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1. Abstract 

In this study the use of two radar interferometry methods, PSInSAR and SBAS, were tested as 

tools for measuring coastal erosion. If successful it would have allowed for measuring coastal 

erosion as a function of material lost. The study area used was Ystad municipality, in southern 

Sweden.  

Radar data for the study was provided by the ESA, the European space agency, from their 

ERS-2 and ENVISAT satellites, spanning the period 1998-2005. 

Unfortunately, even after many different configurations of settings were tested, the results 

indicated that both methods are very unsuited for use in rural areas such as Ystad, whether for 

measuring coastal erosion or otherwise. Both methods had severe problems achieving 

significant coverage after low coherence areas were masked out, and PSInSAR suffered from 

several anomalies. This is likely due to the highly vegetated nature of the landscape, which 

results in low coherence through temporal decorrelation.  

Of the two methods SBAS showed the most promise, but not nearly enough to be considered 

useful.  

It is, based on the scientific literature, possible that simpler interferometry methods might 

have been more useful. This, and other possible ways to improve the results is something that 

this study discusses at length. 

2. Introduction 

The purpose of this study has been to test two radar interferometry methods, PSInSAR and 

SBAS, for use in monitoring coastal erosion. These methods was chosen since they are 

theoretically able to measure erosion with mm precision (Pascali et al., 2012, Yan et al., 2009) 

and as a function of volume of sediment lost. (Woodhouse, 2006) Being based on data from 

radar satellites would also allow the methods to measure large areas frequently and reliably.  

The study area used to test the methods is a section of the coast of Ystad municipality, in 

southern Sweden. This area has well documented ongoing problems with coastal erosion, 

including some of Sweden’s worst cases (Möller et al., 2010). It also has data available that 

allows for easy validation of the result, in the form of project Skånestrand; A project that has 

collected data on erosion in Southern Sweden in a map service for easy viewing (SGU, 2016). 

Southern Sweden has long suffered from coastal erosion; it has been a known issue in the area 

for almost 200 years (Almström, B. & Hanson, H, 2013). This problem is also expected to get 

worse, due to rising sea levels and more frequent storms caused by global warming (Ohlsson, 

2008). 

It is therefore important to be able to measure this coastal erosion. The problem is that this 

kind of erosion can be very hard to measure with remote sensing. This because the position of 

the coastline does not always change when the erosion occurs, or might even advance 
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seaward, making it very hard to spot from above (Danielsson, 2015). Therefore, it needs to be 

measured as change in terrain height, and this study attempts to use radar interferometry to do 

just that. This would also allow the erosion to be measured as m
3
 of sand lost. The method, if 

successful, would allow for large areas to be mapped easily and frequently. 

Radar interferometry is a method that uses two or more radar images to determine terrain 

height (Woodhouse, 2006). While there is a myriad of radar interferometry methods in 

existence, this study deals with two methods: the persistent scatterer, or PSInSAR, method 

and the small baseline, or SBAS, method. 

Both methods use a large numbers of radar images to measure the change in terrain height in 

order to reduce the limitations of differential interferometry: temporal and geometric 

decorrelation and atmospheric interference. This allows them to achieve higher accuracy then 

is normally possible, (Yan et al., 2009) allowing them to measure the rate of erosion with as 

much as mm precision, (Pascali et al., 2012, Yan et al., 2009) compared to the accuracy of 

several cm achieved by InSAR methods using only 2-4 images (Sarmap, 2015).  

Radar interferometry, even if uncommonly used to measure coastal erosion, (Marghany, 2013) 

was selected as a promising choice not only for its ability to measure terrain change over time, 

but also because radar satellites can be used in almost all weather conditions, due to radar 

waves ability to penetrate clouds, rain, snow and more (NASA, 2016b). This makes radar 

satellites able to reliably provide shorter revisiting time then optical sensors as no images are 

spoiled by cloud cover. 

 

Fig 1: location of Ystad municipality. Image by Udo Schröter (2006). 
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3. Background 

3.1. The study area: Ystad municipality 

The area chosen for testing the radar interferometry methods is Ystad municipality in southern 

Sweden. It was chosen because it is experiencing severe and well documented coastal erosion, 

in addition to having areas that are accumulating or are stable (SGU, 2016). 

One part of the coast in particular, at Löderup beach, has recently suffered from Sweden's 

worst recorded case of coastal erosion (Danielsson, 2015). Erosion has long been a problem in 

the area, the first report of damaging coastal erosion stems from 1820 (Almström, B. & 

Hanson, H, 2013). It is also part of the area covered by project Skånestrand, (SGU, 2016) 

making it easy to validate the results of this study. 

The coast is very valuable for Ystad, which is why coastal erosion is such an issue, as there is 

infrastructure, buildings and valuable nature areas along the coastline (Möller et al., 2010). 

The species living on the beaches itself are also in danger, for if the coast erodes they risk 

being trapped between the advancing ocean and human construction (Almström, B. & 

Hanson, H, 2013). The beaches also attract plenty of tourists, being one of Sweden's most 

visited beaches (Möller et al., 2010). According to calculations made by the consultant firm 

SWECO (2013) it is estimated that beach related tourism alone is worth roughly 450 million 

Swedish crowns yearly, being roughly 42 million Euro at the time of writing. Add in the 

recreational value for the inhabitants as well as the value of the infrastructure and the nature 

areas located close to the beaches and it is clear why stopping the erosion is of high 

importance.  

In Sweden erosion affects mainly the southernmost part of the country, including Ystad, 

because the rest of the country is protected as it is currently experiencing land uplift (Labuz, 

2015). The southern half is instead subsiding, in the study area it is subsiding at a rate of 

0,5mm per year. The resulting rise in sea level is one cause behind the coastal erosion (RIKZ, 

2004, Ohlsson, 2008). The reason for this change in terrain height is the last ice age. During 

that time the huge ice masses depressed the ground and in most of Sweden it is now 

rebounding after being freed of the ice, but this also causes the ground to sink in southern 

Sweden (MSB, 2010). 

Roughly thirty-five km of Ystad municipality’s coastline was used in this study. The shoreline 

is made up mainly of sand (Möller et al., 2010) with sand dunes being a common landscape 

element. The study area stretches roughly from the city of Ystad in the west to Sandhammaren 

in the east, see fig 3. 

The largest reason for the erosion is that the constructions of harbours and, ironically, coastal 

defences against the erosion has drastically reduced the flow of sediments which would 

normally be transported along the coast (Ohlsson, 2008). This is a problem because sandy 

shores, like the ones that dominate the coasts of Ystad, are stable only when the amount of 

sand they lose to erosion is equal to the amount that is received from waves and currents, sand 
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that often is created by erosion upstream (Bird, 2000). That is why construction that halts the 

sediment transport, or aims to stop erosion at one place, often cause erosion elsewhere (RIKZ, 

2004, Hansson, date unknown). This is exactly what is happening in Ystad (Ohlsson, 2008) 

and why it is important to look at the bigger picture when studying erosion (RIKZ, 2004). 

If not trapped by construction the sand would be transported mainly from east to west along 

the coast of the study area by waves (Hansson, date unknown) and longshore current (RIKZ, 

2004). This is important because some beaches are accumulating because others upstream are 

eroding (Möller et al., 2010) or are eroding because erosion upstream have halted. It is 

however worth mentioning that it is transported east to west instead along certain parts, see 

fig 2. (RIKZ, 2004). The direction of travel is determined by the shape of the coast combined 

with the dominant wave direction, which in the study is alternatively west or east-south east 

(RIKZ, 2004).  

The coastal erosion is mainly driven by wave action, (Almström, B. & Hanson, H, 2013) tides 

not being much of a factor as it is almost non-existent in the area (Hansson, date unknown). 

However, the waves are usually only 0-1m in height; the coastal erosion instead mostly occurs 

during periods of high water levels and strong winds (RIKZ, 2004). 

As the erosion mainly occur during high water levels and strong winds (RIKZ, 2004) storms 

play a major part in the coastal erosion of the area (Danielsson, 2015). In fact, most of the 

erosion occurs during storms (RIKZ, 2004). It is also known that the number of storm days in 

southern Sweden have increased. On average, there was 3-5 days with 20m/s winds per year 

during the 1930, during 1990 this number had risen to 17-20, (Ohlsson, 2008) This number 

could increase further due to climate change (Ohlsson, 2008).  

 

Fig 2: Image of the sand transport pattern at Ystad. Image by Almström, B. & Hanson, H 

(2013). 

Since high water levels lead to erosion it is likely that it will increase should the sea level rise, 

and that is unfortunately likely (Möller et al., 2010). There are two reason for this: one is the 
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land subsidence (RIKZ, 2004, Hansson, date unknown) and the other is that increasing global 

temperatures, due to global warming, will result in rising sea levels (Möller et al., 2010). 

A characteristic feature of Skåne’s sandy coast are the sand dunes that form upland along the 

coast. They are normally out of reach from the waves, but during storms the waves do reach 

them and can then cause them to erode heavily. Sometimes that eroded sand is deposited on 

the beach, which is why the shoreline may sometimes expand into the ocean even after 

erosion has occur (Danielsson, 2015).  

Not all erosion in the area is visible: at certain parts 90% of the erosion occurs underwater 

(Ohlsson, 2008). 

Ystad municipality’s response to the erosion problem has been what the EU has dubbed a 

“hold the line” policy (RIKZ, 2004). It is a policy to maintain the shoreline at its present 

position, either by building defences to stop the erosion or by adding in new material to 

replace what has been lost (RIKZ, 2004). Local inhabitants have also tried to stop the erosion 

by rock dumping since the 1950s (RIKZ, 2004). Unfortunately, many of these measures are at 

risk of being destroyed due to being poorly constructed, and have often also increased erosion 

downstream (Möller et al., 2010). 

 

Fig 2: The coast of Ystad municipality, image by Ystad municipality, from Möllers et al. 

(2011) This study has divided the coast in the same way, except that the study area only 

stretches from Ystad (zone 4) to Sandhammaren (Zone 14). 

The study area can be divided into several smaller areas, based on Möller et al. (2010), see fig 

3. From west to east, these are: Ystad city, West Sandskogen, East Sandskogen, Nybro beach, 

Kabusafältet, Hammar’s hills, Kåseberga, East Kåsebergaåsen ridge, Löderup beach, Hagesta 

national park and Sandhammaren. Below follows a description of each of these areas: 

3.1.1. Ystad city 

The coast around Ystad city is dominated by its harbour, but there are also green areas, 

beaches, houses and industry near the coast. The coast is of very high importance for tourism 

in the area. There also are important roads and railroad close to the coast (Möller et al., 2010). 

Erosion only occur east of the outflow from the water treatment plant, west of which two 

small groynes have been constructed to combat the erosion. Where there are buildings near 
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the water the coastline has been reinforced with revetments (Möller et al., 2010)  

3.1.2. West Sandskogen 

The western part of Sandskogen is one of Ystad’s most visited areas (Möller et al., 2010). It 

consists of a dune landscape, with sand dunes 10-15 m high (Labuz, 2015). Without the 

dunes, the landscape would be very flat, being as most 5m over sea level. The dunes closest to 

the sea is being eroded, while the landward ones are covered with vegetation that helps binds 

the sand (Möller et al., 2010). 

There is severe ongoing erosion in the area (Möller et al., 2010). During the last 150 years, the 

shoreline has retreated 1-1.5m per year on average (RIKZ, 2004). The area erodes much more 

than is visible from the surface as 90% of the erosion takes place below the sea level. It is 

estimated that since 1993 15000m
3
 of sand has been lost above the surface compared to 132 

000m
3
 beneath the surface (Almström, B. & Hanson, H, 2013). 

5 groynes, have been constructed in an attempt to stop the erosion. Along them there are 

drainage pipes, and between them parallel to the shore are so called Skagen pipes (Möller et 

al., 2010).  

In the western part of the area rock revetments have been constructed. Some beach 

nourishment has also been used, mainly to extend the beach for the summer season (Möller et 

al., 2010). 

3.1.3. East Sandskogen 

The eastern part of Sandskogen is a natural reserve for biological diversity and recreation. It 

has a dynamic sand dune system that has long been influenced by the availability of sand 

from upstream. There is ongoing erosion in western part, caused by the groynes in western 

Sandskogen blocking the inflow of sand to the area (Möller et al., 2010). 

Since it is protected it is normally forbidden to construct anything that would harm the 

environment, but some coastal defences have been allowed to be built in the western part of 

the area to combat the erosion. Dunes has also been reinforced with revetments and 

revegetated, but much of it has now been destroyed by the erosion they sought to prevent, see 

fig 6. below. Some wave breakers have also been built, with better results (Möller et al., 

2010). 
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Fig 3: Image showing the location at east Sandskogen where there used to be revetments and 

revegetation before it was destroyed by the erosion. Image by Mona Ohlsson (Möllers et al, 

2011). 

3.1.4. Nybro beach 

At this location there is a small village of about 600 inhabitants. It is a flat area, with half the 

community being at less than 5m above sea level. The coast is accumulating, and by doing so 

is expanding seaward. It is estimated that it has at places expanded seaward about 20m. The 

source of that sand is probably eroded material from neighbouring Sandskogen east (Möller et 

al., 2010). 

3.1.5. Kabusafältet 

Kabusafältet consists mainly of agricultural land, used for grazing and farming. Only 25 

people lives here. The area is also used for military exercises (Möller et al., 2010). 

Erosion occurs along some parts of the coast, while other parts are accumulating. Overall no 

protection is thought necessary for this area (Möller et al., 2010). 

3.1.6. Hammar’s Hills 

The coast of Hammar’s Hills consists of a glacial ridge called Kåsebergaåsen ridge. It is a 

considered to be a for Sweden unique land form of high importance for recreation. It is also 

used for grazing and is considered a natural reserve. The coast there is stable, with no ongoing 

erosion nor is it considered in danger of erosion since the ridge provides a natural defence. 

(Möller et al., 2010). 
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Fig 4: The glacial ridge at Hammar’s Hills. Image by Ystad municipality (Möllers et al., 

2011). 

3.1.7. Kåseberga 

There is a community of 160 people and a small harbour here. The Kåsebergaåsen glacial 

ridge continues from Hammar’s Hills and makes up most of the coast, which is stable as the 

ridge provides that part of the coast with natural protection against erosion. Some erosion 

does however occur east of the harbour, and some protective measures in form of wave 

breakers and revetments have been used to combat it (Möller et al., 2010). 
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3.1.8. East Kåsebergaåsen ridge 

This area is dominated by the Kåsebergaåsen glacial ridge. Just as in Hammar’s Hills it is a 

very valuable land form, but the coast is fortunately stable as the glacial ridge offers a natural 

defence against coastal erosion. (Möller et al., 2010). 

Fig 5. Image showing east Kåsebergaåsen ridge, with Kåseberga harbour in the background. 

Image by photo guide (2012). 

3.1.9. Löderup beach 

At Löderup there is a community consisting of 265 recreational houses and about 30 

permanent inhabitants. The coast is almost completely flat besides the height differences 

caused by its sand dune landscape (Möller et al., 2010). 

Löderup is experiencing severe erosion. This including Sweden most extreme case coastal 

erosion in that around 1990 the coast eroded more than 300m inland (Almström, B. & 

Hanson, H, 2013). Overall the shoreline has retreated more than 200m since between 1971-

2009 (Möller et al., 2010).  

Many types of protection have been used in the area, including revetments by rock dumping 

along most of the coast by the inhabitants, 6 groynes and the use of beach nourishment. Many 

of the protective structures are poorly constructed and risk being destroyed in storms, and are 

likely to fail if sea levels rise (Möller et al., 2010). 
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Between 1993 and 2013 it is estimated that Löderup lost 147000m
3
 of sand, not counting the 

masses added by beach nourishment (Möller et al., 2010). 

 

Fig 6: Image showing some of the eroded coast of Löderup beach. Note the rock revetments 

and groynes. Image by Jorchr (2006). 

3.1.10. Hagesta national park 

This is a national park of high geological and natural interest. It consists of a sandy dune 

landscape. It has high recreational vale, partly due to its beaches. There is ongoing erosion. 

One short groyne exist in the west part of the area in connection to the ones at Löderup beach, 

but those are only adding to the coastal erosion. The possibility of building additional coastal 

defences are very limited since it is a protected area. (Möller et al., 2010). 

During the period 1971-2009 the coastline was displaced landward by about 200m due to 

coastal erosion (Möller et al., 2010). The establishment of coastal defences in Löderup is the 

likely cause for the erosion (Ohlsson, 2008, Möller et al., 2010).  
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3.1.11. Sandhammaren 

This is a coastal dune area unique in Sweden. The landforms are of geological interest, and 

many rare plants, birds and insects can also be found here. The coast is accumulating and a 

4km stretch of the coast (2km of which lies in a neighbouring municipality) have had its 

shoreline advance about 200m seaward. It is a sensitive landscape that is heavily affected by 

coastal processes (Möller et al., 2010). So, while the area is currently experiencing 

accumulation it is known to change between erosion and accumulation over time (Ohlsson, 

2008). 

 

Fig 7: Image showing the coast at Sandhammaren. Image by Jorchr (2012). 

3.2. Coastal defences 

In the previous section, there were references to different types of defences against erosion. 

Here follows a description of each type of defence mentioned. 

Beach nourishment 

This is a method where sand is pumped from the seabed onto the beach in order to 

compensate for the sand that has been lost to erosion (Almström, B. & Hanson, H, 2013). This 

used to be an uncommon method in Sweden, which instead preferred using hard defences to 

stop the erosion rather than restore the beaches (RIKZ, 2004). It is however now becoming 

the defence of choice in many cases (Danielsson, 2015) and internationally this is the most 

common response to coastal erosion (Almström, B. & Hanson, H, 2013). Ystad used beach 

nourishment for the first time in 2001 (Möller et al., 2010, Almström, B. & Hanson, H, 2013). 

Revegetation: 

Revegetation is a method where vegetation is planted in order to stabilize the parts of the 

coast that is in danger of being eroded. This method is a good way to protect against erosion 

by storms. The type of vegetation varies; it can range from grasses to forests (RIKZ, 2004).  
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Fig 8: Image showing revegetation with fencing at Spencer park. Image by Kelland (2011). 

Groynes: 

Groynes are long and narrow structures that stretch out into the water at a right angle to the 

beach. Their presence traps the sand that would otherwise be transported alongshore, and in 

doing so stops the local erosion. They can also help protect against erosion by storm (RIKZ, 

2004). Since they stop the flow of sediments they can cause erosion downstream (Hansson, 

date unknown) which has happened in the study area (Möller et al., 2010). 
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Fig 9: Groynes in Sitges. Image by Serra (2007) 

Detached breakwaters 

Detached breakwaters are structures that are placed parallel to the shore some distance out in 

the water. Their purpose is to reduce the amount of wave energy that reaches the shore, 

resulting in less erosion (RIKZ, 2004). 

Fig. 10: The detached wave breakers at east Sandskogen. Image by Mona Ohlsson (Möller et 

al., 2010). 

Drainage pipes 

By placing drainage pipes underground, it is possible to make the sand more permeable by 

lowering the water level in the nearshore area. This allows the coast to more easily absorb 

wave energy, which reduces erosion.  It works best in areas with low tidal influence (SNH, 

2000). 

Revetments: 

A revetment is a protective layer that protects the shore against erosion. It could be made from 

a myriad of materials, such as concrete, geotextiles or dumped rocks. It generally consists of 

three parts: a toe, an armour layer and a filter layer. The toe part exists to keeps the revetment 

in place. The armour layer keeps the protected ground from being eroded by wave action. The 

filter layer supports the armour layer and allows water to pass through the structure while 

keeping the soil from being washed out (RIKZ, 2004). 
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Fig 11: Wooden revetments. Image by Simak. (2009) 

Skagen pipes 

No information could be found on the design nor function of the so called Skagen pipes 

3.3. Radar Basics 

3.3.1. What is RADAR 

Radar is a remote sensing technique that gathers information about objects on the ground by 

sending pulses of microwave radiation and analysing the return echo. Based on how strong 

the return echo is and how the properties of the waves have changed valuable information can 

be gained, such as surface roughness and moisture content. It also measures the time it takes 

for the echo to return, and based on this can determine the distance to the object (Woodhouse, 

2006). 

Radar is an active remote sensing system, meaning that it creates its own microwave energy. 

Because of this it can operate at any time, unlike most optical systems that need an external 

source of light such as the sun to function. In addition, C-band radar, the one used in this 

study, utilizes microwaves that can penetrate clouds, dust, smoke, snow, and rain (NASA, 

2016b). These two traits mean that radar remote sensing is very reliable and that there are few 

areas it cannot map (Woodhouse, 2006). 

Radar does however come with its own set of disadvantages.  

The first is that it is much harder to interpret radar data compared to optical images. One 

reason for this is because radar images more closely reassembles how our hearing works 

rather than our vision, making it harder to turn into an image that we humans can make sense 

of (Woodhouse, 2006). 

The second is that radar can only measures the time it takes for an echo to return, not which 
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angle it came from. This leads to a myriad of problems, such as the tops of tall areas 

appearing to lean over their bases because they are closer to the satellite (Woodhouse, 2006). 

More on that in “Radar Errors” below.   

Another distinct problem is that all radar images contains noise, which is what gives them 

their distinct salt and pepper appearance. This is called speckle, and is caused by the radar 

waves interfering with each other, see microwave basics below (Woodhouse, 2006). To reduce 

the speckle one usually must sacrifice the spatial resolution of the image, see “speckle” below. 

3.3.2. Basics of microwaves and electromagnetic radiation 

To understand radar remote sensing, it is important to be familiar with the geometry of 

electromagnetic (EM) radiation. It should be noted that while radar is often described as a 

microwave based system, including in this paper, modern radar can use a wider spectrum of 

electromagnetic radiation (Woodhouse, 2006). 

EM radiation travel as waves at the speed of light, the properties of which can be described 

with three main attributes: Wavelength, amplitude and frequency. 

 Wavelength: How long a distance an electromagnetic wave travels before it has 

completed a full oscillation. For microwaves this can vary from 1mm to 30cm 

(Woodhouse, 2006). Shorter wavelength indicates higher energy waves (NASA, 

2016a). 

 Amplitude: This is how much the wave oscillates, measured as the distance the from 

the wave tops to the middle of the wave. Like wavelength this is indicative of how 

much energy the wave has (Woodhouse, 2006). 

 Frequency. This is a measure of how quickly the wave oscillates, measured in how 

many full oscillations of the wave passes a given point per second. (Woodhouse, 2006) 

The unit is Hertz, and for microwaves this is number lies between 4-8 GHz (ESA, 

2008). 

 

Fig 12: Geometry of an electromagnetic wave. Image by Loo et al. 



20 

3.3.3. Phase 

This is an expression of where in its oscillation a EM wave is at a given point in time. A full 

oscillation is expressed as 2π (Woodhouse, 2006). 

3.3.4. Backscatter 

The amount of energy from a sent radar pulse that is returned to the sensor is called 

backscatter. It is influenced by the roughness and the electric conductivity of the target 

surface. Since moisture content affects the electric conductivity it can indirectly be used to 

measure the moisture content of surfaces. Very smooth surfaces tend to bounce the energy 

away from the sensor, giving a very low backscatter, while rough surfaces spread the radar 

echo more uniformly. Corner reflectors bounce the whole signal back to the sensor, giving a 

very strong return echo (Woodhouse, 2006). Corner reflections are especially common in city 

areas where square corners are plentiful, so much that it is possible to identify cities based on 

the amount of corner reflection (Ticehurst et al., 1996). 

3.3.5. Coherence 

If two EM waves have the same frequency and the phase difference between them waves 

remain constant, they are said to be coherent Since measuring phase difference is central to 

radar interferometry maintaining coherence between the radar waves is crucial. (Woodhouse, 

2006). 

Coherence is measured on a scale of 0 to 1, with 0 being total loss of coherence and 1 being 

perfect coherence. Any coherence value below 0.3 means that the phase information, and 

therefore the data, is useless (Woodhouse, 2006).  

The more coherent two waves are the easier it is to guess the properties of one wave based on 

the attributes of the other (Woodhouse, 2006). 

There are however some advantages to decorrelation, in that it can provide information on the 

target area. For example, reduced levels of coherence can indicate an increase in the amount 

of vegetation in the area, as they are closely related (Woodhouse, 2006). 

3.3.6. Interference 

Interference occurs when two coherent electromagnetic waves meet. When this happens, they 

form a single wave whose amplitude is the sum of the two waves. If they meet while they are 

oscillating in the same direction, it is called constructive interference and creates a wave 

whose amplitude is the sum of both waves. If they meet while oscillating in different 

directions, they instead weaken each other. This is called destructive interference and creates a 

wave whose amplitude is equal to the difference in amplitude between the two waves. 

(Woodhouse, 2006). 

Interference results in a pattern of weak and strong signals and is the reason why radar images 

have their distinctive “salt and pepper” appearance, see “speckle” below (Woodhouse, 2006). 
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Fig 13: Image showing how two overlapping coherent EM waves results in a pattern of strong 

and weak amplitude. Image in the public domain (2006). 

3.3.7. Bandwidth 

The bandwidth is the range of frequencies used by the radar, and a large bandwidth is critical 

to achieving high spatial resolution (Sarmap, 2007). This can be achieved by having a short 

pulse duration, but this results in less power and lower radiometric resolution. Instead it is 

common to use a long pulse but a sending a so-called chirp (Sarmap, 2007). This means that 

rather than sending identical signals the radar system sends a pulse of signals made up by a set 

of different frequencies (Woodhouse, 2006). 

 Using a chirp makes it much easier to identify the return echoes since it is highly unlikely 

that this specific set of frequencies would occur by chance (Woodhouse, 2006). 

3.3.8. Speckle 

Radar images are characterized by having a “salt and pepper” appearance, and this pattern is 

called speckle. This pattern is caused by interference between the radar echoes, see 

“interference” above. It can be reduced by averaging the backscatter values over a larger area, 

as this results in the high and low values caused by the speckle to even out somewhat. This of 

course reduces the spatial resolution, making it a trade-off between good spatial resolution 

and low noise (Woodhouse, 2006). 
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Fig 14: One of the radar image used in this study, showing backscatter values. Note the salt 

and pepper appearance, which is caused by speckle. Also, note that it looks nothing like the 

end results: This is because it is in slant range format, causing the image to be upside down 

and mirrored, as well as distorting the proportions of the surfaces. 

3.3.9. Radar resolution & Multi-looking 

The resolution of a radar image consists of two values: azimuthal resolution and ground range 

resolution. Both types of resolution are measured in meters, indicating the minimum distance 

two objects would have to be apart for the radar to identify their echoes as being two separate. 

The Azimuthal resolution is the ability of the radar to distinguish between different objects on 

the ground in the direction the satellite is travelling, the so called along track direction. 

(Woodhouse, 2006). 

The ground range resolution is the ability of the radar image to distinguish between different 

objects on the ground in the cross-track direction, which is 90 degrees’ angle to the direction 

the satellite is travelling (Woodhouse, 2006). 

There are two types of radar: RAR, real aperture radar and SAR, synthetic aperture radar 

(Woodhouse, 2006). 

It is SAR that is used in this study, but to understand how that works it is beneficial to first 

learn about RAR as it is a much simpler system. The difference between the two lies in how 

their spatial resolution is determined (Sarmap, 2007). 

For RAR the azimuthal resolution is equal to, from Sarmap (2007): 
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Where λ is the wavelength of the radar wave, R is the distance between the antenna and the 

object, and L is the length of the antenna. Why the length of the antenna matter is because a 

larger antenna allows for a more narrow, focused radar beam (Woodhouse, 2006). 

The range resolution is calculated quite differently. It is calculated, from Sarmap (2007): 

         
  

 
 

Where c is the speed of light, and τ is the pulse duration of the radar “chirp”.  A short pulse 

duration improves the bandwidth, which allows the radar to distinguish individual echoes 

more easily (Sarmap, 2007, Woodhouse, 2006). 

The difference between RAR and SAR is that while RAR is limited by the physical size of its 

antenna, SAR can use the Doppler effect to mathematically improve its resolution (Sarmap, 

2007, Woodhouse, 2006). This allows SAR to achieve superior azimuthal resolution, but 

requires substantially more processing power (Sarmap, 2007). 

The Doppler effect is the principle that radar echoes being picked up from objects moving 

towards the sensor will appear to have shorter wavelengths then they actually have, while 

objects moving away from the sensor will appear to have longer wavelengths. It is important 

to note that in the case of satellites the same effect applies even if it is the satellite that is 

moving relative to the ground while the object itself is stationary (Woodhouse, 2006). 

The azimuthal resolution of SAR is equal to half the length of the actual antenna, meaning 

that the smaller the antenna the better the resolution, (Woodhouse, 2006) quite contrary to 

how RAR works. However, how small antenna can be used is limited by several factors, such 

as that smaller antennas generate less powerful radar bursts (Woodhouse, 2006). 

In contrast to optical images the resolution of a radar image is not only based on the sensor. 

While the sensor determines the maximum achievable spatial resolution, it is also based on 

how large signal to noise ratio is required. This is because the standard way of reducing 

speckle is to average the value of several pixels, essentially trading spatial resolution for 

reduced noise. This means that one must make a choice to either maintain high spatial 

resolution or low levels of noise, both are not possible (Woodhouse, 2006). See “speckle” 

above for more information.   

3.3.10. Radar errors 

Below follows a description of common sources of error in radar measurements, which is 

important to keep in mind when dealing with any radar related material. These differ quite 

substantially from that of optical images, as radar is more like sound than sight (Woodhouse, 

2006). 
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3.3.10.1. Lay-over and foreshortening 

That radar cannot recognize the angle from where a radar echo comes from can cause some 

geometric distortions. One of these is called foreshortening and occurs when the top of an 

object is closer to the satellite then its base, making it appear to be leaning in the direction of 

the satellite.  In its most extreme form an object might seem to be leaning over its base; this 

effect is then called lay-over (Woodhouse, 2006). 

3.3.10.2. Radar shadow 

Radar measurements are always taken at an angle, otherwise it would not be possible to know 

from which side of the satellite a radar echo originated from. The downside of this is that this 

can causes tall object to obstruct the areas behind them. This effect is called radar shadow, and 

shows up as completely dark areas in the radar images (Woodhouse, 2006). This is not always 

a bad thing, seeing as it can provide users with some valuable information on the existence of 

tall objects and their height (Soergel, 2010). 

3.3.10.3. Ambiguities 

Ambiguities is an error that occurs when a radar echo from outside the area being measured is 

falsely registered as coming from within the area in question. A common source is when a late 

echo from a previously measured area arrives at the same time as a newer one and is then 

registered as belonging to the newer area (Woodhouse, 2006). 

3.3.11. Polarisation 

Polarisation indicates the orientation of the radar waves in regards to what direction they 

oscillate. For radar instruments this is measured as the waves oscillating in either the vertical 

or horizontal direction. (Woodhouse, 2006). 

This is a useful property: Vertical and horizontal waves are influenced differently by objects 

on the ground, so using both can give valuable information. It is also possible to gain 

information from when a wave has changed polarisation, for example if a wave is sent as a 

vertical wave but return as a horizontal one (Woodhouse, 2006). 

Not all instruments can detect both types of waves, for example the SAR instrument that was 

aboard ERS-2 can only send and receive vertical waves (ESA 2016a). 

3.3.12. Single-look versus multilook images 

There a two types of radar images: Single look complex and multilook images. 

A single look image uses the entire azimuthal range. This leads to maximum possible 

resolution, but also maximum amounts of speckle. A multilook image on the other hand 

divides the azimuthal range into smaller sections and analyses them individually, giving a 

much lower rate of speckle at the cost of spatial resolution (Jones & Vaughan, 2010). 
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When creating interferograms one must use SLC images. This because the phase information 

is lost when the SLC images are transformed into multilook images, which is critical to all 

types of interferometry (Jones & Vaughan, 2010). 

3.3.13. Filtering 

The problem of speckle and other inaccuracies in radar images can be reduced with a set of 

tools known as filters (Sarmap, 2015). 

A filter is a tool that compares each pixel in an image with their neighbours and modifies 

them based on this. A filter may be constructed in a myriad of ways, but they can mostly be 

divided into two types: high- and low pass filters (Jones, G.J. & Vaughan, 2010). In this 

project both types of filters are used. 

A high pass filter is a filter that enhances edges and boundaries, making separate objects stand 

out more clearly while making the areas of low variation more homogeneous (Jones, G.J. & 

Vaughan, 2010). 

A low pass filter is a filter that smooths out abrupt changes in values while keeping areas of 

low variation intact. (Jones, G.J. & Vaughan, 2010). 

A special type of low pass filter is the so called adaptive filters, which are designed to remove 

noise, such as speckle (Jones, G.J. & Vaughan, 2010). 

When using filters, care must be taken so that useful information is not lost in the process 

(Jones, G.J. & Vaughan, 2010). 

3.4. Radar interferometry and differential interferometry 

Radar interferometry are methods that compares two or more radar acquisitions based on the 

coherent properties of the radar waves (Woodhouse, 2006). 

Central to radar interferometry is the formation of interferogram: images showing the phase 

difference between two radar images (Woodhouse, 2006). 

Interferometry is commonly used to calculate terrain or vegetation height (Woodhouse, 2006). 

In this respect it is like radars equivalent to stereo photography, in that it uses two or more 

images to produce a 3d image of the area. 

One type of interferometry is differential interferometry, or DifInSAR. It uses interferometry 

to measure the change in terrain height over time based on the phase difference between two 

or more acquisitions (Woodhouse, 2006). Both the SBAS and PSInSAR methods used in this 

study are DifSAR methods. These are described in more detail below and in the methods 

section. 

DifSAR methods are limited in that too large movements can cause the coherence to be lost, 

making it impossible to measure the displacement. (Woodhouse, 2006). The need for high 

coherence usually limits these methods to stable areas, such as those with little vegetation 

cover. (Hanssen, 2001) They also tend to have problem with sudden movements; working best 

if the rate of displacement is continuous. (Woodhouse, 2006) 
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3.4.1. Baseline 

Baseline is the distance in time and space between the two radar acquisitions. There are two 

types of baseline: spatial and temporal. Spatial baseline is the difference in the position of the 

sensors, temporal baseline is the time difference between the two acquisitions. 

For  radar interferometry large baselines results in lower coherence, see "coherence" above. 

3.4.2. What is PSInSAR 

PSInSAR, short for persistent scatterer interferometry synthetic aperture radar, is a DifInSAR 

method that uses a large number of radar images to measure changes in the terrain over time. 

By using many images it is able to achieve higher accuracy then is normally possible (Pascali 

et al., 2012). 

It works by identifying and exploiting pixels dominated by a single scatterer, so called 

persistent scatterers (Agram, 2010). These are objects whose scattering properties does not 

vary much over time or when measured from different look angles (Paradella et al., 2012). 

They must also have the right orientation to be picked up by the sensor (Sarmap, 2015). 

This method is mainly used in urban areas, as it is challenging to find persistent scatterers in 

natural terrain (Agram, 2010). 

PSInSAR can measure displacement on a millimetre scale, even when using space-borne 

instruments, compared to the centimetre scale accuracy achieved by simpler interferometry 

methods (Sarmap, 2015). The downside is that it only measures the evolution of pixels with 

these persistent scatters, (Paradella et al., 2012) so there can be problems with coverage if 

there is a lack of these features. 

For PSInSAR to reliable identify persistent scatterers many images need to be used, at the 

very least 20 over the same area, not counting the ones that are removed by the program as 

being unsuitable. The process can however run with as few as three. Pictures may be deemed 

unsuitable if they have too large spatial or temporal baseline (Sarmap, 2015). 

Creating interferograms from images with large baselines can cause the interferograms to lack 

in coherence, potentially causing severe inaccuracies (Woodhouse, 2006). However, 

compared to SBAS, PSInSAR is capable of handling datasets with larger baselines, which can 

even be larger than normally considered to be the critical baseline (Mazzanti et al., 2012). 

Contrary to SBAS, PSInSAR can only give a linear estimate of the displacement, meaning it 

can only calculate the average annual displacement, measured in mm per year. It cannot detect 

changes in the rate of displacement (Mazzanti et al., 2012). 

3.4.3. What is SBAS 

SBAS, or small baseline subset interferometry, seeks to reduce the errors in displacement 

measurement by using a large number of acquisitions with small baselines, both temporal and 

spatial, and low look angle differences (Paradella et al., 2012). Like PSInSAR this means it 

can achieve mm accuracy (Sarmap, 2015). 
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For SBAS to work many images needs to be used, at the very least 8 over the same area, 

(Paradella et al., 2012) not counting the ones that are removed by the program as being 

unsuitable. But for the results to be reliable at least 20 images are recommended, especially in 

low coherent areas such as the study area (Sarmap, 2015). 

Just as for PSInSAR, pictures may be deemed unsuitable if they have too large spatial or 

temporal baseline, but as mentioned before SBAS is much stricter in its baseline thresholds 

(Paradella et al., 2012). 

Unlike PSInSAR the SBAS method is much better at dealing with non-linear displacement 

(Paradella et al., 2012). It can even be used to measure the changes in the rate of erosion. That 

does however require more images and is less reliable than if only the linear displacement is 

calculated (Sarmap, 2015). 

3.4.4. Flattening 

Interferograms show the phase difference between two images, but this phase difference is 

affected by the acquisition geometry of the radar images and the topography of the landscape. 

Removing these influences is done through a method called flattening, using a DEM, and 

results in what is called a flattened interferogram. (Woodhouse, 2006). 

3.4.5. Unwrapping 

While interferograms show the phase difference between two images it is at first shown only 

as values of 0-2 π, fractions of an oscillation of a radar wave, see the “phase” section. This is 

called a wrapped interferogram. For the data to be useful the program need to calculate the 

absolute phase difference, creating what is called an unwrapped interferogram. (Woodhouse, 

2006) There are many ways to do this, SARscape alone have three different methods to 

choose from (Sarmap, 2015). 

3.4.6. Residual height 

Residual height is the difference in height between the DEM and the modelled height value 

gained from the interferometry process (Woodhouse, 2006). 

3.5. The satellites 

The satellite instruments that provided the data for this study were the SAR (synthetic 

aperture radar) instrument, carried aboard ESA's ERS-2 satellite, and the ASAR (advanced 

synthetic aperture radar) instrument, carried aboard ESA's ENVISAT satellite.  

ERS-2 was launched in 1995 and ended its service in 2011 (ESA, 2015a). ENVISAT was 

launched in 2002 and ended its service in 2012 (ESA, 2015b). 

The ASAR instrument aboard ENVISAT was constructed with ensuring data continuity from 

ERS-2 in mind, and so had an image acquisition mode called “image mode” that was made to 

be fully compatible with the older images from ERS-2 (ESA, 2015b). Of course, only 

ENVISATs images taken in this mode was used in this study. 
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Both instruments, when ASAR is in image mode at least, are very similar. The only major 

difference between the two is that ENVISATs ASAR can transmit and receive radar waves 

with a horizontal polarisation as well as vertical, (Miranda et al., 2013, ESA, 2015b) while 

ERS-2's SAR is limited to vertical polarisation (ESA, 2015a). Only images with a vertical-

vertical polarisation was used, to ensure that the datasets were compatible. 

In February of 2000, within the timeframe of this study, ERS-2 suffered severe degeneration 

of several of its gyroscopes, a piece of equipment that keeps it at a stable altitude. This was 

made even worse in January 2001 when the last gyroscope failed completely, causing ERS-2’s 

altitude stability to suffer even further. These failures make the data less useful for radar 

interferometry by reducing its Doppler centroid frequency consistency. While a full 

description of what this implies is unnecessary for the scope of this study it is enough to say 

that this in turn lowers the coherence of any interferograms created using this data (ESA, 

2008). 

 ERS-2's SAR (From ESA, 

2015a) 

ENVISATS's ASAR, image 

mode (From Miranda et al., 

2013) 

Type of radar C-band C-band 

Chirp bandwidth 15.5MHz 16MHz 

Centre frequency 5.3 GHz 5.3 GHz 

Possible polarisation VV VV, HH, VV/HH, VH/VV. 

HV/VV 

Spatial resolution 30m 30m 

 

4. Method 

4.1. Data Used 

 Radar data from ERS-2’s SAR instrument, including orbital data, spanning from 1996 

to 2010. Data used vertical-vertical polarization and ascending orbits. Provided by the 

European space agency. See the background section for more information. 

 Radar data from ENVISAT’s ASAR instrument, including orbital data, spanning from 

2001 to 2010. Taken in image mode with vertical-vertical polarization and ascending 

orbit. Provided by the European space agency. See the background section for more 

information.  

 LIDAR based DEM with a 2m resolution, provided the Swedish land survey.  

 Orthophoto from 2013, based on aerial photos, provided by the Swedish land survey. 
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4.2. Programs used 

 ENVI SARscape: This is an extension for the ENVI remote sensing software, focusing 

on processing radar data. This includes radar interferometry methods such as 

PSInSAR and SBAS.  

 ArcGIS: A software for remote sensing and GIS (geographic information system). It 

was used for visualizing and analysing the output from SARscape, as well as 

designing maps.  

4.3. SARscape processing 

To perform PSInSAR and SBAS the ENVI SARscape software was used. 

Below follows a description of each step of the processing in SARscape. Many steps are 

shared between the two methods. 

For most steps there is a large number of settings, and it was not possible to evaluate the 

effects of each setting. Only the effects from settings that were believed to have any 

significant impact on the results were tested, and it is only these settings that are described 

below. 

Each method was tested using two datasets: The ERS-2 dataset from 1996-2002 and the 

ENVISAT dataset from 2002-2005. For PSInSAR a combination of ERS-2 and ENVISAT 

data was also used, covering 1998-2005. This could not be done in SBAS due to baseline 

restrictions. 

It should be noted that this does not represent the entire datasets, as can be seen in “Data 

used” above. This is because the program did not allow the full datasets to be used, due to 

many images having too large baselines for SBAS processing, see the “create connection 

graph” section below. 

For summary, these are the processing steps for the PSInSAR processing in SARscape: 

 Import data into SARscape (PSInSAR & SBAS) 

 Sample selection (PSInSAR & SBAS, optional) 

 Create connection graph (PSInSAR & SBAS) 

 Interferometry process (PSInSAR & SBAS) 

 Locate ground control points (SBAS) 

 Refinement and re-flattening (SBAS) 

 Inversion: First step (PSInSAR & SBAS) 

 Inversion: Second step (PSInSAR & SBAS) 

 Geocoding (PSInSAR & SBAS) 

 Export for further processing (PSInSAR & SBAS) 
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4.3.1. Import data into SARscape (PSInSAR & SBAS) 

For SARscape to be able to process SAR data it must first be imported and transformed into 

the SARscape data format. When doing so it is very important to also provide the orbital data 

for each acquisition, as that tells the program where the satellite where at the time the radar 

data was acquired. Importing the data is a simple, automated process that requires no input 

from the operator except the right input data.  

The DEM that is to be used for the processing must also be imported into the SARscape data 

format in the same fashion.  

4.3.2. Sample selection (PSInSAR & SBAS, optional) 

This step uses a vector file to resize the radar images. This is an optional step performed 

before the main processing that can drastically reduce the data volume and improve 

processing speed. 

It is important to keep a 2-3 km buffer zone around the area of interest, since the processing 

can cause some border effects (Sarmap, 2013, 2014). For this study a 3km border was used. 

The file used to resize the data sets was drawn manually in ArcGIS. Besides creating that file 

there are no other variables that can be changed, the processing is fully automated. 

4.3.3. Create connection graph (PSInSAR &SBAS) 

This step compares the spatial and temporal baselines between the radar images. The program 

then forms connections between the radar images whose baselines are small enough for them 

to be comparable. In this way pairs are formed that will later be used to create interferograms 

during the “Interferometry formation” step. The result is a network of connections, 

represented by a connection graph, which can be seen in appendix 2. PSInSAR forms 

connections between a master image and each other image, while SBAS creates connections 

between all the images. For SBAS it is preferable for each image to have multiple 

connections. (Sarmap, 2013) 

If an image has a baseline too large to be comparable it is discarded and not used any further. 

For both methods it is recommended that there are at least 20 images remaining after this step 

for the results to be accurate, even if the processes can be run with as few as three. (Sarmap, 

2015).  

For SBAS the program also compares the Doppler centroid difference, the difference in the 

center frequency of each image. If these differences are larger than the azimuth bandwidth 

they are immediately discarded (Sarmap, 2015). 

Deciding the maximum allowed baseline is a very important part of this step, as if the value is 

set too high it can lead to bad pairs being formed, whilst a low value can lead to too few pairs 

being formed (Sarmap, 2013). 

For the spatial baseline a threshold of 500m was used, which happens to be the default one. 

For the temporal baseline the value should be adjusted to the study area, based on how 
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changeable it is. A highly vegetated area would have a much lower temporal baseline then an 

arid area for example (Sarmap, 2013, 2015). For this study a 365-day temporal baseline was 

used, which is also the default value. A lower value should theoretically have been preferable, 

as the area is heavily vegetated and prone to seasonal changes, but in testing this lead to too 

few images remaining. 

It is possible for the program to create several different networks if there is no suitable 

connection between them. Each network will then be processed separately. This will however 

make the results less reliable (Sarmap, 2013). This was not used in this study in order to keep 

the process as robust as possible.  

Both methods select a master image during this step, against which all other images will be 

co-registered in the following step. This is also the image that PSInSAR will base its 

connection graph on. It is usually done automatically, but can also be done manually if 

necessary. The automatic method was used except for the SBAS processing using the 

ENVISAT dataset, as the program failed to choose a master image with enough connections.  

The graph is normally created using a 2d method, it is however possible to use a 3d based 

method instead. This can allow for better results, but should only be used if there are many 

images available (Sarmap, 2013). Since this was not the case the default 2d method was used.  

The data from this step can be manually analyzed to see how large the baselines are and 

which images were discarded, among other things. This data is available in appendix 3. 

For PSInSAR no images were discarded. This resulted in 24 images remaining for the ERS-2 

dataset, 32 for the ENVISAT dataset and 66 images when combining the two. While more 

images could have been used, the size of the datasets were reduced to more closely match 

SBAS. 

SBAS discarded a large number of the input images. This resulted in 15 of 24 images 

remaining for the ERS-2 dataset and 14 of 32 images remaining for the ENVISAT dataset. 

The connection graphs can be found in appendix 2. 

4.3.4. Interferometry process (PSInSAR & SBAS) 

During this step each compatible radar image pair, identified during the previous step, is used 

to create an interferogram. This process involves several sub-steps, described in detail below. 

This stage has by far the largest amount of setting and variables, and could therefore be seen 

as the one where user input has the largest effect on the result. Only a fraction of the settings 

are described here, the ones that were deemed to theoretically have a significant impact on the 

end result. 

In addition to the radar images and the connection graph this step also requires a DEM.  

The first step is coregistration. The radar images used in radar interferometry comes in slant 

range format, which means that their geometry corresponds to how the area was seen by the 

satellite instrument. In slant range the geometry of the areas in the image are distorted as it 

does not represent their actual size or form. Since each radar image is taken from slightly 

different position this makes them difficult to compare as they don't share a common 
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geometry. To solve this problem the images are co-registered, a process that resamples each 

image to make them share the same geometry. The images are usually co-registered against 

the master image, chosen during the connection graph step. Note that this does not give them 

a geocoded geometry, one that represents the actual areas on the ground, only that they share a 

common geometry. Geocoding is done much later, being one of the last steps of the 

processing.  

It is possible to co-register the radar images against the DEM, and this is required when using 

ERS-2 and ENVISAT data together (Sarmap, 2015). Since this was the case, and since this 

study has access to such a high-quality DEM, this setting was used. 

The process uses a tool called a window to perform the coregistration, which work in a 

manner similar to filters, see filters above. The size of the windows can be manually adjusted. 

For this study the window size was increased from 256/512 pixels in the range and azimuth 

direction respectively, to 512/1024 pixels. This is recommended for lower coherence areas, 

(Sarmap, 2015) and since the landscape of the study area is mostly rural, and therefore low 

coherence, this was used. 

It is possible to add a set of coordinate points for the coregistration to be based on. This was 

done for this study in order for the process not to base the coregistration on water surfaces, 

since water covers large parts of the images. The points were manually chosen in ArcGIS 

based on areas that were likely to be stable and unchanging, such as low traffic tarmac. 

Buildings and other objects that was known to be masked out of the DEM were avoided. The 

method was also tested using no coregistration points, this changed the result slightly but not 

substantially.  

The second step of the process is the interferometry formation. During this step a stack of 

interferogram are created, one from each pair of images that share a connection in the 

connection graph.  

For SBAS these interferograms then needs to be unwrapped, see “unwrapping” in the 

background section. 

There are several different methods for unwrapping the interferograms, and which one to use 

must be designated. SARscape has three option, the default and generally used is the 

Delaunay MCF method, which was used for this study.  The other options are the region 

growing and the minimum cost flow method.  

The Delaunay MCF method was deemed the best method to use since it is suitable for green 

and wet areas, which is due to its ability to connect isolated groups of high coherence pixels. 

It can however have problems where there is very high displacement or strong residual 

topography (Sarmap, 2013). 

The choice of unwrapping method was not entirely based on theory: The other two methods 

were tested, compared visually and found to be less suited to the study area then the Delaunay 

MCF method. 

If the 3d method was used in the create connection graph step it is necessary to use the 

Delaunay method, as it can perform 3d unwrapping. It is possible to use 3d unwrapping even 
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if it was not used in the connection graph step, but since this requires a large number of 

images it was not tested. 

For the unwrapping, it is possible to set a coherence threshold to get rid of signals from low 

coherence areas, as this will be little better then noise (Woodhouse, 2006).  All areas with a 

coherence lower then this value will not be unwrapped and not used any further in the 

processing. The default is that areas need a coherence of least 0.2 not to be discarded. A value 

of 0.15 to 0.2 is recommended when using the Delaunay unwrapping method (Sarmap, 2015). 

Since the result had problems with coverage, see the “result” section, this value was set at 

0.15.  

Another important setting is the decomposition level. If set to a value higher than 1 the 

unwrapping is done using an under-sampled version of the wrapped interferograms. This 

helps make the unwrapping easier. It can give better result on the large scale but lead to local 

discontinuities (Sarmap, 2013, 2015). Typically, one decomposition level should be used for 

the processing (Sarmap, 2013), and so was done for this study. 

When the interferograms are formed the amount of so called looks are determined. The 

number of looks is a measurement on how many pixels should be combined and averaged to 

reduce the amount of speckle, see “speckle” in the background section.  

The number of looks is divided into the range and azimuth direction. For this study the 

recommended value, which is automatically calculated by SARscape, is 1 in the range 

direction and 4 in the azimuth direction, which after testing using other options is the value 

that was used. This means that the original radar pixels were re-sampled to be four times 

longer in the azimuth direction, but unchanged in the range direction. This gave the images a 

spatial resolution of roughly 30*30m.  

The third step is to have the interferograms flattened based on a DEM or ground control 

points with known elevation. In the case of this study the 2m DEM from the Swedish land 

survey was used. 

The last step is filtering. During this step filters are applied to the newly created 

interferograms to reduce the amount of noise. When using SARscape there are three filters to 

choose from: Goldstein, boxcar and adaptive filter. Goldstein was used for this study. The 

reason is that the others were deemed not useful for this study, as the boxcar filter is used for 

high coherence areas and the adaptive filter is only used for special purposes (Sarmap, 2015). 

The strength of the filter can be adjusted by changing the size of the filter, measured in pixels. 

Larger filters give a stronger filtering effect, and increasing the filter strength is recommended 

for lower coherence areas (Sarmap, 2013). The default is 256. For this study it was increased 

to 512 as the study area has low coherence. 

4.3.5. Locate ground control points (SBAS) 

To re-flatten the interferograms, which is done in the following step, ground control points 

with reliable height values are needed as input. Since field based ones were not available they 

had to be placed on areas thought to be stable, based on the orthophoto, and their height value 



34 

based on the input DEM. The points were manually placed on the orthophoto, but the choice 

was guided based on the persistent scatterers chosen by the PSInSAR processing. The logic 

was that since the PSInSAR method identifies persistent scatterers, which are supposed to be 

stable, they ought to make for good GCPs. Only the persistent scatterers with very high 

coherence, >0.75 for the ENVISAT dataset and >0.66 for the ERS-2 dataset, were used. 

Depending on the method used only 1-7 points are required, but for this study a very high 

number, in access of a hundred, were used. This was done because the interferograms had 

such low coverage that a large number of GCPs were needed to ensure that each 

interferograms received the necessary amount of control points. 

It is recommended to geocode one or more representative unwrapped interferograms from the 

previous stage to use as reference when placing these points, in order for them not to be 

placed on problematic areas, such as areas that were poorly unwrapped (Sarmap, 2013). This 

could not be done in this study due to software constraints. 

4.3.6. Refining and re-flattening (SBAS) 

During this step the program corrects for any inaccuracies caused by the orbital data and re-

flattens the interferograms to make the phase data more reliable. This is done based on the 

information and ground control points from the previous step, and using the DEM. 

There are two ways to refine the interferograms: with or without considering the orbital 

configuration. The difference between the two is that considering the orbital configuration 

leads to better results, but requires at least 7 ground control points (Sarmap, 2015). This was 

done for this study, due to the large number of available GCPs. 

It also redoes the coregistration, and uses the same settings for coregistration as in the 

interferogram processing step. 

4.3.7. Inversion: First step (PSInSAR & SBAS) 

It is during this step that the program use the stack of interferograms created in the 

“interferometry process” step to calculate the residual height and the displacement velocity. 

How this is done is the main difference between the both methods. 

The PSInSAR method identifies persistent scatterers, objects whose scattering properties 

remain stable over time or when measured from different look angles. Based on these objects 

the program can calculate the residual height and displacement velocity. PSInSAR is only 

capable of giving a linear estimation of the displacement velocity, meaning the average yearly 

displacement in mm/year between the youngest and oldest image. 

SBAS instead calculates the residual height and the displacement velocity based on the re-

flattened interferograms created in the previous step, in combination with other data that is 

automatically calculated by the program, called the phase-height pair-by-pair proportionality 

factors 

Unlike PSInSAR, which is limited to linear estimates of the displacement velocity, SBAS can 

estimate the change in rate of displacement. However, this makes the method less robust and 
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require high coherent interferograms. (Sarmap, 2013) Because of this, and to make the results 

more comparable to PSInSAR, only the linear estimate was used. 

For both methods, the interferograms are re-flattened based on this new information to 

remove the phase offset. 

SBAS also performs a second unwrapping to improve the data for the next step. This makes it 

necessary to select unwrapping settings in the same way as was done in the “Interferometry 

process” stage. 

During this stage it is necessary to estimate the maximum and minimum expected 

displacement for the area. For this study it was set to 5cm and-5cm per year respectively, 

which is double the average setting. This was a complicated decision as the coast, which 

makes up just a small part of the images, is prone to sudden and severe erosion (RIKZ, 2004, 

Danielsson, 2015) but the rest of the image is most likely not. No other values were tested. 

Sarmap recommends that one checks the results of the first inversion before moving on to the 

second step. (Sarmap 2013, 2014). 

4.3.8. Inversion: Second step (PSInSAR & SBAS) 

This step estimates the impact of the atmosphere on the phase data of the interferograms, 

based on the products from the first inversion. 

It uses two filters to correct for the atmospheric effects: A high and a low pass atmospheric 

filter. The high pass atmospheric filter removes spatially distributed atmospheric effects, 

while the low pass atmospheric filter removes temporally distributed atmospheric effects.  

During this stage it is important to set the strength of the high and low filter: 

The high pass filters strength is measured in meters and work by comparing each pixel with 

its neighbors. Having a large value means it will be better at removing large scale effects, 

while a smaller value will remove more local effects. A smaller window also increases the 

filtering strength (Sarmap, 2015). For this study its value was reduced from the default value 

of 1200m to 500m. This was recommended by the SARscape manual (Sarmap, 2015) in areas 

with a lot of vegetation, which is the case with the study area.  

The low pass filter instead compares pixels over time and its strength is measured in days. 

Having a large filter means it will be better at removing effects with low temporal variability, 

while a smaller one makes it better at removing atmospheric effects that changes more 

frequently. The larger the filter the stronger the filtering effect (Sarmap, 2015). For this study 

its value was left at the default value of 365 days. 

It is also possible to remove areas with too low coherence during this stage. For PSInSAR this 

threshold was set to 0.15, and as these areas had already been masked out at the 

interferometric process stage this had no effect. 

For SBAS on the other hand the coherence threshold was used to remove all areas that was 

deemed to have too low coherence to be allowed in the result. The reason for this difference 

between the two methods is that doing this in the following geocoding step is not possible for 
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SBAS, unlike PSInSAR. Three coherence threshold were used: 0.4, 0.5 and 0.66, producing 

three different datasets.  

4.3.9. Geocoding (PSInSAR & SBAS) 

Geocoding is when the various outputs from the previous steps are transformed from slant 

range format into geocoded images, images that have equal pixel size throughout and 

correspond to a coordinate system. The most important output from this is a geocoded image 

showing the displacement velocity in the study area, measured in mm/year. Besides these 

there are several other optional maps that can be created, showing among other things 

backscatter intensity and coherence.  

The images that were created, and can be found in appendix 1-25, is: 

 Displacement velocity 

 Coherence 

 Residual height 

 Residual height precision  

 Displacement velocity precision. 

Even if the spatial resolution was theoretically 30*30m based on the multilooking done in the 

interferometric process step, trying to geocode the images with that resolution resulted in 

anomalies characteristic of trying to make the program transform the image into a geocoded 

image with a resolution smaller than the one of the that of the original image. Through 

empirical testing it was determined that using a 35m resolution completely removed these 

errors, and so this was used for the final products. Why this occurred is unknown, but one 

likely cause is the fact that the pixels of the radar images are neither aligned to North-South 

nor East-West, but rather diagonally between the two. Because of this it was not possible to 

achieve maximum possible resolution while forcing the pixels to align to the coordinate 

system.  

During this step, all low coherence areas in the PSInSAR images were masked out. This is not 

possible for SBAS, which instead had these areas removed in the previous stage. Since no 

actual processing is performed during this step the difference this might cause is most likely 

non-existent. Three coherence threshold were tested: 0.4, 0.5 and 0.66, resulting in three 

different datasets. 

4.3.10. Export for further processing (PSInSAR & SBAS) 

The data was exported in the Geotiff format to ArcGIS. There statistics for the images could 

be calculated and the images visually analyzed. The maps of the result were also created in 

ArcGIS. 
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4.4. Converting displacement data to total erosion. 

This study aimed to create an estimate on the amount of sand that had been eroded based on 

the displacement data. This would be calculated in ArcGIS by manually estimating the size of 

the coastal zone, based on the aerial photos. The average displacement value for each zone of 

the study area would then be estimated using ArcGIS and the data from the SARscape 

processing. That value could then be converted into m
3
, indicating the total volume of sand 

gained or lost in each zone. 

This was not implemented however, as the results proved to be too poor. 

4.5. Validating the result 

The result from the method would have been compared to data from project Skånestrand 

(SGU, 2016). This is a map service provided by the Swedish land survey that shows which 

parts of Skånes coast is eroding, accumulating or stable (SGU, 2016). It would not be possible 

to validate the estimation of amount of sand eroded, as it does not provide data on the scale of 

the erosion; but for this study it would suffice to prove that the method can detect areas of 

erosion and accumulation accurately.  

Only a minimum of time was put into validating the results, since even without consulting the 

data from project Skånestrand it was obvious that it was very poor.  

5. Results 

5.1 PSInSAR 

All images related to the result has been moved to the appendixes due to their large number 

and sizes. 

After analyzing the three map sets created based on the coherence thresholds 0.4, 0.5, and 

0.66 respectively, it was decided that the 0.4 threshold provides the best results for the ERS-2 

dataset, as there were severe problems with coverage and it got worse when using the higher 

thresholds. 

When using the ENVISAT and combined ERS-2/ENVISAT datasets a 0.5 threshold was 

preferable despite there being severe problems with coverage. Using a 0.4 threshold resulted 

in so much noise that the images were impossible to analyze.  

All the PSInSAR results shared some basic characteristics. Their coherence was much higher 

on built areas then in the surrounding rural area. Since vegetation causes lowered coherence 

(Woodhouse, 2006) this is not surprising. The result of this is that the coverage is very low 

where there are no built areas. The accuracy is also better for built areas, as can be seen in the 

precision maps. This bias towards built areas are the cause behind the “clusters” of values in 

the maps, which corresponds to the cities and villages of the study area. 

All PSInSAR images experienced something that for this report has been dubbed “PS 

anomalies”. These are pixels, often single ones, that lie in types of areas that should logically 
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have too low coherence to be included in the measurements; such as fields, water, or forests. 

These PS anomalies were present even when the coherence threshold was raised. The method 

is more suited to urban areas (Sarmap, 2015, Mazzanti et al., 2012) rather than the rural, low 

coherence landscape of the study area. This is the most likely cause for these anomalies. In 

comparison, very few similar anomalies were present in the SBAS datasets.  

The result from the dataset that combined both ERS-2 and ENVISAT data is not considered to 

be reliable. It indicated almost exclusively negative displacement, most of which of 

unrealistically high magnitude; several cm/year. In contrast the other two datasets indicated 

both positive and negative displacement and more realistic displacement rates, although there 

still were extreme values present.  

The main difference between the ERS-2 and ENVISAT dataset were that of coverage and 

coherence, which are linked. The ENIVSAT dataset proved to have much higher coherence 

then the ERS-2 one, which resulted in less pixels being discarded during the processing, 

resulting in better coverage. Due to the higher coherence, it was considered the more 

trustworthy of the two results. The reason for this quite substantial difference between such 

similar sensors is likely that the gyroscope failures suffered by ERS-2 during the acquisition 

period lowered its coherence. 

The PSInSAR method proved difficult to use for measuring displacement along the coast. 

There were some coherent pixels in the coastal area, but they usually appeared as single ones, 

and there is no way to know if these represented PS anomalies or trustworthy measurements. 

The only part of the coasts where there was some higher density of coherent pixels, indicating 

that these measurements might be more trustworthy, were areas with buildings close to the 

coast, as well as the sandbank in the east. These areas were however few, and not considered 

reliable enough to be used. 

The residual height measurement showed some anomalies. It is should theoretically be high in 

areas with building and tall vegetation, since these features are masked out from the DEM but 

not from the radar data. But no such pattern emerges in this case, see appendix 1. In fact, there 

does not seem to be any pattern at all. This affects both datasets, so it is unlikely to be caused 

by the data and there seems to be nothing in the method that can explain this anomaly. It is 

therefore likely caused by the low coherence of the study area, just as the seeming random 

placement of the PS anomalies. The residual height accuracy estimate is also low, in the range 

of several meters, see appendix 1. 

This effect is most apparent in the ERS-2 dataset, probably because it has lower coherence 

then the ENVISAT one. 

SARscape estimated that the velocity accuracy was good for PSInSAR, see appendix 1. 

However, the fact that the PS anomalies were given high velocity accuracy despite being 

located in low coherence areas makes this result questionable. 

Some of the PS anomalies might in fact be correct pixels, but lacking in positional accuracy 

that causes them to be placed in strange locations. This is supported by the fact that there are 

some pixels that clearly correspond to a high coherence object, such a building, but which are 

clearly misplaced next to the object. This happened in a similar study by Guðjónsdóttir (2013) 
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who was using PSInSAR in a highly coherent, urban area. It should be mentioned that many 

pixels appear to be in the right position, even in areas where there are several misplaced ones, 

and most of the anomalies are so far away from high coherence objects that they are unlikely 

to be misplaced. 

There are no signs of radar error, but that could be because there is such low coverage and 

accuracy, which makes it hard to detect anything. 

5.2. SBAS 

Due to the large number of images all the images related to the results, including the maps, 

have been moved to appendixes.  

Of the three map sets created based on the coherence threshold of 0.4, 0.5, and 0.66, it was 

decided to use 0.4. This because even with a 0.4 threshold the images had severe problems 

with coverage: with a 0.5 or 0.66 threshold the coverage was close to nonexistent. 

The result from the different datasets all shared the same basic characteristics.  

The same problem with residual height that affected PSInSAR also affects the SBAS method. 

It is believed to be caused by the low coherence of the study area for the same reason as it was 

for PSInSAR. There seems to be nothing in the method that can explain this anomaly. It is 

most visible when using the ERS-2 dataset, most likely due to its lower coherence compared 

to the ENVISAT dataset. The residual height accuracy is just like for PSInSAR very low, 

which supports the theory that this effect is caused by the low coherence of the landscape. 

The velocity accuracy is very low for being SBAS, much lower than for PSInSAR, even if 

that value was questionable. This is also likely due to the low coherence of the area.  

For mapping coastal erosion in the area, the accuracy of the displacements velocity estimate is 

academia: While the coverage on coastal areas is better than for the PSInSAR method it is far 

from enough to be used with any reliability. It only covers areas of the coast where there are 

buildings or other solid objects, such as coastal protection structures, nearby.  

That trend can also be seen inland: The only areas covered by SBAS are areas with either 

buildings, roads or similar features. A matter of concern is that pixels are sometimes 

positioned next to, but not on, the buildings that they clearly are representing. This raises 

questions on the positional accuracy of the data, especially for the coastal areas with buildings 

nearby as pixels on the beach might not actually represent displacement of the coast.  

The method did manage to detect erosion patterns at Löderup, which is experience erosion, 

but no conclusions can be drawn from this since this individual case could be due to chance, 

especially considering the residual height errors.  

Like PSInSAR there are no signs of radar errors, but that could be due to the low coverage 

and accuracy. 
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6. Discussion 

That the PSInSAR method failed is not surprising. It is after all preferably used in urban areas 

where there are high numbers of persistent scatterers, and is known to provide poor and 

spatial discontinuous results in densely vegetated areas (Mazzanti et al., 2012). The SARscape 

manual advices that it should be exclusively used in urban areas (Sarmap, 2015). The nature 

of coastal environments makes it unlikely that they will have enough stable points for 

PSInSAR, not to mention the rural landscape that makes up most of the study area.  

The SBAS method held higher promise, as it is not designed only for use in urban areas. This 

does show in the results, for while the PSInSAR method was useless outside of built areas the 

SBAS method had better coverage along the coast, even if it was still limited to areas with 

stable objects.  

As SBAS showed some promise in areas where there were stable points along the coast it 

might be more useful for rocky coasts, or coasts along cities, rather than the sandy type that 

dominates the study area. The PSInSAR method might perform better there as well, as those 

kinds of areas contains more stable points. 

One additional reason that could explain why SBAS was more successful is that SBAS is 

generally considered to be a more robust technique the PSInSAR (Sarmap, 2015). 

That this study utilised a digital elevation model for the processing rather than a digital terrain 

model is likely to have caused some errors. The difference between the two is that for a DEM 

all objects are masked out so that it only represents the ground surface, while a DTM does not 

and so represent the tops of the objects on the ground. Since the radar measurements do not 

mask out any objects it is more similar to a DTM, which should have been used. That it was 

not used likely resulted in some errors and while it does not explain the lack of coverage it 

might explain some of the other oddities, such as the residual height measurements. 

It should be noted that while neither the ERS-2 nor ENVISAT dataset managed to supply the 

recommended 20 images that SBAS needs to be considered reliable, even if a report by 

Paradella et al. (2012) indicates that 8 images might suffice. This is of little consequence 

though as the poor results of this study seems to mainly stem from the lack of spatial 

coverage, caused by the low coherence of the study area. 

The accuracy of the PSInSAR velocity precision measurements, shown in appendix 1, is 

questionable. It indicates that there is very high accuracy across the entire area, even for 

pixels that has been identified as being anomalies. It is unlikely that these low coherent 

objects could provide such a high accuracy. This oddity is, as most of the other problems, 

likely caused by the low coherence of the study area and that PSInSAR is not designed for use 

in rural areas. This also makes the SBAS velocity precision measurements questionable, yet 

with no detailed ground truth data it is not possible to determine the validity of either. 

The error of misplaced pixels is not unique to this study, Guðjónsdóttir (2013) also 

experienced this type of error while using the PSInSAR in a much higher coherent, urban, 
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area. Since the problem with misplaced pixels has also been documented in other studies, 

such as a study by Guðjónsdóttir, (2013) it is unlikely caused by study area or the dataset, but 

rather by the method itself. 

That there appears to be many misplaced pixels is troubling, as this makes the data very hard 

to interpret, even if there is very little that could be analyzed in terms of result. Why this 

occurred is unknown, but there are some possible culprits: That the geocoding or 

coregistration failed, radar ambiguities, or that it is yet another anomaly caused by the low 

coherence of the study area. These are purely speculations however, and more testing would 

be required to determine the true source of the errors. 

If the coregistration, geocoding or coherence is to blame then changing the settings might 

reduce the error by making the process deal with the low coherence area better, but testing 

this was of little use when the overall results were so poor.  

In an official SARscape PSInSAR tutorial (Sarmap, 2014) there is noted that an 

overestimation of the amount of persistent scatterers can occurs if too few images were used. 

This could have helped explain the existence of the PS anomalies, if it weren’t for the fact that 

this study used more than enough images for the PSInSAR processing. 

Since erosion in the study area mostly occurs as sudden erosion caused by storm, (RIKZ, 

2004, Danielsson, 2015) and that the accumulation of certain parts of the shoreline is fueled 

by the same erosion, (Möller et al., 2010) there is a chance that very little 

erosion/accumulation occurred during the period covered by this study (RIKZ, 2004). If there 

were few storms during this period, there would be less than usual erosion, and vice versa. 

Nevertheless, this does not matter much seeing as the results were so poor the it could not 

detect any erosion, accumulation or lack of either. 

This study is not alone in encountering problems arising from low coherence areas. Vireling 

(2004) reviewed the use of radar interferometry to detect water based erosion in semi-arid 

areas, a goal similar to the one of this study, and noted that the results from radar 

interferometry “will only work under specific conditions and cannot be transferred easily to 

more humid environments”. This further proves that the poor results achieved by this study is 

in fact a result of the study area rather than the method itself: should the method be used in an 

arid or semi-arid area the result might have been very different.  

Similar to the observations by Vireling (2004) are the results by Strozzi et al. (2001) who 

noted in their attempted use of InSAR techniques that it is not possible to create a subsidence 

map for all land cover types, which they put down to temporal decorrelation. That temporal 

decorrelation is what is causing the decorrelation in this study as well seems likely, as 

vegetated surfaces are prone to rapid changes.  

It is likely that temporal decorrelation could have been reduced if images from only one 

season was used, as Sweden experiences large seasonal variation in vegetation cover. This 

was not possible for this study, as that would have left too few images to preform PSInSAR or 

SBAS with any accuracy, as it is recommended that both PSInSAR and SBAS use at least 20 

images (Sarmap, 2015). 

However, a study by Lauknes et al. (2006) indicate that this might not be much of a problem. 
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They used SBAS in Norway, where conditions reassemble that of Sweden; including the large 

variability of the seasons. However, they used Oslo as their study area; it uncertain if the 

seasonal problem might be much larger in rural areas such as Ystad. 

If more images would have been available it would have been possible to test the impact of 

SBAS ability to measure changes in the rate of erosion, in contrast to just providing a linear 

measurement from the first to the last image. Linear methods tend to be poor for picking up 

sudden movements (Mazzanti et al., 2012) and since erosion in the area is characterised by 

sudden erosion (RIKZ, 2004) this might have improved the result. But since the problem was 

with the lack of coverage this would have been unlikely to improve the results. 

That the SBAS method was based on the results from PSInSAR, as the PS points was used as 

guides to finding ground control points, can be seen as questionable due to the poor results 

given by PSInSAR. Yet it is important to remember that only the PS points with the highest 

coherence was used and the GCPs were manually placed on an orthophoto. It is also likely 

that any error would have been larger if the GCP points were placed based purely based on 

educated guesses, as was done with the GCP used to co-register the images. This is not to say 

that the GCPs used for the coregistration are untrustworthy. Since the coregistration required 

less points these could be placed much more accurately then the ones required for the refining 

and re-flattening step. Best would of course have been if field based GCPs were available, but 

collecting these would add much more complication to the method and was not possible for 

this study.  

This study tested the impact of several different settings, but it was not possible to test the 

effects of every setting within the timeframe of this project. Thus, not nearly every setting was 

tested, and while this was done from the estimation that the untested settings were unlikely to 

have any significant impact, this was based purely on theory. It is difficult to know what 

effects they might have if tested in practice. Indeed, Guðjónsdóttir (2013) preformed a study 

where she evaluated SARscape’s PSInSAR method for use in detecting subsidence in 

Stockholm, and found that changing the maximum and minimum displacement rate, along 

with many other settings, could drastically change the result. This was not a setting that was 

tweaked in this study, and is therefore not known if it would have had an equally large effect. 

It is deemed unlikely that it would have had any substantial effect on the result, as it does not 

affect the spatial coverage. 

While it seems clear that neither method is suitable for mapping coastal erosion in the study 

area, there are nevertheless some ways that the results could have been improved. It is 

however highly doubtful that it would have helped much, since the problem appears to lie 

with the application of these methods in low coherence areas. 

One such improvements would have been to use field based ground control points: stable 

points whose elevation and position have been accurately mapped in the field using GPS. 

These could then be used by the program to optimize the coregistration of the images, 

possibly reducing positional errors. It could also have been used as input for the SBAS re-

flattening steps instead of the one created based on the orthophoto and DEM, and in so doing 

could have led to more accurate results. Having to go out into the field to collect GCP’s would 

however contradict the purpose of this study, as the goal was to develop a method that could 
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easily map the coastal erosion over large areas. 

Even if no field measured GCPs were available more effort could have been put into 

validating the GCPs used, especially after it has become clear that the PSInSAR method, that 

the GCPs for the SBAS method was based on, was suffering from such problems with false 

persistent scatterers. 

It would have been preferable if both methods could have been tested in an area of high 

coherence area where they were known to work, such as a city, before being applied to the 

study area This would have made it easier to determine if an error is caused by some setting in 

the program, or by the low coherence of the study area.  

There are other types of radar beside the C-band SAR used in this study, which utilizes other 

wavelengths. Radar with longer wavelengths, such as L-band radar, could be useful since it 

penetrates vegetation more than C-band radar (Woodhouse, 2006). This could allow it to 

achieve better coherence in highly vegetated areas, such as the study area. The problem is that 

this comes at a cost of spatial resolution and increased atmospheric disturbance (Rykhus & 

Lu, 2008, Paradella et al., 2012). Since spatial resolution is crucial for measuring the coastal 

erosion, this might not be a good option.  

Rykhus and Lu (2008) successfully used L-band radar to penetrate vegetation when 

preforming an InSAR study of thawing in Alaska, where C-band radar had resulted in low 

coherence. This was however only low vegetation, and as there are forests close to the coast 

of the study area this might not be as useful, but might still improve the results along other 

parts of the coasts. More testing is required to determine this.  

While we have used PSInSAR and SBAS as separate methods, studies by Yen et al. (2011) 

and Mazzanti et al. (2012) indicates that combining the two methods could in fact be a better 

solution. These studies used both methods and then combined the result to increase the spatial 

coverage. They found that the accuracy could be improved even further when also combined 

with GPS measurements.  

Hooper (2008) also attempted to create a method that incorporates both PSInSAR and SBAS 

to increase spatial coverage. He based this technique around the two methods being optimized 

for different models of scattering. His method was successful, and he also experienced an 

increase in the signal to noise ratio.   

It is however unlikely that combining PSInSAR and SBAS would help much in this study as 

the result from both PSInSAR and SBAS were too poor. Also, Yen et al., (2011) Mazzanti et 

al. (2012) and Hooper (2008) preformed their studies in much higher coherence areas.  In 

addition, using GPS measurements would not be suitable for this study: as the goal was to 

develop an easy way to measure coastal erosion over large areas: Having to collect GPS 

measurements would add a layer of unwanted complexity to that purpose.  

While neither PSInSAR nor SBAS seems fit to measure coastal erosion, it might be that they 

are too advanced: Using a simpler radar based method, such as one that only compares two 

images, might prove more successful. There are some studies that are indicative of this:  

One possible alternative would be to use the radar data to create DEM’s, which Ryu et al. 
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(2008) did in their attempt to map erosion in the tidal flats of Gomso bay in Korea. The 

created DEM would then be compared that to an earlier DEM created from LIDAR data; the 

hypothesis being that any height difference between the two would be a result of erosion 

during the period between the two DEM’s. It is uncertain if this approach would have much of 

a difference for the results in this study, seeing as it is done using the phase difference 

between two images, and should therefore be limited by the coherence in the same way as the 

methods tested in this study.  

Another alternative is the method used by Mohamed et al. (2012) who used radar 

interferometry to monitor shoreline change in the Damietta promontory in Egypt. They 

compared the coherence measurements from interferograms to monitor the shoreline change, 

hypothesizing that since water has very low coherence it should be possible to detect any 

change in the position of the shoreline based on the coherence values. According to their 

report it worked, and it might even work in this study area, but while shoreline change is a 

good indicator for coastal erosion it can't detect the erosion of coastal sand dunes, as that 

doesn't always result in a retreating shoreline or may cause it to advance. It is clearly better 

than being able to measure nothing however. 

It should be mentioned that while neither PSInSAR nor SBAS proved successful in this study, 

there are more ways to preform PSInSAR and SBAS then the one used by SARscape: 

One example is the alternative SBAS method used by Wang et al. (2012) While this study 

only used radar data from ascending orbits, meaning the radar images were acquired when the 

satellite is traveling from south to north, Wang et al. (2012) instead used an alternative small 

baseline method which can combine two ascending and one descending orbit to improve the 

results. Their method also allows data from different sensors to be combined more easily, 

something that did not work very well for this study, even if ERS-2s gyroscope problems 

were a factor.  

In addition, the modified SBAS method used by Wang et al. (2012) were much more efficient 

at detecting coastal subsidence then this study. This can however be explained by their study 

area being much higher coherence then the one used for this study; their study area was the 

Pearl river delta: the most densely populated area in the world. Whether this method could 

have improved the result of this study is unknown, and could only be determined through 

further study. 

There is also an alternative PSInSAR method, used by Hooper, (2006) called Stamps’. It 

supposedly works in all types of terrain, with or without buildings, and is based around 3d 

unwrapping of a series of interferograms. The method was also tested successfully by Agram 

(2010). While exploring this further was beyond the scope of this study, this method might 

have worked better for the study area then SARscape’s PSInSAR method, but that is uncertain 

until tested. 

There are likely many more different methods for preforming PSInSAR and SBAS then the 

ones mentioned here. One possible option for testing the impact of using different versions of 

the same DifSAR method would be to perform the same study using different software. 

Simonetto, E. & Follin (2001) attempted this when they tested the impact of preforming a 
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DifSAR method called two-pass DINSAR using two different software: SARscape and the 

free open source DORIS software. This resulted in results differing several centimeters, and 

that is with a theoretical measurement accuracy of roughly 2mm. 

In their study they also noted that only a few studies have been made that compare the results 

from different radar interferometry software, and so there is little data on how big a 

differences this can have. 

It would be worthwhile to test the impact of using data from more modern radar satellites then 

ERS-2 and ENVISAT, both of which have been decommissioned for several years. One such 

satellite would be the new SENTINEL-1 radar satellite. While SENTINEL-1 were at the time 

this project started too new to be used, as it had not had enough time to acquire enough radar 

images, it is by now a viable option. Using a satellite like this could improve the results as its 

SAR instrument has a superior level of spatial resolution compared with the satellites used in 

this study (ESA, 2016). It is however unlikely to solve the issues resulting from the low 

coherence of the study area, which would still result in poor coverage and other errors.  

7. Conclusion 

This study has tested the use of PSInSAR and SBAS to detect coastal erosion along the shores 

of Ystad municipality in southern Sweden. These methods were chosen since they are 

theoretically able to measure the coastal erosion as change in terrain height with mm precision 

(Sarmap, 2015), which is necessary because in this type of area it is not possible to simply 

measure it as a change in the position of the shoreline. 

The result clearly indicates that neither method works well in the type of rural landscape that 

dominates the study area. In fact, the methods would not be able to detect any kind of 

displacement, whether along the coast or inland. The problem most likely stems from the area 

being highly vegetated, causing temporal decorrelation and therefore a loss of coherence. Of 

the two methods SBAS provided the best result. 

Radar data from two different satellites, ERS-1 and ENVISAT, were tested. While the 

displacement estimates created using data from ENIVSAT provided better results, probably 

due to ERS-2 suffering from some technical issues during the period of acquisition, neither 

provided results that was adequate for identifying coastal erosion. Combining both datasets, 

which was done for PSInSAR but not possible for SBAS due to baseline issues, resulted in 

worse results then if they were used individually.  

This result may not apply for all types of areas. Based on the scientific literature the method 

might be more useful in higher coherence area such as arid or semi-arid areas where temporal 

decorrelation is less of a problem. That higher coherence areas along the coast provide better 

results than the rest of the area in this study seems to support this. This would need to be 

evaluated in another study. 

While it is unlikely that any change in the method could have provided adequate results in this 

study area, as the problem lies with the characteristics of the landscape rather than the method 

itself, there is still ample room of improvement of the method. Some examples would be to 

combine both two method, as done Yen et al. (2011) and Mazzanti et al. (2012), include more 
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image and/or better selected images, or only using images from the same season. This was not 

possible for this study due to a limited number of images being available. More such 

improvements were discussed at length in the study.  
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Appendix 1: Maps of the results 

Important note 

To improve visualization and comparison maximum and minimum value was set for all maps, 

except the coherence maps, to remove extreme values. So, if the maximum value is, for 

example, 20 it should rather read as being 20+. 

Displacement maps for PSInSAR using the ENVISAT dataset 

 

Fig1: Image showing the estimated displacement velocity for the western part of the study 

area 
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Fig 2: Image showing the estimated displacement velocity for the middle part of the study 

area 
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Fig 3: Image showing the estimated displacement velocity for the eastern part of the study 

area 
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Displacement maps for PSInSAR using the ERS-2 dataset 

 

Fig 4: Image showing the estimated displacement velocity for the western part of the study 

area 
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Fig 5: Image showing the estimated displacement velocity for the middle part of the study 

area 
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Fig 6: Image showing the estimated displacement velocity for the eastern part of the study 

area 

Displacement maps for PSInSAR using the combined 
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ENVISAT/ERS-2 dataset 

 

Fig 7: Image showing the estimated displacement velocity for the western part of the study 

area 
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Fig 8: Image showing the estimated displacement velocity for the middle part of the study 

area 
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Fig 9: Image showing the estimated displacement velocity for the eastern part of the study 

area 
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Displacement maps for SBAS using the ENVISAT dataset 

 

Fig 10: Image showing the estimated displacement velocity for the western part of the study 

area 
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Fig 11: Image showing the estimated displacement velocity for the middle part of the study 

area 
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Fig 12: Image showing the estimated displacement velocity for the eastern part of the study 

area 
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Displacement maps for SBAS using the ERS-2 dataset 

 

Fig 13: Image showing the estimated displacement velocity for the western part of the study 

area 
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Fig 14: Image showing the estimated displacement velocity for the middle part of the study 

area 
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Fig 15: Image showing the estimated displacement velocity for the eastern part of the study 

area 
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Coherence maps for PSInSAR using the ENVISAT dataset 

 

Fig 16: Image showing the coherence measurement for the western part of the study area 
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Fig 17: Image showing the coherence measurement for the middle part of the study area 
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Fig 18: Image showing the coherence measurement for the eastern part of the study area 
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Coherence maps for PSInSAR using the ERS-2 dataset 

 

Fig 19: Image showing the coherence measurement for the western part of the study area 
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Fig 20: Image showing the coherence measurement for the middle part of the study area 
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Fig 21: Image showing the coherence measurement for the eastern part of the study area 

Coherence maps for PSInSAR using the combined ENVISAT/ERS-2 
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dataset 

 

Fig 22: Image showing the coherence measurement for the western part of the study area 
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Fig 23: Image showing the coherence measurement for the middle part of the study area 

 



26 

 

 

Fig 24: Image showing the coherence measurement for the eastern part of the study area 
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Coherence maps for SBAS using the ENVISAT dataset 

 

Fig 25: Image showing the coherence measurement for the western part of the study area 
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Fig 26: Image showing the coherence measurement for the middle part of the study area 
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Fig 27: Image showing the coherence measurement for the eastern part of the study area 
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Coherence maps for SBAS using the ERS-2 dataset 

 

Fig 28: Image showing the coherence measurement for the western part of the study area 
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Fig 29: Image showing the coherence measurement for the middle part of the study area 
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Fig 30: Image showing the coherence measurement for the eastern part of the study area 
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Residual height maps for PSInSAR using the ENVISAT dataset 

 

Fig 31: Image showing the residual height estimate for the western part of the study area 
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Fig 32: Image showing the residual height estimate for the middle part of the study area 
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Fig 33: Image showing the residual height estimate for the eastern part of the study area 
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Residual height maps for PSInSAR using the ERS-2 dataset 

 

Fig 34: Image showing the residual height estimate for the western part of the study area 
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Fig 35: Image showing the residual height estimate for the middle part of the study area 
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Fig 36: Image showing the residual height estimate for the eastern part of the study area 

Residual height maps for PSInSAR using the combined 

 



39 

 

ENVISAT/ERS-2 dataset 

 

Fig 37: Image showing the residual height estimate for the western part of the study area 
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Fig 38: Image showing the residual height estimate for the middle part of the study area 
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Fig 39: Image showing the residual height estimate for the eastern part of the study area 
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Residual height maps for SBAS using the ENVISAT dataset 

 

Fig 40: Image showing the residual height estimate for the western part of the study area 
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Fig 41: Image showing the residual height estimate for the middle part of the study area 
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Fig 42: Image showing the residual height estimate for the eastern part of the study area 
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Residual height maps for SBAS using the ERS-2 dataset 

 

Fig 43: Image showing the residual height estimate for the western part of the study area 
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Fig 44: Image showing the residual height estimate for the middle part of the study area 
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Fig 45: Image showing the residual height estimate for the eastern part of the study area 
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Height precision maps for PSInSAR using the ENVISAT dataset 

 

Fig 46: Image showing the residual height precision estimate for the western part of the study 

area 
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Fig 47: Image showing the residual height precision estimate for the middle part of the study 

area 
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Fig 48: Image showing the residual height precision estimate for the eastern part of the study 

area 
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Height precision maps for PSInSAR using the ERS-2 dataset 

 

Fig 49: Image showing the residual height precision estimate for the western part of the study 

area 
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Fig 50: Image showing the residual height precision estimate for the middle part of the study 

area 

 



53 

 

 

Fig 51: Image showing the residual height precision estimate for the eastern part of the study 

area 

Residual height precision maps for PSInSAR using the combined 
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ENVISAT/ERS-2 dataset 

 

Fig 52: Image showing the residual height precision estimate for the western part of the study 

area 
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Fig 53: Image showing the residual height precision estimate for the middle part of the study 

area 
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Fig 54: Image showing the residual height precision estimate for the eastern part of the study 

area 

 



57 

 

Height precision maps for SBAS using the ENVISAT dataset 

 

Fig 55: Image showing the residual height precision estimate for the western part of the study 

area 
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Fig 56: Image showing the residual height precision estimate for the middle part of the study 

area 
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Fig 57: Image showing the residual height precision estimate for the eastern part of the study 

area 
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Height precision maps for SBAS using the ERS-2 dataset 

 

Fig 58: Image showing the residual height precision estimate for the western part of the study 

area 
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Fig 59: Image showing the residual height precision estimate for the middle part of the study 

area 
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Fig 60: Image showing the residual height precision estimate for the eastern part of the study 

area 
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Velocity precision maps for PSInSAR using the ENVISAT dataset 

 

Fig 61: Image showing the velocity precision estimate for the western part of the study area 
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Fig 62: Image showing the velocity precision estimate for the middle part of the study area 
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Fig 63: Image showing the velocity precision estimate for the eastern part of the study area 
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Velocity precision maps for PSInSAR using the ERS-2 dataset 

 

Fig 64: Image showing the velocity precision estimate for the western part of the study area 
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Fig 65: Image showing the velocity precision estimate for the middle part of the study area 
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Fig 66: Image showing the velocity precision estimate for the eastern part of the study area 

Velocity precision maps for PSInSAR using the combined 
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ENVISAT/ERS-2 dataset 

 

Fig 67: Image showing the velocity precision estimate for the western part of the study area 
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Fig 68: Image showing the velocity precision estimate for the middle part of the study area 
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Fig 69: Image showing the velocity precision estimate for the eastern part of the study area 
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Velocity precision maps for SBAS using the ENVISAT dataset 

 

Fig 70: Image showing the velocity precision estimate for the western part of the study area 
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Fig 71: Image showing the velocity precision estimate for the middle part of the study area 
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Fig 72: Image showing the velocity precision estimate for the eastern part of the study area 
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Velocity precision maps for SBAS using the ERS-2 dataset 

 

Fig 73: Image showing the velocity precision estimate for the western part of the study area 
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Fig 74: Image showing the velocity precision estimate for the middle part of the study area 
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Fig 75: Image showing the velocity precision estimate for the eastern part of the study area 
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Appendix 2: Connection graphs 

Connection graphs for PSInSAR using the ENVISAT dataset 

 

Fig 76: Connection graph for PSInSAR using the ENVISAT dataset. Yellow dot is the master 

image 
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Connection graphs for PSInSAR using the ERS-2 dataset 

 

Fig 77: Connection graph for PSInSAR using the ERS-2 dataset. Yellow dot is the master 

image 

Connection graphs for PSInSAR using the combined ENVISAT/ERS-
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2 dataset 

 

Fig 78: Connection graph for PSInSAR using the combined ENVISAT/ERS-2 dataset. Yellow 

dot is the master image 
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Connection graphs for SBAS using the ENVISAT dataset 

 

Fig 79: Connection graph for SBAS using the ENVISAT dataset. Yellow dot is the master 

image 
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Connection graphs for SBAS using the ERS-2 dataset 

 

Fig 80: Connection graph for SBAS using the ERS-2 dataset. Yellow dot is the master image   
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Appendix 3: Radar acquisitions dates 

Legend 

No marking: Image used for the processing 

Red marking: Image discarded, no used for the processing 

Cyan marking: Master image 

PSInSAR using the ENVISAT dataset. 

04-NOV-2002 

20-NOV-2002 

09-DEC-2002 

13-JAN-2003 

20-MAR-2003 

24-MAR-2003 

07-JUL-2003 

27-AUG-2003 

15-SEP-2003 

01-OCT-2003 

24-NOV-2003 

14-JAN-2004 

08-APR-2004 

12-APR-2004 

07-JUL-2004 

22-JUL-2004 

26-JUL-2004 

26-JUL-2004 

11-AUG-2004 

30-AUG-2004 

07-OCT-2004 

20-OCT-2004 

08-NOV-2004 

29-DEC-2004 

13-JAN-2005 

17-JAN-2005 

21-FEB-2005 

18-MAY-2005 

02-JUN-2005 

06-JUN-2005 

27-JUL-2005 

11-AUG-2005 

 

PSInSAR using the ERS-2 dataset. 

25-MAR-1996 

29-APR-1996 

14-APR-1997 

23-JUN-1997 
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01-SEP-1997 

10-NOV-1997 

30-MAR-1998 

08-JUN-1998 

17-AUG-1998 

04-JAN-1999 

15-MAR-1999 

19-APR-1999 

24-MAY-1999 

02-AUG-1999 

20-DEC-1999 

28-FEB-2000 

08-MAY-2000 

04-DEC-2000 

12-FEB-2001 

23-APR-2001 

02-JUL-2001 

08-APR-2002 

17-JUN-2002 

26-AUG-2002 

 

PSInSAR using the combined ERS-2/ENVISAT dataset. 

Date Satellite 

25-MAR-1996 ERS-2 

29-APR-1996 ERS-2 

14-APR-1997 ERS-2 

23-JUN-1997 ERS-2 

01-SEP-1997 ERS-2 

10-NOV-1997 ERS-2 

30-MAR-1998 ERS-2 

08-JUN-1998 ERS-2 

17-AUG-1998 ERS-2 

04-JAN-1999 ERS-2 

15-MAR-1999 ERS-2 

19-APR-1999 ERS-2 

24-MAY-1999 ERS-2 

02-AUG-1999 ERS-2 

20-DEC-1999 ERS-2 

28-FEB-2000 ERS-2 

08-MAY-2000 ERS-2 

04-DEC-2000 ERS-2 

12-FEB-2001 ERS-2 

23-APR-2001 ERS-2 

02-JUL-2001 ERS-2 

04-NOV-2002 ENVISAT 

20-NOV-2002 ENVISAT 

09-DEC-2002 ENVISAT 

08-APR-2002 ERS-2 

17-JUN-2002 ERS-2 
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26-AUG-2002 ERS-2 

13-JAN-2003 ENVISAT 

20-MAR-2003 ENVISAT 

24-MAR-2003 ENVISAT 

02-JUN-2003 ERS-2 

07-JUL-2003 ERS-2 

07-JUL-2003 ENVISAT 

27-AUG-2003 ENVISAT 

11-AUG-2003 ERS-2 

15-SEP-2003 ENVISAT 

01-OCT-2003 ENVISAT 

24-NOV-2003 ENVISAT 

14-JAN-2004 ENVISAT 

08-MAR-2004 ERS-2 

08-APR-2004 ENVISAT 

12-APR-2004 ENVISAT 

17-MAY-2004 ERS-2 

07-JUL-2004 ENVISAT 

22-JUL-2004 ENVISAT 

26-JUL-2004 ENVISAT 

26-JUL-2004 ENVISAT 

26-JUL-2004 ERS-2 

11-AUG-2004 ENVISAT 

30-AUG-2004 ENVISAT 

07-OCT-2004 ENVISAT 

20-OCT-2004 ENVISAT 

08-NOV-2004 ENVISAT 

29-DEC-2004 ENVISAT 

13-JAN-2005 ENVISAT 

17-JAN-2005 ENVISAT 

21-FEB-2005 ENVISAT 

21-FEB-2005 ERS-2 

02-MAY-2005 ERS-2 

18-MAY-2005 ENVISAT 

02-JUN-2005 ENVISAT 

06-JUN-2005 ENVISAT 

11-JUL-2005 ERS-2 

27-JUL-2005 ENVISAT 

11-AUG-2005 ENVISAT 

28-NOV-2005 ERS-2 

 

SBAS using the ENVISAT dataset. 

04-NOV-2002 

20-NOV-2002 

09-DEC-2002 

13-JAN-2003 

20-MAR-2003 

24-MAR-2003 

07-JUL-2003 
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27-AUG-2003 

15-SEP-2003 

01-OCT-2003 

24-NOV-2003 

14-JAN-2004 

08-APR-2004 

12-APR-2004 

07-JUL-2004 

22-JUL-2004 

26-JUL-2004 

26-JUL-2004 

11-AUG-2004 

30-AUG-2004 

07-OCT-2004 

20-OCT-2004 

08-NOV-2004 

29-DEC-2004 

13-JAN-2005 

17-JAN-2005 

21-FEB-2005 

18-MAY-2005 

02-JUN-2005 

06-JUN-2005 

27-JUL-2005 

11-AUG-2005 

 

SBAS using the ERS-2 dataset. 

25-MAR-
1996 

29-APR-1996 

14-APR-1997 

23-JUN-1997 

01-SEP-1997 
10-NOV-
1997 
30-MAR-
1998 

08-JUN-1998 
17-AUG-
1998 

04-JAN-1999 
15-MAR-
1999 

19-APR-1999 
24-MAY-
1999 
02-AUG-
1999 
20-DEC-
1999 
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28-FEB-2000 
08-MAY-
2000 
04-DEC-
2000 

12-FEB-2001 

23-APR-2001 

02-JUL-2001 

08-APR-2002 

17-JUN-2002 
26-AUG-
2002 
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Appendix 4: Statistics 

Residual height precision (m) Mean STD Max Min 

SBAS ENVISAT 2,950502 0,779355 9,509125 0,486241 

SBAS ERS-2 4,107229 1,026937 14,03459 0,599854 

PSInSAR ENVISAT 1,42398 0,126314 1,871672 0,673821 

PSInSAR ERS-2 0,512024 0,044662 0,649128 0,341749 

     
Displacement velocity 
precision (mm/year) Mean STD Max Min 

SBAS ENVISAT 3,758227 0,709785 10,79968 0,528757 

SBAS SAR 3,964931 0,931166 12,24813 0,535602 

PSInSAR ENVIAT 1,537209 0,136358 2,020499 0,7274 

PSInSAR ERS-2 0,638237 0,055671 0,809137 0,425989 

     
Residual height (m) Mean STD Max Min 

SBAS ENVISAT 5,530302 14,01889 78,88609 -50,5588 

SBAS ERS-2 2,412167 14,94811 63,88852 -81,6244 

PSInSAR ENVISAT 0,100744 33,98587 66,56683 -70,419 

PSInSAR ERS-2 16,57247 31,8946 94,50257 -42,3266 

     
Coherence Mean STD Max Min 

SBAS ENVISAT 0,270117 0,20384 0,917801 0,002697 

SBAS ERS-2 0,352096 0,227137 0,92341 0,005658 

PSInSAR ENVISAT 0,546188 0,052859 0,857876 0,500002 

PSInSAR ERS-2 0,461665 0,051445 0,693855 0,400027 

     
Displacement velocity (mm/ 
year) Mean STD Max Min 

SBAS ENVISAT -0,77281 8,027058 60,89466 -55,7616 

SBAS ERS-2 4,33772 7,677792 33,06284 -25,8139 

PSInSAR ENVISAT -0,38173 24,78788 48,67537 -48,3033 

PSInSAR ERS-2 -5,09908 19,00043 42,23763 -54,5236 
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