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1. Introduction

Support for this work was provided by the United States Department of Agriculture (USDA; cooperative agreement number 58-2022-8-010).
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5. Results -- SfM

▪ Satellite observations of dryland ecosystem
dynamics are limited (Smith et al., RSE 2019).
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• Coarse spatiotemporal resolution.
• Retrievals are poorly constrained.
• Upscaling high-resolution observations to the
satellite level is needed to improve monitoring of
dryland vegetation/climate interactions over large
spatial and temporal domains.

▪ We tested two novel close-range remote sensing
techniques for observing dynamic responses of
semiarid grassland vegetation phenology, biomass,
productivity, and structural characteristics to
temporally repackaged precipitation.
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2. Research objectives
1. Demonstrate utility of these techniques for observing
vegetation greenness, productivity, and biomass across
different irrigation treatments.
2. Explore how high spatiotemporal resolution observations
improve understanding of vegetation/climate dynamics in
semiarid grassland ecosystems.

4. Results -- PiCams

▪ Vegetation height values for multiple repeat
collections show similar distributions and
demonstrates repeatability of technique.
▪ Variables that impact model output: wind, lighting,
manual processing errors.

3. Techniques
1. Raspberry Pi phenology cameras (PiCams) were
used to collect high temporal frequency RGB
images (30 PiCams covering 60 plots).
•
•

30-minute capture from 8:00 AM through 5:00 PM.
Vegetation greenness was tracked by deriving daily
green chromatic coordinate (GCC):
𝐺𝑟𝑒𝑒𝑛𝐷𝑁
𝐺𝐶𝐶 =
𝑅𝑒𝑑𝐷𝑁 + 𝐺𝑟𝑒𝑒𝑛𝐷𝑁 + 𝐵𝑙𝑢𝑒𝐷𝑁

2. Structure-from-motion (SfM) photogrammetry.
•
•
•

Millimeter-scale 3D vegetation models derived from
overlapping images collected with a high resolution
DSLR camera mounted on a 2-meter stand.
Models were generated using Agisoft Metashape
photogrammetric image processing software version
1.7.3.
Vegetation volume and height derived from 3D
models using R programming language.

6. Next steps
▪ PiCam GCC captures distinct
phenological response to the
four irrigation treatments (left
figure).
▪ Linear relationship between
weekly GCC and GPP (averaged
per treatment type) is strongest
for larger magnitude/longer
drought interval treatments (S3
and S4) (above figure).

▪ Derive allometric equations to compute biomass from
SfM vegetation volume; apply equation to all vegetation
models collected during Summer 2021 campaign season.
▪ Quantify error/uncertainty of volume-to-biomass
technique.
▪ Continue exploring GCC/GPP/biomass relationships.
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