reviewed paper

Ecological Monitoring Network for the Gulf of Finland

Oksana Smirnova, Tatiana Popovich

(Oksana Smirnova, PhD, St. Petersburg Instituténfimrmatics and Automation of the Russian Acaderh@ciences (SPIIRAS),
39, 14 Linia VO, 199178, St. Petersburg, RussialF5%8 - Hi Tech Research and Development Office Ltd,47Liniya, 199178,
St. Petersburg, Russia, sov@oogis.ru)
(Tatiana Popovich, research assistant, SPIIRASTddh Research and Development Office Ltd, 7, 14yin1 99178,
St. Petersburg, Russia, PhD-student, the Bonch-Bru&tidPetersburg State University of Telecommuitoat 22 Prospekt
Bolshevikov, St. Petersburg, 193232, t.popovich@nag)

1 ABSTRACT

Ecological situation in the Baltic region has ndyalorsened in the last 20 years. On the one hamiolic
organizations are bringing investments in orderbtold clear transport, green cities, to lower egerg
consumption in the region. On the other hand, coason of a new building of Leningrad Nuclear Powe
Plant not far from St. Petersburg is planned innbarest future. In order to control the leveliofpallution,

to study the impact of pollution on the environmeatidentify the most endangered regions, we wdiléd

to propose a new permanent ecological monitorintgrork for the Gulf of Finland. We hope this network
will join together environmental specialists frorifelent countries, which will allow to design aoghl
ecological monitoring network. The major tasks this network are the following: organization of
ecological monitoring for the Baltic region andeaasch of air pollution distribution along the Balsea;
assessment of affects on the environment, healkis for atomic power plant staff and inhabitantdhef
nearest regions (North-West Russia, Estonia, Fihl&weden); investigation of seasonal and dailyngba
of atmospheric temperature, pressure, humidity,dwamd their effect on distribution of air pollution
creation of specialized social network for envir@mtal scientists for data and research exchange. An
example of ecological monitoring network operatiorthe Gulf of Finland along with description of ames
and results of monitoring are given in this paper.
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2 INTRODUCTION

At present time, there are a lot of different atptesic dispersion models designed by Environmental
Agencies in different countries all over the wor@he of the most widely-used and respected atmosphe
dispersion models is called CALPUFF (Thongplangl8)0 It uses a meteorological model, a dispersion
model and a post processing package as major i{iputsigplang, 2016).

Among atmospheric dispersion models, we can distatigones that operate in the Baltic region, eMAQ
(HZG), EMEP (IVL) and SILAM (FMI).

SILAM (System for Integrated Modelling of AtmosplerComposition) was developed in Finnish
Meteorological Institute. It is used to predict sequences of emergency situations and containsdreco
modules of dispersal of radionuclide, differentesiaerosols and natural allergens. For numericdkiting,
SILAM either uses meteorological data bases (Satead., 2006) of the European Centre on Mediumgan
Weather Forecast (ECMWEF, http://www.ecmwf.int),mmmerical prediction models in HIRLAM (Unden,
2002).

CMAQ (Community Multi-scale Air Quality) was reles by US Environmental Protection Agency. It
estimates deposition of ozone, particulates, tosed acid (CMAQ). CMAQ combines meteorological
models, emissions models and an air chemistryqiahsnodel, which allows to use it for predictinget
dispersal of multiple air pollutants and for getieigaair quality estimates (CMAQ).

EMEP (European Monitoring and Evaluation Programmeg cooperative programme for monitoring and
evaluation of the long-range transmission of ailytants in Europe. It relies on three main eleraent
collection of emission data, measurements of ait @recipitation quality and modelling of atmospheri
transport and deposition of air pollutions (EMERprovides assessment and regularly reports ossoms,
concentrations and depositions of air pollutartie, quantity and significance of transboundary ftuzed
related exceedances of critical loads and thredbetls (EMEP).

Input data for atmospheric dispersion models avaliysthe following:
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« characteristics of emission source (concentratibpaddlutants, flow rate, temperature, height of
emission source and etc.);

* meteorological characteristics (wind velocity, tygfeatmospheric stability, temperature and etc.);
« characteristics of terrain (city or village, reliekarby buildings and their shape and etc.).

Among meteorological characteristics that influepodlution dispersion can be velocity and directimin
wind and vertical temperature stratification. Auradjty standards, e.g. annual average, are ushatigd on
statistical data. Therefore, a vast volume of siatil data about meteorological characteristikerieover a
lengthy time period is required. Also, sets of metéogical data should be representative for argnegion,
I.e. they should represent all regional peculiesiti

It should be noted that currently existing atmosighdispersion models do not fully take into accoat
peculiarities of the atmosphere. Major meteorolagiparameter required for dispersion models is
atmospheric mixing height (Seibert et al., 2000)e Btmospheric mixing height is the layer adjaterihe
ground over which pollutants or any constituentdttesh within this layer or entrained into it become
vertically dispersed by convective or mechanicabuience within a time scale of about a hour (Si8i88;
Seibert et al., 1998). Vertical profile of atmospbenixing height depends on variation of air temgpere,
atmospheric pressure and wind velocity. Variatibaiotemperature depends on the type and parasneter
underlying surface. Temperature can increase aogkdse with altitude variation depending on theetivh
day and the season.

Monitoring of lower levels of the atmosphere is docted with special means like radiosondes, wind
profilers (Angevine et al., 1998), ceilometers @naa et al., 2006), remote sounding systems: lidars
(Hennemuth and Lammert, 2006), sodars (Russellithd, 1978) and etc. However, application of such
means has a number of limitations connected withthn conditions, high costs of experiments, regwiu
and accuracy of measurements.

Successful implementation of said models for madglbf prevalence of pollution over the observation
region and efficient estimation of air pollutionpgad, first of all, on the model of atmosphere and
meteorological information. We propose to creatally new ecological monitoring network, which will
allow to monitor changes of meteorological paramsgteadiation and others parameters in real time on
different heights above the sea surface. For tbisvork we propose to use a specialised measurement
module that allows to measure basic meteorologfameters (air temperature, relative humidity,
atmospheric pressure, direction and velocity ofdyim lower levels of the atmosphere with high izt
resolution. Also, these data can be used as ini&iggl for numeric modelling of prevalence of patiotover

the observation region.

3 ECOLOGICAL MONITORING NETWORK

Ecological monitoring network consists of two ormmoneasurement modules connected to each othdr. Eac
module includes a set of meteorological and ganmadétion sensors. Sensors are located verticallthen
pole (Fig. 1) or other suitable vertical surfacehat set distance from each other and provide meamints

of the atmospheric and radiation parameters. P@agarbe provided from standard power unit or other
electrical source with the range of 7-14 volt vtk current of at least 2 ampere.

Each measurement module consists of:
e wind velocity and direction sensor;
» set of integrated sensors that measure relativeditymatmospheric pressure and air temperature;
e gamma-ray radiation sensor;
* cross-connect equipment.
The major tasks of ecological monitoring networ& tire following:

e collection, processing, storage and visualisatibrinformation about atmospheric and radiation
parameters;

» data analysis for identification of the anomaloagions and regions that threaten the ecological
safety;

2
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» study and research of daily and seasonal changasnolspheric and radiation parameters and their
effect on distribution of air pollution;

» creation of regional model of the atmosphere;

e study of applicability of this atmosphere’s regibrmadel for prediction of distribution of radiation
and air pollution above the sea surface and itsrapplications;

» creation of specialized social network for envir@emtal scientists for data and research exchange.
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Fig. 1: Scheme of the ecological monitoring network

The measurement module includes several meteocalloghultisensors which are located on the
predetermined height from the earth surface. ltectd the major meteorological data (air tempegatur
relative humidity, atmospheric pressure and windaity and direction) and radiation at intervalseory 5
minutes. Obtained data is transmitted to FTP-seitwaugh information channels. FTP-server is a igec
application for data storage and users’ requestsegsing for the purpose of meteorological andatamfi
information retrieval under various search condgioWith the use of specially developed scripgradivery
cycle of measurement, obtained data is convertedsinuctured text files.

These files contain data about time of the begmnamd the end of measurement process, size of
measurements, description of measurements (date, rhata type, variable’s type: analogous or digdat
values of measured parameters. Structured text dite stored at FTP-server. With the use of deeelop
application, contents of these files can be vigedliin form of tables and graphics upon users’estju

4 CASE STUDY: EXAMPLE OF ECOLOGICAL MONITORING NETWOR K IN THE GULF OF
FINLAND

4.1 Description of proposed ecological monitoring netwd in the Gulf of Finland

At present time, ecological monitoring network sablished along the route: Vasilievsky Island f&ai
Petersburg), Kronshtadt, Seskar Island, Moshchapdis Gogland Island. It allows to take measuresieht
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meteorological parameters and of radiation in #géan of about 30 000 square km. Data is transthitie
FTP-server in real time and are stored in formtiafctured text files.

Moreover, from time to time, measurements of metegical parameters are taken from the helicofider.

the 5-th September 2016 at 09:07:50 (MSK) offshorthe Gulf of Finland, an experiment was conducted
with purpose of comparing theoretical and experimedata. Measurements were taken with the use of
network of meteorological multisensors, construcbyd“SPIIRAS-HTR&DO Ltd.”. This network was
collecting measurements of tree major parametersteaperature, relative humidity and atmospheric
pressure. Measurements were taken from a helic&ubimson R44 over a region size of about 50 square

km.

In the Table 1, information about actual weathethm observation region from Russian Federal Serfac

Hydrometeorology and Environmental Monitoring [1Spiven.

Parameter Value
Atmospheric pressure on the station’s level, mm Hg 756
Air temperature, @ 15.3
Minimal temperature, © 11.6
Relative humidity, % 81
Wind direction (At time of experiment, directionwfnd changed multiple times) S-W

Wind velocity, mps

2

General visibility, ball

4

Horizontal visibility, km

10

Atmospheric precipitation in 12 hours, mm

0

Water temperature in the Gulf of Finland; 0

16

Table 1: Information About Actual Weather in thegBhvation Region

Measurement network consisted of two meteorologitalltisensors, attached to a conducting rope.
Schematics of multisensors’ fixation on the helteo@nd outside appearance of meteorological nenksisr
is shown in Fig. 2.

—
> — A

Fig. 2: Schematics of multisensors’ arrangemeninduhe experiment and outside appearance of na@tapcal multisensor.

4.2 Observations and analysis

During the experiment, the following scheme of meeasent taking was chosen. The helicopter followed
previously developed and approved flight plan oer region of the Gulf of Finland. In the deterndne
points of flight route, during the smooth decentlu# helicopter, vertical measurements of metegrosb
parameters (air temperature, relative humidity aatthospheric pressure) were taken. Moreover,
meteorological measurements were taken during ¢wtidt flight from one point to another. Overall, 10
measurements were taken vertically and 4 — horddignt

Documentation of obtained data was executed byiajsd software. All data was later exported into
structured text files. Vertical profiles of variati of air temperature, relative humidity and atninssjc
pressure with dependence on height alteration médadain the first point on route are shown in Fig. 3

Obtained meteorological data, after proper proogssian be successfully used for numerical modglih
air pollution propagation over the Baltic Sea. hiiity (volatility) of vertical profiles of meteofogical
parameters, that can be clearly seen on Fig. Jifisiantly influences trajectories of air pollution
propagation in lower levels of the atmosphere.

So, profiles of meteorological data are availablaiser at any time. Vertical resolution for meaments
may change from a few centimetres up to ten meters.

REAL CORP 2017:
PANTA RHEI

=




Oksana Smirnova, Tatiana Popovich

160 160 0
—— Wultisensor 1
140 o 10 1o 1] | | =
——Multisensor 1 ——Muttosensor 2
™ ——Multisensor 2 — B
120 120 ——Multisensor 2 120
|=__I
100
1= 100 100
£ A £ ==
I s £ z I
: 5 & Z s —
[ - [ ¢ |__
a0 P = w0 0
==
;”; =
20 — 20 20 -
e -
0 o o —
995 998 1000 1002 1004 1006 1008 1 185 1 195 20 205 2 215 2 525 555 545 s55 565 575 585 595 505 615
Atmospheric pressure, mbar Airtemperature, deg Relative humidity, %

Fig. 3: Vertical profiles of atmospheric pressuaie temperature and relative humidity distributinrrelation to height.

5 CONCLUSION AND FUTURE WORK

In this paper, we have proposed a new permanetdgecal monitoring network for the Gulf of Finlanthat

will allow to organise the ecological monitoring Baltic region and to assess effects of air palfubn the
environment. In the future, we plan to use obtaimegherimental results to advance and modernise
algorithms of modelling and predicting of air pa¢itun propagation in inhomogeneous environment above
the sea surface. Also, we intend to conduct furélxperiments in order to study the influence ofatén of
meteorological characteristics in circadian andseal cycles over the sea surface. For this, wgesigo
establish an ecological monitoring network along ttoute: Vasilievsky Island (Saint-Petersburg),
Kronshtadt, Seskar Island, Moshchny Island, Goglstehd, Helsinki and Stockholm. This network will
help to predict distribution of harmful emissionsfjluence of technological companies’ operatiore(thal

and atomic power stations, integral emissions énatmosphere of large and small megalopolis anyl @tc
environmental conditions. Our company is interestethternational collaboration with all countrie§ the
Baltic region (Estonia, Lithuania, Latvia, FinlanBweden), national and international businesseghior
sake of production of suitable measurement devaceshardware, production, placement, exploitatiot a
maintenance of specialised monitoring systems. Yéeatso keen to share informational resources @f th
proposed network with any interested users (scidncgness and government).
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