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Introduction

The accurate and timely knowledge of the seasonal snow distribution and characteristics
is essential for flood prediction due to rapid snow melt, for snow avalanche risk
assessment, and for water resource management, including hydro-power production,
agriculture and drinking water supply.

Optical sensors with moderate resolution, obtaining frequent (daily) coverage have often
been the primary data source for monitoring of snow. The main reason is the compromise
between accuracy, resolution and coverage. The shortcoming of optical data is the need
for cloud free conditions. However, Synthetic Aperture Radar (SAR) sensors are able to
map wet snow, and are able to see through clouds.
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Case	studie:	Northwestern Romania

The negative air temperatures from the end of December 2016 and January 2017 have led
to the emergence of ice formation on the most rivers of Romania.

The negative air temperatures from the end
of December 2016 and January 2017 have
led to the emergence of ice formation on
the most rivers of Romania. Between 3 and
6 February the discharge increasing
because of the combined action of rainfall,
snow melting, evolution of the ice
formation and propagation.

The level of awareness was increasing in
North-Western Romania for the following
rivers: Somesul Mare, Tisa, Iza, Tur, Lapus and Cavnic. The rainfalls overrun with 40-100
mm in Lapus basin (140 mm Cavnic, 99 mm Firiza and 44 mm for Lapus), 20-55 mm for
Viseu, Iza and Tur and with 20-50 mm for Somesul Mare.
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Radar	Data

Sentinel-1 carries a SAR (Synthetic Aperture Radar) instrument in C band, to continue the
legacy of ERS-1, ERS-2, Envisat and Radarsat. It is built to provide an all-weather, day and
night data of Earth’s surface. The Sentinel-1 mission consists in two identical radar
satellites, Sentinel-1A, launched in April 2014 and Sentinel-1B, launched April 2016. The
orbits are at 180o and the revisited time is 6 days.

Optical	Data

Sentinel-2 is a multispectral mission with two satellites, Sentinel-2A launched on 23 June
2015 and Sentinel-2B launched on 7 March 2016.
Landsat is a spatial project of U.S. Geological Survey and NASA (landsat.usgs.gov) started
in 1972 and represents the longest and continuous mission of Earth Observation. Landsat
8 is the latest satellite launched on 11 February 2013, having on board two instruments:
OLO (Operational Land Imager) and TIRS (Thermal Infrared Sensor ).
MODIS (Moderate Resolution Imaging Spectroradiometer) is the main instrument on
board of Terra and Aqua satellites. The revisiting time of the two satellites is 1-2 days,
acquiring data in 36 spectral bands or in a group of wavelengths.
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Snow	cover	extracting	process

The satellites images in optical domain can be process using different approaches for
mapping snow extent considering their spectral and spatial resolution. The extraction
methods can be based on using spectral bands and applying thresholds on them,
unsupervised or supervised classification or by using spectral indices.
In this particular case, NDVI is used to separate bare ground or sparse vegetation by
snow. . The positive values up to 0,3 corresponding with shadows, bare ground and sparse
vegetation. Between 0,3 and 0,35 snow values are occurring, but if clouds appear on
image, their values can be in the same interval as snow.

Snow classification using NDVI from Landsat 8, resolution 30 m
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Snow	cover	extracting	process

Snow cover extent extracted from MODIS is based on unsupervised classification using Iso
Cluster method. This method combines the functionalities of Iso Cluster and Maximum
Likelihood Classification and the resulting signature data can be used as input in other
types of classification, for a better control over the classification parameters.
Because of the close data ranges, the results are good, but in some cases snow and clouds
could be incorrectly classified.

Iso Cluster Unsupervised Classification on MODIS
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Clouds

Bare	ground	or	sparse	vegetation
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The	wet	snow	mapping	algorithm

Wet	snow	may	be	detected	in	SAR	image	by	comparing	backscatter	coefficient	values	with	
corresponding	backscatter	coefficients	from	a	reference	image	obtained	at	snow	free	or	
dry	snow	conditions	(Nagler and	Roth,	2000;	Nagler et	al.,	2016).
The algorithms proposed by Nagler et al. (2016) for Sentinel-1 relies on a reference image
acquired in the same repeat cycle. We consider a slightly different approach and only
construct two reference images for our area of interest, one for ascending satellite pass
and one for descending. In order to suppress terrain effects, we apply the flattening
gamma terrain flattening approach by Small (2011).
The flatting gamma SAR methodology suppresses a large part of the brightness variation
in the SAR images caused by terrain variation, and may therefore provide a proper
treatment to the hill-slope modulations (Small, 2011). The Flattening Gamma products
have showed great potential for improving SAR-based mapping of wet snow in
mountainous areas, e.g. at time of spring snow melt (Small, 2011). However, the quality
of the flatting gamma products depends strongly on the quality of the DEM and precision
of the geocoding.
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Results

At	the	beginning	of	January,	snow	covered	about	4440	km2	from	a	total	of	16085	km2,	the	
surface	of	Satu Mare,	Maramures and	Bistrita-Nasaud counties.	The	total	amount	of	snow	
cover	was	estimated	from	Landsat	8	images	acquired	from	01	to	10	January	2017.	

Snow cover extent over Satu Mare, Maramures and Bistrita-Nasaud from 
Landsat 8 – mosaic 01-10.01.2017

Snow	depth	at	met	station:	7	to	26	cm
Targu Lapus – 26	cm
Iezer, Sighetu Marmatiei – 21 cm

Temperature	at	met	station:	dropping	
fast	in	a	short	period	of	time
Bistrita,	from	-6	to	-15
Targu Lapus,	from	-8	to	-19.7
Sighetu Marmatiei, from -1.3 to -14.7
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Results

By mid-January, a light snow covers more ground but the snow depth has a descending
trend overall.

Until 31.01.2017 the total surface covered by snow reaches 9224 km2 (estimated from
MODIS), doubled since the first days of month.

On February 12th, the only surfaces with snow were at high altitude, for example, Iezer
meteorological station (2100 m) record 36 cm of snow.

In the MODIS images it is shown the evolution of snow cover from 02.01.2017 to
12.02.2017, when just 1998 km2 of ground was covered with snow
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Evolution of snow cover from 02.01.2017 to 12.02.2017
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Results

Meteorological stations records increasing of temperature starting with January 30 when
the values were negative (Baia Mare -6.9o, Sighetu Marmatiei -3.7o, Targu Lapus -4.5o,
Bistrita -3.6o), until 05-07 February when temperatures reached a maximum of this period
of time (Baia Mare 4.7o, Sighetu Marmatiei 3.6o, Targu Lapus 2.3o, Bistrita 4.7o).

After February 7th, the temperature dropping to negative values but due to high
temperature in the earlier days and lack of snowfall, there were now records of snow
cover at meteorological stations.
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Results

Because of the positive air temperature, snow began to melt thus the snow wetness
increased. By processing Sentinel-1 data, can be determined areas where the wet snow
can occur. Wet snow can be located in hydrological basins of Lapus, Cavnic, Somes, Sieu,
Viseu, Ruscova, Iza, Tur, where different types of awareness level was triggered by
hydrological services.

Snow cover extent from MODIS classification: a) 31 January 2017, b) 12 February 2017;
Snow wetness from Sentinel-1: c) 03 February 2017, d) 04 February 2017, e) 05 February 2017,  

f) 06 February 2017
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Results

The predominantly negative air temperatures recorded in late December, and throughout
the month of January, have led to the emergence and intensification of river ice
formations, so that in early February, on most rivers in the country, there were recorded
important ice formations, and mostly ice bridges.

The values of the rivers discharges in early February 2017 were generally situated
between 40-90% from the monthly multiannual averages, and lower (under 40% from
monthly normal) on the rivers: Iza, Crasna, some tributaries of the Someș (Sălăuța, Ilișua,
Lonea, Fizeș, Lăpuș).

Between February 3rd to 6th, the river discharges were generally increasing due to the
combined effect of liquid precipitations, snowmelt contribution, ice formations evolution,
and flood routing.
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Results

The penetration of a warm air mass and heavy rain recorded in the period 03-05.02.2017
in the following river basins: Vişeu, Iza, Tur, Someş, Crasna, led to a significant snowmelt,
the triggering of runoff on hills slopes, and the activation of torrents, generating
significant increases of discharges and water levels.

The liquid precipitations recorded in this 96 hours interval (from February 3rd in the
morning, until February 6th in the morning) exceeded 40 – 100 mm in Lăpuş river basin
(140 mm at Cavnic hydrometric station, on Cavnic River; 99 mm at Firiza hydrometric
station, on Firiza River, and 44 mm at Răzoare hydrometric station on Lăpuş River).

Also, significant liquid precipitations quantities were recorded in the river basins: Vişeu,
Iza, Tur (with total amount between 20-55 mm) and Someşul Mare (20-50 mm).
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Results

Cociu village (Bistrita-Nasaud County) -
Junction of Sieu and Somesul Mare Rivers

The ice on the rivers was broken into big
blocks. Because of the volumes, on Somes
River, the ice formation expands over the
river sides and damaged a hydropower
facility, an investment of 7 million euros.
One of the construction company employee
car was caught by the ice and also
damaged.

No causalities were recorded.

Left: Snow cover extent from Sentinel-2 (29.01.2017 and 
11.02.2017); Right: Snow wetness from Sentinel-1 (03.02.2017 and 

06.02.2017)

Damaged made by ice formation on Somes River near Cociu Village                                                          
Source: www.bistriteanul.ro
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Results

In Viseu de Sus (Maramures County), 70 people remained isolated after the access road
was covered with ice formation. Six kilometers from Vaser River were covered by ice.
Also, six buildings were damaged.

Ice formation on Vaser River and damaged buildings by ice                           
Source: digi24.ro
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Results

Flooded pastures by the Vaser River after snow and ice formation melted. Source: digi24.ro
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Results

On the Salauta River the ice formation measured about 500 m in length resulting in
flooding of 15 houses from Telcisor village. The main road also was flooded by the Salauta
River, leading to road closure. South from Telciu village, the ice formation measured 4 km,
as a result, authorities decided to detonate it to prevent potential flooding.

Ice formation on Salauta River.	Source: digi24.ro



Ice	on	Danube	River
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The	problem
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Affected	parties:	cargo	transports
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Affected	parties:	people

20.01.2017
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•Affected	parties:	people



•Affected	parties:	people

13.01.2017



•Affected	parties:	people

02.02.2017



•Interactive	map



Affected	parties:	people

21.01.2017



Affected	parties:	people

13.02.2017



Affected	parties:	people

15.02.2017



Affected	parties:	people
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Affected	parties:	people



Not	so	affected	people



The	end.	Questions?


