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Ecosystem Services  
Our environment both natural and man made
delivers benefits such as clean air, water, energy,
timber and food. These are frequently referred to
as ecosystem services. They sustain wildlife and
provide employment and income worth billions
of pounds. Ironically as human activity has
placed increasing pressure on our environment
so too has the recognition of our
dependence upon it. 

The challenge facing those people
empowered to do something
about sustainable development
i.e. the planners and policy makers
is the ability to identify the services
operating and to understand, their
value when determining policy
and actions, sometimes referred to
as an ecosystem approach. This
focuses on the integrated
management of land, water and
living resources to promote
conservation and sustainable use.
The ecosystem approach provides
a mechanism for environmental
protection by recognising the
ecosystem as a whole during a
decision making process,
ensuring a healthy and resilient
environment for current and
future generations (CBD, 2004).

Environment Systems has been involved in this
quest for accessible ecosystems information for
a numberof years. Using its environmental
expertise and understanding of existing spatial
datasets our team of environmental specialists,
GIS analysts and modellers has investigated
how to map individual ecosystem services and
then developed the maps themselves in a form
that can be readily absorbed and understood
by the policy makers. 

Initial work in this area focused on Wales with
work carried out with the Countryside Council for
Wales (CCW) working on the SCCAN (Natural
Resources Planning Support System) project. The
results from this work are intended to be fed into
the evidence base for the Welsh Government's
Sustaining a Living Wales programme.

Each service is considered in turn while an
eight stage methodology was developed
starting off by asking two simple questions ‘can
it be mapped? and do we have the data to do
it?’ Over 110 environmental and socio-
economic spatial datasets at various scales and
resolutions were identified. In some cases

where vital data was absent proxy data was
used in its place. Pulling this data together, to
create transparent meaningful maps required a
rule base where values could be assigned to
each element to enable mapping and any
weighting applied when using different
datasets of different accuracies and resolutions
in combination. Once the data had been
prepared it was processed spatially as part of a
series of automated routines in GIS software.
The analysis was run for each pixel or vectored
area, depending on the source data, using a
grid which could be varied in size to
accommodate different resolutions whilst
maintaining mapping consistency. 

Building on the initial work Environment
Systems has recently completed a study for the
Joint Nature Conservation Committee (JNCC).
This project uses the same basic framework
approach but looks at habitats rather than
features as habitats provide a spatially explicit
description of the biological and physical
properties of a location i.e. what the habitat is,
what the habitat has formed on, where in the
landscape it occurs and how it is managed.
From these four factors the framework

identifies three criteria: the overall
importance of the habitat in delivering
each ecosystem service, the general
state of knowledge about relationships
between the habitat and each of the
services and the quality and availability
of the data that exists to help quantify
and map these services. Five case study
areas were chosen from around the UK.

The development of this framework
showed how habitat attribute data
could be derived to help map and
quantify the importance of habitats in
delivering ecosystem services. The maps
for different case study areas show
carbon storage in soil and vegetation,
water regulation, soil erosion risk,
forestry goods (timber), agricultural
goods and biodiversity. 

The project also set out to test whether
the same framework approach could be

used in the marine environment. The sub-tidal
sediments and sandbanks of the Dogger Bank
were chosen as the focal point of the mapping
and modelling. The approach remains the same
but in this case it started with the sea bed and
the water column communities as these are the
describable habitats in the marine environment.
Secondly the geology and sediment which takes
into account the energy component (tides and
currents) which can increase the ability to
support greater biodiversity. Thirdly specific
location. In each area the water column has
specific physical, chemical and biological
characteristics, affected by depth, salinity,
temperature, etc. though due to its mobility it is
difficult to map in a traditional way. The fourth
focuses on how the area is managed and takes
into account the impact of human activity such
as trawl fishing and wind farm development. 

Being able to map ecosystem services changes
the game in terms of environmental
considerations in sustainable development,
policy development and planning decisions but
it is recognised that this is just a starting point
for crucial discussions with local stakeholders. 

Summer is the warmest of the four temperate seasons, so we are told, but in
2012 in the UK it also appears to be the wettest! That’s what our National
Three Peaks Challenge team will tell you in any case. In this issue of Sphere
there's an introduction to earth observation and we take a look at the role of
spatial data and modelling in work on ecosystem services, agri-environment
monitoring and habitat connectivity. Today we are awash with data but we are
always on the look out for more - so it is what you do with it and the insights it
delivers that matter.  editor@envsys.co.ukW
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This example shows areas potentially more susceptible to soil erosion.  Soil erosion
risk is greatest on fine silty and sandy soils, steep slopes, and where agricultural
crops produce bare ground at critical times of the year.  On the example, the dark
brown areas represent areas with the potential to be more susceptible to soil
erosion.  The data fed into the map includes land cover, soil type and ALC.   
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intensive farming has led in some areas to a
loss of biodiversity and scenic landscapes,
water pollution, reduced countryside
access, and increased pressure on our
important wildlife areas. the protection and
management of most sites depends on
individual landowners and occupiers and
there are now a variety of schemes and
instruments in place which attempt to
support the land managers to redress the
balance.  monitoring is important because
it validates the measures taken to protect
and enhance habitats, identifies what is
successful and what is not and how long
some habitats take to improve. in the past
few years environment Systems, supported
by thomson ecology has been involved in
the monitoring of the biodiversity
outcomes of agri-environment schemes, in
Wales and Scotland, under Axis ii of the
Common Agricultural Policy, rural
Development Programmes. 

Welsh Schemes
the Welsh government agri-environment
schemes included tir gofal, the flagship
higher level scheme, launched in 2000 and
open to applicants till 2011 and tir Cynnal,
the entry- level scheme, which was open to
applicants between 2005 and 2011.

tir gofal was a whole-farm scheme
designed to support the farming
community in protecting the rich heritage
of rural Wales, rewarding farmers who cared
for the environmental, historical and
cultural features on their land. With the tir
gofal scheme environment Systems
inherited the baseline data and the
monitoring methodology. 

For tir Cynnal there was no initial baseline
with which to compare the scheme’s
monitoring. this was the first scheme where
farmers had to identify the amount of

habitat present within each field
themselves. Fortunately there was a
complete aerial survey of Wales in 2006
including both red, green, blue (rgB) and
near infrared (nir) imagery so when
environment Systems became involved in
2009 it could go back in time and use this
dataset to establish the baseline for
subsequent monitoring. Using its extensive
remote sensing expertise, the team
developed a rule based approach which
was refined over time with very thorough
QA and expert ecological interpretation.
this baseline analysis mapped the habitats
present on each farm within the sample
and compared them with the amount of
habitat declared by farmers. 

Besides the established monitoring
methodology in tir gofal environment
Systems sought to include the landscape
element to investigate what other factors,
apart from land management, might be
operating upon the habitats and the
direction of ecological change on each site.
this focused on five main habitat types,
grassland, heathland, wetland, woodland
and coastal.

to facilitate further analysis and bring
existing and new data together some
database re-structuring was undertaken and
any anomalies in the original data removed
to enable further statistical analysis. the
analysis (AnoSim and Kruskal-Wallis)
revealed the differences between the first
and second re-surveys and then whether
this was due to positive or negative
indicators. A further (Wilcoxon) test
confirmed if these changes were significant.

With tir Cynnal a series of re-surveys were
undertaken over a period of three years to
monitor change and gain an understanding
of the success of the scheme in delivering
habitat protection. Within this programme a
number of paired sites were introduced,
that is, in-scheme and out-of-scheme farms
to provide counterfactual data to provide
statistical rigour and to assess the scheme’s
impact. 

interestingly tir gofal monitoring showed
some distinct differences between blanket
bog habitats in the east and west of Wales.
those in the west are more likely to change
for the better than those in the east; this
may be down to differing hydrology. Both
schemes showed some successes in
protecting a range of habitats in both

upland and lowland areas but also
demonstrated the efficacy of longer term
monitoring for certain habitats, such as hay
meadows where little change could be
identified after 3 and 6 years but significant
positive change could be seen after 10
years.

Scotland

environment Systems’ work in the agri-
environment space continues to evolve and
it is now working with the Scottish
government to deliver monitoring results
for the biodiversity outcomes of the natural
heritage agri-environment measures of the
Scottish rural Development Programme
(SrDP). this programme falls into two levels
of scheme, higher level, more detailed
management systems known as rural
Priorities and lower level management
systems known as Land manager options.
this round of the SrDP runs from 2007 to
2013, and this monitoring programme runs
from 2011 to 2014. 

the monitoring uses a pre-scheme baseline
of habitats created from aerial photography,
employing innovative remote sensing
techniques followed by detailed fieldwork
and farmer interviews. 

Analysis is occurring at a number of levels,
in field, farm and catchment level. this will
allow contextual environmental factors to
be identified and actual change due to the
schemes to be measured, and corroborated
by incidental evidence from the farmers
themselves. At the time of writing, the
methodology for the baselining and field
work, which will take place on over 200
farms, is nearing publication and fieldwork
is underway.

www.envsys.co.uk

Agri-environment   mONITORING

Upland heathland in Wales

Someone who appreciates improved upland habitats
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Today there is no longer the time and budget to
do everything by fieldwork. So in our
environmental work we have sought to find
other innovative methods of collecting and
analysing data. We understand that habitats
don’t function in isolation, each is part of a
landscape that we need to understand in a
wider context to see how it is working and to
get an idea about the pressures and forces in
play. Earth observation, the earth facing
discipline of remote sensing, is turning out to be
a key tool because of the scale it operates at,
from sub-field to a whole country.

There are of course caveats. Data is captured
from above so if you want to look at a habitat
that exists under the cover of woodland or one
that is covered by the high tide it is going to be
difficult to use it effectively. There are also
critics who rightly point out that earth
observation cannot pick out individual species
in for example a grass sward, hardly surprising
when the sensor is looking down from two
miles up in space! On the other hand it can find
the community in which that species occurs.
Remote sensing does provide us with some
very useful new data types which when backed
by well thought out ecological theory can open
up some exciting new opportunities for
examining our environment.  

Another advantage of earth observation is that
there is now a large body of available archived
imagery which enables us to look backwards
in time. In the past if you wanted to start a
monitoring programme you would have to

start it from the day
that a project

commences. Now providing you have data of a
suitable type from a suitable date you can
make your baseline with data from the past.
The Tir Cynnal agri-environment monitoring
scheme (see page 2) is a good example.
Furthermore the recently updated Gwylio
habitat map of Wales took 2 years to produce
using primarily archive earth observation data
in a rules based approach at less than a 1/10 of
the cost of the original survey which took
ecologists in the field over 10 years to compile.

So what is it? Largely it is imagery from
which we can make interpretations using our
knowledge about the natural environment. The
imagery is captured by a number of different
sensors which can detect the visible
wavelengths of the spectrum (Red, Green and
Blue - RGB) and beyond the visible spectrum
into the infrared (IR, NIR, SWIR, and thermal
IR). In environmental applications we are
interested in how vegetation type and
productivity is related to the way in which the
sun’s light is reflected back to the sensor. So
for example the green light is reflected from
the top surface of a leaf hence we see
vegetation as green. The blue and red light,

used in photosynthesis, penetrates the
leaf structure and the near infrared
light, which has a longer wavelength
penetrates the leaf and is reflected
from the bottom surface providing
an indication of health. Further up
the spectrum the shortwave
infra red provides us with a
measure of water absorption
so it is possible to tell how
‘wet’ the vegetation is.

From the imagery we can
isolate each of these
properties and manipulate the
data mathematically to

provide a different view or analysis. Many of
these processes can be automated. In an RGB
image what you see is what you get but when
you introduce the infrared part of the
spectrum you have much more data to work
with. Each pixel has a unique value across
each of the spectral wavelengths. Red, Green,
Blue, NIR and SWIR enable us to pull out
photosynthetic vegetation, non-photosynthetic
vegetation, the amount of moisture held in a
landscape etc. and because plants have
different leaf shapes which reflect light
differently their telltale spectral signatures can
be readily identified. There are other types of
‘active’ sensor too such as LiDAR (Light
Detection and Ranging) which can provide vital
additional information about the landscape
form, slope and aspect giving us a more
detailed view of the landscape we are trying to
analyse and interpret. 

Whilst we can go down to individual pixels in
an image, it is much more interesting to look
at whole objects which are similar in colour
and texture. With object based analysis you
can start to answer questions about how
productive a field is, how heterogenous or
homogeneous it is and in specific applications
such as agriculture indicate where a farmer
has applied variable rates of herbicide.

Remote sensing provides us with a rich vein of
imagery and data and the capability of the
sensors is improving fast. The latest earth
observation satellites are delivering imagery
with sub-metre spatial resolution. Traditional
aerial survey aircraft routinely collect RGB
and colour infrared imagery at 10cm
resolution whilst the latest UAS platforms can
collect multi-spectral imagery at 5cm
resolution. Today we also have the software
and expertise which when combined with
sound ecological knowledge can produce
stunning results in a growing number of
application areas.

Automated segmentation identifies similar
habitats and features

The difference
between UAS
and satellite
(DMC) resolution

Earth observation
works at multiple scales

OBSERVATION
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Company news

Follow us on Twitter: 
@envsystems

Under the auspices of the eU Cordiale project
(http://www.cordialeproject.eu) for managing
landscape change, environment Systems has
been working on behalf of the South West
Protected Landscape (SWPL) and the Dorset
AonB, to identify areas for priority action to
enhance existing habitats and create new ones. 
in this study the team set out to map existing
high quality (‘core’) habitats and then to evaluate
the permeability of the wider landscape in part
of the Dorset AonB. Landscape permeability
measures the ability of species to move freely

through the landscape, a reflection of
established and functioning ecological
networks. if species can move freely
between ‘core’ habitats then the
resulting ecological networks can both
protect these habitats, and potentially
reverse a decline in biodiversity.
Connectivity is important to ensure the
long-term survival of biodiversity in a
fragmented landscape and is recognised
as a key biodiversity indicator by Defra
and JnCC (UK Biodiversity indicators in
Your Pocket 2012).

this is another application of environment
Systems’ highly developed earth observation
expertise.  the key datasets include aerial
photography with SPot and Landsat satellite
imagery. Useful feature information was also
provided by iHS (integrated Habitat System) with
large scale ordnance Survey mapping and a
digital terrain model which provided detailed
information about elevation, slope and aspect. 

ecological knowledge together with earth
observation expertise enabled the team to

establish a rules based classification that relies
on the spectral signature found in the imagery.
From this classification and the application of
landscape permeability theory broad habitat
classes were selected to be mapped.  

the next stage was to classify the landscape into
‘core’ semi-natural habitat, ‘potential’ and
‘permeable’ areas of the woodland, grassland,
wetland and heathland classes. Habitat networks
were created by combining the locations of
suitable target areas with the ‘permeability’ of
the surrounding landscape. Buffer zones around
these core networks representing the distance
species could move through the surrounding
land cover were also created. restoration of
these buffer areas will have the most benefit by
enhancing the existing network. 

the maps will provide planners, land owners,
managers and land advisers with wide scale
insight for a broad range of issues including
planning mitigation, green infrastructure and
agri-environment monitoring. 

the project CorDiALe has been selected within the frame of
the interreg iv A France (Channel) - england cross-border
european cooperation programme, part financed by the erDF.

Mapping Habitat Connectivity

national three Peaks
Challenge    

At the end of June a team from
environment Systems raising money for
mapAction (www.mapaction.org) took
the national three Peaks Challenge. 

the team set out from the foot of Ben
nevis at 3:00 pm on a Friday afternoon
and despite appalling weather,
including thick fog and heavy rain on
Scafell got to the top of Snowdon within
24 hours, narrowly missing out on
walking up and down all three within

the time. our two heroic drivers
managed over 1,000 miles and 3 peaks
between them...a fantastic couple of
days, if a little tiring and a brilliant
achievement by all those who took part.

the three peaks are:
Ben Nevis (1,344 metres, 4,409 ft), 
the highest mountain in Scotland
Scafell Pike (978 m, 3,209 ft), 
the highest mountain in england
Snowdon / Yr Wyddfa (1,085 m, 3,560 ft),
the highest mountain in Wales

Project UrSULA - Update 
Despite the weather the Project
UrSULA team has undertaken an
extensive flying programme to acquire
a new range of data with multispectral
sensors. in 2012 Project UrSULA is
working with a number of key growing
organisations, and individual farmers
to further its research activities and

target areas for specific crop variety
applications.

in June the team attended the UK’s
premier arable event, Cereals 2012. the
stand together with the g2 airframe
attracted much attention. interest in
the team's fast developing UAS
(Unmanned Aerial System) technology
and 'state of the crop' precision
agriculture drew steady traffic
throughout the show.
www.projectursula.com

The team on the summit of Ben Nevis

Aberystwyth  |  Salisbury
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