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Abstract—Geographic data and remote sensing have become sophisticated tools for 

obtaining knowledge on natural hazards of meteorological origin. In many cases the 

impact of disasters can not be prevented, however, efficient mitigation strategy and rapid 

response can reduce losses and damages in emergency situations. In addition, climate 

change is expected to increase the magnitude and frequency of natural hazards like 

extreme precipitation, floods, hurricanes, droughts. This paper aims at demonstrating the 

potential of satellite image analysis and Geographic Information Systems (GIS) for 

assisting disaster management before and during catastrophic events. Furthermore, it 

describes application of remote sensing to support climate change impact assessment on 

hydrological cycle in sensitive arctic regions. Divers applications in Hungary and around 

the world will illustrate the capabilities of the technology. Operational and scientific 

advantages of the practice will justify the use of geographical data in managing natural 

hazards with origin in meteorology. Not only for analyzing the hazard with an element at 

risk method but also for estimating the vulnerability factor accounting for physical and 

socio-economic resilience of the affected area. 

 
Key-words: natural hazards, satellite imagery, GIS, flood mapping, flood detection, arctic 

region, climate change impact, river ice break-up 

1. Introduction 

The rapid economical and social development of our ages appears to increase 

the number of total deaths caused by natural disasters of meteorological origin. 

Hydrological hazards are causing 40% of the damages globally each year. 

Although some catastrophes can not be avoided, the social-economic impact of 

natural risk may be reduced by enhancing the effectiveness of disaster 

management. The security of the residents on floodplains is highly determined 
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by finding the appropriate mitigation approach to reduce vulnerability. The 

state-of-the-art technology of remote sensing and Geographic Information 

Systems (GIS) can respond to this need by delivering accurate spatial 

information before, during, and after the disaster (Kovács, 2010). 

During a natural disaster of meteorological origin, great amount of spatial 

information need rises. Where did the disaster strike? What is the extent of the 

disaster, what is the magnitude of the event? Who was affected? Where and how 

to execute emergency operations? Where to set up evacuation shelters? 

Traditionally, all these questions may be answered by extracting information 

from analogue printed maps. However, the state-of-the-art technology of GIS 

and remote sensing can respond more sophistically to this spatial information 

need. For this reason during the last decade, several Earth observation satellite 

sensors were launched with the specific aim to assist disaster management and 

hazard awareness. Not only to improve knowledge of the flood hazard before 

the disaster happens but also to assist disaster response when the disaster strikes. 

A great number of advantages are related to the use of satellite imagery in 

disaster management: 

 far, inaccessible areas can be monitored without the need of field 

observations; 

 images can be acquired with high revisit frequency – in specific 

cases almost in near real-time; 

 data can be obtained large-scale with a unique observation 

method. 

 

All these advantages facilitate the technology to play a significant contribution 

in fulfilling the geographic information need of hazard assessment and disaster 

management. Remote sensing not only plays a role after the disaster strikes, but 

assists research to reduce the negative effect of flood hazard in a pre-disaster 

situation too. 

In this paper, first, an application will be described in details assisting flood 

disaster response. Then the use of satellite technology for flood hazard 

mitigation and climate change impact assessment will be discussed. 

2. Flood disaster response with satellite imagery and GIS 

The use of remote sensing tools for flood disaster mapping dates back to the 

early years of the first optical satellite systems like the Multi-Spectral Scanner 

(MMS) in the 1970` and 1980`. With the technical development of our age, 

several satellite systems were put on orbit lately with the aim to assist not only 

Earth observation but, especially, to obtain information during crisis situations. 

The Moderate Resolution Imaging Spectroradiometer (MODIS), a low 
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resolution (250 m) NASA satellite is playing a key contribution in disaster 

applications. The two platforms carrying MODIS sensor on board the Aqua 

(launched in 2002) and Terra (launched in 1999) platforms are monitoring the 

Earth every day with an almost full coverage of its complete surface. It has the 

significant potential to enable observing and updating information on crisis 

situations every day. Data can be obtained on no charge basis. Furthermore, near 

real-time data is available some hours after acquisition, which can assist rapid 

response to crisis situations. Orbital swath images are available approximately 

2.5 hours after observation from NASA’s LANCE data centre (LANCE, 2011). 

For all the above advantages, MODIS is playing a unique contribution to 

map natural disasters, especially to monitor the evolution of floodplain flooding 

from day to day. Therefore, numerous applications have flourished in the past 

using MODIS images to assist disaster mapping (Zhan et al., 2002; Thenkabail 

et al., 2005; Sakamoto et al., 2007). One of the major contributors of flood 

mapping is the Dartmouth Flood Observatory (Brakenridge et al., 2005). A 

global flood atlas has been developed at DFO for major floods from 2000 to 

recent based on optical MODIS imagery.  

During the large-scale inundation in Southern Africa at the beginning of the 

year 2001, flood mapping was carried out with the assistance of the author at the 

German Aerospace Center (DLR) too. Heavy long lasting rainy season starting 

in early January lasting several months was causing above normal flood peaks in 

the River Zambezi in Mozambique. The serious flood disaster was leading to 

over 100 deaths and 90 000 displaced people in the river basin. Information on 

flood hazard from satellite sensors was combined with spatial data on 

vulnerability. Resulting maps could assess the magnitude of damages and losses 

in the disaster. Consequently, they could help to reduce uncertainties in problem 

solving and improve decision making for stakeholders involved in the 

emergency response. 

The assessment of the crisis situation in the Zambezi valley is a good 

example of how spatially related information combined with satellite images and 

digital maps can help in emergency situations. MODIS imagery was used to 

obtain information on the inundation extent (Fig. 1). After acquiring satellite 

data, geometric distortion was corrected using orbital reference data. 

Classification of inundated areas was carried out using the 250 m highest 

resolution spectral band of the visible red (0.620 – 0.670 m) and the near-IR 

(0.841– 0.876 m) channels. According to the spectral reflectance characteristics 

of water surfaces, the two bands were suitable for classifying water bodies. 

From several multispectral image transformation methods, best results were 

obtained when using a simple arithmetic subtraction of the two available bands 

as follows:  

 

 NIRRFloodmask   . (1) 
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Near-IR was subtracted from red band, where resulting images showed an 

enhanced contrast between land and water. Finally, a threshold value has been 

set up on empirical basis to divide water from land. The only feature type of the 

image that had unfortunately the same spectral characteristic and could not be 

divided from water, was cloud shadow. Flood maps were derived for the 

Zambezi River valley in Mozambique resulting in more 12 000 km
2
 of area 

under water cover (Fig. 1). 

In a next step, spatial analysis was performed in GIS environment 

combining the flood extent maps and spatial data on administrative entities plus 

the number of inhabitants. As a result information on the effected inhabitants 

could be extracted. In the example showed in lower Fig. 1, the number of 

affected inhabitants was weighted by the proportion of flooded and non-flooded 

area in each administrative entity. As a result, seriously hit regions could be 

revealed, like the province at the confluence of the Shire and Zambezi rivers, 

where large lakes were formed between the two rivers.  

 

 
 

 
 

Fig. 1. Flood mapping from MODIS images along the River Zambezi in Mozambique, 

2001, and the spatial analysis of the disaster situation by GIS. (Kugler, 2004/1) 
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Beyond obtaining data, the dissemination of the acquired information is 

crucial in disaster situations. In many cases Internet is used to target end-users. 

Interactive Web GIS systems – similarly to GoogleMap – can serve not only as a 

platform of data exchange, but as a possibility to visualize and transmit 

geographic data for a world-wide audience. For the demonstrated application in 

Mozambique, a Web GIS system of the freeware UMN MapServer was 

developed as one possibility to disseminate and publish geographic information 

about the flood crisis through the World Wide Web. 

Further to this, a mobile GIS application was developed as a source of 

interactive spatial data on-site, for the case when communication with an online 

server storing the spatial database is interfered or completely cut (Fig. 2). It 

stores its own spatial database locally at the client’s side, thus, the system does 

not have to connect trough the Internet to the central database – like the Web 

GIS applications described above – in order to display geographic information at 

the client’s side. However, a central database is still a substantial part of the 

system, since it may serve as a platform of data exchange between the client and 

the central data server. Moreover, updates of geographic data captured by clients 

working on-site may be uploaded to the central database. Then spatial data can 

be downloaded to online. Consequently, the exchange of updated information 

can be carried out through the central database communicating both with mobile 

clients and Web GIS systems. The developed system was assisting flood 

mitigation efforts in Mozambique, yet it can be implemented to any further 

region. 

 

 

 

Fig. 2. Architecture of mobile mapping system connected to a central database for on-site 

disaster data acquisition and update. (Kugler, 2004/2) 
 

In lack of spatial data to support risk modeling and calculation of 

meteorological hazards, historical maps of past events can be processed too. The 

combination of satellite based information and GIS can not only provide updates 
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on current disaster situations but is also able to handle historical data about past 

events to assess their former impact. This allows a better understanding of 

natural hazards and their possible future impact based on historical events. 

An example of that was the detailed analysis of the well documented great 

flood in 1838 in Budapest, Hungary, where the River Danube flooded almost 

80% of the city in March. Historical maps recorded the extent of the flood event, 

from which spatial information could be collected. Historical maps were 

acquired by the crisis management team of the Department of Photogrammetry 

and Geoinformatics at the Budapest University of Technology and Economics. 

After a geometrical transformation of the map, inundation extent was collected 

and combined with current maps in a GIS environment (Fig. 3). 

Historical flood extent shows that only a minor part of the city centre was 

saved on the Pest side, while the Buda side was affected less. The reason for that 

is obvious when further combining the flood extent data with topographic 

information. The Pest side of the riverbank is flat, the Buda side is more hilly. 

The acquisition of spatial information on historical disaster events can help 

to obtain a primarily assessment of possible future impact.  

 

  

Fig. 3. Virtual view of the great flood in 1838 along the River Danube in Budapest from 

historical maps (left). Historical map combined with current maps shows structural 

changes of the channel geometry after the great flood (right). (Ládai et al., 2004) 

3. Satellite detection of flood events 

Remote sensing and GIS can contribute to the mitigation of emergency 

situations as discussed in the previous chapters. Furthermore, the technology 

also enables to provide early detection of major flood disasters. Generally, 

emergency alerting relies on national or global network of in-situ river gauging 

measures or on international media reports of disaster events. However, in lack 

of in-situ measurements, satellite data can play a key contribution in detecting 

major flood disasters around the globe. To fill this lack, a space-borne 

methodology was developed using AMSR-E passive microwave data providing 

near real-time, systematic detection of river floods around the world. 
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Observing hydrological conditions of river reaches from space dates back 

to the earlier decades. The use of optical sensors in the visible or infrared 

portion of the spectrum introduced in the previous chapters can be limited due to 

cloud cover. Thus, the systematic tracking of river reaches is not feasible in 

constant time intervals. To overcome this, active satellite systems, penetrating 

cloud cover, were used for monitoring river hydrology. Besides inundation area 

delineation (Hess et al., 1995), radar altimetry was applied in different studies to 

measure stage elevation or water surface level change directly (Brikett, 1998; 

Koblinsky et al., 1993). The renowned scientific study of Alsdorf et al. (2000) 

describes water level measurement based on interferometic radar data acquired 

by the SRTM mission over the Amazon basin. Still, the mentioned NASA 

topographic mission was providing observations only over a short time period, 

thus the technology could not be implemented on an operational basis. 

Other studies were using passive microwave emission of the Earth’s 

surface to estimate flooded area from space. The first pioneer study of using 

passive microwave sensors to estimate inundated area was set up by Stippel et 

al. (1994) in the Amazon basin using the Scanning Multichannel Microwave 

Radiometer (SMMR). The NASA sensor was providing measurements from 

1978 to 1987 and has been used to measure time series of water levels on very 

large rivers, such as the Amazon. Nevertheless, the measurements of the SMMR 

instrument were only available in weekly intervals. 

Yet, all these applications did not support operational daily observations of 

river gauging in near real-time with global coverage. For this reason, a system 

has been developed to monitor river conditions using passive microwave 

observations of Advanced Microwave Scanning Radiometer (AMSR-E). The 

system set-up at the Joint Research Center with the assistance of the author 

(Kugler et al., 2007) is based on the methodology developed by Brakenridge et 

al. (2007) at the Dartmouth Flood Observatory. The aim of the Global Flood 

Detection System (GFDS) is to monitor river sites and detect flooding by using 

the radiation difference of land and water on passive microwave images. The 

operational system is acquiring, updating, and providing data every day on a 

global scale not restricted by cloud cover. With current fast internet technologies 

data is delivered to the users in less than half a day after the acquisition 

(http://www.gdacs.org/flooddetection/). 

The technique uses AMSR-E microwave remote sensing data of the 

descending orbit, H polarization, 36 GHz frequency band which is sensitive to 

water surface changes. Brightness temperature measured by the sensor onboard 

is related to the physical temperature (T ) and the emissivity (ε ) of an object: 

 
 .TTb   (2) 

 

Due to the different thermal inertia and emission properties of land and 

water, the observed microwave radiation, in general, accounts for a lower 
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brightness temperature (Tb) for water and higher for land (Fig. 4). During a river 

condition change, the increased water surface of the inundated area will cause a 

decrease in the brightness temperature value. Observations are influenced by 

many factors including physical temperature (T ), permittivity (P ), surface 

roughness (R), and soil moisture (θ ) as follows:  

 

  ,R,P,TfTb   . (3) 

 

Whereas the relative contribution of these factors can not be easily 

measured, they are assumed to be constant over a larger area. Therefore, by 

dividing the measurement Tb(M) received over the river channel (measurement 

pixel) by the calibration or comparison signal Tb(C) not influenced by water 

change (calibration pixel), the mentioned influences can be minimized in a 

consistent way. Thus, a ratio was set up defined by the relationship: 

 

    CT/MTC/M bb , (4) 

 

where Tb(M) and Tb(C) are the brightness temperatures of the measurement and 

calibration pixel, respectively. 

 

 
 

Fig. 4. GFDS is monitoring river gauging from space, based on thermal inertia and 

emission differences of inundated/wet and dry observations. (Kugler et al., 2007) 

 

The time series of the extracted M/C ratio provides operational gauging 

hydrographs for a selected river site from space with a daily temporal resolution 

(Fig. 5). Following the technique, the detection of flood events in ungauged and 

inaccessible remote river channels is feasible from space on a near real-time, 

operational basis. The system observes more than 3000 locations over various 

rivers valleys around the world. The time series of the M/C signal from AMSR-E 
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data reaches from the launch of the system in June 2002 to the present. 

Observations and flood alerts are summarized in a database and visualized in 

form of maps on the GFDS web page distributing information on the internet. 

Orbital gauging was validated by in-situ river stage measurements and was 

compared with flood maps of the corresponding events (Fig. 5, right). Although 

significant correlation was proved between the orbital gauging signals and the 

on-site stage hydrographs, the M/C signal was found to be noisy when 

comparing to daily discharge data measured on-site. For this reason, a temporal 

averaging was introduced to reduce disturbing factors. The signal for a given 

day was averaged from the signal of the last 3 days and the signal for the current 

day. This 4 days temporal averaging stabilized the signal more effectively than 

the spatial filtering. 

 

  

Fig. 5. Orbital gauging hydrograph from space for a selected river site in Pakistan (left) 

and inundation map of the corresponding event for validation (right). 

 

River flooding is defined when the M/C signal is higher than 80% of the 

signal’s cumulative frequency over its complete time series. Major flood is the 

95% percentile, flood is the 80% percentile, and normal flow is below the 80% 

percentile of its cumulative histogram. 

The first operational implementation of the GFDS methodology was during 

the devastating flood crisis in Bolivia at the beginning of the year 2007. Harsh 

rainy season due to El Nino was causing flooding throughout the country, 8 

provinces out of 9 were severely hit, 350 000 people were affected. New 

observation sites were set every 50 km over the River Mamore to ensure the 

spatial continuity of the measurement. Orbital hydrographs were extracted for 

all 14 sites from upstream to downstream along the river channel. 
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Additionally to orbital hydrographs, inundation mapping was performed 

from optical satellite resource of MODIS during the disaster event. Comparing 

the flood maps obtained in February and March, we can observe that the flood 

extent decreased at the southern upstream end of the river reach, while increased 

in the northern downstream area reflecting the flood wave propagation in time 

along the river (Fig. 6). 

 

  
Fig. 6. Optical satellite flood maps along the River Mamore in Bolivia in 2007. 

(Kugler et al., 2007). 

 

During the event, inundation mapping was limited by clouds in the region, 

thus AMSR-E microwave observations were playing a key role in providing 

situation overview along the river on a daily basis. The 3D graph in Fig. 7 

illustrates the M/C ratios in time and space. Axis x refer to river gauging sites 

numbered sequentially along to reach from upstream to downstream. Axis y 

presents the time scale during the flooding from January 1, 2007 to March 22, 

2007 and axis z dimension refers to the M/C gauging values.  

The propagation of the flood wave is visible on the gauging peaks of the 

graph that run diagonally both to distance along the river (x axis) and time 

measured in days (y axis). Thus, while optical flood maps can only be produced 

on cloud free days, the propagation of the flood wave can be monitored every 

day from AMSR-E images. Further to this, it gives a good estimation and 

possibility to forecast the arrival of the floodpeak to downstream areas.  

Summarizing the founding it can be concluded, that both optical and 

microwave satellite data can contribute to the acquisition of spatial information 
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in flood disasters. Yet microwave data has the significant advantage of not being 

hindered by cloud cover during the event. 

 

 

 

Fig. 7. Orbital gauging measurements in time and space along the Mamore River in 

Bolivia during the great flood event of 2007. Flood wave propagation is remarkably 

visible from 3D graph both in time and space. (Kugler, 2007). 

4. Effects of global climate change on arctic river hydrology 

Orbital GFDS technology allows not only the monitoring of flood events but 

also observing other changes in hydrological conditions. Using the GFDS 

methodology, river ice freezing and melting can be monitored in arctic regions 

without the need of in-situ measurements. The extent of polar sea ice cover and 

ice shield is a well-known indicator of global climate change. Satellite 

observations have been used for long time to operationally monitor sea ice cover 

and its changes in the past decades (Maslanik et al., 1999; Cavalieri et. al., 

2003; Rodrigues et al., 2008; and Kwok et al, 2009). Yet no regular observations 

are carried out on continental arctic rivers, even though their annual spring ice 

break-up and freezing would also serve as a notable sign for climate change 

processes. The lack of traditional hydrological measurements in those remote 

inaccessible regions makes the use of satellite data a key technique in obtaining 

information on their hydrological cycle. The analysis of arctic regions can 

contribute to the quantitative and qualitative estimations of the global impact. 

For this reason, satellite data was used to estimate spatial and temporal 

patterns of arctic river ice from satellite sources like MODIS and AVHRR 
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(Pavelsky, 2004). Using optical resources has the significant disadvantage of 

being dependent on cloud cover conditions negatively influencing the continuity 

of its time series. Yet no passive or active microwave data was used so far to 

monitor the annual timing of the river condition change. For this reason, a study 

was carried out at the Department of Photogrammetry and Geoinformatics, 

Budapest University of Technology and Economics, based on GFDS technology 

to obtain information about remote, inaccessible areas in northern polar and 

subpolar river systems like the Lena, Yenisey, Ob, Kolyma, and Mackenzie. 

Using the time series of GFDS, seasonal changes in annual river ice was 

detectable (Fig. 8).  

 

 

Fig. 8. Seasonal changes in ice-melting and freezing is detectable from M/C signal (upper 

graph). Orbital gauging measurement sites set every 50 km along selected subarctic rivers 

in Siberia (lower image). 
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The aim was to reveal possible effects of global climate change on arctic 

rivers. Anomalies in the period of seasonal river ice melting in spring were 

analyzed in detail. Orbital gauging observations were set every 50 km in the 

selected large river valleys to obtain high spatial resolution of the analyses. 

The selected rivers generally run from south to north crossing different 

climate zones. For this reason, melting in spring starts in the lower latitudes and 

propagates downstream to the north with time. Further to this, there is a strong 

drift of climatic origin from the most west river of Ob starting to melt at the 

begin of May to the most east river of Kolyma, where ice break-up starts only at 

the end of May. 

A pilot study has been carried out to extend AMSR-E time series with 

Special Sensor Microwave/Imager (SSM/I) passive microwave satellite data. 

Both sensors have similar properties, and images are free of charge. Likewise 

AMSR-E data M/C signal was extracted from 37 GHz, H polarization band of 

the SSM/I sensor. During the SSM/I mission, several sensors were launched 

into orbit starting from F8 series in 1987 to F11, 13, 17 satellite missions 

acquiring data till present. Based on their images, ice melting time series from 

AMSR-E data was extended with 14 additional years. M/C signal was obtained 

for selected river sites, and orbital gauging was used to detect changes during 

the investigated years reaching from 1989 to 2010. 

To detect the timing of the ice break-up at a given river site, statistical 

parameters of its complete time series were calculated and defined as 

magnitude: 

 

 
 
 s.dev.dtans

C/WmeanC/M
Magnitude


  . (5) 

 

As a result, the M / C signal was normalized to a value that enables 

comparison of different sites in various river valleys. Magnitude was below 0 

during the winter freezing period and increased to above 0 when spring ice 

break-up started. 

To assess preliminary performance of the techniques, 5 orbital gauging 

sites were selected and analyzed in detail for the River Lena. Sites were 

located 1–200 km apart from each other along the river. The day of the ice 

break-up was extracted and plotted for each studied year demonstrated in Fig. 

9. Applying a simple linear regression model, lines were fitted to the timing 

curves to give a preliminary assessment of the changes in the last two 

decades. Estimations revealed a negative shift over the investigated gauging 

sites, thus, river ice appeared to break earlier with time. In average, sites were 

having from –2 to – 6 days changes/decade in the timing of their ice-breaking 

during the past two decades. 
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Fig. 9. Ice break-up extracted from orbital gauging measurements from 1989 to 2010 in 

selected sites along the subarctic River Lena. 

 

Besides the River Kolyma, 4 additional arctic rivers the Ob, Yenisey, 

Lena in Siberia and the Machenzie in North-America were put under similar 

investigation. Ice break-up was extracted using the magnitude of the signal 

(Eq. (5)). Relationship between the day of the ice break-up and the different 

years was estimated using linear regression approach described above. From 

50 to 80 orbital gauging sites were investigated per river valley depending on 

the length of the reach. The slope of the linear regression line was calculated 

for each site along the river. The histogram of the slopes for each river is 

illustrated in Fig. 10. 

The peak of the distribution lays in negative values meaning that the 

linear regression lines have a negative direction for the majority of the 

investigated sites. Thus, the majority of the river sites show a change towards 

earlier ice break-up in time.  The quantitative estimation of the trends may 

have unexpected uncertainties, but the direction of the changes shows similar 

trends in the majority of the investigated arctic river valleys. 
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Fig. 10. Histogram of regression line slopes calculated for changes in annual timing of 

river ice break-up. Results show a negative trend indicating an earlier seasonal ice break-

up in the majority of the investigated arctic river sites. 

 

To assess the performance of the described investigation, in-situ gauging 

measurements were compared with satellite data. Unfortunately, no parallel 

data was found to the orbital measurement, since arctic hydrometeorological 

monitoring network drastically declined after 1986 (Shiklomanov et al., 2002). 

The nearest measurement on the River Lena was found at the station Kusur 

(70°41`N, 127°24`E) upstream from the orbital site numbered 304. 

Observations started in 1955 and ended in 1991 (Vuglinsky, 2000). Linear 

regression analysis showed an almost 1 day / decade change in the past half 

century (Fig. 11). 

Further to this, orbital results were compared to studies investigating 

surface air temperature anomalies in the past decade. Overland et al. (2008) 

concludes that the past decade showed a drastic warming in the northern arctic 

region, especially in Siberia. Consequently, the changes calculated from river 

ice break-up seems to underline the direction of both the surface temperature 

changes and the trends in the ice break-up in the past century. 
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Fig. 11. In-situ gauging measurement of ice break-up along the River Lena at Kusur station 

(70°41`N 127°24`E), Siberia. Regression analysis shows negative trend. (Vuglinsky, 2000). 

5. Conclusions 

This paper demonstrated the operational use of satellite technology and GIS for 

hazard assessment. Satellite resources were demonstrated for flood disaster 

mapping, and in lack of available data, historical maps were introduced for 

obtaining information on risk and possible future scenarios. Satellite data was 

also proved to be suitable for operational daily observation of river gauging 

from space. Further to investigating the possible impact of natural hazards, the 

quantitative influence of climate change was studied in arctic regions. 

Selecting the most appropriate sensor for hazard mapping is depending on 

many factors. The major limitation of optical satellite systems is cloud cover, 

even if sensors have appropriate resolution and revisit capability to support 

operational daily, global observations. Cloud cover plays a significant hindering 

affect so that passive and active microwave satellite sensors have to be 

considered. Active systems have no daily global coverage, for this reason the 

continuous monitoring of flood events is not feasible on a daily basis. For this 

reasons the GFDS system using passive microwave data is a good alternative to 

optical systems. Since the emitted energy from the surface is low, the spatial 

resolution of passive microwave systems is coarse. Still, GFDS applications 

demonstrated good results even in sub-pixel dimension. For this reason both 

optical and microwave sensors have great importance in hazard mitigation 

considering their above mentioned limitations. 

Global climate change is expected to increase the magnitude and frequency 

of natural hazards. The influence of the global change can be measured on 
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sensitive areas such as polar and subpolar regions. For this reason, the paper also 

discussed the results from the study analyzing changes in the seasonal ice break-

up along arctic rivers. Results concluded an anomaly towards earlier ice melting 

in the majority of the analyzed river sections in Siberia and Northern America. 

Even though the quantitative output of the anomalies may have high standard 

deviation and unexpected inaccuracies, the direction of the change was found to 

be the same over all investigated river sites. 
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