–228.5 225.25 22.6 27.1 166.0 16.3 17.8 2.94 0.772 0.7372 9.3 227.03 241.37 297 

238.5–242.5 240.45 25.6 39.7 158.5 26.9 16.2 2.99 0.839 0.7191 11.8 240.38 230.24 758 

245.6–246.1 245.84 25.8 44.6 155.5 31.4 15.7 3.00 0.864 0.7124 12.9 245.80 225.54 742 

DPC 243.63 25.6 42.7 156.1 30.0 15.8 2.92 0.874 0.7009 14.77 248.39 222.52 656 
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The mean orbit for the December psi Cassiopeiids identified 

by the GMN shower identification method has been used as 

reference orbit too (DPC). 

This study has been based on a single reference orbit used 

to identify Andromedids independently from the GMN 

shower identification. The mean orbit taken for the entire 

activity period is a compromise and may fail to identify 

Andromedids at the start and at the end of the activity 

period. Using a series of reference orbits based on different 

activity intervals, we can consider the activity profile 

according to these different reference orbits. The relevance 

of these reference orbits in Table 1 is given by the number 

of orbits that fulfil the high threshold similarity DD < 0.04 

(Table 1). The resulting profiles are presented in Figures 63 

to 73. The influence of the chosen reference orbit is 

obvious. The terms “peak” and “maximum” are very 

relative as these refer to activity levels of maximum 35% of 

the sporadic background activity. 

 

Figure 63 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 215° < λʘ < 220°. 

 

Figure 64 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 220° < λʘ < 225°. 

 

Figure 65 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 222.5° < λʘ < 228.5°, the first maximum. 

 

Figure 66 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 225° < λʘ < 230°. 

 

Figure 67 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 230° < λʘ < 235°. 
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Figure 68 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 235° < λʘ < 240°. 

 

 

Figure 69 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 238.5° < λʘ < 242.5°, the second maximum. 

 

Figure 70 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 240° < λʘ < 245°. 

 

Figure 71 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 245.6° < λʘ < 246.1°, the third and final sharp 

maximum. 

 

Figure 72 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 245° < λʘ < 250°. 

 

Figure 73 – The activity profile based on the orbit similarity 

shower identification using a reference orbit derived for the 

activity interval 241° < λʘ < 256° with the December psi 

Cassiopeiid orbits identified by GMN. 
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8 Conclusions 

The analysis of the available Andromedid and December 

psi Cassiopeiid orbits obtained by the Global Meteor 

Network allowed a detailed picture to be established of the 

structure of this stream during the enhanced activity 

observed during 2021. The hourly rates remained very low 

at 35% of the sporadic rates at best. This is barely noticeable 

for an uninformed visual observer.  

The activity period could be confirmed for at least the 

interval 206° < λʘ < 278° or roughly October 20 till end of 

December. This activity period is considerably longer than 

previously assumed and definitely longer than what has 

been assumed for the automatic GMN shower 

identification. The shower meteors were identified 

according to the GMN shower association and 

independently with the orbit similarity method. Although 

the latter identifies almost twice as many Andromedid 

orbits than the GMN method, all essential conclusions in 

this study remain the same for both identification methods. 

The activity profile reveals three different maxima, a first 

enhanced activity during several nights around λʘ ~234°, a 

second more compact concentration at λʘ ~239.4° and a 

final short duration concentration at λʘ ~246.0°. Beyond 

these time intervals, the activity remained very low at less 

than 5% of the sporadic activity. 

The usual radiant drift caused by the rotation of the Earth 

around the Sun is partly compensated by the changing 

orbital orientation. This explains the disagreement in 

radiant drift between different sources as these depend on 

the activity interval taken into consideration for the radiant 

drift. In case of the Andromedids, the radiant drift cannot 

be determined with an ordinary linear regression with a 

steady increment in R.A. and declination. 

The orbital elements show an evolution in time, the 

longitude of perihelion Π, the inclination i, and especially 

the perihelion distance q increase during the activity period. 

The eccentricity e decreases and the semi major axis a 

remains constant. The distribution of the orbital elements 

shows distinct concentrations within the Andromedid 

complex. 

A single reference orbit and radiant position cannot identify 

all shower members. A range of orbits or an orbit matrix is 

required to cover the structure of this complex shower. The 

influence of the choice of the reference orbit on the 

identification of Andromedid orbits has been shown. 

Taking the drift in orbital elements into account to define a 

set of reference orbits to apply the D-criteria could result in 

an improved shower identification. It is not expected that 

this would lead to significant different conclusions. It is 

obvious that the Andromedid meteoroid stream suffered 

severe perturbations to an extent that it should be 

considered as a shower complex rather than as a single 

meteoroid stream. 

 
1 https://creativecommons.org/licenses/by/4.0/ 
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