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Determining the Extent of Fallowed Land with Satellite Imagery 

Summer	2011

The	maps	above	are	based	on	data	from	the	Landsat	5,	Landsat	7,	Landsat	8,	and	Terra	and	Aqua	satellites	and	
show	patterns	in	crop	cultivation	and	fallow	agricultural	lands	in	California	during	the	2016	summer	season.	Brown	
pixels	depict	farms	and	orchards	that	have	been	left	fallow	or	"idled"	since	the	start	of	the	2016	summer	season.	
Green	pixels	are	lands	still	being	farmed	during	the	summer	growing	season.		During	the	summer	of	2016,	more	than	
1.8	million	acres	were	fallow	throughout	the	summer	season,	an	increase	of	more	than	508,000	acres	since	the	start	
of	the	drought.		
.

PROJECT TEAM:  NASA Ames Research Center, USGS, USDA National Ag. Statistics Service, 
California Dept. of Water Resources, NOAA, California State University Monterey Bay
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Central Valley Fallow Acreage Summary

Notes:
• Summer	Idle:		No	crop	detected	since	June	1
• Annual	Idle:	No	crop	detected	since	January	1
• “2016-2011”	is	the	difference	in	winter	idle	acreage	between	2016	and	2011
• Data	source:		NASA	Ames	Research	Center	/	CSU	Monterey	Bay
• Accuracy	for	the	estimates	from	NASA	is	+/- 10%,	based	on	comparisons	with	

monthly	field	observations	collected	across	the	Central	Valley	from	February-
August,	2016.

Central	Valley,	Total	Fallow	Acreage,	Summary	to	Date	(updated	August	31)

Year Summer	Idle	(idle	since	June	1) Annual	Idle	(year	to	date)
2016 1,891,359 1,001,140
2015 1,880,772 1,032,508
2014 1,848,890 1,310,099
2013 1,427,833 680,647
2011 1,383,669 405,996

2016-2011 507,691 595,144



1985 (wet year)

1991 (severe drought)
2014 water year
2015 water year
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* Monterey County Water 
Resource Agency, 2015

Average Ground Water Depths are Currently 
at Historically Low Levels*



Nitrogen use reporting started October, 2014



Tools	for	Managing	Water	and	Nitrogen	
Fertilizer	in	Vegetables	&	Berries

§Soil nitrate quick test		

§Weather-based irrigation scheduling



CIMIS	weather	network

ETcrop = ETref ´ Kcrop

Kc can vary from 0.1 to 1.2 

Converting	Reference	ET	to	
Crop	ET:

Weather-based	irrigation	scheduling



Satellite Data

Landsat (TM / ETM+ / OLI)
30m / 0.25 acres

Overpass every 8-16 days

Sentinel-2A
20m / 0.1 acres

Sentinel 2B launch in 2017



Normalized Difference 
Vegetation Index 

(NDVI); 8-day 
composite from Landsat 

and MODIS

Monitoring Crop Canopy 
Development



Southern San Joaquin Valley, CA, Field Boundary Polygons

Data source:  Kings, Tulare and Kern County Agricultural Commissioner Offices



Approach:  Combining Surface and Satellite Data

ETcb-a = ETo * Kcb-a

CIMIS satellite
(CoAgMet, AgriMet, AZMET)

SIMS Kcb Profile 
(Automated, Satellite-derived)

Standard Kc Profile (manual)

Figure credit:  2005 California Water Plan Update

Kc profiles via 1) reflectance based 
algorithms (Kcb); and 2) METRIC 
surface energy balance (in 
development with DRI, J. Huntington) 



Reflectance-based Approach:  
Mapping Actual Basal Crop Evapotranspiration

Satellite Irrigation Management 
Support (SIMS) Framework

Step 1:
NDVI à Fractional Cover (Fc)
• Based on studies by Trout et 

al., 2008; Johnson et al., 2012

Step 2:
Fc à Kcb-a 
• Allen and Perreira, 2009; Bryla

et al., 2010; Grattan et al., 
1998; Hanson & May, 2006;  
Lopez-Urrea et al., 2009 . . .

Step 3:
ETcb-a = ET0 * Kcb-a
• Follows FAO-56 approach
• ET0 from CIMIS
• Optional calculation of soil 

evaporation and crop stress via 
soil water balance at field scale



Satellite Irrigation Management 
Support (SIMS) Web Services

NDVI
% cover

crop coeff

ETcb-a





Other	information	needs	to	be	considered
Irrigation	System	Uniformity	and	

Application	RateRooting	Depth

Salinity	of	Water	SourceSoil	Type



On-farm	challenges	in	implementing	tools	for	managing	
water	and	fertilizer:

ü Multiple	fields	to	manage	and	track
ü Other	decisions	and	activities	to	

coordinate
ü Calculations	involved	in	N	and	water	

management	decisions	are	time	
consuming

ü Collected	data	needs	to	be	available	to	
the	decision	maker(s)



IrriQuest
On-farm Water Use Efficiency Calculator

Output:
• Crop ET (daily, seasonal)
• Consumptive Use Fraction
• Agronomic Use Fraction

Example for almond in San Joaquin Valley, 2013:

Lee Johnson, NASA Ames / CSUMB



CropManage:	online	irrigation	and	N	management	decision	
support	tool

https://cropmanage.ucanr.edu

Michael	Cahn,	UCCE



Database	
driven	web	
application

Field	sensors

Soil	and	Ranch

Soil	nitrate	test

CIMIS	ETo

Crop	ET	model

Crop	N	model

Watering	
Recommendation

N	fertilizer	
Recommendation

Display	and	export	water	
and	fertilizer	records

Decision	support	using	crop	models

Integrate	information	from	multiple	sources

Satellite	Data
(via	SIMS)



Crops	currently	supported	by	CropManage

Vegetables:	
Romaine		(40	and	80-inch	wide	beds)
Iceberg		(40	and	80-inch	wide	beds)
Broccoli	(summer	and	winter	plantings)
Cauliflower	(summer	and	winter	plantings)
Cabbage	(red	and	green)
Spinach	(baby,	teen,	bunch)
Celery
Leaf	lettuce*
Baby	lettuce*
Mizuna*
Peppers*

Berries:
Strawberry	
Raspberry*
Blackberry*



Replicated	Irrigation	Trial	for	Iceberg	Lettuce

CFR1

Treatment untrimmed trimmed untrimmed trimmed yield
         lbs/head

Grower standard (150% ETc) 2.73 1.60 73903 43221 41070
CropManage (100% ETc) 2.76 1.61 75623 44109 39579
LSD0.05 ns ns ns ns ns
1. Cored for region

head wt carton yield

 ---------  lbs/acre ----------



Irrigation	Treatment
Applied	
water Crown Bunch Total
inches 		-------	lbs/acre	---------

Grower	Standard	(150%	ET) 20.4 6797 8289 15086
CropManage	(100%	ET) 14.2 6747 9522 16269
LSD0.05 NS 1052 1061

Marketable	Yield

Using	weather-based	irrigation	scheduling	for	
broccoli	



Trial
1 2 3 4 5 6 AVG
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Summary	of	Commercial	Lettuce	Strip	Trials	(2012-
2013)

33%		(57	lbs	N/Ac)	less	N	applied	
following	CropManage



Questions?

fmelton@csumb.edu


