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Abstract

In radar SAR interferometry (InSAR/DinSAR), a Tandem pair (ERS-1/2) is used for the realization
of a DEM or the detection of deformations of a major event (e.g. earthquake) occurring between
two acquisitions. The advantage of the Tandem pair is the time interval of 24 hours between the
two captures. Generally, there is no temporal decorrelation considering the small difference in
time between the acquisitions, which results in a good coherence. The coherence image is used in-
directly in radar SAR interferometry as an indicator of the levels of confidence of the interfero-
grams. It can be used in a direct way to identify and delimit the various movement zones which
disturb the phase of the radar wave. The objective of this work is to show the utility and the effec-
tiveness of the coherence image in the cartography of lakes and vegetation in a region at the Cur-
vature of the Romanian Carpathians!. Between the two acquisitions dates of May 28 and 29, 1995,
there was no geological process involving displacements in direction of the radar. This pair
represents the only one among the other pairs which gave a good coherence for the whole scene.
In the flat part, one notes a good coherence except for the lakes. They are well represented by very
dark colours with zero coherence. In the part of high altitude, especially where there is vegetation,
a bad coherence can be clearly seen. Using this image (coherence), one could distinguish the parts
with vegetation in great movements due to the effects of the wind, therefore characterised by

!In this paper “the Curvature of the Romanian Carpathians” refers to a broader area which includes the Curvature Carpathians and Subcar-
pathians as well as the outer plain units.
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great heights. The coherence image thus makes it possible to delimit two natural elements in this
area, the lakes and the vegetation. The lakes are well delimited, in particular when they are full as
in the rain seasons. To show this utility and this effectiveness of the coherence image, we meas-
ured the surfaces and dimensions of the lakes based on the Tandem pair and to make a compari-
son with the existing data and to interpret the results obtained. The three lakes, located in the
plain to the East and North-East of the Buzau town, clearly appear in the coherence image.
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1. Introduction

The indirect applications of radar SAR interferometry consist in using other products than the interferograms,
like the coherence images. Generally, the coherence image is used indirectly in radar SAR interferometry as in-
dicator of the levels of confidence of the produced interferograms in order to exploit these. It can be used in a
direct and precise way to identify and delimit the various movement zones which disturb the phase of the radar
wave. This delimitation is based on the fact that coherence depends on the parameter of the phase in each pixel.
This parameter reacts in several cases as indicator of the unstable surface movements. These movements like the
swells of water surface disturb the phase. In this case, coherence is null and it is represented by a dark colour.
On the other hand, the stable places like the urban one, preserve the phase and are represented in light. However,
this parameter serves as an indicator and at the same time a separator between the movement zones and the sta-
ble ones. The coherence images of the Tandem pair have been used in a remarkable and effective way in several
fields and to various objectives. They are important to many applications, such as geodynamics, agriculture, ice
and soil moisture monitoring. In the extraction of parameters for forest by means of interferometry, combina-
tions of data on retrodiffusion coefficient and coherence with a DTM, could estimate the concrete size of forest
trees [1] and [2]. In the studies of biophysic characteristics of forest sectors, the combination of pair coherence
images and amplitude images (retrodiffusion coefficient) from JERS satellite has significantly brought informa-
tion on the evaluation of biomass density and land cover in tropical forests [3]. In the case of floods, the integra-
tion of amplitude and coherence images has been used to indicate all the sectors flooded between two passages
of the satellites, which made it possible to establish a precise flood map for the area of Béziers (Southern France)
[4]. The coherence images of the Tandem pairs ERS-1/2 (24 h) have the potential to be used for the assessment
of the trees volume in the northern forests and proved to be better than optical data (SPOT XS) in certain cases
[5]. Among the six coherence images used, three Tandem pairs’ effectiveness was proven in differentiating be-
tween certain classes of surfaces, which were not distinguished by the radar amplitude (retrodiffusion) images.
They were used to distinguish places covered by willow tree-alder, fir tree, ice and water in the Mackenzie delta
(Canada). Surfaces with willow-alder showed the highest rate of coherence followed by those covered by fir tree,
frozen lakes, frozen and water channels respectively [6]. A certain category of coherence can be correlated with
a certain type of land cover to provide information on time changes between the two aquisitions of SAR images,
as in the case of urban application, where they are used in the monitoring of the cities. The coherence image can
provide useful information in detecting expansion activities. Coherence in urbanized lands is higher than in
those with vegetation cover. The change of the rates of coherence from lower values to higher ones in certain
places can give an indication on the replacement of the vegetation by buildings [7]. In the mapping of the Ant-
arctic’s limits, the use of coherence was advantageous and concluded that the technique of interferometry using
RADARSAT images provides very satisfactory results for the Antarctic’s cartography in comparison with the
optical images (LANDSAT and SPOT) [8]. In large scales mapping, the coherence images of Tandem pairs
(ERS) were also used and associated with JERS amplitude images (coefficient of retrodiffusion) for the moni-
toring of the evaluation of the northern forest in SIBERIA [9]. In the field of agriculture, the coherence images
of the Tandem pairs (six pairs) were used for the research of harvest parameters (size, moisture, etc.). They
showed their utility and effectiveness in the monitoring of harvest of fields with winter wheat, sugar beet, potato
and corn [10]. In the cartography of earthquake-related damages, the variations of coherence images were used
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to map the damages caused by the seism of Bam (December 26, 2003) [11]. There is also the cartography of a
forest’s age by using the coherence of the ERS Tandem pair. This mapping showed a spatial resolution which
could differentiate between various forest groups and provided detailed regional age and biomass assessment in
regions of England, Scotland and Wales. This distribution and comparison between the evaluations by age and
other information had the capacity and the potential to provide growth rate and information on forest cutting in
these areas [12]. In the studies on forest-fire hazards, the images of multi-pass coherence of various bands (X, C
and L) were used for assessing the severity of burned areas in the Mediterranean forests. In these places of
fire-affected pine trees, the coherence image was very useful to map the severity of burning in these Mediterra-
nean environments [13].

In this work, we will try to calculate the dimensions of the lakes based on the coherence image of the
ERS1/ERS2 Tandem pair for a region at the Curvature of the Romanian Carpathians, check the precision
through ground measurements, make a comparison with existing data and interpret the obtained results.

2. Coherence and Incoherence Origin
2.1. Coherence Image (Con)

Theoretically coherence is defined by the coefficient of correlation (C,,) between the two acquisitions of the
two images which build the interferogram [14]. It is a mathematical comparison between the created interfero-
gram and the product of the two modules of the two images for each pixel of the coloured scene, with a resam-
pling to a new pixel size. The following formula makes it possible to evaluate the degree of confidence of the
interferogram.

N

2.5.(p)S:(p)
s o . (o)

Coh ( p) = 1)

Whit:

Sl( p) : Complex Master radar image for the pixel (p);

S_z( p) : Combined complex Slave radar image for the pixel (p);
|Sl ( p)| : Modules of the complex Master image for the pixel (p);

|S2 ( p)| : Modules of the complex Slave image for the pixel (p);

N: Number of pixels in the sampling zone.

In practice the coherence image makes it possible to give an outline of the variations which can exist between
the two images used, i.e. on the retiming of the two images or the geometrical conditions of the acquisition of
these two images, as well as on the probable changes of the physical characteristics of the coloured target be-
tween these two captures, for all the sampling zones. |C(,h ( p)| is a correlation coefficient (degree of coherence)
translated by values ranging between [0 and 1]; the degree (1) represents a strong coherence between these two
images, while the degree (0) means a null coherence. Coherence is thus an estimate of the degree of stability of
the phase between the two radar images acquired under the almost identical geometrical conditions of the same
scene. This stability and instability are represented in the coherence image, in case of a bad coherence, by dark
zones and for good coherences by clear zones. In a grey scale, the degree of coherence varies from black (mini-
mal value) to light (maximum value).

2.2. Origins of the incoherence

The reliability of the interferogram created by SAR interferometry (INSAR) consists in the coherence image; a
maximum degree means strong correlation between the two phases and is interpreted on the ground as no
change between the two dates of acquisition of the images having identical or almost identical geometrical con-
ditions of capture and the same level of static distribution of speckle [15]. On the contrary, a minimum degree of
coherence means that on the ground the two pixels of the two images underwent a change or the two pixels quite

®



K. Hachemi et al.

simply do not have the same position. Weak coherence between two acquisitions can have several origins: im-
portant difference in the angle of incidence between the two acquisitions especially for the slopes directed to-
wards the radar sensor; change of the soil physical characteristics between the two acquisitions; surfaces in con-
tinual movement like those of lakes, seas etc; zones covered by vegetation especially forests because of the fast
accumulation of movements under the effect of winds; any movement on the ground can affect the phase be-
tween two acquisitions (passage of vehicle, ploughings etc).

3. Study Area, Lakes and Data Used
3.1. Localization and Characteristics of the Study Area

The study area extends over parts of the outer Curvature Carpathians, Curvature Subcarpathians and
North-Eastern Romanian Plain (See Figure 1). This situation is the seat of frequent phenomena like earthquakes,
floods, landslides and mud flows. The Buzau valley is also known for the presence of mud volcanos (along an
anticline depression) which is due to the eruption of gas from oil-bearing layers at a depth from 200 to 300 m.
This study area is delimited by the following geographical coordinates: 44.813°/45.926°N latitude to the south
and north respectively; 26.089°/27.614°E longitude to the west and the east respectively. This study area is also
characterized by: (1) a flat low-lying area, which is represented by the North-Eastern Romanian Plain located in
the east with average altitudes between 30 and 80 m; (2) a mid-to-high altitude area represented by parts of the
Subcarpathians and Carapathians in the west, and characterized by: (I) an intermediate part with altitudes rang-
ing from 300 to 400 m; and (I1) a high part with altitudes above 1000 m [16]. The three relief steps characteris-
ing the ground of the study area can have various answers of the radar signal retrodiffused towards the sensor: (1)
a flat ground corresponding to the North-Eastern Romanian Plain in the east; (2) an intermediate area with
slopes directed towards the radar; (3) an area of high altitude and dissected terrain extending from the high Sub-
carpathian hills to the Carpathian relief in the west.

3.2. Studied Lakes

In this area, there are also four lakes which are visible on the radar image. Three are very large and are located
in the east: Balta Jirlaul, Balta Amara and Balta Alba (in their order from south to north). The fourth, which is
small, is called the Luciu lake and is located in the south, close to the Bardgan Plain. The first three lakes are
situated north-east of Buzidu town and appear clearly on the radar image. They are located in the plain; the near
est lake to the Buzau city (aprox. 31 km away) with a length of 5.38 km and width of approximately 2.28 km, is

Caption
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Figure 1. Map of Romania. The study area is indicated.
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Balta Jirldul. The second one, in the terms of the distance from the Buzau town (approx. 38 km) is Balta Amara
and has a diameter of approximately 3.27 km. The third lake is Balta Alba (43 km distance from the Buzau town)
and has a 6 km length and a width of 2.5 km approximately (See Table 1). These lakes are located at the contact
between the piedmont-type plain and the subsidence area of the Calmatui-Buziu and Lower Siret rivers. In fact,
the lakes are formed on rivers which are tributary of a larger river, more precisely they are formed at the point of
confluence of the tributaries with the main river (Buzau river). The Buzau river has tributary rivers which have
their sources in the piedmont-type plain, and have lengths of 15 to 30 km. These lakes have a double water input:
they are fed by the main river, i.e. Buzau river, and by the tribuary streams having their sources in the pied-
mont-type plain. In the area of confluence, the outlet of the tributary is sealed by alluvia which lead to water ac-
cumulating behind and transforming into big lakes (“balta” is the local term).

They are salted natural lakes, with a salinity degree which varies according to the climate. In the event of
dryness, they are very salted. On the other hand, during abundant precipitations, they are less salted because of
the strong Buzau river discharge and of rainwater. They were formed at the end of the Upper Pleistocene and
beginning of the Holocene.

Balta Jirlaul, is a fresh water lake. Balta Amara and Balta Alba, have a high mineralisation and a great salin-
ity.

The Figure 2 shows heights, depressions corresponding to the Curvature Subcarpathian and Carpathian
units, the North-Eastern Romanian Plain and the river courses. On this figure the limits between the various re-
lief steps can be easily drawn. The rivers emerge towards the south and south-east in the Buzdu and Ram-
nicu-Sarat rivers. The study area shows two great collectors for the rivers which come from this part of the Car-
pathians and Subcarpathians: the rivers of Buzdu and Ramnicu-Sarat, well represented on the radar amplitude
image (See also Figure 2). These two rivers are the independent water supply sources for the three big lakes in
the plain (Balta Jirlaul, Balta Amara and Balta Alba).

3.3. Data used
The data used are SAR data, of the SLC (Single Look Complex) type, from the satellites: ERS-1, ERS-2 and

Table 1. Geometrical characteristics of the capture and rates of coherences of the pair images (ERS-1/ERS-2).

Orbits Master/Slave  Bemp [days] B [m] Bperp [M] Cs [0-1] Cre [0-1] Cria [0-1] Orbiteon [deg]  Hamo [M]
28-05-1995/29-05-1995 1 90.5 -79 0.616227 0.553663 0.705942 0.000818386 120.4
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Figure 2. Georeferenced radar amplitude image of the study area.
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ENVISAT. These used SLC data were processed by pulse compression in radial direction (in distance) and by
aperture synthesis (SAR) in azimuth direction in the framework of the same Processing and Archiving Facility
(UK-PAF). The acquisition of the images is downward (acquisition of day) with V/V polarization and “C” band
of 5.56 cm wavelength.

For this study, we used 8 SLC radar SAR images:

4 ERS images: an image of the satellite ERS-1 and three images of the satellite ERS-2, of which 1 tandem
pair (ERS-1 and ERS-2). The dates of acquisition of these ERS images are: May 28 and 29, 1995, June 17, 1996
and November 29, 1999 respectively;

4 ENVISAT images: two of 2004 (October and December) and two of 2005 (January and April). These im-
ages cover a surface of (100 km x 100 km) with an azimuth resolution of 4m and 20m range resolution. These
images were obtained from the ESA by the Laboratory of Geomorphology and Remote Sensing, University of
Liege, within the framework of a research program shared between the universities of Liege (Belgium),
Paris-XII (France) and Bucharest (Romania). The two images taken on May 28 and 29, 1995 respectively form a
tandem pair ERS-1/ERS-2.

4. Methodology and Results

In this study, using the INSAR radar interferometry technique, we generated a coherence image of the tandem
pair of 20 m resolution. We also georeferenced this coherence image. The result obtained is a georeferenced co-
herence image of the tandem pair (May 28/29, 1995) with a 20 m resolution (see Figure 3). In the effort to con-
duct this study well, we also calculated the rates of coherence of the tandem pair treated by InNSAR. We divided
the coherence image of the entire scene into two parts according to the characteristics of this study area: a plain
area which is flat and a part of relatively high and rough relief. We calculated the rates of coherence of the
whole scene, then the two parts separately (a flat low-altitude and a high-altitude one). The result is presented in
Table 1. This table presents characteristics of the geometry of capture as well as the calculated rates of coher-
ence of the tandem pair (ERS-1/ERS-2).

Delimitation of the lakes based on the coherence image

To show the utility and the effectiveness of the coherence image we measured the area and dimensions of the
lakes based on the tandem pair (see Table 2).

To the north-cast of the Buzau town, there are three lakes which appear clearly in the coherence image and
which are located in the plain. Table 2 shows areas and dimensions of these lakes measured starting from the
coherence image of the pair dated May 28 and 29, 1995.

5. Discussions and Interpretation

The tandem pair (May 28/29, 1995) represents the only one among the other pairs which gave a good coherence
for the entire scene. This coherence testifies to the reliability of the interferogram resulting from these two dates.
For this tandem pair (ERS-1 and ERS-2), the time interval between the two acquisitions is of 24 hours, which
resulted in a good coherence. This couple was also used in other works for the creation of a DEM [17]. There is
no temporal decorrelation considering the small difference in time between the captures of two SAR images.
After having calculated the rates of coherence for the whole scene and separately for the two parts (one of
mid-to-high altitude and one flat low-lying), we calculated dimensions of the lakes and the vegetation in the
study area. The coherence image for the study area obtained using the images of the tandem pair (ERS-1 and
ERS-2), gives a bad coherence for the parts with vegetation and lakes and a good coherence for the urban areas.
These results are explained as follows: (1) the lakes are covered with a surface water layer in continual change
(as an effect of the wind on the surface), explaining the weak coherence between the images; (Il) the
mid-to-high terrain parts appear in black; they are covered with high vegetation (wood, forests) which can pre-
sent different aspects from one image to the other (effects of the wind for example), explaining the weak coher-
ence between the images; (I11) finally the plain area, probably with little vegetation (or dry grounds) at the time
of the images’ acquisition, is affected by little change, which determines strong coherence between the images;
(IV) the urban areas, due to their stability, are represented by good and strong coherence. Between these two
dates of capture (May 28 and 29, 1995), there was no geological process involving changes higher than 28 mm
(1/2 wavelength of the “C” band) in direction of the radar. In the plain part, one easily sees a good coherence,
but in the part of mid-to-high altitudes, especially where there is vegetation, one clearly sees a bad coherence.
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Vegetation

Lakes :
1- Balta Jirlau
2. Balta Amara
3. Balta Alba

Figure 3. Georeferenced coherence image of the tandem pair (May 28/29, 1995). The lakes are num-
bered in the order of their distance from the Buzau town.

Table 2. Delimitation of the lakes based on the coherence image.

Lake (Balta) Geographical coordinates (centre) Dimensions Area Altitude  Distance/Buzau
Lat. Long. Length Width (m) (km)
Balta Jirlaul 45°10'20.26"N 27°13'18.39"E 5.38 km 2.28 km 9.104 km? 38 31
Balta Amara 45°13'40.12"N 27°13'18.39"E Diameter 3.27 km 9.237 km? 33 38
Balta Alba 45°17'11.01"N 27°20'03.40"E 6 km 2.5km 7.730 km? 12 43
Distances between the two lakes Jirlaul and diz (Jirlaul/Amara) dzs (Amara/Alba)

Alba of Lake Amara 4.97 km 3.88 km

Using this coherence image those parts could be delimited where the lakes characterised by wind-induced
movement are. The lakes are well delimited and especially when they are full as in the rainy seasons (See Fig-
ure 4) and they are well presented in very dark colours with a null coherence. This pair (coherence image) en-
abled us to calculate, with a high degree of accuracy, dimensions of the lakes” surfaces in the research area. On
the other hand, the precision of this measurement is in the order of one pixel (20 m x 20 m), i.e. + 0.0004 km?

Then, we compared these results with the only existing data, of 1963 [18]. The areas of the three lakes in 1963
are as follows: Balta Jirlaul = 10.69 km? Balta Amara = 6.98 km? and Balta Alba = 10.68 km? The comparison
between these data (1963 and 1995) on a 32 years interval allows the affirmation that two lakes, Balta Alba and
Balta Jirlaul, are in regression and other one, Balta Amara shows an extension. The difference between the two
measurements (1963 and 1995) is summarized in the following Table 3. It shows also the speed of this variation
of surface water during this period of 32 years.

During one 32-year-period, we note a reduction in the areas of the two lakes Balta Alba (to the north) and
Balta Jirlaul (to the south). On the other hand, the lake situated between the two (Balta Amara) increases in suf-
face. That lets us assume that the first two lakes feed the central lake corresponding to their water surface reduc-
tion estimated at 2.2786 km? during these 32 years.
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Lakes :

1- Balta Jirlaul
7-Balta Amara
3.Balta Alba

4-River course

dy, : distance
between lakes
| Jirlaul/Amara

between lakes
Amara/Alba

Figure 4. Area of the lakes on the coherence image (tandem pair, May 28/29, 1995).
The lakes are numbered in the order of their closeness to the Buzau town.

Table 3. Comparison between the two area measurements (1963 and 1995) of the three lakes.

Lake (Balta) Area 1995 Area 1963 Avrea difference AS  Precision 0s IR EIED VT gz
AS * 0s over the 32 years
Balta Jirlaul 9.104 km? 10.69 km? —1.586 km? +0.0004 km? —1.5856 —0.04955 km?/year
Balta Amara 9.237 Km? 6.98 km? +2.257 km? +0.0004 km? +2.2566 +0.070518 km?/year
Balta Alba 7.730 km? 10.68 km? —2.95 km? +0.0004 km? —2.9496 —0.092175 km?/year

The three lakes are located in the subsidence and divagation plain. This plain is located between the rivers of
Buzau and Calmatui; it occupies a very low area which corresponds to Holocene alluvial accumulation. The al-
titude of this area lies between 82 m (in the southern proximity of the Buzau town) in the west and 51 m in the
east. These lakes are located at the contact between the piedmont-type plain and the subsidence area of Cal-
matui-Buzau and Lower Siret rivers. In fact, the lakes are formed on rivers which are tributaries of a larger river.
They represent the convergence point of streams and the main river, Buzau. The river of Buzau has secondary
rivers which have their sources in the piedmont-type plain and lengths of 15 to 30 km. These lakes have a dou-
ble water supply: they are fed by the main river, Buzau and the secondary rivers with the sources in the pied-
mont-type plain.

In the places of junction (between the main rivers and its tributaries), the outlet of the river is barred by allu-
via which make water accumulate behind forming big lakes (baltd). They are salted natural lakes, with a salinity
degree which varies according to the climate. In the event of dryness, they are very salted. On the other hand,
during abundant precipitations, they are less salted because of the strong of discharge of the Buzau river and of
rainwater. They were formed at the end of Upper Pleistocene and the beginning of the Holocene. Balta Jirlaul, is
a fresh water lake. Balta Amara and Balta Alba have high mineralisations and a great salinity.
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The alignment between Focsani and RA&mnicu-Sarat towns coincides with the area where processes of subduc-
tion occurred and where the slow accumulation of seismic energy produced abrupt and violent unloadings cor-
responding to earthquakes with magnitudes ranging from 5 to 7,4 on the Richter scale and epicentres at depths
between 90 and 200 km in the Vrancea Mountains [19]. On the other hand, in the area of the Subcarpathian hills
and Carpathian Mountains, uplift movements are of +2 mm/year. The Brasov depression to the north (outside of
our study area) is registering subsidence movements of approx. 2 mm/year. The plain part in our study area is
characterized by instability due to subsidence which is present in the form of a slow lowering [20]. This move-
ment is characterized by a speed of 2 mm/year in the Buzau Plain which is the site of river divagation. And in
the north-east, close to Focsani town, subsidence is relatively active towards the Siret river, the direction the
river of Buzau flows to. This movement is of about —2 mm/year. As a proof of this, the Buzau river channel
could be mentioned, which changed its course towards north because of this subsidence. The course of the river
moved towards north starting from the Dedulesti point. Before 1969, the distance covered by the river’s water
was of 16.5 km, which at the same time fed the lake Amara. After this date the river course is cut towards north
and travels a distance of 6.5 km towards north (it has creates a new bed-short cut) [21].

Worth mentioning is also the role of the earthquake of March 4, 1977 of a 7.2 magnitude on the Richter scale
which had 4 shocks. Each one of them had a hypocenter of a different depth: 93, 79, 93 and 109 km respectively
[22]. The seism which affected this area had the epicentre to the north of the Patarlagele locality and released an
energy equal to 39.8 x 10%, which represents 15 times the annual average energy released from the Vrancea
Seismic Region [22] [L. CONSTANTINESCU, 1978, cited by D. BALTEANU, 1989]. This seism led to the
appearance of natural sources, lakes and dams. It also caused mass movements of several types: rock falls, col-
lapses, landslides, mudflows and complex movements. In the Calmatui-Buzau Plain, the depth of groundwater is
between 1 and 2 m. In this subsidence area (Buzau-Calmatui), the rivers of Buzau and Calmatui have the same
floodplain. During floods, the Buzau river shows waterway divagations or overflow and feeds the Calmatui
river.

This report enables us to suggest the idea that the waters of the three lakes have been converging in only one
big lake during this 32-year-period (from 1963 to 1995). This can be supported by the fact that the two lakes to
the north and south decrease and the lake situated in the middle increases and can explain the difference in sur-
face (therefore also in water quantity), estimated at —2.2786 km? for this 32 years duration. One can suggest the
idea that the lakes are transforming themselves into only one big lake. We could also estimate the maximum du-
ration of this transformation that does not exceed 1779 years and perhaps could be accelerated by the region’s
seismic activity.

6. Conclusions

This study enabled us to confirm the interest of the coherence images of the tandem pair (ERS-1/ERS-2), ob-
tained based on the interferometry technique (INSAR), for the cartography of lakes and vegetation and their
monitoring (surfaces characterised by bad coherences). This work shows also the importance of these images
and the exploitation of the rate of coherence which lies between [0 and 1] in order to delimit the urban areas
from the ones covered by vegetation. The rate of coherence is higher in the urbanized places than in the areas
with vegetation and is almost null in the case of seas and oceans.

We could calculate with a high degree of accuracy dimensions and areas of the lakes in a very complex area
of the region at the Curvature of the Romanian Carpathians. This study enabled us to advance the theory that the
cartography based upon tandem coherence images can compete with measurements on the ground. Coherence in
the North-Eastern Romanian Plain is better than that in the Subcarpathians and Carpathians. This study also al-
lowed us to suggest that the lakes are in the process of transformation into one large lake, a process which has an
estimated maximum duration of 17 centuries.
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