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NATURAL RISKSREGIONALIZATIONIN THE DISTRICT OF CLUJ
VIRGIL SURDEANU', IOAN RUS', DANA GOTIU*

ABSTRACT - The geomorphologic processes are usually limitecar@a of occurrence. They can be
localized punctually, but the transformations thegluce are irreversible and can produce very ingmbrt
environmental changes such as landscape transfomsatoss of human lives, destructions of elemehthe
cultural heritage or taking agricultural lands ofiuse. In this paper, we tried to establish aaeglization of
the geomorphologic processes at risk by applyingightening method that considers both the favdarahd
triggering factors for this type of processes.
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1. CAUSATIVE FACTORSFOR THE GEOMORPHOLOGIC PROCESSES AT RISK

1.1 Thegeological factor

As far as the implication of the geological facioerproducing some processes and phenomena of
natural risk is concerned, we have to express pimian that this one asks a different type of applowhen
speaking of the district of Cluj. First, the presemf some groups of rocks that are very old (s@gwith the
Paleozoic to the Quaternary), with physical andwhbal properties that coordinate their mechanicalvir
has to be pointed out within the area of the distSecond, we emphasize the differentiated tecttymies
according to the place of their occurrence. Inf®intainous area there are pleated, faulted radhich
even if hard as entities, can become fragile wingy get in contact with the atmospheric agents. The
presence of the young sedimentary rocks (from te®zNic age) in rhythmical alternation and in a
monoclinal architecture, favoured a fast reorgaimaand an inconsistent geotechnical behavior éfen
apparently, they are spread in a homogeneous mahmeipresence of salt and gypsum at the bord#reof
study area, in sedimentary basins, led to an isexskasusceptibility of some groups of clays to the
manifestation of mass moving processes (espedialpndslides), through the geochemical transfarfact
proved also by the frequency of processes in sueasa Some clay minerals have a different behaviour
depending on various climatic conditions. Therefahgring the long periods of drought, they prestagp
cracks, while in the presence of water they gdtaiefl and increase their volume considerably (fiegch
150%). This upright game ends, in built-up areadisisures of the buildings (oblique cracks) thax ¢ead
even to their destruction. This phenomenon is ptssible in the pile of rocks nearby, in such amearhat,
through a slow circulation of the water from rallsfathose critical cases that lead to the reledthe mass
movement process can be realized.

As far as the disposing of the young rocks (frova Quaternary era) is concerned, their presence
along the valleys should be emphasized. These rgrksip 6) consist of sand, mud, weakly consolidate
gravel, with a large mobility in time and space this group there are also the slope depositsufdilins,
colluviums, prolluviums and illuviums) that are wériable thicknesses (frequently over 3-4 m), that
frequently “mask” the bedrock. This phenomenonasifed out even in the case of mountainous inteesy
the deposits from volcanic and crystalline rockataming a high degree of fine clayey fragmentsvirich
pieces of rock are disseminated. This fact enabiesn with a differentiated geotechnical behaviour
compared to the primary rocks.

Regarding the behavior of the types of rocks thedur in the study area, we can notice the
following: the communes situated in the hilly aleeve within their territory a high percentage afk® that
are prone to the manifestation of the mass movesnigot instance, a frequency of 10% at Aiton). Enhes
processes are frequently accompanied by gully badtserosion; the weakly consolidated rocks cam lads
found at a high rate (10-30%), emphasizing the ciypaf the valleys of receive materials from thepes,
and on the other hand, “the clogging” of the chds o natural drainage, that can favour floods and
processes of over-moistening; in the mountain atea,to the hardness of the rocks, the mass mowsmen
are superficial. Here, the rock falls are frequerdspecially in the sheer zone or inside the gemriThe
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narrowness of the valleys can interfere into tlamgit of water resulted from rainfall, and the @%x of
“clogging” of the valleys can produce serious daesatp the roads or to the residential areas. Acoprd

the geological substratum a frequency analysieflandslides at the level of the district of Gtajn be
realized. The analysis was based on 100 subjectanafslides that have been quantified in terms of
percentage according to the type of rock on théstmknown landslide typologies. Thus, one caregan

that on a complex lithology, the most frequenttheerotational ones, followed by the furrow typel arf the
pseudo terraces type of slides. The volcanic as$ociated with marls and sandstones render a high
frequency of the pseudo terraces type of slidéevied by the rotational and the furrow type. Theys are

not very susceptible to this type of slides, tifigiquency being very low (waves-6%, pseudo terracg%).
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Figure 1. Rock hardness classification
For the purpose of quantifying the contributionegi by the geological structure at the releagbef

geomorphologic processes of risk, a valuation mafi the most frequent processes according to the
territory of the district of Clujf{gure 1), which were given weightening points from 15taccording to the
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methodology presented in the following section.dBynming these degrees with those correspondinggto t
land use and the morphometric characteristicsiskecan be classified in five categories.

1.2 Therdief factor

The slopes analysis — as a result of the analysis of the slope mapcaveelude the following: the
horizontal and quasi-horizontal areas (slopes &f)0are frequent in two cases: along the rivergj\asine
areas, being susceptible to floods; and the phenaré over-moistening due to prolonged stagnatibn o
water on the fields. It is necessary to emphasigefact that the floods must not be understoog asl
overflows of the rivers over their banks, but asoflash floods, from the slopes of some tributaofesome
rivers as the Sorge Aries, Fizes, Gadalin, Borsa, etc. In the second case, these slopes charactae
watershed surfaces that show no processes andrpbeadhat might cause natural risks.

A special type of slopes is that of 2-5°, that leosdthe edges of the slopes (glacis slopes). These
slopes are usually the most favorable for constrast(places free of floods) and for agriculturewver,
they are submitted to over humectation and fredyetitey are affected by the accumulation of
allochthonous material (alluvial cones of the totse accumulations of sliding delluviums).

In the study area, the most frequent steepnehs igrte between 5-17°, which is the most favourable
for the development of the sliding processes. Asafaits distribution is concerned, we notice tinathe
communes that developed in the hilly region of Sleengan Plateau and in the Transylvanian Plain, the lack
of forests and the domination of clayey-sandy roaége a very important contribution to the increabe
slope susceptibility. In the arable lands, the skegsion is also present, and it contributes éodégradation
of the soil layer by eliminating the A stratum.

Frequently, in the case of cuestas, these slopescapmpanied in the upper part by slopes of 17-32°
(Chiussti, Caseiu, Mintiu Gherlii, Ungurg, Sanmartin, Mica, Fizer Gherlii, Taga, Sic, Vad, Ebaca,
Panticeu, Iclod) that, beside landslides and moadd] also favour the development of torrential argas
with a very fast evolution when forestry vegetatisrabsent, or when they are affected by overggadm
the mountainous area the slopes covered with fgresgetation are not exposed to major risks, el
case, they are of low frequency and usually conellsareas.

A special type of slopes is the one that is chargstics to the mountainous regions, with values th
range between 32-45°. Here, debris flows can otfstralleys or the road infrastructure. Even if trerg
very rare, the damages can be important due tbithransit of material. In most cases the foredorees
certain restrictions that decrease the intensithefprocesses.

The slopes higher than 45° are specific to the n@nous area, especially on limestones and hard
rocks (crystalline schists, volcanic rocks). Thegcupy small areas and are characterized by specific
processes — rock falls. The events are spasmodic¢heir release compete, beside the natural fadiioes
anthropic activities too (quarry exploiting).

The energy of fragmentation (the depth of fragmentation)- in the hilly regions of the studies area,
in the Some Hills, but also in the Transylvanian Plain, difaces of 50-150m in elevation prevail, being
sufficient for an accentuated dynamics of the ladés or for the gully erosion. In the areas witiestas, the
difference in elevation is above 150 m. This faetds to an increased velocity of the cuesta preses¥ to
a shorter interval for the preparation, self redeand relaxation time of the fragile systems. la south-
eastern part of the Transylvanian Plain, the elenatifferences less than 100 m dominate. This ¢actbe
observed in the time by the dynamic evolution @ pinocess that can last for years or dozens oby&ae
mountainous area is characterized by high religfrgias, over 250 m, thus the access, as well as the
evacuation of the inhabitants and of the resouirtesase of disasters become more difficult. In addito
that, the length of the valleys leads to matermisés in case of disasters, which become considerab
through the restrictions imposed by the elevatiorelef.

The density of fragmentation — from this point of view, we notice a dominanteratf values under
0.5 km/km? in the study area. On this account,hi@ &reas of contact with the mountainous region the
horizontal fragmentation increases, until it reachelues of 2.5 km/ km?2 (Huedin, Aghite Manastireni,
Capusu Mare, Gitiu, Sivadisla, lara). The same phenomenon is emphasizéigtinorthern area of the Cluj
county, where the cuestas are more frequent (§hiu@&ciu, Caseiu, Mintiu Gherlii) or along of the
Somaul Mic valley (Gherla, Iclod, Baida, Jucu). In the mountainous the fragmentatidnesaof 1.5-2 km/
kmz2 increase in frequency, due to the resistangeas to infiltrations and to the existence ofeaarpanent
drainage system.
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The high values of the horizontal fragmentationthe Transylvanian Plain represent a factor of
destabilization for the processes that imply natuisks. In the areas with a high fragmentatiore th
landslides and the gully erosion are frequent.

1.3 The climatic factor

In analyzing the climatic factors &kr we focused our attention upon the rainfall atyics. The
territory of the district of Cluj receives mediunuantities of precipitation that exceed 1,000 mntha
mountainous region; range between 600-700 mm irhilhearea along the Someiver and between 600-
650 mm in the Transylvanian Plain. In most of theberated studies regarding the precipitations care
notice the fact that, for the hilly areas, raintadls obvious torrential characteristics. The sraatigantities
fall in the autumn - spring period (Turda - 37%ujNapoca - 41%, Dej - 42%). During the summerrehe
are heavy rainfalls that have torrential charasties.

The natural risks induced by precipitations impigywever, an analysis of the periods of rainfalt tha
contributes to the state of fragility of the sysserBuch an analysis allows us to underline theogsrof
rainfall with medium quantities on a period of 4€ays (1961-2000). The dates for the analysis aflwv
drawing of the following conclusions for the Clugploca and Dej weather stations: high frequenchrekt
successive days of rainfall (9.4 — Cluj-Napoca,-8ej) during one year, with daily average amowfit4.1
mm, that are enough for producing sheet erosiolly gmwsion, landslides and even floods; four sssoe
rainfall days are frequent (five periods/year vdtrerages of 4.1-4.5 mm); at least once a yearptatons
of seven successive days have been registeredgustfitities close to 5.0 mm on average per day;iwisi
sufficient for triggering gully erosion, slope umdgning or floods.

1.4 The anthropic factor

In order to quantify the degree of man-made intetiea in the natural systems, the environmental
index has to be calculated and the land use hae é&malyzed.

The environmental index — along with the trend of landscape artificialipati the forestry
ecosystem, with its well-known protective functipssll represents a balance in the system. Thestas a
factor of equilibrium in the environment, an elem#rat confirms the degree of preservation of asural
potential. For this reason, we have chosen thelledion of the index of naturalness of the landscapd of
the index of environmental transformation thatkisited exactly to this factor.

a. The index of naturalness of the scenery is defined by the predominance of the foreste@dsare
related to the entire surface of a commune (In #LAAw) X 100). Taking into consideration the
classification of the landscapes after lonescihleéanu, Bandiu (1989), a characterization of thmesyof
landscapes can be made, according to the calcwlated of the index of naturalness for each adrmatise
unit (table 1).

Table 1. The correlation of the index of naturalness witd type of landscape

Cur:(r)ent Index of naturalness Type of landscape
1 60 — 100 % Landscape with ecological equilibriciose to the initial one
2 45 -60 % Landscape with ecological equilibriwgiatively stable
3 35_ 45 o Landscape with ecological equilibrium slightly affed by the human
pressure
4 20-35% Landscape at the limit of the ecoldgcailibrium
5 11-20% Landscape with ecological equilibriseuesely affected
6 0-11% Landscape with ecological equilibriuffiected in an extremely strong way

We can ascertain that, at the level of Cluj distfiom the total of 75 communes, a number of 40
communes have the ecological landscape severelyagdseverely affected; 24 communes are at thig lim
of the ecological equilibrium or are slightly affed by the human pressure, 9 of them have an dcalog
landscape relatively stable or close to the intia. The municipal towns and the town of Huedin ba
found on the same scale, that is between 0-25.9%.
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Figure 2. Index of naturalness of the landscape

The most dramatic situations are registered inraa bordered by the communes of Cetindclod,
Bontida, Giianu, Mociu, Geaca, Buza (in the north); 8grApahida, Aiton, 8hduleti, Mihai Viteazu,
Cilarasi (west). This situation comes to mark the man-mpdessure exerted upon the territory through
massive deforestation and the dispersion of thidaesal areas.

Another critical area is that of the communes theatelop in the contact areas where a rudimentary
subsistent agriculture is practiced, the foresasteeing affected (Huedin, Sancraiugriéstireni, Aghire,
Chinteni, Ciurila, Tureni, Petgdi de Jos) or in the nearby of the Santdills (Recea Cristur, Bobalna,
Alunig) and in the Transylvanian Plain (Sic, Palaitaga).

The highest values are registered in the mountaifemalities, where the woody surfaces prevail and
the index has values over 60%. In these areascdhstructed areas are either disseminated witten th
territory (Bels, Maguri Racitau) or gathered on the bottom of the valley (Vaksé)l

In figure 2, we tried to emphasize the state-ofahan the study area. As related to the valuahef
index of naturalness, a number of 24 communestantbtvn of Dej are situated at the limit of thelegaal
equilibrium, most of them being situated in a cohtaea, and less in the Transylvanian Plain; todogical
equilibrium of 40 communes and 5 towns was sevearelery severely affected.

In conclusion, we consider the frequency of thecpsses that cause risks to be higher in the areas
with very severely and severely affected landscapbere the forest, as an element of protection afnd
filtration of the climatic elements, is missingismpresent in a very low proportion.

b. The index of environmental transformation (figure 3) represents the rate between the suidéce
the forests and those occupied by agricultural aodt-up areas, to which the utilities (ways of
transportation) are added. It has been selectad aglicator because the forest reflects the niakesa of the

28



VIRGIL SURDEANU, IOAN RUS and DANA GQ@IU

landscape, while the built-up areas represent #orfasf man-made transformation of the landscape

(I environmental transformaticﬁA fores{A agricultural & built—up)-
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Figure 3. Index of environmental transformation in Cluj

After calculating this index we noticed an areahwvatstrong environmental transformation disposed
in the communes of the Transylvanian Plain andhm lbwland region of Huedin. There were surfaces
occupied by the forest that are very reduced coetp&an those used for agriculture. A number of 10
communes (Apahida, Jucu, Cojocha, Aiton, Plgs€&eanu Mare, Tritenii de Jos, Miara, Glarasi and
Luna) and Campia Turzii have the value of this indese to zero. This fact indicates big quantratnd
qualitative modifications (large arable surfacé® dispersion of the villages, ways of transpastgti The
least affected ones (index over the value of 5)theemountainous areas and a few communes from the
lowland surfaces @adisla, lara), or hilly ones (Chiu), where the surface of forest still remains
significant.

15Land usein thedistrict of Cluj represents an important indicator for the charaaton of the
geomorphologic processes at risk, and for analythirggindicator we used the CORINE Land cover dasab
that provides precise and updated data conceramjuse particularities.

1. The built-up areas — in the case of the district of Cluj, the weiglittioe built-up areas varies
horizontally (from urban to rural), as well as veatly (along with the rise of the elevation, thendnsions
of the habitat and of the adjacent built-up arease@hses). Thus, the highest values (the percentape
built-up areas reported to the total surface ofdbmmune) correspond to the urban areas (Cluj-Napoc
20.8%, Campia Turzii-15.5%, Turda-12.1%, Dej-11.@herla-10.9% and Huedin-5.7%). Values that are
approximately the same with those of the urbansaaea registered also by same rural localitied) walues
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ranging between 9.6% and 17.9% (AghirEeleacu, Buza, Mihai Viteazu, Cuzdrioaran@ulesti), due to

their size or to the industrial activities displdytnere. At the opposite pole are the mountainouaalities,

with values that do not overcome 4.5% %a(Mri-Racatau, Margau, Baisoara, Mirisel, Negreni, Ciucea,
Cilatele and others).

2. The agricultural fields include non-irrigated arable lands (211), vinegaf2R1), fruit trees and
forest fruits (222), pastures (231), complex caltdd patterns (242), lands principally occupied by
agriculture, with important areas of natural vegeta(243). The pastures need special attentiomusze
they are very susceptible to geomorphologic prasesEhey represent the fields that are permanesty
(at least 5 years) for the production of foddereSdnareas are submitted to permanent man-madeigress
through their irrational use, due especially torgvazing (a high density of animals per unit offace, and
non-application of the rotation of parcels for gnag etc.).

Generally, the agricultural fieldscapy more than one third of the total surfacehef district of
Cluj, with differentiation according to the elewatiof relief (it increases along with the altituded the type
of localities (rural or urban). A series of locedg possesses more than 70% agricultural fieldsliAia,
Cojocna, lzvoru Csului- Luna, Ploscg Suatu, Tritenii de Jos and others). At the othereme we find the
mountainous localities: Bghl.7%, Giku-18.5%, Miguri-Racatau, Valea lerii-0% (because of the very
small surfaces, the agricultural fields have narbeonsidered), Bisel, R&ca and others. Surprisingly, the
urban areas are characterized by a large exteasibe agricultural fields (Dej-43.2%, Cluj-Napodcst.4%,
Huedin-62.9%, Turda-67.1%, Gherla-67.3%, Céampia zilHi7%). Around these urban nuclei, an
accentuated mixture of the land use can be obsemelfields cultivated with vegetables, cereatsidier
crops alternate with the surfaces occupied by adshan order to supply agricultural products floe urban
centers in the proximity.

3. The areas occupied with forests and semi-natural fields include broad leaved forests (311),
coniferous forests (312), mixed forests (313), ratgrassland (321), moors and heath land (322pdVemd
shrub (324), sands (331), bare rock (332).

The weight of the surfaces occupigdorests increases proportionally with the adté. Thus, the
high values (>70%) will be found in the mountaindosalities: Giku, Mardiu, Sicuieu and so on. Values
higher than 90% can be found idiiBara, Bel§, Maguri-Racatau, Mardiu, Valea lerii. We find small values
in the case of localities with large agriculturatfaces from the low altitudinal area of the didtiof Cluj
(Céampia Turzii, lzvoru Csului, Tritenii de Jos, etc.). The other localitiase characterized by medium
values that range between 30-50%. In the caseeotities, we find values below the average (Campia
Turzii-7.5%, Turda-20.8%, Gherla-21.8%, Cluj-Napd@dca@%, Huedin-31.4%), except Dej-45.3%. In this
case, the forest has also a leisure purpose, b#sdeconomic one, these green oases being prtfiemre
spending free time by the inhabitants of the citespecially at the weekends.

4. Inland marshes (411) occupy small and insignificant areas wittha territory of the district. An
exception is the Sic locality, where we identifeadarea of 2.1 ha of marshes.

5. The aquatic surfaces include lakes (511) and rivers (512) with a witligher than 100 m. The
lakes occupy small surfaces in general (betweehr1®: Gitina, Chinteni, Capw Mare, Mica, Scuieni,
Sic, R&ca, Ciurila, Gsei, Tureni, C&au, Poieni, Suatu, Apahida). Higher values corredgorthe localities
where there are artificial lakes for the productadrthe electric energy, fish-breeding or leisuctivities
(CuzdrioaraTaga, Geaca, #soara).
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Figure4. Land use particularities in Cluj

2. GEOMORPHIC RISK ASSESSMENT

For assessing susceptibility to slope processes, elaborated a valuation model of the
geomorphologic processes at risk (MOBOPRIG) thall weke into consideration the morphometric
characteristics of the slopes, the land use anddbkogical structures.

In order to characterize the first gator (the morphometry of the slopes), we took gunsideration
the defining morphometric elements of the slopks: glope, the density of fragmentation, the degth o
fragmentation and the elevation. For each indicate established defining categories for the
characterization of the relief of the study arehud, there were drawn maps for the slope degreahéo
density and the depth of fragmentation and theatiew map, which were the basis of the weightening
system.

For each category, a certain value asxsibed as follows: 0-non-existent process, [mficant
occurrence (as number and affected area), 2-loguénecy on a large surface, 3-remarkable frequency o
large area (25% of the territory), 4-remarkablegfiency and affected areas (50% of the territory), 5
outstanding frequency and affected area (all dvetdrritory).

The weightening points were attribugdtér a very detailed study on the basis of 50€ifipeand
punctual geomorphologic processes at risk and baiseélde observation of their defining characterssand
of their differentiated bahaviour in time and spdda the same methodology the matrix for the lasel and
that for the geological structures are also based.
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Subsequent to valuation, an analysesvery site that is prone to geomorphic hazaesl®e made,
according to its characteristics and the corresipgndeightening points. Through the summation af th
weightening points, a score is obtained, accortinghich the process can be assigned in a cefass of
susceptibility and in a certain category of riske$e categories are: 0-5=very low risk; 5-10=losi;ril0-
15=medium risk; 15-20=high risk; >20=very high risk
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Figure5. Land suceptibility on the basis of a posteriorkresssessment

The analysis of the geomorphologs&sis based upon the susceptibility assessment déthieory.
After the performed analysis on the basis of tiggéring variables for natural risks, the risk niegs been
elaborated. We can notice from the very beginnitad the analysis was obstructed for several reasbas
inventory of the extreme events was performed éalbeéor the residential areas, where the matddases
were registered as affecting in a direct and infiteveay the quality of life; there is no methodolofyy
guantifying the differentiated damages per admiaiiste units and we cannot generalize the valua of
damaged inhabitation on the entire district and alst on natural units; there are no available ringu
systems to operate for the evaluation of the damébe value of damages varies on a very large swal
natural units too, but also at the level of ruradl @rban residencies; there are no extended statlths level
of the district that endorses the accuracy of tkieeme phenomena that cause natural risks, beirdlg we
known the fact that in their realization a certpamiodicity-continuity cycle has been pointed out.
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Figure 6. The classification of natural risks in the distraf Cluj

After performing the multifactorial agais we elaborated a thematic risk map, and thevioig
conclusions can be drawn:

- large areas in the mountains have small riskthatlevel of villages. The restrictive factors dhe
bedrocks, the land use and the fact that the nesad@reas are scattered in such a way that thieapility of
affecting a large number of inhabited areas isceduThe same thing can be observed in the cashagies
disposed in areas where the appearance of haotblilcal entities on large surfaces or major riee® on
glacis, which mainly decrease the effects produzgdhe extreme events (TureniarBlulesti, Viisoara,
Luna, Florsti, etc.)

- the medium risk is associated to the mountaiasaend to the areas situated at the foot of thentams:
Margau, Sancraiu, &adisla, Ciurila, Turda, Campia Turzii,aGrasi. Here, the restrictive factor is given by
the rocks in formation, predominantly hard or widlstrictive physical-mechanical characteristicsthase
areas floods are frequent in the valleys, and erstbpes, small extended landslides and sheeberosuld
appear. The same medium risk is recorded in 34gak in the hilly areas of the Santdills and in the
Transylvanian Plain. If the probability of occurcenof extended floods is more reduced, the prooéss
landslides and rainfalls increase both in frequesnoy extension. A peculiar phenomenon that ocdutisea
valley bottom is that of over-moistening throughevaresulted from rainfall and snowmelt, boggingroan
extended period of time. The rock-factor is favégalthe restriction is a result of the dispositiminforest
areas and that of agricultural practices.
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- the high risk can be identified in 14 villagesdawo large cities (Cluj-Napoca and Dej). In théeednt
areas of these towns, local floods, large-sizedbahels, extended rainfalls (Aiton), and erosion tluever-
moistened soil cover are frequent. Some of thectffef the processes are amplified by the old esgmt
day manmade activities (Mihai Viteazu, Cheia vidadDej (Ocna Dej), which amplify the value of dayea
The grouping of houses also constitutes an ampgffactor of damages.

- in a single village the risk is very high (Santimd; because of the multiple events produced doed t
material losses that were caused.
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