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Abstract 
 
The paper demonstrates how misoscale analysis techniques could be carried out using an amateur 
automatic weather stations (AWS) network for a complex collection of cells.  The misoanalysis 
techniques were used to identify and separate the pressure and wind patterns over Greater 
Christchurch during the late afternoon (1600-1900 local time) of 23 February 2014.  At this time 
35 automatic weather stations (AWS) were reporting but only 32 had usable data within the time 
frame.  Using both radar images and AWS data three thunderstorms crossed the city at the time 
and two of them amalgamated at about 1800.  
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1. Introduction 
‘Thunderstorms are not numerous. 
Their frequency is greatest in the 
north and western side of the 
country, where thunder is heard on 
15 to 20 days a year. On the east 
coast of the South Island the average 
is commonly less than 5’.  
This quote is taken from the webpage of the 
New Zealand Meteorological Service 
(accessed in December 2016 
(http://about.metservice.com/our-
company/learning-centre/new-zealand-
climate/)). Standard textbooks (such as 
Sturman and Tapper, 2006) rely on research 
that is at least 30 years old.  Thunderstorms 
are mentioned in warnings issued by the Met 
Service and tracked by radar but the lack of 
upper air stations (needed for instability 
studies) means that only numerical models 
can forecast the conditions under which 
thunderstorms are likely to develop over an 
area of several hundred square kilometres  
 
 

 
(Revell, 2013).  Consequently few case 
studies of non-frontal thunderstorms in New 
Zealand, and especially supercell 
thunderstorms, have been published. This is 
due mainly to the sparcity of recognised 
weather stations needed to adequately 
characterise such events.  However, there is 
a good network of amateur automatic 
weather stations (AWS) that could be used 
to fill this gap.  On the 23 February 2014 the 
New Zealand Meteorological Service 
(MetService) posted on Facebook 
(Facebook, MetServ 2014) a diagram 
showing the track and some radar output of a 
supercell that traversed Canterbury between 
1407 and 1845 (all times are local time). The 
track and the radar indicate that a supercell 
thunderstorm passed over Christchurch 
between 1655 and 1727.  A surface synoptic 
chart for 1700 (downloaded from the 
Australian Bureau of Meteorology) shows a 
weak trough across South Island just north 
of Banks Peninsula (Figure 1).  A more 
detailed surface synoptic chart was also 
published by the Meteorological Society 
(2014). 
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Figure 1. Top left: Part of the radar track and top right: a radar picture (1800 local time) 
published by the MetService (Facebook, MetServ 2014).  The latter has been annotated to show 
the movement of the three cells 1800-1900.  Bottom: synoptic chart for 1700 (downloaded from 
Bureau of Meteorology, Australia, 8 May 2014).
 
  
Subsequently the MetService provided 
hourly radar coverage for the afternoon 
(personal communication) that indicated that 
at least five cells were present in Canterbury 
during the afternoon of 23 February 2014 
(A, B, C, D, E) and three of these (B, C, D) 
crossed  Christchurch.   These  are  the  ones 
that will analysed in this paper. The 1800 
(UTC 0500) radar image shows a cell 
crossing the coast north of the Waimakariri 
River (this is the supercell labelled Cell B), a 
second cell south of the Waimakariri River 
(Cell C) most of which is over western 
Christchurch at this time, and a third (Cell 
D) over the Banks Peninsula and Lake  
 

 
 
Ellesmere (Fig 1).  (Place names can be 
found on the map in the Appendix).  It 
should be noted that Cell C is somewhat 
elongated east-west compared to the 
compact shape of Cell B and that Cell D is 
less intense than the other two.  These cells 
developed in a synoptic trough which 
extended from a low (centre 1003hPa) just 
off the east coast of South Island which 
moved northwards during the day.  Figure 2 
(Avondale 148) shows this trough moving 
across the station as it proceeded north but 
was interrupted at 1600 by a thunderstorm 
high.  In the afternoon the sea level pressure 
over the Canterbury Plains was about 
1003.5hPa.   
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Fig 2. Barogram for Avondale 148 for 23 February 2014, 0800-2200. 
 
The term ‘misoscale’ was coined by Fujita 
(1981) to fill a gap between the terms 
mesoscale and microscale to cover areas of 
between 40m and 4km and the observation 
times that lie between these two scales.  It is 
a useful term when applied to the mostly 
privately-owned AWS observations in a 
fairly dense network as is found in 
Christchurch. 
 
2. Methodology 
2.1. Data 
The AWS data was downloaded from 
Wundermap (www.wunderground.com).  
There were 35 stations reporting at the 
relevant time but only 32 of these had 
usuable data.  A list and a map are included 
in the Appendix. The radar imagery was 
provided by the MetService (personal 
communication). 
 
2.2. Time Issues 
It is assumed that the internal clock of each 
individual AWS is set via wireless to a 
world standard clock.  AWS do not report at 
exactly the same time or with the same 
frequency.  In this paper, when time is 
referred to, the nearest report (within 2min 
either side) of the time is used.  Thus if a 
chart is timed at 1715 reports at individual 
stations could be timed at 1713, 1714, 1715, 
1716 or 1717.  Interpolation was used at the 
eight stations that report at 10min intervals.  
One was disqualified due to a barometer 
problem but there was no problem at the 
other seven – the interpolated values being 
consistent with neighbouring stations. 

Interpolation was not used at stations with 
reporting intervals of 15 or 30min.  At these 
less frequent intervals the subtleties of the 
pressure surge can be totally masked or 
altered by interpolation. The actual reporting 
time is used (and noted) when the clock 
local time was not an issue, such as with the 
timing of the pressure surges. 
 
2.3. The Pressure Surge 
In practically all thunderstorm models a 
prominent feature is the thunderstorm high 
pressure cell produced by the downdraft that 
manifests itself in the form of a rapid rise of 
pressure (the pressure surge) as the 
thunderstorm high crosses a station. 
(Pedgley, 1962)  The literature is not 
specific about typical rates of pressure 
change  (hPa/unit time). Here the surge is 
‘defined’ as the pressure rise behind the 
microlow (or precursor low, if present) if it 
occurs over two reporting intervals.  It ends 
when the pressure levels out or begins to fall 
when the thunderstorm moves away from a 
station.  The beginning of the pressure surge 
defines its ‘start’ and it ‘stops’ (or finishes) 
at the thunderstorm high.  The surge itself 
may be in two parts – an initial slow 
beginning and a rapid ending to the highest 
pressure noted in the sequence.  
Henceforward the term ‘blip’ is used for this 
since it is not a downburst or a microburst 
that both require much stronger winds. 
 
To maintain some consistency groups of 
stations were compared to help in 
identifying the times of change in the 
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reported pressures.  This also illustrated the 
problem of stations that reported less 
frequently and were not corrected to a 

standard base level.  Examples are given in 
Fig 3.  The Appendix provides metadata for 
each station and a location map.

 
 

 

 
 
Fig 3. Reported (actual) pressures at various groups of stations in the Greater Christchurch area 
1600-1900 local time 
 
2.3. Pressure adjustment 
Data from 35 AWS across Christchurch 
were accessed and pressure and wind 
information extracted.  The pressure and 
wind data were used to produce working  

 
surface pressure charts at 15min intervals 
from 1600 to 1900 local time.  This raised 
the problem of compatibility since the 
metadata for AWS stations does not specify 
the calibration of the barometer. 
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Consequently pressure values vary 
considerably and can be over 20hPa apart 
for neighbouring stations. (Figure 4 top).  To 
overcome this it is necessary to reduce all 
the readings to a standard.  This can be done 
by comparing all stations with each other at 
a set time and choosing one as the datum 
and correcting others to this value.  An 
alternative is to take a mean over time and 
reduce all stations to this.  In the present 
case it was noticed that for the 4 hours from 
1200 to 1600 local time the pressure was 
very steady at nearly all the stations (Figure 
4 top) so it was decided to calculate the 
mean for each station at 15min intervals 
between 1200 and 1600.  Then each station 
was corrected to the Christchurch Airport 
AWS (NZCH) value at 1600 because this is 
a geo-calibrated AWS.  Eg:  The mean (1200-

1600) for NZCHmean is 1000.6hPa and the 
NZCH1600 value is 1001hPa so NZCH has a 
correction of +0.4hPa; Burwood C4mean is 
999.8hPa so has a correction of +0.8hPa to 
equate it to NZCHmean average of 1000.6hPa.  
The result (Figure 4 bottom) shows very 
similar traces at all stations over the period 
1200-1600 local time.  The pressure scales 
have been left the same in both figures to 
emphasise the effect of the correction. 
 
The reported pressures at each station at 
every quarter hour were corrected using this 
method (producing an adjusted or corrected 
pressure) and plotted together with wind 
direction and speed on charts that were 
analysed to show the pressure patterns 
(isobar interval 0.5hPa) at 15min intervals 
from 1600 to 1900 local time.  The results 
are discussed below.  Some available 
stations had corrupt data (either pressure or 
wind at either 1200-1600 or 1600-2000. (See 
Appendix) and were excluded from the 
study.   
 
3. Results 
3.1. The Pressure Surges  
Using graphs of time versus reported 
pressure for individual stations the pressure 

surge associated with Cell B (Surge 1) is 
very recognisable and averages (over 33 
stations) a rise of 3.5hPa over 21 minutes – 
about 1.03hPa/5min or 12.4hPa/h (5min or a 
multiple thereof being the reporting interval 
at most stations).  
 
The misostructure of Surge 1 is seen at St 
Martins 97 where the 3.4hPa surge occurs in 
two stages with a ‘blip’ at 1706 (Figure 5).  
At nearby (2.8kms away) St Martins (John) 
130 the 3.0hPa surge is clearly one 
uninterrupted event from 1655 to 1720.   
 
About 6km to the west the surge at Hoonhay 
25 is 2.7hPa, at Hillmorton and Hoonhay 
149 about 3.8hPa (Figure 5), at Spreydon 
135 it is 3.7hPa and at Hoonhay 137 about 
3.7hPa (Figure 6).  They all have a surge 
that appears in two parts but with a ‘blip’ at 
slightly different times: 1702 at Hoonhay 
137, 1704 at Spreydon 135, 1706 at 
Hoonhay 25 and 1710 at Hillmorton and 
Hoonhay 149; yet these four stations are 
within 2.5km of each other (see Appendix) 
and the surge is generally moving from SW 
to NE (Table 1).  These time differences 
could be a result of the actual time of 
reporting (see time subsection above). 
Another factor to remember is that AWS 
report pressure changes of 0.3hPa or more. 
(See Appendix).  Also during this time the 
main synoptic low was slowly filling as it 
moved northwards. 
 
Most (32) of the Christchurch stations had a 
second surge (Table 2) with an average rise 
of 2.5hPa over 28min (0.5hPa/5min, 
6hPa/h). Some 12 stations in south and 
southeast Christchurch experienced a third 
surge (Table 3) around 1800 with an average 
rise of 1.5hPa over 18min (0.46hPa/5min, 
5.5hPa/h).  A possible fourth surge may be 
present near Lyttelton about 1800 and will 
be discussed later.   
 
In Figure 6 the three surges can be 
‘identified’ at Spreydon 135 and Hoonhay
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Figure 4.  Actual reported (top) and corrected  (bottom) pressures for 10 Christchurch stations. 
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Fig 5. Examples of the shapes of the pressure surges and ‘blips’ (see text).  In all cases the 
reported pressure is used. 
 
137 but not at Halswell 122 or Hillmorton 
and Hoonhay 149.  Yet  a  glance  at the map 
in the Appendix shows these stations are not 
far apart and a case can be made for saying 
the slower pressure rise between them is a 
blip. The fact that these two other surges 
occurred about 45min and 55 min after the 
first surge also points to this conclusion.  
The 2nd  and  3rd  surges  are smaller and 
sometimes difficult to identify (Fig 6 and 
Tables 2 and 3).  Also they do not always 
fulfil the ‘definition’ of having a lower 
pressure at the beginning and a high at the 
end.  For instance Spreydon 135 and 
Hoonhay 137 have discernible breaks in 
their pressure graphs of an unchanging 
pressure followed by a rapid rise at 1729-
1759 and 1727-1757 respectively (each 
being 30min in duration) with a 5min 
’pause’ around 1740.  Is the pause 
sufficiently long to imply that it separates  

 
surge 2 from surge 3 or is it simply the blip 
in the pressure rise as was noted happened in 
surge 1?   
 
Breaks and pressure changes like this are not 
discernible at Halswell 122 and Hillmorton 
and Hoonhay 149 who both show an 
unsteady rise of about 60min from 1725.  Is  
this simply showing the absence of a marked 
blip?   
 
Templeton 38 in the west and Casebrook 79 
in the north show similar pressure graphs, 
although spatially wide apart, with a surge 
beginning at 1750 and 1802 respectively 
which lasts about 20min.  Could this be 
surge 3 combining with surge 2? Surge 3 is 
apparent at some stations of Christchurch 
about 1800 and produces a pressure rise of 
about 1.5hPa.  A 4th surge appears over 
Lyttelton at 1815 and is discussed later. 
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Figure 6.  Six stations which illustrate the problem of identifying Surges 2 and 3 (see text).  In 
each case the reported pressure is used, hence the variable pressure axes. 
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Table 1.  Data on the first surge identified as crossing Christchurch between 1600 and 1800 
local time 23 February 2014. 
 
 
 

        first surge      
station start blip stop length(min) size(hPa) hPa/5min 
NZCH 1700 

 
1730 30 3 0.5 

Burwood C4 1655 1715 1725 15+15 1.4+2.7 0.46+0.9 
Lyttelton L1 1650 1700 1720 10+20 0.3+3.4 0.15+0.85 
Fendalton 8 1706 1711 1716 5+5 1.0+2.4 1.7 
Lincoln#1 24 1645 

 
1700 15 3.1 1.03 

Hoonhay 25 1651 1706 1716 15+10 0.7+2.0 0.23+1.0 
Templeton 38 1650 1700 1710 10+10 1.0+2.4 0.5+1.2 
Springston 48 1645 

 
1700 15 3.4 1.13 

Woolston 62 1652 1712 1722 20+10 2.1+1.3 0.53+0.65 
Prebbleton 65 1653 

 
1708 15 5.6 1.87 

Ambrose Estate 70 1647 
 

1652 5 3.4 3.4 
Aranui 76 1654 

 
1709 15 1.4 0.47 

Casebrook 79 1715 
 

1725 10 2.7 1.35 
Izone 82 1646 

 
1701 15 4 1.35 

Avondale 83 1657 1719 1724 22+5 2.3+1.1 0.52+1.1 
Bexley 91 1656 1711 1726 15+15 1.3+4.6 0.43+1.53 
Ilam 92 1704 1709 1714 5+5 1.0+2.7 1.0+2.7 
Diamond Harbour 96 1650 

 
1720 30 4.7 0.78 

St Martins 97 1654 1706 1722 12+14 1.4+2.0 0.58+0.71 
Rolleston 111 1641 

 
1651 10 3.7 1.85 

Eyrewell Forest 115 1716 1746 1756 30+10 2.0+1.1 0.33+0.55 
Halswell 122 1647 

 
1710 23 3.4 0.74 

Sumner 127 1653 1713 1723 20+10 1.4+1.3 0.35+0.65 
Waitikiri 129 1658 1714 1729 16+15 1.0+2.1 0.2+0.7 
St Martins (John) 130 1655 

 
1720 25 3 0.6 

Spreydon 135 1649 1704 1719 20+10 1.0+2.7 0.18+1.37 
Sovereignn Palms 136 1725 

 
1740 15 2.7 0.9 

Hoonhay 137 1647 1702 1712 15+10 1.0+2.7 0.33+1.35 
S New Brighton 138 1700 1720 1730 20+10 1.4+1.6 0+18+0.8 
Sandy Knolls 140 1646 

 
1656 10 3.4 1.7 

Avonside 144 1651 1709 1727 18+18 1.$+2.4 0.42+0.67 
Rolly 10 145 1644 

 
1654 10 3.7 1.85 

Hillmorton and Hoonhay 
149 1650 1710 1720 20+10 1.4+2.4 0.35+1.2 
Wildnet 152 1642 

 
1652 10 4.1 2.05 

Lincoln 159 1645   1701 16 3.1 0.97 
Time Range 1641-1715 1710 1651-1741       
Median/Mean 1651 1710 1719 21 3.4 1.03 
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        second surge   
station start blip stop length(min) size(hPa) hPa/5min 
NZCH 1800   1830  (see Surge 3 below) 
Burwood C4 1735 

 
1835 60 3.4 0.28 

Lyttelton L1 1740 1750 1810 30 3.4 0.57 
Fendalton 8 1731 

 
1741 10 0.6 0.3 

Lincoln#1 24 1720 1745 1755 35 3 0.43 
Hoonhay 25 1731 1741 1802 31 3 0.48 
Templeton 38 1750 

 
1810 20 2.4 0.6 

Springston 48 1715 
 

1800 45 3.4 0.38 
Woolston 62 1737 1742 1757 20 1.7 0.43 
Prebbleton 65 1743 

 
1753 10 1.4 0.7 

Ambrose Estate 70 1737 
 

1811 34 2.7 0.4 
Aranui 76 Not Discernible. 30 min readings 1724-2010  
Casebrook 79 1801 1817 1827 26 2.7 0.52 
Izone 82 1716 1746 1816 60 3.4 0.28 
Avondale 83 1739 1744 1814 35 3 0.43 
Bexley 91 1739 

 
1745 6 1.1 0.92 

Ilam 92 1749 
 

1759 10 0.7 0.35 
Diamond Harbour 96 1740 Not Discernible. 10 min readings 
St Martins 97 1734 1750 1805 31 3 0.48 
Rolleston 111 1736 1741 1756 20 2.1 0.53 
Eyrewell Forest 115 1807 

 
1822 15 2.7 0.9 

Halswell 122 1725 
 

1822 57 3.7 0.32 
Sumner 127 1743 

 
1813 30 2.8 0.47 

Waitikiri 129 1806 1816 1826 20 2 0.5 
St Martins (John) 130 1735 1755 1805 30 2.7 0.45 
Spreydon 135 1729 1744 1759 30 2.4 0.4 
Sovereignn Palms 136 1805 1820 1840 35 3.7 0.53 
Hoonhay 137 1727 1747 1757 30 2.4 0.4 
S New Brighton 138 1801 1810 1807 6 1.4 1.17 
Sandy Knolls 140 1736 1756 1802 46 3 0.33 
Avonside 144 1739 1751 1751 12 1 0.42 
Rolly 10 145 1719 

 
1729 10 1 0.5 

Hillmorton and Hoonhay 
149 1750 1800 1820 30 3.7 0.62 
Wildnet 152 1737 1747 1812 35 2.7 0.39 
Lincoln 159 1717 1739 1803 46 3.4 0.37 
Time Range 1715-1807   1741-1840       
Mean 1737   1805 28.3 2.5 0.5 

Table 2.  Data for the second surge. 
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        third surge   
station start blip stop length(min) size(hPa) hPa/5min 
NZCH 1800   1830 30 2 0.33 
Burwood C4 Not Discernible 
Lyttelton L1 1820 1830 1840 20 1 0.25 
Fendalton 8 1802 1813 1818 16 1.7 0.1 
Lincoln#1 24 1810 

 
1825 15 1 0.33 

Hoonhay 25 Not Discernible 
Templeton 38 Not Discernible 
Springston 48 Not Discernible. 15min readings 
Woolston 62 1802 1812 1817 15 1.4 0.47 
Prebbleton 65 1758 1802 1802 4 0.6 0.75 
Ambrose Estate 70 Not Discernible 
Aranui 76 Not Discernible. 30 min readings 
Casebrook 79 Not Discernible 
Izone 82 Not Discernible 
Avondale 83 Not Discernible 
Bexley 91 1757 1811 1815 18 2 0.56 
Ilam 92 1801 

 
1831 30 2 0.33 

Diamond Harbour 96 Not Discernible. 10min readings 
St Martins 97 Not Discernible 
Rolleston 111 Not Discernible 
Eyrewell Forest 115 Not Discernible 
Halswell 122 Not Discernible 
Sumner 127 1823 1828 1843 20 1 0.25 
Waitikiri 129 Not Discernible 
St Martins (John) 130 Not Discernible 
Spreydon 135 1802 1812 1827 25 1.3 0.26 
Sovereignn Palms 136 Not Discernible 
Hoonhay 137 1801 1812 1827 26 1.7 0.33 
S New Brighton 138 Not Discernible 
Sandy Knolls 140 Not Discernible 
Avonside 144 1757 

 
1807 10 1.1 0.55 

Rolly 10 145 Not Discernible 
Hillmorton and Hoonhay 
149 Not Discernible 
Wildnet 152 Not Discernible 
Lincoln 159 Not Discernible 
Time Range 1737-1823   1750-1843       
Median/Mean 1801   1821 18.4 1.5 0.46 

Table 3. Data for the third surge 
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Something strange was happening over 
Christchurch around 1800 and this will be 
disentangled later when the surges are 
connected to the cells – without such a 
connection there is little obvious physical 
reason for these surges to occur. A detailed 
visual analysis of time versus pressure 
graphs (such as Figs 3, 5 and 6) over the 
period 1600 to 1900 of all 35 stations 
produced the results in Table 1.  These were 
plotted on a series of working charts (not 
shown) of isochrones of the beginning (start) 
and end (stop) of each surge together with 
their length (in time), size (hPa) and 
intensity (hPa/5min).  Some of this data was 
then incorporated in the 15min pressure 
charts (Figures 7 to 10).   
 
The start of Surge 1 is timed between 1640 
in the southwest to 1715 in the northeast.  It 
moves rapidly over central Christchurch 
(Fendalton) but more slowly further east 
(Avonside).  It ends at 1655 in the southwest 
and 1730 in the northeast but again it is 
delayed over Avonside (Figures 7 to 10). Its 
size is over 3hPa rising to 5.9hPa over 
Avonside and it lasts between 10 and 30min. 
The blip, discussed earlier, is also plotted on 
the relevant pressure charts.   
 
Surge 2 starts around 1720 near Lincoln and 
by 1740 lies across central Christchurch but 
it is 10min later over Templeton and 20min 
later north of the aerodrome (NZCH).  It 
clearly stalls over central Christchurch 
where it ends about 1800 (Figure 8).  When 
it is a single entity over south Christchurch it 
is 2.5-3.0hPa and lasts up to 30min.   
 
Surge 3 is an enigma partly due to the 
difficulties of interpretation of the time 
versus reported pressure graphs at the 
various stations.  It is discernible at 12 
stations over central Christchurch where it 
starts about 1800 (just when surge 2 stops) 
and ends about 30 minutes later.  The ‘start’ 
attributed to it at NZCH is more likely to be 

it combining with Surge 2 and proceeding 
north as a single surge.  It is the smallest of 
the three surges (about 1.5hPa) and lasts 
about 15 minutes.  It is not discernible over 
the southwestern regions of the city 
(Rolleston and Templeton) nor along the 
east coast. But it can be discerned advancing 
southeast near Woolston and Sumner where 
it met Surge 4 that was advancing 
northwards.  The fact that it starts just as 
Surge 2 ceases at 1800 suggests the two are 
combining and becoming one surge.  This 
means that in the north of Christchurch the 
timing of the end of Surge 2 really refers to 
the combined surges.  They can be likened 
to ripples on a beach where the later ripple 
catches up with the one in front and they 
combine and continue as one.   
 
An added complication is that Cell D was 
approaching rapidly from the south and 
should have a surge associated with it.  But 
none of the east Christchurch stations have 
any indication of it.  A consideration of time 
versus reported pressure graphs of stations 
south of the study area (on Banks Peninsula) 
suggest that there is a small surge that 
crosses Lake Ellesmere and the south of the 
peninsula about 1810 and reaches Lyttelton 
Harbour about 1815.  At this time and place 
it would come up against Surge 3 which is 
due to Cell C and  consequently becomes a 
third part of the general surge which then 
proceeds north.  Another possibility is that 
Cell D and its downdraft were weakening as 
it crossed Banks Peninsula but it can be 
tracked as a cell northwards on the radar to 
the vicinity of Amberley. 
 
3.2. The pressure charts 
 
The 1600 pressure chart (Figure 7) shows 
slack pressures that only vary by about 1hPa 
over the whole of Christchurch.  Wind 
speeds are light and variable and nothing 
shows on the radar.  15 minutes later a 
shallow low has extended to cover most of 
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Figure 7. Radar image for 1600 and surface pressure (corrected) and wind charts for 
1600,1615,1630 and 1645. Isobars are at 0.5hPa intervals. Wind speeds reported to nearest 
5km/h. Isochrones (hatched lines) of the ‘start’, ‘blip’ and ‘stop’ of each surge are also shown 
(surge 1 black, surge 2 red, surge 3 green, surge 4 black). 
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Figure 8. Same as Figure 7 but for 1700 to 1745. 
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Figure 9. Same as Figure 7 but for 1800 to 1845. 
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Central Christchurch and winds have 
freshened between the airport and Hoonhay. 
At this time Cell B was further south over 
the mouth of the Rakaia River.  By 1630 
Cell B was near Leeston and most of Christ-  
church had a weak high over lying over it 
and surface winds were strengthening and 
blowing out of it.  
 
At 1645 the high had weakened and Cell B 
was approaching the western edges of 
Christchurch heralded by a microlow 
situated over Rolleston.  Winds were 
generally blowing from the high towards the 
microlow.  
 
By 1700 (Figure 8) Cell B was over 
Rolleston according to both the radar and the 
chart, the high remained over Christchurch 
and the microlow had degenerated into a 
minor trough near Prebbleton. The radar 
indicated heavy rain/hail in this same 
vicinity.  By 1715 Cell B was directly over 
Christchurch and the microlow was still an 
entity over the eastern environs. Its 
inflowing winds were stronger than the 
outflowing winds from the thunderstorm 
high.  The 1730 chart shows Cell B moving 
east and north with its rear part still over 
Christchurch with the wake low between the 
southern environs and Lincoln.  The 
strongest winds are near the east coast.  15 
minutes later Cell B had left the chart and 
was approaching Rangiora leaving behind a 
slack pressure field over Christchurch and in 
the west (over Rolleston) the complex Cell 
C makes its appearance.  Winds everywhere 
are light. 
 
At 1800 (Figure 9) Cell C dominates with a 
microlow over central Christchurch and a 
ridge extending from its centre (which is off 
the chart to the west) across the southern 
environs.  The elongated heavy rain band 
shown on the radar suggests a squall line 
type feature.  Both the chart and the radar 
show Cell D approaching from the south but 

centred over the Banks Peninsula.  At 1815 
there was a high of 1005hPa over 
Christchurch.  This was a weakening Cell D 
catching up with the eastern part of Cell C. 
By the 1830 chart  the combined Cells C and 
D are over central Christchurch with a very 
weak/fractured (almost unrecognisable) 
wake low over the eastern environs and 
Lyttelton. The combined Cells C and D were 
over Christchurch by 1845 with a fairly 
slack high (1006hPa) over southern 
Christchurch. Winds were light and variable 
over the whole city. The same is true at 1900 
(Figure10) and this is borne out by 
comparing the 1800 and 1900 radars.  The 
latter shows C and D as a broad band north 
of the Waimakariri River with a rear end 
ridge north of Christchurch and another over 
Templeton and Rolleston. 
 

 
Figure 10. Same as Figure 7 but for 1900. 
 
3.3. Are the Cells and Surges directly 
related? 
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In the following discussion of the surges in 
relation to the cells it should be remembered 
that the surges are identified by eye whereas 
the cells are identified by the adjusted 
pressure and radar.  Also the ‘end’ of a surge 
should be directly linked to a high pressure 
whilst the ‘start’ should be in an area of low 
pressure.  There is no ambiguity about the 
supercell (Cell B) and its surge (Surge 1).  
As the pressure charts for 1645, 1700 and 
1715 show (Figures 7 and 8) it is directly 
related to the thunderstorm high marked by 
the ‘end’ of the Surge 1 and its blip marked 
the line of the microlow.  By 1715 the Surge 
1 ‘start’ lay between Christchurch and the 
Waimakariri River and the ‘end’ was across 
the thunderstorm high (see Figures 1 and 8).  
The ‘blip’ of Surge 1 apparently resulted in 
the low over Avonside.   
 
Cell C and its surge (Surge 2) appeared over 
Springston at 1715.  The 1730 chart showed 
a low in the south that could be linked to 
Cell B’s wake low which amalgamated with 
Cell C’s microlow.  On the 1745 chart Cell 
C appeared over Rolleston and Surge 2 was 
over central Christchurch where it appeared 
to stall and ‘end’ along a line from 
Fendalton to Bexley. But the Surge 2 ‘stop’ 
has not yet appeared and is off the chart in 
the southwest. Between the 1745 and 1800 
charts (Figures 8 and 9) the Surge 3 ‘start’ 
arrived from the west (so clearly part of Cell 
C) and the AWS stations show that it spread 
quickly along the Fendalton/Bexley axis and 
by 1800 lay athwart the Surge 2 stop 
isochrone for 1800.  This is the point in time 
when Surges 2 and 3 become a single surge 
before proceeding northwards.  The ‘stops’ 
of Surges 2 and 3 are both identified over 
Christchurch by 1815 (Figure 9) and should 
really be interpreted as the ‘stop’ for Surges 
2+3.  It is suggested that Surges 2 and 3 
were initially caused by separate downdrafts 
in Cell C the second of which (Surge 3) 
moved more quickly than the first (Surge 2) 
and they combined over Christchurch so 

producing the bad weather that was reported 
in the social media.   
 
While all this was happening a weakening 
Cell D approached the area from the south 
also with a surge (Surge 4). Most of the 
evidence for this is from stations south of the 
study area but it seemed to be just north of 
Lyttelton Harbour at 1815 so taking over 
where Surge 2 was stopping and Surge 3 
was starting.  Since Surge 3 was moving 
south and Surge 4 north they would cancel 
each other out so producing the messy 
pressure pattern in southeast Christchurch.  
(Figure 9).  By 1830 a combined Surge 3+4 
‘stop’ was over Christchurch and was 
associated with Cell D which was combining 
with the eastern edge of Cell C and the slack 
pressure gradient over the eastern environs 
was its wake low.  By 1845 and 1900 
(Figures 9 and 10) no surges were recorded 
and the combined Cells C and D had moved 
north of the Waimakariri River as shown on 
the 1900 local time radar. 
 
4. Conclusion 
 
There is little research published on the 
structure of non-frontal thunderstorms that 
occur in New Zealand.  The lack of upper air 
stations makes three-dimensional mesoscale 
research difficult in spite of advances in 
numerical modelling.  The use of amateur 
AWS helps in analysing the surface features 
produced by a thunderstorm such as the 
pressure surge (the surface manifestation of 
the downdraft) and thunderstorm high.  
There are problems in the use of AWS and 
these have been recognised and solutions 
have been offered.  This allowed a misoscale 
analysis to be carried out on the three cells 
in the vicinity of Christchurch between 1600 
and 1900 local time on 23 February 2014. 
 
The thunderstorms that occurred over 
Greater Christchurch during that afternoon 
of were the result of three individual cells 
(including a supercell) that crossed the 
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region between 1600 and 1900.  
Misoanalysis techniques were used to 
disentangle the complex situation and this 
required the use AWS data.  This had to be 
‘adjusted’ to allow for the construction of 
surface pressure charts at 15min intervals 
from 1600 to 1900.  The advance of the 
thunderstorm high associated with each cell 
was identified using time versus reported 
pressure graphs for 32 stations.  The result 
indicated that Cell B (the supercell) reached 
Christchurch about 1700 and within an hour 
Cell C also reached the city  The latter could 
be associated with two surges that were the 
result of initially two downdrafts that 
combined over Christchurch at 1800 local 
time.  At the same time the third cell (Cell 
D) advanced from the south and combined 
with Cell C before proceeding towards the 
northeast.  The hourly radar confirmed this 
analysis. 
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Appendix 
 

 
Figure A1. Greater Christchurch Station Location Map 

 

Station Name 
Wunderground 
designation number elevation correction  reporting  barometer  

   
(m)  to get NZCH  interval accuracy 

    
 12-16 average (min)  (hPa) 

Christchurch Airport  NZCH NZCH 34 plus 0.4 30 1 
Templeton1 ICHRIST C2 47 

 
10 

 Burwood ICHRIST C4 9 plus 0.8 10 0.3 
Horrellville INORTHCA CA4  155 plus 1.3 5 0.3 
Lyttelton Harbour ILYTTELT L1 103 minus 0.3 10 0.3 
Fendalton ICANTERB 8 18 minus 0.2 5 0.3 
Bishopdale  ICANTERB 20 22 minus 0.4 30 0.3 
Lincoln#1 ICANTERB 24 12 plus 1.6 5 0.3 
Hoonhay ICANTERB 25 15 plus 0.7 5 0.3 
Waltham ICANTERB 28 6 minus 19.9 15 0.1 
Templeton ICANTERB 38 43 minus 0.1 10 0.3 
Springston ICANTERB 48 14 plus 3.8 15 0.3 
Woolston ICANTERB 62 6 minus 0.2 5 0.3 
Prebbleton ICANTERB 65 24 minus 3.1 5 0.3 
Templeton  ICANTERB 67 40 minus 15.8 30 0.4 
Rolleston (Ambrose Estate) ICANTERB 70 52 plus 0.1 5 0.3 
Aranui2 ICANTERB 76 7 plus 2.7 5 0.3 
Casebrook  ICANTERB 79 12 minus 15.5 5 0.3 
Rolleston (Izone) ICANTERB 82 67 plus 0.4 15 0.3 
Avondale3 ICANTERB 83 7 plus 3.1 5 0.3 
Bexley ICANTERB 91 17 plus 6.3 5 0.3 
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Ilam  ICANTERB 92 24 minus 0.9 5 0.3 
Opawa ICANTERB 93 10 plus 2.3 30 0.4 
Diamond Harbour  ICANTERB 96 83 minus 1 10 0.3 
St Martins ICANTERB 97 20 plus 0.6  5/6 0.3 
Canterbury4 ICANTERB 108 10 

 
5 

 Rolleston  ICANTERB 111 51 minus 0.4 5 0.3 
Rangiora RTD6 (Eyrewell Forest) ICANTERB 115 159 minus 0.8 5 0.3 
Parklands5 ICANTERB 119 4 

 
5 

 Halswell ICANTERB 122 16 minus 11.5 1 0.3 
Sumner6 ICANTERB 127 4 

 
5 

 Beckenham7 ICANTERB 128 5 plus 1.8 30 0.3 
Waitikiri ICANTERB 129 5 minus 0.2 5 0.3 
St Martins  ICANTERB 130 15 minus 0.5 5 0.3 
Spreydon ICANTERB 135 15 minus 8 5 0.3 
Kaiappoi (Sovereign Palms)  ICANTERB 136 5 minus 1.3 5 0.3 
Hoonhay ICANTERB 137 15 minus 6.5 5 0.3 
South N Brighton ICANTERB 138 3 minus 0.2 10 0.3 
Sandy Knolls ICANTERB 140 96 minus 22.4 5 0.3 
Avonside  ICANTERB 144 9 minus 1.8 5 0.3 
Rolly 10 ICANTERB 145 53 0 5 0.3 
Avondale ICANTERB 148 13 minus 8.8 5 0.3 
Hillmorton and Hoonhay ICANTERB 149 13 plus 0.4 10 0.3 
Rolleston (WildNet Lowes Road) ICANTERB 152 56 plus 0.1 5 0.3 
Ohake8  ICANTERB 155 5 

 
5 

 Lincoln ICANTERB 159 6 plus 1.1 5 0.3 
Notes. 1. Barometer stuck. 2. Reported data at 30 min intervals1724-2010; wind direction stuck. 

 3. wind direction stuck. 4. Barometer stuck. 5. Barometer stuck missing data 1651-1902. 
 6. Barometer stuck. 7. Data missing 1500-1800. 8. No pressure data. 
 

Table A.1. Greater Christchurch stations metadata 
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