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Overview 

 
In this novel research, we want to improve the 

management and protection of salt marshes by using 

satellite images and drone data. 

Salt marshes and coastal grassland areas are 

ecologically and economically valuable ecosystems. 

They support a wide range of biodiversity including a 

rich invertebrate community and important wading 

birds and wildfowl. They also play an important role in 

carbon sequestration, act as nursery grounds for 

economically important fish and reduce the impact of 

storms on coastal defences. They are, however, fragile 

ecosystems [Gedan et al. 2009].  

Unfortunately, salt marshes are under treat in many 

places all around the World. The main causes of 

changes and degradation of marshes are 

anthropogenic (pollution, agriculture, buildings) and 

related to climate changes (e.g. the increase in storm 

frequency and strength). The only way to make sure 

our marshes are properly protected is by carry out 

periodic surveys. Although these are spectacular 

ecosystems, surveying them is very time demanding 

due to the uneven terrain (presence of creeks, ponds 

and mud). Additionally, many feature are more easily 

visible from above (e.g. draining system). The 

community is therefore in need of some  

 

 

methodologies able to provide periodic and 

inexpensive surveys of marshes.  

We want to demonstrate that satellite remote sensing 

could be the key. In this project we will use a 

combination of drone data and satellite Synthetic 

Aperture Radar (SAR). SAR is able to obtain 

images of the environment from space using 

microwave. It allows to acquire images independent of 

weather condition and solar illumination which is very 

valuable in areas with frequent cloud cover. We will 

also use a cutting edge technology exploiting 

polarimetry (PolSAR). The advantage of PolSAR is 

that we can use the polarisation of the radar echo to 

obtain more images and therefore more information 

about objects in the scene [ESA-PolSAR].  

A strong motivation about using satellite images is 

that we entered a new era of freely available 

satellite data (e.g. the ESA Sentinel constellation 

missions [ESA-Sentinel]). We are experiencing a rapid 

growth of activities in the Space industry and the 

Earth Observation sector. This opportunities do not 

just support businesses activities but also provide 

much better tools to the environmental management 

community.  

The objective of this project is to use satellite images 

to extract biophysical information about the grasses 

and evaluate how these changed in the last decade. 

The development work will be accompanied by large 

fieldwork and drone activities with monthly visits to 
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marshes. Drone data allows fantastic monitoring 

capabilities, but they are time demanding and require 

adequate conditions (related to weather and presence 

of wildlife). One of the aim of this project is to 

understand the minimum number of drone surveys 

required to achieve good accuracy with satellite data.   

We will focus on three tidal areas in Scotland where 

salt marshes are present. The first is the Solway 

Firth, which hosts one of the biggest salt marshes in 

the UK and it has experienced large changes in the 

last decades. Unfortunately, models predict a large 

loss of marsh by 2050. The second is Skinflats, which 

represents a much smaller marsh subject to an 

ongoing salt marsh restoration project. The third is 

Nigg Bay which experience a large restoration in the 

last decades. These three marshes will allow us to 

develop methodologies that could be applied to 

weekly monitor grasses and erosion of tidal areas in 

the UK. 

 
Methodology 

 
Project objective: We want to use PolSAR 

combined to sporadic drone campaigns to monitor 

erosion, grass phenology and plant stress in marshes. 

Deliverables: In this project, we will set up a series 

of methodologies that starting from images acquire 

from space will be able to provide weekly update of 

grass conditions to local conservation authorities. 

Among other products we are interested in 

monitoring the following events: erosion due to 

storms, biophysical parameters of grasses (e.g. 

biomass), phenology (e.g. length of the vegetative 

stage) and how all these varied in the last decade.     

Novelty: PolSAR is a cutting edge technology and is 

very useful to retrieve biophysical parameters of 

vegetation [ESA-PolSAR]. However, this technology 

has never being used for marshes and coastal 

grasslands. The research work carried out in this 

project has the potential to revolutionise the sector 

and allow surveying coastal areas with an 

unprecedented repetition time.  

Data (satellite): Archive PolSAR data are already 

available. Future acquisitions will be carried out 

synchronised to fieldwork. The datasets used will 

include the following satellite missions: ALOS-1 and 

ALOS-2 (Japanese Space Agency); RADARSAT-2 

(Canadian Space Agency); COSMO-SkyMED (Italian 

Space Agency); Sentinel-1 (European Space Agency).  

Data (drone): Beside radar data we will collect 

drone aerial photography in the Solway Firth, Skinflats 

and Nigg Bay. Two drones will be available: DJI 

Phantom 4 and DJI Mavic. We will also collect camera 

pictures of the vegetated areas.  

 

 
Figure 1: Analysing changes in Flookburgh (near 

Morecambe bay). Top row: radar polarimetric images. The 

left image was acquired on the 1st of April 2007, the right 

image on the14th May 2007. The colours are related to 

the characteristics of the objects. Inside the red circle we 

identified changes to the vegetation (crops growing), and 

the mud flat edge. Bottom row: output of the change 

detector. The detector correctly identifies the 

colours/objects that were added (on the left) and removed 

(on the right). ALOS-1 data 2007 (data provide by JAXA, 

id.1151). 

 
Algorithm development: In this project we will 

develop algorithms that exploit weekly available 

PolSAR images combined with sporadic very high 

resolution drone images to improve management 

practices of coastal areas.  

1) We will monitor changes, such as erosion or plant 

phenology, by applying change detectors. One of 

the methodologies will be based on the use of 

optimisations of polarimetric data [Marino et al 2014]. 

Figure 1 shows an example of the algorithm output 

applied to ALOS-1 data over Flookburgh in 2007 

(near Morecambe bay, UK). An expected output of 



 

  

this activity will be the capability to derive accurate 

erosion maps. 

2) We will use scattering models to retrieve 

biophysical parameters of marshes and grasslands. The 

model will probably be semi-empirical and it will use 

some background physical model to decompose the 

received radar echo into a ground and a vegetation 

components. We will start from some simpler 

vegetation model as in Attema at al (1979) and then 

proceed to design a better model especially tailored 

for grasslands in tidal areas. One output will be the 

biomass of grass. The expected output is the 

capability to derive grass information as biomass, 

height or density. 

3) Analysis of time series. This will allow to evaluate 

trends in biophysical parameters of grasses and 

identifying erosion. This information will be used to 

assess the changes that the Solway Firth, the Skinflats 

and the Nigg Bay suffered in the last decades and try 

to predict the future of coastal ecosystems. One 

output will be the identification of changes in 

phenological stages.    

Fieldwork: The Solway Firth, Skinflats and Nigg Bay 

will be periodically surveyed. We expect on average 

one fieldwork a month. During these visits we will 

carry out drone surveys when these are not 

disturbing wildlife (e.g. arrival of barnacle geese in 

winter). Drone data will be used to have a qualitative 

overall evaluation of the plant phenology and a 

quantitative assessment of erosion. Additionally, we 

will use photographs to collect plant information and 

to identify and validate erosion.  

End Users: this project has strong links with end 

users including the Solway Firth Partnership, Natural 

Scotland and RSPB Scotland. We will be in frequent 

contact with our partners. We will take advantage of 

their local experience to tailor methodologies in 

order to retrieve the most usefulness biophysical 

parameters for management and protection of 

marshes. We will freely distribute our methodologies 

to partner and the general public, with the aim of 

producing some tangible change in practices. We will 

be involved in outreach events in the Solway Firth. 

 
Timeline 
 

Year 1: Preparing a literature review on the topics: 

SAR, marsh and grasses ecology. Fieldwork. Start 

working on classifying coastal areas with PolSAR and 

drones. Attending international training events. 

Expected submission of a journal paper on monitoring 

erosion with PolSAR and drone data. 

Year 2: Develop a scattering model to retrieve 

biophysical parameters. Expected submission of a 

journal paper on retrieving biophysical parameters with 

PolSAR and drone data. 

Year 3: Processing historical data. Use the model to 

evaluate trends in the occurrence of phenological 

stages (e.g. vegetative stage getting longer or shorter). 

Try to relate this to climate changes and/or 

oceanography. Starting writing the thesis chapters. 

Expected submission of journal paper on temporal 

trends and phenology. 

Year 3.5 (first 6 months): Complete thesis, 

submission and viva. 

 
Training & Skills 
 

This is a multi-disciplinary project including topics 

related to (a) satellite Earth Observation; (b) drone 

surveys; (c) physical models (electromagnetic 

scattering); (d) data analysis; (e) coastal areas, marshes 

and grassland; (f) programing. 

The successful candidate will have the opportunity to 

gain valuable skills in the context of: (a) analysing and 

processing satellite images using Python; (b) planning 

and accomplishing drone campaigns; (c) developing 

analytical and empirical models to measure biophysical 

parameters or the environment; (d) using 

Geographical Information Systems (GIS) software. 

The training will also include the attendance of a 

major international training events as the Training on 

polarimetric SAR data, provide by ESA in Frascati, 

Italy. 
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Further Information 
 

Please contact Dr. Armando Marino for further 

information (Armando.marino@stir.ac.uk). 
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