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Fig. 1 The Kumpula weather radar 350 km surveillngnge, and weather radars in Helsinki area. Tl centre is
shown by the location of the first Finnish Dopplerather radar (H). The current systems operatethbyUniversity of
Helsinki are in Kumpula (KUM) and Jarvenpaa (HYTLhe Finnish Meteorological Institute operationabla is in Vantaa
(VAN), and the Vaisala Ltd research system in K&i@ER).

1. Introduction

The coast of the Gulf of Finland (Fig. 1) causeshannelling effect in easterly and south-westerigds according to
mesometeorological model simulations (Savijarviakt 2005). The created maximum of the flow along toastline
westwards may modify the distribution of migratedge insects, and lepidopterological observaticamge lshown more
immigrants along the coastline than far inlandettisnigrations may occur in winds from SW as wetid in these cases the
migrants may cross the entire Baltic Sea, hundoéddometres above water (Nieminen et al. 200()afhelling effect of
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the SW winds helps insects to reach more eastehtibns along the Finnish coastline. On the oliaerd sea-breeze fronts
developing during the day have strong effects seahmigrations. The front blocks the migrationoasrthe sea at the lower
altitudes while the higher level migration above fea-breeze continues (Gahmberg et al. 2010)cdigregation of insects
into the sea-breeze front area by the convergamriboundary layer flow, and updrafts in the froatise several interesting
modifications to the migration paths as well.

We compare the atmospheric model results to thepopveather radar observations of the UniversftyHelsinki in
some migration cases. The radar echoes are imiastly caused by the migrating insects themselwaismostly by insects
that follow the air current without much influenbg their own flight speed. We discuss the modetiad observed features
of the flow. Our special emphasis in this studihis channelling and other local wind features eglab the Gulf of Finland,
and how they affect the immigration of insects.

2. Wind field modification by the Gulf of Finland

The University of Helsinki 2D mesometeorological de UH-2D, has been used in simulations of metegical
phenomena in the Gulf of Finland area (e.g. Sawijétr al. 2005, and Gahmberg et al. 2010). Doppieather radar of the
University of Helsinki has been available since 4,98ntil 2004 in the Helsinki city centre, and €005 in the Kumpula
Campus about 4 km north. Both of these radar looatare very near the coastline. The radar suawe#l area and weather
radar locations in the Helsinki area are shownign E.
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Fig. 2 Mean wind speed at Finnish coast of the @liFinland and UH-2D model simulations at 15 holasal time. The
top graph shows the observed mean wind at Isoghlre line ) and the UH-2D model simulated 10 welespeed (red
line). Isosaari is about 10 km to the sea from kiscity centre, and the model point is 3 km &f tioastline to the sea in
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overcast situation with 10 m/s geostrophic flowe Blottom image shows the model simulations in dkgisituation in
points 3 km from the coastline on land on sea.ij{@avet al. 2005)

Channeling effect can be seen in surface wind ohafens. Figure 2 shows the surface mean wind spaelay-June
1999-2003 in Helsinki Isosaari, 10 km SSE from ¢itg centre (Fig. 1). The simulated 10 m level wspkted by UH-2D
model in test runs using various directions ofghestrophic wind speed of 10 m/s in overcast sgoas shown in the same
figure. The overall pattern is quite similar to thieserved surface wind. The large scale orientaifahe coastline is added
to the figure, and the observed maxima are sedrei®W and E sectors, slightly to the south ofaleag the coast direction.
The UH-2D model simulations in clear sky conditiomgh varying geostrophic wind directions for a @r© height wind
speeds 3 km off the coastline over land and ovarase seen in the lower graph of Fig. 2. In clégrconditions the sea-
breeze circulation is modifying the channellingeeffcompared to the overcast case.

3. Insectswith westerly winds

The UH-2D model simulation of afternoon wind compots is shown in Fig. 3. The maximum wind speed@tbe Gulf
is observed over the sea, and would be near theshigoast in the Gulf of Finland case. The perjpertar wind component
has a maximum of about 5 m/s to the left below 800 his would be a sea-breeze cell over Finland,aother sea-breeze
cell is formed over the Estonian side.
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Fig. 3 The UH-2D model in clear sky situation wiih m/s geostrophic wind towards east (along thetfGat 15hours
local time. The vertical cross-section of wind comgnts in m/s, the 2D model plane parallel wind gonent on the left
and the perpendicular component (into the figuneXtee right. The sea surface position is showrhleybiue bar. (Savijarvi

et al. 2005)
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Fig. 4 Insect migration 2010-06-03 in westerly winHumpula radar radial velocity PPI 08:15 UTC awihd soundings
(VVP) using data from 1 to 10 km range, solid lifesspeed and dashed lines for direction.
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On the 3rd of June, 2010, significant amount oéats were migrating in flows from SSW-W. Figurehbws Kumpula
radar wind soundings. The first measurement at € Wdid not have much insects, but still some remaifi probably
nocturnal migrants over the sea and reluctantrtd ia the cooler air below. After the morning tas&period the number of
insects increased rapidly over the land areasjressits started to arrive from SSW-SW over thesseaell. The insects are
seen to move over the Gulf of Finland from Estdnigards ENE, but the radial velocity structure otrer sea show a more
NW directed flow, presumably height difference as®h-breeze onset may be affecting. The verticadsesections are
shown in Figure 5 at around 11:25 UTC, alread¥igtstage the upper wind direction starts to beftiee land side.
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Fig. 5 Insect migration 2010-06-03 in westerly winBumpula radar RHI images 11:25 UTC. Radial eé&io
perpendicular to and along the coastline, noticasihg in WSW and ENE maxima 0.5-1.2 km heightu@b® m/s).

4. Insect migrations from SE sector

Cases are of interest to very many entomologistkkdla had collected many cases where moths oetiliéts migrated
into Finland during 1994-2003, and classified sarh¢he episodes further to predominantly alongdbast immigrations.
Marja-Liisa Ahtiainen made her M.Sc. thesis in 260&lying the observed immigrations and channediinidpe winds by the
Gulf of Finland, utilizing surface weather statipasd reports of Helsinki radar observed insectratigns by Leskinen
(available in the web since 1997). In her studydhannelling of SE flow was seen in most of theesagere the insects were
found predominantly in the coastal region, but meases had winds from east or SW, not the destrets direction in her
study. However, as pointed out already, the SW fingrants have travelled long distances above @itemand may eagerly
come down when they reach the Finnish coastline.tf@nother hand easterly flow at the surface iateel to strong
channelling of the upper SE-ESE wind in the Gulfafland region. Therefore both of these casedogjieal situations for
insects to be found at the coast rather than fanéh

One of the Mikkola’s original periods for a coastamigration was 1997-08-29. This case was stubie®avijarvi et al.
(2005) using the HIRLAM, limited area numerical wes prediction model. The migration case by raulzgervations was
already reported near real-time by Leskinen inwed, including Helsinki radar wind soundings ofstieipisode. Figure 6
shows HIRLAM model cross-section perpendiculari® toastline at Helsinki at 12 UTC, and the radiadvsoundings, a
few hours earlier. The radar winds show a maximetouw 1 km level, and the absolute value is not milifflerent from the
model along the coast component. Already in 20@3dperational higher resolution numerical weathedjetion models
could quite correctly get channelling features éasted, but at the time of the migration in 199% ¢iperational forecast
model was still underestimating wind speeds inglsiiations, which was verified by Ahtiainen’sdstu
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Fig. 6 Insect migrations in easterly winds 1997Z8-HIRLAM model 12 hour forecast at 12 UTC onl#feand Helsinki
Doppler weather radar wind soundings on the rigttRLAM vertical cross-section close to Helsinkipemdicular to the
Gulf of Finland coastline, coast parallel wind sdea m/s in blue (to WSW, out of the figure) anteptial temperature in
degrees in red (Savijarvi et al. 2005). Radar wimgsl curves at 05:55 and blue curves at 08:25 U3jaged with solid and
direction with dashed curves.
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Fig. 7 Insect migration 2010-05-14. Kumpula radartical cross-sections of radial velocity 12:20 Ua@proximately
perpendicular to the coastline (NNW and SSE) and@the coastline (WSW and ENE),( NNW and WSW naifyon the
left, and on the right Kumpula and Kerava radaratatined winds at 300 and 1000 m height using 10tk ranges.
Radial velocity aliasing (above 10 m/s) in NNW &RE at higher levels, and in WSW and ENE clodgetsurface.

Another case of mass migration of insects from 8&as is shown by radar measurements in Figureumpla radar
vertical cross-sections of radial velocity were magproximately perpendicular to and along thettinasand the along the
coastline low level maximum is seen in the radielogity even below 300 m height. There is also @ difference in
boundary layer circulation between land and seaRHI to NNW has a lot of convective rolls that nfpdhe velocity field.
Figure 7 shows further on the right time evolutadrradar determined wind by Kumpula radar nearctbest and by Kerava
radar about 20 km inland. Thick lines show the 30@nd thin lines 1000 m height wind soundings basednultiple
elevation angle PPI scans of the echoes betwead 1@Gkm range from the radars. In Kumpula the tdexel winds equals
the upper level wind after midday, while in Keratre lower level wind speed remains slower. The wdirgction in
Kumpula gets more easterly at the same time, andailtar is showing the typical features of chammgll
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5. Discussion

The channelling of wind in the Gulf of Finland areaa phenomenon that affects insect migrations.héiee shown that
Doppler radar observations verify the modellingutess Modern high resolution numerical weather proih models can
have realistic channelling effect in their outpaihd in addition to the meteorologists the modepots could be used by
entomologists as well. A more detailed modellingnsfect migrations by an atmospheric dispersionehg@ldeskinen et al.
2011) may become a standard procedure at some, jpointnore knowledge on the actual migration habftinsects is
needed for really accurate forecasts. Radar ohts@ngeof insects migrations can provide nowcasitmiese cases, but their
main impact at the moment seems to be in improemgunderstanding in both the meteorology and biplof the long-
range migrations.
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