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Abstract  

The practical application of satellite interferometric SAR 

images for determining the vertical displacement of the soil 

after a strong earthquake in Zagreb in 2020 is presented. The 

area affected by the terrain displacements was compared with 

the tracks of transmission lines for a rapid assessment of their 

endangering and placing them properly on the list of priorities 

for in-situ damage checking. In addition to the possibility of 

using open source satellite imagery, such as ESA Copernicus, it 

is proposed to use dedicated commercial fine time resolution 

satellite imagery that can be used operationally during 

earthquake rescue and remediation actions. 
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I. INTRODUCTION (HEADING 1) 

Zagreb is the capital of the Republic of Croatia with more 
than 800,000 inhabitants, or about a quarter of the total 
population of Croatia, so that the population density is higher 
than 200 inhabitants per square kilometre. In addition, 
Zagreb is the largest centre of economic activity in the 
country and the seat of the government and major state 
institutions. Due to all of this, a good and uninterrupted 
electricity distribution is critically important for Zagreb as a 
city. 

 Unfortunately, Zagreb is located in one of the most 
seismically active areas in Croatia. After a strong earthquake 
that occurred in January 2015 in the area of Markuševec, on 
the slopes of Zagrebačka gora (Medvednica Mountain), the 
same area was seismically active on March 22, 2020 [1]. The 
latest earthquake had a magnitude of 5.5 on the Richter scale 
and caused damage to more than 25,000 buildings with 
damage estimated to more than 11.5 billion euros. In the 
quake, twenty-seven people suffered serious injuries and one 
person died of wounds. It was the second strongest 
earthquake in the history of Zagreb, only the one dated 1880 
with a magnitude of 6.3 on the Richter scale was stronger. 
The good organization of the city and government services, 
including the superb self-organization of citizens and 
professionals, proved to be at work. They immediately 
approached the damage assessment and the rapid re-
establishment of critical infrastructure, among which the 
highest priority was given to electricity distribution [3]. 

Given the scope of work on assessing damage to 
electricity distribution infrastructure, any method to expedite 
the assessment was welcome. In this paper, we focused on 
the possible endangerment of the high voltage electricity 
distribution network located in the area of the Medvednica 
Nature Park, on Zagrebačka gora, a mountain north of 

Zagreb with the highest peak of 1033 meters. High-voltage 
(110 kV) transmission lines extend along the south-western 
and northern slopes of the Medvednica. In the event of an 
earthquake, transmission towers are endangered in two ways: 
by a direct earthquake stress and by the dislocation of the 
terrain, which can cause the transmission tower to deviate 
from the vertical and consequently disturb its statics. It is this 
second effect that requires a delicate and time consuming 
professional examination. The entire trace of the 
transmission line must be surveyed and the deviation of the 
transmission line poles from the vertical must be measured 
by geodets. The collapse of the towers itself does not have to 
occur immediately, but after some time depending on the 
fatigue of the material and additional effects, such as strong 
wind or ice. Recent technologies, such as interferometric 
SAR (Synthetic Aperture Radar), allow relatively rapid 
determination of soil displacement after earthquakes, 
landslides or floods. The biggest advantage of this 
technology is that it is public good; satellite imagery and 
processing software are available through the European 
Copernicus program [2]. 

II. METHODOLOGY 

The InSAR method, used in this paper, has already been 
widely applied in geodesy and is based on the phase 
difference of a radar signal reflected from a surface to two 
satellite images. Thanks to the possibility of very precise 
determination of the orbit of satellites with SAR sensors, as 
well as accurate measurement of time, using this method it is 
practically possible to determine the displacements of the 
Earth’s surface in the millimetre’s order of magnitude [4].  

The source of the satellite images was the Copernicus 
Open Access Hub where two SAR images were obtained 
from the ESA’s Sentinel 1A satellite [5]. A pair of images 
was chosen so that the first shows the state before the 
earthquake and the second the state after the earthquake. 
Given the satellite’s orbital parameters, a pair of images 
taken on March 16, 2020 and March 28, 2020, six days 
before and six days after the earthquake, were used. 
Theoretically, using a pair of Sentinel 1A and Sentinel 1B 
satellites, a time resolution of six days can be achieved. By 
using commercial SAR images, for example obtained from 
COSMO-SkyMed satellites, a much better time resolution of 
just six hours can be achieved, making it an ideal choice for 
early detection of earthquake effects. Sentinel 1 SAR images 
used in this work were recorded in IW (Interferometric Wide 
swath) mode with a sensor swath of 250 km and a spatial 
resolution of 5 x 20 m in single VV polarization were used 
[9]. The SAR sensor on the Sentinel 1 satellite operates in the 
C band (5.405 GHz) so that it is not possible to detect 
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transmission lines. Therefore, the focus of the work was on 
the detection of vertical displacement of the terrain and on 
the indirect effect on the statics of transmission line poles. 

Several factors affect the phase shift of the radar signal, 
the most important of which is that resulting from the 
interaction with the earth's surface [6][7]. The process of 
processing SAR images, with the help of a high-resolution 
digital terrain model, proceeds in fourteen steps, the strongest 
intermediate result of which is obtaining interferograms and 
coherence [10]. Despite the relatively small magnitude of the 
earthquake, the area where the vertical displacement of the 
soil occurred could be detected on the interferogram (Figure 
1).  

 

Figure 1 Interferogram after Goldstein Phase Filtering on raw InSAR scene,  

before geocoding and  smoothly difference in phase across interferogram 

removed; rounded area of slight vertical displacement is detected. 

The raw interferogram carries a significant proportion of 

noise, especially on successive images obtained after 

approximately one week. Common causes of this noise are 

atmospheric effects and the phenological cycle of vegetation 

and they cannot be easily removed [11]. This temporal 

correlation affects the accuracy in determining the phase shift 

and can be partially removed by averaging, trading phase 

shift for the spatial resolution in a process called “complex 

multi looking” [12]. Coherence was determinated as the 

scattering properties of target area when the random noise 

was eliminated. During processing of the Zagreb earthquake 

image pair, the mean coherence was determined as medium 

0.445 (Figure 2). 

In general, digital processing of SAR images is 

demanding but at the same time well known and 

standardized. Using modern PCs with 4 to 8 cores, at 

frequencies higher than 3 GHz and with memories of 8 GB 

and more, the complete processing, excluding downloading 

satellite images from Copernicus Hub, takes just several 

hours. This makes it practically applicable in crisis situations. 

 
Figure 2 Coherence mesured on Sentinel 1 pair, average coherence is 0.445, 

image is now geocoded. 

III. RESULTS 

The goal of this work was to achieve practicality in 
assessing the vulnerability of the transmission line network 
due to earthquakes. The degree of endangerment of 
transmission line routes, primarily due to soil displacement, 
had to be assessed in an economical way. The use of open 
source satellite imagery has already shown the justification 
for such an approach. The good geographical position of the 
Republic of Croatia, which enables the repetition of SAR 
images with a time resolution of less than one week, also 
significantly contributes to this. Digital terrain models for 
Croatia are available and can be obtained as open data. 

The terrain map with plotted transmission line routes and 
the area where the change in terrain height was measured 
(Figure 3) is ready for a qualitative assessment of the threat 
to the transmission line routes. At first glance, the 
transmission line routes, which are located on the northern 
and southwestern slopes of Medvednica, are not endangered 
by raising the soil level by +3 cm, which was measured in the 
area near the epicenter of the earthquake. This information is 
the basis for placing the transmission line route overview low 
on the priority list of tasks for the reconstruction of damaged 
infrastructure. Significant resources, which are urgently 
needed to assess staffing on other infrastructure, can thus be 
redirected to assigned priorities. 
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Figure 2 The Medvednica mountain, just north of Zagreb city with 110 kV power lines and vertical displacement due to March 22 2020 earthquake 

superimposed; around epicenter vertical displacements up to +3 cm were recorded but affected area is far away from power lines on the SW and N sides of 

the Medvednica mountain to be affected (RP is switchyard and TS is transformator station). 

 

 The Ministry of Defence of the Republic of Croatia is 

participating in a project launched by the NATO Science and 

Technology Organization (NATO-STO) aimed at using open 

and commercial SAR images to support the conduct of 

NATO operations, both wartime and peacetime [8]. 

Experience and knowledge, both technical and operational, 

related to the GEOINT support to the planning and 

management of operations, will be proposed in the creation 

of a national IMINT / GEOINT support centre. Through the 

work of this centre, future experts in remote sensing and GIS 

will be educated and developed, and our society will develop 

an operative unit for action in crisis situations. 
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