Introduction

Large-scale agriculture faces an intensifying set of challenges that must be overcome to maintain
food security in an environmentally sustainable manner. While global food demand is projected to
increase by 30-62% by 2050 with output largely keeping pace (van Dijk et al., 2021), the required
level of agricultural production intensification demands increasing amounts of land (Alexander et
al., 2015; Bahar et al., 2020) and inputs (Cordell et al., 2009; Lu & Tian, 2017) and is projected to cause
increasingly severe ecological, environmental, and climate effects (Springmann et al., 2018).
Producers must rapidly transition to sustainable production which will require ample farmer-led on-
farm experimentation (Lacoste et al., 2022). Farmers often rely on limited data (e.g., average yield)
to interpret experimentation results and make important management decisions and additional
data may help to reduce misinterpretation of results and thus accelerate change (Cook et al.,
2018). An important aspect of on-farm data interpretation is contextualization, without which a
piece of data is only anecdotal. Adding layers of biophysical and environmental data can provide
objective observations that can help with better understanding the conditions in which farmers are
experimenting if they are meaningfully combined and analyzed. Digital agronomy can facilitate this
by leveraging advancements in data science, remote sensing, engineering, and agronomy in
support of farmers’ self-designed experimentation efforts when determining how to best proceed.
This requires large volumes of agronomic, biophysical, and environmental data to contextualize the
farmers’ observations and insights during their daily operations through the conclusion and
interpretation of their experiments. This paper details the development of a software system
designed to facilitate the retrieval, management, and use of these data in support of a novel
observational research methodology applied to endogenous on-farm experiments.

This project developed a similar tool to facilitate the contextualization of observational research of
farmer-led on-farm experimentation (FLOFE) by leveraging the rich set of agronomically-relevant
environmental and biophysical data products available on the Google Earth Engine (GEE) (Gorelick,
etal., 2017) platform. Knowing some of the drivers of the underlying site-level processes that
influence experimental outcomes can help to account for previously unexplained uncertainty and
spatial heterogeneity present in results. These additional layers of data can provide valuable
insights into trends and patterns that may otherwise go undetected when examining FLOFE results,
which can be further explored via more traditional agronomic research techniques. This two-phase
research methodology has the potential to accelerate the identification of novel solutions to
overcome complex challenges faced in modern agronomic systems.

Leveraging the additional layers of contextualization data in on-farm research networks can allow
the comparison of previously disparate experiments, transforming them into a comprehensive body
of work, increasing the scale of knowledge from farm to regional and super-regional levels. These
robust datasets can then be used by various data-driven analysis methods to further elucidate
drivers of agronomic processes, model outcomes given certain sets of parameters, and make trial A
conducted at one location comparable to trial B conducted at another location.

This system automates the process of retrieving layers of data necessary for FLOFE
contextualization. A user-friendly web interface allows users having little to no programming



expertise to leverage several agronomically-relevant data products in their research efforts.

Automating data retrieval greatly reduces the time and labor costs associated with retrieving large

amounts spatiotemporal contextualization data. Faster and easier access means that these

additional contextualization data layers can be used in more studies.

Data and Methods

Data

The system facilitates access to a variety of agronomically relevant data products via a web portal
graphical user interface (GUI). This submits requests to a Python APl backend system that retrieves
the requested data according to the user-specified parameters. Table 1 lists currently available
data products, their spatial and temporal resolutions, and data types.

Table 1. Current listing of data products available within the system.

Resolution

Product Spatial Temporal Data Type
Gridded Surface Meteorological Dataset (GRIDMET) 1/24"°; ~0. 4 km daily meteorological
POLARIS Probabilstic Soil Properties 30m varies soil
Real-Time Mesoscale Analysis (RTMA) 2.5km hourly meteorological
US Drought Monitor 250 m weekly index
Sentinel 2 Surface Reflectance (L2A), Harmonized 10m,20m,60m ~5day multispectral
USGS 3DEP Elevation 1T m Tm varies soil
USGS 3DEP Elevation 10 m 10m varies soil

Product-specific and user-defined metadata are stored in a PostGRE/PostGIS relational database
to facilitate data management and using data to contextualize on-farm experimentation. Backend
metadata tables were structured to facilitate adding additional metadata categories as necessary.

Table 2 lists metadata currently collected for each data download.




Table 2. Metadata currently collected by the system per download request

Metadata

Description

Data Product Type Id

The id of the data product type of a given piece of data

DownloadBatchld

GUID corresponding to the data request action initiated from the web portal

Farm Name

The name of a farm to be associated with some data

Field Name

The name of a field to be associated with some data

Project Data End Year

The year for which data for a given project were collected to, inclusive

Project Data Start Year

The year for which data began being collected for a given project

Project Name

The name of a project for which data are stored in the system.

Spatial Data Type

The type of spatial data, ex Raster or Vector

Vector Data Format

The format of vector data, ex: shp, gpkg, geojson

VectorDataDescribes

What a vector file describes, ex: field boundary, transect line

*denotes optional metadata

System

Overview

The system has three main components (i) a web-based user interface and (ii) an application
programming interface (API) backend. A relational PostGRE/GIS database in conjunction with a

server file system were used as the backend data store for all system and user data, data products,

and associated metadata. A unified authentication and authorization module was developed to
secure all system components. A high-level system overview is show in figure 1.
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Figure 1. System Overview

Authentication and Authorization

System data security and privacy were achieved through the user of a user and role-based
authentication and authorization framework. Each user must provide a Google Cloud Service
Account authentication token before they can initiate data requests. This ensures that it is the
user’s responsibility to adhere to any GEE (or other future data provider) data licensing
requirements.

Web Portal

The web portal component of the system provides an intuitive, responsive user interface (Ul) to
initiate data transfers. It was developed using the .NET Core Blazer Server framework in C#. Users
enter required information, such as their email address and Google service account information via
a profile module. Users can search for supported data products via the data product search form
after entering all required profile information. Figure 2 shows the data search form for a request
example. Available search criteria are specific to each data product

API

The APl component of the system performs all search, geospatial, storage, and retrieval operations.
It was developed using Python 3.11. An authentication and authorization module is present to



restrict APl access to requests originating from web portal-authenticated users having sufficient
access privileges. Upon passing authentication and authorization checks, the user’s download
request is processed. Users are emailed a link to download requested data upon completion of a
request. Downloaded data are indexed in the PostGRE/GIS database, storing descriptive and user-
specified metadata.

PostGRE/GIS Database

A PostGRE/GIS relational database serves as the backend data store for system configuration, user
profiles, and downloaded product metadata. The GIS component of this database allows for a
variety of spatial data manipulation, such as on-the-fly reprojection and allows the system to
retrieve data via spatial searches. Future expansion is also facilitated by this database supporting
the streaming of cloud-stored raster data to a variety of providers, which will likely be necessary as
the system grows.

Submit a Data Download Request

TODO: check that user profile has json token, associated filepath for temp storage, google drive info, service account info, prior to allowing
download etc Show error panel if not with link to profile page to enter these values Token path will be stored in db AFTER user uploads
token to server at user level Google service info all stored at user level local fs base path stored globally; each user will have subdir

Data Product
GRIDMET v

Select Data Product

Active

Only?
Bands

Active

pr, rmax, rmin
Only?

Select Bands to Download

Optional File Name Prefix

MyFile

Use this field to specify a prefix for your files to help identify them. For example, using ‘MyFarmName' here will produce files named
like 'MyFarmName_DataProduct_Uniqueldentifier.tif

Optional Project Name

ImportantProject

Use this field to specify the name of a project to associate with these files
Optional Farm Name

Stardew Farm

Use this field to specify the name of a farm to associate with these files
Optional Field Name

Field 1

Use this field to specify the name of a field to associate with these files
|'=,q Enter GRIDMET Search Parameters A

Enter your search criteria below.

Start Date End Date
5/26/2024 = 6/30/2024 ]

Area of Interest GeoJSON Coordinates
635113 ], [-76.839883698700007, 42.790758114999988 ], [ -76.835652070699993, 42.7908546468 | ]

First and last coordinate must be the same to close the polygon ring. Example: [[x1, y1], [x2, y2], [x3, y3], [x1, y1]]

Clip imagery to AOI?

SUBMIT DOWNLOAD REQUEST

Figure 2. Web portal data product download form.



Discussion

The system facilitates data retrieval in support of on-farm experimentation. The system was used to
retrieve contextualization data for a 22 site-year study and greatly simplified retrieving large
amounts of biophysical and environmental data that were used to provide context to the farmer-led
experiments comprising this study. Future work will include Ul enhancements, such as the ability to
upload or draw area of interest polygons via an interactive map and an analytics module to
automate many of the common analysis techniques used in evaluating on-farm data. The system is
currently in late alpha stage with plans for a limited beta release later this summer.
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