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Based on the data of the earthquake catalog in Azerbaijan and adjacent areas from 
2010 to 2023, a procedure for dividing earthquakes into clusters was developed using 
the DBSCAN algorithm for Python. In the process of dividing into clusters, a number 
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Introduction. Studying the patterns of 
earthquake location and their periodicity and 
intensity is an urgent task given the danger 
and consequences that earthquakes cause 
to people, buildings, structures, and various 
infrastructure facilities. This knowledge is im-
portant for understanding how earthquakes 
occur and is also an integral part of the theo-
retical basis for seismic hazard assessment 
methods [Scitovski, 2018]. It is well known 
that earthquakes happen in areas located on 
the boundaries of tectonic plates and faults 
[Scholz, 2019]. These areas should be con-
sidered as complex systems, and such an ap-
proach to their study has recently become 
quite widespread. The dynamic behavior 
of complex systems is described by statisti-
cal methods. Many models and approaches 
to studying dynamic processes in complex 
systems have been developed [Holovatch et 
al., 2017]. One of the most rapidly develop-
ing methods is the cluster analysis method, 
which allows one to group data of seismic ob-
servations algorithmically, reducing the pro-
cedure’s subjective [Georgoulas et al., 2013] 
component.

Objects and Methodology. In this rese
arch, we deal with earthquakes in the Cauca
sus region characterized by strong seismicity 
[Tsereteli et al., 2016; Semenova et al., 2024]. 
In particular, we consider the spatial patterns 
of earthquakes in Azerbaijan and adjacent ar-
eas from 2010 to 2023. The earthquake cata-
log is clustered using the DBSCAN algorithm 
[Scitovski, 2018]. The Silhouette index is used 
for quality control as it provides the optimal 
number of clusters. The clustering result is 
not unique, so a similarity index, i.e. the Ad-
justed Rand Index (ARI), is used to compare 
different partitions.

Results and discussion. Using the catalog 
[ISC, 2024], the set of earthquakes containing 
6201 readings is extracted. We will use a seis-
mic event’s latitude, longitude, and depth. To 

of indicators were used that allowed optimizing the number of clusters and the number 
of earthquakes in the clusters. A comparison of the location of earthquake clusters with 
tectonic faults in this region demonstrated their high correlation.
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get better results, it is recommended to that 
the data be pre-processed. To do this, we scale 
not all variables but only the depth according 
to the relation j j j

j
Z z z= ∑ . The number of 

earthquakes with a magnitude greater than 
5.5 was also extracted from the catalog. The 
epicenters of earthquakes are located be-
tween 38° and 42° N and 45° and 50° E. The 
spatial patterns of the selected earthquakes 
are shown in Fig. 1, a, where the earthquake 
depth is marked in color. For the cluster anal-
ysis, we use the DBSCAN algorithm. It is a 
density-based procedure governed by two in-
trinsic parameters — ε and min_samples. This 
algorithm does not require the pre-definition 
of several clusters and can identify clusters of 
arbitrary shapes. This is especially important 
for seismic analysis. The result of DBSCAN’s 
work is the set of clusters accompanied by a 
set of unclassified points (noise points). The 
cluster testing procedure is implemented us-
ing the sklearn.cluster in Python.

Thus, selecting the parameter ε  from the 
range (0.1; 1.1) with a step of 0.1 and the pa-
rameter min_samples from the range (25; 151) 
with a step of 10, we evaluate different par-
titions of the catalog into clusters. A valida-
tion index was applied to roughly evaluate the 
clustering results. Among many indices, we 
choose the Silhouette Index (SI), which ap-
proaches maximum when all clusters are well 
separated and dense enough. It varies from ‒1 
(poorly classified elements) to 1 (perfect clus-
tering). According to the dependence of SI on 
the number of clusters (Fig. 1, b), SI grows for 
the small number of clusters, achieves its local 
maximum at 5 clusters, and then decreases. 
Note that the same number of clusters can 
be evaluated for different parameters and 
min_samples.

Omitting the cases of the small number of 
clusters, let us consider the partitions with 
5―8 clusters in more detail. The DBSCAN’s 
parameters for themare written in Table.
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Like most indices, SI cannot conclusively 
confirm the correctness of clustering due to 
its limitations. Therefore, we deal not only 
with cases when SI reaches a maximum but 
also with cases close to it.

In particular, for N=6 and N=7, we only take 
cases with maximal SI because SI is not high 
enough (for N=6) or SI is positive for a single 
case (N=7). When we consider the partitions 
containing five clusters (N=5), we analyze the 
case labeled lb_88 and, in addition, cases that 
satisfy the constraint SI >0.1. There are four 
such cases, as shown in Fig. 1, b. Similarly, 
considering the partition consisting of N=8 
clusters and the constraint SI >0.2, we obtain 
9 cases.

To quantify the differences between the 
four partitions selected for N=5, we apply ARI, 
which measures similarity between two clus-
terings. This can help us to reduce the num-
ber of partitions that need to be separated. 

ARI ranges from ‒0.5 (especially discordant 
partitions) to 1 (identical partitions).

The results of ARI evaluation for a pair of 
clusterings are presented in Fig. 2, a in the 
matrix form. The captions of the rows and 
columns refer to the partitions for which ARI 
is evaluated. The evaluated ARI is in the cor-
responding cell. Thus, ARIs for identical par-
titions are equal to 1 and depicted in dark 
colors, while other combinations yield smaller 
ARIs and are represented in lighter. We see 
that for the pair lb_88 and lb_79, the ARI is 
0.668; for the pair lb_75 and lb_73, the ARI 
is 0.981.Therefore, the selected partitions are 
highly similar. Other pairs are less similar 
since their ARIs are around 0.3.

In the same way, the 9×9 ARI matrix is cal-
culated for partitions of eight clusters (N=8) 
(Fig. 2, b). Note that all ARIs are greater than 
0.54 (thus, the selected partitions are highly 
similar).

Thus, we select the partition lb_88 for N=5, 
the partition lb_62 for N=7, and the partition 
lb_81 for N=8. We map these cases (Fig. 3), 
where the noise points are eliminated. In ad-
dition, the map also shows the network of 
faults and locations of the strongest earth-
quakes (M>5.5). Analyzing Fig. 3, we can con-
clude that the sections correlate well with the 

Fig. 1. The distribution of the earthquake epicenters in the selected region (a). The color bar marks the depth of 
earthquakes from 0.1 km (dark color) to 90 km (light color) (b). The dependence of SI on the number of clusters. 
Here, lb_88 and lb_81 mark the clustering cases.

The parameters of the DBSCAN algorithm

N 5 (lb_88) 6 (lb_74) 7 (lb_62) 8 (lb_81)

ε 0.4 0.3 0.3 0.4

min_sam-
ples 145 145 85 105
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fault network and the distribution of strong 
seismic events.

Conclusion and perspective. In this re-
search, the earthquake clustering procedure 
is developed using cluster analysis tools. In 

particular, earthquakes in Azerbaijan and 
adjacent areas from 2010 to 2023 were con-
sidered. The catalog of earthquakes as a da-
taset of elements characterized by longitude, 
latitude, and depth was divided into clusters 

Fig. 2. Adjusted Rand Index for the 5-cluster partition (a) and 8-cluster partition (b).

Fig. 3. The partitions containing 5 (a), 7 (b), and 8 (c) clusters. The solid curves mark faults. Black bullets corre-
spond to the region’s strongest earthquakes (M>5.5).
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via the DBSCAN algorithm. The application 
of the algorithm provides a variety of parti-
tions into clusters depending on the intrin-
sic algorithm’s parameters. To validate the 
DBSCAN results, the Silhouette Index was 
used to identify the appropriate clusterings 
with maximal Silhouette Indices. After this, 
the final clustering of the earthquake cata-
log is still not unique. The further applica-
tion of the Adjusted Rand Index showed that 
some partitions are similar and almost indis-
tinguishable. Another auxiliary criterion for 
determining the correct clustering of earth-

quakes is based on comparing the location of 
the clusters with the structure of faults and 
the locations of strong earthquakes with a 
magnitude of more than 5.5. In consequence, 
a reduced number of earthquake clusterings 
was obtained.

The results can be used to identify par-
ticularly dangerous seismogenic zones and 
determine the type of seismicity [Taroni et 
al., 2024] and the geometry of faults in cluster 
areas. They can also be used to perform risk 
assessments and clarify the statistical regu-
larities of earthquake sequences.
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кластерів і кількість землетрусів у кластерах. Порівняння розташування кластерів 
землетрусів з тектонічними розломами в цьому регіоні продемонструвало їх високу 
кореляцію.

Ключові слова: землетруси, Азербайджан, кластеризація, алгоритм DBSCAN, 
мережа розломів.


