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FOREWORD

United Nations Organization, the most representative organism of
contemporary world, has recommended the celebration every year, in the same day, of
some special moments, events, resources, actions etc.. For the two main components
of the environment, air and water, by hazard or no, two consequent spring days has
been established.

World Water Day has been celebrated, every year since 1993, on March 22",
having as initial goal to draw attention on the fact that more than 1 billion people did
not have access to clean water. The World Meteorological Day, has been celebrated
each year on March, 23“‘, since 1953, when World Meteorological Organization
Convention was signed and stated its existence.

In time, the celebration of the two days has become a tradition in many
countries. The fact is a normal consequence of the importance that the two subsystems
of the environment have for human life and activity. Nowadays, among other problems,
human society has preoccupations connected to the hydro-atmospheric environment:
warning, mitigation and fighting against effects of the climatic and hydrologic
hazards, improving air and water quality, a better management of water resources. One
can say with no doubt that both air and water, represent nowadays very important
problems for life and health of our planet, as a unique system, but also for component
subsystems. Their importance increases considering climatic changes which influence,
mainly, water resources of the Earth.

Hydrology and Meteorology team from Babes-Bolyai University of Cluj-
Napoca, Faculty of Geography, working in Physical and Technical Chair, has considered
very useful to promote the idea of celebrating the two days. First, we have thought to
celebrate the two events by a symposium which could reunite people from research field,
teaching activity and operational activity having as main aim a better knowledge of
hydro-atmospheric environment. This is the reason that has led to organize the
scientific conference “Air and Water — components of the Environment”. We have
wished that our conference bring together people from all branches of the main
fields, from internationally recognized researchers to people who are involved in
the operational activity.

We are glad that our proposal has had a huge echo both in the universities
and research institutes and meteorological, hydrological and environment networks
from our country and from abroad.



FOREWORD

Our goals could not become reality without the support of few companies
in the field of monitoring and management of air and water resources in our city.
That’s why, we want to kindly say “thank you” to all those people and institutions
which have given us important moral and financial support to get to the final points
of the conference.

One of those points is the printing of scientific communications presented
during the first edition of “Air and Water - components of the Environment” conference.
The reviews published for this purpose, one special issue of Studia Universitatis
Babes-Bolyai, Geographia, and a special issue of “Riscuri si catastrofe”, are the main
reason which proofs that our efforts have not been in vain. More than 60 relevant
articles have been published in the two special issues. They cover both theoretical and
practical aspects in the fields of meteorology, hydrology or environment pollution.

Finally, we want to say “thank you” to all those who have made us the
honor to participate to this scientific conference and we promise that the meeting
with spring in Cluj-Napoca will be repeated every year from now on.

Prof. Univ. Dr. Pandi Gavril
Conf. Univ. Dr. Florin Moldovan
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CLIMATIC CHANGE AND WATER RESOURCES

G. PANDI?

ABSTRACT. Climate Change and Water Recources. Water resource has a constant amount,
but its spatial-temporal distribution on Earth’'sface is highly modified by climatic changes.
Genetic factors of water resources — the rainfadl temperature — have significatively been
modified within last decades, and the phenomendmut stop in the future. Consequently,
water resources stocked as ice cap, glaciers amndvaili be diminishing. Water on continents —
running water, lakes and phreatic waters - wouldchanged from both as amount and
quality. The level of Planetary Ocean will risedahe characteristics of the seawater are
changed. All those changes would be reflected hyification of average values, as well as
frequency and amplitude of extreme hydrical phemam&he landscape components — abiotic,
biotic and anthropic would be affected by thesengea.

Keywords: climatic changes, water resources, continental waters, solid water, Planetary Ocean,
extreme hydrical phenomena.

1. INTRODUCTION

The Earth is the only planet of Solar System tlest Water resources capable to
sustain the life. During planetary evolution higtdhe amount of water from Earth surface
has been modified many times in accordance witlorm@ijmatic changes.

If we take into account actual stage of evolutslmrter, water resource of the Earth
might be considered relatively constant. Using thypothesis, we can write the balance
equations of ocean and continental environmentherbase of relation between evaporation,
rainfall and surface flow.

E,=P,+R and E=P.-R

Algebraic sum of two equations show equality betwtee amount of rainfall and

evaporation, so the Earth’s resource of water lasatant value.
EE+E=R+R

Only a very small amount of water (around 500008)knom the total volume of
water on the Earth (1,39 x 1Rm®) is involved in this hydrologic cycle.

The climate is responsible for genetic factors atiewresources. The rainfall represents
the main input of hydric system, then the tempegatuhich has a direct influence. Along with
other factors, the role of human intervention igenand more important within hydrologic
system. There are three ways through human fatiaence hydrologic cycle:

-increase influenced area.

-there are more and more influenced phenomena.

-increase the influence degree.

Of course, the influence degree is stronger atarscale level and it is reducing
slowly for superior levels. Already we can identdther hydrologic cycle (influenced or
even artificial) at different levels of analysis.

! Babes-Bolyai University, Faculty of Geography, 400006, Cluj-Napoca, Romania,
E-mail: pandi @geogr afie.ubbcluj.ro



G. PANDI

No matter which factors natural or human lead sodlimate changes, the spatial-
temporal modification of climate elements haveuiafice on hydrologic cycle, consequently
water areas and water resources that exist undereg phases: liquid, ice and vapors.

2. THE GENETIC FACTORS CHANGESWITHIN LAST CENTURY
2.1. Rainfall

The amount of annual rainfall, related to the agergalue of several years, has
been suffered important changes during time. Thoenaties plotted for the last 100 years
emphasis some characteristic periods and a soykcbéity.

The debut of the last century was a period chariaetkby a value of rainfall less
with 15 mm. compare of nowadays. Starting with 18pQo, 1940 it can be noticed a certain
increase to average value, anomalies being sligb8itive with a tendency for decrease. The
next 10 years were dry or near the average valoen & period with positive anomalies
follows, on average over 20 mm. Exceptionally weisvthe period 1955-1965, when the
most years had the anomaly over 30 mm. During énieg 1980-1995 the most years were
characterized by the reduce amount of rainfall,etomes having anomalies of 20 mm less.
Within last years of the period, the amount of falinstarts to rise but not significatively.
Consequently, the decrease tendency of anomalgrisarear for 1075 and 1992, having
maximum amplitude around 100 mm.

30,0

I e e

Anonmaly (M)

Fig. 1. Anomaly of annual rainfall (IPCC)

The variations of rainfall amount were significativdifferentiated from geographical
point of view. For the last century, Africa recaidde highest diminution of rainfall amount.
At the same time for southern part of South Amenimast of Australia and east of North
America was recorded slight positive anomaly.

For the last 25 years, positive anomalies are ptdse western part of Australia,
southern part of South America, whilst african $&tas recorded a slight surplus. In return,
negative anomalies are extended in North Americapfie, south of Africa, south an east
of Asia and southeast Australia.

10
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2.2. Thetemperature

From reconstructing the evolution of solar radmatinfluencing factors for 2000
years, result changes of temperature. For lastigeittcan be noticed an abrupt increase of
greenhouse effect, the diminution of aerosols alickwic activities as well as a very week
intensity of solar radiation.

For the last 100 years, temperature has recordedyaclear increase tendency. If
for the beginning of last century the anomaly vigd'€ compare with the average of interval
1961-1990, nowadays it is +0@ In absolute values, that means an increasedrage
temperature values on Earth from P850 14,5C. If the northern hemisphere is regarded
the anomaly’s amplitude is even bigger, arouf@ The warming climate tendency is going
on. The shorter period of regression taking intalgsis the bigger peak of the graphic.

Temperature anomaly (OC)

Years

Fig. 2. Anomaly and the trend of annual average temper@eC)

Geographical distribution of global warming showaxdimum values within temperate
zone of northern hemisphere, first in North Americarthern part of Atlantic Ocean and
Europe. In southern hemisphere south of Africalle®me warmer. The polar zones from
both hemispheres have become colder. Taking irdtysis only last 50 years we have the
image of a general warming, having as exceptiotvtbepoles and southern band of Planetary
Ocean.

3. FORECAST OF CLIMATE CHANGES

The forecast of genetic factors changes of watsources — rainfall and
temperature —is not always straightforward. Gloalming tendency of atmosphere is
accepted but last of some information are indicatinpotential start for a cold period.
Significant differentiations show the quantitatieealuation of global warming. Different
models realized for the next 100 years are indigadin increase of average temperature of
the atmosphere between 9-53.5C.

11
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There have been drawn up the maps of temperatarggeb areas for the next 20
years and up to the end of century. For both citsesforeseen that the hottest periods will
affect northern areas of north hemisphere. In theg®ns temperature might increase with
2°C for 20 years and with>®8°C up to the end of the century. The slightest wagmwiill be
recorded to the south of southern hemisphere, whigne 20 years temperature will increase
with 0,5°C and around 2100 year will increase witkiC.

2020 - 2029 2090 - 2099

CL LT I e
0051152253 35445555€6657 75

(*C)

Fig. 3. Distribution of global warming in thé®%decade
and up to the last decade of XXI century (IPCC)

The evolution of rainfall amount will not be so esided. It can be foreseen both
decline and increase, their distribution on Eagimgy very uneven. In general, it is foreseen
an increase of the rainfall amounts over 20%, gtidvi latitude, especially in northern areas.
Important increases will be the same in equatarieas of Africa and south Asia. The most
important decrease of rainfall amounts will be rded in near area of Mediterranean Sea,
on south-west of North America and southern Afridéthin these areas, the diminutions may
exceed 20% in comparison with actual quantitiesadoordance with these anticipations,
the zones less affected by rainfall changes withiseequatorials ones and Australia.

4. THE CHANGES OF WATER RESOURCES

The most foreseen have the source the averagesvafube elements. Some of
them are related to amplitude and frequency ofeexér values. It has to be stressed that
from point of view of hydric resources modificaticelong with average values of climate
elements, the changes of extreme values will haxeryaimportant role.

4.1. Solid water resources

The direct effect of global warming is the meltiafsnow and ice both in polar
zones and into the mountains areas. During thevalt&960-2005 the ice amount of Earth
has decreased with 7 x°G. Three characteristic intervals can be idemtifiE960-1975 an
average decline under 1XGa, 1975-1993 average declines under 2&t0and the last
interval when it was an abrupt decline from 2G0to 90x16Gt.

12
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Along with general thickness diminution of ice cajiscan be noticed an intense
melting up to 50 cm/year for the seaside area eé@and and Antarctica’s seaside oriented to
South America. The areas of ice-caps is permanegdlyaining for last ten years, reaching
an anomaly of 0,8xf&m? in 2005, compare with the average of interval 12665. The
evolution of Arctic Ocean ice-cap show an upwaeddrup to 1965, a relative steady state up to
1988 and a rapid decrease afterwards that yeahindst interval the anomaly decrease
from +0,2m to -0,6m compare with average valuentdrival 1950-2000. Up to 2050, it is
foreseen that the surface of ocean covered byiitdiminish to halve.

—— Observations
---- Mean of Models
= Standard Deviation of Models

10.0 ]

Sea Ice Extent (million square kilometers)

2.0
0.0 T Y T —
1950 1975 2000 2025 2050

Year

Fig. 4. Forecast of ice area diminution of Antarctica (IPCC

The continental areas covered by snow were dimimgsaspecially within decade
1980-1990, but today it shows some stabilizaticad H taken into account the evolution of
ice sheets of tropical mountains (Kenya, KilimaajaRuwenzori, Irian Jaya), for the last
100 years it was noticed a dramatically decreaske$urfaces.

The permafrost had a permanent diminish tendenlog. &rea anomaly had been
reduced from +0,5xfOkm? for decade 1950-1960 to -1,0X1Bm? for last decade, in
comparison with the interval 1950-2005.

4.2. The Planetary Ocean

The ice and snow resources melting, in accordaritte tive change of rainfall
distribution has direct implication on the levelRinetary Ocean. The general tendency is the
uplift of Planetary Ocean. Plotting data allowaiglifferentiate an interval of stability for 1800-
1870, a slight uplift of 40 mm. up to 1930, anchtlae intensification tendency with amplitude
of 120mm. The forecast for next century show atgradation from 200mm. to 480mm. The
minimum limit preserve actual gradient.

The uprising level amplitude is different in sudad-or last 50 years, rates of
maximum uprising, over 3mm/year have been recofdethe north —east part of Indian
Ocean, for the middle and northeast part of Pa@fean, and for north part of Atlantic

13
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Ocean. For the whole area of Atlantic Ocean, ith=notice a general uprising of water level. At
the same time, there are areas where ocean leweladed for the same interval: the middle
of Indian Ocean, equatorial band of Pacific Ocaathsome regions of east Pacific Ocean.

The Black Sea level has the general tendency, itlutawfaster rhythm. The uprising
tendencies for Constanta and Sulina are almosligbarsverage water level for last century
was 25 cm.

The studies show that uprising of ocean level is filtst to melting of Antarctic
ice cap, then to melting of the snow and ice fromdther continents and on the third place
due to melting of Greenland, and finally follow théc expansion of water.

The ocean water warming has not as main effectrgemngrising of level but
modification of some qualitative states. Thereftire,uprising gradient of level has a longitudinal
difference with a maximum in temperate zone. Thiaigaof water increase, especially within
intertropical zone, but significantly even in temgie zone. The concentration of J@crease
and concentration of Hn water decrease. A general phenomena is theitayvef isotherm
horizon and uplift to the surface of isodensityitam. Only for cold climate zones, the rainfalls
may bring the equilibrium of quality changes, refriag water resources.

Teorad 2and ol ey — ' . _.-"".:ﬂ‘“m
- T—— e "':\'\-\.\_\_
. ——

"
ST e ol i — = = = —

-'i.l'l.‘l':llcl

- — ——— —_—— -

South Pale Eqjuatis Moarth Pole

¥4 Heatard CO; norsased | deoraased i s J o Doepening | shakowing o isothone, iscpyonals
el i, Boain
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Fig. 5. Changes of ocean water state (IPCC)

4.3. The continental water

The change of climatic conditions is reflected mem flow and change resources
of phreatic water.

Foreseen for the next 50 years shows a highlyriedf annual average debits for
hydrographic basins belonging of Mediterranean 8&ck Sea, Caspian Sea, for central
Asia up to China, for southern part of North Amarifor middle part of South America and
for central part of Argentina.

14
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Up to 2050, the capacity of phreatic water regermrawill be the highest for
northern zone of Asia and North America, for sqoait of Australia and for some mountain
zones. The lack of regeneration will be recordednfarthern and southern Africa, and for
northeast part of South America. From this pointi@fv, Europe is placed into a neutral zone.

One of the main conditions for sustainable develapimof human society is the
state of continental water resources. From thiatpaiview there were differentiated some
critical zones for the next period. Up to 2070 hydvotential used for electric energy,
production for Europe will decrease with 25%.

Up to 2050 for northeast part of South Americaeptic water resources will decrease
with 70%. After the year 2020 decreasment of rdedits for southern part of North America
and Central America will lead to the impossibildf providing enough water for society.
The acid rain in east Africa will significativelyirdinish water resources in use. Starting with
2040-2080 for island from northeastern part of &amdOcean the uprising of sea level will
affect horizon of fresh water. The triggered flomfion big river in Bangladesh will increase
around 25%.

5. THE EXTREME HYDROLOGIC PHENOMENAS

The first indications of the hydrologic consequencé climate change will be
higher amplitude and frequency of risk hydrologiepomena.

The affected areas by risk phenomena will be mgteneled in comparison with
those affected by general lack of water. Major bialical risk would be the consequence
of extreme phenomena and not because of the lasktef resources.

For the last decade, there can be listed extremmopiena due to changes of climatic
elements.

- drought in central and southwestern part of A5898-2003;
- drought in western part of North America, 19982;

- flooding in Europe, 2002;

- drought in Australia, 2002-2003;

- very hot days in Europe, 2003.

The increasement of very rainy days frequency wilhance not only rainfall
amount but also the frequency and amplitude ohfifsoding. In the temperate zone of
northern hemisphere this tendency will be veryrsjrand will increase up to 2030.

The very heavy rain have a contribution to extemsiod intensification of linear
and area erosion processes. The torrential landfane more frequent and the riverbeds are
affected by a very intense dynamics. All these gsses provoke the augmentation of alluvial
transport and the acceleration of fluvial accumafaprocesses. The soil overmoisturing is
a opportune condition for mass movement procesgggeting. Consequently, the areas
affected by bad-lands erosion type are extended.

The choking of lakes and intense evaporation oewatue to extended intervals
with high temperatures are lead to diminution &Ekareas. In central Africa and Asia, the
situation is very serious. Classical example foridsf is Ciad Lake that in 130 years has
reduced ten times its area because of lowerinéetiegd with 6 m. Within 40 years lake Aral
has reduced very much its surface and the watsitésed form qualitative point of view.
The level of Dead Sea lowered many meters and@attentration has multiplied.

Extensive and frequent intervals without rainfetid to hydrologic drought. If for
intervals 1940-1980 the evolution of drought parameas certain equilibrium for the whole
planet, nowadays shows a rapid increasement. Extneamifestations are common in African
Sahel, southern part of Africa, eastern part ottSéunerica, and southeastern part of Europe.

15
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The uplift of planetary ocean level will cause flotg on the shores and a high risk for
Gulf of Mexico, Amazon’s estuary, Gulf of Guine&mglish Channel, the south part of Baltic
Sea, southeastern part of Mediterranean Sea, aetaf India.

General tendency of quantitative water resourcesndition, alteration of water
qualities and extreme hydrologic phenomena mora@oreé frequent have as consequences
the impossibility to satisfy the needs of humarietgc For the most countries it is recorded
a significant reducement of water resources ped,heihin a short interval 2000-2005.

Hard to believe for some areas the reducement tefrwasources is about 50%, as
example in Madagascar, Mauritania, Senegal, SuddiNaeria.

6. CONCLUSIONS

The genetic factors modification of water resoutead to a wide range of dangerous
hydric phenomena, which show a major risk. Thi¢ afflect all type of aquatic areas having
repercussions on all abiotic, biotic and human aamepts of geographical landscape. The
climate changes due to the natural evolution fachéod/or the existence of human society,
will affect the future evolution of the planet Hadverall. The assertion that “XXI century
will be dedicated to the water resources protetiitais not exaggerated.
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AIR AND WATER. PATHOLOGY AND THERAPY

ELENA TEODOREANU*

ABSTRACT. Air and Water. Pathology and Therapy. The paper makes an overview of
the pathological aspects of air when limits of thar comfort, high pressure variation,
humidity, high winds or air pollution are surpassedrious forms of naturistic treatments
based on the qualities of air (aerotherapy, hediathy, mofette and saline cures) are also
discussed. Some pathologies, pollution with heaeyats, pesticides and micro-biological
agents can unleash water-related epidemics. Wassrebcures (crenotherapy with mineral
waters, hydro- and thalassotherapy) are also déalt Medical indications for prophylactic,
treatment and rehabilitation cures are included.

Keywords. climatic parameters, hydrographic conditions, undstic treatment, pathology

1. INTRODUCTION

As known, air and water are the two capital elemémnt life on Earth, forming its
two covers: the atmosphere and the hydrosphegder to make the life of plants, animals
and man possible, they should meet certain phystoainical and biological conditions.

Man'’s life is intimately linked with the quality dhese two elements.

If the limits of some of these two variables arepassed, if their chemical
composition is changed, vital elements are redu€ddey are chemically and biologically
polluted, then a specific pathology sets in ligbléncreasing morbidity and even mortality
in time and space.

On the other hand, if some of their health-stimotatfeatures are judiciously
used, a naturistic therapy could be developed dapalight the negative effects of a less
favourable environment, or of some unhealthy habhsrited or acquired in the course of
one’s life-time.

Zonal climates and local hydrographic conditiongehin time engendered major
economic and mental disparities in people’s sthateeaalth or illness.

A characteristic of warm areas is the high calanc radiative stress, with wet
regions dominated by infectious diseases, e.g.neisder epidemics maintained by infections
agents (mainly viruses and bacteria, but also fupgitozoans or metazoans), transmitting
agents (arthropods — lice, fleas, etc.; insectosquitoes, flies, domestic or wild animals);
in dry and desert zones the density of populat@ngoextremely low, the incidence of diseases
is also very much reduced.

The temperate zone has a moderate climate withosglsontrasts, more life-
friendly, a better living standard and a more &ffic health-care system. Diseases are rather
anatomic, the consequence of nervous stress, agsleniirrational diets, air and water pollution,
etc.

The cold zone exerts a high thermal and dynangssstthe pathology being related to
hypothermy, avitaminoses and anatomic diseases.

! Ecological University of Bucharest; E-mail: eleneodoreanuy@yahoo.com
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2. AIR AND HUMAN PATHOLOGY

The relationship between the two is disturbed whkeneertain limits, deemed to
be life-friendly and comfortable, are surpassedti#d elements characteristic of a region’s
climate fall into this category.

A temperature above comfort limigarying in terms of adaptation to the general
climate) usually tops 30°-33°C (average skin teatpee) and, if it lasts, the human body
undergoes a heat stress. Returning to normal ydheebody must activate some mechanisms
to deplete overheating, e.g. conduction (trandfdsody heat to a colder substance or body),
convection (substitution of the hot air layer clésehe skin for a colder one), the body's
heat radiation, kind of “black body” behaviour, asldn water evaporation mainly through
perspiration. The last mechanism, entailing lossadtls and oligo-elements, causes fatigue,
circulatory instability and loss of body water (esially if not permanently replaced by
drinking), rises again the skin temperature, irgirgnthe internal body temperature. Effects:
heat oedema, spasms, exhaustion, congestion, kit cgncope.

Whenever high temperature is associated igitigthy sun exposure, especially to
UV radiation insolation may set in, the symptoms being heagjaitkness, dyspnaea, erythema,
photo-thalassemia, cataract, caloric shock anitptarly melanopathy (skin cancer frequently
followed by metastases). At the other end of thecspm,lack of lightleads to rachitis,
infectious diseases, depleted immunity, and tulbes Temperature below comfort limits
(also varying in terms of local climatic conditidrincreases the internal heat output to
rebalance heat values through some physiologicalepses: intenser metabolic combustion,
shiver (involuntary contractions of the striatedsetlas), more blood flow to the skin and
subcutaneous tissues, increase of secretions aest af perspiration, etc. Hypothermy
entails peripheral vasoconstrictions, chilblainsunitis, neuralgias and death if the body
temperature falls below 24°C.

High humidity or high windsenhance cooling and if exposure is longer, ciotre
not thermoisolated and the diet is poor in calorput, effects are severer and set on faster.
The symptoms of a weather-induced pathology arerbvious in rheumatic patients.

Noteworthy, high humidity creates discomfort aisith elevated temperatures,
enhancing the sensation of oppressive heat witiofmgical effects.

High atmospheric pressure variationser a short time span caused by an active
atmospheric circulation, with rapid successionaiofronts, entails weather changes, inducing
blood pressure variations and pathological effiectie circulatory, respiratory, endocrine and
nervous systems due to swift thermal and hydri@trans associated largely to rapid pressure
falls.

Some negative symptoms may occur at high-altitudamaineering (particularly
if the pace is fast) because atmospheric pressasigally partial oxygen pressure dropping,
may entrain variations of blood pressure, of hbeat; of cholesterol and glycemic metabolism,
modifying the activity of the nervous and respirgtsystems, sometimes falling under
“mountain sickness” ailments.

Windscan change thermoregulation, and by exerting tdnexssure on the body and
stimulating skin nerves, may unleash angina attavkgatively affecting the respiratory or
nervous systems. Fast-blowing local winds (Féehojeiase the temperature, depress air
humidity, cause irritability, fatigue, headachesetnorrhages, venous stasis, water retention,
painful scars, occasionally nervous disturbanagsides, etc.

Hydrometeors (rain, sleet, snow and mistacerbate the symptoms caused by severe
humidity and reduced insolation.
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Wind-related phenomermmaay influence the nervous system triggering theggms
common to the rapid passage of cold air fronts,a@nbing particularly heart pain, articular
pain and attacks of asthma. People struck by tlundg die through hyperemia (congestion,
accumulation of blood in a body organ or body pant) pulmonary oedema.

As a rule, meteo-sensitivity and the negative éffexf atmospheric phenomena
beyond comfort limits are visible especially in plosuffering from various illnesses, in
elderly with depleted thermoregulation capacity angmall children whose thermoregulation
is not sufficiently consolidated. Young, healthdividuals and particularly trained people,
put up more easily with the unusual manifestatimndimate.

It should be remembered that occasional or perntaaen pollution is a
characteristic mainly ofarge cities with great density of population, buildings, hegt
installations, and cars that modify air chemisnrégucing the quantity of oxygen strictly
necessary to breathing normally. At the same tithey increase the content of various
oxides, particularly carbon oxides, petrol vapoets,, especially in conditions of thermal
inversions, atmospheric calm when pollutants howver the city for a long period of time.
One may truly speak of a pathology of large citafsrban infections (frequent influenza
epidemics, tuberculosis, syphilis) due to high paton density, asthma attacks, deficiency
of minerals and disturbances of the mineral mewhotaused by low UV radiations, urban
fatigue, nervous disturbances, etc.

The air ofindustrial zoness polluted by the noxae released from manufawoguri
units (thermal power stations, non-ferrous metatgrganic and organic chemical works and
building materials). The effects on the populatoa either immediate (in case of accidents) or
delayed: irritations, asphyxia, fibroses, can@msmalies and malformations, genetic mutations.
Morbidity and mortality are on the increase throtigh aggravation of non-specific chronic
broncho-pneumonias (chronic bronchitis, pulmonanplkysema, bronchial asthma, nervous,
vascular and haematological disorders, lesionsebsteo-articular apparatus, etc.).

3. AIR AND THE NATURISTIC THERAPY

The same elements within convenient limits can $eduboth for prophylactic,
therapeutic and rehabilitation purposes.

Aerotherapymeans progressive exposure of part of the bodgf thre whole body
to the action of air. The techniques used are s®datelaxation for neurotonic excitable
patients, for sufferers from pain, and for frailesnand stimulation for those with delayed
organic responses.

The air cure acts upon the thermoregulation presgssproves blood circulation
and influences nutrition. In terms of temperataie baths are cold, moderately cold, cool,
indifferent, warm and very warm, depending on tbmfort-inducing temperature and on
heat loss. In terms of aerodynamic action, air $atie static, slightly dynamic, moderately
dynamic and highly dynamic, depending on wind viigyoabove 4 m / sec aerotherapy is
considered to be stress-inducing). In terms of twygatric conditions, air baths are dry
(under 55% relative humidity), moderately dry, ma@sad very dry (over 86%). Air bath
may be associated witheroionotherapyor therapy with inhalationsof marine or forest
aerosols, or with mineral waters and drug solutigkerotherapy may be associated with
other naturistic cures, e.g. heliotherapy, hydmapye kinetotherapy, etc. This type of therapy is
administered mainly in spas and health resortddocia the mountains, hills, plains or at
the seaside, according to medical indications dmed dombination with other forms of
therapy. Air cure also means spending one’s leiSome and taking walks in green areas, in
parks, in near-by forests or on lake shores aret banks.
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Heliotherapycan be practiced in the mountains, hills, plairet the seaside, depending
on the patient’s age and type of affection.

The general technique of a sun cure should belisktzdbby the doctor who doses it in
terms of weather and hour of the day. Prophylaudtications for children: otorhynolaryngological
ailments, trachaeo-bronchitis, rachitis and endednypofunctions; for adults: allergic asthma,
chronic gynaecological affections, and dermatoligaroblems. Contraindications: cancer or
precancerous conditions, evolutive pulmonary tuthests, gastro-duodenal ulcer, hyperthyroidism,
asthenic neurosis, decompensated cardio-vascigatians.

An in-door therapyincludesmofetteandsolfatation whenever there is high GGontent
with H,S percentages, indications are for arterial, masotaneous, circulation, hypotension,
varicose ulcer, etSpelaeotherapin salinasrich in sodium, potassium, calcium and magnesium
aerosols that are absorbed by the upper breathihgvays, is indicated in unspecific chronic
respiratory diseases (bronchitis asthma, chrormdadiitis, etc.). Spelaeotherapy karst
caverns where the concentration of calcium ions is recamded in hypocalcemia with
manifestations of tetany, migraines, psychic andategical manifestations, dental decay and
cataract.

4. WATER AND HUMAN PATHOLOGY

Doctors say that man can live without food for op40 days, but no more than
three days without water. For water to be fit foinking it should correspond to legally
established norms of taste, colour and smell, satth-impairing.

Each type of pollution produces a specific pathgld@ermal pollutionproduced
by thermal power stations affects mainly waterafland fauna, and indirectly mabhemical
pollution (with oil, phenols, detergents, nitrates from tleilization of soils with natural
fertilizers) produces intoxications, particulamysucklings (“blue disease”), headaches, diarrhea,
and depletes natural immunity in adulieavy metal pollutantdead causes hydric saturnism,
anaemia, nephrites, etc.; cadmium is responsibléypocalcemia and spontaneous bone
fractures, while arsenic may develop skin carféellution with pesticidess lethal for fish, and
if assimilated by the adipose tissue of man hag-term pathological effect®kadioactive
pollution targets the sexual organs, the blood, the epidgeand the eyes.

Micro-biological pollutionbrings about microbial diseases: typhoid fevesjrria,
cholera, enterocholitis, tularemia, carbuncle, atd viral diseases: respiratory, ocular, digestive
paralyses, encephalitis, hepatitis, etc. Diseasesed by protozoans (e.g. giardioses), by various
species of worms (cestodes, trematodes, filagitgender hydatic cyst taentasis, elephantiasis, etc

There are situations whemater-induced epidemicsisually explosive, occur as
lots of people in a region drink contaminated wafer they stop drinking it, the number of
cases suddenly drops.

The presence ohacro-and-micro-elements a region’s waters may produce certain
diseases, e.g. if water hardness is low (deficieficalcium and magnesium salts) the incidence
of cardio-vascular affections rises; the absenaghodmium favours atherosclerosis-related
morbidity. On the other hand, if water hardnedsigh, the incidence of kidney diseases is
on the increase.

5. WATER ASTHERAPEUTIC FACTOR

CrenotherapyInternal treatmentwith mineral waters: carbogaseous in gastrites,
enterocholites, biliary and renal dysfunctioakkaline in chronic gastro-duodenites, ulcer,
cholecistites, bile and kidney lithiases$jlorinated-sodidn stomack diseases and diabetis;
sulphattatedn constipation, and stimulate dieresig|phorousn gastrites and diabetis.
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External treatment- baths with carbogaseous waters in cardio-vasciiggases,
ovarian insufficiency and hyperthyroidism; with ahitle-sodic and iodated waters in
gynaecological, dermatological and rheumatic aiffect

Aerosolswith alkaline and sulphur waters in chronic rhihapyngitides.

Just like the sea watdherapeutic lakegre rich in chlorinated-sodium, magnesium
and sulphattated substances, being recommendeigiinat cures for rheumatic, gynaecological,
dermatological, neurological, post-traumatic andlicavascular diseases; warm baths and
vagina irrigations are also indicated.

Hydrotherapyincludes bathing in the sea (thalassotherapy)iviers or lakes
(especially salty), out-door or in-door pools, depieg on season, water temperature, salinity,
dynamics (waves or river currents), age, training ilness.

Baths have a stimulating and tonic effect if theewas ice-cold and rough, and
sedative if the water is warm and calm, with rellif small thermal contrasts against the
surrounding air.

In terms of temperaturesea bathsare: very cold (8-13°C), cold, cool, warm and
very warm (> 27°C); with regard to sea dynamicy three hydrostatic, slightly dynamic or
dynamic, depending on sea roughness. Effects:eopéfipheral circulation due to the contrast
between the temperatures of water and of air, véteamics makes continuous massages,
while salinity stimulates the metabolism and thia skceptors.

Heliothermal lakesare sought for the temperature contrast betweerrugpd
bottom water layers.

Out-door hydrotherapy can be associated with ¢daced by other forms of treatment:
hydrothermotherapywarm — over 35°C, indifferent, cool and cold @®C), total or
partial baths, compresses, wrappings, showerspatit$ alternationg-lydrokinetotherapy
andhydrotherapywith medical herbs, chemical and drug substaresyell as therapeutic
gases are also used.

6. CONCLUSIONS

Maintaining the environment as clean as possilifeuaing the natural cure factors for
prophylactic, therapeutic or rehabilitation purpgosdenever necessary, is an effective means,
perhaps less costly, to preserve one’s healtht fighinst all kind of diseases and, why not,
spend the little leisure time modern man can spar@greeably as possible.
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DEGRADATION THE AQUATIC ECOSYSTEMS
AS CONSEQUENCE OF THE ANTHROPIC IMPACT

NINA LIOGCHII!

ABSTRACT. Degradation the Aquaric Ecosystems as Cosequence of the Anthropic | mpact.
Aquatic ecosystems with all their components (biatid non-biotic), directly or indirectly,
are under human influence. This is why correctiemsares are necessary in order to improve
their state and to ensure the preservation of sty and natural habitats.

The object of our study was a like, situated betwibe Plopi and Maramanovca villages
(in the northern region of the Republic of Moldowa)d the surrounding region of about
10 hectares, represented by a flooded meadow withbandant paludinous vegetation,
dominated byCyperaceae, Thyphaceae, PoaceBesides the registered fauna and flora
species in this ecosystem, water and mud compositis researched. The results showed a high
accumulation of stable chemical compounds andsivertonsumption of N and P compounds.
The obtained results represent a fact of the gmtfactor impact on the researched lake,
witch persist during the last years.

Keywords. Anthropic impact, aquatic ecosystem, ecoindicapegies, biodiversity conservation.

1. INTRODUCTION

The anthropic impact and the atmospheric procgssesst on the environment,
continuing to endanger the ecological equilibriufmatural ecosystems, simultaneously
influencing the human life conditions. Among thesthmain natural factors of the environment:
Atmosphere, sail, water, the last one is the magebged to human action. Water passes through
different usage places (technological processeascudtgral activities, domestic use) and
captures much substances that worsen it qualitipstic ecosystems with all their components
(biotic and non-biotic), directly or indirectly,eaunder human influence. This is why corrective
measures are necessary in order to improve thedie aihd to ensure the preservation of
biodiversity and natural habitats.

2. EXPERIMENTAL

The experimental research was conducted on theatadke¢he surrounding grounds
situated between the Plopi and Maramonovca villa@geshe northern region of the Republic
of Moldova). The lake is artificial, situated ataititude of around50 mnext to a riveCubolta.

Initially, some observations regarding the ecolabitate of the ecosystem were
conducted, the next step being a phytocenoticigtésarin different phenological stages (spring,
summer, autumn), creating an inventory of the glamd animals living there, collecting
algae, molluscs, water and mud samples for labstigegions. Classifying and systemizing
the biotic species present there was an operatioducted using the MBS-10 and MBS-5
microscopes while their identification was realizesihg the identifiers approves for superior
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plants [2], algae [6] and molluscs [1]. The algamples were taken from the aquatic basin,
from those places that have the highest densigqabtic plants, flamentous algae - from
the bottom of the aquatic basin, from the stones] and aquatic plants.

The material collected was conserved using formsdintion 4% and kept in the
dark. The terrestrial gastropods were collectednfithe plants and soil near the pond,
together with these. The bivalve molluscs wereectdd directly from the shore of the lake.

Establishing the value and the level of endangetrioerthe recorded species was
conducted according to the categories UICN, MolgiayRed Book, Ukraine Red Book,
Romanian Red Book, Bern Convention, Bonn Conventidashington Convention [3].
The water collecting and analysis was conductedrdony to standards [4,7] conforming
to the standard dishes, conservation conditiondtamdarrying-out of the analysis.

In order to determine the heavy metals contentatbmic absorption method was
used - AAS and spectroscopy (XRS) [5].

3. RESULTSAND DISCUSSIONS

The observations regarding the ecological stath®fake and the nearing zone,
that were taken into consideration for this stuasge testimony to the influence of the
anthropic factor on the researched lake. In thieféas years, the ecosystem is subject to the
impact of the irrational use of intensive agrictdtuintensive use of the water in irrigations.
In the nearing zone, the aquatic basin protectmrezs missing. The lake is in very bad
shape, with a very low water level, much mud andtsrshores, gastropod shells were
discovered, bivalve molluscs, remains of the riebster, traces from a while back.

The nearing sector, with a surface of around 1@ahes; presents a flooded meadow
zone with abundant palustral, mesophytic vegetatielhdeveloped, dominated Gyperaceae,
Thyphaceae, Poaceae.

Amongst the superior palustral plant species heea kecorded as follw€alamagrostis
epigeois, C. earundinacea, Carex brevicollis, Pngs australis, Plantago maritima, Thypha
latifolia, Th. angustifoliaand so onand amongst the aquatic the species of chlorophyts,
diatoms, cyanophytes, euglenophytes and rodophdtesngst the fauns speciescorded,
we mention:Helix pomatia, Anodonta cygnaea, Astacus fluvigfilirdea cinerea, Oendatra
zibeticaand so on

Bioindicat. Sp.
B Purificat. Sp.

Mold. Red Book

m Bern Conv.

Washington Conv.

Figure 1. Categories of valuable species of flora and fauna
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The value of the ecosystem comes from the impoetafiche species that purify
water (g.Phragmites Thypha,Carey, eco-indicators of the degree of pollution wittganic
and inorganic chemical compounds 8cenedesmus, Trachelomonas, Anodonta, A3tacus
and the possibility of serving as habitat for thignating and remaining birds, as well as for
some species with a national and internationall lef/@rotection Ondatra zibehtica -8"
category of protection in the UICN clasifi€iconia ciconia -endangered species, included in
the appendix of the Berna convention, 1979c&egory of protection in the UICN clasifier
Helix pomatia -include in the appendix of the Washington conventik®73) (Figure 1).

Some species, dyachelomonas hispidé&cenedesmus acumunatosside the fact
that they take part in the biological water pugfion process, they also have the capacity
to assimilate organic substances and are usedtitionufor invertebrate animals.

In the aquatic biocenoses, the molluscs representdominant group. Bivalve
molluscs have their contribution in maintaining thelity of the water, having the capacity
of accumulating intensively a lot of metals. In thater of the lake situated between the
Plopi and Maramonovca villages, shells of the lalalusc -Anodonta cygnaegsometimes it
has 160-180 mm in length), were found in abundatmig mollusc being considered as an
indicator of good water quality. Thus we can codelthat pollution in this basin in minimum,
fact confirmed also by the presence of the rivester. The capacity of accumulating Cd,
Pb, Zn, the vast spreading and the reduced migratiake theAnodontamolluscs very
good bio-indicators for the level of pollution withese metals [8]. Within this context, the
analysis of heavy metals contents in the shelltheflake mollusc was conducted. The
molluscs were of course collected from the resegtdike. The results indicate an insignificant
accumulation of heavy metals, especially of thetraggressive ones Cd and Pb, of which
content proved to be of 0,31 and respectively Bggikg. Thus, the weight of metal content
raises as follows: Cd(Il) < Pb(ll) < Zn(Il) < Cu)K Ni(ll) (Figure 2).

o

NN NRRRN

Cd Pb Zn Cu Ni

Figure 2. Heavy metals content (mg/kg) in the shells codidct
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Along with the heavy metal content of the shelig tomposition of the water and
mud were also analysed, the results indicatinggh liccumulation of stable chemical
compounds, as well as an intense use of compohati€dntain nitrogen and phosphorus.
According to the ecological state index, the wapaality in the lake researched falls within
the quality classes Il and Il

In order to maintain its value, are necessary Bléitmmeasures for diminuation the
anthropic impact, fact that will contribute to tteeestablishment of the ecological equilibrium,
the preservation of bio-diversity and to the ecilabeducation of the population.

4. CONCLUSIONS

The value of the ecosystem comes from the diyenithe species that purify water,
eco-indicators of the degree of pollution with arigaand inorganic chemical compounds
and the possibility of serving as habitat for thignating and remaining birds, as well as for
some species with a national and internationall lef/@rotection. CMA limits, as well as
the parameters of the water in the lake, confisatisfying quality of this ecosystem.

The results of the study will serve as scientifigiement for establishecessary
suitable measures for diminuation the anthropicaiabpfact that will contribute to the re-
establishment of the ecological equilibrium ofstlaiquatic basin, the preservation of bio-
diversity and to the ecological education of thpydation.
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TEORETICAL ASPECTSON THE USE OF GREEN TAXES

ADINA RUS!

ABSTRACT. Teoretical Aspects on the Use of Green Taxes. One of the central goals of

a green economy would be to make prices reflee tasts. At present, prices place an
artificially low value on non-renewable natural gasces and completely ignore external
costs — to the air, the water, the soil, to futge@erations, to workers’ health. The whole
economic system is geared to keeping these cogerhalized’. A green economy would

adjust prices to include real costs and wouldtigtia system of ‘green taxes’ to drive this
forward. Green taxes began with the simple aimisgaliraging people from damaging the
environment by making them pay for using naturabtgces. For example, burning fossil
fuels in power stations causes acid rain; it dadlge environment and should be taxed.
Raising the tax on motor fuel would encourage pedpluse more energy-efficient cars or
to use them less, or both. Taxing the dumping dftevin landfill sites would encourage

recycling and alternative ways of dealing with veaahd might help to reduce the total

amount of waste we create

Keywords: air pollution, environmental taxes,environmentatagation, taxation.

1. INTRODUCTION

Many serious threats to humanity’s future — frormate change and ozone depletion
to air pollution and toxic contamination — arisenfrthe economy’s failure to value and account
for environmental damage. Because those causindhdla do not pay the full costs,
unsuspecting portions of society end up bearingthadten in unanticipated ways. People
from different countries, for example from Unitetht®s, annually incur tens of billions of
dollars in damages from unhealthy levels of aitutioh, but car drivers doesn’t pay anything
at the gas pump for their part in this assault.

Taxation is an efficient way to correct this shoning, and a powerful instrument
for steering economies toward better environmemgalth. By taxing products and activities
that pollute, deplete, or otherwise degrade natsyatems, governments can ensure that
environmental costs are taken into account in geidecisions. If income or other taxes are
reduced to compensate, leaving the total tax buldesame, both economy and the environment
can benefit.

2. THEORETICAL AND CONCEPTUAL ASPECTS

Opinion polls show that a good share of the putilioks that more should be
spent on protecting the environment, but most gedpksn’t agree with the idea of higher
taxes. By shifting the tax base away from incomeé tmward environmentally damaging
activities, governments can reflect new prioritithout increasing taxes overall.

! Babes-Bolyai University, Faculty of Economics andifiess Administration, 400591, Cluj-Napoca, Roaani
E-mail: arus@econ.ubbcluj.ro
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So far, most governments trying to correct the rgskfailures have turned to
regulations, dictating specifically what measuressttbe taken to meet environmental goals.
This approach has improved the environment in n@ages, and is especially important
where there is little room for error, such as ispdising of high — level radioactive waste or
safeguarding an endangered species. Taxes woudddoenplement to regulations, not a
substitute.

Green taxes are now seen as part of a wider ragtinug of taxation — eco-tax
reform — which will encourage not just environmdgtaustainable development but also
better economic performance, more jobs and greammomic justice within and between
nations. One reason green taxes make sense fra@moammic, social and environmental
point of view is because they tax ‘bads’ insteatfjobds’.

Recent studies in Britain, the US and by the Eumop€ommission have found
that replacing existing taxes on employment, incoamel profits (‘goods’) with taxes on energy
use (‘bad’) can yield a threefold dividend: betieerall national economic performance; higher
levels of employment; and a cleaner environmeneirTgoal should be to shift the balance
between the use of human resources (now under-gaapland natural resources (now over-
employed).

However, critics charge that green taxes are reyedecause they hit poorer
people relatively harder than richer. For examifle, tax on household energy raised the
cost of heating, cooking and lighting, poor peoptuld find it harder to pay and harder to
invest in energy efficiency to reduce the higheéesaThe regressive effect would be all the
greater if green taxes replaced taxes on incom@geofits — which many poorer people
never had to pay in the first place.

Environmental taxes are appealing because theynegh many goals efficiently.
Each individual producer or consumer decides hoadjast to the higher costs. A tax on
air emissions, for instance, would lead some faetoto add pollution controls, other to
change their production processes, and still ottergdesign products so as to generate
less waste. In contrast to regulations, environaietatxes preserve the strengths of the
market. Indeed, they are corrective taxes: theyadlgt improve the functioning of the

market by adjusting prices to better reflect anvitgts true cost.
In a minor form, environmental or so-called greares already exist in many

countries. A survey by OECD turned up more thare®@dronmental charges among 14 of
its members, including levies on air and water yiwh, waste, noise as well as various
product charges, such as fees on fertilizers atidrigs. In most cases, however, these tariffs
have been set too low to motivate major changéelravior, and have been used instead to
raise a modest amount of revenue for an envirorahenbgram or other specific purpose.
Norway's charge on fertilizers and pesticides, ifstance, raises funds for programs in
sustainable agriculture — certainly a worthy caudmut is it too low to reduce greatly the
amount of chemicals farmers use in the short t@imus, some economists conclude that
the main effect of green taxation is fiscal rattitean environmental. For example, green
taxation has been applied in relation to the rédoadf carbon dioxide (C£ emissions in
OECD countries. However, one may argue that eveagi CQ taxes are differentiated,
they may lead to the required environmental reslltstraightforward way of measuring
these environmental results is simply to look & tiominal emission development in the
five OECD countries where G@axes so far have been applied.
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Tablel
CO, tax, year 1990 1997 Increase 1990-1997
Denmark 1992 - 93 53 63 19%
Sweden 1990 55 57 4%
Norway 1991 35 41 17%
Finland 1990 73 77 5%
Netherlands 1990 160 179 12%

Note Figures are rounded to the nearest million ton.
Source:Daugbjerg and Svendsen (2001) and Andersen, DeraggbPedersen (2001).

In the table presented above are used nominaled@ssion figures and the year
1990 as reference year because these two criterizgsad in the Kyoto Protocol which is an
international agreement on national £farget levels. Carbon taxes went into effect in
Finland and the Netherlands in early 1990; Swedega collecting carbon taxes in
January 1991. Unfortunately, none of these levéesns high enough to spur major changes
in energy use. In the case of Sweden, howeverftya fidfur dioxide tax, which also went
into effect in January 1991, combined with the $rcalbon tax, may encourage measurable
reduction in fossil fuel burning. Table 1 showst 88, emissions have increased significantly
since 1990 for all 5 countries that have applied @&ation (the Cotaxes were all introduced
in the beginning of the 1990’s).

A comprehensive set of environmental taxes, dedigagart of a broader restructuring
of fiscal policy, could do much more to move ecoiesmquickly onto a sustainable path.
Most governments raise the bulk of their revenyetaking income, profits, and the value
added to goods and services. These are convendgstaf collecting money, and ones that
often serve an important redistributive functiomit Isuch taxes distort the economy by
discouraging work, savings, and investment. Sultstg taxes on pollution, waste, and
resource depletion for a large portion of currentds could improve both the environment
and the economy, and be done in a way that keepsti#l tax structure equitable.

A comprehensive green tax code would alter econ@miiwity in many areas. It
would place fees on carbon emissions from burnfngpal, oil, and natural gas, and thereby
slow global warming. It would penalize the use ofyn materials, and thus encourage
recycling and reuse. It might, among other thirgggrge for the generation of toxic waste,
and so foster waste reduction and the developnfesdfer products, and for the emissions
of air pollutants, thus curbing acid rain and resjoiry illness. And it might impose levies
on the overpumping of groundwater, which would emage more efficient water use.

Completely shifting the tax base away from income #oward environmental
concerns would not be desirable. Income taxes swally designed to make the wealthy
pay proportionately more; green taxes, on balawoejd not serve this equity goal. Hefty
carbon charges would cause heating oil pricessi®, imposing a heavy burden on low-
income households who spend a greater share ofitftteime on this essential item. To
offset this undesirable impact, income tax ratesldvmeed to be lowered even more for
poorer people. Another reason to blend income avit@mental taxes is that green tax
revenues would diminish as production and conswnppiatterns shift away from taxed
activities. Environmental levies would thereford he as constant a source of revenue over
time as income taxes are. Once producers and censumave adjusted to the new tax
scheme, revenues from green taxes and incomeusxed strike a more stable balance.
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Besides their help in reshaping national econontesen taxes can also raise
funds for global initiatives that require transfédrem rich countries to poorer ones,
including slowing global warming, preserving traglidorests and biological diversity, and
protecting the ozone shield. An extra tax of 10e$ fwn of carbon emitted in industrial
countries would initially generate 25 billion $ pear for a global fund.

Reshaping fiscal policy to be an instrument ofiemmmental restoration may be
difficult at a time when policymakers are concermétth the economic slowdown and with
revitalizing the flagging economies of the formewist bloc. Yet nothing lasting will be
gained by the continued pursuit of growth at th@remment’'s expense.

3. CONCLUSIONS

Green taxes must be part of a larger package eStakich will make people pay
for usingcommonresources. The most obvious of these taxes wid tax (or a ‘rent’) on
the value of land — proposed by the American ecastolenry George a century ago and
opposed by wealthy interests ever since. Amongrstbeuld be taxes on the use of radio
frequencies, space or the oceans. Because thesevidkhit rich people’s incomes harder
than poor people’s (like an energy tax at sourtvey tvill not be regressive.

If green taxes are successful they will reducevihelesale destruction of natural
resources. And eventually this will mean less reeefiom the tax. If government finances
depend on green taxes this could be a seriousgunolBut it is a problem that must and can
be avoided. Green taxes will need to be phasetlsteadily rising rates over a period of 10
to 15 years, so the total revenue from them shosklfor at least that long. Afterwards,
human activities will still depend on using eneemd other natural resources: even when
their use has fallen to sustainable levels, pewjllecontinue to use them. Widening the
principle of green taxes to include taxes on treeafsall common resources like land, radio
frequencies, the oceans and so on would resulhiematax base adequate for future needs,
though very different from the present one.

For economists, the function of green taxes isternalize’ costs now ‘externalized’.
People and companies should be made to pay akkdbits of their activities, instead of
being allowed to impose them on other people, tlinly other parts of the world and future
generations. Ideally, green taxes should be seted that reflect these ‘true’ costs.

On the other hand, most people will benefit astagoreform helps to shift the
balance from resource-intensive, environmentalipdging production to people-centred
activities. ‘Sunrise industries’ will benefit, indling electronic and environmental technologies
and the intellectual ‘know-how' and ‘software’ opations that go with them. And so will
the whole range of industries and occupations hidtireg health, education, entertainment
and the arts — that rely mainly on the skills obgle to deliver personal services. As it
becomes more widely understood that the issuenigeecreform, not just a particular green
tax, political support will grow.

We also can't think about green taxes without loglkat the international dimension.
As the recent World Commission on Global Governgmgeit: ‘The time has come when
we must seriously consider levying charges on the of common global resources to
finance common global purposes.’ International graexes could be a much-needed source
of revenue for the UN. They could also encouragdally-sustainable development and
economic justice between nations.
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ABSTRACT. The Determination of Auto Transport Impact on Urban Agglomerations.
Monitoring air quality in urban agglomerations loé tRepublic of Moldova shows an increased
level of atmospheric air pollution in some areaseexling several times the sanitary level.
The air quality was determined by direct measurésnehconcentrations in air polluting
substances, using standard methods, by calculdtenguality and quantity of used fuels.
To determine the contribution to the pollution smg of pollution and the assessment rate
to the fund of transport auto pollution, the ratgact of motor transport, and from fixed
sources of pollution in the investigated areasevieventoried fixed sources of air pollution,
determined the intensity of road traffic, and tgors structure.

Theemissions of polluting substances from fixed sasingere determined by inventory.
The evaluation of impact and pollution sourcestomogpheric air quality was conducted on
the basis of inventory data, LAE normatives (liig#lowable emissions) and MAC (maximum
allowable concentrations).

Keywords: urban agglomerations, Republic of Moldova, pollytabstances, atmospheric air quality

1. INTRODUCTION

Republic of Moldova is situated in the Northern ligghere,in the South-Eastern
Europe, andncludes the land in North latitude 2%’-48°29’, andeast longitude 280’-
30°05'. Territory stretching from north to south fodetance of 350 km, and from West to
East over 150 km distance.The surface of Republd3i7 thousand km

The territory of Republic of Moldova is a part bEtEastern Europe plain, and it's
located in a proportion of 90% between Nistru ang Avers.59% of territory in the basin
of the Nistru,23% in the Prut basir,1% in small river basindributaries of the Danube,
and 7% in small basins of rivers that flows inte Black Sea.

Therelief of Moldova is a plain with an average atliduof 147 mThe highest part of
the territory of the republic (Codrii)pcated in the central arelaas a strong relief scraped
with a maximum altitude of 429. 5 rand occupies approximately 15% of the whole teryito
of the republic.

Moldova's climate is temperate continent@h average per year are 2060 hours in
the sun in northern and 2350 hours in the souttegiions of the republicThe average annual
temperature of air in Moldova is positive and iSQLOThe annual quantity of atmospheric
precipitation is 380 mm in the south and 560 mmarthern republid, 7).

The climate is determined by external barice cenfédne atmospheric circulation
is predominantly anticiclonal with relatively lowtnaospheric processesxpressed by a
variety of changes in seasonal movement.

! Institute of Ecology and Geography of ASM, Repudflidoldova, Chiinau.
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Most of the cyclones cross the RM of WeSguth-West with an average speed of
20-30 km/hrrange 80-90 km/hprevailing winds directed from the West, North, tReest and
with a lower frequency in South and South-West. @terage speed of 2,5-4,5 m/sec.

Because fluid state of the object of study - tmeogphere, the ceaseless movement of
air masses, the atmospheric air quality is in anpeent change, but at the same time
stability and periodicity of physical processegdhie atmosphere, allowing to develop some
criteria for assessing which and ensure the siateassess the air quality as a result of
scientific research and direct atmospheric measemésj2-7,9].

Air basin has a capacity of resistance to pollugsatf-purification),which depends on
the flow of pollutants into the atmosphere anddlimatic conditions. To characterize the
auto-purification level of atmosphere was introdutiee concept of potential pollution of
the atmosphere(PPARPA is classified: down (2.4), moderate (2.4-2a¥grage(2.7-3.0),
high (3.0-3.3) very high(3.3) [1,7,8]. The PPA age calculated for the air basin in the
Republic of Moldova on the basis of geoclimatie(fberiodicity of temperature and ramp
inversions,frequency of wind speed 0-1 mfsequency of days without wind, periodicity
of mists) is 2.8-2.9which shows that the atmosphere in the RM has aplatential for
self-purification and natural complex is charaaed as unreliable [1].

What makes the limitation of development areas Veithe industrial emission of
pollutants.

Depending on weather conditions the atmosphereah@stain capacity for self-
polluting substance3.o characterize the stability of the atmosphenegusie potential pollution
of the atmosphere (PPAJPA average calculated for the air basin in theuBlepof Moldova
on the basis of geoclimaticaly is 2.8-2.9, whiclweh that the atmosphere in the Republic
has a low potential for self and natural compleghiaracterized as unreliable [1,4], which
makes the limitation of industry development angils high emission of pollutants.

Serious consequences of air pollution in Moldowafatlt in all spheres of activity,
as degradation of soil quality and agriculturadoicts,initiating the process of desertification,
decreasing productivity of cropfgrest damage;hanging composition of ecosystems at the
micro and last increased morbidity and mortalitpylation

In the air basin of RM emit more than 130 substangit air,of which about 36
in considerable amountétmospheric air pollution with chemicals lead taydelation of air
quality, As a result of this growth factor we owe, populatieorbidity and mortalitygegradation
of forests,disappearance of many species of flora and fauna.

The biggest influence on air quality is dusttrogen oxidespxides of sulfur,oxides of
carbon, hydrocarbonkeavy metal$7].

Growth in the volume of auto transport leads toesgure of increasing environmental,
particularly in relation to climate change and dirsihing biodiversity [2,6,7,10].

To study the processes leading to degradatiorr ofuaility have begun research to
estimate the level of pollution of the atmosphand assessment of anthropogenic impact
on air quality caused by atmospheric emissionbfifing substances from auto transport.

2. OBJECT OF STUDY AND RESEARCH METHODS

The object of this research study is the impadtioquality exercised by atmospheric
transport and trends of change during 1990-20@8ethission and concentration of polluting
substances in atmospheric air of urban agglomastihe areas with concentrations that
exceed health standards and present danger toheranent and health.
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The monitoring of concentrations of substancesugialy the atmosphere is made
by service Hidrometeorologic state stationary pwsitto 17, located in 5 industrial centers:
Chisinau, Balti, Tiraspol, Ribnita, Tighina for lb@apollutants (dust, sulfur oxide (IV) oxide
carbon (I1), nitrogen oxide (IV)) and specific (piok formaldehyde and soluble sulphates) [1].

Emissions of polluting substances were determineth¥entory fleet and traffic,
parallel computing based on the fuel consumed eyridmsport units and specific emission
coefficients.

Air quality is expressed through the complex indépollution of the atmosphere,
which is calculated using the formula [1,2,7]:

I m =2 (g/ CMA) G;

where m - the number of polluting substances mogdko

g - pollutant concentration in air;

CMA - the maximum concentration of the substancerifnag/n?) (full health),

G- dimensional constant, which depends on the clastanferous and polluting
substance is set: hazard class 1 -1.7, 2 -1.303410. 9.

Using the indexg}, we appreciate the quality of the atmosph#/ken | air quality
is considered acceptablhen | m, the concentrations of some polluta=dssubstances
monitored is greater than the CMA and air qualibesi not meet health standardg, is
used for comparing air quality in cities for di#ert time periods, which allow the trend to
change the air quality in citiesy) allows the ranking of the cities according to aialiy.

Air basin has a capacity of resistance to pollutibm characterize the atmosphere
auto-purification we use the concept of potent@lytion of the atmosphere (PPAYPA is
classified: down (2.4), moderate (2.4-2.7), averggyé-3.0), high (3.0-3.3) and high (3.3)
[1,2,4].

Based on data about tigeoclimaticaly (the periodicity of temperature and ground
inversions,frequency wind speed 0-1 m/s, frequency of daybaut wind, periodicity of
mists) PPA was calculated average for Moldova and he82.9, so it is considered high,
indicating that the atmosphere in the RM has a Ilspoééntial auto-purification and natural
complex of the republic is characterized as un#digl, 7].

To meet the proposed objectives have been ach&égedies of tasks — inventory of
auto-park - state and dynamic analysis in timerabapheric air quality in urban agglomerations
for the period 1990-2008 - the impact assessmerpolbfition sources on air quality in
cities and atmospheric throughout the RM — theyaiglof consequences caused by the
pollution of the atmosphere.

3.RESEARCH RESULTS

To achieve the proposed objectives, was analyzedtito road network , vehicle
fleets inventoried, measured emissions from molsiteirces of pollution into the
atmosphere through the inventory forms in the ad 2TP statistical calculation based on
the road traveled and fuel consumed, monitoreaithi@a urban agglomerations of the main
polluting substances in research, determined tlaéitgand dynamics while air quality in
cities for the years 1990-2008, carried out the eling process of dispersion of the
polluting substances into the atmosphere from raaiurces of air pollution, assessed the
impact of pollution sources the atmospheric aifigua
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3.1. Structure and transport in the RM

In RM are working 566 power stations with oil arabaat the present, 24 bases for
the storage and preservation of petroleum prodguaisover 460,000 units of motor transport.
Number and structure for the years 1990-2007 avevistin Figure 1 [10].
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Fig. 1. Number and structure of the auto park in RM

The structure of auto park that we have now isrdfie age of about 30% of
transport units with less than 10 years, otherwid@cles aged over 10 years, practically
worn with redundant emissions into the atmosphexery third car and second truck
involved in traffic does not meet the requiremerftenvironmental and safety standards.
Predominant tendency to import classes small tom@agomobiles, trucks, cars and small
buses, endowed with body type pick-up. Increasegdte of non-soviet production cars,
especially cars and small buses, which are used gxiensively.

The public network of roads in Moldova is 12 719,kof which 87% paved
surface. Of the total 3 669 km form the nationads it would be 6 834 km local roads,
guality, however, does not meet international statsl [10]. The national standards meet
the international rules only in relation to estahbing the degree of fuming with exhaust
gases of Diesel engineBmissions standards for pollutants in the exhaastgovided by
the national standards for vehicles with enginesetbaon gasoline, do not correspond to
those laid down by the European Union (Euro-1, 208 4).

Adjustment of national legislation with the EU DOitizes on the implementation of
environmental norms Euro-2, Euro-3, Euro-4 for $faortation, import cars would reduce
waste and thus diminish the negative impact onityuz life.

3.2. Mobile sources of pollution

Mobile sources of pollution include road vehiclagricultural and special aviation,
rail transport, marine and inland waterway transpenich removes significant amounts of
CO, NQ, hydrocarbons, Pb. Of engines is deleted benz&nglie, dioxins, hydrocarbons
and volatile benzofurani.
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In assessing the amount of polluting substancesasetl into the air basin of the
Republic of Moldova has made an inventory of sasiafepollution of the atmosphere were
determined from emission sources in the environmaarlt passports by calculation based
on the quantity and quality of fuel consumed (fjg.1

In the republic are located approximately 105 matansport undertakings and
industrial enterprises, households who own trarispor

According to the National Bureau of Statistics imported quantity of gasoline in
the years 2000 - 2006 is characterized by a cantmgrowth, as in 2004 about 212.3 thousand
tons, with 42. 5% increase compared to 2000. Miingasitive trend of increasing the
share of gasoline containing lead reduced: from7L#iousand tons in 2000 to 212.2 tons
in 2004, representing respectively 57.35% and 9®B#atal gasoline.

In assessing the amount of polluting substancesasetl into the air basin of the
Republic of Moldova has made an inventory of sasiafgoollution of the atmosphere were
determined from emission sources in fixed and neobdurce direct estimate, based on
ecological and passports by calculation based antifyaiand quality of fuel consumed (fig.2).
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Fig. 2. Annual emissions of polluting substances fromliscarrces

For the period 1990-2008 emissions from mobile casidecrease from about 650 kt
per year in 1990 to around 250 kt in 1993, whicm@ntained with small variations until
1997, then nine in 1998 to decrease to about 1ZMhdtthen start a slow increase until a
value of about 240 thousand tons of polluting substs in 2008. Since 2000 is a slow but
stable growth in emissions from transport, dueassive imports of cars from Western Europe

Comparative analysis of total annual emissionsafiufants into the atmosphere
from fixed and mobile sources of pollution durifg tyears 1990-2008 shows that in 1990
the total mass of polluting substances released fixed sources constituted about 40% of
total emissions, which lowers gradually to 10.592000, then begin a slow growth rate
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reaching 15% in 2008. Share of transport in thénkais pollution in 1990 was about 60%,
which rose to 89.50% in 2000 (of which 84% returaetb transport) and a small decrease
to 85% in 2008 of total anthropogenic emissions.

Comparing emissions from fixed and mobile soureesfind that mobile sources
have a decisive contribution to local air polluti@missions from fixed sources are held in
height and up to the soil is diluted and moved idanable distances from the source, emissions
from mobile sources occur at about 0.8 m from tiréase and directly affect air quality and
currently layer of earth in the troposphere. So #&atnsport is the main source of air pollution
in cities.

Systematic observations of the level of air patiatin the republic is carried out in
five cities - Chisinau, Balti, Bender, Tiraspol @Rabnia meteorological services by the state [2].
Air quality is expressed through the complex indéair pollution

The values of complex index of air pollution foe tperiod 1993-2005 in the cities had:
Chisinau § = 4. 2 (1993);d= 4. 2 (1995);d = 4.3 (2000);d = 4.77 (2005). Baltis|= 11.7 (1993);
Is=11.7 (1995);d=10.4 (2000) and k= 6.74 (2005). Rabta |, = 3. 1 (1993);4= 3. 1 (1995);

I, =3.1(2000);4=1.86 (2005). Tiraspok E 12. 0 (1993);sl= 12. 0 (1995);sl= 12. 0 (2000);
ls = 5.17 (2005). For Tighina# 3. 0 (1993);4 = 3.0 (1995);4= 1.4 (1995);4= 4.21 (2005).
According to data presented air quality in citigbRta, Chisinau, Tighina is satisfactory,
but in some periods, the index is greater tharC&. The results show cities monitored
an increase in the level of air pollution in 20@#npared with 2004. Analysis of data from
past 5 years show a trend of reducing levels dupoh in min. Chisinau, Balti, Tiraspol
and an upward trend in property Tighina and Rabni

Between 1990-2008 the level of background pollutbbrihe atmosphere has not
changed essentially, except the concentration Ifiirsaxide(IV), which decreased, while
clearing the atmosphere from sources of pollution the same period have decreased
essential ( fig. 1).

3.3. Determining theimpact on air quality

Emissions from sources are expressed in tons pear. ¥&ross mass does not
always show the real picture and the impact ofypafit on the environment and health,
which depends on the class of dangerous subst&usstances polluting the level of
danger to the environment are classified into fdasses, which for most substances are
determined.

To prioritize actions of environmental importancedahe priority list was drawn
up by the polluting substances impact achievedertidipg on quantity and class of dangerous
substanceWere cataloged the major sources of air pollutitnogpheric sources priority
established by their contribution to air pollutesthe quantity of pollutants t/year. To determine
the effect of toxic substances polluting pollutaretss was recalculated in tonnes conventional
t - actual emission conventional formula [2,6,12]:

Q = L:CMA X M
where M - the gross polluting substance in tons/year;
CMA, - maximum allowable concentration, mg/m

L; - coefficient which takes into account the clakpalutants threatening(lhazard
class 1 is equal to 1000; hazard class 2 to 10@lfss 3 with 10 and 4 with grade 1).
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Results of investigations and calculations havevshtihat emission from mobile
sources is higher than the state (Figure. 1). Alffterpriority gross emissions from stationary
sources of SPheld at the mobile - carbon oxide(ll), the totaligsions - carbon oxide(ll).
After conventional emission-effective first is pigen oxide(lV) in both types of sources and
emissions.

So the first inning measures must be directeddaicieg emissions to the atmosphere
of nitrogen oxide(lV) with full priority after theamount of sulfur oxide(IV).

4,

SUMMARY OF RESULTS

Results of research shows that:

5.
1

emissions from mobile sources of pollution haveraéncy to decrease until 1999,
after which begins a stable growth.

emissions in the years 1990-2000 were a considetaiolease, but the background
concentrations of the main pollutants in the citismosphere does not change.
air quality in cities where atmospheric backgroendcentrations is to limit the
health rules, maximum concentrations exceedingakmes the sanitary level.

CONCLUSIONS
Air quality in cities doesn’t meet the healttesu After the index complex pollution

cities are placed in order of increasing: TighiRapnta, Chisinau, Tiraspol, Balti.
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2.
3.

The main source of air pollution is atmosph&aasport.
Organic primary task is to reduce emissionstobgen oxides.
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THE DROUGHTSIN ROMANIA. CASE STUDY-OLTENIA

OCTAVIA BOGDAN?, ION MARINICA?

ABSTRACT. The Droughts in Romania. Case Study-Oltenia. In the present paper we
analyse the evolution of droughts in Romania, at¢hd of the 20 century and at the
beginning of the Zicentury. The analysis of an important number afudeentary archive
materials made obvious a growth in the area of Rienahere phenomena of drought and
dryness are encountered, a rise in the frequenttjnéensity of these phenomena, as well as
an increasing aridization of the climate. An impattfeature of droughts in our country,
beginning with the year 2000, was their associatvith intense heat waves, during which
the maximum values of temperature exceeded grérelglimatic limits that were common
for the 28" century. As a consequence of these evolutiondptises in agriculture and the
environmental damages were constantly growing dayked an crucial role in the increase
in the price of food, living expenses and the agatiag of social problems, in general.

Keywords: drought, canicular days, phenomena of meteo-cloniégk, the aridization of the
climate, the spatial extension of droughts, lackretcipitations.

1. INTRODUCTION

In Romania, droughts are phenomena of climati¢ thsit occur episodically regardless
the season and the year. In the history of Romangteorology the numerous droughts have
severely affected the population.

For the 28 century the peak of the drought was the droughi9d5-1946, which
was a real disaster for agriculture (Gh. lonescetti1946), and a “national calamity” for
the population (N. Al. Radulescu, 1964), and far first years of the 21century, the drought
of 2000-that, despite its durration, 150 days nowa (from January to July) (lon Marinica,
2006), did not surpass that of 1945-1946.

The highest frequency of the years with lack otipitations and also of the longest
periods of time with lack of precipitations wergjistered in the South-East of Romania. For
example: in Baragan in Lehliu between 8 and 12emirive years that lacked in precipitations
have been registered, in Braila-8 years (from 194451), in lazu-10 years (from 1923 to 1932),
in Calarasi-12 years (from 1921-1932). Also, theimum annual quantities of precipitations
were registered in Baraganul (Cioara Doicesti)-63tm in 1945 and in Braila-179.6 mm
in 1951, these negative deviation of almost 300from the normal value being resemblant to
those in the regions of arid climate (Bogdan, 1980he South-East of Romania,more than 1/3
of the considered stations had annual quantitiggesfipitations that varied form 200 mm to
300 mm, emphasizing the excessively droughty ctera€ this plain. For example, in 1945
when the most important drought of thé"2@ntury was recorded, the annual quantities of
precipitations were: 208.4 mm in Ciochina, 239.0 im#érmasesti, 241.6 mm in lanca, 249.5 mm
in Grivita, 258.7 mm in Lehliu, 272.0 inaRvani etc., the least being the aforementionedevalu
of 131.6 mm in Cioara Doig8.

L Prof. univ. dr. Institutul de Geografie al AcadenfRomane, Facultatea de Geografia Turismului USibi
2 Dr. Meteorolog Previzionist Principal gradul |, @eetitor Stiinfific principal, CMR Craiova.
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As we move to the East towards the Dobrogei Platiauittoral and the Danube
Delta, the aridity of the climate grows due to toatinentalization of the air masses on the
one hand, and the downdrafts above the Moors dd#meibe Delta and the marine aquatorium
on the other hand (Geografia Romaniei, V, 2005)a Asnsequence, in this area, the minumum
annual quantities of precipitations were less th@d mm: 116.7 mm in 1984 in Adamclisi;
132.7 mm in 1920 in Sulina; 164.3 mm in 1896 in MeEm; 176.9 mm in 1924 in Mihalil
Kogilniceanu etc.

2. THE EVOLUTION OF DROUGHTSIN ROMANIA

The drought is an extremely complex climatic phmeaoon determined by four
categories of factors (Figure No 1): meteo-climédictors that define the time type and the
topoclimatic characterstics; geographical factbeg tlefine the particularities of the active
surface; biological factors which reflect the plolsgical particularities of plants and
anthropical factors which show the anthropic imparcthe environment.

{ THE CAUSES OF DROUGHTS [——

I
[ 1
METEO-CLIMATIC GEOGRAPHIC FACTORS ANTHROPICFACTORS
FACTORS (THE STRUCTURE OF THE BIOLOGICALFACTORS (ANTHROPIC IMPACT)
(TIME TYPE) ACTIVE SURFACE)

v v ¥ v
 Anticyclonic time #The characteristics of the ePhysiological features of the oThe state of the field
ePrecipitation deficit Landform: shape.altitude, plant eUtilised agrotechnic
oThe draining of water in orientation - vegetation phase o The irrational use of the soil

the soil Orographic barrage - type resources
e Air dryness #The physical features of the soil: - the resistance to dryness o The absence of irrigations
eHigh lémpemtures in the type. colour, moisture, texture and drought The agricultural works that
air and the soil oThe depth of the phreatic layer - culture type were not made on time
eIntense evapo-perspiration #The degree of vegetation eExcessive cropping
 Frequent dry and hot covering elrrational deforestation
winds e Vegetation type: cultures.
* Wind speed Herbal layer, forests

I ' 34 ‘ |
THE INTENSIFICATION OF
THE ANTHROPIC IMPACT

THE INCREASE OF THE
ARIDITY

DESERTIFICATION <

Figure No. 1. The conceptual model regarding the causes of ditsugh

If the aridisation of the climate and the anthrojpipact increase, the territories
affected by the drought might reach a new stagledm evolution, namely desertification.

Out of the four categories of factors that causeigints, the most important role is
played by the meteo-climatic factors that leadhis phenomena-as a consequence of the
prevalence of stationary anticyclonic formationglevthe other three categories are associated
in order to permit the intensification of this ploemena.

The study of drought and dryness phenomena caartgeusing different methods. In
order to highlight the areas with different degregésulnerability to droughts,we used the
Walter-Lieth climatic diagrams-common in the spkszal literature-in their analysis (Bogdan
and Co., 1972, Bogdan, 1980; Bogdan, Niculescu5,12999, Teodoreanu, 1980; Erhan
1979,Geografia Romaniel, 1983;Geografia RomanieV, 2005; Mihiila, 2006 etc.).
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Using the 310 climatic diagrams for the regiondesfs than 700 m altitude,the
average annual number of months in which drougttdxgness phenomena occurred was
calculated in order to create the map of their tigpe (Bogdan, Niculescu, 1999).Relating
to the exterior climatic influences and the landfer we established the following:

< the drought and dryness phenomena are typicahéoregions of plain and low

hills, where agriculture is used.

< in the Western regions, where oceanic influencasbeafound, on average, only

phenomena of dryness occur annually.These phenodemaase in intensity
with the latitude: in regions of plain-from Westif®nths) to East (2 months)-
and almost 1 month in the regions of hills.They alscrease with the longitude:
from South (2-3 months) to North (less than hatiath).

« in the Passage of the Mures and in the areasrsghklig the Apuseni Mountains, as

a consequence of the tropical warm air of Meditezea origin advection and
the Foehn effects, 1-2 months - on average - ofediyyphenomena occur annualy,
while in the West of the Transylvanian Plateau ¢ha® replaced by excess of
humidity phenomena.

< in the South of Romania phenomena of both drougtitdtyness occur,and by

taking this into consideration we can distinguisio ireas: the first in the Plain
of Oltenia, where 3-4 months-out of which 1-2 merdhe droughty in the Southern
region - of dryness phenomena which decreaseénsitly from South to North
are typical,while in the Getic Piedmont and thei&&ubcarpathians at less
than 700 m altitude less than 1 month of drynesnpimena might occur.The
second area is the Baraganului Plain, where, oragee 3-4 months of dryness
phenomena-out of which 1-2 months are droughty+4oanaually.

¢ in the Dobrogei Plateau on average, 4-5 monthgywfess phenomena-out of

which 2-3 months are droughty-occur annually.

« in the littoral zone more than 6 months of dryr@ssnomena-out of which more

than 3 months are droughty-occur annually.

We remark the increase in the frequency of the ghiband dryness phenomena,
from West to East, proportionally with the increadehe degree of continentalism. The
highest frequency of these phenomena is reachétkiibanube Delta and in the littoral
zone (Bogdan, Niculescu, 1995, 1999) due to thendioafts of air masses which dissolve
the cloud systems.

¢ in the Moldovei Plateau the frequency of drynesd drought phenomena is
decreasing from South (3-5 months of dryness amdstl1 month and a half of
drought) to North, where, due to the ScandinavaiBiaifluences, these phenomena
are absent. The exception is the Moldovei Plairger@hon isolated areas, only
dryness phenomena can occur for almost a montheinvarm season (Mihaila,
2006).

A study of the unperiodic variations of the climbssed on the annual climate diagrams
would reveal that even in the Western regions wbeeanic influences are encountered, as
well as in the Northern of the Moldovei Plateayness and drought phenomena might occur
in certain years with persistent anticyclonic atifBogdan and Co., 1972, Bogdan, Niculescu,
1999a and b and Miiila 2006) - thing that is not revealed as possiblensdugalysing the
multi annual average values.
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Vertically-excepting the very high altitude-at abok00 m, the excess of humidity,
caused by the increasing quantities of precipiapimportionally with the altitude, replaces
drought and dryness phenomena.

The analysis of the map of the repartition of dngness and drought phenomena
makes obvious an asymmetry in the occurrence aleth&his wawe notice that the most
frequent and intense such phenomena occur in tbth&astern and Eastern regions of
Romania, where continental and pontic influencesfaund. This repartition is determined
by the role played by the Romanian Carpathiansehatographic barrage which stops the
East and South East continental air advectiondnéht of the country-this is why drought has
never covered the whole country. This fact allowedo create the map of the areas vulnerable
to dryness and drought phenomédagdan, 1999; Bogdan, Mariijc2007) (Figure No. 2).

S

Figure No. 2. Areas vulnerable to dryness and drought phenonienaw vulnerability; 2. Medium
vulnerability; 3. High vulnerability; 4. Regions thiexcessive humidity (Bogdan, 2002)

From this figure we notice that the most vulnexatleas to these phenomena are the
South-Eastern (The Romanian Black Sea littorath the Dobrogei Plateau, and the Baraganului
Plain) and the Southern (The Olteniei Plain), #retady shown by their geographic repartition.

The climate warming of the last two-three decadesl (especially after 1980), led
to the rising frequency of dryness and drought@mdihcrease in the area affected by these
from East to West (in the Dobrogei Plateau andBaeaganului Plain) and from South to
North (especially in the Southern Oltenia). Thistfa strongly supported by the analysis of
statistic data in the 1980-2007 period .
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3. THE EVOLUTION OF DROUGHTSIN OLTENIA

In Oltenia, the atmospheric precipitations varyraghe whole country- from one
place to another and from South to North-variatehby the landform classification.

The minumum annual quantities of precipitationsen@mgistered in different years
and varied between 200 and 300 mm {J/m

The minimum quantity of precipitations in the whpkriod of observations registered
in Oltenia was 178.3 mm in Dragasani in 1907-regoréisg a negative deviation of -401.7 mm
and a pluviometric deficit of 70% in comparisontwihe multi annual average of 580 mm.
Such a quantity of precipitations is actually lowesn the aforementioned value of 176.9 mm
registred in the littoral zone, in in 1924 in MihKbgalniceanu. As the multi annual average
guantity of precipitations (considered normal) wamll (451.0 mm), the negative deviation of
—274.2 mm was also small, leading to an annualigitatons deficit of about 61% of the
normal value.

The territorial variation of the quantities of pigtations from South to North in
Oltenia, highlights negative deviations of crudiaportance that go from —161.2 mm in
2000 in Bechet (the smallest) to —459.5 mm in 1®2Bm.Valcea (the greatest), proving
the great variability of precipitations in time asphce.

Another conclusion is that droughts - despite hetgs covering the entire Oltenia
simultaneously - can have the same or a highensityein the hilly regions than in the plain
regions where the deviations in the quantity o€jpitations are smaller than in the hills where
the quantity of precipitations increases with thitcuale.

The analysis of the succession of droughts in R@nbetween 1987 and 2007
(Figure No. 3) which were characterized by thegmes of 2-4 warm seasons with pluviometric
deficit, reveals that before 1987 the frequencloonfy lasting droughts was of 10-15 years
and from 1987-2007 this frequency has radicallyeéased,developing a annual tendency
which seems to become permanent.

Moreover, during the year- from 1987-1993- the ddtdroughty time in Oltenia has
varied, in conformity with Hellmann's Criterionpfn 50.5% in 1987 to 83.3 in 1992,when
the water deficit in the whole region reacheddight, resulting in a 64.6% annual average.

The Droughty Period 1991-1993

In this period, the drought started in 1991, trek lef water in the soil reaching its
maximum in 1992, while the most pronounced intgnaitd the greatest damages were
registered in 1993, as a consequence of the simeesstwo very droughty years,from
which 1992 most acutely lacked water.

In 1992 the excessively droughty time predomindfeé. annual deficit (representing
the negative deviation in comparison with the ndrvadue) exceeded in many places 40%:
46.5% in Calafat, 53.7% indibesti and 55.0% in Slatina in the plain regions argpeetively,
in the Oltului Pasage; 46.2% in B&glén the Getic Piedmont and 40.4% in Targu Jiu, in
the Gorjului Subcarpathians.

During the year, excepting June when some scaiyg ted fallen, the drought
was present in all the other months (Figure No 4).

Some of the most affected counties were: Mehiedholj, Olt, Teleorman; Dolj being
the most gravely affected, as the corn, soy anddiearvest were 100% compromised.
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Figure No 3. The evolution of drought from  Figure No 4. The evolution of drought in 1992
1987-1994 in rates of number of time type in rates of number of cases on time types in
cases in months/ meteorological station in conformity with Hellmann’s Criterion.

conformity with Hellmann’s Criterion.

Even though the droughty time continued in 199gFé No. 5), the water deficit
has lessened (between 22.4% in Apa Neagra and 48.8%4racal), but the effects of the
drought were greater (the withering of harvestdypas and even forests) because of the
very droughty previous year (1992).

The Drought and Canicular Days of 2000

The beginning of the 30century was marked by a new drought-that of 2000-
which affected not only Romania,but also the cdeatmn the Southern half of Europe. In
Oltenia this drought lasted for 3 years (Figure@lo

In 2000, 11-12 droughty months were recorded inShbcarpathian depressions
(12 months in Apa Neagra and 11 in Polovragi and Rafcea) 10 months in Drobeta-Turnu
Severin and Bechet on the Danube; 10 months inc@him Campia Olteniei and 9 months
in Bacle and Diagasani in the Getic Piedmont, as well as in Pgtnd Depression.

The rate of the droughty and excessively drougintge ttype in the year 2000 in
conformity with Hellman’s Criterion was of 80.4%arying: 58.8 in Drobeta-Turnu Severin
and 52.8% in Calafat over Dine; 52.2% in Bilesti in the Olteniei Plain and 53.7% in
Slatina, in the Oltului Passage; 51.6% in Rm. \&I&8.3% in Targu Jiu, 57.2% in Polovragi
and 63.0% in Apa Neagiin the Subcarpathian depressions, being a ligtkiced in the
mountain areas: 45.5% in Voineasa and 45.8% imigara

In this period temperatures typical for caniculaysiwere registered in the following
periods: 6-10 and 21-25 June; 2-12 and 22-27 3dyand 17-24 August.

On July 5 2000, 42 meteorological stations fromS3bath of Romania- out of which
17 stations in Oltenia (16 in July and 1 in Augustiorded temperatures that became absolute
maximum, the highest recorded value being of €3¢h July 4, 2000.

Such temperatures led to aridization processescisly in areas with sand dunes
in the South of Oltenia, called ,The Sahara of @&

In the summer of 2007, in Oltenia the weather wiemely changing. The summer
months-June, July and to a smaller extent, Augest-affected by drought and canicular days,
which were, at least for July, the most intensthénhistory of meteorological observations.

Six heat waves took place in the following perioti8:26 June, 2-4, 8-10, 15-24,
27-30 July and 22-25 August (Figure No. 7). Froes#) the most intense were those of 19-26
June and 15-24 July.
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FigureNo 7. The evolution of drought in 2007 FigureNo 6. The evolution of drought of 1999-
in rates of number of cases on time types in 2003 in Oltenia in number of cases on time types
conformity with Hellmann’s Criterion. in conformity with Hellmann'’s Criterion.

The Drought of 2007

We remark an increase in intensity towards the Wegie heat waves for the 21
century. This phenomenon is highlit by the fact thaluly 2007 the maximum temperature
exceeded 44C at 5 meteorological stationsiikesti, Moldova Noui and Moldova Veche
(44.0°C), Bechet 44.2°C and Calafat 44.3°C, ort§@© less then the absolute thermic record of
20" century, that of 44.5°C reached on 10.VII1.19%L5ing various material damages through:
-the harvests which were affected in importantstatéhe draining of water reserves in phreatic
layers, fountains, lakes and rivers; -numerousstofiees; as well as by the reduction of
electric energy production in powerstations ovenize: from 17 000 MWh/day in 2006 to
11 000 Mwh/day in 2007.

The high temperatures affected gravely the hedltipemple, as many health
inconveniences even deaths were registered (Tubitmdpvan, 2007).

4. CONCLUSIONS

From the presented material we can conclude that:

For Oltenia as well as for all the extracarpatleigions from the South and South-
East of Romania, the drought is a common phenomehancan have a periodic character
(a month, a semester, a year) but it can alserlasly years in a row.

After 1980 and especially 1990 the frequency angtibn of the droughts have
increased in Oltenia, as well as in the rest of &demas there have been cases of 2-3 consecutive
years of draught.

The analysis of different time types in conformibjth Hellmann's Criterion
shows that the droughty weather (of pluviometrificity may vary between 20% and more
than 80% in a year. Furthermore, starting withQ2@0Imost no year misses a drought period,
hence, the tendency of this phenomenon to beconmespent.

The drought phenomena are associated with vergritbtry periods that increased in
durration from 2-3 days/month in the"2entury to 10-14 days in the canicular days of the
summer of 2007, as we remark a transition of thengity of the heat and drought waves
from East (Baragan) to West (Oltenia).

The damages caused by the dryness, draught amartivelar days phenomena are
huge and they require measures of monitorizatiahtlae diminution of consequences.
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DIURNAL AND SEASONAL VARIATION OF CO; IN
URBAN AREASFROM CLUJ COUNTY

IOVANCA HAIDUCY, M. S. BELDEAN GALEA?, C. ROBA!

ABSTRACT. Diurnal and Seasonal Variation of CO; in Urban Areas from Cluj County.
This study shows the influence of the anthropit¢diac(urban agglomeration, economical
activities, traffic) and the ecosystems upon theanrCQ budget, during six months in
2008 (July-December). For this study, there wetabished three different locations from
Cluj County: Cluj-Napoca, Turda and Huedin. In eatlthem, we chose city points with
intense anthropic activities, and some referengetpavith a minor anthropic impact. The
data show a significant variation for the {ével from one area to other, depending on the
size of the urban agglomeration. There were alsemed diurnal variations of the O
level, influenced by the ecosystem activity throppglotosynthesis.

Keywords. CO,, urban agglomeration, diurnal and seasonal vaoati

1. INTRODUCTION

The presence into the atmosphere of carbon digg@®), a gas with greenhouse
effect, is a consequence of natural activitiese-darbon cycle — and antropogenic factors,
especially human activities such as the burninfpsil fuels.

Since the Industrial Revolution in the 1700'’s, thenan activities, such as the
burning of oil, coal and gases, and the deforestatiave increased G@oncentrations in the
atmosphere. The GQevel increased from approximately 280 ppm in ipcistrial times
to 382 ppm in 2006, according to the National Omeand Atmospheric Administration's
(NOAA), a 36 percent increase. Almost all of thergase is due to human activities. The
current rate of increase in g€bncentrations is about 1.9 ppmv/year. PresentcOrentrations
are higher than any time in at least the last @&Dy@ars (IPCC, 2007).

In Romania, the main responsible institutions intodlling the air quality are the
Ministry of Environment, the National Environmengotection Agencies and their regional
and local branches. In our country exits a Air QuaWflonitoring Network which includes
117 automatic stations for the monitoring of aialgy, and 17 mobile stations. These stations
are monitoring the following pollutants: ONOx, CO, Q, VOC and PM10.

Some studies recently, regarding the air qualifyniportant Romanian urban areas,
such as in the case of Tyoara (F. Popescu 2007) and Cluj-Napoca (lv. Haki@¥) have
been done.

2. MATERIALSAND METHODS

Three different locations from Cluj County (Clujq&eca, Turda and Huedin), situated
in areas with intense anthropic activities (Clupbiea and Turda) and minor anthropic activities
(Huedin) were selected. To illustrate the influeatarban agglomeration upon the {tidget,
in each location some reference points situatedidatof cities were choused (see figure 1).

! “Babes-Bolyai” University, Faculty of Environmental Scisrs, Fantanele no. 30, 400294 Cluj-Napoca,
Romania; E-mail: iovancah@yahoo.com
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For the atmospheric GQdetermination a non-dispersive IR analyzer (NDIR),
model EMG-4 (figure 2) was used. This analyzerbke d@o identify variations that regard
the gas concentration over a long period of tirhat(tlepends of hours) and it is sensitive
enough to indicate variations of ppms level.

Fig. 1. The location of the Fig. 2. The NDIR, used for Fig. 3. Weather shelter for
determination points. the CQ determination. the measurements.

The measurements were done at 2.0 m above thelgoilg two seasons (summer
and autumn), for 8 hours a day (9.30-16.30 OVR aeisyely 8.30-15.30 OIR) in each
location (Cluj-Napoca, Turda, and Huedin).

To prevent the impact of meteorological factoran@yirain, solar radiation) on the
data, the measurements were performed in a mebgacal shelter, figure 3.

3. RESULTS AND DISCUSSIONS

The influence of the anthropogenic factor uporh® €Q budget was studied by
simultaneous determination (at 12.30 OVR respdgtité.30 OIR) done in the selected
city points and the reference points. The obtairaddes are shown in figure 4.

Comparing the measurements done simultaneoushcim lecation we can conclude
that in the selected city points the C&ncentrations (386-530 ppm for Cluj-Napoca, 380-
502 ppm for Turda, and 376-433 ppm for Huedin)ragher, compared to those from the
reference points (373-444 ppm for Cluj-Napoca, 830-ppm Turda and 376-389 ppm for
Huedin).

)It can be seen that the highest G€vel was registered in Cluj-Napoca both in the
city point (460.5 ppm average value) and the refezepoint (411.3 ppm average value),
compared to Turda, where the Cé&¥erage value from city point was 435 ppm andreefee
point 406 ppm. The lowest GQverage value was registered in Huedin, with 40pdm
in city point and 381 ppm in reference point. Thegerences of C@levels are reflecting
the impact of the urban agglomeration, intensitshefvehicle traffic and economical activities
upon the C@budget.
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Also in all cases, the difference between the @@l from city points and reference
points is higher during October and November, camgbao July and August, because of
the influence of the natural factor, see figure 5.

O Cluj-Napoca
B Turda
B Huedin

120

100

o]
o

CO2 (ppm)
D
o

IN
o

T
July August September  October November December
month

Fig. 5. The difference between the gl@vel from city points and
reference points, for each location.

Diurnal measurements were done each month, duringu8s a day. In figure 6,
the variation of C@concentration is presented, during 8 hours, fersétlectedity points.

As it can be seen in figure 6 the highest conctotisawere observed during 9.30-
11.30 AM (536 ppm for Cluj-Napoca, 502 ppm for Tarahd 453 ppm for Huedin), and
the lowest concentrations were in the afternoor® (39m for Cluj-Napoca, 367 ppm for
Turda and 369 ppm for Huedin). This fact can bdarpd by the influence of the process
of photosynthesis and of the heat convection psycetich determines the rise of the
pollutants to the altitude. In the third place, toacentration during the morning hours may
be due to the intensity of the auto traffic, whitgs a peak between 8.00-10.00 AM. During
the afternoon hours, there is a traffic relaxatibat together with the convection heat

process and the photosynthesis, lead to the sinaediesentrations (Mill'an M. M. 2005).
In all cases, the CQevel registered during October and November wghen

comparing to the CQevel from July and August (figure 7). During tagtumn months the
differences between the G@evel from the city points and reference point® (m for
Cluj-Napoca, 48 ppm for Turda and 17 ppm for HuedmNovember) are higher compared to
those registered during summer months (13 ppmligiN&poca, 9 ppm for Turda and 6 ppm
for Huedin-in July). One of the reasons for thisiation is the fact that during October and
November, the photosynthesis processes are naottestse as in July and August, and the
vegetation cannot absorb so much of the atmospl€ic
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Fig. 7. Comparison between the diurnal variation of,@@July and November

4. CONCLUSIONS

The CQ concentration during July-December shows a daifiatian, which depends
on the location (urban agglomeration, anthropoggtivities) and natural factors (photosynthesis,
temperature). The highest concentrations were wiadefuring 9.30-11.30 AM (536 ppm for
Cluj-Napoca, 502 ppm for Turda and 453 ppm for Hitpdand the lowest concentrations
were in the afternoon during 3.30-4.30 PM (390 gpnCluj-Napoca, 367 ppm for Turda
and 369 ppm for Huedin).

The highest C@level was registered in Cluj-Napoca both in cibyp (460.5 ppm
average value) and reference point (411.3 ppm geeralue), as a consequence of the urban
agglomeration, intensity of the vehicle traffic asmbnomical activities from the Cluj-Napoca
city.

In Turda the C@average value from city point was 435 ppm and gi@@ in the
reference point, and the lowest Céverage value was registered in Huedin, with 492.1
ppm in city point and 381 ppm in reference point.

Comparing the C@values for the two seasons, in all the three studreas, we
can notice a significant increase of the conceotrain autumn compared to summer.
During summer months the differences between thel&@l from the city points and the
reference points (13 ppm for Cluj-Napoca, 9 ppmTiorda and 6 ppm for Huedin-in July)
are lower compared to those registered during titenan months (82 ppm for Cluj-
Napoca, 48 ppm for Turda and 17 ppm for HuedirNawember).
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THE INTENSITY OF SIGNIFICANT RAINFALLS IN THE WARM
SEASON, IN THE NORTH-WESTERN PART OF ROMANIA

T. TUDOSE', F. MOLDOVAN?

ABSTRACT. The Intensity of Significant Rainfalls in the Warm Season, in the North-
Western Part of Romania. By using the climatic data provided by 11 weather stations in
the North-Western part of Romania, measurements have been made regarding the average
and maximum intensity of the significant rainfalls, recorded during the warm season of the
year (April — October), within the 1975-2006 interval. In the case of the significant rainfalls
that have an average intensity under 0.17 mm/min (10.2 mm/hr), amounting up to 93.1%,
the highest frequencies of occurrence are during the afternoon and in the first part of the
night. The main maximum occurs between 16 and 20 RST (Romanian Summer Time), fact
which has been noticed especially in the mountainous and hill areas and in the Maramuresului
Depression. The average intensities of 0.17-0.41 mm/min (10.2-24.6 mm/hr), amounting to
6 % can be observed between 14-22 RST. In this case, the highest percentage values occur
in the hill areas, in Maramures and in the plains. The rainfalls characterised by an average
intensity of above 0.41 mm/min (above 24.6 mm/hr), effectively reaching the limit of
heavy showers, occur at maximum frequency in the afternoon and are determined by the
rainfalls which last less than an hour (0.8 %). The maximum intensity of the significant
rainfalls occurs most frequently in the afternoon and evening (between 14-20 RST). The
analysis of intensity thresholds indicates a decrease in their frequency in direct ratio with
the increase of their maximum intensity, so that the rainfalls whose maximum intensity
exceeds 1.0 mm/min show no uniform spatial disposition and represent rather random
phenomena. In 22.8 % of the cases, the onset of the maximum intensity coincides with the
beginning of the rainfall, while in 54.5 % of them the maximum intensity is recorded
within the first 20 minutes after the inception of the rainfall.

Keywords: average intensity, maximum intensity, significant rainfalls, North-Western part of Romania

1. INTRODUCTION

In the specialised literature, the intensity of the rainfalls is a frequent subject for
analysis, taking into account the practical relevance of the topic. Koji Dairaku and his team
(2004), based on the data provided by 12 measurement locations situated at altitudes between
471 m and 2496 m and recorded in the June-October intervals of 1998 and 1999, study the
relationship between the amount, intensity, duration and frequency of the rainfalls in the
Mae Chaem region (North-Western Thailand). They point out that there is a solid relationship
between altitude and the frequency of the rainfalls, highlighting the fact that the reduced
intensity of the rainfalls is relative to altitude, whereas the high intensities are independent
of it. In addition, they also note that the small average intensities of the rainfalls are the reason
for the occurrence of the largest amounts of precipitation, and the analysis based on intensity
thresholds reveals that the rainfalls whose intensity is between 1 — 5 mm/h represent a total
of 54.1 — 58.0 % of all precipitations.

! National Meteorological Administration, Northern Transylvania Regional Meteorological Centre, Romania;
E-mail: t_traiant@yahoo.com

2 ,,Babes-Bolyai” University, Faculty of Geography, 400006, Cluj-Napoca, Romania;
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Based on the data collected from 130 weather stations in Romania between 1961-1996,
Carmen Sofia Dragota (2006) conducts an analysis of the average of the highest 5 values of
the mean and maximum intensities of rainfalls in the warm season. The author points out
that, at the level of the entire country, the average intensity varies between 0.76 and 2.76 mm/min,
the average maximum intensity being between 3.0 and 6.8 mm/min, while the absolute maximum
intensity does not exceed 10.5 mm/min. Furthermore, the absolute amount corresponding to
the absolute maximum intensity exceeded 30 mm only in a punctiform manner (37.5 mm at
Campulung Moldovenesc), on the whole being below 20 mm.

Tudose and Moldovan (2008) study the diurnal variation and the duration of
significant rainfalls in the warm season, at 11 weather stations in the North-Western part of
Romania, in the 1975-2006 interval. The study shows that the significant rainfalls have the
highest frequency of occurrence in June-July (41.7 %), the diurnal variation of their inception
time being greater in the afternoon and evening (14-21 RST), with a main maximum between
17-20 RST. In terms of spatial disposition, the significant rainfaills in the North-West of
Romania are more frequent in Maramures, in the hill-areas and the mountains.

The present paper discusses the intensity of the significant rainfalls characteristic
for the warm season, by analysing their average and maximum intensities, focusing on the
spatial disposition and their modes of temporal manifestation.

2. DATA AND METHODS

The significant rainfalls are represented by those liquid precipitations recorded on
the pluviogram in the warm season which fulfil the following conditions: their maximum
intensity is > 0.04 mm/min and their average intensity > 0,02 mm/min, or the amount of
water recorded is > 2.5 mm (Instructions for weather stations, 1995).

For the purposes of this study, we have used data on significant rainfalls recorded
at 11 weather stations in the North-Western part of Romania: Satu Mare and Supuru de Jos
(in the plain area), Baia Mare, Sighetu Marmatiei and Ocna Sugatag (the first one in the
Baia Mare Depression, and the latter two in the Maramures Depression), Cluj-Napoca and
Dej (in the Somesul Mic corridor), Zalau and Bistrita (situated in the hill area of the
Transylvanian Plateau), respectively, Vladeasa 1800 (in the Apuseni Mountains) and Iezer
(the Rodnei Mountains), in the mountainous area. The period for analysis spans between
1975 and 2006, an interval within which the significant waterfalls of the warm season
(from April to October) have been taken into account. For the mountainous area, the period
which is of interest spans between June and September, the other months being characterised
mainly by the occurrence of solid precipitations.

The Method of analysis is the statistical one, through which we have determined
the diurnal variation of the average and maximum intensities of the significant rainfalls -
(Inea) @and (Iiex) — as well as the moment of the onset of the maximum intensity.

For the North-Western part of Romania, the absolute average annual intensities
recorded per period of analysis are between 0.64 and 1.8 mm/min, fact which does not
reveal a relevant spatial disposition. Nonetheless, the majority of rainfalls having such
intensities were recorded in the months of July and August, and in terms of duration they
all lasted under 1 hour, more than half of them lasting less than 15 minutes. The absolute
values of the maximum intensity are situated between 5.0 and 10.1 mm/min, with almost
half of them exceeding 9.0 mm/min. The duration of the maximum intensities of the
rainfalls is less than 1 minute (82% of the cases), longer durations occurring only in the
plain areas. The absolute maximum amounts recorded are between 54.0 and 82.4 mm, with
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an average around 61 mm. The high quantities of precipitations are associated with rainfalls
of long duration, except for the plain areas, where such values were recorded with rainfalls
lasting less than 3 hours.

3. RESULTS

The average intensity of the significant rainfalls displays wide variations in frequency,
in function of their duration and the value of the analysed threshold (Table 1). The highest
frequency of occurrence (93.1 % of all) is displayed by rainfalls of average intensity under
0.17 mm/min (respectively, under 10.2 mm/h). The disposition of these rainfalls relative to
their duration indicates a prevalence of those lasting less than 1 hour (32.9 %), closely followed
by those lasting more than 3 hours (31.4 %).

Tabel 1
The disposition of the average and maximum intensities of rainfalls
by threshold, in function of the duration of the rainfall.

Average intensity (mm/min.) Maximum intensity (mm/min.)
<0.17 0.17-0.41 >0.41 <0.5 0.5-1.0 >1.0
<1 hrs 32.9 4.5 0.83 30.0 5.4 2.7
1-2 hrs 16.9 1.1 0.05 12.3 3.7 2.2
2-3 hrs 11.9 0.3 0.01 8.7 2.1 1.3
>3 hrs 314 0.1 0.01 25.7 3.9 2.0
Annual 93.1 6.0 0.9 76.7 15.1 8.2

The annual diurnal variation of the rainfalls that have an average intensity under
0.17 mm/min reveals that the highest frequencies occur in the afternoon and evening hours
(14-22 RST), with a more prominent maximum reached in the Maramures Depression
(between 17-22 RST) and, respectively, in the hill and mountainous areas (between 16-21
RST). More reduced annual frequencies and an occurrence maximum delayed by 1 — 2
hours can be noticed in the valley corridors and the plain areas (Figure 1). In Maramures,
around 23-24 RST, there is a second maximum, though a less manifest one.

Ocna $.

SighetuM.
N BaiaM.

< Supuru

\\ - L SatuM.
EENENNNNEEREERRENENROEREN]] .

0.10-0.%5 0.15-0.20 0.20-0.25 M 025030 ™ 030-035 035040 W 0.40-045
W 045050 B 050-055 B 055-060 B 060065 B 065-0.70 W 070-075

Fig. 1. The diurnal variation of the occurrence in time of rainfalls with I;,.q < 0.17 mm/min.
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Regarding the significant rainfalls that have an average intensity between 0.17 and
0.41 mm/min (10.2-24.6 mm/h), reaching 6.0 % of the total amount of rainfalls, the highest
frequencies of occurrence are in the afternoon and the evening (14-23 RST). In the
mountainous regions and the hills the maximum of the frequency of occurrence is reached 3
or 4 hours earlier. In the hill areas there is a second maximum in the evening (20-22 RST),
which is a consequence of the nebulous formations that develop during the afternoon
(Figure 2). The frequencies decrease in direct ratio with the increase of the duration of the
rainfalls, from 4.5 % in the case of those lasting less than 1 hour to almost 0.1 % in the case
of those that span over 3 hours.

The significant rainfalls with I,.q > 0.41 mm/min (over 24.6 mm/h, representing
the limit of heavy showers), are characterised by lesser percentage values, amounting to
only 0.9 % of the total number of rainfalls, out of which 92 % are rainfalls with a duration
of less than 1 hour. The diurnal variation of their onset time displays highest frequencies in
the afternoon and the first hours of evening, and it is possible to notice a non-homogeneous
spatial distribution in their case (Figure 3), with the highest values attained in the plain
areas and the Maramures Depression (16-20 RST), in the hill areas (18-20 RST) and the
valley corridors (18-19 RST). Their random spatial disposition shows that these rainfalls
represent events whose occurrence is rather the consequence of the influence of local factors
and not only of the existence of favourable mesoscalar conditions.
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Fig. 2. The diurnal variation of the occurrence in time of rainfalls with I;,cq 0.17-0.41 mm/min.
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Fig. 3. The diurnal variation of the occurrence in time of rainfalls with I;,c4> 0.41 mm/min.
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The maximum intensity of the significant rainfalls — an important segment in the
evolution of a rainfall and one connected to the speed of precipitation — displays high variability
in time and space. The analysis of the maximum intensity in function of the length of the rainfall,
the time of recording and its very value shows a number of particular characteristics. The
analysis of the intensity thresholds indicates that the rainfalls with I,,,x < 0.5 mm/min represent
the largest segment (76.7 %), being followed by those with I, values between 0.5 and 1.0
mm/min (15.1 %) and those above 1.0 mm/min (Table 1). It is possible to notice that the
frequency decreases in direct ratio with the maximum intensity. At the same time, we can
observe a decrease of the frequency of these rainfalls proportional with the increase of their
duration, in the case of those lasting less than 3 hours and, respectively, a slight increase in
the case of those with a duration of more than 3 hours.

The analysis of the diurnal variation of I, < 0.5 mm/min (under 30 mm/h)
reveals highest frequencies in the afternoon and the first part of the night (14-24 RST), with
a well-defined maximum in the interval 15-20 RST, especially in Maramures, in the hill
areas and partly in the mountains, whereas in the plains the maximum is slightly delayed
(Figure 4). High frequencies of the onset time of the maximum intensity are recorded in the
Maramures Depression and the hill areas, as well as during the night and the morning, fact
noticed in the case of the rainfalls whose duration exceeds 3 hours.
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Fig. 4. The diurnal variation of the occurrence in time of rainfalls with I,,,, < 0.5 mm/min.

Relative to this average distribution, in the case of the rainfalls whose duration is
less than one hour the highest frequencies occur in the afternoon and the evening (15-21 RST),
a similar spatial distribution being displayed by those with a duration between 1 and 2 hours.
The rainfalls with a duration of 2-3 hours have a non-uniform spatial and temporal distribution,
and they mark the transition to the rainfalls that have a long duration (> 3 hours), with
which the maximum of the frequency is recorded in the second part of the night and in the
morning (02-10 RST).

In the case of the rainfalls with an I, of 0.5-1.0 mm/min (30-60 mm/h), the
diurnal variation is characterised by the highest occurrence frequencies in the late afternoon
hours and in the evening (16-21 RST), the highest percentage values being recorded in
Maramures and in the hill areas of the surveyed unit (Figure 5). In the mountainous areas,
the onset time of the maximum frequencies arrives earlier (15-16 RST), and in the valley
corridors and the plains the onset is, on the other hand, slightly delayed (17-19 RST and the
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19-20 RST, respectively). A secondary maximum, much lesser in value though, is recorded
in Maramures during the second part of the night and towards the morning and it is determined
by the maximum intensities of the rainfalls with long duration. The analysis of the diurnal
variation in function of the duration of the rainfall does not reveal noticeable differences,
except in the case of the rainfalls exceeding 3 hours, with which the maximum frequencies are
recorded in the afternoon and the second part of the night, but their ratio is rather small (3.9 %).
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Fig. 5. The diurnal variation of the occurrence in time of rainfalls with I, 0.5-1.0 mm/min.

The diurnal variation of the rainfalls with I, > 1.0 mm/min (over 60 mm/h) has
the highest frequencies of occurrence in the afternoon and evening over the entire area, the
highest percentages being displayed in the valley corridors (Figure 6). The spatial structure
is different relative to those analysed above, these rainfalls showing a spatial distribution
that is non-homogeneous, being primarily influenced by the local factors, rather than the
general ones. In addition, the structure of the diurnal variation in function of the length of
the rainfall does not significantly differ from the general one, the highest probability of
occurrence with these rainfalls being in the late afternoon hours and towards the evening, as
a result of the convective developments during daytime.
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Fig. 6. The diurnal variation of the occurrence in time of rainfalls with I,,;, > 1.0 mm/min.
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The onset time of the maximum intensity since the inception of the significant
rainfall represents an important element in the immediate prognosis of the amount of
precipitation determined by it, and especially so for surface level flows. The analysis of this
moment, expressed in minutes, shows that in 28.2 % of the cases it coincides with the moment
of inception of the significant rainfalls, where 10.7 % of rainfalls have their moment of
inception of the maximum intensity in the first 5 to 10 minutes since the beginning of the
rainfall, while in the case of 20.9 % of the rainfalls it is within the first 5 to 20 minutes. It is
possible to notice a slight increase of the frequency of this moment in direct ratio with the
duration of the rainfalls, in 15.1 % of the cases the maximum intensity being reached more
than 120 minutes after the inception of the rainfall.

The analysis of the onset time of the maximum intensity relative to the duration
time of the significant rainfalls indicates that 16.95 % of the rainfalls with a duration under
one hour begin with their maximum intensity, and with 29.7 % of these the maximum
intensity occurs within the first 10 minutes after the onset of the precipitation (Figure 7). In
the case of the rainfalls whose duration is between 1 and 2 hours the structure is similar,
2.78 % of the rainfalls beginning with peak intensity. At the same time, it is possible to
notice a slight increase of the threshold frequencies of 10-20 and 20-30 minutes, 4.8 % of
the rainfalls reaching their maximum intensity within this interval. On the whole, the
rainfalls that have a duration between 2 and 3 hours have their maximum intensity distributed in
a relatively uniform way within the rainfall, with a slight prevalence of the 10-30 minutes
threshold. In the case of the rainfalls whose duration exceeds 3 hours, the maximum intensities
occur most frequently more than 120 minutes after the inception of the precipitation (5.99-
8.44 %).

hours
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0.0-15 15-3.0 30-45 4560 M 6075 W 7590

H 90-05 H 105120 B 20-85 B 3550 B 50-65 H 6580

Fig. 7. The frequency (%) of the moment of occurrence of the maximum intensity after the inception
of the rainfall (minutes), in function of the duration of the rainfall (hours).

The spatial distributon of the moment of the onset of the maximum intensity
relative to the inception of the significant rainfalls reveals that the highest frequencies occur
within the first 5 minutes in the depression areas in Maramaures, in the plains and the hill
areas, a situation which is primarily determined by the rainfalls whose duration is under 2 hours
(22.5 % of the total number). A second maximum, well defined in Maramures, in the hills
areas and the plains, is attained more than 120 minutes after the inception of the rainfalls,
being determined by the rainfalls whose duration exceeds 3 hours (14.4 %).
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4. CONCLUSIONS

In the North-Western part of Romania, the distribution by threshold of the average
and maximum intensities of the significant rainfalls reveals a high rate of small intensities
(93.1 % with I;,eq < 0.17 mm/min, respectively 76.7 % with L, < 0.5 mm/min), while the
rainfalls that have medium and maximum intensities show a limited rate of occurrence,
decreasing in direct ratio with the increase of the intensity and duration of the rainfalls.

The diurnal variation of the rainfalls with reduced average intensity displays a
main maximum occurrence rate in the afternoon and the first hours of the evening and a
secondary one, much less defined, during the night. The rainfalls with high average intensities
have one single maximum, in the afternoon and the evening, which is a result of the intensifying
of diurnal convection. As the value of the maximum intensity increases, the highest frequencies
occur towards the evening, fact which is most evident in the valley corridors, the hill areas
and in the mountains.

The moment of the onset of the maximum intensity drifts along with the increase
of the duration of the rainfall, with those of a shorter duration reaching their maximum
intensity at the beginning of the rainfall, while in the case of those lasting longer this is
attained at least 2 hours after the inception of the rainfall.
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AIR QUALITY AND LEGAL MECHANISMSFOR THE QUALITY
ASSURANCE IN THE RM

D. BUBURUZ!, V. BREGA?, V. BOBEICA? REGINA FASOLA!

ABSTRACT. Air Quality and the Legal Mechanisms of the Quality of the RM. Activity
intensive environmental advanced industrial coestis not enough, the annual quantity of
the polluting substances released into the atmespghegrowing steadily, is rising and the
degradation of air quality status.

During the years 1990-1999 emissions from sauitéMoldova have fallen by about six
times, for the years 2000-2008 is a slight incréassmissions, but background concentrations
in the atmosphere of the main cities polluting sambses, except sulphur oxide (IV) for this
period or remained virtually the same level, wisblows that fund the creation of pollution of
the atmosphere in part RM attend and other sourfgasliation.

Analysis of annual emissions into the atmosplgréhe type of source of pollution for
the years 1990-2008 shows that in 1990 the totakro&polluting substances released from
these sources was fixed about 40% of total emissihich gradually decreases to 10.5%
in 2000, then begin a slow growth rate reaching 1%2008.

Analyzing the average monthly concentrationgalfuting substances into the atmosphere
during winter was found that when increasing theber of sources of local pollution, they
have a lower amount than the summer, which shoatsathquality concentration of substance
in Moldova is influenced of transboundary trangfepolluting substances.

Legal protection of atmospheric air quality imlbva is virtually assured of legislation. Taking
into consideration that air quality degradatiorcéised by transboundary air pollution in
Moldova is a need to initiate international Convensi in the procedure for compensation
of injury and product environmental health in theoBRglic.

Keywords: Air pollution, air quality, auto purification proas, atmosphere, source of pollution,
anthropogenic emissions, pollutant substancescdimeplex index of air pollution,
impact on the air quality, measures of edificatimgime juridical.

1. Introduction

Moldova is a part of the plain of Eastern Europé @nocated in the proportion
of 90% between the Prut and Nistru rivers. 59%hefterritory is in the Nistru basin, 23%
in the Prut basin, 11% in small basins of riverigutaries of the Danube and 7% in small
basins of rivers flowing into the Black Sea.

Moldova is located geographically in the way of mment of air masses in front of
the Atlantic, which by-the-European countries, ryaand continuous source of pollution,
incorporating harmful substances emitted into tir@sphere and air transport in the basin of RM.

Relief Moldova is a plain with an average elevatiéri47 m. The highest part of
the territory of the republic (Codrii), situatedtive center, has a strong relief fragmented with a
maximum altitude of 429.5 m and occupies about &5#%e whole territory of the republic.

! Institutul de Ecologiei Geografie la AM si MERN, MD 2028, str. Academiei, 1, @iu, fordinu@mail.n
bregaradu@roketmail.com, reginaf21@mail.ru.
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Moldova's climate is temperate continental. On agerper year are 2060 hours in
the sun in northern and 2350 hours in the southegions of the republic. The average
annual temperature of air in Moldova is positivel a@presents £C. The amount of annual
rainfall is 380 mm weather in the South and 560 immorthern Republic [2].

The weather is caused by external centers barige.afmospheric circulation is
predominantly anticyclone with relatively low atnpberic processes, expressed in a
variety of changes in seasonal movement. The mamtc factor of movement of air
masses are cyclone which facilitates the exchahgeuthern and advection.

Most cyclones crossing the territory of Moldovanfrthe Western Balkans with an
average speed of 20-30 km/hour, range 80-90 knméwaiing winds directed Western,
Northern, North-West and a lower frequency of tleit8 and South-West. Average speed
of 2,5-4,5 m/sec. In places higher maintain 4,0m/Sec [2].

The consequences of air pollution in Moldova ateiffieall spheres of activity, the
degradation of soil quality and agricultural produdaking up the desertification, decreasing
productivity of crops, damage forests, changingamposition of ecosystems at the micro
and not Finally increased morbidity and mortalityl population required monitoring processes
that occur in the atmosphere as consequences lotipolthey anthropogenic substances,
assess the impact of polluting substances atmaspdiequality [2-5].

2. OBJECT OF STUDY AND RESEARCH METHODS

The object is to study air quality and atmosphé&ends of change during 1990-
2008, the sources of air pollution and transbounttansfer, emission and concentration of
polluting substances in atmospheric air, environiaémpact assessment.

As the object of legal research support to enainrguality served the legislative and
normative-methodical Moldova, analyzed by comparisith the EU Directives, International
Environmental Conventions, Environmental Policy €pt of the Republic, the Concept of
Sustainable Development [7,8, 10, 11].

Emissions from sources were determined by the iovgnin parallel computing
based on fuel consumed by branches of nationabetpmand specific emission coefficients.
Assessing the impact of pollution sources on atmesp air quality was made based on
inventory data and norms ELA (limited allowable ssibns) [2-6,12].

The concentration of polluting substances intoatmosphere were determined by
direct measurements in the atmosphere, accordingoteative document [1, 6] and
mathematical modelling of the processes of disparsf the polluting substances released
into the atmosphere by sources of pollution [2#6hssessing the fields noxious concentrations
in the atmosphere of earth layer applied methodatifulation of the normative document
OND-86 [6] algorithm developed software that i<olog '.

Air quality is expressed through the complex indégollution of the atmosphere, which
is calculated by formula [1,2-6, 9.y =>.(4/CMA;) G ; where m - the number of polluting
substances monitored;-gpollutant concentration in the air; CMAI - th@ximum concentration
of the substance in air (mginfull health), G constant, which depends on the class of dangerous
and polluting substance is set: hazard class 121-7.3; 3 -1.0; 4 -0.9 [1,2].

Using the index (\, appreciate the quality of the atmosphere. Whep b m
concentrations of pollutants, or all substancesitm@ul is greater than the CMA and air quality
does not meet health standardg, bind is used to compare air quality in cities fifiedent
time periods, which allow the trend to change theaality in cities. |y allows the ranking of
cities where air pollution.
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Air basin has a capacity of resistance to pollu(eif), that depends on the flow of
pollutants into the atmosphere and the weatheritimms} which is expressed by the index, the
potential for pollution of the atmosphere (PPA)ARP classified: down (2. 4), moderate (2. 4 -
2.7), high (2. 7-3. 0), high (3. 0-3. 3) and h{8h3) [1., 2-6, 9]. PPA average calculated for the
air basin in the Republic of Moldova on the badiggeoclimaticaly (periodicity inverse
ground temperature, wind speed frequency 0-1 meguéncy of days without wind fogs
frequency) is 2. 8-2. 9, which shows that the aphese in the Republic has a low potential
for self and natural complex is characterized asgliable [1.3], which makes the limitation
of industry development areas with high emissiopaifutants.

To support the basis of the quality of air in trepBblic has been considered normative
legal basis of the RM. In determining the levehafmonization of legislation and normative-
methodical with the Republic of EU Directives haseb used systemic comparative analysis
methodology and Community harmonization of natidegislation to the requirements of EU
directives [6,7,10,11].

3. RESEARCH RESULTS

To accomplish goals was caused by local sourced @ollution through inventory
and forms the basis of statistical 2TP air, moaddn the main air polluting substances in the
research, determined the quality and dynamics velilguality in cities for 1990 -2008 made
modelling processes dispersion of polluting sulbrstarinto the atmosphere from sources of
pollution of the atmosphere, assessed the impautiliotion sources on air quality atmospheric.

3. 1. Sources

Sources of pollution are classified as fixed andoeo[2-6]. Sources are fixed
combustion plants and technological processes.|&sburces include road vehicles, and special
agricultural, aviation, railway transport, maritiraad inland waterway transport. As pollution
sources operate over 3706 industrial enterpridgs, ehterprises engaged in transportation,
3 - CTE, 40 boiler district, 28 boiler interregidnapproximately 2112 boiler productivity
and low average, 573 power stations with oil ansl @4 bases petroleum and auto traffic
by about 350 thousand units of transport.
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Fig. 1. Annual emissions of polluting substances from lscarces
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In assessing the amount of polluting substancessel into the air basin of the
Republic of Moldova has made an inventory of sa@iepollution of the atmosphere, have
caused emissions from sources in fixed and mabilees direct estimate, based on environmental
and passports by calculation based on quantityqaatity of fuel consumed (fig. 1).

3. 1. 1. Fixed sources of pollution

The biggest consumers of energy resources in thalite are: Joint Stock Company
“Central Thermal Power - I, Joint Stock Company fi€al Thermal Power — 2” and JSC
Termocom - mn. Chisinau "CTP- North - mn. Balti.tdloemissions of pollutants into the
atmosphere from the above in 2005 were 1969. 2%#&8) including dust - 6.9 tons, sulphur
oxide (IV) — 138. 599 tonnes of carbon oxide (11208. 577 tonnes of nitrogen oxides -
1614. 252 tonnes, other - 1. 121tone electric&itsoiising fuel gas - 56. 50% oil - 7. 90%, coal -
35. 60%.

On the RM currently operates 18 companies with ahamissions between 100-
5000 tonnes and about 3700 enterprises with aemoiakions by 100 t. Total annual emissions
from fixed sources are shown in figure 1.

Objects thermal energy and heat of the republigndut990 - 2000 have been
major polluters of air, their emissions as 84%b& summary from fixed sources. In 2005
recorded an increase of emissions of pollutants the atmosphere from industrial and
constituted 49.91% of total emissions from fixedrses of pollution [2-6]

In 1994, the atmosphere in the republic was retbbydixed sources 179.10 kt of
pollutants. Compared with previous years the releddixed sources of pollution continued to
decrease from 396. 46 kt in 1990.

The volume of emissions of pollutants (without Cainthermal Power Cuciurgani) in
atmospheric air from stationary sources of poltuiio 2005 is indicative 17, 9 thousand tons,
including: dust -3.98 tons, sulphur oxide (IV) 98 thousands, carbon oxide (Il) - 5. 34 thousand
tonnes of nitrogen oxides — 2,9 thousand tons, b thousand tons and more -2, 2 tons.

Annual emissions from fixed sources of pollutiortrad atmosphere during 1990-2008
decreased continuously around 20-25% annually 20fil, reaching the value of 19.20 tons of
the value of 396.46 kt in 1990 then began a slostalnte growth of emissions by about 37 kt in
2008. In the period after 1990 have reduced theeshiaenergy in industry, agriculture and
transport are increasing the public sector.

3. 1. 2. Mobile sources of pollution

For the period 1990-2008 from mobile sources desrdeom about 650 kt per
year in 1990 to around 250 kt in 1993, which is ntained with slight variations until
1997, then nine in 1998 to decrease to about 1%téet which begins a slow increase to a
value of around 240 thousand tons of polluting farxses in 2008.

3. 1. 3. Emissions

Comparative analysis of total annual emissionsadlfutants into the atmosphere
from fixed and mobile sources of pollution durifge tyears 1990-2008 shows that in 1990
the total mass of polluting substances released fived sources constitute about 40% of
total emissions, which decreases gradually to 10rb2000, then begin a slow growth rate
reaching 15% in 2008. Share transport basin dintoi in 1990 was about 60%, which rose to
89.50% in 2000 and a slight decrease to 85% in 2#0@8the total anthropogenic emissions.
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Comparing the rate of decrease in emissions from fixed and mobile sources, we
find that mobile sources have a decisive contribution to local air pollution. Emissions from
sources were fixed at a height until reaching the ground is heavily diluted and displaced at
considerable distances from the source, emissions from mobile sources occur at about 0.8 m
from the surface and directly affect the quality and currently air ground layer of the troposphere.

3. 2. Air quality trends and changing it

In the air basin is RM emit more than 130 improper substances air, of which about
36 in considerable quantities. The biggest influence on their air quality has particulate matter,
nitrogen oxides, sulphur oxides, carbon oxides, persistent organic pollutants, heavy metals.
Air quality monitoring is carried out in Moldova by Hydrometer Service, which has 17 jobs on
site parking, located in 5 centres industrial: Chisinau, Balti, Tiraspol, Rabnita, Tighina [1].

Investigations conducted in 1993, the watershed in the pollution of the atmosphere
in the Republic of decreasing the growth and stationary (on the mobile sources of pollution),
showed a periodic overruns CMA (maximum allowable concentrations) for particulate Balti -
2.7 times, Chisinau - by 1.3 times, Rabnita and Tiraspol - 2 times. Overcome of CMA have
been recorded in Chisinau over 71 days, in Rabnita - 74 days, Tiraspol - 127 days. Indices
average SO, exceeded the CMA in Balti 1.3 times, and for NO, - 1.8 times. The maximum
amounts of nitrogen oxides have been fixed in Chisinau CMA by 2.7, in Balti -3.5 CMA,
in Tiraspol with 4.0 CMA, Rabnita with 1.5 CMA for the overrun of SO, were detected in
Chisinau within 40 days, at Balti - 66 days, Rabnita and Tiraspol - 26 days. Indices average CO
never exceeded CMA, maximal indices were registered in the city Balti 1.2 times (10 days)
in mn. Chisinau - 2 times (6 days), in Tiraspol of 8.8 times [1].

In 1995 air quality is characterized by complex indicial pollution of the atmosphere
(I <m) ) values: Chisinau Is = 4. 2; Balti Is = 11. 7; Rabnita I, = 3. 1; Tiraspol Is = 12. 0; Tigina
I, = 3. 0, which shows the serious air quality in cities of Balti and Tiraspol. In Rabnita, Chisinau
Tighina quality is acceptable, but in some periods, the index is greater than the CMA [1].

In 2000 comprehensive pollution indices (Is) ranged from 1.4 (min. Tighina) to
10.4 (m. Balti). Were overrun registration of CMA average Balti up to 2.3 for CMA powder
1.8 CMA for nitrogen oxide (IV) and 2.7 CMA for formaldehyde. Maximum concentrations
were registered in Tiraspol for the nitrogen oxide (IV) - 6.6 CMA and phenol - 8.6 CMA.
Analysis shows that concentrations exceeded the average were recorded for 3 of 6 pollutants in
Chisinau and Balti. In Tiraspol have exceeded 5 CMA noxious of 6 investigated [1,3].

Air qualities in cities in 2005, expressed through complex index of pollution of the
atmosphere were as follows: Chisinau I; = 4.77, = 6.74 Balti Is= 6,74, Tiraspol Is= 5.17,
Ribnita I,= 1.86, Tighina Is==4.21. The average annual CMA expressed are suspended solid-0.5,
sulphur dioxide - 0.2; monoxide carbon - 0.7, nitrogen dioxide 0.1-, 0.7-phenol, formaldehyde -
1.3; -0.2 soluble sulphates in Chisinau suspension and solid -2.0, sulphur dioxide - 0.6;
monoxide carbon-0.4, nitrogen dioxide-0.8; formaldehyde - 2.3 in mn. Balti. Data analysis
of the past 5 years shows a trend of reducing levels of pollution in Chisinau, Balti, Tiraspol
and an upward trend in Tighina and Rabnita.

During the years 1990-2008 to fund the pollution of the atmosphere in cities has
not changed essentially, with small fluctuations, with the exception of the concentration of
sulphur oxide (IV), which dropped. Analyzing the monthly average concentrations in the
atmosphere of polluting substances during winter has been found that when increasing the
number of local sources of pollution and the average monthly should increase, they have a
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lower amount than the summer. Decisive factor is groblem are the climate. Summer
priority direction of movement of masses are cyidront and direction of Western winter
of NV through large spaces, least populated ams polluted atmosphere, which shows that
air quality concentration of substance in the Répuf Moldova influenced transboundary
transfer of polluting substances [2-6].

Measurements conducted shows that air qualitytiescis seriously affected. After
background concentrations of air quality meetsthestendards, but in some periods actual
concentrations in the atmosphere exceed the maxiadlawable concentrations. After the
complex index of air pollution cities republic p&t in order of increasing: Rezina,
Chisinau Tighina Rabtd, Tiraspol, Balti [1,3].

3. 3. Modelling of diffusion processesin terrestrial atmosphere

Air pollution in cities is caused by the quantitigfspollutants released by sources
of pollution and climatic conditions that favors decreases in air diffusion noxious.

Diffusion of pollutants is subject to: a) the sauaf pollution parameters (height,
diameter, gas temperatui@), b) the climate and the relief [2-6,9].

For assessing the actual air quality in cities e@sducted mathematical modelling
processes in air dispersion noxious issued by lpa#lition sources..

In assessing field noxious concentrations in timeoaphere of earth layer applied
method of calculating the OND-86 algorithm whiclbigilt into the computerized 'ecolog'.
Sources were classified, taking into account {ha&iameters, the concentration and temperature
gas output of trash, the type of source - mobiléxed.

The calculations showed us that the source for Imainid fixed speed for maximum
concentration noxious gets in to the atmospher@. i62 m/sec (low and cold sources).
Sources for high v = 7. 8 m/sec and the amounhefsources of low and cold climatic
conditions unfavourable for v = 4. 35 m/sec.

For CO, volatile organic substances, size backgtaamcentration are lower than
the CMA, and pollutants such as NOx, £@Qust were located a number of critical areas,
where concentrations reach and exceed the actu®l §iké from 5-10 units. Cities large
basin affect air distances of up to 10 km.

4. LEGAL PROTECTION OF AIR QUALITY ATMOSPHEERE IN MOLDOVA

Legal protection of atmospheric air quality is thgh legislation regulating social
relations in this field in order to preserve theitguand atmospheric air quality improvement,
prevention and reducing the harmful effects of maydactors, chemical, biological, radioactive
and other kind of atmosphere, the order of a fl@mission rights and obligations of holders
of fixed sources of pollution, the consequencefitiire of operation, etc..

The legal regime for the protection of atmosphatigjuality in Moldova is regulated
by law 4, 53 standards, guidelines and regulatoidsinternational Conventions and Protocols
Additional Conventions 5 [6,7,10].

Currently legislation virtually ensures the legebtpction of atmospheric air quality,
but the legislative and regulatory acts do not gbvee met for technical and economic.
Effectiveness depends on the standards of theposalbilities of the economic performance,
especially during the economic crisis. To be effecand feasible, the requirements should have
some flexibility. They must provide tougher forarsa new technologies but can be tolerant to
the old strategic. Is important to provide a traasiperiod until the new fully standards.
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Comparative analysis of legislative and regulatiorge in the Republic with the
EU Directives showed that legislative acts, for th@st part, are inconsistent with the aqius
Community legislative acts in recent years haventsggroximated in the design.

Another aspect is that the background of the atherspin the Republic is determined
to transboundary transfer of pollutants is a neehitiate international Conventions in the
procedure for compensation of injury and productiremmental health.

5. CONCLUSIONS

1. Air quality in cities is the health rules. Afteomplex pollution index cities are
placed in order of increasing: Tighina RabniChisinau, Tiraspol, Balti.

2. The main source of air pollution is atmosphtgasport, the greatest environmental
impact on air quality we have nitrogen oxides.

3. Background concentrations of major polluting stahces in the air basin of
Moldova consist of transboundary transfer.

4. Environmental legislation in Moldova to provideneral legal protection of
atmospheric air quality.

5. It is necessary to develop a mechanism to cosgterthe damage produced by
environmental health and transboundary pollution.
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CLIMATIC CONDITIONSAND TOURISM DEVELOPMENT IN
SOUTHERN CARPATHIANS. CASE STUDY - CINDREL MOUNTAINS

ADINA-ELIZA CROITORU!, P. COCEAN? A. SUCIU®

ABSTRACT. Climatic Conditions and Tourism Development in Southern Car pathians.
Case Study - Cindrd Mountains. Climatic conditions are very important in devel@pimew or
old tourism resorts in mountain regions. This stadys to identify whether, in the general
context of global warming, Northern slopes of SeuthCarpathians (Cindrel Mountains) are
suitable for winter tourism, especially for winggorts from climatic poit of view. 47 years-
long data series (1961-2007) were analyzed fraltmR Weather Station for air temperature,
snow cover and wind speed. Main conclusions areretlare not statistically significant
trends in air temperature, important increasingssteally significant trends in snow cover
depth and statistically significant decreasingdeim wind speed. The last two conclusions
are due also to the presence in the last 10-1% ydahe fir forest around the measurement
platform. The fact is a good indicator for locatimithe ski slopes.

Keywords: climatic conditions, Southern Carpathians - Cindrebitains, trend, tourism
development

1. INTRODUCTION

Climatic conditions are very important in develapimew or old tourism resorts in
mountain regions. Recently, few studies were phbtlisin order to identify the climatic
conditions of Romanian mountains areas and to migbde locations for some new winter
sports resorts. Trends in snow cover were compfdeanany locations in the Southern
CarpathiangDragne, 2008)Some other authors studied snow cover as clinmazard in
different regions from Romanian mountains (Bogdd8, Gaceu, 2005)

This study aims to identify whether, in the geneaaitext of global warming, Northern
slopes of Southern Carpathians (Cindrel Mountaressuitable for winter tourism, especially, for
winter sports from climatic point of view. The adt@ge of the analyzed area is thaltiRis
resort already exists in the area and is develapioig and more. More, statistical climatic data
are recorded very at the weather station locatedalese to the resort and thus data recorded
can be considered as real data and no correctiecisssary for the climate of the resort.

2. DATA AND METHOD
2.1. Data

We used homogenized monthly mean temperature, stoer and wind speed
data series both fromaRinis Weather Station archive and other sources (Melegiaal
Yearbook, 1961-1973). In Romania, like in otherisag, the most of the inhomogeneities

! Babes-Bolyai University of Cluj-Napoca, Faculty afdgraphy, Cluj-Napoca, Romania; E-mail:
croitoru@geografie.ubbcluj.ro

2 Babes-Bolyai University of Cluj-Napoca, Faculty ofoageaphy, Cluj-Napoca, Romania; E-mail:
cocean@geografie.ubbcluj.ro

3 Transilvania Sud Regional Meteorological Cernf#ju, Romania; E-mail: adi_suciu2003@yahoo.com
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in the series were found in the 19th century anténfirst half of the 20 century (Rebetez
and Reinhard 2008). Mean daily temperature is caatpas average of four climatological
values, measured at 00.00, 06.00, 12.00 and 18T@ Because the up-mentioned method
of calculation mean daily temperature began on ]196fuary, 1, we decided to take into
account only data recorded after 1960, in orden&intain homogeneity of the data series.
Then monthly mean temperatures were calculateds, T4 years long-series covering the
last part of the 20 century and the beginning of theS2dentury were considered (1961-
2007). Mean monthly data for October-May periodevased in order to identify middle-
term general trends in temperature, snow covemand speed data sets.

2.2. Method

To detect and estimate trends in the time seriesaotthly data, an Excel template —
MAKESENS (Mann-Kendall test for trend and Sen’pslestimates) — developed by researchers
of Finnish Meteorological Institute (Salmi et &002) was used. The same method and
software were also used with good results to ifletménds in temperature and precipitations in
Romania (Holobé&c et al., 2008) or in numbers of fog days in Nortledérn Romania
(Muresan and Croitoru, 2009).

The procedure is based on the nonparametric Mamu#ktest for the trend and
the nonparametric Sen’s method for the magnitudinefrend. The Mann-Kendall test is
applicable to the detection of a monotonic trend tifne series. The Sen’s method uses a linear
model to estimate the slope of the trend and thiawee of the residuals should be constant
in time. The MAKESENS soft performs two types d@ftistical analyses: first, the presence of a
monotonic increasing or decreasing trend is tesiddthe nonparametric Mann-Kendall test
and then the slope of a linear trend estimated tivtlnonparametric Sen’s method is computed
(Gilbert, 1987). In MAKESENS the tested significarlevelso are 0.001, 0.01, 0.05 and 0.1.
Both methods are here used in their basic formthedsame time, they offer many advantages:
missing values are allowed and the data needech@recomparable to any particular
distribution; the Sen’s method is not significardffected by single data errors or outliers.

The Mann-Kendall test is applicable in cases whHendata valueg; of a time
series can be assumed to obey the model (Mann, K&fslall, 1975):

xi=f (4 )+e;, (1)

where:

- f (t) is a continuous monotonic increasing or decreafsingtion of time;

- the residuals; can be assumed to be from the same distributidm zeéto mean.
It is therefore assumed that the variance of thilution is constant in time.

Then the null hypothesis of no trerds, is tested in order to accept or reject it.
The observationg; are randomly ordered chronologically, contrary dlternative hypothesis,
H,, where there is an increasing or decreasing morotend.

Statistic test Z (normal approximation) is computestause all time series are
longer than 10. To estimate the true slope of astiag trend (as change per year) the Sen's
nonparametric method is used. The Sen’s methodearsed in cases where the trend can
be assumed to be linear. This meansftfin equation (7) is equal to:

f()=Qt+B (2)
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where:
- Qis the slope
- Bis a constant.

3.RESULTS
3.1. Snow cover

Solid precipitations fallen during cold period bktyear, usually in the mountain
area, form the snow cover. Its importance is duthéofact that it influences more or less
the socio-economic activities depending on its kleptd persistence. In the analyzed area,
the snow cover usually lasts from October till M&uring May, the depth is the most
probable less than 1 cm (table 1, figure 1). Froetdber till April show cover varies
between 12 (April) and 37 cm (February) in deptbnfpared to the average values, the
maximum values of snow cover are considerably higinel, usually, overpass 40 cm from
December till April. At the same time, in the moaint area the maximum depth of the
snow cover increases from October till April be@o$ successively snowfalls. The lowest
values in snow cover are mostly less than 5 cm tvétfonly exception in February. Sometimes
it can miss. This fact could generate serious problin tourism activities, especially in winter
sports, if the special infrastructure is not avaia

Tablel
Average depth in snow cover at Paltinis (1961-2007) (cm)

Month O N D J F M A M
Maximum values 97 380 400 590 79.0 8.0 89.0 0 |8.
Average values 1.( 6.2 149 273 37.0 3B4 12.4 0.9
Minimum values 0.0 0.0 0.0 1.0 8/0 0.0 Q.0 D.0

100.0
80.0 -
§ 600
<
a 400
()
a
20.0 - H
0.0 ‘ ‘|_| 1
X X Xl | Il I v \%
O Average values O Minimum values B Maximum values

Fig. 1. Average depth in snow cover &atitihis (1961-2007)
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In order to place the infrastructure for winter gppdata for snow cover were
analyzed. Linear trend and Sen’s slope were detednfor the average values of snow
cover for months from November till April. Resuliee presented in table 3. General trends
are increasing with a significance level of 0.09dr1 for each month. November is the only
exception and no trend was identified for it. Theréasing trends vary from 1.5 cm/decade,
in April, till 7.38 cm/decade, in March.

Table2

Trend in depth of snow cover at Piltinis

- Average slope Average slopg
Month | Trend| Significance level cmiyear cm /decade

N +0.54 0.000 0.00

D +2.13 0.05 +0.250 +2.50
J +2.38 0.05 +0.345 +3.45
F +2.53 0.05 +0.566 +5.66
M +2.61 0.01 +0.738 +7.38
A +2.48 0.05 +0.148 +1.48

It is possible that the general trend in snow coepth, analized fordRinis weather
staion, to be influenced by the presence of thestoarround the measurement platform.
The forest overpassed 2 m hieght 10-15 years agoiySoral information). This means
that wind speed is diminished and, therefore, tiwwscover is not anymore swept away.

Thus, tourism based on winter sports can be sfudedeveloped in the area for
the next period. Of course, suplementary studiesacessary for forest influence on snow
cover in the area. Those data can be used forrtire enountain area arround if consider
the placement of ski slopes in the forest areasddi800 m height).

To place ski slopes over this height, beyond thyeeu limit of the forest, the depth
in snow cover due to altitude can replace the faykslter effect.

3.2. Air temperature

Temperature data were also analyzed, in the confegibbal warming issue. For
Piltinis, temperature data series do not reveal importaahges in trend. There are both
months with negative trend, and months with positiend (table 3).

Except November when the trend has a significaaa bf 0.1, for the other months,
there is no statistical significance. Thus, thaymat be considered as real and they can change

from one year to another.

Table3
Trend of air temperature at Piltinis (1961-2007)
N Average slope Average slope
Month Trend Significance level °Clyear °C /decade

®) -0.45 -0.012 -0.12
N -1.92 0.1 -0.050 -0.50
D -0.09 0.000 0.00

J 1.62 0.043 +0.43
F 0.31 0.011 +0.11
M 0.07 0.000 +0.00
A -0.09 -0.004 -0.04
M 1.45 0.033 +0.33
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3.3. Wind speed

Wind speed is a very important climatic paramegsialoise of its major implication in
the cable transport infrastructure for winter spofthus, trend in wind speed for October-May
interval was analyzed and the results are present¢able 4. The data reveal important
decreasing trends in wind speed for all these nsamith a significance level of 0.01 or 0.001.

Although for the eight months considered, importarggative trends were
identified, do not have to forget that in the IaStyears, wind speed diminished due to the
forest nearby. The fact is very important becatiggavides important information about
placement of ski slopes inside the wooded areaso(@B00 m altitude).

Decreasing in wind speed is important not onlydable transport infrastructure,
but also for calculating cooling index for humardipdogether with air temperature.

Table4
Trend in wind speed at Paltinis (1961-2007)
Month | Trend| Significance level Average slope (neésfy A(%e/rs?ggciggf
O -3.27 0.01 -0.049 -0.49
N -4.68 0.001 -0.091 -0.91
D -4.68 0.001 -0.080 -0.80
J -4.43 0.001 -0.069 -0.69
F -4.77 0.001 -0.075 -0.75
M -4.93 0.001 -0.062 -0.62
A -5.24 0.001 -0.067 -0.67
M -5.36 0.001 -0.071 -0.71

3.4. |ce depositions

This phenomenon is important, mainly, for cablegprtation for electricity network,
but also for tourist transportation infrastructukgerage number of days with ice depositions at
Piltinis varies from January (6.8 days/month) till Octoaed May (less than 1 day/month)
(table 5). The maximum values recorded from Octtibéay was of 15 or more days/month.
The most days with ice depositions are specifidd@ember and December (figure 2).

Table5
The average number in ice depositions at Paltinis (1961-2007)
Month O|N|D|J|F|M|A|M
Average values | 09| 3.2| 4.9 6.8 49 32 14 08
Maximumvalues| 18| 22| 18| 20 24 18 15 1p
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Fig. 2. Number of days with ice depositions from OctotileMay

CONCLUSIONS

Considering the datasets analyzed for air temperadepth in snow cover and
wind speed, one can conclude that for Northernedayf Cindrel Mountains, the climatic
conditions are suitable for installing new infrasture for winter sport, especially ski slopes. It
is also recommended that ski slopes to be placttkiforest areas because of its important
role in preserving the snow cover for longer peaod with higher depth.
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STORM ON SEA CONCEPT. NAVIGATION SAFETY THRESHOLDS
IN THE WESTERN PART OF THE BLACK SEA

BRINDUSA CHIOTOROIU %, LAURENTIU CHIOTOROIU 2

ABSTRACT. Storm on Sea Concept. Navigation Safetyfresholds in the Western Part of

the Black Sea.Definition of storms produced in the western pdrthe Black Sea takes into
account the navigation casualties’ frequency, #eellarities of the sea to run high simultaneously
to wind intensification and the stresses actinghership’s hull when is underway. All the sailing
vessels record a natural speed reduction due tdthed resistance caused by storm’s wind and
wave. Storm evolutions and speed-loss diagramglb@senew meteorological information’s
may support the work of a routeing officer tryirg find the best solution for the ship’s
safety and economy.

Keywordshydro meteorological parameters, incidents on skay stability.

1. INTRODUCTION

In order to define storms produced along the Roararshore, two parameters
have been used: wind speed of 12 m/s and seadstai@ the coast. Using these thresholds,
more than 180 storm situations have been identifie2D years (Chiotoroiu B., 1998). One
of the main characteristics of these extreme evierttse strong winds, constantly blowing
from North and favouring consequently the rapidéase of waves’ height.

The main consequence represents the ship’s spdadtien and increasing fuel
consumption, but the ship stability may also bea#d in a high sea.

The statistics for the incidents on sea, estaldisbethe ships underway or being
at anchor in the Black Sea western part or the R@anaports, emphasize their occurrence
even during moderate storms.

Important damages were noticed as a consequettice shiip’s dynamical behaviour,
especially related to large heeling angles excegtlie weather criterion. International
regulations have been consolidated into a few natiwnal codes on stability: the Code on
Intact Stability (IMO regulation A.749 (18)), SOLAS974) or rule 25 of MARPOL 73/78
about damage stability of tankers. All these stéarly maximum allowed values to prevent
the loss of stability and the ship’s capsizing.

Moreover, the stresses on the ship hull acts orbémeling moment’s variations
and leads to a natural speed reduction. Genetlalycaptain’s decision to reduce voluntarily
the speed is taken for a sea state 6. This judgeisafso valid for a sea state 4 in certain
visual conditions: decrease in propulsion effickeaad increase in added resistance (due to
vertical coupled motions of the ship).

! Constanta Maritime University, Faculty of Navigatiand Naval Transport, Constanta, Romania;
E-mail: b_chiotoroiu@yahoo.com

2 University of Applied Sciences Oldenburg, DepMafitime Studies, Elsfleth, Germany; E-mail:
laurentiu.chiotoroiu@fh-oow.de
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2. STORMS’' CHARACTERISTICS
2.1. Hydro meteorological thresholds

Storms in the western part of the Black sea haemn ladready defined using two
hydro meteorological parametemsind speed >12 m/§force 6 Beaufort) for at least 12
consecutive hours andgea state 4 near the coafwave’s height 1,25 m — 2,50 m),
Chiotoroiu B., 1998. The correspondence is giverthgynautical tables published by the
Hydrographic Office of the Navy in Constanta (1990)

Storm situations have been considered when theeabwmntioned values were
registered at a least one of the Romanian metegicalacoastal stations, Sulina or Constanta.
Sea state 4 near the coast generally correspoadsetm state 5 offshore (at Gloria oil platform),
figure 1. Usually, there is a concomitance of staguurrences at Sulina (on the coast) and
at Gloria (offshore).

# GLORIA
CONSTANTA
1.199

1.196
BURGAS &

islgi\b%BUL D
AIRPORT
= 1200

L ——

Fig. 1. Romanian meteorological stations

Previous studies on the waves’ height evolutionr tha Romanian coasts a
function of the wind speed for different wind diieas emphasize the following peculiarities
(Bondar coord., 1972): the highest waves form dyeastern winds, no matter the wind
speed (that includes also the moderate winds)ndwinds stronger than 10 m/s, Black sea
waves exceed 1 m height (sea state 4) when theswiilodv from North and 2 m height (sea
state 5) if the winds blow from East, figure 2.
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Other research papers on storms produced overeéktem part of the Black Sea
has shown that they are more frequent during the season, from November to March
(75% from all the storm situations in 20 years) &mat the strongest winds direction is
from North or North-North-East (Chiotoroiu B., 1998

V=22 m/s
Ver7m/s
V15 mis
V=-13mps
Ve 10m/s

Va S/

Ve3m/s

Jfmee marmid @ valwrior [
S SSSS

Vertmfs

NS
J3%

Wiy E

rogv v WA

g JE T
rectia vl LJwreclia vinlorior

Fig. 2.Wave’s height vs. wind speed and direction: Sullsan depth (on the left) and Constanta,
9 m depth (on the right), Bondar (coord.), 1972.

In most of the cases, during strong winds blowiogstantly from a North direction
an increase in the wave height almost simultangowih the wind speed intensification
was noticed (figure 3).
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Fig. 3.Wind speed and sea state observed at Sulina and &htions
during the storm from 26-30 October 1987 (Chiotar&b98).
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2.2. Navigation casualties

As a result of the Black Sea peculiarity to rurhhiga very short time, many incidents
on sea occurred along the Romanian shore. Sontentsiwere followed by disasters, like the
storm in January 1995. This is a typical exampla w@iblent storm near the coast, which lasts a
moderate period of time. As well as during therattnom October 1987 (figure 3), in January
1995 the sea was running high quickly, simultanlgough the wind intensification. The wave
height at Gloria station exceeded 8 to 9 m in thenang/night of 4/5 January 1995. Despite
of the warning messages sent in due time onboaps sind Constanta Port Control’s
recommendations, two ships (Paris and You Xiu) midanchor the %January 1995 until 6
p.m, being at 3,5 and respectively 1,9 miles digtdrom the Constanta port breakwater’s north
extremity. At 6 p.m the Port Control found out twe radar screen a change of the two ships’
position as well as a drift towards the breakwaiére drift was produced in the dominant
direction of winds and stormy waves, towards SWewitting the breakwater two gaps were
formed and the two ships began to sink. The effogde by the rescue crews were useless.

The storm in October 1987 have produced modeodtege hull damages to many
ships: M/V (motor vessel) Lupeni being underwaytlgh the Black Sea and M/V Viseu in
Constanta open roadstead (off 89October), the Ro/Ro ship Bazias (off' 80 October) etc.

The frequency as well as the intensity of the stoamising offshore the Romanian
coasts has been correlated with the incidents amesgstered by the navigation registers of
Constanta Harbour Master as a result of extremahsea&vents. The conclusions of this
analysis highlights that over 180 vessels sufféferént damages (losing the anchor, hull
or deck machinery damages, damage stability daargo loss or grounding, ship wrecking
etc.). The above damages were produced during t® wolent storms, defined by rapid
wave height increase and North winds direction.

3. NECESSITY OF A SHIP’'S SPEED/ POWER PREDICTION METHOD

The speed of a ship in a heavy sea depends mairtlyeoship’s resistance and the
behaviour of the ship in waves. The prediction rodthvas created by the authors for
regular head waves and presently, the program asdavelopmental stage concerning the
irregular head waves (Chiotoroiu L., 2004). The hodt will be suitable for all the liners
(ships travelling same navigational route) crossimgBlack Sea. Keeping in mind that the
storm waves near the Romanian coast may have d{Raxt or East direction, there are
few possible cases to be analysed from the shigpand speed point of view:

1). Ship in “following waves” - if the vessel is dding Varna port for example
(it's well known that a ship in a following sea megpsize without any prior notice, thus is
a very dangerous situation, which has to be avoédesbon as possible);

2). Ship in “head waves” - if the ship is leavingrStanta heading to Odessa or to
Sevastopol for example, the ship may encounteadihg storm.

In both cases, the vessel will naturally decreaspower and speed. In the first
case, the speed will decrease slightly (with a tiegaropeller slip), while in the second
case, the speed and power will be reduced drartigt{figure 4).

No matter which case is analysed, in the evenshigencounters a severe storm on
the service route through western Black Sea, thgepraction is based on the personal judgment
of the ship’s operator. To prevent severe ship’sians, the ship’s captain has to change the
navigational route based on the new meteorologioaditions. At this point, a diagram
representing the loss of ship’s speed will be helpf
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Fig. 4. Example of a speed - loss diagram for ships igasea (Ochi et al., 1974)

The aim of our prediction method is to create sacpeed-loss diagram valid for
the Black Sea for some certain type of cargo ships.

3.1. Prediction algorithm framework

In creating a power and speed prediction method fastors have to be considered:

the natural speed reduction due to added resisf@acsed by the winds and waves) and
the voluntary speed reduction by the ship’s captain
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Fig. 5. Natural and voluntary speed reduction accordinget state (Journée, 2001).
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To determine the ship service speed in a stormyheeaithin the prediction method,

a computer program valid for regular head waves dea®loped (Chiotoroiu L., 2004). As
a case study, a container vessel was analysed.

Furthermore, to compute the behaviour of this shipvaves, the Black Sea
energetic spectrum was necessary to represent.vildgsdone using meteorological and
hydrological data concerning the wave parametecsrded on two Romanian stations (Gloria
oil-platform, in open sea and Constanta coastabsjathe mean wave period and the average
frequency (Novac I., Chiotoroiu, 2004).
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Fig. 6. The Black Sea wave spectrum in comparison withratba spectrum (Novac et al., 2004)

3.2. Determination of ship’s response characteristi

Based on the above data, the behaviour of anyhgaship in a Black Sea storm
may be determined based on certain steps:

1. Determine Black Sea wave spectrum;

Encounter wave energy spectrugty), as experienced by vessel;

Determine the harmonic response in regular waves;
Calculate the Response Amplitude Operator (RAO);
Represent the response spectrugi((%));
Find the system response.

In the present stage, the program is analysing 3t&fghen the transfer function
will became a known quantity, it will be possibtedalculate the behaviour of any ship or
model in a Black Sea wave spectrum.

o U rwN
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4. POSSIBLE STABILITY HAZARD DUE TO DEFINED BLACK SEA
STORM

As mentioned before, wind speed of 12 m/s blowimgstantly from same direction
leads to a rapid increase in the wave height alomgRomanian shore. Thus, if initially the wave
height is 1,5 m, it may rapidly increase to 2,53an. As a result, in addition to the ship’s
speed reduction and increasing fuel consumptianskiip stability may also be affected.

In this realistic scenario, to avoid incidents whinay occur, the ship’s captain or
the deck officer in charge has to act in conseqeieiibe recommended procedure is to
change the route to diminish the effects of thenb@ad quartering winds (figure 4). In
other words, to avoid stability hazards, the slap to sail as much as possible in head and
bow waves instead of beam or quartering winds aanbw!

In the event of sailing in beam winds and wavepethding of the bulk cargo type
(solid or liquid), the cargo surfaces will inclirgatively to their original horizontal orientation
This effect of sliding cargo (or free surface dffeccordingly) deteriorates stability significantly
The effect on the curve of statical stability o€lkshifts is obvious. The ship will navigate
listed (approx. 11° in the figure 7 below); thisiltbbe a navigation condition but not a safe
and not a recommended one. The figure 8 holds feesael of 40.000 tons displacement
due to a heeling moment of 7875 [t-m].
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0.4 -~
/’ N - Az
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P N Aq ,
2 f 0 20 30 45 60 7N\ 90
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.2 N\
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Fig. 7. Effect on the curve of statical stability of Fig. 8. Graphical estimation of the maximum
static list of approx. 11 ° (Chiotoroiu L., 2007)  dynamical heeling angle of approx. 47°
(Chiotoroiu L., 2007)

The ship will not remain in this position due te theeling moment created. Under
the non-stationary winds and waves action, she stdrt to behave dynamically. This
means that the inclining angle will increase mdrant 11°. The maximum dynamical
heeling angle depends on ship’s hull form and otpemameters. The winds and waves
transfer energy onto the ship and the ship will beger to a maximum heeling angle before
rolling back. This maximum heeling angle is lar@@metimes more than double) than the
statical list angle.

However, as mentioned before, there are internalticagulations like the Intact
Stability Code, regarding the maximum allowed dyi@inangle and generally the ship
ability to withstand the combined effects of beanmdg and waves. For example, in a
passenger ship case, the maximum heel angle isti®1ist resulting from a beam wind
pressure of 504 Pa must not exceed 16°, in theheeatiterion of the same Code etc.
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5. CONCLUSIONS

Research on extreme weather events charactermtidstheir consequences on
navigation can lead to useful conclusions for pigtthe meteorological routes through the
western Black Sea. With a known rough weather paitethe Black Sea, an optimum ship’s
route can be found with a minimum travelling tinfieel consumption or risk of damage
stability. Up to now, the prediction of the behavimf a vessel in a heavy sea is based on
routeing experience.

Together with the meteorological information, aetarspeed-loss diagrams help
the routeing officer to give well-founded routeiagdvice to the ship’s captain. This is not
only of importance for the economy of the ship’&i@gtion but also for its safety.

This kind of calculation and diagrams we try totlsetan also be used in
developing operational performance systems on bshifs. The calculated speed, power
and motion data can be used in these systems agfiect to decisions for course deviations
or speed reductions. Calculated fuel consumptida dan be added easily for minimum
use of fuel, predictions of fuel consumptions etc.
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A PECULIAR CASE OF HAIL IN THE WEST OF ROMANIA:
JULY 14™ 2008

EUGENIA SERBAN!, CARMEN SOFIA DRAGOTA?

ABSTRACT. A Peculiar Case of Hail in the West of Romania: July 14", 2008. The
work presents a case study with a view on the dangemeteorological phenomena that
took place in the evening of July 12008, in the western regions of the country. la th
interval 14"13" July 2008, the central-eastern part of Europe wvater the influence of a
very hot, tropical air mass that determined theddog days in our country. The northern
and later the central regions of Europe were adfbbly a cold air mass, moist and unstable
which gave precipitation. At the contact of two rmiasses with thermic differences of about
10°C, in the accentuated generated instability, dangemeteorological phenomena have
resulted. They manifested in the western and dendgions of Romania by torrential
sudden showers, hail, lightning, thunders and &qutihe effectproduced by the dangerous
meteorological phenomena were felt in many couritiethe country, and in the western
part they were most intense in Arad County. Thareoime settlements the hail was as big
as a hen’s egg, generating massive destructions.

Key words: hail, instability, dangerous meteorological pheresman, warning, effect.

1. INTRODUCTION

Hail is a climatic hazard typical for the warm setee of the year and which brings to
important local damage in a short period of timepehding on the trajectory of the cloud
that generated it. In general, in our country, fadli as a result of high thermic differences (10-
20°C) between the air masses over the country terréind the wet ones which replace them,
situation that determines the occurrence of a gresihbility. In the West of the country,
hail falls are more frequent than in other regidre;ause of the easiness with which wet,
oceanic air masses penetrate, coming from the @édorthwest of Europe.

2. DATA AND METHODS

In the present work, meteorological data have hesea, regarding air temperature,
precipitation, wind speed, atmospheric pressuminglduly 11"and 1%' 2008, at the stations to
the West of the country, coming from the Archivete National Meteorology Administration
(N.M.A.). Synoptic maps, radar maps and satetiitages posted on official websites (Eumetsat,
N.M.A., Karlsruhe Meteorology Center), have als@meanalyzed in order to extract the
conclusions on the synoptic situation that favoutedoccurrence of halil.

! University of Oradea, Faculty of Environment, Ghlagheru st., no.26, 410048, Oradea, Romania;
E-mail: eugeniaserban@yahoo.com

2 |nstitute of Geography of the Romanian Academwpiibie Racovii st., no.12, sector 2, 023993,
Bucharest, Romania; E-mail: dragotacarmen@yahoalco.
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3. RESULTS AND DISCUSSIONS

In the interval 11-13" July 2008, the central-eastern part of Europe wrater the
influence of a very hot, tropical air mass thatedetined the scorching days in our country
(temperatures rise to maximums of 35@p On July 18, the maximums of air temperature
for the West part of the country were°®4at Satu Mare and Oradea and@%t Timioara.
Beginning with July 1%, the hot air mass started to recede towards thet &athe
continent, determining a cooler weather in the Wast central parts of Romania (fig.1).
Thus the maximum temperatures were lower to thet\Wethe country, 28C at Satu Mare
and Oradea and 3C at Timgoara but kept at about 35-37to the Southwest and South of
the country. On the contrary, the northern andrl¢te central regions of Europe were
affected by a cold air mass, moist and unstablehlvbave precipitation. Due to the dorsal
of the Azores Anticyclone, the instability movedvirds the East and Southeast of Europe,
where it grew in intensity because of the high terapure and pressure differences between
the two air masses (the thermic differences risgbtuut 10C) (fig.2).

Fig. 1. Field of atmospheric pressure at ground level &weope, on July 142008, 18°UTC
(according to www.wetterzentrale)de

As a result, in the contact region of the two a@rsses with different properties, in
the circumstance of pronounced generated instghilangerous meteorological phenomena
arose and manifested in the western and centranegf Romania by torrential sudden
showers, hail, lightning and thunders, strong wisdsnetimes with the appearance of a squall.
Those phenomena were recorded in the West of thatgoin the evening of July 14
(especially between 9,00 and 11,00 pm), but theyirazed in other regions of the country in
the night of July 1% to July 1% (fig.3-4). During the whole interval, the N.M.Asued through
its stations in the country, 18 yellow code warsimy immediate dangerous meteorological
phenomena: 9 warnings issued by SRPV Yaauia, 3 by Oradea Radar Observatory, 1 by
SRPV Cluj, 2 by SRPV Craiova, 1 by SRPV Sibiu artySRPV Bagu.
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Fig. 2. Distribution of air temperature at isobaric suefdevel of 850 hPa over Europe,
on July 18' 2008, §° GMT (according to www.wetterzentrale)de

In the interval between July 49,00 am and July 156,00 am, the meteorological
situation was as follows (according to the N.M.Aljring the day, the weather was extremely
hot, with scorching temperatures especially tovitest and South of the country. The sky was
gradually clouding over in the West, North and eemtf the country. Sudden showers and
lightning discharges were recorded in Banatsa@a, Maramurgeand later on in other regions
of the country, towards the evening and duringiigbt. The wind blew heavier during rainfalls
and turned into a squall negiria. Locally, hail was recorded at Tigoiara, at the localities
Siria, Pecica and Utvigiin Arad County, but also in some mountain regidh®cipitation
rose above 15 I/frin the West of the country (up to 44 fiat Dumbavita de Codru).

In the evening of July 142008, 9,00 pm, in the GEno-Somgani Plain — which
was very much affected by those phenomena — thieraperature was between 2&3at Satu
Mare and 31.%C at Holod, and after an hour it was around 23=2énd 29.0C at Holod). At
9,00 pm, the wind had a speed of 2-7 m/s on thieeeplain, higher aBiria (7 m/s) and
Chisineu-Cri (6 m/s). The atmospheric pressure was around 991r% over the entire
plain and lower a$iria (957.1 mb) (according to the N.M.A.).

The effects produced by the dangerous meteorological phenomverafelt in many
counties in the country, and in the western pay tlvere most intense #rad County So,
because of the frequent and intense electric digesand also the strong wind, there were
power breakdowns in more than 12 localities indbenty and 7 medium voltage power lines
being partly affected, one totally, 80 power cosiger stations and 9 power poles broken down
in the area Petrol Turnu. There also appearedd [@mbblems concerning low voltage lines in
almost the entire county (source: Arad Online, waradon.ro/stipi
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Fig. 3. Radar map of Romania, July12008, $°pm
(according to database of N.M.A.).
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Fig. 4. Satellite image, July 142008, 18° UTC
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The strong wind and squall produced great damageds were wrested away,
cars were damaged, trees fell on the roadwaysialtidrops were destroyed by wind and
hail. Very large hail fell in some localities inetltounty (fig.5). In this respect, sbfronea the
lumps of ice were as large as a hen's dug, no great damage was done because of its very
short lasting time. The same situation wasatld€, where only slight damages were done. On
the other hand, the settlements Livada and Tucarded massive damages. At Livada people’s
gardens were heavily affected as well as fieldrByC blinds at the windows were perforated
through and even the windows behind the blinds Werken. Corrugated bituminous plates on
the roofs were also pierced by hail. Near Peciedere the most affected areas were Moara
Mica and Turnu — hail broke easily through melons, ingrthe crop. About 150 houses
were affected by hail, ending with broken windows #oofs and tenths of cars were damaged
(source: Arad Online, www.aradon.ro/stiitoTV News, www.protv.ro/stiyi

However, the most affected
area wassiria-Pancota, where
the squall and hail produced
great damages. Airia 300
households were damaged,
as well as 20 cars. The metal
roof of a department store was
pulled off and also a part of
the Greek-Catholic church roof.
About 70-80% of the farm and
vine crops were destroyed. A
fallen tree smashed a car. At
Pancota, large ice lumps fell
for around 5-10 minutes, de-
stroying everything (according
to locals testimonies, the ice lumps were as lagya fist). The damages were greater than at
Siria. Farm crops were affected — only corn statkeained — buildings, cars. The buildings
in the precincts of football field remained withawiof. The blinds at the windows were
pierced by hail, the windows (even vinyl ones) wereken and power and telephone lines
broken and fallen to the ground (source: Arad Gnlimww.aradon.ro/stiyi

Tenths of trees fell of because of the strong whidcking the traffic on several
roads in Arad County. That happened with the roBds709B betweefofronea and Arad;
DJ 709 betweeSiria and Horia; the road between Ceala addidt (where 8 trees fell to the
ground); DN 79 between Arad and §lheu-Cri (where 5 trees fell) (source: Arad Online,
www.aradon.ro/stii

Dangerous meteorological phenomena were also redoddiring that night in
other country counties. In Cluj, the electric disgfes were very frequent and intense and
there was a torrential rain. At Vultyte County of Argg, a house took fire from a thunder-
stroke. At Braov hail was as large as a guinea fowl’'s egg anchéar an ice layer on the
ground. It was accompanied by heavy rain. Fallenlisnps damaged several cars. Hail
was present also in the County of Covasna, atateities Borgneul Mare and Doboly de
Jos, where it destroyed the field crops (sougtiei: ProTV, www.protv.ro/stirj.

On the afternoon of July £42008, the road between Arad afida was blocked
for almost an hour, because of a serious fire hbated over 100 hectares of stubble field.

Fig. 5. Hail fallen in Arad County on July 42008
(source;_http://www.protv.ro/stixi
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The two hours intervention of the fire brigade wagded to stabilize the situation (source:
Press Online, www.presaonline.cprAs a result, we consider thiée very large ice lumps
in the areadSiria-Pancota and the greatest damages which folkbvie this area were
caused by the existence of a very hot air layeegard by the fire of that afternoorhich
produced a particularly intense thermic convectigimen the background of the existent
scorching temperatures. This convective movemesgrposed over the dynamic accentuated
one, associated to the atmospheric front that etbfise western territory of country on
Monday evening, July 4

Although in the area mentioned above hail was Varge, at the weather station
Siria, the maximum size of the ice lumps was jusB2Bm. That emphasizes once more the
uneven territorial distribution of this dangeroyslfometeor.

4. CONCLUSIONS

The present study emphasized the intensity of dangemeteorological phenomena
produced in the western regions of Romania, whérenasses with different properties
penetrate easily, given that over the vast Panndriain there are no orographic obstacles.
When the thermic differences between the air mashe&h come into contact are over°Q)
particular phenomena may occur, as: large haitléssribed above), intense lightning and
thunders, torrential rains, squall. The effectssoéh phenomena are strongly felt by the
population and local economy, by the massive dastiget took place. Farm lands, orchards,
vines, roads, power lines, communication netwdokddings are generally affected.
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THE VARIATION OF CH,IN THE URBAN AREAS FROM
CLUJ COUNTY

G. CRISTEA?, IOVANCA HAIDUC? S.M.BELDEAN GALEA? S. CUNA!

ABSTRACT. The Variation of CH, in the Urban Areas from Cluj County. The emission

of methane in big urban areas is considered orteeo$ources that determine ttreation

of the methane nu inteleg in ce sens daca te lefedntitate amount in the atmosphere e
mai bun. In this study, we have investigated theéatian of CH, level, in three urban areas
from Cluj county: Cluj-Napoca, Turda and Huedirr, $ix months, since July-December, 2008.
In each of these locations, we chose city pointh witense anthropic activities, and some
reference points with a minor anthropic impact. #ar CH, determination, the air samples
were collected in a special glass vials and andlyegas chromatography equipped with a
packed column and FID detector. The results shothiatl the CH concentration levels
depend on the date and the place of determinaktom.concentrations of CHin urban area
are lower then in the reference points.

Keywords: methane emissions, urban agglomeration, gas chimynaphy

1. INTRODUCTION

The global community has begun to recognize thigtinperative to identify and
to monitore greenhouse gases, including methanépih industrialized and developing
countries. Methane is a greenhouse gas, thatdsiped mostly (80%) of bacteria in anaerobic
conditions, in wet environments (wetlands, marstwgira and crops of rice), in the intestines
of ruminants and termite. Around 20% of the methamessions result from coal sources,
such as coal extraction, industrial waste, Fisdhtepsch synthesis, exhaust gas of vehicles,
volcanic emissionsHpllander J. et al.1996

Methane, has received an increasing amount oftatteduring the past few years.
This attention has been caused by the relativadyt diietime of the gas, the rapid growth
rate of ambient concentrations of about 0.8% par wad the relatively low reduction of
emissions (about 10%) needed to stabilize atmogphencentrations (IPCC, 1995). The
radiative forcing of methane in the atmospherestsrated to be 0.5 W 1H amounting to
20% of the total anthropogenic radiative forcindag. Methane's chemical lifetime in the
atmosphere is approximately 12 years and is abbtiit®s more powerful at warming the
atmosphere than carbon dioxide (®y weight. The global emission of methane of 535
Tg y*, based on estimates of source and sink strengtivged from atmospheric chemistry
models (IPCC, 1995) is pretty constant. The anmakase in global averaged methane
concentration is steadily declining during the @etade. (Jagovkina, S. et al. 1996)

The CH, lifetime was estimate at 6.2 years in 1850, 78y@ 1992 and will probably
increase to 8.6 years in 2040.

1INCDTIM, 65-103 Donath Str., Romania; E-mail:itint@-cj.ro
2Babey-Bolyai” University, Faculty of Environmental Scizs, Fantanele no. 30, 400294 Cluj-Napoca,
Romania; E-mail: iovancah@yahoo.com



G. CRISTEA, IOVANCA HAIDUC, S.M. BELDEAN GALEA, SCUNA

2. MATERIALSAND METHODS

For the determination of CHlevel in the air samples @as-chromatograph GCL
90 equipped with a packed column (L=2 m, ID= 2.2)nmontaining 13X molecular siege
(80-100 mesh) and FID detector was used. Theuim&nt was operating in isotherm mode
at 60° C and the flow rate of mobile phase (argb8%999% purity) wa80 crm/minuts
The temperature of injector and detector was 50%& air samples were injected in GC
with a syringe of 0.25nl. The quantification of methane in real samples made by
external standard method using a mixture contaidiby ppm CH and 275 ppm C©Oin
nitrogen.

For the present study three different locationsnfrGluj County (Cluj-Napoca,
Turda and Huedinjvere chosenTo study the influence of urban agglomerationGi,
budget, in each location were selected the detatimmpoints with intense anthropic activities
and minor anthropic activities. (Shorter, J.H.le.896, Veenhuysen, D. et al. 1998)

3. RESULTS AND DISCUSSIONS

During the period of five months (July-Novembehe tCH, concentrations from
Cluj Napoca, Turda and Huedin city points from reahgpetween 3 ppm and 37.9 ppm, with
lower values in August and higher values in Octairel November.

In Cluj-Napoca the seasonal variations of the, @el presents an upward trend
during the autumn months inak4sti and Reference point and a decrease trend ino@&$gu.
(Figure 1)
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Fig. 1. The variation of methane concentration in Cluj-Nzgpo

The CH, level registered in Turda (4-36.1 ppm) was a€littit lower comparing
with Cluj-Napoca. The concentration was highehmreference point (4-36.1 ppm) comparing
to those from the city point (4-22 ppm). (Figure 2)
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Fig. 2. The variation of methane concentration in Turda.

The CH, level registered in Huedin was very similar to darAlthough the level of
methane was higher in reference point (4-36 ppm)paoing with City point (3-35.2 ppm).
(Figure 3)
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Fig. 3.The variation of methane concentration in Huedin.

The analysis of the CHtlata shows that in all the three locations the EMel is
higher in the reference points compared to thepmiyts. This indicates a greater influence
of CH, natural sources in comparison with the anthropimgesurces.

In all selected locations, the GHevel from the reference point was higher in
November compared to July. The increasing trenchethane in the autumn season in the
reference points shows the acceleration of thegas®s of anaerobic degradation of the
organic matter.
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4. CONCLUSIONS

In all the three studied locations the values offrare concentrations are higher in
the reference points (38.6 ppm Cluj-Napoca, 36.6dau35.2 Huedin) comparing to city
points, which indicate a greater influence of natsources of methane than anthropogenic
sources.

The highest Chllevel was registered in Cluj-Napoca both in Citynp and Reference
point (ppm), compared to Turda and Huedin.

In all selected locations, the ¢ldvel from the reference point was higher in Nolzem
compared to July. The increasing trend of methariee autumn season in the reference points
shows the acceleration of the processes of anaedelgradation of the organic matter.

The monitoring of methane for a long period coulegnformation with regard to
the influence of biological life cycle and the arad#c degradation of organic matter on
methane budget.
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THE ASSESSMENT OF AIR QUALITY THROUGH LICHEN
INDICATION IN FOREST ECOSYSTEMS

A. BEGU, V. BREGA!

ABSTRACT. The Assessment of Air Quality Through Lichen Indication in Forest
Ecosystems.The present paper proposes the Lichens Toxitotereicale (LTS) towards
different concentration of SOn atmosphere. Taking into account the specifiedity,
abundance and indicator species toxitolerationetlieproposed a scale with 6 gradations
for assessing the air quality (further referredA83GS), which was applied in 62 forest
ecosystems. Typically, ecosystems with low polludgdare located at altitudes above 200 m,
and those with polluted air — below 200 m. In fwre are exceptions as there are such
important factors as distance from the pollutionrse and direction of prevailing winds.
The following paper presents a comparative presentaegarding the application of AQGS and
EMEP in the Republic of Moldova.

Keywords: forest ecosystems, lichen indication, air pollution, SO, emissions, toxitoleration,
abundance, evaluation criteria, environmental monitoring.

1. INTRODUCTION

Given the fact that currently there is enough infation on the most atmosphere
toxic pollutants which causes disturbances in lcheital cycle (DeSloover J., LeBlanc F.,
1968; Atlas, Schofield, 1975; Burton, 1986, Riclsam Nieboer, 1980; Trass, 1977, 1984,
Blum, 1986; Mihailova, Vorobeychik, 1995), sometaus of the lichens toxitoleration scales
specific gradations in S@oncentrations (Hawksworth, Rose, 1970; LeBlarg,R972; Liyv,
1982, etc.). The indicated concentrations differagily from one author to another, probably
because of the fact that some data was obtainkdb@mnatory and other in field conditions;
the emissions structure is different, climatic dtinds, research methodology etc.

2. RESULTS

The analysis of the scales allowed us to see thiaeanost authors the concentration
of SO, < 0,05 mg/rﬁ air is indicated for the area with clean air anel harmful effects start
at 0,1 to 0,3 mg/fhair, some indicating the stage > 0,3 myam very polluted air, others
indicating that the fatal concentration as being $0,5 mg/ni air. Thus, based on analysis
of data published by other authors and based onests performed in laboratory and field
conditions, we propose the Lichens Toxitoleratiorel® (LTS) towards different SO
concentrations (Table 1).

! Ingiitute of Ecology and Geography, Academy of Sciences of Moldova, 2028, Chisinau, Republic of Moldova;
E-mail: adambedu@gmeail.com
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Table 1

Lichens Toxitoleration Scale (LTS) towards differem SO, concentrations in the air

Toxitoleration |Area SO, concentration in The presence of lichens with different
particularities the air, mg/n? air degree of sensibility towards pollution

I Non polluted <0,05 Highly sensible

Il Low polluted 0,05-0,1 Sensible

1l Moderate polluted 0,1-0,2 With moderate resistance

v Highly polluted 0,2 -0,3 With increased resiste

\% Heavy polluted 0,3-0,5 With high resistance

VI Critical polluted >0,5 Complete absence of licke

Considering that any presence of lichens is arcaitin of the true criterion, as
previously exposed to the higher plants (Viktord®62), lichens appreciation will be
truthful when the lichen indicator species coveragébe over 10% of substrate surface.
This threshold is very important, especially foxitoeration grades | and Il since we cannot
state that the air is clean when we have studigdamre example of lichen indicator species
(or even 2-3) very sensitive to pollution and wheziverage of the substrate is minor or it
has a pale aspect of development. Thus, proceddingthe eco bioindicators abundance
there is proposed the following criteria for assegshe air quality (Table 2).

Table 2

Air Quality Graduations Scale (AQGS) in dependencen ecobioindicators abundance

Air quality SO, content in Abundance of species with different
the air, mg/m3 toxitoleration degree, % of substrate surface
1.Clean <0,05 I>10orl<10andll > 75
2.Low polluted 0,05-0,1 |-0-10or Il - 50-75
3.Moderate polluted 0,1-0,2 II-10-50or I 85
4.Polluted 0,2-0,3 Ill - 10-50 or IV > 50
5.Haevy polluted 0,3-0,5 IV - 10-50 or V - 1-100
6.Critical polluted >0,5 Complete absence of lichens

Evaluation of atmosphere air quality in 62 foresisystems throughout the Republic
of Moldova has been developed taking into accobetspecific diversity, abundance and
indicator species toxitoleration, applying the AQ@eloped by us.

Based on the above mentioned, we can conclude ainathe territory of our
country there have been highlighted 3 forest edesys in which the air is considered as
clean (Ocnia - Hidarauti, Bahmut, Seliste - Leu) and one in Romania (Pipttice rate of
ecosystems with low polluted air reaches 11, mddepalluted - 31, polluted -13, heavy
polluted - 3 (Criva, Saharna, Copanca) and those evitical polluted are missing (Table 3).
The air quality from the ecosystems which were meploas clean is confirmed by the presence
of lichens species very sensitive to pollution, ¢beerage of which was over 10% of substrate
surface (i.eUsnea hirta - in Ocnta-Hadarauti, Peltygera canina - in Bahmut andRamalina
fraxinea - in Seliste-Leu) .
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Ecosystems with low polluted air (3& 0,05 — 0,1 mg/thair) are primarily
located in the north part of the country (6 - Tegbii, Fetesti, La Castel, Zabriceni, Lipnic,
Donduseni) and some of them in the central paddriGirea (3 - Bujor, Cirgeni, Loganesti)
and 2 in the middle of the Dniester (Lopatna) and FCotul Morii).

Ecosystems with moderate polluted air §S,1 — 0,2 mg/rhair) are more (31)
and have a wide distribution throughout the coyrdfien being subject to impact from local
pollution sources (i.e. - Hjdieni, Criva, OrhegliSte, Durlesti, Budgi, Vileni, Giurgiulesti
etc.) or from sources located at the border, paatily subjected to acid precipitations (i.e. -
Balanesti, Cobac). Others are likely to be affebtetdoth pollution sources (i.e. -i€ani, Clocyna,
Rublenta, Stinca Mare, Sarata Galbena, Sarata ¢dareCobac, etc.). The share of ecosystems
with polluted air (S@= 0,2 — 0,3 mg/rhair) is 13, prevailing in the pollution outbreaks
vicinity such as Balti, Rezina-Ralpaj Chisinau, Tiraspol, Cuciurgan (i.e. - Trincag€@€tsica
Noua, Mandrgtii Noi, Papauti,Soldanesti, Tohatin, Harbo#t, Ciobruciu etc.). Heavy polluted
air (SGQ = 0,3 — 0,5 mg/mair) is set for 3 ecosystems - Criva, Saharnaa@cgp which have a
location in immediate vicinity of pollution sourcesid are positioned in the path of the
prevailing winds. Ecosystems with critical pollutd(SQ> 0,5 mg/m air) were not recorded.

Table 3
The estimation of air quality in forest ecosystemaccording to
Air Quality Gradations Scale (AQGS — Begu, 2008) ahthe Air Purity Index
(API - DeSloover, 1968, with our adjustments)

3] — )
i |||, 5 S1%|ol3g 8
Ecosystems Ele|8|w|l=|2|8|5 ek 21z |5|28 8
’ sle| 8|5 E|8|C|5|2|E5 5 5|8 |E|z8 ¢
= o | || =| @ c | = | 2 |ox|l S| @ o | = w2 <
O o = = = L | N O |oxT| I (@) [a] O 0wl O
API
(DeSloover, 21 |62 |49 |66 | 13| 43| 104 85 82 154 683 50 70 31 B8 B0
1968)
AQGS (Begu) |V 1 1 1l vV 1l 1l 1l 1l Il 1 - {Iv (Iv
Altitude, m 140 | 120 | 150 | 270 | 230 | 260 | 260 | 250 (260 |280 |280 (265 |280 [265 |275 |255
Exposition SV [N NV SV |V NE |V N |SE [SE |NE |SW |[NW [SW [NE |NE
Pollution ] . . . Lo
hotbed Edinet — Lipcani Edinet — Mogilau
2]
— >
% 5 (9]
NEAN- Z _| 8
g |l=|= _ s | & %2 IS
Ecosystems = E < z g 8 s | = g & g 2 E e ©
K} S o = S ° cCleg|=s|3S| s |=|s|o|%|Q
s | 2 e S | L S| s5|8|8|E|lc|<c|ale|2| <
=] I s =] Qo = o ) [e) > © o o = [} ]
x 14 n T S| =Z]0lad|lw|[O0O|lwn|lalalOo|lwn|=
API 23 |48 |14 | 13 70| 36| 72| 26 32 49 8/ 65 131 29 B9 |38
AQGS (Begu) |l 1 ] ] ] LAV 11 R T A VA AV | AV AV [ 1 T I e (e i
Altitude, m 310 [ 350 | 220 | 140 | 230 | 250 {190 (260|320 |310 {210 |260 |210 |180 (261 |200
Exposition NE |E W |NW |S NE |SWI|E [E [NE [SWI|E |E |N |NE [N
Pollution e . AL .
hotbed Soroca-lampol-Balti Rezina — Rabnta — Orhei
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Ecosystem| 5 5 T E & o) o g | &S| =
x4 8 |8e| B3| € | E 5 |25 8 5 5 |2|8|&
S | 88| © |[o9| o 5 5% T D o) S e S|S| >
o >=2| zZz |[O=] O oM m 0 o 0N Oe O || o
API 159 24 15 92 67 102 60 64 53 40 45| 88| 9| 68
AQGS | \Y \Y} Il 11 I | Il 1l 1 jm v
(Begu)
‘n\]'“t“de’ 978 | 90 | 80 | 80| 380| 340| 429 380 38D 240 (D |200[200
EXpos. W - - - W NE NW SE NE SE NE|NW [N [NW
Pollut. . . L R .
hotbed Ungheni — lasi Chisinau-Hancesti
c x o
o (] — | &
ol § o § I S § § =
— (3] © =) 73
Fossem = | 5 2|0 28| 8288 2 ||| R|E| ISy |e
% = o] g |29 € [5:5=| 5 > < . S|l ezl5| & S
.z & = = | Q g (38| 23 3 = o g | €| o S
E|l 2| S| c|83 5|22 = || S|8|€|=|2|5|5
o1 3|8 | 8|2zl ©c 6| 6 |[S|B|o |6 |[S|o|lo L
API 76 97 37 44 21 15 49 79 32 20 58 10 19 (12 41 26
AQGS Il Il 11 I | \Y \Y 11 A\VAII]] 1 \Y T T 1
(Begu)
Altitude,
m 190 | 310 | 320 250 160150 |170 {200 |2 (220 |300 |180 |150|60 {170 (160
Expos. |W E SW | W SE |NW |[NE |NW |- NE |SW [SW [SE |S [NW |NW
Egtliauetd Chisinau Tighina — Tiraspol — Cuciurgan |Tiraspol — Cuciurgan-Cahul

Typically, the ecosystems with low polluted air &veated at altitudes above 200 m
and those with polluted air - below 200 m, but ¢hare exceptions, for example the distance
from the pollution source and the direction of @iémg winds (for example - Trinca,
Calaraseuca, Chetioa Noua, Mandrgii Noi, Saharna - arranged at altitudes abover208ut
rather polluted). Compared with the ecosystem P@Rmmania) - mountain type, most forest
ecosystems in the Republic of Moldova are hillyety{200-600 m), less flat (0 - 200m).
Rather enhanced can be considered the effectdlafiquoin ecosystems located on plain areas
for instance those around Valea Mare, Nemteni,a®@hVeche, Vilcovo (Ukraine), and for
Criva, Hajdieni, Orhei, Tohatin, Copanca, Harbov@ipburciu the determining role was
played by the distance from the pollution sourcard the direction of prevailing winds.

Thus most of S@emissions from local sources in 2005 year wer&@ygdor the
area of South East of the country with the focahpm Tighina - Tiraspol - Cuciurgan,
exceeding at about 20 times in Chisinau, 100 timeBalti and more than 700 times in
Cahul. This focal point or outbreak has led toytih of ecosystems located in the SE rose due
to prevailing winds from NW to SE, which were refgal by us. The emissions of Sftbm
Soroca accounted - 154 tons/year and in Balti A/8&t which led the Hajdieni ecosystem
degradation. The geological exploration of Crivd dminca, the later being as well affected
by unauthorized burning of tires in the lime prdihre process, have placed these ecosystems
in the category with highly polluted air. High esians of SQ are characteristic for Hancesti
(332 tons/year) who have left their prints on ttetes of bordering ecosystems atmosphere
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air - Sarata Galbena and Sarata-Mene Chisinau emissions have evidently contributed
the pollution of ecosystems Balmaz - Harbovat ledéh the South East and Tohatin - Bgide
located towards East. The effects of pollution fiben outbreak Rezina - Rabnita were reported
only in direct vicinity (Saharna, Ciorna, Popautilie to the direction of winds from NW to
SE, leaving unaffected the ecosystems PohribeniLapdtnic. The possible harmful effects,
catastrophic for vegetation, from the outbreak (ngein were more pronounced in Copanca
and least in Cioburciu -#diieti again due to the direction of winds from the NWSE.

The South part of the country is affected by transidary pollution (Galati city,
Romania), especially Crihana Veche, as well asiGligj and \dleni. The effects of pollution
from the sources located in lasi, inseparable ftmwse of Ungheni, strengthen the pollution of
ecosystems in the region around — Valea Mare, Nenéss Balanesti, Cobac, but fortunately
not reaching Bahmut and Cornesti located in thefidn the pollution sources and as a
result of being protected by the high relief of @ddrest reservation.

According to EMEP Report 1/2003 issued by the Metkgy Institute, Norway,
transboundary pollution remains to be current fanyncountries in Europe, including Moldova,
which is located in the area of annual,$@position equal to 700 - 1000 kgAkmdditionally,
in the last 5 years there is a tendency in emissiocensement due to potential economic
growth of the countries located in the in the SEEofope.

The linkage of lichen indication applied in 62 egsiems to EMEP network
(50x50 km grid), according to the parameters widohtain Moldova (Table 4), shows a
hindering of the real environmental state, probafscause pollution effects are more
pronounced within the 25-30 km from the pollutimusce. In the case of EMEP network
(50x50 km grid), the environmental situation isihontal throughout the 50x50 km grid,
which does not correspond to reality.

Table 4
Ecosystems EMEP networking distribution (32dials Bx50km grid)
North - | West — East Direction
South
62 63 64 66 Total | Ro, Ua
85 Ro Ua 1
86 Ro Ua 14
87 Ro 2L - 5
88 Ro > S % H 7 1- Ro
89 Ro =5 Z F 14
90 Ro % 8
91 / E = 6
92 6 5
93 H Ua Ua Ua -
94 Ua 1- Ua Ua Ua - 1- Ua
Total 3 25 14 5 60 2
Note: Ro - Romania Ua - Ukraine
NN low polluted air |||l moderate polluted air
E polluted air E== highly polluted
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For example in the 86/64 parameters the 11 stueliedystems showed the air as
clean — i.e. Ocnita ecosystem, low polluted aile—Fetesti, Trebisauti, Zabriceni ecosystems,
La Castel, Lipnic, Donduseni, moderate polluted-aire. Clocusha, Cernoleuca and polluted
air —i.e. Trinca and Chetrosica Noua. Thus the PMtatrix characterizes the state of the air as
polluted whereas our results as low polluted. Thgarative analysis of our assessments
and those made by EMEP coincided only in 2 casbess@®@and 92x63 parameters).

Given the S and NMontent in atmosphere annual rainfall (kg/ha) undBtEP
50x50 km grid, 6 dials (parameters) (85 - 90/68)rfrN — CE have the air low polluted
with S 4 dials (91 - 92/62 - 63) - have moderate potlde, 5 dials (85 - 87 / 6 - 65) - have
polluted air, and 15 dials (88 - 92/64 - 66) - ygbolluted. Assessing the same dials under
lichen indication, we can state that it broadly faoms the basic theory, but it provides
additional more precise information on each foeesisystem, studied as individual or in a
group of ecosystems compact located.

The 50x50 km grid is likely to be successful inendive forest areas (for instance
Taiga, Russia) or countries with a high degreeooédtation and/or plain landscape (for
instance Belarus, the Baltic Republics, Poland,sRustc.) and therefore not suitable for
the Republic of Moldova fragmented and reduced umioer forests, placed mainly on
rough relief, which essentially redirection the rhéul effect of pollution, both at local and
cross-border level. Thus, at the national leveemmended the application of 25x25 km
grid. The pollution of forest ecosystems with N&ipresses the same regularity as in the case of
SO,. The prevailing emissions are from the outbreaihifia - Tiraspol - Cuciugan (about
7300 tonslyear), followed by Chisinau (1680 torewyavith an apparent reduction in Rezina,
Balti, Drochia - namely 260, 108 and 107 tons/y&dher outbreaks do not exceed 100 t/year
each. According to EMEP grid the N content in ahrmamfall (kg/ha) express the same
regularity as in the case of S, except Soth-Eds ¢@1-92/64-66) with a triple reduction in
regard to the North coterminous dials. The difféereantent of Nor NO, in precipitation
emitted to atmosphere by the pollution sources,|édso the increase of nitro file species
in the Center - Center - East (Budesti, Cimiseng & the South - East (Balmaz-Harbovat,
Cioburciu-Rascaeti, Vilcovo) and partial around titg Balti - labloana, Mandreatii Noi.

The evaluation of air quality based on integratedides, allows us to see the
following: the Poleotolerantion Index (PI) propodeyl Trass (1985) for Estonia and Air
Purity Index (API) proposed by DeSloover and Lebl§h968) for Canada, are based on
poleotoleration classes (indicator species toxabf) and the species coverage and frequency
on substrate surface. The calculation of Pl and faPall of the 62 studied forest ecosystems
was conducted by taking as basis two formulas sdthe modifications: species toxic phobia
proposed by the Canadians (between scales VI-Iyedaged to 5 levels, because | step mean
critical pollution and thus lichens are missing @detely; the 10 classes of poleotolerantion
proposed by Trass were comprehended in 5 clas$esn-the most sensitive (1) to the
toxitolerant species (V), because the specificdictiversity of Moldova is inferior to those
from Estonia and virtually does not have a sudfitinumber of veritable eco bioindicators
for all 10 steps. In the case of both indices (AR#l PI) the coverage-abundance degree,
proposed by the authors to be expressed by cestaire, was expressed by us in the real
value beginning from the point that the cover/atanma® below 10% is not applicable and
therefore based on the example of a single speai@ot characterize the air quality.

Thus the API proposed by DeSloover and Leblanc §),9%ith our adjustments
reached the maximum values of 159,0 -153,8 (foo&aind Ocnita-Hadarauti) and the
minimum values of 8,1-9,1 (for Tohatin, and SahaDadarasauca). This range shows that
5 ecosystems have the air clean (PIA> 100), 7 —doluted (IPA = 100-75), 14 — moderate
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polluted (IPA = 70 -50), 20 — polluted air (IPA -25), 16 ecosystems - highly polluted air
(IPA = 25-5), and ecosystems with critical polluegd (IPA = <5) — were missing (Table 5).
Analysis of Pl by Trass (1985), with our adjustnsestiowed the following: ecosystems with
clean air (IP <1), low polluted (IP = 1-2) and thagith critical polluted air (IP> 5) are generally
missing. Thus among the 6 graduations of appreni&iare excluded and eventually the scale
does not work. In addition, the category of thoséh wolluted air (IP = 4-5) includes only

1 ecosystem

Table 5
The appreciation of air quality using different metods

Evaluation method Coincidence
Air quality Begu, 2008, | DeSloover, | Trass, Begu- Begu-

GECA 1968 - IPA | 1985 - IP | DeSloover | Trass
| — clean air 4 5 - 3 -
Il — low polluted air 11 7 - 4 -
Il — moderate polluted air | 30 14 23 10 11
IV — polluted air 13 20 38 7 12
V — highly polluted 4 16 1 4 -
VI — critical polluted air - - - - -
Total 62 62 62 28 23

Among the three methods applied in the assessrhairt quality (Begu, DeSloover,
Trass) there is coincidence only in 10 cases (exteBys). As for the correlation with the
scales proposed by us the API overlap in 28 caseb,Pl - in 23 cases, but the practical
application of Pl cannot be recommended becauseniprises only 3 steps, as mentioned
above. As a rule the API usually tends to increaseshare of terrestrial ecosystems with
clean air and PI - those with polluted air. Graghterpretation of these results allows us to
see that compared with the assessment of air yjdalite by us based on scales for assessing
the air quality API correlates well in all categsi(1V), while PI only in 2 categories (IlI-1V).
Thus we can conclude that API proposed by DeSloandrLeblanc, with or adjustments can
be applied under the conditions of the Republiofdova.

w

. CONCLUSIONS

1. Application of Lichen indication in air pollutionanitoring within forest ecosystems
is a contemporary method offering reliable datdwiinimal cost;

2. The European Union program EMEP camouflage thguaility in the Republic of
Moldova forest ecosystems as they are rather felypamarily placed on rough
relief, thus a grid equal to 25x25km is recommertddae applied at national level;

3. The Air Quality Gradations Scale developed by wut e Air Purity Index (with
some adjustments) are proposed to be implementbd country forest ecosystems
air quality monitoring.
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WINTER HYDRO-METEOROLOGICAL RISKSIN DOBROGEA

A.TISCOVSCHI', M. MARIN, GABRIELA MANEA

ABSTRACT. Winter Hydro-Meteorological Risks in Dobrogea. The paper deals with
the spatial distribution of some risk hydro-meteftrsarfrost, white frost, glazed frost, fog)
specific to the cold season in Dobrogea. Data wellected and analyzed from 12 weather
stations during the 1961-1999 period and 48 rairggdocations during 1964-1999. During
the cold season, the highest frequency of thehyslkko-meteors analyzed was noted within
the high land relief of Dobrogea, namely in the MaMountains, Casimcea Plateau,
Cobadin Plateau, and in the extremely western gahi®territory between towns Harsova
and Cernavoda as well. Fog was registered overge lmnmber of days, especially in the
neighboring area of some towns (Constanta, Medgatid, Negru Voda). The lowest parts
of the valleys that are cooled through night radiatduring clear-sky weather present a
high frequency of hoarfrost. Here, the thermal isian regime is often met. The largest
area showing a minimum risk hydro-meteors duraf@mrthe cold season is located to the
eastern part of Dobrogea, along the Danube De#tagast, the big sea-coast lakes, and the
Romanian southern coast of the Black Sea.

Keywords: risk hydro-meteors, the hoar frogt, whitefrost, glazeice, mist

INTRODUCTION

The analysis of the risk hydrometeors in Dobrogebaised on data obtained from
observations at 48 pluviometric stations betwedd6hd 1999 and 12 meteorological stations
between 1961 and 1999; and aims at describindithatic patterns, establishing its probability
of appearance (in key-locations, with relativelymgdete registrations) and its regional
distribution. Aspects regarding climatology of Dogea and, generally, risk hydrometeors,
were approached in some paper works of BiléBaand co. (1967), I.F. Millescu (1986,
1999), S. Ciulache and Nicoleta lonac (1995), Gltirkanu and co. (2000).

The cold season between November and March is mharkehigh frequency of
specific hydrometeors (hoar frost, white frost,zglace ice, mist), which could be a major
risk for the geographic environment generally adsarious human activities, in particular. In
the thermal conditions of water within the Romangart of the continental shelf of the
Black Sea, this season coincides with the froshpheenon.

Thehoar frost

Early, fall and late (spring) hoar frost is an imjamt risk factor for growing and
flourishing plants. Spring hoar frost is particlyadtangerous for blooming fruit trees, causing
partial or total loss of the crop. Hoar frost issging in the studied area only in the summer,
reaching the maximum annual average term of oves®@ays in west, in the Casimcea
Plateau and in the higher terraces of Danube (lvetween H&ova and Cernavad, in
western Danube Delta, Telidrainage basin and in theidih Range. Hoar frost centers,
with a high annual average of over 50 days appe#rd bottom of the valleys, because of
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thermic inversion (for example in the Carasu Vallglu lui Traian), even if they are situated
near the coast, where this hydrometeor has avediashort average duration, of about 20 days.
Areas with low frequency of the hoar frost are hgahe coast, in the eastern half of Danube
Delta, in southern and central Dobrogea and alsooithern Dobrogea (in Tiai, Slava,
Pecineaga, Hamcearca drainage basins and in tttewestern Mcin Range). Distribution

of the hoar frost in winter is, generally, similer the annual values, but the changing
duration of this hydrometeor is largely producé, lowest isoline being of 10-15 days.

Agriculturally, the winter months, when vegetatisrusually active and subject to
hoar frost, are November and March.

In November the average length of the hoar froebfdes minimal, of 2-3 days in
the eastern Danube Delta, on the southern coastnitnal Southern Dobrogea, in the north-
western and south-easternidih Range. Areas with a maximum average duratiothef
hoar frost, of over 7-9 days, are subject to theuahemergence of this hydrometeor and
are situated in west, in the Casimcea Plateau @dtérraces of the Danube river (between
Harsova and Cernava)l and in the Teta upper basin. In the rest of the Dobrogean
territory, hoar frost in November oscillates betwéieese extreme limits.

In March, the areas with ahigh average duratiothefoar frost, of over 6-8 days,
are very extended in the central and southern Dm@apincluding the central part of the
Casimcea Plateau, the high terraces of the Danubée(between H&pbva and Cernavad
and centers with thermic inversions in the Caraalley. The hoar frost isoline of 6-8 days
in March also crosses Taiand Telia basins and Btin Range, but the most part of
Dobrogea is comprised between 3 and 5 days isolifigere 1 and 2.
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Figure 1. Multiannual variation of the average hoar frostslayMedgidia (1980-1992)

Whitefrog is a solid deposition of ice which forms diredtigm mist, in anticyclone
synoptic situations (when usually has a crystalitmacture) or when warm and wet air mass
rises (then, structure is often granular).

Massive white frost depositions (having a diametaver 5 cm) are really dangerous,
because they overload the electric energy andamlewnication networks. Strong winds,
which have the highest frequency in Dobrogea duwirger, multiply the damages caused
by white frost. As for the electric energy netwotke highest prejudices occur during
maximum exploitation hours in the night and in therning.
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Figure 2. Multiannual variation of the average hoar frostglayCernavail(1986-2001)

The annual duration of the white frost oscillatesween 1-2 days, on the largest
part of Dobrogea, and its minimum frequency (lé&ssta day) affects a large area along the
great coastal lakes and southern coast of the B3aek to the Bulgarian frontier; and on
smaller areas in south-eastern Danube Delta amq @she extreme south-western and
north-western Dobrogea.

The maximum annual average duration of the whitet fiof over 8 days, is limited to
the highest part of the Casimcea Plateau; a higgduéncy, of about 4 days, occurs in the
Macin Range, on the high terraces of the Danube fatddagova) and in the Cobadin Plateau
(at Adamclisi). In the cold season, the distribataf white frost is relatively identical with
the annual distribution.

In November, the white frost has a short averagataun which, on the most part
of the analyzed area, oscillates between 0.1 d8y3 to about 0.4 — 0.6 days on smaller
areas, in the lgtin Range and on the high plateaus of central anthern Dobrogea.

In December, the area with a minimum average chadif the white frost (less
than 0.3 days) is obviously extended in the easbwhrogea, south to the parallel that
crosses north to the great coastal lakes. Thed@y$ idoline borders the north-western half
of the Danube Delta and the centers on higher qlatevhere white frost forms and lasts,
on average, 2-3 days in theabin Range, Casimcea Plateau and on the terradearafbe
river (at Hasova).

In January is the maximum average duration of thaéenfrost, at the majority of
meteorological stations, but the highest frequeri2y3d days) is registered, like in
December, on the peaks ofibin Range and on the high Casimcea Plateau.

In January, Dobrogea is enclosed between the @ ® #nisolines on its most part,
and the minimum average duration of the white f{tests than 0.3 days) is registered on
large areas in the eastern half of Danube Deltanaadby the southern coast of the Black
Sea, south to Agigea.

In February, the average duration of the whitetfdexreases, oscillating between
0.1 — 0.3 days on the most part of the analyzeal. ariee low frequency areas (less than 0.1
days) are limited to a relatively narrow strip etDanube Delta, next to the Black Sea
coast, between Sulina and St. George branches beamine obviously larger in the south-
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eastern Dobrogea, west to the great coastal lakélse Taja, Slava and Casimcea basins.
The centers where white frost has the highest &equin February lie on the higher land,
with 0.9 days in the Casimcea Plateau (at Corugea).

In March there are the last white frost days, whacd missing in south-western
Dobrogea, in the lower Slava, Casimcea and Carasind and still occur on large areas,
west to the Black Sea coast, between southern Skeeand northern Mangalia.

In the Micin Range, around Tulcea town and western CasirandaDorobatu
Plateaus, white frost registers the maximum avedagation in March, of about 0.3 days.
Figure 3 and 4.
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Figure 3. Multiannual variation of the average white froa/d at Valu lui Traian (1962-1994)
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Figure 4. Multiannual variation of the average white frosyslat Medgidia (1980-1992)

Glaze ice. The depositions of ice named glaze ice affect arily transportation
on the road systems, telecommunication and eleetrérgy networks. On arable land, the
glaze ice crust might be an important risk factorthe crops.

In winter, synoptic situations, along with depasit of glaze ice in Dobrogea are
mainly advections of warm and humid air from thetkewestern outer limit of the eastern
anticyclones (frequent from the Mediterranean Sea).
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Duration of glaze ice rises from the Black Seatdnethe higher Dobrogean land, where
the coldest areas are subject to the humid, warmvaisions. The highest annual average, of 4-6
days of glaze ice, is in theddin Range, Casimcea Plateau and Cobadin PlateAddatclisi).

The lowest frequency of the glaze ice (less thatay is registered on the one
hand in the south-eastern region, nearby the B&ek coast, where in winter the average
monthly temperatures stay positive; and on therdibad in the Taa and Slava basins and
also in the extreme north-western Dobrogea, otatidforms below the southerly winds.

A relatively high annual average number, of abaléys of glaze ice, is registered in the
eastern Danube Delta and great northern coastal, lekich are usually covered by ice in winter.
The annual and seasonal (winter) distribution ateglice is relatively the same in Dobrogea.

Frequency of the glaze ice rises constantly in evinfrom November to January,
when the maximum average number of days in wirgeregistered at the most of the
pluviometric and meteorological stations. At sonfservation points, this maximum also
occurs in December, mainly on high plateau landgretthe intensity of glaze ice forming
is the highest in Dobrogea (at Corugea).

In November, the duration of glaze ice is lowerabbut 0.4 — 0.6 days on the high
plateaus (at Corugea and Adamclisi) and around $ocaé centres, where the occurrence of
this hydrometeor is encouraged by the proximitywafrm and humid surfaces, lakes or
rivers (for example at Jurilovca, Tulcea, ktAra etc.).

In December, occurrence of glaze ice — marked pypaounced contrast — becomes
more intense on the higher plateaus where, infgpeonditions (the highest relative humidity
of the year), can reach the maximum average darefiover 2 days. In south-eastern Danube
Delta and Southern Dobrogea, infigand Slava basins as well as north-west#oilMRange,
the average duration of glaze ice in December ismal (less than 0.3 days).

In January, the glaze ice has the maximum averag&idn at the majority of the
observation points in Dobrogea, oscillating betw&eand 2 days on large areas, in Central
Dobrogea, western Danube Delta and around the gatal lakes. The largest areas
where the frequency of glaze ice is minimal (ldssnta day) are in the eastern Danube
Delta and in the Tg and Slava basins.

In February, The frequency of glaze ice reduces wgisters the maximum
average duration of about a day, in the upper GaeanPlateau, at Corugea, but in the most
part of Dobrogea it stays below 0.2 — 0.1 days.

The cold level of thermic inversions on the bottofhthe valleys is the main origin
of the glaze ice. In the Carasu Valley, at ValuTithian, the average duration of glaze ice in
February, of 0.4 days, is typical for the regiorithva high frequency of this hydrometeor
in western Danube Delta and coastal lake&;iMRange and Southern Dobrogea Plateau.

In March, the largest area affected by glaze ieg lest to the analyzed territory;
the 0.1 day isoline crosses Dobrogea from norotgh near Tulcea, Medgidia and Negru
Vodai. In the eastern Dobrogea isolated, very low daratientres (0.05 days) occur west to
the great coastal lakes.

The area with the highest duration of the glaze a¢eover 0.3 days, lying in the
north-western part of the territory, includesdih Range and Casimcea Plateau.

Mist is one of the hydrometeors which clearly influeddéering parts of practical
activity, by causing significant damage to roadtewar air traffic, as well as to telecommuni-
cation network and electric energy transport systiéms often associated with intense air
pollution moments and has a great importance wirgplurban, health, industrial, agricultural
and forestry issues.
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Mist which forms in Dobrogea throughout the yeas ha inverse pattern comparing
to the air temperature, its frequency rising fromrmver to colder season, registering the
minimum value in July or June (when it might be simig in some observation stations) and
the maximum value in December or January.

The annual average duration of the mist is hetemesly distributed in Dobrogea,
oscillating between less than a decade — in nogstevn Dobrogea, between Danube river
and Micin Range and northern plateaus — and about 2 siontimore — in the upper Casimcea
Plateau (at Corugea) or within some urban cen@emgtam, Negru Vod). Some mist
centres, with a high annual average duration of 6@edays, lie in the higher part ofagin
Range and Cobadin Plateau (in north-west, at AdamdBut, generally, the most part of
Southern Dobrogea, except the extreme south-westciuded within the limits of annual
isolines of 30-40 mist days, and the Central andtiidon Dobrogea and Danube Delta —
between isolines of 20-30 mist days.

In winter, distribution of mist has a similar temdg of the annual pattern, but the
values are lower, with centres of 30-40 days onhilgher land (Mcin Range, Casimcea
and Cobadin plateaus) and around and within urlemtres (Constaa, Medgidia, Negru
Vods). The lowest average duration, of 5 — 10 days ist,nm winter, is between Danube
river, Macin Range and northern plateaus, as well as ifotlver Telta and Taa basins,
the most part of the Dobrogea being within isolio€45-20 days of mist.

CONCLUSIONS

Territorial distribution of the analyzed risk hydneteors in winter (hoar frost,
white frost, glaze ice and mist) is characterizgdhigh frequency on the higher land
(Macin Range, Casimcea and Cobadin plateaus) ane iextneme west — on the Danube’s
terraces between Cernavoand Hagova. Mist occurs for a longer period around anchinit
some urban centres (ConstarMedgidia, Negru Vag. These centres and mainly the industrial
towns/cities are known to form strong “fog centtesiis hydrometeor in their influence
area lasts for longer than in the neighbouringoregi On the bottom of the valleys, which are
intensely cold because of radiation, and whereléar sky conditions, thermic inversion
prevails, have a longer period of hoar frost.

The largest area with the shortest period of righ'dmeteors in winter is the eastern
Dobrogea, along the Danube Delta coast, greatatdakes and southern Romanian coast of
the Black Sea.
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CHANGES IN WIND SPEED REGIME IN GIURGEU BASIN IN
THE PAST DECADES

ZS. MAGYARI-SASKA 1, I. DOMBAY 2

ABSTRACT. Changes in Wind Speed Regime in Giurgeu Basin in ¢hPast Decades.
Changes in wind speed regime were observed initivgés Basin area after 1990. In this study
we made a quantitative evaluation of wind speeithénregion using basic statistical approach,
trend evaluation, ranking system and frequencyyaisalWe succeeded to determine that a split
year could be identified for both meteorologicatiehs in the region, Joseni and Toplita. The wind
speed regime shows a different evolution beforeadtied these years enforcing that deforestation
had an impact of this region. Using frequency aislye could calculate the maximum wind
speed values for different return periods. We hisee the confirmation that a local microclimate
exist in the basin existing a good correlation aoly regarding the temperature, visibility,
precipitation (revealed in other studies) but @isweind speed.

Keywords: wind speed, frequency analysis, deforestationgtreorrelation

1. INTRODUCTION

Based on media information and local observatiomggl the past 10 year the material
losses due to wind activity have increased in #ightorhood of Gheorgheni settlement. The
civil society argued that this is the consequereavii deforestation made after 1990. Our
research wants to investigate this point of viesdohon quantitative methods regarding the
evolution of maximum wind speed taking account éifeoforest losses after 1990.

We considered as the study area the Giurgeu Bakiere are two meteorological
stations Joseni and Toplita. The data source regatde wind speed was NCDC (National
Climatic Data Center) where we used the daily maxmsustained wind speed considering
that this can represent a real threat eventuatigyming material and human losses.

This research doesn'’t take account wind directish jvant to investigate if there can
be observed a change in wind speed evolution bafatefter 1990 at yearly and monthly scale.
For evaluating the threat representing by differ@ind speed the Beaufort scale was used.

Strongly related to wind speed increase/decreasaiseetake account the land cover
changes between 1990 and 2000, considering the(Cbfhe Land Cover) values for 1990 as
characteristic for the period before 1990 and th€ ®alues for 2000 characteristic for the
period after 1990.

2. STATISTICAL ANALYSIS

A first visual analysis of maximum yearly wind sgemuld show a slight incremental
trend for Toplita but the year 2000 has a considertall of maximum sustained wind speed.
This situation was verified based on local measergsnwhich confirmed the presented situation.

! “Babes-Bolyai” University, Faculty of Geography, 40000&iiaNapoca, Romania; E-mail: zsmagyari@gmail.com
2 “Babes-Bolyai” University, Faculty of Geography, 40000jéNapoca, Romania; E-mail: dombay.istvan@gmaihco
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Fig. 1. Maximum wind speed evolution between 1982 and 2002

If we consider some basic statistical indicatoms thaximum and also the mean
value of maximum annual wind speed before 199Gstnificantly lower values as the period
after 1990, especially for Toplita station.

Toplita

Joseni
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Fig. 2. Multiyear maximum and average wind speed befoceadrer 1990.

For the beginning the year 1990 was consideredpliteyear based on socio-political
reason, but we supposed that the massive defaoestasn’t started obligatory with 1990.
Even if the research period is relatively shortwest to determine the most probable split year
for wind speed changing. Thus we calculated theimax absolute difference of successive 3
year periods for maximum and average yearly maximina speed. Excluding the terminal
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values the highest differences indicates thatglieygar is 1990 for Joseni and 1994 for Toplita
station. This concludes that the possible changérid speed regime was after 1990 so it can

be related to deforestation.

oy
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- \ ) '*'::‘ Toplita

Il Deforestated areas
[ ] Reforestated areas

; " _7,J Joseni

Fig. 3. Deforestation and reforestation in the study aetaveen 1990 and 2000.

Studying the land cover changes between 1990 ab@ 2@ obtained the following
values:

Table 1
Land cover changes over time in Giurgeu Basin

(l LAND COVER 1990 LAND COVER 2000 AREA (KM?)
(Pastures Agricultural with natural vegetation 1.0
[[Complex cultivation patterns Pastures 1.6
[Broad leaved forest Woodland shrubs 1.9
[Coniferous forest Woodland shrubs 38.8
Mixed forest Woodland shrubs 114
Woodland shrubs Broad leaved forest 5.9
Woodland shrubs Coniferous forest 1.2
Woodland shrubs Mixed forest 4.5
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If we take only the forests the deforestation durad forest loss is over 50 Km
and the difference between forest loss and refatiest is 40.5 kfy a significant value.
Concerning the above map the forest loss affect@alty Toplita while Joseni is more
protected if we consider the appreciations of gdieriterature where we found that the
predominant wind speed direction is from west.

Based on the possible split years we continuedirtiestigation regarding the
monthly distribution of highest wind speeds. Usmganking system we tried to identify
the most dangerous month. For the ranking prodessmaximum wind speed for every
month in a year was arranged in decreasing orderstarting from 12 a rank value was
selected. For two equal values equal rank points aadéculated but the following value got
a lower point with one unit. This modality was usgarting not just from a methodological
point of view but also trying to reflect the re&uation due to measurement limitations, as
wind speed measurements was done with certaingiwag{0.1 knot) and that's why equal
values could appear even if the real wind speeddiftesent.

The ranked values were cumulated for the periofieréend after the split years
and normalized with the year number for every atatiThe difference of these values
before and after the split year shows the evolubiowind speed threat for every month.

Comparing the monthly normalized wind speed we alzserve that before the split
year at Joseni station the months with the highiésti speeds was November, December
an January and after 1990 the threat dislocatEslicuary, April and September. If we look
at Toplita station the situation is more equilibththe highest values before 1994 corresponds
to March, May and September and after it April, Mengd September.
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Fig. 4. Differences of multiyear monthly normalized raréues.

The Giurgeu Basin has a local microclimate existiigh correlation between
daily temperatures, fog apparition measured atniaaed Toplita stations. It's normal to
have a lower correlation between yearly maximunuesl but also in this case the correlation
coefficient is 0.56 for the whole study periodwi¢ take account the two split years for the
first period (1982-1990) we have a 0.74 correlatioefficient and for the second period
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(1995-2002) this value is even higher 0.81. Betw#30 and 1995 the correlation coefficient
is -0.47 showing that in this period local chanffecied the wind regime, reconfirming the
correct split year selection.

3. FREQUENCY ANALYSIS

In our research we also want to make some estimaéigarding the wind speed
evolution using frequency analysis. Frequency aislis a statistical prediction method
which is based on the study of former events, akinty account the physical modeling of
the phenomenon. In frequency analysis for everysomeament characterizing the studied
phenomenon a probability value is associated, an@é¥ery probability a return period is
granted base don the following formulae:

T:i

p
where T is the return period and p the correspanginducing probability.

For frequency analysis we used our own develop#d/ae module for continuous
space based on Borland Delphi and R System. Fendts independence, stationery and
homogeneity test were all accepted with a signifdeaof 95%. Using both the Anderson
Darling and Kolmogorov Smirnov adequacy tests tlestnsuitable frequency distribution
was the Normal distribution. For different retureripds the calculated most probable values
(quintiles) shows that the absolute maximum vafugind speed in the study period (25.97 m/s
in 1993) has a return period of 70 years, whichesponds to storm event on Beaufort scale. For a
large return period of 500 years the maximum wipekes is 28.12 m/s, 101 km/h the higher
part of storm conditions but can’t be consideredoent storm. We can conclude that the
Joseni surroundings will not be affected by majirdvgpeed rising in the following year.

Regarding Toplita station we observed that théostaty and homogeneity tests failed.
Because the homogeneity test could be accepte@Patsinificance level we have focused
on the trend of the wind speed evolution. We ole@ithe following regression formulae:

WS=0.484Y —94586
where WS is the estimated wind speed in m/s arg/t¥@ year.
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Fig. 5. Apparent trend of wind speeds at Toplita station.
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If this trend is real than by 2030 we could takeoant wind speeds over 120 km/h.
On Beaufort scale this corresponds to hurricaneefarhich is clearly unrealistic. Knowing
that in time series analysis even a couple of waaeeild significantly change the results of
an analysis we separately analyzed the trend bafatafter the split year and we found that in
both cases before the split years a rising tendeaald be observed but after it there’s no
trend. The overall trend for Toplita station is doghe fact that the tendency before 1995 is
much stronger that in case of Joseni. These oliggrsalso reinforced that the deforestations
causes disturbing effects in wind regime.

We continued with the recalculation of quintiles &fferent return periods based
just on the trendless values at both station. Bsedi we obtained slightly higher values but
both before and after 1990 the normal distribui®proved to be the most suitable. For
Toplita station higher quintiles were obtained evieim year 2000 a significantly lower
value was measured that the average multiyears gpeed. For Toplita station also the
normal distribution was the adequate one, showiurgdane force storm possibility for the
return period of 100 years. If we consider theiafiif higher wind speed values for this
station an existing trend for the wind speed bsit dhe deforested region of the west side
of the settlement and the fact that the prepondlgrannd direction is west side we could
affirm that Toplita region is much more vulneralbdehazardous wind speeds than Joseni.
We also have to take account to the fact that Tafdi situated at the eastern end of the
Mures Defilee which can be considered as a westvdad channel.
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Fig. 6. Maximum wind speed obtained for different retuaripds.
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4. CONCLUSIONS

With no doubt in Giurgeu Basin significant forastdes appeared after 1990 as results
form Corine Land Cover database of 1990 and 20@8sy&Ve observed that not considering
only other climate factors but also in sustaineddwgpeed there is a local microclimate in the
region. Using more methods including descriptiaistical approach and frequency analysis
we observed that after 1990 there were differelit ypars in wind speed regime at Joseni
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and Toplita station respectively. At monthly sdalease of Toplita station is a clear evidence
of rising wind speeds in spring and autumn whiledase of Joseni this change cannot be
confirmed.

The evolution of wind speed regime at the two wmetldgical station is seems to
be different. Even if at Toplita the maximum wirgeed values were lower before 1990 the
latter values indicates a rising trend. The asast®laf threat represented by high wind speed at
this station is confirmed also by the frequencylysis, while at Joseni nothing unusual was
observed concerning the wind speed hazard evolution
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VARIATION OF OUTDOOR RADON LEVELSIN URBAN AREAS
OF CLUJ COUNTY

A.DINUY, I. HAIDUCY M. S. BELDEAN-GALEA®, F. COSMAZ? C. COSMA!

ABSTRACT. Variation of Outdoor Radon Levels in Urban Areas of Cluj County.
Some early work has considered the connection betatmospheric temperature differences,
wind speed, relative humidity and radon concentrati outdoor air. A comprehensive evaluation
of some possible environmental factors which cofldence outdoor radon concentration is the
subject of this study. Research is being conductedeasure outdoor radon concentrations in
some urban areas of Cluj County and observe anylatores with atmospheric conditions.
The outdoor radon measurements were performed Bsidign 5 continuous radon monitor that
allows the variation of radon concentrations basedir temperature. Monthly atmospheric
temperature, humidity data and outdoor radon canaton are measured simultaneously in
order to observe any cross correlations betweeiables with radon concentration. These
results can be used by radon testers to deterntie@ wvadon concentrations will be at their
maximums or to help interpret data obtained unde¥rgconditions. A preliminary analysis
of these results has shown that seasonal and Huamations, atmospheric temperature and
relative humidity of outdoor air may bring some refigance in the effects on radon
concentration.

Keywords. radon concentration, outdoor air, seasonal variagpdiurnal variations,
meteorological factors.

1. INTRODUCTION

In several studies realized previously (C. Cost886) the main aspects related to
the problem of radon was approached as regardsnidigsis of the radon concentration in
various environmental factors, such as radon iroaphere, indoor radon, radon in water
and radon in soil.

The radon concentration in outdoor air is mainlated to atmospheric pressure,
and (in case of non-perturbative weather) it shawgpical oscillating time pattern, with
higher values during night. When radon surfacethen open air, it is quickly diluted to
harmless concentrations, but when it enters anosedl space, such as a house or other
building, it can sometimes accumulate to unaccéptaigh concentrations (EPA, 2003). In
these conditions, if radon is accumulating insige houses can be represent a risk to the
exposed population. Recent researches have caonbistemonstrated an increased risk of
lung cancer for inhabitants (Field et al., 2006rliyeet al., 2006), even in the case of normal
indoor concentrations ranging from 40 to 300 By/m

Ambient air over oceans has very low values (-Bgin’) of radon concentration,
due to the minimum presence of radium in the seanend the high solubility of radon in
water at low temperatures. Therefore radon conatotr in outdoor air of islands and
coastal regions is generally lower than in contiaenountries, e.g. United Kingdom and
Japan have an average outdoor air value of 4 B#foropean Collaborative Action, 1995).

! “Babey-Bolyai” University, Faculty of Environmental Scigsy 400294 Cluj-Napoca, Roumanie;
E-mail: beldeans@yahoo.com
2 Environmental Protection Agency, 99 Calea DorditarStreet, 400609 Cluj-Napoca, Roumanie



VARIATION OF OUTDOOR RADON LEVELS IN URBAN AREAS OFECLUJ COUNTY

Many continental countries have adopted Natiorfateace levels for outdoor radon
concentration exposures from 5 to 10 BYj/as recommended by UNSCEAR in its last report
(UNSCEAR, 2000).

A comprehensive evaluation of some possible enwiental factors which could
influence outdoor radon concentration is the sulgéour research.

2. MATHERIALSAND METHODS

In order to evaluate the variation of radon lewelsutdoor air, radon measurements
were made in some urban areas of Cluj County uRBiadim 5 continuous radon monitor
that allows the variation of radon concentratioasdd on air temperature.

Radon measurements in air were performed in tHedb@uly-December 2008, daily
in Cluj-Napoca at 12.30 and monthly in Turda anedin (measuring 8 hours) respectively. A
single point of measurement in each location (Gegcu-Cluj-Napoca, Turda-Potaisa School,
HighSchool “O. Goga”- Huedin) was chosen for meigur

Monthly atmospheric temperature, humidity data eattioor radon concentration
are measured simultaneously in order to observecergs correlations between variables
with radon concentration.

2. 1. Concept of the Radim5 detector

The concentration of radon is determined by meaguhea-activity of the decay
products of the conversion of radon, 218Po (RaA) ah4Po (RaC'), collected from the
detection chamber on the surface of a semicondagtactor by an electric field. Half of
the hemispherical chamber consists of a grid, eaveiith two layers of material. The material
captures the radon products formed in the extespate and protects the detector against
light and dust. The dimensions of the Radim5 dieteathamber are 140 ml. As the chamber
dimensions are smaller, a source of 400 V is usdéhdim5 (Radonlab, Radim5).

3. RESULTS AND DISCUSSIONS

Variation of radon concentration (July-Decemberthim outdoor air in Cluj-Napoca is
between 0.98 and 28.95 Bdjmas can be observed in the Fig. 1.

In terms of meteorological factors influencing radooncentration in the same
location (apart from anthropogenic factors) the nimportant factors are (EPA, 2003):

-air temperature causes the formation or the itibibbiof thermo convection/
dynamic;

-wind speed determines the movement of air pastialed therefore the dispersion
of all existing gas, including radon, in the agspectively;

-soil temperature is directly proportional to tlalon dispersion in the atmosphere:
when the soil temperature is lower, the air magstd above it has tended to cool from
the base and, therefore, leads to a stable théradaling and a temperature inversion at low
or very low levels (even only a few tens of cm frtim ground), which prevents airborne
vertically growth;

-soil state: a ground covered with snow or a frogeound will cause a radon
dispersion decrease to the atmosphere, and ttagoa concentration decrease.
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Fig. 1. Variation of radon concentration in the air in GNgpoca.

The average values of radon measurements for &houhe three areas varies
from month to month and from city to city, the high values recorded in Cluj-Napoca and
the lowest in Huedin (Fig. 2), respectively.
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Fig. 2. Seasonal variation of outdoor radon concentratidhe studied areas.



VARIATION OF OUTDOOR RADON LEVELS IN URBAN AREAS OFECLUJ COUNTY

The lowest values were recorded in August (sumnasr)a result of the thermo-
convection process that has a much greater inyetfigih in the winter, when the colder air
stagnate in the vicinity of the soil where it waké the air samples. In addition, another
meteorological factor influencing very much theaadtoncentration is considered to be the
wind speed, which in summer months is higher ardrhimimum values in winter months.
From the climatologically point of view, October & autumn month with the highest
atmospheric stability, and consequently the maxinafimadon concentration recorded this
month are fully explained.

Regarding the difference between radon concentrstia the three measured
locations, it must be noted that this depends piiynan the type of soil and geologic
substrate of the concerned area.

The highest diurnal variation for radon concertrain air is recorded at the midday
(Fig. 3).
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Fig. 3. Diurnal variation of radon concentration in theiaiCluj-Napoca.

Radon concentration in the three measured are&svaom month to month and
from city to city, with the highest values recordedluj-Napoca (43 Bg/fand the lowest in
Huedin (9 Bg/m), respectively.

The diagrammatic representation of radon variaticersd meteorological
parameters clearly show a link between them (Fi§).4However, if we calculate the
correlation coefficients, we obtain the value oi4)for radon and temperature which
indicates an inversely proportional relationshigween these and a value of -0.075 for
radon and relative humidity, which show a propardibrelationship between the two
variables.
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Fig. 4. Variation of radon and relative humidity in Cluj-pzca (July-November 2008).
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Fig. 5. Variation of radon and temperature in Cluj-Napahdy-November 2008).

4. CONCLUSIONS

Our study is relevant for the main aspects reladethe radon distribution in the
atmosphere depending on seasonal variations, divanations, atmospheric pressure and
air temperature.

Radon concentration in the three measured are@&ssviaom month to month and
from city to city, with the highest values recordedCluj-Napoca (43 Bg/f and the lowest in
Huedin (9 Bg/m), respectively.
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VARIATION OF OUTDOOR RADON LEVELS IN URBAN AREAS OFECLUJ COUNTY

The lowest values were recorded in August (sumnasr)a result of the thermo-
convection process that has a much greater inyethsih in the winter. The highest diurnal
variation for radon concentration in air is recat@e the midday.

A preliminary analysis of these results has shdwah $easonal and diurnal variations,
atmospheric temperature and relative humidity afloar air could bring some significance
in the effects on radon concentration.
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STATISTICAL MODELLING OF MEAN ANNUAL TEMPERATURES
AT IASI METEOROLOGICAL STATION SINCE 1894

C.V. PATRICHE?

ABSTRACT. Statistical Modelling of Mean Annual Temperatures at lasi Meteorological
Station since 1894The scope of our paper resides within the coraéste present global
warming process. Our paper attempts to model tb&igon of mean annual temperatures
recorded at lasi meteorological station during 884-2007 period, using statistical methods,
namely the regression analysis, spectral densélysia and Fourier analysis. Three different
models are compared, departing from different agsioms regarding the warming process:
a regression models assuming that the atmosphericr€e@ase is the main cause of the
global warming, a Fourier model assuming that theming process is part of a long period
climatic cycle and a hybrid model, using both tremdl cyclic components, assuming that
the warming process is the result of a non-peridditurbance of the climate system.

Keywords. temperature time series, regression, spectral ithgriSourier components.

1. INTRODUCTION

The evolution of climate, in general and that @teorological and climatological
parameters, in particular, is the complex effectthad interaction of a large number of
control factors such as the orbital variations lué Earth and the Moon, solar activity
variations, qualitative and quantitative changeshef atmospheric composition, volcanic
activity cycles etc. These factors act at diffetime scales resulting in complex variations of
climate, composed by combinations of numerous guasic components and marked here
and there by qualitative transitions induced byrang imprint of a non-periodical factor.

2. INPUT DATA

Our dependent variable is the mean annual temperaries recorded at lasi
meteorological station, situated in north-eastewmBnia at 47.1°N latitude, 27.6¢E
latitude and 102m of altitude. We analyzed a peoibil14 years, from 1894 up to 2007.

The predictors we used in order to explain the &napire’s evolution are the
solar activity variation, expressed by the annwahber of sun spots (NCDC / World Data
Center for Paleclimatology), the El Nifio Southersciation Index (SOI) NOAA / National
Weather Service, Climate Prediction Center (httpuil.cpc.ncep.noaa.gov/data/indices/)
and the atmospheric GOconcentration at global level (Pieter Tans, NOABRL
(www.esrl.noaa.gov/gmd/ccgg/trends) and,@@ordings at Mauna Loa observatory (Hawaii)
(C.D. Keeling, T.P. Whorf, and the Carbon DioxidesRarch Group, Scripps Institution
of Oceanography (SI10), University of California, Ualla, California USA 92093-0444
(http://cdiac.ornl.gov/ftp/maunaloa-co2/maunalo@)coThe CQ recordings from Mauna
Loa observatory were taken into account becausbeofonger data series (1958-2004) as

! Romanian Academy, Department of lasi, Geograpby700505 lasi, Romania; E-mail: pvcristi@yahome
website: www.geocities.com/pvcristi
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compared to the global G@oncentration series (1980-2007). Being almosepty correlated
with the global C@series, the Mauna Loa series was used to vemfyahults achieved by
means of the shorter, global, series.

3. FACTORS CONTROLLING THE TEMPERATURE EVOLUTION

Our study attempts to statistically link the eviadat of temperature parameters
(mean monthly and annual values) recorded at laséonological station with some of the
factors controlling this evolution, both periodso(ar activity, El Nio Southern Oscillation
Index) and non-periodic (the greenhouse effect daduby the growing trend of carbon
dioxide concentration).

Figure 1 compares the general growing pattern oinmagnnual and mean July
temperatures with the upward, better marked, emziubdf global CQ concentration. The
differences between the evolution rates may beagwd by some of the inverse connections
governing the atmosphere-ocean-land system, whadhce the effects of an internal or
external perturbation, that is the effect of G3ing in our case.
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Fig. 1. Comparative evolution of mean temperatures atstasion and global CQroncentration
(1980-2007, a). Correlation between mean tempeaatriasi station and global
CGO, concentration (1980-2007, b)

The lack of statistically significant correlationsth the other two potential causes
for temperature dynamics taken into account do¢serdude the existence of real causal
relationships. We should recall that a time samay be regarded as the complex outcome of
numerous cyclic variations associated to a greaten of factors. One of these factors, even
though it is a real control factor, may have ongnaall contribution, statistically insignificant,
to the formation of the real time series. This leyppat least in the case of the solar activity,
expressed by the monthly and annual sunspots nuabere shall see as it follows.

The spectral analysis offers the possibility ofidieg whether a quasi-cyclic factor
is a real control factor or not. The analysis iffexst, within the time series, those significant
cyclic fluctuations form the viewpoint of their doibution to the formation of the real series.
If these fluctuations appear both within the cdnfactor and the dependent variable and the
oscillations are synchronous, then we may drawctrelusion that the control factor has a
real influence upon the dependent variable thrdabgleffect of inducing these oscillations.
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A problem related to spectral density analysitésfact that a quasi-cyclic fluctuation
is, most of the time, revealed on the periodogratrby a single peak, but by a series of peaks
situated in a narrow interval of periods. Consetjyein this situation, we are unable to
specify the exact period associated to the fludnaA solution to this problem is the filtering
the periodogram in order to group the near peaksnBo, the resulting peak is the expression
of the most powerful cyclic signal from an interadlicycles, which together compose the real
guasi-cycle variation. The main problem derivingnir this situation is the difficulty of
reconstructing the quasi-cyclic fluctuation, beimagessary to sum up all the significant cyclic
fluctuations composing the real fluctuation.
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Fig. 2. Spectral density curves for mean annual sunspotbar (1749-2007, a), Southern Oscillation
Index — SOI (1951-2007, b) and mean annual temyrersit lasi station (1894-2007)

The spectral analysis of the annual number of satesjor a period of 258 years
(1749-2007) (NCDC / World Data Center for Palecliohagy) reveals the presence of
2 main cycles, with periods of 10.75 years and &8&ry respectively, explaining together
74% of the time series (figure 2a). As we mentiobedore, the period of 10.75 years
represents the most powerful signal from an intestaycles situated between 9 and 11 years.
We find these oscillations within the analyzed tenagure series, the peak corresponding to
a period of 11.4 years (figure 2c). Consequentlyg, may regard as real the influence of
solar activity on air temperature, even thoughait B small contribution to the explanation
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of the temperature series. Thereby, the 11.4 yeate, identified at lasi meteorological
station in the case of mean annual temperatureesala characterized by an amplitude of
0.65°C, accounting for only 6% of the real series’ vacia

If the atmospheric carbon dioxide variation and thé1l years solar activity
fluctuations are real control factors, we may peatéo the estimation of the temperature
values, using the regression analysis.

Because of the shorter interval of measurementthioiglobal CQ@ concentration
(1980-2007) and in order to achieve a more compesge, we elaborated two regression
models, one using the global €@lues, the other the Hawaii G@alues. This is possible
taking into account the very tight correlation beém the 2 series (coefficient of correlation
of 0.99).

The results achieved by means of the 2 stepwisessipn models are given in
tables 1 and 2 and figure 3. We notice importdigrinces as far as the estimated gradients (B
coefficients) are concerned, indicating a greaé¢e of mean annual temperature increase
when using the global GQlata and a smaller increment when it comes tagusie Mauna
Loa CQ data, even though the 2 data series are pragticedhtical. This situation is the
effect of the change in the rate of temperatureeimee, which is significantly higher within
the 1980-2007 interval, compared to the larger 123¥ interval. Both models have a
fairly low capacity of explaining the temperatut@iations, which is better in the first case
(29%) and poorer in the second case (15%). As aetprence, the prediction capacity
associated to the models is reduced.

The differences between the 2 models may be exqaagither by the incapacity of
the first model to quantify the GG- temperature relationship due to the shorteryaisl
interval, or by the non-linearity of this relatidmis, meaning that a linear increase in £O
concentration induces a non-linear (exponentiag)yipcrease in temperature. We should
mention that the CO- temperature relationship operates non-linedrityn a certain threshold,
acting like a direct connection type of relatiomeTtemperature increase enhances the CO
transfer from the ocean waters into the atmosphende the atmospheric GOncrease
increases further the air temperature through teerthouse effect.

Our 10 years predictions (2008-2017) are givemlnet 2. The model based on the
global CQ data predicts temperature values approximatelyl®C6higher than the model
base on Mauna Loa series, the highest temperabeiag placed, in both cases, within the
2012-2014 interval, which corresponds to a maxinafisolar activity.

Table 1

Stepwise multiple regression parameters with globaCO, data and sunspots
number (left) and Mauna Loa CO, data and sunspots number (right).

global CO, data, sunspots number Mauna Loa C@data, sunspots numbet
R? = 0.346, p<0.00498, standard errof: R’= 0.224, p<0.01256, standard error
0.84402 0.78353
B p B p
Intercept -6,67660 0,170968§ 4,259251 0,058749
CO, 0,04449 0,002065 0,014562 0,027314
Sunspots 0,00064 0,032647 0,000434 0,042636
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Fig. 3. Real and reconstructed mean annual temperatues sgriasi using regression models with
global CQ data and sunspots number (a) and Mauna Loadat@ and sunspots number (b).

4. PREDICTION OF TEMPERATURE EVOLUTION

The present global warming process cannot be dedteBhe uncertainty resides in
the role played by the human activities, espectajiyhe greenhouse effect, in explaining this
warming process.

Two main categories of models can be used for tinegse of predicting the climate
evolution: general circulation models (GCM), white, in essence, conceptual models, and
statistical models, based on time series modeliiige former generally produce long-term
predictions (tens and hundreds of years), whilestagistical models may produce variable
predictions, according to the length of the analythme series. In our situation, having a data
series of 114 years, we limited the extrapolatipa period of 10 years (2008-2017) for a better
confidence upon the results.

Our study uses the statistical models in 3 ways:

» Using predictors (atmospheric g@nnual sunspots number). We have already

presented the results achieved through this model.

» Using cyclic components identified by spectral dgrenalysis (figure 4a). This
type of modelling assumes that the trends idedtifiehin the time series are, in
fact, components of some long-term quasi-cyclitatians. Precisely, the model
assumes that the temperature increase trend, Wwhigdn during the years '70-
'80, is in part of the upward segment of a longreycle.

» Using trends and cyclic components (figure 4b)sType of modelling associates
the cyclic components to a general increasing redsig pattern of the analyzed
parameters. Therefore, the model assumes thatréisent warming process is
the result of a non-periodical perturbation witthie climate system.

From the viewpoint of the correlations between egal estimated values (figure 5),
we notice that the regression model using the ¢l6a data for the 1980-2007 period seems
to perform the best, explaining 34.6% of the meanual temperatures variance. Still, we
should bear in mind the shorter period of analy$ise weakest model seems to be the
regression model using the Mauna Loa,@@ata. The models including cyclic components
identified by spectral density analysis occupy rerinediate position, the one using tfi& 2
degree polynomial trend being slightly superiorefwhough it has a lower explanation
capacity, this model has the advantage of being rsiable due to the much longer period of
analysis (114 years).
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Fig. 4. Statistical modelling of mean annual temperatwrdigion at lasi meteorological station
(1894-2007) using cyclic components (a) and polyiabtrend and cyclic components (b).

The overall prediction capacity of the models iglfalow, attested by the small
values of the explained variance and by the oriientaf the correlation line between real and
estimated values, which should have a slope bim&n ideal situation.

The estimations achieved by using the 4 modelgjiaen in table 2. As expected,
the model based exclusively on cyclic componentegihe lowest temperature estimates
(8,9-10,3C), while the model based on the recent global @@rease gives the highest
temperature estimates (10,4-PCH

127



C. V. PATRICHE

13 13
12 A 12
y=0.2636x+7.0846
11 A 2_ 11 y=0.3072x+ 6.6587
5 R?=0.2655 5 .
5 . . o R?=0.2096 o tos .
@ FIARKY @ EREEY
S 10 4 PR 5 T Y ey s
E o 2ot 3 o, 3¢
g S ea 0, a3l g . > o O
= L e W AR AN - DPDESE " R LIRS
£ 94 s 1 S ere £ o . ..“ . M
£ * . E &
g ]
8 8 4
7 21
6 : : : : : : 6 : : : :
6 7 8 9 10 11 12 13 6 8 9 10 11 12 13
real values (°C) real values (°C)
model using cyclic components model using trend and cyclic components
13 13
12 124
=0.3457x +6.4432
u 4 0:; ?0 34567 3 ~ y =0.2037x +7.6696
e e E R =0.2237
- e8¢ 0 . ~
@« * Y o . *%
S 10 ® 2 104 LRI ¢
g * . g * & 3% & 3 hd
B 9 * * * B o *® o . %
® . . F]
£ E
3 8 g 8-
7 71
6 6 : : : : .
7 8 9 10 11 12 13 6 8 9 10 11 12 13
real values (°C) real values (°C)

regression model using global €@ata,

number of sunspots (1980-2007)

regression model using Mauna Loa Qfata,
number of sunspots (1959-2007)

Fig. 5. Correlations between real and estimated temperatlues using the four statistical models.

Table 2

Estimated mean annual temperature values for the mdiction interval

using the four statistical models

Prediction | Estimated mean annual | Estimated mean annual Estimated mean annual
interval temperature temperature temperature — predictors
- cycles - - trend, cycles - global CO, Mauna Loa CO,
2008 9,66 10,17 10,36 9,79
2009 8,96 9,50 10,60 9,92
2010 9,40 9,98 10,89 10,09
2011 9,28 9,89 11,16 10,25
2012 10,19 10,83 11,35 10,35
2013 9,61 10,29 11,42 10,37
2014 9,99 10,69 11,37 10,31
2015 10,29 11,03 11,24 10,19
2016 9,43 10,20 11,11 10,07
2017 9,85 10,67 11,04 10,00
Mean 9,67 10,33 11,05 10,13
Maximum 10,29 11,03 11,42 10,37
Minimum 8,96 9,50 10,36 9,79
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THE NUMBER OF EQUIVALENT DROUGHT DAYS AND THE
SYNTHETIC INDEX OF DROUGHT INTENSITY

IULIAN C ATALIN STANG A*

ABSTRACT. The Number of Equivalent Drought Days andthe Synthetic Index of
Drought Intensity. Using data from seven meteorological stations andaihfall gauges
from the eastern part of Romania, the present pgmres to evidence more clearly the real
significance of drought phenomena. This was dortle thie help of two distinct expressions,
resulted from the processing of daily values of ¢hatic parameters: equivalent drought
and the synthetic index of drought intensity. Eqleéwnt drought shows the length of the
interval lacking precipitations, characterized byilsr consequences in different temperature
conditions, and it was computed by reporting wetgisumption (evapotranspiration) according
to a series of elements standard considered. Tibesdig index of drought intensity (severity)
has been proposed taking into consideration baHethgth of the drought interval as well
as its mean temperature (practically expressingmainsumption), to which is added and
the sum of precipitations from a previous intertal approximate the easily and directly
accessible crop water reserves).

Keywords: climatic parameters, daily values, equivalent droygirought intensity.

1. INTRODUCTION

Defining drought is extremely difficult, this issbeing approachable from different
viewpoints, according to each of these, the tetmierstanding being slightly or very different.
From a genetic point of view, droughts relate ® éiistence of periods lacking rainfall, long
enough so as the hydric deficiency to be felt atlével of the natural and human systems
or subsystems. Many times are being identifiedraédeought types (atmospheric, hydrologic,
soil-related, physiological, agricultural), esselfibeing the same phenomenon, that gradually
evolves, modifying the ratio between the waterreseand the requirements of a certain system.
If the atmospheric drought persists, long enough, wind and temperature intensify the
evapotranspiration and thus reduce the soil watserve up to the pedologic drought: this
reserve is gradually exhausted up to the wiltingptpdeading to the irreversible crop fading.
This aspect is characteristic to all the drought& bccur during the vegetation period. In
addition, in the case of the drought occurred detgiis period it contributes to the
decrease in the available water capacity, with thegy@onsequences in the first part of the
crops’ vegetation period.

Evaluating drought as a climatic risk phenomenoplies some uncertainties.
These are of objective (inherent to the naturalabdity of the weather states and of the
climatic characteristics — stochastic uncertaifitiesr subjective nature (due to the lack of
a complete database, with information from metegjiohl stations that would cover the entire
analyzed territory, or due to other aspects reggrsiirictly the scientific approach — epistemic
uncertainties) (Starag2007). In such situations, most of the timesstively of droughts has
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a diagnosis character, but extremely importantfercorrect identification and evaluation of the
maximum risk areas, where we must take into accanirffective intervention, by prevention
and negative effects’ diminishment.

2. INDICES USED IN THE EVALUATION OF THE DRYNESS AN D
DROUGHT PHENOMENA

The practical utility of knowing, diagnosing, manihg and predicting dryness and
drought explains the special interest for a moezige evaluation of these risk phenomena.
In our country, these phenomena were studied ligrdiit methods, among them rainfall or
aridity indices, bioclimatic indexes, calculatiarfevapotranspiration and soil water balance for
different crops, the use of rainfall and hydricavaie indices (StaagMinea, 2004, 2005).

The very large number of drought evaluation indmed methods may be grouped in
several categories, according to the methodolodyspactrum of the used climatic parameters
(uni- or multi criteria approaches):

- rainfall indices and criteriathe Hellman criterion, Topor rainfall index, desile
method, rainfall percentage index, Bhalme-Mooleyudht index, standardized precipitation
index, effective drought index, Gaussen xerotheindgx, rainfall anomalies index, etc.;

- hydric balance and complex indicete Martonne dryness index, Thornthwaite
climatic characterization, Selianinov hydro-therrimidex, Palfai drought index, Soroceanu
humidity index, Palmer drought severity index, etc;

- diagrams and climogramValther-Lieth, Peguy, Gaussen ombrometric diagrams.

- indices determined on the basis of satellite imagesmalized vegetation index,
vegetation state index, normalized multispectralight index, the drought index determined
on the basis of the vegetation albedo etc.

The indices based on satellite images imply andistnethodology, and the obtained
results reflect an indirect evaluation of droudhtqugh the effects it had at a certain moment),
the technique having the indisputable advantagdferfing in relatively short time a regional or
even global scale image of the phenomenon. Thetliirse categories of indices are based on
direct determinations at rainfall stations and gaudhe relevance of the results depending on
the time span of the data, the territory coveredl the selection of parameters, to which are
normally added the elements specific to each mefhwoel length of the observations assures the
statistical relevance; the density of the obsewaatioints offers the possibility of interpolating
and the precision of the spatial representaticetgisite for a geographical study, while the
selection of the used climatic parameters givesistancy to the research method.

The preferential use of monthly average valuesther calculation of the specific
indicators is justified by practical reasons thaénin view the access to direct data, as well as
the difficulties of processing an over-dimensiosed of daily observations, which would be
needed for large-scale studies. The average \&hgEntly reflect the overall characteristics @ th
climate and its general evolution tendency, yetitedysis of the meteo-climatic risk phenomena
recommends in such situations the use of the dalilies of the climatic parameters, especially for
a more accurate evaluation of the length and iityeoisthe dryness and drought phenomena.

The present study, that refers to the south-cepdrélof the Moldavian Plateau — was
conducted based on daily values and monthly avelaige(between 2002 and 2008) taken from
several sources. First we have used the datali268-(099) created by Tatiana Bradu (2004)
for her PhD thesis (with her approval), later coetpd with data offered by the National
Meteorology Administration, Bucharest (1961-200),the basis of a collaboration during
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the CEEX 756/2006 research grant. Equally, with iep of the Moldova ka Regional
Meteorology Center we have obtained daily datar#&infall and other meteorological
phenomena from the rainfall measurement statioom fthe region. The most delicate
problem was the selection of the most represeetatata, in the conditions of a variable
observation period (mainly for the rainfall measneat stations).

The processing of the daily values and monthly redeom seven meteorological
stations and 27 rainfall measurement gauges allaged propose two new indicators used
in the evaluation of the drought phenomena in Tatélills: the number of equivalent
drought days and the synthetic index of drouglarisity (severity).

3. THE NUMBER OF EQUIVALENT DROUGHT DAYS

According to the Hellmann criterion, the drynesd drought periods are determined
based on the number of consecutive days with daiefss than 0.1 mm. Thus the dryness
periods are considered as intervals lacking rdioféd-9 days for April — September, ore 5-13
days for October — March. The drought periods lageirttervals lacking rainfall in at least 10
days in the warm season and at least 14 days iodldeone. Based on this criterion and
analyzing the data from the rainfall gauges in Vatblills for the 1980-2003 interval, we see
that yearly are registered 10-13 dryness period8ahdroughts.

Later, we attempted a more precise evaluation efléhgth and intensity of the
droughts, having in mind the fact that they are ékreme climatic phenomena with the
highest occurrence in the region. In this purpaesehave selected all the intervald 0 days
in which were registered rainfall larger than 0.hnthe respective value not being taken into
consideration as threshold because it does notdraegro-climatic significance. In a second
stage, based on the information from the meteoibgtations, we evaluated air temperature
for each interval lacking precipitations. If datlgmperature data are missing, we may use
mean decadal values to approximate drought peeiogbérature. Even if some errors occur,
they are usually insignificant for later calculatsp and some of them may be eliminated
through mathematical and statistical corrections.

In Tutova Hills, from the 493 cases introducedha ainalysis (Rleni, Gherghgi,
Banca, Lipovt, Puieti, Cuibul Vulturilor, Coroigti, Pogoneti, Colonesti) for the 1980-2003
interval, the drought length exceeded the threskalde of 30 days in 3.85% of the cases,
entered the 20-29 days interval in 22.72% of tlsesand the 10-19 days interval in 73.43% of
them. Their distribution during the year is var@glihe maximum values of drought length and
frequency being registered during August — Mardire Tongest period lacking precipitations
summed 47 days at during August'240ctober § 1982, on the background of a maximum
pressure baric field over east-central Europeadh September 1982 (1-6 October) represented
the longest drought period also for the Moldavi&ir? where were registered 36 consecutive
days lacking precipitations (Miita, 2006).

The significance of the drought intervals is diielr from a season to another, mainly
according to temperature and water consumptions,Ttotbe able to compare drought intervals
from different periods of the year we computied number of equivalent drought dayspy
applying a coefficient evaluated according to watarsumption and strongly conditioned by
temperature. The evaluation of water consumptios deme by using the correlation between
temperature and Penman-Monteith reference evapgpiration (Rltineanus.a., 2007):

PM-ET, = 0.0048T% + 0.0678 T + 0.4888.
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To obtain the correction coefficient, we first cantgd reference evapotranspiration
for each value of air temperature (between -10%C-840°C). For simplification, we preferred
using value classes for which we computed mearergfe evapotranspiration (PM-ET). For the
climatic conditions of low hills and plains regionge consider as threshold the temperature
span of 10-15°C, characterized by a mean referemapotranspiration of 2,11 mm/day and
an unitary calculation coefficient according to @ihiall other corrections are made (table 1).
For other climatic conditions (subcarpathian or ntainous area) would be recommended
the use of another landmark temperature span,rcdoste multiannual mean value of air
temperature (5°-10°C) from that region.

Table 1
Parameters specific to equivalent drought
Temperature | PM-ET, Coefficient Equivalent drought for standard interval
classes (mm/day) |equivalent drought (ten days with 10-15°C)
<0°C 0.31 0.15
0-5°C 0.7 0.33 3
5-10°C 1.28 0.61 6
10-15°C 211 1.00 10
15-20°C 3.17 1.50 15
20-25°C 4.47 2.12 21
25-30°C 6.01 2.85 29
>30 7.79 3.69 37

The application of these coefficients allows thenparison of drought intervals
for different values of air temperature, thus difély reflecting water consumption by
evapotranspiration. Thus, ten days lacking preatijpihs have the significance of only two
days of equivalent drought if air temperature doesexceed 0°C, 10 days of equivalent
drought at air temperatures of 10-15°C and 37 daggjuivalent drought if air temperature
exceeds 30°C.

Evaluating droughts according to the number of wajaint drought days was later
grouped in several classes: excessive: over 30 afagguivalent drought; very strong: 21-30
days of equivalent drought; strong: 11-20 daysopfiealent drought; moderate: maximum
10 days of equivalent drought. Among the drougkesanalyzed in Tutova Hills, we see that
14.68% enter the category of excessive droughtapsng up over 30 days of equivalent
drought; 20.73% are very strong droughts; 29.37&6stong, while 35.22% are moderate
droughts. The most severe are the ones from ttecitegory, with a mean real length of 23
days, occurred in 79.71% of the cases during J8lgptember, in the period of the maximum
water consumption by crops. This implies severgefsmainly if we have in mind the agricultural
specific of the region, with a high dominance dlde terrains and long vegetation crops.

The number of equivalent drought days is in ounmpi an indicator that allows a
comparative analysis between periods or regionshich water consumption is different,
and thus having an extremely important agro-climsignificance.

4. THE SYNTHETIC INDEX OD DROUGHT SEVERITY

To express and interpret the significance of eatdrval lacking precipitations, we
wanted to take into account the easily accessiblenveserve, evaluated by only taking into
account two climatic parameters and no soil hydrgsiral coefficients. In this purpose, we
elaborated a multi-criteria synthetic index of dgbuintensity. The length of the interval
lacking precipitations and its temperature arewatat identically as in the case of equivalent
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drought. More, while extracting from the observatiables the intervals lacking precipitations
(> 10 days with less than 0.1 mm precipitations),adse extracted the sum of precipitations
from the decade previous to the analyzed intefi/alis, the synthetic index of drought
intensity (severity) (Is)is based on the length of the interval lacking ipitations (Q), mean
air temperature of the interval;Jand the sum of precipitations in the previousadec(R,),
the calculus formula being:

ls=D; G120

R+l

Air temperature is reflected directly in water aamption by evapotranspiration. This
is why we have considered it as directly propodlai drought intensity, the conventional
plus of +10 being justified by the necessity ofrétiating errors introduced by negative
temperatures (as in the case of the ,de Martonnditaindex). The precipitations from the
ten days previous to the analyzed period expresslative terms the available and easily
accessible water reserve, being evaluated invgpsahportional to the index value. If in the case
of the minimum duration of the drought interval departed from the Hellmann criterion, in
the evaluation of the water reserve we choose dhesnterval (ten days). The choice of a
variable interval would create over-lapses and ddehd to an erroneous evaluation of the
existing reserves (that would obvious accumulat¢hasinterval increases). The adding of
1 for the denominator has the meaning of redudiagektremely large value span of the index,
imposed sometimes by the existence of ten consecddiys with precipitations between 0.2
and 1.0 mm. The length of the interval lacking #ations has the purpose of illustrating
the cumulative effects of drought, as intense esténds on a longer period.

In parallel, drought intensity may be computed it help of the following formula:
Is = D-(ETi/P.1). In this case the supplementary corrections (+1),for the humerator and
denominator are no longer needed. The results lagglyc similar, being evidenced by a
significant (0.91), but predictable (having in vi¢le fact that evapotranspiration has been
computed indirectly using air temperature) stai@tcorrelation.

The variation of drought intensity (severity) aaiog to the precipitation quantity
from the previous decade in which mean air tempegas of 5°C, 10°C, 15°C, 20°C, 25°C
and respectively 30°C is suggestively given inrfigll. For the standard interval (ten days)
and the temperature thresholds taken into considerahe graphic representation illustrates
the increase in drought intensitgTi — drought intensity at temperatu)es the precipitation
guantity measured in the previous decade decréase$0 mm towards 0.5 mm.

In figure 2 is shown the variation in drought irgéy according to temperature, for
an interval lacking precipitations of ten days angbrecipitation quantity in the previous
decade of 5, 15, 25, 35, respectively 45 mm. Ferdtandard interval and the mentioned
precipitation quantities, the graphic representaisthe expression of a linear function that
illustrates drought intensification as temperatuise from -5°C to 35°C (IsPi — drought
intensity for a precipitation quantity in the prews decade afmm).

The value span of the index is quite large, sepdratto four distinct significance
classess 20 — moderate drought; 21-50 — strong droughtt@1— very strong drought; > 100
— excessive drought. From the cases analyzed ovawills based on the drought intensity
index, we see that 42.8% of the droughts have rateleharacter, 29.6% are strong, and
16.6% are very strong, while 11.0% have an excessiaracter. The analysis of the monthly
distribution of droughts is not easy, since in d38% of the cases the drought interval begins
in a month and ends in the following one. We camaoisider the beginning of the drought
interval as a criterion, since the real effectsfaltemost of the times in the second part of the
interval.
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Fig. 2. The variation in intensity of a ten days interlzadking precipitations according to air
temperature, in the conditions of standard preatijib values for the previous decade

Analyzing the data from table 2, we observe thathighest values of the synthetic
index of drought intensity characterize the coldss&, on the background of generally low
precipitations (considered as available humidity). this way, although the real water
consume is reduced on the background of accumuatid insignificant reserves through
precipitations, the values of the index seems exagedly high, yet illustrating the features
of atmospheric drought with a climatologically redece. In the analysis of meteo-climatic
risks we desire to apply corrections and a diffepemcentage of the factors introduced in the
equation, inclusively for the evidencing of the evateserve blocked by frost during winter.
The results will be presented as they will be thstalidated and considered representative.
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Table 2
The characteristics of the longest periods lackingrecipitations
in Tutova Hills (1980-2003)
Period i Station Di Ti | PM-Etq| PP.; Equiv Is
Days

24.07-9.10.1982 Ghergite 47 20.4 181.9 19.2 99.6 70.
15.01-21.02.1989 Pogogte 38 3.3 29.1 2 12.5 168.
24.07-27.08.1993 Cuibul Vulturilor 35 19.9 130/9 2b 525 40.3
20.07-22.08.1992 Puig 34 20.9 136.1 9.8 72.1 97.3
16.01-17.02.1989 Cuibul Vulturilor 33 3.3 25.2 0.p 10.9 274.3
24.10-25.11.1991 Cuibul Vulturilor 33 9.9 53.8 26(3 20.1 24.1
1-31.01.1992 Cuibul Vulturilor 31 -2.5 10.8 6.4 4.7 31.4
1-30.01.1992 Pogogie 30 | 25| 105 0.8 45 125.
7.11-6.12.1990 Cuibul Vulturilor 30 7.5 38.0 8.5 38.| 55.3
18.10-16.11.1982 Ghergiie 30 10.1 49.9 14.8 30.0 38.%
19.07.-17.08.1988 Cuibul Vulturilor 3( 22.4 132)5 6.3 63.6 20.5

4. CONCLUSIONS

In the attempt of a more precise evaluation of dsgnand drought phenomena, the
present paper proposes and describes two new todicalaborated based on daily values of
climatic parameters: equivalent drought and théhstic index of drought intensity. To catch
the relevance of the proposed indices, we syntibtipresented the characteristics of the
longest periods lacking precipitations for differeainfall gauges from Tutova Hills. The
significance of the two indicators is easily diffat. Thus,the number of equivalent
drought days expresses more clearly the hydric stress from taewperiod of the year,
having special agro-climatic relevance. Meanwtifey synthetic drought intensity index
better reflects strictly climatic peculiarities,i@@ncing atmospheric drought.

REFERENCES

1. Bradu Tatiana (2004) €lima Colinelor Tutoveitez de doctorat, Universitatea ,Al. I. Cuza”
lasi

2. Mihiila D. (2006),Campia Moldovei. Studiu climati&d. Universiitii din Suceava

3. Mineal, Stang|.C. (2004) Analiza variabilitzii spafiale a unor indici de apreciere a secetelor
Riscurisi catastrofe, vol. 1ll, Casaatii de Stiinta, Cluj Napoca

4. Paltineanu Cr. (2007)Ariditatea, seceta, evapotranspieasi cerirgele de ap ale culturilor
agricole Tn RomaniaQvidius University Press, Constan

5. Stang . C. (2007) -Riscuri naturale. Nguni si concepteEd. Universitii ,Al. I. Cuza” lasi

6. Stang I.C., Minea I. (2004)Considérations sur la variabilité spatiale de cemaindicateurs
concernant les phénomeénes de sécheresse dargellesRoumanieinalele Univ. ,Al.l.Cuza”
lasi tom XLIX-L, serie llc Geografie, 2003 -2004

7. Stang I. C., Minea |. (2005)Consideraii privind fenomenul de seéeth Campia Moldovei
Romanian Journal of Climatology, vol.1, Ed. Univ. JACuza” Igi

136



I11. Hydrological Environment






STUDIA UNIVERSITATIS BABES-BOLYAI, GEOGRAPHIA, LIV, 3, 2009

G.I.S. PROCEDURE FOR FLOOD-PRONE AREAS MAPPING BASED ON
THE RESULTS OF THE FLOOD SIMULATION MODELS

P. STANCIU', V. CHENDES', C. CORBUS', M. MATREATA'

ABSTRACT. G.LS. Procedure for Flood-Prone Areas Mapping Based on the Results
of the Flood Simulation Models. The development and implementation of the procedures
for flood-prone area rapid mapping in the operative activity of the hydrological forecast is
an important step in providing real-time information to the institutions involved in the
management of the affected areas. In order to know the potentially flooded areas, a series of
software programs was developed, starting from inputs resulted from the hydrological
models and hydraulic routing.

Representing the results of the flood simulation mathematical models, actually leads to
the delimitation of the flood-prone areas. For their representation in GIS environment, it
was developed a simplified procedure that uses in addition to D.T.M. only the river bed
thalweg and the forecasted value of the water level in successive profiles.

This paper presents the work steps of the methodology, the GIS chart model made in
ArcGIS 9.2, the Builder Model module, and also a case study for the Ialomita River, on a
river branch with a length of about 110 km.

Key words: rapid mapping, flood-prone areas, flood simulation, GIS.

1. INTRODUCTION

The use of Geographic Information Systems (GIS) in hydrology and water management
is based on the idea that water, climate and society formed a whole system that could be
studied using spatial modeling and analysis, GIS becoming a useful tool. The global changes
leading to the intensification of extreme events and the increasing water demands require
more detailed knowledge of this resource. The unequal distribution of water in space and
time, due to hydrological cycle, makes the study of water through GIS very useful and practical.

Floods represent one of the main natural disasters, affecting many states over a year,
endangering life, environment and natural resources, and leading to large economical losses
and social and health problems, too.

In 1992, WMO has elaborated the following definition for floods: “the submersible
position of floodplain, caused by the river water that exceeds the river channel or by the
accumulation of precipitation or snow-melting water in areas of insufficient natural
drainage”. A more recent definition is presented in the Directive of the European Parliament
regarding the assessment and management of floods - Directive 2007/60/EC: ,, flood” means
the temporary covering by water of land not normally covered by water...”.

The disasters produced by floods are favored by man, due to the fact that he exposes
himself to risk through the development of the settlements, economic and agricultural activities,
roads, bridges, etc., in the floodplains (Mustatea, 2005) — fig. 1.

! National Institut of Hydrology and Water Management, Bucharest, Romania
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Fig. 1. The economica effects of floods

Left) The collapse of a bridge at Basca Chiojdului during the flood in May 2005 (photo V. Chendes);
Right) The morphological change of Trotus river bed and the collapse of the bridge downstream to
Tg. Trotus during the floods in July 2005 (Source: ANAR)

In runoff assessment and modeling, especially in flood-prone assessment, the GIS
and Remote Sensing methods are very important. The classical hydrological analyses are
generally based on point data, not on spatial data. The modern methods of spatial analysis
specific to these fields complete the hydrology, allowing, not only the spatial data organization,
visualization and, especially, processing and analysis, but also the increasing of performances
and efficiency of hydrologic and hydraulic models through the physico-geographical component
of these technologies.

For the runoff forecasting in real time, a permanent data exchange is necessary
between several components of an integrated hydrological system, including hydrologic,
hydraulic and GIS-based models.

2. Hydrologic and hydraulic simulation models

The CONSUL — UNDAP software package, available within the NIHWM, was
used for flood simulation.
CONSUL deterministic hydrologic model allows simulation of all phases of the
runoff, both in the small and the large river basins, natural or hydrotechnically arranged. It is a
conceptual model based on sem-distributed parameters depending on the physical characteristics
of the river basin: topography, vegetation, and soil. The rainfall-runoff process modeling taking
place in a watershed, by using CONSUL model, can be achieved following the main steps
below (Chow, 1971; Serban, 1984a, b; Serban and Corbus, 1987; Serban and others, 1989):
e Determination of the snow-melt water, using the degree-day method;
e  Calculation of the effective rainfall by extracting the infiltration and evapotranspiration
loss from the average water inflow using PNET deterministic reservoir model;
e Effective rainfall integration on slopes and in the primary hydrographical network
using the unit hydrograph method;
e The composition of flood waves and their routing along the river using Muskingum
transfer function;
¢ Flood wave attenuation through reservoirs using Puls method;
e Forecasts updating using CORA procedure.
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UNDAP hydraulic model simulates
the one-dimensional, unsteady flows with free
surface and it can treat one-string river bed
and dendritically and rig-shaped river beds as
well. It is based on the numerical integration of
Saint-Venant equations with partial derivatives,
according to a rectangular network in the
plane (space, time), making use of the double
scanning algorithm for a given time step, and
offering the results needed to establish the
flood risk. Although it is a one-dimensional
model, due to its operative features and good
performances in simulating the unsteady flow,
it is one of the most used models.

The main input data are discharge
hydrographs provided by the CONSUL program, rating curves in a single output cross
section, geometric elements of the river bed in used cross sections (water level, width,
depth, and roughness).

Coupling between CONSUL and UNDAP models was performed using the
TRCONUND program which allows to transfer the forecasted hydrographs computed with
CONSUL model from output file in the input file of the UNDAP model. UNDAP results
are stored in an ASCII file type, consisting mainly in water levels, depths, widths in the
mirror of water, drain sections, velocity and discharges in all computed cross sections.

Fig. 2. The use of forecasted water level
in successive profiles

3. Flood-prone areas representation in GIS environment

Nowadays, large efforts are focused on developing maps for flood-prone areas
with different return periods, in order to use them in planning and managing different
components of human society. They are maps of imaginary (theoretical) floods, not maps of
flooding forecast for an approaching storm (Jones, 2004).

In this respect, a simplified GIS procedure has been developed, to translate the
flood levels of the various events forecasted using CONSUL and UNDAP models. It uses,
in addition to DTM only the river thalweg, and the forecasted water level in successive
profiles (fig. 2).

Besides the mathematical model results of the flood routing, the precision and the
quality of the DTM is another important element to obtain some flood-prone areas with a
high accuracy. Unlike the DTM used for general purposes, accomplished only on the basis
of the topographical information, having maps (contour level and elevation points) as
source, the ones used in hydrologic (especially in the hydraulic) modeling involve a very
accurate river channel drawing up, through field measurements (fig. 3).

DTM quality is very important in dikes areas, too. The relative small width of
dikes (5 — 10 m generally) makes important not only the accuracy of the DTM, but also its
resolution, especially when topographical maps are used as information source for
elevation, or when field measurements are required. In these cases, a lower resolution
averages a large range for altitudes, leading to distortions of real dike elevation.

DTM based on information from topo maps at the scale 1:25000 can be obtained
at 15 - 30 m resolution, and could be reduced at 5 — 10 m by cross section integration. But
small width of dikes requires a higher-resolution data (around 0.5 - 2 m), that could be
obtained from LIDAR (Light Detection and Ranging) type DTM.
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Fig. 3. Increasing DTM quality by field measurements integration, especially cross sections
Left) DTM accomplished on the basis of topographical maps; Right) Enhanced DTM
to accomplish hydraulic modeling requirements

The lack of such DTMs leads to the need to enhance the information from
topographical maps. The large differences between topo maps and the current state (new
reservoirs, meanders rectification, etc.) impose the use of updating data sources: satellite
images Landsat ETM+, orthophotomaps etc. The integration of the cross sections with
initial topographical information has been done both by using the field measured points and
by generating some lines characteristic for the river bed (thalweg, banks and dikes). The
elevation of these lines is known for the cross sections, the next step being to extrapolate
these values between profiles for detailing the geometry of the river bed.

For each forecasted value h a quasi-parallel plan to the river bed channel (of the
thalweg) is generated. This plan has the Z,+h, elevation in profile 1, Z,+h; in profile 2, etc.,
where Z represents the thalweg altitude and h represents the increase of the level forecasted
for each profile.

The main steps in the flooding areas representation are the following:

e  discretizing the river thalweg to points — a simple GIS procedure to convert a line

to points

e  assigning to each point a value of altitude (z) on the DTM basis

e calculating the water level in each point of the river thalweg, taking into account

the water levels in successive cross sections (MS Excel procedure)

building a Thiessen polygons network corresponding to the thalweg points.
transferring the "water level" values of each point to the associated polygon; this
step is done by using an unique identifier, inside a JAVA procedure developed to
couple the UNDAP and GIS models, in order to transfer the UNDAP results and
water level data for the entire river thalweg in the GIS input files (Thiessen polygons).

e transforming the Thiessen polygons in grid [thiessen w], using water level in that

particular point as attribute (vector — raster conversion)

e comparing water level [thiessen w] and DTM value through the difference between

the two grids:
= positive values: the submersible area (the flood-prone area)
= () value: the flood-prone area limit
= negative values: the immersible area (above the water)
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e obtaining the flooded affected area by querying and selecting the pixels having
positive values.

e separating flood-prone areas, located in the river neighbourhood, from other
potential flood-prone areas, located behind the dikes and other obstacles,
representing areas with lower altitude than the forecasted water level. This step
is necessary only if the water level is lower than the dike elevation.

The most important problem is the difficulty to automate the whole GIS
procedure, due to the lack of an adequate DTM to hydraulic modeling (a DTM LIDAR type
or integrated cross sections). For the most part of it, a flow-chart using Model Builder
module in ArcGIS 9.2 has been developed.

The procedure is designed to represent, using GIS techniques, 10 successive
moments of the event (time step can be hourly or daily). This could be done by using
number of 10 Thiessen polygons files containing level data obtained with JAVA procedure.

4. Runoff simulation in Ialomita River Basin

Considering CONSUL model for the simulation of flood, in view to divide the
catchment in sub-basins and the river network in reaches, for the Ialomita River Basin 22
sub-basins and 13 river reaches resulted.

For model parameter calibration seven flood events have been selected: May 1973,
July 1975, June 1979, July 1981, August 1982, November 1996 and February 1999.

The study of flood wave routing using the hydraulic model was made for lalomita
River, on the Cosereni — Slobozia sector. This river sector has a length of 110 km and a
very large flood plain that overflows at rates of 350 — 450 m’/s. The overflowed water is lost
through infiltration and evaporation. For this reason there is significantly non-concordance
in volume, especially for large high floods.

Following the flood simulation in
April 2000 and taking into account
the morphometric characteristics of

1600

1400

1200 j%ﬁ the river sector and the routing
} o0 duration of the maximum flow,
[ a0 j & optimal values of the hydraulic model

Figure 4 shows simulation results
of the flood in September 2005 on the
e lalomita River, sector Cosereni -
0 — 2| Slobozia.
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Time (daye) a 10 days period (20 - 29.09.2005). At

Cosereni the maximum discharge was

Fig. 4. Measured (Qm) and computed (Qc) hydrographs 1366 m’/ s, registered in September

for flood in September 2005 22. The maximum level was 753 cm

over “0” reference point of hydrometric

station (846 cm over thalweg) — fig. 5. As a result of overflow phenomenon in the very

large flood plain of Ialomita River, the discharge gradually decreased, reaching the value of
448 m’/s at Slobozia in September 27. The level decreased to 664 cm over thalweg.

E . f w parameters have been obtained.
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Fig. 5. The evolution of flood-prone areas at the moment of maximum level

In the vicinity of Slobozia, the flood-prone area has covered large surfaces
downstream and upstream the town (fig. 6), but closely to the town, the dikes kept the flood
in the narrow area of the river bed. It has to be highlighted the level difference between the
two banks, the dikes being built-up on the left bank, lower than the right one with 20 — 30 m.

Legend:
20.09.2009 [/ Localities
21.09.2009 Dikes
22.09.2009

% [ 23.09.2009

I 24.09.2009
I 25.09.2009
I 25.09.2009

Fig. 6. The evolution of flood-prone areas during the increasing period

5. Conclusions

Flood mapping is a widely used tool in the assessment of the extent of flooding
over floodplains and in the development of planning instruments. This phase is based on
simulation model results: maps for flood extension, water depth, flood contours, flood
hazard categorization, etc. for existing conditions, for proposed management scenarios and
for a range of flood events.
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Programs package allows providing information in real time to the institutions
involved in the floods management. The knowledge of potential flood-prone areas in
advance due to forecast models leads to the enhancement of the activities for floods effects
diminishing.

Development of the operational version of the models and its application on river
sectors having high quality DTMs lead to an increasing warning and decision time.
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GLACIER RISKS AND DISASTERS IN THE ALPS MOUNTAINS

LILIANA ZAHARIA *

ABSTRACT. Glacier Risks and Disasters in the Alps Montains. The present paper
synthesizes and analyzes the main types of glaeieards, bothvith rapid effects (glacier
outburst floods, ice avalanches, rock falls, andi$dides that affect glacial valley slopes),
and with slow effects (glaciers fluctuations). Tdaises generating glacier hazards and the
consequences they bring about are emphasized thitbegretical considerations and are
supported by examples. The analysis focuses oAlfiseeMountains, where glaciers occupy
considerable areas and where, over the time, méygeg hazards, some of them with
catastrophic damages, have occurred. The capitalizaf tourist and hydropower potential
of mountain glaciers has increased the economieval alpine area, but at the same time it
enhanced its vulnerability to glacier-related risks

Key words: glaciers, risks, ice avalanches, glacial floodsjrtem, Alps Mountains.

1. INTRODUCTION

Glacier risks, as any other natural risk, are #gsiltant of the joining of two major
components: the natural hazard and the vulnenal§lliauphiné, 2003). They constitute a
category of hydrodynamic risks induced, directlyratirectly, by glaciers.

The present paper aims at making a synthetic prats@m of glacier risks and
disasters generated by mountain glaciers, aspeatdhave been slightly approached in the
Romanian literature, especially because glacieraaicshow up in the Romanian landscape.
However, such a synthesis can add up to the existiormation with regard to hydric risks, in
order to better perceive their complexity and ditgr The paper focuses on the Alps
Mountains, which over the years have been affelajeseveral glacier disasters. More than
that, the vulnerability of this area to glacier &ias has continuously increased as a result of its
social and economic development, due, to a larggngxo the capitalization of the glaciers
touristic potential, as well as to the water resesithey posses. The paper relies on bibliographic
information, as well as on personal observatiordettaken during several trips in the alpine
area.

2. GENERAL DATA REGARDING THE EXTENSION OF ALPINE G LACIERS

The Alps shelter more than 3,000 glaciers, totadjzn area of about 2,300 K
Specific for the region are the valley glaciershwiell-developed tongues. Alpine glaciers
are scattered over six countries: Switzerland, aisErance, Italy, Germany and Slovenia.
The most numerous (1006) are on the Swiss territwhych holds nearly half of the total

! Bucharest University, Faculty of Geography, Nol McBscu Avenue, 010041, Bucharest, Romania;
E-mail: zaharialil@yahoo.com

2 According Francou & Vincent, 2007. Doldgu & Osipova (1989), quoted by Grecu (1997), gike total
area of glaciers in Alps Mountains, 2682 Km
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area covered by alpine glaciers. Austria and Ithilglter 800 glaciers each, with areas of
561 knf and 526 krhrespectively, while in France there are 465 ghacibat hold an area
of 369 knf (Dolgwusin & Osipova, 1989, quoted by Grecu, 1997). The tmwislespread
alpine glaciers are found in the Swiss and Frenipls ATable 1).

Table 1.
Morphometric data on the major alpine glaciers
Glacier Location/Country Area | Length | Max. altit. | Min. altit.
indicative (Km? | (Km) (m) (m)

Aletschgletscher Bernese Alps/CH 126,29 24,7 4160 5156
Gornergletscher Valais Alps /CH 38,25 14,1 4610 2240
Fieschergletscher Bernese Alps /CH 33,06 16 4180 1681
Mer de Glace Mont Blanc Massif /F 33 12 3600 1480
Unteraargletscher Bernese Alps /CH 22,7 13,5 4090 0193
Oberaletschgletscher Bernese Alps /CH 21,7 9,1 3890 144 2
Unterer Bernese Alps /CH 20,6 9 4100 1090
Grindelwaldgletscher
Pasterzen Kees Austrian Alps/A 17,7 9,4 3700 2070
Rhonegletscher Urner Alps/CH 17,38 10,2 3620 2208
Corbassiere Pennine Alps (CH) 16 9,8 4310 2219
Argentiére Mont Blanc Massif/F 15,6 9 3500 1500
Bossons Mont Blanc Massif /F | 10,53] 7,2 4800 1190

Source:World Glacier Monitoring Servicéittp://www.geo.unizh.ch/wgms/fog.html

The main glaciers of the French Alps are in the MBlanc Massif. There are
about 100 glaciers with a total area of 20F ko which 125 krfiin France, 42 kfin Italy
and 33 krion Swiss territory (Grecu, 1997). On the Frende,sihe most important glaciers
are Mer de Glace, Argentiére, Bossons, Tour, Teldfaconnaz, Griaz, Bionnassay, Tré la
Téte et al. On the Italian side the largest glacée Brenva and Miage, while on the Swiss
side Trient and Saleina are the most significamthe French Alps smaller-sized glaciers
are to be found in the Grandes Rousses MassiedD#uphiné Alps (Blanc, Noir, Saint Sorlin
and Sarennes glaciers), as well as in the La Vardissif of the Graian Alps (Gébroulaz
and Chasseforét glaciers).

3. DYNAMICS OF ALPINE GLACIERS — FACTOR OF GLACIAL RISK

One of the main causes that determines the occergrglacier hazards in mountain
area is glacier dynamics, represented by the glidimd fluctuations of the ice mass. Glacier
sliding is a consequence of the ice viscosity aladtjzity. Under its own weight, the ice
slides down on the bedrock with variable speedgedding on several factors, such as: ice
thickness, bedrock features (gradient, shape, iyjjoce base features and the presence of
sub-glacial water and sediments. Glaciers movewantity grows in spring and summer,
when melt water and sub-glacial sediments favordiiding. In the presence of steeper
slopes and thresholds the ice cracks. Thus, cresasfsvariable depths (up to 25 — 30 m)
arise, which may break up the glacier’s tonguedgehice blocksdgérac3. In the sections
where the gradient is higher the increasing iceait} renders the ice blocks unstable and
consequently they often fall with great force, ergkxing the downstream areas. The most
spectacular ice blocks in the Alps are those beétmngo Argentiére (in Lognan zone),
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Géant (at the origin of the Mer de Glace glaciexy Bossons glaciers. In the Lognan zone
of the Argentiere glacier the ice speed may redhrh per year, while in the case of the
Géant glacier it may increase even further, to 80per year (Moreau & Vivian, 2000),
which enhances the risk of ice blocks falls with #ssociate negative effects.

Glaciers fluctuations are a consequence of climaitability and they influence
the lengths, areas and the thickness of ice madses.the time, alpine glaciers have known
periods of advance and retreat, in accordance glithal and regional climatic variations.
During the last glacial maximum (Wirm) alpine i@paovered approximately 150,000 km
and the glacier equilibrium line altitude was as s 1300 — 1400 m. In Holocene, as a result
of less significant climatic variations, alpine gkxs advanced and retreated at lower rates.
The Holocene %Iacial maximum was reached in thegédB820 — 1860, the so-called “Little Ice
Age” (14" — 19" centuries), when alpine glaciers stretched owt,600 kn? (Zryd, 2008).

Beginning with the 26 century, as a result of temperature increasenelglaciers
have entered a recess period. In comparison wéhyéar 1850 the present glaciers have
lost 30 — 40% of their volume and decreased to bali the area (Francou & Vincent,
2007). From the end of the "L@entury glaciers tongues retreated 1 — 2 km on enere.
Thus, the main French glaciers, Mer de Glace, Aigemand Bossons, have grown shorter
by 1,000 m, 1,150 m and 1,200 m respectivélpiid Glacier Monitoring Servige According
to the Swiss Glacier Monitoring Network, Aletsclagér receded by 2,875 m (1870 — 2007),
Gorner by 2,118 m (1882 — 2007), Unteraar by 2202876 — 2001) and the Rhéne glacier
(Rhonegletscher) by 1,225 m (1879 — 2007).

On the background of the general recession, howseare periods of advancement,
like 1910 — 1930 and 1960 — 1990 existed. After0128pine glaciers have entered a serious
recession phase. From the perspective of globahingrit is believed that alpine glaciers will
continue to shrink (in some cases up to extinctiamich will bring about important social
and economic consequences. In the hypothesis ofodérate” climatic scenario realized by
IPCC, an increase of air temperature by 2 °C2uitil the end of the Zcentury, if precipitation
remain the same, will have as result the risinghefequilibrium line altitude in the Alps,
which today is at 2,900 — 3,000 m, by approxima8&l9 m (Francou & Vincent, 2007).

3. ECONOMIC IMPORTANCE OF ALPINE GLACIERS — ELEMENT OF
VULNERABILITY TO GLACIER RISKS

Mountain glaciers are an important natural resoame consequently they have
encouraged the development of economic activitiethé alpine areas. Of these, the most
significant are tourism and hydropower generatidre gradual increase of economic value
of this mountain space has entailed however a higlieerability to glacier hazards.

Tourism. The value of the landscape and the diversitgisfite activities that may be
practiced are major assets for touristic activiiesSwitzerland, for instance, tourism contributes
5% of the GNP and in the mountain areas it abagstis 20% of the labor force (Zryd, 2008).

The capitalization of glaciers touristic potentlas led to the appearance and
development of many mountain resorts. Among thet fansous in the world are Chamonix —
Mont Blanc in France and Zeramtt in Switzerlande Tevelopment of transportation and
services infrastructures has allowed an easy adcesarious parts of the massifs and
encouraged the practicing of touristic activitiesl avinter sports at elevations higher than
3,000 m. Thus, from the French resort of Chamobd36 m) one can reach by cable car, in
less than 20 minutes, the Aiguilles du Midi peal42 m), from where, also by cable car
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(telegondola), one can reach further, in 35 minutes Helbronner peak (3,466 m), passing
above the supply area of the Mer de Glace glafi&ant glaciers). It is a trip that offers one of
the most spectacular views of the Alps. The higpegtt that may be reached by cable car
is the Klein Matterhorn peak (3,883 m). The actessis very easy from the Swiss resort of
Zermatt (1,620 m). Also from Zermatt, by means rdck railway, one can reach in 30 minutes
the Gornergrat station (3,089 m), from where tdsrisan get an impressive panoramic
view of the many glaciers in the area, of whichiest outstanding is the Gornergletscher.
However, the highest rail station in Europe is Jngoch (3,454 m), which can be accessed
from Interlaken Swiss resort (570 m) after a smedsa journey by train that lasts about two
hours and a half. Jungfraujoch station allows adgnéew over the longest alpine glacier,
the Aletschgletscher, which originates in this avsaJungfraujoch is the headquarters of an
environmental research cent&ppynx ObservatorimAnother belvedere point offering a
great view of the Aletschgletscher is Eggishor893, m), easily accessible by cable railway
from the Swiss resort of Fiesh in the Rhéne valley.

Beside the many and various touristic and spoitites carried out both in winter
and summer, for which adequate transportation amdices infrastructures exist, other
elements of interest are the ice tunnels excaviasdde the glaciers. Such tunnels may be
seen in the Mer de Glace (at Montenvers), in theriegletscher (at Furka), in the Aletsch
(at Jungfraujoch), as well as in the ice mass lyngthe slope of Klein Matterhorn (at
Zermatt), to mention just a few. The maintenanceeftunnels is very costly because ice
sliding makes necessary that improvements be masty gear (Photo 1). In addition, they
pose a great threat in the event of an ice avatanch glacier’s tongue break.

Vontslanc peak
e \,\‘ Y " i

Photo 1.(left). The access by cable gondola inside thétuineel excavated in the tongue of the Mer
de Glace glacier. One can notice the entrancdseipitevious tunnels, abandoned as
a result of glacier's movement.

Photo 2. (right). The Chamonix valley (The Upper Arve) withe Bossons and Taconnaz glaciers
with glacial torrents downstream. To the left,ts £xtremity of the Bossons glacier,
is the access road to the Mont Blanc tunnel goirtatg.

Water resources capitalisation Alpine glaciers make up important reservoirs of
water in solid and liquid state. They are a majqpdy source for the rivers, which in their turn
are used to cover the various social and econoemi@dds. In the last four decades, sub-glacial
water has also been used indirectly for hydropayesreration. In order to accomplish this,
complex improvement works have been undertaken tvighpurpose of collecting the sub-
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glacier water and bring it into the reservoirs. iRstance, the Emosson Lake, lying at the French —
Swiss border, is used to collect the sub-glaciaesgacoming from several glaciers stretching
out on the northern side of the Mont Blanc Massifine of which are situated in France
(Argentiére, Tour) and others in Switzerland (TrieBaleina, Planereuses, et.al.). From here,
water is guided to the hydropower plants at Valierand Batiaz (Martigny). Some other alpine
glaciers, like the Mer de Glace and Aletsch, amdusot only for hydropower generation
but also for water supply. A share of the Swisgigia water is used for irrigations in the
Rhéne valley.

4. GLACIER-INDUCED RISKS AND DISASTERS IN THE ALPS

The most frequent glacier hazards are outburstifloiwe avalanches, falls of rocks,
and landslides. A major control in the occurrenfcguch phenomena, generally with immediate
effects, is the glacier movement, which rendersid¢beand glacial valley slopes unstable.
However, glaciers fluctuations may lead in timesg&rious economic losses, as various
activities and infrastructures are gradually afelct

Within the framework of Glaciorisk European Projeamning at studying glacier
hazards, 167 glaciers generating disasters haveidergified since 1595 in the Alps Mountains
area, half of which (84) are lying on the Swissitery (Zryd, 2008).

Glacier outburst floods are determined by the presence on the surfactheat
margins or inside the glaciers, of water accumdla@telakes or pockets, which are suddenly
discharged. Such phenomena usually occur in surtimer-Due to the rapid occurrence,
huge water volumes and important amounts of detiréy; sometimes generate mudflows,
which may have devastating effects.

Usually, the glacier lakes are formed in severalsvavhen a glacier tongue blocks a
lateral valley (ice-dammed lake), behind a mordize in front of a receding glacier (moraine-
dammed lake), at the junction of two glaciers amthe space between the glacier and the
valley side. Most frequently, glacier outburst fisaesult from the failure of moraine-dammed
and ice-dammed lakes. Among the glaciers that géeetrmore or less catastrophic floods
one can count Giétro (1595, 1818), Allalin (16333Q, 1770), Aletsch (1813, 1913, 1938) and
Gorner, in Switzerland, as well as Tacul (1819 iiance (Buisson, 1998).

The flood provoked by the Giétro glacier on May 2595, following the failure
of the ice-dammed lake, resulted in the killingl&0 people and the destruction of about
500 buildings, most of them in the Martigny Citituated downstream. On June 16, 1818,
after the failure of an ice-dammed lakes, the sgiaeier was at the origin of another flood,
which killed 44 people and wiped away 360 buildingkhough the catastrophe had been
anticipated and engineering works to empty the lalege under way, it could not be
avoided, however, inasmuch as the ice-dam was likstal because of the works and it
failed before the lake was completely drained (Baiis 1998).

The ice-dammed lake of Méarjelen (Méarjelensee) fatrtiough the barring of a
lateral valley (Méarjela) by the Aletsch glacier Hasen responsible for several floods that
happened over the time. After 1895, the risk indubg the likelihood of its overflowing
has diminished considerably once a tunnel was danith the purpose of draining it to the
Rhbne valley (Zryd, 2008).

The Tacul Lake, formed at the junction of the Taaodl Leschaux glaciers, which
continue downstream with the Mer de Glace gladias grown empty several times during
the history, generating floods in the Chamonixexalfortunately without serious consequences.
Such an event was recorded on August 13, 1819r loatewhen the glacier lowered its
level the lake became extinct and the risk of flagdlisappeared (Buisson, 1998).
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Glacier outburst floods may also be generated kybteak of intra-glacial or
sub-glacial water pockets Apart from the floods triggered by the failure wiraine-
dammed and ice-dammed lakes, these are more tliffypredict and their effects are
more dangerous, because water may drive ice blookks and debris, often generating
fast flowing mud-flows. The Téte-Rousse glaciertba French face of the Mont Blanc
Massif provoked the most catastrophic phenomenahisftype that ever happened in the
Alps. Thus, on July 11 — 12, 1892, the failure ¢fud-glacial water pocket, lying behind a
rock-bar at 3,150 m altitude, determined the rafistharge of about 200,000’ of water
and 90,000 rhof ice, which drove 800,000°%f eroded materials and generated a strong
mudflow. The flood wave devastated everythingsnaty, as it was the case with the thermal
establishment of Saint—Gervais—les—Bains resod, lalted 175 people (Zryd, 2008). In
order to avoid the likelihood of occurrence of sacphenomenon, at the beginning of the
19" century a tunnel was built to evacuate the water accumulates behind the sub-glacial
threshold.

The Trent glacier on the Swiss face of the MontnBl&assif contains a sub-
glacial water pocket that empties periodically,rg\v@&5 years, leading to the increase of its
emissary’s discharge and sometimes to floods. Ntoportant such events took place in
1911, 1930, 1942 and 1960, but without seriousequsnces. The worst flood occurred on
August 6, 1960. It destroyed bridges, railroads dentis (Buisson, 1998).

In summer-time, when melt water and heavy rainfgter combine, at the end of
glaciers tongues torrents come into existence,rgting rich discharges, as well as mudflows,
which affect the downstream settlements and tramejian infrastructure. Deposited
materials may block the trunk valley leading thuidldods. It is the case of the Arve valley
in the Chamonix area, which receives many gladakents from the northern face of the
Mont Blanc Massif. Of these, the Griaz torrent fraguently affected (on an average every
2 — 3 years) by its rich debris flow the road aaiway infrastructures. Of great economic
importance in this area are the highway along theeAvalley, the road leading to Mont
Blanc tunnel and the railway that goes to Chamoesort (Photo 2). In order to lessen the
risk induced by this torrent a suspended conci@talonvas built in its lower course between
1986 and 1987. With an inner section of 9 x 9 madheal crosses the highway and allows
the accumulation of more than 100,000ahsolid waste (Moreau & Vivian, 2000).

Ice avalanchesrepresent rapid falls of ice blocks. Sometimey e have large
amounts of rocks in them. They may be triggerednayy mechanisms: glacier sliding and
séracsformation; peeling off of a block of ice from amaiable cliff; more deep-seated
failure involving bedrock and overlying ice (Hampr& Alean, 2004). An important part
in the occurrence of ice avalanches is played lygtacial runoff, which in summer-time
exerts a higher pressure and accelerates gla@igmgsl Due to the important volumes of
water ice avalanches often generate mudflows.

Ice avalanches occur very quickly, are usually edistable, and their consequences
may be devastating. The oldest known catastroptsechby an ice avalanche in the Alps
Mountains occurred on August 31, 1957, when a ofdse detached from the Balmengletscher,
hanging on the western sides of the Breithorn amt®l Leone massifs, totally destroyed
the Eggen village, situated near the Simplon pasétZerland), killing 81 people. The village
no longer exist and later on, in the™@entury, due to the effects of climatic warmirtug t
glacier disappeared, too (Zryd, 2008; Hambrey &ale2004).
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On August 30, 1965, the detachment of the ternpaet of the Allalingletscher (in
Pennine Swiss Alps) triggered an ice avalanche -ef2Lmillion n?, which in 30 seconds
buried the camp of the workers to the Mattmark denthe Saas valley), killing 88 people.
The avalanche was caused by the increase of dkasl&ting velocity under the lubricating
action exerted by sub-glacial melt water and tHdtriated water from heavy rainfalls of
that summer. On the night of July 30 — 31, 200@tlsr avalanche occurred, which drove
more than 1 million rof ice. Fortunately, the monitoring of glacier'gndimics and the
early warnings made it possible to avoid the danfBgésson, 1998).

In the period 1901 — 1997, ice avalanches in thes Alere responsible for 137
human deaths. The Chamonix valley, with an intetosgistic activity and a valuable
touristic and transportation infrastructure, isyweruch exposed to such phenomena, due to
the numerous glacier tongues that flow on the mornthface of the Mont Blanc Masif
(Photo 2). In 1949, the detachment of the termiat of the Tour glacier generated an ice
avalanche that killed 6 persons. In 1994 and 188&jce avalanches caused by the famous
Bossons glacier resulted in the death of 9 andoPlpeespectively (Zryd, 2008).

Other risks induced by glaciers Glacial outburst floods and overflowings, the
mudflows, as well as ice avalanches representtdijlacier hazards that lead to immediate
consequences. However, glaciers may also deteringirectly some dangerous phenomena
with rapid or slow effects, which often result imtarial damage and human losses. Among
the rapid phenomena one can count rock falls, fafid and landslides, which affect the
glacial valley slopes (be them rocky or made umofaine deposits) that become unstable
when glaciers recede and the pressure exertedebiz¢hmass drops. Permafrost melting,
waterlogging conditions created by precipitatiod anow melting and the freeze-thaw action
specific for the high mountain areas, are otherrobriactors of gravitational processes,
which may lead to more or less serious effects.

The existence of dams and reservoirs downstreangléaers (especially the
hanging ones) raises the risk of flooding in tl&ntrof ice or rock avalanches, which may
either generate huge waves that overtop the dameagrlead to dam failure. Such a threat
poses the lake and the dam at Mauvoisin in the i¥@wiss Alps, lying downstream the
Giétro glacier. In a similar situation is the Lag® la Rossa, at the French — Italian border,
found under the menace of the Croce Rossa glagigd,(2008). In order to prevent such
risks, automatic monitoring devices keep the glaailynamics under close surveillance.

Glacier advancement and retreat, even though kivdyspace, may bring about
important economic losses when infrastructure efémeand economic activities are
affected. Thus, in 1990 the tongue of the Mer dec8lglacier grew thicker and thicker and
damaged the cable cabin arrival station that usedke down the tourists to the ice tunnel.
To avoid future destruction the station was subeatiy re-built downstream the former
location, on safer grounds (Photo 1). In 1982 Afgentiere glacier had advanced 200 m as
compared with 1972, which affected the runninghef table cabin belonging to the French
company of electricity (EDF), which was used toeascthe sub-glacial water collecting tunnels
(Moreau & Vivian, 2000).

The recession of glaciers as a result of climatzming has negative economic
effects, especially on touristic activities. Ifesent the glaciers allow ski practicing in both
winter and summer, their recession will bring abiht shortening of the skiing period, as
well as the restriction of the skiing tracks. Likeey the tunnels dug in the ice mass, which are
great touristic sights, will gradually become inmgadde, requiring important investments for
their relocation. Such is the case of the ice tisnnethe terminal parts of the Rhoneglestscher
and Mer de Glace glacier (Photo 1).

152



GLACIER RISKS AND DISASTERS IN THE ALPS MOUNTAINS

5. CONCLUSIONS

Mountain glaciers are an important element of theural capital. Their turning to
account, especially for tourism and hydropower gatien, has favored the social and
economic development in the Alps. However, besidedgconomic advantages they offer,
mountain glaciers are a permanent threat for mauotanmunities, as these are exposed to
the risk of occurrence of glacier-induced naturbémomena (both direct and indirect),
which result in social and economic damage, sonestiwith catastrophic effects. The most
frequent, dangerous and with immediate consequeacesglacier outburst floods, ice
avalanches, rock falls, land falls and landslid&ésciers fluctuations, however slow it may
be, can cause important damage by affecting ecanadtivities and infrastructures.

The growth of population density and of the ecorow@lue of alpine mountain
area has enhanced the vulnerability to glacier riaigzdn order to diminish their negative
effects, the countries concerned with such phenampay a special attention to preventing
and protection measures, based on the cognitigiaofal risks and on the understanding of
their occurrence mechanisms. In this respect, nouseglaciers, especially those in the
areas with high vulnerability to glacial hazardsg aubjected to a close and permanent
surveillance.
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SOMESAN PLATEAU RIVERS RUNOFF REGIME SEASONAL
AND MONTHLY PARTICULARITIES

V. SOROCOVSCHI*

ABSTRACT. Somaan Plateau Rivers Runoff Regime Seasonal and MonthParticularities.
The study is based on tipeocessing and interpretation of seven hydrométsizdions on
the autochthon rivers and two from the allochthoFise analyzed interval was between
1968-2005. The detailed analysis of the seasordlnaonthly river water runoff regime
evidences the geographical particularities of thie $ubdivisions of the Sorgen Plateau,
particularly the climatic and geomorphological an&be essential feature in the yearly
runoff repartition consists in the fact that onthi rivers the spring runoff is dominant and
the autumn has the smallest weight in the multiahaverage runoff volume. From the
analysis of the monthly variation coefficients weserve that on the majority of the rivers
the highest values correspond to the summer, aadsthallest to the winter. At the
majorities of the studied hydrometrical stationsolserve a stationary or declining trend in
all of the seasons.

Keywords. Somgean Plateau, runoff regime, season, month, vanatiend.

1. INTRODUCTION

Integrant part of Transylvanian Basin, the Se@am Platau represents the north-

western compartment of it, being the most exteradeticomplex unit from the three major
subdivisions of the Transylvanian Plateau. In at@oce with the morphological particularities

of the relief, the climate and the biogeographicaVer in the Sonyean Plateau where
separated more subdivisions: Clujului and Dejulilistd Simisna-Surduc Hills, Purcare
Boiu Mare Plateau and thalStrucului Hills.

Table 1
Base values of the multiannual average runoff (1968005)
. Hydrometrical H F q Y Vv
River station m) | (km? (mg/s) (/skm?d | (mm) | (mil.m3)
Nadis Aghiresu 579 46]  0.209 4.514 137 6.307
Nadig Mera 51( 273 0.895 3.280 115 31.374
Borsa Boga 452 1820 0.645 3.545 112 20.34¢
Lonea Luna de Sus 418 180 0.63§ 3.525 111 20.02"
Olpret Maia 394 101 0.384 3.807 114 11.51(
Salatruc | Gasei 463 149 1.033 6.934 218 32.57¢
Poiana Poiana Blenchii 4p3 96/ 0.807 8.409 265 25.444
Somsg Dej 644 8823 81.4 9.222 291 2567.030
Somea Ristoci 623 9704 87.6 9.029 285  2762.553%

! Academia Roman Filiala Cluj-Napoca, Colectivul de Geografie, Rorgin
E-mail: svictor@geografie.ubbcluj.ro
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In the study of the runoff regime we used data fs®wen hydrometrical stations
on the autochthon rivers and two from the allochthdhe analyzed interval was between
1968-2005 (Table 1).

The runoff repartitions in the year determinesairgély the economic value of the
water. As balanced is the runoff regime the mofitieht can the water be used. Also, the
manner in which the main sources are combinedliscted in the yearly distribution of the
transported water quantities.

2. SEASONAL RUNOFF REGIME

The seasonal runoff variation is determined by ¢haracteristics of the base
climatical elements and constitute de dominantufeabf the runoff in the studied area, as
mater of fact of all the rivers from Romania. Thsential feature consists in the fact that in
all rivers the spring runoff dominates and the sesalweight from the multiannual runoff
volume is assigned to the autumn.

2.1. Spatial-temporal variation of the seasonal runoff

The territorial differences are determined by flkerrbasins altitude and the exposure
to the western humid air masses advection. Imihéer (XII — I1), the territorial repartition
of the runoff is influenced mainly, besides thdefalprecipitation (rarely in liquid state), by
the temperatures regime.

Table 2 The air negative tem-

Seasonal runoff percentile values (1968 — 2005) perature conserves the snow
cover, creates ice on the

River |Hydrometrical % of the average rgﬂ'rtr'f_‘””“a' runoff Summer/| rivers and extract from the
station | Winter | Spring | " | Autumn | Winter | circuit a large quantity of
Nadis |Aghiresu 202 | 322 321 15.4 163 water. .
Nadis |Mera 21.3| 352| 288 14.7 1.35 The winter seasons
Borsa |Boka 234 | 447 21.3 10.6 0.91) weight in the annual average
Olpret | Maia 29.5 42.1 19.1] 9.3 0.65 ; ;
Salatruc [Casei 29.4 | 429 175 10.2 0.59 by the altitude and the l:_)asms
Poiana | Poiana Blenchi31.3 | 40.2 | 17.7]  10.8 0.56| €xposure to the dominant
Somg | Dej 191 | 415 219 175 1.14| directions of the air masses
Somg |Ristoci 21.2 | 408] 214 16.6 1.000 movement. Therefore we

observe an increase in the
percentage values of the winter runoff from souwshthie north of the studied region,
exposed to the western air masses advections.

On the rivers from Clujului Hills which are undé&etApuseni Mountains shelter and
have some higher altitudes, the percentile valfiéiseowinter runoff are smaller, representing
20% to 26 % from the average annual runoff volumexchange, on the rivers from Dejului
Hills, Purciret - Boiu Mare Platou and theilStrucului Hills this represents between 29%
and 32 % from the annual runoff volume (Fig. 1r).these areas the snow quantities are
higher and because of the warmer air masses imvegopossibilities of alimentation for the
rivers from the melting snow are higher.

The snow cover instability, the positive temperatutays frequency and the
intercalation of rainy periods is greatly evidendsdthe increase of the percentage values
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of the runoff from winter

season, from the territories
in the south of the studied
area, under the shelter of
the Apuseni Mountains, to
the north, exposed to the
western air advections over
the Mese Mountains lover

Mera Borsa Lunade Maia Casei  Poaiana sector named “Poartaila-
Jos B. jului”.
larna B Primévara &1 Vara O Toamna The highest runoff
) values were measured in
Fig. 1. Seasonal runoff perceagevalues at the Sorsean the winter of 1978/1979

Plateau autochthon rivers hydrometrical stations.
when there were favorable

climatic conditions to feed the rivers from pretdfions and particularly the successive melt of
the snow cover. Similar conditions appeared invilmeters of 1981/1982 on the Olpret, Luna,
Borsa, in 1969/1970 on the N&dand in 2001/2002 on the Poiana aathiBuc Rivers.

The smallest runoff values were observed in theessnof 1953/1954, 1963/1964,
1983/1984, characterized by a persistent anticgctegime with reduced precipitations and
low temperatures, determining in many cases thiaglof the rivers by total freezing. Similar
situations appeared but with less intensity inwirgers of 1990/1991, 2000/2001, 1971/1972
etc.

Spring (Il — V) represents the season with the richesioff, conditioned by the
melting of the snow, the relatively high precigitatamounts and the reduced evapotranspiration
values. Together with the positive temperaturethefair, starts the gradual melting of the
snow which is reflected in the runoff by the sprinigh waters. In accordance with the
melting rhythm and the precipitation duration, irdity appear the spring floods generated
by the snow melt or the high precipitations oralerlapping of the two phenomena.

In this season the average runoff volume is higpresenting 32 % and 45 % from
the multiannual average volume. The highest voluanesn Basa and Luna Rivers (44,5 % -
45 %), and the smallest are on BaB2 % -35.5 %). On the rivers from Dealurile Dejul
Platoul Puréret - Boiu Mare and Dealurilea&trucului from the annual runoff 40 to 43 %
are realized in this season.

The highest values from spring were registeredhénytiear 1970 in the rivers from
Clujului, Dejului andSimisna-Surduc Hills and in 2000 over the rivers fronrdgret -
Boiu Mare Plateau andalatrucului Hills. In the mentioned years the frontalhg and high
intensity rains generated significant volumes ofawvavhich ran down in 80-85 % because
of the high humidity of the substrate. In 1981 $amisituations appeared in the whole
studied area, and in 1985 just over the DejuluisHihd the Puttet - Boiu Mare Plateau.

The smallest values of the spring runoff ware messin different years: 1995 on
the Olpret, Baga and Luna; 1974 on the Poiana aragdeCRivers. In 1990 at all the studied
hydrometrical stations were measured values simiithr the mentioned ones.

Is mentionable, that in the studied period, thellsiavalues in spring runoff were
measured in the first part of the VIII and X decafi¢he last century.

In thesummer(VI — VIII) the air temperature growth and the de®pment of the
vegetal cover intensifies the evapotranspiratidlenmmenon reflected in the significant
diminish of the runoff from the precedent seasanthie appearing of low waters in the summer
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contribute also the diminishing of the groundwagsources. Following the convective and
rarely the frontal rains appear summer floods witah reach sometimes high amplitudes
and create inundations like those from June 19Q7te 1974, July 1980 etc.

In the summer 17.5 % to 32.1 % from the averagaianmunoff is accomplished,
although the precipitation contribution is maxirm @e rivers from the south part of the
Clujului Hills the summer contributions are higttean the winters, representing 28.2 %
and 32.1 %. At the other rivers the summer contidiouare more reduced than the winters
(Table. 2.). The diminishing of the percentile vdUrom the average annual runoff occurs
inverse like in the winter. So, the percentile ealdiminish from 21.3 % at station Bar
on the River Bafa to 19,1 % at Maia on the Olpret, respectively61%, at Gisei on the
Salatruc River.

From the presented average situations there ware ®xtreme cases. So, the
highest summer runoff was measured in differentyea different rivers: 1970 on Bear
and Nads, 1974 on Luna, &atruc and Poiana and also in 1980 on the Olprets Thi
distribution proves the convective rains the imaottrole in this season’s runoff formation.

The smallest summer runoff values were measuretthdnX decade of the last
century and at the beginning of the XXI. Accordinghe smallest values were registered
in 1994 on Na#k at Mera, on Baa on Bosa and in 2003 on Olpret at Maia, on Luna at
Luna de Jos, onagitruc at Gsei and on Poaina at Poiana Blenchii. In the meastion
summers there were over 20 succeeding days wifreaipitations causing the drying of
several rivers with small drainage basins. Sim#duations were observed on Nad
Olpret and 8latruc in 1990, and in Luna and Barin 1995.

In theautumn(IX — Xl), the evaporation diminishes and the aoturains appear,
the groundwater reserves are exhausted and se betfinning of this season the low water
period appears. At the end of autumn floods mayapgfter long rains.

The autumn has the weakest contribution to theaaeeyearly volume (9 — 16%)
even if the precipitation amounts are almost dadibiles in the winter. In the distribution of
the autumn runoff there are some evident contr&is.on the rivers in the south of the
Clujului Hills the percentile values of the autummoff are higher (14.5-15.5 %) than in
the rivers from Dejului Hills (9,2 %), Puiet — Boiu Mare Plateau andilStrucului Hills
(10 % -11 %).

On most rivers, the peak autumn runoff was measiwrd®74, when there were
abundant precipitations on a longer period withigicant hydrological effect. Exceptions
are the rivers Poiana and Barwhere the autumn runoff maxims were measure®%8,1
respectively in 1972. In the mentioned years thehere high autumn runoffs on other
rivers too: Olpret and Nag (1972), Slatruc (1998) etc.

2. 2. Seasonal runoff oscillation and tendencies

The chronologic variation of the average seasonabff evidences year cycles
with rich and pour runoff. As an example we remark-6 year high summer runoff cycle.

Analyzing the seasonal variation coefficients weeyhe that in the case of most
rivers the highest values are in the summer (0.83)land the lowest in the winter (0.41-
0.84) (Table 3). In spring and winter the variatiovefficient smaller values reflect the
uniform distribution character of the runoff. Inodmange, in the summer and autumn, when
the variation coefficients are the highest, theittmial differences are more pronounced.
So, some evident contrasts appear between thes rik@n the south and those from the
central and north part of the Sogaan Plateau.
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Table 3
Seasonal variation coefficient (¢)
Hydro-metric |Variation coefficient values
station Winter Spring |Summer| Autumn
Aghiresu 0.57 0.62 0.93 0.60
Mera 0.41 0.62 0.89 0.56
Borsa 0.64 0.69 0.97 0.88
Luna de Jos 0.67 0.74 1.25 0.94
Maia 0.84 0.83 151 1.43
Cagei 0.55 0.61 1.02 0.91
Poiana Blenchji  0.47 0.58 1.36 1.16
Dej 0.48 0.42 0.55 1.04
Ristoci 0.69 0.47 0.59 0.76
Maia
07268

[

1968 1972 1976 1980 1984 1988 1992 1996 2000 2004

[T
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Fig. 2. Maia hydrometrical station winter runoff trend
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Fig. 3. Poiana Blenchii hydrometrical station spring rdricénd
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Following the seasonal
evolution of the runoff from
the period of 1968-2005 we
observe at the majority of the
studied hydrometrical stations
a stationary or diminishing
trend of runoff in every season.

The same diminishing
trend was observed in case of
the annual precipitation amount
fallen in the studied period.

In the winter the runoff
trend is stationary at the stations
Poiana Blenchii, Bga, Aghirg
and are in f diminishing trend
at the stations &ei, Luna
and Maia where is the most
accentuated (Fig. 2.).

In the spring at almost
all the studied hydrometrical
stations we observe that the
runoff trend is stationary. Only
at the hydrometrical stations
which are on the rivers that
control the runoff from the
Purcare-Boiu Mare Plateau
and the 8latrucului Hills
manifest a growing runoff
trend, most accentuated on
the Poiana River (Fig. 3.).

In the summer at all the
studied hydrometrical stations
we observed a falling runoff
trend (Fig. 4.). The only
exception is the station from
Poiana Blenchii where the
trend is stationary.

This can be explained by
the fact that the River Poiana
goes through a calcareous
region where the accumulated
water over the spring ensures
a constant alimentation to the
summer runoff, which mani-
fests as a stationary trend in
the multiannual runoff profile.
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Aghires

68x + 0.4056

Fig. 4. Aghires hydrometrical station summer runoff trend
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Fig. 5. Aghires hydrometrical station autumn runoff trend

3. MONTHLY RUNOFF REGIME

From the average monthly runoff of the year we olsesignificant territorial
differences generated also by the climatical fact8o, on the rivers from the south of the
Clujului and Dejului Hills is evidenced a maxima Jane and a minima in October. In
exchange on the other rivers the maxima appeakéaith and the minima in September
(Table 4). On the Som&River the maxima appears in April and the minima&ugust.

In the autumn on most
of the rivers there is a light
diminishing runoff trend
(Fig. 5.). Exceptions are the
rivers from PurcareBoiu
Mare Plateau andatrucului
Hills, with a stationary trend
at the Gsei hydrometrical
station on &latruc and with
a light ascendant trend at
Poiana Blenchii station on
the Poiana River.

This light ascendant
trend of the autumn runoff
and the stationary trend from
the summer is maintained
by the rich underground ali-
mentation, ensured by the
accumulated waters in the
calcareous rocks of this part
of the Somgean Plateau.
Also, the rivers runoff sea-
sonal evolution in this two
regions is completely differ-
ent from the rivers of the
other regions.

Table 4
The monthly average runoff in the year (% from theaverage runoff 1968-2005)
Hydrological
Station I [T | VAR M Ve vIE x| X XU X
Aghiresu 624 835 114 980 1006 131 124 7.34 545 4.72 506 5.47
Mera 590 9,00 13.3 906 128 136 953 564 4.82 440 545 6.56
Borsa 671 103 21.0 117 11.9 10.3 6.8/ 4.16 3.0 2.91 4.65 6.39
Luna de Jos 746 109 219 11.3 117 987 6.32 342 250 2.77 487 7.39
Maia 842 131 212 10.7 10.3 10,0 5.97 3.08 195 255 4.7 7.84
Casel 829 128 21.0 124 958 9.03 558 292 247 259 516 8.20
Poiana Blenchii | 856 14.6 19.9 127 811 989 522 2.6 224 313 544 8.02
Dej 537 7.30 13.2] 152 13 952 7.66 4.7/3 4.69 7.07 5.79 6.4Q
Ristoci 559 9.0 125 149 134 912 7.68 4.66 6.07 4.69 584 6.5]

159



V. SOROCOVSCHI

The territorial differences are also evidenced bg tmonthly average runoff
repartition. So, in January the precipitationsefallalmost exclusively as snow and the
unfavorable conditions for its melting determinesluced runoff values, which represent
between 5 and 9 percent from the yearly averagenv®l The percentage values increase
from the south to the north of the region, where thermal instability is higher. In
February we remark an increase of 2% - 6 % in theff volume, higher on the rivers
from PurcareBoiu Mare Plateau andi&trucului Hills (4-6 %).

On the rivers from Clujului

0,
2/; 2 and Dejului Hills, PurcateBoiu Mare
20 Plateau and d&trucului Hills in March

is the highest runoff amount from the
15 year, representing 19.9-21.9 % from

10 | the average yearly volume. In April is a

5| 11 l gradual decrease in the runoff volumes

!IMT!L!L which becomes more accentuated

0~ in September and August, when we

P VeV VEVIEVIE XX XX register the smallest values of monthly

runoff, representing 1.9 and 2.5 %
(Fig. 6. a. and b.).

On the rivers from the south
of the Clujului and Dejului Hills from
March, which has a smaller contribution
to the average yearly volume (11-14%),
comes a small decrease of runoff in
April and then a gradual increase till
June when it reaches the highest
monthly average runoff value (Fig.
LoV vV oVEVIEVIEIX X X X 6. c.). The drastic reduction of the
precipitation amounts, the exhaustion
of the underground waters and the
high evapotranspiration values lead
to the decrease of the rivers runoff
values.

As a result in the next months
there is a decrease in the runoff amount
till October, when are the smallest

values from the year, representing
between 4 % and 5% from the average
yearly runoff volume (fig.6 c.).
I m v v vEvIEVIEIX X X X From November there is an
Aghiresu m Mera increase in the runoff volume, generated
by the autumn rains. The average runoff
Fia. 6. Yearly average monthly runoff variatic from this month represents 4.5 % and
6 % from the yearly average runoff
(fig. 6 a, b and c). In December we remark an iaseein the runoff average values from the
south (5,5 - 6,5 %) to the north (8 - 8,5 %) of thgion.

Casei @ Poiana Blenchii

Borsa B Luna de Jos [ Maia
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The monthly average runoff variation was charazéeti with the help of the
monthly coefficients. On the rivers from south ahé center of the region the minimal
values of the variation coefficients correspondhi® winter months and in the north to the
month April (Olpret and &ei) and February (Poiana) (Table 5). On the Olgreha and
Borsa rivers are evident variations of the runoff ie thinter months (December, January)
which are generated by the frequent intercalatforaioy and warm periods contributing to
the rapid melting of the snow cover an reinteggthe accumulated water reserves.

The highest monthly variation coefficients are releal in the summer months
(Table 5), when the frequent droughts and the shors have reduced hydrologic effects.

Table 5
Monthly variation coefficient values (1968 — 2005)

Hydrol. St.. | | (v [V [vi_ iy X A XN
Aghiresu | 069] 0.73] 079 064 077 114 1p2 o0ls1 072 0.6059| 053
Mera 051] 062 07 068 095 116 106 071 4.75610 058 052
Borsa 098] 074 087 088 126 130 1f2 150 117 1.0803| 1.07
LunadeJdos| 094 07p 094 o078 146 1|71 139 fl6ezi9| 1.06] 114 11
Maia 107] 099 099 088 166 1.0 2p8 170 140914 1.57] 1.51
Casei 076] 080 083 058 107 148 147 152 127 34.11.01] 0.89
PBC;;”;]“ 078| 068 079 073 11p 165 153 1p4 147 161111 077
Dej 068] 062 059 045 072 042 063 052 062204 0.73] 0.71]
RaStOCi 071] 142 05§ 046 104 041 O0f0 o6l 1.7069| 0.80] 0.76
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FLOOD RISK ANALYSISMODEL
INTHE VILLAGE OF ST. GEORGE/DANUBE DELTA

|. ARMAS", D. NISTORAN?, S. DUMITRASCU?

ABSTRACT. Flood Risk Analysis Model in the Village of St. George/Danube Delta.
Although the natural hazards are currently a mainjext of interest on a global scale, a
unitary methodological approach has yet to be apesl. In most cases, the risk analysis
focuses only on an assessment of the probableiaiatamage resulted from a specific risk
scenario. Taking these matters into consideratiom,aim of this study is to develop an
efficient flood risk assessment methodology based on the example of thidlage of St.
Georgein the Danube Delta. The study area is situated at the mouth of th&&arge river
branch, being part of the largest ecosystem ofBhmpean humid zone#s a complex
hydrological process, the flooding of the deltacgpi very important within the dynamics
and evolution of the natural system. The methodolegs based onorrelations between
the flood risk maps resulted with satellite picgjreadastral plans and field data by using
GIS functions, this cartographic material playimgieportant part in the development of a
proper public awareness strategy. In addition, fieéd investigations conducted in
September 2008 focused on collecting the data sape# the assessment of the buildings.
The observations that synthesize the features @f eanstruction included in the analysis
were also stored in ArcGis in the shape of a talflattributes. The analysis revealed an
increased degree of the area visibility, pointing oot only certain sectors affected by
floods, but also the more detailed level of thed@sces. The flood risk damage assessment
potential was also considered for the residendes,ntodel revealing water depth maps.
This cartographic material is essential in estabig a series of adequate strategies for the
protection of the population and material goods.

Keywords: flood risk analysis, St. George village, Danubet®elisk assessment methodology

1. INTRODUCTION

River deltas may have been cradles for prehistvidizations (Day et al. 2007)
and still represent favoured areas for human habita the basis of their high productivity,
biodiversity and favourable economical conditiomsriver transport (Giosan and Bhattacharya
2005). In the same time, these regions are defthealigh their high vulnerability to
environmental changes, being extremely susceftiblatural disasters, especially to floods.

In the perspective of risk assessment researchy pepulated place faces a certain
risk engaged by a disaster, the size of which dépem the specific location, existent
hazards, vulnerability and the number of elementisk.

! University of Bucharest, Faculty of Geography, fBrest, Romania; E-mail: iuliaarmas@yahoo.com
2 University of Polytechnics, Faculty of EnergeBeicharest, Romania
3 University of Bucharest, Faculty of Geography, lBrest, Romania; E-mail: dumitrascu.silvia@gmaifrco
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Although natural hazards are currently a main stitgéinterest on a global scale,
a unitary methodological approach has yet to beldged. In the general context of hazard
analysis, there is the need to put more emphadiseoproblem of the risk analysis. In most
cases, it focuses only on an assessment of thelpimaterial damage resulted from a
specific risk scenario. Taking these matters irdnstderation, the aim of this study is to
develop an efficient flood risk assessment methaglobased on the example of the village
of St. George in the Danube Delta.

2. AREA OF STUDY

The Danube Delta, with an area of 564G kisithe largest ecosystem of the European
humid zones. Its state reflects environmental dtms at both local and regional levels via
liquid and solid parameters and has to ensure dtervsupply for the local economy and
communities. Flooding of the delta is important hee dynamics of the entire natural system.
Floods sustain both alluvial processes and thersafgply to deltaic lakes. In addition, flooding
frequency is important in flushing the deltaic lalystem water, ensuring a normal evolution of
both terrestrial and aquatic ecosystems. For huwwnammunities, on the other hand, floods are
perceived as a risk factor, entailing material dgenauman victims and psychological stress.

The study area is situated at the mouth of th&&trge river branch, which suffered a
series of interventions resulting with the shomenof 31 km (period 1984-1988). As a
direct result, the medium speed of the water glengawith the both liquid and solid flows. In
fact, this is only an example of the human actithgt took place in the Danube Delta
starting with the second half of the last centingt influenced the hydrological system for
a better use of the natural resources offered dyldita.

3.METHODOLOGY

The study is structured in two stages: the anabfsise hydrological hazard together
with the simulation of a series of scenarios comicey floods at various flows and the risk
analysis, expressed in the shape of the calcultleeahaterial damage.

In order to elaborate the maps concerning the ftapdf St. George village and to
improve the precision of the land model for thedgtarea (the last 5 km of St. George
branch) were used 1:25000 topo-hydrographic majgs (Ka), where the equidistance of
the contour lines is 0.5 m. In addition, for thejpct CEEX DANUBERES, mixed groups
from UB and UPB did topometric measurements inGgtorge by using the total station
(Leica TPS 407, Fig. 1(b) and the GPS (Leica SRR6).the analysis of the flooding level
of the area of study, bathymetric data were addsd the investigations carried out in July
2005 and July 2006 by the team from UB, the FacedtGeography, coordinated by lect.
dr. Stefan Constantinescu).

The numerical modeling of inundability was doneusing the CCHE2D program
(University of Mississippi), program based on thgegration in finite differences of the
flow equation (Navier-Stokes) mediated on deptk @D Saint-Venant equations).

1. in a permanent regime, at maximum water flows \wigurances of 0.5%, 1%

and 5%.

2. in non-permanent regime for the flood of 2006 (fdnich the maximum from
the hydrograph of the St. George km 8 hydrometetian was considered, in
the period 25 April 2006-6 May 2006). This periddime was chosen because
on the 25, 26, 27, 30 April, 2 and 3 May sateltitetures of the area of study
were available, emphasizing the flooded perimeters.
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Fig. 1(a) and p). Topo-hydrographic map from 1965 (a) and the tstiion Leica TPS 407 (b) used
for the development of the land section of the tbpthymetric model in the area of study

The maps resulted are the cartographic supporthirrisk analysis in various
hazard scenarios. In the flood risk analysis atekel of St George village the information
concerning the type, structure, price per proparng building location was based on data
resulted from cadastral plans and field data byqstIS functions, this cartographic
material playing an important part in the developmef a proper public awareness
strategy. In addition, the field investigations daated in the summer and autumn of 2008
focused on collecting the data necessary in thesassent of the buildings by a group of
students from the Faculty of Geography, UB.

In the area of St. George village a number of Ir&5Rlences and household annexes
were identified and assessed, representing theashjf the current study, 27 of the houses
being built after 2001.

The information resulted from the digitization dfet cadastral plans, satellite
pictures and field investigations were insertedinGIS in order to compile the data base.
The field observations and the ones resulted frbe analysis of ortophotoplans and
cadastral maps were introduced in a table of ate#that synthesizes the features of each
building analyzed: location, height, constructigpet, equipment and estimated price calculated
based on the offers present on the market in thegef August-September 2008.

The risk maps resulted by applying a series ofifiggtion tests (by using SPSS)
and also by processing the information from thablase in ArcGIS.

The analysis revealed an increased degree of #dee\asibility, pointing out not
only certain sectors affected by floods, but afogroblems that occurred at the more detailed
level of the residences. In addition, the cartogi@paterial plays also an important part in
the development of a proper public awareness glyate

4. RESULTSAND CONCLUSIONS

Flooding in the Danube Delta occurs when the fldwhe Danube upstream from
Ceatal Izmail is higher than 10000/m Statistical data from the last 161 years (18800)
show that at the apex of the delta over 89 simelagnts occurred. According to these
datasets, events with flows between 10000 and 116160 along the inferior sector of the
Danube, have an average probability of occurrei&% (once every two years).
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The floods produced by the sea in the sector ofittheal sand barrier. The current
sand barrier along the deltaic front is quite I&0,7 reaching the limit of +1,5 m). Near the
mouth of the St. George river branch it reachescxppately 1,4 m (reference Sulina-lason
Project, 2006).

Hydrographs were used in the mathematical modelhtjrecorded at the stations:
St. George km 8 (of flow), km 4 (of level) and tygdrograph of flow calculated based on
the correlations at km 4.

The mathematical hydrodynamic model was appliethking into consideration:
The initial conditions:

1. the geometry of the model (the calculus space nétvasulted from the plane

network interpolated with topo-bathymetric datagl an

2. the level of the free surface of the water (chaaditrarily at 0 m)

The conditions at the limit:

1. on the entrance frontier. For the simulations ipeamanent regime, on the
upstream frontier the value of the flow was spedif(according to the free
calculation scenarios in a flooding regime useth&previous stage: Q0,5%,
Q1% and Q5%. For the rolling in a non-permanentnmegon the upstream
frontier the main point of interest was the flondhygraph from km 4.

2. on the exit frontier(s). For the downstream simala in a permanent regime
levels of the sea were identified known (with otheut taking into consideration
the influence of the waves) and also water leveld an the downstream
frontier, a discharge curve, taking into consideratthat the level of the
Black Sea depends on the flow of the Danube (Fig.2)

Initial Bed Elevation (m)

frontiera 1 aval !

{

Fig. 2. The conditions at the limit specified on the upaim and downstream frontiers of the
hydrodynamic model for the calculations done ireenq@nent and non-permanent regime

The numerical calculations were done after estaiblisthe time sequend& = 20s
and the total calculation time T (20 000s > gfca Of going over the domain
L _ 4500m _
Ve 05m/s
chosen with a higher value than the ,warm up” tirse,that the calculation instabilities
could be attenuated. The minimum depth where aitzdion element was considered ,dry”
was 4 cm and the sliding coefficient at the impeahie frontier was 0,5.

2h30) implicitly the total number of 2000 steps. I®tsame time, T was
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The visualization and interpretation of the resédt the permanent flow simulations
at the flows characteristic to the three calcufaoenarios in a flooding regime consisted of a
comparative analysis of the hydrodynamic parametbes level of the water free surface,
local speed (scalar units based on the two directmd the vector unit), specific flow (scalar
and vector units), tangential effort of frictiontlvithe water bed (scalar and vector units),
Froude number, turbulent viscosity etc. It was fiedi that the water flow that entered the
domain to be equal to the one that left the donmagning no water deposits.

The roughness coefficients were calibrated in mmpeent regime by comparing
the measured levels of the free surface of the matt¢he gage from the harbour (km 4)
with the ones calculated. For future analysis caispas of the size and direction of the
speed vectors will be used, resulted from the tations with the ones from the measurements
(with the ADCP or the ADV).

After the calibration, it was considered that thedel reproduces the hydrodynamic
behaviour of the St. George branch in the condstioiha stationary level of the Black Sea.

Images 3 (a) and (b) show two of the inundabitigps resulted from the calculations
done in a permanent regime with flow values of &% and 1517rs and a downstream
level of 61 cm and, respectively, 96 cm. The watask was laid over the satellite picture
and, thus, the areas and even the residencesotlidtie flooded in that specific calculation
scenario were identified.

Fig. 3. Maps of the “dry” areas in the calculation dontithe flow of 823 riis and downstream level of
0,61 m (a) and in the calculation domain at the 861517 n¥'s (Qnax0,5%) and downstream level of 0,97 m (b)

Image 4 illustrates the water mask resulted from dalculations done in a non-
permanent regime for the flood in spring 2006. fdseilts from the days when satellite pictures
were available in the area of St. George villageewmted. The figure also shows the flow and
level hydrographs at km 4 for correlations betwtenresults and the time of the flooding.
In that period there was no wind activity, so ttie flooding of the areas in the E, NE and
NW of St. George village is noticeable, especiatythe 3&' of April and 29 of May, when
the flows were highest at km 4. These areas aifdlevisn the satellite pictures and also on the
images resulted from the calculations (the wateskntaid over the ortophotoplan).

Based on the hazard scenarios, the risk analysss deae at the level of the
building fund. The statistical descriptive analysigealed that most of the buildings maintain
their traditional features, with a low height (dgreeaching 1 floor and heights between 2,5-
5 m), made out of clay, with a medium value of 20@@iro and supplying water from draw
wells/wells.
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Fig. 4. The water mask for the flooding in 2006, St. Georijlage

Image 5 illustrates the map of the flooded houses fcalculation flow 1517 m3/s
and downstream level of 0,97 m. As a consequentkeoprice difference o the real estate
market, the map shows only the recently built bodd (after 2001), distinguished by their
constructive type, the old ones being dominantlydenaut of clay with just the ground
floor. An exception makes is represented by théodr§ apartment houses located in the
proximity of the harbor.

According to the water depth and speed, the next stas provided through the
calculation of the level of damage resulted, cqroesling to the degree of destruction and
value of the residences. In the case of the spedtiidding scenario, the houses made out of
clay will be completely destroyed and in the refshe cases the damage being estimated at
40% of the value of the residence.
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Legend

Construction type

Fig. 5. Detail of the flooded/unflooded area for a caltataflow of 1517 n¥'s showing a classification of
the houses according to height and price: the hisighown through proportional triangles and \&rie
between 2,5 m and 10 m and the prices (in eurajistieguished through colours, from 20000 euro

to over 1 million euro (the Dolphin complex reprasel with the colour black in the image)

The risk analysis model presented in the study lsacome a useful tool for

decision factors and local authorities by providithg necessary informational support in
the implementation of physical planning and disastanagement politics.
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THE SILTING OF THE RESERVOIRS FROM SOME SUL CALD VALLEY
UNDER CONDITIONS OF THE IRREGULAR DISTRIBUTION OF T HE
FOREST AND OF THE ALLUVIAL FLOW

GH. SERBAN?, H. CACOVEAN?

ABSTRACT. The Silting of the Reservoirs from Somgul Cald Valley under Conditions of
the Irregular Distribution of the Forest and of the Alluvial Flow. After a general presentation
of the drainage basin of the reservoirs from the&ol Cald Valley, the authors proceed to a
short analysis of the forest repartition in theirtage basin area and of the alluvial flows,
which condition the reservoir sedimentations. Thame put into evidence low values of this
phenomenon, but also the existence of several spaite anomaly character, respectively
values among most erect, due to the presence dfidbée sedimentary rocks and, also, of a
poor forest coverage. This aspect is confirmedheyvalues measured at the hydrometric
stations, included in text under tables and cdiaglacharts form of the specific parameters,
respectively, by the map and the table of forgsam#ion in the drainage basin area. In the
second part of the study there are emphasizedadesrects concerning the silting volumes
degree and areas of high intensity of the siltimgnmmenon. In the four reservoirs the
principal affluent outlets are characterized byantgnt alluvial deposits, frequently organized
under dejection cones form, or reefs and alluvi@hgs, depending on the volume and the
dynamics of waters from retentions.

Keywords: reservoirs, forest repartition, suspension flovdiseentation, accumulation shapes.

1. INTRODUCTION

The drainage basin of the reservoirs from the Saht@ald Valley is situated in the
north-eastern part of Apuseni Mountains (the masgiGiku, Muntele Mare and partly Bihor).
The confluence of the Sogug Cald river with Somgul Rece river, downstream of the Same
Rece-sat village, led to the SagueMic river forming, however, its source is coresied to be
the source of Sorgal Cald river through of the superior length anditéig. 1).

In the studied space there are included the subsas$ rivers Somgil Rece and
Someaul Cald, and also the upper basin of lara rivemado the Bondureasa dam) and its
left tributaries Valea Caligoimu and Lindrul. The changing of the natural systeas made
through the underground deviation of the waters imtdrotechnical system of SognéCald
valley, although geographically it belongs to therl basin(Serban, 1999, 2007)

The favourable conditions (petrographic, morphalalyiclimatic etc.) made possible a
great hydrotechnic arrangement of the mountainoesa, avhich capitalised the existing
potential in the natural area. The 860%kwf the drainage basin afferents in theaGitlam
section (lower limit of the studied basin) wereaaged since the end of '60 years, through the

1 “Babeg-Bolyai” University, Faculty of Geography, 400006usNapoca, Roumanie;
E-mail: serban@geografie.ubbcluj.ro.

2 pedological and Agrochemical Research Institu@225 Cluj-Napoca, Roumanie;
E-mail: turda75@yahoo.com.
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accomplishment of the four reservoirs in the Se€ald Valley (Fantanele, Tataj Someul
Cald and Gilu) and several intakes in the SgoieRece drainage basin intended to supplement
the tributary debits in the four lakéSerban et al., 2003, Serban, 2007)
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Fig. 1. General map of the drainage basin of the reseradithe Somaul Cald Valley.

2.METHODS

The documentation and the construction of digitaldia has been achieved by
using cartographic information available to theutac and other units of the endowment
with which our institution has concluded coopenatagreements.

Recent technical equipment made by the institudiod the team-working with the
similarly or related profile units facilitated thheeasurement campaigns development designed
to update existing databases and make additiotieiareas where information is missing.
Thus, for the topometric operations were used Tigrabhd Magellan GPS terminals doubled by
the theodolite in the areas with consistent canaoiplyees. To achieve the batimetric data
were used PEL 4 and ADA 80 echosounders — for th&t of the lake surfaces and simple
sounders - for the lake difficult to reach aread #re least deep.

The centralization and the information processimgewperformed in digital version
using the software of endowment of Hydrometry Labmy of the faculty and collaborative
units: Microsoft Office XP; The Scientific Softwa@oup’s: “Groundwater Modelling System-
GMS”; “Watershed Modelling System-WMS”; “Surface-Wa Modelling System-SMS”;
ESRI ArcView 3.x; ESRI ArcGIS/ArcINFO 8.x.
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3. RESULTS
3.1. Forest repartition in the reservoirs drainage basin

In the specific climatic conditiongegetable coating maintains a vertical storing
depending on altitude.

Thus,the foliated forestsinclude two major component®ak floor, with expansion
up to altitudes of 500 - 600 m, particularly prevelin north-eastern and eastern basin, with
many species including Quercus robur, Quercus I8kss. Beech flooris met by high
altitudes (900 - 1000 m) occupying extensive aiedle central and the north-eastern part
of the basin. It penetrates into the valleys miwgth other species, including the resinous
and the highest area of the basin, without exceestyecified altitudes.

It appear other foliated species in combinatiorhwite beech: Carpinus betulus
(hornbeam), Ulmus campestre (elm), Fraxinus exire(sish tree), Acer pseudoplatanus, oak
and Tilia cordata (lime), Cornus sanguineea (hoaing in meadows meets Alunus icana
and willow tree.

Following deforestation made in order recovery mifloristic composition of
this floor has altered the meaning of the occumenicraspberry bushes, elderberry bushes
or blackberry bushes.

Coniferous forestsconsist of Picea excelsa (spruce) and to a leskirs alba
(tree), disseminated by willow, occupies significapace, to expand to highs of 1600 m.
Along the valleys appear the birch, also presergame high plateaus (R&). They were
cleared in the settlements neighbour and in theexespaces or height plates occupied by
three large municipalities (Risca, and Marisel Ma&gu

Alpine and subalpine floors extend to altitudes of over 1600 m and an island
occurrence (Bihor Mountains, and especially GreatiMain), including herbs and inferior
alpine bushes (Festuca pratensigiugul, wind herb etc.) and meadows with alpine dwarf
bushes upper (Festuca rubra, Agrostis tenuis, dtusEommunis, etc.).

Secondary meadows extended as a result of antl@oigogntervention, including
several associations who certify their installatidter coniferous deforestation. Several cenozes
are prevalent in various pastoral values: Festatetubrae montanum, Agrostetum tenuis,
Festucato - Nardetum montanum or Nardo Callunetugais, the very low economic value.

Around the reservoirs (less Fantanele and Tayr@ppears a hygrophile specific
vegetation (reed, rush and sedge), and on the fielta upstream end of the @il lake
extends rapidly the evolving vegetation (willowcker).

Anthropogenidactor inducedchanges in the space occupleg some plant systems by
deforestation, or to exploit or to create spacedtitements or pasture and meadows (fig. 2).

The most important cuts of trees, between 19782&08, were made in the upper
river basins of lara, Sorpel Rece and Racatau, followed by the basins ofitlers Beli
and Somgul Cald. The aggressive cuts were made at gretndiss from localities, in the
neighbour of some dwellings located in areas oinbdifficult to reach and harder to control.
Reforestation was restricted to areas that caktraprgency intervention due process very
aggressive side (upper river basins ofddsand Agarbiciu).

On the river basins, the forests occupy the larges in the Songal Rece basin
(60% of area) compared with that of the Semhé&ald basin, where the percentage is only
41% (table 1).

The situation is obvious whereas areas clearesettiements abode occupies a small
space in the first case. On the sub-basins is k&bl high percentage of space occupied by
forests in the upper basin of the SemeCald river and in the upper and middle basin of
Someul Rece river and in the basin of the lara rivaioutarry to the intakes.
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Fig. 2. Forest repartition in the Soqué Cald reservoirs drainage basin.

Development of the intensive agriculture and fasgdtas ordered an intensive use
of soil resources, which amended the coating @adtthe soil. Anthropogenic interventions
have the effect of flow changing, the deforestateading to surface and deep progressive
erosion, changing microclimate in the old foresigar all with implications for the dynamics of
hydrological elements (riverbeds sedimentatione$atdogging etc.).

3.2. Suspensions flow which conditioning the reservoirs silting

Although the slopes are generally high, the lowgglag phenomenon intensity of
the reservoirs is explained by the particular ragtkength (peach-stones, granite, magmatic
rocks), by the significant extending of the foreatpet and of the pasture in cleared areas,
and by the anthropogenic interference still lowriost of the basi(Serban et al., 2003)

There are basin spaces that induce anomalies $nrépartition, of natural or
anthropogenic causes. Such areas occur in the loagém of Somgil Rece river, due to the
Muntele Mare’s granite rocks alteratigiac, 1998) in the basin of R&a and Agarbiciu
rivers, where the sedimentary rocks in conjunctioth a low density of the forest allow
massive displacements in the periods with averagar@aximum flows.

To better illustrate the previous information’syesal data were processed from four
hydrometric stations, through which were monitogedntities of alluvial matter entered into
the lakes (table 2). Period of observations takmaccount corresponds to the interval 1981 -
1997 for three of the stations. Although the penbdthe fourth station (Sorgel Cald on the
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Agarbiciu river) was very short (1979 - 1982), tihata obtained from observations were
eloquent in explaining the process of Sguh€ald reservoir clogging phenomenon under the
influence the most important specific input allliviatter from the basin.

Table 1

Forest areas of the constitutive basins from the &aesul Cald reservoirs drainage basin
(after Romanian Water Authority,Somes-Tisa” Cluj Subsidiary)

Drainage basin
N°. River Surface Average Forest areas
(km? elevation (m) (ha) %

1 [Ponor 16 1321 1213 76
2 |Batrana 37 1326 2374 64
3 |V. Firei 22 1394 902 41

4 |Giurcua 9 1296 260 29

5 |Belis 88 1240 6245 71
6 |V.Lesu 12 941 178 15

7 |R&ca 59 889 1768 30

8 |Agéarbiciu 26 677 995 38

| |Somsul Cald* 533 1135 22077 41

1 |Irisoara 20 1411 1400 70
2 |Dumitreasa 13 1366 855 66
3 |P. Negru 11 1227 814 74
4 |Racatau 101 1242 6008 59
5 |R&ca Mare 18 1099 541 30

Il Somesul Rece* 327 1214 19865 61
1 |[lara 45 1653 2345 52
2 |Lindrul 4 1410 268 67
3 [Soimul 23 1452 918 40

4 |V.Calu 12 1405 980 82
I |ara 84 1480 4511 54

* Values for fully basin
41  Values under 50% forest coverage

According to the obtained results, the highestsrafealluvial matter coming from
the sedimentary area of north-east basin, carnethé left branch of the Somd Cald
river, Agarbiciu (R = 1034 kg/s).

High values have been determined in last yearsdratea during the campaigns of
measurements and observations made in July of 202003 on another river neighbour,
R&ca Valley. During the campaign (4-10 July 2001) evereasured high debits and, also,
low debits, being very well correlated with the itielmneasured on thea@us river at Gipusu
Mare hydrometric station, located a bit of nortlvefage alluvial debit determined during
observations was R = 0784 kg/s, very close to #ieevof the river Agarbiciu. It reported
in the area of 59 kmof the basin, giving a specific average alluviawf significantly,
estimated at r = 4190 t/ha.yr.
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Also, high values of average alluvial flow were istgred on the Baliriver at
Poiana Horea hydrometric station (R = 0548 kg/spbee of sedimentary rocks presents in
the mid-upper basin and of the deforestation predus last period of time.

Table 2

Main elements of the average suspensions flow toetthydrometric stations from the
drainage basin (after Romanian Water Authority ,Somes-Tisa” Cluj Subsidiary)

N° River Hydrometric |Surface| Average | Alluvial | Alluvial allfv?glcgiecbit
. station (km?) |elevation (m)debit (kg/s) volume (t) (tha.yr)

1 |[Someul Cald Smida 110 1293 0,211 6664 0,606

2 Belig Poiana Horea| 85 1259 0,548 1727y 2,033

3 Agérbiciu | Somgul Cald 28 705 1,034 32609| 11,857

4 |Someul Recg SO RECE 334 | 1919 0,050 1581 0,047

Someul Rece river, at the entrance into theaGilreservoir, is in "shadow of
alluvial matter, under the effect of two upstreaatcbment. However, at the phase of
maximum leakage, the alluvial flow is reactivatezfching very high values (R = 54.5 kg/s
at the flash-flood from December 1995), the progm@ the progress of the SogueRece
river delta.

Under these conditions, an increased sedimentaffeats the two little reservoir
basins (Somgil Cald and Gi#u) where are directed the alluvial matter debitstiod
Agérbiciu and Somgil Rece rivers; such cases have been referretbratiure(lchim et al.,
1976, Giurma, 1997 etc.)

4. DISCUSSIONS

Using GIS technology in information processing hale possible the realization
of digital models of the lake basins, elementsrefg utility in the analysis of area alluvial
matter dispersiorfKondratyev et al., 1999, Touchart, 2002, Serbamlgt2005, Alexe et
al., 2006, Serban, 2007).

Generally, in the reservoirs cascade system of Sun@ald river, the areas of
maximum intensity of clogging correspond to thefagnce of the main rivers and brooks,
situation specific and other lake studied in RoragBbjoi et al., 1972, Ichim et al., 1976)

The two large lakes in the upper and median draitagin Fantanele and Taryd)
were not distinguished by the spectacular develogsnef the clogging phenomenon.
Clogging ratesandthe sediment distributioan basin spaces fall into the normal pattern and,
since the basins are developed on the crystallidereagmatic rocks (fig. 3).

Concerning the small reservoirs from the mid-lowasin, including th&omeul
Cald, the sediment distribution across the basin aatifferent because of the depths and
volumes much lower compared with the reservoirsupdtream and of a special water
transit. Although there is a massive intake of\aluthey were reshuffling in a different
way than natural because of the water currents aetiye, who coming from the Tatai
hydropower statiofSerban et al., 2006)
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Fig. 3. The characteristic volumes reduction from the niakese of the reservoirs from the SgueéMic
upper basin. Fantanele, 1976-2000; TFarrdi973-2001; Sorgal Cald, 1983-1993; Gil, 1972-2005.

Compared to the original state, the most cloggedtemf the lake basin is not to
the Agérbiciu river outlet, where it should havedennormal conditions of sedimentation
to be a submerged dejection cone, but on the ofgpsisipe of the lake basin. The character
of buffer lake between the Tafaiand Giiu lakes and the frequent discharges from the
upstream hydropower station, made than the sedéteriie diverted by the currents to the
convex bank, opposite to the confluence with Agéubiiver and reshuffling in the form of
reefs or small longitudinal sand banks. A parthef deposit has been widespread also in the
upper sector of the lake basin under the same foluriag the quiet periods between discharges.

The most aggressive evolution of the clogging phesmon was observed in the
Gilau reservoir where the geological factor influentadely the sediment distribution on
the lake basin surfacBdndi, 1997, Pandi et al., 20p5 hus, the cretaceous hones horizon who
crossing the lake over the median basin zone, tilayrole of threshold and resulted in
shrinking and compartmentalization of the basitvin sectors; each sector will have their
particularly evolution of sedimentation under thiiuence of alluvial flow of the tributaries. In
the upper compartment, the first phase was a shgnif the old Somgil Mic meadows,
under effect of bilateral alluvial transport of tBemeul Cald and Somell Rece rivers.
Later it disappears as morphological unit (197 4hdpesubstituted by a twining of alluvial
cones of the two riverg\firan et al., 197Y.

After the Somgul Cald dam construction (1983), the alluvial itdfom the primary
tributary becomes almost null and, hence, theie @wolution ceased. Instead, the SamRece
alluvial cone start to configure more than oneadaitd the thalweg is pushed slightly to the left
slope of the lake, such evolution being distingaidh in other field studiefRpmanescu,
Gh, 2002.

5. CONCLUSIONS

Forest carpet, irregular distributed in the Semhéic upper basin, induces more
instability on the lower reservoirs from the loveeranged drainage basin part, by promoting of
a consistent influx of alluvial matter, the moreasthe cleared spaces pools overlap frecvet
those with friable sedimentary substrate.
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The tributary’s outlets in reservoirs are charamter by large alluvial deposits, which
most often take the form of dejection cones, ofsree alluvial girdles. The particularly water
transit, but, also, the laterally alluvial contrilmn distinguishable téhe Somgul Cald and
Gilau reservoirs, affect the distribution of sedimemisthe lake basin spaces, putting into
evidence a rapidly and highly evolution of the eeal forms of sedimentation (lacustrine
delta) and, also, thalweg deviations, submersibénnels etc.
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ESTIMATION OF SOIL WATER INFILTRATION USING CN
(CURVE NUMBER) INDEX AND G.I.S. TECHNIQUES
- Application: Sicuieu Hydrographic Basin-

A.l. CRACIUNY I. HAIDU !

ABSTRACT. The Estimation of Soil Water Infiltration Using CN Indices (Curve Number)
and G.I.S. TechniquesThe principal purpose of this paper is to estataistork methodology
that can help to evaluate the quantity of soiltiafed water in different pluviometrical conditin
Knowing this segment of rainfall-runoff system, kcbhave an important role in anticipating a
flood dimension. The beginning of surface runofieleds on the soil water saturation, and this
depends, on its turn, on the antecedent precipitatharacteristics as well as the soil physic
characteristics (texture, structure, depth sofilprgpermeability, capacity of soil infiltratioma
water retention etc.). Study algorithm providesittiegration in G.I.S medium of an equation
proposed by SCS (Soil Conservation Service) basedsomy Curve Number Index (CN).
Determination of these indices it is realized, lHQA-SCS, depending on hydrological soil
groups and land use. In the same time, these mamlees depends on antecedent moisture
conditions (AMC), determined by quantity of precgiion from last five days. The study
surface is Scuieu (Hent) Hydrographic Basin for which we intending G.1.S. functions,
to represent infiltration values in space by emzeathe vulnerable areas to flood.

Key words: infiltration, Curve Number, G.1.S8uieu

1. INTRODUCTION

The soil water infiltration, during a rainfall amehalyzed as water infiltrated depth
(mm) - cumulative infiltrationor as infiltration speed (mm/min.;mm/h), represeam essential
variable in surface runoff study. The starting rffltration process and its intensity depends,
principally, on the pedogeographical charactesssiod on land use in the studied area. The
antecedent moisture conditions also become impbiriagecreasing or increasing of water
accumulation time. If the pluviometric event is lig soil that is closer of the superior
saturation limit will have a low infiltration capi#g and this fact can intensify the risk of a
high flood.

During the time, in order to determine the infittoam, there had been elaborated a
lot of models, some of them based on empiric mateti (Horton's formula, 1940; Holtan's
formula, 1961; Kostiakov's model, 1932 etc.), sarhthem have a physic base (Green Ampt
model, 1911; Philip model, 1957 etc.).

In the beginning, the use of Curve Number indinexrdler to evaluate the hydrological
balance parameters in a basin had ample applisatioast of them in USAUSDA 1972,
1997; Mishra S. K. and Singh V. P., 2003; Bernard2B05etc.). After that, these indices had
been successfully applied in some of the Europesaarcher’s studies (Musy A., 1998; Luijten
J. C., 2002; Baltas E. A., 2007; Man T. and Alexe 2006; Drobot R., 2007; Cheno¥.,
2007 etc.).

1 “Babeg-Bolyai” University, Faculty of Geography, 400006usNapoca, Roumanie;
E-mail: augustin_ionutz@yahoo.com; ionel_haida@go.com
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The main objectives of this study are:

— to present a spatial analysis methodology of tmafilon process, focused on
integration in G.1.S medium of a method developg®&ES (Soil Conservation Service);

— to apply the calculus algorithm iriciieu Basin for daily precipitations > 50 mm;

The studied area, Hydrographical Basin a€®eu (Hent), is situated in the north
of Apuseni Mountains, between dgJan Basin (in west), Som@ Cald Basin (in south),
Cilata Basin (in eastfg. 1). Having a 200 kfharea, its biggest part is lied on the eastern side
of Vladeasa Massive, from here th&c@eu Basin
receives the most important tributaries (V. Stdogiu

LEGEND

V. Cetitii, V. Ricas, V. Visagului). From Giiu A I 1 1220
Massive, the principal stream receives the m N z _
important tributary— V.Mrgauta. In an anterior study s - T

N\ rivers

(Craciun A. I., Haidu 1., Bilaco St., 2007) we have
used de CN index for evaluate de hydric runofhim t
Hydrographical Basin of Valea Mare (Clujului Hills)

2. G...S METHODOLOGY

For estimating the infiltration eumulative
infiltration — (F) Musy A., 1998 SCS (Soil
ConservationService) proposes an equation thi
depends on quantity of precipitation(P), initid
loss — evapotranspiration, vegetation retentig)y (I
maximum potential of retention (S):

9r . > ‘
(P I ) (21) 2 1 0 2km PG Basin of someﬁ"\
TP-1,+S

Fig. 1. Elements of
studied area location

In what concern the quantity of precipitations, flois study, there had been used
daily data (NCDC source) which correspond tadélasa Meteorological Station, the vales
being considered medium on basin.

From this series of data, there had been chosegiutiemetrical events characterized
by quantities > 50 mm: 2%f June 1986; 27of August 1993; 22 of November 1993; #4of
July 1994; 08 August 1994; 2%.of August 1994; 09of June 1995; F6of July 1998 Fig. 5).

In order to estimate the initial loss)(lafter many studies, SCS proposes an empiric
relation such as:

.= 0208 (2.2)
If P < I infiltration is O.

The calculus of maximum water retention potent®)l i€ realized by applying the

next relation:

S= 25400

—254 2.3)
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where: CN = f (soil, vegetation, soil conservatitamd use, antecedent moisture conditions)

An alternative of estimating theN Index (Curve Number) is based on using the
L-THIA GIS (Long-TermHydrologic ImpactAssessment) extension, developed by EPA
(United StatesEnvironmentalProtectionAgency) and Purdue University in U.S.A. The main
steps that had to be followed for spatial repregt@nt of CN index assisted by L-THIA are:

a). generation of data referred by land use anddhygical soil groups (HSG) in
raster format. The categories of land use must bav@ext structure: Water, Commercial,
Agricultural, HD Residential, LD Residential, Gr&3asture, Forest, Industrial (Bernard E.,
2005). In function of water infiltration capacitthe soils can be classified in four groups:
A- high capacity, specific to sandy or sandy-loartuee; B —medium capacity, specific to
loam and loam-sandy textur@;— low capacity, specific to loam-clay textui; very low
capacity, specific to loam-clay, clay-loam and diexyture;

LEGEND
LEGEND - i
[ mgricutural -
I Forest e
[ | orassPasture -
[ LD Residertial T
| T vers

N rivers

1 pisel = 20 * 20m 1pixel=20"20m

Fig. 2. Sacuieu Basin. Spatial distribution of land use (aJ hgdrologic soil groups (b)

b). reclassification of both raster themes, in otdeconvert the qualitative information
to a quantitative one, using the functiohsind Use Classificationand Soil Classification
So, each category will be automatically coded atiogrtoTable 1

c). determination of CN indices, for normal antezr@dmoisture conditions, using
Calculate CNfunction;

The CN index resulted will be adjusted in rappdrastecedent moisture conditions
(AMC), in function of precipitation quantity in last fivdays:

AMC, — dry soil conditions, specific to precipitation12,7 mm, in period of
pluviometric deficit, respective < 35,6 mm in raipgriod;

AMC ; — normal soil moisture conditions, specific togpéation values between
12,7 — 28 mm in period of pluviometric deficit, pegtive 35,6 — 53,4 mm in rainy period;
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AMC , - saturated soil conditions, specific to precimta values > 28 mm in
period of pluviometric deficit, respective > 53,4min rainy period.
The equations used for adjusting are (Luijten ét@olab., 2002):

_ (75CN,) ;o @75EN,) (2.4)

CNl - mw -
(-175+ CNII) (75+CN,)

In Sacuieu Basin, for each selected pluviometric evemngs noticed normal

antecedent moisture conditions (AMC

The CN values obtained (Fig. 3) are classified lkbem30 (for afforested areas and
characterized by sandy-loam soil textures) andf@5agricultural areas and characterized by
clay-loam soil texture).

Table 1
LEGEND
The codes used by L-THIA GIS for & Curve Number
reclassification land use and ;
hydrologic soil group
Recls land Code
Water 1000
Commercial 2000
Agricultural 3000
HD Residential 4000
LD Residential 5000 "
Grass/Pasture 6000 \
Forest 7000
Industrial 8000
Recls_hsg Code
A 1
B 2 2 ,
C 3 N — 1 pixel=20720 m
D 4

Fig. 3Sacuieu Basin. Curve Number Distribution

The spatial representation of maximum retentiorepidl (S) and initial loss )
was realized by integration in G.I.S medium of e@mum2.2 and 2.3, using Spatial Analyst
extension. The maps obtained, show some areasctdazad by a high water retention
capacity, situated, principally, on right side aE@eu BasinFig. 4). These areas are afforested
or covered with grass and pasture, overlapped teessandy or sandy-loam soil texture
(Chicera Hill, Risinari Hill, Preluca Hill, Boroilasa Hill, Runculuill etc.).

3. RESULTS AND DISCUSSIONS

Once realized the data base that correspond tpattaeneters showed anterior, the
next step was to apply the equation 2.1 for theuta$ of infiltrations values for selected
pluviometrical events Ifrig.5 we present the estimated infiltration for preeipdins > 50 mm
to Vladeasa Station.
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LEGEND LEGEND
S

la

A [ 441 A Bl
e [ Jlioi-2m = [ 20,1 - 40
[ ] 201-300 [ J4oa-80

[ T301-400
[ 4o1-500
[ 501 - 592

TN rivers
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Fig. 4. Sacuieu Basin. Spatial distribution of maximum retentpotential (a) and initial loss (b)

Meteorological Station Vladeasa

E 100
w

150

\ B Precipitation depth O Infiltration depth \

Fig. 5. Vladeasa Station. Relation precipitation depth — nafilbn depth
for pluviometrical events > 50 mm

The clay and clay-sandy texture soils fronidédasa Station perimeter, placed in
hydrological class B (medium infiltration capacigfd the fact that these soils are covered
with grass and pasture, determined values situbttdleen 20 and 40 mm in what it
concerns the initial loss. In these conditions,itffiétrated water depth represent about 30%
of the precipitated one, in the case of preciptatisituated around the values of 50 mm.
For precipitations higher, we can observe a peagenbdf infiltrated depth situated around
50%.
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LEGEND LEGEND
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A [ la1-40 A [Ja01-40
N [ la01-45 5 [ Ja01-45
B 45.1 - 50 [ 45.1- 50
. Il 0035 - I s0.-55
Bl 550 - 60 50 - 50
. Il a0-758 — M5
S TN rivers Y N fivers

1 pixel =20 *20m

—— T 24 November 1953

LEGEND

Infiltration {(mm})

1 pixel =207 20 m

- — ) - 06 August 1994

LEGEND

Infiltration {mm)

A g4 A o
5 [ 401-45 5 [oa-10
. B 45.1-50 B 0.1-20
> Bl 501 -55 . 20 -30
| R B o0 -40
o -568 I 0 -500
G TN fivers S T tivers

1 pixel=20*20m

- — o 21 August 1994 [ 09 June 1995

Fig. 6. Sacuieu Basin. The spatial representation of infilratvalues for daily
pluviometrical events > 100 mm

The obtaining the infiltration maps for rarely plometrical eventsKig. 6) could
be possible by integration the relation 2.1 in &medium, using Cartographical Algebra
techniques. It is talking about usiRasterCalculator function, available iSpatial Analyst
extension.

Analyzing the four maps, it can be observed the imaw infiltration values,
especially on left side of the basin (even if is laahigh afforesting level), due to loam and
loamy-sand texture soils, that are characterized lhygh water retention capacity. High
values of infiltration are found in the pasturegoass areas and sandy-loam texture soils on
the right side of the basin. The lowest values @<n) are found in the superior sector of
the basin and on vast areas from the right sidaidflle sector. These values are explained
by the high afforesting level, which determine ihi¢ial loss, by one side and by existence
of some pedological entities with sandy and saldrlptexture, which are characterized by
a low water retention capacity, on the other side.
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For a better detail description of the results,reaized an infiltration analysis for
some fitopedological characteristics in daily pp&ation conditions > 100 mm registered
in the studied aredl'éble 2, Fig. 7). Generally, the results show an increase oftrafibn

values starting from the afforested areas to thiew@tural ones, respective from clay-loam

or clay soils texture to sandy texture ones.

Table 2

Values of SCS method parameters for different pedobical characteristics
and land use types of &uieu Basin

HSG F (mm)
Land Use Soil Texture | (Hydrologic | CN S la 24. | 06. | 21. | 09.
Soil Group) mm) | Nov. | Aug. | Aug. | Jun.
1993 | 1994 | 1994 | 1995
Forest Sandy-loam A 30 592,7 1185 38080 20,1 0,0
Forest Loam-clay C 70 108,9 21,8 6639 56,1 47,1
Pasture Sandy-loam A 39 397,3 795 52,% 23,9
Agricultural | Sandy-loam A 64 | 142,9 28,p 6(55,7 62,6 49,7
Agricultural | Loam B 75 | 84,7 16,9 53321,8 50,2 43,1
Agricultural | Clay-loam D 85 | 44,8 9,0 3431,0 33,4 30,5
200 T T
l l 121.08.1999 109.06.1995
| |

[ Forest/ A
m Agricultural / A

A, B, C,D - hydrologic soil groups

O Forest/C
B Agricultural / B

@ Pasture / A
O Agricultural / D

In what it may concerns the risk of high flood gextion, we consider that the

Fig. 7. Development of infiltration for different land usenditions
and hydrological soil groups froni&iieu Basin

most vulnerable areas are in three settlementsojRlpd/isagusi Margau. The low values

of maximum retention potential that characterizeglse areas determine fast saturation of

soil profile, fact that goes to generating of ahhggirface runoff.
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4. CONCLUSIONS

Using G.I.S technology for realizing the hydrolagicstudies presents a big
importance, principally, due to the analyze potitigs of the results from cartographical
point of view. So, that can be emphasized thosasateat had been affected or that present
high vulnerability of extreme hydrological phenoroan

In this study, the integration of a classical chlsuinfiltration method in G.I.S
medium permitted an area analysis of the procedgust a punctual one.

In what it may concerns the method developed by,S@Sed on using the CN
index, we consider that, for the increasing of Itssaccuracy, could be useful to take into
account some index of land slope. In the same tamepefficient that can illustrate the
cranked level of geological substrate would be irtgm, especially in the areas characterized
by a very slim soil profile.
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CHEMICAL ANALYSIS OF WELL WATERS OF VILLAGE OF
CAMPENESTI, CLUJ COUNTY, ROMANIA

C. ROSUY, G.I. PESCAR' AND |.M. VARGA *

ABSTRACT. Chemical Analysis of Well Waters of Village of Campensti, Cluj County,
Romania. The proposed study area of Camperne located in Cluj County. Only 11% of the
population in the rural zone in Romania has actessafe drinking water. Most of human
population use wells or springs as the main soofciinking water. Wells are generally less
than 20 meters deep and they are not properlydsédie water samples were analysedofar
Electrical Conductivity EC), Total Dissolved SolidTDS), Oxi-Reduction PotentialQRP),
Calcium Ca?"), Magnesium ¥lg®"), Total HardnessTH), Sulfate 8§0,%) and Nitrate KO3)
using standard techniques in laboratory. Totalotlissl solids TDS) vary between 835 mg/L
and 1488 mg/L and well watg@Hs are slight basic (7..62 — 8.38). Nitrate conegioins
monitored in Campegt groundwaters show that 80% of the well waterpdamexceed 50 mg/L
(WHO guidelines value and Romanian value) and 16@éeed 13.5 mg/L (indicative value of
human activities). The nitrate content ranges fa8rl to 85.2 mg/L. Groundwater nitrate
correlates positively with TDS.

Keywords: well water, nitrate, ground-waters, water quality, aess of water.

1. INTRODUCTION

Water is nowdays considered as a precious resagirce it is main source of life.
However, it may also be a cause of lots troubldschvcould affect to some extent human
health. Therefore, there is an increasing concerwater pollution of both natural and human
origin. Water quality assessment is now becomintgeeessity. However, groundwater is
highly vulnerable to contamination and no comprahenstudies have been completed on
groundwater quality in the study zone. Wells araggally less than 20 meters deep and
they are not properly protected from surfacial ykidin.

The present report summarizes the water qualityntdaé parameters of well water
samples during January-June 2008. Contaminantsringcin large concentrations are
nitrate (NQ") and mineralization (TDS).

2. REGIONAL AND HYDROGEOLOGICAL SETTING

The study site is located in CampgiieCluj County. It stretches from 285 latitude
to 23 72 longitude. The average annual rainfall is arous@l im in the study area. The
mean annual air temperature ranges fromMG26 +35C. The zone is predominantly rural.
Agricultural land uses and cattle breeding domirlagepopulation activities.

The well depth ranges from 5 m to 20 m, dependimtihe sampling site topography.

1 “Babeys-Bolyai” University, Faculty of Environmental Sciz 400006 Cluj-Napoca, Roumanie; E-mail:
crisrosu@yahoo.com
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1:100 000 m

Fig. 1. The position of Campesi as part of Cluj County.

3. SAMPLING AND ANALYSIS

The sampling campaign was carried out in the af€Ampensti in January — June
2008. There were a total of 120 water samplesateliefrom 5 private wells (four samples /
month / well). Temperatur@g), pH, redox potential (ORP in mV), Electricalr@uictivity
(EC in uS/cm) and Total Dissolved Solids (TDS in mg/L) weneasured in field using
portable multiparameter WTW 720 Inolab. The Totardthess (TH in mg CaGQ) was
also determined in-situ by EDTA titration. For tleenaining analysis, samples were collected
and passed through a Q3 filter and the other elements in solution wergigeined in the
laboratory using a RQ-flex 10 Merck.

Table 1
The parameters of Campengti well water samples during January-June 2008

No T H EC TDS | ORP | TH ca®* | Mg¥ | Noy | so”

) (°c) P (pS/cm) | (mg/L) | (mV) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/L)
1 +13.8 815 2980 148§ +78.§ 357 285.4 42.1 85.2 |164.3
2. +11.2 7.98 2142 1071 +53.4 256 181.9 9.4 615 97.8
3. +12.1 7.62 2420 1206 +20.2 291 2035 114 68.9 |232.1
4. +13.4 8.21 1673 835 +18.2 199 342 3.6 48.1 |187.2
5. +14.6 838 2474 1237| +61.8 298 97.7| 324 70.7 |217.6
MCL <85 2500 500 360 100.0| 50.0f 50.0| 250.0
MV +13.02/8.07 2338 1167 +46.5 280 160.4 19.9 66.9 |179.8

MCL — Maximum contaminant level [1-2]; MV — Meaalue
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Measured well water temperature range from 1124t6°C and averaged 13.62.
Electrical Conductivity (EC) values varied from B6fb 2980uS/cm and an average value
of 2338uS/cm. The pH values were in range of 7.62 to 8188 averaged 8.07. Sampled
water presented an ORP value ranging from +18.2748.8 mV, indicating oxidizing
conditions at the locations. The TDS values vafiedh 835 to 1488 mg/L and averaged
1167 mg/L. Total Hardness (TH) values varied frad®8 1o 357 mg CaCg). and an average
value of 280.2 mg CaCfh. Well water samples had concentrations of cafchanging
from 34.2 to 285.6 mg/L with a mean value of 16@8@/L. The magnesium concentrations
varied between 3.6 to 42.1 mg/L and averaged Ia@6. Sampled water contained nitrate in
concentrations of 48.1 to 85.2 mg/L. The mean valugitrate level was 66.88 mg/L. Only
one of five wells analyzed for nitrate contain cemitation below the maximum allowed
value (50 mg/L) proposed by the drinking water guaitandards. All of water samples had
sulfate concentrations below the maximum allowddeza

4. DISUSSION
4.1. Primary Contaminants

Results of six month well water chemical analystidate that nitrate was the important
primary contaminant found in Campatiavell waters (fig.2).

90
80
70
60
50
40
30
20
10

0
1st Well 2nd Well 3rd Well 4th Well 5th Well

Fig. 2. The nitrate in well water collected in Januaryunel 2008 in Campenesti.

Results show that100% of sampled well water weraiwhte level higher than
13.5 mg/L. Among them, 80% had nitrate concentratigceeding the maximum allowed
value (50 mg /L). Therefore, most of well watersnpted in Campeni appear to be
contaminated by human activities. With regards tte well localization, the nitrate
contamination may be due to the infiltrations fréatrines, storage of animal manure and
storage of domestic rubbish [3-5].

4.2. Secondary Contaminants

100% of the samples collected from wells in Camgieaeea contain TDS higher
than 500 mg/L. When water mineralization is higiva pH value higher than 7.62, water-
rock interaction exert control on the TDS levelgtie 3 indicate the correlation between
nitrate and TDS (the presence of nitrate at highceatration in well waters seems to
correlate with the TDS value).
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Fig. 3.Plot of nitrate versus TDS for all water samplecCampengti

5. CONCLUSIONS

Groundwater quality was assessed in Camyidneassessing a total of 120 well water
samples collected from 5 private wells (four sarmmplanonth / well). At the scale of this
investigation, well waters were contaminated byatét The pH values ranged from 7.62 to
8.38 and the redox potential (ORP) indicated oiidizonditions (+18.2 mV< ORP < +78.8 mV).
The TDS level varied between 835 mg/L and 1488 m@llLof the sampled well waters were
highly mineralized (TDS > 500 mg/L). The correlatibetween nitrate concentrations and TDS
suggested relatively high concentrations of nitiatavell water may be caused by human
activities such as latrines, animal manure stoeegedomestic wastes stockpiling located near
the wells. More detailed study would be necessaigentify the contaminant water source.
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WASTE WATER DISPOSAL IN BUCHAREST — RISKING DURABLE
DEVELOPMENT ON RIVER ARGES’S INFERIOR BASIN

DANIEL CONSTANTIN DIACONU *

ABSTRACT. Waste Water Disposal in Bucharest — Riskig Durable Development on
River Arges’s Inferior Basin. The hydrographical basin of Arges is a relativelgdest
water source supporting great pressure due to aewelustrial centers located in the area,
as well as due to 3 million inhabitants residinguend Bucharest.

The disposal of municipal wastewater into the rikeges, without proper cleaning has
unfortunately led and continues leading to permandegradation of the basin’s
environmental factors and also jeopardizes soaim@mical development, especially in the
inferior area of the basin.

Physical and chemical analyses of the parameterducted on different sections on
river Arges and also on inferior courses of itsmrefifluents show the evolution and also the
extension of this phenomenon. The 2000/60/CE FramieWater Directive clearly presents the
quality requirements regarding all water bodiesanrelation with the measure programs
that need to be taken in order to achieve goodrvesié&ronment.

Taking measures to improve over ground water gualitd implicitly underground
water quality are mandatory, especially when caarfiid) the possibility of extending the
metropolitan area of Bucharest, which, in the sautlpart, would mean including Arges’s
inferior basin almost entirely.

Key words: water quality, risk, durable development.

1. INTRODUCTION

Water quality in Romania is being monitored byittagional Administration of Romanian
Waters according to the methodology of the Integtat/ater Monitoring System.

Our country’s joining the European Union has le@hiplementing of several directives
and decisions regarding a new monitoring and etialuastrategy of over ground waters,
being based on a new monitoring concept implyitgpée integration:

- of the investigation areas of hydrographical baginers, lakes etc.);

- of the investigation environments (water, sedimeidts);

- of the monitored elements and components (biolodigdro morphological etc.).

Characterization of running water quality represethe global evaluation of the
analytical results obtained by measurements coaduttonitored sections. The indicators
enclosed in the 5 class normative (Order nr. 16818P0ave been classified as follows:

= “oxygen regime’ group includes: dissolved oxygen, CR@CO-Mn, CCO-Cr ;

= “nutrients’ group includes: ammonium, nitrite, nitrate, nijem, orthophosphate,

phosphorus, chlorophyll;

= “general ions, salinity” group includes: filterable dry residue, sodiurajcam,

magnesium, ferrum, manganese, chloride, sulfate;

»  “metals’ group includes: zinc, copper, chromium, arselnéad, cadmium, mercury,

nickelhave been included in thproritary substances” group;

! Bucharest University, Faculty of Geography, Buesar Romania
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= “organic and inorganic micro pollutants’ group includes: phenols, detergents,
AOX, petroleum hydrocarbons. Other substances asétf\Hs, PCBs, lindane,
DDT, atrazine, trichlormethane, tetrachlormehtane, tiichthane, tetrachloretane,
etc. have been included in theeioritary substances group.

The quality indicator of the monitored sectiongit@n by the most favorable indicators.

The water quality data being aleatory variablesadiected by several causes, their
processing is being made by statistical and mattieahamethods. This way the water
quality characterization of hydrographical basigsairesult of humerical and procentual
estimation of the registered cases, respectiveljraming of the monitored sections and
water partitions on quality categories.

2. QUALITATIVE CHARACTERISTICS OF OVERGROUND WATERS
IN RIVER ARGES’S BASIN

On stretches of riveArges characterized by the same quality category, thetin
was the following: out of 2681 monitored kilometer007, 323 km (12%) were classified in
the 1st category, 1090 km (40.8 %) in the 2nd cBi&g km (36.4 %) in the 3rd class, 178 km
(6.6 %) in the 4th class and 110 km (4.1 %) inStieclass.

In case of Arges’s basin the permitted limits wexeeeded for the 5th class in the
sections:Clatesti (PAHs) on River Arges;Suseni( NH,, PAHS) on river Dambovnic;
Glambocata( Fix Residue Cl) on river SabarBalaceancgO,, CBOs, CCO-Mn, CCO-Cr,
NH,, Ntot, PO, Ptot, phenols, detergents, PAHsand Budesti(O,, CBOs, CCO-Mn,
CCO-Cr, NHy, PO,, Ptot, fenoli, detergenti, PAH-uri) on river Dambovitaam.confl.Arges
(CI) on river Budisteanca.

Regarding the evaluation of heavy metals (Cu, Gr,@) included in the priority
endangering substances, monitored in almost eatireof5 sections of Arges basin, water
quality has been diagnosed as not correspondigsof Cu in 30% of the monitored sections.

Regarding the evaluation of organic micro polltgancluded in the group of priority
endangering substances, monitored in almost eatheof5 sections of Arges’s basin, the
exceeding over the permitted limits, as diagnosed0i% of the monitored sections in case
of some indicators (hexachlorbenzene, DDT, endifin, trifluralin etc.) must be looked
at with flexibility due to the fact that the detiect limits of the analysis devices are higher
than the quality objectives set in the normative.

The main pollution factors are a result of the\aii¢is performed in the chemical
industry (SNP Petrom SA Arpechim Pitesti), car nfaoturing industry (Dacia Pig&) or
of domestic activities (Bucharest and Rtide

Obviously the main impact on the water quality efés’s inferior basin is caused by
the water disposal in Bucharest. The seweragensysii¢he city finds its origins in year 1828,
later on, in 1847 the first underground sewersisotthrge in Dambota were built in.

100 years later there was a public announcemeritriteg that this river has
become the city’s sewer. In 1985 fitting out pratiegs started on the river Dambyiby
building a partioning sewer under the riverbeddbiect and transit Bucharest's wastewater
to the Wastewater Cleaning Station Glina (SEAU)e Theaning station has experienced
several project stages, building, interrupting ttguaent, reprojecting etc., as a conclusion, the
station is practically in a non-functional statehet moment.
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The space and time evolution of over ground watkity oscillates from one year
to the other, according to the activities performedt maintaining in the rates of quality
classes 4 and 5 (Table 1).

Table 1
Evolution of certain quality indicators on river Dambovita
in the period 2005-2007

Nr [Indicator Arcuda Biliceanca Budsti |
crt  |(mg/l) 2005 | 2006| 2007 200§ 2006 2047 20p5 2006 2007

Fix residue 321 169 244 369 454 421 523 402 471
2 CBQ 5,6 5,4 3,2 44,2 33,2 68,1 49,6 42(3 62,5
3. CCO - Mn 7,0 6,8 5,6 88 60 110 9( 82 115
4. NG, 4,2 2,2 6,3 5,1 2,8 7,0 1,1 1,2 7,
5 NH, 1,3 0,55 0,61 7,9 13,1 6,7 10,8 9,6 1341
6 Detergents 0,02 - - 0,26 0,18 0,22 1,43 0,12 60,2

But the shocking elements are the colour, the odadrthe turbidity caused by the
substances floating above which make the wateruaipteasant for the eye.

More relevant are the comparisons of the analysaducted on the river Arges,
on monitored sections upstream and downstreameotdmfluence with river Dambaai
referring to the pollution phenomenon; the dilutiphenomenon cannot decrease the
negative characteristics (Table 2).

Table 2
Evolution of certain quality indicators on river Ar ges, upstream and downstream
of the confluence with river Dambovta in the period 2006-2007

NF crt Indicator Malul Spart (upstream) Clavesti (downstream)
(mall) 2006 2007 2006 2007
1. Fix residue 206 247 653 502
2. CBQ 1,7 1,8 12,1 5,8
3. CCO - Mn 5,0 4,8 52,1 20,7
4, NGO; 3,6 2,1 13,7 2,7
5. NH, 0,5 1,9 2,6 5,8
6. Detergets 0,22 0,09 1,01 0,01

The following aspects are to be noticed: the reievafluences are of organic
origin and ammonium ions, as well as the tenderfiajeareasing the pollution rate due to
reduction of industrial activity in Bucharest.

A campaign was initiated in May 2008 in order tose@ the water quality
parameters of Arges and Damh@avby collecting samples and analyzing water quality
taking in consideration wave propagation pattemthée downstream. Seven sections were
established this way and eight quality parametave tbeen monitored.

Analyzing the results (Table 3) the dissolved oxygeas rated as normal
upstream, in the discharge section of Bucharestistevwater and respectively at Arges’s
confluence with river DAmbotd, maximum of charge with organic substance washesh
after Dambowvg’s confluence with Colentina (Budiesection), floating polluting substances
vary from 5 to 137 mg/l even though in the infedi@sin no precipitations or flooding were
registered that would lead to alluvia.
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Table 3
Water quality parameters (mg/l)
2'& Section T%Qp' pH |cco-cr|NO, |P-PO,|MTS| O, |CBO;
1. | R.Dambowia,cca 1km | 5q | 75 | 5045 | 00070028 5 |6,54 4,44
upstream Glina discharge
2, Waste water cleaning 19 75 | 195 | 0,0060,020| 131 | 0,19 45,39
partition station Glina
3, | Cassetie dischargeinrivef 8,0 | 210,71/ 0,0080,032| 103|0,1143,12
Dambovia
R.Dambovita cca. IKm |, | 75| 199 47| 0,009,040| 116 | 0,08 47,98
Downstream discharge
R. Dambovita Bridge Bugeé| 21 8.0 | 264.84] 0,007,028] 137 | 1,74 52,2
6. | R-Aggupstreamconfl. | 4 75 | 1598| 0,030,012 69 |7,51 5,04
Dambovia
7. R.Arge; PodSoldanu, 19 75 | 7814 0,0070,028| 118 | 1,04 20,09
downstream confluence

3. IMPACT OF WASTE WATER UPON UNDERGROUND PHREATIC
WATERS IN ARGES INFERIOR BASIN

For the settlements in the inferior basin of rideges phreatic water represents the
only constant water source throughout the year. pitegarious economical state of the
countryside settlements, in the absence of a prepeerage and water distribution means
and utilizing wells leads to usage of lower qualityter.

The water layer in this area has a specific debépoox. 5 I/s m, the piezometric
level oscillates between 2-4 m in depth. Regardivey quality aspect, up until 1960, the
aquifer in the area fulfilled the conditions to pide for feeding people and animals.

Starting with 1970 the mineralization level of thater has started to increase,
which has led to total durity increase, exogenenel#s appearing in water composition
clearly indicating aquifer pollution. Among thederaents are N@, NO,, PQ,, NH,, heavy
metals (Zn, Pb, Cd, Cu, Cr) but also pesticide.

In the last 15 years also a thermal pollution of thhreatic waters has been
acknowledged, which is leading to an increase sbalving capacity in case of some
minerals contained in the rocks, process leadirmwater mineralization increase.

Bacterial pollution was identified 20 years agoalsgses showing the presence of
coliform and coliform — fecal bacteria, as well@senteroviruses, as a result of domestic
unclean water discharge from Bucharest.

This massive and constant pollution throughoutlélse 50 years has led to quality
degrading of the aquifer but also causing seri@amape of soil quality and vegetation in
the regarded area.

Also noticeable is the fact that these waters haseased their aggression factor
on concrete and metal, this way affecting the imgldoundations which come in contact with
the underground waters, considering the Buchar&itenita navigation system stretching
on 73 km.
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4. CONCLUSIONS

River Arges’s waters on the inferior course ramgenoderate and satisfactory
quality classes, and Dambg/s waters upstream from Bucharest are highly pedliand
drastically limit their utility and increase thests of their utilization.

Raul DAmbova Aval de SEAU Glina

Underground water influence from quality pointviéw due to discharge in over
ground waters of unclean waste waters or insufittyecleaned waste waters.
Soil reliability reduction and affecting agriculauin respective areas, as well as
building degradation which come in contact with ogeound and phreatic waters.
Acknowledging the relation between the water reseuand the number of
inhabitants, as well as the socio - economicalcgdfehat derive form reduction of used
water quantities due to pollution and high treatheersts.
Most of the problems listed above can be solvedhptementing proper measure
programs for:
- Municipal water waste cleaning;
- Endangering substances discharge;
- Restoration of water bodies connectivity that harediminary been identified
as been modified.
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THE USE OF G.I.S. TECHNIQUES IN ESTIMATING THE FLOO DABLE
STRIPES IN RELATION WITH DISCHARGES VALUES WITH
LOW PROBABILITIES OF OCCURRENCE.
CASE STUDY: RIVER ARIES - TURDA CITY.

R. BATINA S, ST. BILA SCO?

ABSTRACT. The Use of G.I.S. Techniques in Estimatinghe Floodable Stripes in
Relation with Discharges Values with Low Probabilites of Occurrence. Case Study:
River Aries - Turda City. To determine the floodable stripes must be followezbmplex
algorithm involving statistical operations, gragtitepresentations, correlations and cartographic
expressions. Each of the elements is supportedpipyopriate computer software that
competes to a high degree of results accuracyd®tidin methodology has been made on
the case of ArigRiver crossing the Turda city between hydrometiatien profile and the
corresponding area with buildings, with high vulttility to floods. The final interpretations
support the compliance of the buildings positioithie floodable areas, which unfortunately
is not respected in many cases.

Keywords: floodable stripes, floodgrobabilities of occurrence, GIS.

1. INTRODUCTION

Defending people and goods against flooding evisnaspriority in the urban and
rural settlements. In this respect, have been impieed a number of structural and non-
structural measures to achieve the limits of saffletyeduce the effects caused by floods.
The most important legislative act in this senderseto the regulation on emergencies
situations management arising from floods, dangemeteorological phenomena’s, accidents
at hydrotechnic constructions and accidental watdhlution. This act stipulates among
others, the establishment of floodable stripes Vath probabilities of occurrence of 10%,
5% and 1%. Also are indicated the man-made objestthat can be affected: buildings,
agricultural land, transport and communicationsvoeks.

The detailed rules on how to design risk maps edl&b floods, were also covered
by legislation (H.G. 47/2003).

2. MEANS AND METHODS USED

The determination of floodable stripes is doneeameral stages of work, involving
the pursuit of a specific algorithm. Thus, takimgoi account the maximum monthly and
annual flow average values over a longer periody@drs, in this case), it can be obtained
the occurrence probabilities of discharge with gxicmal value, which are associated with

1 “Babeg-Bolyai” University, Faculty of Geography, 400006usNapoca, Roumanie;
E-mail: rbatinas@geografie.ubbcluj.ro

2 Romanian Academy, Cluj-Napoca Subsidiary, Geogr&gtgion, 400015, Cluj-Napoca, Roumanie:
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floods and inundations. Thus are expressed thé&aliges with probability of occurrence of
10%, 5% and 1%. To complete the calculations tleegtional values associated with very
low probabilities (0.5% and 0.1%) must be obtaitvex

To determine these values we have used speciadiziédare: HyranPlus (demo
version), through which we have obtained the altsalalues and percentile chart values.
Next step consists in preparing the base map taskd in the study. In this sense, we
considered the topographical maps with 1:25.00@scéhe maps with 1:5.000 scales and
the use of GPS points sampled from the field. it also be used, satellite images, with
high resolution.

Based on synthetic correlation between the two etemthat describe the rivers
liquid flow (discharge and level values) it can imade a correspondence of the values
previously determined with the maximum probablesleywhich could be achieved. These
levels are then transposed on the cartographigiaddte achieving the flooded areas at different
probabilities of occurrence for exceptional disgeavalues. These floodable stripes are evolving
on each side of the river, occupying the river noadip to the valley slopes. Spatial
extension of these stripes is determined primdayiyhe configuration of the field through a
transverse profile over the river flow directiorhélbiggest area will be associated with the
discharge value with 0.1% probability of occurrenaspectively to the discharge values
that can be achieved once a thousand years.

2. 1. Hydrological Analysis

In the present study, we took as the area of aisalye Arig River, which transit
Turda city. We took into account the recorded disghd values at the hydrometric station
and the limnimetric key that can be described lmcessing the values obtained from field
measurements. We also processed the annual peakriégorded at the station for a period
of 40 years (1964-2003), obtaining the dischargdges with low probabilities of occurrence
of 10%, 5% and 1% respectively of those with vesw Iprobability, 0.5% and 0.1%.
Confidence interval and the recurrence time aravatia the table below (Table 1).

Table 1

The non-exceedance probabilities and estimated dizarges for Aries River

Nr. Time Non-exceedance Estimated Confidence

Crt. (years) probability discharge (n/s) interval (95%)
1 1000 0.999 1220 844 — 1600
2 500 0.998 1120 783 — 1460
3 200 0.995 988 699 - 1280
4 100 0.99 884 635 -1130
5 50 0.98 779 568 — 989
6 20 0.95 636 476 - 797
7 10 0.9 525 402 - 649

By using the HyfranPlus software, we have represkttie graphic correlation of
Pearson type Il curve, which indicates a goodsifeeation of the cloud of values in the
confidence interval associated with each probghilitnon-exceedance (Figure 1).
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Pearson type 3 (Conditional maximum likelihood)
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Fig. 1. The correlation diagram between maximum dischargenon-exceedance probabilities.

2.2.G.1.S. Analysis

The identification and representation of floodasiepes is based on GIS spatial
analysis, using numerical database obtained djréditcharge values, volumes, levels) and
by analysis of the primary data (isohypses andlgatemages). In the analysis process we
have used as a primary data a structure represdntedector layers (Table 2) and
alphanumeric data. The resulted derived databadieeigligital elevation model, mainly
used as support for modeling floodable stripes.

Table 2
Data basis for the study of floodable stripes
g:t Name Type Attribute Sort

Raster - 1:25.000

1M
ap Raster - 1:5.000

2 | Maximum levels recorded Numerical - -
3 | Altitude points Shape file Altitude GPS
4 | Isohypses Shape file| Altitude Primary data bage
5 | Digital elevation model Grid Altitude Derived ddtase
6 || Floodable areas 1 %, 0,5 % and 0,1 Po  Grid love¢ct Surface Modeled data basg

An important step in achieving the spatial analysiss the making of digital
elevation model, to meet the final shape. To reahishaim, we used the method of topogrid
interpolation to achieve a correct elevation mddain hydrologic point of view (no sink
points with drainage forced on the rivdementary thalweg and interfluves outlined on the
highest levels of the studied area), with a regmiudf 0.1 m.
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The mapping of floodable areas was done through@RBD analysis, with the
use of Spatial Analyst extension, respectively gighee sub-menu Raster Calculator of the
ArcGIS 9 software.

The modeling processes consist in identifying allscwith an altitudinal value
lower than the calculated levels to the hydromdgieling staff using the mathematical
identifier <, using the spatial query as follows:

[grid] <= 320.47,

Where: [grid] - digital elevation model
<= - mathematical identifier
320.47 m - the maximum level associatéd the discharge value of 1 %.

Such spatial queries were performed for each siemahand, resulting in what
we called a modeled database representing areateafby floods, at different probabilities of
occurrence (Fig. 2-4).

From the values analysis and cartographic expresssults, can be made very
precise indications regarding the degree of vulnéta of the studied territory. Thus, we
have made the correlations between discharge valitleshose of levels, respectively with
the safety water levels of the studied area (Tatdad 4).

Table 3
Safety water levels at Turda hydrometric station, a Aries River
NI _ Hydrometric “O“_Ievel Reference Levels at hydrometric staff
crt. River station altitude system (cm)
(m) CA Cl cpP
1 Arieg Turda 315,22 MN 250 350 450
Table 4

The tabelar limnimetric key associated with dischage values with low probabilities
of occurrence

. Hydrometric Probabilities of Discharge Level
Nr. crt. River . 3
station occurrence (m’/s) (cm)
1 1% 884 525
2 : 0,5 % 988 553
Arie Turda !
3 ¥ 0,2 % 1120 588
4 0,1 % 1220 612

The comparison of the values in the two tables musfain that safety water levels
are exceeded even from the value of 1% of excegiltitows.
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3. RESULTS

Analyzing the data’s from the hydrological statiamd those calculated using the
programs mentioned above, and also by the useGI& modeled database, the following
conclusions can be presented:

a. The Arigs River course arrangement, by asymmetric embankofahe right bank
(to the city) plays an important role in the splagigtension of the floodable stripes.

b. Most of the territories affected by exceptional mge(floods, inundations) are
located on the left side of the river, having diffiet size, depending on the
calculated levels (Fig 2-4). The size degree ofdffected areas is expressed in
square kilometers and shows values that are alidestical, which is explained
by the presence of a very steep cuesta front.

c. Interms of affected areas it can be distinguighedollowing conclusions:

«  For the probability of 1%, the affected area isuttio05 knf, for the value of
0.5%, an area of 1.08 Kmand for the probability of occurrence of 0.1%, an
affected area of 1.11 Km

* Regarding the land use, in the affected areasnataded: agricultural land,
buildings (some of them built in recent years),draafrastructure (street
Petru Maior) and transport of electricity and gadd some industrial (inside
part of the sorting stations and the Public Turdan@any), situated near the
confluence with Racilor Valley.

d. The discharge values with low probabilities of atence (0.5% and 0.1%) can
produce a backwater phenomenon onto Racilor Valiéych can lead to blocking
access to two streets, a footbridge and a numbepmoximately 10 buildings.

e. GIS analysis reduces the establishment time foatbas affected with a minimum
margin of error.
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CHARACTERISTICS OF THE ANNUAL- AND PEAK DISCHARGES OF
THE UPPER MURES AND OLT RIVERS

G. PANDIY, Z. MAKFALVI 2, CS. HORVATH?, ZS. MAKFALVI *

ABSTRACT. Characteristics of the Annual- and Peak Disharges of the Upper Mures
and Olt Rivers. The Mures and the Olt rivers flow througtsomehow uniformous but well
delimited row of depressions on the Eastern ridgbe Transilvania Basin. The annual mean
and the peak discharges have been analysed at lsgdemmetric stations for the 1950-2006
and the 1992-2006 periods. The mean dischargéee @it river have a better correlation with
the height of the surface than those of the Muwes. rBoth rivers present a clearly detectable
regularity in the 1950-2006 period and on the Q@krea periodicity can be noticed. The
variability factor moves within large boundariestire case of both rivers. The probability
curves are different as a result of the differenal alimentation. The time-space differences are
an important factor to know, both in water-managenaad in flood prevention.

Key words. mean-discharge, peak-discharge, variability factor, probability curve

1. INTRODUCTION

The Neogene volcanic activity on the inner archttef Carpathians closed in a
series of small but well delimited depressions fritra Transilvania Basin. Their relative
closeness, their depth, compared to the surroumdigntains, and their perpendicular position
to the western winds created a series of physicgigghical and social particularities. The
climato-genetic processes of the hydrological phegwa are different from those of the
Transilvania Basin. The mean temperatures are aégnees lower, the amplitudes are higher,
the minimum temperatures, due to thermal inversawa, powerful, the number of winter
days is higher than in the Transilvania Basin. Pinecipitation pattern is also specific
because of the horizontal and vertical differerafebe air masses.

Among the volcanic and the crystalline ridges & Hastern Carpathians there is a
series of, naturally, socially and economicallytipatar, depressions. From these the Giurgeu
depression is drained by the Muméver, flowing northwards, the Ciuc depressionthg
Olt river, flowing southwards.

In the depressions the upper sections of the Marel Olt rivers belong to the
alimentation type from snow-melt, precipitation arich underground supply. All these
create high mean discharges on the upper sectfdrslo rivers. From the point of view of
the hydrological regime, characteristic are th@4mluvial floods in spring and the beginning of
summer, the pluvial floods in summer and the loog-later periods in winter. Among
these the risk of suddenly formed, torrential fledglalways high.
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The flow of these rivers is monitored at three loydetric stations in the Giurgeu
depression, on the Mufeand at four stations in the Ciuc and §#na depressions on the
Olt. This hydrometric net offers a proper follow-op the flow. The used series of data
starts in 1950, in the case of monthly mean diggsgrbut the series of the peak-discharges
is significantly shorter.

The multiannual mean flow on both rivers is abo I6s.knf. The surface flow is
higher in the Giurgeu depression, where the wat@ntity coming from the mountains is
bigger. This is mainly due to theil@nani mountains. This influence can be tracedhat t
Stanceni station and also influences the correidtigtween the specific discharge and the
average height of the watershed. The data fronSthaceni station do not follow the g = F
(Hmed) function.

Along the Olt the changes in the specific dischaage better balanced, only the
Micfalau station showing quicker growth than the otherdhsstations. This offers the
conclusion, that the alimentation in the Ciuc dmel northern part of the Biav basin is more
uniformous.

1100
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1000 -

950

H med (m)

900

850

800 T T T T
5,00 5,50 6,00 6,50 7,00 7,50
q med (I/s.km2)

Fig. 1. The g = f (H med) function of the Olt

2. THE TIME VARIATION OF THE MEAN DISCHARGE

The annual mean discharges faithfully follow thamfes of the genetic factors.
The growing and decreasing periods can be wellraggghon both rivers. The fact that the
changes on the cross sections of the Mare more divagant than on the Olt is also due to
the position of the hydrometric stations.

On the upper Mugethe Suseni hydrometric station follows the floanfr the middle
Giurgeu basin, while the Topdi station from the homonymous microbasin. The $téinc
station reflects the influence of thali@ani mountains too. The multiannual mean discharg
grows continually: 1,02 ffs at Suseni, 8,48s at Toplia, 13,2 r¥s at Stanceni. On each
cross section the high flow periods of the mid 1950e beginning of the 1970s and 1980s
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are prominent. These are followed by a high amgéitélow period, mainly at the Suseni
and Stanceni cross-sections. At Taplihe flow is better balanced. The characterigifcs
this last period determine the linear trend, whiglgrowing at the Suseni and Stanceni
cross-sections and is slightly decreasing at Tapli

The variability factor moves within large boundsariat all three cross-sections:
0,27-1,14 at Suseni, 0,48-1,96 at Tgpli0,43-1,78 at Stanceni. At the last two, the high
discharge tributaries coming from the neighborimmuntains cause a strong factor-amplitude.
The highest values are connected to the very lagisfof 1970 while the smallest ones show
the low-flow periods of the 1950s and 1990s.

250 = — . — -

= = = Suseni
Toplita
— —Stanceni

2,00

1,50

1,00 |

0,50

Fig. 2. The variability factors of the Mugestations

Along the Olt river the flow from the Ciuc basm followed at three hydrometric
stations (Tomgi, Sancaieni, Micfalau) while in the Brgov basin the discharges are
measured at the Sfantu Gheorghe station, nextetdréul Negru. The annual flows are
steadier than those of the Mgré\ll four stations clearly show the high flow dfet 1950s,
followed by a low-flow period and the very highwile of the 1970s. Between 1988-1995
on the upper two cross-sections Giurgeu remaindtaively low flows, while at the two
lower cross-sections a growth can be detected.tfrentire period, at all four cross-
sections of the Olt a growing linear trend is ch#gdstic. A good, 15 years periodicity can
also be detected.

The variability factors of the Olt strongly folloeach other. Small deviations can
be noticed only after 1990. The amplitude is 1,5@,the values of the coefficient is
between 0,40 and 1,97. The highest values are ctathalso to the floods of the 1970s and
are, starting from upstream, the following: 1,6871 1,84, 1,85. The insufficient flow is
shown by the small values of 1950, 1961, 1986 &80.1of around 0,5.
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Fig. 3. The variability factors of the Olt stations

3. THE PROBABILITY CURVES

The risk assessment has to take into account sefam®ors influencing the
probability and the value of the damage. The mogtortant are the following: the peak-
discharge of the flood, the simultaneity of morefavorable phenomena, the extent of the
flooded area, the stability parameters of the cantibns, the value of the investments at
risk and the loss of production caused by the flood

The dominant factor of the risk analysis refersthe periodicity of the flood
discharges. As a result of the meteorological dioms, the characteristics of the watershed
and the laws of the flow, the peak-discharges a@meated from time to time. The
probability of the occurrence is inversely relatedthe magnitude of the discharge. The
higher the peak-discharge, the less frequentlgdurs. Precise determinations can be done
by probability distribution. The accuracy of thebability analysis depends on the fidelity
of the data and the lengths of the data series.

3.1. The probability of the mean discharges

Using the values of the mean discharge good poecjgobability curves can be
constructed at each hydrometric station. The standaviation is growing only at high
discharges but, even is these cases, the corredatem be cleared. The trend is best shown
by the fifth degree polynomial curve. Using thiger the 1% probability discharges could
have been well determined.

The growing trends of different probability meaisatharges resemble well each
other. The growth rates are almost similar at estiation from Q med 50 % to Q med 1%.
If we analyse separately the two rivers, it carcbecluded that the discharges grow more
quickly downstream on the Mureiver than on the Olt. This is valid for all prdbkties.
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Fig. 5. The probability curve of the Torgtéstation
Tabel 1.
Different probability means discharges (ni/s)

P Suseni | Toplia | Stanceni| Tomesti | Séncraieni | Micfaldau | Sfantu Gheorghe
1% 1,8 16,1 23,3 2,5 10,3 15,9 17,4
5% 1,6 13,8 20,8 2,3 9,1 14,3 15,7
10% 14 10,7 17,2 2,1 8,0 13,0 14,3
20% 1,3 10,1 16,2 2,0 7,1 11,6 12,6
50% 1,0 8,4 13,1 15 5,8 9,1 9,9
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3.2. The probability of the peak-discharges

The data series of the peak-discharges are signtfi shorter: from 1992 to 2006.
These were also suitable to construct good pretipimbability curves. The standard
deviation in this case is also bigger at the loprbabilities. Because the data series were
too short, the correlations had to be extendethiprobabilities above 5%.
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Fig. 6. The probability curve of Suseni station
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Fig. 7. The probability curve of Tomgé station

If we take into account the probability curvestbé first two stations, on both
rivers, it can be seen that the trends are diffe®n the Murg, at the Suseni station the
growth of the discharge is much steeper than ooihat Tomati. At the 20% probability
discharges there is no significant difference betwine two stations. The 2% probabilities,
on the other hand, are greatly different, the valtie&Suseni almost doubles that of the
Tomesti station. This is the result of the more torrahfiow of the floods in the Giurgeu
basin than in the Ciuc basin.

208



CHARACTERISTICS OF THE ANNUAL- AND PEAK DISCHARGESF THE UPPER MURES AND OLT RIVERS

Tabel 2.

Different probability peak-discharges (ni/s)

P% Suseni Tometi
2% 99,2 56,9
3% 77,0 47,9
5% 55,2 38,5
10% 35,5 28,5
20% 23,0 20,9

4. CONCLUSIONS

On the upper sections of the Mgrand Olt rivers there is a characteristically
lawful flow. Even though both present the supplharatteristics of the elongated row of
depressions, time and space differences can be $®envariability factors, the mean
discharge and the peak discharges all show diffenAccording to these, the probability
curves of the analyzed hydrometric stations are slightly different. These time and space
differences have to be taken into account in watk@nagement and flood control.
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THE REGIME OF OXYGEN AND NUTRIENTS IN ST. ANA LAKE

MELINDA VIGH 1

ABSTRACT. The Regime of Oxygen and Nutrients in St. Aa Lake. St Ana Lake is
located in Ciomad crater, the youngest formatiorthef volcanic chain that timbers the
Carpathians. The lake is exclusively supplied wiimfall, as there are no flowing waters
inside the crater. For this reason, the quantitynoferal substances dissolved in water is
very small. All these characteristics influence phwsical, chemical and biological parameters
of the water. The temporal differentiations of thegen and nutrients’ regime are small. The
period of analysis extends between 2000-2004, hac:ontrol points are at northern and
southern ends and in the centre. The analysestoeféssolved oxygen, saturation in oxygen,
the biochemical consumption of oxygen, the chem@aisumption of oxygen, nitrate,
nitrite, ammonium, total mineral nitrogen, phosghabtal phosphorus and phytoplankton.

Key words. St. Ana Lake, physical, chemical and biologicaltdess, oxygen, nutrients,
eutrophication, state of the water

1. FACTORS THAT INFLUENCE THE WATER'S FEATURES IN
ST. ANA’'S LAKE

St. Ana Lake is the only volcanic lake in Romaloaated in the crater of Ciomad
Mountain Mass. The morph metrical sizes and thedigdic parameters are not too high.
The surface of the water brilliance is 189008 810 m long, 150m wide, and with a
maximal depth of 6 m. 580,000 water are found in this tank.

The effective denudation factors of the crater #rel factors that influence the
water’'s quality are limited to the concentratedirtige on the slope to which the anthropic
influence is added. The ravine system is due tdgbpats and is the most important source
of alluvium. During the tourist season various ptiilg materia get into the water.

The vegetation of deciduous forest diminishes dheteffect of the rains. Due to
the well developed litter the area washing is may \significant. At the same time, the foliage
that reached the soil is a rich source of orgaratenia that gets into the lake’s water.

The crater’s substrate is formed of in situ or véad pyroclastic rocks that
develop a strong resistance to the action of deiardéorces. The soil that developed in
such vegetative conditions has limited podsol pees, with a well structured skeleton,
which gives it resistance to the action of denutatigents.

The climatic elements influence the water’'s paramsetby temporal variation,
making themselves felt in the seasonal order difgtll. The average values, specific to the
temperate oceanic climate, rain, temperature, on@shave an influence on the physical
and chemical parameters.

2. QUALITY PARAMETERS

The natural waters contain a varied range of anbss, materia and organisms due to
the exchanges with the environment. Their diversitpo much more as the exchanges of
energy and materia are more intense. They allenfla the physical, chemical and biological
characteristics of the water and its quality paranse

! “Babes-Bolyai” University, Faculty of Environmental Scizes, 400294 Cluj-Napoca, Romania; E-mail:
vmelindap@yahoo.com
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The quality of a water body, according to the Eitk&ive, depends on the physical,
chemical and biological characteristics, compaced tertain use. As for the environmental
state of the water of the lakes, the European Uhasnot yet established a normative that
imposes maximal accepted concentrations. The pweeanf cataloguing the quality of the
lakes’ water is given by the biological elementkha@ugh the physical and chemical
characteristics have their importance as well.

In view of the control and resolution of pollutipmoblems and implicitly quality
problems at regional level, the European Union &tbphe “Framework Directive for
Water”. It introduces a whole series of new lawegulations, measures that define the
water’'s quality from the point of view of the effeaf the living creatures in the water, both
individually and in the direction of systemic asstions.

The European Union has established new groups mérgkindicators of water
quality depending on the influence of the chemscdistances of the water on the ecosystems.
In the present work we will analyze the oxygen megiand the nutrients that form
subgroups in the new quality group. The directitages that these two subgroups are part
of the group of physical and chemical indicatorswater. These parameters have an
important role in determining the water’s compasitiand implicitly, its quality. In the
conception of European Union, the water’'s compasits studied depending on the role if
fulfils in an aquatic system.

2.1. Oxygen regime

The directive highlights that the oxygen is a digsd gas that maintains life in
natural waters, being the most important qualityapeeter of the water.

The regime expresses the quantity of oxygen thetsin water under various
forms and its temporal and spatial variation. Bhibgroup includes four parameters:

- the concentration of saturated oxygen, expresspdrcentages;

- dissolved oxygen defined by oxidizable substameesmicro organisms;

- the biochemical consumption of oxygen (BCO), gil®y organic biodegradable
substances;

- the chemical consumption of oxygen (CCO), whiglbtained by two methods
depending on the solution used, permanganate asgiain bicarbonate.

The last three methods of expression have the merasuat unit mg/l.

2.2. Nutrients

In this case the Directive highlights the impor@né€ nutritive or biogenic substances,
especially for the eutrophication processes. Thergpreduction of the primary aquatic
ecosystems leads to a more and more intense eigatiph. These substances are based on
nitrogen and phosphorus, which form new compoudisviing different processes and
reactions. In order to express the water’s quatlity, most frequently analyzed is the nitrite
(NOy), nitrate (NQ), ammonium (NH), orthophosphate (Ppand total phosphorus (P).
Apart from these nutrients, depending on necessiyalso determine the organic nitrogen
and the total nitrogen. Their quantitative expr@sss in mg/l. The nitrogen compounds are
formed directly or indirectly, and the phosphorosnpounds have a multiple origin.
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3. VARIATION OF OXYGEN AND NUTRIENTS IN TIME

The water's features do not remain constant oiraee,tthat is why they are
characterized by a permanent variation that dependsoth natural and artificial factors.

St. Ana Lake is a small aquatic unit, with relativstable features. For this reason,
the time unit for doing the analyses is the terime Pperiod of study extends between 2000-
2004. Every year we collected four samples allotteproximately in the same month. The
cold season was deprived of observations, andénsghing they were rare. The sample
collections were done at the surface of the lakéhiae control points (south, north and
centre). By using the existing data, we could daaalysis regarding the average annual
values and the comparison of the state of the vimtsummer and autumn.

Dissolved oxygenThe variation deviation of the annual average \&hgring the
analyzed period is small, the value ranging betw@d® mg/l with a slight alternation.
There is a single value below 8 mg/l, in 2002. frfaximal value of 9,87 mg/l was recorded in
2000, which is confirmed by the lowest temperatfrall the years.

The autumn values were always higher than the sunvalees, due to inverse
proportionality with the water’'s temperature and tiater's more intense dynamics. Apart
from these natural factors, tourism contributedht® decrease in the summer values. The
autumn minimal value of 8,3 mg/l was recorded iB@@&nd the summer minimal value of 8, 1
mg/l was recorded in 2004. The autumn variation &asaximal value of 10,1 mg/l in
2002, and before and after the values are in a demkeasing trend.

CBO:s. The highest value between the annual averagesyaifi4 3 mg/l, was recorded
in 2001, which represents a rich charging of watith biodegradable organic substances.
In the following two years the values dropped tm@/l, due to the high consumption of
oxygen. At the end of the period of analysis, tbacentration of oxidizable substances
starts to increase again. In the variation of GB&part from dissolved oxygen, the water’s
temperature has a significant role in the pacéoatiemical oxidation of the organic materia.

In the first three years the autumn values (maxivadlie of 6 mg/l in 2001) are
higher than the summer values (maximal value of8gfl in 2002), which shows cool
summers that inhibit the biodegradation procesbeghe following years the situation
returns to normal, the summer maximal values (3 mgZ004) are higher than the autumn
maximal values (1,2 mg/l in 2003). The highest ation deviation between summer and
autumn was in 2004. Throughout the analyzed pehedcautumn minimal values of 1,2 mg/l
were lower than the summer minimal values of 2 nigim the analysis of this indicator we
can see an alternation in the size of values agrtamer variation. It shows the differentiation
between the meteorological and hydric elements fsomyear to another.

CCOwp,. The annual variation deviation is high, being 2&/l. the beginning and
the end of the period are remarked by maximal walde5 mg/l and 4,07 mg/l), and the
minimal value is very conspicuous around 1,9 m§/2@02 is due to a poor oxidation of
organic substances. The small quantity of oxidizaibstances of 2002 is due first of all to
weather modifications and the changes of hydriadit@ons such as temperature, rainfall,
wind, solar radiation, lake volume, dynamics of evatetc. The oxidation processes are
stronger and need a longer time than the biodebiligtaof the organic materia, that is why
the values of this indicator are higher than tHeeaf CBQ.

The seasonal evolution resembles the evolutiorB@Cjust the intensity of oxidation
processes is higher, resulting in higher values. Sdmmer maximal values (4,9 mg/l in 2004)
are much lower than the autumn maximal values if&y8 in 2000). The summer minimal
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value of the analyzed period was recorded in 280d the autumn minimal value was recorded
in 2003. The maximal difference between the twessea was 5, 4 mg/l in the first year of
study. For this indicator we notice the same a#ittom of values in the summer season. We
can also notice the decreasing trend of the auttatues during the whole period of study.

Saturation in oxygen This indicator represents a synthesis of the alulygen
regime. By it we express the quantity of oxygerdeeddy the biotic associations in the water.

The variation deviation of the annual average \algehigh, the oscillation being
between 97,3 - 88,4 %, with a maximal value in 200% trend of saturation has been on
the increase until 2002, after which a new drofp¥ed. The climax results from the optimal
conditions of temperature, pressure, and atmosploasigen that privilege the changes of
the organic materia. The minimal value of 88,4 % wecorded in 2003.

Saturation in oxygen
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Fig. 1. Saturation in oxygen

The summer values are higher than the autumn vakigsa maximal difference
of 20 % in 2003, which is due to the summers doteihdy a long calmness that facilitated
the photosynthesis process. In the summer the nadvuaiue (92,5 %) was recorded in
2002, and the previous and subsequent trends Imaakes slopes. The summer minimal
value was 92,5 % in 2002, and the autumn minimklevavas 72,9 % in 2003.

Nitrate. The highest annual value is 0,8 mg/l, and is m&®d in the first year of
study. The following years are marked by a moress accentuated decrease, almost reaching
zero in 2004. This evolution shows a weaker andkeredecomposition of materia following
biological processes, which means that the pratefopounds of water have smaller and
smaller concentrations.

The seasonal evolution is very alternating, bothth@ same season and in the
comparison between the two seasons. The both mhxahses are reached in 2000, being
0, 96 mg/l in the summer and 0,798 mg/l in the autuAs for the minimal values, they
reached 0 mg/l in 2004 in the summer and, respaygtim 2001 in the autumn.

Nitrite . The annual values have a slightly winding evohutivith a deviation between
0,012-0,002 mg/l. The maximal values are recorae@d002 following a more favourable
oxygenation that facilitated the decomposition psses. 2003 and 2004 are years when the
concentration of the nitrite drops to the minimalues.

In the summer the values are higher (maximal vai@026 mg/l) or at most equal in
2002 and 2004, to the autumn values (maximal \@&fl0e6005 mg/l). This difference is accounted
for by the high summer temperatures and the hydiimness that privileges the decompaosition
of the organic materia. There are two minimal autwadues that are very close to zero mg/l.
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Ammonium. It reaches the maximal value of 0,4 mg/l in 200Bis year is
preceded and followed by sudden decreases, reachin@,075 mg/l in 2000, respectively
0,022 mg/l in 2004. These values lead to the cammtuthat the decomposition of organic
substances has a slower and slower pace. The nuwhhwricro-organisms in the lake is
decreasing, which leads to a depopulation of tke.la

The autumn evolves in a higher deviation rangintywben 0,379-0,018 mg/l. In
the summer the amplitude of variation is smalled the extremes are reached in the first
year of study (maximal value) and the last yeastofly (minimal value).

Total phosphorus.The annual values reach the maximal value in 2(¥&yrding
0,026 mg/Il. This climax can be the result of coriteations or occasional accumulations of
organic remains due to tourist activity. The pregi@nd subsequent years are remarked by
severe drops, reaching just 0,0061 mg/l in 200dpeetively 0,0087 mg/l in 2004.
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Fig. 2. Total phosphor

In general the summer values (maximal value of ®,0@)/l) are higher than the
autumn values (maximal value of 0,024 mg/l), as itatural, because in the warm period the
organic materia is in progress of development.dtitamn evolution is marked by a continuous
decrease, sudden in the first three years, andtiieetlecreasing pace becomes very slow.

Phosphate It evolves very chaotically, having a high vaoatdeviation ranging
between 0,015-0,045 mg/l. This lack of uniformigsults from the multitude and diversity
of sources of this element. Rainfalls play a sigaift role by their unequal quantities and
charge. The minimal values are recorded in 2001,@f7 mg/l and 2004 of 0,015 mg/l, and
the maximal value is recorded in 2003.

4. EUTROPHICATION

According to the EU Directive, the main biologied¢ments of qualitative evaluation
of lakes’ water are total phosphorus, total minevilogen, phytoplankton biomass and
chlorophyll. These indicators express the degremitvtbphication of the lakes’ water. The state
of quality is expressed in five degrees: ultradligphic, oligotrophic, mesotrophic, eutrophic
and hypertrophic.

Since this new method of appreciation of wateralitjucame into force in Romania
only in 2004, the data from previous years refatg to phytoplankton. During the last year of
the analysis period we determined the parametéaislofyical quality, except for chlorophyill.
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Phytoplankton. For this indicator of eutrophication degree thelyses were done
during the period 2002-2004. During these yearsé¢hédency was to increase from 0,056
mg/l to 0,667 mg/l. These values prove that thentjtyeof biomass of the lake is increasing
without exceeding the limit of the ultraoligotrophilass of 1 mg/l. the main component of
the biomass if formed of Phyrrophyta and Chrisophigat must be followed in order not to
exceed the first degree of eutrophication.
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Fig. 3. Phytoplankton

From the seasonal point of view as well, the insirga tendency is maintained.
The autumn values (maximal value of 0,8 mg/l) arghér than the summer values
(maximal value of 0,3 mg/l), which indicates th#luence of the anthropic factor. We must
pay attention to the environmental state of the lakpecially in the autumn for the degree
of eutrophication not to increase.

Analysis of the state of the water in 2004

The average value of the total mineral nitrogenthadverage value of phytoplankton
range St. Ana Lake in the ultraoligotrophic clashjch means that the lake’s water from
the biological point of view is clean. As for théuation of the total phosphorus, the
situation worsens. The average value of 0,0109 ieglightly higher than the limit value
of the oligotrophic group (0,01 mg/l). From the modf view of this indicator the lake
integrates in the mesotrophic group. In order thuce the quantity of phosphorus in water,
we must control the human activity in the area, fnst of all, tourism.

Table 1

Indicators of biological quality
Control Total Total mineral  Phytoplankton
points phosphorus nitrogen
North 0,011 0,0695 0,667
Center 0,0087 0,053 0,411
South 0,013 0,0485 0,494
average 0,0109 0,057 0,524
MAC, ultraolig. 0,005 0,2 1,0
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We notice the same situation in the case of thepsehrepartition. The concentration
of total mineral nitrogen and the phytoplanktonrbass integrate St. Ana Lake in the
cleanest group, which is the ultraoligotrophic grotihe total phosphorus makes problems
again. The lake’s water in autumn integrates ihtodligotrophic group, due to the value of
0,0088 mg/l, and in the summer the situation wasdreing degraded to mesotrophic
group with a value of 0,0138 mg/I.
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THE ANALYSIS OF FLOODING RISK IN BAHLUI BASIN
IONUT MINEA*

ABSTRACT. The Analysis of Flooding Risk in Bahlui Basin. The hydrographic network
developed in the south-central part of the Moldavain, in the area between Prut and
Siret rivers, is represented mainly by the basiBalilui. Although the basin is over 80%
hydrotechnically managed (there are over 150 resmntarger than 5 hectares, tens of
square kilometers of dammed or drained areas aot)sdn some extreme situations (as in
August 2005 or July 2008) a series of inundatiamsiwed, affecting settlements and agricultural
terrains, with damages estimated to over 2 mill@nThe analysis of the flooding risk has
been conducted based on the techniques offeredelogr@phical Informational Systems
(digital elevation model realized after 1:250000mmaphic maps or 1:5000 topographic plans,
vectorial strata representing elements of the ahtur modified landscape) and by remote
sensing (aerial photos). To exemplify the methogplosed in the study of flooding risk in
Bahlui basin, we have chosen two areas affectehidphenomenon: the town of Targu Frumos
(the confluence area between Bahlaed Rediu) and Lungani area (on the valley ofsGoe
brook).

Keywords: flood risk, GIS, vectoriahnalysis

1. INTRODUCTION

The hydrographic network developed in the southreémart of the Moldavian
Plain, in the area between Prut and Siret rivessiepresented mainly by the basin of
Bahlui. Although the basin is over 80% hydrotechtic managed (there are over 150
reservoirs larger than 5 hectares, tens of squbmmdters of dammed or drained areas and
S0 on), in some extreme situations (as in Augub2fy July 2008) a series of inundations
occurred, affecting settlements and agriculturadatas, with damages estimated to over 2
million lei.

2. CONDITIONS FOR FLOODS AND INUNDATIONS OCCURRENCE

Having in view the climatic characteristics fronetiouth of the Moldavian Plain
in what regards maximum precipitations quantitie24 hours (these exceed at the local
meteorological stations 100 [fmtable 1), combined with the low forestation degaf
Bahlui basin upstream Podu lloaiei, we may apptecihat flood waves may reach in
exceptional conditions a level of 2-3 m on Bahluite tributaries.

An analysis at the level of the occurrence prolitgbibr the annual maximum
precipitation quantities in 24 hours reveals thet fhat at the main meteorological stations
and rainfall gauges from Bahlui basin the maximwaiugs enter the 1 - 5% probability.

LuAll. Cuza” University, Faculty of Geography andeBlogy, 700505 lasi, Romania; E-mail:
ionutmineal979@yahoo.com
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Table 1

Annual maximum 24 hours precipitation quantities 24de ore with
different occurrence probabilities

Probability % Béarnova lasi Podu lloaiei Cotnari | Tg. Frumos
0.01% 361.3 261.5 213.9 144.5 190.1
0,1 281.9 204.2 167.4 119.5 150.3
1 202.1 146.7 120.8 93.2 109.9
5 1455 105.9 87.6 73.7 80.7
10 120.9 88.1 73.2 64.7 67.9
20 95.5 69.9 58.4 55.1 54.6
50 61.2 451 38.3 40.5 35,7
80 41.8 311 27.0 30.4 24.0
95 33.6 25.2 22.2 24.1 18.5
99 31.0 234 20.7 20.8 16.3
99.9 30.3 22.8 20.2 18.8 155
Maximum quantity of 167,9 136,7 128,2 83,6 112,8
precipitations in 24 hours
for the observation period

The maximum precipitation quantities in 24 hourstlie area on the analyzed
basin are generally determined by the local, floatal orographic dynamic convections
that may occur during the whole year, and by thénoavection, manifested mainly during
the warm seasorMjhaila, 2002). Usually, the highest precipitation quaesitin 24 hours
in this region occur during the summer months, wairhas a high capacity of retaining
water vapors and when atmospheric fronts that gmfthe Atlantic over Europe on a
general west — east direction have at their backidhwand relatively unstable air masses,
frequently affected by local thermo-dynamic coni@td which reaches maximum values
in this period.

The highest values of precipitation quantities 4nhdurs were generally measured
in summer months, varying from 167.9 mm at Barn@raSeptember'71989, Fig.1) and
65.3 mm at Victoria (in a marginal area of the basneasured on Jund' 1975) Gfiai,
Minea2006).

Similar conditions have occurred in the night ofyJe4-25, 2008, when in the
west-central part of the basin, at Targu Frumoseweeasured 135 I/nduring less than 24
hours, and in the northern part of the basin, atd¥ci, 125 l/my In the marginal area of
the basin, towards Siret valley, at Pascani, weeasured 125 l/fn and at Lespezi and
Siretel over 100 I/ In the central-eastern part of the basin, theipition quantities
were lower, yet still significant: 50 I/fat lai meteorological station. More, on the maps
produced by the National Meteorology Agency durihdy 24-25, could be observed a
precipitation nucleus of over 150 fron Siret valley downstream Roman, very close éo th
southwestern limit of our basin. Based on theserintion was created a map of the rain’s
isohyetes during July 24-25, 2008, at the levahefentire basin, in which can be seen that
the areas affected by large precipitation quastiie those from the south-western part.

218



THE ANALYSIS OF FLOODING RISK IN BAHLUI BASIN

Coarnele Caprei

Ruginoasa

Fig. 1. Isohyetsof the September 6-7, 1989 rain in Bahlui basin
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Fig. 2. Correlation between the maximum precipitation24rhours with a 1% occurrence probability
and the altitude of the meteorological stations ettipitation gauges from Bahlui basin

The data from the hydrometric observations conduateTargu Frumos hydrometric
station have indicated an exceeding of the floo@iegation of over 20 cm (Table 2).

Table 2
Data from the observations conducted at Targu Frums hydrometric station
at 00.60 hours (July 28 2008)

River Hydrometric Protection levels Values on July 2%', 2008, 00.60
station (cm) hours
CA | ClI | CP | Q(mcls) Level(cm)
Bahluet Tg. Frumos 100 15p 250 8.40 170

*after D.A.Prut
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Ruginoasa

Barnova

Fig. 3. Isohyets of the rain from July 24-25, 2008, in Bablasin

In the morning after these high precipitation qitaa# fell was realized a terrains
survey for the identification of the areas affeclsdthe flood. Even if in certain areas it
was difficult, have been identified three importaettors affected by the flood from the
night of July 24-25, 2008. A first area was in Langtownship, where a complex of local
factors, the flood from Bahlyevalley and the remu effect induced by the raisavafer
level from Podu lloaiei lake, have led to the flowdof Goeti brook lower valley, of 7
households from the right bank of the brook at &in&»-100 m from its floodplain (Fig. 4.,
left). A second area was identified in the regidnTérgu Frumos, where the dam from
Rediu brook was affected on a length of 30 meteesg flooded two dammed sectors
nearby and the lower part of the town (Centrali@taarea) (Fig.4., right). There have been
affected 15 households, the flooded area beingitaimn 25 hectares. The third identified
area has been north-west of Targu Frumos, in thiemeof Giurgeti village, where due to
a dam break 180 households remained isolated.

A
Fig. 4. The effects of the July 24-25, 2008 flood on Bahu#ley in the area of Lungani (left)
and Targu Frumos (right)
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3. THE ANALYSIS OF THE FLOODING

For a closer to reality evaluation, have been cotatlia series of simulations,
with the purpose of evidencing the floodable are#iker in the case of such flood waves or
in the case of smaller ones, which due the mormgholéeatures of this basin in certain
sections may lead to their blocking (cut and fillsng the river, bridges). The spontaneous
blocking during floods in certain sections may léadhe occurrence of ,,lakes” that flood
the upper stream sectors.

Departing from the principle HAZARD+VULNERABILITY=FSK, we considered
necessary the creation of vectorial strata thatld@vidence the hydrologic risk and
the vulnerability, so that later by over-imposititmobtain the map of the areas exposed to
flooding risk Ursu et.al.,2008).

The evidentiation of the floodable areas has bezssiple by simulating a few
floods based on the digital elevation model, realiafter the 1:25000 topographic maps or
1:5000 plans, vectorial strata representing elesnefithe natural or anthropic landscape)
and remote sensing (aerial photos), accordingg@bove mentioned methodology. A first
example is given for Lungani township, locatedhie tower course of Ggg brook, right
tributary of Bahlueupperstream Podu lloaiei lake.

After simulating the formation of such a dam, wesédenced a series of areas
exposed to flooding risk, situated mainly in thevhyebuilt sector of Lungani (Fig.5). In the
bellow graphics are presented the terrain surflaceléd at different dam heights. We may
observe that the surface increases at low damdlgilethe floodplain is filled, after this
moment the flooding area increasing being slow.@rigobviously, this fact will be reflected
and on the rhythm of flood affected households.

For Targu Frumos the situation is much more sevéfer the rains felt in the
night of July 24-25, 2008, the area of the dam ediRriver (right tributary to Bahluet) has
been affected on a 30 m length. This situationtdethe flooding of two dammed areas and
of the low region along the railway station. Acdogito the estimations, have been affected
about 25 hectares and 20 households. Our survegucted the morning following this
extreme hydrologic phenomenon reached another gsiod. In this sense we used and the
simulations conducted based on the digital elematiodel (Fig.7 and 8.).

\.

Fig. 5. The choice of the section that presents condiionthe spontaneous formation
of a dam during the flood (left) and the floodedtses in the case
of a dam of 4 m height (right) in the case of Lumga
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In the conditions of a 6 meters dam simulatiorhi &rea of Targu Frumos railway
station was obtained a flooded perimeter of 12.2akd a surface of 115 ha. The limits
identified on the field and then drawn on aeriabtpb have evidenced a flooded perimeter of
6.1 km length and 85 ha surface, three times ldtger that reported by the local authorities.
According to some information from the locals, apgmately the same surface has been
flooded in August 2005, situation that implies achnumore detailed analysis in what regards
the management of the hydrologic risks that shbeldonducted by the local authorities.

4. CONCLUSIONS

According to our analysis, we may draw the follogvoonclusions:

- even if Bahlui basin is 80% hydrotechnically mged, a series of extreme rainfall
events (maximum precipitations in 24 hours of dl&8-150 I/n) may generate local floods
and inundations with serious effects;

- for a better evaluation of these extreme hydriclphenomena, may be realized a
series of simulations based on the proposed Gl&adetogy, yet in correlation with field
surveys, so as to avoid wrong estimates (in wigards the flooded surface and the flooding
causes);

- the local morphologic features of some sectiaugnfthis basin may lead to
runoff blocking during floods, fact that may leadthe occurrence of “lakes” that flood the
upper stream sectors, situation similar to thanftaingani;

- a series of hydrotechnical improvements fromtthsin need to be dimensionally
reconditioned so as to be able to face extrematisits that may generate disastrous effects
(for example the dam from Targu Frumos).
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WATER AND AIR POLLUTION IN COPSA MICA AND ITS IMPACT
ON THE BIOTIC COMPONENT AND HUMAN HEALTH

RETI KINGA-OLGA', CORPADE ANA-MARIA?, CS. HORVATH?

ABSTRACT. Water and Air Pollution in Copsa Mica ans its Negative Impact on the
Biotic Component and Human Health. The pollution negative effects of the 80’s maximal
industrialization period on the biotic component and on human health still represent an
acute problem for the locality itself and for its neighbouring areas. Among the principal
pollutants inducing major risks (46 and 131 times more than the maximum allowable values
at lead and cadmium) for the living community we could mention: metallic bismuth, stibium,
zinc ammonium sulphate, carbon black, stibium trisulphate, sulphure dioxide, sulphate acid,
cadmium etc. The presence of these substances determined genetical mutations or extinctions to
plants and animals, human affections as the chronic saturnism (acute lead intoxication), the
skin cancer, problems on children development as anemia, growing-up and bone development
difficulties and a generally reduced staturo-ponderal growth.

Keywords: Copsa Mica, pollution, negative impact, human health, heavy metals

1. INTRODUCTION

Air and water (Tarnava Mare River) quality in Copsa Mica town has changed
significantly along with the industrialization and urbanization process in the last century
80’s, with serious implications both on the environmental elements and on human health.

Air pollutants are substances (particles in suspension or aerosols) that should not
be present within air composition under normal conditions and which, emitted in ther air,
determinate a nocive effect on environment and humans according to their concentration
and lifetime. The emitted air pollutants get dispersed through atmospheric vertical and
horizontal movements and thus affect all the other natural and human-made factors in town.
Wthin the air pollution in the urban area of Copsa Mica, an overriding weight belongs to the
stationary sources (industrial and combustion processes), succeeded by the mobile ones (road
and rail transportation means), while the pollution natural sources could only exceptionally
determine significant atmospheric pollution.

The main pollution sources responsible for the negative impact on the environmental
components are the two industrial plants (chemical industry and non-ferous metallurgy) on
the Copsa Mica industrial platform: Carbosin S.A. and Sometra S.A.
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Carbosin S.A. produced till 1994 (when it is completely closed) chemical products as
carbon black, methyl methacrylate and polimethacrylate, formic acid, nitric acid, sodium
sulphate, ammonium sulphate, in 1992, the territorial area affected by this industrial unit’s
pollution being 20 km long and 5-6 km wide.

Sometra S.A., with a non-ferous metallurgy profile, has produced: metallurgical
zing, electrolithic lead, zinc powders, cadmium, bismuth, stibium, sodium antimonate, stibium
trisulphure, zinc sulphate, sulphuric acid. The main pollutants aggressing atmosphere, pedosphere
and all the other environmental factors are: harmful metals powders (Pb, Zn, Cd), harmful
metal oxides (SO,, CO and NO,), volatile arsenic compounds and small quantities of chlorine.
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Fig. 1. Amount of suspension powders in the air above Copsa Mica

The air quality monitoring in Copsa Mica was undertaken by two industrial-type
stations:

- Observator (observatory), located 1500 m far from the Sometra S.A. industrial unit,
with 24 hours prelevations for suspension powders, metals from suspension powders, weekly
(precipitations) or montlhy samples (sedimentable powders or metals in sedimentable powders);

- Spital (hospital), located 500 m far from Sometra S.A., with 24 hours prelevations
for SO,, suspension powders, metals from suspension powders.

Among the monitored pollutants, we have followed the evolution of heavy metals
amount (Pb and Cd) in suspension powders. As regarding the suspension powders, the
maximal pollution was registered in 1998 and in its coming up period, up to 2003, when,
because of the reduction/ceasing of the industrial activities, the pollution intensity decreased.

As regarding lead amount in the air, it should be mentioned that the maximal
admissible limits were exceeded in each and every year, including 2007. The same situation
was encountered in the case of cadmium, the registered amounts in many situations significantly
surpassing the allowable concentration. This heavy metals pollution of the air above the
Copsa Mica locality has irreversible repercussions on the quality and health of the biotic
and human component, determining some chronic affections and the 10 years decrease of
life expectancy in comparison with the country’s average.
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As a result of the urban and industrial development and of fertilizers and pesticides
use in agriculture, the quality of Tarnava Mare River, Copsa Mica sector, was deeply affected
through changes in the physico-chemical and bacteriological composition.
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Fig. 2. Amount of lead and cadmium in the air above Copsa Mica

In the established control sections, the following indicators are measured: pH, CCO-
Mn, NH,, O,, chlorides, fixed residue, sulphates, calcium, magnesium, sodium, nitrites, nitrates,
cyanides, phenols, iron, chromium, copper, zinc, cadmium, suspensions, durity. Because Copsa
Mica lacks a water control section, we have processed the data measured at the section
located upstream Medias and provided by Romanian Waters Administration, Targu-Mures
branch office. Among the analyzed indicators, we have pointed out those which, by exceeding
the maximal admissible values, determined water quality damages within Copsa Mica areas and
implicitely the includance of the river sectors into inferior quality categories. These indicators
are: nitrites, phenols and zinc. As regarding lead and cadmium, they were not monitored. The
graphics show that phenols and nitrites have exceeded each and every year the maximal
admissible concentration for the first water quality category and even for the second one.
This type of pollutants is induced by agro-zootechnical activities in the analyzed locality or
in the upstream ones.
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Fig. 3. Phenols and nitrates concentration in Tarnava Mica River water at upstream
Medias sampling station
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As regarding zinc concentration, it is supplied by the unproper management of the
technological and pluvial waters on the town’s industrial platform, and, once coming into
contact with the watercourse, it determined the highest amounts after 2000, with exceedings
of the maximum admissible concentration.
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Fig. 4. Zinc concentration in Tarnava Mica River water at upstream Medias sampling station

Air and water (Tarnava Mare River) pollution in the locality of Copsa Mica
represented the major source of the biotic component and human health quality damaging.
As a consequence, we have tried to determinate the “cause” — “effect” - type relations.

2. POLLUTION IMPACT ON THE BIOTIC COMPONENT

None of the human actions was more dangerous and more environmentally unfriendly
than pollution, because it modifies life conditions in discordance with the biologic systems
features. Plants were not prepared to survive and reproduce under pollution conditions, their
normal development requiring normal ecosystemic parameters.

Within the Copsa Mica area, pollutants from industrial activities and from road
and rail traffic influence the agricultural and forest vegetation both directly, through fine
depositions on plants surface, and indireclty, through propagation of the soil pollution to
plants.

As a consequence of pollutants deposition on plants, the chlorophyll assimilation
is reduced by the occlusion of their stomatal pores. The imissions from the polluted areas
induces physical and chemical reactions that determine biochemical and physiological changes
in the main vital processes (photosynthesis, hydric regime, breathing, growth and development)
mirrored in some morphopatologic modifications.

The solid emissions from the dispersion chimneys are represented by lead, zinc, copper,
cadmium, under the form of oxides and sulphates. In contact with atmospheric water vapors or
with dew particles on the plants, they give birth to chemical compounds with very negative
effects on the vegetal cell.
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In the following charts and tables, the heavy metals accumulation rates (Pb, Zn,
Cd, Cu) at two vegetal species in Copsa Mica area, surveying year — 1996.

When analyzing the two charts, the conclusion is that heavy metals accumulation
rate in plants significantly exceeds the concentrations registered in the control samples. In
the case of lead and zinc, the values are 10 times above the normal considered values, at
cadmium 5 times, while at copper twice. It has also to be mentioned that, today, the heavy
metals concentration in plants has significantly decreased, but the negative consequences of
the aggressive pollution are still being felt.
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Fig. 5. Heavy metals accumulation rate: Pb, Zn, Cd, Cu at Carpinus betulus and Urtica divica genera

Ash and smoke, under the direct action of light, turns into a photochemical oxidizing
smog that determines negative impacts on vegetation as growth delays, untimely leaves
falling off, crown thinning, reduced blossoming and fruit weight

Nitric oxides (NOy) are hardly absorbed by plants, the only entering way being the
stomates. Even if these substances do not determine an occlusion of the stomatal pores,
they contribute up to 80% to the photosynthesis reduction.

It is evident that pollution (especially the atmospheric pollution) affected vegetation
and determined the development in Copsa Mica area of an unorganized phytocenosis that
lack self-regulation possibilities. In other words, the local vegetation almost disappeared,
while the surviving one suffered irreversible changes.

3. POLLUTION IMPACT ON HUMAN HEALTH

In Copsa Mica, the pollution effects were also felt in human health that strongly
depends on the pollutants harmfulness, number, concentration or lifetime. As a result of a
direct action on the human body, a lot of effects might appear. According to the exposure
periods that are necessary for inducing health problems, the effects could be classified as
follows: immediate (acute) — exposure to pollutants high concentrations; chronic — exposure
during a long period; tardive — exposures of hundreds of years

If mentioning the characteristic diseases during the massive pollution period, the
following aspects are to be considered:
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- During 1977 and 2001, the most frequent diseases were lead and cadmium poisoning
(chronic saturnism), saturnine encephalopathy, radial nerve paralysis, saturnine colic, anemia,
conjunctivitis, breathing problems (Muntean 20084;

- At children between 0 and 14 years, intelligence quotient deficits, acute and chronic
anemia, nephropathies, somatic-functional dysfunctions were noticed;

- Decrease of the local life expectancy with 10 years in comparison with the country’s
average;

- Increased morbidity at the two industrial units” employees, due to some professional
diseases as tuberculosis, acute respiratory infections, skin diseases, ulcers.

A direct relation may be established between air pollution (above the industrial
platform, on the one hand, and above the entire locality, on the other) and population health
in Copsa Mica town. The most dangerous pollutants with effects on human health are the
systemic-harmful pollutants (Pb, Cd), each of them affecting a specific compartment of the
human body (lead the blood components — hemoglobin and red-cells, while cadmium affects
kidneys and liver). Lead may accumulate in bones and it could be only partially eliminated
through urine, motions, saliva or transpiration. The chronic exposure to cadmium particles
may cause pulmonary emphysem, its inhalation or chronic ingestion could determine kidneys
dysfunctions (tubular or glomerular dysfunction, alteration of urine concentration capacity,
decreased insulin clearance).

The non-ferrous heavy metals do not loose their harmful features in combination
with other substances, but on the contrary, there are some heavy metals organic compounds
that increase in harmfulness if compared to the original source.

4. CONCLUSIONS

The relation between the atmospheric and hydric pollution in Copsa Mica town
and the decrease of the human and biotic components health is indisputable. Both the direct
and indirect negative effects of the industrial activities on human health was pointed out by
the high rate of the employees mortality, by delays in the physical and mental development
of children, by the reduction of life expectancy with 10-15 years in rapport to the country’s
average, by heavy metals accumulation in the natural or cultivated vegetation or by the
replacement of the initial vegetation with a “black desert”.

All these dysfunctions should be rapidly fixed through an efficient collaboration
between all involved actors (the industrial unit, the Environmental Protection Agency, local
administration, NGOs). The solutions stand in pollution reduction, rehabilitation projects,
improvements in life quality and human health and a proper environmental education.
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