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ABSTRACT 

 

Iași Municipality as other urban areas around the world has a long history of landslide activity which needs to be 

studied considering the urban sprawl. We performed a first landslide susceptibility modeling for Iași Municipality 

based on the AHP method using weights given by expert judgements regarding the influence of preparatory and 

conditional landslides factors (slope, ruggedness, lithology, historic landslide density and hydrogeology) and 

weights given by the historic landslide density over the factors. The landslide inventory was performed based on 

LiDAR data and aerial imagery using the geomorphological mapping of landslide elements. Using the landslide 

probability density function we have shown that the landslide inventory is valid and we have selected 411 

landslides considered recent to be used for the validation. The resulted susceptibility show that the most 

susceptible to landslide reactivations are the hillslopes of cuesta hills with relict and old landslides, especially at the 

main scarp. Recent landslides are mainly scarp slumps or landslide body translational reactivations. The validation 

showed that almost 70% of recent landslides are located on high susceptibility areas. Future work to improve the 

susceptibility and extend it to hazard modeling is needed considering the long history of landslide reactivations 

from Iași Municipality and the slow evolution of old landslides like in Țicău neighborhoods. 
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1. Introduction 
 

Landslides are geomorphologic processes (Cruden, 

1991) characterized by the gravitational induced 

displacement of the earth/debris toward the base of 

slope through several mechanisms: fall, flow, sliding, 

toppling or spread (Cruden and Varnes, 1996; Hungr 

et al., 2014). These natural phenomena are activated 

by several triggering factors such as heavy rainfalls, 

earthquakes, volcanic eruptions, snow melting on 
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slopes where preparatory (slope, geology) and 

conditional factors cause the instability. Also, the 

anthropic impact represents an important factor 

which leads to the (re)activation of landslides. 

Nowadays, due to the continuous expansion of the 

territory and infrastructure development, human 

activities meant to improve living conditions are 

having sometimes the opposite effect because the 

problem of landslides (Brabb, 1991) has not been 

treated with necessary importance. Thus, works 

undertaken for roads and railways development, 

land use changes, deforestations, mines and quarries 

exploitation, agriculture terraces construction lead to 

landslide occurrence through/ by incising the slope 

base, or by favoring the natural triggers. 

To reduce the potential damage and economic 

losses (Schuster and Fleming, 1986; Kjekstad and 

Highland, 2009) in urban development and land use 

planning (Leighton, 1976; Záruba and Mencl, 1982; 

Alexander, 1986; Alexander, 1989; Alexander, 2005; 

Petley, 2009) a good support to provide information 

about landslides is given by landslide susceptibility 

maps. Susceptibility is the first stage in the process 

of hazard and risk evaluation (Crozier and Glade, 

2005), through which is modeled the relative spatial 

probability for the occurrence of landslides in a 

given area (Cararra 1983; Guzzetti, 2006), 

considering previous information about landslides 

and their control factors (Carrara and Merenda, 

1976; DeGraff, 1978; Kirschbaum et al., 2010; Klose, 

2015). To extend the susceptibility into landslide 

hazard the temporal probability needs to be taken 

into account (Varnes et al., 1984; Guzzetti et al., 

1999; Corominas et al., 2014).  

To calculate the landslide susceptibility have 

been developed different methods, based on 

geomorphologic analyses and direct field 

observations as qualitative methods (Amadesi and 

Vianello, 1978; Aleotti and Chowdhury, 1999; van 

Westen et al., 2003), or which are relying on 

statistical models, probabilistic and deterministic 

approaches considered as quantitative methods 

(Carrara, 1983; Carrara et al., 1991; Ercanoglu, 2005). 

However, it cannot be said precisely which method 

is better, each one having their own advantages and 

disadvantages, for this reason recent studies 

attempts to combine these methods in order to 

obtain more precise information (Rossi et al., 2009). 

Another mandatory issue in susceptibility modeling 

is choosing the appropriate “mapping unit” and the 

appropriate method of sampling for statistical 

model fitting (Hussin et al., 2016), which allows the 

exploitation of ground conditions of the terrain 

(Guzzetti et al., 1999). For this reason, the selected 

approach is suitable only for study cases having 

specific environmental factors, the same 

methodology cannot be exploited in other regions 

as the result might not have the same reliability 

(Van Den Eeckhaut et al., 2009). 

Considering the previous landslide reactivations 

which affected Iași city hillslopes (Macarovici, 1942; 

Băcăuanu, 1970; Martiniuc and Băcăuanu, 1982; 

Niculiță et al., 2017; Necula et al., 2017) multiple 

times during the last two centuries, landslide 

susceptibility modeling becomes an important tool 

to prevent future hazards related to the 

reactivations of old Holocene to Medieval Age 

landslides (Niculiță et al., 2016). The susceptibility 

map becomes a necessity for the urban 

development which can significantly reduce the 

economic costs and the damages to community 

(Leighton, 1976; Záruba and Mencl, 1982; Varnes et al., 

1984; Alexander, 1986; Alexander 1989; Petley, 2009).  

For this case study, the landslide susceptibility 

modeling has been realized using a probabilistic 

approach which is taking into account the 

environmental factors of the study area based on 

the Analytic Hierarchy Process (AHP). This method 

was chosen because although a landslide inventory 

was created, the landslide morphology was altered 

by human intervention (Barbu et al., 1987) and 

therefore cannot be used to train a more 

sophisticated statistical model. Also the landslide 

inventory is a geomorphological one and not a 

multi-temporal one, containing different age and 

magnitude landslides, the recent events that 

affected the city being mainly reactivations of old 

landslides. 

 

1.1 Study area 

 

Iași Municipality (91.5 km2) is located in the 

southern part of the Jijia Hills, at the contact with 

the Central Moldavian Plateau (Fig. 1). In the Jijia 
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Hills the monoclinic geological structure (Brânzilă, 

1999; Ionesi, 1994), the relative resistance of 

claystones and mudstones intercalated with sands 

and the homoclinal shifting of the Bahlui River and 

its tributaries toward south generated the 

development of cuesta landforms: the asymmetric 

hills and the structural valleys (Băcăuanu, 1968; 

Ioniță, 2000; Niculiță, 2011). The lithology (Fig. 2 and 

3) is predominantly composed from claystones and 

mudstones with sandy intercalations (Brânzilă, 1999; 

Ionesi et al., 2005; Dill et al., 2011) which are 

comprised in two formations of Bessarabian age: 

Cryptomactra Clays Formation (outcropping under 

125-150 m a.s.l.) and Bârnova-Muntele Formation 

(230 m thick formation outcropping over 125-150 m 

a.s.l.). The cuesta hills North and South of Bahlui 

River have the planar and gentle sloping dip 

hillslopes covered by fluvial deposits (gravels and 

clays 2 to 5 m thick) and loess (5 to 25 m thick) 

(Martiniuc and Băcăuanu, 1959; Martiniuc and 

Băcăuanu, 1966; Schram et al., 1977) and do not 

have altitudes going beyond 220 m a.s.l. (Rediu Hill, 

Copou Hill, Șorogari Hill, Galata Hill, Cetățuia Hill). 

Toward south, above the 200 m altitudinal 

boundary, in the Central Moldavian Plateau the 

presence of a caprock geological structure imposed 

the detachment of an escarpment which represents 

the Eastern part of the Iași Escarpment (Băcăuanu, 

1968; Băcăuanu et al., 1980, Ungureanu, 1993) 

where the ridges altitudes are between 365 and 407 

m a.s.l. (Repedea and Păun Hills). The caprock is 

represented by the Repedea Formation, composed 

from calcarenites, oolitic calcarenites and quartz 

arenites intercalated with sands and claystones 

(Jeanrenaud and Saraiman, 1995; Brânzilă, 1999; 

Ionesi et al., 2005; Dill at al., 2011) which outcrops 

predominantly in the Repedea Hill. Over the 

Bessarabian rocks, a 40 m thick Kersonian suite 

starts transgressively composed mainly from sands 

(Balta-Păun Formation) and outcrops in the Păun Hill. 

 

1.2 Landslide factors 

 

In North-Eastern Romanian lowland, respectively in 

the Moldavian Plateau, relict and old landslides 

(Upper Pleistocene to Holocene age) appear on 

almost all cuesta scarps and steep hillslopes 

(Niculiță and Mărgărint, 2014; Niculiță et al., 2016; 

Mărgărint and Niculiță, 2017). Because of the dry 

climate (Pánek, 2015; Niculiță et al., 2017)  

the landslide morphology and deposits were 

smoothed by erosion and are very susceptible to 

landslide reactivations. Recent landslides which still 

have all the landslide morphologic elements not 

affected by erosion triggered under the current dry 

climatic conditions after the Medieval times (Niculiță 

et al., 2016). 

The morphostructure, morphometry and the 

topography of the study area are favorable 

preconditioning factors to landslides development, 

especially for the steep cuesta escarpments 

(Mărgărint and Niculiță, 2017). The slope relation 

with the geological structure/rock stratification 

(Meentemeyer and Moody, 2000; Cruden and Eaton, 

1987) on cuesta escarpments is anaclinal, with 

subdued relation (slope angle lower than the dip 

angle and the slope cuts perpendicular the bedding 

planes). The majority of the North, North-East and 

North-West facing hillslopes enter in this category. 

On Southern, South-Eastern and South-Western 

cuesta dip slopes the geological structure/rock 

stratification relation is cataclinal, the slopes being 

underdip (slope angle lower than the dip and the 

slope cuts along the bedding plane). Eastern and 

Western hillslopes are ortoclinal, the slopes cutting 

the bedding planes laterally. This morphostructure, 

combined with the presence of springs and aquifers 

at the base of the fluvial and loess/sandstone and 

limestone caprocks and along sand layers 

intercalated in the claystones and mudstones, is 

responsible for the great extension of the landslides 

along the steep hillslopes. The majority of landslides 

are soil/earth planar/translational slides (type 12 

from Hungr et al., 2014 extension of Cruden and 

Varnes, 1996 classification) developed on the steep 

slopes under the influence of river incision and 

lateral migration toward the hillslopes base. On old 

landslide scarps rotational soil/earth slumps are 

frequent (type 11). Old landslide deposits with a 

mixture of clays, silts and sands have flowslides and 

earthflows (type 20 and 26). On the western and 

northern hillslopes of Repedea and Păun Hills also 

compound slides appear (type 14) as multiple 

retrogressive compound slides due to the 

retrogressive evolution of the hillslopes under the 

influence of river incision (Niculiță et al., 2016). Very 

often complex landslides appear on the steep 
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hillslopes as a combination of multiple mechanisms 

and the overlay/amalgamation (Marc and Hovius, 

2015; Samia et al., 2017) of different age events, 

generating continuous landslides which cover the 

hillslope on lengths of up to 2-3 km (the Eastern 

hillslope of Copou Hill, both Western and Eastern 

hillslopes of Șorogari Hill, and the Western hillslope 

of Aroneanu Hill). 

Almost all steep hillslopes (Fig. 4) from Iași 

Municipality area are covered by such complex 

landslides, that is why landslide reactivations are 

quite frequent (Samia et al., 2017) especially during 

spring time or summer time under heavy rainfall 

(Mărgărint and Niculiță, 2017; Niculiță et al., 2017). 

During the last two centuries, the magnitude of 

reactivations decreased also because remedial 

measures were carried out (Consiliul Județean Iași, 

2012; Necula et al., 2017): passive mechanic 

infrastructure, drainages and protection forests. 

Despite the remedial measures such areas are in a 

slow moving state (like the case of North-Eastern  

hillslope of Copou Hill where there is a velocity of 

the slow moving landslide of up to 1.8 cm/year - 

Necula et al., 2017). 

 

 

 
 

Figure 1 Geographical background of Iași Municipality. 
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Figure 2 Lithostratigraphic column of the Bessarabian and 

Kersonian in Repedea Hill (compiled after Brânzilă, 1999; 

Ionesi et al., 2005): a – sands, b – claystones and 

mudstones, c – limestones. 

 

Although the area has a dry climate, maximum 

24 hour rainfall amount can go beyond 100 mm 

(Mărgărint and Niculiță, 2017; Niculiță et al., 2017). 

Historical rain trends also show a very humid period 

during the 70’ and 80’ which might repeat after a 

30/40 year cycle (Niculiță et al., 2017). Areas with 

reactivations are known for Iași Municipality in the 

following locations: the Copou Hill north-eastern 

hillslope (1932-1933, 1940-1942, 1969-1970, 1984; 

2017), for Șorogari Hill western hillslope (1969-

1970), for Galata Hill northern hillslope (1979), Cârlig 

Hill western hillslope (1981), for Cetățuia (1980) and 

for Bucium area (1973) as reported by various 

authors (Macarovici, 1942; Băcăuanu, 1970; 

Martiniuc and Băcăuanu 1982; Schram et al., 1977). 

In recent times (after the 90’) landslide reactivations 

were reported in Munteni Neighborhood, Cimitirul 

Evreiesc, Grădina Botanică, Șapte Oameni Street, 

Aleea Sadoveanu, Cetățuia (Consiliul Județean Iași, 

2012). Although there are remedial measures 

applied to the most active areas of landslide 

reactivations constructed especially before the 90’ 

the failure to maintain them makes it difficult to 

estimate which is the level of protection which these 

measures assure for the future rainy periods. 

 

2. Materials and methods 

 

2.1. Materials 

 

The historical map sources (1:20 000, 1:5 000, 1:2 

000 topographic maps from the 1920-1960 period), 

Google satellite imagery archive (2003-2017), aerial 

imagery (1956-1964, 1971-1984, 2005, 2008) and a 

0.5 m spatial resolution LiDAR DEM acquired in 

2012 were used for the creation of a 

geomorphological landslide inventory (Carrara et al., 

2003; Guzzetti, 2006; Guzzetti et al., 2012). Texture 

data from the aerial imagery and the LIDAR shading 

were supplemented by the use of the elevation 

derivatives (slope, curvature) and contours for the 

landslide delineation (Fig. 4) and typology 

assignation (Fig. 3). 

For the susceptibility modeling environmental 

factors we have used the following layers 

aggregated to 5 m rasters (Fig. 5 and Fig. 6): 

 Slope (Fig. 6a): computed from the LiDAR DEM at 

5 m resolution using the algorithm of Wood 

(1996; 2009) in SAGA GIS (Conrad et al., 2015) 

using a kernel window of 3 by 3 pixels; 

 Ruggedness (Fig. 6b): computed with the 

algorithm described by Riley et al., (1999) using a 

5x5 pixels kernel window in SAGA GIS (Conrad et 

al., 2015); this parameter is a measure of both 

vertical and horizontal dissection of landforms 

and better describe the fluvial dissection 

compared with drainage density where the source 

of drainage data can be biased (Mark, 1983; 

Niculiță, 2012); 

 Geology (Fig. 3): compiled after the 1:200 000 

Geological Map of Romania, Saulea et al., 1966, 

completed with maps and information from 

Martiniuc and Băcăuanu, 1959, Martiniuc and 

Băcăuanu, 1966, Schram et al., 1977, Brânzilă, 

1999,  Ionesi et al., 2005 and slightly reshaped to 

match the LiDAR DEM resolution and features; 
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Figure 3 Geologic map of Iași surroundings (compiled after the 1:200 000 Geological Map of Romania, Saulea et al., 

1966, completed with maps and information from Martiniuc and Băcăuanu, 1959, Martiniuc and Băcăuanu, 1966, Schram 

et al., 1977, Brânzilă, 1999, Ionesi et al., 2005) with the landslides inventory styled by landslide type. 

 

 Landslide density (Fig. 6c): computed as a 

standardized value between 0 and n, where n is 

the maximum number of landslides that overlap 

for the same pixel area; for the unaffected pixels 

values between 0.9  and 0.1 were computed 

based on their Euclidean distance to the closest 

landslides; 

 Hydrogeology (Fig. 6d): digitized from a map of 

phreatic level for Iași Municipality (Schram et al., 

1977) and expressed as the depth of the 

phreatic level under the topography level, the 

type of the surficial deposit (ridge, hillslope, 

fluvial) and the presence of springs. 

Land use was not used as a predictable factor 

because the entire study area has urban features 

and the urban pressure on landslides is done in 

multiple ways that cannot be synthetized in a 

geospatial layer: water infiltration from broken 

urban water and sewage network, remedial 

measures which are degraded, heavy transport 

traffic, residential house extension and improvement. 

 
2.2. Methods 

 

The landslide inventory is a geomorphological one, 

containing all the landslides that were depicted 

from the remote sensing images and validated by 

the field observations (Carrara and Merenda, 1976; 

McCalpin, 1984; Wieczorek, 1984; Cararra et al., 

2003; McKean and Roering, 2004; Guzzetti, 2006; 

Guzzetti et al., 2012). 
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Figure 4 Landslides inventory. 

 

While we recognize the limitations of the inventory, 

especially regarding the presence of relict or old 

landslides (Niculiță et al., 2016) we believe that this 

inventory can be used for susceptibility assessment. 

We used the inventory for assessing the weights 

which were given to environmental factors in the 

analytical hierarchy process. The landslide inventory 

was performed for an area bigger than the actual 

boundary of Iași Municipality in order to better 

assess the regional pattern of landslide activity. The 

landslide frequency density curve was computed 

using LANDSTAT R stat (R Development Core Team, 

2008) script developed by Rossi et al. (2012). 

The landslides (1498 in total) were delineated 

on LiDAR DEM only when at least two of the 

following landslide elements were identified on 

LiDAR (Carrara and Merenda, 1976; Varnes, 1978; 

McCalpin, 1984; Wieczorek, 1984; Varnes et al., 

1984, Soeters and Van Westen, 1996; Cruden and 

Varnes, 1996; McKean and Roering, 2004; Van Den 

Eeckhaut et al., 2005; Ardizzone et al., 2007; 

Jaboyedoff  et al., 2012; Petschko et al., 2015): (i) 

main scarp, other minor scarps or the crown, (ii) 

landslide flanks, (iii) landslide toe, (iv) landslide body 

with various wavelengths of ruggedness. The use of 

various shading methods and the 3D anaglyph 

stereoscopic plotting of the DEM in SAGA GIS 

greatly improved the mapping.  

AHP is a semi-quantitative statistical method 

which is used for decision making processes using 

the score given by weights which are obtained using 

pairwise relative judgements of comparison 

between the considered factors (Saaty, 1977, 1980, 

1987). The factors can be structured in hierarchical 

networks and the judgements generate a pairwise 

comparison matrix. The judgments are made based 

on a scale from 1/9 (considered extremely less 

important) to 9 (considered extremely more 

important), a value of 1 meaning equal importance 

(Fig. 7). For example slope is considered to be 7 

times more important (very strong) than 

hydrogeology (Table 1).  

The main advantage of the method is the 

flexibility of its usage in resolving decision making 

processes using heuristic judgements and the 

possibility of checking the consistency of the 

judgements using the consistency index (Table 1). 

The main disadvantage is the subjectivity of 

comparisons and of the used factors (Table 2). 

 

 
 

Figure 5 Graphical depiction of the AHP model. 

 

This model was used as a trade-off between the 

pure heuristic (like geomorphological mapping) and 

the pure statistical methods (data mining of 

environmental factors where multicollinearity 

introduces irrelevant information) given the 

conditions of an urban area where landslides have 

different ages and are smoothed and influenced by 

the human activities. 

AHP has been widely used for landslide 

susceptibility (Barredo et al., 2000; Ayalew et al., 2005; 

Yoshimatsu and Abe, 2006; Gorsevski et al. 2006; 

Yalcin, 2008; Wu and Chen, 2009; Akgun and Türk, 

2010; Rozos et al., 2011; Akgun, 2012; Hasekioğullari 

and Ercanoglu, 2012; Mondal and Maiti, 2012; 
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Figure 6 AHP factors: a) slope, b) ruggedness, c) historical landslide density, d) hydrogeology. 

 

Pourghasemi et al., 2012). AHP statistics were 

computed with the R stat software (R Development 

Core Team, 2008) ahp package (https://cran.r-

project.org/web/packages/ahp/index. html). The 

prediction was assessed using Chung and Fabri 

(1999, 2003) prediction rate curve. For the success 

curve we have used the plot of percentage of 

observed landslides susceptibility versus the 

percentage of susceptibility values over the entire 

map (Castellanos Abella, 2008). The class intervals, 

 

used for expressing the susceptibility outcome, were 

computed using the classInt package (https://cran.r-

project.org/web/packages/classInt/index.html) for R 

stat with the k-means clustering method. 
 

 

 
 

Figure 7 The scale used for judgement pairwise 

comparisons. 

  

https://cran.r-project.org/web/packages/ahp/index.html
https://cran.r-project.org/web/packages/ahp/index.html
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Table 1 AHP environmental factors pairwise comparison matrix, weights and consistency index 

FACTOR Slope Ruggedness Geology 
Landslide 
density 

Hydrogeology Weight 

Slope 1 3 4 5 7 0.54 

Ruggedness 0.33 1 3 5 6 0.24 

Geology 0.25 0.33 1 2 5 0.11 

Landslide density 0.20 0.20 0.50 1 4 0.07 

Hydrogeology 0.14 0.17 0.20 0.25 1 0.04 

     CI* 0.04 

*Consistency index 
Table 2 Factor weights 

Slope Ruggedness Geology 
Landslide 
density 

Hydrogeology (deposit 
and phreatic level depth) 

C* W** C W C W C W deposit C W 

0-1 0.02 0-0.15 0.02 
Cryptomactra 

Clays Fm. 
0.40 4 0.50 

Hillslopes 
with 

springs 

0-5 0.18 

1-3 0.03 
0.15-
0.5 

0.03 
Bârnova-

Muntele Fm. 
0.24 3 0.26 0-10 0.14 

3-7 0.05 0.5-0.8 0.05 Repedea Fm. 0.16 2 0.13 0-20 0.11 

7-10 0.07 0.8-1 0.07 Balta-Păun Fm. 0.10 1 0.07 

Hillslopes 
without 
springs 

0-5 0.10 

10-15 0.10 1-1.5 0.10 
Pleistocene 

(terrace 
deposits) 

0.06 0 0.03 5-10 0.06 

15-20 0.15 1.5-10 0.15 
Floodplain 
deposits 

0.04   0-10 0.06 

20-30 0.23 10-20 0.23     0-20 0.05 

>30 0.35 >20 0.35     

Terrace 

4-7 0.05 

        0-10 0.04 

        10-15 0.04 

        >15 0.04 

        

Ridge 

2-8 0.03 

        0-10 0.03 

        >30 0.02 

        

Floodplain 

0-3 0.02 

        0-7 0.02 

        3-5 0.01 

*Classes, **Weights 
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3. Results and discussion 
 
The landslide inventory contains 1498 landslides, 
with the area ranging from 226 m2 to 3.9 mil m2. 
The frequency density distribution of the area can 
be seen in Fig. 8 (red line), where there are plotted 

also two other curves for the Moldavian Plateau, 

one for an inventory which cover the entire Moldavian 

Plateau (black line) and one for a catchment from 

the Central Moldavian Plateau (blue line).  

 

 
 

Figure 8 Landslide inventory area frequency distribution 

for Iași Municipality (red line), Crasna Catchment (blue line 

- Bejenaru and Niculiță, 2017) and for the Moldavian 

Plateau (black line - Mărgărint and Niculiţă, 2017). 

 

The tail of the curve for Iași Municipality is very 

similar with the one for the Moldavian Plateau, 

showing that for big landslides the inventory 

contains the representative magnitudes. The shape 

of the distribution curve is also similar with other 

historic and geomorphologic landslides inventories 

(Malamud et al., 2004a, 2004b). For smaller 

landslides, the Iași Municipality inventory is more 

complete, and this is the reason why we use these 

landslides for validation. We define small landslides 

as the landslides that have under 50 000 m2 (Fig. 4 – 

blue polygons). This value was chosen by analyzing 

the frequency of landslide area and by investigating 

the morphology of these landslides on LiDAR DEM. 

The small landslides have a fresh morphology and 

have recognizable all the landslide features, thus 

being considered recent and only 200 to 300 years 

old (Niculiță et al., 2016). 

The histogram of the susceptibility results can 

be seen in Fig. 9 and the spatial distribution of 

susceptibility values in Fig. 10. The distribution is 

lognormal and the k-means derived class intervals 

are 0, 0.01, 0.2, 0.35, 1.  

 

 
 

Figure 9 Landslide susceptibility histogram. 

 
The four classes were labeled as no susceptibility 

(22.6 %), low susceptibility (40.7 %), moderate 

susceptibility (23.7 %) and high susceptibility (13 %). 

The recent landslides cover 3.1 % of the Iași 

Municipality territory, while all the mapped 

landslides cover 20%. From the area covered by 

landslides, the susceptibility has the following 

statistics: 0.1% low susceptibility, 1.2% moderate 

susceptibility and 1.8% high susceptibility. No 

landslides appear in the area modelled as no 

susceptibility. For validation we have used the 

recent landslide inventory (411 landslides) and we 

derived the prediction rate curve and the success 

rate curve (Fig. 11). These curves show us that the 

model performed well and that the modelled 

susceptibility can explain reasonably well the recent 

landslide occurrence in Iași Municipality, 70% of all 

small landslides being located in 38% of the areas 

with high susceptibility values. If we compute mean 

susceptibility values for the recent landslide 

polygons, all of them have lower to high 

susceptibility values: 6 low susceptibility (0.3%), 124 

moderate susceptibility (30.5%) and 281 high 

susceptibility (69.2%). 

The newest landslide from Iași municipality is 

represented by the scarp reactivation of the  

North-East hillslope of Copou Hill in the Ursulea area 

in May 2017. The scarp was affected on 150 m by a  
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Figure 10 Landslide susceptibility map for Iași Municipality (numbers represent the areas that have the highest frequency 

of high susceptibility and are discussed in section 3); in inset the susceptibility in the Ursulea landslide area. 

 

 

Figure 11 Landslide susceptibility prediction rate curve (left) and success curve (right). 
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slump which has slided along 60 m. On the 

modeling the location of the slump is considered to 

be an area of high susceptibility (the star from Fig. 

10). Considering the location of this landslide we 

can say that scarp areas with high susceptibility are 

the most susceptible to reactivation, especially 

where upslope the scarp, the flat ridge edge has 

constructions. We considered also the Țicău 

neighborhood as a validation site (Fig. 12), the area 

having a high frequency of high susceptibility areas. 

The area has registered deformations for the 2014-

2017 time interval (Necula et al., 2017). 

 
Figure 12 Landslide susceptibility for Țicău area on north-eastern Copou Hillslope (area 2 from Fig. 10) (a) and the 

velocity found by Necula et al., 2017 using INSAR (b). 

 

Moderate and high susceptibility values are 

typically characteristic for the steep hillslopes of the 

cuesta escarpments, especially those who are 

affected by relict or old landslides. Low susceptibility 

values are characteristic for the cuesta dipslopes 

and flat ridges/plateaus, where especially the 

marginal areas are susceptible to landsliding 

through retrogressive slumps. The area without 

susceptibility to landslides covers the flat areas of 

the Bahlui floodplain and its tributaries. Low and 

moderate susceptibility appears on the Bahlui River 

bank levees where a bank failure happened in the 

beginning of June 2015. The low susceptibility 

values that appear on the Bahlui floodplain are 

related to anthropic features like road, bridge and 

building embankments. 

We have delineated in Fig. 10 the areas (noted 

from 1 to 9) which have the biggest frequency of 

high susceptibility and we consider these areas as 

critical regarding the necessity of taking into 

consideration the hazard and risk modeling in any 

future planning activities of these areas. These areas 

are similar with those identified by the Consiliul 

Județean Iași (2012) assessment. Copou North-

Eastern Hillslope (2), Botanical Garden area (3), 

Munteni neighborhood (4), Galata Hill (6) and 

Bucium Hills (9) are areas where the landslide 

reactivations were frequent during the last 100 
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years. Beside these, areas like Breazu (1), Ciric (5) 

and Cetățuia-Vișani (7) are areas of post-communist 

urban sprawl which are prone to landslide 

reactivations. 

 

4. Conclusions 
 

Regarding the problem of landslide susceptibility in 

Iași Municipality we performed an initial modeling 

based on a semi-heuristic and semi-statistic method 

(AHP). The weights were given by expert judgements 

regarding the influence of preparatory and 

conditional landslides factors: slope, ruggedness, 

lithology, historic landslide density and hydrogeology. 

The weights for the factor values were derived from 

the historic landslide density over the used factors.  

The results show that the most susceptible to 

landslide reactivations are the steep hillslopes of 

cuesta hills with relict and old landslides, which have 

high and moderate susceptibility. High susceptibility 

areas are especially in the main scarp area. The 

gentle dip-slopes and the flat ridges have low 

susceptibility, while the floodplains have no 

susceptibility. 

The recent landslides used for validation are 

mainly scarp slump or landslide body translational 

reactivations. The validation showed that almost 

70% of recent landslides are located on high 

susceptibility areas. Future work is needed to 

improve the susceptibility and extend it to hazard 

modeling since the Iași Municipality has a long 

history of landslide reactivations and the slow 

evolution of old landslides like in Țicău 

neighborhood could be amplified by future climatic 

changes or intense human pressure (like in the areas 

where the urban sprawl is intensive and landslide 

susceptibility is high). 
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