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Abstract

Shelterbelts is an open source Python library for mapping and categorising groups of trees in
agricultural landscapes, and the corresponding shelter provided to nearby pixels based on the wind
direction or density of tree cover.

Starting from a binary tree raster, pixels are labelled into ecologically meaningful categories based
on their structure and location including: scattered trees, forest core and edge, riparian and road
buffers, other linear (windbreaks/tree-rows) and non-linear patches. The library also provides func-
tions to fetch and transform raster datasets for wind speed and direction, elevation and topographic
attributes, along with national road and hydroline vector datasets. The library can also be used to
process LiDAR through crown delineation, or fetch and transform global canopy height and land
cover data, and even to train a new annual model to predict tree cover from satellite imagery, to
create the necessary input binary raster for the pipeline.

The software was designed and tested on landscapes in Australia, but can be applied anywhere. It
can be run locally in jupyter notebooks or at scale in high-throughput environments such as the
National Computing Infrastructure (NCI).

The github repository is available here.
https://github.com/ChristopherBradley /shelterbelts

An Australia-wide map of shelterbelt classifications can be viewed at this Earth Engine App.
https://christopher-bradley-phd.projects.earthengine.app/view /shelterbelts
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Statement of Need

Shelterbelts - also known as windbreaks or tree rows - can provide multiple benefits for agriculture,
biodiversity and climate. Specifically they can protect crops, pastures and livestock from weather
extremes, provide corridors for biodiversity and mitigate climate change through carbon drawdown
(Ewer et al. 2023; Udawatta and Jose 2022). The farm production benefits may happen indirectly
due to reduced erosion from wind and water, reduced nutrient runoff, increased soil fertility from
carbon sequestration, and increased pollinator abundance and beneficial insect predators (Reid and
Moore 2018). Strong gusts or chronic winds can also alter plant growth habits (for example with
smaller leaves, shorter and wider stems, and less fruits and seeds), and cause damage through crop
lodging, abrasion, and leaf tearing or folding, all of which can cause severe water loss, entry of
pathogens, or even wilting and death (Gardiner et al. 2016).

Due to this multitude of mechanisms, the magnitude and specific benefits from shelterbelts is highly
variable depending on factors such as local seasonal climate, topography, crop type and wind regime
(Cleugh and Hughes 2002; Baker et al. 2025). Similarly, the magnitude of biodiversity benefits
depends on factors such as patch sizes and connectivity, as well as water availability due to the
topographic position (D. Lindenmayer 2009; D. B. Lindenmayer 2009). This variability means it
is hard to quantify the actual benefits of existing trees and potential of new plantings at specific
sites. This uncertainty reduces the likelihood of adoption (Powell 2009).

An added complexity is choosing the configuration of where to plant new shelterbelts (Fleming et al.
2019). Some guidelines suggest planting along contours (Greening Australia 2014), ridges (Watson
2019), gullies (Wentworth Group of Concerned Scientists 2024), roadsides (New et al. 2021), or
anywhere to achieve a certain density of tree cover (Bird et al. 1992). Regardless of where they go,
there is a clear desire to add large numbers of trees to farmland landscapes for carbon drawdown
and resilience to future climate extremes (DAFF 2025), so new tools to help optimize where these
should go are urgently needed (NSW Department of Planning and Environment 2022), while also
maintaining some prime agriculture capacity.

Improvements in satellite imagery over the last decade means there is potential to map variability
of productivity due to shelterbelts at scale, similar to work done for conservation tillage (Cambron
et al. 2024) and crop rotations (Kluger et al. 2025). But a lack of available tools has led to studies
like Liu et al. (2022) using more manual methods such as the linear ruler tools in Google Earth
Pro, which limits the scale of analyses that can be done. There is a clear need for scalable and
adjustable tools that can create ecologically and agriculturally relevant data about farmland trees
and shelter to better understand their current distributions, benefits, and opportunities.

State of the Field

There exist many described methods in the literature that helped inspire aspects of the Shelterbelts
software, but often the code is proprietary or simply not released. Land cover mapping and canopy
height models are rapidly improving (Potapov et al. 2021; Zanaga et al. 2022; Lang et al. 2023;
Tolan et al. 2024; Brandt et al. 2026). However these kinds of studies generally do not look further
at the spatial arrangement of tree cover to characterise tree groups.

Moving past regular tree-cover, Wolstenholme et al. (2025) used aerial imagery to map hedgerows
in a county in the UK, and then used the ‘land’ and ‘roads, tracks and paths’ labels from the
UK ordnance survey master map to help identify gaps in hedgerow. At a larger scale, Muro et
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al. (2025) used PlanetScope satellite imagery to map hedgerows across Germany and calculated
the centerline and length of all polygons. However, they did not describe how the rasters were
converted to polygons or release any code or datasets regarding the polygons.

Hopkins (2025) also used aerial imagery to map windbreaks in 35 counties in the United States
using ArcGIS Pro. They used the Straight and Narrow Feature Index and Windbreak Sinuosity
Index demonstrated by Liknes et al. (2017) which looks for a specific shape like a north-south or
east-west straight line in a raster. This was developed as an alternative to a method proposed by
Aksoy et al. (2010) which skeletonizes features and checks the width along the skeleton to define
windbreaks. Later, Deng et al. (2023) proposed another method for identifying shelterbelts that
finds the endpoints of each feature and joins the centerlines, to connect shelterbelts with gaps in
them. Hopkins (2025) also proposed incorporating vector data on streams, rivers, aqueducts, and
canals, lakes, wetlands, and ponds to distinguish riparian buffers from other woody features, but
did not implement this.

Instead of a pixel-based approach, Wiseman et al. (2009) applied object-oriented image analysis on
aerial imagery using the commercial software Definiens Professional, to identify shelterbelts in the
North Cypress municipality in Canada, along with attributes including the length and width of each
shelterbelt. Thompson et al. (2023) used the same commercial software (now renamed Trimble
eCognition) to identify hedgerows and windbreaks from aerial imagery in 3 counties in California,
and find adoption hotspots. Yang et al. (2021) also used eCognition to do object segmentation on
satellite imagery in a roughly 20km square region in North East China, to identify shelterbelts and
estimate widths. Then they used linear regression to estimate porosity and height, and calculated
euclidean distance in ArcGIS to estimate wind reduction nearby. Similarly, Stewart et al. (2024)
described methods for modelling changes in crop and pasture productivity, drawing on research
published afterwards by Baker et al. (2025), and later released an R package called shadesheltr
that implements these methods (Stewart and Smith 2026). Despite this wide range of methods,
no previous study has produced an open-source pipeline for identifying and classifying shelterbelts
that can be run at (inter)national scale in a reproducible manner over multi year datasets.

There are a number of landscape ecology libraries that calculate patch and class metrics such as
FragStats (McGarigal et al. 2023), landscapemetrics (Hesselbarth et al. 2019) and PyLandStats
(Bosch 2019), however none of these libraries produce shelterbelt specific metrics such as the width,
length and orientation.

Software Design

Workflows

Shelterbelts is a modular program that can be adapted to support different priorities and assump-
tions about how tree configurations matter to the landscape. It supports six main workflows in
increasing complexity:

1. Browse the pre-computed Australia-wide map of shelterbelt classifications in the Earth Engine
App from default parameters.

2. Use the indices_ latlon function to auto-download the global canopy height model (Brandt et
al. 2026) and generate shelter categories and metrics for a specific location.

3. Download your own tree raster from another source and use the indices_ tif function to gen-
erate shelter categories and metrics for that raster.
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4. Download a laz file and use the lidar function to generate a flexible tree raster, before using
the indices__ tif function to generate shelter categories and metrics for that raster.

5. Use sentinel dea.py to download sentinel imagery and apply the bundled neural network
model to generate a tree raster, before applying the indices_ tif function.

6. Use sentinel nci and a folder of tree tif files to train your own model that predicts tree rasters,
then apply this to a new location and pass the output into the indices_ tif function.

Workflows
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Figure 1: Flow chart of usage and underlying design of the Shelterbelts repository.

Principles

Most source files have a corresponding Jupyter Notebook to demonstrate usage and provide a
familiar environment for new users to play around with the outputs. The Jupyter Notebooks are
initially saved as .py files during development using the Jupytext library to avoid overloading the git
history with slight changes to large image files. These are committed as a .ipynb file once finalised
so the outputs are easily viewable from within the github interface.

Most source files also have a corresponding test file for common scenarios to quickly check that
new changes do not break existing parts of the codebase. We have prioritised testing common
scenarios and past known failure mechanisms over test completeness to better support fast iterative
development.

Documentation is auto-generated by sphinx with doctests and plot directives to demonstrate usage
and example outputs, similar to the Jupyter Notebooks. These docs are hosted with GitHub Pages,
meaning they can be easily generated locally with no additional costs from cloud computing since
the doctests take a while to run.
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Binary Trees

Tree Categories
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Figure 2: Example geolocated output tif files at each stage of the pipeline.
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Fach stage of the pipeline has the option to generate an intermediate file for further analysis, or
just return the data to pass to the next stage of the pipeline (reducing read/write overhead and
improving performance). These intermediate files are stored as georeferenced tif files, usually with
the uint8 datatype and an embedded colour map for easy viewing in QGIS. When running at scale,
the canopy height or percent tree cover rasters can also be converted to the uint8 datatype since
the uncertainty in these datasets is generally higher than 1m height or 1% cover, and this greatly
reduces the compute and storage costs.

Each source file has a command line interface to support running in a high-throughput environment
such as the National Computing Infrastructure (NCI). There are example shell and pbs scripts in
the repository that were used to generate the datasets in the public Earth Engine App, although
these are not packaged as part of the source code.

Outlook for Research and Development

The Shelterbelts pipeline has been run across all agricultural regions (228.7 million hectares) in
Australia at 10m resolution using six different configurations of input parameters - a default, high
and a low threshold for the methods based on wind direction, and based on percentage tree cover.
These maps are publicly available in an Earth Engine app (Gorelick et al. 2017) at https://christop
her-bradley-phd.projects.earthengine.app /view/shelterbelts, with the ability to choose a region of
interest and download any layer as a geotif file for further analysis. Work is currently underway to
generate annual maps of these categories, and regional summary statistics in Australia’s bioregions,
GRDC cropping zones, and local government areas.

The Shelterbelts Earth Engine app allows users to toggle the global canopy height and world-
cover layers, and it is also possible to use these data sources from within the repository to apply
the tree and shelter categorisation at any location globally. Functions are provided for creating
gully/creekline rasters from global elevation data and road rasters from Open Street Maps, used as
inputs to the pipeline. Functions are not currently provided for downloading global wind direction
data, but these do exist (e.g. ERA-5), or the pipeline can be run without wind data by using the
percent cover or any direction wind methods.

One future research direction is to address uncertainty about context-dependent benefits of shel-
terbelts that may hinder adoption. The software can be used to map variability in benefits at
large spatial scales by providing gridded estimates of the degree of shelter provided in different
categories, which can then be aligned with satellite derived productivity estimates. These kinds of
analyses could complement the growing policy and public funding support to plant trees on farms
for benefits including carbon drawdown, biodiversity, and agricultural resilience.
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ging and proofreading. The authors take full responsibility for the software and manuscript.

References

Aksoy, Selim, H. Gékhan Akgay, and Tom Wassenaar. 2010. “Automatic Mapping of Linear Woody
Vegetation Features in Agricultural Landscapes Using Very High-Resolution Imagery” IFEE
Transactions on Geoscience and Remote Sensing 48 (1): 511-22. https://doi.org/10.1109/TG
RS.2009.2027702.

Baker, Thomas P., Jacqueline R. England, Shaun T. Brooks, Stephen B. Stewart, and Daniel
Mendham. 2025. “Effect of Silvopasture, Paddock Trees and Linear Agroforestry Systems on
Agricultural Productivity: A Global Quantitative Analysis.” Agricultural Systems 224: 104240.
https://doi.org/10.1016/j.agsy.2024.104240.

Bird, P. R., D. Bicknell, P. A. Bulman, et al. 1992. “The Role of Shelter in Australia for Protecting
Soils, Plants and Livestock.” Agroforestry Systems 20: 59-86. https://doi.org/10.1007/BF0005
5305.

Bosch, Marti. 2019. “PyLandStats: An Open-Source Pythonic Library to Compute Landscape
Metrics.” PLOS ONE 14 (12): €0225734. https://doi.org/10.1371/journal.pone.0225734.

Brandt, John, Seungeun Yi, Jamie Tolan, et al. 2026. CHMv2: Improvements in Global Canopy
Height Mapping Using DINOv3. https://arxiv.org/abs/2603.06382.

Cambron, Trevor W., Jillian M. Deines, Bruno Lopez, Rinkal Patel, Sang-Zi Liang, and David
B. Lobell. 2024. “Further Adoption of Conservation Tillage Can Increase Maize Yields in the
Western US Corn Belt.” Environmental Research Letters 19: 054040. https://doi.org/10.1088/
1748-9326 /ad3£32.

Cleugh, H. A., and D. E. Hughes. 2002. “Impact of Shelter on Crop Microclimates: A Synthesis
of Results from Wind Tunnel and Field Experiments.” Australian Journal of Experimental
Agriculture 42 (6): 679-701. https://doi.org/10.1071/EA02005.

DAFF. 2025. Agriculture and Land Sector Plan. Department of Agriculture, Fisheries and Forestry.
https://www.agriculture.gov.au/sites/default /files/documents/agriculture-and-land-sector-
plan.pdf.

Deng, Rongxin, Qunzuo Guo, Menghao Jia, Yuzong Wu, Qiwen Zhou, and Zhengran Xu. 2023.
“Extraction of Farmland Shelterbelts from Remote Sensing Imagery Based on a Belt-Oriented
Method.” Frontiers in Forests and Global Change 6: 1247032. https://doi.org/10.3389/ffgc.202
3.1247032.

Ewer, Theodora, Talia Smith, Seth Cook, Sarah Jones, Fabrice DeClerck, and Helen Ding. 2023.
Aligning Regenerative Agricultural Practices with Outcomes to Deliver for People, Nature and


https://doi.org/10.1109/TGRS.2009.2027702
https://doi.org/10.1109/TGRS.2009.2027702
https://doi.org/10.1016/j.agsy.2024.104240
https://doi.org/10.1007/BF00055305
https://doi.org/10.1007/BF00055305
https://doi.org/10.1371/journal.pone.0225734
https://arxiv.org/abs/2603.06382
https://doi.org/10.1088/1748-9326/ad3f32
https://doi.org/10.1088/1748-9326/ad3f32
https://doi.org/10.1071/EA02005
https://www.agriculture.gov.au/sites/default/files/documents/agriculture-and-land-sector-plan.pdf
https://www.agriculture.gov.au/sites/default/files/documents/agriculture-and-land-sector-plan.pdf
https://doi.org/10.3389/ffgc.2023.1247032
https://doi.org/10.3389/ffgc.2023.1247032

Non-peer-reviewed preprint submitted to EcoEvoRxiv

Climate. Food and Land Use Coalition (FOLU) report. https://www.foodandlandusecoalition.
org/wp-content/uploads/2023/01/Aligning-regenerative-agricultural-practices-with-outcomes-
to-deliver-for-people-nature-climate-Jan-2023.pdf.

Fleming, Aysha, Anthony P. O’Grady, Daniel Mendham, et al. 2019. “Understanding the Values
Behind Farmer Perceptions of Trees on Farms to Increase Adoption of Agroforestry in Australia.”
Agronomy for Sustainable Development 39: 9. https://doi.org/10.1007/s13593-019-0555-5.

Gardiner, Barry, Peter Berry, and Bruno Moulia. 2016. “Review: Wind Impacts on Plant Growth,
Mechanics and Damage.” Plant Science 245: 94-118. https://doi.org/10.1016/j.plantsci.2016.
01.006.

Gorelick, Noel, Matt Hancher, Mike Dixon, Simon Ilyushchenko, David Thau, and Rebecca Moore.
2017. “Google Earth Engine: Planetary-Scale Geospatial Analysis for Everyone.” Remote
Sensing of Environment 202: 18-27. https://doi.org/10.1016/j.rse.2017.06.031.

Greening Australia. 2014. Whole of Paddock Rehabilitation: A New Approach to Regreening the
Farm. Capital Region, February 2014, https://www.greeningaustralia.org.au/wp-content /uplo
ads/2017/11/BROCHURE_ Whole-of-Paddock-Rehabilition.pdf.

Hesselbarth, Maximilian H. K., Marco Sciaini, Kimberly A. With, Kerstin Wiegand, and Jakub
Nowosad. 2019. “Landscapemetrics: An Open-Source r Tool to Calculate Landscape Metrics.”
FEcography 42 (10): 1648-57. https://doi.org/10.1111/ecog.04617.

Hopkins, Parker Alexander. 2025. “Agroforestry Extent Around the Lake States Region: Novel
Spatial Methods Combined with Survey Evidence to Analyze Agroforestry Adoption Across
Michigan, Ohio, and Wisconsin, USA.” Master’s thesis, Michigan State University. https://ww
w.proquest.com/openview /7f3c9abc8b8b545afa765af669a78222/1.

Kluger, Dan M., Stefania Di Tommaso, and David B. Lobell. 2025. “Precrop Payoffs: Causal
Machine Learning Reveals Large but Variable Yield Benefits of Crop Rotation in Major Bread-
baskets.” Environmental Research Letters 20 (11): 114037. https://doi.org/10.1088/1748-
9326 /ac0f45.

Lang, Nico, Walter Jetz, Konrad Schindler, and Jan Dirk Wegner. 2023. “A High-Resolution
Canopy Height Model of the Earth.” Nature Ecology € FEvolution 7: 1778-89. https://doi.org/
10.1038/s41559-023-02206-6.

Liknes, Greg C., Dacia M. Meneguzzo, and Todd A. Kellerman. 2017. “Shape Indexes for Semi-
Automated Detection of Windbreaks in Thematic Tree Cover Maps from the Central United

States.” International Journal of Applied Earth Observation and Geoinformation 59: 167-74.
https://doi.org/10.1016/j.jag.2017.03.005.

Lindenmayer, David. 2009. Large-Scale Research Investments for Best Practice — Plantation
Management, Farm Forestry and Vegetation Management. RIRDC Publication No. 09/018.
Rural Industries Research and Development Corporation. https://agrifutures.com.au/product
/large-scale-research-investments-for-best- practice-plantation-management-farm-forestry-and-
vegetation-management /.


https://www.foodandlandusecoalition.org/wp-content/uploads/2023/01/Aligning-regenerative-agricultural-practices-with-outcomes-to-deliver-for-people-nature-climate-Jan-2023.pdf
https://www.foodandlandusecoalition.org/wp-content/uploads/2023/01/Aligning-regenerative-agricultural-practices-with-outcomes-to-deliver-for-people-nature-climate-Jan-2023.pdf
https://www.foodandlandusecoalition.org/wp-content/uploads/2023/01/Aligning-regenerative-agricultural-practices-with-outcomes-to-deliver-for-people-nature-climate-Jan-2023.pdf
https://doi.org/10.1007/s13593-019-0555-5
https://doi.org/10.1016/j.plantsci.2016.01.006
https://doi.org/10.1016/j.plantsci.2016.01.006
https://doi.org/10.1016/j.rse.2017.06.031
https://www.greeningaustralia.org.au/wp-content/uploads/2017/11/BROCHURE_Whole-of-Paddock-Rehabilition.pdf
https://www.greeningaustralia.org.au/wp-content/uploads/2017/11/BROCHURE_Whole-of-Paddock-Rehabilition.pdf
https://doi.org/10.1111/ecog.04617
https://www.proquest.com/openview/7f3c9abc8b8b545afa765af669a78222/1
https://www.proquest.com/openview/7f3c9abc8b8b545afa765af669a78222/1
https://doi.org/10.1088/1748-9326/ae0f45
https://doi.org/10.1088/1748-9326/ae0f45
https://doi.org/10.1038/s41559-023-02206-6
https://doi.org/10.1038/s41559-023-02206-6
https://doi.org/10.1016/j.jag.2017.03.005
https://agrifutures.com.au/product/large-scale-research-investments-for-best-practice-plantation-management-farm-forestry-and-vegetation-management/
https://agrifutures.com.au/product/large-scale-research-investments-for-best-practice-plantation-management-farm-forestry-and-vegetation-management/
https://agrifutures.com.au/product/large-scale-research-investments-for-best-practice-plantation-management-farm-forestry-and-vegetation-management/

Non-peer-reviewed preprint submitted to EcoEvoRxiv

Lindenmayer, David B. 2009. Management Principles and Strategies to Guide Biodiversity Con-
servation in Private Native Forests: A Checklist for Forest and Wildlife Managers. RIRDC
Publication No. 09/032. Rural Industries Research and Development Corporation. https:
/ /agrifutures.com.au/product/management-principles-and-strategies-to-guide-biodiversity-
conservation-in-private-native-forests-checklist-for-forest-and-wildlife-managers,/ .

Liu, Yage, Huidong Li, Fenghui Yuan, et al. 2022. “Estimating the Impact of Shelterbelt Structure
on Corn Yield at a Large Scale Using Google Earth and Sentinel-2 Data.” FEnvironmental
Research Letters 17 (4): 044060. https://doi.org/10.1088/1748-9326/ac58ab.

McGarigal, K., S. A. Cushman, and E. Ene. 2023. FRAGSTATS: Spatial Pattern Analysis Program
for Categorical Maps. Computer software program produced by the authors, available at https:
//www.fragstats.org.

Muro, Javier, Lukas Blickensdorfer, Axel Don, et al. 2025. “Hedgerow Mapping with High Res-
olution Satellite Imagery to Support Policy Initiatives at National Level.” Remote Sensing of
Environment 328: 114870. https://doi.org/10.1016/j.rse.2025.114870.

New, Timothy R., Don P. A. Sands, and Gary S. Taylor. 2021. “Roles of Roadside Vegetation in
Insect Conservation in Australia.” Austral Entomology 60 (1): 128-37. https://doi.org/10.111
1/aen.12511.

NSW Department of Planning and Environment. 2022. Growing NSW’s Primary Industries and
Land Sector in a Low Carbon World. NSW Primary Industries Productivity and Abatement
program. https://www.energy.nsw.gov.au/sites/default/files/2022-08 /NSW_ 202205 Growin
g NSWs_ primary_ industries_and_ land_ sector.pdf.

Potapov, Peter, Xinyuan Li, Andres Hernandez-Serna, et al. 2021. “Mapping Global Forest Canopy
Height Through Integration of GEDI and Landsat Data.” Remote Sensing of Environment 253:
112165. https://doi.org/10.1016/j.rse.2020.112165.

Powell, John. 2009. Fifteen Years of the Joint Venture Agroforestry Program — Foundation Re-
search for Australia’s Tree Crop Revolution. RIRDC Publication No. 09/063. Rural Industries
Research and Development Corporation. https://agrifutures.com.au/product/15-years-of-the-
joint-venture-agroforestry-program/.

Reid, Rowan, and Rowan Moore. 2018. “Agroforestry Systems in Temperate Australia.” In Tem-
perate Agroforestry Systems, 2nd ed., edited by A. M. Gordon, S. M. Newman, and B. R. W.
Coleman. CABI. https://doi.org/10.1079/9781780644851.0195.

Stewart, Stephen B., Thomas Baker, Jacqueline R. England, Anthony P. O’Grady, Shaun Brooks,
and Daniel Mendham. 2024. Quantifying the Shade, Shelter, and Productivity Benefits of
Agroforestry Systems on Tasmanian Farms: Geospatial Modelling at Landscape-Scale. CSIRO.
https://publications.csiro.au/publications/publication/Plcsiro:EP2024-5211.

Stewart, Stephen, and Greg Smith. 2026. Shadesheltr: Spatial Modelling of Shade, Shelter and
Productivity Effects of Farm Trees. CSIRO, v1, Software. https://doi.org/10.25919/1abp-mp12.


https://agrifutures.com.au/product/management-principles-and-strategies-to-guide-biodiversity-conservation-in-private-native-forests-checklist-for-forest-and-wildlife-managers/
https://agrifutures.com.au/product/management-principles-and-strategies-to-guide-biodiversity-conservation-in-private-native-forests-checklist-for-forest-and-wildlife-managers/
https://agrifutures.com.au/product/management-principles-and-strategies-to-guide-biodiversity-conservation-in-private-native-forests-checklist-for-forest-and-wildlife-managers/
https://doi.org/10.1088/1748-9326/ac58ab
https://www.fragstats.org
https://www.fragstats.org
https://doi.org/10.1016/j.rse.2025.114870
https://doi.org/10.1111/aen.12511
https://doi.org/10.1111/aen.12511
https://www.energy.nsw.gov.au/sites/default/files/2022-08/NSW_202205_Growing_NSWs_primary_industries_and_land_sector.pdf
https://www.energy.nsw.gov.au/sites/default/files/2022-08/NSW_202205_Growing_NSWs_primary_industries_and_land_sector.pdf
https://doi.org/10.1016/j.rse.2020.112165
https://agrifutures.com.au/product/15-years-of-the-joint-venture-agroforestry-program/
https://agrifutures.com.au/product/15-years-of-the-joint-venture-agroforestry-program/
https://doi.org/10.1079/9781780644851.0195
https://publications.csiro.au/publications/publication/PIcsiro:EP2024-5211
https://doi.org/10.25919/1abp-mp12

Non-peer-reviewed preprint submitted to EcoEvoRxiv

Thompson, Jennifer B., Jennifer Symonds, Liz Carlisle, et al. 2023. “Remote Sensing of Hedgerows,
Windbreaks, and Winter Cover Crops in California’s Central Coast Reveals Low Adoption but
Hotspots of Use.” Frontiers in Sustainable Food Systems 7: 1052029. https://doi.org/10.3389/
fsufs.2023.1052029.

Tolan, Jamie, Hung-I Yang, Benjamin Nosarzewski, et al. 2024. “Very High Resolution Canopy
Height Maps from RGB Imagery Using Self-Supervised Vision Transformer and Convolutional
Decoder Trained on Aerial Lidar.” Remote Sensing of Environment 300: 113888. https://doi.
org/10.1016/j.rse.2023.113888.

Udawatta, Ranjith P., and Shibu Jose, eds. 2022. Agroforestry and Ecosystem Services. Springer.
https://doi.org/10.1007/978-3-030-80060-4.

Watson, David. 2019. Windbreaks for Bungendore. Bungendore Landcare (2nd reprint), https:
//www.treesforclimate.com.au/_ files/ugd/20ble3_6912ad5f94e346b99d4372a621cdf140.pdf.

Wentworth Group of Concerned Scientists. 2024. Blueprint to Repair Australia’s Landscapes: Na-
tional Case for a 30-Year Investment in a Healthy, Productive & Resilient Australia. Parti: Syn-
thesis Report. Https://wentworthgroup.org/2024 /07 /blueprint-repair-australias-landscapes/.

Wiseman, G., J. Kort, and D. Walker. 2009. “Quantification of Shelterbelt Characteristics Using
High-Resolution Imagery.” Agriculture, Ecosystems and Environment 131 (1-2): 111-17. https:
//doi.org/10.1016/j.agee.2008.10.018.

Wolstenholme, J. M., F. Cooper, R. E. Thomas, J. Ahmed, K. J. Parsons, and D. R. Parsons. 2025.
“Automated Identification of Hedgerows and Hedgerow Gaps Using Deep Learning.” Remote
Sensing in Ecology and Conservation, ahead of print. https://doi.org/10.1002/rse2.432.

Yang, Xiguang, Fengri Li, Wenyi Fan, Guiwei Liu, and Ying Yu. 2021. “Evaluating the Efficiency
of Wind Protection by Windbreaks Based on Remote Sensing and Geographic Information
Systems.” Agroforestry Systems 95: 353-65. https://doi.org/10.1007/s10457-021-00594-x.

Zanaga, Daniele, Ruben Van De Kerchove, Dirk Daems, et al. 2022. ESA WorldCover 10 m 2021
V200. Zenodo. https://doi.org/10.5281/zenodo.7254221.

10


https://doi.org/10.3389/fsufs.2023.1052029
https://doi.org/10.3389/fsufs.2023.1052029
https://doi.org/10.1016/j.rse.2023.113888
https://doi.org/10.1016/j.rse.2023.113888
https://doi.org/10.1007/978-3-030-80060-4
https://www.treesforclimate.com.au/_files/ugd/20b1e3_6912ad5f94e346b99d4372a621cdf140.pdf
https://www.treesforclimate.com.au/_files/ugd/20b1e3_6912ad5f94e346b99d4372a621cdf140.pdf
https://wentworthgroup.org/2024/07/blueprint-repair-australias-landscapes/
https://doi.org/10.1016/j.agee.2008.10.018
https://doi.org/10.1016/j.agee.2008.10.018
https://doi.org/10.1002/rse2.432
https://doi.org/10.1007/s10457-021-00594-x
https://doi.org/10.5281/zenodo.7254221

	Abstract
	Statement of Need
	State of the Field
	Software Design
	Workflows
	Principles

	Outlook for Research and Development
	Acknowledgements
	AI Usage Disclosure
	References

