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MOTIVATION

Reliable information on subsurface drainage
systems is scarce, yet essential for
hydrological modeling and decision-making.
This study maps agricultural areas with
functioning or missing drainage systems
using readily available remote sensing data
and machine learning, enabling large-scale

assessments  without expensive field
campaigns.

DATA

Study area: The country of Denmark,

43.000 km?, of which 60% are agricultural
area.

Sentinel-2: All 12 bands used. Images taken
in May 2018, June 2018 and July 2018.
(3 timestamps in total)

Sentinel-1: VV and VH from 10 timestamps
in each year (2017 and 2018) From April to
August with 2 acquisitions in each month.
(20 timestamps in total)

Aerial imagery: RGBNIR. Images from early
spring and middle of summer in 2017 and
2018. (4 timestamps in total)

Geodata: Digital Terrain Model (DTM), DTM
Slope, Topographic wetness index (TWI) and
mean clay content in 0-60cm soil depth. Clay
content is shown in fig. 2

The image stack consists of a total of 96
bands.

Label data: Labels collected from multiple
visits to individual farms throughout
Denmark. The dataset consists of 1470
individual fields of which 850 is drained.
Label data is visualized below in fig. 1.

METHODS AND RESULTS

Multiple algorithms have been explored 2D-
UNet, 2D-ResUNet, 1D-UNet, Random
Forests (RFC), Histogram based Gradient
Boosting (HGB). The 2D-UNets did not
provide any meaningful output probably
related to the lack of temporal information in
these architectures as well as the limited
training dataset size. The 1D-UNet, RFC and
HGB gave very similar results with an
accuracy around 87% and an mloU of 84 for
the 1D-UNet and around 70 for the two other
models. The accuracy assessments is
displayed in table 1
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Figure 3: Segmentation result
Crop of the output of the segmentation. Here the 1D-UNet is
shown.

WHAT’S NEXT?

Next steps include possibly include testing a
3D-UNet, fine-tuning the AnySat foundation
model, and exploring self-supervised
learning (SSL) approaches like BYOL.

We are also developing a national training
set for drainage line segmentation using
historical panchromatic aerial imagery (see

Image 1).

Figure 1: Overview of geographical extent training data
collection

1470 individual fields, figure above, as visualed in image crop
with red polygons being non-drained fields and green polygon
drained fields.

Figure 2: Mean clay content in 0-60cm soil depth

Overview of the clay conent in denmark.

From: Mgaller AB, Greve MH, Beucher AM. 2024. Opdateret
jordbundstypekort. Radgivningsnotat fra DCA — Nationalt Center
for Fadevarer og Jordbrug, Aarhus Universitet, 41 sider.
Leveret: 19.03.2024.
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Figure 4: Classification maps
Top left: 1D-UNet, Top right: Histrogram Based Gradient Boosting, Bottom left: RandomForests, Bottom right: RandomForests with no clay content
information.

Model Accuracy Precision Recall loU Fl-score
1D UNet 0.8744 0.9443 0.8935 0.8488 0.9180
Random Forest (RFC) 0.8666 0.8008 0.8451 0.7037 0.8188
HistGradientBoosting 0.8748 0.8114 0.8721 0.7239 0.8340

Table 1. Performance metrics of the evaluated models
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Image 1. Drain line segmentation
Exemple of a panchromatic aerial imagery from 1954 in Denmark (Hexagon). On the right: an example of a preliminary
segmentation result from the bachelor thesis by Sebastian Frej Steenberg-@rnemark.
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