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The main characteristics of spring migration were studied by meteorological radar in the Eastern
part of the Carpathian Basin for 8 days in 1987. The radar is situated at Napkor, 200 km ENE
from Budapest, and it can detect the birds in a 25-100 km range. The echoes were displayed on
PPI and were recorded on 35 mm film by time exposure. During the study 6546 bird echoes were
recorded on 413 pictures. The intensity of bird echoes was high at sunrise and early afternoon.
In 25 km range, the intensity of the echoes was high at sunset because of intensive migration of
passerine birds. The average direction was northeast (42°), and its daily value varied between
33°-59° during the study. The changing of the direction might come from the change in the
composition of migrating species. Above some areas, the bird echoes were concentrated, and
these concentrations showed a close relationshipto some topographical elements.

T. Szép, Hungarian Omithological and Nature Conservation Society, Budapest, K6ltdu. 21.,H-1121,

Hungary.

1. Introduction

The Carpathian Basin has an important
role in the migration of Northern Euro-
pean, Northeastern European and North
Asian birds. Old and recent observing,
hunting, and ringing data show the impor-
tance of this area, especially of its eastern
part (Haraszthy 1988). Data from direct ob-
servation of the migration by radar were not
available until now in this region of Europe.
These data can help to analyse more deeply
the characteristics and dynamics of this be-
haviour (Eastwood 1967). In 1986, 1 started
an investigation at Napkor Meteorological
Radar Observatory to analyse how applica-
ble that radar is for ornithological studies.
The aim of this work is to describe some
main characteristics of the spring migration
based on radar data in Eastern Hungary.

2. Material and method

The weather radar station (OMSZ KEI) is
situated at Napkor (47°58'N; 21° 54’ E, 140
m ASL), and it is 200 km ENE from Buda-
pest and 10 km E from Nyfregyhdza which
is the nearest town (Fig. 1). The MRL-5
type, Soviet made radar here is used for
rainfall forecasting. I used a 10 cm wave-
length with 1 microsecond pulse length, 500
kW peak power. The aerial diameter is 4.5
m and the radar beam is pencil shaped with
a 1.5 beamwidth (Eastwood 1967). The ra-
dar sensitivity is -138.1 dBW.

The bird movements were detected by
radar and displayed on the PPI (Plan Posi-
tion Indicator) screen (range 25 km, 50 km
and 100 km). The echoes were recorded on
35 mm film with along time exposure. [ used
2 10 minute exposure time as described in
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Fig. 1. Map of the study area (1: road; 2: railway line; 3: powerline; 4: state boundary).

Gauthreaux (1970). The pictures showed them (Fig. 2). I used different elevation an-
moving radar targets in all studied range  gles at different ranges (3° for 25 km, 1° for
except the nearest area around the radar 50 km and 0.3° for 100 km), and in this way
station where the dense surface echoes hide I studied the birds’ movement at low alti-

Tab. 1. Number of bird echoes (n), observation time (t)[minute] and echoe intensity (n/t) at different
range during the study.

at 25 km at 50 km at 100 km
Day n t n/t n t n/t n t n/t
25.03 73 42 1.7 135 58 23 169 112 1.5
26.03 453 149 3.0 926 285 32 1284 464 2.8
27.03 45 34 1.3 162 76 2.1 172 66 2.6
29.03 176 132 1.3 24 15 1.6 0 142 0.0
05.04 210 62 34 214 193 11 60 134 04

06.04 289 121 24 335 340 1.0 113 171 0.7
07.04 323 103 31 252 242 1.0 77 127 0.6
08.04 559 230 24 429 420 1.0 66 131 0.5
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Fig. 2. Time exposure of a PPI display showing heavy bird migration over Northeastern Hungary
between 0537-0547 local time, GMT+ 1, 25th March 1987. North is toward the top of the figure. Birds
produce about 3-5 km long pale streaks, in this case toward the northeast. The angle of elevation of the
radar beam is 1°, the range is 50 km and the revolution is 2/min. Tokaj hill and Zemplén mountains are
situated at the northwest edge of the picture and the long line across the centre is a big 750 kW powerline

(See the Fig. 1). ‘

tude (100-2000 m). The average altitude of
the echoes was between 400-800 m.

The data were collected in the spring of
1987 (25.03.1987 - 27.03.1987, 29.03.1987,
05.04.1987 - 08.04.1987), and as far as pos-
sible during all part of the day. The starting
and ending positions and path of each mov-
ing radar target on the pictures were digital-
ized and used for measuring the direction
and height of the flight. The characteristics
of moving radar targets, low speed (30-100
km/h) and point like echo, differ from the
echoes of surface, weather phenomenon or
airplanes (Eastwood 1967). These targets
were echoes of flying birds or bird flocks.

The numbers and species of birds taking
part in the movements cannot be deter-
mined from the pictures.

I used the Nyiregyhdza Meteorological
Station data for measuring the wind pa-
rameters.

3. Results

During 8 days observation 6546 radar tar-
gets were identified as birds (64 hours ob-
serving time) on the 413 pictures (Fig. 3).
Because the successive pictures may have
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Fig. 3. Path of all bird echoes during the observation period in the study area. (Horizontal and vertical

distance between the cross is 25 km.)

contained the same targets more than once,
less separate targets were studied.

3.1. Daily distribution

In 26.03.1987, the continuous observation
from 0504 to 2103 allowed me to analyse the
daily distribution of the bird echoes in three
different ranges (Fig. 4). As Fig. 4 shows,
there was an intensive movement near sun-
rise which was followed by a smaller one at
early afternoon (13-14 h local time,
GMT+1). The distribution at the 25 km
range differs from the other two (Fig. 4a).
There is more intensive movement after
sunset in this range than at the 50 km or the
100 km range. This difference can also be
seen in the other day’s data. The sensitivity
of the radar is larger at 25 km range, and

smaller echoes, such as of migrating passer-
ines in small flocks (Gauthreaux 1970, Wil-
liams et al. 1977), are more visible on the
PPIscreen and on the pictures. Onthe night
of (07.04 there was a large movement in the
25 km range, and next morning around the
radar station many Nightingales (Luscinia
megarhynchos) and Lesser whitethroats
(Sylvia curruca) started to sing. It is possible
that intensive passerine migration in differ-
ent directions explains the differences ob-
served at night.

3.2. Direction

Comparison of the mean flying direction
values at different ranges (Fig. 5) indicates
slight difference between the 25 km, the 50
and 100 km range data. The mean direction
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Fig. 4. Daily distribution of radar targets in
26.03.1987.

a. Number of targets at the 25 km range,

b. Number of targets at the 50 km range,

¢. Number of targets at the 100 km range.

(SR: sunrise, SS: sunset.) Local time (GMT+1).

at 25 km range is closer to the north (38°)
than that of the other ranges (46° at 50 km
and 42° at 100 km). The average direction
for all ranges is 42°, NE (Fig. 5d).

When I compared the mean direction us-
ing all echo data during six days, there were
differences in the daily directions (Fig. 6).
The directions on 27.03., 05.04. and 06.04.
are closer to east (51, 59, 51) than the aver-

age (Fig. 6b,c,d). The reason for these de-
viations may be the strong W, SW, and N
wind at 27.03., but this is not too likely since
on 07.04. and 08.04. there were the same
strong winds, but the mean direction of
these two days is different from the above
mentioned three days’ mean direction (Fig.
6¢,f). In these two days, the decreasing mean
direction coincided with increasing inten-
sity of the small passerine migration, as the
increasing echoes at 25 km range indicate
(Tab. 1). The differences may come from
the changing species composition of mi-
grating birds.

3.3. Migration over the studied area

When all echoes are drawn on the map of
the studied area (Fig. 3) we can see whether
there were preferred areas during the mi-
gration. The diverse topographic features
explain some significant deviations among
the areas. In the more elevated areas e.g,,
Nyirség Southeastern part of the study area,
the birds flew at a higher altitude and their
echoes were more visible than echoes from
lower areas like Hortob4dgy where the birds
often flew at lower altitudes and are blocked
from the view of the radar.

The echoes were concentrated above
some particular areas e.g., along the Debre-
cen-Mdtészalka railway line, the echoes
were very concentrated and created a thick
line (Fig. 1,3). This observation suggests
that the birds may follow topographical fea-
tures while migrating through this area
(Bruderer 1978, 1982).

4. Discussion

This investigation was the first direct obscr-
vation of bird migration by radar in the
Carpathian Basin. The time exposure
method (Gauthreaux 1970) provided ap-
propriate data to reveal some main charac-
teristics of the spring migration over this
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Fig. 5. Distribution of the direction of radar tar-
gets at different ranges. (Arrows shows the mean
directions.)
a. Directions at the 25 km range (n=2128;
mean=38°),
b. Directions at the 50 km range (n=2477;
mean=46°),
c. Directions at the 100 km range (n=1941;
mean=42°),
d. Directions at all ranges (n=6546; mean=42°).
The diameters of circles shows the number of
targets at different directions.
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area. The time of the investigation coin-
cided with the peak of the waterfowl (e.g.,
Anser anser, Anser fabalis, Anas crecca) and
crane migration and partly with migration
of the passerines (Haraszthy 1988, Kovics
1987).

The daily rhythms of the bird echoes
showed a very high peak at sunrise and an-
other lower peak in early afternoon. These
data suggest that a large part of the ob-
served birds might have come from a nearby
roosting place like Hortobagy, to the SW of
the radar site. The late peak near sunset in
the 25 km range data shows the increasing
passerine movement during this period.
The typical passerine *mist’ on the pictures
(Williams et al. 1977) confirms this assump-
tion.

The data indicate very heavy migration at
the end of March mainly in the long range
observations. These presumably were ech-
oes of migrating waterfowl flocks. At the
end of the observation period (07.04.-
08.04.), the composition of migrating birds
changed. The increased number of fine pas-
serine echoes on the short range pictures
shows that the main passerine migration
had started.

The observed average NE (42°) direc-
tion is closer to N than Bruderer (1971)
found in Switzerland (60°), the nearest
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Fig. 6. Distribution of directions of radar targets on different days. The diameter of the circle with arrows
show the average wind speed and dircction during the obscrvations.

a. Direction at 26.03 (n=2663; mean=41°)

b. Direction at 27.03 (n=379; mean=>53°)

¢. Direction at 05.04 (n=484; mean=>59°)

d. Direction at 06.04 (n=737; mean=>51°)

¢. Direction at 07.04 (n=652; mean=35°)

f. Direction at 08.04 (n=1064; mcan=33°)
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place of another recent radar study. The
dailyaveragedirection varied between 33°-
59° and the reason may be the changing
composition of migrating species. The in-
creased passerine migration might cause
the decreasing average direction during
the late days. The data also show some
preferred migration paths.

The meteorological radar at Napkor is ap-
propriate to study of bird migration at one
of the most important areas in Central
Europe. Long-term radar investigations with
development of equipments and methods,
combined with simultaneous field observa-
tions would help to explore other important
characteristics of the migration in the east-
ern part of the Carpathian Basin. Studying
distributionof bird flocks in the migration
season, analysing the number, direction and
distribution of different groups of species
would be very important for scientific
and nature conservational reasons
as well.
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Osszefoglalds

A tavaszi vonulds vizsgdlata metoroldgiai
radar segitségével Kelet-Magyarorszigon

A Kdrpdt-medence keleti részén foly6 tavaszi
maddarvonulds radarornitolégiai médszerrel vizs-
galt {6bb jellemzdit mutatja be a cikk. 1987-ben 8
napon keresztiil, a Napkori Radarmeteorol6giai
Obszervatérium berendezéseivel 25-100 km-es
kOrzetben vizsgdltam a madarak jeleit.

Madarjeleket a képerny6rdl (PPI) készitett
hosszd expozicids idejd felvételek segftségével
rogzitettem. A vizsgilat soran készitett 413
képrél 6546 madérjelet azonositottam és
haszndltam fel az elemzésekhez. A maddrjelek
intenzitdsa a napfelkelte és a koradélutdni
iddszakban volt a legerdsebb. 25 km-es kdrzet-
ben a naplemente koriili idészakban is erteljes
mozgas mutatkozott, amelynek feltételezhetd
oka a kistestd énekesmadarak intenziv esti
vonuldsa. Az 4tlagos irdny 42° (EK) volt, mely
33° és 59° kozotti értékeket vett fel a vizsgalt
napok sordn. A napi 4tlagos irdnyokban mu-
tatkozo6 véltozdsok okai f6ként a vonul6é mada-
rak faji Osszetételében mutatkozé véitozdsok
lehetnek. A vizsgdlt korzetben a maddrjelek
néhény teriilet felett igen sdrdn helyezkednek
el, amely a Debrecen-Matészalka kozotti Gt és
vasut esetében felveti, hogy a vonulé madarak
bizonyos topogréfiai elemeket kdvetnek.
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