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Executive Summary

In Task 1.3 of the WetHorizons project, the objective is to develop models, using Earth Observation-
based (EO) solutions, that evaluate hydrological and biological condition in peatlands and mineral
wetlands within exemplar catchments and assess the methodological scalability of these models to the

wider European wetland area.

Here, for Deliverable 1.5, two interim models were developed which predict a) the water table depth
(WTD) dynamics and b) the annual condition class changes within the wetland areas in the WetHorizons
project catchments. The WTD interim model produced an output at monthly timesteps and with a
resolution of 10 m, and was tested against three of the recommended test areas where a reasonable
spatial distribution of water table observations on the ground was identified in the work produced for
D1.4 (see respective Deliverable report). The model was tested to see whether it could skilfully
reproduce both the mean annual water table depths and annual range in the observed data, and whether
the resultant spatial output could reproduce known gradients of wetter (rewetted or intact) or drier
(damaged) areas of ground in the test areas. Although the absolute water table depth could not be fully
reproduced (a consistent slight underprediction was observed), the model was able to skilfully reproduce
the overall gradient of wetness classes in the ground observations, and produced plausible spatial
outputs for the test area, when applied for the testing of intra-annual variation. The condition model
development highlighted the lack of ground observations that would be needed to produce a completely
de novo approach and hence initial focus was diverted to developing a decision rule-based solution to
updating CORINE outputs. For the 2018 test year and for a single test area where the highest data
density was available, updating CORINE-2018 by comparison with the Google Dynamic Earth
classification data product and the output from the WTD space-time model showed some initially
encouraging results that suggested that some rewetting activities may be feasible to trace, although

absolute match with the ground observations could not be achieved.

The interim model outputs produced here have been deposited as open access data on the project

Zenodo space: https://zenodo.org/communities/horizon-cl5-2021-d1-01-08/records.
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1 Introduction

1.1 Project introduction

This task is a component of Wet Horizons, a Horizon Europe project that aims to provide a key starting
point from which to address the challenge of enhancing wetland restoration using a holistic approach. It
will boost crucial wetland knowledge and help us develop sound tools and approaches to fast-track

large-scale restoration action.

Despite the efforts of previous projects that have addressed wetlands restoration, there remain
important knowledge gaps due to a lack of wetland data availability and harmonisation of the existing
information. This project will improve the current data from pristine, drained and rewetted peatlands,
floodplains and coastal wetlands; model the effects of typical restoration measures under variable
conditions; and analyse the potential socioeconomic impacts of such measures. This will enable us to
choose the best pathways in wetland restoration, minimising trade-offs, including hotspot priority lists

where the ecological and biodiversity benefits are greatest with minimum investment.

The Wet Horizons project will involve citizen science for data collection and will include the development
of digital tools for upscaling wetland restoration, including an app for the visualisation of wetland status
and a decision support system for policymakers. The results will be available through open-access
repositories to maximise their use and outreach. Figure 1 highlights the connections among the main
project phases and components. In Task 1.3 of the WetHorizons project, the objective is to develop
models, using Earth Observation-based (EO) solutions, that evaluate hydrological and biological
condition in peatland and mineral wetlands within exemplar catchments and assess the methodological

scalability of these models to the wider European wetland area.

1.2 Modelling WTD dynamics and annual condition in the
WetHorizons catchments

Deliverable 1.4 compiled the necessary ground observation data within the project exemplar catchments
(Fig 1) that were required as training and validation data for this deliverable (1.5). Here, two models are
being developed which predict a) the ground water dynamics and b) the annual condition class changes
within the wetland areas in the WetHorizons project catchments. In this work, the ground water dynamics
model outputs are intended to provide information for the annual wetland condition classification (see

2.2. for more detail).

2 Methodology

2.1 Water table dynamics modelling (space-time model)

The interim, monthly time step, water table dynamics model was constructed as follows. Monthly mosaic

rasters were obtained through Google Earth Engine (GEE) of Sentinel-2 (preserving all bands + NDVI
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+ NDWI) and Sentinel-1 (preserving VV/VH/angle) for a set of three test areas within the European
project area. On the recommendation of the ground observation compilation team (D1.4) we selected
the following three areas: Forsinard Flows, AOI = 412.3 km?; Flander Moss (Scotland), AOI = 19.8 km?,
and Vejrumbro (Denmark), AOI = 0.21 km?. Data processing was initiated through GEE, saved in Google
Cloud storage and bulk downloaded through Google CLI and locally stored on the JHI high-performance

computing cluster folders.

The monthly mosaic for the Sentinel 2-data processing used the Cloud Score+ S2_HARMONIZED
dataset, which is being operationally produced from the harmonized Sentinel-2 L1C collection, and
Cloud Score+ outputs can be used to identify relatively clear pixels and effectively remove clouds and
cloud shadows from L1C (Top-of-Atmosphere) or L2A (Surface Reflectance) imagery. Global backfill for
the entire Sentinel-2 archive (2015 - 06 - 27 through present) is now complete and all results are

available in the Cloud Score+ Image Collection.

The mean monthly WTD prediction model is written in R, with all code stored on GitHub (Linda Toca,
private repository). Input data for the model are the Sentinel-1 and 2 mosaics as discussed above, the
TWI (terrain wetness index) as derived from the highest possible DSM, the Julian date, and the logger
co-ordinates for training data (the WTD time series). A general additive model (GAM) was fitted with the
formula WTD ~ s(NDVI) + s(NDWI) + julian(Date) + s(VV) + s(VH) + s(angle) + s(TWI) + s(X, Y, k = 10),
with k = 10 defining the maximum number of basis functions to use when fitting the spline. Where TWI

is the Topographic Wetness Index, and X and Y are easting and northing coordinates.

2.2 Wetland condition class modelling

Our initial starting point for wetland condition classification was the CORINE Land Cover product?, which
is produced by the Copernicus Land Monitoring Service for 6-yearly intervals and contains 44 thematic
land cover classes within five main land cover/use groups (artificial surfaces, agriculture, forests, and
seminatural areas) with a minimum 100 minimal mapping unit and 100 m mapping width. Land cover
change can be mapped at 5 ha minimum mapping units, between these 6-yearly intervals. For wetlands,
however, these heavily used data products offer relatively little information about the condition of

wetlands relative to their likely carbon sequestration status.

In WET HORIZONS, we aim to improve land cover mapping of wetlands by improving on the number of
distinct wetland condition classes that can be detected. Observations on the carbon dynamics of
peatlands and other wetlands have shown a gradient of peatland land cover classes, ranging from very
wet vegetation types, via modified, drier vegetation types, to full conversion to grassland, agriculture
and forestry, which corresponds to increasing net carbon emissions. In particular, we aim to improve
the classification of wetland types to enable better identification of these gradients (in emissions terms).

In addition, the data product in 2.1 on water table dynamics is being used to include further information

1 https://land.copernicus.eu/en/products/corine-land-cover

Funded by
the European Union 8



https://land.copernicus.eu/en/products/corine-land-cover

Interim modelled water table dynamics and biological condition WET H=R|ZONS

on the likely drainage status of a given location. Temporal trends in the condition of rewetting sites will

be assessed as far back as the satellite archive allows (2015 for most CLMS data products).

For the interim deliverable phase, we focused on exploring a possible workflow of decision rules to
inform this classification problem. Building a completely new model is not feasible without a very dense
ground observation network for training and validation, and hence we focused our efforts on exploring
the potential that existing land cover products may offer in combination with the water table depth model
developed in this project. Initially only for a test area in Scotland, we compiled the available data for the
same AOI over Forsinard, for the CORINE 2018 parent data product, the 10 m Google Dynamic Earth
product? (single image for September 2019, obtained from Google Earth Engine) and the HabitatMapper
2018 product®. The data were degraded to the lowest resolution i.e. 25 m by resampling, using the
nearest neighbour option to avoid changing class values. The level of agreement between these three
data products was tested, and class assigned by majority agreement, or, if there was no agreement, the
CORINE product was retained for that pixel. In the next step, a wetness classification was introduced.
This used a ratio of the March/August predicted water table depths from the WTD model, differentiated
into 3 wetness classes based on quantiles. The resulting output was compared with a data product that
identifies drainage channels in the landscape (reference to insert once published) and expert knowledge

from local landowners on habitat condition, as well as afforestation, drainage, and rewetting locations.

Secondly, we explored the utility of the EUNIS vegetation data as compiled for Task 1.1 to check for
class allocation, first within each of the parent datasets and then within the new “agreement” data
product including the water table depth model wetness classes. We also explored the outputs of the
parent data products and the ‘agreement’ data product for the data point pixels of the collated water
table time series as these also had associated condition/vegetation classifiers. This aided the
development of the model decision flow. The implementation of annual condition class changes is still

to be decided, but is discussed here in outline.

3 Results

3.1 Water table dynamics interim model

A successful model could be fitted to all of the three test AOIs. The mean monthly WTD prediction model
for Flanders Moss was developed for the 2018 calendar year, and produced a good fit to the training
data, with 87.1% of the deviance explained in the overall dataset across all calendar months (Fig 1). Fit
for individual months followed the same overall trend line, with 59-88% of deviance explained for any
month with more than 20 available input datasets and/or available mosaic Sentinel-1/2 data

combinations (data not shown).

2 https://dynamicworld.app/ . comprising only 9 land use types
3 https://www.space-intelligence.com/habitatmapper-landcover-mapping/
i Funded by
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Figure 1: Predicted and observed monthly mean water table depths at Flanders Moss (Scotland).

The mean monthly WTD prediction model for the Forsinard test AOI was also developed for the 2018
calendar year, and produced a more variable fit to the training data, although overall 61.4% of the
deviance was explained in the overall dataset across all calendar months (Fig 2). Fits for individual
months generally followed the same overall trend line, however significantly more scatter of observed
vs modelled mean monthly WTD was observed for February, April, May, June and December 2018
(data not shown). The water table depth data for this set of sites is not yet publicly available and may

still be subject to further data QC.
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Figure 2: Predicted and observed monthly mean water table depths at Forsinard (Scotland).

The mean monthly WTD model for Vejrumbro area (Fig 3) was developed for a period of one year
between May 2020 and May 2021. Overall, 90.8% deviance was explained by the model in the overall
dataset across the year, however, fit for individual months showed lower scores (1-67%) with lowest

scores observed for August and November 2020, and February, April 2021.
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Figure 3: Predicted and observed monthly mean water table depths at Vejrumbro (Denmark).
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An example of the spatial distribution of water table dynamics that the preliminary model predicts is
shown in Figure 4 for the Forsinard test area. A single Sentinel-1 burst covers an area of about ~20 km
along track by ~80 km cross track with a ~2 km overlap. Sentinel-1 is a side looking radar, where the
backscatter values depend on the incidence angle. This can cause a variation in the backscatter values,
with areas closer to the near range from one burst having a lower incidence angle and potentially higher
backscatter values from another burst, which can be observed in Figure 4 top-left corner. While Sentinel-
1 scenes cannot be directly filtered in GEE by burst ID, in the future to ensure usage of the same burst
for modelling purposes, we plan to integrate a Copernicus Sentinel-1 auxiliary product, the Burst ID

map*.

4 Sentinel-1 Burst ID Map, version 20220530, generated by the SAR-MPC service, available on
Sentinel-1 MPC Test data sets
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Figure 4: Space-time output of the modelled mean monthly WTD, with an example shown for the
Forsinard test area for the month of June 2018. Image a shows the full extent of the test area, with
locations where ground observations of WTD were available shown in yellow circles. Images b and c
show the area in the black rectangle in image a in more detail. In the images a and b, the colour
scheme represents 5 quantile-derived classes of the modelled mean monthly WTD, with blue the
wettest via green and yellow, and red the driest. In image c, the same area as for image b is shown
with a background image from GetMapping™ for the same year.
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3.2 Wetland condition class interim model

The interim solution to introduce subclassification for wetness into a majority agreement across three
existing land cover data products was chosen as there were very few data points available at this stage
in the project to enable development of a de novo model. Combining existing CORINE (= Land Cover
Map for the UK), Google Dynamic Earth, and a local habitat mapping model on an agreement basis,
with a simple spring/summer ratio of the values from the newly developed water table model resulted in

a model output for the Forsinard testing region with 14 condition classes (Fig 5).

Forest, dry

Forest, med
Forest, wet

Grass, dry

Grass, med
Grass, wet

Scrub (heath), dry
Scrub, (heath), med
Scrub (heath), wet
Bog, wet

Bog, med

Bog, dry

Water

O

Figure 5: Condition model output for 2018 for the Forsinard test area, shown with the ground observation
points used for training and validation of the water table depth model.

The model output was tested against the known condition around the training/validation dataset for the
water table model. In all cases, the predicted condition class was not in agreement with the known
condition class on the ground around the data loggers from the Forsinard catchment. The water level
loggers at Knockfin do not have associated vegetation or condition data but it is known that this is an
area with peat erosion. This particular test area had no additional known vegetation survey data from
the EVA (EUNIS) dataset since 2010.

To further help us identify whether existing land cover data products might still contain useful information
for a decision rule set for the condition modelling, we extracted those EVA (EUNIS) points that would
co-incide with the wetland extent as assimilated in this project (D1.2). Figure 6 shows the distribution of
these points as an example for the Scottish catchment area. Next we will assess for these data in each
catchment whether CORINE and GDE agree or disagree. We will also evaluate whether inclusion of the
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Global Forest Watch data product®> may be useful in solving such disagreements. In future phases of
the project, we will assess how these parent data products can be combined with the predicted wetness

class from the modelling in this project in a formal set of decision rules.

4 Discussion

The performance of the interim water table model was assessed in the light of whether it will generate
meaningful outputs for use in anchoring the hydrological changes applied in the eventual land surface
model scenarios in WP3. This was tested by calculating the mean +/- standard deviation of the water
table depth over the modelled period, for a) each of the available ground observation WTD data, using
either the daily supplied data and when averaged to monthly intervals, and for b) the model output at
monthly intervals. Also examined were the number of months for which the model returned an output.
Although degradation of the parent (daily resolution) datasets to the necessary monthly resolution
needed to run the model clearly resulted in a loss of signal (Fig 6,7 and 8, for the respective three test
areas), it did not degrade the overall gradient of water table depth dynamics at each site. The mean
modelled annual WTD, however, clearly underestimated the observed mean annual WTD in all three

test areas. Overall, the spatial gradients were reasonably well represented in the model outputs.

5 https://data.globalforestwatch.org/documents/gfw::tree-cover-loss/about.
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Figure 6: Comparison of mean annual WTD per logger in Flanders Moss AOI using daily ground

observations, aggregated monthly ground observations, and modelled monthly values.
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Figure 7: Comparison of mean annual WTD per logger in Forsinard AOI using daily ground
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Figure 8: Comparison of mean annual WTD per logger in Vejrumbro AOI using daily ground
observations, aggregated monthly ground observations, and modelled monthly values.

4.1 Further development needs

The slight underperformance of the water table depth model with respect to skilfully reproducing the
measured monthly water table dynamics will be examined in the next phase of the project and we aim
to improve the performance by critically evaluating the current model covariates further and potential
inclusion of further covariates. The current model outputs focused on producing a proof-of-concept WTD
space-time model but focused largely on intra-year variation in an exemplar year for each of the three
test areas. The interim model showed great promise in the ability to reproduce known spatial gradients
of drier versus wetter (rewetted and intact control) areas on the ground in Forsinard test catchment. The
next steps in the further development will therefore also include evaluation of the performance over
multiple years, so that over the longer term of the project, the impact of climatic pressures can be
modelled and will be assessed by evaluating system responses to drought periods including the
response amplitude and recovery period lengths. The development needs for the condition model are i)
the extraction and harmonisation of condition information from the EVA post-2010 dataset to a
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consistent set of condition classes, ii) the production of a robust set of decision rules on condition
classification that will be used to update a joint model derived from the parent CORINE 2018 data
combined with the Google Dynamic Earth data products, iii) the evaluation of whether to include further
parent data such as the Global Forest Watch product, iv) the evaluation of other year-on-year changes
in information that can potential be derived from the Sentinel-1 and Sentinel-2 data products, and v)
processing pipeline development to include tiling and processing of larger spatial areas for model
outputs. As the outputs from Task 1.3 will feed into the land surface model and meta-model in WP3 for
EU scale modelling, we will closely engage with the WP3 modelling teams for the next phases of the
work.

4.2 Datarepository

The compiled model outputs for the test AOIs, alongside a description of the methodology used to
produce the model outputs, have been deposited at Zenodo, within the WetHorizons project space,
under DOI: 10.5281/zenodo.10727620.

5 Conclusion

Deliverable D1.5 has been successfully completed. A water table dynamics model was designed that
can reasonably skilfully track mean monthly groundwater level dynamics in 3 locales (which are contain
mostly intact or shallow-drained sites) across a large geographical gradient. A basic approach to
condition modelling was evaluated for the purpose of developing the decision rules for the full model.
There are currently no concerns over the project team’s ability to meet Milestone complete Deliverable
1.6 (M36).
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