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The GRAPEX multi-scale experiment
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Grape Remote sensing Atmospheric Profile 
and Evapotranspiration eXperiment

Kustas et al. 2018. The Grape Remote sensing Atmospheric 
Profile and Evapotranspiration eXperiment. BAMS, 
DOI:10.1175/BAMS-D-16-0244.1 

GRAPEX’s overall aim

Develop improved water 
management tools for vineyards 
at scales ranging from micro-
scale interrow variability to 
satellite-based ET estimates
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Wine vineyards are complex agricultural systems
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Objective

Describe the radiation 
reaching the vineyard floor 
and to relate the radiation 
patterns to below canopy 
energy fluxes



Pinot Noir vineyards in California
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Planted 2009

Planted 2011

Row orientation – east-west



Above canopy measurements
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Rn=H+LE



Pinot Noir vineyards in California
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Year IOP1 IOP2 IOP3 IOP4

2013 10-12 April 10-12 June 5-7 August

2014 26-28 April 29 June - 1 July 8-10 August 25-27 September

2015* 21-23 April 31 May – 2 June 10-12 July 11-13 August

2016 1-3 May 10-12 June 28-30 July

*Below canopy flux measurements were collected 
only for the 2015 IOPs

Measurements collected during intensive observation periods (IOPs)



Below canopy measurements
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Rn=G+H+LE



Below canopy radiation
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North vineyard
(older) 11 July 2015

(IOP3)

South vineyard
(younger)



Below canopy energy fluxes
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IOP1 – Apr 22 IOP2 – Jun 1 IOP3 – Jul 11 IOP4 – Aug 12

North facing South facingInterrow  

Rn=G+H+LE



Below canopy energy fluxes

Agam et al.     Dahlia Greidinger International symposium 2019

IOP1 – Apr 22 IOP2 – Jun 1 IOP3 – Jul 11 IOP4 – Aug 12

North facing South facingInterrow  

Rn=G+H+LE



Below canopy energy fluxes

Agam et al.     Dahlia Greidinger International symposium 2019

IOP1 – Apr 22 IOP2 – Jun 1 IOP3 – Jul 11 IOP4 – Aug 12

North facing South facingInterrow  

Rn=G+H+LE



Below canopy energy fluxes

Agam et al.     Dahlia Greidinger International symposium 2019

IOP1 – Apr 22 IOP2 – Jun 1 IOP3 – Jul 11 IOP4 – Aug 12

North facing South facingInterrow  

Rn=G+H+LE



Below canopy energy fluxes
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IOP2 – Jun 1

North facing South facingInterrow  



Radiation and water content are main players
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North facing South facingInterrow  
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North facing South facingInterrow  
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Mean below canopy radiation
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South facingInterrow  

South vineyard
(younger)

North vineyard
(older)

Assumption

The mean of 5 measurements 
is representative of below 
canopy radiation

Test

Does daily radiation follow 
Bear’s law?
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Mean below canopy radiation
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4th Annual GRAPEX Meeting – E&J Gallo Winery
Modesto, California – March 6-8, 2018 

Special issue in Irrigation Science coming up
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