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FOREWORD  

This book “Insights of Geosciences for hazards and education” 

was conceived at the end of the second year after the COVID-19 outbreak. 

The Coronavirus outbreak and decisions that were taken for limiting its 

spread lead to an unprecedented situation for everyone, and of course had 

an impact on the geoscientific community and its related activities.  

However, in the field of geosciences it was impossible to stop the activity, 

as the earth processes followed their natural course. The volcanoes 

continued to be active and some even erupted, earthquakes kept shaking 

the ground at various intensities, landslides continued to occur and so did 

other geohazards and climate hazards. Therefore, the first part of the book 

“Insights of Geosciences for hazards and education” is dedicated to hazards 

and it comprises a selection and authors’ perspective on hazards such as 

floods and earthquakes, as well as solar influence and induced variations.  

The long-term restrictions diminished greatly the amount of work 

performed in laboratories, while the enforced physical distancing or 

restriction of having activities in large groups (as sometimes necessary in 

geophysical-geological fieldworks) had an impact on the research 

activity, on the dissemination of its results, and of course on the way of 

teaching geosciences, especially in Universities. 

During the pandemic, the remotely functioning networks were 

put to the test, as travel bans affected the on-site data collection 

procedures as well as the remote sensors maintenance. But on the 

other hand, the COVID-19 outbreak can also be seen as a starting 

point for improvements in various aspects of geosciences, as it 

challenged us to make more efficient the data acquisition procedures. 

One way of achieving this consisted in the inclusion of UAVs 

equipped with various sensors in the survey activities. However, it still 

remains a challenge to develop acquisition procedures for a specific 

type of target, considering its position (above the ground level or 
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buried), dimensions and properties contrast, and to correlate it with 

the UAVs flying speed and wind condition. Chapter 10 of the book 

“Insights of Geosciences for hazards and education” addresses 

partially the topic, being focused on the UAV image accuracy. 

The following chapters of the book are dedicated to some of the 

particularities of the European built heritage, addressing 

underground built heritage and its vulnerability to hazards. 

COVID-19 outbreak also allowed us to proceed with a few studies that 

were difficult to be performed otherwise (due to the anthropogenic noise 

effect on data). For example, in the geophysical noise of an active society, 

due to signals overlapping, it was difficult to analyze subtle seismic signals 

recorded by seismometers placed in densely-populated urban areas. 

During full-quarantine, the recorded anthropogenic high-frequency  

(4 - 14 Hz) seismic noise diminished, allowing seismologists to better 

understand the recorded data (less affected by signals from non-geological 

sources) and to better understand the sources of anthropogenic seismic 

noise. The shutdown time intervals were also reflected in the Earth’s 

atmosphere composition, which was less influenced by the combustion of 

fossil fuels used for land and air transportation systems.  

And last, but not least, the pandemic enhanced the efforts for 

building an Open Resources Repository on various topics and gave a 

different perspective on the teaching mode. Insights on these topics 

are presented in the final chapters of the book “Insights of 

Geosciences for hazards and education” 

I take this opportunity to invite the readers into the diversity of 

geoscience topics selected for this book and I also express my 

appreciation for all the persons that collaborated on this book – 

authors & reviewers – and made it possible despite the COVID-19 

impediments to their activity. 

 

Florina Chitea 

Editor 
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ABSTRACT 

Many urban areas in Turkey frequently suffer from floods, which are 

common climate-related disasters. Heavy rainfall that lasted for three 

days in the Kastamonu province, northern Turkey, caused a catastrophic 

flood event on August 11, 2021, in Bozkurt district. At least 71 people have 

died, many houses and shops were severely damaged, two apartments 

have collapsed, and the flood dragged away many cars. 

We perform automatic change detection processing for rapid flood 

mapping using Sentinel-2 data. By analyzing the Natural Color and 

Normalized Difference Water Index (NDWI) images over the Bozkurt 

district and Ezine Valley, we demonstrate the effectiveness and efficiency 

                                                           

* Cite as: Çağlayan A., et al, 2022. ASSESSMENT OF AUGUST 11, 2021 KASTAMONU-
BOZKURT FLOOD DISASTER WITH SENTINEL-2 SATELLITE IMAGES, NORTHERN 
TURKEY. https://doi.org/10.5281/zenodo.7022841 in Chitea F. (Ed). Insights of 
Geosciences for hazards and education. ISBN –print 978-606-537-563-5, ISBN –e-book 
978-606-537-564-2, Cetatea de Scaun Editorial House. 

https://doi.org/10.5281/zenodo.7022841
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of the remote sensing data. Natural Color images emphasized the flooding 

impact in the Bozkurt district and transportation of mudflows through the 

Ezine Valley into the Black Sea. Additionally, evaluating the NDWI data 

shows that approximately 1.61 km2 area was submerged by severe flood 

events caused by heavy rainfall in August 2021. The Bozkurt flood and 

similar disasters draw attention to the fact that it is much to be done in 

order for the protection of citizens and property in the context of severe 

weather conditions.  

 

Keywords: Flood, Climate-related disaster, Satellite image, 

Normalised Difference Water Index, Northern Turkey 

 

INTRODUCTION 

Flood occurs due to heavy and short-, and long-term rainfalls, 

causing life losses and damaged settlements. Therefore, it has become 

one of the most severe types of climate-related natural disasters of the 

last few years (e.g., Yuan et al., 2021), due to the wide range of impacts 

with social and economic aspects. Climate-related disasters, such as 

floods, frequently occur in Turkey. In addition, increasing urbanization 

in the areas that are poorly suitable or unsuitable for settlement along 

with climate changes effects make Turkey more vulnerable to floods. 

More than 2200 flood events were documented from 1956 to 2021 in 

Turkey (Figure 1). Over the past decades, floods have caused significant 

financial losses in Turkey, with an estimated cost of US$ 800 million 

between 1960 and 2014 (Koç et al., 2021). 

In the past, flood monitoring was made using the traditional methods 

and thus was time-consuming and laborious. In contrast, nowadays, we 

can benefit from satellite remote sensing technology, which has become 

an essential method for flood monitoring, saving time and effort (Yuan et 

al., 2021). The main task of flood monitoring is identifying the water body, 

which requires remote sensing data with high spatial resolution and high 

acquisition frequency (Dong et al., 2021).  
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In this study, we have used Sentinel-2 data processed and 

powered by the Earth Observation System (EOS) LandViewer web 

portal (https://eos.com/products/landviewer/) to detect the impact 

of August 11, 2021, Bozkurt flood event in urban areas in northern 

Turkey (Figure 1). 

 

AUGUST 11, 2021 KASTAMONU FLOOD DISASTER 

Heavy rainfall that lasted for three days in the Kastamonu 

province, western Black Sea region of Turkey, caused a catastrophic 

flood event on August 11, 2021, in the Bozkurt district. The flood 

caused significant damage in most the populated districts of the 

Kastamonu Province including the Azdavay, Küre, İnebolu, Abana, 

Bozkurt, Çatalzeytin, Şenpazar and Pınarbaşı settlements. According 

to the General Directorate of Meteorology data, 161 liters of 

precipitation per square meter fell in the Bozkurt district on August 

10, 2021. The precipitation up to 453 liters per square meter in the 

mountains surrounding the Bozkurt district was also stated. The 

Bozkurt district was affected the most by the flood disaster in the 

Kastamonu province (Figure 2). The district is a residential area 

established in the Ezine River Valley, two kilometers south of the 

Black Sea coast. After the heavy rain in the Bozkurt district, the 

bridges were clogged by the tree pieces and wood logs that were 

stored in the upstream parts of the Ezine Valley. In the Bozkurt 

district, the total rainfall in 48 hours was 420.6 liters per square meter, 

approximately two-thirds of the annual precipitation, where the 

average rainfall in August was recorded as 31.5 liters per square meter. 

This amount has been 773.7 liters per square meter in total 

precipitation in 1 year on average in the last five years data (The 

Turkish State Meteorological Service).  

Thereby, the dam effect occurred, and the flood got stronger and 

headed towards the district. Consequently, the Ezine River overflowed 

and raised to a height of 3-4 meters in some places. As a result, at least 

71 people have lost their lives, many houses and shops in the urban 
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and rural areas were severely damaged, two apartments have 

collapsed in the Bozkurt district, and the flood dragged away many 

cars (Republic of Turkey Ministry of Interior Disaster and Emergency 

Management Presidency) (Figure 2). 

 

 
 

Figure 2 - Photographs display the catastrophic effects of the August 10, 

2021 flood event in Bozkurt district, Kastamonu province  

(northern Turkey). 
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METHOD 

The study area is the flooded parts of the Ezine Valley around the 

Bozkurt district, with a total catchment area of 61.9 km2 (Figure 3). To 

identify and analyze the flooding area of the Bozkurt district and its 

surroundings, we used Sentinel-2 data from the Copernicus Program 

of the European Space Agency, processed and powered by the Earth 

Observation System (EOS) LandViewer web portal.  

 

 
 

Figure 3 - Shaded relief map showing the main catchment of Ezine 

valley. The red area indicates the spatial distribution of flooded parts on 

the August 11, 2021 flood event. 

 

We have employed the so-called Normalised Difference Water 

Index (NDWI) method, which uses the green and the near-infrared 

bands (McFeeters, 1996) and is one of the most popular multiband 
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spectral water indices. In the obtained images, the Positive NDWI 

values were identified as water, while negative values were classified 

as non-water areas. The SNAP 8.0 software was used to resample the 

bands and the generation of the indices, as well as producing the final 

images. 

 

RESULTS 

Analyzing three Natural Color Sentinel-2 images from August 06 

to August 21, 2021, was observed the flooding impact in urban areas 

and transportation of massive volumes of mudflows and wood logs 

through the Ezine Valleys into the sea even days after the flood event 

(Figure 4, left). The Normalized Difference Water Index (NDWI) 

processed Sentinel-2 images also indicate the changes in water bodies 

days before and after the flooding event (Figure 4, right).  

Raised water levels along the Ezine Valley exhibits distinct signals 

in NDWI processed images, where the measured total flooded area from 

Bayramgazi to the valley outlet is approximately 1.61 km2 (Figure 3). This 

study presents an automatic change detection processing for rapid flood 

mapping in Sentinel-2 data. The qualitative analysis of Sentinel-2 Natural 

Color and Normalized Difference Water Index (NDWI) images over the 

Bozkurt area and the Ezine Valley demonstrate the effectiveness and 

efficiency of the remote sensing data.  

Natural Color images emphasized the flooding impact in the 

Bozkurt district and transportation of mudflows through the Ezine 

Valleys into the sea. Additionally, evaluating the NDWI data shows 

that approximately 1.61 km2 was submerged by severe flood events 

caused by heavy rainfall in August 2021. The Bozkurt flood and similar 

disasters draw attention to the fact that weather is becoming more 

severe due to anthropogenic global climate change. 
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Figure 4 - Natural Color (left) and Normalized Difference Water Index 

(right) Sentinel-2 images of before and after the Bozkurt flood event. 

Data are acquired from Earth Observation System (EOS) portal. 

 

CONCLUSIONS 

* At least 71 people lost their lives in the catastrophic flood event on 

August 11, 2021, which occurred in the Bozkurt district (Kastamonu 

province, northern Turkey) as a consequence of the three-days-long heavy 

rainfall. Additionally, many houses and shops were severely damaged, two 

apartments have collapsed, and the flood dragged many cars. 

* Natural Color images emphasized the flooding impact in the 

Bozkurt district and transportation of mudflows through the Ezine 

Valley into the Black Sea. Additionally, approximately 1.61 km2 of 



17 

urban and rural areas were submerged by severe flood events caused 

by heavy rainfall in August 2021. 

* The Bozkurt flood and similar disasters draw attention to the 

fact that weather-originated hazards are becoming more severe and 

more frequent due to the contribution of anthropogenic activity to 

climate change. 

* Increased loss of life and economic losses in the Kastamonu-

Bozkurt flood is due to the following reasons; (1) climate change and 

heavy rain, approximately two-thirds of the annual precipitation fell 

in 48 hours, (2) the narrowing of the bed of the Ezine River in the 

Bozkurt district, (3) the construction of houses in the stream bed, (4) 

the existence of a log warehouse in the upper parts of the valley, (5) 

the clogged and/or deficient bridges over the Ezine River, and (6) the 

damage to the hydropower plant dam gates in the region. 

* Therefore, applying the improved disaster-related legislation in 

urban planning, the risks related to such extreme events can be 

attenuated.  
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ABSTRACT 

In local seismic hazard studies, a first step is to have a precise local 

determination of the parameters of shallow soil layers which are very 

important input data in order to determine the local response under 

various seismic scenarios. The results will determine the local variability 

of the soil package down to a level that may induce amplification of the 

local seismic ground motion, which may result in damaging of the 

existing infrastructure during a strong Vrancea earthquake.  

For large cities that overlies on thick layers of sediments such as 

Bucharest, affected also by earthquakes with variable source 

parameters, more input data is needed and complex modelling is 

required for viable results. 

According to our evaluation, if the results of this research will be 

implemented in the Romanian seismic code, the negative effects of 

                                                           

* Cite as: Bălă A., Toma-Dănilă D., 2022. SHEAR-WAVE VELOCITY DATABASE 
AS KEY INPUT FOR SEISMIC SITE AMPLIFICATION MODELS IN BUCHAREST 
CITY, ROMANIA, https://doi.org/10.5281/zenodo.7022893 in Chitea F. (Ed). 
Insights of Geosciences for hazards and education. ISBN –print 978-606-537-563-
5, ISBN –e-book 978-606-537-564-2, Cetatea de Scaun Editorial House. 

https://doi.org/10.5281/zenodo.7022893
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the seismic event would be greatly diminished even in cases of strong 

earthquakes (Mw>7). 

In this paper, we present a standardised database containing 

shear wave velocity values (Vs) measured using different methods at 

various sites in Bucharest. Moreover, an interpretation on the 

distribution of the mean shear wave velocity values, is provided, at 30 

m; 50 m; 70 m; 100 m depth.  

 

Keywords: shear-wave velocity; database; seismic site amplification 

model; mean weighted velocities; local seismic hazard; Bucharest 

microzonation. 

 

INTRODUCTION 

Mean weighted shear-wave velocity in the first 30 m depth (Vs30), 

as defined in EUROCODE 8 and Romanian Seismic Code P100-1(2013), 

is considered to be usually a useful indicator in seismic 

microzonation, for revealing zones with considerable variations of 

average seismic velocities.  

In the past years, several studies from National Institute from 

Earth Physics (NIEP) have emphasized that the shear-wave velocity, 

corresponding to the geological layers in the Bucharest underground, 

is important and must be known until deeper depth of 100 – 150 m, as 

it was pointed out by Bala (2014). The considered sites from Bucharest, 

where seismic velocity measurements have been performed, are 

organized in a database. The database contains, besides the individual 

1D values of shear-wave velocities in the depth, also the computed 

maps with equal shear-wave velocity lines at four fixed depths across 

Bucharest underground.  

These values are the most important input data for the SHAKE 

type algorithms, as the spectral acceleration response and transfer 

functions are can be computed for every site in which in situ 

measurements of  Vs are performed.   
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The computed acceleration response spectra will correspond to 

the shear-wave amplifications of the models of sedimentary layers 

from the surface down to: a) 30 m; b) 50 m; c) 70 m; d) 100 m.  

The procedure was described by Bala (2014) for 3 sites in 

Bucharest with 3 geological models down to 50m, 70 m and 100 m 

depth (INCERC site). 

For an earthquake endangered region, the city area of Bucharest 

presents quite special geological conditions: the absence of hard 

bedrock down to Cretaceous upper limit, established at 500 m in the 

south and 1500 m depth in the northern part of Bucharest (Lăcătușu 

et al., 2007); an alternation of up to 300 m thick Quaternary sand and 

clay layers near surface; among them one can find sand and gravel 

layers that contain three main porous aquifer systems.  

Strong lateral heterogeneities and important vertical thickness 

variations, such as the ones observed in these soft soil deposits, as well 

as  the presence of aquifers, complicate the assessment of the geologic 

seting effect and make it difficult to appreciate the quantification of 

the seismic site effects and their distribution over Bucharest city. 

 

Classification of the Quaternary deposits in Bucharest City 

area 

A first classification of the Quaternary deposits, depending  on 

the geological and lithological characteristics for Bucharest area was 

made by Liteanu (1952). His classification comprising 7 main 

sedimentary complexes was considerably improved by later works of 

Ciugudean-Toma and Ştefănescu (2006) which used in their analysis 

the measurements on lithologic probes collected from several 

hundreds of boreholes performed by Metroul SA for the undergound 

network of Bucharest City.   

The 7-layers classification model has been accepted until today 

and it was employed by almost all the scientists involved in the studies 

of seismic site amplification (Lungu et al., 1999; Aldea et al., 2006; 

Mărmureanu et al., 2010; Bălă et al., 2011; Bălă et al., 2013).  
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The classification of Liteanu (1952) comprises the following names 

and general characteristics : 

 Layer 1: Anthropogenic backfill and soil, with a thickness 

varying between 3 - 10 m. 

 Layer 2: Upper clayey-sandy complex consists of Holocene 

deposits of loess, sandy clays and sands; the thickness of this complex 

varies between 2 and 5 m in the inter-fluvial domain, 10 - 16 m in the 

northern and southern plain  and 3 - 6 m in the river meadows. 

 Layer 3: Colentina gravel complex bears the Colentina 

aquifer and is a layer containing gravels and sands with varying grain 

size distribution.  

 Layer 4: Intermediate clay layer contains up to 80% hard 

consolidated clay and calcareous concretions with intercalated thin sand 

and silt lenses; the thickness of this layer varies between 0 and 25 m.  

 Layer 5: Mostistea sandbank, bearing the Mostistea aquifer, 

is a sand layer with sands of medium to fine grain size. The thickness 

varies in the area of Bucharest between 1 - 25 m. 

 Layer 6: Lacustrine complex, or Lagoon complex is 

composed by a variation of limy-marled clay and fine sands, grain 

sizes <0,005 mm representing about 86%. The thickness varies from 

about 60 m in the southern part of Bucharest to about 130 m in the 

North. The variable thickness is due to the underlying Fratesti 

complex which descents northward.  

 Layer 7: Fratesti complex - bearing the Fratesti aquifer, lies 

discordantly on Pliocene Levantine clay layers. This complex contains 

three thick (10-40 m each) sandy gravel layers (named A, B and C), 

separated by two marl or clay layers (each having with 5–40 m 

thickness). This thick complex (total thickness 100-180 m), 

continuously present in the whole underground area of Bucharest, is 

dipping to the north, with the upper surface lying at about 75 m depth 

in the southern part of Bucharest and at about 190 m depth in the 

north. 
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Figure 1- Schematic geomorphologic section, N-S direction, with 

principal shallow sedimentary layers. Depth scale is exaggerated. 

Modified after Bălă et al., 2011; only layers 2 – 7 are represented. 

 

The complicated relations of the geological layers in the 

Bucharest underground are given in Figure 1 presenting the main 

clasification of the layers and their distribution.   

 

Current status of seismic shear-wave velocities in Bucharest 

City area determined in situ for seismic engineering purposes 

For the study of local site effects in Bucharest, the first seismic 

velocity measurements of the shallow Quaternary layers were 

performed at the National Institute for Research-Development in 

Construction, Urbanism and Sustainable Territorial Development 

(INCERC) site and published in the years 1997 – 1999. 

The necessity to acquire more reliable values of the shear-wave 

velocities of the Quaternary layers emerged right after these first 

seismic measurements (1997 – 1999) and therefore were followed by 

other seismic measurements by similar methods or by different 

techniques performed during 2000 - 2007, in the frame of national and 

international research projects. 
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The shear-wave velocities obtained by different methods and 

within several research projects were used to determine the mean 

weighted values of Vs, equation (1), for each of the seven Quaternary 

complexes described for Bucharest. The Vs values from the original 

values recorded in the field have to be recomputed. 

The average values of shear-wave velocities presented by Bălă et 

al. (2011) are generally very close, although they were measured by 

quite different seismic methods in boreholes, by penetration tests 

(SCPT), or at the surface t (seismic refraction). The narrow range in 

which the mean shear-wave velocities for each of the geologic layers 

are placed, allows us to use them for the evaluation of mean values for 

each of the seven Quaternary layers.  

 

Mean weighted values of seismic velocities  

Mean weighted values for Vs are computed for each site 

(borehole) according to the following formula, employed in Romanian 

code for seismic design (P100-1, 2013):  

 

 

 

    

  (1) 

 

 

                                       

In equation (1) hi and VSi denote the thickness (in meters) and the 

shear-wave velocity (in m/s) of the i-th layer, in a total of n layers, 

found in the same type of stratum. According to the same code, the 

weighted mean values , computed for at least 30 m depth, 

determine 4 classes of the soil conditions: 

 Class A, rock type: > 760 m/s; 

 Class B, hard soil: 360 <  < 760 m/s; 
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 Class C, intermediate soil: 180 <  < 360 m/s; 

 Class D, soft soil: < 180 m/s; 

Another critical value in site effects is to estimate the 

characteristic period of the site, defined as period of vibration 

corresponding to the package of layers from a certain depth to the 

surface. The vibration period of soil layers in the upper 30 m (Ts-30) 

is calculated using Equation 2 specified in P100-1 (2013):  

 

TS-30  = 4 h / VS-30     (2)  

      
 

where: h is ground depth and VS,30 is mean weighted velocity 

Vs in the first 30 m.  

The characteristic natural period of a specific site (down to a 

certain depth) has to be considered in relation with vibration period 

of structure in order to estimate the amplification effects that might 

occur at the coupling of soft soils/building – resonance. Aldea et al. 

(2007) determined values of characteristic periods between 0.7 – 1.53 

Hz at 7 sites University of Civil Engineering Bucharest (UTCB – 

measurements), according to the depth of the boreholes. 

 

DATABASE WITH RESULTS OF SEISMIC MEASUREMENTS IN 

BUCHAREST CITY 

To overcome the problem of heterogeneities of thickness and 

lithology, integrative velocity values applicable over the whole city area 

of Bucharest are deduced for four fixed depths, with no link to the 7 

layers. The shear-wave velocities obtained by different methods were 

used to determine the mean weighted values for 4 different depths in the 

area of Bucharest: 30 m; 50 m; 70 m; 100 m using formula (1).  

Results were added in Excel spreadsheets (further referred to as 

database) providing a valuable collection of elastic parameters 

SV

SV
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obtained by direct in situ measurements, which can be consulted 

and/or retrieved from :  

https://data.mendeley.com/datasets/jncnc6fng9 and cited as 

Toma-Danila et al. (2021). 

SCPT (Seismic Cone Penetration Test) measurements (no. 30, 31, 

33, 36 in the database), valid for the first 30 – 32 m, were used to 

complete the previous MOVSP (Moving Offset Vertical Seismic 

Profiling) measurements performed from 30 -35 m depth to the 

bottom of the borehole. 

In this way we have created at selected points some complex 

lithologic and seismic 1D profiles placed at the sites (boreholes) of the 

original MOVSP measurements.  

In some sites (like INCERC test site) several measurements were 

performed in the same boreholes in different periods. Other boreholes 

become inaccessible due to changes occurred in the locations. When 

multiple measurements were available we’ve made a selection and 

included in our database the most reliable results. For example, at the 

INCERC test site we have considered only the last performed 

measurements presented by Aldea et al. (2006) (code INC site) and 

the 2 measurements presented by Hannich et al. (2014) (INCERC1 and 

INCERC2 sites in our database). 

Sites having the allocated numbers 49 – 53 in the database 

include short refraction lines (up to 300 m) in two green areas  of 

Bucharest, Tineretului park (3 lines) and Bazilescu park (2 lines), after 

von Steht et al. (2008). 

They are represented in Figure 2 (red crosses), but the velocity 

values are not included in our database for the maps design, because 

they are computed using seismic refraction down to 30- 50 m depth. 

They are present on the maps only in order to verify if the values 

(computed by the refraction method with 3 layers) are close enough 

to the values obtained by interpolation in the maps. 
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Figure 2. Map with area under investigation and measurement sites of 

the different projects and measurement campaigns. The red X sign 

represent the 2 sites where seismic refraction lines were performed. 

 

In summary the database consists in: 

 65 points (drillings and SCPT locations) with seismic 

velocities at 30 m depth; 

 54 points with seismic velocities at 50 m; 

 27 points with seismic velocities at 70 m depth; 

 15 points with weighted seismic velocities at 100 m depth, see 

Toma-Danila et al., 2021. 

The values of weighted seismic velocities at 30 m, 50 m and 70 m 

depth are ranging between 180 – 360 m/s, characteristics for Class C 

according to P 100/1 (2013).  For 100 m depth the share-wave velocity 

values might be higher than 360 m/s but without surpassing 390 m/s. 
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It is also worth mentioning that, even though not included into the 

current database, There are 2 sites located in Bucharest, with the S 

wave velocities  in the range 380 – 400 m/s, recorded at 200 m depth. 

All the sites are represented, according to their reference, in 

Figure 2 on the map of Bucharest city and surrounding area. 

 

Mean shear wave velocities recorded down to 30 m and 50 

m depth in previous studies 

Mean weighted seismic velocities appear in the studies about 

Bucharest microzonation after the year 2000, when the research group  

from UTCB started measuring VS by down-hole method in boreholes 

near the sites of INCERC and UTCB. Some mean weighted seismic Vs 

velocities for 30 and 60 m depth are cited by Lungu and Călărasu 

(2005), from which we have also the record of the value from Basarab 

bridge.  Bălă et al. (2006) have added 3 new values for Politehnica, 

Policolor and Otopeni. Politehnica and |Otopeni are the 2 sites where  

S wave velocities  in the range 380 – 400 m/s occurred at 200 m depth. 

Aldea et al. (2007) provided mean weighted velocities (VS-30 and 

VS-52), as well as for the whole depth of each borehole which belongs 

to the group of 7 sites which were examined prior to installation of 

accelerometers in boreholes. 

Mean weighted seismic velocities mentioned in other studies 

about Bucharest sites for example in Bălă et al. (2008) and Bălă et al. 

(2009). In the second study a list of 38 sites and respectively 28 sites 

were used to construct the mean weighted seismic velocities maps at 

30 m and 50 m depths. In later studies it was observed that the first 

parameter (VS-30) cannot be linked directly with the value of the 

seismic site amplification in Bucharest case (Bălă et al., 2013).  
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Figure 3 - Maps of equal value lines obtained employing IDW 

interpolation (in ArcGIS; 12 point influence) of the mean weighted Vs 

values at sites included in figure 2: a) 30 m depth; b) 50 m depth. 
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Figure 4 - Maps of equal value lines obtained employing IDW 

interpolation (in ArcGIS; 12 point influence) of the mean weighted Vs 

values at sites  in figure 2 : a) 70 m depth; b) 100 m depth. 
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Maps of the mean weighted seismic velocities constructed 

from the database 

The idea that the SHAKE types algorithms will provide a better 

fit between the predicted models of the spectral acceleration response 

and real recordings at surface, if we place the depth of our models at 

deeper interfaces (Bala 2014), lead to the need for deeper models of 

the shear-wave velocity structure in the Bucharest area.  

The mean weighted velocity values (Vs) of the sites in the Fig. 2 

give the possibility of computing the maps with isolines at 4 main 

interfaces in the underground: in Figure 3a) 30 m and b) 50 m; in 

Figure 4a) 70 m and b) 100 m.  

Most of the sites are concentrated in the center of the city, in the 

region that is the Interfluvium between Dâmbovița and Colentina 

river. To the north and to the south we have fewer points, but enough 

in order to give us a broad image of the share-wave velocity values in 

the underground. 

The sites with low Vs values (220 – 260 m/s) are concentrated to 

the north-west, beginning with the first map (Figure 3a), while 

relatively high values of Vs are noticed in the west and south parts of 

Bucharest City, if we consider deeper depth down to 70 – 100 m 

(Figure 4a and 4b). Only in the last map we have mean Vs velocities 

greater than 360 m/s.  

The red crosses are marking the two place, Tineretului Park (TIN) and 

Bazilescu Park (BAZ). Here, the numbers give the mean Vs velocities on 

the refraction lines, down to 30 and 50 m depth. Their values are 

matching the values of the map in the surrounding areas, so they can be 

considered good checking points for the reliability of the maps. 

In the interpretation of the results, some other factors as 

geomorphological, geological and hydrogeological variations 

throughout the city might be taken into consideration. In this respect 

the Figure 4b is corresponding to the relief map presented in Figure 2, 

in which lower Vs values are corresponding to the higher altitude 

regions of the city (100 – 130 m elevation), while upper Vs values are 
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distributed toward the south-east part, corresponding to zones at 

lower altitudes of the city (40 – 70 m elevation). 

 

CONCLUSIONS 

In this paper we gather and reinterpreted Vs measurements data 

obtained through different methods in the Bucharest area, in an open 

database. All measurements were checked with the original sources 

and some of the mean weighted Vs values were computed again from 

the original data, in order to provide homogenized values for relevant 

depth intervals: 30 m; 50 m; 70 m and 100 m.   

A main advantage of the database is that includes Vs values that 

were measured in the field and computed from engineering 

instrumented and verified methods, without any influence from 

subjective interpretation like the geological interpretation of 

lithological columns and establishing the limits of the 7 main 

geological complexes, across the city, like it was done until now. 

The constructed database (Toma-Danilă et al., 2021) provides 

evidence to support the distribution of seismic velocities in the 

Bucharest underground, but most importantly enables further 

modeling of local site amplification, with better reliability across the 

city, by providing velocity models and maps showing the distribution 

of Vs values at various depths. The main advantage of these maps is 

that one can design a full network of points at surface, in which the 

models of spectral acceleration peaks from any interface defined in 

the ground are to be computed. 
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ABSTRACT 

The paper presents the results of a complex geotechnical 

evaluation of two sites situated on the alluvial plain of Dâmboviţa 

River in Bucharest, Romania, where geotechnical investigations 

(boreholes and laboratory analyses) were completed with geophysical 

survey (cross-hole and down-hole). In spite of short distances 

between sites, the results illustrate great variabilities of sedimentary 

layers and consequently of geotechnical and geophysical properties. 

In order to obtain local representative correlations, we apply in the 

first instance several well-known formulas that link shear wave 

velocities (Vs) and density (ρ) or Standard Penetration Resistance 

(NSPT), but the degree of fitness was very poor. In the second stage, we 

developed several evolutionary polynomials regression algorithms 

(EPR) which is a relatively new method used to find polynomial 

correlations between dependent and independent variables. This 
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algorithm represents a method of solving optimization problems, 

especially when the objective function is nonlinear. The new 

predicted values were analyzed using statistical derived parameters 

and residual analysis. Thus, based on proposed EPR models we obtain 

new series of formulas for each layer which allows more precise 

correlations of geotechnical and geophysical parameters inside of the 

sedimentary alluvial structure, by reference to the relations proposed 

in the literature. 

 

Keywords: alluvial deposits, lacustrine, evolutionary polynomial 

regression 

 

INTRODUCTION 

Alluvial deposits are the youngest geological formations 

(Holocene) which are extended on both sides of the Dâmboviţa River, 

crossing on an approximately 30km length and an area of about 

70km2, the middle of Bucharest City. In this research we considered 

three of the superficial layers described, starting from the surface of 

the terrain, as: (I) the upper cohesive (7-9m thickness) composed 

mainly on silty clays, (II) the middle noncohesive, consisting of sands 

and fine gravel of 13-30m thickness with thin cohesive intercalations, 

and (III) the deeper lacustrine clays, which were partially opened on 

15m to 40m.  

The sites we refer to are generically named „A” and „B” and are located 

in the alluvial plain at small distances from the canalized course of the 

river (Figure 1). For site “B” two positions were considered: “BN-Nord” 

and “BS-South” distanced at less than 100m one from the other. 

On each site, geotechnical investigations (boreholes and laboratory 

analyses) were executed in tandem with geophysical survey works (cross-

hole and down-hole). Seismic profiles of shear wave velocities used in 

correlations procedures are represented in Figure 2 and weighted average 

values calculated on 25m and 40m depth are exposed in Table 1. 

 

https://context.reverso.net/traducere/engleza-romana/weighted+average
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Figure 1 - Site locations map (Lăcătuşu et al, 2008). 

 

 

Table 1- Weighted average values of shear wave velocities for 

investigated sites 

𝑉𝑆 [m/s] Site A Site B 

𝑉𝑆(25) 290 431-447 

𝑉𝑆(40) 315 472-482 

 

Current correlation of - Vs data 

Estimation of the density layers based on geotechnical usual 

practices is a very difficult task in case of under consolidate cohesive 

and noncohesive sedimentary deposits.  

 

 

 

https://context.reverso.net/traducere/engleza-romana/weighted+average
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In consequence, realistic assessment of relative density through 

correlation with various in situ investigation results represent the only 

path to evaluate this important geotechnical parameter. One of the 

very few such correlations is given by Mayne and Schneider, (1999), 

which evaluates the relative density of soils  (g/cm3) as a function of 

shear wave velocities Vs (m/s) and depth z (m), Eq. 1: 

 

𝜌 = 0.85 log(𝑉𝑠) − 0.16 log(𝑧)  (1) 

We apply this correlation for both site A and B, but the fitting of results 

with measured data is poor considering the coefficient of correlation  

0.2 ≤ 𝑅2 ≤ 0.3, fact that may be visually observed also in Figure 3. 

 

  

 

Figure 3 - Variation in depth of measured and calculated values of 

relative density of soils, sites A (left) and B (right). 
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Current correlations of NSPT-Vs data 

The relations between shear wave velocities (Vs) and Standard 

Penetration Test resistance (NSPT) have been established all over the 

world since 1970, for all types of soils Imai and Yoshimura, (1970), Imai 

and Tonouchi, (1982), Jafari et al, (1997), Seed and Idriss, (1981), or 

Yokota et al, (1991).  

 

Table 2 - Current correlations of NSPT-Vs data. 

Reference Relation Eq. no 

Imai and Yoshimura, 1970 𝑉𝑠 = 76(𝑁𝑆𝑃𝑇)0.33 (2) 

Imai and Tonouchi, 1982 𝑉𝑠 = 97(𝑁𝑆𝑃𝑇)0.314 (3) 

Jafari et al, 1997 𝑉𝑠 = 22(𝑁𝑆𝑃𝑇)0.85 (4) 

Seed and Idriss, 1981 𝑉𝑠 = 61(𝑁𝑆𝑃𝑇)0.5 (5) 

Yokota et al, 1991 𝑉𝑠 = 121(𝑁𝑆𝑃𝑇)0.27 (6) 

 

In our study, we choose to apply five such correlations which are 

defined for granular noncohesive soils (sands and gravels). 

Correlations equations as their references are presented in Table 2 and 

graphically exposed in Figure 4.  
 

Figure 4 - Current correlations of NSPT-Vs data and measured value. 
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As in the previous case of correlation, for this case of noncohesive 

layer (II), the fitting is poor, with measured values far exceeding the 

predicted values of all references. 

 

Evolutionary polynomial regression - model construction 

The mathematical model proposed for this paper is based on 

evolutionary polynomial regression (EPR) which is a method intensely 

used in geotechnics in order to find polynomial structures with an 

output-dependent variable Y and a set of independent variable X, 

Clegg et al, (2005); Keramati et al, (2014), Rezania et al, (2009). The 

function can be written as: 
 

𝑌𝑁×1 = 𝐹(𝛼1𝑥𝑘 , 𝑋𝑁×𝑚)(7) 
 

where 𝐹 is a function that will be determined using input – 

output data and 𝛼1×𝑘 = [𝑎0  𝑎1  𝑎2  …  𝑎𝑛]  is a vector with 𝑘 = 𝑛 + 1  

parameters. For a matrix of inputs considered as 𝑋𝑁×𝑚 =

[𝑋1  𝑋2  …  𝑋𝑚] and a matrix of exponents whose elements can take 

values within user–defined bounds, 𝐸𝑛×𝑚, can be defined n vectors 

whose elements are products of independent inputs X as: 
 

𝑍𝑁×1
𝑖 = 𝑋1

𝐸(𝑖,1)
∙ 𝑋2

𝐸(𝑖,2)
∙ … ∙ 𝑋𝑚

𝐸(𝑖,𝑚)
 , 𝑖 = 1, … , 𝑛 (8) 

 

Thus, a matrix equation results: 
 

𝑌𝑁×1(𝛼, 𝑍) = 𝑍𝑁×𝑘 × 𝛼𝑘×1
𝑇  (9) 

 

where 𝑌𝑁×1(𝛼, 𝑍) is the least squares estimate vector of the 𝑁 

target values. 

To successfully determine the optimal values of the exponents, the 

genetic algorithm is recommended. This algorithm represents a method 

of solving optimization problems, especially when the objective function 

is nonlinear. The process consists of generating a population of 

individuals who are used as parents to produce a new generation through 

mutations and crossover techniques. The algorithm is used to obtain an 

equation that ensures the best possible fit of the data. 
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Then, adjustable parameters 𝑎𝑖, 𝑖 = 0, 1, … , 𝑛, can be determined 

by the linear square’s method. The estimated equation of regression 

will be evaluated using the determination coefficient expressed as: 
 

𝑅2 =
∑ (�̂�𝑖−�̅�)2

𝑖

∑ (𝑦𝑖−�̅�)2
𝑖

 (10) 

 

where �̂�𝑖 is the estimated value of the output of the process, 𝑦𝑖 is 

the value of a dependent variable and �̅� is the mean of the variable 𝑦. 

As 𝑅2 it increases with the inclusion of several variables, the 

coefficient of determination is adjusted accordingly: 

�̅�2 =
𝑛−1

𝑛−𝑝
𝑅2 −

𝑝−1

𝑛−𝑝
  (11) 

 

where n is the number of observations and p is the number of 

independent variables.  

Another statistically important parameter is the residual 

standard error which is a measure used to assess the precision of the 

predictions. Regression testing consisted of studying the dispersion 

analysis, the F - test of global significance and the t-test. Thus, if 

Significance F has a value lower than the established significance 

threshold, then the null hypothesis of the statistic F is rejected. Also, 

for the t - test, a value of P-value lower than the significance threshold 

leads to the rejection of the nullity hypothesis, Clocotici, (2007). 

Residue analysis assumes the validity of an error normal distribution. 

This can be verified by studying the diagrams predicted values – 

residues, (𝑦�̂� , 𝑑𝑖), 𝑖 = 1, … , 𝑛, where the normalized residuals 𝑑𝑖 is 

given by Montgomery et al., (2003), Pimpan and Suwattee, (2009): 
 

𝑑𝑖 =
𝑒𝑖

𝑠(𝑒𝑖)
  (12) 

 

in which  𝑒𝑖 = 𝑦𝑖 − �̂�𝑖 and  𝑠2(𝑒𝑖) is the dispersion of the residue 

𝑒𝑖, 𝑖 = 1, … , 𝑛.  

If there is an observation 𝑖 with a large standardized residual 

(|𝑑𝑖| > 3) then that observation is a potential outlier and can be 

excluded from the data set or analyzed in another subject of interest.  
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EPR models used for correlation of  - Vs data 

In the next step, several models have been developed and 

analyzed according to the procedure described above for all three 

layers, on both sites. For the upper cohesive layer (I- the upper 

cohesive), the EPR model is given in Eq. 13, Figure 5 and specific values 

of the coefficients ai,i=0,1,2..6, as the statistical parameters of regression 

model are exposed in Table 3.  

𝜌 = 𝑎0 + 𝑎1
𝑉𝑠

2

𝑧
 + 𝑎2

1

𝑧2𝑉𝑠
2 + 𝑎3

1

𝑧
+ 𝑎4

𝑉𝑠

𝑧2
+ 𝑎5

𝑉𝑠

𝑧
+ 𝑎6𝑧𝑉𝑠 (13) 

 

Table 3 - Regression coefficients and statistical parameters for layer 

(I), Eq. 13. 

Coefficients Value Regression Statistics Conditions 

a0 20.442344 Multiple R 0.993737 2m<z<8m 

a1 -0.000650 R Square 0.987513  

a2 16341302.044382 
Adjusted R 

Square 
0.965661  

a3 -268.458293 
Standard 

Error 
0.012176  

a4 0.108107 SS Residual 0.000593  

a5 0.693340 
Significance 

F 
0.001202  

a6 -0.002579    

 

 
 

Figure 5 - Results of EPR model applied for cohesive layer (I), Eq. 13. 
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For the second layer (II - the middle noncohesive), the regression 

equation is presented in Eq. 14, Figure 6 and Table 4 contain the 

specific values of the coefficients and statistical parameters. 

 

Table 4 - Regression coefficients and statistical parameters for layer 

(II), Eq. 14. 

Coefficients Value Regression Statistics Conditions 

a0 8.532624 Multiple R 0.982780 5m<z<40m 

a1 17639312.106763 R Square 0.965857  

a2 -15.453446 
Adjusted R 

Square 
0.886190  

a3 3543865.594127 
Standard 

Error 
0.020987  

a4 -55.705781 SS Residual 0.001321  

a5 -0.007281 
Significance 

F 
0.032549  

a6 15173.557824    

a7 0.000018    

𝜌 = 𝑎0 + 𝑎1
1

𝑧𝑉𝑠
2 + 𝑎2

𝑉𝑠

𝑧2 + 𝑎3
1

𝑧2𝑉𝑠
+ 𝑎4

1

√𝑧
+ 𝑎5𝑧2 + 𝑎6

1

𝑧2 + 𝑎7𝑧2𝑉𝑠 (14) 

 

 

Figure 6 - Results of EPR model applied for noncohesive layer (II), Eq. 14. 
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Finally, for the deeper lacustrine clays (III) the regression 

equation is given in Eq. 15, Figure 7 and Table 5 contain the specific 

values of the coefficients and statistical parameters. 

𝜌 = 𝑎0 + 𝑎1
𝑉

𝑧
+ 𝑎2𝑉2 + 𝑎3

1

𝑍
 (15) 

 

Figure 7 - Results of EPR model applied for cohesive layer (III), Eq. 15. 

 

Table 5 - Regression coefficients and statistical parameters for layer 

(III), Eq. (15) 

Coefficients Value Regression Statistics Conditions 

a0 1.016192 Multiple R 0.983889 25m<z<50m 

a1 -0.142700 R Square 0.968038  

a2 0.000004 
Adjusted R 

Square 
0.944066  

a3 76.770632 Standard Error 0.004179  

  SS Residual 0.000070  

  Significance F 0.001895  

 

EPR models used for correlation of NSPT-Vs data 

The EPR model used to predict shear wave velocities (Vs) based 

on Standard Penetration Test resistance (NSPT) has to contain a third 

variable, in order to obtain satisfying regression parameters. Thus, in 

the polynomial regression Eq. 16 we inserted a normalization 

R² = 0,9680
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parameter z (where is the presumed unit weight, expressed in 

KN/m3 and z is the depth of NSPT measurement in m), which allow 

acceptable statistical parameters, even if they are less strong than 

those from previous relations. 

𝑉𝑠 = 𝑎0 + 𝑎1
1

√𝑁𝑆𝑃𝑇
+ 𝑎2√

𝛾𝑧

𝑁𝑆𝑃𝑇
+ 𝑎3

𝛾𝑧

√𝑁𝑆𝑃𝑇
+ 𝑎4

1

√𝛾𝑧𝑁𝑆𝑃𝑇
+ 𝑎5√𝛾𝑧 +

𝑎6𝛾𝑧 (16) 

 

Table 6 - Regression coefficients and statistical parameters for layer 

(II), Eq. 16. 

Coefficient
s 

Value 
Regression 

Statistics 
Conditions 

a0 -8433.207694 Multiple R 0.917760 
5m<z<40

m 

a1 85571.519542 R Square 0.842284  

a2 -7815.328278 
Adjusted R 
Square 

0.797223  

a3 205.845153 
Standard 
Error 

24.70355
2 

 

a4 
-

207952.993564 
Significanc

e F 
1.99E-07  

a5 1031.743682    

a6 -30.069479    

 

 
 

Figure 8 - Results of EPR model Vs-NSPT for noncohesive layer (II), Eq. 16. 
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CONCLUSIONS 

Depositional and spatial variability of recent alluvial deposits of 

the rivers could often mislead the assessment of geotechnical and 

geophysical parameters based on general correlation equations 

available in the literature. For this reason, the establishment of such 

particular relationships at the local scale of a geological or 

geomorphological formation is an important task in order to obtain 

precise and reliable results of investigations. Regardless of the quality, 

the amount or the diversity of investigations, the accuracy and the 

representativeness of such correlations are strongly influenced by the 

mathematical tool used for this purpose.  

In this paper we examined geotechnical and geophysical 

investigations of two sites situated on the alluvial plain of Dâmboviţa River, 

Bucharest City and we applied an evolutionary polynomial regression 

procedure (EPR) for both analyzed correlations: - Vs as NSPT-Vs data.  

For the assessment of relative density based on shear wave 

velocity we elaborate an EPR model for every layer of the geological 

structure, whose statistical parameters are extended between the 

limits exposed in Table 7, proved to be much appropriate than the 

well-known formula used in such situations.  

 

Table 7 - Limits of statistical parameters of the EPR models  - Vs 

obtained for layers (I-III), Eqs. 13-15. 

Regression  

Statistics 

EPR models 
Previous 

models 
Minimum  

value 

Maximum  

value 

Multiple R 0.9828 0.9937  

R Square 0.9659 0.9875 0.2-0.3 

Adjusted R Square 0.8862 0.9657  

Standard Error 0.0042 0.0210  

SS Residual 0.0001 0.0013  

Significance F 0.0012 0.0325  

 

https://context.reverso.net/traducere/engleza-romana/representativeness


49 

For the assessment of shear wave velocity based on Standard 

Penetration Test resistance, specific for the noncohesive layer (II), we 

obtain a weaker EPR model (Eq. 16) compared with the previous ones, 

but still available, with regression statistics better than those of 

previous used correlations (Table 8). 

Using the genetic algorithm tool and the multidimensional linear 

regression method, equations were obtained that accurately describe 

the mathematical relationship of the geotechnical parameters in the 

studied area. Finally, this may lead to a more precise approach in such 

regions where general relations are not relevant to the field situation. 

Due to the fact that the accuracy of all mathematical models 

depends among other attributes, on the volume and density of the 

data used, it appears that it would be of scientific interest to elaborate 

a communitarian database associated with large geological and 

geomorphological units, in order to obtain a proper and realistic 

assessment of geotechnical or seismically parameters, which are the 

most important key parameters of serious and safe design of all civil 

or industrial projects. 

 

Table 8 - Comparison of statistical parameters R2 obtained  

for layers (II), between the EPR models and previous correlation  

relations NSPT - Vs 

Reference R2 

Imai and Yoshimura, 1970 0.0879 

Imai and Tonouchi, 1982 0.0873 

Jafari et al, 1997 0.1039 

Seed and Idriss, 1981 0.0932 

Yokota et al, 1991 0.0860 

EPR model (Eq 16) 0.8423 
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ABSTRACT 

Geodetic methods contribution is highlighted in the frame of 

geodynamic studies by analyzing the three-dimensional movements 

of the Earth's crust that precede, accompany or follow significant 

seismic events. In the framework of geodetic studies often used in 

geodynamic research, the analysis of deformations that occur at the 

ground surface is presented. Such deformation is evidenced either by 

using the finite element method applied for geodetic observatories 

network or by analysis of the alignments of stations (Ganas et al. 2013) 

for one-dimensional deformation analyses, the last type being covered 

by this paper. The obtained results materialized in uniaxial strains can 

be therefore related to the geological and tectonic setting of the 

investigated area, and can be used to determine the areas considered 

with intense crustal activity. 

 

Keywords: geodynamic, crustal deformations, uniaxial strains.  
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INTRODUCTION 

Extensive knowledge of geodynamic behavior in terms of recent 

crustal movements is a reflection of complex phenomena that occur 

in the crust, but have originated in the upper part of the mantle, as it 

is demonstrated by the long term seismic activity of the  intermediate 

depth earthquakes in Vrancea zone. 

The crustal displacements’ analysis, which affects the upper part 

of the crust, movements that precede, accompany, or follow 

important seismic events, is a topical issue. A major advantage of 

using GPS equipment is the fact that angular and distance 

measurements are no more required, avoiding the inconveniences 

related to the use of classical methods. By taking advantage of the 

development of the satellite positioning techniques, particularly 

global navigation satellite systems, it is possible to accurately 

determine coordinates with precision that can be comparable to that 

provided by classical methods but in a much shorter time frame.  

The present paper aims to carry out a comprehensive analysis of 

the deformation states highlighted in the perimeter of the Vrancea 

seismogenic zone on the basis on GPS recordings made in a temporary 

stations’ network, along some stations’ alignments (Ganas et al. 2013). 

The obtained results, materialized in uniaxial strains can be linked 

with the geological and tectonic characteristics of the investigated 

area, in order to determine the areas considered to be with dynamic 

activity at the crustal level. 

 

GEODETIC NETWORK 

The geodetic measurement network, which will be hereinafter 

referred to as the extended Vrancea network, has been designed since 1997 

to be centered on the study of the Vrancea seismogenic zone (Figure 1, 

Table 1) (Mateciuc and Bălă, 2020; Zoran et al. 2008). The geodetic 

network was originally consisting on 25 points, which also cover some of 

the adjacent regions. Within this configuration 5 points from the Central 
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European GNSS Research Network (CEGRN) were also included; they 

were measured starting with 1995 within the framework of the Central 

European Regional Geodynamic Project (CERGOP), with the 

participation of a Romanian field team, along with 33 other countries 

(Zurutuza et al. 2019). These observation points are presented in Figure 1, 

and Table 1. The extended network also included the IASI (Iasi) point 

within the CEGRN international network (Mateciuc and Bălă 2020). 

 

 
 

Figure 1 - The extended Vrancea network. ● – temporary stations 

included in Vrancea extended network, ● – observation points 

belonging to CEGRN network, ♦, ◘ – temporary stations not included in 

the Vrancea extended network, ○ – towns. 
 

ALIGNMENT DESIGN 

An important question for the alignments selection was related to the 

two geodetic subnets areas components of the extended Vrancea network. 

The 2 subnets were delimited by the Trotuş Fault, which was observed to 
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separate sectors with clearly different geodynamic behavior. Thus, the 

Northern Vrancea subnet evidenced during time relatively modest vertical 

movements, while the Southern Vrancea subnet has detected a different 

character of the motion, with important vertical movements. 
 

Table 1: GPS measurement points for Vrancea extended network  

No Code Label Location 

 (1) (2) (3) 

1 
[1] 

TOPA 
Toplița Eastern Carpathians 

2 
[2] 

POTO 
Potoci 

Eastern Carpathians 

Tarcău nappe 

3 
[3] 

BABU 
Băbușa 

Eastern Carpathians 

Carpathian foredeep 

4 
[4] 

POGA 
Pogana 

North Dobrogea 

Promontory 

5 
[5] 

BERE 
Berești 

North Dobrogea 

Promontory 

6 
[6] 

INDE 
Independența 

North Dobrogea 

Promontory 

7 
[7] 

IAZU 
Iazu Moesian Platform 

8 
[8] 

GRUI 
Gruiu Căldărușani Moesian Platform 

9 
[9] 

CATE 
Căteasca Getic Depression 

10 
[10] 

TUTA 
Tutana Getic Depression 

11 
[11] 

CIRT 
Cârțișoara Southern Carpathians 

12 
[12] 

NADE 
Nadeș Transylvanian Depression 

13 
[13] 

TAZL 
Tazlău 

Eastern Carpathians 

Subcarpathian nappe 

14 
[14] 

CLEJ 
Cleja 

Eastern Carpathians 

Carpathian foredeep 
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15 
[15] 

FELD 
Feldioara 

North Dobrogea 

Promontory 

16 
[16] 

GARO 
Garoafa 

Eastern Carpathians 

Carpathian foredeep 

17 
[17] 

BALT 
Balta Albă 

Eastern Carpathians 

Carpathian foredeep 

18 
[18] 

MIHA 
Mihăilești 

Eastern Carpathians 

Carpathian foredeep 

19 
[19] 

CHEI 
Cheia 

Eastern Carpathians 

Ceahlău nappe 

20 
[36] 

MAGU 
Măgurele Moesian Platform 

21 
[20] 

LUPS 
Lupșa Transylvanian Depression 

22 
[21] 

ODOR 
Odorhei Transylvanian Depression 

23 
[22] 

VOSL 
Voșlobeni Eastern Carpathians 

24 
[23] 

MOIN 
Moinești 

Eastern Carpathians 

Subcarpathian nappe 

25 
[24] 

MANA 
Mănăstirea Cașin 

Eastern Carpathians 

Subcarpathian nappe 

26 
[25] 

VRAN 
Vrâncioaia 

Eastern Carpathians 

Subcarpathian nappe 

27 
[26] 

GURA 
Gura Văii 

Eastern Carpathians 

Subcarpathian nappe 

28 
[27] 

ZABA 
Zăbala 

Sfântu Gheorghe  

Depression 

29 
[28] 

TUSN 
Tușnad 

Eastern Carpathians 

vulcanitele neogene 

30 
[xx] 

FUND* 
Fundata Southern Carpathians  

31 
[xx] 

MACI* 
Măcin 

North Dobrogea  

Orogeny 
*[destroyed benchmarks] - no code. 

** Column (3) after Sandulescu, 1984. 
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NORTHERN VRANCEA SUBNET  

(10 MEASUREMENT POINTS) 

Based on these previously stated considerations, the Vrancea 

Nord subnet includes the following measurement points: Babuşa - 

BABU [3], Tazlău - TAZL [13], Moineşti - MOIN [23], Pogana - POGA 

[4], Vatra Dornei - VTRA [xx], Feldioara - FELD [15], Bereşti - BERE 

[5], and Potoci - POTO [2]. The codes of the measuring stations, as 

they have been used since the extended Vrancea network design, were 

enclosed in square brackets, with the exception of the VTRA 

observatory, whose main benchmark was destroyed and the 

measurement point and the initially assigned code have been 

removed. The alignments are systematized in Table / Figure 2. 

 

SOUTHERN VRANCEA SUBNET  

(25 MEASUREMENT POINTS) 

The Southern Vrancea subnet is similarly designed as the 

Northern Vrancea subnet and is consisting of a larger number of 

measuring stations, as follows: Zăbala - ZABA [27], Cheia - CHEI [19], 

Independenţa - INDE [6], Mănăstirea Caşin - MANA [24], Vrâncioaia 

- VRAN [25], Mihăileşti - MIHA [18], Măcin - MACI [xx], Voşlobeni - 

VOSL [22], Cleja - CLEJ [14], Garoafa - GARO [16], Tuşnad - TUSN 

[28], Gura Văii - GURA [26], Balta Albă - BALT [17], Iazu - IAZU [7], 

Fundata - FUND [xx].  Like the Northern Vrancea subnet case, in the 

situation of the Southern Vrancea subnet the Fundata - FUND and 

Măcin - MACI observatories, belonging to the CEGRN network were 

removed, because of the destruction of the main benchmark.  

The initially assigned codes have been removed. The alignments 

are systematized in Table 2 and  Figure 2. 
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Table 2: The extended Vrancea subnets - alignments. 

No. Alignment A - B Code Length (Km) 

 (1) (2) (3) 

1 POTO [2] – BABU [3] VN
1l2-3 86.519 

2 BABU [3] – BERE [5] VN
2l3-5 93.988 

3 BABU [3] – POGA [4] VN
3l3-4 63.724 

4 BABU [3] – FELD [15] VN
4l3-15 78.584 

5 BABU [3] – MOIN [23] VN
5l3-23 68.724 

6 MOIN [23] – POGA [4] VN
6l23-4 89.075 

7 MOIN [23] – BERE [5] VN
7l23-5 117.008 

8 TAZL [13] – BABU [3] VN
8l13-3 58.184 

9 MAGU [36] - MIHA [18] VS
9l36-18 81.166 

10 MAGU [36] - ZABA [27] VS
10l36-27 173.958 

11 MAGU [36] - CHEI [19] VS
11l36-19 126.936 

12 MAGU [36] - GARO [16] VS
12l36-16 178.297 

13 MAGU [36] - GURA [26] VS
13l36-26 124.317 

14 MIHA [18] - GARO [16] VS
14l18-16 98.817 

15 MIHA [18] - INDE [6] VS
15l18-6 104.548 

16 MIHA [18] - BALT [17] VS
16l18-17 66.896 

17 IAZU [7] - BALT [17] VS
17l7-17 62.182 

18 IAZU [7] - MANA [24] VS
18l7-24 166.066 

19 IAZU [7] - INDE [6] VS
19l7-6 86.227 

20 TUSN [28] - INDE [6] VS
20l28-6 163.563 

21 VRAN [25] - CLEJ [14] VS
21l25-14 66.354 

A - starting point, B - ending point, 1 - 8, belonging to the Northern 

Vrancea subnet, 9 - 21, belonging to the Southern Vrancea subnet. 
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Figure 2 - Alignments’s lenght for both subnets. 

 

 

RESULTS 

The actual calculations that were performed refer to the 

following parameters: 

1. dL - baseline elongation with respect to t1 measurement time; 

2. dL/L - the uniaxial strain, on the considered baseline, 

reported to t1; 

3. ω1 - the angle to the North direction of the baseline at t1; 

4. dω - the angle difference to the North direction of the baseline 

at t2 and t1. 

All results are given in Table 3 and Figures 3, 4, and 5. 
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Table 3: The extended Vrancea network - strains. 

N

o 

dL dL/L1 
ω 1  

(cent) 
dω 

code (mm) 
(µstrain) 

*10-5 
g c cc cc 

 (1) (3) (4) (5) (6) (7) (8) 

Northern Vrancea subnet 

1 VN
1l2-3 -10.448 -0.121 -13 13 

92 
-4.40 

850543 

2 VN
2l3-5 7.372 0.078 -63 99 

89 
4.77 

151268 

3 VN
3l3-4 9.866 0.155 -70 84 

25 

802899 
4.86 

4 VN
4l3-15 -2.809 -0.036 -92 49 

64 

643229 
5.44 

5 VN
5l3-23 4.335 0.063 35 34 

00 

673614 
-2.96 

6 VN
6l23-4 3.354 0.038 -15 10 

38 

771834 
3.83 

7 VN
7l23-5 1.843 0.016 -24 03 

61 

401131 
2.53 

8 VN
8l13-3 -3.724 -0.064 09 72 

81 

733725 
-9.48 

Southern Vrancea subnet 

9 VS
9l36-18 -10.813 -0.133 56 18 

20 

586760 
6.98 

10 VS
10l36-27 -14.776 -0.085 95 90 

42 

614439 
1.45 

11 VS
11l36-19 1.267 0.010 -96 58 

17 

311335 
-2.48 

12 VS
12l36-16 -19.047 -0.107 65 80 

95 

673746 
1.14 

13 VS
13l36-26 -10.632 -0.086 74 35 

80 

959591 
-1.02 
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14 VS
14l18-16 -6.473 -0.066 73 70 

75 

325585 
-3.10 

15 VS
15l18-6 -1.307 -0.013 41 56 

85 

855551 
-5.98 

16 VS
16l18-17 -0.342 -0.005 43 71 

35 

425062 
-10.11 

17 VS
17l7-17 1.509 0.024 -92 40 

14 

572253 
4.31 

18 VS
18l7-24 -12.023 -0.072 -76 27 

99 

576597 
2.31 

19 VS
19l7-6 2.070 0.024 82 11 

89 

198750 
2.63 

20 VS
20l28-6 -3.158 -0.019 -30 49 

67 

855366 
-0.68 

21 VS
21l25-14 3.208 0.048 78 58 

28 

008344 
2.99 

 

 

CONCLUSIONS 

From the results’ analysis briefly presented above, a series of 

interesting conclusions can be drawn regarding the two subnets, 

Northern Vrancea and Southern Vrancea. A first conclusion is related 

to the elongation values, which are also quite modest, falling mostly 

in the millimetric domain, between -19 mm, in the case of VS
12l36-16, 

MAGU - GARO and 9.9 mm, in the case of BABU - POGA, VN
3l3-4. 

In the first situation, the high value of the compressive elongation 

can be explained by the fact that the VS
12l36-16 line has a maximum value 

in terms of length and in addition it also intersects the major 

Intramoesian fault. Another conclusion is related to the elongations 

character.  
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Figure 3 - The Northern Vrancea subnet, VN
1l2-3 line, POTO [2] 

BABU [3], ● - observation points with code (up), the Southern Vrancea 

subnet, VS
9l36-18 line, MAGU [36] - MIHA [18], ● - observation points 

with code, ○ - major cities. 

 

If in the case of the Southern Vrancea subnet a predominance of 

compressions can be ascertained, by negative elongations in 9 cases out 

of the 13 calculated, the same cannot be said for the Northern Vrancea 

subnet. In this case we can see a predominance of positive, extensional 

elongations in 5 cases out of 8 analyzed. However, the values of the 

elongations are comparable, in disagreement with what was recorded in 

terms of vertical displacements, which clearly show a distinct behavior 

for the two subnets.  

In the case of the POTO - BABU line, VN
1l2-3, which crosses the Siret 

fault, the elongation has an important value, of -10.4 mm, which indicates 

a relatively significant compressive regime. 
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Figure 4 - The Northern Vrancea subnet, VN

1l2-3 line, POTO [2] - BABU 

[3], ● - observation points with code, ○ - major cities. 
 

 
 

Figure 5 - The Southern Vrancea subnet, VS
9l36-18 line, MAGU [36] - 

MIHA [18], ● - observation points with code, ○ - major cities. 
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ABSTRACT 

At the beginning of the XXth century, the scientific community, 

worldwide, awarded much more attention to the understanding of 

geological peculiarities that influences earthquake occurrence and the 

development of seismological instruments.  

Romania was among the first countries in the world that had a 

seismological service in the late 1890s at the initiative of some dedicated 

researchers in the field of astronomy, geosciences, mathematics and 

physics. 

In the early twentieth century, Romania already had two functional 

seismological services, one in Bucharest and the other one in Timisoara 

and a seismic observation system. Today, Romania has a Seismic 

Network with over 200 stations fully equipped with digital high-precision 

instruments and international collaborations in data exchanging. 
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INTRODUCTION 

One of the key elements that showed the need for a seismological 

service in Romania, was the recording in 1889 by Ernst von Rebeur-

Paschwitz, in Potsdam, Germany, of the first teleseism. The fact that 

instruments can detect and record seismic waves from large distances 

have changed the course of seismology, separating it, as an independent 

science of studies associated with meteorology. Consequently, the need 

for international cooperation in the field of seismology has become a 

subject of global interest in the scientific community. 

 

ROMANIA’S FIRST SEISMOLOGICAL SERVICE  

The discovery made by Ernst von Rebeur-Paschwitz motivated the 

Romanian meteorologist Ștefan Hepites to acquire, in the same year 1889, 

two Guzzanti seismoscopes and install them at the Meteorological 

Institute in Bucharest (Filaret). As reported by Prof. L. Constantinescu 

(1977), these instruments only indicated the occurrence of an earthquake, 

without being able to record it. Later, in 1895, a second type of instrument 

was purchased, a Tacchini pendulum. Ștefan Hepites was a visionary and 

managed to organize a network of points of macroseismic observations 

committed to the meteorological service he led. He created a system of 

seismic observations, with well-trained people, focused on the 

psychological impact that previous earthquakes. The effectiveness of this 

system was strengthened in 1893 when Hepites published the first list of 

macroseismic effects for the local earthquakes that occurred between 

1838 and 1893.  

The macroseismic data collecting system, created by Hepites, 

served as a model in organizing similar networks in Bulgaria and 

Chile, according to Prof. L. Constantinescu (1977). The results of the 

macroseismic studies published by Hepites were used by researchers 
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such as Ferdinand Montessus de Ballore, Emmanuel de Martonne and 

Heinrich Sieberg in their studies. 

By proving the efficiency of this system, authorities have 

understood the usefulness of installing more instruments for 

earthquakes recording. Thus, in 1895 Stefan Hepites establishes the 

first Romanian seismic station, in Bucharest, by installing a 

microseismoscope and a seismometrograph.  

According to Prof. L. Constantinescu (1977), in 1902, two Bosch 

horizontal seismographs (NS, EW components) with mechanical 

recording on a reel covered with blacked (smoked) paper, were 

successfully installed. The seismic pendulums with only 10 kg weight 

each, with reduced amplification, were continuously recording the 

seismic events on the horizontal components. The NS component was 

maintained in operation until 1958. These instruments played a key 

role in the development of seismological research in Romania and 

were considered a landmark for the next generation of instruments. 

According to Gh. Demetrescu (1937) in 1914, two Galitzin 

seismographs, of high sensitivity (photogalvanometric recording), 

excellent for long distance events, operated at the Bucharest Observatory 

(Figure 1).  

 

  
 

Figure 1 – The Galitzin seismographs (left) and the system recording 

(right) at the Bucharest seismic station  

(Source: Gh. Demetrescu, 1937).  
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Based on its research studies, Ștefan Hepites has demonstrated 

the need and usefulness of establishing a seismic network in Romania. 

During the same time period, in the late 1890s, in the actual 

region of Banat – Romania, at the Meteorological station of Timișoara, 

a seismological service was established by the count Thege Miklosi 

Konkoly. The meteorological and seismic service was led by prof. Edé 

Berecz from the Normal School of Boys in Timișoara (the actual Jean 

Louis Calderon high school). 

At that time, the historical Banat region was part of the Austro-

Hungarian empire, and was a prosperous region subjected to western 

influences. According to L.Tőkës (1906), in 1899, by installing 

Cacciatore seismoscope, the Timișoara Meteorological Station was 

promoted to rank I of importance. Since 1900, bulletins of seismic 

observations have been issued in the Természettudományi Füzetek 

magazine. In 1902, a new instrument was installed for seismic 

measurements: a Rossi seismograph. 

 

  

Figure 2 – The first establishment of the Timișoara seismic station, 

around 1904 (left) and the Vicentini seismograph, around 1904 (right)   

(Source: Természettudományi Füzetek, 1906). 
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In June 1902, the station appeared under the reference of “The 

meteorological and seismological station of Timișoara”. In 1903 a 

separate building was constructed (Figure 2- left) for the 

seismographs, where, in 1904, a set of Vicentini seismographs was 

installed. The instruments were built and modified by dr. M. Konkoly 

in the Central Institute workshop from Budapest (Figure 2 - right). 

Starting with 1905 the seismic observations were published in a 

quarterly review issue, under the reference of Konkoly-Vicentini. The 

Vicenti seismograph weighed 180 kg.  

As mentioned by L.Tőkës (1906), the Timișoara meteorological 

and seismological station was coordinated by Edé Berecz until his 

death in 1909. From 1910 until the beginning of the First World War, 

the station was led by his daughter, madame Ehmann Otilia (born 

Berecz). During the war, the station operated intermittently until 1919, 

when its activity was interrupted for about twenty years. 

A new seismic station was established in 1911 in Cluj, as reported 

by I. Curea (1940). The seismic service was coordinated by the 

Hungarian University. The station was initially equipped with two 

Mainka seismographs which operated between January 1911 and July 

1914. The seismographs were installed in the basement of the old 

theatre, but after the war started, the building was occupied by 

soldiers who dismembered and destroyed the instruments. What 

remained from the equipment was then exposed to humidity and rust, 

deteriorating even more. Since 1921, prof. Gh. Demetrescu and Gh. 

Bratu from the Astronomical Observatory in Cluj had the initiative to 

restore these instruments and find them an appropriate operating 

space. The main issue was to find a proper basement and obtain the 

agreement for the seismographs installation, a search that extended 

for a period of 14 years. In 1929, the University of Science from Cluj 

contacted prof. Carl Mainka in order to find support for the 

instruments restoration process. The answer from prof. Mainka was 

quick and positive, with no other fees rather than transportation and 

materials needed, but the Ministry of Instructions could not support 

these costs. The seismographs restoration was possible only in 1934, 
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when they had been moved  to the Astronomical Observatory of 

Bucharest, conducted at the time by prof. Gh. Demetrescu. In January 

1935, the seismographs were fully restored and put it into operation in 

the basement of the Astronomical Observatory of Bucharest for a 

testing period. The seismic observations proved to be accurate and the 

results of the recordings were published by prof. Gh. Demetrescu in 

the Seismic Bulletins of 1935 and 1936. 

After 1936, according to I. Curea (1940), at the Astronomical 

Observatory of Bucharest a new set of seismographs were made in the 

Observatory workshop, after the Mainka instruments of Cluj.  

In October 1939, with the efforts of prof. I. Curea, the seismographs 

have been relocated in Cluj and installed in the basement of the newly built 

wing of the University of Cluj – King Carol II Academic College (Figure 3).  

 

  
 

Figure 3 – Prof. I. Curea in front of the Mainka Modified seismograph 

(left). The NS component of the Mainka Modified seismograph in Cluj 

station (right).  (Source: Timișoara seismic station Archive). 
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On January 24th, 1940, the first Seismic Bulletin of the Cluj 

seismic station was issued, printed in 100 copies and sent worldwide 

at other seismic stations. So, prof. I. Curea established a long term and 

important partnership of information exchange.  

As related by prof. I. Curea (1944), the activity of the Cluj seismic 

station has ceased in September 1940, after the Vienna Dictate lead by 

Germany and Italy on 30 August 1940, when Romania had to subside 

the region of Northern Transylvania (almost half of the historical 

Transylvania region) to Hungary. The teaching staff from Cluj 

University, including Prof. I. Curea, was relocated to Timișoara 

Polytechnic Institute. Given the severe conditions of the departure, 

prof. I. Curea was forced to leave the Cluj Seismic Station, which was 

in a perfect state of operating at that time. 

The major impact of the earthquake that occurred on November 

10, 1940 (Mw = 7.7) demonstrated the urgent need for a seismic 

network, considered as a necessity for the study and understanding of 

the Vrancea earthquakes mechanisms.  

 

THE SECOND STAGE OF THE ROMANIAN SEISMIC NETWORK 

DEVELOPMENT  

After losing the Cluj seismic station, as prof. I. Curea (1944) 

himself relates, the only possibility was to start all over again and 

organize a new seismologic service at Timișoara. The old Austro-

Hungarian seismic station from Timișoara, where the Konkoly-

Vicentini seismographs were installed, was destroyed. 

With nothing more than the blueprints of the Mainka 

seismographs, prof. I. Curea asked for support from the Timișoara City 

Hall. He immediately receives a positive response and the first 

financial support for building a new set of seismographs.  

With the help and technical support offered by prof. Gh. 

Demetrescu from the Bucharest Seismic Station a new set of 

seismographs were designed starting from the original Mainka 

instruments. The Mainka Modified seismographs were constructed with 
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significant improvements at the Electro-Mechanic Factory of Timișoara, 

in times of war and restraints. The mass of the pendulums was three 

times heavier than of the original Mainka instruments, with a weight of 

540 kg each. The pendulum suspension system had to be modified, given 

the fact that, at the original instruments the weight was suspended from 

the ceiling, which meant that the chamber of the instruments needed 

also to have a special structure. In collaboration with prof. Gh. 

Demetrescu, a new and better type of air damper was constructed for the 

seismographs. 

Even though the seismographs were finished by the end of 1941, 

the issue of finding a suitable location was solved only in 1942, when 

the Polytechnic Institute provided two chambers in the basement of 

the building (Figure 4). 

 

 
 

Figure 4 – The Timișoara seismic station installed in the basement of 

the Polytechnic Institute (Source: Timișoara Seismic Station Archive). 

 

I. Curea (1944) relates that the Act of Establishment of the Timișoara 

seismological station was issued by the Timișoara City Hall on 15 

November 1942. With all the organization needed to prepare the chamber 

of instruments, the station began functioning only in September 1943. By 
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the end of the year, the seismographs recorded a number of 59 

earthquakes. Thus, in January 1944, Timișoara seismic station issued its 

first bulletin from the newly organized service. The Timișoara seismic 

station functions until April 1944, when its activity is ceased due to the 

bombing of the city. Its activity was reorganized starting with 1950, in a new 

location provided by the Polytechnic Institute. 

Simultaneously, prof. Gh. Demetrescu continued developing the 

seismic network by establishing two new stations in 1942 at Focșani and 

Bacău followed by Câmpulung seismic station in 1943 (Figure 5). In 1951, 

the Vrîncioaia station started its activity, and in 1952, the Iași seismic 

station was organized. The stations set up between 1942 and 1952 aimed to 

monitor earthquakes in the Vrancea area, and as a result, were equipped 

with low-magnification seismographs. About the Cernăuți seismic station 

(Bucovina), we have relative scarce information. According to Gh. 

Demetrescu (1937), I. Curea (1942) and F. Rădulescu (2001) the seismic 

service was first established by the Austro-Hungarian empire in 1911, in the 

same period with the establishment of the seismic station from Cluj. 

 

 
 

Figure 5 – The Câmpulung seismic station  

(Source: Timișoara seismic station Archive). 
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At that time, the station was equipped with Mainka seismographs. 

After 1919, the station was abandoned. In 1931 H. McComb (1931) published 

a list of seismological stations of the world in which the Cernăuți station is 

mentioned but it does not appear to have been in operation. Gh. 

Demetrescu (1937) and I. Curea (1942) mention the restoration of the 

seismic station in the period 1932-1934, under the guidance of prof. I. 

Popescu from the Faculty of Sciences in Cernăuți (director of the Cosmic 

Physics Institute). As related by F. Rădulescu (2001), the seismological 

service was completed with one Wiechert vertical seismograph (mass of 80 

kg) and one Conrad horizontal seismograph. The seismic station of 

Cernăuți operated until June 1940 when Romania lost this territory as a 

result of the Soviet occupation of Bassarabia and Northern Bucovina that 

took place from June 28 to July 4, 1940. 

 

THE THIRD STAGE OF THE ROMANIAN SEISMIC NETWORK 

DEVELOPMENT  

The Romanian Seismic Network constantly continued to develop 

after 1950. In Timișoara, by the end of 1965, a new building to host the 

seismological service and the team of researchers and technicians was 

built. Thus, Timișoara becomes the first Romanian station to have its own 

building designed specially to contain seismological equipment (Figure 6). 

 In his memoirs, prof. I. Curea (1969) offers details about the unique 

structure of this building: the edifice is composed of two structures, the 

upper part dedicated for the office, time service, mechanical and 

photographic workshops, and the lower part composed of four chambers 

at the basement for the instruments. The two structures are connected by 

a stairway and a hallway that make the transition to the second part of the 

building at a depth of two meters underground. The chambers of the 

instruments have doubled walls and plateau in order to confine a constant 

air temperature and to damper the possible vibration induced by urban 

activity. 
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Figure 6 – The new building of the Timisoara seismic station in 1965 

(Source: Timisoara seismic station Archive). 

 

The building foundation is set up on 90 pillars of reinforced concrete 

with a length of two meters each. Each component (NS and WE) of the 

Mainka Modified seismographs are set on individual reinforced concrete 

pillars. Each set of instruments is enclosed with glass windows (to prevent 

air flow disturbing the recordings) separated by a slot in the pavement. 

The underground chambers were designed to contain the 

sensitive instruments. The first two rooms were dedicated to the 

Mainka modified (540 kg and 180 kg) seismographs (Figure 7). 

Later on, in 1967, a set of short period electrodynamic 

seismographs, Vegik type were constructed in the mechanical 

workshop of the Timișoara seismic station. The recording was made 

using electrogalvanometers type GB-III. In 1970, the station was 

equipped with another set of electrodynamic long period instruments, 

Kirnos - SKD type, of Russian production (Figure 8). 
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Figure 7 – Mainka Modified seismographs with 540 kg mass (left) and 

Mainka seismographs with 180 kg mass (right) at the Timișoara seismic 

station (Source: Timișoara seismic station Archive). 

 

  
 

Figure 8 –  Vegik Electrodynamic seismographs (left) and Kirnos – SKD 

(right) at Timișoara seismic station  

(Source: Timișoara Seismic Station Archive). 

 

In 1967, prof. I. Curea established another seismic station, at 

Șușara, only 150 km from Timișoara, near Sasca Montană. Given the 

remote location, Șușara seismic station achieved exceptional 

recordings. It was originally equipped with the Vegik electrodynamic 



77 

type seismographs and completed in 1972 with a set of short period 

electrodynamic seismographs type SKM-III. 

In 1970, E. Bercei (1970) in collaboration with prof. I. Curea, 

designed a new type of vertical seismograph with electromagnetic 

resort, that functioned for a year at the Timișoara station. Due to lack 

of finances, the instrument could not be built  in mass production and 

the project was suspended.       

Another important station for Romania as well as for the 

neighboring countries is the Vrîncioaia station, installed in the central 

part of the intermediate-depth earthquakes epicenter area. Built in 

the early 1950s, the station has been equipped over time with different 

types of analogue seismometers like Mainka modified, Vegik, Kirnos-

SKM, DD1 and S13. 

In 1971, the seismic station of Muntele Roșu was installed, equipped 

initially with a Vegik instrument, installed in the station tunnel, followed 

by Kirnos-SKM-III instrument in 1974, Kirnos-SKD and Sprengnether 

instruments in 1975 and after 1977, DD1 and S13 seismometers. Muntele 

Roșu station was the first digital station in Romania. 

After the big earthquake of March 4, 1977, three telemetry 

seismic stations were installed in Bucharest, donated by the German 

government. The stations were installed in Sinaia, Carcaliu and 

Istrița, the recorded data being telemetry on the radio link to 

Bucharest, at the Center for Earth Physics. In 1978, Romania received 

financial support from the United Nations Development Program 

(UNDP) and 15 Chinese DD-1 seismic stations (with three 

components) were installed in the locations of existing stations. In 

1980, the development of the first Romanian Seismic Telemetry 

Network began, composed of 10 stations: Bordești (BRD), Carcaliu 

(CFR), Călugăreni (CGN), Muntele Roșu (MLR), Colonești (CLI), 

Istrița (ISR), Popeni (PPE), Sfânta Ana (AAR), Topalu (TLB) and 

Vrîncioaia (VRI). The seismic stations were equipped with Geotech 

S13 short-period seismometers and the data were telemetered by 

radio links to Bucharest. In the next two years, another 8 stations 

were installed. In 1995, the network was expanded in the western 
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part of the country, by installing Banloc - BANR, Șiria - SIRR, Buziaș 

- BZS stations, equipped with S13 short-period S13 sensors. An S13 

type sensor was also installed at the Timișoara station. 

 

CONCLUSIONS 

The beginning of the XXth century in Romania was marked by 

the rising interest in seismology coming from scientists that activated 

in fields such as meteorology, mathematics and physics.  

Given a history of important seismic events, Romania is one of the 

first countries in the world where an instrument for earthquakes 

recording has been installed.  

The need for a seismic network was justified in the context of the 

intense seismicity recorded in Romania, both at crustal level, in 

many areas of the country, and at the intermediate depth, in the 

Vrancea area, sometimes with major destructive effects.  

Even if at first, the seismic points of observation were few, the 

attention regarding enhancing the instruments to obtain better 

recordings was increasing. At first, the recordings were made on 

smoked paper, then on photographic paper, film and in the last part 

of the analogous era with ink on paper, the network has developed 

permanently reaching today over 200 stations, equipped with modern 

and high performance instruments. 

Although though today the national seismic network is at its 

higher technical development, and seismic events can be detected and 

localised in a matter of seconds, we must always keep in mind the 

efforts made by the first researchers in Romania who laid the 

foundations for building the modern seismic network today. 
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ABSTRACT 

A series of earthquakes of maximal magnitude (ML=5.3) started 

on June 01, 2019, at 04:26 (UTC), close to Floq village about 17 km 

south-west of Korca town. The earthquake of magnitude ML = 5.3    

epicenter coordinates were 40.47°N, 20.71°E and occurred at a focal 

depth of 14 km. This earthquake expresses the increased seismic 

activity of the Korca-Erseka seismogenic zone. We present results 

from an analysis of local and regional data concerning epicenter 

location, focal mechanism of main shock and its aftershocks. 

Composite focal mechanism of the main shock according to the 

German Research Centre for Geosciences (GFZ) shows a normal fault: 

Strike=216°, Dip=52° and Rake -88°. The larger aftershocks occurred 
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southeastern of the main shock epicenter. In this fault zone, 947 

earthquakes were located with magnitude ranging from 0.6 to 5.3 

Richter, having an average focal depth of 11km and the maximum focal 

depth of 63 km. The moderate earthquake with ML=5.3 at the focal 

depth of 14 km occurred on June 1st, 2019 at about 9 km near the border 

with Greece. The main shock was generated by the activation of an 

NNE-striking normal fault. Most of the seismicity (97%) of this series 

during 2019 to 2020 is confined within the upper and middle crust at 

a depth of less than 25 km, while only 3% occurred in the lower crust, 

and in the sub-crustal mantle. The region affected by this series of 

earthquakes together with the strongest earthquake of the May 1960 

M6.2, forms a roughly N−S trending active seismotectonic zone in 

southeastern Albania which presents a threat to nearby urban areas 

from Albania, Greece and the North-Macedonia. 

 

Keywords: Earthquakes series, Aftershock, Focal mechanism, Faults.  

 

INTRODUCTION 

On June 06, 2019, an earthquake of magnitude (ML = 5.3), 

occurred close to Floq village about 17 km southwest of Korca town 

(epicenter coordinates 40.47°N, 20.71°E) at the focal depth of 14 km. 

The zone hit by this earthquake is located on the inner side of orogeny 

on the folded Alpine chain located in the Mediterranean area. The 

analysis of the focal mechanisms indicates the predominance of 

normal faulting with a strike-slip component, and the NNW-SSE 

extension in eastern Albania, in response to the convergence between 

the Adriatic microplate and the Albanian orogeny (Ormeni et al 2013). 

During the last century, some devastating earthquakes occurred in 

Korca-Erseka seismic source zone, causing a great number of 

casualties and substantial damage (Aliaj et.al 2010, Ormeni 2012). The 

Korça and Erseka half-grabens are dynamically the most active areas 

with the greatest seismicity in southeastern Albania. The significant 

events occurred in Korca zone and its surrounding in 548, 1673, 1871, 
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1889, 1878, 1896, 28 September 1906, 18 February 1911, 13 February 1912, 

22 December 1919, 14 September 1920, 28 January 1931, 26 May 1960 

(Aliaj et al 2010). The present-day tectonic stress field of Albania has 

been well studied via microtectonics (Aliaj, 2012) and focal 

mechanism solutions of earthquakes (Sulstarova, 1986; Muço, 1994; 

Ormeni et al., 2013). From the focal mechanism solution results that 

the earthquake of June 01, 2019, and the strongest aftershocks were 

triggered on normal faults with a NE-SW compression stress 

direction. The aftershocks occurred southeastern of the main shock 

epicenter almost along the seismotectonic line. We present results 

from an analysis of local data concerning epicenter location, focal 

mechanism of main shock and its aftershock activity.  

 

DATA AND METHODS 

These earthquakes were recorded by the permanent Albanian 

seismic network, integrated with data of INGV (Italy), Thessaloniki 

(Greece), Montenegro and MEDNET seismic networks (Figure 1). 

Earthquake location was carried out using P and S onsets readings 

based on the local velocity model (Ormeni, 2011) and routine used for 

this purpose is the Hypoinvers program (Klein, 2002). The descending 

track Sentinel-1A SAR images from the European Space Agency (ESA) 

with Progressive Scans made acquired on 30 May 2019 to 05 Jun 2019 

is shown in Figure 8. 

The series started with the mainshock of June 1 at 04:26:17 and 

ML5.3 Richter magnitude, followed by 947 earthquakes occurred 

between from June 1, 2019, to May 31, 2020, with magnitude ranging 

from 0.6 - 5.3 and showing an average focal depth of 11 km and 

maximum of 63 km (Figure 1). The aftershock activity in the Korca-

Erseka area spans about one-year interval. The focal mechanism 

solution for the main shocks is based on GFZ, Potsdam, Germany and 

NOA Athens Greece (EMSC-CSEM, 2020).  
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Figure 1- Epicentral map of sequence series of June 01, 2019,  

Korca earthquake. 

 

THE MICROSEISMIC EPICENTRES OF EARTHQUAKE SERIES 

During the period June 2019 - May 2020, the southeastern region 

of Albania was hit by a seismic series. The series started with the 

mainshock of June 1, 2019 (ML5.3) having the epicenter in Flloq village 

(about 17 km on the southwest of Korca town) followed by a very high 

number of secondary events (Figure 1). 
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Figure 2 - Distribution of the number of earthquakes according  

to the magnitude. 

 

From source parameters determination the mainshock of June 1 

results in the source time 02:54:11 (UTC), epicenter coordinates 

40.47°N and 20.71°E and focal depth at 14 km (Ormeni et al 2019). 

Figure 1 shows earthquake epicenters distribution along two main 

faults directions one trending NNE and another trending NE. Most of 

the epicenters of these secondary events are located in the E part of 

the main shock extending in the NNE direction. About 97% of 

earthquakes have the focal depth in the range of 1-15 km. The first fault 

lineaments are in accordance with fault plane solution of mainshock, 

with the distribution of aftershocks that occurred in the first six hours 

and distribution of aftershocks with magnitude greater than M>4.0 

(Figure 3). The series was characterized by 109 earthquakes with 

magnitude ML ≥ 3.0, 14 earthquakes with ML ≥ 4.0, 7 earthquakes with 

ML ≥ 4.5, and 3 earthquakes with ML ≥ 5.0. Most earthquakes have 

magnitude ranging 1.2 – 3.2 Richter (Figure. 2). The map of aftershocks 

epicentres (Figure 1) shows an elliptical distribution that spread 
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toward E of mainshock with long axis in NNE direction. The 

correlation between the aftershocks epicentres and the tectonic 

features is presented in Figure 7. The epicentres are distributed in an 

area of 695 km2, approximately 35 km long and 15 km wide which 

corresponds to the area where strong damage was observed (Figure 1).  

 

 
 

Figure 3 - Epicentral map of aftershocks with magnitude ML>4.0. 

 

The most of epicenters of these secondary events are located in 

the east of the mainshock (Figure 4). The most of hypocenter of these 

secondary events are distributed at 1-25 km depth (Figure 5). The 

aftershock activity developed in the seismically active upper and 

middle crust beneath Albania, which has a thickness of 20-25 km 

(Ormeni & Fundo 2011). Very few earthquakes have the focal depth in 

the lower crust. 
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The aftershock sequence following the 1 June 2019 earthquake 

continued with relatively high frequency until May 31, 2020.  In order 

to see the time changes of the number of aftershocks, the time 

histogram of the aftershock sequence is illustrated in Figure 6. 

 

 
 

Figure 4 - Epicentral map of aftershocks of six hours after origin time of 

mainshock.   

 

The sequence of aftershocks of the Korca earthquake is a multiple 

sequence composed of four subevents of maximum magnitudes ML 5.3, 4.5. 

4.7 and 5.1 (Figure 6). Four different phases may also be observed. The first 

phase includes the period from June 1, 2019, to June 29, 2019. During this 

time were located 396 shocks with ML>2.0. The number of shocks 

decreased to the passing time. After the main shock three of the strongest 

events, with magnitude ranging between 4.7 to 5.0, occurred on June 1. A 

large aftershock activity is observed in the first two days (with 280 events), 

the number of aftershocks decreasing after 5 days. 
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Figure 5 - Vertical distribution of the aftershock hypocentres  

in the Korca –Erseka zone. 
 

The second phase started on June 29 at 13: 01 with an event of 

magnitude 4.5 and lasted until July 31. During this period were registered 

90 events with ML>1.0 The third phase started on July 31 at 14:21 with an 

event with ML5.1 and lasted until November 1, 2019. During this period of 

time were located 264 events with ML>1.0 The fourth phase started on 

November 1, 2019, and lasted until May 31, 2020.  

 
 

Figure 6 - Time histogram of the aftershock sequence from 01 June 2019 

until 31 May 2020. 
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During this period of time 264 events with ML>1.0 were located 

and only twoo events were stronger, with magnitudes of 4 and 

respectively 4.1. These analyses of aftershock sequence evaluations 

can give preliminary results for the statistical properties of them 

which is a associated aftershock hazard in Korça region. 

 

FOCAL MECHANISM OF EVENTS AND DEFORMATIONS 

We analyzed the focal mechanism for the main shocks and some 

aftershocks, based on the GFZ (https://geofon.gfz-potsdam.de/) focal 

mechanism solution. The focal mechanism solution of June 01, 2019, time 

04:26 earthquake is respectively: Strike = 216°, Dip = 52° and Rake = -88° 

(Figure2). From the focal mechanism solution results that the earthquake 

of June 01, 2019 was triggered from a normal faulting with a NE-SW 

extensional stress direction. The normal fault mechanism of main shock 

with an active plane striking 216 NE, the inclination of the hanging wall 

against the horizontal 520 and the displacement of the hanging wall 

relative to the foot wall -880 (downward motion).  Figure 7 presents a 

part of the seismotectonic model for the region of Korca-Erseka seismic 

source zone showing several faults and lineaments with neotectonic 

activity in the epicentral area. The mainshock was generated by the 

activation of a NE-trending normal fault of Flloq-Kamenic-Mollas of 

Pliocen- Lower Pleistocene (or Pliocene-Quaternary). 

The focal mechanism of the June 01, 2019, ML5.3 seismic event 

indicates normal faulting. Its main aftershocks, which occurred on 

June 01, 2019, had the following mechanisms:  

1. ML4.9 time 04:33:06 indicate normal faulting with a light 

strike-slip component,  

2. ML4.7 time 04:51:57 indicate normal faulting with a light 

strike-slip component,  

3. ML5.0 time 07:00:26 was caused by a normal fault with a dip 

of 53° in nodal plane  

  

https://geofon.gfz-potsdam.de/
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Table 1.  The focal mechanism parameters of the of the June 1, 2019  

Korca  earthquake and its aftershocks (M>4.6) 
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The focal mechanisms for the aftershock of ML 4.7, which 

occurred on July 31, 2019, time 14:21:01 indicates normal faulting 

with a dip of 70° in nodal plane 1. The focal mechanism for the 

aftershock of ML 5.1 occurred on November 01, 2019, time 05:25:43 

indicates normal faulting with a dip of 40° in nodal plane 1, with a 

strike-slip component. These focal mechanisms of the mainshock 

and the strongest aftershocks indicate that the seismic activity is 

due to regional extensional regime (Table 1, Figure 7). Some 

aftershocks did not occur along the same fault plane as the 

mainshock rather, they occurred on faults with different 

orientations demonstrating a variety of geological structures in the 

area with heterogeneous stress state.  

The dislocation planes activated by the earthquakes coincide 

with the fault planes according to the geological and geophysical 

available data. We can say that the earthquakes series of June 1, 

2019 (Mw5.3) can be related to the tectonic activation of several 

fault lines. This result agrees with the seismotectonic map, which 

displays four ruptures in the epicentral area, as shown from the 

temporal pattern of aftershock activity. The aftershocks of the 

series are closer to the three other tectonic lines of the normal fault 

type located in the E of the Mollaj-Flloq fault line. 

The fourth tectonic line is the Nikolice-Dardhe line in transversal 

extension NE direction. The focal mechanism solution of June 1, 2019 

earthquake, and from previous focal mechanisms solutions is quite 

clear that Korca-Erseka fault zone works as a normal fault with strike-

slip components. These earthquakes were caused by motion along 

normal faults with an NNE extensional stress direction. These tremors 

are related to four parallel tectonic lines with extension in the NNE 

direction (Figure 7). These tectonic lines are nearest and parallel to 

each other activated during this period of time. These focal 

mechanisms (Figure 7, Table 1) demonstrate the predominance of 

normal fault motion with a strike-slip component, and these normal 

fault motions are compatible with the present-day N-S extension. 

Interferometric images in earthquake zone for two different time 
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intervals provide measures of the deformation of the earth surface 

from 30 May 2019 to 05 Jun 2019. In this case, InSAR detects surface 

displacements from satellite acquisitions before and after an 

earthquake is used to extract earthquake fault parameters.  

 

 
Figure 7 - Seismotectonic map of Korca-Erseka area (Aliaj et al., 2010) 

with beachball of focal mechanisms of the main shock ML5.3, Flloq 

earthquakes, occurred on 01 June 2019 and aftershocks with ML>4.6. 
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Figure 8 - Sentinel-1 wrapped interferogram descending (acquisition 

dates 2019.05.30 - 2019.06.05). The white rectangle marked on the map 

indicates the epicentral zone. 

 

 
 

Figure 9 - Displacement in descending track Sentinel-1A SAR images. 
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InSAR displacement shows a maximum negative displacement 

value of 4 cm. This indicates the maximum negative displacement 

value (subsidence) in correlation with earthquake mechanism, which 

is normal fault. Surface deformation of descending track from 

Sentinel-1A SAR data are in correlation with orientation of faults of 

Flloq Mollas zone near the earthquake epicenter. The epicenter 

location of the June 1, 2019 earthquake and deformation area indicates 

that the earthquake has occurred on Flloq-Mollas fault zone. 

 

EVALUATION OF MACROSEISMIC FIELD 

The macroseismic intensity is a useful measure used in many 

studies for the evaluation of seismic hazards in Albania (Sulstarova 

and Muço, 1983; Muço et al. 1992; Aliaj et al. 2010, Bozo & Ormeni 

2020). The macroseismic intensity of the Korca earthquake (ML5.3) 

which occurred on June 1, 2019, is a qualitative descriptive measure 

derived by questionnaires from IGEWE and EMSC web. The 

maximum of reported damage was in the Korca district. Based on 

these responses intensity is defined on EMS-98 scale.  

According to reports, the Korca earthquake shook an area up to 

epicentral distances of 100–150 km. The June 1, 2019 earthquake occurred 

near Flloq village causing damage in the epicentral area (Ormeni et al 2019, 

2020). According to the reports by authorities and eyewitnesses, three 

people had been injured and significant material damage was caused in the 

Korça region. In all this region, including the municipalities (towns and 

villages) of Korça, Kolonja and Devolli districts, a total of 688 residential 

houses were damaged, of which 130 are uninhabited, 248 with heavy 

damage and 310 with minor damages. This earthquake caused damage to 

the old houses and in unreinforced-structures to the Korca and Kolonja 

districts.  
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Figure 10 - Municipality macroseismic EMS-98 intensities assessed 

using questionnaires, compiled through IGEWE (http://www.geo.edu), 

EMSC (www.emsc-csem.org) and another alternative ways. The colored 

lines represent isoseismics separating intensity degrees. The red star 

represents the instrumental epicenter. 

 

All buildings with concrete reinforced-structures have not been 

damaged. The epicentral intensity of the Korca earthquake is estimated at 

VII-VIII degree (EMS-98) around the epicenter with coordinates 40.470N; 

20,710E. The attenuation of intensity was determined from the distribution 

of intensity values shown in the isoseismal shapes (Sulstarova and Muco, 

1983; Muco 1992; Bozo & Ormeni 2020). The attenuation of Intensity from 

http://www.geo.edu/
http://www.emsc-csem.org/
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the epicenter of  Flloqi earthquake shows high attenuation in the west of 

the Flloqi as opposed to a low attenuation on the south and north side due 

to different crust properties and the directivity of strike (Ormeni, 2013). 

 

CONCLUSIONS 

The earthquake series with mainshock occurred on June 01, 2019 

(Md = 5.3) in the south of  the Flloq village in Korca district, expresses the 

increased seismic activity of the Korca-Erseka faulting zone. The 

aftershock locations indicate that aftershocks have migrated to the east 

of the mainshock. The epicentres distribution map shows that most of 

the epicentres occurred along a NNE direction. Aftershocks within the 

first hours were distributed along two parallel fault lines in the NNE 

direction and in another fault line, in NE direction, in accordance with 

epicentres distribution of aftershocks with magnitudes ML>4.0. The focal 

mechanism solution shows a normal active fault to be responsible for 

triggering the June 01, 2019 earthquake and its aftershocks. The focal 

mechanism of the main shock has the parameters: strike 216°, dip 52°, 

rake -88°, with the extension axes in the NNE-SSW direction. The 

analysis of the focal mechanisms indicates the predominance of normal 

faulting with a light strike-slip component in Korca region, southeastern 

Albania, that is compatible with the present-day N-S extension. The 

distribution of aftershock epicenters is according to the direction of axes 

of primary fault plane. The focal mechanisms distribution of aftershocks 

of six first hours, distribution of strongest aftershocks and long axes 

macroseismic field are in NNE direction in accordance to neotectonic 

active faults. The focal depth analysis reveals that this seismicity was 

mainly generated in the deep upper and middle crust under tectonic 

conditions that were described earlier. 

INSAR displacement shows a maximum negative displacement value 

of 4 cm. This indicates the maximum negative displacement value 

(subsidence) in correlation with the June 1, 2019 (ML5.3) at 04:26 (UTC) 

earthquake mechanism, which is normal fault. In the studied area the 

isoseismal-line trending NNE-SSW are more prominent in imagery, being 
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parallel to the assessed source orientation. Focal mechanisms solutions, 

distribution of aftershocks in time and space, macroseismic and InSAR 

data shows that the Series were generated along three parallel fault 

lineaments in the NNE and in NE direction. Through its results, revealing 

many geologic and seismotectonic characteristics, the present study may 

represent a contribution for disaster protection measurements of the areas 

that constitute a threat for nearby urban areas of Albania and Greece. 

 

REFERENCES 

Aliaj Sh., Kociu S., Muço B., Sulstarova E., 2010. Seismicity, 

seismotectonics and seismic hazard assessement in Albania. 

Published, Academy of Science of Albania, 59-65 pp.  

Aliaj Sh., 2012. Neotectonics of Albania. Klan publication. Tirana, 

Albania 

Bozo R., Ormeni R., 2020. Evaluation of Macroseismic Field of 21 

September 2019, Durres Earthquake in Albania. J. Int. Environmental 

Application & Science, “JIEAS” University, Turkey, Vol 18, Issue 2,  

181-187 pp. 

Klein F. W., 2002. Hypocenter location program Hypoinvers, 

USGS. Earthquake/index_tensors.php. 

Muço B., Minga P., 1992. Anelastic-attenuation coefficient and 

the correction of Ao values of Richter. magnitude formula for Albania: 

Geofizika, p. 123-132 

Muço B., 1994. Focal mechanism solutions for Albanian 

earthquakes for the years 1964–1988. Tectonophysics 231, 311–323. 

Ormeni Rr., 2011. P- & S-Wave Velocity Model of the crust and 

uppermost mantle of the Albania region, ELSEVIER, Journal of 

Tectonophysic, Vol 497, 2011 pp 118-120. 

Ormeni Rr., Fundo A., 2011. The seismoactive layers of the 

Albanian esrth”s crust  seismogenic zones. 6th Congress of the Balkan 

Geophysical Society 3rd-6th October, 2011, Budapest, Hungary. (BE) 



97 

Ormeni Rr., Onuzi K., Bozo R., 2012. Some features of Korca 

region seismic activity during this century, Jubilee Conference of 

Geology October 2012, Tirana, Albania. 

Ormeni Rr., Kociaj S., Fundo A., Daja Sh., Doda V., 2013, 

Moderate earthquakes in Albania during  2009 and their associated 

seismogenic zones. Italian Journal of  Geosciences. 132 (2): 203- 212. 

Ormeni Rr., 2013. 3D Velocity structure of the Albania region 

obtained by inversion of local earthquake data” 7the Congress of the 

Balkan Geophysical Society, 7-10 October 2013, 3-4 pp, Tirana, Albania 

Ormeni Rr., Koci R., Dushi E., Minarolli A., Gjuzi O., Hajrullai S., 

Dushi I., 2019. Monthly Seismological Bulletin, September 2019, 

http://www.geo.edu. 

Ormeni Rr., Mustafa Sh., Bozo R., Mucaj D., 2020. Some main 

aspects of seismic activity in Albania during 2019 year. International 

Conference on Geosciences and Earthquake Engineering, Challenges for 

Balkan Region (ICGEE) Tirana. 

Sulstarova E., Muço B., 1983. Fusha makrosizmike e tërmetit të 15 

prillit 1979. Tërmeti i 15 prillit, Shtëpia Botuese 8 Nëntori, pp. 167-186 

(shqip-anglisht). 

Sulstarova E., 1986.  Mekanizmi i vatrave te termeteve dhe fushat 

e sforcimeve tektonike te sotme ne  Shqiperi.  Disertacion per graden 

“Doktor i Shkencave”, Tirane. 

www.emsc-csem.org/ 

 

http://www.emsc-csem.org/


 

SOLAR INFLUENCE ON ENSO VARIATIONS 

Yavor Chapanov1* 
 

1 Climate, Atmosphere and Water Research Institute-Bulgarian 

Academy of Sciences, Sofia, Bulgaria 

 

ABSTRACT 

One of the reasons for El Niño - Southern Oscillation (ENSO) 

excitation is the influence of solar cycles. The solar activity is reveling 

mainly by the Total Solar Irradiance (TSI) variations, solar wind and 

variations of the solar magnetic field. The TSI variations affect directly 

all weather and climate indices. The solar wind and solar magnetic 

field modulate changes of the heliosphere, geomagnetic field and 

cosmic ray variations. Recently a new mechanism of climate 

modulation, based on cosmic ray variations and ozone production in 

low stratosphere near the tropopause, has been discovered. Some 

disturbances of the solar magnetic field are connected with the North-

South (N-S) solar asymmetry of hemispheric distribution of sunspots. 

The ENSO variations are highly correlated  with index of N-S solar  

asymmetry in large number of frequency bands with interannual, 

decadal and centennial periodicity. The harmonics of solar and ENSO 

cycles with common frequencies are determined by means of Method 

of Partial Fourier Approximation, where the trigonometric 

coefficients are estimated by the Method of Least Squares. The 

obtained results of high correlation between ENSO, TSI and N-S solar 
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asymmetry harmonics may resolve the questions about solar influence 

on Pacific temperature anomalies. 

 

Keywords: El Niño - Southern Oscillation, Total Solar Irradiance, 

MSL, solar asymmetry harmonics 

 

INTRODUCTION 

The solar activity is an important excitation source of various 

terrestrial processes by means of direct radiation, connected with the 

Total Solar Irradiance (TSI), solar wind, and solar magnetic field. The 

solar wind and solar plasma deform the geomagnetic field and affect 

the ionosphere and upper atmosphere above the tropopause. The solar 

wind and cosmic rays are affected by the variations of solar magnetic 

field in the frame of the heliosphere. The Earth’s magnetic field 

modulates cosmic rays near the Earth. Recently, a new mechanism of 

cosmic rays influence on climate variations was proposed (Kilifarska, 

2015; Kilifarska and Bojilova, 2019). This mechanism is based on ozone 

production near the tropopause as an effect of the cosmic rays 

ionization. The ozone influences temperature and winds in vertical 

direction. The vertical winds may change water content.  

The variations of the solar magnetic field are connected with the 

North-South (N-S) solar asymmetry, so its time-series gives us 

additional information about solar activity oscillations. Now it is well 

known that solar activity affects ENSO variations (Kirov and 

Georgieva, 2002; Zhai, 2017; Maruyama, 2018). Most authors point out 

that ENSO variations are stronger during solar minima, when the 

variations of cosmic rays dominate over the TSI oscillations. This is 

the reason to search for common cycles between the N-S solar 

asymmetry and ENSO variations. 
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DATA AND METHODS 

The solar data are presented by the Total Solar Irradiance (TSI) 

variations (Figure 1). The reconstruction of TSI since 1850 (Figure 1, a) 

is a composite of SATIRE-T (Spectral And Total Irradiance 

REconstructions) with data from Krivova et al. (2010) for the time 

interval between 1850 and 22 August 1974 and SATIRE-S 

reconstruction from Yeo et al. (2014) starting from 23 August 1974 

onwards. The normal values of TSI with 0.1-year uniform steps (Figure 

1, b) are calculated by means of robust Danish method (Kegel, 1987; 

Kubik, 1982.; Juhl, 1984), followed by a linear approximation. 

 

 
 

Figure 1 - Daily values of TSI time series (a); normal points of TSI data 

at 0.1-year uniform steps (b). 

 

A new combined solution for hemispheric sunspot numbers is 

provided by Veroniq et al. (2021). This solution is based on all data of 

sunspot numbers and sunspot areas since 1874 (Figure 2, a, b). The daily 

time series of hemispheric sunspot numbers are transformed into  

0.1-year time series by 36-day average and linear interpolation after.  

The North-South solar asymmetry SA is determined from the 

relation where the Sn and Ss are sunspot numbers on the Northern and 

Southern solar hemispheres, respectively.  

 

  SA = (Sn-Ss)/(Sn+Ss),             (1) 
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The El Niño-Southern Oscillation (ENSO) is a recurring climate 

pattern involving changes in the temperature of waters in the central 

and eastern tropical Pacific Ocean. The processes of ENSO event are 

represented by several indices, whose data is observed from 4 

equatorial regions of Pacific Ocean. The used here index Niño 3.4 

consists of Sea Surface Temperature (SST) anomalies (Figure 3), 

averaged over Niño 3.4 region, whose ocean area lays between 5°N-5°S 

and 170°W-120° (Rayner. et al., 2003).  

 

 
 

Figure 2 - Daily sunspot numbers at Northern solar hemisphere (a); at 

Southern solar hemisphere (b); and N-S solar asymmetry index at 0.1-

year time intervals (c). 

 

 
 

Figure 3 - ENSO time series, presented by Niño 3.4 index. 
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The periodic variations of ENSO and solar indices are derived 

from the data by means of Partial Fourier approximation based on the 

Least-Squares (LS) estimation of Fourier coefficients. The time series 

of oscillations from a given frequency band is calculated as a 

superposition of two neighbor Fourier harmonics, whose coefficients 

are estimated by the Least Squares (LS) Method. The details of this 

method are described in (Chapanov et al., 2015). Shortly, the Partial 

Fourier approximation  F t  of discrete data is given by  

     ,
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where P0 is the period of the first harmonic, t0 - the mean epoch of 

observations, f0, f1, ak and bk are unknown coefficients and n is the number 

of harmonics of the partial sum, which covers all oscillations with periods 

between P0/n and P0. The application of the LS estimation of Fourier 

coefficients needs at least 2n+2 observations, so the number of harmonics 

n is chosen significantly smaller than the number N of sampled data fi. 

The small number of harmonics n yields to LS estimation of the 

coefficient errors. This method allows a flexible and easy separation of 

harmonic oscillations into different frequency bands by the formula 
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After estimating the Fourier coefficients, it is possible to identify a 

narrow frequency band presenting significant amplitude, and defining a 

given cycle. Then this cycle can be reconstructed in the time domain, 

limited to the corresponding frequency bandwidth. Doing this for 

comparable time series, it is possible to identify their common cycles.  

The harmonic coefficients were determined with an accuracy of 

5 mW/m2 for TSI time series; 0.02 for N-S solar asymmetry and 0.01°C 
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for index Niño 3.4. The time series spectra were calculated by the 

Method of Fast Fourier Transform (FFT). 

 

RESULTS 

The FFT spectra of Nino index 3.4 and solar indices are shown in 

Figure 4. 
 

 
 

Figure 4 - Time series spectra of TSI, Niño 3.4 and North-South solar 

asymmetry. 

 

 
 

Figure 5 - Comparison of Niño 3.4 and TSI oscillations with periods 

between 2 and 7 years. 

 

The solar indices and Pacific temperature anomalies have some 

common or close located spectral peaks with subdecadal and decadal 

periodicity (Figure 4). The N-S solar asymmetry has common peaks with 
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Niño 3.4 in period band 3-6 years and around 9 and 30 years, while the TSI 

cover some spectral variations from band 2-7 years and around 20 years. 

The TSI influence on Niño 3.4 variations with periods 2-7 years is 

shown in Figure 5, where their harmonics are in phase for the time period 

between 1930-1965 when the TSI affect Pacific temperature anomaly 

directly. The common TSI and ENSO cycles are in antiphase during  

1895-1920 and 1975-2000, so the solar activity influenced the Pacific 

temperature by other possible mechanisms, like corpuscular radiation, 

magnetic field and heliosphere disturbances, followed by galactic cosmic 

ray modulation and stratospheric ozone production. The last hypothesis 

is supported by the results about interconnection between ozone 

variations and ENSO cycles given in Velichkova et al., (2020, 2021) and 

Kilifarska(2021). Other possible source of TSI and ENSO antiphase cycles 

is global climate system and atmosphere-ocean coupling, affected by TSI 

variations with ENSO frequencies. Many authors found ENSO patterns 

in different location in South and Nord America, West Europe, Africa and 

Atlantic region (Ivasic et al., 2021; Giannini et al., 2001; Sung et al. 2013). 

These patterns are due by so-called ENSO Teleconnection and were 

amplified by TSI direct influence on local variation. So, the TSI and ENSO 

antiphase may reflect solar-terrestrial influences with ENSO periodicity 

over global climatic processes.  

The comparison of centennial cycles of Niño 3.4 and N-S solar 

asymmetry, given in Figure 6, allowed to noticed that centennial  

ENSO variations are partially connected with the N-S solar asymmetry. 

 

 
 

Figure 6 - Comparison of centennial cycles of Niño 3.4 and N-S solar 

asymmetry. 
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Figure 7 - Comparison of decadal cycles of Niño 3.4 and N-S solar 

asymmetry. 
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The long-term ENSO variations are modulated mainly by the decadal 

cycles of N-S solar asymmetry with periods between 13 and 50 years  

(Figure 7).  

The TSI influence on decadal ENSO variations has minor effect 

in two bands with periods 11.3-12.2 and 20.9-24.3 years (Figure 8) 

The subdecadal cycles of Niño 3.4 are affected by solar activity indices 

in 3 bands with periods 4.0-4.2; 5.0-5.2 and 8.5-9.8 years (Figure 9). 

 

 
 

Figure 8 - Comparison of decadal cycles of Niño 3.4 and TSI. 

 

CONCLUSIONS  

Haam and Tung (2012) conclude that El Nino is independent of 

11-year solar cycle, but they didn’t take into account that the 

corresponding signals in ocean data are weak and thus covered by the 

high-frequency observational noise. Roi and Haigh (2012) find no 

consistent ENSO-like variation in tropical sea surface temperature 

following maxima of the 11-year sunspot cycle. Actually, the 11-year TSI 

signals are not important to the response of ENSO, because its 

frequencies are composed by the response to solar harmonics with 

periods 2-7yr. 
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Figure 9 - Comparison of subdecadal cycles of Niño 3.4 and solar 

activity. 

 

Meehl et al. (2009) considered two mechanisms that can be used 

to explain the 11-year solar influence on the magnitude of observed 

climate signals in the tropical Pacific: the top-down stratospheric 

response of ozone to fluctuations of shortwave solar forcing and the 

bottom-up coupled ocean-atmosphere surface response. These 

mechanisms are able to decrease the sea surface temperatures during 

the maxima of the 11-year solar cycle, and amplify the solar forcing at 

the surface by reducing the low-latitude clouds. They are close to the 

ideas presented in this paper, which refers at the N-S solar asymmetry 

influence on ENSO variations.  

The solar cycles drive interannual, decadal and centennial ENSO 

variations directly by TSI harmonics and indirectly by modulation of 
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cosmic rays over the Pacific Ocean. The centennial ENSO variations 

are partially driven by N-S solar asymmetry for the period 1900-2020. 

The most decadal variations of ENSO in 5 frequency bands are driven 

by N-S solar asymmetry, too. The TSI harmonics affect decadal ENSO 

cycles in 2 narrow frequency bands with periods between 11.3-12.2 and 

20.9-24.3 years. The subdecadal cycles of ENSO variations with 

periods 4.0-4.2 and 8.5-9.8 years appears to be affected by the N-S 

solar asymmetry, while the TSI harmonics affect ENSO oscillations 

with periods of 5.0-5.2 years. The ENSO and solar indices have very 

good agreement in these subdecadal, decadal and centennial bands of 

oscillations. The solar – terrestrial influences in decadal and 

centennial periodicities modulate long-term variations of ENSO 

event, while direct influence on ENSO frequency are determined by 

TSI harmonics with periodicity between 2 and 7 years. The 

synchronous antiphase oscillation of ENSO and TSI harmonics points 

out to additional complex mechanisms of ENSO excitation, connected 

with global and local climate variations due to stratospheric ozone, 

geomagnetic field and galactic cosmic rays. 

Presented results of high correlation between solar harmonics 

and ENSO events may resolve the question of the existence of solar 

influence on Pacific temperature anomalies. The N-S solar asymmetry 

is connected with solar magnetic field modulation, followed by 

variations of solar wind and corresponding changes of the 

heliosphere. These processes produce variations of geomagnetic field 

and modulation of cosmic rays. Kilifarska (2012, 2017) determine 

stratospheric ozone as a mediator between the cosmic rays and 

surface temperature variations. So, possible reasons for N-S solar 

asymmetry influences on ENSO are cosmic rays, dropped over 

equatorial regions of the Earth. The determined common solar and 

Niño 3.4 cycles in a large number of narrow frequency bands may help 

in better understanding the Pacific climate variation and better 

modelling of ENSO Teleconnections with other important regions of 

climate variations. 
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ABSTRACT 

Based on the planetary geomagnetic indices we make some 

considerations about geomagnetic disturbances at the beginning of 

the 25th Solar Cycle. 

One important event in this new solar cycle was the geomagnetic 

storm of May 12, 2021. 

For this event we analyzed the geomagnetic data sampled at one 

minute, on the North component of each selected geomagnetic 

observatory from INTERMAGNET, namely: Surlari (Romania), Uppsala 

(Sweden), Honolulu (Hawaii), Kakioka (Japan) and Ottawa (Canada). 

The physical parameters related to the mentioned geomagnetic 

storm, were obtained from the available open-source data (provided 

by sources mentioned in Link 1-3).  

Also, we performed Fourier and wavelet analyzes, based on time 

series of geomagnetic data from selected geomagnetic observatories 

for North, East and vertical geomagnetic component. 
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In addition, we used wavelet coherence and the results showed a 

very good correlation between the physical parameters of the solar 

activity and the geomagnetic data recorded at the planetary 

geomagnetic observatories. 

 

Keywords: Solar Cycle, Geomagnetic disturbances, Kp geomagnetic 

indices, Fourier analyses, Wavelet analyses.  

 

INTRODUCTION 

For understanding the cycles of the Sun and determining the 

start of a new solar cycle, is necessary to analyse the monthly data on 

sunspots provided by the World Data Centre for the Sunspot Index 

and Long-term Solar Observations, located at the Royal Observatory 

of Belgium in Brussels, which tracks sunspots and pinpoints the solar 

cycle’s highs and lows. Scientists use sunspots to track solar cycle 

progress; the dark blotches on the Sun are the origins of giant 

explosions – such as solar flares or coronal mass ejections – which can 

spew light, energy, and solar material into space (Link 1-3).  

The solar wind is a stream of charged particles ejected from the 

upper atmosphere of the Sun. It mostly consists of electrons and 

protons and varies in temperature and speed over time.  

In this paper, we made analyses about the correlation between 

physical parameters (number of C, M and X-class solar flares, Kp-

index, magnetic field, speed and density of solar wind) and 

geomagnetic observatories data, related to geomagnetic storm from 

May 12, 2021. Also, we used wavelet coherence between data registered 

at different observatories, for North, East and vertical geomagnetic 

component, registered at several observatories. 

The scientific aspects related to physical phenomena are 

approached from an astrophysical, geophysical (Asimopolos and 

Asimopolos, 2018; Asimopolos et al. 2012; Benoit, 2012; Campbell, 

2003) and mathematical (Link 4, Box et al.,2016; Bisgaard and 
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Kulahci, 2011) perspectives in many works and data are available on 

the website (Link 5). 

 

GEOMAGNETIC DISTURBANCES FROM THE FIRST HALF OF 

YEAR 2021 

Physical parameters (number of C, M and X-class solar flares, Kp-

index, magnetic field, speed and density of solar wind), presented in 

the open-source databases provided by NASA (Link 1) and 

SpaceWeatherLive (Link 6) show an increase in their values that 

correlates with geomagnetic storm from May 12, 2021. 

Figure 1 shows analysed geomagnetic data (sampled at 1 minute) 

recorded at the Surlari Observatory, Romania, for the geomagnetic 

storm of May 12, 2021.  

 

 
 

Figure 1 - Time series (a), Fourier (b) and wavelet analyses (c) for the 

level 5th with the function db5, for May 12, 2021. 

file:///C:/Users/A/Downloads/Link
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The time series is given in Figure 1a, the Fourier spectral analysis 

of the North geomagnetic field is presented in Figure1b, while the 

wavelet analyses (with function Daubechies, level 5 “db5”) are given 

in Figure1c. Several wavelet functions have been tested on several 

levels and the most relevant are shown in Figure 1c. 

 

 
 

Figure 2 - Variation of the geomagnetic field –north direction, spectral 

and wavelet analyses from data of Honolulu Observatory  

for May 12, 2021. 

 

Figures 2 and 3 show the analysed geomagnetic data, sampled at 

1 minute, registered on May 12, 2021 at Honolulu Observatory, Hawaii 

(Figure 2) and, respectively, at the Uppsala Observatory, Sweden 

(Figure 3). Each of these two figures comprises 3 images, in top-down 

order: the geomagnetic signal recorded on the North direction, 
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spectral analysis of North geomagnetic field and wavelet analyses for 

the level 5th with the db5 function in MATLAB. 

 

 
 

Figure 3 - Variation of the geomagnetic field –north direction, spectral 

and wavelet analyses from data of Uppsala Observatory for May 12, 2021. 

 

Also, we performed wavelet coherence (Figure. 4) between 

Surlari and Uppsala observatories, for May 12, 2021. 

We obtained similar wavelet coherences when correlating the 

data from the Surlari observatory with the data from the Honolulu, 

Kakioka and Ottawa observatories. Cross-correlations were also made 

between the five geomagnetic observatories that were part of the 

study, which looked almost similar to the example in Figure 4. 
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Figure 4 - Wavelet coherence between Surlari, Romania and Uppsala, 

Sweden  Observatories, for North geomagnetic component,  

for May 12, 2021.. 

 

CONCLUSIONS 

The start of Solar Cycle 25 was determined retrospectively. This 

statement of the new solar cycle may not occur less than 7 months after 

the solar minimum because to discount the possibility of a double 

trough.  

When the start of Solar Cycle 25 was announced, a large number of 

spotless days that were sitting in cycle 24 were transferred to cycle 25. 

From the beginning of the 25th Solar Cycle, an important 

geomagnetic event was a storm dated May 12, 2021, with index Kp = 7, 

accordingly to Figure 5 and Figure 6. 

The Kp-index is a relevant parameter to describe the disturbance 

of the Earth's magnetic field caused by the solar wind. The faster the 

solar wind blows, the greater the turbulence. The index ranges from 

0, for low activity, to 9, which means that an intense geomagnetic 

storm is under way.  
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Figure 5 - GFZ Potsdam official Kp-index of Wednesday, 12 May 2021. 

 

The Kp-index is calculated by combining the data from multiple 

magnetic observatories around the world to determine the global 

planetary index. 

 

 
 

Figure 6 - Solar wind (Density) of Wednesday, 12 May 2021  

(from NOAA SWPC - SpaceWheatherLive.com). 

 

Using the magnetic data sampled at 1 minute for three 

geomagnetic observatories Surlari (Romania), Uppsala (Sweden) and 

Honolulu (United States of America) we performed spectral analysis 

and wavelet analysis for the northern component (most sensitive to 

major geomagnetic disturbances) of the geomagnetic field. We also 

performed wavelet coherence between these observatories and other 

ones such as Kakioka, Japan and Ottawa, Canada. 

From comparations between the speed and density of solar wind 

with analyzed geomagnetic data from five observatories we can view a 
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very good correlation between them. Also, the wavelet coherence 

between geomagnetic data is very good during the geomagnetic storm.  

From the point of view of the methods used in this analysis we 

can see that while the Fourier transform cannot show which of the 

harmonic components is present at a time in the geomagnetic data 

series, wavelet analysis gives us information in the form of a three-

dimensional graph (time, frequency, amplitude) or a two-dimensional 

shape, when the amplitude is encoded by color intensity levels.  

The wavelet transform is one of the ways of representing the 

signals in the multi-resolution analysis where the analyzed 

geomagnetic signal is described by a sequence of approximations that 

contain more and more information. Each level of approximation 

contains on the one hand all the information available at the previous 

level plus an additional detail component.  
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ABSTRACT 

Recently, Mean Sea Level variations (MSL) for the last 66 Ma have 

been derived by Miller et al. (2020) from Pacific benthic foraminiferal 

oxygen isotope data and Mg/Ca records. A part of their solution for time 

interval 3.5-13.8 Ma Before Present (BP) is analyzed. Eight data jumps are 

determined by means of Method of Jump Detection. This method is able 

to discover very small jumps, whose level is below the random noise, due 

to the property of selective frequency filtration during time series 

integration, when the high-frequency noise is suppressed and low-

frequency signals are amplified. The detected jumps are close to the 

beginning of several stages of Miocene and Pliocene. The long-term rate 

of these jumps is relatively small between –1.4 and +2.5 cm/ka., whose 

values suppose a very slow change of the paleoclimate. Two data 

segments between the detected jumps keep zero rate for a long time 

period. The MSL variations from 3 segments (10.8-13.8 Ma BP) are almost 

                                                           

* Cite as: Chapanov Y., 2022. MEAN SEA LEVEL JUMPS DURING LAST 13.8 MA, 
CONNECTED WITH THE ECCENTRICITY OF EARTH ORBIT, 
https://doi.org/10.5281/zenodo.7022959 in Chitea F. (Ed). Insights of Geosciences 
for hazards and education. ISBN –print 978-606-537-563-5, ISBN –e-book 978-
606-537-564-2, Cetatea de Scaun Editorial House. 

https://doi.org/10.5281/zenodo.7022959


122 

identical with the modern sea level. The climate during 4.5-10.8 Ma was 

relatively colder, when the MSL was 5-22 m below the present level. The 

last of investigated MSL segment is 9 m higher than the present level, 

which is a signature of a warm period before the beginning of the Ice Ages 

3 Ma ago. The detected MSL jumps in period 3.5-13.8 Ma occurred during 

the extrema of Earth orbital eccentricity, while the jumps during the Ice 

Ages in the last 3 Ma occurred during the minima of eccentricity and 

climatic precession. 

 

Keywords: Time Series, Mean Sea Level jumps, MSL, Climatic 

precession, Eccentricity 

 

INTRODUCTION 

Chapanov (2019) determines temperature jumps for the last 3 Ma 

(Figure 1) and jumps of benthic 18O for the last 5.3 Ma by means of a 

high-sensitive Method of Jump Detection, based on numerical 

integration of the time series. The variations of temperature and 

benthic 18O show common data jumps with a duration between 100 

and 420 ka. These jumps represent changes of the mean values over a 

long time period and constant data rate. The Method detects 13 

sectors in temperature data with significant jumps. The rate of 

temperature variation is up to 0.03°C/ka  (Figure 1), while the mean 

values of the jumps are up to 2°C (Figure 2). The epochs of paleo jumps 

are close to the moments of small amplitude variations of climatic 

precession, so they are affected by the orbital forcing of Earth climate. 

The mean values of temperature in the first 10 data segments expose 

a stable tendency of decrease between 3 Ma and 900 ka BP. The last 3 

segments have a tendency of small temperature increase within 1°C. 

The paleo Mean Sea Level (MSL) have similar to temperature 

variations and displays similar effects (jumps), therefore in this paper 

only MSL variations before Ice Ages are presented and analyzed. The 

conclusions about the MSL variations depicted from this study are 

valid also for temperature variations. Additional interpretations of 
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temperature jumps during the last 3 Ma and their connection with the 

orbital motion of the Earth are presented in the “Results” section. 

 

 
 

Figure 1 - Temperature jumps for the last 3 Ma (Chapanov, 2019). 

 

 
 

 

Figure 2 - Mean values of temperature jumps for the last 3 Ma 

(Chapanov, 2019). 

 

DATA AND METHODS 

18O variations from 

a Pliocene-Pleistocene stack of 57 globally distributed benthic 

records. Bintanja and van de Wal (2008) reconstruct temperature 

variations, global sea level, relative to the present, and other 

parameters for the last 3 Ma. Time series of climatic precession in 

paleo epochs are calculated by Berger and Loutre (1991). 

Laskar et al. (2011) found a new solution for the Earth orbital 

elements and Earth insolation for the period −250 Myr to 250 Myr. 

They improved this solution by implementing a direct integration of 
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the orbital motion equations, and by improving the dissipative 

contributions in the Earth–Moon System. This solution has been used 

for the Neogene period calibration (Lourens et al. 2004).  

Miller et al. (2020) derive Cenozoic global mean sea level 

variations for the last 66 Ma. They used Pacific benthic foraminiferal 

oxygen isotope data and Mg/Ca records. A part of their solution for 

the last 13.8 Ma is used here (Figure3).  

 

 
 

Figure 3 - MSL variations for the last 13.8 Ma. 

 

This research will determine new data jumps before the ice age 

cycles between 3.3 Ma and 13.8 Ma Before Present (BP). 

The details and properties about the accuracy and sensitivity of 

the Method of data jumps detection are described in Chapanov et al. 

(2017). The algorithm of this method consists of five steps as follows: 

1. Time series trend removal. The first step restricts large 

variations of integrated data in the second step, because any linear 

trend of the data is transformed into a parabola after integration. 

2. Numerical integration of the detrended time series. The time 

series are integrated by the trapezoidal rule. Let consider a function f 

of argument x, with N+1 values on equidistant points f(xi), i=1, 2, ..., 

N+1. Let the first argument is x1=a, and last argument xN+1=b. The 

equidistant step between points is h=(b-a)/N. The trapezoidal 

approximation to the integral is in the form 
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∫ 𝑓(𝑥)𝑑𝑥 ≈
ℎ

2

𝑏

𝑎
∑ [𝑓(𝑥𝑘+1

𝑁
𝑘=1 ) + 𝑓(𝑥𝑘)]  

=
𝑏−𝑎

2𝑁
[𝑓(𝑥1) + 2𝑓(𝑥2) + ⋯ + 2𝑓(𝑥𝑁) + 𝑓(𝑥𝑁+1)]. (1) 

 

When the space between the points is non-uniform, the 

integral is calculated by the formula  
 

∫ 𝑓(𝑥)𝑑𝑥 ≈
1

2

𝑏

𝑎
∑ (𝑥𝑘+1 − 𝑥𝑘)[𝑓(𝑥𝑘+1

𝑁
𝑘=1 ) + 𝑓(𝑥𝑘)]   (2) 

 

To calculate integral of time series f(ti), i=1, 2, ..., N+1 we need to 

apply N times numerical integration of the function f with boundaries 

a=t1 and b = ti, i=2, ..., N+1.  

3. Determination of data segments with approximately linear or 

parabolic properties. The jumps inside the original data are transformed 

as visible breaks in the integrated time series. The segments with linear 

trends of integrated time series correspond to the constant variations of 

the original data around its mean value, while the parabolic segments are 

connected with some linear data velocity. 

4. Data jumps epochs. The epochs of the beginning and ends of 

segments, determined in Step 3, correspond to the epochs of data 

jumps and trend changes in the initial data. 

5. Jump and data rate calculation. Let us consider two neighbor 

segments Ik and Ik+1 from the integrated time series. The 

corresponding data from the original time series are denoted by Ok 

and Ok+1, with mean values Mk and Mk+1 and trends Lk=lk+vkt, where t 

is the time, vk is data rate, and Lk+1=lk+1+vk+1t. Let denote the epochs of 

the ends of Ok by Tk-1 and Tk and the ends of Ok+1 - by Tk and Tk+1. Then 

the mean data jump in the moment Tk is J(Tk)=Jk= Mk+1 - Mk and the 

data rate jump is V(Tk)=Vk= vk+1 - vk. If the ends of linear trend of 

segments Ik are denoted by O1,k and O2,k; and the ends of linear trend 

of segments Ik+1 – by O1,k+1 and O2,k+1, then the Instant Data Jump (IDJ) 

between Ik and Ik+1 is IDJ(Tk)=IDJk= O1,k+1 - O2,k. 

This method removes a significant part of high-frequency noise in 

integrated time series, because the amplitudes of integrated periodic 
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components are reciprocal to their frequencies. In opposite, the low-

frequency signals are significantly amplified in integrated data. So, the 

described Method of Jump Detection is high - sensitive to small changes 

of observed data, whose level is often below the random noise.  

 

RESULTS 

The determined jumps of MSL variations between 3.3 Ma and 13.8 

Ma BP are presented in Figures. 4, 5 and Table 1. The integrated time 

series of MSL variations are shown in Figure 4.  

 

 
 

Figure 4 - Integrated time series of MSL variations for the period 3.3 Ma 

- 13.8 Ma BP. 

 

The curve of integrated MSL data is separated into 12 parts with 

visible parabolic curvature and one part with linear variations. The linear 

part of integrated data covers the time interval between 12.0 and 10.8 Ma 

BP and its trend in the original data is constant with zero rate of mean 

data change. All other parabola-like pieces of integrated time series have 

non-zero data rate in the original time series (Figure 5). Actually, their 

rate is very small – in order of 1-2 cm per a thousand years. 
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Figure 5 - MSL jumps for the period 3.3 Ma - 13.8 Ma BP, corresponding 

to the parabolas from the integrated time series of detrended data. 

 

Table 1 - MSL jumps for the period 3.3-13.8 Ma BP. 

Data 

segment 

Time 

interval 

[Ma] 

Data rate 

[cm/ka] 

Instant 

Data 

Jumps 

[m] 

Velocity 

jump 

[cm/ka] 

MSL 

change 

[m] 

1 13.8 – 13.1 +2.4   +17.0 

2 13.1 – 12.55 +1.3 –16.0 –1.1 +7.0 

3 12.55 – 12.0 +2.3 –1.0 +1.0 +12.5 

4 12.0 – 10.8 0 –11.5 –2.3 0 

5 10.8 – 9.0 –1.4 +4.5 –1.4 –25.9 

6 9.0 – 7.65 +0.7 –4.8 +1.47 +10.0 

7 7.65 – 6.6 –0.2 +11.0 –0.9 –1.6 

8 6.6 – 5.9 +0.7 –4.5 +0.9 +5.4 

9 5.9 – 5.35 –0.7 +1.6 –1.4 –4.0 

10 5.35 – 5.05 +0.8 +6.6 +1.5 +2.4 

11 5.05 – 4.5 +0.5 –8.0 –0.3 +2.8 

12 4.5 – 4.0 –1.5 +15.3 –2.0 –7.3 

13 4.0 – 3.3 –0.2 +8.3 +1.3 –1.5 
 

 

The calculated jumps of MSL and their rates are given in Table 1. 

The instant data jumps at the end of each segment with linear trends 

are within ±16 m with small data velocity jumps below 2.3 cm/ka. The 
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largest MSL rise is 17 m for the period 13.8 – 13.1 Ma BP and decrease 

of about 25.9 m during period 10.8 – 9.0 Ma BP. Some epochs of MSL 

jumps are close to the beginning of several stages of Miocene and 

Pliocene: Serravallian stage (13.82 Ma); Tortonian stage (11.63 Ma); 

Messinian stage (7.246 Ma); Zanclean stage (5.333 Ma); and Piacenzian 

stage (3.6 Ma). 

The epochs of detected MSL jumps are compared with the 

variations of Earth orbit eccentricity in Figs. 6 and7. All jump epochs are 

close to the periods with eccentricity extrema. Close to eccentricity 

minima are 7 jumps, while 5 jumps are close to eccentricity maxima. The 

shape of Earth orbit is almost circular during the eccentricity minima and 

elliptic during the eccentricity maxima. The changes of Earth orbit 

eccentricity are also functionally connected with the amplitude of 

climatic precession variations. The climatic precession has minimal 

variations of its amplitude during the eccentricity minima and vice versa 

– its amplitude is maximal during eccentricity maxima.  

 

 
 

Figure 6 - Comparison of Earth orbit eccentricity with MSL jumps for 

the period 8-13.8 Ma BP. 
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Figure 7 - Comparison of Earth orbit eccentricity with MSL jumps for 

the period 3.5-9 Ma BP. 

 

The variations of Earth orbit eccentricity and climatic precession 

are compared in Figure 8, together with the detected in (Chapanov, 

2019) temperature jumps during Ice Ages. The climatic precession is a 

function of eccentricity e and the true longitude of the perihelion ώ (e 

sin ώ), where the amplitude of short-term variations of perihelion are 

modulated by the eccentricity.  

 

 
 

Figure 8 - Comparison of temperature T jumps for the last 3 Ma BP with 

Earth orbit eccentricity (pink line) and climatic precession (black line). 
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So, the shape of climatic precession variations follows exactly the 

eccentricity changes. The temperature jumps presented in Figure 8 

occur during minima of eccentricity and climatic precession, so this 

behaviour is expected also for MSL jumps during the last 3 Ma.  

 

CONCLUSIONS  

The Method of Jump Detection is high- sensitive to any changes 

of rates or mean values of the observed data. It is able to discover very 

small jumps whose level is below the random noise. This is due to the 

property of selective frequency filtration during time series 

integration, when the high-frequency noise is suppressed and low-

frequency signals are amplified. MSL jumps for the period 3.3-13.8 Ma 

BP are determined by this Method in 13 segments of MSL time series. 

These segments cover data in scale from 300 ka to 1.8 Ma. The 

temperature jumps for the last 3 Ma are detected also in 13 data 

segments in previous research (Chapanov, 2019), where the epochs of 

detected jumps are inside the periods with minimal variations of 

amplitude of climatic precession. These epochs are close to the epochs 

of Earth orbit eccentricity minima. The epochs of MSL jumps for the 

period between 3.3-13.8 Ma BP are close to the extrema of Earth orbit 

eccentricity, so a great part of climate variations in the past are 

strongly connected with the variations of orbital elements. These 

results may help to explain the dependence between Milankovic 

cycles and past climate change. 
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ABSTRACT 

The numerous disasters caused by tropical cyclones (TC) in recent 

years bring many questions related to the climate change connected with 

global warming. The numerical study of the regional cyclogenesis 

dynamics based on a low parametric nonlinear model (LPNM) is 

continued. The model uses a system of coupled nonlinear differential 

equations for the maximum wind velocity and ocean surface temperature 

in the TC zone. Within the framework of LPNM, the generation of four 

powerful atmospheric vortexes with diverse temporal dynamics during 

the active season in a specific area is considered. The TCs in the 

nonstationary background environment with lifetimes of 7 - 16 days are 

obtained. In simulations, the variability of the wind velocity and ocean’s 

surface temperature, as well as other effective sources of disturbances 

were taken into account. In the context of the global warming, the 
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numerical calculations show TCs amplification, when the ocean surface 

is heated up to 0.50С - 10С. Therefore, maximum wind velocity in regional 

large-scale tropical cyclones (RLSTC) increases sharply, the duration of 

the development stage also increases and the TCs move to a higher 

category. Modern registered meteorological data confirm the results 

received by LPNM simulations. 

 

Keywords: tropical cyclone, low parametric nonlinear model, wind 

velocity, ocean surface temperature, global warming  

 

INTRODUCTION 

One of the many consequences of climate change is the heating of 

the ocean surface. This is a source of growth of energy in tropical cyclones 

(TC). The number and the power of the regional large-scale tropical 

cyclones (RLSTC) increase due to the rising up of surface temperatures 

of the ocean. This is confirmed by the rising number of destructive 

cyclones observed in recent years, like category 3 - Zeta (2020), Grace 

(2021); cat. 4 - Laura (2020), Eta (2020), and Iota (2020), Ida (2021); and 

cat. 5 - Irma (2017) and Dorian (2019). The tropical cyclone is a huge 

atmospheric vortex reaching 1000-1500 km in diameter, and sometimes 

even more, extending vertically from the ocean surface to the entire 

troposphere (up to 15-18 km). The maximum wind velocity in the most 

powerful TC reaches V (t) max = 90 - 100 m/s (i.e. 300 - 360 km/h) – as 

category 5 hurricane Irma in September 2017. The pressure near the 

ocean surface in the center of the vortex hits record lows values - the 

absolute minimum (870 hPa) was recorded for the super typhoon Type 

in October 1979. To describe the temporal dynamics of the tropical 

cyclone’s life cycle, a low parametric nonlinear model (LPNM) has been 

proposed (Yaroshevich and Ingel 2004) and afterward generalized 

(Yaroshevich and Ingel 2006). The system is based on caplet nonlinear 

equations, where the maximum wind velocity and the ocean surface 

temperature within a TC are the key parameters. The LPNM allows us to 

study the entire TC’s life cycle, including the vortex decay phase in case 
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of either TC is heading to the coast or into a colder water zone, as well as 

the simultaneous existence of two TCs within a particular area (Erokhin 

et al. 2008, 2011). The approach, developed toward carrying out 

investigations about a RLSTC, allows us to select the optimal number of 

parameters within an active season, in order to describe the forming TCs, 

their life cycle, maximum wind speeds, etc. They should match the TC 

parameters in the accessible observation, see for example (Pokrovskaya 

and Sharkov 2001). Later the model was extended to simulate a number 

of typhoons formed within given region during the active season, their 

characteristics, including maximum wind speed, life cycle duration of 

each TC, duration of vortices, intensification up to a typhoon level and 

its following subsequent decaying (Erokhin et al. 2009, 2015). It might be 

assumed that with this model approach it would be possible to explain 

the Earth’s climate change influence on the powerful vortexes generation 

and their consequent behavior.  

 

THEORY AND BASIC EQUATIONS 

According to the works (Yaroshevich and Ingel 2004, 2006;  

Erokhin et al. 2008, 2011, 2015), the low parametric nonlinear model 

(LPNM) equations (Eq. 1) are as follows: 
𝑑𝑉

𝑑𝑡
= 𝛾(𝑇 − 𝑇𝑐)𝑉 − 𝜇𝑉2    (Eq. 1) 

𝑑𝑇

𝑑𝑡
= −𝑏(𝑇 − 𝑇1)𝑉2 +

(𝑇𝑓 − 𝑇)

𝜏
 

There the V(t) - is maximal wind velocity in m/s; T(t) -is ocean 

surface temperature in °C and  - characteristic time (in days) of 

temperature variations on the ocean surface. T1 = 230С – temperature 

of the cold water rising up to the ocean surface, Tс = 26.50С - critical 

surface temperature required for a TC generation (Yaroshevich and 

Ingel 2004). According to (Pokrovskaya and Sharkov, 2001) Tс may 

vary depending on the region. Tf (t) – background temperature of the 

ocean surface, taking into account the influence of external factors, 

such as the occurrence of a weak wind (in the absence of a TC) under 
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small external disturbances. We should consider as external factors 

the solar activity variations, Wolf numbers, El Niño phenomenon, etc. 

We will also take into account the heating of the surface due to the 

global warming. The background temperature Tf (t), when calculating 

the dynamics of one TC (Eq. 1) will be simulated by the following 

function (Eq. 2) (note that this is not the unique choice): 

𝑇𝑓(𝑡) = 𝑇0 + 𝛿𝑇𝑓(𝑡)    (Eq. 2) 

𝛿𝑇𝑓(𝑡) = 𝛿𝑇1 ∙ [1 + 𝑡ℎ (
𝑡−𝑡1

𝜏1
)] − 𝛿𝑇2 ∙ [1 + 𝑡ℎ (

𝑡−𝑡2

𝜏2
)]+ с  

 

1, 2 characteristic times of temperature changing Tf (t) where t1 < t2 

Note that in the zone of TC initiation, the temperature Tf (t) first increases 

by 2T1, and when the threshold value is exceeded, large-scale instability 

begins with the generation of TC. At the end of the TC life cycle, the 

temperature decreases by 2T1 (TC displacement towards a colder water 

area takes place), which leads to TC attenuation. In our LPNM, we can 

change the following parameters: starting and ending of the active season, 

the number of TC, the number of storms occurring during this period and 

their characteristics. Let us consider the generation process in the active 

season of Regional Large Scale CycloGenesis (RLSCG) of four cyclones with 

lifetimes from 0 to 80 days. In our work four TCs with lifetimes of 11, 7, 9 

and 17 days are considered. To describe the dynamics of cyclogenesis in 

formula (Eq. 2) for Tf (t), we use the representation 

𝛿𝑇𝑓(𝑡) = 𝐺(𝑡) ∙ ∑ {𝛿𝑇𝑛1 ∙ [1 + 𝑡ℎ (
𝑡 − 𝑡𝑛1

𝜏𝑛1
)] −

4

𝑛=1

 

                       −𝛿𝑇𝑛2 ∙ [1 + 𝑡ℎ (
𝑡−𝑡𝑛2

𝜏𝑛2
)]} + 𝑐  (Eq. 3) 

𝐺(𝑡) = 1 + 𝜎 ∙ 𝑠𝑖𝑛 (
2𝜋𝑡

2
)       𝑛 = 1, 2, 3, 4 

 

In (Eq. 3), the parameter  is responsible for the nonstationarity of 

the background environment ( = 0 - stable environment with a lack of 

nonstationarity) and the parameter c is responsible for the surface 

heating due to the global warming, where c = 0 - means no warming. 
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LOW PARAMETRIC NONLINEAR MODEL NUMERICAL 

ANALYSIS. STABLE ENVIRONMENTAL SITUATION 

Four tropical cyclones with different lifetimes are simulated: TC1 

-11 days, TC2 -7 days, TC3-9 days and TC4 -16 days. The sustained wind 

velocities correspond to four different hurricane categories, according 

to Saffir–Simpson hurricane wind scale (SSHWS) as follows: TC1 - 2 

category, (46.5 m/s), TC2 - 3 category (57.4 m/s), TC3 - on the border 

between 2 category and 3 category (49.35m/s) and TC4 - 5 category 

(71-74.7 m/s) - Figure 1, 2. The similar one are the registered TC like: 3 

category - Zeta (2020), Grace (2021); 4 category - Laura (2020),   Eta 

(2020), Iota (2020), Ida (2021); and 5 category - Dorian (2019). We 

choose the initial parameters values for the equations system (Eq. 3), 

taking into account the formula for Tf (t), as follows:  

  = 1,   = 310-3, b = 910-4 ,  = 0.25, Tc = 26.5 , T1 = 23, V(0) = 0.3, 

T(0) = 26, T11 = 1, T12 = 1.4, T21 = 1.8, T22 = 1.8, T31 = 1.5, 

T32 = 1.6, T41 = 2.5, T42 = 2.5, n1 = n2 = 1, t11 = 4, t12 = 15, 

t21 = 23, t22 = 30, t31 = 39, t32 = 49, t41 = 55, t42 = 71.  

 

 
 

Figure 1 - Numerical analysis for stable environmental state. Wind 

velocity time dynamics V(t) in (m/s), (on the left side) with para-

meters  = 0, c = 0 (no warming) - blue line and (on the right side) the 

ocean surface temperature T(t) in (0С) plotted with the red line. 
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The results of the numerical analysis for stable environmental 

situation with parameters  = 0, c = 0 (no warming) are shown in Figure 

1, where the left vertical axe - wind velocity V(t) in (m/s) and the right 

vertical axe - ocean surface temperature T(t) in (0С) are pointed. It should 

be noted that the developed phase for the medium (TC1) and long-lived 

(TC4) typhoons has a plateau in the wind velocity amplitude. 

 

TAKING INTO ACCOUNT THE OCEAN SURFACE HEATING 

The main parameter governing the temperature in LPNM is the 

parameter c. The simulation by the c = 0, c = 0.5, c = 1 corresponds to 

ocean surface temperature variations T(t) by 00С, 0.50С and 10С. Figure 

1 shows the comparative changes in wind velocity and temperature 

profiles of the ocean surface, with a change of the surface layer 

heating, without taking into account the non-stationarity. The red 

line on Figure 2 show TCs in a stable state  = 0, c = 0. The green dotted 

line shows the change of the TCs sustained winds velocities, when the 

surface temperature increases by 0.50С. Figure 2 shows that the 

weakest typhoon (TC3) increases its maximum wind velocity by 8 m/s 

and the lifetime rises up with forming a plateau in the developed 

stage. Similar are the changes in the intensity of the wind velocity for 

the medium-living typhoon TC1 (Figure 3), as well as for the short-

living, but more powerful typhoon TC2. Therefore, TC1 and TC3 are 

changing up their category. For example, when the surface is heated 

up by 10С, TC2 from upper boundary category 3 goes to lower 

boundary of category 5. When the ocean surface is heated up by 10C, 

an increase in the duration of the active phase by 2 - 6 days is 

observed, depending of TCs (TC1-TC4) and wind velocity goes up from 

5 to 15 m/s. The hurricane TC1 (Figure 3) with category 2 (46.5 m/s), 

according to Saffir-Simpson hurricane wind scale (SSHWS), changes 

its initial category, to category 3, when the temperature increases to + 

0.50С. In this case, the TC1 gains energy from the ocean and the wind 
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speed goes up to 54.4 m/s. For с = 1.0, (+10С) the TC1 goes to C4. The 

amplification of the wind velocity rises up to ΔV(t)  14.6 m/s. 

 

 
 

Figure 2 - Wind velocity time dynamics V(t) in (m/s) with the 

nonstationarity parameter  = 0, c = 0 (no warming) - red line;  

 = 0, с = 0.5, (+0.50С) – green dotted line;  = 0, с = 1.0, (+10С) –  

blue dash line. 

 

 
 

Figure 3 - Wind velocity time dynamics V(t) in (m/s) for TC1 with 

the parameters  = 0, c = 0 - red line;  = 0, с = 0.5, (+0.50С) – green 

dotted line;  = 0, с = 1.0, (+10С) – blue dash line. The amplification 

of the wind velocity rises up to ΔV(t)  14.6 m/s. 
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In the Figure 4 the dynamic of the ocean surface temperature is 

shown, where Tс = 26.50С define the lower temperature limit of the 

cyclone generations. Therefore, it can be seen that the global warming 

and the associated with it increase in the ocean surface temperature 

even by (0.50С - 10С) leads to the formation of cyclones in a higher 

category (Figures 2, 3) according to the SSHWS scale.  

 

 
 

Figure 4 - Ocean surface temperature time dynamics with the non-

stationary parameter  = 0, c = 0 - red line;  = 0, с = 0.5, (+0.50С) – 

green dotted line;  = 0, с = 1.0, (+10С) – blue dash line. 

 

MINOR SHORT-PERIOD (DAY-NIGHT) ENVIRONMENTAL 

VARIATIONS – IMPACT ASSESSMENT 

The dynamics of the initial TCs considered in the case of no 

ocean heating, but with daily fluctuations in the background 

environment. In the LPNM the nonstationarity is governed by the 

parameter . In the case of small daily environment variations, we 

take  = 0.004 and с = 0 (no heating). As found from the calculations, 

the 24-hourly background variations (day-night) do not practically 

affect the cyclone dynamics ΔV (t)  1.3 m/s (shown in Figures 5, 6) 

and ΔT (t)  0.10С. 
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Figure 5 - Wind velocity time dynamics V(t) in (m/s) with non-

stationary parameter  = 0.004, с = 0 - blue dash line;  = 0, c = 0 - red 

line. The day-night wind velocity difference ΔV(t)  1.3 m/s. 

 

STRONG ENVIRONMENTAL VARIATIONS WITH A PERIOD OF 

8 DAYS - IMPACT ASSESSMENT 

Here, we consider the cases of strong environmental 

variations with a period of 8 days, not taking into account the 

ocean surface heating. With an amplitude of environmental 

variations in TC of about 10С and a period of about 8 days (TC4), 

the wind velocity variations in TC can reach amplitude of around 

22 m/s (Figure 7 and Figure 8). At the same time, the duration of 

the active phase for short and medium living cyclones decreases. 

The maximum difference of surface temperature variations for TC4 

(in active stage) is around 20С.  

The calculations confirmed that with the help of LPNM and 

the correct selection of the system`s initial parameters, as well as 

taking into account the environmental background variability, it 

is possible to obtain probable scenarios for the TCs development 

in the active season. It is possible with the help of LPNM to 

describe the lack of crisis events during the rest of the year. With 

the appropriate selection of the model parameters, the 
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characteristics of the formed TCs will correspond to the 

observational data of large-scale cyclogenesis in the study area. It 

should be noted that for a reasonable choice of the problem’s 

initial parameters in the low parameter nonlinear model (LPNM), 

real observational data on the Large Scale Tropical Cyclone 

(LSTC) obtained by satellite equipment, are necessary. Solutions 

to specific problems should correspond to the characteristics of 

TCs, formed in a particular region, and also they must correctly 

describe the influences of the external sources on the large-scale 

tropical cyclogenesis.  

 

 
 

Figure 6 - Wind velocity amplitude variations V(t) in (m/s) of 

developed stage for TC4 with parameters  = 0.004, с = 0 - blue dash 

line;  = 0, c = 0 - red line. The 24-hourly background variations  

(day-night) ΔV (t)  1.3 m/s and ΔT (t)  0.10С do not practically affect 

the cyclone dynamics. 

 



142 

 
 

Figure 7 - Wind velocity variations V(t) in (m/s) with the non-

stationarity parameter  = 0.07 с = 0 - blue dash line;  

 = 0, c = 0 - as red line. 

 

 
 

Figure 8 - Wind velocity dynamics of developed stage for TC4 with 

parameters  = 0.07, с = 0 - blue dash line;  = 0, c = 0 - as red line. In 

TC 4 Wind velocity variations can reach the amplitude  

of around ΔV (t)  22 m/s. 
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CONCLUSIONS 

A further generalization of the nonlinear LPNM, describing the 

possible wind velocity variations in tropical cyclones at the quasi-

stationary stage of their life cycle (Figure 1) is carried out. 

 In the context of global warming, our numerical calculations 

show that when the ocean surface is heated up by 0.50С - 10С, the 

maximum wind velocity in cyclones increases sharply, and the 

duration of the developed stage also increases, which corresponds to 

the recent years observations, as is shown in Figures 2, 3 and 4.  

 It turned out that the weak short-period fluctuations of the 

background temperature do not affect the cyclones dynamics - Figure 

5 and Figure 6. 

 It is shown that the background temperature fluctuations with 

an amplitude of approximately 1°C and a period of the order of several 

days, result in a sharp increase of the hurricane wind velocity (Figure 7 

and Figure 8) variations amplitude. At the same time, the duration of the 

developed stage for short- and medium-living cyclones decreases. 

 The work allows studying dependence on different external 

factors like variations in space weather, cosmic rays flux deviations, etc., 

which early was analyzed by the standard method of correlation analysis.  

The numerical simulations made on the basis of the generalized 

low parameter nonlinear model LPNM, taking into account 

experimental data on the characteristics of large-scale tropical 

cyclones disturbances, allow us to analyze the dynamics of regional 

large-scale cyclogenesis during the active season. In our opinion, 

promoting the development of modern forecasting methods for large-

scale crisis atmospheric phenomena and modeling their relationships 

with other processes is of great scientific and practical interest. 
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ABSTRACT 

In the light of the technological development, small-format 

camera have been introduced with a photogrammetry technology that 

offers numerous benefits. The digital imagery by small-format camera 

installed on a lightweight platform, such as Unmanaged Aerial 

Vehicles (UAVs), can potentially be applied to produce digital maps. 

The geometry of the Georeferenced Digital Surface Model (DSM), 

obtained from UAVs, is as a consequence of a multitude of factors 

such as flight configuration, camera performance, camera calibration, 

and Structure from Motion (SfM) algorithms. The overlap percentages 

among images, the number of images and strips covering the area of 

interest are important factors in flight planning and estimating the 

acquisition time. This research have as the main aims to find a way to 

reduce time length for the acquisition of images as well as for data 
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processing by investigating the effect on georeferencing accuracy of 

the reduction in the sidelap percentage for two strips of UAV images. 

 

Keywords: UAV, linear projects, overlap, georeferencing, accuracy 

assessment 

 

INTRODUCTION    

UAVs are used in many applications, including land and crop 

monitoring, surveillance and maintenance of roads, cultural heritage 

registration and documentation (Tahar and Ahmad, 2012). The impact 

of the distribution of Ground Control Points (GCPs) in traditional 

platforms on the spatial quality of orthomosaics was discussed (Wang 

et al. 2012). The GCPs are not standardized for UAVs and their 

distribution was analyzed by Carvajal (2016). It was noticed that GCPs 

came in a range of sizes, from four to over a hundred, and were used 

to cover areas up to 50 hectares (Agüera et al. 2015; Zhang et al. 2011). 

Ref. also analyses the accuracy of having less GCPs for the UAV 

orthomosaics with a Root Mean Square Error (RMSE) of more than 

one meter. The effect of the images overlap can be divided into two 

sections: the front overlap and the side overlap (sidelap or lateral 

overlap). Although the front overlap can be achieved by taking 

multiple images per second, the lateral overlap is an important 

variable for the planning of the drone's flight path. There is no well-

defined, benchmarked, or tested influence of the side overlaps on 

Forest landscape restoration (Zhang et al. 2011). The balance between 

accuracy and efficiency, compensated by time and cost and inherent 

in all terrestrial and airborne inventories, can be traced back to these 

trade-offs. Although these exchanges have a clear nature, there is a 

clear lack of scientific empirical studies that explore space, sensor, and 

imaging parameters and the available results does not provide  the 

whole range of necessary information on how to optimize the UAV 

missions. It is thus not surprising that the study of the best image 

overlap and altitude is becoming increasingly popular (Yuan et al. 
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2009; Snavely et al. 2006). The objective of this experiment is to 

reduce the time-consuming during flaying in the field and data 

analysis in the office by studying the influence of decreasing the 

sidelap percentage from 80% to 60% on georeferencing accuracy. 

 

MATERIALS AND METHODS 

Aerial imagery was carried out using DJI Mavic PRO UAV (Figure 

1). A three- image strips were taken using DJI Mavic PRO, and during 

flight a total number of 152 images were obtained. Flight lines were 

900 meters in length and the flight altitude was at 60 meters. The 

spatial resolution was 2 cm at the ground level. The study used 34 

ground-points to use as GCPs or checkpoints (CPs), evenly distributed 

as groups throughout the study area. Each group consisted of about 

three GCPs and the groups were distributed every 50-100 meters in 

the length direction of the project (900 m). The distances between 

points in each group of GCPs were about 20 meters in the width 

direction (90 m) of the study area as shown in Figure 2. Camera 

calibration parameters are presented in Table 1. RTK-GNSS, Trimble 

R4 dual-frequency GPS receivers were used to collect GCPs 

coordinates. The photogrammetric software Agisoft PhotoScan 

Professional was used for the photogrammetric data processing. 

 

 
 

Figure 1 - DJI Mavic PRO. 
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Figure 2 - The study area. 

 

Table 1- Camera calibration parameters 

Camera Name FC220 (4.73mm) 

Focal length 4.73mm 

Resolution  

Width = 4000 pixels 

pixel width = 0.0016 mm 

Height = 3000pixels 

pixel width = 0.0016 mm 

Principal Distance  c = 4.6501 mm 

Principal Point Offsets 
xp = 0.0305 mm          

yp = 0.0165 mm 

Coefficients of Radial Distortion 

K1 = -8.31719e-004 

K2 = -3.16310e-005 

K3 = 3.91019e-006 

Coefficients of Decentering 

Distortion  

P1 = 3.06539e-005 

P2 = 1.40033e-004 
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Photogrammetric data processing was executed with the 

commercial software package - PhotoScan (PS), by Agisoft LLC, St. 

Petersburg, Russia. Block orientation is performed with SfM 

algorithms in an arbitrary reference frame.  

The study was carried out at the GORNOYE scientific and 

educational base of the State University of Land Use Planning, located in 

the south of the Moscow Region. The imagery area is 900 m x 90 m.  

The multiple groups of tests for studying the influence of using 

different percentages of side lap between two strips on georeferencing 

accuracy are shown in table 3. In different groups of tests, different 

numbers of GCPs were used, and the others were used as CPs to use 

in the accuracy assessment as shown in Figure 3. 

From Table 2 and Figure 3 it can be noticed that the direct 

georeferencing technique (group A) used only data of camera stations 

positions given by drone GPS for georeferencing and all thirty-four 

ground points were used as CPs. On the other hand, the indirect 

georeferencing technique (group E) used all thirty-four GCPs in 

georeferencing, and groups B, C, and D used some ground points as 

GCPs and the other as CPs. In group B three GCPs were used with a 

bad distribution that was located on one edge of the study area while 

six and twelve GCPs in groups C and D were used in georeferencing 

with a good distribution that was covered all projects. 

The methodology of this work consisted in studying the 

influence of decreasing the time of images data acquisition in the field 

by decreasing the side lap from 80% to 60% between two strips. This 

allows covering a bigger area of imaging from the two strips. 

Therefore, the five groups of the test-parameters were designed to test 

the accuracy of georeferencing resulting when having 60% and 

respectively 80% side lap between two adjacent strips in each group.  
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Table 2 - The multiple groups of tests 

Section

s 

Grou

p ID 

N
u

m
b

er
s 

o
f 

G
C

P
s Sidelap 

percen-

tage 

Test ID Remarks 

First 

A 0 
60% 

 

0 GCPs 60% 
Direct georeferencing 

80% 0 GCPs 80% 

B 3 
60% 

 

3 GCPs 60% Bad GCPs 

distribution  

 

80% 3 GCPs 80% 

Second 

 

 

 

C 6 
60% 

 

6 GCPs 60% Well GCPs 

distribution 

 

80% 6 GCPs 80% 

D 12 60% 

 

12 GCPs 60% Well GCPs 

distribution 

  

80% 12 GCPs 80% 

E 34 
60% 

 

34 GCPs 60% Using all GCPs 

 80% 34 GCPs 80% 

 
 

Figure 3 - The distribution of GCPs in the study area in the tests of 

groups B, C, and D. 
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The test - groups are also divided into two categories, the first 

one (groups A and B) depending on auxiliary data only or mostly for 

georeferencing. Direct georeferencing technique (group A) or indirect 

georeferencing technique (group B) with little support of three GCPs 

to auxiliary data because of bad distribution and a small number of 

considered GCPs. The second category (groups C, D, and E) 

depending on auxiliary data and significant support of GCPs in 

georeferencing having good distribution and high number of GCPs. 

The accuracy assessment was done using the residuals of 

checkpoints as follows: 

When Mx, is RMSE of X, My is RMSE of Y, and Mz (Vertical Error) 

is RMSE of Z. Therefore, 

𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝐸𝑟𝑟𝑜𝑟 = √(𝑀𝑥)2 + (𝑀𝑦)2                              (1) 

Total Error is the whole RMSE for X, Y, and Z was calculated as 

follows.   

𝑇𝑜𝑡𝑎𝑙 𝐸𝑟𝑟𝑜𝑟 = √(𝑀𝑥)2 + (𝑀𝑦)2 + (𝑀𝑧)2                        (2) 

 

RESULTS AND DISCUSSION  

The first tests were based on auxiliary data only without the use of 

any GCPs (Group A) in georeferencing or often on auxiliary data and the 

assistance of three GCPs in georeferencing (group B). Figures 4 and 5 

demonstrate the georeferencing accuracy of the 60% and 80% side lap 

ratio in Group A tests. 

Direct georeferencing technique for test group A showed that the 

horizontal, vertical and total errors when having 80% sidelap are lower 

than those obtained when having 60% sidelap (Figure 4). In tests 

performed on group B 3 GCPs were used to help georeferencing. In this 

case, the vertical and total error of the 80% sidelap is lower than the results 

obtained for 60%. In contrast, the horizontal error for the 80% side lap test 

is greater than resulting in the case of 60%, as shown in Figure 5. In the first 

section of the test groups although most variations between the test errors 
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are not significant, 80% sidelap tests often provided lower error values than 

tests with a 60% side lap between the test strips.  

 

 
 

Figure 4 - The errors of checkpoints without using any GCPs in 

georeferencing. 

 

 
 

Figure 5 - The errors of checkpoints when using 3 GCPs in 

georeferencing. 

 

The second section of tests (groups C, D, and E) mainly depends 

on GCPs to assist Aero-Triangulation. Figures 6, 7, and 8 demonstrate 

the georeferencing accuracy of the 60% and 80 % side lap ratio. 
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Figure 6 - The errors of checkpoints when using 6 GCPs in 

georeferencing. 

 

 
 

Figure 7 - The errors of checkpoints when using 12 GCPs in 

georeferencing. 

 

In the direct georeferencing technique, as applied for groups C, 

D, and E tests, the horizontal, vertical and total errors of 60% sidelap 

tests proved to be lower than those obtained when having 80% 

sidelap, as shown in Figures 6, 7, and 8. In the second section of the 

test groups, although most variations between the test errors are very 

small and are not significant, the 60% sidelap tests results are showing 

lower error values than obtained in tests when used an 80% side lap 

between the test strips.  
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Figure 8 - The errors of checkpoints when using 34 GCPs in 

georeferencing. 

 

CONCLUSIONS 

The significant effect on many aspects, including time and cost 

of work, make determining the optimal image overlap and altitude 

appealing. Just before UAVs are imaging linear projects with a length 

much greater than their width (road projects, electrical installations, 

piping, and other linear infrastructure projects), the side lap ratio 

between strips has a significant impact on the time and cost of the 

work. Consequently, this research covered various tests related to the 

study of the effect on georeferencing accuracy of reducing the side lap 

percentage from 80% to 60 %. From the above results and their 

analysis it can be noticed that there were no significant differences 

between higher or lower sidelap percentages. Moreover, the accuracy 

of indirect georeferencing technique tests that have appropriate 

amounts and distributions of GCPs with lower sidelap is a little better 

than the georeferencing tests with higher sidelap percentages. For 

reducing time consumption during the acquisition of images it is 

recommended to use two strips 60 percent sidelap that will cover a 

bigger area of imaging more than 80 percent sidelap. In addition, the 

low number of images for the same region should reduce the 

processing time. 
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ABSTRACT 

This paper approaches the particularities of Romanian heritage, 

from the view point of endangered mining sites and infrastructure. 

Several examples are addressed, including: i) salt mines, particular 

example of successful conversion of Turda salt mine in an underground 

leisure center; ii) mining heritage, the saving of Roman galleries from the 

Rosia Montana region, which are the living evidence of 2000 years of gold 

mining on Romanian territory; iii) the infrastructure heritage, with the 

example of Suceava water plant, where a concrete half tube with no 

windows was buried by a slope greened with geotextile reinforced earth, 

reconstructing the landscape.  
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Being placed in a European context, this study of underground 

built heritage in Romania makes a contribution to the COST action 

CA18110 “Underground Built Heritage as catalyser for Community 

Valorisation”.  

 

Keywords: Underground Built Heritage, Salt mines, Mining, 

Infrastructure, COST   

 

INTRODUCTION 

This survey of underground built heritage (Variale, 2021) in 

Romania makes an important contribution to COST (European 

Cooperation in Science and Technology) action CA18110 ― Underground 

Built Heritage as catalyser for Community Valorisation (Pace, 2020), in 

the European context. The COST action looks for overcoming dangers in 

preservation and techniques for valorization through community 

involvement, focusing on those maintained by projects. 

 

METHODS 

The method for addressing the COST CA18110 objectives 

included site visits and photo-based documenting (see Eftenie, 2012 

and Eftenie, 2021 for the method), personal communications, and 

literature reviews concerning the community approach of the sites as 

well as documents related to the scientific research of sites. A 

successful community approach relevant for the COST action 

concerning the tourism potential of salt mines was particularly 

investigated. It reflects the urban planning strategy of settlements in 

which salt mines are located, as the conversion of salt mines and 

anthropic salt lakes may get for Romania a status of “tourism resorts”. 
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RESULTS 

The paper highlights some of the particularities of Romanian 

heritage, approaching mining and infrastructure heritage in Romania, 

including several endangered sites.  Sometimes, the underground 

built heritage is threatened by anthropogenic works or natural factors 

such as high magnitude seismic shocks with epicentres in Vrancea 

area (Mitrofan et al., 2014, Mitrofan et al, 2016) or other seismogenic 

areas (Diaconu and Chitea, 2018). 

Salt mines from Romania (Figures 1, 2) are distributed in different 

seismogenic zones, geographically located in the Romanian 

Carpathians and Transylvanian Basin (Tămaș et al. 2021). Târgu Ocna 

and Slănic Prahova are the most vulnerable ones. 

 

 
 

Figure 1- The location of several salt mines in Romania: Ocna Dej, 

Turda, Ocnele Mari, Slănic Prahova, Târgu Ocna, Praid, Cacica. 

Background of the map provided by ESRI. 
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Figure 2 - Salt mines: a. Turda, b. Slănic Prahova (photos M. Bostenaru), 

c. Cacica (photo G. Maiorescu) d. Ocnele Mari e. Praid f. Tg. Ocna 

(photos Ș.R. Halmagi). 

 

In the South-Eastern Carpathians, the primary or secondary 

effects of Vrancea intermediate depth earthquakes could affect the 

exploitation of salt mines. High magnitude events (M>6) could inflict 

geological and hydrogeological hazards: cracks, co-seismic or post-



160 

seismic landslides, rock falls (e.g. seismic salt slabs detaching from the 

mine walls) or rock-block slides, changes in groundwater level, the 

emergence of under pressurized saline springs, etc. 

Near-Surface land instability is seldom encountered in the case 

of deep mines, but it appears frequently in environments with salt and 

potassium carbonate.  

Some old Romania salt mines are well known as sources of 

mining-induced land instabilities, which endanger other 

underground nearby build features and ground constructions. For 

example, at Ocna Dej salt mine, salt exploitation started in Roman 

times and continued in different perimeters until nowadays. Here, 

most of the old salt mines – with bell-shaped entrances - were 

abandoned due to flooding (Chitea et al., 2015). As time went on, the 

mine’s vertical shafts enlarged, inducing land instability in the 

surrounding areas (Chitea et al., 2019). In such context, the 

deployment of geophysical surveys was necessary for locating old 

vertical shafts or other mining underground voids (Chitea et al., 2015) 

that could endanger the active mining galleries, the galleries open to 

visitors, or surface activities. 

Also, at Ocnele Mari salt mine, because of exploitation works, 

complex processes of salt mine collapse and landslide occurred (Micu 

et al. 2017).  

Other salt mines from Romania, benefiting from directed 

opening and cutting techniques are considered stable and safe. Some 

of them are open for touristic and therapeutic use. 

The salt mine located in Turda, Cluj County, is an example of a 

sable, well-conserved mine and, at the same time, of successful 

conversion after the cease of mining exploitation. A large part of the 

old galleries, which met the safety requirements, were transformed 

into an amazing architectural underground leisure center and an 

underground mining and salt museum. Additionaly, it serves as a 

therapeutic place (Simionca, 2013) due to the fact that air pressure, 

temperature and humidity are constant. The salt mine of Turda is 

subject of further investigations as a success story in the COST action 
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“Underground built heritage” as shown in comparison to Portugal and 

Poland in Kimic et al (2021). 

The salt mine in Cacica was subject of studies of the National 

Institute for Research and Development in Tourism in Romania. 

INCDT carried in 2009 a pre-feasibility study on caves and salt mines 

in Romania, followed by the feasibility study of INCDT (2014) on the 

access facility to Cacica salt mine. The latter was included in the 

development strategy of Cacica in 2018. 

Roșia Montană (Figure 3) is another successful example of saving 

an endangered underground heritage. Roșia Montană area is situated 

in the central-eastern part of the Metaliferi Mountains, nearby Abrud, 

once an important mining center. Here, the exploitation of gold seems 

to have started before 106 CE. The galleries preserve evidences 

showing that the mining technique applied in Roșia Montană was 

actually more developed than the standard Roman mining technology 

of those times. Such remarkable founding is a proof of the influence 

of local craftsmanship. Relative recently, the named “Roman galleries” 

were at risk of being destroyed by the plans of reopening the 

exploitation works, using modern mining techniques (Dawson, 2017). 

This intention was stopped. The World Heritage Committee decided 

to “refer the nomination of Roșia Montană Mining Landscape, 

Romania, back to the State Party, due to the ongoing international 

arbitration, and to implement the measures required to ensure the 

protection and management of the potential OUV (n.a. Outstanding 

Universal Value) of the property” (UNESCO, 2018). The invaluable 

importance of the Roman galleries has made it possible to list Roșia 

Montană with the UNESCO World Heritage in 2021 (UNESCO, 2021).  

The conservation of Roman mines extends the status of 

protection for the whole settlement in Roșia Montană. There are 

several initiatives, such as ”Adopt a house at Roșia Montană“ which 

concern the mountain landscape heritage of the area, as, for example, 

RPER (Rencontres Patrimoine Europe Roumanie), which is involved 

for several years in summer schools in the Bucium neighboring area. 
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Figure 3 - Roșia Montană - Gold Mining galleries  

(photo courtesy of L. Niculae). 

 

 
 

Figure 4 - Converted water plant, Suceava, Romania, at launch event 

(photo M. Boştenaru). 

 

There are other examples on infrastructures executed underneath 

the surface converted into valuable underground heritage. Such an 

example is the museums of water from Lisbon (subject addressed in 

Variale, 2021, and Bostenaru, 2015). Figure 4 shows the interior of the 
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former water factory from Suceava, at the time of its conversion in a 

centre of architecture, urban culture and landscape (Procopianu and 

Pantea, 2012), after 100 years since its construction. Such underground 

industrial installations, e.g., pumping and compressor stations, are built 

at shallow depths. The central structure consist of a concrete half tube 

with no windows, buried by a slope and greened with geotextile 

reinforced earth. 

  

DISCUSSIONS 

The exploitation of mines or underground infrastructure for 

tourism involves primarily a safe environment, then maintaining the 

specific microclimate, while ensuring artificial lighting and a power 

supply. Adequate constant ventilation must be also ensured constantly 

in order to avoid dangerous gas bursts or accumulation of CO2. In 

addition, it is necessary to waterproof the installations and, if necessary, 

to rapidly remove the potentially dangerous water accumulation through 

drainage pipes along the walls or in the ground. In the specific case of 

mine conversions, the main concern is to avoid the danger of collapse 

and flooding. If the surrounding rock is stable, no support is needed, but 

in most cases, temporary or permanent support is required to maintain 

the stability of adapted mine, including prestressed reinforced concrete 

supports or cast concrete structures, reinforced concrete, precast 

reinforced concrete and cast-iron pipes.  

A relatively recent trend is finding storage facilities for 

anthropogenic carbon dioxide. Among the proposed storage facilities 

taken into account for CO2 sequestration, concealed coal mines (Jalili 

et al., 2011) or salt caverns (Shi and Durucan, 2005) are seen as 

potential facilities. Also, deep mines were considered and sometimes 

even used for the storage and disposal of toxic or radioactive waste. 
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CONCLUSIONS 

Preservation of underground built heritage is an interdisciplinary 

domain. Geological risks and tourism opportunities have to be taken 

into account, while assuring the potential to create living labs with 

active residents from the area and drawing stakeholders from areas 

situated further away.  

Several techniques can be used for valorising the built heritage 

through community actions, like the ones presented in the paper: 

restoration, preservation, conversion. However, the stability of these 

facilities, considering the geological and hydrogeological context, has 

to be assessed constantly.  

After the ceasing of their exploitation, salt mines have an 

extraordinary potential to be used for medical purposes, bringing an 

important contribution to balneotourism, but also as built heritage. 

Occasionally, the industrial underground heritage could have a 

special historical significance for the country (like Roșia Montană) 

and its restoration should be prevalent (Merciu et al. 2021). In other 

cases, the abandoned mines which comply with specific conditions 

could also count as industrial heritage (Sorcaru, 2021) and regain their 

economic importance by being transformed into storage facilities for 

hazardous waste disposal. 
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ABSTRACT 

This paper approaches comparatively the particularities of 

Romanian and European religious heritage, focusing on monolithic 

churches and cemeteries.  

The article addresses several examples like ancient stone churches 

with examples from various places from Romania, Turkey, Italy, France, 

and Bulgaria; contemporary stone churches such as the ones built in 

Hungary and Finland; catacombs from Vatican and Rome; cave cemeteries 

of Naples. Several techniques for the valorization of built heritage through 

community actions are investigated. The constructive interventions inside 

and outside the built heritage, underground or at the surface, need 
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exploration from the point of view of architecture, structure but also art 

(see mural paintings) and of the landscape in which they are integrated. 

Being placed in a European context, this study of the Romanian 

underground built heritage brings a contribution to COST action CA18110 

“Underground Built Heritage as catalyser for Community Valorisation”. In 

the COST action, we look for overcoming dangers in preservation and the 

techniques for valorization through the community. All these initiatives 

have to be supported through funded projects. 

 

Keywords: Underground built heritage, Monolithic churches, COST, 

Religious heritage, Community preservation  

 

INTRODUCTION 

This survey of underground built heritage (Varriale, 2021) in 

Romania makes a contribution to the COST action CA18110 

“Underground Built Heritage as catalyser for Community 

Valorisation” (Pace, 2020). The COST action looks for overcoming 

dangers in preservation and techniques for valorization through 

community, focusing on those which are maintained through 

projects. See Smaniotto Costa (2021) for examples. 

 

METHODS 

The method included site visits and photo-based documenting, 

personal communications, and literature reviews on the community 

approach of sites. 

 

RESULTS 

This paper highlights the particularities of Romanian heritage 

approaching a particular type of religious monument, the ones 

excavated within the rocks, including endangered sites. The focus is 

on religious heritage (Sponsel, 2015) (Figures 1-4), especially 
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monolithic churches and catacombs built in different types of rocks 

(for example the ones in pyroclastic rock described by Crescenzi et al, 

1995), which at the same time are geologically valuable.  

 

 
 

Figure 1 - Map of monolith churches mentioned in the paper.  

Map drawn with arcGIS online. 

 

In Romania, there is an impressive stone church heritage. The 

churches are similar to the ones from Bulgaria - Ivanovo, Basarabovo 

(Konstantinov et al, 2003) or Aladzha (Curta, 2001) dug in limestone, 

France - Lourdes built in volcanic porphyry (Kiernan, 2015) and St. 

Jean in Aubeterre Sur Dronne (in Charente department), carved in 

limestone (Beaucourt, 1972). In Italy, Matera is a region with houses, 

churches, monasteries and hermitages built into the natural caves of 

the Murgi. Matera is one of the former European capital of culture 

(2019). Its heritage includes catholic churches dug in calcarenite 

(Lionetti and Simeone, 2016). Another example is the Byzantine ones 

from Capadoccia (Turkey) dug in tuff (Aydan and Ulusay, 2003). Ayia 

Napa Monastery from Cyprus (case study in COST action) will be the 

subject of investigation in a forthcoming training school in February 

2022. It includes both an underground part as well as a surface church.  
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Figure 2 - Examples of monolith churches a. Helsinki, Finnland, b. 

Ivanovo/Basarabov Bulgaria, c. Lourdes, France (photos M. Bostenaru), d. 

Aladzha, Bulgaria (photo A.-I. Petrișor), e. Aubeterre sur Dronne, France 

(photo J. Meinecke), f. Matera, Italy, g. Capadoccia, Turkey, (photos A.-I. 

Petrișor), h. Gellért, Hungary, i. Catacombs, Rome (photo M. Bostenaru). 

Locations are given in Figure 1. 
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Contemporary stone churches are known in Hungary - Gellért 

Hill Cave in Budapest (1931, interwar time) and in Finland - the 

Temppeliaukio church in Helsinki (1960s expressionism, post-

wartime) displaying a mixture in the building style. They are built up 

using rocks and excavated in the rocks. Temppeliaukio is a circular 

church built directly into the natural granite rock, a building material 

frequently used for contemporary churches. The church situated on 

the Gellért Hill (Budapest) is part of a network of caves, revealing 

marls on the surface and dolomite in the depth (Török et al, 2007).  

The list of monolithic churches in Romania (Figures 3-4) 

includes:  

- Ion Corvin (Dobrudscha): St. Andrew church, also known as St. 

Andrew's Cave, is a monastic place built around a cave where ancient 

tales claim that St. Andrew lived and Christianized the locals. The cave 

of the Saint was carved into chalk. 

- Basarabi (Dobrudscha): an assembly consisting of galleries, six 

churches and few rooms carved into chalk, dated 992, but discovered 

in 1957. The assembly is under conservation and cannot be visited. 

- Șinca Veche (Transylvania). The stone churches from the Șinca 

Veche monastic complex are among the oldest Romanian feudal 

monuments. The cave actually houses 2 small chapels dug into the 

sandstone, divided by a trench accentuated enough to suggest the 

strict delimitation of the two areas. 

- Three churches located in Argeș County: Corbii de Piatră in 

Muscel region, Cetățuia Negru-Vodă and Nămăiești. The churches are 

either directly excavated or built in sedimentary rock (sandstones or 

conglomerates).  

 At Corbii de Piatră (located in the Jgheaburi village), the 

church, refectory and dining place are excavated in a block of 

sandstone of 30 m height and 50 m length (the church is much smaller 

than the sandstone length).  

 Placed at an altitude of 881 meters, the Cetățuia - Negru-Vodă 

monastery is nicknamed "Meteora of Romania". In the monastic 
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complex there is the old church arranged in a natural cave in 

sandstone and a new one made out of wood, in Maramureș style.  

 The Nămăiești church is partially dug in conglomerates, two 

walls being built of rocks and bricks. 

- The stone church assembly in Buzău. Some caves have been 

hosting small retreats for orthodox monks or hermits and they were 

attested as functioning in medieval times, but their majority is older. 

 

 
 

Figure 3 - Map of monolith churches in Romania. Map drawn with 

arcGIS online. 

 

Several stone churches in Buzău were the subject of the doctoral 

thesis in geography of Buterez (2015) on medieval monasticism. In the 

16th century, the area witnessed a particular manifestation of Orthodox 

life, anachoritism, meaning that its wilderness drew many hermits. 

Later they formed communities that evolved into monasteries.  
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Figure 4 - Monolith churches in Romania a. Buzău county, Romania,  

(3 photos A.-I. Petrișor), b. Corbii de Piatră (photo M. Boştenaru),  

c. Nămăiești, d. Cetățuia, e. Șinca veche, Romania (photos M. 

Anghelache), f. Basarabi (photo A.-I. Petrișor), g. Saint Andrew, 

Romania (photo A. Bălăceanu). 

 

For illustration purposes of monolith churches from Romania 

(Figure 4), we selected the oldest vestiges that can be reached 

relatively easily. The selected monolith churches from Buzău county 
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are placed on a mountain ridge accessible from both sides, from the 

villages Aluniș and Nucu. Data on those presented in Fig. 4a is 

available from Mândricel (2009). The stone church located in Aluniș 

village, founded in 1277, used to be a monastery (hermits also lived 

around, in stone cells), and is still used as a church today. The other 

two monuments are in the area of Nucu village, and there is still under 

debate the moment of their dating. The cave of Dionisie Torcătorul 

(named after a 19th century hermit) is believed to be founded in the 

16th-17th centuries according to available documents, although some 

inscriptions suggest earlier origins (4th-5th). 

The cave of Iosif (named after a 16th century hermit) was attested 

in 1587, but its Christian symbols are considered to indicate earlier 

origins (3rd or 10th century); it is the best preserved monument in 

Nucu. All three are listed as national heritage sites. In addition, the 

image presents St. Andrew church in Ion Corvin (f), and Basarabi 

assembly (g), both in Dobrudscha historical province, the Șinca Veche 

monastic complex in Transylvania (e), and the three churches in Argeș 

County: Corbii de Piatră in Muscel region (b), Cetățuia Negru-Vodă 

(c), and Nămăiești (d). 

 

DISCUSSION 

As it can be seen, the religious heritage from Europe includes 

monolith churches from early Christianity to Modern times, cave 

cemeteries, such as the catacombs.  

All mentioned sites are valuable not only for the religious 

heritage but also through the surrounding landscape. 

Some of the mentioned built heritage, in particular, the ones 

from Buzau and Arges County are highly vulnerable to natural hazards 

including earthquakes, landslides, and erosion. The mentioned 

monuments from Buzău County are located in an area where massive 

mass movements, triggered by natural factors (Chitea et al., 2019), 

affects severely the slopes stability and road infrastructure. Moreover, 

the built heritage from Buzău area is under the high risk of strong 
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seismic events from Vrancea seismic area (Anghelache et al., 2018, 

Mitrofan et al., 2016), while Corbii de Piatră, Cetățuia Negru -Vodă 

and Nămăiești are located in the second major seismic area of the 

country (Diaconu and Chitea, 2019).  

 

CONCLUSIONS 

COST action assesses the geological environment and 

characteristics of built heritage, the underground one in particular, 

and vulnerabilities related to several hazards like material and 

structural characteristics, anthropogenic hazards, hydrology, 

microclimate, etc. 

Several techniques were used for valorizing the built heritage 

through community actions, like restoration, conversion, and 

maintaining them through projects. Among the examples presented 

in this paper, a successful community valorization is found for the 

church of Corbii de Piatră in Argeș County with restored paintings 

(Mohanu et al, 2020). Corbii de Piatră was subject to the field trip of 

the Uniscape (the European Network of Universities for the 

implementation of the European Landscape Convention) seminar En 

Route in Romania in 2016, highlighting the surrounding landscape. 

Further work, according to the working group meetings of COST 

action in Lisbon, includes two levels of classification of religious and 

burial heritage, based on different typologies (monasteries, 

hermitages, etc.). Varriale and Genovese (2021) provide a first level of 

classification for the WG1 work including the present study. Also, the 

availability of data from authorities managing the sites will be 

checked. The data descriptors will be grouped in an ontology, such as 

the Heracles one (Hellmund et al, 2018). 
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ABSTRACT 

Astronomy is one of the broadest sciences, emerging from the 

practical needs of humans. The introduction in the educational 

environment of online communication technologies, of e-Learning 

type, had a strong impact on the teaching strategies and the forms of 

organizing the training in the educational process.  

This paper aims to present and implement modern training 

methods, as efficiently as possible, through the e-Learning platforms 

such as Moodle, Googleclass and Mooc for teaching an Astronomy 

course to students. The content of the paper highlights the 

composition of an on-line course, with interactive assessment tests, 

scientific documentaries, dictionaries and homework, coming to 

distance - learning students support, respectively to diversify the 
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methods of teaching Astronomy. By accessing such online courses, 

students deepen the knowledge gained in the teaching-learning-

assessment process (Joiţa, 2006). An interdisciplinary approach, 

Mathematics-Geography-Geophysics-Astronomy leads even more to 

the explanation of the phenomena of the birth and the evolution of 

the Solar System, as well as to finding out the data referring to its age, 

considered to be approximately 5 billion years (Ferre, et al., 2015; 

Boldea et al., 2014; Mustafa, 2013).  

The evolution of society in general and the evolution of science, 

in particular, can be enhanced by using modern approach when 

teaching.  

 

Keywords: e-Learning platforms, NEAs, asteroids, Astrometrica 

 

INTRODUCTION 

The object of study of Astronomy is the stars, planets, comets, 

asteroids, galaxies or cosmic background radiation, and the evolution  

and formation of the Universe.       

This paper refers to the components of our Solar System, as well 

as the study of other small celestial bodies, such as NEAs (Near Earth 

Asteroids) and their impact on Earth. An object close to the Earth, 

called a NEO (Near Earth Object) is any small body in the Solar 

System that is dangerously close to Earth (https://www.nasa.gov). The 

paper presents several applications of Astrometrica software and 

Nearby software, for the detection of NEAs, and which have proven to 

be effective and useful, using active teaching-learning methods, such 

as learning through investigation and discovery. Some of these mixed 

teaching-learning methods have been successfully used to teach 

Astrometry and Astrophysics to the students at University of Craiova, 

using astronomical data obtained from Isaac Newton Astronomical 

Observatory located in La Palma, Spain. 

 

https://www.nasa.gov/#_blank
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THE STRUCTURE OF AN INTEGRATED E-LEARNING SYSTEM 

Rapid change and technological progress, the trend of 

globalization of education have brought new perspectives to the 

educational process, by complementing with modern methods of 

teaching, learning, and assessment in most disciplines. e-Learning is 

the interaction between information technologies and the process of 

teaching, learning and assessment, being used to involve both 

teachers and students in the educational process. The structure of an 

e-Learning system has, in principle, several sections: (1) The public 

presentation part; (2) Section for students – Personalized website 

courses: information about the course, working groups, access to 

virtual lessons, topics; Their calendar; Announces;  Services; 

Resources: courses, software, websites, e-mail account, personal 

profile;  (3) Section for teachers - Editing teaching materials: courses, 

tests, add / remove students, placing ads, establishing a calendar, 

homework, virtual lessons, indication of web resources, exam 

management, on-line catalog;  (4) Section for student-teacher 

communication - Discussion forum, e-mail;Virtual lesson: graphic 

editing window, chat section, section for further questions; 

Identification of participants: name, personal information; Web 

location; Teleconference: course developer, participant/speaker 

visualization, intervention announcement; (5) Section for finding 

resources - Each course indicates a series of resources; Additional 

resources for students: requires access code, electronic journal; 

Additional resources for teachers: educational packages and complete 

courses, on-line teaching resources, conferences, events, pedagogical 

support offered to students, academic requirements; Structured 

thematic search facilities (Boboil, 2013; http://www.elearning.ro). 

The Moodle platform, which represents a Modular Object-

Oriented Dynamic Learning Environment, is one of the most used 

open-source platforms (Figure 1) by Learning Management Systems, 

LMS, it is free and it is constantly modified and improved 

(https://docs.moodle.org). 

http://www.elearning.ro/
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Figure 1 –Front page of Moodle platform website, 2021. 

 

Google Classroom is an all-in-one place for teaching and 

learning. Google Classroom is a virtual, e-Learning environment for 

teaching and learning. In general terms Google Workspace for 

Education Fundamentals, (https://edu.google.com) includes utilities 

for collaboration, such as, for example, Classroom, Docs, Slides, for 

communication – Google Meet, Gmail, for keeping data – Drive. 

Massive Open Online Courses, of the MOOCs type, offer 

accessible remote learning opportunities to students all over the 

world. Students can access a single class to deepen a specific topic or 

they can take a series of courses to gain comprehensive knowledge 

about a field of study. The best MOOC platforms for taking online 

courses are Canvas Network, Cognitive Class, Coursera, edX, 

FutureLearn, Iversity, Kadenze, Khan Academy, Udacity, Udemy. Two 

MOOC platforms used to teach an Astronomy course are Coursera 

and Udemy (https://www.bestcolleges.com). Coursera was released in 

2012 (Figure 2). These e-Learning platforms are active in 190 

companies and universities. Udemy is the largest provider of on-line 

learning, it offers over 150,000 courses in 65 languages, and so, 

students can take select from a variety of free courses (Figure 3). 

 

https://edu.google.com/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses/#_blank
https://www.bestcolleges.com/blog/platforms-for-online-courses
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Figure 2 - Coursera platform website 

 

 
 

Figure 3 - Udemy platform website. 

 

EXAMPLES FOR AN ASTRONOMY COURSE  

Creating the Astronomy course and alternating chapters on the 

e-Learning Moodle platform.  

In the first stage of the implementation of the online Astronomy 

course on the Moodle platform, it is necessary to introduce the title of 

the course and its structure by chapter (Ferre, et al., 2015; Boldea et 

al., 2014; Mustafa, 2013). Introductory operations are performed from 

the main menu of the platform after logging in as a course holder. The 

chapter structure of the Astronomy course is as follows: Chapter 1 - 

Introduction to Astronomy and Astrophysics; Chapter 2 - Our galaxy 

and neighboring galaxies; Chapter 3 - The stars; Chapter 4 - The Sun; 

Chapter 5 - The Planets (Figure 4). After generating the course 

structure, for each chapter the course notes, possible exercises or 

study topics for the students and the forms of online knowledge 

assessment must be introduced. 
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Figure 4 - Introduction of the titles of the main chapters / sections of 

the course. 

 

The Moodle platform allows the introduction for each section or 

chapter of an online course, the attachment of didactic content in the 

form of PDF files, images (JPG or PNG), didactic films, individual work 

topics, online tests and dictionaries of terms.  

Entering and editing links to external resources (Figure 5): 

Including images and movies can be done by including a link to them 

on the Internet (Figure 6).  

 

 
 

Figure 5 - Display the content of the documentary about the Sun filmed 

in Chapter 4 of the course, using a link to YouTube. 
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Figure 6 - The final display of the film about Planets attached as an 

external resource. 

 

NEAS DETECTIONS APPLICATION USING ONLINE 

ENVIRONMENT  

This application represents the way in which some of the software 

techniques used in Astronomy were used to detect celestial bodies near the 

Earth, called NEO bodies, among which are NEAs. The software and 

utilities created or only used in the research projects coordinated by the 

EURONEAR consortium were Astrometrica and Nearby 

(http://www.euronear.org). These software techniques have been 

implemented in research projects and through the students of the Faculty 

of Science, specializations in Mathematics, Physics, Geography, and 

Informatics, given the importance of preventing the impact of NEAs 

celestial bodies on the Earth and the devastating effects which can be 

triggered. The data obtained from astronomical observations include: (1) 

the name of the object , (2) the Julian date - the Julian date of any instant 

is the Julian day number plus the fraction of a day since the preceding noon 

in Universal Time, (3) the equatorial coordinates-RA - Right Ascension is 

the angular distance of a particular point measured eastward along the 

celestial equator from the Sun at the March equinox to the point in 

question above the earth. and (4) DEC - Declination is one of the two 

angles that locate a point on the celestial sphere in the equatorial 

coordinate system, the other being the hour angle,  (5) the magnitude - 

Apparent magnitude (m) is a measure of the brightness of a star or other 

astronomical object observed from Earth, respectively (6) the code of 

http://www.euronear.org/
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Astronomical Observatory (950 from La Palma, INT). PPMXL is the star 

catalog used, (https://ro.wikipedia.org).  

The standard form of the data report, made up by the software, 

is the following (Table 1):  

 

Table 1 -NET PPMXL standard data report 
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07.00047 

04 30 10.52 +28 16 09.0 17.7 R 950 

E522G22 C2018 11 

07.00185  

04 30 10.52 +28 16 11.4 17.7 R 950 

E522G22 C2018 11 

07.00325 

04 30 09.97 +28 16 13.7 17.7 R 950 

E522G22 C2018 11 

07.00395 

04 30 09.84 +28 16 14.8 17.8 R 950 

 

 
Figure 7 - Images with the NEA and the asteroid belt, 

(http://www.euronear.org , https://ro.wikipedia.org). 

 

https://ro.wikipedia.org/
http://www.euronear.org/
https://ro.wikipedia.org/
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The image from the Astrometrica software, of the NEA, E522022 

is given in Figure 7. In terms of orbital elements, NEOs are asteroids 

and comets with perihelion distance q less than 1.3 au (astronomical 

units) (https://www.nasa.gov). 

 

CONCLUSIONS 

Today, we live in a society where the use of information and 

communication technology are fundamental features. In order to be able 

to work according to the new requirements, students must have a series 

of knowledge and skills in the use of these new technologies that become 

the instrumental and functional support of the knowledge they are going 

to develop. The e-Learning platforms play a particularly important role 

in the modern educational process because: they allow access to remote 

resources - virtual libraries, magazines, illustrations, diagrams, 

photographs, videos, paintings, software, sound and animation files, 

reference documents; they allow geographically dispersed people to be 

found in the "virtual pedagogical community", meaning in interest 

groups set up based on common goals, which do not take into account 

the artificial differences based on location in space, age, intellectual 

abilities, social condition; they allow collaborative work, cooperative 

learning - using e-mail, video conferences , computer-assisted meetings; 

they allow teachers to bring students into the situation of having 

constructivist learning experiences; they allow the evaluation of the 

degree of assimilation of knowledge by the students through new, 

interactive, interesting methods, based on an in-depth understanding of 

the contents and processes. The impact of information and 

communication technologies at the level of society has determined a 

restructuring of teaching methods in educational systems, the 

implementation of new information technologies being considered the 

most important directive.  

During the teaching activities, we found the students' interest in 

modern technological resources, such as the e-Learning system and 

the tools used to communicate, create, disseminate, store and manage 

https://www.nasa.gov/
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information. We also found over time that students are much more 

interested in a lesson based on computer use as opposed to a lesson 

in the classic version. 

In this paper, we have presented the concepts of computer-

assisted training and information and communication technology 

combining classical teaching methods with modern ones, by using e-

Learning platforms, out of the desire to offer new implementation 

methods that lead to optimization of the teaching-learning-assessment 

process in Astronomy, Geophysics,  and Mathematics, with a possible 

extension to the teaching of Geography. The importance of detecting 

NEA asteroids was highlighted, using different software and thus can 

be avoided the impact of these objects on Earth, if the detection and 

transmission of astronomical data are done in time, at the competent 

forums, such as Minor Planet Center, MPC.   

The Moodle e-Learning platform has proven to be an effective -

Learning platform, with a wide variety of facilities for creating 

multiple types of teaching aids that can be adapted to different types 

of modern teaching methods used in the educational process.  

Online teaching methods have become a necessity in the current, 

contemporary period, taking into account the pandemic 

environment, thus leading to more and more performance at all levels 

of study. Creativity is considered "the highest form of human activity". 
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ABSTRACT 

The term “Earth sciences”, comprises the fields of study 

concerned with understanding the structure and evolution of the 

Earth, the processes that lead to the formation of Earth’s materials, 

and natural hazards. It also comprises the study of the human-

generated or induced hazards that affects either rock stability, soil, or 

underground water quality. Moreover, the definition can be extended, 

considering the diversity of applicability of the geophysical 

investigation methods that proved to be of great utility when used for 

archeological buried features investigation or non-destructive 

evaluation and monitoring of cultural built heritage.   
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Given the large area of applicability and methods diversity, 

equipment types that are developed for a wide range of depths of 

investigation and targets characteristics, as well as software packages 

that are deployed for the earth data inversion, modeling, or 

visualization, it is quite obvious that teaching geophysics requires a 

lot of resources as well as continuous training. 

As the main goal of teaching geophysics is to transfer to students 

the knowledge and up-to-date information on primary data and available 

tools for enhanced earth structure & hazards study, the teaching staff 

must have access to a large variety of geophysical equipment as well to 

have testing sites and frequent field survey exercises with students. 

However, this ideal is hard to be achieved for a majority of the 

Universities around the globe due to the high costs involved. 

In this context, it is vital that research centers (private ones or 

state-owned ones), private-owned geophysical equipment 

manufacturers and professional associations (NGOs) come to support 

educational needs in geosciences.  

And, if we analyze the available online resources, we might say 

that a first step has been made so far, particularly for the specific field 

of the geohazards. To reach as many users, it is however necessary to 

disseminate updated information on the available resources. 

Therefore, this paper will address the open resources that can be used 

as tools when teaching topics related to Earth sciences, with a 

particular focus on geophysics for hazards. 

 

Keywords: Open Educational Resources, Geophysics, Earth Science 

Database, Hazards 

 

INTRODUCTION 

Worldwide, there has been made a significant effort to gather 

high-quality scientific data from various environments (land, 

groundwater, seas and oceans, atmosphere or space), to archive it into 

a unitary mode (according to archival best practices), to store and in 
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the same time to make it accessible in an easy way. At the early stage, 

such large and compressive databases were predominantly used by 

scientists for expanding their research in a specific field, either by 

accessing additional data for a study area or by having the possibility to 

search for analogies between events occurring in different or similar 

geological setting. Nevertheless, large datasets are also suitable to 

analyze reactions of different environments (natural or human-built 

ones) when exposed to the same external or internal phenomena. 

Besides this, the easy-to-work open-sources databases quickly become 

valuable resource also for education purposes in various domains.  

New trends in learning and instruction in Earth Science have 

emerged because scientific resources of various types became easily 

accessible through web platforms and sometimes telephone applications. 

The available scientific resources range from textbooks, photo galleries 

that documented geologic studies or hazards effects, geophysical field 

survey data, laboratory experimental data, geological & tectonic maps, 

hydrogeological & hydrology data, soil maps, geomagnetic field 

monitoring, to openly licensed software or programming language for 

visualizing, analyzing, and modeling geological-geophysical data as well 

as to handle any type of spatial data. From this extensive variety of 

resources, was made a selection of several open libraries which are of 

interest for teaching the topic of geophysics for geohazards in an 

interactive and easily accessible way. Among the geohazards, for further 

demonstration of database applicability for teaching, there were selected 

examples from those which provide data resulting from periodic or 

continuous measurements that incorporate tools or built-in scripts that 

permit a rapid visualization of the selected data.  

Such databases that offer the opportunity of interactive 

visualization of the selected data or easily downloading it (for 

visualization with other software) offer valuable resources that can be 

adapted for teaching Earth science at various study levels, from early 

beginners (primary school students), to students with a strong 

background in geosciences.  
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EXEMPLIFICATION OF WEB-BASED APPLICATIONS FOR 

TEACHING  

Education in the field of geohazards has become more accessible 

and affordable through the open-access science libraries that offer the 

opportunity of selecting, sorting, and visualizing large volumes of 

spatial data attributes. The term geohazards refers to natural 

phenomena and human-induced processes capable of causing serious 

damage to the landscape and civil engineering structures. Therefore, 

in this field of study, it is important to have knowledge of the 

mechanics of the natural phenomena and human activities that may 

affect the ground stability or/and its quality, as well as to monitor the 

occurrence (location, time, depth, intensity) of a phenomenon which 

might generate a  hazard, its short and long term effects and, when 

possible, to identify reliable precursor phenomena.  

Among the geohazards, most of the available resources are 

related to natural earthquakes and triggered hazards (landslides, 

liquefaction, tsunami), induced seismicity, and volcanoes monitoring.  

In recent years, archives with real-time data monitoring of geohazards 

such as drought and floods also became public. 

 

EXEMPLIFICATION OF WEB-BASED APPLICATIONS FOR 

TEACHING NOTIONS ON SEISMOLOGY 

The web-resources available nowadays for this field area of study 

can respond to the necessities of covering the notions related to the 

theory of waves motion, earthquake seismology (including topics such 

as global Earth structure, earthquake sources, earthquake mechanics, 

seismic recording – sensors/networks/arrays - natural seismogram 

analysis and synthetic seismograms, earthquake location), Seismic 

Hazards & Risk assessment. In the following chapters, a selection of 

the resources that could represent a starting point for conceiving 

teaching moments are revealed and discussed. 
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Table 1 - Selection of Earthquake Catalogue and browsers 

Earthquake 

Catalogue or 

Browser  Provider* 

Link to access the Database (last check in May 2022) 

USGS  https://earthquake.usgs.gov/earthquakes/search/ 

IRIS https://ds.iris.edu/ieb/ 

ISC 
http://www.isc.ac.uk/iscbulletin/search/catalogue/i

nteractive/ 

EPOS https://www.ics-c.epos-eu.org/ 

NCEDC http://ncedc.org/ 

INFP (Romanian 

earthquake 

catalogue 

https://web.infp.ro/#/romplus 

GeoNet (New 

Zealand earthquake 

catalogue) 

https://quakesearch.geonet.org.nz/ 

EMSC/CSEM 

https://www.emsc-csem.org/Earthquake/ 

https://www.emsc-

csem.org/Earthquake/tensors.php 

PNSN https://www.pnsn.org/events?custom_search=true 

GEOSCOPE 
http://geoscope.ipgp.fr/index.php/en/quick-links-

to-data/catalogs-of-earthquake 

NOAA 
https://www.ngdc.noaa.gov/hazel/view/hazards/ear

thquake/search 

 

*USGS - United States Geological Survey, IRIS - Incorporated 

Research Institutions for Seismology, ISC -International Seismological 

Centre, EPOS -European Plate Observing System, NCEDC - Northern 

California Earthquake Data Center, UC Berkeley Seismological 

Laboratory, INFP – National Institute for Earth Physics-Romania,  

GeoNet - Earthquake Commission and GNS Science, EMSC/CSEM - 

Euro-Mediterranean Seismological Centre / Centre Sismologique Euro-

Méditerranéen, PNSN - Pacific Northwest Seismic Network,  GEOSCOPE 

-GEOSCOPE Observatory (Global Network of Broad Band Seismic 

Stations). NOAA - National Centers for Environmental Information 

http://geoscope.ipgp.fr/index.php/en/quick-links-to-data/catalogs-of-earthquake
http://geoscope.ipgp.fr/index.php/en/quick-links-to-data/catalogs-of-earthquake
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Figure 1 - Complex use case display on EPOS ICS Data Portal. The 

selected area is the TABOO Near Fault Observatory region. Eighteen 

data collection, products, and services have been selected and added to 

the workspace as favorites from six thematic services: Seismology  

(e.g., Historical earthquakes catalog, European Database of Seismogenic 

Faults - Crustal Faults), Near Fault Observatory (e.g., TABOO Radon 

stations, TABOO Rn concentration, and local temperature, CO2 soil 

dynamic concentration), GNSS data and products (e.g., GNSS Stations 

with Products, Clean GNSS Position Time Series from INGV), Geological 

information and Modelling (e.g., Geological Map 1:1.000.000), Satellite 

Observations (e.g., Wrapped Interferograms) and Tsunami (e.g., NEAM 

Tsunami Hazard Map ARP 2475 years). 

 

Obtaining data related to the seismic activity of an area has never 

been easier than today, when a large number of online Earthquake 

Catalogues are available and most of the providers had built web-based 

platforms with included tools for database queries (using at least spatial, 

temporal, magnitude and depth constraints) in order to produce a list of 

events that includes epicenter coordinates, hypocentre, and earthquakes 

magnitudes for a selected region and time interval. Then the users have the 

possibility to download the data (general output formats are CVS, XML, 

GeoJSON, GML, or KML) and visualize the results using available GIS 

software packages or specific programs for displaying seismological data.  

Some of the platforms provide an interactive environment that 

allows users to build maps with selected events distribution and 
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sometimes even to add additional layers with attributes that can be useful 

when interpreting the results (such as geological and tectonic maps, 

shear-wave velocity, or other geophysical data). A selection of Earthquake 

Catalogues with global, regional or national coverage is given in Table 1, 

including a direct link for database interrogation.  

For starting, we will explore teaching opportunities that arise with the 

data and automatic plots provided by the Incorporated Research Institutions 

for Seismology (IRIS) and Scientific Agency of the United States – named 

United States Geological Survey (abbreviated as USGS). In addition, some 

options provided by European platforms are also mentioned.   

At the moment of writing this paper, most of them were in the 

stage of development in the framework of regional cooperation 

programs (such as European Plate Observing System), therefore there 

is a great expectation for the future possibilities of integrating 

exercises with real data provided by these platforms in teaching 

moments. The European Plate Observing System (EPOS) represents 

now the research infrastructure (RI) for the solid Earth domain in 

Europe (Cocco et al., 2022) committed to enabling frontier science 

through the integration, accessibility, use, and re-use of solid Earth 

science data, research products, and services, as well as by promoting 

physical access to research facilities. EPOS provides an innovative 

environment for mentoring and training students, enabling access to 

diverse datasets and data analysis tools (Figure 1).  

It is also worth mentioning that not only professional or academic 

networks provide open geophysical monitoring data and put their effort 

into developing applications that can be used to teach the younger 

generation of students and researchers. For example, starting from the 

concept of citizen seismology, a network based on educational tools has 

developed from a start-up to the densest global network of 

professional-grade sensors. ShakeNet is based on a RaspberryShake 

all-in-one, IoT plug-and-go solution for seismological applications. 

Developed by OSOP, S.A. (Panama Company), it integrates the 

geophone sensors, 24-bit digitizers, period-extension circuits, and 

computer into a single enclosure (https://raspberryshake.org/).  
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The RaspberryShake free-to-use web applications (https://shakenet. 

raspberryshake.org/apps) allow users with or without RaspberryShake 

seismographs to view real-time waveforms from all stations part of the 

network, to compute the earthquake location using actual data, as well 

as other products in the field of seismology such as helicorders or 

frequency spectra (Figure 2). Starting as a hobbyist and citizen science 

project, through the development of a plug-and-play professional home 

science monitor, ShakeNet  made an impact and aided in improving local 

monitoring of earthquakes on a global scale, deepening community's 

understanding of earthquakes, and serving as a formidable teaching tool. 

Similar objectives are being put into practice also within the Quake 

Catcher Network (https://quakecatcher.net/index.php/). The Quake-

Catcher Network utilizes low-cost strong-motion seismic sensors named 

as QCN. Basically, they are Micro-electro-mechanical systems 

accelerometers, some types being embedded in devices such as laptops, 

others being external and connected to computers via USB connections. 

With QCN sensors one can measure accelerations between -2g and +2g on 

three axes. The devices dimensions and costs make them ideal for being 

placed in various educational environments (schools, libraries, museums). 
 

 

Figure 2 - An M5 earthquake in Cyprus was located using the 

RaspberryShake web application that allows users to search for well-

recorded data, read P and S arrival on real seismograms, determine the 

earthquake epicenter and compare the result with the one published by 

professional seismic monitoring networks. 

https://shakenet/
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EXAMPLES FOR TOPICS RELATED TO EARTHQUAKE 

SEISMOLOGY 

The IRIS  developed and host some web applications that can be 

used for learning the basic notions in seismology, but also allow access 

to databases with real scientific data and seismological concepts for 

advanced users (IRIS DMC, 2011, 2014, 2018).  

 

 
 

Figure 3 –Triangulation method for an earthquake that occurred in 

Vrancea seismic area, near Focsani, Romania. 

 

For teaching moments the following exercises can be computed 

using tools provided by IRIS: Earthquake search, picking the first 

arrivals, locating an earthquake (triangulation method, perpendicular 

bisector, and residual minimization method), simulation of the 

wavefronts and their propagation trough at the earth surface and in 
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its interior, analyzing an earthquake (seismograms from seismic 

stations distributed all over the world, to calculate the moment tensor 

components, to analyze cumulative energy plots and surface-wave 

radiation plots). 

For example, students can use an interactive application to locate 

an earthquake using the triangulation method (https://www.iris.edu/ 

app/triangulation/). The assignment can be done using real data 

extracted on the basis of calculating the distance radius by reading the 

time delay between the P & S arrivals and then using a P& S wave travel 

time graph. From each station will result a distance but not the 

direction, so a circle with having the station in the centrum will be 

automatically drawn.  When using the data from only two stations, 

the coils will overlap at two points, and a graphical representation of 

this is useful for explaining the necessity of adding the calculated 

distance from a third station in order to reduce uncertainties in 

locating the earthquake epicenter (Figure 3).  

 

 

Figure 4 - Coloured area separates the sectors in which the earthquake is 

not located, based on the P wave arrival time comparison between the 

stations united by the dashed line. The example is given for the 5.7M 

earthquake that occurred in Oklahoma City. 

https://www.iris.edu/%20app/
https://www.iris.edu/%20app/
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Figure 5 - Work in progress for locating the 11.03.2011 Tohoku earthquake, 

9.1M earthquake that occurred at a depth of 19.7km, in Japan. 

 

The triangulation method is the basic approach for earthquake 

location and it is quite a popular topic presented in online resources as well 

as in books. Among seismologists, it is well known that earthquake 

location using this method is not very precise, however, a lot of students’ 

resources are still given these options for earthquake location without 

additional comments on how much you can rely on it and errors. Some 

errors can result from the errors in the arrivals time pick for P & S waves as 

well as from the assumed seismic velocity model between the focal point 
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and the stations. Therefore, when making this exercise with more 

participants it is useful to compare the retrieved latitude and longitude 

obtained for the earthquake epicentre in order to showcase the location 

errors, to understand that the catalogue earthquakes can have some 

uncertainty (that is why some catalogues are re-checking the old seismic 

registrations and re-locate the earthquakes and recalculate the magnitudes 

based on newer models and developed algorithms), and as well the 

necessity for looking at alternative methods for locating an earthquake.  

Continuing on this topic, one can also test the perpendicular 

bisector method (https://www.iris.edu/app/eq-locate/method/1/events) 

or residual minimization method (based on predicted P arrivals 

compared with true selected arrivals) which are more modern 

approaches for earthquake locating. 

For the bisector method, the web application allows the selection 

of 4 to 12 seismic stations and has a step by step instructions set for 

accomplishing the task of locating the earthquake by means of this 

method for a pre-defined list of earthquakes. As this method relay 

only on the readings of the P wave arrival times, the next step after 

selecting the seismic station is to pick the first arrivals for each seismic 

station registration. Then, the comparison of the time of arrival is 

made for each selected pair of stations. A bisector will be 

automatically drawn when selecting the station at which the P waves 

arrived first. The colored sector is the one that gets “eliminated” from 

the analyses as a potential location zone for the epicentre. 

Exemplification of the web application is given in Figure 4, for a 

selection of a possible induced earthquake (5.7M, depth 7.5km) and 

Figure 5, for one of the strongest earthquakes registered so far (9.1M, 

depth 19.7km). 

At the end of the exercise, the obtained solution for earthquake 

location is compared with the true location assigned by the Scientific 

Agency of the United States - USGS giving the user the opportunity to 

retry or refine his solution. 



203 

 

Figure 6 - Plots of seismograms and seismic station position. 

Registration of the 7.5M event occurred on October 26, 2015, at 07:09 

UTC in the Hindu Kush region, Afghanistan. P- arrival of compressional 

wave, PP- wave that is reflected at the surface and refracted again, 

PKIKP – P wave refracted from the mantle through the outer and inner 

core and back through the mantle. Image obtained using IRIS web tool - 

Global Seismogram Viewer. 
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The Global Seismogram Viewer (Figure 6) 

(http://ds.iris.edu/gsv/map.phtml) and Seismic Waves tool (Figure 7) 

(http://ds.iris.edu/seismon/swaves/) provided by IRIS can be used in 

classes as a tool for visualizing and studying the P-wave  Shadow Zone, 

S-wave Shadow Zone, and S-P wave arrivals time difference variation 

with the distance.  For a pre-defined list of strong earthquakes, plots 

of seismograms recorded by seismic stations distributed all over the 

world can be automatically displayed in the  Global Seismogram 

Viewer. Figure 6 presents such a result for an earthquake with a 

magnitude of 7.5 that occurred on October 26, 2015, 07:09 UTC in the 

Hindu Kush region, Afghanistan. The Hindu Kush seismic area 

displays a complex geodynamic setting, with abnormally intense 

seismic activity at intermediate-depths (~180-250 km) occurring in a 

confined zone ~100 km length and 25-30 km width,  corresponding to 

a high seismic velocity body (Mitrofan et al., 2022).  

The Global Seismogram Viewer tool is best to be combined in 

teaching with Seismic Waves Viewer browser-based tool (Figure 7). 

This will allow preparing intuitive images for teaching on the 

wavefronts and their propagation through Earth's interior and at its 

surface.  By examining the obtained plots, it can be exemplified that 

between approximately 1040 and 1400 s away from the earthquake 

epicenter, direct P waves do not arrive, thus offering important 

information related to the Earth’s outer core composition (formed by 

a lower velocity material). Users will also notice that no direct S waves 

arrive beyond 1040 from the earthquake epicenter, this being evidence 

of the fact that the outer core does not transmit the S waves (another 

argument for the liquid state of the outer core). 
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Figure 7 – Wave fronts and their propagation, case study the Reykjanes 

Ridge earthquake, 2015,  M=7.1.  Image composed using the IRIS web tool. 

 

Another easy to work in classes tool is the Station Monitor web- 

developed as a Viewer browser-based tool provided by  

the Incorporated Research Institutions for Seismology 

(https://www.iris.edu/app/station_monitor/), also available as an 

application for mobile telephones and tablets (GooglePlay  

https://play.google.com/store/apps/details?id=edu.iris.app.stationm

onitor and App store https://itunes.apple.com/us/app/station-

monitor/id1380415915). It provides access to real-time ground motion 

registration collected by seismometers distributed all over the world. 

Starting from here, a full range of earthquake-related data can be 

extracted and used in teaching moments. 
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Figure 8 – Event location and focal mechanism along with registered 

seismogram at a station located in Europe, with the arrivals of P, S and 

surface waves marked on. 

 

The following examples of products that can be used for teaching 

activities are presented using as an exercise the seismic event of 

magnitude 6.5 mww,  location Northern Peru (Latitude, Longitude:-

4.458, -76.930), which occurred on 2022-02-03 15:58:57 (UTC) at 110.0 km 

depth (Figure 8-9). Besides visualizing the event location and focal 

mechanism, one can select from a list of stations to analyze the arrivals 

of P, S, and surface waves at a specific location. Additional products are 

the Moment Tensor and Back Projections (https://ds.iris.edu/spud/ 

backprojection/ 19779186, doi:10.17611/DP/19779186), products of IRIS 

DMC that show the beam formed time history and location of coherent 

short period P-wave energy generated by large earthquakes), the signal 

to noise ratio maps for frequency - filtrated BHZ data (Figure 9a), combed 

body wave record sections at different frequencies (Figure 9b-f), as well 

the Surface-Wave Radiation Patterns (Figure 10). 

Cumulative Released Energy and Surface-Wave Radiation for 

global earthquakes is a topic that can be included in teaching 

moments for advanced classes on seismology, and necessary materials 

can be produced using the IRIS –event products and bulletins (Rösler 

and van der Lee, 2020, Hutko et al., 2017, Trabant et al., 2012). 

 

https://ds.iris.edu/spud/%20backprojection/%2019779186
https://ds.iris.edu/spud/%20backprojection/%2019779186
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Figure 9 -  Signal to noise ratio map (with P-wave signal-to-noise ratio  

0.3 - 1.0 Hz Vertical) for all BHZ data from the stations held by IRIS 

(doi:10.17611/DP/19779370). The right hemisphere shows the far side of the 

planet and preserves azimuth from the source (a).  Body wave record 

sections are ‘combed’ to show the evenest distribution of stations that meet 

a minimum signal-to-noise ratio criteria: Body wave record section 0.3 - 1.0 

Hz Vertical (b) and Body wave record section 0.3 - 1.0 Hz Vertical with 

travel time curves (c), Body wave record section 001-0.05 BHZ (d), 001-0.05 

BH Transverse (e) and 0.05-0.2 BH Transverse (f). 

 

Earthquake energy measure is the kinetic energy released through 

seismic waves during an event. Cumulative energy plots at high 

frequency (0.5 – 2 s) and broadband range (0.5 – 70 s) are generated for a 

stack of available stations aligned relative to the theoretical onset of the 

P-arrivals. Results provided by IRIS include broadband and high-

frequency data from vertical-component seismograms recorded at 
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teleseismic distances (25° ≤ Δ ≤ 80°) To show the patterns of seismic 

energy radiation by azimuth around the epicenter for Rayleigh and 

Love waves there is an interactive plot where the user can visualize 

automated solutions for six frequencies - between 0.01 and 0.06 Hz- 

(the plots for the Peru Event of Magnitude 6.4 mww occurred on 

2022-02-03 are given in Figure 10 and are electronically stored at 

https://ds.iris.edu/spud/swrp/19780204#), or to compile them based 

on the insert solution for the source mechanism data. The repository 

with already build up plots can be accessed using the product query 

(http://ds.iris.edu/spud/swrp) and moment tensor (MT) solutions 

can also be accessed using the MT product query 

(https://ds.iris.edu/spud/momenttensor). Surface-wave radiation 

patterns can be calculated for random events of high magnitude 

using the available web tools provided by IRIS (IRIS-DMC, 2018).  

For this is necessary to have the Moment Tensor Components 

(Mrr, Mtt, Mpp, Mrt, Mrp, Mtp) (http://ds.iris.edu/ds/products/ 

surface-wave-radiation-patterns/tools/surface-wave-radiation-

patterns/). They can be calculated for pure double-couple sources 

with available solutions for the strike, dip and slip angle of the fault 

on which the earthquake occurs.  Using the retrieved Moment Tensor 

Components it is possible to generate the seismic energy radiation 

plots at different frequencies.  

The USGS provides the users with a compressive Earthquake 

Catalogue (https://earthquake.usgs.gov/earthquakes/search/) and a 

large number of interactive geonarratives (Esri Story Maps) products 

that can be used for Seismology or Environmental Geophysics lecture 

notes as well as laboratory applications. 
 

http://ds.iris.edu/ds/products/
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Figure 10 - Surface-wave radiation patterns for Northen Peru Event of 

Magnitude 6.4 mww occurred on 2022-02-03. The radiation patterns are 

displayed as spectral amplitudes in [m/Hz], which have been calculated 

for continental lithosphere using the Earth model iasp91. 

 

The USGS Earthquake Catalogue is among the first ones that offered 

users the possibility of having advanced options when selecting events 

that generated seismic waves in a region and time interval. The USGS 

Earthquake Catalogue includes a classification of the events in several 
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types, allowing the selection of  natural–tectonic earthquakes, natural –

non-tectonic earthquakes, and a large variety of induced events (such as 

quarry blasts, mine collapse, mining explosions, accidental explosions, 

nuclear tests).  
 

 

Figure 11 - November 30, 2018, Mw 7.1 earthquake and nearby seismicity 

including events with occurrence +/- 3 weeks and having magnitudes ≥ 4.0 

(a) and scientific analysis result in the form of slip distribution plot. Contours 

show the rupture initiation time in seconds, and the motion direction of the 

hanging wall relative to the footwall (rake angle) is indicated with arrows (b). 

 

USGS web resources also provide models, codes, and catalogues 

as  support to generate Seismic Hazard Maps. Technical users can 

benefit from the Java library that enable probabilistic seismic hazard 

(PSHA) and related analyses for the USGS National Seismic Hazard 

Models (NSHMs) (Digital Object Identifier: 10.5066/P9DKFJ5V) or 

various seismic machine learning algorithms (requires Python 

packages) that apply machine learning techniques to seismic 

processing problems such as seismic phase classification, source-

receiver distance classification, and seismic wave arrival time 

repicking (Digital Object Identifier: 10.5066/P9ICQPUR) and also 

software tools to Evaluate Seismic Station Performance. For this latter 

option, the open-source software system - PQLX -

(https://www.usgs.gov/node/280343) provides the way to calculate 

trace statistics, Power Spectral Densities (PSD), and Probability 

Density Functions (PDF). 

https://www.usgs.gov/
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The compressive USGS database is excellently designed and each 

seismic event has a summary page in which, besides the basic data of an 

event (such as event time, coordinates, and focal depth), other important 

resources are listed. Depending on the event type, available data, and its 

importance, the event page can also include a tectonic summary, built-in 

regional information maps or links for accessing such data in an 

interactive map, geonarative maps for nearby seismicity (for a specific 

time range & minimum magnitude), fault plane solution and interactive 

tool for displaying shakemaps. To exemplify some of these options, we’ve 

selected November 30, 2018, Mw 7.1 earthquake that occurred near 

Anchorage, Alaska, at a focal depth of about 40 km (Figure 11a). The 

following link - https://earthquake.usgs.gov/earthquakes/ eventpage/ 

ak20419010/executive - provides direct access to the event with 

information synthesized by the USGS or contributors and links to the 

interactive geonarratives maps which allow the user to generate images 

with needed attributes. The event's epicenter, alongside with nearby 

seismicity for a period of +/- three weeks from the moment of the 7.0MW 

earthquake and the moment tensor solution (mathematical 

representation of the movement on a fault during an earthquake) are 

presented in Figure 11a. The cross-section of Slip Distribution (Figure 11b) 

is based on the moment tensor nodal plane having the following 

solutions: strike = 16.0° & dip = 29.0°.   

 

EXAMPLES OF FOR THE TOPIC OF SEISMIC HAZARDS & RISK 

ASSESSMENT  

Next examples are focused on products that can be obtained from 

platforms or web-tools that can be used to deliver notions on the utility 

of geophysical data, in special on the benefits of having seismological 

real-time data and performant software that can run algorithms for 

generating - in quasi real-time  - concise reports and maps. Such products 

are of most interest to authorities as they allow the emergency 

responders at all levels to have within a few seconds a preliminary 

https://earthquake.usgs.gov/earthquakes/%20eventpage/%20ak20419010/executive
https://earthquake.usgs.gov/earthquakes/%20eventpage/%20ak20419010/executive
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assessment of the earthquake impact and mobilize resources 

accordingly.  

 

 

Figure 12 – Shakemaps of  PGV - peak ground velocity (cm/s), PSA0.3 - 

spectral acceleration at 0.3 sec (%g), PSA10 - spectral acceleration at 1.0 

sec (%g), PSA30 - spectral acceleration at 3.0 sec (%g) of the November 

30, 2018, Mw 7.1 earthquake occurred near Anchorage, Alaska. 
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Figure 13 – Capture from interactive hazard maps provided by the USGS 

online platform for earthquakes for the selected case of November 30, 

2018, Mw 7.1 earthquake occurred near Anchorage, Alaska. 

 

For illustrative purposes, in Figure 12 there are given some 

Shakemaps products based on the peak ground velocity (PGV) and peak 

response spectral acceleration as observed at 0.3, 1.0, and 3.0 sec for 

November 30, 2018, Mw 7.1 earthquake that occurred near Anchorage, 

Alaska, provided by USGS generally for events with magnitude above 4.5.  

Quasi-real-time ground-shaking maps for strong earthquakes 

are used by authorities or private emergency managers to fast-track 

the areas which were under the impact of the highest intensities as 

well as the ones where the soil & buildings were under the impact of 

weak motions and likely do not request emergency interventions.  

Moreover, if complementary geoatributes are available additional 

products can be quickly generated. For example, when having an 

updated geodatabase that comprises information such as lithology and 

water-table depth, the liquefaction potential can be rapidly mapped 

(Figure 13). As well, landslide probability maps (Figure 13) can be 

obtained by using formulas that take into consideration several criteria 
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(geomorphological, lithological, structural, hydrological & climate, 

hydrogeological, and ground coverage) that describe the key factors that 

may influence the ground stability when submitted to certain earthquake 

intensity. Such additional products are also needed for planning and for 

response actions in case of large magnitude earthquakes and for having 

a rapid estimation of areas that require key emergency services or 

financial support.  

Products based on recorded regional earthquakes can also be found 

on the web pages of national research institutes of each country, but there 

is a big discrepancy in the type of product construction and availability for 

downloading. However, when teaching about the seismicity of a specific 

area of a certain country, there is a good chance of finding additional 

information on that subject in national research institutes databases. For 

example, the Vrancea seismic area, located in Romania is the subject of 

numerous scientific papers, and the type of mechanism involved for 

generating the earthquakes is still under debate (Mitrofan et al., 2016, 

Anghelache et al., 2018). Past strong events (10 November 1940 -7.7Mw  & 

4 March 1977 -7.4Mw)  had devastating effects, including damaged 

buildings and even collapsed ones (Chitea et al., 2019)  and loss of human 

lives. So, besides analyzing the earthquake distribution (IRIS database for 

this region- https://tinyurl.com/Vrancea), one can find additional 

resources when accessing the INFP website (http://www.infp.ro/), such as 

estimations of ground motion for different earthquake scenarios having as 

a source the Vrancea area (direct link to a scenario - http://atlas2.infp.ro/~ 

shake/shakemap/201810_se/pga.html). Such data can be used when 

conducting exercises about the predicted effects of specific hypothetical 

large earthquakes and utilization of such data for building earthquake-

resilient urban areas. 

The USGS database also hosts some online resources related to 

shear-wave velocity in the upper thirty meters (VS30) of the earth's 

surface for the US territory (compiled by McPhillips et al., 2020, 

available at the following link: https://earthquake.usgs.gov/ 

data/vs30/us/). Such interactive & free online database, at this moment, 

are quite rare. Therefore, the USGS platform is one more one step ahead 

http://atlas2.infp.ro/~%20shake/shakemap/201810_se/pga.html
http://atlas2.infp.ro/~%20shake/shakemap/201810_se/pga.html
https://earthquake.usgs.gov/%20data/vs30/us/
https://earthquake.usgs.gov/%20data/vs30/us/
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of other platforms by providing VS30 geonarratives (Figure 14), as well 

as the possibility to download such data  that can be used in teaching 

lessons related to the importance of designing earthquake-resistant 

structures and supporting discussions that will unfold. The Vs30  is the 

mean weighted shear-wave velocity in the upper thirty meters of the 

earth's crust. Data can be obtained from downhole and surface-based 

seismic methods (Bala et al., 2011) and it is a key index adopted 

worldwide to account for seismic site conditions. 
 

 

Figure 14 - USGS Compilation of VS30 Data available as an interactive 

map. VS30 values were obtained using one or more methods such as 

downhole seismic, Multichannel analysis of surface waves  

(MASW R-wave), Seismic Refraction, Spectral analysis of surface waves 

(SASW), Refraction micro tremor (ReMi). 

 

The US Geological Survey (USGS) and the California Geological 

Survey (CGS) started a cooperative center to integrate earthquake strong-

motion data having as an aim to provide raw as well as processed strong-

motion data for earthquake engineering applications. The developed 
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portal integrates earthquake strong-motion data from the CGS California 

Strong Motion Instrumentation Program, the USGS National Strong 

Motion Project, the Advanced National Seismic System (ANSS), and 

also includes contributions of strong-motion records provided by 

other agencies around the globe (Rekoske et al., 2019). All the 

gathered data is included in the CESMD web services 

(https://www.strongmotioncenter.org/index.html). Data can be accessed 

through either the builder pages or users scripts and allow users to select 

the preferred format in which metadata is returned. From the CESMD web 

page, one can download  earthquake metadata, station, record metadata, 

and record datasets or have access to results of the data processing in form 

of graphs and maps.  

 

Figure 15 – Log-log plots of maximum horizontal ground motion versus 

distance: peak ground acceleration vs distance (a) and peak ground 

velocity vs distance (b) and selection of the registered data for the Mw 

7.1 Anchorage earthquake Alaska, 2018 extracted from CESMD database. 

 

https://www.strongmotioncenter.org/index.html
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Among the possible utilization of the CESMD database, in 

addition to what was already presented in this paper, we consider the 

option of visualizing PGA and PGV data either as a table or directly 

constructed graphs (Figure 15). 

Such materials are of interest when discussing site effects (local 

amplifications). As it can be noticed from the selected data, it is not 

the closest point to the epicenter (namely the station with the code 

NP8007 positioned at a distance of 52.3Km), to record the strongest 

PGA and PGV values.  The highest values were recorded at the station 

NPARTY positioned at about 59.5km far from the earthquake 

calculated epicenter.  

Seismic hazard and risk asessment are advanced topics that require 

a strong background of knowledge in the field of seismology and geology, 

as well as specific software for processing the data and considered 

scenarios. An open source application that allows class exercise to 

compute seismic hazard and seismic risk of earthquakes on a global scale 

is the application - OpenQuake Engine DOI: 10.13117/openquake.engine 

(https://platform.openquake.org/ calculate/). 

 

 

Figure 16 - Captures from EFHR- - edition 2022-  portal with interactive 

hazard maps of Europe with a probability of exceedance of 10% in 50 

years (i.e., return period of 475 years) and hazard curves for 3 locations  

(spectral acceleration at 0.3 s, on rock site). 

https://platform.openquake.org/%20calculate/
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However, most of the available web-resources offer the “final 

products” in the form of interactive maps or even data to be 

downloaded (for being later used in programs that allow data 

interpolation). Recently, there became available some possibilities of 

performing additional exercises on this topic, to go beyond the simple 

visualization of the risk in a region based on a given/read value.  

In order to demonstrate and to support the teacher-student 

interactions on this subject (even for the cases when students are not 

familiar with seismic data processing software), some laboratory 

activities can be performed directly on one of the platforms resulted 

in the frame of the cooperation program named “European Plate 

Observing System”  The EPOS ICS Data Portal (https://www.epos-

eu.org/dataportal) can be used to explore the available datasets, is 

freely accessible to all users, and authentication is only required to 

access more features (e.g. personal workspace). Due to the complexity 

and broadening of the domains represented in EPOS, each thematic 

service also developed community portals that complement the 

landscape on specific important topics. An example is the European 

Facilities for Earthquake Hazard and Risk (EFEHR), which recently 

released an update of the earthquake hazard model and the first 

earthquake risk model for Europe. Elaborated and documented by 

research teams across Europe, the 2020 European Seismic Hazard 

(Danciu et al., 2021) and Risk Models (Crowley et al., 2021, Crowley et 

al., 2022) offer a valuable reference upon which to base mitigation 

decisions to create more resilient communities but also to support 

teaching process trough provided data and additional materials 

(http://www.efehr.org/explore/Downloads-information-material/). 

The interface of EFEHR- edition 2022- allows retrieving the 

hazard map (Figure 16) and also provides access to interactive tools 

such as Hazard Spectra and Hazard Curves on specific sites 

(http://hazard.efehr.org/en/home/) as well to perform comparisons 

based of hazard curves for selected locations. Available for work is the 

latest released hazard model - European Seismic Hazard Model 

(ESHM20) based on information about past earthquakes, geological 

https://www.epos-eu.org/dataportal
https://www.epos-eu.org/dataportal
http://www.efehr.org/explore/Downloads-information-material/
http://hazard.efehr.org/en/home/
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and tectonic setting, and ground motion models. Depending on the 

needs, the parameters of interest can be tuned, and the hazard map 

can also be downloaded as a zip-compressed ESRI shape file.  

An example of the Global Seismic Risk Model and Europe Seismic 

Risk index map is provided in Figure 17, showing a qualitative risk 

index for different sites across Europe, together with all the 

information needed to understand the results: general information, 

citation, definitions, and disclaimer.  

 

 

Figure 17 -  OpenQuake Map viewer  presenting the Global Seismic Risk 

Model (a) and EFEHR platform presenting the seismic risk index that 

has been calculated using the European Seismic Risk Model (ESRM20). 

 

For the earthquake risk mode, besides the map itself (Figure 17), 

exposure information can also be retrieved  (population and 

buildings). Based on reports available from the strong earthquakes 

that occurred in the past 40 years in regions from Europe, there were 

prepared scenarios comprising the losses one could expect if the past 



220 

damaging earthquake would repeat.  The 2020 European Seismic Risk 

Model (ESRM20) was computed using the earthquake hazard, soil 

conditions, exposure, and vulnerability. All these data (risk, exposure, 

earthquake scenario losses, European Seismic design levels, and site 

response model) are available to be explored on the following 

interface: https://maps.eu-risk.eucentre.it/page/1#maps, presented in 

Figure 18. 

 

 

Figure 18 - Examples of  interactive maps of seismic risk model 

components available on the risk (EFEHR platform). 

 

Tutorials are also available for both hazard and risk. All the 

information needed to visualize and understand the impact of 

earthquakes in Europe was gathered and organized in an interactive 

and easy-to-grasp platform. Moreover, professional users can explore 

advanced interfaces and more customized maps, and all the input files 

https://maps.eu-risk.eucentre.it/page/1#maps
https://maps.eu-risk.eucentre.it/page/1#maps
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of the models have been released on the EFEHR GitLab repository: 

https://gitlab.seismo.ethz.ch/efehr/eshm20 

 

CONCLUSIONS 

What lead to the development and implementation of 

monitoring systems of various parameters worldwide was the 

necessity to gather more knowledge on the triggering mechanism of a 

certain type of hazard (main hazard), to observe and analyze 

secondary (triggered) hazards, to evaluate the effects within the local 

geological setting and build-up environment, to monitor the hazards 

and eventually to demonstrate the functionality of a method to 

predict (within a range of space and time) the main hazard 

occurrence. Then, a second part of the challenge was to collect and 

curate the data into a standardized mode, make it available, and 

provide easy-to-use tools for enhanced 2D or 3D selected data 

visualization and analysis. 

The culture of outreach and the dissemination of science 

through dedicated tools has a long history in the American scientific 

community, an important role being played by the federalized 

approach and understanding that the advancement of science and 

research results can genuinely achieve impact if they are brought to 

the attention of all stakeholders. This made some of the best 

teaching materials in the field of seismology to be provided by  the 

US-related research institutes. However, in the last 10 years an 

initiative has emerged at the European level, and we are now closer 

to the moment of having an  infrastructure that facilitates the 

integrated use of data, data products, and facilities from the solid 

Earth science community in Europe in the frame of EPOS portals 

(https://www.seismicportal.eu/). 

The existence of international and European platforms and tools 

for data, products, and integrated services access does not exclude the 

need for national portals. Their implementation roadmap prepares 

data and products for European / international portals integration. 

https://gitlab.seismo.ethz.ch/efehr/eshm20
https://gitlab.seismo.ethz.ch/efehr/eshm20
https://gitlab.seismo.ethz.ch/efehr/eshm20
https://www.seismicportal.eu/
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They serve a community that often fails to learn about the long list of 

tools available. It justifies the need for NRI support as the starting 

point for any integrative initiatives. For example, there are large 

numbers of  seismological institutes (listed here https://www.emsc-

csem.org/Earthquake/index_tensors.php)  that provides Moment 

Tensors solutions to the EMSC. 

Besides these, it is worth acknowledging the contributions of 

several entities with initiatives for developing a low-cost seismic 

network for students and other citizen education purposes such as 

Quake-Catcher Network (https://quakecatcher.net/index.php/)  and 

RaspberryShake (https://shakenet.raspberryshake.org/), and the 

program of  USGS “Volunteer to Host a NetQuakes Seismograph” 

(https://earthquake.usgs.gov/monitoring/netquakes/signup) looking 

to find hosts (private homes, businesses, public buildings and schools) 

in certain urban areas for digital seismographs as an attempt to 

increase the number of records from dense urban areas as an aid to 

better understand local site effects and retrieve accurate data 

necessary for building earthquake resilient constructions.  
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