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1. Introduction

This paper will give some statistics about clear air echos in southern Sweden, as their
frequencies, reflectivities and vertical extent. The data are obtained with Ericsson C
band Doppler weather radars of the Swedish weather radar network, mainly the
Norrkoping radar (58 ° N, 16.15 ° E, 58 m above M.S.L.) and the Gothenburg radar
(57.72°N, 12.17 °E, 164 m above MSL.). For technical radar data, see the appendix.

Radar echos from ‘clear air’, that is from non-precipitation air, have been observed
since the beginning of radar observations. Their origin, from insects, birds or sharp
gradients of the refractivity index of the air, has been debated as long. Already in the
late 1930s it was found that certain radars could detect birds. Insects as radar echo
sources are known since the 1940s. Although the origin of these echos was debated
through the 1960s, around 1970 insects and birds were recognised as the primary
source of clear air echos (Vaughn, 1985). Radar has been used by ornithologists for
bird studies and by entomologists for insect studies. However, clear air echos at
temperatures below 0° C during winter can hardly be explained by insects. Such echos
have a. o. been observed by the Norrkoping radar. A possible source is sharp
gradients in the refractive index of the air (Battan 1973, Wilson 1994).

In 1996 an error of the Ericsson radar was detected. It resulted in 5 dBz too high
reflectivities in the non-Doppler mode. Most of the data used here originate from the
Doppler mode, and when reference is made to non-Doppler reflectivities, this will be
mentioned. The error was corrected in the autumn of 1997.

2. How the reflectivity profiles were obtained

The Doppler mode was used, and ground echos were rejected with a filter excluding
echos with radial velocities close to 0 m/s. The range gates have a length of 1 km, and
one complete revolution of the antenna contains 420 azimuth gates. The scan scheme
underwent only small changes during the experiment, and the elevation angles of the
most used one are given in Table 1.

Table 1. Elevation angles of the Doppler mode scan scheme.

No 1 | 2134|5678 9 10|11 |12 |13 14|15

Deg. 0.5 (0.9 |1.512.5]3.5]4.5/6.0|7.5/9.0 |11.0 |13.0 [15.0 120.0 |30.0 [45.0

The reflectivities are given with a resolution of 0.4 dBz. A height resolution of 100 m
was selected, and for each height gate the following statistics of reflectivity were
computed, using data from all elevation and azimuth angles within a radius of 15 km:
e Relative frequencies, in 2 dBz intervals

Arithmetic mean

Median value

Most common value

Maximum value




When computing the arithmetic mean, the median value and the most common value,
pixel values 0, that is no echo, were excluded, as well as all maximum pixel values
(255). An example of a part of these computations is given in Table 2.

Table 2. Example of the vertical profile data. The x axis gives height in hectometer,
hm, lines 4 and 8. Lines between the height scale (lines 5-7) give average, am,
median, mv, and most common , mo, reflectivities. The numbers in the first column
below line 8 give the reflectivity factor in dBz, and the other columns give relative
frequencies in parts per thousand. -31 is no echo This is only an example. In the
routine runs heights up to 50 hectometers and reflectivities to 69 dBz were recorded.

21-JUN-1995 09:47:12 S240R1 QUA_Z Norrkoeping
HEIGHT RESOLUTIONIS100M] | | | |
FREQS OF dBz FOR 1 TO 31 HECTOM, AZIM 0 TO 358 deg
hm 1 2[ 3] 4 s e 7] 8 9 10 11| 12| 13] 14| 15 16
am | -10| -12| -13]| -14] -16] -18] -19] -20] -20| -21| -21| 21| 23| 22| -23| -22
mv 9| -11] -13] -15] -15] -17] -19] -19] -21| -21] -21] -21] 23] 23| 23| -23
mo | -7 -11] -13] -17] -15] -21] -19] -21] -19] -21] -21] -19] 23] 25| 25| -23
hm 11 2[ 3] 4 s e 7/ 8 9 10/ 11| 12| 13] 14| 15 16
-31) 434| 390| 397| 309| 405| 324| 502| 320| 510| 508| 427| 747| 515| 576| 675| 677
29 o 1] 4 3] 2 3 o 10 18 11] 24 o] o 41] 23] 49
27 1] 2 6] 7| 3| 13| 16| 17| 33| 40| 55/ 0| 76| 24 8 48
25| 5/ 5| 5 17| 16| 38| 29| 73] 47| 83| 47| 56| 57| 89 110] 35
23] 10[ 16| 32| 33] 49| 64| 45/ 107] 85] 78| 122 49| 148] 79| 59| 81
-21] 19| 33| 37| 61| 55 109 81] 115 89| 86| 124] 53| 112] 82| 65 69
-19] 25/ 35 41| 73] 77/ 109] 106] 114| 97| 78| 91| 59| 59| 58 20| 28
-17| 36| 46| 37| 87| 77/ 106] 90| 114 60| 55/ 58 27| 20, 32 25 6
-15| 42| 52| 68 86| 87| 90| 65| 76/ 36/ 34 33 4] 5 9 4] 2
-13| 56 68| 93| 87| 85 76/ 39| 35 15 17 12] o 3 1 5 0
-11) 59] 84| 78| 75 72| 34/ 15 10/ 3] 4 2 o o 1 o o
9 43| 57| 51 48 29 17/ 3] 2 1 o o o o o o o
7| 60/ 68/ 51| 583 28 7 2 o o 1 o o o0 0 0 O
-5/ 37| 34/ 35 271 5 o o o o o o O O O O O
-3 51| 49| 34/ 17| 2]/ o/ o o o o o o o o o0 O
-1] 44| 30 15/ 6/ o 1 o o o o o o o o0 O O
1] 29| 13] 5 2/ o[ o o o o o o o o o o o
3 14 3 1 o o o o o o o o o o o o o
5/ 8 1 o o o o o o o o o o o o o0 O
70 6 o o o o o o o o o o o o o o o
9. 4 o o o o o o o o o o O o O 0 o©
11 2| o of o o o o o o o o o o o o o
13/ 11 o/ o o o o o o o o o o o o o o




3. Examples of clear air echos

Fig 1 shows characteristic patterns of clear air echos from 5 radars (and part of them
from another 3 radars) during early summer at midday. Coasts drawn with thin black
lines, while thick lines give the borders of radar surveillance areas. The clear air echos
are non-structured patches of weak echos, surrounding the radar out to varying radii,
generally less than 100 km. The echos mostly occur over land and at their seaward
sides they roughly depict the coast. The Karlskrona radar even paints the southern part
of the island of Oland with echos, but the strait between the mainland and the island is
mostly free from echos. Over the Baltic sea anomal propagation conditions prevailed
and the Gotland radar shows anomal (anaprop) echos from coasts as well as from sea
waves (sea clutter). The vertical reflectivity structure over the Norrkoping radar is
given in Fig. 2. The winds derived from these echos are also shown in Fig. 2. The
VAD technique of the Swedish Meteorological and Hydrological Institute (Andersson,
1992) was used to derive the winds. ( VAD=Velocity Azimuth Display, is a technique
to retrieve the actual winds from the radial winds given by a Doppler radar). The
weather was cloudy, with Cumulus congestus and Cirrostratus and at Norrkoping the
geostrophic wind was weak, south-westerly

Late summer clear air echos are shown by Fig. 3. Also in this event there was
anomalous propagation over the sea and cost-near radars depict far-away coasts and
sea waves. The VAD winds, Fig. 4, from Norrkoping show that the echos extend up to
at least nearly 2500 m. It was nearly cloud-free, only about 1 octa Cirrus.

Most of the Swedish radars have a free horizon, making them very susceptible to
ordinary ground echos as well as anaprop echos. This especially applies to the radars
of Karlskrona, Gotland and Stockholm/Arlanda. The coast-near radars of Gotland and
Karlskrona often show faint sea clutter from the sea waves, especially during anaprop,
see Fig.5

Migrating birds give a special kind of clear air echos. Those birds appear in large
enough quantities during nights of migration, in our climate spring and autumn, and
give extensive weak echos centred around each radar, see Fig.5. Birds having regular
habits, for instance leaving their roosting spots at the same time, are known to give
radar echos (Vaugnh 1985) and radars have been used by ornithologists. The latter
two cases, sea waves and birds, give Doppler velocities which are not representative
for the wind.

































Reflectivity profile of granular snow and very light
snowfall. Norrkdping, 22-25 Jan. 1996
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Fig. 12. Average reflectivity profile from winter precipitation in the form of granular snow and very light
snowfall. Norrkiping, 22-25 Jan. 1995.

It is interesting that the reflectivities and vertical extent of these clear air echos are
similar to those from winter precipitation in the form of light and granular snow, Fig.
12, cf Fig. 10. The clear air echos are a summer phenomenon, but otherwise they are
difficult or impossible to discern from faint precipitation echos in the reflectivity
signature. Possibly the clear air echos are somewhat more patchy than faint
precipitation echos. The Doppler wind information may be used for this task.
Precipitation generally gives a smooth horisontal wind field, where most of the wind
estimates are accepted by our VAD routine. Clear air echos give a more irregular wind
field, and several wind estimates are rejected.

6. Frequency of clear air echos

From the preceding discussions it is evident that clear air echos are common during
the warmer seasons, though precipitation monitoring is the main task for our weather
radars. Fig. 13, for the summer month of June, shows a pronounced low-level
maximum of faint radar echos at a height of 10 hectometers (1 km). This maximum is
caused by clear air echos. At higher reflectivities the distribution is more irregular,
with badly defined maxima between 5 and 25 dBz. These are due to rain. This Figure
implies a bimodal distribution at this height, 1000 m, or 10 hectometers.

We can consider the echos to consist of two populations

e clear air echos
e precipitation echos.

14









The results are given in Table 3.

Table 3. Availability of VAD winds at Jonsered. The fraction (nr of soundings with
wind)/(total number of soundings) is the availability. The whole period is 9 Dec. 1994
-1 Feb.1995 and 28 Jun.-30 Nov. 1995. Summer is 28 Jun.-30 Sep. 1995.

PRESSURE LEVEL, hPa
PERIOD AND WEATHER 925 | 850 | 700 | 500 | 400

Whole, Clear and not Clear, 00-24 | 0.83 | 0.64 | 0.31 | 0.20 | 0.15
urc

Summer, not Clear, 00-24 UTC 092 089|061 |044 |0.35

Summer, Clear, 00-24 UTC 094 |0.76 | 015
Summer, Clear, 00 UTC 098 |072|0.13
Summer, Clear, 06 UTC 083 | 059 |0.16
Summer, Clear, 12 UTC 0.94 |0.98 | 030
Summer, Clear, 18 UTC 1.00 | 0.74 | 0.06

It should be noticed that our study areas are close to the radar, for the reflectivity
studies only within a radius of 15 km from the antenna. The radar is not able to detect
these faint and relatively low targets at large ranges. Certainly these targets do not
appear only close to our radars, but due to the beam broadening and curvature of the
earth the radar is ‘short-sighted” and the targets only appear as patches surrounding the
radar, cf Figs 1, 3 and 5.

7. Echos from birds

As already discussed, Fig. 5, echos from migrating birds give nocturnal echos during
spring and autumn. On a pseudo-CAPPI these echos are very similar to clear air echos.
Generally, towards sunset the clear air echos diminish. During migration nights there is
nearly an ‘explosion’ of faint echos after sunset and the echos may reach a radius of
about 100 km. The echos prevail during night and disappear towards sunrise. Fig. 16
shows the distribution of reflectivities from a migration observation and the derived
VAD ‘winds’. In this case the birds had a strong tail wind. During migrations most of
the VAD wind estimates fit so badly to the expected sine curve that they are rejected,
but a few generally are good enough to give a wind estimate. In this respect they are
similar to VAD winds from clear air echos; also then the numbers of rejected estimates
are high, even if generally they are higher for birds. The bird echos may extend up to 2-
3 km. Their reflectivities are generally well below 0 dBz, though some higher ones
appear, as for instance 21 dBz at the lowest level in Fig.. 16. This could be a ground
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Prior to radar observations of migrating birds, there was an opinion among
ornithologists that birds preferred to migrate in bad weather close to lows, often in
headwind. This was due to biassed observations: radar studies show that birds prefer to
migrate in good weather, choosing tailwind, but at so high altitudes that they cannot be
seen from the ground (Koistinen, 2000). This illustrates the impact of weather radar in
this field and also its potential for future work.

8. Echos from sea waves

Radars close to a coast may give echos from sea waves. This is especially true if the
radar has a free horison towards the sea. During anomalous propagation such a radar
may be contaminated by echos from waves out to a radius of about 200 km. These
echos, though they often appear during clear air conditions, are not classified as clear
air echos. The reason for mentioning them here is that wave echos are common on
coast-near radars with a free horison and that they often appear during clear air
conditions. Moreover, such echos may give VAD ‘winds’, which certainly are not
representative for the atmospheric winds. Such VAD ‘winds’ are fairly common on the
Gotland radar, where faint wave echos are common in one south-east and one south-
west sector, Fig. 17. This sectors are centred at the directions giving the smallest
distances to the coast. The originate from the lowest scan, elevation angle 0.5 °, and are
probably due to the first side lobe, since they are caused by echos at a range of about 25
and have apparent heights of about 300 m. (A side lobe is a maximum of radiation
outside the main lobe. The radiation intensity in the side lobes is <25 dB of the
intensity of the main lobe).

VAD wind speed from Arlanda, Gotland and
Norrkoping. 18 Jan. 1995, 22 UTC
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Fig. 17. Sea waves give VAD ‘winds’ at the lowest levels of the Gotland radar. The wind field was
uniform and above the ‘wave speeds’ the soundings agree. At Gotland the wind speed at anemometer
level was about 10 m/s. 18 Jan. 1995, 22 UTC
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9. Discussion and conclusions

During the warmer seasons our C band Doppler weather radars nearly always detect
echos from a non-precipitating atmosphere, that is clear air echos. Such echos are rare
during winter, though they may appear also then. The winter clear air echos have much
smaller horisontal as well as vertical extent than the summer ones. Horisontally the
latter may reach a radius of about 100 km from the antenna, and vertically up to about 3
km above the ground. The summer clear air echos have a diurnal variation characterised
by minimum extent as well as reflectivity just after sunrise and maximal values of these
parameters about local midday.

The source of these echos may be sharp gradients of the refractive index of the air, or
insects. Since theoretical calculations show that it is difficult to get the sharp refractive
index gradients required, insects are the most probable cause. In fact, entomologists
have since long ago used radars, with frequencies close to the C band, for insect studies.
Since both these targets by and large follow the wind they can be utilised for wind
measurements (Andersson, 1998). However, migrating birds are targets that do not
follow the winds. Generally such birds have fairly regular habits, permitting
identification. The migrating birds of our region appear mainly during spring and
autumn nights, flying towards north during spring and towards south during autumn.
The weather radar of today has a great potential also in ornithology as well as
entomology.
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APPENDIX

Technical data for the Ericsson Doppler weather radar

Antenna

Diameter 42m

Gain 44.9 dB

Beam Width 0.9°
Polarization Linear horizontal
Radome

Diameter 6.7m
Transmission loss <0.2 dB
Antenna servo

Azimuth movement 360° up to 6 rpm
Azimuth accuracy 0.2°

Elevation movement -1°t0 90°
Elevation accuracy 0.1°
Transmitter

Frequency 5600 — 5650 MHz
Output power 250 kW

Pulse width 0.5 ps and 2.0 ps
PRF 250 Hz and 900/1200 Hz
Receiver

Sensitivity Better than —109 dBm (non-Doppler). Better than —114 dBm (Doppler)
Dynamic range >85 dB (log receiver), > 87 dB (linear receiver with IAGC)
| Signal processor

A/D conversion

8 bits

Sampling rate

333 m nominally (non-Doppler), 83 m (Doppler)

Range integration

6 samples(non-Doppler), 12 samples (Doppler)

Instrumented range

480 km (non-Doppler), 120 km (Doppler)

Range resolution

2 km (non-Doppler), 1 km (Doppler)

Azimuth integration

1-64 pulses (non-Doppler), 2*32 pulses FFT (Doppler)

Data outputs Reflectivity, radial velocity (Doppler only), spectrum width (Doppler only)
Data corrections Range dependence, atmospheric attenuation and rain attenuation
Data resolution Reflectivity 0.4 dBz, velocity 0.375 m/s, spectrum width 2 m/s classes
Data coverage Reflectivity -30 to +72 dBz, velocity —48 to +48 my/s,

spectrum width 4 classes: 0-2, 2-4, 4-6 and >6 m/s

Data accuracy

Reflectivity 1 dB
Velocity <0.3 m/s 10 dB S/N, <0.6 m/s 0 dB S/N
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