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ABSTRACT 
 

The availability of Earth Observations (EO) in a very 
short time in the case of natural and anthropogenic disasters 
is a crucial element in the early warning process, for 
immediate assistance to the population, as well as for the 
possibility for later analysis and scientific studies. The 
combination of advanced technologies for Earth 
Observation, standards for the use of geospatial information 
and Software As A Service (SAAS) infrastructures for the 
use of datasets and analysis tools, can be the key to success 
for both the processes of disaster management and for 
scientific analysis.  

The geoSDI laboratory of the Institute of Methodologies 
for Environmental Analysis (IMAA) of the National 
Research Council (CNR) of Italy, center of competence for 
Spatial Data Infrastructures of the Italian National Civil 
Protection, has developed a workflow that includes EO 
products, Open Geospatial Consortium (OGC) standards 
and geoSDI infrastructure SAAS. It allows the immediate 
availability of time series and control tools for the 
reproduction of events.  

This combination of technologies has been put to the test 
during the Haiyan typhoon in the Philippines and will also 
be used in the Sentinel-1 Program, in collaboration with the 
Institute for Electromagnetic Sensing of the Environment 
(IREA) of the CNR . 

Furthermore, the solution was also applied from data 
derived from ground stations, demonstrating the flexibility 
of the methodology and infrastructure realized; adaptable to 
many situations. The origin of the data is not as important as 
the semantics of the data itself, which have significant 
characteristics in the time dimension. 
 

Index Terms— Earth Observation Products, Big Data, 
Time Series, Spatial Data Infrastructures, Automatic Data 
Ingestion, Sentinel-1 
 

1. INTRODUCTION 
 
Satellites provide a unique perspective for monitoring 
natural hazards, providing both global and regional 

information to support analysis and forecasts, as well as 
decision-making activities of emergency management 
personnel. There are many different actors involved in the 
Disaster Risk Management process at local, regional, 
national, and international levels. Their capacity to integrate 
technology and information changes on a geographic and 
developmental basis, and their different mandates determine 
the nature of their varying needs for data and information. 
There is nothing that planning can do to reduce the number 
and severity of hazards. Ultimately however, while less 
prominent in the eye of the media, the integration of 
relevant, timely and comprehensive datasets into disaster 
mitigation activities will be the largest contributing factor to 
reducing the loss of life and damage to property. Improved 
understanding of risk and risk extent, improved planning, 
better preparedness and systematic efforts towards risk 
reduction based on long-term development and 
environmental concerns will ultimately achieve the goal of 
reducing the number and scale of actual disasters caused by 
hazards. Geospatial data has relevance not only in the spatial 
dimensions, but it is also crucial for its specific time 
referencing. Both in terms of preparedness and prevention, 
and in terms of a posteriori analysis, it is important to assess 
the evolution of a phenomenon over time. 
The complex system developed by the geoSDI laboratory 
allows us to manage time series of satellite data and 
products, starting from ingestion and preprocessing of data, 
the provision of information through OGC standards, to the 
reproduction of temporal sequences of the observed 
phenomenon. 
 

2. THE HAIYAN TYPHON USE CASE 
 
Typhoon Haiyan, one of the most powerful storms on 
record, hit the Philippines at about 09:00 local time (01:00 
GMT) on 8th November 2013. At landfall, the storm had 
sustained wind speeds of 145mph (234 kph), with gusts of 
up to 170mph/275kph, making it one of the most powerful 
storms ever to make landfall. The Joint Research Centre 
(JRC) of the European Commission made public a number 
of geospatial information as soon as it was possible, 
available to European programs (such as Copernicus), 



research centers and practitioners in disaster risk 
management. Of particular interest to the discussion 
introduced, was the data on maximum storm surge height, 
provided as a netcdf file containing 212 different samples 
for the passage of the typhoon. This information is a time 
series of high value for the assessment of the impact of the 
typhoon as well as for the study of the dynamics of the 
phenomenon. 
 
2.1. Workflow description 
 
In this unfortunate occasion it was possible to test the entire 
chain from acquisition of raw data, its preprocessing (from 
which 212 GeoTIFF files were extracted), the configuration 
of a temporal layer and the adoption of SAAS tools for the 
analysis and reproduction of the phenomenon. 
The processing chain has therefore netcdf extracted from the 
time series of covers GeoTIFF, recovering from the 
metadata including the temporal information that has been 
assigned as a regular expression in the name of each 
GeoTIFF file. A particular mosaic was produced in this 
way, in which each element has the same spatial extent 
(bounding box), and a match to its GeoTIFF for each sample 
time. This allows to use the archive as a source for the OGC 
WMS service and to apply a specific query parameter for 
obtaining the time sample of interest or for the reproduction 
of the entire phenomenon. 
The overall schema is shown in Figure 1 
 

 
 

Figure 1 -  Logic Schema of the system 
 
 
2.2. SAAS software module based on Geo-Platform 
Framework 
 
On the other hand, the development of a particular software 
module implemented by Geo-Platform framework, has 
provided the opportunity to analyze the time series, 

selecting the start and end timestamps, as date-time 
parameters or as a sample identifier in the time series. 
In order to know the actual values of timestamps and to 
carry out the identification of samples, the software module 
interacts with a stack of services. 
Through the graphic interface of the module, the analyst 
may shorten or extend the time window of interest and can 
use the buttons to start playback of the sequence [Figure 2]. 
The software performs well WMS requests to the server, 
passing as parameter the values of timestamps. 
 

 
 

 
 

Figure 2 -  Graphic User Interface for interval selection 
and series reproduction 

 
 
 
3. FLEXIBLE METHOD: THE USE CASE OF DATA 
FROM GROUND STATIONS (ITALIAN NATIONAL 

SEISMIC NETWORK) 
 
The date of birth of the Centralized National Seismic 
Network (RSNC) of the National Institute of Geophysics 
and Vulcanology (INGV) is the 1 January 1980, at which 
time the signals of the 7 stations came from the 
Seismological Observatory of Monte Porzio Catone via 
telephone connection. 



Today, the INGV operates more than 300 seismic stations 
all over the country. This allows seismologists, present    
24h /7 in the Hall of Seismic Monitoring in Rome, to 
determine the preliminary hypocentral parameters of 
earthquakes in less than 2 minutes and a final determination 
on average in 12 minutes. The current network permits to 
locate more than 10,000 earthquakes each year and have a 
minimum threshold of the magnitude of the earthquakes 
located to be considerably low; in this situation the 
magnitude of completeness is Mc = 1.6, namely it is 
estimated that the network is able to record earthquakes with 
magnitude even below of ML = 1.0, but that the data is 
complete for earthquakes above ML = 1.6. 
 
The availability of this huge amount of data (which includes 
information about location and time) opens the way for a 
system performing real time monitoring and early warning.  
 
A technique similar to the previous case has been tried and 
implemented, so that new earthquakes recorded by the 
seismic network can be provided as a WMS service and 
displayed in a display system in overlap with other 
information.  
 
The logic schema is quite the same: geospatial services 
WMS are built on the geodatabase collecting the data from 
the national seismic network. Data has both the time and the 
position information and, therefore, services for time series 
mapping can be built exactly like the case of satellite data 
shown in the previously used case. 
 
This shows the great flexibility of the solution, that is 
applicable both to data collected by satellite observations, 
and to data acquired by the ground stations. 
 
To get an instant view of the last recorded event (and thus 
have an early warning projection on the map) a system has 
been designed to refresh the layers in the map, based on the 
exchange of XMPP messages from the client to the server.  
The user can define a refresh rate [Figure 3]: for example, 
every 5 seconds, the layer is automatically refreshed and the 
position of the last seismic event recorded is highlighted.  
 

 
 

Figure 3 -  Refresh Rate Selector 
 
Figure 3 shows how to set the refresh rate for a layer. In this 
case the user is selecting a rate of 5 seconds, so the last 
seismic event layer is automatically refreshed on the map 
and, if a new earthquake is detected from the seismic 
network, the point is highlighted (red circles in the map). 
 

 
 

Figure 4 -  Highlight on the last event and relative 
information 

 
 
The time series of earthquakes can then be queried by 
setting time intervals: in this way it is also possible to 
reproduce the sequence of events and control it with a 
player.  
 



 
 

Figure 5 -  Seismic events Layer without time filters 
 
The figure above [Figure 5] shows all the seismic event of 
the past 2 years. The time series can be queried by selecting 
a time interval and all the events in the range can be 
“reproduced” on the map and played in sequence [Figure 6]. 
 

 
 

Figure 6 -  Time Series reproduction (ground stations 
data) 

 
This reproduction of the sequence can be used for purposes 
of ex post evaluations, both for the study of the relationships 
between earthquake and damage caused, and for emergency 
planning related to seismic risk and other scientific studies. 
 

4. FUTURE WORK ON SENTINEL-1 DATA 
 

The Sentinel satellites are developed by ESA in the 
framework of the European program Global Monitoring for 
Environment and Security (formerly GMES, now 
COPERNICUS).  

The COPERNICUS program uses accurate and timely 
data to provide key information to improve the governance 
of the environment, contribute to mitigating the effects of 
climate change and ensure civil security.  
Because of the dramatic importance of the availability of 
reliable data for the success of the COPERNICUS program, 

ESA is developing five specific families of Sentinel 
satellites. 
Sentinel-1 is a two satellite constellation with the prime 
objectives of Land and Ocean monitoring. The goal of the 
mission is to provide C-Band SAR data continuity following 
the retirement of ERS-2 and the end of the Envisat mission. 
The geoSDI Lab of the IMAA-CNR, in collaboration with 
the IREA-CNR, is already working to apply the same 
workflow and the same technologies to the data of Sentinel-
1, taking the temporal information from the metadata of 
each acquisition, as soon as the commissioning phase will 
be completed. 
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