


Forum Geografic - Studii si cercetari de geografie si protectia mediului (FG - S.C.G.P.M.)

The journal Forum geografic. Studii de geografie si protectia mediului
(Geographical Phorum - Geographical Studies and Environment Protection
Research) was founded in 2002, and it seeks to publish high quality
research in the domains of geography, environment protection
and other related domains. It addresses a range of issues, such as
geomorphology, pedology, climatology, hydrology, human
geography and environment. Its content is directed to a broad

audience, including both academics and policymakers. The

Editor-in-chef:

papers selected for publication in the journal are subject to a
review process using references from universities worldwide.

The journal is currently indexed by the following databases:
SCOPUS, DOAJ, EBSCO, ERIH PLUS, Index Copernicus, Scipio,
CrossRef, Ulrichsweb, IGU, Google Scholar, WorldCat, ProQuest,
ZDB, CNCSIS, DR]I, citefactor.org journals indexing, InfoBase
index, Eurasian Scientific Journal Index, ResearchBib.

Sandu BOENGIU, Phisical Geography, Geography Department, University of Craiova, 13, Al. I. Cuza Street, Craiova, Romania

Liliana POPESCU, Human Geography, Geography Department, University of Craiova, 13, Al. . Cuza Street, Craiova, Romania

Executive editor: Oana Mititelu lonus, Geography Department, University of Craiova, 13, Al. I. Cuza Street, Craiova, Romania

Tehnical editor: Cristiana Vilcea, Geography Department, University of Craiova, 13, Al. I. Cuza Street, Craiova, Romania

Editorial Advisory Board:

luliana ARMAS, University of Bucharest, Romania

Lucian BADEA, The Institute of Geography, The Romanian Academy
Dan BALTEANU, The Institute of Geography, The Romanian Academy
Zeljiko BJELJAC Geographical Institute Jovan Cvijié, Serbia

Lucian BLAGA, University of Oradea, Romania

Sandu BOENGIU, University of Craiova, Romania

Léon BRENIG, University of Brussels, Belgium

Manola BRUNET, University of Tarragona, Spain

Sorin CHEVAL, Henri Coandé Air Force Academy, Brasov, Romania
Laura COMANESCU, University of Bucharest, Romania

Léczy DENES, University of Pécs, Hungary

Philippe DONDON, Ecole Nationale Superieure E.I.T.M.M. de Bordeaux/

Institut Polytechnique de Bordeaux, France

Monica DUMUTRASCU, The Institute of Geography, The Romanian Academy

Dan DUMITRIU, Al.l.Cuza University, lasi, Romania

Recep EFE, Balikesir University, Turkey

Robert FOVELL, University of California, USA

Teodoro GEORGIADIS, Istitute of Biometeorology (IBIMET), Bologna, Italy
Adrian GROZAVU, Al.l.Cuza University, lasi, Romania

Nelly HRISTOVA, St. Kliment Ohridsky University of Sofia, Bulgaria

loan IANOS, University of Bucharest, Romania

Alexandru ILIES, University of Oradea, Romania

Mihaela LICURICI, University of Craiova, Romania

Gabriel MINEA, Institutul National de Hidrologie si Gospodérire a Apelor, Romania

Oana MITITELU IONUS, University of Craiova, Romania

Associate Editors:

Emil MARINESCU, University of Craiova, Romania

Mirela MAZILU, University of Craiova, Romania

Ciprian MARGARINT, Al.l.Cuza University, /asi, Romania

Alexandru NEDELEA, University of Bucharest, Romania

Amalia NITA, University of Craiova, Romania

2vi Yehoshua OFFER, Ben-Gurion University, Israel

Maria PATROESCU, University of Bucharest, Romania

Aurel PERSOIU, Emil Racovita Institute of Speleology, Romanian Academy
Danut PETREA, University of Babes-Bolyai, Cluj-Napoca,Romania
Liliana POPESCU, University of Craiova, Romania

Kumar Rai PRAVEEN, Banaras Hindu University, India

Maria RADOANE, Stefan cel Mare University, Romania

Milan RADOVANOVIC, Geographical Institute Jovan Cviji¢, Serbia
Khaiwal RAVINDRA, School of Public Health, PGIMER, Chandigarh, India
Daniela ROSCA, University of Craiova, Romania

Igor SIRODOEYV, Universitatea "Ovidius" din Constanta, Romania
Fabian Akos SZABOLCS, University of Pécs, Hungary

Cristina SOSEA, University of Craiova, Romania

Magdy TORAB, Alexandria University, Egypt

Marcel TOROK — OANCE, West University of Timisoara, Romania
Cristiana VILCEA, University of Craiova, Romania

Alina VLADUT, University of Craiova, Romania

Nenad ZIVKOVIC, Belgrade University, Serbia

Martina ZELENAKOVA, Technical University of Kosice, Slovakia
Zbigniew ZWOLINSKI, Adam Mickiewicz University (Poznan), Poland

Slavoljub DRAGICEVIC, Faculty of Geography, Belgrade University, Studentski trg 3/3, Belgrade, Serbia

Vesna LUKIC, Demographic Research Centre, Institute of Social Sciences, Kraljice Natalije 45, Belgrade, Serbia

Nina NIKOLOVA, Faculty of Geology and Geography, "St. Kliment Ohridsky" University of Sofia, Tzar Osvoboditel Blvd. 15, Sofia, Bulgaria

Assistant Editors: Daniel SIMULESCU, University of Craiova,13, Al. |. Cuza Street, Craiova, Romania

Founding Editors: Boengiu S., Marinescu E., Pleniceanu V., Tomescu V., Enache C.

Cover photo: Defileul Dunérii vazut de la Trescovat, judetul Mehedinti (Alina Vladuf)

For instructions for authors, subscription and all other information please visit our website
http://forumgeografic.ro

before submitting any papers please select the section Publishing rules from the About page and read thoroughly the submission instructions
for authors

ISSN 1583-1523 (print)
ISSN 2067-4635 (online)
DOI prefix: 10.5775


http://www.researchgate.net/profile/Martina_Zelenakova
http://www.researchgate.net/institution/Technical_University_of_Kosice-Technicka_univerzita_v_Kosiciach
http://amu.academia.edu/
http://forumgeografic.ro/

Instructions for Authors

Article submission

In order to disseminate the research results in the field,
researchers, scholars and professionals are welcome to
submit an electronic version of the manuscript (in Microsoft
Office Word  format) to the editorial office
(forum.geografic@gmail.com).

Submission requirements: The submission of an article for
publication in our journal implies that the article has not
been published before, nor it is being considered for
publication in other journals. Authors are responsible for the
content and the originality of their contributions. In order to
be published, articles must be thoroughly researched and
referenced.

IMPORTANT: All papers must be submitted in electronic
format, only in English language.

Copyright statement
By submitting a scientific work to Forum geografic the
submitters agree to declare the following:

e the submitted work belongs exclusively to the declared
authors;

e the submitted work represents original scientific research;

e the submitted work has not been published or submitted
for publishing to another journal;

o if the submitted work is published or selected for
publishing in Forum geografic, the authors waive any
patrimonial claims derived from their authorship for the
submitted work; the authors retain the moral rights for
their submitted work, as granted under the Romanian
applicable law; also, the authors agree to refrain from
ulterior submitting of the work to other journals.

The submitters agree to be solely held accountable in case of
breaching the above terms and to defend the representatives
of Forum geografic in the event of a lawsuit related to the
submitted work.

When submitting a paper the authors are required to print,
fill and send a scanned copy of this declaration.

Privacy statement

The submitted personal data, such as names or email
addresses, are used only for the declared purpose of the
Forum geografic journal (publishing original scientific
research) and are not available to third parties.

Manuscripts are received at all times. However, in order to
have your article published in the current year, the
manuscripts must be submitted until the 15% of February for
the first issue of the current year and until the 1t of
September for the second issue.

Article format
All manuscripts must be edited entirely in English. Articles
must include:
o Title
¢ Author’s name(s). For each author you must mention the
author’s scientific title, his affiliation (institution) and e-
mail address;

e Abstract (maximum 300 words);

¢ Keywords (not more than 5-6 words);

o Acknowledgments (if any);

e Main body of text (structured according to Introduction,
Data & Methods, Results & Discussions, Conclusions);

o Illustrations (graphs, diagrams, maps, photos — should
have indications of their positions in the text and title
written in English) must be also submitted in electronic
format, preferably in JPG, PNG or BMP format and must
be referred to as Figures, which should be numbered with
Arabic numbers.

e Tables must be numbered with Arabic numbers and
should not repeat data available elsewhere in the text.

e References must be indicated in the text, between
brackets and they must include the author’s name and
the date of the publication (Popescu, 2000). When three or
more authors are referred, they will appear in the text as
follows: (Popescu et al., 1997). References must be listed
in alphabetical order at the end of the text.

The following style sheet is recommended:

o for journals:

Mileti¢, R., Luki¢, V. & Miljanovi¢, D. (2011).
Deindustrialization and structural changes in commuting

flows in  Serbia. Forum  geografic, X(2), 244-254.
doi:10.5775/fg.2067-4635.2011.009.d
o for books:

Bran, F.,Marin, D., & Simion, T. (1997). Turismul rural.
Modelul european, Editura Economica, Bucuresti

o for papers from conference proceedings:
Deci, E. L., Ryan, R. M., (1991), A motivational approach to
self: Integration in personality. In R. Dienstbier (Ed.),
Nebraska Symposium on Motivation: Vol. 38. Perspectives on
motivations (pp. 237-288). Lincoln: University of Nebraska

Press.

Review process

All the manuscripts received by the editors undergo an
anonymous peer review process, necessary for assessing the
quality of scientific information, the relevance to the field, the
appropriateness of scientific writing style, the compliance
with the style and technical requirements of our journal, etc.
The referees are selected from the national and international
members of the editorial and scientific board, as well as from
other scholarly or professional experts in the field. The
referees assess the article drafts, commenting and making
recommendations. This process leads either to acceptation,
recommendation for revision, or rejection of the assessed
article. Editors reserve the right to make minor editorial
changes to the submitted articles, including changes to
grammar, punctuation and spelling, as well as article format,
but no major alterations will be carried out without the
author’s approval. Before being published, the author is sent
the proof of the manuscript adjusted by editors. If major
revisions are necessary, articles are returned to the author so
that he should make the proper changes. Authors are notified
by email about the status of the submitted.
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Professor Constantin Savin,

Life and Activity

Lecturer univ. Ph.D Diana SAVIN'

1 Faculty of Mathematics and Informatics, Ovidius University of Constantza

Constantin Savin was born on February 24th,
1937, in the village Hangu, commune Hangu county
Neamt, Romania. From 1951 to 1954, he was a
student at “Petru Rares” High School, in Piatra Neamt.
In 1959, he graduated the “Alexandru Ioan Cuza”
University of Iasi, Faculty of Natural Sciences and
Geography, Department of Geology-Geography,
institution where he also got his Ph.D in Geography,
in 1976, under professor Constantin Martiniuc, with
the thesis “The geohydromorphological study of the
Jiu lowlands in the Getic Plateau and the Plain of
Oltenia”. Through his thesis, the author delivered an
original and important contribution to the study of the
Jiu river's meadow and river bed dynamics.

During the doctoral and post-doctoral
periods, Constantin Savin graduated the following
courses:

“The draining of rivers. Hydrological
calculations” postgraduate course, organized by
UNESCO at the Lomonosov University in Moscow, part
of the “International Hydrological Programme (IHP)”,
between June and July 1969;

- “Applications of mathematics in hydrology”
course, organized by the Meteorology and Hydrology
Institute (MHI), Bucharest, in May, 1973;

- “Hydrology” course organized by the Civil
Engineering Institute, Faculty of Hydraulic
Engineering, Bucharest, in the 1979-1980 school year.
At the course’s final exam, Constantin Savin
presented the article “The characteristics of flash
flood rays in the drainage basin of river Jiu”;

- “Applied hydrology” course, organized by the
Meteorology and Hydrology Institute (MHI)
Bucharest, in 1986, over the course of nine months.

The professional evolution of Constantin Savin
was remarkable:

- First, he was a secondary school teacher in
commune Rediu, Neamt county during the school
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year 1959-1960, then in commune Buda, Bacdu
county, between 1960 and 1961;

- Between 1961 and 1964, Constantin Savin
worked as a hydrologist (responsible over station) at
the Hydrological Station Bacau (part of Iasi Water
Directorate). Between 1964-1966, he worked as Chief
Hydrologist within the same unit;

- He functioned as chief hydrologist at the
Hydrological Station Craiova between 1966 and 1968;

- At the establishment of the Meteorological
and Hydrological Sector (MHS), Craiova (later Jiu
Water Directorate, Craiova), Constantin Savin was
promoted to Chief Hydrologist over the entire country
of Oltenia (which was the target of his transfer from
Bacdu). He remained within the unit as Chief
Hydrologist for 8 years (1967-1975), for 14 years as
Chief of Hydrology-Hydrogeology (following the
unification of the two departments) between 1976
and 1990, for one year as Chief Hydrometeorologist
(1990-1991), then for 8 years as CTO of the Craiova
Branch of “Apele Romane”  Autonomous
Management;

- In the school year of 1967-1968, Constantin
Savin joined the University of Craiova, Faculty of
History-Geography, as a assistant professor and, later,
as lecturer, teaching Hydrology (course and
seminary). Afterwards, after the promulgation of the
law banning cumulating functions, during the summer
of 1968, Constantin Savin decided to give up the job.
Sometime later, the Geography Department of the
Faculty was dissolved;

- Between 1975 and 1978, due to the
delegation of wife Elena Savin (Mathematics teacher)
to the Kingdom of Morocco, part of the technical and
scientific collaboration between countries, Constantin
Savin was also delegated to work as an engineer in
Hydrology-Hydrogeology, also in Morocco, part of
Public Administration and Communications Ministry,
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Hydraulic Directorate, Water Resources Division,
Regional center of Tadla in the town of Beni Mellal;

- Between 1991 and 1992, Constantin Savin
taught Hydrology at Post-secondary School of
Hydrometeorology in Craiova. At the same time, he
was an associate professor, teaching Hydrology-
Hydrogeology (course, workshops, exams), at Faculty
of Ecobiotechnology, in Caracal, Romania;

- Between 1992 and 1993, Constantin Savin
functioned as associate professor at University of
Craiova, Faculty of Sciences, Geography-Geoecology
Department, for Hydrology (course, workshops,
seminaries, exams, field work) and at “Lower
Danube” University of Galati, Faculty of Letters-
Sciences, History-Geography = Department, for
Meteorology-Climatology (course, workshops, exams)
and Hydrology (course, workshops, exams) — despite
functioning as an associate professor, he was paid as
a lecturer only.

- Between 1994 and 1995, Constantin Savin
was an associate professor at University of
Targoviste, Faculty of Sciences;

- Between 1994 and 1997, Constantin Savin
was a lecturer at University of Craiova, Faculty of
Sciences, Geography-Geoecology Department;

- In 1997, his activity at Jiu Waters Directorate
comes to an end, after which he obtains the associate
professor position at University of Craiova, Faculty of
History, Philosophy and Geography, Geography
Department;

- In 2002, Constantin Savin wins the position
of Professor (titulary) at University of Craiova, Faculty
of History, Philosophy and Geography, Geography
Department;

- Between 1999 and 2008, at the same time
with his work at the Faculty of History, Philosophy and
Geography, Constantin Savin also teaches at Faculty
of Horticulture, at University of Craiova;

- At the end of the school year of 2007-2008,
Constantin Savin retires.

Professor Constantin Savin wrote the following
works (treaties, monographies courses):

- Constantin  Savin, Jiu meadow water
resources, Scrisul Romanesc Publishing House,
Craiova, 1990;

- Constantin  Savin, Scientific  Polyglot

Dictionary, Tipored Publishing House, Bucharest,
1996;

- Constantin  Savin, Scientific  Polyglot
Dictionary - Glossary, Tipored Publishing House,
Bucharest, 1997;

- Viorica Tomescu, Vasile Pleniceanu,
Constantin Savin, General physical geography (Tests
for admission in higher education forms),
Universitaria Publishing House, Craiova, 1990;

- Constantin Savin, Underground waters of
Craiova, Tipored Publishing House, Bucharest, 2000;

- Constantin Savin, Hydrology of Rivers -
theory and applications, Reprograf Publishing House,
Craiova, 2001;

- Constantin Savin, Physical geography of
Romania, course for students, University of Craiova,
Craiova, 2003;

- Constantin Savin, Ion Marinica, Synoptical
Meteorology (course support for the students of
Faculties of Geography and  Environment
Engineering), published on CD, University of Craiova,
Autograf Publishing House MIM 2007, ISBN 973-
8989-13-2 (Romania), ISBN 978-973-8989-13-9
(E.U.), 2003, 2007 respectively;

- Constantin  Savin, Rivers of Oltenia.
Hydrological phenomena of high risk, Sitech
Publishing House, Craiova, 2004;

- Constantin  Savin, Hydrology and the
protection of water quality, Sitech Publishing House,
Craiova, 2006, University of Craiova, Faculty of
Horticulture;

- Constantin Savin, Special meteorology and
hydrology problems — course for students, University
of Craiova, Craiova, 2006;

- Constantin Savin, Rivers of Oltenia -
hydrological monography, vol. I — The dynamics of
river drainage, Sitech Publishing House, Craiova,
2008.

Constantin  Savin had been interested into
scientific research and theoretics (apart from his work
obligations) since 1965-1970, interest which had
taken a variety of forms: research articles, synthesis,
studies, books, participation (with or without holding
a discourse himself) in scientific conferences, both
national and international, participation in courses,
local press interviews, interviews and discussions over
scientific matters, at the territorial Radio Craiova
studio, reviews of certain books (as a scientific
reviewer), reviews of Ph.D thesis (also as a scientific
reviewer to some).

Professor Constantin Savin wrote over a hundred
research articles, studies and pages of synthesis (out
of which thirteen abroad, two in France and eleven in
Morocco), over 85 of which were published in
magazines with reviewers. To mention a few:

1. Guessab Driss, Constantin Savin, La possibilité
d’eméttre des previsions d‘apports d’été au reservoir
de Bin El Ouidane, published in Notes techniques de
I'nydrauligue - Série Hydrologie, March 1976
(Royaume du Maroc, MTPC, DH, DRE, Rabat);

2. Constantin Savin, Exploitation des mesures de
débit d'étiage des rivieres aux fins de prévision de
fourniture d'eau pour l'irrigation, published in Notes
techniques de I'hydrauligue - Série Hydrologie, May
1976 (Royaume du Maroc, MTPC, DH, DRE, Rabat);

3. Constantin Savin, Etude des débits au maximum
de I'oued Ourbia (Akka N’Khelifa), publicata in Notes
techniques de [I'hydrauligue- Série Hydrologie,
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December 1976 (Royaume du Maroc, MTPC, DH,
DRE, Rabat);

4. Constantin Savin, L‘étude hydrologice de
l'oued Ikaben, published in Notes techniques,
no.4/1976 (MTPC, DH, DRE, Centre Régional du Beni
Mellal, Maroc);

5. Constantin Savin, Contributions to the
hydrological study of the Craiova area (partial
results), published in Lucrarile Seminarului
geographic “D. Cantemir”, nr. 3/1982, Univ. Iasi;

6. Constantin Savin, The characteristics of flash
flood rays in the drainage basin of river Jiu — detailed
study, published in Hidrotehnica, nr. 9/1983, CNA,
Bucharest;

7. Constantin Savin, Contribution a I'étude de la
dynamique des versants a base des measures
hydrotopométriques, Symposium the role of
geomorphological field experiments in land water
management, August 25-September 3, 1983,
Bucharest (University of Bucharest, Institute of
Geography of the Romanian Academy), published in
the volume Geomorphological research for land
improvement, under ISPIF, Bucharest, University of
Bucharest, Institute of Geography of the Romanian
Academy, Bucharest, 1985;

8. Nicolae Ghigiu, Constantin Savin, Hydro-
meteorological data valorification towards rational
exploitation of water volumes from the “Valea de
Pesti” Dam, published in Hidrotehnica, nr. 11/1994,
RAAR, Bucharest;

9. Constantin Savin, L'écoulement minimum sur
la riviére de Jiu pendant la période de sécheresse
1992-1993, 3-émes Rencontres Hydrologigues
Franco-Roumaine, Montpellier, September 6-8, 1995
(special volume);

10. Constantin  Savin, Lassséchement des
rivieres dans l'espace hydrographique Jiu-Danube.
Etude de synthése, published in Les travaux de 3-
emes Rencontres Hydrologigues Franco-Roumaine,
Montpellier, September 4-8, 1995 (special volume);

11. Constantin Savin, Elena Savin, Climate of
Oltenia towards aridity, published in Hidrotehnica, nr.
6/1995, RAAR, Bucharest;

12. Constantin Savin, Contributions to the
analysis of the aquiferous layers with free level within
the Craiova Area, published in Analele Universitatii din
Craiova, sectia Geografie, nr. 3/1999;

13. Constantin Savin, Viorica Tomescu, Human-
induced Changes of the Danube alluvial plian.
Landscape within Drobeta Tr. Severin-Corabia Area,
published in Analele Universitatii din Cluj-Napoca,
Facultatea de Geografie, nr.3/1999;

14. Constantin Savin, Contributions towards
determining the underground water quality in the
Craiova area, published in Hidrotehnica, vol. 46, nr.
1/2001, p. 16-22, CNAR, Bucharest;

15. Constantin Savin, The hydrometrical method
of evaluation of the minor riverbed dynamics. Applied

to river Jiu, published in Analele Universitatii din
Craiova, sectia Geografie, nr.4/2001;

16. Constantin Savin, The evaluation of
underground water resources in the perimeter of the
Craiova area, published in Geoforum, nr.1/2001, Univ.
din Craiova, sectia Geografie;

17. Constantin Savin, The variation of the
annually drain of water for the main rivers of Oltenia,
published in Hidrotehnica, vol. 47, nr. 12/2002, p. 11-
16, Bucharest;

18. Ion Marinica, Constantin Savin, Canicular
days, climatic risk, phenomenon in Oltenia, published
in Ovidius University Annals of Geography, vol.
2/2005, p.111-124;

19. Constantin Savin, Ion Marinica, Brussels -
Craiova — a climatic parallel, published in Ovidius
University Annals of Geography Volume 2/2005, p.
135-144;

20. Constantin Savin, The variation of medium
water deposits drainage on the rivers of Oltenia in the
past 50 years, published in Lucrarile Seminarului
geographic "D. Cantemir”, nr. 25/2005, Univ. Iasi,
p.77-85.

The books and articles of professor Constantin
Savin have been quoted not only in many Romanian
journals, but also abroad, in Journal Cold Regions
Science and Technology (Elsevier), in Central
European Journal of Geosciences (Versita), etc.

In 1975, Constantin Savin was among those who
contributed to the transformation of Meteorological
and Hydrological Sector (MHS), Craiova, into Jiu
Water Directorate, Craiova. After the revolution of
1989, he was among those who contributed to the
reestablishment of the  Geography-Geology
Department at Faculty of Sciences, University of
Craiova. Also, he was one of the founders of the
Hydrological Sciences Association of Romania.

Professor Constantin Savin was the Romanian
hydrologist who introduced the notion of “exceptional
hydrological risk”, as an effect of the current climatic
changes.

For many years, Constantin Savin was a board
member of the following journals: Romanian Journal
of Hydrology — Water Resources (edited in 1994 by
MMHI, Bucharest), the “Hidrotehnica” journal,
Annals of the University of Craiova (the Geography
series), the Geographical Phorum.

Professor Constantin Savin was a scientific
reviewer of the following books:

- Elena Gavrilescu, Ion Olteanu, The
environmental quality (II). Monitoring the water
quality, Universitaria Publishing House, Craiova, 2003;

- Elena Gavrilescu, Ion Olteanu, The
environmental quality (III). Air analysis and
monitorization methods, Universitaria Publishing
House, Craiova, 2003;

- Elena Gavrilescu, Water Quality: Vol. 1:
Aquatic environment pollution, Sitech Publishing
House, Craiova, 2006;
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- Elena Gavrilescu, Water Quality: Vol. 2:
Aquatic ecosystems evaluation, Sitech Publishing
House, Craiova, 2006;

- Elena Gavrilescu, Pollution sources and
environmental polluting agents, Sitech Publishing
House, Craiova, 2007;

- Elena Gavrilescu, General notions of
Ecotoxicology, Sitech Publishing House, Craiova,
2008;

- Elena Gavrilescu, Bogdan Filip Gavrilescu,
The characteristics and the source of used industrial
waters and their influence, Sitech Publishing House,
Craiova, 2009;

- Elena Gavrilescu, Ecotoxicology: Aspects and
problems, Sitech Publishing House, Craiova, 2011;

- Elena Gavrilescu, Gilda Diana Buzatu,
Environment-depolluting methods, Sitech Publishing
House, Craiova, 2013.

Professor Constantin Savin had professional
connections to various colleagues in Romania: Faculty
of Hydrotechnics, University of Bucharest, “Spiru
Haret” University, Romanian Academy Geography
Institute, INMH, ICIM, C.N.A.R. in Bucharest, the
universities of Iasi, Cluj-Napoca, Timisoara, Oradea,
the colleagues from Water and Environment
Management System and ,Apele Romane” National
Company, from numerous cities. Professor Constantin
Savin had professional connections to various
colleagues from abroad: France (Paris School of
Mines, University of Sorbonne, I.H.P. National French
Committe), Switzerland (O.M.M.), Belgium (Royal
Meteorological Institute), Israel (in Tel Aviv), Kingdom
of Morocco (Hydraulic Directorate, Rabat, Beni
Mellal), Ukraine (University of Cernivtsi), Moldova
(State University of Tiraspol, Hydrometeorological
Directorate in Chisindu).

Professor Constantin Savin was member of the
following prestigious scientific societies, in Romania
and abroad:

1. Founder of the Romanian Hydrological
Sciences Association, Headquarters at MMHI
Bucharest;

2.  Member of Geographical Sciences Society of
Romania;

3. Member of Geomorphological Association of
Romania;

4. Member of the Romanian National Committe
of the International Hydrological Programme.

Professor Constantin Savin wrote appreciative
reviews for 14 Ph.D thesis at I.P. Bucharest, I.C. —

Faculty of Hydrotechnics, Bucharest, Universities of
Cluj-Napoca, Iasi, Bucuresti, Romanian Academy
Geography Institute, MMHI Bucharest.

Professor Constantin Savin had an intensive
collaboration with the mass-media, the press, Radio
Craiova, Teleuniversitaria Studio, Regional Craiova
Studio of the Romanian TeleVision: until 1998, as the
Spokesperson of Water Directorate Craiova,and then
of Geography Department of University of Craiova.

For his professional activity, professor Constantin
Savin was awarded the following medals:

- Honorary Medal and Diploma, awarded by
C.N.A. and I.N.M.H. on the occasion of celebrating the
»~Romanian Meteorology and Hydrology Institute
Centenary”, for exceptional contributions to the
named disciplines in Romania;

- Medal for ,Exceptional activity during the
floods of October 1972", awarded by State Council;

- Medal for ,special merits in the development
of Hydrological and Meteorological activities in
Romania”, in 1974;

- Diploma awarded by ROMAG Dobreta Turnu
Severin, on the occasion of the 10th Anniversary of
the water factory establishment, ,for his contribution
to the development of nuclear energy in Romania”;

- Honorary diploma, issued by University of
Bucharest, Faculty of Geography, on the occasion of
a century of geographical studies at University of
Bucharest;

- Honorary diploma, awareded by the
Romanian Geography Society on the occasion of its
125th Anniversary.

On 26th of August 2017, professor Constantin
Savin passed away.
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Abstract

The climate conditions may contribute significantly to the
generation of several hazards in mountain areas, such landslides,
wildfires, flash floods and avalanches. This study examines the
variation of the main meteorological parameters with impact on
avalanche triggering conditions at Balea-Lac Meteorological
Station. At the best of our knowledge, this is the first overview of
the basic climate parameters which are potentially avalanche
triggers in the Fagdras Mountains (Southern Carpathians). The
study is based on data from only one weather station (Balea-Lac)
from the period 1979-2017, assuming it is consistently relevant
from climatic point of view for avalanche occurrence in the area.
The results demonstrate that the theoretical circumstances for
avalanche triggering (e.g. snow pack, fresh snow or wind) can be
captured. This paper briefly describes the nivologic monitoring
system run by the National Meteorological Administration and
emphasises its utility for avalanche forecasting and alerts.

Keywords: avalanche hazards, avalanche triggering factors,
mountain climate, Fagaras Mountains

Introduction

Snow avalanches represent a major natural hazard
triggering significant damages and casualties in many
mountain massifs, so that avalanche forecasting
services function in many countries — France, Germany,
Switzerland, Norway, Poland, Austria, Italy, Czech
Republic, Scotland, Iceland, Sweden, United States of
America, Canada - issuing avalanche warnings.
Statham et al (2018) identify four avalanche
characteristics that should be considered in the
assessment of avalanche hazards, related to (1)
problems derived, (2) location, (3) probability of
occurrence, and (4) magnitude of the event, and one
can associate equal weight to each of them. Such
properties should be quantitatively assessed both for
current conditions and upcoming weather, as basic
information for avalanche bulletins at regional and local
scales.

While snow avalanches are the result of the
simultaneous occurrence of different conditions related
mainly to topography, climate and human activity, the
efficient monitoring and accurate forecasting should
equally consider all the triggering factors. Complex
approaches may always deliver complete results, but

Rezumat. Parametrii climatici relevanti pentru
declansarea avalanselor in Muntii Fagaras
(Carpatii Meridionali)

Conditiile climatice pot contribui semnificativ la aparitia mai multor
hazarde naturale in zonele montane, precum aluncari de teren,
incendii de vegetatie, inundatii si avalanse. Acest studio analizeaza
variatiile principalilor parametrii meteorologici care favorizeaza
declansarea avalanselor la statia meteorologicd Balea-Lac. Din
cate cunoastem, acesta este primul studiu al prametrilor climatici
de baza are pot constiti factori declansatori pentru avalanse in
Muntii Fagaras (Carpatii Meridionali). Studiul utilizeaza datele de la
o0 singura statie meteorologica (Balea Lac) in perioada 1979-2017,
considerand ca este relevant din punct de vedere climatic pentru
producerea avalanselor in zond. Rezultatele demonstreazd ca
circumstantele teoretice pentru declansarea avalanselor (stratul de
zdpada, zapada proaspdt cazdta sau vantul) pot fi surprinse.
Lucrarea descrie succinct si sistemul de monitorizare nivala
condus de catre Administratia Meteorologicd Nationald, punand
accent pe utilitatea acestuia pentru prevederea avalanselor.

Cuvinte-cheie: riscul de avalans, factori declansatori de
avalanselor, climat montan, Muntii Fégaras

studies oriented to limited aspects are also valuable
since they reveal one particular facet of the avalanche
phenomenon. This study investigates the climatic
factors which can lead to avalanche occurrence in the
Fagaras Mountains (Southern Carpathians).

The composition and stability of the snow layer and
the derived avalanche risk are evaluated based on the
European Avalanche Danger Scale, and the collected
information consists of information about the place,
time and probability of release for a specific type of
avalanches (slab or sluff, large or small, wet or dry).

Within the Romanian Carpathians, avalanches occur
each winter, with an increased frequency in areas
above 2,000 m, covering about 4,000 km?, with rough
topography and not permanently inhabited. Skiing
fields are usually not located in areas frequently
affected by snow avalanches, but the increasing
number of backcountry skiers brings up the necessity of
a permanent service for monitoring snow parameters
and avalanches in all the mountainous areas.

Snow avalanches have been registered since
February 2004, when the Snow and avalanche
monitoring network began the activity at four
meteorological stations: Varful Omu, Sinaia, Predeal
and Balea-Lac, covering the Bucegi and Fdgdras
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Mountains. Since 2018, the observational network was
extended with seven meteorological stations covering
most of the mountain area where avalanches

frequently occur: Iezer, Cdlimani, Ceahldu-Toaca,
Parang, Tarcu, Vladeasa 1800, Semenic (Figure 1).

METEO

LEGEND ‘
. meteo stations <1000 m

. meteo stations>1000 m

o* ~ snow observations
- since2004

*Q snow observations
£ 2N since 2018

other mountain meteo
3 stations with no snow
- observations

Fig. 1: Nivological network in the Romanian Carpathians

However, the information about avalanches is
sparse and a consistent database covering the entire
mountain area is under construction. Since January
2005, the operational work has been materialized in
daily bulletins, which have been delivered to various
stakeholders, e.g. Mountain Rescue Teams, District
Councils, mass-media, touristic resorts and Town Halls.

While the avalanche monitoring action started in
2004, the first study about avalanches in Romanian
Carpathians have been performed in 1964 and 1965
(Gaspar, 1968), following a burst of avalanches
occurring at the beginning of 1963 blocking numerous
roads and railway tracks in the forest massifs of the
Southern Carpathians (Lotrului, Sureanu, Fagaras) and
Northern Carpahians (Maramuregului, Rodnei). The first
study aimed to assess the conditions for avalanches,
their characteristics, and techniques for prevention and
combating.

As a result of the avalanche monitoring activity, the
nivological bulletin is issued annually including
information like the number, type and triggering
conditions for avalanches (***, Bilantul nivologic al
sezonului de iarnd — Annual winter season report), as

well as different research studies and other articles.
Besides National Meteorological Administration, other
research groups have analysed avalanches for specific
Carpathian sectors and from different conditions, e.g.
human triggering or terrain (elevation, aspect and slope
angle) — (Voiculescu 2014).

This study examines the variation of the main
meteorological parameters with impact on avalanche
triggering conditions at Balea-Lac Meteorological
Station, since 1979, when first observations were
made, through December 2017. Bélea-Lac is the only
long-term weather station in the Fagdras Mountains,
and one can assume that the meteorological conditions
are relevant for the climate of the entire mountainous
area. After the introductory section (1), the paper
presents (2) the triggering factors for avalanche
hazards and forecast criteria, (3) meteorological data,
avalanche database and climate settings at Balea-Lac,
(4) a few climate characteristics relevant for avalanche
triggering in the area of interest, and (5) concluding
remarks.
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Triggering factors for avalanche hazard and
forecast criteria

Most triggering factors leading to avalanche are
related to the snowpack load and several classifications
have been developed accordingly. Atwater (1954)
proposed 10 weather and snow factors which
contribute most to avalanche hazard in the Alta Ski
Area, Utah, as follows: (1) old snow depth; (2) old
snow surface; (3) fresh snow depth; (4) fresh snow
type; (5) fresh snow weight; (6) state of accumulation;
(7) wind force; (8) wind direction; (9) temperature
developments; (10) snow coverage. The topography
was not considered.

McClung and Tweedy, (1993), described five
essential  activating factors, including terrain,
precipitation (especially fresh snow), wind, temperature
(including  radiation  effects), and  snowpack
stratigraphy. The avalanche release probability can be
assessed by estimating and weighting each contributing
factor (Gubler, 1993).

Triggering factors may be stable (e.g. slope or
morphology) or variable (e.g. weather conditions or
snow properties) in time and they include (Ancey,
1998; de Quervain, 1981; Bernard, 1927):

* Mean slope, defined as the average inclination of
avalanche starting zones, relevant between 27 and 50°;

* Roughness — a key factor in the anchorage of the
snow cover to the ground;

e Shape and curvature of the starting zone. The
stress distribution within the snowpack and the
variation in its depth depend on the longitudinal shape

Table 1: Weather-related
(www.meted.ucar.edu/afwa/avalanche)

indicators and associated greater

of the ground. Convex slopes are generally associated
with a significant variation in the snow cover depth,
favouring snowpack instability;

* Slope aspect has a strong influence on the day-to-
day stability of the snowpack;

e Fresh snow - an accumulation of 30 cm/day may

be sufficient to cause widespread avalanching (Féhn et
al., 2002; McLung and Tweedy, 1993; Ancey, 1998; de
Quervain, 1981; Bernard, 1927; Gubler, 1993);
Wind causes uneven snow redistribution
(accumulation on lee slopes), accelerates snow
metamorphism, form cornices which may collapse and
trigger avalanches;

e Rain and liquid water content of the snow play a
complex role in the snow metamorphism; i.e. the heavy
rains induce a rapid increase in liquid water content,
which results in a drop in the shear stress strength and
leads to widespread avalanche activity (wet snow
avalanches) (Conway & C.F., 1993).

» Snowpack structure. The stability of layer structure
resulting from successive snow-falls depends on the
bonds between layers and their cohesion. For instance,
heterogeneous snow-packs, made up of weak and stiff
layers, are more unstable than homogeneous
snowpack (Schweizer et al., 2003).

Rapid warming leads to instability and slow warming
derives snow-pack stability (according to (McClung and
Schweizer, 1997)). For large (catastrophic) fresh snow
avalanches, important snowfall is the strongest
forecasting parameter ((Féhn et al.,, 2002)) and is
closely related to avalanche danger (Figure 1).

avalanche potential

Indicator

Greater avalanche potential

Precipitation | Snow accumulation rate

2.5 cm/h or more for more than 6 hours

Water amount

25 mm or more in 24 hours

Fresh snow density

More than 15 cm of 9% or greater density

Storm trend

Begins cold, ends warm

Rainfall Any rain

Temperature | Increasing temperatures | Temperature rise >8°C in 12 hours, reaching values temperatures
near or above the freezing point
Rain/snow level At or above avalanche starting zone elevations
Warm temperatures Above freezing at avalanche starting zone elevations > 24 hours
Cold temperatures = Very low temperatures (<-10°C) for long time (days)
= Shallow snowpack <1m deep and very low temperatures: <-10°C
Wind Mean wind speed = 9-27 m/s
= >27 m/s with snow density>10%
= 7-9 m/s with snow density<5%
Mean wind direction Consistent
Cloud cover | Nightime sky cover Clear skies with temperatures <-10°C and winds < 5 m/s

Daytime sky cover

Clear skies or thin clouds with warm temperatures and high sun
angles, especially on sun-facing slopes

11
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Accumulation of a fresh snow depth of about 1 m
within a storm event is considered critical for the
initiation of extreme avalanches; about 30-50 cm is
critical for naturally released avalanches in general
(Schaer, 1995) However, even with large amounts of

The avalanche forecast combines (1) information
relevant for the snow conditions along the season of
interest, and (2) short-term weather forecast for the
area of interest. Avalanche forecasting is based on the
joint assimilation of the weather conditions and snow
coverage characteristics from the very beginning of the
“winter” season. Meteorological data from the area of
interest are currently used at daily scale and they
should refer to:

a) Precipitation
equivalent - SWE)

b) Maximum and minimum temperatures

¢) Winds near ridge-top level or at all forecast-
area elevations

d) Average cloud cover

If detailed data from the past are not available, the
regional weather data can be used cautiously and
adapted to the area of interest. Most avalanches are
associated with fresh snow falls, so that the following
information should be available for any recent and/or
ongoing precipitation event: (a) amount of fresh
snowfall, (b) rate of accumulation, (c) SWE, and (d)

(snowfall and snow water

{

Meteorological
Station Balea lfac
¥

® Balea Lac
- Y- 5

fresh snow, the combined release probability of a group
of avalanche paths is frequently than 50% (Schaer
1995). This shows that the fresh snow depth alone is
not sufficient to explain avalanche activity (Schaer
1995).

density of the fresh snow. Further, the avalanche
potential is estimated based on a threshold exceedance
procedure (Table 1).

Meteorological data, avalanche database
and climate settings at Balea-Lac

Meteorological data and metadata

This study is based on daily meteorological records
from Balea-Lac Meteorological Station (45°36'11"LN,
24°37'44"LE, 2044 a.s.l.) from 1 January 1997 to 1
December 2017. The location of the station is in the
northern part of the Fagaras Mountains, Balea glacial
valley, in the vecinity of Balea Lake (Figure 2, 3), near
the Transfagarasan road. The station began
observations since January 1978, after a huge
avalanche stroke, when 23 victims died. Until august
1995, the meteorological platform was situated near
Balea-Lake chalet, then, after the chalet burned, the
station was moved into the Paltinul chalet (Figure 3).

Fig. 2: The Fagaras Mountains, with Transfagarasan Road and Balea Lac Meteorological Station position
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Fig. 3: Balea glacier Valley, the Fagaras Mountains

Avalanche database

A number of 392 days with recorded avalanches
have been collected from Balea-Lac meteorological
station since January 1979, the beginning of the activity
until January 2019. Most of the data have been
collected since February 2004, when the programme of
nivology began at the National Administration of
Meteorology and mentioned since then into every
Annual winter season report (***, Bilantul nivologic al
sezonului de iarnd). Until 2004, avalanche cases have
been recorded from the literature and Mountain Rescue
Services (Salvamont) — work of Walter Gutt and
Reinhold, who collected informations from local papers,
(as Neuer Weg, Hermannstddter Zeitung, Die Woche,
Karpatenrundschau, Allgemeine Deutsche Zeitung fir
Rumanien, Jahrbuch der Sektion Karpaten des
Deutschen Alpenverein, Kronstadter Zeitung, Clubul
Alpin Roman bulletins, Bukarester Tageblatt, Jahrbuch
des Siebenbiirgischen Karpatenvereins, Siebenblirgisch-
deutsches Tageblatt). Some important avalanches
happened before 1979, like the one from April 17,
1977, when 23 people were killed in an avalanche at
Balea-Lac, but these will not be included in the study,
due to the lack of meteorological observation data. All
the information has been put together into a database
in the Snowball project
(http://snowball.meteoromania.ro/about/about-
snowball).

Based on the data retrieved at the Balea — Lac
Meteorological Station, from January 1979 through
December 2017, synoptic conditions for the avalanche
days have been studied and thresholds of several
meteorological parameters considered to have an
impact on this phenomenon has been made (Pasol et
al, 2017).

Climate settings

The climate conditions at Balea-Lac Meteorological
Station are very likely to be relevant for all the Southern
Carpathians above 2,000 m, despite inherent
differences related to local conditions, such as slope,
exposure and land cover. The warmest period occurs
during the summer months (i.e. June, July, and
August) when the mean air temperature exceeds 9.0°C
(e.g. 9.2°C in July and 9.5°C in August), and the
maximum daily temperature reached almost 25°C (i.e.
24.8°C in 24 July 2007). The cold season (i.e.
December, January, and February) has mean air
temperature values around -7°C (i.e. -6.0°C in
December, -7.6°C in January and February), while the
lowest temperature over the period 1979-2017 was -
31.7°C at 1 March 2005 (Fig. 4).

30 88
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-10
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-20 76

-30 74
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B Tmax (°C) mmTave (°C) = Tmin (°C) RH (%)

Fig. 4: Monthly average temperature (Tave),
maximum (Tmax) and minimum (Tmin) daily
air temperature, and mean monthly relative
humidity (RH) at Balea-Lac meteorological
station (1979-2017)

The average monthly relative humidity varies
between 76-77%, in October and November, and 86-
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87%, in June and July, in close correlation with the
liquid precipitation influx over the area of interest (Fig.
5).
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Fig. 5: Monthly average precipitation (PPave) and
24-h maximum amount (24-h PP), and mean
snow depth at Balea-Lac meteorological
station (1979-2017)

The highest precipitation amounts fall during JJA
(150-190 mm as monthly average), and the highest 24-
h precipitation amount was 195.6 mm, at 3 June 1988
(Fig. 5). From October to March the monthly amounts
are below 100 mm. The snow cover is present almost
all year round. The minimum values are in July (0.2
c¢m) and August (0.0 cm), and the largest snow depth
occurs in April, with 179.6 cm, and March, 171.4 cm, as
multiannual average values over 1979-2017 (Fig 5).

The monthly average wind speed ranges between
2.0 m/s, in August, and 3.6 m/s, in November, with a
distinctive seasonal regime along the year (Fig. 6).

4
3

m/fs 2
0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 6: Monthly average wind speed at Balea-Lac
meteorological station (1979-2017)

Climate characteristics relevant for
avalanche triggering

The climatic background enables specific climate
characteristics which may favour the development of
avalanches. This section depicts simple linkages
between avalanche cases and (1) snow depth and
water input, (2) air temperature, and (3) wind speed
characteristics at Balea-Lac weather station. A more
detailed study using this general setting is under
preparation.

Snow depth and water input

There is an inherent relation between avalanche
occurrence, snow depth and water input, as no snow
avalanche can start without a snow cover, and the
precipitation represent the main triggering mechanism.
At Balea-Lac, the highest avalanche frequency is due to
the consistent snow cover, generally exceeding 100 cm
as an average for the days with avalanches during the
period December-May, while the off-season avalanches
(June, and September-November) depend more on the
24-h precipitation than on the existing snow cover
(Figure 7).
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Fig. 7: Avalanche occurrence and corresponding
snow depth and average 24-h precipitation
(24-h PPave) at Balea-Lac meteorological
station (1979-2017)

The snow accumulation rate and the amount of
fresh snow in 24 hours is an important marker
signposting potential avalanche activity, as 2.5 cm/h or
more for over 6 hours and 30 cm or more in 24 hours
are considered as a great avalanche indicator. (Féhn et
al., 2002; McClung and Tweedy, 1993; Ancey, 1998; de
Quervain, 1981; Bernard, 1927; Gubler, 1993).

31to 100
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0to 10 16.3
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-31..-50

Fig. 8: Distribution of avalanche occurrence (%)
depending on snow depth variation in 24-h

The distribution of avalanches based on snow depth
is shown in Figure 8. Most cases occur when the snow
depth decreases along 24 h with different rates (e.g.
57.9% for 1 to 10 cm decrease or 2.6% for 21 to 30
cm decrease), while snow addition over the existing
cover generate avalanches in about 30% of cases (e.g.
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4.9% for 21 to 100 cm). The show cover variations
depend on the precipitation influx along certain time
intervals. Over the Balea area high precipitation
amounts lead to increasing snow depth (Figure 9), and
the daily snow cover accumulation or shrinkage is well
corelated with the 24-h precipitation amounts (R2 =
0.35). Temperature is also an important control factor
for snow depth, explaining some negative snow depth
variations along 24 h even when precipitation happen.
100
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Fig. 9: 24-h precipitation amounts and corresponding
average snow depth variations in 24 h for
avalanche occurrence

The water amount input can increase the weight of
the snow pack and 25 mm precipitation in 24 hours is
considered a relevant threshold for triggering
avalanches (Schweizer et al, 2003).
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Fig. 10: Distribution of 24-h precipitation amounts
(%) on different thresholds, for avalanche
occurrence

Air humidity was high on most days with avalanche
recordings, 53,3% at over 90% minimum relative
humidity, 22,9% of cases for 70 to 90% relative
humidity; 11,9% cases for 50 to 70% humidity and
only 3,3% of cases for humidity lower than 50% (Fig.
4). An important number of days were recorded with
fog (134) and mist (114) .

The avalanches are often associated with different
weather phenomena illustrating certain humidity or
temperature characteristics. For example, mist and/or
fog were recorded in 319 days from the total 393

avalanche days (Fig. 11), illustrating a substantial bias
of the air humidity in triggering avalanches over the
Balea-Lac area.
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Fig. 11: Mist and fog frequency in days with

avalanche occurrence

Air temperature

Near surface air temperature controls the
precipitation type (e.g. rain, snow or sleet) and the
persistence and steadiness of snow cover, which are
basic ingredients for avalanche starting. The avalanches
analysed in this study occurred between -24.0°C (daily
minimum temperature 3 February 2010) and 15.9°C
(daily maximum temperature 12 April 2015). The vast
majority of cases are recorded in days when the
minimum temperature was negative (81.7% of cases),
but avalanches can also occur when the night time
temperature remains positive (Fig. 12). As regards the
maximum daily temperature, most avalanches
happened in days with positive temperatures (60.8%).
It is worth mentioning that the freeze-thaw processes
are likely to play an important role for avalanches, i.e.
61.9% of the cases are noted with positive maximum
and negative minimum temperature values during the
same day. Moreover, the largest number of avalanches
can be noticed in cold to warm season transition
months (February to May), when the diurnal
temperature range is higher (i.e. up to 25°C in March)
(Fig. 13), and the frequency of freeze-thaw is
eventually more important.
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Fig. 12.: Distribution of avalanche days on
maximum (Tmax) and minimum (Tmin) daily
air temperature classes
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Fig. 13: Annual distribution of avalanche days and
the corresponding average minimum
(Tminave) and absolute minimum (Tminmin)
daily temperature, and respectively average
maximum (Tmaxave) and absolute maximum
(Tmaxmax) daily temperature. Temperature
values were computed only for days with
avalanches

wind speed

Wind can add relevant pressure on snow packs
leading to avalanches. Figure 14 shows that, in the
days with avalanches, the maximum wind speed
measured at 10 m above the ground at Balea-Lac
weather station is between 5 and 10 m/s in almost
75% of the cases. Sustained wind speeds are clearly an
important factor in avalanche triggering processes.
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Fig. 14: Frequency of daily maximum wind speed
(m/s) on different classes

Conclusions

This study reveals the value of continuous
monitoring and careful collection of detailed
avalanche information, which can support the
research of the causes and possible impacts. At the
best of our knowledge, this is the first overview of
the basic climate parameters which are potentially
avalanche triggers in the Fagdras Mountains
(Southern Carpathians). The study is based on data
from only one weather station (Balea-Lac),
assuming it is consistently relevant from climatic
point of view for avalanche occurrence in the area.

Even if such an assumption contains an inherent
degree of confidence, which was not evaluated here,
the results demonstrate that the theoretical
circumstances for avalanche triggering (e.g. snow
pack, fresh snow or wind) can be captured.

Most avalanches in the database (covering the
Fdgaras Mountains) happen over steady snow depth
while receiving supplementary water input, under
temperature fluctuations and wind speed pressure.

Simple linkages between avalanche incidence and
factors like (1) snow depth and water contribution,
(2) air temperature, and (3) wind speed were
evaluated and quantitative indications are provided,
in good agreement with the theoretical premises for
such phenomenon. Moreover, the results represent
the background for more detailed investigations
which are under preparation, and can contribute to
enhanced avalanche forecasting in the Southern
Carpathians.
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Abstract

Almost 90 years from the radar invention, the radar technology
has evolved enormously and today it presents itself as an
instrument of great importance in various research areas
(meteorology, aviation, astronomy, air-ecology etc.). The main
objective of the article is to identify the periods of development at
the global level and also in Romania, as well as to identify the
technology of most operational weather radars today. The article
is based on publications from international journals and scientific
books, covering the period of 1930-2018. The overview
presentation demonstrates the reasons today's weather radar is a
powerful tool for studies concerning the atmospheric
precipitations prediction, wind speed and direction, rainfall risk
assessment and implementation of weather forecasts. Knowing
the technological development is needed for the construction of
the new generation radar and for exceeding the actual limits with
regard to the accuracy of the radar data and the limits of
observation. The purpose of this article is to summarize the
evolution of the weather radar, with emphasis on the first
experiments carried out during the analogue and digital period.

Keywords: weather radar, electromagnetic waves,
microwaves, precipitation

Introduction

The meteorological radar is one of the key
instruments in weather forecasting and monitoring
especially of convective storms producing severe
weather (e.g., intense precipitation, large hail,
tornadoes). The radar technology of today was
developed over the last 90 years through the research
efforts of engineers, meteorologists, and other
scientists. Mostly, the use of radar for meteorological
purposes is due to the intensive projects during the
period of the Second World War and post-war, when
the theoretical foundations of the meteorological
radar were laid.

The development of the weather radar depended
on the technology evolution. Therefore, although
some theories were known, they could not be
implemented (e.g. the Doppler Effect).

This article describes the history of the
meteorological radar from the early stages of
development until today. The aim of this paper is to
highlight the main periods of development at global
scale and in Romania, as well as to identify the

Rezumat. Urmarirea dezvoltarii tehnologiei
radarului meteorologic in Romania si la nivel
mondial

La apropape 90 de ani de la inventia radarului, tehnica radar a
evoluat extrem de mult, iar astazi se prezintd ca un instrument de
mare importanta in diferite domenii de cercetare (meteorologie,
aviatie, astronomie, aeroecologie, etc.). Obiectivul principal al
articolului este de a identifica perioadele de dezvoltare la nivel
global si in Romania precum si identificarea tehnologiei prezente
in majoritatea radarelor meterologice operationale. Articolul se
bazeaza pe publicatii din jurnale internationale si carti stiintifice,
care acopera perioada 1930-2018. Prezentarea de ansamblu
demonstreaza motivele pentru care astazi radarul meteorologic
este un instrument puternic pentru studiile privind estimarea
precipiatiilor atmosferice, viteza si directia vantului, analiza riscului
pluviometric si realizarea prognozelor meteo. Cunoasterea
evolutiei tehnologice este necesara pentru construirea noilor
generatii radar si depasirea limitelor actuale in ceea ce priveste
precizia datelor radar si limitele de observare. Scopul acestui
articol este de a rezuma evolutia radarului meteorologic, punandu-
se accentul pe primele experimente desfasurate in perioada
analogica si digitala.

Cuvinte-cheie: radar meterologic, unde electromagnetice,
microunde, precipitatii

current technology in most operational weather
radars worldwide. Early research conducted by
weather national agencies are discussed here, as well
as the first experiments which lead to the
construction of the first operational radars. A part of
the early history of the radar is described in Marshall
(1953), Atlas (1990), Zhang et.al. (2011), and Galati
(2016). This paper focuses only on weather ground-
based radar, and tackles the early experiments, the
pioneer.

1. Early experiments

The term RADAR (RAdio Detection And Ranging)
was used for the first time by the United States Navy
in November 1940 (Swords, 2008), as suggested by
two American officers, S.M. Tucker and F.R. Furth. In
the United Kingdom the term was adopted in 1943,
but before that they used RDF (Radio Detection and
Finding), also known under the name of "Cuckoo", in
the military circles. The Italians used the term RDT
(Radio Detector Telemetro), the French DEM (Detec-
tion Electromagnetique) and the Germans "Funk-
messgeraet" (Galati, 2016; Swords, 2008). After the
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Second World War, the term was used by the rest of
the world as well.

In 1930, the radar technology was operational for
the first time to detect and track aircrafts (Whiton et
al., 1998). The first use of radar for meteorological
purposes occurred in England in 1942 (Atlas, 1990).
However, previous research had been already per-
formed in the 19th century.

The first scientist with fundamental contributions
to the development of the radar techniques was
James Clerk Maxwell (1831-1879). He formulated the

theory of electromagnetic radiation, and noted that,
although mathematical approach of individual electric
and magnetic phenomena existed, no general theory
was proposed at that time. Therefore, in 1864, he
published the theory of the electro-dynamic field,
which included the four equations and macroscopic
theory of electromagnetic field (Mahon, 2003). In
1893, Maxwell published a mathematical theory by
which he predicted that the electromagnetic interfer-
ence should propagate through space at the speed of
light.

Fig. 1: The precursors of the development and emergence of the first radar (Maxwell, 1954;
Garratt, 1995; Shaw, 1994; Dominik, 2007; Faccio et al., 2006)

Heinrich Rudolf Hertz (1857—-1894) was the first to
apply the mathematical theory of Maxwell on the
transmitting and detection of the electromagnetic
waves. In 1887, while he was Professor of physics at
the Polytechnic University of Karlsruhe, Hertz
designed a set of experiments to test Maxwell’s
theory. His work demonstrated the existence of
electromagnetic waves, which reinforced Maxwell’s
conclusion, namely that light is an electromagnetic
wave (Bevilacqua, 1984).

The first use of the principle of determination and
location of spatial objects by electromagnetic waves
is unclear. The first mention of this principle was
formulated by Nikola Tesla (1856—1943). In august
1917, Tesla stated that "... we can produce, when
needed, from a broadcaster, an electric effect,

anywhere in the world; we can determine the relative
position or course of a moving object, such as a ship
at sea, the distance traversed and the speed ...
"(Galati, 2016, p. 24). Tesla described the radar
operation principle to locate metal objects, but he did
not take into account other disturbing factors, such
as the attenuation of the radio waves on contact with
water. The system was called "electric ray" and, at
that time, his idea was revolutionary.

On April 30, 1904, Christian Hulsmeyer (1881—
1957) applied in Germany for a patent for the so-
called telemobiloscope. The system consisted of a
transmitter and a receiver meant to detect metal
objects, using the electromagnetic waves. The
system was intended to avoid collision of ships
(Sengupta and Sarkar, 2003). The first demonstration
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of the telemobiloscope was held on 18 May 1904.
Hulsmeyer’s device was able to detect ships at a
maximum distance of 3 km and operated at
wavelengths between 40+50 cm. However, the
military and naval authorities did not show any
interest, but during the WWI, experts became
interested in using this device (Galati, 2016). Most of
his devices were destroyed during the WWII
(Sengupta and Sarkar, 2003).

Another contribution to the development of radar
is due to the research carried out in 1916 by Hans
Dominik (1872-1945). He built a device called
“strahlenzieler”, which could detect targets in places
with no visibility (Galati, 2016). The location of these
targets was based on the reflection of
electromagnetic waves by metallic surfaces. On the
16th of February, 1916, Dominik received financial
funds to advance his research and he succeeded to
build a device with 10 cm wavelength. A month later,
he was asked to build a device to be used during the
WWI, but Dominik failed to finish it on time.

In 1936, Watson-Watt (1892-1973) managed to
invent the first radar, and for this he is recognized as
the “father of radar” (Probert-Jones, 2014). His device
was based on the research described in Figure 1.

2. The Pioneers and the development of
analog radars

Research on meteorological radars between 1936—
1970 was conducted mainly in the United Kingdom,
United States, India, China, and Japan, which not
only acknowledged their potential to investigate
meteorological phenomena, but also had the
technological capability to implement applications.

The military usage boosted the progress. One of
the research purposes concerning the signals
received from atmospheric phenomena was
represented by obstacles in locating aircraft or
bombers. The period is limited to the analogue era
and to the implementation of the Doppler frequency
in radar equipment.

During the Second World War, the military radar
systems that were used were classified information
(secret), which limited their use for meteorological
purposes. Starting with the 1950, the manufacture of
radar became easier due to the emergence of solid-
state electronics. In the 1970s, the digital revolution
began, which allowed the implementation of new
functions within the weather radar operation (e.g. the
Doppler Effect). The end of the 1970s represented
the beginning of a new generation of radar, called the
NEXRAD (Next-Generation Radar).

Advances in the field of electronics during WWII
and Post-war period allowed the radar technology to
develop. For example, after developing the cavity
magnetron, radars were able to use higher
frequencies for research purposes, such as 4 GHz or

10 GHz (Raghavan, 2003; Dummer, 1983). The
following sections outline the development in
different countries.

2.1 Great Britain

In the UK, research in the field of meteorological
radar has begun with Wattson Watt, the so-called
"the father of radar". Wattson worked at the British
Meteorological Office where, in 1936, he managed to
build a device that could determine the position of
aircrafts (Probert-Jones, 2014). The imminence of the
war made radar evolution grow very fast. During
WWII, centimetre wavelength radars (10 cm) were
mounted at General Electric Company (GEC) in Wem-
bley and at the Swanage Air Ministry, Dorset. Both
radars were able to detect the weather from short
distances, and the first storm tracking report was re-
ported on July 21, 1941 (Ligda, 1951). This event
marks the start of operational meteorological radar
research in the UK.

During the war, research was carried out at GEC
and Telecommunication Research Establishment
(TRE). After the war ended, the investigations contin-
ued in several parts. The British Meteorological Office
installed a S-band radar station at East Hill near Dun-
stable, Bedfordshire (Atlas, 1990). Research has also
been done at Cambridge University, the Department
of Meteorology (London Imperial College) and TRE,
which has changed its name to Royal Radar Establish-
ment (1957).

During the analyzed period, the display of received
signals was limited by the use of cathode ray tubes
as they only displayed two parameters, and the re-
ceived signal had four (azimuth, distance, height and
intensity). Therefore, three types of display had been
studied: Plan Position Indicator (PPI), Range-Height
Indicator (RHI), and A-scope. These were imple-
mented in the new radar.

J. W. Ryde and Telecommunications Research Es-
tablishment laid the theoretical foundation of the me-
teorological radar until the end of the war. After the
war, J. E. Hooper and A. Kippax began a program to
test Ryde's theories.

Using an operational radar on a 3.2 cm wave-
length, they investigated the dependency of the re-
ceived power on the duration of the impulse, the
measurement of precipitations, the ratio between
echo signal’s intensity and wavelenght, the intensity
of the echo signal from the snow and the melting
band. Following the research, Hooper and Kippax
confirmed the wavelength dependence of the echo
signal intensity (Probert-Jones, 2014).

From 1948 on, I. C. Browne studied clouds using
a radar system operable on a wavelength of 3 cm (At-
las, 1990). Among other things, he also measured po-
larizing of melting bands and fluctuations of radar
echoes in precipitation.
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In 1950, Frank Ludlam began his research by
studying the severe storms in southern England, but
believed that more violent storms occurred more of-
ten in northern Italy, so in 1958 he moved to Italy.
Here he gained a vast experience which he used to
participate in a observation program in England,
1958. They had 5 radar stations on 3, 4, 7 and 10 cm
wavelengths. They managed to investigate atmos-
pheric circulation classes from severe storms through
mesoscale phenomena at fronts and cyclones (Atlas,
1990; Probert-Jones, 2014).

In 1967, the British Meteorological Office set up a
cooperative association with Plessey Radar Ltd. to in-
vestigate the use of radar in determining and quanti-
fying the amount of precipitation. Thus, an operable
radar on the 10 cm wavelength was installed in north-
ern Wales.

As it has happened in other countries, problems
with equipment instability, lateral lobes, and equip-
ment limitations have slowed progress down, but it
has been an impressive research that has led to the
development of a meteorological radar.

22US.A.

In 1944, the US Air Force Corps initiated a pro-
gram for training officers in meteorology at Army
Electronics Training Center (AETC) in Cambridge,
Massachusetts. Here, students had the opportunity to
use S-band (8+10 cm) radars (SCR-717A and SCR-
720) for studying the atmospheric phenomena. For
the first time they were able to detect and track pre-
cipitations, such as rain or storms. After the program
completion, they were sent to the WEMS Department
(Weather Equipment Methods Section) in New Jersey.

During the period of 1944-1946, Herbert B.
Brooks, William C. Kellogg (1867 - 1957), Donald H.
Rudd and Donald M. Swingle conducted applied re-
search and modified military radars for meteorological
observation. Using the radars SCR-58 and SCR-717B,
they tackled precipitation studies, storm detection,
winds measurement and discrimination of storm ech-
oes caused by abnormal propagation, birds and other
factors. As a result of technical reports received from
England, Swingle managed to develop the first mete-
orological radar equation, which was implemented in
the new radars (Wexler, 1947).

In 1945, Swingle established the technical docu-
mentation and the necessary requirements for
achieving the weather radars. Radars were generally
designed to detect winds and storms and were in-
tended to be used by trained meteorologists, with ad-
ditional skills in interpreting the data.

After WWII, the Radar Branch from U.S.A., de-
cided to set up a radar station in C-band (4+8 cm).
The first radar specially designed to perform meteor-
ological observations was CPS-9 (Atlas, 1990). Due to
the narrow width of the beam and of the sensitivity

control function in time, the radar had greater discov-
ery possibilities (Fig. 2).

i

Fig. 2: Overview of the radar AN / CPS-9

Source: http.//www.radartutorial.eu

From 1947 to 1950, Swingle expanded his re-
search at Signal Corps laboratories. His main work
was the use of SCR-584 radar to investigate clouds
and precipitations (Atlas, 1990).

Following the recognition of the radar techniques
potential to observe various weather events, a new
set of radars called the AN/MPS-34 were developed.
The radar was designed with greater sensitivity and
came with an RF preamplifier, which led to an in-
crease in the minimum detectable signal.

2.3 India

The first research in India was conducted within
the India Meteorological Department (IMD) since
1940, using modified war equipment, which was very
useful for the initial research. Among the radars used
for meteorological applications one can mention Baby
Maggie no. 3, MK III AN / TPS-2, AN / APQ-13 and
SCR-717C. The equipment was modified to detect the
wind, and to study the nature of reflections from the
atmosphere, precipitations and storms.

At the beginning of the 1950s, IMD initiated a pro-
gram in order to install a radar network on the Indian
Territory for detecting severe phenomena. The Indian
Meteorological Department chose two wavelengths
for the radar network, one in the X-band (2,5+4 cm)
for detecting storms and one in S-band for the detec-
tion of cyclons around the coast. Figure 3 shows the
distribution of radars in the S-band of IMD.

In 1954, India purchased its first meteorological
radar which was installed at the airport of Calcutta.
The first detection radar of the storms in the X-band
was installed in 1970 at New Delhi, and the first S-
band radar became operational only in 1970 on the
East coast of India at Visakhapatnam (Atlas, 1990). It
is northworty to mention that the meteorological ra-
dar program of India was enterly developed by its
own resources. The principal meteorological re-
searches were focused on interpretations and classi-
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fications of the signal coming from the storms, pre-
cipitations, cyclonic storms, monsoon, and land and
sea clutter.

PANIBTAN
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Fig. 3: The network of radars in the S-band of
India Meteorological Department (Atlas,

1990)

2.4 Canada

The history of meteorological radar in Canada be-
gan in 1953 in Ottawa, when the project Stormy
Weather was established. The project belonged to the
Canadian Army and was led by Stewart Marshall
(1911-1992). At first, Stormy Weather were equipped
with a height detection unit using microwave and
early warning radars, and the first meteorological ob-
servations focused on continuous rainfall events. By
1947, Marshal and his team determined the relation-
ship between the ratio of rain, the water content and
reflection, by introducing the Z symbol.

The intensity of estimated radar precipitation (R)
is based on radar reflections (Z). Estimation of pre-
cipitation is based on identifying the best relation-
ships between these two parameters (Atlas et al.,
1997). Marshal and Palmer (1948) showed that be-
tween Z and R there is the following relationship: Z =
aRb, where Z is the reflection, R the precipitation in-
tensity, and a and b are empirical parameters. and
that drop size distribution is approximately exponen-
tial with a parameter of the R function, resulting in
the following values of a = 200 and b = 1.6. Subse-
quent studies have been led to different values for
parameters (see, for example, Battan 1973). The ra-
dar used at that time was a TPS-10 positioned in sev-
eral locations. (Marshall, 1953).

The CPS-9 radar replaced the TPS-10 in 1954, im-
proving the airspace scanning mode, by the use of
Fast Azimuth Slow Elevation (FASE) to get the most
out of FASE technique, Canada developed a new in-
dicator named Constant Altitude Plan Position Indica-
tor (CAPPI) (Legg, 1960).

In the summer of 1956, the Group Stormy
Weather began its research in Alberta area with
Decca radar type 41 (produced by the British Com-
pany Decca), as a result of the disasters caused by
the extreme weather that had taken place (Atlas,
1990). Despite the severe attenuation in larger nuclei
of storms, the radar succeeded to measure the ech-
oes height and to determine the link between the
height and the hail probability (Hitschfeld, 1986).

In 1967, the FPS-502 radar was deployed in Al-
berta. An important feature of the radar was its ca-
pacity to use different polarizations in sending and re-
ceiving electromagnetic waves. The research carried
out by this radar showed that the use of polarimetry
can identify particles of hail, rain or snow. Meteoro-
logical Radar Conference held in 1968 was opened by
installing the FPS-18 (10 cm) radar.

2.5 Japan

In Japan, the research using meteorological radar
started in 1954 by building radar in X-band, which
was installed in Tokyo by the Meteorological Reaserch
Institute (MRI) and conducted by Dr. H. Hatakeyama
(Galati, 2016). Shortly after the installation of the first
radar, a research program was initiated to investigate
the statistical relationship between the storm occur-
rence and the signal reflection from the upper part of
the atmosphere.

In 1964, a Doppler radar was constructed that ran
on the wavelength of 3 cm. By means of this Doppler
radar, the vertical structure of precipitations was in-
vestigated. The research was enhanced also by the
typhoon disaster of 26 September 1959, when about
5000 people lost their lives. Therefore, the first oper-
ational radar functional on X-band for observing the
typhoons was built in Osaka. The X-band radar was
shortly replaced by a C-band radar due to signal at-
tenuation through the rain. The first two C-band ra-
dars were installed at Fukuoka and Tokyo in 1955.

By 1970, the Japanese meteorologists published
hundreds of articles in the field of radar meteorology
which meant that they made a huge research effort.
After 1970, most Japanese radar started a new stage
of modernization by converting analogue to digital
signals.
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Tabel 1: Main technical characteristics of the first weather radar used by the USA, Canada,

China, India and Japan

t WSR  FPS WSR- WSR-
() -T4C =17 68 UL 5TM 83D
Frequency
9368 3656 3351 3333 2855 2855 2855
Wavelength 32 53 34 36 10.5 10.5 10.5
cm)
Sh pulse: Shpulse: Shpulse: Sh pulse
Pulse duration 03 3 2 2 1 03 1.57
(us) Ln pulse: Lnpulzse: Lnpulse: Ln pulse:
5 2 4 47
Peak
transmitter 250 230 230 165 30 500 750
ower (kW)
Effective
i 415 40 365 38 38.1 45
system gain
B )
Antenna
reflector diam. 36 24 24 19 18 36 83
m)
Puls Sh pulse: Shpulse: Shpulse: Sh pulse
use 931 o | = | s 650 650  318-1304
f epe Ln pulse: Lnpulse: Lnpulse: Ln pulse
© a 136 325 164 318-452

-104 -108 -113

2 1

2 1

Beamwidth 1
elevation (7
Antenna

360 360 360 360

3. Meteorological radars in the digital
age

The digital revolution began around the year 1970
and it was due to the evolution of technology in
electronics, which made that the meteorological radar
be developed in an accelerated pace. The conversion
from analogue to digital signal allowed the data
storage in binary format, a considerable reduction in
errors and implementation of new functions such as
Doppler frequency.

The main difference between the two generations
of radars, analogue and digital, is that the prior
technology transmitted the information under the
form of electrical pulses with variable-amplitude,
while the new one did this in a binary format of 0 and
1. Within this development, it was introduced the
radial velocity of the weather phenomena, due to the
Doppler Effect. Most of the radars with Doppler
capabilities were developed in the 1970s. For
example, in the USA, at NSSL (National Severe Storms
Laboratory) in Oklahoma a radar in S-band with
Doppler capabilities was installed.

The end of 1979 marked the beginning of a new
radar generation, namely NEXRAD. After nearly 10
years, the first radar of NEXRAD generation, WSR-
88D was inaugurated, and the last one was installed
in 1997. The project led to the construction of a US
radar network, consisting of 159 radars that covered
the whole territory (Galati, 2016).

MRI

MRI MRI Decca FPS-
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Meanwhile, staring with 1970, the meteorologists
were able to process also radar images from different
angles of height, due to the development of antenna
systems, RHI indicators (Range Height Indicator) and
CAPP (Constant Altitude PPI).

By the end of 2000, several countries, such as
Canada, Australia, USA and China, developed radar
networks with doppler capabilities. For example, the
Canadian network was fully completed in 1998. A
similar situation occured in Europe, where different
countries implemented this type of radar. For
example, in 2010, the ARAMIS network in France had
22 Doppler weather radars, out of which 10 were able
to use dual polarization (Galati, 2016). Since 2010,
European countries have provided the national
territory with radar networks, and the data were
made available to the public, via internet, such us the
European Operational Program for Exchange of
Weather Radar Information (OPERA) (Huuskonen et
al., 2014; Sireci et al., 210).

In India, Japan and U.S.A. the situation is different
due to the extreme weather phenomena that
occurred. The first network was developed in 1975
with MULTIME radars, and in 1980, India succeeded
to build its first equipment, which met the
meteorologist’s requirements, before many radar
developers countries (Atlas, 1990). In 2011, India had
a network composed of 40 radars in X and S-bands,
out of which five radars with Doppler capabilities
(they became between 2002-2006).

Another significant step in the radar performance,

after the introduction of the Doppler Effect, is the
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polarimetry. The polarimetry has been studied since
1980, but at the operational level it was implemented
in 2000. Using this technique, more information can
be obtained from the reflection of the precipitation
signals.

During the period 2000-2003, USA scientists
analyzed the operational advantages and the
performance of using the polarimetry within the Joint
Polarization Experiment (JPOLE), which resulted in
the implementation of technology in all weather
radars in the US meteorological service, and the first
NEXRAD radar transformed in polarimetrical radar,
took place on March 3, 2011.

4. The evolution of weather radar in
Romania

The first radar meteorological research in Romania
began in 1967, when the first Plessey 42 X radar was
installed in Bucharest (Apostu et al., 2005). Two other
radars of the same type were installed in Cluj-Napoca
(1969) and Mihail Kogalniceanu (1970). The activities
were carried out within the Central Meteorological In-
stitute within the structure of the Ministry of Air and
Marine (Official Gazette No. 266 of November 14,
1936; Burcea, 2011).

Being aware of the importance of the meteorolog-
ical radar, the authorities decided to expand the radar
research area by acquiring new radars. Thus, since
1973 and until 1990, Russian MRL-2 and MRL-5 pro-
duction radars have been purchased. Radar stations
were installed in Bucharest, Oradea, Iasi, Timisoara,
Craiova and Tuzla (Apostu et al., 2005; Perez et al.,
1999).

MRL-5 was specifically designed for hail detection.
The radar was designed on two frequency channels
(x and s band) and had the advantage of measuring
rainfall using two methods. The first method was
based on the measurement of the reflection factor on
a single wavelength, while the second one measured
the attenuation of the signals on both wavelengths.
Both methods required different corrections to obtain
reliable data (Collier and Chapuis, 1990; Dinevich et
al., 2004). The disadvantages of the MRL-5 station in-
cluded: too much time needed for data processing,
manual operation, and technology exceeded by the
current needs. Radar data determined by MRL-5 were
not available in real time, and this was done only
every 3 hours because the operator had to manually
draw radar echoes on the map (Burcea, 2011; Apostu
et al., 2005; Collier and Chapuis, 1990).

In 2000, two DWSR 2500 C-band Doppler radars
were implemented in the meteorological radar net-
work. Radars were manufactured by the American
company Enterprise Electronics Corporation and were
installed in Bucharest and Craiova. Acquisition of
these radars marks the beginning of the digital era
and Doppler technology in Romania.

The DWSR 2500 was built in solid state technology
(without electronic tubes) and includes digital receiv-
ers, Doppler processors, Windows-based operating
systems. The radar has the ability to analyze the evo-
lution of storm winds for detecting and tracking se-
vere phenomena, and also allows rainfall to be meas-
ured, hail conditions and floods to be detected.

In November 2000, the National Meteorological
Administration started the modernization of the me-
teorological phenomenon monitoring and forecasting
network, by implementing the National Integrated
Meteorological System (SIMIN) project. Thus, in 2001
and 2004, two METEOR 500C radar systems were in-
stalled in Oradea and Baia Mare. Radar stations were
produced by the German company Selex ES-Gema-
tronik and provide reliable high resolution data to
support meteorological analysis in a very short time.
To generate high-frequency pulses, the radar uses a
magnetron-based transmitter.

The SIMIN system also involved the installation of
WSR-98D type radars supplied by the American com-
pany Lockheed Martin. The WSR-98D radars has the
ability to research the airspace with a high accuracy
over a maximum distance of 300 km. In Figure 4, the
current SIMIN architecture in Romania is presented.

In 2003, the SIMIN program ended. Thus, five S-
band WSR-98D Doppler radar radars have been in-
stalled on the Romanian territory. Existing radar sta-
tions in the 1960s were replaced by Doppler radar, 5
WSR-98D in the S band and 4 C-band radars to form
a 9-radar network.

WSR-98D radars are valuable tools for detecting
heavy convective precipitation, heavy rainfall and ty-
phoons, and are based on meteorological algorithms
developed in the US for more than 30 years (Ioana et
al., 2004). Today, Romania has the most modern and
unique meteorological networks in Europe, which in-
corporates 3 types of radar stations, the DWSR-
2500C, the METEOR 500C and the WSR-98D.

[

Fig. 4: Architecture of Romania INMS (Ioana
et al., 2004)

24



Forum geografic. Studii si cercetari de geografie si protectia mediului

Volume XVIII, Issue 1 (June 2019), pp. 18-29
http://dx.doi.org/10.5775/fg.2019.031.i

Each system generates data every 6 minutes, and
the national mosaic is generated every 10 minutes.
Through telecommunication systems, the data from
radar stations is available anywhere in the NMA sys-
tem, almost in real time.

In Romania, research in the field of meteorological
radar is being done continuously. Research includes
both methods and algorithms for estimating atmos-
pheric precipitation, as well as research for the anal-
ysis of severe phenomena based on radar data.
Among those who studied precipitation estimation are
Burcea (2011), Bell, Seed and Bunn (2013), Poale-
lungi (2011), Burcea et al. (2012), Maier (2011) and
Breza (2008).

The increasing occurrence of severe meteorologi-
cal phenomena has led to increased interest in their
research. For example, Paraschivescu (2010) studied
the cases of severe weather, Bell, Sed and Bunn
(2013) studied the radar characteristics of severe

tropical storms and methods of estimating echo radar
movement, Apostol and Machidon (2009) investi-
gated hailstones in the Bérlad basin in which he used
radar data, and Carbunaru et. al., (2014) analyzed
hail detection.

A current concern is also finding new methods for
estimating quantitative precipitation (QPE) based on
radar observations. These estimates actually help me-
teorologists make predictions and alert the population
in real-time when severe phenomena are going to
happen. Craciun and Catrina (2016) proposed a
method of improving QPE compared to rainwater
measurements and average polarization adjustment.

Studies have also been done to better understand
precipitation data, for example, Burcea et al. (2012)
analyzed several measurements in Romania. Also,
Georgakakos and Spenser (2009) analyzed real-time
rainfall in Romania using radar data.
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Fig. 5: Evolution of weather radar in Romania, 1967-2010 (Burcea, 2011; Ioana et al., 2004;

Apostu et al., 2005; Perez et al., 1999)

5. Recent developments of weather
radars

To improve the detection of meteorological
phenomena, especially extreme weather conditions,
continuous research is being done in the field of
weather radar. The first discovery that has made
substantial contributions to the analysis of weather
phenomena is the Doppler effect. This technique
describes the change in the frequency of the signal
emitted by the reflective surface of a moving object.
With this new capability, new radars can determine
the direction and speed of movement of atmospheric
precipitation.

Christian Johann Doppler (1803-1853) discovered
this method in 1842 (White, 1982). The limitations of
the analogue equipment delayed the implementation

of the Doppler principle in weather radar, and it was
only in the early 1970s that it was applied with the
advent of digital techniques (Sundaram et al., 2004;
Doviak and Zrnic, 1993).

A first step in improving data provided by radar is
faster scanning of the atmosphere. Traditional radars
are limited by the mechanical scanning of the
antenna, so phased array antennas (PAR) have
developed. The Phase Antenna directivity
characteristic is electronically controlled and is
displaced almost instantaneously in azimuth and
angles of elevation, see Figure 5 (Zrni¢, 2007; Isom
et al, 2013). PAR technology is used for both
meteorological phenomena research and aircraft
tracking (multipurpose radar) (Newman, LaDue and
Heinselman,2008; Cheong et al., 2013).
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Most of the current meteorological radar (MRL-5,
METEOR 500C, WSR-88D, etc.) are monostatic or
bistatic, meaning the receiver and the transmitter are
co-located. The performance of these types of radar
has been improved by using the new methods of
digital signal processing.

When space objects are irradiated by
electromagnetic waves, the reflection of waves occurs
in all directions. Therefore, several receivers are
needed to capture all the energy of the
electromagnetic waves. To overcome this limitation,
multi-static radars with antenna networks are used,
where each antenna has its own transmitter and
receiver (Papoutsis, Baer and Griffiths, 2004; Yeary,
et al., 2010).

The distribution of hidrometeors at meteorological
radars made that the compression of the impulses to
be used only for military surveillance radars. This
technique, along with other signal processing
techniques, has begun to be studied and applied to
new meteorological radars.

IEE 686-2008 defines pulse compression as “... a
method for obtaining the resolution of a short pulse

Current Weather
Surveillance Technology

p =5 Min Data 10
Collection Time 2)

50 Pulse Measurement C

Sinusoidal
_WW " Pulseo B

A Rotating Reflector Antenna

B Unmodulated Waveforms

C 50 Pulses to Measure Weather Characteristics
D Volume Scan Time: 5 Minutes

with the energy of a long pulse of width T by
internally modulating the phase or frequency of a
long pulse so as to increase its bandwidth B >> 1/T,
and using a matched filter (also called a pulse
compression filter) on reception to compress the
pulse of width T to a width of approximately 1/B”
(IEEE, 2018, p.31).

The new weather radar must provide a great
temporal and spatial resolution. By using a high
frequency band, higher resolutions are possible than
with NEXRAD radars. Temporal resolution for severe
phenomena is a critical aspect because severe
weather changes in a matter of seconds rather than
minutes (NEXRAD provides a 4-minute temporal
resolution and 6-minute WSR-88D).

Greater resolution is needed, and this can be
improved by using the PAR technique.

Polarimetry is another technique present in new
weather radars. Unlike the conventional radars,
where emission and reception are realised by single
polarization, the new radars allow using two types of
polarisation (vertical and horizontal) (Figure 6)
(Kumiian, 2013).
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Fig. 6: The differences between traditional radar, and phased array antenna radar (PAR) (Zrnic,

2007)

This has led to a differentiation of radar reflection
power Z, which ultimately helps, among other things,
to distinguish hail from rain drops. An example of a
radar incorporating phased array antenna technology,
polarimetry and pulse compression is the CPPAR radar
(Cylindrical Polarized Phased Array Radar), developed
at the Oklahoma Radar Research Center (Zhang et
al., 2011).

Figure 7 shows a photograph of this radar. The
CPPAR system provides fast 360° coverage by flexibly
adjusting the azimuth beam and height angle. The
radar operates in the S band and provides a peak
impulse output of only 1.5 kW.

oon

Fig. 7: Cylindrical Polarized Phased Array Ra-
dar (Mark, 2014)
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The progress made in technology through the de-
velopment of integrated circuits, the digital pro-
cessing of Doppler signals and the development of
display systems have led to the improvement of radar
technology. But the study of radar data has also
played an important role in research into atmospheric
studies, particularly in terms of cloud physics, the
evolution of severe storms, precipitation estimation
and hurricane tracking. Such knowledge has led to
the development of new algorithms for data pro-
cessing.

Conclusions

There is a huge effort made by many countries to
investigate the atmospheric phenomena using the ra-
dar technique. In most countries, the efforts were put
in parallel and involved diverse techniques with differ-
ent approaches. Almost all researches were per-
formed in order to understand the severe weather
phenomena and to warn the population about them,
but also because they represented obstacles to iden-
tify certain space objects. For example, during WWII,
the precipitation, storms, tornadoes, etc., repre-
sented real problems in identifying own aircrafts or
the enemy’s aircraft. Early experiments had a huge
impact on the new equipment built today, which are
found in many countries. From the accidental detec-
tion and observation of precipitation on the circular
observation gauges until today, technology has
evolved continuously.

The history of the meteorological radar has also
given rise to new concepts. For example, in 1952
M.G.H. Ligda invented the term of "Mesoscale" to de-
scribe the phenomena observed by the meteorologi-
cal radar.

The meteorological radar was and still is highly
used in meteorology due to its ability to operate in all
weather conditions and airspace research. Several
technological developments have succeeded in pro-
ducing Doppler radars, radars in impulse, mono-im-
pulse, networks phased array antenna, solid state
transmitters, radar components digitizing as well as
complex techniques of modulation of signal transmit-
ted. All these techniques can be found in almost all
modern radars, which, most of the times, are imple-
mented in meteorology national and global networks.
The data provided by each radar sensor provides real-
time observation of meteorological phenomena and
have an important role in warning.

Researches on meteorological radar technology
are widespread and are motivated by the needs of
society to improve the prediction of severe weather
phenomena and to warn the population on short-term
events. Today, researchers are focusing more on en-
gineering in order to develop new tools. In the future,
the trend of technology advancement will lead to the
construction of passive radars, multi-mission radars,

to share the electromagnetic spectrum and to digitize
any radar equipment. An example of multi-mission ra-
dar can be considered the TPS-79 (R). This radar is
mainly used for the air space surveillance and the air
traffic control, but it also has the ability to determine
up to 6 levels of atmospheric precipitations.

Generally, the information concerning the types of
radars used at the international level are rare, but
some trends can be deduced. Most radars operate in
C-band and S, but most recent, those used the X-
band are also used. For example, in October of 2013,
the European weather radar network included 202
operational radars, out of which 184 had Doppler ca-
pabilities. The network included 169 radars that op-
erated in the C-band and 33 radars in the S-band
(Huuskonen et al., 2014).
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