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Pesome

Apxusbr 3a armocdepuu wabogenus Ha Codbuiickus Yuusepcurer (ACY)
e Cb3JaJeH, 33 Ja CbXpaHdBa JAHHH 38 MHTEIPUPAHATA 110 BUCOYMHA BOIHA
napa (MBI, IWV), kakto n 3a npyru armocdeprun nabaoaenus. /1o MoMenTa
B Da3ara ca 3apejenn Haj 12 MuJIMOHA MANBULyaIHA HAOIIOMeHU 3a 32 CcTaH-
Y Ha TEePUTOPHUATa Ha bbarapusi, obxsamamiu mepuoga or 1997 rogmHa 10
HACTOANINASA MOMEHT.

C HapacTBaHeTO Ha KOJHYECTBOTO TeHEPUPAHN HAYIHU TAHHH MPOOJIe-
MBT 32 TIXHOTO CbXPaHeHNe CTaBa Bce TMo-HaIeKall. ba3ure JaHHu mpeaarar
ONITHUMHU3UPAHO pelIeHre 3a CbhbXpaHeHHe Ha JaHHH, KOMOMHHUPAHO C YJIECHEH
JIOCTBII ¥ eNHHA CTPYKTYypa Ha OTAETHATE 3amucu. [IpobaeMbT Ha TOJIEMES
00eM JIaHHU € 0OCOOEHO OYEBUJICH 1IPU U3CJIEIBAHETO HA ATMOCHDEPHUTE IIPOLIECH.
3a ToBa 0a3uTe JAHHU YeCTO Ca U3MOI3BAHU 38 CbXpaHeHHe Ha MEeTEOpPOJIOTHY-
Ha urdopmarms.

Tepuropuanno pazimyaBame jBa Tuna 6a3m JaHHU: IJI0OOAJTHH U PEru-
OHAJIHH.

Karo npumep 3a ryiobana 6a3a JJaHHH € ITPeJCTaBeH MOPTAIDT 38 K-
maTuaHu npomenn Ha CeeropHaTa 6anka (wba). Toit cbabpzka nadopmanus 3a
IpU3EeMHHU TeMIlepaTypa U HaJsdraHe, BaJexK, TeMIepaTypa Ha MOBBLPXHOCTTA
Ha OKeaHa M JIPYTH METEOPOJIOTMYHHM W KJIUMATHUYHU BeJIUYMHH. Bazarta ¢b-
JIbprKa 3aliCH OT HAYAJIOTO HA XX BEK [0 HAIH JIHHW 38 MHOYKECTBO CTAHIIWH,
PAa3IOJIOXKEHH 110 IISLJI0TO 3eMHO K'bJ100. Jlannure morar ja ObjarT n3BezK [aHu
Ha [OTpebuTeIMTe He caMo B 3amucer hopMaT, HO U KaTo (PUTYPH M KApPTH HA
CHOTBETHO U30pAHUTE MOJIETA.

Exna or pazrienannre pernonasinu 6asu gannu e bazara STARTWAVE
Ha Yuubepcurera B Bepw, [eiinapusi, (Morland et al., 2006). Ta cbabpxka
HEe caMO JAaHHW 32 MPU3eMHATA TEMIIEPATYPA U HAJIATAHETO 33 TEPUTOPHUSATA, HA
[MIBeiinapus, #Ho u udmepsanus no meroga ' HCC mereoposiorus, KakTo u HaO-
JIIOJIEHHST OT Pa3JudHU HHCTPpYMeHTH. /lanuuTe ca 3amucann B 6a3a upe3 cTaH-
JapTHH aupekTHH 3asgBka Ha MySQL u upes nporpamu, nucaru Ha MATLAB.

ACY e cb3manena mo nogobue Ha IllBeitnapckara 6aza STARTWAVE

u e npeaBuicHa da CbhbXpaHdBa KaKTO CHHOITHYHH, TaKa W JaHHH, IIOJIYY€HH



o meroga THCC (Tnobamun Hapuranmonan CrrbrHuKOBH CHCTEME) METEOPO-
siornd. ToBa e wbpBarta 0a3a JaHuW OT TO3W TUII HE CAMO B Bhbjirapust HO U B
nsiia FOrousrouna Epporna.

B riraBa 2 ma guitoMHaTa € IpejicTaBeHa ISJIOCTHATA KOHIEHIHS Ha
ACY.

I'maBa 2.1 ca pasriaenann U3HIHUTE BEJIUUYMHHU, 3alMCAHU B Oa3ara
nanan. Tabsmna 2.1 npeacraps (pU3HIHUTE BEJIUINHU, TOYHOCTUTE HA U3MEP-
BaHe, KAaKTO W M3MEPUTESHUTE eJIMHUIIA Ha BCsKA €HA BeJUINHA, 3allMCaHa B
TaDJINIIATE HA 0Oa3aTAa.

B riaBa 2.2 e mpesicraBeHa cTpyKTypara Ha 6asara gannu (durypa 2.2)
KaKTO U Ca ONUCAHN BCHYKH TabJIUIN, ChIeCTBYBaIn B 6asara (B Tabauna 2.3).
Bazara mannu e cb3maena na ocuosara Ha MySQL, karo 3a komyHuUKanus ¢
Hes ce m3nosssar php, bash uw MATLAB nporpamu.

B 6azara chmecrByBaT Yernpu Buga Tadaniu. [I'bpBusaT Bum Tabanim
ca undopmarnuonnure Tabaunu (riasa 2.2.2). B Tax ce chxpanssa nadopma-
1S 3a CTAHIUUTE, TAIXHUTE KOOPAMHATH U BUIOBETEe U3TOUHUIHN HA WHAOPMa-
nusd. Bpb3kuTe 3a TOBa KOs CTaHIUA IOJIYYaBa JJAHHA OT KOl M3TOYHHUK CBINO
e 3apejeHa TyK.

Bropusi Brji TabauIM ca Taka HADEUEHUTE MbPBUYHU (TAabJUIN, OIHU-
canu B raBa 2.2.3). B 1ax ce ¢bXpaHsBaT HEOOpAOOTEHUTE JAHHU OT CHHOII-
ruaante 1 [HCC cranmuuTe, KaKTO W JaHHUTE OT A€POJOTHIHUS COHIANK.
Bropuunure tabiunu (riasa 2.2.4) cbabpkar 00paboTeHHTE Bede JAHHH OT
I'bPBAYHUTE TAOJHUIN 38 KOJUIECTBO BOIHA Iapa B armMocdepaTa, KAKTO U 3a
npyru arMocdepan mapamerpu, mpecmernaru mo meroga [ HCC mereoposorus
U 49pe3 aepOJIOTUYIHUS COHJTaZK.

Tabaunure, HEOOXOAUMHE 3a JOCTBIA A0 WHMpOpPMAIUSI OT CTPAHUIIATA,
Ha 0a3aTa JaHHU B HHTEPHET ca IpejicTaBeHH B IyiaBa 2.3 . Taxuara pyHKIndg
e Jla ChXpaHsaBaT HHMOPMAIHS 33 MTOTPEOUTEUTE 32 10~ I0CT'HITHO U3I0JI3BaHe
Ha OHJIAH mopTaJa Ha Oa3ara gaHHH. B cbimara riaBa e ooucaH U MHTEPHET
mopTarbT Ha ACY, KOWTO BKJIIOYBA CTPAHUIIN, OOSICHABAIIN BCEKH €IMH OT Me-
TOJMTE, N3IMOA3BaHN Ipu oOpaboTKaTa Ha JIAHHU; HOBUHU, CBbhP3aHn ¢ Oa3arTa;
KapTH Ha JOCTBIHATE 33 CBAJISIHE JIAHHHU U JPYIH.

B rnasa 2.4 u 2.5 ca npeJicTaBeH HAUUHATE HA 3aI'bJIBaHe HA TaOJIUIIN-

Te U 3a 00paboTKa Ha HabJIIO/IeHIATa CHOTBETHO. [Iponepypure ce u3BHLPITBAT



¢ bash ckpunrose, kakto u ¢ MATLAB mporpamu 3a obpaborkara. B nmpuio-
JKeHue ca J00aBeHu IPUMEPEHH TPOIPAMU.

B rnaBa 3 e npexacraen meroabr ['HCC meTeoposiorust 3a mpecmsita-
e na WBIIL. [Ipu npemunaBanero cu npe3 armocdepara curaaabt na ['HCC
ce 3abaBs u npeudynsa. VIMernHo ToBa 3abaBsiHe U NpedylBaHe ce M3I0J3Ba 3a
n3MepBaHe Ha BoJAHATa IHapa B armocdepata. B rimasu 3.2, 3.3, 3.4 ca npejc-
TaBeHHU u3no/13BaHuTe n3Tounuiu Ha nbpudnn ['HCC nabaogenus.

B riraBa 4 ca npejcraBeHr W3TOYHUIIMTE HA CHHOUTHYHM JIAHHU W JIAH-
HI OT aepoJsiornduus cougazxk. ACY c¢bXpaHsaBa HaOIOIEHUS OT aePOJOTHIHIS
corgaz 3a cranius Codusa. Bpemepuar pea e ot 1995 rojuna, a u3MepBaHHSTA
ca u3Bbpriean or Hamuonaynusg Mucruryr no Mereoponorus u Xujaposorus
upu BAH. Cunontranure nHabmonenust ca cbino ot mpexara na HUMX-BAH
3a TepHTOpusaTa Ha Dbarapusa. JaHHuTe 3a cTaHIUHATe W3BbH DBhiarapus ca
W3MepeHn OT HAIMOHAJHUTE METEOPOJIOTHYHU CJIyKOW Ha ChOTBETHUTE Ibp-
JKaBW M ca IpUA00UTH OT cBeTOBHUTE 0Da3u jaHHu. B 1riaa 4.3 e npejcraBeH
U YACJIeHUIT MOjen 3a nporuosa Ha spemero WRE. B 6baeme ce npensukia
MOJICTHU JIAHHU J1a ObJAaT M3MOI3BaHU 3a OIpeJIe/IidHe Ha TeMIepaTypaTra U
HaJISITaHeTO B CTAHIIMUTE, PA3MOJIOKEHN Ha TEPUTOPHUsTa HAa Bhiarapus.

B rnaBa 5 ca mpeacTtaBeHM W3CJAeIBAHUA, IIPU KOUTO €A H3MOJI3BAHH
maaan or ACY. M3yuaBaHe Ha TOILUIMHHATA BbJHA Hal Bbarapusa mexmay 19
u 25 oau 2007 roguna e npejcraBeHo B ryiaBa 9.1. Hajwdanero HA TOIMHHM
BbJIHU CbINO TaKa Ce MPOsABsBa M LPU T'OAMIIHUS XO0JI Ha BOJHATA Iapa. lTaka
B HaM-TOILIMTE MeCeIl BOJHATA Mapa HaJ DBbjarapus e 1mojg HOPMHUTE C OKOJIO
6 %, noxaro Temmeparypara naapumasa ¢ 20 % cpennomecedHuTe CTOWHOCTH.
Cbimo Taka e pasriefan JeHOHOMHNS X0/ Ha TeMneparypara u IBII BbB Bestka
OT M3y4YaBaHuTe cTaHnuu. B KpallbpeKHUTE CTAHIIUK € YCTAHOBEH cJiea100e/1eH
muk B UBII, koiito ce abazku Ha Gpu3oBara nupkynamus (Simeonov et al.,
2013).

B rnaBa 5.2 e mpenctapeno cpasuenue Ha VIBII moxywuena mo Tpu pas-
JIIYIHE MOJesa 3a o0paborka. Pesyararure nokassar 10 3% pasinuka, Hail-Bede

upe3 asaroro (FOnu, FOmm u Asrycr).



Abstract

The Sofia University Atmospheric Data Archive (SUADA) is developed
to facilitate the use of vertically Integrated Water Vapour (IWV) data for
meteorologic and climatic studies in Bulgaria/Southeast Europe. The SUADA

database includes:

e Ground-based Global Navigation Satellite Systems (GNSS) observations

from:

— EUREF post-processed IWV (total 6 539 observations) for station
Sofia (SOFT 04.2001-11.2004)

— IGS reprocessed IWV (total 19 648 observations) for station Sofia
(SOFI 1997-2012)

— Zenith Total Delay data (total 11 473 034 observations) from 30 sta-

tions from ZenitGEO company network in Bulgaria (since 11.2011)

— ZenitGEO processed IWV (total 23 233 observations) from 11 of
the 30 ZenitGEO stations

— IWV (total 763 observations) from 8 stations from IGS network on
the Balkan Peninsula (for 19-25 July 2007 heatwave)

e Radiosonde IWV data (total 6 376 observations) for station Sofia (1997-
2012)



The first application of the SUADA data is a study of water vapour
dynamics during the 2007 heat wave in Bulgaria. TWV was derived from §
GNSS stations in Southeast Europe for 19-25 July 2007 heat wave period. At
the Black sea coastal stations Constanta and Varna, the peak of IWV is regis-
tered at 15 UTC, which is 3 hours after the temperature peak. Similarly, IWV
peak at 15 UTC is characteristic for the Mediterranean sea station Athens and
Adriatic sea station Dubrovnik. The IWV peak at 15 UTC can be explained
with the peak of the sea breeze circulation that brings humid air from the sea
inland. In contrast, at the inland stations Bucharest and Craiova the peak
of IWV is between 6-9 UTC. The differences in diurnal cycle of inland and
coastal stations show the high sensitivity of GNSS derived water vapour for
capturing the small-scale local atmospheric circulation.

The second application of SUADA data is long term comparison of
IWYV processing methods. Three diffrent processing are compared for a 3 year
period 2001-2004. A differnce is up to 3 % was found mostly for the summer
period (June, July and August).



Chapter 1
Introduction

With the increase of generated scientific information, it becomes more impor-
tant to optimize data storage and use. The best possible optimization in terms
of structure, ease of access and processing is achieved by using databases. The
field of atmospheric physics is especially affected by the problem because of
the large amount of collected data, which has to be simultaneously processed
in a restricted amount of time in order to produce weather forecasts.
Previous researches show the advantages of storing atmospheric data
from different sources in a single database. Meteorology and climatology

databases can be classified by the area of covered territories into:

e global - a database, which collects data from numerous stations around
the globe

e regional - a database, which stores data from stations in a specific region.

A typical example for a global database is the World Bank Climate
Change Data Portal (wba, World Bank). Tt combines surface temperature
and pressure data together with precipitation, ocean temperature and other
climate parameters. The World Bank database stores continuous data, ranging
from the beginning of the XX century until the present day. This database
enables users to make atmospheric research not only in climatic timescales,
but also to make case studies for synoptic events. The data can be extracted
from the database in a text format or being visualized graphically on a map

by a special function on the web site.



Another global database is the OGIMET (ogi) database. It stores me-
teorological and climate information from National Weather Services. This
database is a scientific collaboration between the Spanish Weather Service and
the University of Granada. The database web site also provides satellite im-
ages. Weather forecasts from several Numeric Weather Prediction models and
synoptic charts are available in the OGIMET database.

The University of Wyoming’s Department of Atmospheric Science database
(wyo) is a global database, which stores meteorological and climate data. The
database web site has sections, developed specifically for weather forecasts over
the USA with a selection of available parameters. The web site also provides
synoptic charts. The database also contains radiosonde measurements of the
atmosphere in the "Upper Air Observations" section. Polar meteorology data
and forecasts are also available.

The EGVAP database (egv, FEGVAP) represents a regional database.
Data from weather stations around Europe is stored in it. EGVAP contains
data not only from synoptic stations (temperature and pressure), but also
GNSS meteorology data (Global Navigational Satellites System meteorology
method described in chapter 3). For the moment the EGVAP network consists
of more than 1600 GNSS sites. The project is mainly focused on near-real time
GNSS data for the needs ot the operational Numerical Wearther Prediction
applications in Europe. The database is part of the EUMETNET Network of
the European Meteorological Services.

The STARTWAVE (Morland et al., 2006) database is another example
of a regional database. In the database are archived observations of inter-
gated water vapour as well as water vapour profiles made by various tech-
niques in Switzerland and the neightbouring countries. One of the data-set
in STARTWAVE is atmospheric water vapour derived from the ground-based
Swiss GNSS network AGNES. In STARTWAVE the data is stored using the
MySQL platform and can be retrieved either through a php-based web in-
terface, or with MySQL queries, which are inserted into MATLAB programs
(Morland). This combination of sources allows easier comparison of data from
the different sources and faster data operations. Larger volumes of data can
be accessed, manipulated and calculated much easier, when stored in a single

organized structure.



The Sofia University Atmospheric Data Archive (SUADA) is a new re-
gional database aiming at: 1) achiving atmospheric water vapour observations
from diferent techniques and 2) using the data for meteorologic and climatic
studies in Bulgaria/Southeast Europe. Collected and archived is data not only
from stations on the territory of Bulgaria, but also from stations on the Balkan
Peninsula. The main focus is to observe meteorological and climatic events,
using the GNSS meteorology method. Similar to STARTWAVE databases,
SUADA is designed to enhance and facilitate the atmospheric research in the
Sofia University, but also to provide online data access, via e web portal, for
interested researchers in Bulgaria and the neightbouring countries.

The SUADA is designed to incorporate ground-based GNSS data to-
gether with synoptic, radiosonde and model data. The structure of the database
and the information flow is presented in chapter 2. The GNSS meteorology
method and the sources of GNSS data are presented in chapter 3. The ra-
diosonde and synoptic data and processing are presented in chapter 4. In

chapter 5 two case studies, using SUADA data are presented.



Chapter 2

SUADA design and structure

In this chapter the technical parameters of the database are discussed. This

includes the structure of the database, the uploading, calculation of data and

the SUADA web portal.

2.1 Atmospheric parameters in SUADA

In table 2.1 are presented the archived atmospheric parameters, their format,

range and accuracy. For example Integrated Water Vapour (IWV) is recorded
in a ’double’ format; the data sources are IGS, EUREF and Zenithgeo (see
chapters 3.2.1, 3.2.2, 3.3, 3.4); it is in the range between 0 and 50 mm (a

typical summer average is ~ 25 mm and a typical winter values are ~ 10

mm); the precision of measurement is 0,1 mm and the unit of measurement is

millimeters.
Table field Data | source range accuracy units
type

Altitude float 0-9000 0,1 m [meters|

Longitude float 0-360 0,01 decimal
degrees

Latitude float -90 - +90 | 0,01 decimal
degrees




IWV double| chapters 0-50 0,01 mm |millime-
3.2.1, ters]
3.2.2, 3.3,
3.4
IWV  stan- | double| chapters 0-2 0,01 mm [millime-
dard  devia- 3.2.1, ters]
tion 322 3.3,
3.4
IWV  north | double| chapters -0,01 0,0001 mm |millime-
and east, 3.2.1, +0,01 ters|
gradients 3.2.2, 3.3,
3.4
Pressure float | chapters 850-1050 0,1 hPa |hecto
4.1, 4.2 Pascals]
Temperature | float | chapters -80 - +50 | 0,1 °C  |degrees
4.1, 4.2 Celsius|
ZTD double| chapters 0-3 0,0001 m |[meters]
3.2.1,
3.2.2, 3.3,
3.4
ZHD double 0-0,4 0,0001 m [meters|
ZWD double 0-3 0,0001 m [meters|
Height float | chapter 4.1 | 0-9000 0,1 m [meters]
Dew Point | float | chapter 4.1 | -80 - +50 | 0,1 °C  |degrees
Celsius]
Wind _ Dir float | chapter 4.1 | 0-360 1 decimal
degrees
Wind  Speed | float | chapter 4.1 | 0-100 0,1 m/s [meters
per second]
Rel  Hum float | chapter 4.1 | 0-108 1 %
MixR double| chapter 4.1 | 0-40 0,01 g/kg




Table 2.1: SUADA atmospheric parameters format,

range, accuracy and units.

The abbreviations used in table 2.1 are listed in table 2.2.

Abbreviation | Description

WV Integrated Water Vapour
ZTD Zenith Total Delay

ZHD Zenith Hydrostatic Delay
ZWD Zenith Wet Delay

Rel  Hum Relative Humidity

MixR Mixing ratio

Table 2.2: Abbreviations of SUADA parameters.

2.2 SUADA data structure and tables

SUADA is developed using the Structured Query Language (SQL) for rela-
tional database management system. The relational method of database man-
agement was proposed by Codd (1970). The method structures sequences of
elements (tuples). Every single tuple consists of several elements, also called
domains. The domains are organized by named relational definitions, also
called attributes. The relation is a structured set of attributes and sequences,

which can be represented visually as a table (see figure 2.1).

Tuple Domain

Figure 2.1: Relational database structure example.



Codd (1970) proposes several schemes of database structuring. The
SUADA tables are structured as peers with additional relations between them
as shown in figure 2.2 (see scheme 5, proposed by Codd (1970)).

A set of constraints is applied in the SUADA in order to avoid repeating
data or lines. Tt is not desirable to have two recordings from the same source,
station and time. In order to prevent this PRIMARY KEY’s are set for every
single table in the database. A primary key is a constraint in MySQL, which
prohibits the repeating of equal values for certain, defined by the user, set of
attributes. For the purposes of SUADA this means, that for a single station,
source, day and time only one tuple can be recorded in the database.

It is also not desirable to have data from a non-existing source of in-
formation. Thus a set of FOREIGN KEY’s are defined between the tables in
SUADA. These constraints guarantee that data can be uploaded and processed
only for predefined combinations of stations and sources, as every source pro-
vides data for unique set of stations. On the other hand data for a particular

station can be acquired from multiple sources.

2.2.1 SUADA structure

Figure 2.2 shows the SUADA data stucture and flow.
INSTRUMENT STATION

COORDINATE =<——> STATION SOURCE <——— SOURCE

M&)

MODEL IN _iIN RADIOSONDE IN

l l

MODEL OUT ~our RADIOSONDE OUT

—

FIELD DEFINITION <—— > USERS LOG

Figure 2.2: SUADA data structure and data flow.

The SUADA tables are presented in groups. The first group of ta-



bles are the "SUADA information tables", presented in section 2.2.2. They
are: INSTRUMENT, STATION, COORDINATE, STATION  SOURCE and
SOURCE (lines 1 and 2 on figure 2.2). The second group of tables are the "Pri-
mary tables", presented in section 2.2.3. They are: MODEL IN, SYNOP,
GPS_ IN and RADIOSONDE IN (line 3 on figure 2.2). The third group
of tables are the "Secondary tables", presented in section 2.2.4. They are:
MODEL _ OUT, GPS_ OUT and RADIOSONDE  OUT (line 4 on figure
2.2). The group of tables "Information tables for the web portal" is presented
in section 2.3.1. They are: FIELD DEFINITION, USERS and LOG (line 5
on figure 2.2).

The list of tables is presented bellow with a short summary for each of
them.

Table name Summary

INSTRUMENT Instrument name and identification number

STATION Station name

COORDINATE Coordinates of the GNSS, synop and radiosonde
stations

STATION _ SOURCE | Station source information (either instrument or
method)

SOURCE Contact information of SUADA data providers
(name, institution, telephones, etc.)

MODEL _IN Numerical Weather Prediction (NWP) model data

SYNOP Surface observations from the network of the Na-
tional Institute of Meteorology and Hydrology

GPS_IN Tropspheric products from ground-based GNSS
networks or individual station

RADIOSONDE IN Data from the radiosonde network or individual
station

MODEL_ OUT Processed NWP model data (IWV or other)

GPS_ OUT Processed GNSS data (IWV, ZHD or other)

RADIOSONDE  OUT | Processed radiosonde data (IWV)

FIELD _DEFINITION | List of abbreviations used in the SUADA tables




USERS Contact information about SUADA data users (ex-
ternal and internal)
LOG User log in history.

Table 2.3: SUADA table structure.

2.2.2 SUADA information tables

The information tables are the tables, which store the information about in-

struments, stations, station coordinates, data sources and data provides as well

as station-source connections.

The INSTRUMENT table 2.4 stores information about the measuring

instrument.

Table field Data type Summary

ID int(11) Unique ID number, generated for each in-
strument type.

Name varchar(128) | Name of the instrument measurement
technique, for example "SYNOP"

TableName varchar(48) Name of the database table, where data
from the instrument is stored

AccessLevel | int(11) Selects which instrument data is available
for non-authorized users and which only
for authorized users

Table 2.4: SUADA INSTRUMENT table field definition.

The STATION table 2.5 defines the name of the nearest town or city

with the ID number of the nearby set of stations.

Table field

Data type

Summary
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ID int(11) Unique number for individual station or
set of collocated stations. Example for a
set of collocated stations is station Sofia
with collocate observations from the syn-
optic, radiosonde and GNSS networks.
Each of them is referred with the same sta-
tion number ID but different instrument
source. Locked with a FOREIGN KEY to
StationID in COORDINATE table.

Name varchar(128) | The name of the city or village at which

the station is located
Note varchar(10000)| Field for special notes
Table 2.5: SUADA STATION table field definition.

The COORDINATE table 2.6 is a key-table for storing the coordinates
of a station like latitude, longitude and altitudes. If the station coordinates

are not available the station can not be processed.

Table field Data type Summary

StationID int(11) Unique number for individual station or
set of collocated stations. Example for a
set of collocated stations is station Sofia
with collocate observations from the syn-
optic, radiosonde and GNSS networks.
Each of them is referred with the same sta-
tion number ID but different instrument

source.

InstrumentID | int(11) Unique ID number for type of measuring
instrument of the station. Linked with
FOREIGN KEY with ID from table IN-
STRUMENT
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ID int(11) Unique number for combination of Sta-
tionID and InstrumentID in order to iden-
tify the type of station

Altitude float Station altitude in meter above sea level

Longitude float Station longitude in decimal degrees

Latitude float Station latitude in decimal degrees

Note varchar(10000)| Field for special notes

Table 2.6: SUADA COORDINATE table field definition.

The STATION  SOURCE table 2.7 is a key-table for the database.

Its purpose of this table is to account for different data sources for a single

station. For example station Sofia with StationID number 31 uses multiple

sources - 1, 2 and 3. In order to take into account that station 31 can be used
with data sources 1, 2 and 3, three lines in the STATION SOURCE table

are made: line 1 for station 31 with data source 1, line two for station 31 with

data source 2 and line 3 for station 31 with data source 3.

Table field

Data type

Summary

ID

int(11)

Unique number, generated for each com-
bination of StationID and SourcelD.

StationID

int(11)

Unique ID number for individual station
or set of collocated stations. Linked with
FOREIGN KEY with StationID from ta-
ble COORDINATE

SourcelD

int(11)

Unique ID number of the data provider.
Linked with FOREIGN KEY with ID
from table SOURCE

Table 2.7: STATION SOURCE table field definition.

Table SOURCE table 2.8 holds data and contact information of data

partners/providers.
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Table field Data type Summary

ID int(11) Unique ID number of the data provider.
Name varchar(128) | Name of the organization

e-mail varchar(64) E-mail of the organization

Phone varchar(64) Organization phone number

Note varchar(10000)| Field for special notes

Table 2.8: SOURCE table field definition.

2.2.3 Primary tables

The SUADA primary tables are the tables, where the observed parameters are

stored.

The MODEL IN table 2.9 is intended to store Numerical Weather
Prediction model data, such as the WRF (more about WRF in chapter 4.3).

Table field Data type Summary

Station int(11) Location identification number as de-

SourcelD fined in table STATION SOURCE 2.7.
Linked with a FOREIGN KEY with ID
from table STATION SOURCE.

Datetime datetime Date and time

Pressure float Pressure in hPa

Temperature | float Temperature in °C

Note varchar(10000)| Field for special notes

Table 2.9: MODEL __ IN table field definition.

The SYNOP table 2.10 table contains unprocessed meteorological data

from the National Institute of Meteorology and Hydrology and other national

Meteorological Offices, who provide data for the World Meteorological Orga-

nization.
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Table field Data type Summary

Station int(11) Location identification number as de-

SourcelD fined in table STATION SOURCE 2.7.
Linked with a FOREIGN KEY with
ID from table STATION SOURCE.
SOURCE

Datetime datetime Observation date and time

Pressure float Pressure in hPa

Temperature | float Temperature in °C

Humidity float Relative humidity in %

Note varchar(10000)| Field for special notes

The GPS_ IN table 2.11

sources as described in chapter 3.

Table 2.10: SYNOP table field definition.

stores observed GNSS data from different

Table field Data type Summary

Station int(11) Location identification number as de-

SourcelD fined in table STATION SOURCE 2.7.
Linked with a FOREIGN KEY with ID
from table STATION SOURCE.

Datetime datetime Observation date and time

Z'TD double Zenith Total Delay

Sigma_ ZTD | double Zenith Total Delay error

Gradient _ N | double ZTD gradient in direction North

Gradient  E | double Z'TD gradient in direction East

Sigma double ZTD gradient error in direction North

Grad N

Sigma double ZTD gradient error in direction East

Grad E

Note varchar(10000)| Field for special notes
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Table 2.11: GPS__ IN table field definition.

The RADIOSONDE 1IN table 2.12 stores observed radiosonde pa-
rameters. Each observation is stored in the table in several lines from different

heights (vertical profiles).

Table field Data type Summary

Station int(11) Location identification number as de-

SourcelD fined in table STATION SOURCE 2.7.
Linked with a FOREIGN KEY with ID
from table STATION SOURCE.

Datetime datetime Observation date and time

Pressure float Pressure in hPa

Temperature | float Temperature in °C

Height float Height in m asl.

Dew_  Point | float Dew point in °C

Wind _ Dir float Wind direction

Wind _ Speed | float Wind speed

Rel  Hum float Relative humidity in %

MixR double Mixing ratio g/kg

Note varchar(10000)| Field for special notes

Table 2.12: RADIOSONDE _ IN table field definition.

2.2.4 Secondary tables

The so-called secondary tables are the tables, where the processed information
is stored.

The MODEL _ OUT table 2.13 table is intended to store meteorological
data from Numerical Weather Models, such as the WRF (more about WRF
in chapter 4.3).
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Table field Data type Summary
Station int(11) Location identification number as de-
SourcelD fined in table STATION SOURCE 2.7.

Linked with a FOREIGN KEY with 1D
from table STATION SOURCE.

Datetime datetime Simulation date and time
Pressure float Pressure in hPa
Temperature | float Temperature in °C
Humidity float Humidity in %

IWV float IWV in mm

Note varchar(10000)| Field for special notes

Table 2.13: MODEL _ IN table field definition.

The GPS_ OUT table 2.14 stores processed GNSS data. Data stored
in GPS__ IN, STATION, SYNOP and MODEL tables is required for the pro-
cessing. The GNSS meteorology method presented in chapter 3.1 is used for
deriving IWV from the observed Zenith Total Delay. The IWV _ RH field
is not being used yet. It is intended to store IWV with altitude correction
described in Morland and Matzler (2007).

Table field Data type Summary

StationlD int(11) Station ID number as defined in table
STATION 2.5

SourceMetID | int(11) Source ID number of the meteorological
data as defined in table SOURCE 2.8

SourceGpsID | int(11) Source ID number of the GNSS data as
defined in table SOURCE 2.8

Datetime datetime Observation date and time

IWV double Integrated Water Vapour

IWV_RH double Integrated Water Vapour with altitude
correction (see Morland et al. (2009))

Sigma_ IWV | double Integrated Water Vapour error
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Sigma double Integrated Water Vapour with altitude

IWV_RH correction error

IWV_ N double Integrated Water Vapour gradient in di-
rection North

IWV_E double Integrated Water Vapour gradient in di-
rection East

Sigma double Integrated Water Vapour gradient error in

IWV_ N direction North

Sigma double Integrated Water Vapour gradient error in

IWV_E direction East

Timestamp timestamp The last time of entry alteration

Pressure float Pressure in hPa

Temperature | float Temperature in °C

Z'TD double Zenith Total Delay

ZHD double Zenith Hydrostatic Delay

ZWD double Zenith Wet Delay

Note varchar(10000)| Field for special notes

Table 2.14: GPS__ OUT table field definition.

The RADIOSONDE _ OUT table 2.15 stores processed radiosonde data
using data from STATION and RADIOSONDE _ IN tables. In contrast to RA-
DIOSONDE _IN table, in RADIOSONDE OUT table one line equals to one

measurement.

Table field Data type Summary

StationID int(11) Station ID number as defined in table
STATION 2.5

SourceMetID | int(11) Source ID number of the meteorological
data as defined in table SOURCE 2.8

SourceRadID | int(11) Source ID number of the radiosonde data
as defined in table SOURCE 2.8

Datetime datetime Observation date and time
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IWV double Integrated Water Vapour

IWV_RH double Integrated Water Vapour with altitude
correction

Sigma_ ITWV | double Integrated Water Vapour error

Sigma double Integrated Water Vapour with altitude

IWV__RH correction error

IWV float Integrated Water Vapour as calculated by

WAYOM the National Institute of Meteorology and
Hydrology

Note varchar(10000)| Field for special notes

Table 2.15: RADIOSONDE _OUT table field definition.

2.3 SUADA Web portal

The SUADA web portal (www.suada.phys.uni-sofia.bg) presents the SUADA
project. The web portal has five main menus with 18 sub-menus presenting
different aspects of the project. In the "SUADA" sub-menu the database is
accessible for external users. This is an interactive page where the user can
specify the date, the station (or a specific area, defined by coordinates) and
the method (GNSS or radiosonde) for which the data is extracted. All users
can download up to 100 lines without registration. For unlimited data access
user registration is required and is done via a web based registration form
(http://suada.phys.uni-sofia.bg/?page _ id=190).

The "In Brief" sub-menu presents the different SUADA data sources.
There is also a short representation of the GNSS meteorology method (also
presented in chapter 3). In the "WRF Weather Prediction" sub-menu are
presented the weather prediction charts of surface temperature and rainfall
updated every 12 hours (see chapter 4.3). The other sub-menus of the web
portal present news about the project; the people involved; list of publications,
related to SUADA; and information for science contests, conferences ect. The
web page was developed in WordPress content management system, which fa-

cilitates editing.
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Database Education Links NSF Scandal
Abolt SUADA Teaching tool WRF Weather Forecast e

n Briet UADA Teaching materials Partner

People Resuits Science contest ntact

Intranet Publication: nference/Event Useful links

SUADA

Edit

The SUADA database makes available ground based measurements of water vapour from 1) various GNSS networks in
Bulgaria/Southeast Europe (select GPS in step 1 below) and 2) RadioSonde data from Bulgaria and selected stations in Europe (select RS
in step 1 below). SUADA data can be used for scientific purposes only. To become a user you must first accept the terms for using the
database and then fill the registration form.

You can download small amounts of data on a trial basis without registration but your query will be restricted to 100 lines.
Step 1: Choose the table from which you would like data.

GPS
ORs

Step 2: Choose the period over which you would like data.

O Select all available data.

Choose start and end date
Start date: yyyy-mm-dd

End date: yyyy-mm-dd

Step 3: Choose how you would like to restrict the selection of GPS data.

By station name

By latitude and longitude
O By altitude
To select more than one station press the ctrl key

BELENE =
PLOVDIV
PAZARDJIK

VARNA
MATERA Sl

Step 4: Select limit to the number of rows your query returns
<100 lines ~|
Step 5: Select the output file format

HTML table |

Reset Download

upported by Marie Curie International Reintegration Grant FP7-PECPLE-2010-RG.

For information about SUADA project please contact

Last modifieation: March 24, 2013,

Figure 2.3: "SUADA" sub-menu as presented on the SUADA web portal.
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2.3.1 Information tables for the web portal

The informational tables for the web portal are the tables with information
for the web portal http://suada.phys.uni-sofia.bg/?page_ id=964. They are
FIELD DEFINITION, USERS and LOG. They serve as a interface between

the data users and the database.

Table FIELD  DEFINITION table 2.16 contains information about
field abbreviations in all other database tables. It is required by the users for

understand the names of the fields.

Table field Data type Summary

FieldName varchar(32) Table field name as defined in the
database

Description varchar(128) | Field name description

Units varchar(8) Field value unit

UserVisible tinyint (1) Table fields visible by the users defined in

USERS table 2.17
Table 2.16: FIELD DEFINITION table field definition.

Table USERS 2.17 contains contact information about the SUADA
data users both internal and external, with data access rights defined in IN-
STRUMENT table 2.4. This table is connected to the "Login" section of the
SUADA web portal.

Table field Data type Summary

Username varchar(32) User name, identifying the person with ac-

cess rights

Firstname varchar(32) First name of the user
Surname varchar(32) Surname of the user
Email varchar(64) Organization e-mail
Phone varchar(32) User’s phone number
Address varchar(128) | User’s contact address
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Institution varchar(128) | User’s home institution

Access int(11) Shows user authorization status

Pwd blob User’s password, coded

Timestamp timestamp The last time when this entry was altered

Cookie blob File stored on the user’s side for autonatic
log-in

note varchar(10000)| Field for special notes

ID int(11) Unique ID number for each user

Table 2.17: USERS table field definition.

Table LOG 2.18 contains information about the log-in time of the ses-

sions, initiated by users.

Table field Data type Summary

ID int(11) Session ID number

Type int(11) Session type

UserID int(11) ID number of the user. Linked with a
FOREIGN KEY to table USERS

Note blob Note

Date timestamp Recording of the date and time of the be-
ginning of the session

Table 2.18: LOG table field definition.

2.4 SUADA data upload

The SUADA database is maintained and updated mainly using scripts. For
the data upload a set of bash scripts is used. Their role is to extract the
necessary data files from ftp servers on the internet, download them locally on
the PHYSON cluster, select data from them and upload the structured data
into the database tables. The bash scripts are the backbone of the uploading.

They are used for the downloading of external files and for uploading the
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data into SUADA via MySQL queries. The awk and sed scripts are used for
selecting the necessary data from the external data files and arranging the data
in a readable for MySQL form.

A simplified example of a bash script for uploading data is enclosed in
the Appendix 1.

2.5 SUADA data processing

The relations between the tables, presented in chapter 2.2 suggest the exis-
tence of processing data from one table and uploading the calculated values
into another. This is done by using MATLAB scripts. MATLAB is a numer-
ical computation language, visualization and programming tool (MathWorks,
2011). It has a distinctive advantage over C as it does not require variable
declaration and the ease of manipulating large data arrays. For the needs of
SUADA the MATLAB Database toolbox is used. It comprises special func-
tions, which allow the database access. One of the advantages of the Database
toolbox are the functions, reading date and time in MySQL format (yyyy-mm-
dd HH:MM:SS).

In the project MATLAB is used not only for data processing but also
as powerful visualization tool producing the following figures: 5.1 5.2, 5.3, 5.4,
5.5, 5.6, 5.7.

In Appendix 2 an example of MATLAB script, used for data processing

is presented.



Chapter 3

Source: GPS

3.1 GNSS Meteorology

The concept of GNSS Meteorology was suggested by Bevis ( Bewvis et al., 1992).
The propagation of the GNSS signal through the atmosphere is affected by
the atmospheric gases (Tralli and Lichten, 1990). The magnitude of the at-
mospheric effects depends on several factors: on the composition of the at-
mosphere; on the elevation of the receiver (thus on the thickness of the at-
mosphere); on the elevation angle of the satellite and on the amount of water
vapour, which is mostly dependent on the atmospheric conditions.

When the signal is traveling from the satellite to the receiver, it first
gets delayed by the ionized gases in the upper atmosphere (100-500 km above
the surface of the Earth). This delay can be measured and can be used for
sounding the properties of the ionosphere. The processes in the ionosphere a
very dynamic because of the sun-sensible daily ion content fluctuation. After
the ionosphere the signal travels through denser, non-ionized layers of the
atmosphere.

The troposphere, the lowest and densest part of the atmosphere, con-
sists of a mixture of nitrogen, oxygen, noble gases, trace gases and water
vapour. All these gases are responsible for the total tropospheric delay. The
total tropospheric delay in direction zenith is called ZTD.

There are two contributing factors for the total delay. They are the
hydrostatic and the wet delay. The hydrostatic delay is caused by all the gases

22
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in the atmosphere, except the water vapour. They are the main contributor to
the positioning uncertainty. The hydrostatic delay in direction zenith is called
ZHD and is relatively stable in a day timescale. It can be easily derived, using

its dependency on the local atmospheric pressure:

Ps
ZHD = (2.2768 + 0.0024 3.1

( ) Fh.0) (3.1)

F(h,0) =1 — 0.00266c0s(26) — 0.00028% (3.2)

where p, is local surface pressure and f(h,0) is a factor, dependent on height
h and the latitude variation of the gravitational acceleration 6.

The second contributing factor to the ZTD is the ZWD. It is caused by
the water vapour in the atmosphere. The ZWD has a large temporal variation
in a hour timescale. This is the reason, why the GNSS derived IWV is so
valuable with its high temporal resolution. The ZWD contributes less then
10% of the ZTD. ZWD and IWV can be calculated with the use of these

expressions:

ZWD = ZTD — ZHD. (3.3)

106
WV = ZWD 3.4
(ks/Tm + Ky R, (3:4)

where ko, k3 and R, are constant and T}, is the weighted mean atmospheric

temperature.

For the SUADA database processing surface pressure and temperature
of the atmosphere are obtained from the synoptic observing network operated
by the National Institute of Meteorology and Hydrology. The GNSS data
was obtained from several sources. They are the International GNSS Service,
EUREF and ZenithGEO. One additional processing was made by Keranka
Vassileva for July 2007 heat wave.

The pressure corrections between the altitudes of the meteorological
and the GNSS stations are calculated, using the US Standard Atmosphere

(Sissenwine et al., 1962). The formula for correcting pressure between different
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altitudes is:
Pe = po(1 — 0,000002257 (2, — z,,)>* (35)

where p is the pressure correction, p, is the pressure at sea level (1013,5 hPa),
Zm 1s the height of the meteorological station and z, is the height of the GNSS

station. The more accurate barometric formula (Ahrens, 2008) will be used:

(=577 (zg—2m))
p=pe RT (3.6)
where g is the gravitation constant, R is the universal gas constant and 7' is

average temperature of the air between the stations in Kelvin.

In addition gravitation correction is applied:
er =1—0,00266cos(2\) — 0,00028 H (3.7)

where \[radians| is the GNSS station latitude and H[km]| is the GNSS station
altitude.
Then the pressure at the height of the GNSS station is determined as

follows:

p =L (3.8)
er

where ¢ is a empirically determined constant (Bevis et al., 1992).
A temperature correction due to the height difference is calculated using

the dry adiabatic gradient:

AT = 0.0065 * (2, — 24); (3.9)

3.2 International GNSS Service

The International GNSS Service (IGS) is a scientific consortium of scientists
from over 200 worldwide national agencies, universities and research institu-
tions in more than 80 countries divided in 6 regional centers. It computes
and maintains a global network of over 350 permanent, continuously operated
GNSS sites.

IGS provides data for ZTD from its establishment in 1994 (Beutler
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et al.). It started processing GNSS data for station Sofia (SOFI) from 1997.
The SUADA contains continuous data GNSS data for station Sofia from the
beginning of the IGS processing in 1997 to 2012.

IGS dataf from the second reprocessing (chapters.2.2), uploaded into
the SUADA, is data, which was processed by the Center for Orbit Determina-
tion in Europe (CODE), Astronomical Institute, University of Bern. Only the
GPS system was used for the processing. Data from other centers is intended

to be uploaded into the database as well.

3.2.1 IGS first reprocessing campaign

In 2008 a reprocessing campaign was initiated by IGS ( Rebischung et al., 2012).
The campaign was part of a new 1GS08 reference frame, which was a substi-
tution for the previous 1GS05. The reprocessing was needed because of the
simultaneous adoption of a new set of antenna phase center calibrations for
65 out of 232 stations. Further more the reprocessing was an upgrade, which
followed the newer 2008 International Terrestrial Reference Frame.

SUADA stores data for station Sofia (SOFI) from 1997 to 2007 from
the first IGS reprocessing campaign. This data has been processed by the
CODE center in Bern University, Switzerland.

3.2.2 IGS second reprocessing campaign

In 2011 the second reprocessing campaign was initiated by IGS (Meindl et al.).
During the campaign data from 1993 onward was processed, data with tem-
poral resolution of 30 seconds from 1996. The 13 to 25 % increase in precision
is achieved by improved antenna calibration of the GNSS receivers, updated
solar radiation model and better orbit and clock products.

Several analysis centers contributed to the campaign. They are CODE
from Switzerland; ESA, GFZ and PDR from Germany; EMR from Canada
and SIO, MIT, JPL and NGC from the USA. The data, which is used in the
SUADA is processed by the CODE center in Bern University, Switzerland.

In addition in SUADA six European stations from the 2011 reprocessing
campaign were uploaded into the database. They are Zimmerwald (ZIMM),
Switzerland; Onsala (ONSA), Sweden; Ondrejov (GOPE), Czech Republic;
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Medicina (MEDI), Ttaly; Matera (MATE), Ttaly; Potsdam (POTS), Germany
and Sofia(SOFI), Bulgaria. Stations Zimmerwald, Onsala, Potsdam and Mat-
era are reference stations for IGS in Europe. These stations cover several
different climate zones. Moreover all the European stations are situated to the
west of Bulgaria, on the way of the downwind of air masses. The main objec-
tive of selecting these stations is that they have been processed consistently
for a long period of time. Station Sofia is the only GNSS station in Bulgaria,
processed by IGS.

3.2.3 IGS Balkan stations processing

Several IGS Balkan stations were also uploaded into the database. These
stations are from the permanent IGS network, but are not processed using
IGS software. They are Dubrovnik (DUBR), Athens (NOA1), Thessaloniki
(AUT1), Craiova (CRAI), Constanta (CONS), Bucharest (BUCU) and Varna
(VARN). The data, uploaded for these stations is for the period of July 19-
26, 2007. This is the period of a heatwave over the Balkan Peninsula. The
analysis of the data showed the short-term breeze circulation, present in the
seaside stations (Simeonov et al., 2013).

GPS data from 19 GNSS permanent stations (AUT1, NOA1, BUCU,COST,
DUBR, GLSV, GRAZ, MATE, ORID, PENC, POLV, ROZH, SOFI, SULP,
MIKL, WTZR, ZIMM, VARN, CRAI) from Central and Eastern Europe were
processed with the Bernese software, version 5.0 for the period 19-25 July, 2007.
Sixteen of them are IGS (International GNSS Service) and EPN (EUREF Per-
manent network) stations. Seven sessions of 24 hours have been created. Daily
station coordinates and station troposphere zenith delays in every 1 hour of
each session are estimated. The troposphere model used is Saastamoinen dry
model with Niell dry mapping and tilting gradient model. Corrections to the
introduced zenith values have been estimated and finally the total zenith de-
lays have been obtained as well as gradient parameters in North and East
directions. These daily tropospheric files with estimated zenith total delays

have been uploaded into the database and then used for estimation of IWV.
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3.3 EUREF

Figure 3.1: EUREF permanent network. Active stations in green, former
stations in red.

The European Reference Frame (EUREF) is a European network op-
erating since 1995 with objective to provide a standard precise GNSS-based
reference system for Europe. As of April 15, 246 permanent GNSS tracking
stations are part of EUREF permanent network. On the Balkan Peninsula
there are 15 EUREF stations: 5 stations in Greece and Romania each and
1 station in Turkey, Croatia, Macedonia, Slovenia and Bulgaria, totaling 15
stations. The station Sofia (SOFI) is part of the EUREF permanent network
1997. This remains the only GNSS station in Bulgaria, which is part of the
IGS and EUREF permanent networks.

EUREF coordinates several analysis centers in Europe. The data, up-
loaded into SUADA has been processed by the BKG (Bundesamt fiir Kar-
tographie und Geodisie) center in Germany. The data is available between
2001 and 2004.
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3.4 ZenitGEO

The Bulgarian ZenitGEO network was established in 2009. It consists of 30
GNSS stations, evenly distributed over Bulgaria (figure 3.2).

The ZenitGEO process the GNSS data with the commercial Trimble
software and provides tropospheric files with very high temporal resolution
of 5 min (300 s). Currently, processed are 11 stations namely: Vidin, Orya-
hovo, Lovech, Velika Tarnovo, Ruse, Razgrad, Silistra, Shabla, Kyustendil,
Pazardzhik and Sliven, from which 8 in north Bulgaria. Future processing of
GNSS data using NWP models will be considered.
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Figure 3.2: ZenitGEO network. Processed stations with red markers, unpro-
cessed stations with red triangles, other network stations with green and purple
markers.

The stations of figure 3.2, marked with red triangles (!) are ZenitGEO
stations, which are uploaded into SUADA, but not processed due to lack of
meteorological data. The stations, marked with a red marker are processed
using synoptic data from the National Institute of Meteorology and Hydrology.
The stations, marked with green markers are from the IGS08 Balkan stations

reprocessing. Sofia station is not part of the ZenitGEO network.



Chapter 4

Radiosonde and SYNOP data

4.1 Radiosonde measurements and data

Radiosonde probing is an in situ measurement method of the atmosphere. The
method is approved by the World Meteorological Organization (WMO) and is
widely adopted for temperature, pressure, humidity, wind speed and direction,
as well as other profile measurements in the atmosphere.

Sofia station of the National Institute of Meteorology and Hydrology
performs daily radio sounding observations in 12 UTC. Since 2005 VAISALA
RS92KL probe has been used. The temperature sensor measures from +60 °C
to -90°C with resolution of 0,1°C . The barometer measures from 1080hPa to
3hPa with resolution of 0,1-1,5hPa. The relative humidity sensor is a thin-film
capacitor heated twin sensor with measurement range between 0 and 100%,
resolution 1% and total uncertainty in sounding 5%.

Although radiosonde producers claim 1% resolution, when the humidity
in the atmosphere drops below 20%, the total uncertainty increases dramati-
cally (Morland et al., 2009)

As far as radio sounding is used as a verification method for the GNSS
derived IWV in the atmosphere, the relative humidity data has to be trans-
formed into IWV following the equation:

htop
1
wy =+ / pun(h)dh (4.1)

w
ho
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where hg is the altitude of the station, where the probe is released, hy,, is
the maximum achieved height by the probe during sounding, p,, is the density
of water, p,, is the density of water vapour (Guerova et al., 2003). IWV is

measured in millimeters.

4.2 SYNOP measurements and data

As discussed in chapter 2.2.3, synoptic data is also uploaded into the database.
The data is acquired from OGIMET, which is an online weather information
server.

The surface synoptic observations (SYNOP) are formatted using the
WMO data coding rules. They are interpreted by the scripts, presented in
chapter 2.4. The measurements are done at least 8 times a day. Measure-
ments in synoptic stations are done simultaneously in 00, 03, 06, 09, 12, 15,
18, 21 GMT. The meteorological data, which is collected from every station
is: 10 meter above surface wind direction and speed; surface pressure; 2 meter
temperature; dew point and other more specific measurements. The meteo-
rological parameters, uploaded into SUADA are 2 meter temperature, surface
pressure and humidity. The other measured values are not necessary for the
GNSS Meteorology method.

It is to be noted, that every national met office has its own practices
in collecting meteorological information. Data from Bulgarian stations is col-
lected manually every 3 hours. The data from Romanian stations is hourly and
obtained from automatic weather stations. This is the reason for the different

time resolution, provided for each processed location in the database.

4.3 Model - WRF

The Weather Research and Forecasting (WRF) model is a mesoscale model,
which allows parallel computation. It has been jointly developed by the Na-
tional Center for Atmospheric Research (NCAR), the Forecast Systems Labo-
ratory and the National Centers for Environmental Prediction of the National
Oceanic and Atmospheric Administration (FSL, NCEP/NOAA) and the Cen-
ter for Analysis and Prediction of Storms (CAPS) at the University of Okla-



31

homa. The spatial resolution of the model is between 1 and 10 km. Numer-
ous specific models, such as the Hurricane Weather Research and Forecasting
(HWRF) have been created upon WRE. From the first release in 1990 until
now the model has evolved (Michalakes et al., b). Additional packages have
been created for interactive nesting, upgraded physics, three dimensional data

assimilation and simplified parallelization (Michalakes et al., a).

Surface temperature prediction Rainfall and sea level pressure prediction

Dotasal: WRF RIF: bg fermp Init: GO0 UTE Wad 03 apr 13 Dalasael: WEE RIF: by precip Init: OfG0 UTE Wed O Apr 13
Fesh 1 h LDT Wed 03 Apr 13}

i
2.00 h valld: 1200 UTC Wad 03 apr 13 (1500 LDT Wed @3 fpr 13) Fost 5.00
Tolal precipiiction. mm/1h
Maan oo [wr smmiire. hPa

Valid: 0500 UTC Wed 03 Apr 13 {0800

Figure 4.1: WREF generated forecast Figure 4.2: WREF generated forecast
chart for temperature, chart for rainfall and pressure.

Since February 2013 the WRF, version 3, is running on the PhysOn
cluster. It is used for temperature, pressure and rainfall forecasting over Bul-
garia with a spatial resolution of 9,7 km or 0,1 °.

The data from the model is intended to be included into the database,
especially for computing surface temperature and pressure over Bulgaria for
the needs of GNSS Meteorology processing.

The WRF model is operational and provides 24 hour weather forecast,
computed two times a day. Figure 4.1 shows the temperature forecast for
12UTC on the 3rd of April 2013. The rainfall and sea level pressure forecasts

are presented on figure 4.2.



Chapter 5

Case studies

5.1 Heat wave: 2007

Data, stored in SUADA was used to analyze the 2007 heat wave over Bulgaria
and Southeast Europe (Simeonov et al., 2013). Heat waves are severe meteo-
rological events with temperature anomalies of over 5°C for at least five days.
A temperature increase of 1°C is followed by an increase in the atmospheric
water vapour by 7%.

Monthly mean IWV from GNSS station SOFT is shown in figure 5.1.
When compared to 2001-2006 observations (dashed line), the following features
stand out in 2007 (solid line): i.) TWV decrease in April, ii.) IWV increase in
May and iii.) IWV decrease in July. The 2001-2006 mean IWV (column 2 in
table 5.1) is 15.0 mm versus 14.2 mm in 2007, which is an annual decrease of -5
%. The seasonal mean IWV for December and February (DF), March to May
(MAM) and June to August (JJA) are given in columns 4 to 9 of table 5.1.
During the 2007 winter, the IWV decreased by -3 % (-0.3 mm). The 2001-2006
mean winter was -0.9°C colder that 2007 (fig. 5.2). The 2007 spring IWV (fig.
5.1 bottom) overall is close to the 2001-2006 mean. In the 2007 summer, the
IWV decreased by 1.3 mm or by about -6 %. The 2007 summer temperature
at SOFI elevation (1 119 m asl) increased by 1.8°C compared to 2001-2006
mean. In particular, July 2007 was +3.7°C hotter and with -18 % less water
vapour than the 2001-2006.

Column 1-3 of table 5.1 is station name, annual mean for 2001-2006

32
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Monthly mean IWV 2001-2006 and 2007 for SOF| Bulgaria Monthly mean temperature 2001-2006 and 2007 for SOFI Bulgaria
= T T T -
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Temperature
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month of year month of year

anomaly (C)
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Figure 5.1: Monthly mean TWV (top) Figure 5.2: Monthly mean temperature
and anomaly (bottom) for SOFI, Bul- (top) and anomaly (bottom) for SOFI,
garia (thick line 2007, dashed line 2001- Bulgaria (thick line 2007, dashed line

2006). 2001-2006).
Met station 2001-2006 2007 2001-2006 2007 2001-2006 2007 2001-2006 2007
IWv mm mm DF DF MAM MAM JJA JJA
SOFI 15.0 14.2 8.8 8.5 12.9 13.0 22.2 20.9
Change (-5 %) (-3 %) (+1 %) (-6 %)
Temperature [°C C] [°C C] DJF DJF MAM MAM JIA JIA
SOFI 8.4 8.8 -2.2 -1.3 7.1 8.4 16.5 18.7
Change (+5 %) (+41 %) (+18 %) (+13 %)

Table 5.1: IWV & Temperature at station SOFI, Bulgaria.

period and 2007 accordingly; column 4-5: December and February (DF) mean
for 2001-2006 and 2007; column 6-7: March, April and May (MAM) mean
for 2001-2006 and 2007; column 8-9: June, July and August (JJA) mean for
2001-2006 and 2007. The 2007 departure from 2001-2006 mean is given in %
in the brackets.

The diurnal cycle of the temperature and IWV during the heat wave is
presented in figures 5.3 and 5.4. At the Black sea coastal stations Constanta
and Varna (figure 5.3) the IWV minimum is around 00 UTC and the peak is
at 15 UTC, i.e., 3 hours after the temperature peak. The IWV peak at 15
UTC can be explained with the peak of the sea breeze circulation that brings
humid sea air inland. Similarly, the IWV peak at 15 UTC is also characteristic
for the Mediterranean sea station Athens and Adriatic sea station Dubrovnik.

Morland et al. (2009) study the diurnal climatology from 2003 to 2007
for station Bern and conclude that the IWV diurnal cycle peak occurs about
6 hours later, than the daily temperature maximum. At the inland station
Sofia (figure 5.4) the IWV minimum is at 6 UTC and a broad peak is seen
between 12-18 UTC. It is to be noted that the GNSS station in Sofia located in



34

a mountainous area outside of the city at altitude of 1120 m msl. which makes
it suitable for study of local IWV circulation in mountainous regions(Simeonov
et al., 2013).

Diurmal fluctuations of IWV and Temperature 19-25.11.2007
% 40 Diumal fluctuations of IWV and Temperature 19-25.V11.2007

8

IWV(mm)
Temperature(deg C)

IWV(mm)

Temperature(deg C)

hours 0 5 10 15 20 25

Figure 5.3: Daily IWV cycle for sta- Fi .
5.4: Daily IWV cycle for sta-
tion Varna during July 2007 heat et ary cyeie ot sta

wave.

tion Sofia during July 2007 heat wave.

5.2 Validation EUREF /IGS1/1GS2

Station Sofia is a key station for the whole database. The GNSS data, collected
from it has been processed by many GNSS services in Europe. This makes
it possible to compare results from the different centers in order to better
establish the dynamics of the climatic and meteorological processes, relative
to the station.

On figure 5.5 is presented the IWV yearly cycle, using data from EU-
REF ( in blue color), IGS repro 1 ( in green color) and IGS repro 2 ( in
red color). The temperature and pressure data for the three curves are from
the same source, so the difference comes only from the different calculation of
ZTD. The shift in the measured IWV between is due to the different processing
techniques, used in the GNSS centers. The EUREF postprocessing scheme is
calculating the delays 14 days after the data harvesting. 1GS uses a consis-
tent scheme of reprocessing campaigns, where large timescales are processed
simultaneously, which increases the data precision.

The EUREF data is processed only for the 2001-2004 period. This is
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' yearly cycle 2000-2010 for station Sofia
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Figure 5.5: EUREF /IGS1/IGS2 comparison.

one of the reasons for the differences between the curves. IGS repro 1 data is
from 2000 to 2007. The IGS repro 2 data is from 2000 to 2010.

The average IWV from the EUREF processing is 15,29mm, while from
the IGS repro 1 is 14,56mm and from IGS repro 2 is 14,16mm.

On figure 5.6 the IWV yearly cycle for the 2001-2004 period is presented
(in black), compared with the 2000-2007 yearly cycle for IGS first reprocessing
(in red). Similarly on figure 5.7 the IWV yearly cycle for the 2001-2004 (in
blue) period is compared with the 1999-2009 yearly cycle for IGS second repro-
cessing. For 2001-2004 period the average IWV from IGS repro 1 is 14,86mm
and from IGS repro 2 is 14,97mm.

This 3 year period is too short for climatological analysis, but shows
insignificant (up to 3%) differences between the processed IWV from these

three sources.
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Figure 5.6: IGS repro 1 yearly 2001-
2004 and 2000-2007 cycles.
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Figure 5.7: IGS repro 2 yearly 2001-
2004 and 1999-2009 cycles.



Chapter 6
Conclusions

The SUADA was created to store atmospheric data from standard synop-
tic measurements, radiosonde measurements and GNSS derived water vapour.
The database is created using MySQL. The data is structured in 16 tables, con-
taining raw GNSS, meteorological data and processed GNSS data. The data
is uploaded into the database using bash scripts. The processing of the data is
done using MATLAB programs with inbuilt SQL queries. Stored information
in the database is accessible through the SUADA web portal.

The data, uploaded into the database was obtained from global mete-
orological and GNSS databases. More than 12 million data lines have been
uploaded into the database so far. The data is from 32 stations on the territory
of Bulgaria, 7 stations on the Balkan peninsula and 6 other stations in Europe.

Data from SUADA has been used to analyze the 2007 July heat wave
over the Balkans, as well as to create 2D charts of the IWV distribution over
Bulgaria for case studies. The variety of sources of information enables further
comparison between the sources.

The SUADA is in constant development. Model data are intended to
be uploaded into the database in order to be validated with measurements.
The WRF model data are going to be used for surface temperature and pres-
sure estimation for stations, which lack meteorological data. A change in the

pressure correction scheme is planed.
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