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ABSTRACT 

The creation and analysis of landslide inventories is the basic approach for starting the landslide hazard to risk 
analysis chain analysis. In order to perform this kind of analysis for the Iași Municipality (North–eastern Romania) 
we created based on aerial imagery and LiDAR data a landslide inventory of the landslide events that happened in 
the last 100 years. In total, we identified and delineated 518 landslide events: 51.5% translational slides, 19.7% 
slumps (rotational slides), 17% flowslides and 11.8% flows. The majority (74%) of the landslides events happened 
between 1956 and 1984, those before 1956 representing 16%, while those triggered after 1984 representing 10%. 
This situation reflects the very humid period between 1960 and 1990, when the majority of the landslide events 
were triggered. Beside the typology we have also identified the triggering factors and we can conclude that rain-
storms coupled with previous rainy years were the main triggering factors, especially for Holocene old and relict 
landslides in areas with land use and anthropic disturbances created by the built up area expansion. The analysis of 
the landslide area frequency density is showing that the shape of the distribution curve is similar with what was 
reported in the literature, which is signaling that this inventory can be used further in landslide susceptibility 
modelling and validation. Further analysis of these events can also pinpoint scenarios for vulnerability and risk 
analysis. 
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1. Introduction

The “landslide problem” (Brabb, 1991) require the 
study of landslides for the reduction of landslide 
risk. Landslide hazard is defined as the probability of 
landslide occurrence within a certain area and in a 

certain period (Varnes et al., 1984; Guzzetti et al., 
1999; Guzzetti, 2006). A landslide inventory is a da-
tabase (Carrara and Merenda, 1976; Guzzetti, 2006; 
Guzzetti et al., 2012) which describe in depth land-
slide events, their spatial and temporal location, and 
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other attributes (their typology, causes and their 
effects). Landslide inventories represent the base 
information needed for landslide susceptibility 
modelling and validation (Carrara et al., 2003; 
Guzzetti, 2006) and for vulnerability scenario as-
sessment (Alexander, 2005), crucial elements in the 
landslide hazard to risk chain (Reid, 1998; Crozier 
and Glade, 2005; van Westen et al., 2006). 

We present a spatial database of landslides 
events from Iași Metropolitan Area, which happened 
during the last 100 years and which can be used for 
landslide susceptibility modelling and validation. For 
these events, the historical data, remote sensing 
data and the field evidences are enough to provide 
the full picture of the landslide morphology, the 
typology, the activity and to allow precise delinea-
tion. We argue that this database and its possible 
extension to include more events is of crucial im-
portance for the landslide hazard and risk modelling 
for Iași County. 

1.1 Study area 

Iași Metropolitan Area (IMA) is located at the con-
tact between the Central Moldavian Plateau and the 
Jijia Hills (Fig. 1). Beside Iași Municipality, IMA con-
tains the territories of 18 communes (1092 km2): 
Movileni, Popricani, Victoria, Rediu, Aroneanu, 
Lețcani, Valea Lupului, Holboca, Ungheni, Miroslava, 
Tomești, Țuțora, Mogoșești, Ciurea, Bârnova, Schitu 
Duca, Comarna and Prisăcani. 

In the Jijia Hills the monoclinic structure and the 
homoclinal shifting of the river network (Jijia and 
Bahlui) influenced the development of a repetitive 
pattern of valleys and ridges (Fig. 2), with cuesta 
scarp slopes and cuesta dip slopes (Băcăuanu, 1968; 
Ioniță, 2000; Niculiță, 2011). The lithology (Fig. 3) is 
predominantly composed from siltstones and mud-
stones with sandy intercalations (Martiniuc et al., 
1956; Brânzilă, 1999; Ionesi et al., 2005; Dill at al., 
2011) from the Bessarabian Cryptomactra Clays 
Formation (under 125–150 m a.s.l.) and from mud-
stones and siltstones intercalated with sands from 
the Bessarabian Bârnova–Muntele Formation (230 m 
thick appearing over 125–150 m a.s.l.). The cuesta 
hills have a caprock of fluvial (2 to 5 m thick) and 

loess (5 to 25 m thick) deposits (Martiniuc and 
Băcăuanu, 1959; Martiniuc and Băcăuanu, 1966; 
Schram et al., 1977) and their absolute altitude do 
not exceed 220 m a.s.l. (Rediu Hill, Aroneanu Hill, 
Miroslava Hill, Galata Hill). 

At the contact between the Jijia Hills and Cen-
tral Moldavian Plateau the caprock structure gener-
ated an impressive escarpment: Iași Cuesta Escarp-
ment, with an amplitude of up to 350 m (Băcăuanu 
et al., 1980; Ungureanu, 1993). Here in the Central 
Moldavian Plateau over the Bârnova–Muntele For-
mation there is a caprock of calcarenites, oolitic 
calcarenites and quartz arenites intercalated with 
sands and mudstones (Jeanrenaud and Saraiman, 
1995; Brânzilă, 1999; Ionesi et al., 2005; Dill at al., 
2011) which end the Bessarabian suite, the Repedea 
Formation (30 m thickness, with lateral facies varia-
tions toward south and east which show an increase 
in sands and sandstones and a decrease of lime-
stones – Jeanrenaud and Saraiman, 1995; Ionesi et 
al., 2005). 

Over the Bessarabian rocks, a 100 m transgres-
sive thick Kersonian suite appear on top of the hills, 
which is composed mainly from sands (Ionesi et al., 
2005). Toward south over the Kersonian suite there 
are the Meotian rocks from the Nuțasca–Ruseni 
Formation (Fig. 4). This formation is around 160 to 
260 m thick and it is composed from sands and 
cineritic sandstones (10–80 m) and sands and mud-
stones (150–180 m) (Jeanrenaud and Saraiman, 
1995; Ionesi et al., 2005). Because of the resistant 
caprock the hills from this area have relatively flat 
and elongated ridges, while the hillslopes have a 
relief of up to 250 m. 

The superficial deposits are various (Martiniuc 
and Băcăuanu, 1959; Cernătescu et al., 1966; 
Băcăuanu et al., 1980; Barbu et al., 1987): (i) deluvial 
deposits and altered bedrock on steep hillslopes 
where landslides are not present, (ii) mass move-
ment deposits where landslide are present, (iii) flu-
vial terrace deposit (sands with basal gravels) cov-
ered by loess on cuesta dip slopes from Jijia Hills, 
(iv) soils or eluvial deposits on ridges and plateaus,
in the Central Moldavian Plateau, (v) clayey and silty
alluvial deposits on floodplains.
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Figure 1 Geographic position of Iași Metropolitan Area 

Figure 2 Swath profile (15 km wide) through the study area (the vertical scale is exaggerated in order to allow the recog-
nition of all the elevation profiles)
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1.2 Landslide history 

North–Eastern Romanian hilly area is well known for 
its relict and old landslides developed especially on 
cuesta scarp slopes (Niculiță and Mărgărint, 2014; 
Niculiță et al., 2016; Mărgărint and Niculiță, 2017), 
generating slope deposits which are very suscepti-
ble to landslide reactivations (Silion, 1965). Recent 
landslides which still keep the landslide morpho-
logic elements under the current dry climatic condi-
tions happened after Medieval times (Niculiță et al., 
2016). Iaşi surroundings were covered by forests in 
the medieval times (Giurescu, 1976), especially to-
ward south (Iaşi–Bârnova forest) and south–west 
(Căpoteştilor forest), but also toward east (Bîc for-
est), south–east (Bohotin forest) or north (Copou 
and Ciric forests – Tufescu, 1932) which were 
cleared in the modern period as the city extended 
from the Palatul Culturii fluvial terrace (Băcăuanu 
and Martiniuc, 1966) toward the surroundings 
(Tufescu, 1932). In this context we believe that the 
reactivations of the old and relict Holocene land-
slide (Martiniuc and Băcăuanu, 1982) bodies and 
scarps (Silion, 1965), while happening probably also 
during medieval times, became more frequent after, 
when the forest clearance and human pressure in-
tensified (“Galata din Vale”/“Galata de Jos” Monas-
tery which was affected by landslides between 1579 
and 1582 – Grigoraş, 1943; Cârciuleanu, 1991; Ure-
che, 2017). 

Areas with reactivations are known for Iași sur-
roundings in the following locations: the Copou Hill 
north–eastern hillslope (1911, 1932–1933, 1934, 
1940–1942, 1961, 1969–1970, 1984, 2017), the 
Păcurari neighborhood, the Șorogari Hill western 
hillslope (1969–1970), the Galata Hill northern 
hillslope (1932–1933, 1941–1942, 1960, 1970, 1971, 
1973, 1974–1975, 1979), the Cârlig Hill western 
hillslope (1981), for Cetățuia (1979–1980) and the 
Bucium area (1973) as reported by various authors 
(Macarovici, 1942; Silion, 1965; Băcăuanu, 1970; 
Palade and Băcăuanu, 1971; Brişcan, 1980; Martiniuc 
and Băcăuanu 1982; Schram et al., 1977). In recent 
times landslide reactivations were reported in 
Todirel village (5 March 1999), Munteni Neigh-
borhoud, Grădina Botanică, Șapte Oameni, Moara 
de Vânt. Beside these areas, where the landslide 
mechanism have a strong natural component, there 

are several places where the landslide mechanism is 
highly influenced by anthropic processes, especially 
along roads: on communal road DC49 toward 
Hadâmbu Monastery (2000 to 2017), Bahlui river 
bank (2015), on county road DJ248D in Bucium 
(2000–2010) and along the national road DN24 
between Păun and Poieni (2005). 

Figure 3 Lithostratigraphic columns of IMA geology 
(Jeanrenaud, 1971, Jeanrenaud and Saraiman, 1995; 

Brânzilă, 1998, 1999; Ionesi et al., 2005): a – sandstones, b 
– sands, c – deltaic sands, d – siltstones, e – oolitic lime-

stones, f – cinerites 

A geomorphological landslide inventory for Iași 
municipality was prepared by Necula and Niculiță 
(2017) and a historical inventory for Iași County was 
prepared by Niculiță et al. (2017). The slow moving 
displacement rates were identified for the 2014–
2017 period for the north–eastern hillslope of 
Copou Hill by Necula et al. (2017). 

2. Materials and methods
2.1 Materials 

Historical map sources (1:20000, 1:5000, 1:2000 
topographic maps from the 1920–1960 period) were 
used to identify landslides which are older than 
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1956 and LiDAR was used for the delineation of 
these landslides. Especially for the Copou Hillslope 
LiDAR data had to be interpreted also based on the 
historical reports. 

The availability of four series of aerial images 
(1956–1964, 1971–1984, 2003–2005, 2008) and a 0.5 
m spatial resolution LiDAR DEM acquired in 2012, 
allowed us to identify landslide events that hap-
pened between 1956 and 2015. 

2.2 Methods 

Landslide events were mapped as polygons only 
when all the landslide elements were identified on 
the aerial imagery or LiDAR (Ardizzone et al., 2007; 
Petschko et al., 2015; Niculiţă et al., 2016): crown 
and scarp, flanks, toe, rough landslide body (Fig. 5). 

In unforested areas, these elements were quite easy 
to be depicted. In forested areas the field work and 
the use of LiDAR point clouds helped us to under-
stand the morphology of the landslides. The typol-
ogy was assessed using the Hungr et al. (2014) ex-
tension of the Cruden and Varnes (1996) classifica-
tion. We identified the following types of landslides: 
(i) recent soil/earth planar/translational slides (type
12) develop mainly on steep hillslopes previously
affected by old or relict landslides; (ii) on old land-
slide scarps, rotational soil/earth slumps are fre-
quent (type 11); (iii) old landslide deposits with a
mixture of clays, silts and sands or the sandy bed-
rock are affected by flowslides and earthflows (type
20 and 26).

Figure 4 Geologic map of IMA (compiled after the 1:200 000 Geological Map of Romania, Saulea et al., 1966, completed 
with maps and information from Jeanrenaud and Saraiman, 1995, Brânzilă, 1998, 1999, Ionesi et al., 2005) 
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Figure 5 Landslide delineation elements for the post 1984 landslide localized on the northern hillslope of Miroslava Hill (the ele-
ments were considered regarding the Cruden and Varnes, 1996 work) on a topographic section (left), aerial imagery (center) 

3. Results and discussions

We have identified and mapped 518 landslide 
events (Fig. 1). The majority of the identified 
landslides are translational slides (51.5 %). Slumps 
(rotational slides) and flowslides are the other type 
of landslides considering the frequency (19.7 % and 
17%). Flows represent 11.8%. The association of the 
process type with the displaced material is very hard 
to be performed because the slope deposits are 
very similar with the geological deposits. 

The majority of the events appear on previous 
slided areas, as reactivations of the scarp or of the 
main body. Translational landslides are more fre-
quent on old and relict landslide bodies, but flows 
are also present. Slumps (rotational failures) and 
flowslides are the most frequent on old and reac-
tivated landslides scarps. Flows are also present 
along scarps. Some of the landslides that were trig-
gered before or after 1964 and before 1984, were 
levelled after 1970 by the antierosional measures 
taken in the study area, so do not appear on the 
LiDAR dataset (Fig. 6 – 4th row). 

The magnitude of the identified landslides is 
low (under 140 000 m2), under what is considered in 
the literature magnitude 1 (Malamud et al., 2004), 
their length doesn’t exceeding 700 m and with 
widths in general under 50–100 m (Fig. 7). The 

shape of the area frequency density is similar with 
that of landslide inventories triggered by specific 
events, situation which allows us to consider this 
landslide inventory to be representative for the 
present day conditions in the study area (Fig. 7) and 
to be usable in landslide susceptibility modelling 
and validation. The low magnitude and the fact that 
almost all the identified landslides happened out-
side populated areas show that landslides do not 
represent a real day by day threat for the population 
of IMA, but the situation could change in the future, 
considering the extension of the built up area (Iaţu 
and Eva, 2016; Doru, 2018) and the climate changes. 

There are some exceptions, several areas being 
known for frequent reactivations: Copou north–east 
hillslope (Țicău and Sărărie area), Păcurari, Aurora, 
Șipoțel, Brândușa, Galata, Cetățuia, Cârlig, Todirel. 
The several notable exceptions generated popula-
tion displacement during the last 100 years and still 
represent a real threat for the houses that remained. 
Considering that IMA is in continuous expansion of 
built area, the landslide susceptibility modelling 
(Necula and Niculiță, 2017) should be taken into 
account for planning purposes, since new built area 
will cover territories where these small magnitude 
landslides are frequent. 
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Figure 6 Landslide typology on various resources used for identification and mapping: slumps north of Rusenii Noi trig-
gered after 1964 (1st row from left), translational slide triggered before 1964 (2nd row from left), flows and flowslides 
from Bucium hillslope triggered after 1964 (3rd row from left), translational slide south of Orzeni triggered after 1964 

(4th row from left) 

Figure 7 Landslide area frequency density for the pro-
duced landslide inventory and comparison with other 
inventories from the Moldavian Plateau (Bejenaru and 

Niculiţă, 2017; Mărgărint and Niculiţă, 2017) and around 
the world (Malamud et al., 2004) 

A strong temporal pattern exist, the majority of 
the landslides appearing between 1956 and 1984 
(74%). The landslides which were triggered before 
1956 but probably not before 1890–1920 (because 
the disturbances are not present of the topographic 
maps) represent 16%, while those triggered after 
1984 represent 10%. The 1960–1990 period is 
known to be a wet period, compared with the pe-
riod after 1990, which is considered a dry period 
(Fig. 8 and 9). Future rainy period might increase the 
frequency of landslides in areas which today are 
considered stable. 

The precondition factors of the recent landslides 
from Iaşi Metropolitan Area are the monoclinic and 
caprock morphostructure, the lithology (intercala-
tions of clays and sands), the climate and the land 
use (Mărgărint and Niculiţă, 2017). The mean annual 
rainfall is increasing from Iaşi (102 m a.s.l. – over 550 
mm) to Bârnova (395 m a.s.l. – over 770 mm), mainly
because of orographic precipitation induced by the
western air mases movement over the Central Mol-
davian Plateau (Roe, 2005; Mihăilă, 2006; Minea,
2012; Pelin, 2015). In the southern part of the study
area the forest is dominant, while in the northern
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part of the study area the agricultural fields and the 
pastures are dominant. In the central part, in Iaşi 
Municipality there is a high density of built up areas 
(Doru, 2018). 

The preparatory factors are the pre-existence of 
old and relict landslides (Niculiţă et al., 2016; 
Mărgărint and Niculiţă, 2017), the rainfall variation 
and the land use changes. Rainfall variation in the 
study area was mainly related to the increase of the 
rainfall quantity in May–July compared to the Au-
gust–October, in 1891–1920, 1920–1935, 1940–
1953, but especially after 1960, until 1991 (Pelin, 
2015). The most frequent duration of consecutive 
years with rainfall excess is 2 years (Mihăilă, 2006). 
In the last two centuries the anthropic pressure 
increased, through forest clearance, agricultural 
fields, orchard, vineyard and settlement extension 
(Doru, 2018). The rainfall variability and the changes 

in land use affected especially the stability of the 
Holocene landslides scarps, where at the contact 
between the permeable fluvial terrace and loess 
deposits with the impermeable siltstones and mud-
stones important aquifers develop (Macarovici, 
1942; Silion, 1965; Palade and Băcăuanu, 1971; 
Brişcan, 1980; Martiniuc and Băcăuanu 1982; Schram 
et al., 1977). The saturation of the materials from the 
base of the scarps and of the landslide body depos-
its generated the majority of the reactivations, and 
also controls the landslide type. Landslides under 
forests are in general of small magnitude and dis-
turb the forest only in the scarp area, although es-
pecially in areas where anthropic disturbances ap-
pear important landslides were triggered (Horti-
culture Faculty event – Palade and Băcăuanu, 1971). 
Areas which are recently deforested very often sup-
ported landslide reactivations. 

Figure 8 Additive decomposition of daily rainfall temporal data for Iași meteorological station, according to ROCADA 
dataset (Dumitrescu and Bîrsan, 2015) 
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Figure 9 Mean monthly rainfall data for Iași Municipality, according to ROCADA dataset (Dumitrescu and Bîrsan, 2015) 

4. Conclusions

We present a database of 518 landslides events 
from Iasi County, which happened in the last 100 
years. For these events, the historical data, remote 
sensing data and the field evidences are enough to 
provide the full picture of the landslide typology 
and morphology, of the landslide conditional, pre-
paratory and triggering factors, of landslide magni-
tude and temporal evolution, of immediate effects 
on humans and infrastructure and the implications 
on future human activity in the area. 

Among the studied events the Copou hillslope, 
Iaşi city, is one of the most interesting case of land-
slide reactivations during the last 100 years, with 
more possible future reactivation events, and which 
generated the biggest damages, fortunately without 
human life loss. While some of the presented land-
slides affected human settlements and infrastruc-
ture, the majority are cases where the landslides 
happened outside settlements and infrastructure, 
but the extensions of the built up area inside the 
metropolitan borders is to be expected. Also, in the 
case of an increase in the amount of rainfall, the 
frequency of landslide events might also increase. 

Landslide inventories which describe in depth 
landslide events, their spatial and temporal location, 
their causes and their effects are very important for 
landslide susceptibility modelling and validation and 
for vulnerability scenario assessment. This database 
and its possible extension to include more events is 
of crucial importance for the landslide hazard and 
risk modelling for Iaşi Metropolitan Area 
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