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1 Background

Effective ways to monitor biodiversity and the state of nature is becoming increasingly
important in the light of the biodiversity crisis (REF). Today, monitoring is still mainly based
on field-based inventories and surveying. However, significant advances in technologies such
as artificial intelligence, sound and image recognition and remote sensing are now creating
opportunities to provide more effective alternatives and/or complement field-based
monitoring. One main goal of the EU project “Modern Approaches to the Monitoring of
Biodiversity” is to trial and demonstrate the most promising technologies. This review
focusses on identifying options for using remote sensing technology, in particular LiDAR
sensing and drone imagine technology, to monitor habitat condition at site level (i.e.,
management relevant) in Europe.

Most European countries are EU members and are hence legally required to regularly assess
the condition of habitats identified by the EU to be of particular interest to the community.
Several non-EU states have adopted similar requirements. However, to date, there is no
commonly agreed approach to assess condition and as a result individual countries,
municipalities or site managers have developed their own. Still there is overlap in
methodology and metrics. For example, most countries base a relatively large part of their
nature condition assessments on species occurrence.

To identify remotely sensed based approaches that are the most relevant and useful across
countries for site level habitat condition assessments (i.e., management relevant), we first
need to establish the condition metrics that have been developed and are commonly used by
field practitioners in current national, regional or local scale monitoring programmes. We
also need to establish field practitioners’ measurement requirements and evaluate if these
can be achieved using remote sensing (specifically Lidar and drone-based RS). In this review
we extracted and summarised this information from several European countries from publicly
available national, regional and local technical field manuals for habitat condition monitoring.
We also asked field practitioners using online questionnaires. We then, consulting peer-
reviewed remote sensing literature and using our own expertise, identified the metrics that
could be delivered through Lidar and drone imaging.

2 Definitions

The term habitat can refer to the specific biotic and abiotic parts of the environment where
an organism lives (e.g., the habitat of species x) or to a particular environment without
reference to a specific species (e.g., the coastal dune habitat) (Bamford & Calver, 2014, other
refs?). In either case habitat condition will depend on the species in question. It is about the
habitat’s capacity to support a particular species, i.e., whether the habitat’s biotic and abiotic
factors are at levels required for the species to thrive. Here, we focus on the condition
monitoring of habitats that support (semi-)natural species communities and are generally
found in protected areas (e.g., Natura-2000 sites).
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3 Reviewing the grey literature: Existing metrics developed for
field-based monitoring.

3.1 Method

This review was based on grey literature describing or instructing how to measure habitat
condition metrics. We found literature by searching google.com for the following search
terms in each respective country’s native tongue: all combinations of (1) “habitat condition”
and “monitoring”, “assessment”, “metric”, “indicator”, (2) “habitat survey” and “manual”,
“handbook”, “method”, “guide”, and (3) “habitat assessment” and “manual”, “handbook”,
“method”, “guide”. We supplemented this search by contacting our network in Denmark,
Sweden, Norway, Czech Republic*, The Netherlands* and Poland. The countries marked by
an “*” are countries where we made contact but did not receive a response leading to useful
literature for reviewing and we did not possess native tongue skills for these countries good
enough to search for native literature using search engines.

We aimed to identify habitat condition metrics that each country uses for monitoring, and
when available, we also noted the precision typically used for a given metric (i.e., the numeric
steps that a given metrics is recorded at. For example, presence/absence, coverini, 2,5, 10%
or coarser steps, number of abundance classes). Finally, as some metrics are habitat specific,
we recorded the habitat type for which the metric was listed.

3.2 Results

An initial search found a total of 65 documents which showed some relevance (Annex- Table
4 lists all the documents found, including e.g., Australian literature). These were filtered down
to 17 documents which were mainly national level field protocols for the collection of habitat
specific condition metrics or summaries of habitat specific metrics to consider (Annex-Table
1). They represent 7 countries: England, Denmark, France, Italy, Poland, Norway, and Sweden.

We focused on terrestrial habitats only, and the review identified 35 different habitat
condition metrics. Across the board we found that condition metrics were developed to
reflect the habitat’s composition, structure, function, and degradation/alterations. As a
result, we also grouped our compilation using these 4 main categories.

Annex-Table 2A lists the metrics and identifies the country and EUNIS habitat type (total of
27 EUNIS habitat types) for which we found each metric.To summarize the findings, we
further grouped the habitats into 11 groups as follows (Annex-Table3):

e all coastal habitats (old EUNIS codes B*),

e salt meadows, marshes and inland salt steppes and marshes (old EUNIS codes A and

E6),

e mires bogs and fens (old EUNIS codes C and D),

e grasslands and forest fringes (old EUNIS codes E1 to E6),

e sparsely wooded grassland (old EUNIS code E7)

e forests (old EUNIS codes G*),

e tundra, arctic, alpine and subalpine scrub (old EUNIS codes F1 and F2),
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temperate Mediterranean-montane scrub and temperate shrub heathland (old
EUNIS codes F3 and F4),

maquis and garrigue and spiny Mediterranean heaths and xerophytic scrub (old
EUNIS codes F5 to F8),

riverine and fen scrub (old EUNIS code F9) and

screes, inland cliffs, rock pavements, outcrops (old EUNIS codes H2 and H3).

We then counted the number of times (i.e., number of countries, maximum 7) the metric
was listed under each habitat group. Because some of the 11 groups consisted of more of
the original 27 habitats, to avoid bias, we divided this count with number of habitat types
within the group.

The top metrics, in order of importance and relevant across most or many habitats, are:

1.

OU AW

% N

Cover: Habitat extent (stable, increase or decrease),

Composition: Presence of positive indicator species,

Composition: Presence of problem species,

Composition, structure: Woody cover (%),

Degradation, alterations: Bare ground (%)

Cover: Fragmentation metrics (stable, increase or decrease of connectivity),
landscape metrics (patch size, number),

Composition, structure, function: presence of (all) dynamic stages,

Dead material (litter, wood, drift material on beaches and dunes) — size not
specified.

Other important metrics are more habitat specific:

0.

10.

11.

12

13.
14.
15.

Degradation, alterations: Abrasion, linear features (tracks or low vegetated areas
due to traffic, digging, extraction),

Degradation, alterations: Evidence or high density of grazers, browsers (e.g., rabbit,
large grazers such as cattle, horses, deer) / diggers (e.g., moles, wild boar),
Degradation, Alterations, productivity: evidence of grazing (not using indicator
species e.g., vegetation height),

. Composition, structure, function: Species indicating nutrient changes - e.g., grassland

improvement; trophic changes,

Degradation, alterations: Human made objects or surfaces,

Degradation, Alterations: % burnt area (and frequency),

Degradation, Alterations: change in micro-topography (e.g., sunken peat, erosion
channels, dune erosion).

Some metrics are country specific:

‘Wetness (Ellenberg F)* is specific to Norway and Sweden.

‘Degradation, alterations: Area without technical interventions in 1 km vicinity /
distance from human activities’ is specific to Norway and Italy

‘Light condition/canopy cover — forest’ is specific to Norway.

Some metrics are habitat specific:

‘Coarse dead wood >30 cm dbh’ and ‘Cover: old growth forest” are specific to forest
habitats
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e ‘Function: Dune morpho-dynamic metrics’ are specific to dune habitats.

e ‘Composition, Structure: Woody vegetation, presence/absence or quantification of
understory/natural regeneration’ and ‘Composition, Structure: Woody vegetation
height, dbh’ are specific to woody habitats.

And some metrics are specific to a single country and habitat:
e ‘Cover: area without dead or damaged Calluna’ is specific to Norway for the habitat
‘Temperate shrub heathland’
o ‘N° of hollow broadleaved trees’ is specific to Norway for the habitat ‘Deciduous
broadleaved forests’
e ‘Composition, structure: tree-shrub ratio’ is specific to Italy for the habitat
‘Broadleaved evergreen forests’

When provided, metric measurement, and threshold steps (i.e., precision) indicating
favourable and levels of less favourable condition consistently vary with habitat type
(ANNEX-Table 2B). So, for example, a positive indicator species could refer to different
proportions of species found listed as indicator species, different % covers of the indicator
species, or more generic species richness and diversity indices. For % woody cover, the
thresholds for a favourable condition will vary and depend on whether presence of woody
vegetation is wanted (scrub, dune habitats) or not (grassland habitats), and in some cases a
distinction between shrub and tree is required (e.g., Italy, Broadleaved evergreen forests,
Norway, Pine forests).

3.3 Discussion

The review, although covering many of the habitats found in Europe, is limited to 7
countries. To avoid bias towards certain localities or habitats we ignored field protocols
uniquely developed for a single site or niche habitat (e.g., a guide to monitor forested sites
near Brussels —record 26 in ANNEX-Table 4) and worked with documents outlining habitat
specific guides at national level. The documentation found varied substantially in content
and level of detail, reflecting the purpose of the published document. Also in some cases, it
was clear that for certain habitats the protocols were still a work in progress. Although,
additional on-line searches or contacting authors is likely to generate more data and detail,
our review as it stands is already providing a good insight into the number and type of
habitat condition metrics used across habitats and Europe.

To ensure cost-effectiveness, metrics that are potential candidates for a remote sensing
approach need to be relevant to many habitats. Our review suggests that there are at least
8 such metrics and another 7 relevant to several habitats. However, when looking at the
detail it becomes clear that the manner in which the metric is measured is not exactly the
same across all habitats. This is crucial when considering using remote sensing, because a
variation in the measurement (or required precision) could signify a substantial difference in
remote sensing approach used (i.e., choice of data set and retrieval algorithm). For
example, the metric ‘presence of (all) dynamic stages’ implies different observations when
dealing with a salt marsh, a dune system, a heathland or a bog or fen.
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Presence of one or more indicator species (positive or negative) are after habitat extent the
most dominant metrics. There is scope to use automated species identification using
imagery and deep learning, but this needs fine-detailed imagery, focussing on the plant in
question. Also, when using remotely sensed imagery we are generally limited to identifying
plants that are present in the top canopy, and we face the challenge of first isolating
individual plants within the imaged vegetation.

Another top scoring metric group are the habitat fragmentation and landscape metrics.
These need mapping of the habitat (and/or vegetation communities within the habitat) first.
Automating habitat mapping is challenging and many still rely on manual interpretation. The
main issue is that each habitat type or site can come with specific mapping challenges,
including the spatial detail required. As a result, successful mapping often requires a site-
specific approach.

Seven of the top 15 metrics are indirect indicators of a degradation process or an altered
habitat. From these, % bare ground, linear features (e.g., number or length), burnt area (%,
presence/absence, frequency), changes in topography (e.g., height, width, slope), and
human-made objects are well suited for a remote sensing solution. Other metrics are less
specific. This is because, often the surveyor is left to provide an (qualitative) expert opinion
on degradation level, based on a list of observed features or interventions. To develop a
remote sensing solution, we would first have to establish quantitative alternatives through
dialogue with the experts and ideally (like % bare ground) these would be applicable across
many habitats.

4 Relevant metrics identified by stakeholders: Questionnaire.

4.1. Method
To gain insight into stakeholders’ needs, we developed a questionnaire guided by the
metrics identified in the grey literature review (see ANNEX-Table 2). The aim was to identify
the most and least used metrics and those that stakeholders believe could be delivered
through remote sensing. The questionnaire consisted of the following questions:
e Question 1: To begin, which habitat conditions metrics do you currently use?
e Question 2: Please now rank these habitat conditions metrics that you use in terms
of their importance, with 1 indicating the most important metric.
e Question 3: Please now rank the habitat conditions metrics you use according to
their ease of implementation, with 1 indicating the easiest metric to use
e Question 4: Which other habitat conditions metrics (not listed would you use given
the opportunity (i.e. if you had more resources, better tools etc.)?
e Question 5: Now thinking about remote sensing, for which habitat conditions
metrics do you use remote sensing?
e Question 6: Which habitat conditions metrics do you think remote sensing could
deliver?
e Question 7: Considering the habitat conditions metrics you do use, please indicate
how precise do their estimates need to be (indicators)?
e Question 8: What countries/regions does your habitat conditions monitoring cover?
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For questions where we requested a ranking by integers (i.e., Q2 and Q3) we calculated the
median rank and weighed this by 1/ N° stakeholders ranking the metric in question. This
adjusted rank was then used to evaluate the importance or ease of implementation of the
different metrics.

4.2. Results

Fifteen individuals from at least 5 countries answered the questionnaire (not all
stakeholders shared their country of work). Generally, all listed metrics are used by at least
2 individuals, most metrics are used by 5 or more.

The most often used habitat condition metrics are:
e positive and negative indicator species,
o habitat extent,
e woody cover,
e % bare ground,
e evidence of drainage or other alterations to hydrology,
e forest floor light conditions,
e the amount of coarse dead wood, and
e number of large trees.

The most important habitat condition metrics are:
e habitat extent,
e positive, negative, and nutrient indicator species,
e habitat fragmentation, and
e woody cover.
followed by:
e mowing or grazing regime indicator species,
e number of large or hollow broad-leaved trees,
o forest floor light conditions and
e altered/degraded water/hydrological factors.

The least important habitat condition metrics with 2-3 ratings from the participants are:
e area without technical interventions close by,
e %dung,
e area without dead or damaged heather, and
e whether or not there is a high density of smaller natural grazers or diggers like
rabbits and moles.

The condition metrics which stakeholders felt are the easiest to implement are:
e habitat extent,
e indicator species,
o forest floor light conditions,
e water extent, and
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e evidence of drainage,
followed by:
e percent bare ground,
e area with either dead or damaged heather or with at least two life-stages of it,
e evidence of grazing and,
e presence of human made objects.

The metrics thought to be hardest to implement are:
e area without technical interventions close by,
e natural reduction in population of different species, and
e % dung present.

The stakeholders had several suggestions for habitat condition metrics that they would like
to use if given the opportunity. These included: seed bank viability, predictions of future
habitat condition, sociological perception of the habitat, vegetation structural types of
grasslands, different measures related to rare species, ground water quality and level, soil
chemistry, assessment of disturbance level, and generally finer spatial scale metrics.

The habitat condition metrics for which most individuals already use remote sensing are:
e habitat extent,
e water extent,
e habitat fragmentation,
e and woody cover,
while fewer are using remote sensing to assess
e old growth forest,
e number of large trees,
e human made objects in general, and
e forest floor light conditions.

When asked about which habitat condition metrics remote sensing could possibly deliver,
overall, individuals identified the same metrics.

Answers regarding precision requirements for the different metrics revealed that in most
cases a precision of 5% is sufficient (e.g., habitat extent, positive species, nutrient indicator
species, coarse wood cover) while in several cases an even coarser precision is acceptable.
Only in some rare cases a precision corresponding to 1% step changes is required (e.g.,
problem, or alien species).

4.3. Discussion

Generally, there was a large overlap between the most used habitat condition metrics and
the ones deemed most important by the participants. These include habitat extent,
indicator species of all sorts, number of large trees, forest floor light conditions, evidence of
drainage or other alterations to hydrology. One metric stands out as important but not
typically used by the participants: evidence of grazing. This would suggest that grazing is
quite hard to systematically quantify in the field.

10
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A large majority of the participants already use remote sensing to assess habitat extent.
Apart from this metric, remote sensing is not widely used, although the participants see
potential in using remote sensing for assessing habitat condition metrics and have
suggested several metrics that they believe could easily be computed using remote sensing.
They also suggested a number of metrics not listed that they would like to use, if possible, in
the future. A common theme is that respondents believe metrics are easy to implement
using remote sensing, while in fact they are quite hard to derive. For example, as
highlighted in section 3.3 the presence of an indicator species requires the ability to isolate
a plant first and then identify the species. Depending on the species the latter may be
relatively easy to achieve, however the former is notoriously difficult to do with remote
sensing data. Another example is the belief that detecting evidence of drainage is feasible
using remote sensing, while this is not necessarily the case. It is possible to identify linear
features like ditches, but assessing the degree to which they are active and connected is
challenging (Bailly et al. 2008; Bhattacharjee et al.2021; Rapinel et al. 2013; Roelens et al.
2018a; Roelens et al. 2018b). However, other suggested metrics for remote sensing such as
forest floor light conditions and water extent are relatively easy to develop. Often remote
sensing approaches already exist and refining these are obvious next steps.

From the questionnaire answers it seems that aiming for methods that can deliver habitat
condition metrics with a 5% precision is likely to be useful for most real-life monitoring
purposes. So, although, achieving this level of precision is often hard using remote sensing,
it clearly should be a key aim when developing remote sensing approaches for habitat
condition metrics in the future.

By having only 15 stakeholders responding to the questionnaire there is a high uncertainty
associated with the results outlined above. Still, we believe most of the results make sense
and represent reality. In this context it is worth noting that the authors of this report have
worked on remote sensing of habitat condition metrics for at least 10 years.

5 Metrics developed from LIDAR data.

LiDAR (Light Detection and Ranging) is an active sensor that measures the time for reflected
near-infrared light (i.e., laser signal sent by the sensor) to return to the receiver. The time
measure is converted into distance and then 3D height point clouds. LiDAR is capable of
penetrating canopies and as a result, LiDAR can describe the terrain’s topography and
measure a vegetation’s 3-dimensional structure and to some extent describe a habitat’s
abiotic gradients and continuity. LiDAR also records the intensity of the returned signal,
which can be used to determine the surface type that was hit by the laser footprint or point.
The overview below and in Table 1 describes the habitat condition related metrics that so
far have successfully been derived from LiDAR on board crewed aircraft or uncrewed
drones, and highlight were LiDAR is showing the most promising potential for future cost-
effective habitat condition measurements.

11
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5.1 Vegetation structure
The structural metrics and features derived from LiDAR point clouds typically capture the

vertical structure of vegetation, landscape characteristics or topography. A variety of
statistical measures and techniques are available to characterize the structure of animal,
plant, and fungal habitats from LiDAR point clouds (Bakx et al., 2019; Davies & Asner, 2014;
Moeslund et al., 2019).

Among the most widely used LiDAR metrics in habitat condition assessments are those that
measure the 3D vegetation structure. The most robust and most often used metric is
vegetation height (Bakx et al., 2019, Koma et al., 2021c, Valbuena et al., 2020), but LiDAR
can also be used to quantify vegetation cover in general or in specific layers (including the
understory) (Bakx et al., 2019, Valbuena et al., 2020) or the vertical variability and profile of
vegetation (Bakx et al., 2019, Valbuena et al., 2020, Devries et al., 2021). Most of the
research on LiDAR-derived vegetation structure has been performed in forests (Sterenczak
et al., 2022, Bakx et al., 2019; Davies & Asner, 2014), for instance for forestry applications
(Maltamo, Naesset & Vauhkonen, 2014). However, LiDAR is also increasingly used to
measure the vertical structure of vegetation in other habitat types, for instance in
grasslands, shrublands, savannahs, wetlands, agricultural areas, riparian habitats, and
deserts (Bakx et al., 2019; Koma, Seijmonsbergen & Kissling, 2021b; Davies & Asner, 2014).
For these non-forest habitats, drone mounted LiDARs are proving particularly effective at
guantifying vegetation height (e.g., in a saltmarsh: DiGiacomo et al 2021), vegetation gaps
(e.g., Getzin et al 2022) and woody encroachment (Hantson et al 2012). An important
process that affects the vegetation structure and several other habitat condition factors is
grazing by large herbivores. There is an increasing demand for being able to measure the
degree to which an area is affected by these animals. Developing lidar based tools that can
deliver this information is challenging, but attempts have been made (Listopad et al. 2018;
Michez et al. 2019) and to our knowledge several research groups are currently working on
this.

We can also use LiDAR to quantify the 3dimentional composition of a landscape. For
instance, we can derive the size, shape, and number of open areas within a forested
landscape (e.g., Sterenczak et al., 2022), or derive the forest edge (edge between open and
wooded areas) length. Both are important for the occurrence of birds and insects (de Vries
et al., 2021; Koma et al., 2021a). LiDAR point clouds can also be processed to map specific
landscape structures such as hedges and treelines (Broughton et al., 2021; Lucas et al.,
2019; Graham et al., 2019), individual trees (Wang, Lindenbergh & Menenti, 2018), or the
amount of deadwood (e.g., fallen trees) in forests (Marchi, Kellner et al., 2019; Pirotti &
Lingua, 2018; Martinuzzi et al., 2009).

12
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Figure 1: Example of Drone Lidar height point cloud data used to identify fallen trees; the
grey colour gradient shows the lowest features in light grey and tallest in black (Source:
Kellner et al., 2019).

5.2 Abiotic variables
Besides measuring and mapping vegetation, LiDAR can also be used to quantify abiotic

variables or features controlling these abiotic variables. This includes terrain-related
measures of ecological interest such as topographic slope, aspect, wetness (through
identifying hollows or lower lying patches) and solar irradiation (Zellweger et al., 2016;
Moeslund et al., 2013; Assmann et al., 2022). With respect to solar irradiation, LiDAR has
been used to determine surface light conditions, both on forest floors but also in more open
herb dominated landscapes, although so far, most studies have focused on light conditions
in forests (see e.g., Vehmas et al. 2011, Piasecka et al., 2022). LiDAR can also shed light on
the degree of human alterations or disturbance, for example identifying and quantifying
ditch and channel networks provides indirect information on a wetland site’s hydrology,
although determining if drainage channels are connected and active is not straightforward
(Bailly et al. 2008; Bhattacharjee et al.; 2021; Rapinel et al. 2013; Roelens et al. 2018a;
Roelens et al. 2018b). Other examples are the mapping of compacted tracks in managed
forest (e.g., Mohieddinne et al. 2023) and dune morphology (Bazzichetto et al., 2016).

13
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Table 1: Examples of using Light Detection and Ranging (LiDAR) to quantify habitat

condition.

Example

Measuring habitat condition with LiDAR point clouds

Reference

Vertical structure of vegetation

distribution) distinguish small patches of structurally complex
suitable habitat within a matrix of structurally simple intermediate-
aged forest and determine the nest site occupancy of an owl

Canopy height and LiDAR metrics of canopy height and cover are effective predictors | (Bakx et al., 2019)

cover of bird species distributions and bird species richness

Forest vertical Vertical variability metrics derived from LiDAR (i.e., average (Hagar, Yost & Haggerty,
variability absolute deviation of height, skew and L-moments of height 2020)

Horizontal variability

Horizontal variability (e.g., standard deviation of vegetation height)

(Koma et al., 2021a)

derived from LiDAR point clouds can increase or decrease the
diversity, abundance and/or occupancy of animal species

of vegetation in reedbeds distinguishes habitat suitability and ecological niches
of different reed warbler species
Understory density Depending on habitat and species, the density of the understory as | (Davies & Asner, 2014)

Landscape characteristics

Hedges & treelines

Mapping linear vegetation elements for biodiversity conservation
within agricultural landscapes by classifying and segmenting LiDAR
point clouds with point-based and neighbourhood-based features

(Lucas et al., 2019;
Graham et al., 2019)

Tree inventories

Mapping and counting individual trees and predicting single tree
characteristics (e.g., height, crown and stem diameter, biomass)
from LiDAR point clouds to characterize wildlife habitat and forest
structure and composition

(Wang et al., 2018;
Sterenczak et al., 2020;
Maltamo et al., 2014)

Amount of dead
wood

Identifying and mapping deadwood components (e.g., snags, logs,
stumps) to measure habitat suitability for woodpeckers

(Marchi et al., 2018;
Martinuzzi et al., 2009)

Patchiness of open
areas

Quantifying extent of open vegetation (i.e., a low number of open
patches derived from a digital surface model using LiDAR point
clouds) to measure the probability of occurrence of butterflies in dry
grasslands

(de Vries et al., 2021)

Extent of edges

Measuring the extent of woodland edges (i.e., edge length between
interfacing low and high vegetation derived from LiDAR point
clouds) to determine the probability of occurrence of dry woodland
butterflies

(de Vries et al., 2021)

Topography

Soil moisture

Topographic wetness index (TWI) is an important driver for various
plant communities in different habitats. TWI is a proportional
measure of water retention for a given area based on calculations
of flow accumulation and flow direction using a digital elevation
model derived from LiDAR.

(Moeslund et al., 2013)

Terrain properties

Steep terrain slopes and a high heat load index derived from a
digital terrain model based on LiDAR point clouds increases the
local species richness of macrofungi, lichens and bryophytes

(Moeslund et al., 2019)

6 Metrics developed from Drone imaging data.

Drone and drone sensors are a fast-developing technology that offer an increasing range of
observations from visible and near-infrared, hyperspectral and thermal imaging to lidar
sensing. The key advantages of using drone technology compared with crewed aircraft and
satellite sensing are (i) the achievable mm to cm spatial detail (Figure 2) and (ii) a relatively

14
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easy and affordable deployment. The main disadvantage is the limited areal coverage
achievable within a single campaign which is determined by the drone’s battery.

Figure 2: Examples of drone images, demonstrating the mm and cm detail that can be
achieved.

At the moment, the most cost-effective and operational drone-sensor setup is a rotary drone
with a camera that records three visible bands and one near-infrared band. This setup delivers
mm to cm detailed imagery, 3-dimensional point clouds and a digital surface model. The latter
two data are derived from combining many overlapping images using a processing routine
referred to as ‘structure from motion’ (SfM). These data are very similar to LiDAR-derived
point clouds, except that in the case of drone-based SfM, the ‘distance’ observations are
derived using trigonometry principles as applied in stereoscopy. So, unlike LiDAR, height
observations from layers below the top canopy layer are highly unlikely, especially when the
top canopy is dense. Below (and Table 2) lists a summary of the condition metrics that can
be derived from drone-based RGB-NIR imagery.

6.1 Vegetation: individuals and structure
Access to mm and cm resolution imagery combined with machine learning classifiers has

created the opportunity to distinguish individual plants and in certain cases plant species (e.g.,
Figure 3) (James & Bradshaw, 2020; Zhang et al., 2020). This is possible when plant species in
question has distinct features, patterns, shapes and/or colour combinations and, when
dealing with vertically layered vegetation, are present in the top canopy. Examples are
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mapping woody cover, individuals, or species in grasslands (James & Bradshaw, 2020),
mapping rare (Zhang et al., 2020) or invasive/ problem species (Hill, et al. 2016; de Sa et al.
2018; Oldeland et al 2021; Lui et al., 2022), and monitoring plant population dynamics
(Rominger et al., 2021) and plant life cycles by monitoring flowering events (Nuemann et al.,
2019). Mapping is done either manually (Hill, et al 2016) or automatically (e.g., de Sa et al.
2028; Lui et al. 2022)

Scale Sequence

encoder

decoder
{~”7 bridge z
== conv+RelU |8 4

addition 2 5
Eup -sampling ;m:’*
== cOncatenate

Figure 3: Centimetre resolution drone image showmg Iarge mdlvndual plants wh|ch are
identified and mapped using a deep learning U-NET algorithm (source: Zhang et al., 2020)

Like LiDAR, SfM point clouds provide opportunities to characterise vegetation structure
variables such as vegetation height, volume and biomass. A typical example is the mapping of
woody plant cover in a grassland (Olariu et al., 2022). Van lersel et al., (2018) show how SfM
can capture temporal changes of herbaceous vegetation throughout the growing season.
Plant canopy height distributions, volume and biomass derived from SfM helped characterise
a dryland grass-shrub ecotone (Cunliffe et al., 2016). Zhang et al. (2022) used SfM point clouds
to estimate understorey biomass by flying a drone below the tree canopy of a plantation.

6.2 Abiotic variables
Drone imagery is well suited for spatially detailed mapping of bare ground (Eischeid et al.,

2021; Barnas et al., 2019; Cunliffe et al., 2016). When vegetation cover and/or height is low,
it can be used to capture (through SfM) micro-topography (Harris and Baird 2018), quantify
ditch or channel networks or peatland elevation changes (lkkala et al., 2022) and there is
evidence that for wetlands like peat bogs, soil moisture and water table levels can be inferred
by using RGB, thermal and multi-spectral image derived indices (Lendzioch et al., 2021).
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Table 2: Examples of drone imaging data use to quantify habitat condition.

Example

Measuring habitat condition with drone acquired imagery

Reference

Invasive herbaceous
plant mapping

Mapping patches of Elymus athericus, a tall grass which
encroaches higher parts of saltmarshes.

Invasive species mapping in a lacustrine fringe environment:
yellow flag iris (Iris pseudacorus L.), at two lakes in the central
interior of British Columbia

Identification of Mangrove Invasive Plant Derris Trifoliate

Oldeland et al., 2021;

Hill et al., 2016

Lui etal., 2022

Rare or protected
plant species
mapping

Mapping frailejones species with diverse morphology in a
biodiverse mountain biome.

Zhang et al., 2020

Invasive woody plant
mapping

Map native woody invader in South Africa's fynbos biome
Exploiting flowering event to map invasive Acacia longifolia
shrub/small tree.

James & Bradshaw, 2020
de Saetal., 2018

Flowering events

Quantifying spatial patterns of phenology in Calluna (heath) life-
cycle phases

Nuemann et al., 2019

Plant population
dynamics

Examined the feasibility of carrying out drone-based
demographic studies for dwarf bear poppy

Rominger et al., 2021

Vegetation structure

Understory biomass measurement in a dense plantation forest.
Woody plants in a semiarid grassland

Monitoring height non-woody floodplain vegetation

Woody plant height distribution, Woody plant volume and
biomass in a dryland ecotone

Zhang et al., 2022
Olariu et al., 2022
van lersel et al., 2018

Cunliffe et al., 2016

Bare ground

Geese grubbing/herbivory impact on vegetation

Classification of surface cover between bare and vegetated
classes on the basis of modelled canopy height from SfM

Barnas et al., 2019; Eischeid
etal., 2021
Cunliffe et al., 2016

thermal orthoimages
Characterising elevation changes and wetness in minerotrophic
peatlands

Topography Micro-topography (elevation and wind exposure) driving Harris & Biard, 2018
vegetation patterning and recovery in blanket peatlands
Hydrology Soil moisture and water table from RGB, multispectral, and Lendzioch et al., 2021

Ikkala et al., 2022

7 Candidate metrics selection

Table 3 Combines the results of the grey literature with the responses from the
guestionnaire to highlighting the commonly used and important metrics and identify
candidate metrics for a LiDAR or drone image based remote sensing approach.

The metrics that were identified by the questionnaire responders as both most used and
most important match the top 4 most listed metrics in the grey literature. They are ‘Cover:
Habitat extent’, ‘Composition: Presence of positive indicator species’, ‘Composition:
Presence of problem species’, and ‘Composition, structure: Woody cover (%)’. However,
only % woody cover is currently a likely option for operational delivery through drone-based
imaging. The other three are possible options but will require further habitat specific
method development and testing. In particular, identifying and counting indicator species
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using remote sensing will be limited to plant species that are present in the top canopy, are
unique in shape and/or reflectance, and larger than the image pixel size.

‘Degradation, alterations: Bare ground (%)’, although (according to the questionnaire
results) not as important as other metrics is the 5t most common metric in the grey
literature, is commonly used by the responders, and relatively easy to deliver using drone-
based imagery. Another two of the top 15 metrics found in the grey literature have been
identified as important: ‘Cover: Fragmentation metrics, landscape metrics’ and
‘Composition, structure, function: Species indicating nutrient changes - e.g., grassland
improvement; trophic changes’, but only the former is expected to be deliverable through
drone imagery, after some further habitat specific method development and testing.

Five metrics, which the responders identified as either commonly used, important or both,
did not appear in the grey literature top 15 list. And similarly, 8 metrics listed in the grey
literature top 15 list were not identified as commonly used or important by the responders.
This could be because a large proportion of questionnaire responders were involved with
monitoring habitat types for which these metrics were not relevant. For 5 of these metrics
there could be a relative easy remote sensing solution either using LiDAR, SfM or drone-
based imagery: ‘Degradation, alterations: Abrasion, linear features’, ‘Degradation,
alterations: Human made objects or surfaces’, ‘Degradation, Alterations: % burnt area’,
‘Degradation, Alterations: change in micro-topography’, and ‘Forest floor light conditions’.

Two metrics that describe the 3-dimensional structure of woody habitats (i.e., ‘Composition,
Structure: Woody vegetation, presence/absence or quantification of understory/natural
regeneration’ and ‘Composition, Structure: Woody vegetation height’) do not feature in
table 3. However, they suit LIDAR and SfM approaches particularly well. There is also great
potential for related 3-dimensional metrics, that are not yet considered by field
practitioners, but would be relatively easy to derive from LiDAR (see section 5 and Table 1).
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Table 3: Most often used and important metrics (grey literature and questionnaire) and

their suitability for LIDAR and/or drone image based derivation (Light green: possible —

needs further method development and testing; Dark green: likely - needs
operationalisation of existing methods)

grazing regime, or drying/drainage (for wetlands)

Metric -
L .-
5|5
5|8
w|E|E
PR
glg) ¢ > o
1 1 ' O =
elele g|=
SIE|Ela| 5|3
2l5/5|3|= E|8
© |8 |0 || |x|o
1. Cover: Habitat extent (stable, increase or decrease) vV [V |V * \
2. Composition: Presence of positive indicator species V |V |V * V
3. Composition: Presence of problem species vV [V |V ¢ \
4. Composition, structure: Woody cover (%) vV [V |V * \
5. Degradation, alterations: Bare ground (%) vV |V V
6. Cover: Fragmentation metrics (stable, increase or decrease of \Y v “* |V
connectivity), landscape metrics (patch size, number)
7. Composition, structure, function: presence of (all) dynamic stages, v
8. Dead material (litter, wood, drift material on beaches and dunes) - size | V
not specified
9. Degradation, alterations; Abrasion, linear features (tracks or low Vv Vv
vegetated areas due to traffic, digging, extraction)
10. Degradation, alterations; Evidence or high density of grazers, browsers | V
(e.g., rabbit, large grazers such as cattle, horses, deer) / diggers (e.g.,
moles, wild boar)
11. Degradation, Alterations, productivity: evidence of grazing (not using \Y
indicator species e.g., vegetation height)
12. Composition, structure, function: Species indicating nutrient changes - | V v
e.g., grassland improvement; trophic changes
13. Degradation, alterations: Human made objects or surfaces V V
14. Degradation, Alterations: % burnt area (and frequency) V \Y
15. Degradation, Alterations: change in micro-topography (e.g., sunken \Y v
peat, erosion channels, dune erosion)
Degradation, Alterations: Evidence of drainage or other alterations to v
hydrology
Forest floor light conditions \Y vV
The amount of coarse dead wood vV |V
Number of large trees (or hollow broad-leaved trees) vV |V
Composition, Structure, Function: species indicating mowing regime or v

* May benefit from combining imagery with SfM or LIDAR
** Requires habitat extent map as input
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8 Conclusions

Data collected from habitat condition field manuals for 7 countries and from answers from
15 field practitioners, representing at least 5 countries, helped us identify the following 11
habitat condition metrics that could potentially be derived using Lidar or drone imaging
remote sensing:

e Habitat extent

e Fragmentation metrics and landscape metrics

e Presence of positive indicator species

e Presence of problem species

e Woody cover (%)

e Bare ground (%)

e Abrasion, linear features

e Human made objects or surfaces

e Burnt area (%) (and frequency)

e Change in micro-topography

e Forest floor light conditions

Condition metrics that describe the 3-dimensional structure of woody habitats should also
be considered for LiDAR sensing.
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D4.1 Review of habitat Condition metrics used across EU
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Cover: old growth forest

Cover: Area without dead or damaged

Calluna.

Cover: Area with Calluna in at least two life

stages.

Cover: Water extent

Composition, Structure, Function: presence of

positive indicator species.
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indicating nutrient change - e.g. grassland

Composition, Structure, Function: species
improvement

Composition, Structure, Function: species
indicating mowing regime or grazing regime

Composition, Structure, Function: presence of
problem (negative) species and alien species.

Composition, Structure, Function: Presence of

all dynamic stages
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Light condition - herb vegetation (Ellenberg L).

Dead Material (litter, wood)

Coarse dead wood >30cm diameter

Degradation, Alterations: % burnt area

Degradation, Alterations: % bare ground

Degradation, Alterations: high density of
natural grazers (e.g. rabbits)/diggers (e.g.

moles)
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Degradation, Alterations: % dung

features (tracks or areas with low veg due to

Degradation, Alterations: Abrasion, linear
traffic, digging)

Degradation, Alterations: Human made objects

Degradation, Alterations: Stream/river

regulation

microtopography (e.g. sunken peat, erosion

Degradation, Alterations: change in
channels)

evidence of grazing (not using indicator

Degradation, Alterations, productivity:
species e.g. vegetation height)
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of drainage (as alternative for water table level

Degradation, Alterations: hydrology - evidence
and indicator of drying)

Function: Water dynamic regime

(altered/degraded)

Number of large trees

Number of hollow broadleaved trees

Wetness (Ellenberg F)
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Another habitat condition metrics (not listed)
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