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STUDII / STUDIES

MORPHOCLIMATIC FEATURES OF THE ROMANIAN TERRITORY

MIHAI' IELENICZ, ALEX ANDRU NEDELEA

The importance of lci mat e i n gradating t he earthos

indirectly been approached worldwide ever since the end of thedr@ury, a special
attention being given to the ideas referring to the genesis of peneplaned surfaces or to
the specific landforms ithe desert, glacial and periglacial regions. These ideas have
further been developed into theories concerning specific erosion cycles (M. Gee, W.
Davis, Emm. De Martonne, A. Penck, W. Penck and others.). Thorough studies and
detailed morphoclimatic analysébecame more and more numerous in the sixties (J.
Tricart, A. Cailleux, J. Budell etc.).

The main issues of concern in the Romanian geomorphological literature
follow three directions of research: a) the description of Pleistocene glacial and
PleistocendHolocene periglacial relief forms in the Carpathians (either locally, on small
relief subunits, or regionally, on various mountain ranges); b) the direct analysis of
climateds role in | andform devel opment and
sufaces); c¢) the integration of separate works and findings in a synthetic

C I

gr ad .

mor phodynamic system applicable to the countryo

being, however, laid on the climatic variations that largely diversified presgnt
morphodynamicstructures). In this respect, important contributions were made by

Emm. de Martonne (1907), G& san (1915,1917), C. Brttescu

(1962, 1974), P. Cote$S (1957), Gh. Niculescu

The analysis of preseday geomorphic landscapreveals two important
generations of morphoclimatic relief forms.

The old climatic relief forms. This morphoclimatic generation of relief forms
includes erosional and accumulation landforms that have developed in different past
climates. Some of them axery old (of Paleozoidesozoic age) but others have just
recently been built (in the Pleistocene epoch). Their differing age makes it difficult to
restore their initial geomorphological features since subsequent climatic conditions have
created ever newnorphoclimatic systems, thus covering any evidence of former
| andscape characteristics. That 6s why, t he
more difficult to discover keyeatures it becomes, the best preserved relief forms
probably having been graga by policyclic morphoclimatic processes.
Paleomorphology includes erosional, as well as accumulation landforms.

The erosional paleorelief formsare represented by various peneplanation
surfaces (pediplains, pediments, glacis slopes and terraces) grath@ar glacial and
periglacial landforms.

The pediplaindall into two different cathegories. The first type is observable
in Central Dobrudja, where most of the tableland area is, in fact, a peneplaned surface
formed in the Paleozoic era, by peneplamatmf a former Proterozoi€ambrian

(:
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mountain range mainly consisting of green schiSess{mcea pediplai It has evolved

in a hot, tropical climate which, on conditions of scarce vegetation cover, has
determined a continuous and active pedimentation. sgrassive Jurassic limestone
formations have been deposited in the erosional area of nearly level land that has
resulted, but they have later been outwashed by the end of the Neozoic era. The low
elevation of the respective erosional plain has ultimateBvented against intense
fragmentation, because the relief energy has constantly kept below 100 m. The second
pediplain type is represented by t@arpathian pediplainout of which only sparse
fragments have been preserved as seiadld plateaus lyingt aifferent altitudes due to
uneven Neogene and Quaternary-texonic uplifts. This pediplain cuts into crystalline
bedrock of ProterozoiPaleozoic age and has been gradated mostly in a warm Upper
Cretaceoud’aleogene climate with alternating humid amdy seasons, which
determined landscape shifts from savanna to mediterranean subtropical conditions (Gh.
Pop, 19621972). The height of the massifs being gradated has clearly determined not
only the vertical zoning of climatic conditions and vegetatiorcigse with mangroves
sticking to foothills, savanna grasses growing on most highland areas afdvireat

beech and fitrees covering the tops, but also the vertical differentiation of gradation
levels.

The morphodynamics in these areas has also bé&enedi. For instance, the
Carpathian pediplain evolved by unification of sparse pediments, while the clay deposits
resulting by outwashing the silt alteration crust, accumulated into the surrounding sea
basins (Gh. Pop, 1972). Such level highland areasstii being preserved in the
Apuseni Mt s . and in mor e mountain ranges ( God:
Carpathians.

Although intenselyfossilized, genetically similar surfaces are also traceable at
different depths in the Vorland platform areas of Rmnanian Plain and the Moldavian
Plateau, as well as on certain massive crystalline bedrocks of Carpathian origin covered
by the Transylvanian Basin deposits.

Other peneplaned surfacesfer to 13 level areas located in the Carpathian
Mts. or encircling fils and tablelands, either as first or secander interfluves
resulting from long gradation processes under mediterranean climatic conditions that
favoured intense Neogene pedimentation. But these surfaces have consequently evolved
after neotectonic m@aments had fragmented the underlying bedrock during successive
phases, so that the resulting peneplaned surfaces are only partial, mainly developing in
marginal areas or along valldlpors. The main consequences of such a climate
tectonics coupling are ¢hconcentric zoning of peneplaned surfaces (either outwardly
from masiff cores or downwardly from main interfluves to valley thalwegs) and their
particular extention and degree of conservation, depending on lithology. The most
important surfaces in this tteegory are themiddle Carpathian planation surface
(miocene) (Gr. Posea&t alii, 1974), theupper level of complex morphogenesis
consisting either of more or less developed pediments and glacis slopes in the hilly and
tableland areas, that have beerspreed as structural or lithological plateaus of Dacian
romanian age, or abcal glacis slopes and pediments structural and lithological
border fringes gradated under alternating mediterranean (Villafran8hidPrestien) or
periglacial (Pleistocene&jimatic conditions.



The terraceswhose number varies according to numerous factors (especially
relating to valley generations and neotectonic influences), clearly reflect, mostly for
upper Pleistocenklolocene epoch, the importance of climatic variatiodue to
alternating periglacial and humid or arid pléditude climates)n the development of
some extensive terraces and in the accumulation of large alluvial deposits that may
sometimes appear as-B5 mthick coarse gravel and pebble layers (on theoTt u k ,
Buztu and -Balleys). MosSsudies ireferimg to terraces (Gr. Patealii,

1974) focus on the role of climatic variations in terrace formation at mea®0(5%) or
lower (below 30 m) altitudes, the leading author applying the Trewigaphoclimatic
cyclic theory to the Western and Romanian Plains terraces.

The glacial and periglacial relief formsThe the uppePleistocene general
cooling of climate in successive stages, out of which two had a major impact on
Romani ads raefavouretl thd rapid oevelopnent of a large number of valley
and cirque glaciers on top of highest mountains, on one side, and the intense periglacial
gradation of high ridges and lower mountainsides. The prelsgniandscape still
preserves glacial forgithat have only partially been gradated afterwards, namely glacial

cirques, valleys and troughs (in the Bucegi, Ft
Rodna Mts.)o r residual periglacial mor phol ogies (ar?®
slopes).

The accumuation paleorelief formsare connected to the piedmonts and
piedmont plains reflecting the relationships between various units of contact and
specific climatic conditions. The huge gravel and sand amounts that have been carried
away from highlands and acowulated in some lowlands as result of active stream
erosion had an important contribution in the formation of these relief forms, under the
specific conditions of subtropical climate at the end of the Pliocene and the beginning of
Pleistocene epochs. A & piedmont alluvial plain has consequently been created
southwards from the Carpathians, which will later be uplifted by some hundred meters,
intensely fragmented and turned into plateau and hilly areas (the Getic plateau, the
piedmont hills fringing theouter border of the Curvature Subcarpathians). Hills that
have genetically and structurally evolved from former piedmont areas may also be
found in other geographical units having similar subtropical climates (on the inner
border of contact between the @athian Mts. and the Transylvanian Depression, in the
Lkpuk Land, on the CLI i mani and Gurghiu piedmont
the Eastern Carpathians, on the outer border of the Western and Eastern Carpathians,
northwards from the Moldaviaver-valley etc.).

Under specific periglacial climatic conditions, further piedmont alluvial fans
and plains have been built towards the end of the Pleistocene and partly in the Holocene
epochs (as in case of the Ploie i and Buztu PI apressonfingingof t he Br ak«
border).

The intense periglacial gradation in the Carpathian Mts. has created large talus
slopes on steeper foothills. In fact, these are large debris cones and glacis slopes being
heavily forested with coniferous species.

The recent clmatic relief-forms. This morphoclimatic generation of relief
forms has recently evolved by weather and climate gradation; their formation, frequence
and spatial distribution is more or less influenced by various combining factors.

The extremely varied laffiorms as regards lithological compaosition, structural
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Fig. 1 Morphoclimatic regions of the Romanian Territory

configuration, fragmentation and declivity degree, soil and vegetation cover, have
unevenly been gradated by varying climatic conditioreg filayed the major part in
selecting the morphodynamic agents and influencing their frequency of action in time,



by ultimately determining the intensity of gradation processes and the spatial
distribution of the resulting relief forms. Although all clirtatomponents have directly

or indirectly contributed, to a greater or lesser degree, to the gradation of various relief
forms, the most important morphodynamic factors are:

- The daily airtemperature ranges in spring and autumn;

- The duration and frequenof dry and drought periods;

- The early fall or late spring frosts;

- The seasonal rainfall amounts, rainfall showers, drizzles;

- The snowayer duration;

- The wind speed and frequency.

The spatial extention ofttéar pat hi an Mt s. onngohmostcountryds te
than 8 of latitude, between the main Europeanmiessure centres, has determined the
spatial compartmentalization of climatic elements influencing the geomorphological
agents and processes, as well as the resulting relief forms. Therefeee,distinct
morphoclimatic regions can be identified:

- The centratwestern region(with oceanic midatitude climate) in which all
climatic elements having moderate values have determimedierate
morphodynamic processes

- The eastern and soutleastern regon (with continental midatitude climate)
in which the main climatic elements (@é@mperature, rainfalls) go to extremes
and the resultingnorphoclimatic landforms have unevenly and discontinuously
been gradated;

- The southwestern region (with mid-latitude climate under frequent
mediterranean aimass influences) in which the seasonal variations of climatic
elements, that may sometimes go to extremes, have determined moderate
morphogenetic processes.

The regional morphoclimatic differences mainly owerédief altitudes (fig.1).

Al t hough Romaniads relief forms have heights rar
the vertical morphodynamic zoning becomes evident only in the Carpathian Mts., at

altitudes higher than 1,800 m, where the alpine region tratdbaeloped above the

treeline, due to colder climatic conditions, heavier rainfalls and stronger winds,

intensified the seasonal cryonival and stresngsional processes. However, an

intervening zone has subsequently been gradated between the alpinearedjthe rest

of the areas below 1,868D0 m.

The role of these important factors in regional differentiation of recent
morphodynamic processes and morphoclimatic characteristics is largely supplemented
by other factors relating to landform expositiaiepression and vallefjoor extent or
anthropic intervention that disrupt natural balances, thus accelerating the land
degradation processes. Therefore, it finally comes out that the moderate climatic
conditions have determined numerous and various gedmlogical processes that
gradated specific morphoclimatic landforms, on one side, and that the climatic
compartmentalization of the Romanian territory has eventually determined a
corresponding regioning of morphodynamic processes. Despite the fact that the
mor phodynamic agents and processes equally act
appear regional or local differences due to their specific intensity, duration and mode of
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association, so that the resulting deposits and +frefis differ highly fran one place
to another (Tables-3).
Various authors have tried to assess the mean
different geomorphological regions and the following guidelines have resulted:
- strong denudation rates are characteristic of Alpine regiégmswhich
Pleistocene glaciation has produced important periglacial depositions;
- intense soil creep is active in high mountains and chemical weathering, in
deforested areas;
- moderate denudation rates are maintained in forested areas overlying flysch
formations, mainly due to intense strearosional processes;
- intense strearerosional processes gradate the eastern plateaus with steppe and
sylvo-steppe vegetation;
- landslides, earthflows and mudflows are extremely active on the deforested
slopes of the Cuntare Subcarpathian hills affected by strong neotectonic and
seismic movements.
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Table 1
CENTRAL WESTERN MORPHOCLIMATIC REGIONS
Carpathian Region | Hills and Plains Region
Processes Landforms Averag_e Processes Landforms
denudation
1 2 rate (m3m/year) 4 5
Weathering: Frost heaving
Moderate 135 Weathering: Talus glacis;
gelifraction on | talus cones| (Urdea,2000) Local gelifraction on bare argillo-syallitic
bare steep and glacis; slopes; and
slopes; syallitic 47.44 in Intense weathering with carbonatie
Relatively weathering | RetezatMts. moderate argillization in hills syallitic
intense deposits; (Urdea,2000) area; weathering
chemical karst clay/depositions in plain area crusts;
weathering; landforms. 0.050.07 in solution on salt, gypsum and karstrelief
Intense solution Rarau Mts. limestone formations. forms.
on limestones. (Rusu, 2002)
Raindrop
impact
Moderate on 1-2in Raindrop impact
deforested . Baraolt Mts. .| severerill flow
lands, related to upper soil (Bacaintan,1999 M_oderate (Iocally)_ to excessiv or sheet
. outwash. (hills area); weak in plain area
rainfall wash.
frequency and
slopedeclivity.
Talus creep
Gravitational 90-170
Processes landslides (Urdea,2000) Gravitational frequent land
Active mass and Processes slides and
movements on| mudflows Creep Active landslides on hill slopeg -
- A ! ; erosion hollows.
sedimentary of varying 30-50in, rockfalls in salt dome areas
rocks. volumes. forests, Rarau (mines).
Mts.
(Rusu, 2002)
Gully and
stream erosion middle deep ravines
Intense sized 22-55in Retezat|  Gully and stream erosion and streams;
processeson | oo and Mts. intense on steep, deforested outspread
deforested (Urdea,2000) hill-slopes. alluvial fans;
streams.
slopes due to badlands.
heavy rainfalls.
Fluvial liniar
erosion: erosion; Fluvial erosion: wide valle
Permanent, but bulk permanent, but with seasona| . ¥
. L S floors; natural
occasionally transport, variations; lateral erosion; levees. meande
intensifying in lateral suspension transport; rich r
) h o ) scrolls; river
March dispersal of alluvial depositions in lowland .
channel diide.
December. flood valley-floors.
deposits.
Nival and wind .
erosion: de nrlc\a/saéions Nival and wind erosion: sanddunes
rare avalanches p . seconeorder agents in ]
(locally: : . (Carei)
weak land . depressionds
. Reci)
subsides.
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Table 2

EASTERN MORPHOCLIMATIC REGION

Processes

Landforms

Average denudation rate
(mmlyear)

Weathering

Solution in limestone rocks
(Dobrudja)

Carbonatiesyallitic and

clay-syallitic weathering deposit
(in regions with more 450 mn
rainfalls/year)

0.050.07 in Stanisoara an
Gosmanu Mts. (Radoane, 2002)

Raindrop impact
Active on hillslopes (with no
vegetal cover) because
heavy rainfa
weak resistance.

Large soieroded areas (especial
on the upper slopes), long colluvi
glacis slopes

0.050.32 in  Covurlui
Moldavian Plateau
(Bacauanu ealii, 1980)

basin

0.5-0.8 in Dobrudja Plateau
(Popovici et alii, 1984)

Gully and stream erosion

very intense on hillslopeg
because of heavy rainfalls;

local occurrence on high rive
banks.

Ravines, gullies, torrential strean|
disrupting slope balance proses;
alluvial fans

900 for ravine upstream
development in Barladului
Plateau (lonita, 1998999)

Fluvial erosion
Important seasonally flowing
variations;

Suspension transpor
important accumulation an
lateral erosion during high
flows.

Large floodplans, intense alluvial
processes.

Nival processes

weak subsides in erosion
holl ows (ficro
between the levees of the
landslide bodies.

Microdepressions (lakes, swamp
bogs).

Wind -erosional processes
Deflation-accumulation in
sandy areas

Active and semiactive  dunéd
landscapes (partially stabilized
the southern and eastern parts

the Romanian Plain)
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Table 3
SOUTHWESTERN MORPHOCLIMATIC REGION
Carpathian Region Hills and Plains Region
Average
denudation Average
Processes Landforms rate Processes Landforms denudation
(mmiyear) rate (mm/year)
Weathering: Debris cones, Weathering: clay-syallitic
low intensity Weathering Low to mocerate | deposits,
gelifraction; syallitic and chemical karst forms.
relatively clay-syallitic weathering;
intense Deposits, karst solution on
chemical forms. limestones
weathering; (Mehedinti
solution on Plateau).
limestones
Raindrop shallow soit Raindrop impact: | partial soil 0.33in
impact: cover. Moderate in hill erosion. Jiu basin
Low to areas, especially ir (Ujvari, 1972)
moderate on March, April,
deforested October,
slopes. December.
Gully and Gullies and Gully and stream | ravines ad 500-700 for
stream ravines. erosion: deep stream | for ravine
erosion: moderate to valleys, large | upstream
Moderate on excessive on alluvial fans. | development
deforested deforested slopes in Buzau
slopes. in the Getic Subcarpathians
Piedmont Hills.
(Balteanu, 1983)
Gravitational | Shallow Gravitational landslides 0.5-10 for
Processes: landslides and Processes: and landslides in
Shallow rockslides. Deep landslides or] mudflows. Buzau
landslides, steeper slopes. Subcarpathian
in weathering Hills.
deposits. (Balteanu, 1983)
20-70 for
mudflows
in Buzau
Subcarpathian
Hills.
(Balteanu, 1983)
Fluvial Linear erosion, Fluvial erosion: Moderate
erosion: intense Important river intensity
Important transport, low flows during erosion;
river-flows accumulation. intervals with intense
(March-May, heavy rainfalls. transport,
Nov.-Dec.) alluvial
accumulation
Low intensity
nivation
proceses
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MAIN TYPES OF CLIMATE IN ROMANIA

STERIE CIULACHE, NIC OLETA IONAC

In the European context, Romania is a medgired country, like Ukraine,
Poland, Germany and Great Britain; in this respect, the territories of all the last
mentioned countr e s slightly exceeding Romani ads terrif
features a far greater spatial diversity of climatic characteristics and a much greater
time-variation of atmospheric processes and phenomena. This is mainly due to its
geographical position orhé continent, on one hand, and to its various and complex
relief forms, on the other hand.

Unlike Romania, there are countries with higHiyersified reliefforms, but
with less varied and distinct types of climate, mainly because of their location (as
Switzerland and Austria), and, furthermore, there are also countries lying in the same
geographical area, with little or no climatic variations, because of their relatively
homogenous landforms (as Hungary).

As far as the geographical position is concernee must mention that both
latitude and longitude are important for the Romanian territorry, because latitude plays
the keyrole in determining the intensity of incoming global radiation on the ground area
and longitude, together with latitude, constitutae of the main factors influencing the
frequency, intensity and main characteristics of the different types of atmospheric
circulation over a given area.

Obviously, both global radiation intensity (including the values of the radiation
budget) and & characteristics of the atmosphere circulation patterns are largely modified by
the structure and specific properties of the active surface, namely the majdoneigfthat
changes climate either by means of its height, exposure to solar radiatiimation and
form, in the first case, and by altitude, orientation of main hill and mountain ranges,
exposure towards prevalent winds and landforms, in the latter case.

Resulting from ample thermoaric differences of air in the troposphere, due to
the mmbined action of solar radiation and ground characteristics, the general circulation
of air over Romania is charactersied by distinct features that ultimately influence the
climatic conditions. Therefore, the way the three main categories of climatarsfact
(radiative, dynamic and physiegeographical factors) combine and interact between
themselves, determines the compartmentalisation of the Romanian territory into three
distinct types of midatitude climate, the last one further comprising a fouribety

which stildl doesnot me et mo st necessary <c¢limat
distinct, individual type.

Romaniads territory is str &ofdaituideg from N to
(namely between 4376 07 8d5&nd6d8 nordflomWroE|/oger i t ude) an
less than 10longitude (namely between 205 6 4 4 6 34 latn2d4 20 eastern |l ongitu

its latitudinal extent being lower than 500 km and its longitudinal extent not exceeding

700 km. The 45N parallel approximately represents thethern limit of the southern

third part of the countryob6s territory. Conseque
radiation differ slightly on latitude (over 15 kcal/Chetween the southern and the
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northern parts of the country), but greatly on altitudee(a®5 kcal/crh between the

lowest and the highest parts of the country). Their absolute values range from 125.8
kcal/cnf at Bucharest, in the southern part of the country, to 107.0 kéatcBotax a n i ,

in the northern part of the country. The greatestnmaanual sums are specific of the
southeastern parts of the country, namely along the Black Sea shore kKEav@rt at
Constatp)aand the southern peripheries, that is on the floodplain of the Danube river
(129.7 kcallcrh at Giurgiu). Such values areethresult of both higher solar latitudes
(steadily increasing as latitude decreases) and longer sunshine durations (increasing as
cloudiness decreases). On the contrary, the lowest mean annual sums of global radiation
reach about 100 kcal/énon the highessummits of the Carpathians, where cloudiness
gets higher during summer, when incoming solar radiation reaches peak values.

Annually, the lowest monthly mean values of global radiation are usually
specific to December (when solar altitude is lower anddihess gets higher), and the
highest values occur in July (when solar altitude is still high enough and cloudiness
substantially decreases from the previous highest values in June).

The physicalgeographical factors influencing climate play an essertial in
diversifying the climatic conditions of the Romanian territory and, consequently, in creating
distinct climatic types. Thus, the Carpathian Mountains and, secondly, the Black Sea, have a
major contribution in this respect.

In fact, the Romanian &pathians appear as asflaped chain of mountains
largely opened to WNW, under the form of a great arc encircled by a complex system
of hill s, tabl el ands and pl ai ns, t hat di vi de
compartments: the inner one, lyingside the great Carpathian arc, and the outer one,
comprising the gradualgescending concentric steps of encircling landforms. The
different orientation of the two major mountain divisions (N8 for the Eastern
Carpathians and-B/ for the Southern Cargatins) towards the main components of
general circulation, together with their altitude and inner landforms, generate sizable
differences between the values and conditions of various meteorological elements in
Romania.

The Carpathian obstacle frequentlpadifies the trajectory of mobile cyclones
and the direction of winds blowing at lower altitudes than the mountain summits;
intensifies the frontal activity on the ascending slopes efmaisses and declines it on
the descending slopes etc. When passing dke orographic obstacle, important
thermodynamic processes take place in thenaisses ascending on the windward sides,
thus producing adiabatic expansions that decreaseraperature, substantially increase
relative humidity, generate clouds of dyriarforographic and frontal) convection and
increase rainfalls. However, it is important t
the same uppeair altitudes above the surrounding plains. On the contrary, the
processes of adiabatic compression takingceplan the leeward sides make the
temperature of descending air increase, the relative humidity decrease and cloudiness
diminish to total clearing.

The large opening of the angle between the two sides of #teapled chain of
mountains favours the guidanoé the air penetrating into Transylvania from W and
NW, towards the top of mountains, frequently passing over the Curvature Carpathians
and, consequently, flowing down to the NE sector of the Romanian Plain. That is
mainly why the foeh#like effects in tie Curvature Subcarpathians and the nearby field



17

areas are detectable not only in the values of different meteorological elements, but also

in the distribution and types of soils and vegetation. Also resulting from frequent

climbing of air over the mountasn the foehn effects are also visible in the Oltenian

Subcarpathian Passa@éay and the western parts of the Oltenian Plain, as well as in

the TurdaAlba-lulia-Deva passage. The foehn effectsinthegct r ak Depr essi on, wher
air-masses, coming from south, pass over the orographic obstacle of the Southern

Carpathians, aréess frequent, but more intense, due to greater heights and steeper

slopes.

Sometimes, when horizontal pressure gradients are gbtdriough and the
thickness of moving amasses doesndédt exceed the height of t
they are trapped inside the Carpathian arch if they come from W, or are kept outside the
mountainous area, if they come from E or NE. Under the ciramoss, the air
temperature, humidity, cloudiness, rainfall and wind contrasts between the regions lying
inside and outside the Carpathian arch may be relatively high (eZ5’C2between
northern Moldavia and the north of the Western Plain).

In winter, when anticyclones stimulate the occurrence and persistence- of air
temperature inversions on the bottom of Carpathian depressions and valleys, the
mountain summits and peaks rise up from the
some archipelagoes.

The invasions of polacontinental air from NE, being blocked by the Eastern
Carpathians, extend all over the Moldavian Tableland, penetrating, through the southern
outlet of the Curvature Carpathians, deep into the Romanian Plain, which acts as a vast,
(largely opened to E) depression between the Southern Carpathians and the Balkan
Mountains. On such occasions, the Romanian Plain is characterized by intense frosts
getting even more intense because of nocturnal radiative cooling, on one side, and of
relatively stdle fogs of inversion, on the other side. As a result, théeaiperature in
the plain areas (Bucharest, for instance) may be significantly lower than in the
Subcarpathian (€@ mp ) on @arpathian areas (Sinaia).

A climatic role less important than it wigu have been expected, is,
nevertheless, played by the basin of the Black Sea, lying over an area of 4622000 km
that is al most twice Romani a-ftfdudetaecasrthet ory. As ev
seawaters keep cooler at day and in summer, and waahaight and in winter, in
comparison to the nearby continental areas. Despite this general rule, the influence of
the Black Sea on the climatic conditions in the peripherical eastern areas of the country
is largely limited both in space, to a narrow;2% kmwide strip of shoreland, and in
terms of weat her parameters that have been chan
specific values for maritime mithtitude climate. This is mainly due to the fact that, on
the Romanian territory, the western compuaseof general aicirculation predominate
all through the year. Irrespective of season, themaisses carried by the western
currents reach the Romanian shore of the Black Sea after they had been submitted to
intense processes of continentalization faysdon end, as their initial humidity gets
visibly lower and aktemperatures often go to extremes (highly decreasing in winter and
increasing in summer).

The specific heat capacity, the heat conductibility, the turbulent exchange and
especially the intese evaporation from the ssarface, make sgamperatures keep 20
25°C lower than the land areas in the hot summer days. On this account, the air above

>
(7]
D
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seawaters is constantly moving downwards, thus opposing to the formation of
thermoconvective cloud ardktermining the total clearance of allochtonous clouds once
they had reached the sea. Consequently, clear skies are more frequent here than
everywhere else in the country.

On the contrary, on the nearby land areas, the excessive warming of the active
suiface determines intense upward thermoconvectivemairements, so that local
pressure of air decreases. Aspiessure over the sea keeps higher at day, the horizontal
pressure gradients directed from the sea to the land areas generate-liteezes,
pushing the relatively cool and humid maritime air towards the narrow seashore strip.

In winter, the Black Sea waters often have pretty high positive temperatures,
thus releasing important amounts of heat to the air above, by means of radiative and
turbulent exchange processes. Consequently, the¢emiperature on the seashore is
higher than anywhere else in the country. The warming process is more efficient on the
southern parts of the Romanian shore on the Black Sea, so that, at Mangalia, for
instance, thenean aiftemperature in January has kept positive all through the interval
18962000. The great amounts of heat being consumed bwatess during the warm
season and those being released during the cold season largely attenuate the annual air
temperatue ranges, by decreasing the maximum values in summer and increasing the
minimum values in winter. On its turn, the greater inertia ofveatrs that delays both
the warming and the cooling of the sa&rface, makes the seashore area colder than the
innerland areas in April, and warmer in October.

All the year round, the windpeed on the seashore areas is sensibly higher than
in continental Dobrudja because of the insignificant drag coefficient at sea.

Due to the constantly higher values of relativehaimidity, fog, dew and
hoarfrost are more frequent on the shore areas in comparison to the land areas.

In winter, the mobile cyclones coming from the Mediterranean Sea get deeper
under the influence of the heat being released into air by the Blacweees, so that
they sometimes even move backwards (from E to W), turning into retrograde cyclones.
This process usually intensifies winds and generate blizzards in the SE parts of the
country.

The dynamic factors of climate generally refer to the gerwrallation of air
over Romaniads territory. This is mainly
European Natural Synoptic Region, characterized by the development of two
quasipermanent (the Azores High and the Iceland Low) and other two sevaiysart
centres of action (the Ew®iberian High and the Mediterranean Low). These four
atmospheric centres of action largely influence the circulation of air over much of
Europe and, consequently, over Romania. Due to the dynamic and advective processes
taking place both in the lower and in the upper troposphere, the pressure field is
permanently changing according to a somewhat periodical variation from one season to
another.

In winter, more precisely in January, most of the nevéstern parts of the
continent are under the influence of the Iceland Low, while the western and the eastern
parts are dominated by a field of high atmospheric pressure due to the joining of the
Azores High (extending far reaches to France) and the-Gitwerian High (extending
ridge deep into the Panonian Plain). A shallow pressure low is formed between the two
highs, over the Italian peninsula, in the Mediterranean Sea. Under these circumstances,

det er mi
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the Romanian territory lies under the direct influence of the Siwerian Highand,
indirectly, under the influence of the Mediterranean Low, that is, air flows from NE to
SW in the lower troposphere and inversely, in the upper troposphere. T&0@00H

thick arctic and polacontinental aimasses cover the eastern and southeagiome of

the country, where atemperatures are low and rainfall scarce. A thin layer of clouds
forms above the cold amass, sometimes persisting for days on end, until one of the
two airmasses changes its movement direction. The mountain summitgoriseove

the clouds, so that the mean annual number of days with clear sky is sensibly higher
than in the eastern plain areas.

When airpressure in the centre of the Mediterranean Low decreases and the
respective aimass moves towards NE, as well as whien EureSiberian High gets
more intense and extends SW reaches, theeaiperature and pressure contrasts greatly
increase over the SE of Europe, so that the warm, humid air from the Mediterranean is
pushed towards N, determining abundant snowfallsvéolént snowstorms in south
eastern Romania.

In summer, more precisely in July, the general circulation of air is mainly
determined by three centres of atmospheric action; the Azores High being the most
important since its extentions grow larger than inter because one of its ridges covers
most of western, central and southern Europe. On its turn, the Iceland Low gets deeper,
but less extended than in winter. The eastern parts of the continent are influenced by a
thermal low centred over the territory ran. Resulting from this pattern of air
pressure distribution, Romania lies between the Azores High and thAs&wW Low,
and because of lower pressure gradients, the advections of humid air from the Atlantic
are slowlier. There are, however, situaidn which local thermal lows develop over
Transylvania and the Romanian Plain, thus stimulating the westefffovesr and
activating the fronts moving from the Atlantic Ocean. As upper air flows from the W, as
the ground air does, the aitasses are moreertically homogenous and, consequently,
cloudiness is lower than in winter.

Besides the two main patterns of mean atmospheric pressure distribution,
characteristic of winter and summer months, there are also intermediary and particularly
distributions tlat are, nevertheless, less frequent, but determine noticeable weather
changes in Romania.

The climatic conditions resulting from the specific combination of all the three
main factors influencing climate in Romania, determine the identification of thadée
types of climate, with three corresponding climatic regions.

A climatic compartmentalisation of a certain territory (continent, country etc.)
may be really useful only if it is integrated into a global classification of climates,
meaning that they nsti use common language and criteria, at least when establishing
and contouring the major taxonomic units.

In Romania, the studies meant to establish the climatic regions at national scale
have led to the (so far unanimously accepted by specialists)ficatidin of four main
types of climate.

In 1960, kt ef an Stoenescu Rpmadhi abes , Gebogt &aphiincal
Monographyand in his lectures omhe Climate of the Popular Republic of Romaria
climatic regioning that identifiesa province sector with mod®e-continental climate
(inside the Carpathian archd; province sector with continental climaeutside the
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Carpathian arch)a sector with mountain climat@gn the Carpathian mountains) aad
sector with maritime climatéon the Black Sea coast and tBanube Delta). The only,
not to be neglected, difference between the two climatic regionings is that the lecture
notes simply call th@rovince sectorassectors without mentioning whether they fall
into a distinct higher taxonomic unit, as their namg@vincesectoris suggested by
Romani aés Geographical Monography

There are also older papeporks in which the climatic regions outside the
Carpathian arch are included in thecstledsector with excessiveontinental climate

But none of the wod s main <climatic classifications
regions with moderateontinental or excessiveontinental climate that might include
the corresponding climatic sectors in Romani a.

territory lies in the midatitude zone, one may infer that teector with moderate
continental midatitude climatewholly lies inside the Carpathian arch, meaning that a
tautological expression is used to denote the respective taxonomic unit. Neither the
name ofsector with excessiveontinental midatitude climate which has often been
used by some specialists to describe the climate of the regions lying outside the
Carpathian arch, is more inspired, since it is difficult to admit that the particular
characteristics of this type cofimate may be botimoderateandexcessiveOn its turn,

the characteristics of theector with maritime climatare farther from those of the
maritime midlatitude climate than from those of the semiarid-atitude climate.

The climatic compartmentalition published by Octavia BogdanRio ma ni a 6 s
Treatise on Geographwolume 18 "Physical Geography" (1985) tries to make one
step further, especially by detailing the causative classifications. She consequently
identifies six main sectors of climatic piace in Romania, namely-with oceanic
influences; ltwith submediterranean influences; Huith influences of transition from
oceanic and sulmediterranean climate to arid climate; 4ith arid influences; Mvith
Baltic influences; \Wwith seaside inflences Therefore, the ladguthor starts from the
premises that, in Romanimore climatic influences interfere because of the moving air
masses that are blocked on one or the other side of the Carpathian chain, consequently
delimiting eastcontinental, vestoceanic, soutimediterranean and sulmediterranean,
northernBaltic and soutkeastern seaside climatic provinces extending farther beyond
t he <count rAllbtese Iprovinces fard. their Romanian sectors included)
identified on account of the genaé circulation of air, are integrated into the continental
mid-latitude climatic zoneas being determined by the world distribution of incoming
solar radiation.

The first objection to this cclasification of climatic regions is that the respective
climatic provincex anét be found in any significant <cl i mat
representing only physicaleographical provinces. One may also object to stihie
mediterranean influencebat actually represent Mediterranean influences, because the
air-masses carrying the respective influences are formed in the basin of the
Mediterranean Sea and not in its peripherical regions withnwditerranean climate.

On their turnthe influences of transition fromceanic and sumediterranean climate

to arid climated o n 6 t fully justify the separation of a
Romanian teritorry is characterised by a #aititude climate of transition. Neither the

name of thesector with arid influencess suitable in the context, both because it

disturbs the homogenous taxonomic criteria (by indicating the quality of the influences
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instead of their origin) and because it is the semiarid (not arid) type of climate that
results from the respective influences, its spatial extent being restricted t@ha mu
smaller area than that of the sector under debate. Moreover, the greater dryness of the
sector with arid influences a n 6 t merely and decisively be expl a
continental aiadvections from NE, E and SE, because their frequency is toue
than those from NW, W and SW. And the fact that the reatstern winds, being more
prevalent in the respective sector, dondt bl ow f
to substantiate the name of the sector under debate. The inclusiontte plovince
sectorsin thecontinental midatitude climatic zondinstead of the midiatitude climatic
zone) is really misfortunate because it opposes to the separation, on the Romanian
territory, of a sector falling intdghe westoceanic provincgwhich should simply be
called solely as western or oceanic province since it refers to the entire northern basin of
the Atlantic Ocean and not only to its western part) as, in this case, it is supposed that
westoceanic provinces also included in the taxonaensubdivisionsof the continental
mid-latitude climatic zoneAnd this makes no sense.
The problem is similar for the sector falling into tl®uth and sub
mediterranean climatic provincéf, on the contrary, the six sectors are not integrated
into thepreviouslymentioned climatic provinces, being only influenced by them (as the
expressiorwith ...influencesni ght suggest), t hensediohseofy shoul dnot
climatic province but simply as climatic sectors, although they should have been
integrated into some taxonomic units of higher rank. Finally, the identification of a
continental midatitude climatic zondmplies thatthe oceanic midatitude climatic
zonelies to different latitudes and not to the extention at similar latitudes of theefo
zone, as it really happens in reality.
By doing a climatic compartmentalization of the Romanian territory (lying on a
definite area), the ladguthor fails to identify a sector with mountainous +aititude

climate (probabl y edraecitantoomre ofsthe provincestdnding 6 t i nt

farther beyond ?).Herthesnmorenttismuitd isexphcabte dianvrtvgo of

t he countryébs areas (one being |l ocated i n t he

Carpathians and the other one, in the \BiesCarpathians) have totally been omitted by

the respective classification, as if they werenbob
The climatic compartmentalization under debate is accompanied by an

altitudinal climatic cVfito®ithé cootext The latterwhi ch doesn.

classification divides the Romanian territory into three climatic regions (although the
notion ofclimatic regionimplies some continuity and, yet, the regions identified by the
author are divided into separate fragmertt® plain, hills and tablelands and mountain
regions subdividing into further 13 climatic sdistricts, 24 climatic districts and 78
complex topoclimates that are described as if the horizontal regioning (with its six
climatic province sectors) were #dly unimportant. Moreover, the urban topoclimates
fall into the same taxonomic unit as the plain, hill and mountain topoclimates.

The analysis of the main worldés climatic ¢
thorough assessment of the climatic charactesistesulting from the specific
interaction between the various climatic factors in Romania, leads to the identification
of three main types of climate with corresponding sectbessector with mid-latitude
climate of transition (between the oceanic mldtitude climate and the continental
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mid-latitude climate) extending over most of the Romanian territibwy; sector with
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semiarid mid-latitude climate (specific of the Dobrudjan Tableland) atite sector
with mountainous mid-latitude climate (in the Carpathians).

The identification of the previousijmentioned types of climate is
advantageous not only because it is fully concordant to reality, but it also eliminates
language improprieties blurring clearness and precision wrach essential
requirements of scientific texts.

As one may notice on the map of the climatic compartmentalization in
Romania (Fig. 1), the sector with rriiakitude climate of transition divides into two
climatic subsectors which are separated by thet&asand the Southern Carpathians;
the former suksector including the regions lying to the N and to the W of the
Carpathian Mts. and the latter, the regions lying to the E and to the S respectively.

On its turn, the sector with semiarid matitude climate divides into the
subsectors of continental and maritime Dobrudja. In the latter case, the characteristics of
semiarid midlatitude climate interfere with the features of the maritime-iaidude
climate which fail t o b espeakné a tppica wmaritimen t s
mid-latitude climate.

Finally, the sector with mountainous rdatitude climate can be divided into
three subsectors with distinct features, due to their geographical position, orientation,
height and specific forms that havedracted with the incoming solar radiation and the
general circulation of air over Romania. The three mountainous subsectors are the
Eastern, the Southern and the Western Carpathians, respectively.

By detailing this compartmentalization, oneaynalso distinguish further
climatic regions (in subsectors), climatic sigions (in regions), climatic districts (in
subregions) s.o., depending on necessity, on one side, and on possibility, on the other
side.
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GEOMORPHOLOGICAL RIS K IN ROMANIAN GEOGRA PHICAL
RESEARCH. A THEORETI CAL AND APPLIED VIEW

FLORI NA GRECU, MI HAI GRI GORE, LAURA COMI NESC

1. Conceptual framework

Concerns for and interest igeomorphological risknowadays, as emerging
from publications or congress and symposium, debates, etc., illustrate the diversity of
viewpoints in defining the theoretical, conceptual framework of the problem. However,
they all accept the existence of extreme phenomena with direct, immediate or remote
impacts on human society. In the beginning, the highlight fell on some natural
phenomena considered to be extreme, and defined as natural disasters.

Disputes usually focus on the notions ggomorphological hazard and risk
given their etymology and perdémn in everyday speech. In our view, analysing
hazards is someshow synonymous with analysing risk phenomena, because both have
severe negative effects on the population and are basically dangerous, being also
labelled dangerous phenomena. Whenever tmamic of a phenomenon or hazard
surpasses critical values producing damage to society, we are dealing with risks,
estimated in quantity by such notions as great, moderate, small, etc. Geomorphological
risk phenomena also have a negative connotatiolafoiform, that is, they are a risk for
nature, and indirectly have negative consequences for the population over the time, by
affecting the productsi meapdathenteitael. dfetldand,efp ae)
of some notions designating phenomairiidn negative repercussions for the population.

Hazard represent a situation (favourable or not) usually occurring in unknown
circumstances; it is equivalent to unpredictable event, fate, destinity. Hazard also
implies the probability for a phenomenon, pmocess to appear, often associated with
extreme manifestations, signifying that certain thresholds or critical intervals have been
superceded, that there is a transition from one state to another, from equilibrium to
disequilibrium.

Hazard can be viewedas anticipating risk. Hazardous manifestations are very diverse in

respect of quantity and quality, producing disorder, imbalance in the system of
environment al evolution. Looking at the Earthos
any phenomenon migheta hazard. Hazard turns into risk the moment it affects man or

a human (social) community. Mac and Petrea (2002) define hazard alsjemtive,

lawlike necessitythe source of an extreme event associated with discharge of energy

and likely to occur atray hardly predictable moment; its main significance is disruption

of the linear trend of evolution.

Risk is generally perceived as a manifestation of phenomena and processes in
connection with their effects on the human (social) community. Here are sasite b
features af the geomorphological risk phenomena, that vary in period of manifestation
and spatial dispersion; most geomorphological risks are those occurring continuously
(however, continuity should be accepted with a certain degree of precautiansbét
works only in exceptionally few cases). Geomorphological risk is due mainly to soil
falls, topples, rockfalls, big snow movements incorporating stones (avalanches), and
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massive landslides.While geomorphological risk has initially a negative efiatature

itself, in time its consequences are detrimental for man as well. There are cases when
this type of risk is confined to nature alone, without damaging society in any way.
Criteria of hazard (risk phenomena) classification:

1 charactersitics and ipact (Framptonet al, 1996 in Grecu, 1997), the
indexes used afford appraisals on a maximtamminimum value scale by
calculating variables of intensity, duration, area size, loss of human life,
social effects, movement velocity.

1 the natural phenomenoneved as extreme eventefers to terrestrial
physical processes that can materialise into meteorological, hydrological,
geophysical and geomorphological hazards, as well as hazards triggered
by biological agents (epidemics, pest invasions). This critedtso
includes the origin of a hazard, for example, natural hazards, distinguished
in terms of the extreme event (geophysical, meteorological, climatic,
geomorphological, geological, hydrological, complex) and biological
hazards (floral, faunistic);

1 for many researchers, the hazagednerating environment: (marine, coastal,
insul ar, continental, compl ex) , or
covers, also including rather exceptional phenomena, is a reliable criterion

Here are some relevant examples:

1 atmogpheric hazards (hailstorms, tornadoes, hurricanes, lightning, tropical
storms);

I seismic hazards (connected with faults, earthquakes, after shocks,
tsunamis, seiches);

1 geological and hydrogeological hazards ( rock avalanches, landslides,
submarine slidespckfalls);

1 hydrological hazards (floods, desertification, salinisation, erosion and
sedimentation, overflows);

9 volcanic hazards;

1 natural fires;

Size of damaged areautlines global, regional and local natural hazards. In our
opinion and in the light of #1notions used, this criterion is not very relevant. The last
two criteria are also very relative, even though their structure englobes subordinated
criteria (possibility, velocity, precision of prediction within useful time), depending on
which some nata hazards are unpredicted, or can be predicted only shortly before
they occur. The same for the criterion of hazard frequency scale within a given area
(very frequent, frequent, rare, very rare); since assessment limits are missing, the issues
are devoidof probability. By and large, risk phenomena fall into three big categories:
technologic, anthropic, social, natural, ecologic or geographic. Insofar as natural,
geographic risk phenomena are concerned, it should be remembered that, although they
are preseted separately, in terms of the dominant phenomenon or cause, yet they are
intertwined, which leads to distinguishing the following large groups of hazards (risk
phenomena): geological (risk phenomena triggered by endogenous processes);
geomorphologicalrd soil degradation; atmospheric and hydric; biotic (Grecu, 2004).

Vulnerability should not be perceived as a manifestation of the state of
geomorphological risk. The term expresses a certain degree of exposure both to natural

possib



27

processes and phenomena amdnaninduced ones. Its functional framework should

not necessarily produce casualities and material damage. An acceptable modality to
assess vulnerability effects remains percentage quantificationsl@0%), with the

proviso of specifications and additis being made. Obviously, vulnerability does
express certain types, categories of effects, results and consequences, because the very
method of percentage losses indicates it. What needs be added is the intensity of
vulnerability processes, its degrees wianifestation, the lowesistance elements
specific to some geographical components, other type of elements, causes and factors,
etc., which together are more relevant for a particular state of vulnerability.

Natural disasterin English, catastrophein French is defined in thd DNDR
Dictionary (1992) as severe disruption in the functioning of society, causing human,
material and environmental losses; and the definition goes on with a bizzare emphasis:
which the affected society cannot overcome by its ovaans. We shall not dwell on
aspects of disaster classification, eg., mode of occurrence (sudden or progressive), of
origin (natural and mamade). Setting the limits beyond which a hazard becomes a
disaster depends on several aspects, criteria as it thergcale on which phenomena
(or their amplitude) is analysed. In this case, too, it is fairly difficult to elucidate what
the notion of disaster actually means, because doing it depends on the available
information on the subject, and the partial, effectinalyses of the phenomena.

2. Characteristics of geomorphological risk mapping

The cartographic representation of the geomorphological risk is by no means a
recent preoccupation, although major achievements have been obtained mostly over the
pasttwo deadesBL | t eanu, 2004) . As a matter of fact, no
present concerns prove that studying and representing poesemorphodynamic is
the first step in assessing and mapping out geomorhological risk. Early cartographies in
this domain argeted mainly extreme phenomena, processes and landforms with
catastrophic effects, engendering major radial changes in the geographical landscape,
loss of human life and huge economic damage through earthquakes, volcanic eruptions,
big landslides, typhats and disastrous floods.

The map of geomorphological risk can be conceived as a generalised synthesis,
or analytical representation, illustrating expressive interference among the elements of
present and future modelling with highly negative effectst ihadegradation of the
geographical landscape and of human life (Grecu, 2003).

Without procceding to a full retrospective view on the subject between 1978
and 2004, one may say that Romanian geomorphologists have shown throughout a
constant interest ithe theoretical, and partly in the applied character of the issue, some
of them conducting local geographical investigations for a long time. In the beginning,
Romanian preoccupations in this domain were rather isolated focusing preferentially on

small ndform and using different methodologies: Cloac( 1975) in the Perxkani
Btlteanu (1983, 1986) in the Buztu Subcarpathia
Mts., etc. The necessity for having risk maps w:

such naps were drawn up for the units discussed in Ph.D. theses, but the study
methodologies had not a unitary character. Significant contibutions were made by
Bl teanu et al ., (19914, 1996) , Sandu (1
Constantin (1999), Gecu (1994, 1996, 1997, 2001, 2



28

(1997, 1998) , Grecu, Cruceru (2001), Di
almost exclussively hill and tableland zones of great agricultural and habitat potential
(the Buztu ,Shedramsylvenan Tabledands the Getic Subcarpathians and
Tableland, the Moldavian Plateau).

3. Types of geomorphological risk map
The classification criteria for this type of maps depend on the complexity and diversity
of their content, purpose and destion, and methods of representation and scale. In
terms of content and destination, risk maps can be partial and general. In regard of
method of representation, one may choose area and qualitative background,
conventional signs, hachures or a combinatibrthe three.

A

25°%ong. E

45°lat. N

Fig.1Romania. Map of Morphostructural Units
I. Orogene morphostructural unitd: CarpathianMountainsa.: crystalline Mesozoic subunits
(a;:Eastern Massif;a,: Southern Massifiag:Western Massif); b:flysch-sub-units (h: internal

flysch; by external flysch);c: volcanici sedimentary subnits €: §i BOe gt u c;; Mt s . ;

Metalliferous Mts);d: neovolcanic swunits @;: @aukt-\CH r at eds: NMOtLs-Gumglaun i
Harghita Mts.);e: intraamontane depressions (tectonic or barra@e)Pericarpathian Hills a:
Subcarpathians of Moldavia and of thenBearea &;: Moldavian Subcarpathians,: Bend
Subcarpathians)b:subunits of the Getic Subcarpathians and Piedmont Hilg Getic
Subcarpathiangy,:Getic Piedmont)C. Intracarpathian depression Bfansylvania;a: subunits
of Somek a g sulPunits bf @rmnsylvanian Tableland (sector of diapir foldsy); central
and dome sectob). Plain @) and Hills ) o f B a n at ll. Rlatfdrm @orpghostauntaral
units: E. Moldavian Plateau; F. Romanian Plain; G. Dobroge&Nothern Dobrogea suimnit; b;
Central Dobrogea subnit; c: Southern Dobrogea sumit; d: Danube Delta subinit. H. Dotted
line- platform to- orogene boundary ( after Badeizal,1983).
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Classification by scaldwas rather a relative relevance (even if referring to
R 0 ma steratdiy alone).

Utility or practical applicability is a wideranging criterion, given the
numerous directions, interests and possible solicitations for geomorphological risk
information by various sociaconomic entities.

Mapping geomorphological sk. Working inventory: topographic plans and
charts, photoaerogrammes, some geological and hydrogeological maps, morphodynamic
maps (with preserday geomorphic processes and the phenomena unleashed by
them).Risk maps do not have a unitary structure, sscavorking methodologies are so
very different, fact that objectively influences the structuring of the legend. The same
results has purpose and destination, which somehow modify the content of the map.
Scale remains equivalent to modelling making thehegmore unitary in content by
adding or dismissing a given volume and type of data to illustrate aspects of
geomorphological risk. It follows that the legend sections may differ in point of
ordering, number, data included within each section, and texteletail.

4. Mapping geomorphological risk. Working stages

The modality and phases of elaborating a geomorphological risk map include a
succession of research episodes, primarily field surveys. Methodological details can be
changed in terms of theeggraphical and geological traits of the surveyed area.Working
stage (Grecu, 1997, 2002a): analysis of the morphodynamic potential, analysis of
preserdday geomorphic processes; regionalisation of morphodynamic factors and
processes in relation to quantive variables and field mappings.

The morphodynamic potentialimplies analysing the geological,
geomorphological, climatic, hydrological, biological and anthropic factors.

Analysing geomorphological processes means basically making a complex
approach tahe modelling dynamic of various genetic categories of landform, expressed
in quantity (by risk state indicators) and in quality (essentially by mapping out relief
processes and landforms). In cartographying geomorphological risk maps one uses,
beside diret mapping on the ground, also maps of pregagtgeomorphic processes
(as types of morphodynamic maps), of relief energy, of relief fragmentation density and
of slopes.

Other quantitative values might be used, too, for example, these yielded by a
manysded analysis of the drainage network. Any data (hydrological, geophysical,
pedological, cadastral sketches, various engineering information)liable to adding to
clarity and complete the representation are useful complementary elements.Whether
synthetic or gneral, and analytical, geomorphological risk maps reveal both the current
relief dynamics, signs of change and moreover leaps, disturbances, imbalances, often
accelerated, induced by morphogenetic phenomena and processes, that also engender
specific landbérms.
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Fig. 2- Romania. Map of preserdlay geomorphic processes.
1: Cryonival, eolian and rilling processes; 2: fluvglllying, rockfalls and topples; 3: fluvial
gullying, landslides and mudflowd; sheet erosion and dyihg associated with mass movements
(a, intense;b,moderate); 5: gullying and sheet erosion associated with mass movements; 6: mass
movements associated with gullying and sheet erasidn{ense b, moderate); 7: mild and
moderate sheet erosion only ihetvalleyside.8: sheet erosion and gullying, asociated with
piping: intens&a); moderatelf); 9:sheet erosion associated with piping: intea¥enfjoderatdy);
10: downsagging and pipingaj associated with mild erosion in the valley siths{1: collwial,
proluvial and alluvial accumulation; 12: fluvial accumulatial, {luvial, mineral and biogeneby;
13: fluvial accumulation during exeptional floodwaves, local water stagnation; 14: wiheed
deflation and accumulation; 15: dissolution of cawdte rocks; 16: dissolution of salt; 17:
abrasion; 18: coastal accumulation (after Bastesl, 1983).

5. Map of geomorphological risk on Romanian territory
5.1. Conditioning factors
Geomorphological risk in this country is governed by a complexatbfa as
follows:
-geological,involving big morphestructural and petrographic units, eg. the Carpathian
and the Subcarpathian orogene, depressions and subordinately piedmonts and

plains (fig.1);
-seismic particularly active, with violent earthquakessatters in their own right (eg.
magnitude< 7U on the Richter scale in the

dead, 11, 275 wounded, and over 2 billion USD worth of damage);

-climatic, very diverse manifestations of specific variables. This factor is indoin
triggering geomorphological processes, with daily, monthly, seasonal and
annual variations of different intensity.
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Fig. 3Map of geomorphic risk in Romania.
1. high geomorphic risk, 2. moderate geomorphic risk, 3. lowngephic risk, 4. high
risk of channel/related processes (periodic looding), 5. high risk of down/sagging and
piping, 6. seismic line
Fig. 4.Map of settlements density (10 people/km.sq)

When determining these factorsseveral modelling sysms can be
individualised in connection with the geomorphological risks in this country, with
several relationships between these modelling systems and the relief risk categories. In
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terms of Romani abds territori alsystepnesrhave cul ari ti es,

been outlined (fig.3):

-the cryenivation system (periglacialprresponds to the alpine and subalpine
Carpathian space, affected by cryoclastic processes of disaggregation, nivation
and cryenivation, and frequent avalanches;

-the pluvial sysgm models the relief of the major units through splash erosion,
especially on slopes and contact surfaces;

- the torrent and the fluvial systerase characteristic of hills and tablelands. Gullying is
paticularly active in soft rocks, also in some mourdassectors dominated by
sedimentary formations;

- the fluvial systenis peculiar to mountain, hill and plain regions and is at high risk
from silting, braiding, subsidence in the plains and floodings;

- the gravitational systens active in all slopgovened relief units and subnits; on
the vertical plane it acts in areas subjected to mass movemngugtering
processes of various intensities and duration;

-the maritime systeris specific to the Romanian Black Sea Coastline, prone to the
action of wave and currents, abrasion and accumulation;

-the aeolian systets manifest in sandovered areas (cca 540,000 ha, of which 100,000
ha of shifting and partly shifting sands); winds are also specific to the barren
lands of the high mountain zones;

-the anthppic systenis overridingly present, its intensity varying from one region to
the other and from one relief step to another. Its chamfyencing impact is
particularly severe in hill and tableland regions, but also in the very densely
populated plain ragns (fig.4).

5. 2. Geomorphol ogi cal risk and typol ogy of
landscapes. Elements of regionalisation

Generally speaking, types of lanscape in this country show some essential
characterstics. Thus, the big geomorphological units, quoreng by and large to the
main morphogenetic steps, are somehow matching the specific distribution and
grouping of geomorphic risk forms and processes. However, the grouping and
distribution of risk within these big geographical categories of landssapet istrictly
individualised. There are obvious similitudes among them, just as there are spaces with
elements of interference (strips, areas); such spaces exist also in regard of the
geomorphological risk; the latter can be considered as regionalisataumits for the
geomorphological risk, too.
The criteria used to regionalise the functionality of geomorphological risk elements by
relief units and sulinits must have the necessary specifity and quality to facilitate
compartmenting and individualisinthese elements. The regionalisation divisions
outlined here in are based on the following criteria: risk chronology (oldness);
specificity of dynamics or evolution of risk elements; duration and intensity of
geomorphological risk processes and phenometagnitude of risk; potentially active
and passive (geological, geographical) factors and anthropic factors .

The Carpathian Mountains This unit runs a moderate geomorphological risk,
it being dominanted by crynivation and fluvialtorrential processe<ryo-nivation is
specific to the alpine zone (above 1,700 m. alt.), on the Upper Pleistocene substrate of
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glacial processes. Intense fluwviakrential processes are characteristic of the wooded
subalpine belt, being associated with landslides in Cesias and Paleogene flysch

areas (photo. 6).

Landslides have a different genetic substrate, evolution, age and morphology;
avalanches represent an imminent and frequent risk enhanced by the practice of tourism.
The above risk processes have a distinctidéfgrent frequency, duration and intensity,
therefore they should be analysed in greater detail. Density of human settlements:
3/100kn?, 3-9/100knfin some depressions and even more in the Apuseni Mountains.
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Fig. 5.Different types of risk map in Romania
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geomor phic

h az ar(dfteriGrecut2002) HOr t i baci u

1: Hazardfree aforested summifg); low hazard deforested summits narrowed by the extension
of headward ravines and landslidifig); 2: slopes at high hazard from: montitile (glimee)
landslides thick of 520 m, sometime over 20 (a); deep landslides, frequently associated with
gullying (b); 3: slopes at moderate hazard from: annual reactivation of deep slides and of gully
source agas(a); gullying associated with roekndsoil falls (b); 4: slopes at low hazard from
periodic reactivation of sliding and reduced sheet wash; 5: hfremrdlopes; 6: alluvial plains at

high hazard from channel processes (periodic floodiag)at malerate hazar(b).
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