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Abstract
Atmospheric measurements are the basis for weather prediction. The “Stratosphere 
Troposphere Atmospheric measurement Glider” (STAG) has been designed to 
make measurements with a re-usable instrument, which could make low-level 
soundings more accurately and cost effectively. Final steps in the development of 
the current prototype are presented. Analysis of data from initial low-altitude flights 
and surface weather-station data have been used to confirm that accurate 
measurements of atmospheric phenomena are made. In particular, a period 
associated with a sea breeze is observed in both STAG and surface weather-
station data. The vertical profiles obtained by STAG display a temperature inversion 
between 250 and 300m associated with the depth of the sea breeze.

Figure 1: STAG prototype III.

Introduction
STAG is a small powered glider (≈2.0m wingspan) equipped with a set of meteorological 
measurement sensors which currently measure pressure, temperature, and relative 
humidity. Work on developing a wind speed and direction capability is also progressing. A 
pitot-static tube is used to make air speed measurements (see Figure 1). The wind vector is 
the vector difference of the flight vector and the ground path vector. The flight vector is 
obtained from the heading (taken from an onboard digital compass) of the aircraft and the 
air speed. The ground path vector is calculated by subtracting two GPS locations. The 
system consisting of the pitot-static tube and the differential pressure sensor was calibrated 
in a wind tunnel (Figure 2). For angles up to 25° between the wind tunnel flow and the pitot 
head-on direction no angle dependency was found and the calibration coefficients were 
obtained.

Statistical sea breeze analysis
On the Canterbury Plains, New Zealand, sea breezes are thought to be an important 
weather phenomenon and should be observable by STAG. In order to define periods for 
field campaigns, a statistical study was performed. It aimed to determine the frequency and 
characteristics of the local sea breeze. Analysis of long-term data from Rangiora weather 
station suggested that if a sea breeze is present in summer it occurs between 11am and 
7pm and has a strength of 3ms-1 to 5ms-1. In winter, the onset is two hours later and the 
strength varies between 1ms-1 and 5ms-1. Figure 3 shows a set of wind roses showing the 
statistical characteristics of the sea breeze flow observed by the Rangiora weather-station. 

Conclusions and Future work
On initial instrumented flights atmospheric measurements showed patterns similar to data from a nearby surface weather-station. A statistical study of sea breezes in Rangiora 
revealed its frequency and characteristics. These findings allowed the identification of a sea breeze from weather-station data on a day a STAG flight was performed. Work will 
continue on the wind measurement system which with the addition of a new digital compass will be more accurate than thus far possible. 
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The standard deviation was 0.5ms-1 at typical 
air speeds of 15ms-1. However, once in 
realistic winds, the measurement degraded, 
the standard deviations reached up to 3ms-1. 
A microprocessor on board averages data 
over a period of 1ms and transmits the 
obtained value every 5 seconds. Further 
investigations suggest that averaging over 
longer periods will decrease the standard 
deviation of the air velocity measurement.
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Figure 8: STAG data obtained between 100 and 140m during the flight 
period on 6th August 2003.

Figure 6: Vertical profiles of 
temperature and absolute 

humidity before (upward leg) 
and after (downward leg) the 

onset of the sea breeze. 
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Figure 5: Temperature and humidity as a function 
of flight altitude and time observed by STAG.

Figure 2: (LEFT) Comparison of differential 
pressure measurements made by STAG in a wind 

tunnel and the pressure measurements made by the 
wind tunnel instrumentation.

Sea breeze observation with STAG
On August 6, 2003 a sea breeze was observed by STAG and the Rangiora weather-
station. With several up- and down-legs, as well as horizontal flights, STAG gathered 
both vertical and horizontal profiles before and after the onset of the sea breeze 
(Figure 5 and 6). As the STAG flight was further inland compared to the weather-
station, the sea breeze arrived later, at about 2:50pm. From this and the weather-
station data a speed of 1.1ms-1 was suggested for the advance of the sea breeze 
front. Figure 7 shows a decrease in temperature by 1°C and an increase in absolute 
humidity by 0.75gm-3 between 2pm and 2:30pm. A wind with a speed up to 3ms-1

coming from the north east (between 45° and 90°) was already present before 2pm, 
when the sea breeze arrived after 2pm this wind increases in strength by about 1ms-

1 and stabilised at 67° (Figure 7). These findings are  indicators of a sea breeze 
passing through Rangiora. Similar results are observed in the STAG data (Figure 8).

1m/s

2m/s

3m/s

4m/s
N (0°°°°) 

E (90°°°°) 

S (180°°°°) 

W (270 °°°°) 

11 12 13 14 15 16 17 18
6

7

8

9

10

11

12

d
as

h
ed

: 
T

em
p

er
a

tu
re

 (
d

eg
 C

e
lc

iu
s)

Time (hour)
11 12 13 14 15 16 17 18

6.5

7

7.5

8

so
lid

: 
A

b
so

lu
te

 h
u

m
id

it
y 

(g
/m

3 )

	
��������
���

humidity rise,
temperature drop

Figure 7: Surface weather station data during 6th August 2003..

Figure 3: Statistical wind roses derived from weather-station data in the summers of 2000 to 
2003. Colours indicate wind strength  (red: 1-3m/s blue: 3-5m/s green: 5-6m/s yellow: >6m/s) 

and the length of the vector indicates relative frequency.

An algorithm to extract data associated with sea breezes was developed and suggested sea 
breezes on 29% of all days. Figure 4 shows typical variations of the temperature, specific 
humidity and wind speed and direction during a day where a sea breeze was identified. The 
absolute humidity shows a sudden rise after 3pm. At the same time the temperature drops 
from 21.2°C to 20.0°C within minutes. The wind changes from a southerly wind to a north-
easterly with a strength of 3ms-1. This clearly confirms that a sea breeze front passed through 
Rangiora at about 3pm. The characteristics were shown to be typical for the sea breeze in 
summer. 
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Figure 4: Surface weather-station data during a sea breeze..
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