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You can submit them at anytime through the Q&A module.

Contact us: For anything else, please email us:  LPeters@esri.com

On-Demand: The recording will be posted shortly after the webinar.

You’ll receive an email with the link to view or download.

Start time: The webinar will start at 10:00 am PDT



GIS Field Data Collection for Agricultural Monitoring Applications

Geospatial approach for Agriculture 

and Food Security in Africa

Webinar series



Today’s Presenters

Lorien Innes
Global Business Development Africa
Esri

Kate Hess
Solution Engineer, MSL

Esri National Government Team 

Christina Jade Justice
Food Security and Early Warning Lead

NASA

Blake Munshell
Technical Lead

NASA



Agenda

Introduction

GIS Field Data 

Collection for 

Agricultural 

Monitoring 

Application

NASA Harvest

Overview

The Problem

Challenges

Demonstration  

& Discussion

Resources

Questions

NASA Harvest

Field Data 

Considerations

Advantage of 

Streaming 

Polygons



Apps

Desktop
APIs

Geospatial 
Infrastructure

SaaS & Software

ArcGIS
A Comprehensive Geospatial Platform

Supporting Individuals, Teams and Organizations



Decision 

Making

Analysis & 

Modeling

Planning & 

Geodesign

Visualization & 

Mapping

Enables The Geographic Approach

Action

GIS Data

Collection

A Process for

Creating Understanding 

& Facilitating 

Collaboration

Mapping Common Ground



Water Index (NDMI)

Vegetation Index ((NDVI)

Colour Infrared

Sentinel-2 Dynamic Renderers

Agriculture with Dynamic Range



AI, Machine Learning & Deep Learning
Embedding GeoAl Across the ArcGIS System

New & Improved
———————

• Pretrained Models (15+)

• Motion Imagery Tools

• Tools for Spatial 
Machine Learning 

• Spatiotemporal Forecasting

• GeoAI Toolbox (Pro)

GeoAI

timm
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Intelligent Decision-Making

Imagery & 
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Please Tick the Boxes that Apply to Your Organization
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Food security remains one of the most pressing issues we face in 
this century

Innovation in developing robust and scalable measures to monitor 
the world’s crops in a timely, transparent manner is a key 

component in helping to address this global challenge



EO for Agricultural Monitoring 

With recent major advances in Earth observing (EO) 
satellites, cloud compute, GPS technologies, and 
machine learning/artificial intelligence, we currently 
have the data and tools needed to monitor and track 
nearly every field across the globe on a near daily basis.

- Where crops are being grown (cropland & crop type 
mapping)

- How they are growing (agricultural monitoring, yield 
estimation, disaster impact assessment, precision 
agriculture)



A multi-sectoral Consortium
enabling and advancing awareness, use, 

and adoption of satellite Earth 
observations

by public & private organizations
to benefit food security and agriculture

in the US and worldwide

NASA’s Food Security & Agriculture Program

NASA HARVEST
● Diverse Consortium of >50 

members from public, private, 
NGO, intergovernmental, & 
humanitarian sectors

● Driven by stakeholder and end-
user needs

● Focused on operational R&D and 
transition

● Demonstrating socioeconomic 
benefits of EO for agriculture and 
food security

● NASA’s contribution to 
GEOGLAM     

● Led by the University of Maryland
● Established Nov. 2017
● https://nasaharvest.org



Cropland & Crop Type Mapping: Global to National Scale

innovating to address the 
sparse & heterogeneous 

data challenge



EO Based Tools & Products: Crop Condition Monitoring

Putting satellite data into the hands of end-users to bolster: agrifood system 
resilience, food security, conservation farming, agricultural productivity, and 
market stability.

https://cropmonitor.org/

https://cropmonitor.org/tools/agmet/

https://glam.nasaharvest.org/



YIELD FORECASTING & ESTIMATION: FIELD TO GLOBAL SCALES



Ground-truth data collected from the field enable us to train models to learn 
correlations and extrapolate over large areas and validate our EO based tools and 

products 

Ground Truth Data for Training & Validation 

To build trust by the end user, EO products & models need to be 
validated and their accuracy assessed 



How is NASA Harvest Using Survey123?

- Cropland/ Croptype Mapping 
- Crop Condition Monitoring & Farm 

Management 
- Yield Model Training and Validation 
- Disaster Impact Monitoring 

Top: 3m Planetscope 
Middle: 10 m Sentinel-2 
Bottom: 10 m Cropland Mask based 
on Sentinel for Kasungu, Malawi 

Malawi 2022 agricultural assessment - crop condition



NASA Harvest & UN FAO partner to improve validation 
datasets for croptype mapping & yield estimation 

Collecting critical yield and croptype validation dataset in Malawi to improve national scale cropland and 
croptype maps and remote sensing based yield forecasting estimates for use by National Ministries

• Geolocated crop type: Used to train ML models to map cropland and croptype 
• Geolocated crop condition assessment & farm management: Used to validate 

agricultural assessments from EO and inform government actions 
• Geolocated sample crop cuts: Used to train and validate EO & ML based yield 

forecast models



Malawi Data Collection: Crop Type 

FAO Malawi Country Office partnered with NASA 
Harvest to collect ground truth data labels of croptype 
& crop condition during two campaigns in 2021 and 
2022

Geolocated croptype used to train machine learning 
models to identify cropland and crop type from 
satellite imagery

Developed high-resolution (≤10m) in-season and 
postseason cropland map and maize crop type in 
Malawi 

Critical data collection components for crop type 
mapping: 

• Location (inside the field)
• Croptype 
• Single/ Multiple Cropping 

Cropland Mask Maize Crop Type Mask



Malawi Data Collection: Crop Condition Assessment

Rapid crop assessment: Location, Field Perimeter & Area, Planting date, Crop Type & Mixed cropping, Replanting, Management 
Practices, Inputs, Source of Inputs, Input Accessibility, Seed type, Irrigation, Crop Stress/damage & Cause, Harvest Date, Crop Condition 



Malawi Data Collection: yield training & validation data  

- Sample Crop Cuts (Gold Standard for yield measurements)
- EO informed village selection - high variability sample to 

support model training 
- Field based yield proxy measurements:  test accuracy and 

application of these measurements in place of crop cutting 
methods 

- Photos for ML applications 
- Rapid crop assessment from Farmer Interview 

- Investigating the relationship between Crop Management & 
Condition with crop yields taken from sample Crop Cuts. 

- Planting date, Mixed cropping, Replanting, Management 
Practices, Inputs, Source of Inputs, Seed type, Irrigation, Crop 
Stress/damage, Harvest Date, Crop Condition

Sky, Crop & Soil all 
visible to 
standardize photos 
for ML applications



Incorporating Ground Data into Yield Forecast Estimation 

- Using yield measurements from 
sample crop cuts to train remote 
sensing & ML based yield forecast 
models 

(top) GEOCIF February 2022 maize  
yield estimate results for Malawi, 4 
months prior to harvest. (left) Agmet 
Indicator Graphics for Malawi 2022 
cropping season source: NASA Harvest



Field Data Considerations & Survey123 

Crop type data is only useful with accurate location data

While point locations can give us a rough estimate of where a field is, accurate 
field boundaries give us much more information

- Points are one-dimensional = points could be inside a field or on the 
boundary (which have very different profiles) 

- Polygons are two-dimensional = more confidence in accurate field location

Streaming location to collect the field boundary (compared to the previous 
method of allowing the user to draw locations) guarantees that the field 
observations are what is being recorded in the app



- From a campaign in Malawi in March of 2022
- High spatial resolution data (Google Satellite, left) gives us a good idea of where 

field boundaries lie, but lack temporal resolution (especially over Africa)
- High temporal resolution data (Planet Labs, right) gives us an accurate image of 

crops greening and recent developments, but we have less confidence of 
location of the field boundary

While point location is helpful, field boundaries are the only way we can 
guarantee ground truth.

















http://drive.google.com/file/d/1y781sOEuAZBU57g7wRn57v6r_yDN97RN/view


What you see…



User-friendly Forms

Simpler form creation and intuitive 
application design allows for simple surveys 
that capture more detailed information



Survey 123 User Features

- Survey123 Connect 
- User-friendly form 

development 
- Survey123 Online 

- Streamlined data 
management 

- ArcGIS Dashboard 
- Allows real-time monitoring 

of submitted data and user-
friendly data analysis 
features 

In app survey development and testing prior 
to publication 



Survey123 & ArcGIS Online Integration

- Allows flexibility in data 
and personnel 
management

- User Accounts 
- User 

Troubleshooting 



https://uofmd.maps.arcgis.com/apps/dashboards/958f4976fd8446b9b0085729f087e272


https://uofmd.maps.arcgis.com/apps/dashboards/958f4976fd8446b9b0085729f087e272
https://uofmd.maps.arcgis.com/apps/dashboards/958f4976fd8446b9b0085729f087e272


https://uofmd.maps.arcgis.com/apps/dashboards/958f4976fd8446b9b0085729f087e272
https://uofmd.maps.arcgis.com/apps/dashboards/958f4976fd8446b9b0085729f087e272


Key Takeaways 

- Ground truth data is a critical component to agricultural monitoring 

- Location and correct field identification is key!

- Survey123 supports our needs 

- Building capacity - Partner organizations can take advantage of user-

friendly tools to support and expand data collection needs

- Efficient & Sustainable - Saves money, time and resources

- Innovative & Agile - Continued cutting edge development through 

connecting Survey123 end users with development 



NASA Harvest <3’s Survey123



Thank You!

Websites:

www.nasaharvest.org

www.geoglam.org

www.cropmonitor.org

Follow us on Twitter:

@HarvestProgram

@G20_GEOGLAM

@GEOCropMonitor



Kate Hess
Demonstration



Please Tick the Boxes that Apply to Your Organization

Poll Question



Benefits to Agricultural monitoring
Enabling Us to Do More with Less

• Responsiveness - Speeding Timely Information to Decision Makers 

• Expanding use of Technology, Data Analysis & Information Delivery 

• Saving Time, Money, Labor and Environmental Impact

• Increasing Efficiency and Expanding Capacity

• Improving Accuracy and Engagement with User Community



GIS Field Data Collection for Agricultural 

Monitoring Application

Question & Answer
Please Enter Questions in the Questions Window



Resources

Esri Resources:

• https://survey123.arcgis.com/ 

• Survey123 Resources

• Survey123 Community 

• ArcGIS Blog: Nasa Harvest grows ground truth 

knowledge with ArcGIS

• Africa GeoPortal

• https://learn.arcgis.com/en/

NASA Resources:
• www.nasaharvest.org

• www.geoglam.org

• www.cropmonitor.org

Follow us on Twitter:

@HarvestProgram

@G20_GEOGLAM

@GEOCropMonitor

https://survey123.arcgis.com/
https://www.esri.com/en-us/arcgis/products/arcgis-survey123/resources
https://community.esri.com/t5/arcgis-survey123/ct-p/arcgis-survey123
https://www.esri.com/arcgis-blog/products/survey123/field-mobility/nasa-harvest-grows-ground-truth-knowledge-with-arcgis-survey123/
https://www.africageoportal.com/
https://learn.arcgis.com/en/
http://www.cropmonitor.org/


Thank You for Your Time and 

Please Take a Minute to 

Complete the Survey!




