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1
Introduction

Rivers are very important surface water, they supply drinking water for people, offer irrigation water for farms
and sustain freshwater organisms. However, they can also cause damages, like flooding in high precipita-
tion and serious environmental damage areas, drought in high temperature areas. [5] The variation of surface
water storage accompanied by width changes can be monitored by morphologic characters, including river
extend and river width. [7]

Traditional way to measure river width is doing fieldwork which is labor- and time-consuming. With the de-
velopment of remote sensing technology in recent years, hydraulic variables can be measured easily, however,
new problems arise in resolution and the path of signal propagation. For example, visible band sensors, such
as MODIS and Landsat, the short repeat intervals give modest spatial resolution, if the rivers are narrower
than it, they can’t be detected by the satellites. And the problems with cloud cover which would stop the
signal to reach water surface can’t be ignored. Moreover, optical sensors encountered with challenges when
the water surface is below vegetation canopies, especially for areas where there are forests like Amazon, the
signal reflected by water on the leaves would be mistaken for rivers and then contaminate the results. For
SAR-based estimation, accuracy is further limited by the roughness over water surface caused by wind. [1]

The objects of study are rivers which are relatively narrow when compared with lakes and oceans. Because
higher spatial resolution is more important for small targets, in the trade-of between temporal resolution and
spatial resolution, we decide to sacrifice temporal resolution and use CryoSat-2 data. CryoSat-2 was launched
in April 2010 with Synthetic Aperture Radar (SAR) altimetry on broad, runs in polar orbit with 92 degree’s in-
clination and 717 km altitude. The 369 days’ repeat cycle with a 30 days’ sub-cycle permit geographically
complete observations of land, as a cost of it, the ground track patterns are dense with 7.5 km inter-track
distance at equator and along-track resolution is about 300 meters. [2]

Fully-focused SAR (FF-SAR) processing can further improve the along-track resolution to the theoretical limit
which is equal to half of the antenna length when compared with SAR imaging system. [4] The CryoSat-2 mis-
sion is operated in a closed burst mode with 64 echoes each burst, this narrows the footprint in along-track
direction to about 300 meters. When apply FF-SAR technique directly to SAR altimetry on CryoSat-2, the
along-track resolution is improved to 0.56 meter in our case. This high along-track resolution allows to mea-
sure small scale features which are not parallel to the track. FF-SAR technique also improves the effective
number of looks, which can result in a better geophysical parameter estimation. [4]

This is the first time when altimetry is used for estimating river width, normally it is only used for measuring
water height. We interested in how accuracy can we determine river width using satellite radar altimetry. The
main approach is using FF-SAR altimetry data and computing river width based on the power of waveform.
We develop the method over the Netherland to see the performance, and then apply it to a more complicated
area, Vietnam. Based on the results, give suggestions for future study.
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2
Methodology

Because of special characteristics of FF-SAR altimetry, we choose the Netherlands as the start area and select
waterbodies over it to develop the method. The main idea of the method is computing river width based on
the differences of waveform power over land and water, and the computed widths are filtered based on 3- σ
criterion to get better accuracy.

2.1. Data description

The Synthetic aperture radar Interferometric Radar Altimeter (SIRAL) carried by CryoSat-2 allows to operate
in three different modes: Low Resolution Mode (LRM), Synthetic Aperture Radar mode (SAR) and SAR Inter-
ferometric mode (SARIn). LRM uses conventional pulse-limited radar altimeter on the left side of figure 2.1,
while the processing in SAR and SARIn modes is the delay/Doppler on the right side of figure 2.1. For both
techniques, the illuminated area has two independent components, along-track and cross-track. Footprint
of FF-SAR is a narrow strip on the surface, with pulse limited cross-track and SAR focused along-track. [4] The
component we use is along-track, so the along-track positions of points over earth surface can be estimated
relatively to the altimeter position with delay/Doppler beam. [5] Moreover, the along-track resolution is im-
proved to 0.56 meter which allows to measure narrow rivers, while the temporal resolution doesn’t change.

The dataset of one track can be 3D visualized with positions along track, waveform bins and power in top
image of figure 2.2. The waveform is measured for each along track position, so distance between adjacent
waveforms is equal to along-track resolution 0.56 m. And for each waveform, it contains 256 bins with 23.4
cm bin width. Turn around the image to position-power plane as shown in bottom image of figure 2.2, the
position can be blocked into three parts based on the power: part 1 (position 0-3000), part 2 (position 3001-
5500) and part 3 (position 5500-end). Each part, the signal replicates a couple of times along-track with the
maximum power position as the axis of symmetry and the magnitude of power decrease with the increase of
distance from the maximum value. This is caused by the pulsing into bursts of CryoSat-2 which is known as
alias effect and occurs every 170 waveforms, so only the highest middle one is the real signal.
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2.1. Data description 3

Figure 2.1: Comparison of a conventional pulse-limited radar altimeter (left) and a SAR altimeter (right): (a,b) footprint side view; (c,d)
footprint plan view; (e,f ) wavefrom [6]
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Figure 2.2: Top: 3D visualization of dataset of one track; Bottom: alias effect, there are three clear parts (part 1: position 0-3000, part 2:
position 3001-5500 and part 3: position 5500-end), for each part only the highest middle signal is the real signal, others are alias

The power of waveform from water is at least five times larger than that from land, so these two features can
be distinguished from each other. To show the power differences more obvious, we choose two waveforms.
One is from land, another is from water, and the magnitude of power from land is two orders of magnitude
smaller than that from water. The image on the left of figure [2.3] is waveform over land with 10-6 power
magnitude. There is extreme value of power, but it doesn’t represent waterbody, because on both sides of
it there are clearly other peaks which are not much smaller than maximum power. The image on the right
of figure 2.3 is waveform over waterbody with 10-4 power magnitude, the extreme power is obvious. In the
middle of figure 2.3, we put both waveforms together, water waveform power is extremely large, while the
land waveform can only be seen at the bottom of the image.

Figure 2.3: Waveforms over land and water. Left: waveform over land; Middle: comparison between over land and over water
waveforms; Right: waveform over water

Because of the great power differences, the sum up power of 256 bins for each waveform would still discrim-
inate waterbody and land. Based on that we can identify whether a reflection point along track is located at
waterbody or not. And then the width can be determined by the distance between the continuous first and
last waterbody reflection points.
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2.2. Research area

To start with an easy case, we choose the area around the city of Zwolle in the Northeast of the Netherlands,
shown in figure 2.4, as research area to develop the method. Based on the characteristics of FF-SAR altimetry,
the advantages of this area are clear. On the one hand, there are lots of canals, which show similar morpho-
logic characteristics as rivers, so rivers and canals are interchangeably in this report. They would give enough
number of results for statistic computation. Even if just one canal in some places, the length of the canal is
long enough to give enough amount of observations. On the other hand, the potential outliers caused by alias
effect are much less, because the width of each canal over this area is much smaller than the width which the
results begin to be contaminated by aliasing. The critical value is about 95.2 m, it is given by the products of
the number of waveforms which we begin to see alias effect and the along-track resolution.

Figure 2.4: Research area in the Netherlands and selected canals (red lines)

Google earth offers coordinates of points, 19 canals are picked up by using this tool and their relative posi-
tions are depicted by red lines in figure 2.4. These canals are selected based on three basic criterions. Firstly,
the direction of canals should be roughly east-west. Because the satellite travels with 92 degree’s inclination,
east-west direction target can be seen clearly by the altimeter and the width would be evaluated with high
accuracy. Secondly, to avoid the alias effect, the widths of canals should be as narrow as possible, but not nar-
rower than along-track resolution, or it can’t be detected by altimeter. Thirdly, the distance between canals
should be at least 300 m, because their signals would contaminate each other. For example, if two canals are
very close, the altimeter would take them as one. Besides, enough number of points over each canal is crucial,
because in the following processes, some points would be filtered out for variety of reasons and we want to
get as many width results for each canal as possible to do statistic computation. Generally, for each canal we
pick more than 50 points with roughly same distance interval. In the case of short canals where we can’t pick
that much points, the number is at least 15.

2.3. River width

In order to compute the river width, the signal for each google earth derived point should be found first. For
each canal, we find the corresponding signal for each point in three steps. Firstly, find the corresponding
track for each river point based on the perpendicular distance, the closest track is the corresponding one.
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Secondly, each track may pass more than one waterbody, find all the segments of a track which represent wa-
terbody based on the power of waveform mention in section 2.1. Each segment contains a set of successive
waveforms with high power value. Thirdly, find the corresponding segment for each point by filtering out the
segments which are 100 m away from it. In this step, the distance is on the earth’s surface, the altitudes are
not considered. The result after these processes is each point finds its corresponding set of waveforms.

The distance between two adjacent tracks is much larger than the distance between two successive canal
points, so the corresponding track segment for different river points can be the same and this would contam-
inate statistic results. We solve this by keeping the point which is closest to the segment and filtering out other
points which share the same segments. Then the correspondence between points and segments is one to one.

With the distance between two successive waveforms is 0.56 meter, the width w can be calculated:

w = 0.56× (N −1) (2.1)

Where N is the number of waveforms in each segment for each canal point, N-1 is the number of intervals.
Because we record the number of waveforms from one, when there are two waveforms, there is just one
interval.

Figure 2.5: Angle correction. River width before (yellow dots) and after (red line) angle correction. River width before angle correction is
along the track.

Although we choose the canals carefully, not all of them are perfectly perpendicular to the track, angle correc-
tion is needed. We compute the azimuth differences between track and canal segment, then apply trigono-
metric function (sin) to do the correction. The direction of river is defined from west to east, while the pass di-
rections of track include descending and ascending, we convert all descending tracks direction to ascending,
travel from south to north, by getting the supplementary angle of their azimuth. Then the azimuth difference
is defined as rivers’ azimuth minus ascending tracks’ azimuth and its value is smaller than 180 degree. Finally,
we can get the estimated width which is perpendicular to river banks like red line in figure 2.5.

2.4. Data Filtering

Data filtering is indispensable for high accuracy results. Before that, two datasets should be prepared. One is
the differences between computed width and truth width measured from google earth. It is defined as com-
puted width minus truth width. Another is the absolute value of azimuth differences in section 2.3 minus 90
degree, for simplicity we call it angle.

The outliers in the estimated widths are caused by variety of reasons and they can’t be avoided completely.
For example, environmental effects including large waterbodies which can be found in interpretation column
in Appendix A and B and figures about them are shown in section 3, would result in obvious outliers. In order
to get rid of them, the filtering approach based on 3- σ criterion is used, which can filter out majority of the
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outliers and gives results with higher accuracy.

The progresses include three steps. Firstly, fit a linear trend of width differences as a function of angle. Sec-
ondly, compute the standard deviation of the differences between width differences and fitted lines. The
value we got in this step is σ. Thirdly, set interval [−3σ,3σ] , points outside of this interval are filtered out.
Then we repeat the whole procedure until there is no point outside of the interval.



3
Results and discussion

Area in the Netherlands is selected for developing the method and inspecting its performance. Then, we
apply this method to area in Vietnam, where canals’ characteristics are similar to that in the Netherlands, but
they situate in a more complicated environmental condition. The results from different areas are discussed
in details to find out the factors which contaminate the results.

3.1. The Netherlands

Area around the city of Zwolle in the Northeast of the Netherlands is chosen. The coordinates of points over
19 canals are obtained from Google earth and stored as text file for each canal respectively. We got 144 tracks’
FF-SAR altimetry data and all the tracks pass this area. Because of the low temporal resolution, the period of
the data is from the year 2010 to 2018.

The widths are computed based on theory in section 2.3 and the computed results are listed in Appendix A
computed width column. Before filtering, we plot a histogram for width differences on the right of figure 3.1,
it contains 41 bins with 5 m bin size. From horizontal axis, the range of width differences is almost from -100
m to 100m. This indicates for both cases, computer width is larger than truth width and converse, the outliers
exist. For further inspect these outliers, we take the angle into consideration and plot scatter diagram with
width differences and angle on the left of figure 3.1. Majority of the points with smaller than 10 degree angles
concentrate around zero width differences, but the overall distribution of points is loose, typical large width
differences about 80 m are reached when the angle is 0.7, 7.3 and 66.8 degree respectively. With information
recorded in Appendix A when take points from Google Earth, these deviations can be explained. The first
point even with almost perpendicular position relation between river and track, the large difference is large
which is caused large waterbody, lake. The second large width difference measured with moderate angle is
caused by wider unparallel bank lines. Because the bank lines on both side of a measure point are generally
parallel to each other, unparallel bank lines would result in errors mainly in angle correction step. The last
point with big angle is recorded with waterway cross, both factors can contribute error in width. We will in-
spect the effect for each later.

To do the outlier removal, we first apply linear fit to original data, the fitted result is represented by a red
line on the right of figure 3.1. At the start of the line, it is supposed to be almost parallel to the zero width
differences line because of the good points concentration. But the large width differences caused by lake
pulls the line slightly up and the intercept with vertical axis, 4.9826 m, is slightly more than zero. With the
increase of angle, the points are more dispersive and the effect of negative width differences are dominant
because of their large magnitude, so the line is pulled down by these values and the slope decreases to -
0.6909 m/degree. This also indicates with the increase of angle, the computed width become smaller and
smaller than truth width.
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Figure 3.1: Before 3- σ filtering. Left: scatter diagram of width differences and angle, red line is linear fitted: y =−0.6909x +4.9826 ;
Right: histogram of width differences with 41 bins and 5 m bin size.

3- σ criterion is applied to do data filtering following the process in section 2.4. after filtering, we plot the
histogram again on the right of figure 3.2. The number of bins is still 41 and the bin size is 5 m. Compared
with right of figure 3.1, the range is narrowed to around -20 m to 20 m, because a large number of outliers are
filtered out. The performance of filtering is clearer shown in scatter diagram of width differences and angle on
the left of figure 3.2. Not only the range of width differences is smaller, the upper boundary of angle is reduced
to about 55 degree. Although the filtering is done, we still fitted a line for the survived points to better describe
the results. Without the pull of large width difference points, the line is flatter with -0.2471 m/degree slope.
And the advantage of smaller than 10 degree angles’ concentration around zero width difference is shown by
the smaller intercept with vertical axis, 1.7626 m.

Figure 3.2: After 3- σ filtering. Left: scatter diagram of width differences and angle, red line is linear fitted: y =−0.2471x +1.7626 ; Right:
histogram of width differences with 41 bins and 5 m bin size.

Statistics are computed to inspect the performance of this method over this area. Three statistics are used:
mean of width differences, standard deviation of width difference and accuracy. The accuracy here is defined

as
(
1− meanof standard deviation

meanof truth width

)
× 100% The statistic values together with other parameters are listed in figure

3.3. Still 18 canals survived after filtering, from the number of survived points for each canal, only canal 1 and
2 has more than 10 points left. The dataset for each canal is too small to compute statistics, so we compute
them over all survived points. Mean of width differences reflects the computed width is 1.63 m smaller than
truth width, it also indicates that the factors like wider unparallel bank lines contribute more to the error than
other factors which would result in a larger computed width. The standard deviation, 7.06 m, is too large and
the distribution of width differences is too dispersive for rivers narrower than 15 m. Although the accuracy,
69.36%, seems nice, we can’t ignore the problem reflected by the standard deviation, the dataset is divided
into two groups. These two groups represent canals’ truth width narrower 15 m and canals’ width wider than



3.1. The Netherlands 10

15 m, respectively.

Figure 3.3: Statistics of the Netherlands area

Statistics and characteristics of narrow canal group are listed in figure 3.4. Mean of width differences is only
-0.01 m, the negative and positive width differences are balanced. The standard deviation, 3.01 m, is smaller
than the narrowest canal, so this value is more acceptable than value in figure 3.3. The accuracy is slightly
lower than the whole dataset estimation, because small dataset gives a better chance for errors to exist.

Figure 3.4: Statistics of group of width smaller than 15 meters

Statistics and characteristics of wide canal group are listed in figure 3.5. Mean of width differences is largest
among three datasets. Based on that we can conclude in our case the factors contribute for smaller computed
width occur more often in wide group. Evidence can be found from Appendix A, the wider canals are more
likely to encounter with waterway crosses. Standard deviation in this group is also largest, but compared with
the truth width of each canal, it is about half of the narrowest canal width. That said, the standard deviation is
more acceptable than that in narrow group. Moreover, with larger dataset than narrower group, the accuracy
is also higher.



3.2. Vietnam 11

Figure 3.5: Statistics of group of width larger than 15 meters

3.2. Vietnam

Move to a more complicated case, we apply this method to South Vietnam shown in figure 3.6, where the
distances between canals are smaller and intersections among canals are more. We only choose ten canals
over this area, because except canal 5, we pick up 22 points, other canals are long enough and more than 50
points can be picked up for each. These canals are depicted by red lines in figure 3.6. We got 40 tracks’ FF-SAR
altimetry data and the time period is from year 2011 to 2013.

Figure 3.6: Research area in South Vietnam and selected canals (red lines)

The widths are computed based on theory in section 2.3 and the computed results are listed in Appendix B
computed width column. Before filtering, we plot a histogram for width differences on the right of figure 3.7,
it contains 81 bins with 5 m bin size. The number of bins is about twice larger than that in the Netherlands,
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because the limit of horizontal axis is from -200 m to 200m and the width differences distributed between
-50 m and 170 m. Majority of the width differences concentrate between -50 m and 50 m, the rest of them
are distributed between 70 m and 170 m. This indicates the factors denote larger computed width happens
more often in this area. Including the angles, we plot scatter diagram on the left of figure 3.7. From the
horizontal axis, the upper limit of angles is about 40 degree which is even smaller than filtered dataset in the
Netherlands and it illustrates the direction condition of canals is much better in this area. Majority of the
points are distributed around the zero width differences, and all the larger outliers represent positive width
differences. Together with small data size, they result in large magnitude of slope, -0.7350 m/degree, and
large intercept with vertical axis, 39.5371 m. With information recorded in Appendix B, these large outliers
are mainly caused by large waterbody, flood complex waterway network.

Figure 3.7: After 3- σ filtering. Left: scatter diagram of width differences and angle, red line is linear fitted: y =−0.2471x +1.7626 ; Right:
histogram of width differences with 41 bins and 5 m bin size.

After filtering based on 3- σ criterion in section 2.4, the histogram of width differences is plotted again on
the right of figure 3.8. The number of bins remains 81 with 5 m bin size. Compared with right of figure 3.7,
the outliers which is larger than 50 m are all filtered out. Scatter diagram of filtered dataset is plotted with
fitted line on the left of figure 3.8, the upper limit of angle remains unchanged, but the fitted line is much
flatter than that in figure 3.7 because the removal of outliers. The magnitude of slope is strongly decrease and
now positive with small magnitude, 0.1482 m/degree. The intercept with width differences axis is negative,
-3.0956 m, because more negative width differences when the angle is close to zero.

Figure 3.8: After 3- σ filtering. Left: scatter diagram of width differences and angle, red line is linear fitted:y = 0.1482x −3.0956 ; Right:
histogram of width differences with 81 bins and 5 m bin size.

Same statistics are computed for this area and listed in figure 3.9 with other parameters. Eight canals survive
from filtering, but the survived points for each canal is less than 10. The dataset for each canal is too small to
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compute statistics, so we compute them over all survived points. From mean of width differences, the com-
puted width is 0.1 m smaller than truth width, this value is ten times smaller than that in the Netherlands.
The standard deviation, 17.56 m, illustrate very large width differences variation, especially for canals nar-
rower than 35 m because the standard deviation exceeds half of the width. The estimation accuracy in this
case is much smaller than that in the Netherlands, it is only 50.40%. Based on the main differences between
the Netherlands and Vietnam, the complex environmental condition and small dataset do have effect on the
results.

Figure 3.9: Statistics of Vietnam area

3.3. Results comparison

There are two main differences between the Netherlands and Vietnam. Firstly, the size of data is larger in the
Netherlands. Secondly, the environmental condition is more complicated in Vietnam, details information of
it can be found in Appendix B. As we already mention the first difference above, only effects of environment
are discussed in this section. The number of larger than 100 m outliers is larger in Vietnam, from Appendix
B marked with red color, some of them are caused by flood and lakes, others are effect by crosses and nearby
canals. Luckily, they are all filtered out and don’t contaminant the statistics. Inspecting the interpretation for
survived points, the two main different special conditions survive in Vietnam are flood and crosses.

For flood condition, because the selected area in Vietnam is included in the Vietnamese Mekong Delta,
which suffer from annual (fluvial) flood. [9] Especially from June 2011, long periods of heavy rainfall along
the Mekong river cause the worst flooding in 50 years in South Vietnam, which is exactly the time period of
our data. Another evidence can be found by comparing Appendix A and B, there are more points shifted to
the ground near the canals in Vietnam, inspect these points in Google Earth’s 2019 image when there is no
flood, most of them cause much larger width than truth width. And these shift to ground points takes part
51.35% of the survived points.

There are three points locate at crosses are survived from filtering in Vietnam. From Appendix C, where
the target canals are depicted by red lines while two yellow points represent the computed width, it is clear
that the crosses cause the points deviate from where they should be. The deviation largely based on the
target canal position. From the first two images in Appendix C, the two canals which form the cross are not
perpendicular to each other, the width points deviate to the ground and usually give a smaller computed
width. From the last image where the target canal perpendicular to another, the points remain in the canal
but give a wider width.



4
Conclusions

Above all, the method works best for canal which satisfies two conditions. One is the angle deviation from
90 degree is less than 10. Another is the width of canal is smaller than15 meters. When the deviation angle
increases, the width differences would become larger and larger. When the width of canal increases to 95.2
m, the alias effect would take a role and result in larger computed width.

There are three noticeable factors which contribute noise to results. Firstly, large waterbody like lakes con-
nect or near the canals make the computed differences much larger. Secondly, crosses have different effect
on the river width which is depended on the relative location of two canals. In general, perpendicular canals
would give larger computed width and verse vice. Finally, the truth width of flooded area should be measured
as the same time when we compute width, in order to get more accurate width differences. If we don’t and
measure the truth width during no flood period, the value would be much smaller than it should be.

Improvement can be made from three different parts when works with CryoSat-2 data. Firstly, get a larger
area with more waterways and use more tracks in order to get more observation points. The more the obser-
vations, the more reliable of the statistic results. Secondly, eliminate the nearby waterways’ effect, because
they may make the computed width extremely large and deducing their influence is essential. Lastly, expand
this method to measure larger than 95.2 m rivers, eliminate the alias effect for it.

For future expectation, the Sentinel-3 and Sentinal-6 with much shorter repeat cycle, 27 days and 10 days
respectively, allows to monitor the temporal dynamics of waterbody. Sentinel-3 SRAL, which inherits SAR
altimetry technologies from CyoSat and Jason altimeter missions, can also provide high spatial resolution
( 300 m along-track) and a global coverage with inclination 98.65 degree. [3] Another advantage of Sentinel-3
over CryoSat-2 is it always passes the same point every time so we don’t need to do interpolation. In this way,
we get rid of interpolation error. Sentinel-6 will be launched in 2020 with 66 degree’s inclination. [8] Although
it doesn’t have a larger global coverage, it can completely avoid alias effect because it won’t work in burst
mode.
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Information table for canals in the Netherlands
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Information table for canals in Vietnam
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Google Earth screenshot of Vietnam canal crosses
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Figure C.1: Red lines are selected canals, yellow points are the computed width along track before angle correction.



Bibliography

[1] Douglas E Alsdorf, Ernesto Rodríguez, and Dennis P Lettenmaier. Measuring surface water from space.
Reviews of Geophysics, 45(2), 2007.

[2] C Bouzinac. Cryosat product handbook. ESA User Manual, ESA, ESRIN, Italy, 4121:4123, 2014.

[3] Craig Donlon, B Berruti, A Buongiorno, M-H Ferreira, P Féménias, J Frerick, P Goryl, U Klein, H Laur,
C Mavrocordatos, et al. The global monitoring for environment and security (gmes) sentinel-3 mission.
Remote Sensing of Environment, 120:37–57, 2012.

[4] Alejandro Egido and Walter HF Smith. Fully focused sar altimetry: theory and applications. IEEE Trans-
actions on Geoscience and Remote Sensing, 55(1):392–406, 2016.

[5] Liguang Jiang, Raphael Schneider, Ole Andersen, and Peter Bauer-Gottwein. Cryosat-2 altimetry applica-
tions over rivers and lakes. Water, 9(3):211, 2017.

[6] R Keith Raney. The delay/doppler radar altimeter. IEEE Transactions on Geoscience and Remote Sensing,
36(5):1578–1588, 1998.

[7] Ivars Reinfelds, Marcus Lincoln-Smith, Tim Haeusler, David Ryan, and Ivor Growns. Hydraulic assess-
ment of environmental flow regimes to facilitate fish passage through natural riffles: Shoalhaven river
below tallowa dam, new south wales, australia. River Research and Applications, 26(5):589–604, 2010.

[8] Remko Scharroo, Hans Bonekamp, Christelle Ponsard, François Parisot, Axel von Engeln, Milen Tahtad-
jiev, Kristiaan de Vriendt, and François Montagner. Jason continuity of services: continuing the jason
altimeter data records as copernicus sentinel-6. Ocean Science, 12(2):471–479, 2016.

[9] Nguyen Hieu Trung, Vo Quoc Thanh, et al. Vulnerability to flood in the vietnamese mekong delta: map-
ping and uncertainty assessment. Journal of Environmental Science and Engineering. B, 2(4B):229, 2013.

20


	Introduction
	Methodology
	Data description
	Research area
	River width
	Data Filtering

	Results and discussion
	The Netherlands
	Vietnam
	Results comparison

	Conclusions
	appendix
	appendix
	appendix
	Bibliography



