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Abstract

‘Orchard meadows’ refers to the combination of extensively managed fruit frees in
combination with fields and pastures. In many regions, among others in Germany, Austria
and Switzerland, they are a landscape-defining element and of particular ecological,
economic and social importance. However, the numbers of orchard meadows and fruit
frees have been decreasing for quite some time. Current and detailed data that allow for
the identification of suitable countermeasures to maintain this cultural landscape element
are often missing. Such data can be obtained through deep learning. Various deep learning
frameworks can now be used in the context of ArcGIS Pro. But what exactly does the use of
deep learning involve, in the context of ArcGIS Pro, to get an insight into the stocks of
orchard meadow trees? What are the challenges? Initial analyses were carried out using
selected areas in Franconian Switzerland (Northern Bavaria) as an example. The results
confirm the potential of the approach, but also that training data, model and output data
must be refined.
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1 Introduction and research question

Orchard meadows include half-standard (height < 5m) and standard fruit trees (height > 5m
and height < 8m), which stand individually, in rows or groups, in meadows, pastures or arable
fields, or along paths or ditches, and are extensively cultivated. Depending on the location and
cultivation tradition, pome fruits (e.g. apples, pears), stone fruits (e.g. cherries, plums) and shell
fruits (walnuts, sweet chestnuts) are grown in orchard meadows. The distances between the
individual trees are relatively large to enable the agricultural use of both the fruit trees and the
areas under the trees (Haas & Treter, 1988; Kornprobst, 1994; Prinz et al., 2007).

Due to the occurrence of trees of different ages and different varieties, and the relatively large
distances between the individual trees, orchard meadows are a cultural landscape element with
high structural diversity. They not only contribute to the characteristic appearance of the
corresponding landscape, but also support various aspects of sustainability (Degenbeck, 2004;
Girstenbreu, 2006; Haas & Treter, 1988; Kilian, 2013; Kornprobst, 1994; Prinz et al., 2007).
These aspects relate to (i) the natural space: e.g. soil erosion reduction, local climate regulation
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(e.g., temperature, precipitation), supporting high biodiversity; (ii) economic issues: e.g.
regional food products (e.g., juice, schnapps), nature-related toutism; (iii) societal aspects: e.g.
contributing to nature experience and recreation, importance for education for sustainable
development, supporting trends towards more regionality. Orchard meadows are therefore
important elements of the cultural landscape. In terms of the functions they fulfil, they cannot
be replaced, for example by the dense planting and intensive cultivation of low-growing fruit
trees and spindle trees (i.e. by plantations of market fruits) (Haas & Treter, 1988; Kornprobst,
1994).

Although there are still substantial stocks of orchard meadows in Germany, Austria and
Switzerland, their number and size have been in decline since the 1960s. Reasons are the
designation of some of the land for building, land consolidation, and conversion into arable
land or for large-scale production of market fruits. Tree care and replanting of young trees
have often been neglected, so that orchard meadows are now often obsolete, and scrub and
forest have encroached on them (Bocheneck, 2019; Degenbeck, 2004; Haas & Treter, 1988;
Kornprobst, 1994; Prinz et al., 2007). In the German state of Bavaria, for example, the number
of orchard meadow trees fell by an estimated 70% from 20 million in 1965 (250,000 ha) to
around 5 million in 2013 (approximately 75,000 hectares) (Girstenbreu, 2006; Kilian, 2013).
As a result, orchard meadows in Bavaria are now considered an endangered cultural landscape
element (LfL, n.d.). Although knowledge of the current situation and the changes taking place
are an important basis for the implementation of measures to maintain orchard meadows,
there is a lack of detailed and current data regarding orchard meadows and their trees. In
Bavaria, such data was last collected in 1965; in 1975, there was an update based on sample
counting; later data refer to estimates (Bocheneck, 2019; Degenbeck, 2004; Kilian, 2013).

The collection of data on orchard meadow trees and their monitoring is usually based on on-
site mapping (Prinz et al., 2007), but computer-based methods such as deep learning (DL) now
offer the possibility of identifying and localizing objects, including trees, in remote sensing
images. Moreover, different DL frameworks can also be used in a user-friendly manner in the
context of ArcGIS Pro. Using the corresponding geoprocessing tools, which are well-
supportted by tutorials, the entire DL workflow can be performed: (i) prepare imagery training
data; (i) train an object detection model; (iii) produce results (Guirado et al., 2017; Paschke,
2020; Schupferling, 2019). But what exactly does it involve to perform DL in the context of
ArcGIS Pro in order to get an insight into the stocks of orchard meadow trees? What are the
challenges? These questions were examined in Franconian Switzetland (Northern Bavaria,
Germany), where three sites were selected for the provision of training and test data (Figure
1). In this part of the North Franconian Alb, fruit tree cultivation has a long tradition and
orchard meadows are a significant part of the cultural landscape (Kornprobst, 1994; Rippel,
2003).
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Figure 1: Study area and sites for the provision of training and test data

2  Workflow, methods and tools

Deep learning (DL) is a branch of machine learning (ML) and artificial intelligence (AI). It is
used, among other things, for image classification and object detection. Using artificial neural
networks (ANN) (i.e. models), DL strives to interpret images on the basis of pixel values and
recurring patterns and textures, in a manner inspired by biological information processing and
the human brain (Goodfellow et al.; 2016; Grekousis, 2019; Sanchez et al., 2020). Briefly, an
ANN is a network of nodes arranged in layers (with weighted connections between them),
which receive inputs and produce outputs. ANNSs therefore consist of an input layer, an output
layer, and one or more layers in between, the so-called hidden layers. ANNs are trained
through an iterative process that takes the input data into account. The specific network criteria
that are important for correct object detection are defined from the available data; the node
connection weights to identify patterns and valuable information are then adjusted. Networks
trained in this way can then also be applied to unknown data (Goodfellow et al., 2016;
Grekousis, 2019; LeCun et al., 2015).

A special kind of ANN are Convolutional Neural Networks (CNN), introduced by LeCun et
al. (1998). CNNs have brought about breakthroughs particularly in image classification and
pattern recognition (Grekousis, 2019; LeCun et al., 2015). Their architecture comprises stacks
of different operational blocks. The first stacks ate convolutional layers. These layers consist
of a set of filters (i.e. kernels) that perform scanning operations on the input data and deliver
(i) a feature/activation map which keeps the important features, and (ii) pooling layers which,
due to down-sampling operations (i.e. applying filters to intensify features), have reduced

84



Hennig

image sizes. The other stacks refer to fully connected layers, i.e. hidden layers, exactly as in

typical ANNs (Grekousis, 2019).

As already mentioned, various external DL frameworks can now be used in the context of
ArcGIS Pro, with the ArcGIS Image Analyst extension using various geoprocessing tools. The
workflow for identifying and locating orchard meadow trees comprises six steps: (i) input
image provision; (if) manual digitization of orchard meadow trees as a basis for the creation of
training data, and as test data (i.e., ground truth features) for reviewing the results; (iii)
generating training data; (iv) training the network, i.e. creating the model; (v) detecting objects,
L.e. orchard meadow trees; (vi) reviewing the results, i.e. computing the accuracy for the
orchard meadow trees detected, taking into account the ground truth features.

The work was carried out using ArcGIS Pro 2.7.0. For a visualization of the steps, and details
of the geoprocessing tools including input parameters and values used, see Figure 2. As
detailed in Figure 2 step 1, the basis for the DL process and all related work is ESRI’s World
Imagery (for Export) (ESRI, 2019), which (for the study area) was downloaded in ArcGIS Pro
and pre-processed.

DL-related geoprocessing tools ArcGIS Pro 2.7.0

3. Export Training Data For

1. Image provision e T ae
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Figure 2: Workflow for the detection of orchard meadow frees using DL in the context of ArcGIS Pro. If
no default values have been used, input parameters and values are mentioned. The values include
those used for experimental comparison to decide the most suitable values. The values ultimately
used, based on the available hardware resources (AMD RyzenTM 7 CPU, 16 GB RAM, 512 GB SSD,
Graphics Radeon Vega 10 Mobile), are given in bold and underlined.

In step 2, the orchard meadow trees were digitized manually on-screen using the pre-processed
image. This is possible because the distances between the trees are relatively large, and the trees
are therefore usually recognizable as individual objects. As a basis for the export of the training
data, orchard meadow trees located on the predominantly west-facing slopes of the Ehrenbiirg
mountain (near the villages of Kirchehrenbach and Schlaithausen; Figure 1) were selected
randomly then digitized (total 1,594 trees, with an average tree canopy base area of 42.2 m?).
The sites selected as sources for the test data (i.e. trees used for ground truth features) are in
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the Leutenbach valley (Leutenbachtal) and near the village of Pretzfeld (Figure 1). 677 trees
(tree canopy base area average: 80.6 m?) and 524 trees (tree canopy base area average: 37.3 m?)
from the Leutenbachtal and Pretzfeld test sites respectively were digitized. Since the ground
truth features are used for reviewing and evaluating results (step 0), all trees in both areas were
digitized. The manual on-screen digitization of the trees was supported by on-site inspections
in autumn 2020.

The corresponding DL-related geoprocessing tools were used for steps 3, 4 and 5. Different
input parameters can be selected. Choices for the corresponding values were based (in part)
on experimental comparisons. Thus, different values were used for the input parameters (e.g.,
Tile Size X/Y, Stride X/Y, Threshold, NMS_Owetlap) of the tools for Export Training Data
For Deep Learning (step 3), and Detect Objects Using Deep Learning (step 5). The results
were compared for accuracy (step 6). The values ultimately selected, because they gave the best
results for the data used, are shown in Figure 2 (bold and underlined).

Findings from the literature were also taken into account in selecting input parameters and
values. For Train Deep Learning Model (step 4), various model types (Single Shot Detector,
Feature Classifier, RetineNet, MaskRCNN, Yolo v3, FastetRCNN) and backbone models
(ResNet, DenseNet, VGG, MobileNet, DarkNet) can be used. They differ in aspects such as
application domain, accuracy, computing time, processing capacities, and memory usage (see
e.g. Arcos-Garcifa et al., 2018; Bianco et al., 2018; Bressem et al., 2018; Chowdhury et al., 2019;
Krassimir et al., 2018; Nguyen et al., 2020; Reddy et al., 2018; Ren et al., 2015; Sanchez et al.,
2020). Given the available hardware resources (AMD RyzenTM 7 CPU, 16 GB RAM, 512 GB
SSD, Graphics Radeon Vega 10 Mobile), using FasterRCNN and ResNet-50 was seen as
expedient — a trade-off between accuracy, computing time etc. and the available hardware
resources. This approach is in line with, for example, Bressem (2020), Krassimir (2018) and
Reddy et al. (2018).

The review and evaluation of the results relied on the Accuracy Computing For Object
Detection geoprocessing tool (step 6). Accuracy metrics were computed for:

Precision (the ratio of the number of true positives to the total number of predictions);
Recall (the ratio of the number of true positives to the total number of positive predictions);

F1_Score (The weighted average, with values ranging from 0 to 1, of the precision and
recall combined ; highest accuracy: 1);

Average Precision (AP; the precision averaged across all recall values between 0 and 1);
True Positives (TPs; the number of true positives generated by the model);

False Positives (FP; the number of false positives generated by the model);

False Negatives (FNs; the number of false negatives generated by the model).

The overlap of detected objects and ground truth features is evaluated using the value for
Intersection over Union (IoU; Higer et al., 2018; Rezatofighi et al., 2019). Instead of 0.5 as the
typical IoU value used, 0.2 was used. This allows inaccuracies in manually digitized (and thus
error-prone) ground truth features to be taken into account (Bochinski et al., 2016; Cai &
Vasconcelos, 2018).
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Since the digitized trees are represented by circles (corresponding to the tree canopy base area)
but the FasterRCNN model represents detected trees by rectangular bounding boxes, three
options for computing the accuracy of the detected trees were considered: (i) digitized trees
(circles) and features referring to the largest circle within(?) a rectangular bounding box for the
detected trees; (i) bounding box features representing the manually digitized trees, and
rectangular bounding boxes indicating the detected trees; (ili) digitized trees (circles) and
rectangular bounding box features representing the detected trees.

3 Detected orchard meadow trees and their accuracy

Depending on the input parameter values used, the detected trees and the results of the
accuracy metrics vary. The findings presented below are based on the input parameter values
that were ultimately used in steps 3, 4 and 5 (Figure 2).

3.1 Accuracy metrics

While 524 ground truth features in the Pretzfeld test site were manually mapped, only 257
orchard meadow trees were detected. In the Leutenbachtal test site, 677 ground truth features
were mapped and 553 orchard meadow trees were detected.

The accuracy metrics computed with respect to the different options (i.e. bounding
boxes/circles) vary only slightly. For this reason, the numbers given in what follows refer to
the accuracy metrics computed using bounding boxes for the detected objects, and circles for
the ground truth features.

The figures reveal that many trees were not detected, and that some trees were incorrectly
identified (Figure 3). For example, Precision is only 0.77 (Pretzfeld) and 0.76 (Leutenbachtal);
Recall is 0.38 (Pretzfeld) and 0.62 (Leutenbachtal).
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Figure 3: Accuracy metrics for the two test sites, Leutenbach and Pretzfeld (loU=0.2)

The data shows that the trained model works to different degrees in the two test sites, with
higher accuracy for Leutenbachtal than for Pretzfeld. In the Leutenbachtal test site, the share
of correctly identified trees is 62% (421 true positive trees detected from 677 ground truth
features); in the Pretzfeld site, 38% of trees were correctly identified (199 out of 525 trees). Of
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the 533 trees in the Leutenbachtal site, 24% (134 trees) were incorrectly identified. For the
Pretzfeld site, the corresponding figure was 23% (58 out of 257 trees).

3.2 Undetected and incotrectly detected orchard meadow trees

In general, orchard meadow trees with a below-average tree canopy base area (50 m?;
Kornprobst, 1994) were less well identified than those with a larger canopy base area (=50
m?). In the Leutenbachtal test site, 49% of the manually digitized, small-canopy trees were
detected, while 76% of the large-canopy trees were identified; in Pretzfeld, the figures were
36% of the small-canopy and 63% of the large-canopy trees (Figure 4). This difference between
trees with small and large canopy base areas is also highlighted by the examples in Figure 5 (a,
b).
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Figure 4: Comparison of ground truth features and orchard meadow trees detected, with regard fo
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Figure 5: Comparison of frees detected and ground truth features: (a) focus on trees with small canopy
base areq; (b) focus on trees with large canopy base area; (c) focus on sites encroached by scrub and
forest

The difference between small- and large-canopy trees also helps us to understand why in the
Leutenbach site the TPs are higher and the FNs are lower than in the Pretzfeld site: the number
and share of small-canopy trees in the Leutenbachtal site (45%) is considerably lower than in
the Pretzfeld site (75%).

With regard to the incorrectly detected (FP) orchard meadow trees, the visual analysis shows
that these are mainly solitaty trees, trees in areas encroached by scrub and forest, or trees in
obsolete stocks, at the forest edge or in settlement areas. In such cases, humans were less able
to identify the trees when digitizing on-scteen, but the trained model did do so (Figure 5 ).
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4 Opportunities for result improvement

The results show that by using ArcGIS Pro DL-related geoprocessing tools for the workflow
presented in Figure 2, a first general, but by no means complete, insight into the number and
location of orchard meadow trees can be gained. There are several opportunities to improve
the model and the results.

4.1 Training and test data

For effective model training, suitable and abundant data from which to create training data is
required (Bochinski et al., 2016). Thus, the digitization of further orchard meadow trees from
which further data are extracted would influence and/or improve the trained model.
Moreover, additional on-site inspections would also improve the quality of the training data
itself. This would counteract the problem of error, which makes its way into the training data
when trees are digitized by humans on-screen (see, e.g., Bochinski et al., 2016). On-site
inspections can also increase the quality of ground truth features, and thus have an impact on
the accuracy metrics. This refers in particular to situations in which humans did not recognize
trees on-screen, but the trained model did. This raises the question of whether trained models
perform better than humans (in particular in the case of obsolete stocks of trees, scrub- and
forest-encroached orchard meadows, solitary trees), as is also discussed in the literature (see,
e.g., He etal., 2015). Related to this, it is essential to clarify whether and to what extent obsolete
and scrub- and forest-encroached stocks of fruit trees as well as solitary trees should still be
considered orchard meadow trees, taking into account their particular characteristics and
multiple functions (as presented in Section 1).

4.2 Model training

The decisions on the model type and backbone model to use (FasterRCNN, ResNet-50) were
influenced by the available computing power and the models’ accuracy. A trade-off between
the available hardware resources and the demands of the models in terms of the required
computing power is widely accepted, as discussed by Arcos-Garcfa et al. (2018) and Sun (2017).
Given that other model types and backbone models (e.g., Mask R-CNN; ResNet-101) will
result in higher accuracy in object detection, the use of more powerful hardware resources
should be considered (Reddy et al., 2018; Krassimir, 2018; Sanchez et al., 2020). In addition,
other model configurations and combinations should be used in the context of further
experimental comparisons. The creation of training data from other tree canopy base areas
(smaller and/or larger) would also be useful.

4.3 Use of additional data

False positive objects found in areas that are not suitable for them can be excluded by taking
into account data that identifies such areas (Robson et al. 2020). For example, in the
mountainous and hilly landscapes of Franconian Switzerland, meadow orchards are located
outside settlements, on forest-free, flatter, sun-exposed slopes of Dogger Sandstone
(Kornprobst 1994; RvO, 2005). By considering data on land use (e.g. settlements and forest
areas), geology, slope inclination and exposure, false positive trees can be excluded. While such
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data is generally available as Open Governmental Data (OGD), for specific natural features
crowdsourced data can be valuable in reviewing and/or entiching ground truth feature data
and results. For instance, OpenStreetMap (OSM) contains (incomplete) data on features such
as orchard meadows, hedges and single trees. To fill the data gaps, citizen science is a promising
means of obtaining relevant data from local people and experts (Hennig, 2017; Hennig et al.,
2021). Specifically, in the present case, citizen science could help to clarify (for example)
whether stocks are obsolete, or if there has been encroachment by scrub and forest.

5 Conclusion and Outlook

Orchard meadows are extensively used meadows, pastures or arable land where standard and
half-standard fruit trees grow. In many regions in Germany, Austria and Switzerland, they are
an important but endangered element of the cultural landscape. Despite their ecological,
economic and social importance, the number and extent of orchard meadows have declined
in recent decades. For suitable countermeasures to be devised and implemented, current data
on orchard meadow trees is needed. DL can be used to identify and locate trees in remote
sensing images and fill in the missing data. The use of DL is made easier by the fact that DL
frameworks can be used in the context of ArcGIS Pro.

DL-related geoprocessing tools were used to prepare imagery training data, train the object
detection model, and produce results. Before and after these particular steps, other tasks had
to be carried out using other ArcGIS Pro geoprocessing tools: the imagery had first to be
procured, and the digitization of orchard meadow trees had to be carried out manually on-
screen. The results also had to reviewed. Although ArcGIS Pro geoprocessing tools open up
a well-supported and user-friendly possibility for using DL, particular attention had to be paid
to the different input parameters and their values. The example of orchard meadows in
Franconian Switzerland (Germany) demonstrates that — on the basis of the available
(somewhat limited) hardware resources, which require a trade-off with regard to computing
time, processing capacities and accuracy — DL can provide an initial insight into the number
and locations of orchard meadow trees. However, in the two test sites, there are significant
numbers of false positives or false negatives for the orchard meadow trees detected. This is
due to problems detecting trees with small canopy base areas, solitary trees, and trees located
in obsolete orchard meadows or meadows encroached on by scrub and forest.

The results presented clearly show that further work is required. Several measures could be
taken with the aim of obtaining better results: (i) providing more ground truth features, and
supporting the manual on-screen digitization of trees through more on-site inspections; (ii)
using other model types and backbone models as well as other input parameter values, even
though this would require the availability of better hardware resources; (iii) taking into account
data on typical location factors of orchard meadows (e.g. geology, slope, exposure), and
relevant natural features (e.g. hedges, single non-fruit trees) to review and/or enrich the data
on the digitized trees and the results.

In addition, training data from other areas should be integrated in order to provide an
improved and more general model. The appropriately trained model could then be used
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successfully in other regions and thus contribute to the maintenance of this endangered
element of the cultural landscape.
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