
Evaluating the relative influence of 
soil water potential, soil moisture, 
and vapor pressure deficit on semi-
arid vegetation dynamics
Kayla Jamerson

5 year cooperative agreement
with MCO (L16AC00359 )

Committee Members: Kelsey G. Jencso, Zachary H. Hoylman, Anna Sala, Ashley Ballantyne



Zhu, H., Du, M., & Yin, X. (2023).

How does vegetation respond to droughts?
Image Source: United Nations Environment Program (UNEP)
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Research Questions
1) Which environmental drivers are most determinant for seasonal vegetation dynamics 
in semi-arid ecosystems?

Ψsoil

Ψair

• Is Ψsoil a better predictor of vegetation dynamics than VWC?
• Are atmospheric or subsurface conditions more important for driving vegetation 

dynamics?
2) Are these drivers consistent when considering seasonal responses vs deviations 
from normal responses?

VWC



Methods – field, laboratory and satellite retrievals
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2) Anomaly analysis

1) Seasonal analysis



1) Seasonal analysis

• NIRv: near-infrared reflectance

• EVI: Enhanced Vegetation Index

• SIF: Solar Induced Fluorescence

• NIRv is the best indicator for semi-arid regions
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GAM Models and Partial Deviance Change
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Full model – Model without Ψ (kPa) = partial deviance change

Ψ (kPa) PDC = 10 – 6 = 4



Full GAM Model Summary 
Outputs

• Ψ (kPa) was the best 
predictor for each model

• The remaining predictors 
varied in importance, 
depending on the model











2) Anomaly Analysis
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Anomalies were computed using a 31 Day Moving Window Analysis
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3) Anomaly Analysis

Ψ (kPa) and VWC are highly correlated



Partial effects of predictor anomaly



• Wetter values of Ψ (kPa) 
explain greener
anomalies for vegetation.

• Dryer values 
of Ψ (kPa) explain 
browner anomalies for 
vegetation

• When data is 
standardized 
for anomaly analysis, 
VWC and Ψ (kPa) have 
a nearly linear 
1:1 relationship

• Subsurface conditions 
explain vegetation 
anomalies

Anomaly Analysis 
take-away point:



Soil

Atmosphere

• Ψ (kPa) is an important predictor variable for seasonal semi-arid vegetation dynamics, 
but is not needed for standardized anomaly analysis

• Subsurface conditions are a better predictor for semi-arid vegetation anomalies than 
atmospheric conditions



Soil

Atmosphere

Soil

• VPD emerged as a secondary driver of vegetation productivity in the absence of Ψ (kPa) 
limitations



Questions?
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