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Determining the Extent of Fallowed Land with Satellite Imagery

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

I Annual Idle
Cropped

Il Annual Idle
Cropped

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 2015 summer season. Brown
pixels depict farms and orchards that have been left fallow or "idled" since the start of the 2015 summer season.
Green pixels are lands still being farmed during the summer growing season. During the summer of 2015, more than
1.9 million acres were fallow throughout the summer season, an increase of more than 522,000 acres since the start
of the drought.
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Determining the Extent of Fallowed Land with Satellite Imagery

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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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.
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Central Valley Fallow Acreage Summary

Central Valley, Total Fallow Acreage, Summary to Date (updated August 31)
Year Summer ldle (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
Notes:

 Summer ldle: No crop detected since June 1

* Annual Idle: No crop detected since January 1

e “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.



Average depth to ground water (feet)

Average Ground Water Depths are Currently
at Historically Low Levels*

* Monterey County Water

Resource Agency, 2015
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TIER 2/TIER 3 FARMS WITH HIGH NITRATE LOADING RISK S ommleted form ahect oot Wates Bom 10 %0
TOTAL NITROGEN APPLIED REPORT - RANCH / RISK UNIT EMAR FORMA RS AN ATTACHMENT. &1t coronieted

Page 1 of 1 -June 5, 2014 Version saved form to an email and send to AgNOl@waterboards.ca.gov
CONDITIONAL WAIVER OF WASTE DISCHARGE REQUIREMENTS FOR DISCHARGES FROM IRRIGATED LANDS - REGIONAL BOARD ORDER R3-2012-0011
By October 1, 2014 and October 1 annually thereafter, Tier 2 and Tier 3 dischargers with High Nitrate Loading Risk must report total nitrogen applied and present in the soil. Refer to instructions on reverse.

SECTION I: GENERAL RANCH INFORMATION

AW#: Ranch Global ID: Ranch Name:

High Risk Determination Name(s):

SECTION II: RECORDKEEPING AND REPORTING INFORMATION Hiah Ris
e s
Have nitrogen records been maintained for the required reporting period (September 1 - August 30)? | |1YES NO
Reporting Year: []2014 [] 2016 ) d e P J B r
(seletone) 72015  [] 2017 IfNO, state the reporting period for which records have been maintained: to
MM/DDAYYYY MMWDO/YYYY

SECTION IIl: TOTAL NITROGEN APPLIED REPORTING

Ranch /Risk Unit Reporting Name:l | Ranch / Risk Unit Acres:

Total Nitrogen | Total N Applied in
Crop Type(s) Grown and Harvested $ rop Present in the Fertilizers & o/cC Average Nitrogen Total Nitrogen Applied wit
During Reporting Period ype soil : i / Concentration in lrrigation Irrigation Water
Acres (lbs/acre) (lbs/acre) Water (mg/L as NO3-N) (lbs/acre)

1. EIEIEIEIEI Identify the Basis for the Amount of Total Nitrogen that was Applied (select all that apply)

2. [7] University ResearchData || Yield Projection [ 7] Grower Experience

3. ["] UCCE Information [ ] Commodity or Industry Group || Laboratory Recommendation
4,

5 [7] uCFarm Advisor Consultation || Private Research Trials [] Site Analysis Dry Biomass

6. | ] Water Coalition ["] On-Farm Research Trials [ ] Scientific Literature

7. [T] Consultant (PCA, CCA, etc) || Trade Publication

8. [T] Local Info/Neighbor [T] Fertilizer Distributor/Dealer

SECTION IV: AUTHORIZATION AND CERTIFICATION

By submitting this Total Nitrogen Applied Report, in compliance with Water Code § 13267, | certify under penalty of perjury that this document was prepared by me, or under my direction or

supervision, following a system designed to ensure that qualified personnel properly gathered and evaluated the information submitted. To the best of my knowledge and belief, this document is true,
accurate, and complete. | am aware that there are significant penalties for submitting false information.

Does this form contain information related to trade secrets or secret processes? [1YES [1NO

e Nitrogen use reporting started October, 2014
Preparer Title PreparerContactlnfo:l I | Operator/RP Contactlnfo:l

1~ |




Tools for Managing Water and Nitrogen
Fertilizer in Vegetables & Berries

=Soil nitrate quick test




Weather-based irrigation scheduling

Converting Reference ET to
Crop ET:

ET.  =ET.x K

crop crop

K. can vary from 0.1 to 1.2
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Satellite Data

Sentinel-2A

30m / 0.25 acres 20m /0.1 acres
Overpass every 8-16 days Sentinel 2B launch in 2017 I




Monitoring Crop Canopy
Development
@ TOPS Satellite Irrigation Management Support

Go to: | Search | About Help Select Date: 2011-07-07

1 02014 NDVI Landsat and MODIS - 36.098N, 119.799W

SIMS Data Layers
0.8} 1 BETcH
0.6 20110707
' @ Crop coefficient (Kcb)
04} | 2011-07-04 to 2011-07-11
4 Veg. Index (NDVI) gapfilled
0.2¢ 1 2011-07-04 to 2011-07-11
, @ Veg. Index (NDVI)
Oct Tei ) 2011-07-04 to 2011-07-11
n 3 Base Layer

B nnnie Catallite

]

’ Feb Mar Abr Méy Ju'n JLIJ| Al.llg Sép

Normalized Difference
Vegetation Index
(NDVI); 8-day
composite from Landsat
and MODIS

E T T
0.0 0.2 0.5 0.8 1.0

NDVI 35.39402 N, -119.85320 W

Disclaimer: This data is for research and evaluation purposes only.
NASA Official: Ramakrishna R.Nemani Curator: Forrest Melton Privacy Statement
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Approach: Combining Surface and Satellite Data

CIMIS

ETcb-a= ETo * Kcb-a

/

(CoAgMet, AgriMet, AZMET)

\\

satellite

Standard Kc Profile (manual)

Hypothetical Crop Coefficient (K.) Curve for Ty;-aical Field and Row Crops Showing Growth Stages
and Percentages of the Season from Planting to Critical Growth Dates

“ Planting 10%Cy 75%Cy =
" R 7 oos |
12 75%
11 50%
10 2%
09
08
<07
0.6
0.5
04
0.3
02
W I S B S S
Mar-04 Por-04 May-04 Jun-04 Juk04 Aug-04 Sep-04 Oct-04 Nov-04
Growth Date
| Initial Stage Rapid Growth ===Mid-Season ====Late Seasonl

Figure credit: 2005 California Water Plan Update

SIMS Kcb Profile
(Automated, Satellite-derived)

Crop coefficient (Kcb) - 36.397N, 120.062W

Feb '16 May '16 Aug '16

K. profiles via 1) reflectance b
algorithms (Kp); and 2) MET
surface energy balance (in
development with DRI, J.



Reflectance-based Approach:
Mapping Actual Basal Crop Evapotranspiration

Satellite Irrigation Management
Support (SIMS) Framework

Satellite CIMIS Site info.

(Landsat
& MODIS)

Processing
Steps

NASA
Earth
Exchange

At sensor
radiance

LEDAPS

Surface reflect.

NDVI

Fractional cover

Kcb *ETo |

YETch

Web browser Mobile

Melton et al., 2012, IEEE JSTARS

Step 1:
NDVI - Fractional Cover (F.)

« Based on studies by Trout et
al., 2008; Johnson et al., 2012

Step 2:

F > cha
Allen and Perreira, 2009; Bryla
et al., 2010; Grattan et al.,
1998; Hanson & May, 2006;
Lopez-Urrea et al., 2009 . . .

Step 3:

ETch.a = ETo * Kep-a

* Follows FAO-56 approach

 ET, from CIMIS

« Optional calculation of soil
evaporation and crop stress vi
soil water balance at field




Satellite Irrigation Management
Support (SIMS) Web Services

Username:

TOPS Satellite Irrigation Management Support

| Search | Select Date: 2011-07-07

SIMS Data Layers
UETch
2011-07-07
@ Crop coefficient (Kcb)
2011-07-04 to 2011-07-11
@ Fractional Cover (FC)
2012-07-27 to 2012-08-03
8 Veg. Index (NDVI) gapfilled
20110704 to 2011-07-11
@ Veg. Index (NDVI)
20110704 to 2011-07-11
Base Layer
©Google Satellite
.Googla Terrain
.Googla Streets




,}.' ‘ - v_m'. - ‘
@ TOPS Satellite Irrigation Management Support AT 5

P L

| Search | Select Date: 2013-07-17

I == [
[ oy

]
SIMS Data Layers [=]

{1 - I
20130717
"m | (UCrop coefficlent (Kcb)
2013-07-12t0 2013-07-19
@ Fractional Cover (FC)
2013-07-12to 2013-07-19
@ Veg. Index (NDVI) gapfilled
2013-07-12t0 2013-07-19
@ Veg. Index (NDVI)
4 - 2013-07-12t0 2013-07-19
2013-07-17: 370124023763, -120.277437053 . Beso Layer
currentvalue 2010 history 2011 history 2012 history 2013 history 2014 history ' ) OGoogle Satellite
ndvi 0.500859 graphcsv  graphcsv  graphcsv  graphcsv  graph csv ‘ ! = @Google Physical
ndvi GF 0500859  graphcsv  graphcsv  graphcsv  araphesv graph csv " , ! } @Google Streets
Fo 0500859  graphcsv  graphcsv  graphcsv  graphosv  graph csv & < '1 -|
Kcb 0.767559 graph csv araph csv graph csv araph csv graph csv . — e - -

ETcb 0208233  graphcsv  graphcsv  graphcsv  graphcsv | graph csv @
cropType almond | z- 2% P
g o i ! "&’ | ’

-,_- -.‘-a
inm-i i .

= i ' , b BLE

WBAG, DigitalGlobe, Landsaiil

Disclaimer: This data is for research and evaluation purposes only.
NASA Official: Ramakrishna R.Nemani Curator: Forrest Melton Privacy Statement




Other information needs to be considered

TN

i

1RRIGATION WATER
OT FOR DRINKING

AGUA pARA RIEGO
NO PARA TOMAR




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

v Multiple fields to manage and track

v Other decisions and activities to
coordinate

v' Calculations involved in N and water
management decisions are time
consuming

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




IrriQuest

On-farm Water Use Efficiency Calculator

Example for almond in San Joaquin Valley, 2013:

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

10

A
N ~ ~ .
sims update [1.1] ndvi goto SIMS [1.2] crop type: [1.3] region:

1-Jan
9-Jan
17-Jan
25-Jan
2-Feb
10-Feb
18-Feb
26-Feb
6-Mar
14-Mar
22-Mar
30-Mar
7-Apr
15-Apr
23-Apr
1-May

N Alae

B

0.495388
0.493614
0.388297
0.463374
0.391162

0.42256
0.397599
0.391901
0.448919
0.737658
0.628556
0.713049
0.675355
0.822237
0.770835
0.797692

n Maonn

&

D

E F

) [1.4] mid-season period:‘

|almond |san Joaquin Valley [spring/summer |
NDVI

1

08 .WW
Y WA

06 *y ;“. rygpUT
0.4 —¥w*e¥
0.2

o T T T

Output:

H

date

1-Jan
2-Jan
3-Jan
4-Jan
5-Jan
6-Jan
7-Jan
8-Jan
9-Jan
10-Jan
11-Jan
12-Jan
13-Jan
14-Jan
15-Jan
16-Jan

17T lae

- Crop ET (daily, seasonal)
- Consumptive Use Fraction

- Agronomic Use Fraction

Lee Johnso

0.00
0.00
0.01
0.02
0.01
0.33
0.28
0.02
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00

nn

0.03
0.03
0.03
0.02
0.02
0.03
0.03
0.04
0.03
0.04
0.04
0.04
0.04
0.04
0.05
0.05

K

goto CIMIS

L

[1.5] precip (in.):‘ [1.6] ETo (in.)? view default ETo

A




CropManage: online irrigation and N management decision
support tool

https://cropmanage.ucanr.edu

@ Bondesen v Espafiol ® Logout

CropManage

Welcome to CropManage

Michael D Cahn

Ranch User Ranch List
# Home
Ranch Active Total

Ranch Plantings Plantings
[} Bondenson 0 17 .

Profile
[ Bondesen 0 39 .
[} Callaghan Ranch 0 82 .
[} DaRosa 0 1

Michael Cahn, UCCE



(@/ Integrate information from multiple sources
CropManage

Satellite Data

Watering

Recommendation

Database
driven web
application

Field sensors \

o Display and export water
o 1h
and fertilizer records

N fertilizer
Rgedwm'mendation

Decision support using crop models



Crops currently supported by CropManage

Vegetables:
Romaine (40 and 80-inch wide beds)
lceberg (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

§p

head wt carton yield CFR'
Treatment untrimmed trimmed  untrimmed trimmed yield

Ibshead  --------- Ibs/acre ----------
Grower standard (150% ETc¢) 2.73 1.60 73903 43221 41070
CropManage (100% ETc) 2.76 1.61 75623 44109 39579
LSDy o5 ns ns ns ns ns

1. :
Cored for region
N O P LY S




Using weather-based irrigation scheduling for
broccoli

Marketable Yield

Applied
Irrigation Treatment water Crown Bunch

inches  ------- lbs/acre ---------
Grower Standard (150% ET) 20.4 6797 8289

CropManage (100% ET) 14.2 6747 9522
LSD o5 NS 1052

ve



Summary of Commercial Lettuce Strip Trials (2012-

2013)

140
%\ s Grower
c% 120 mmmm CropManage
© 1004{ g - - - - - -
o
X 80
©
©
s 60 .
© 33% (57 Ibs N/Ac) less N applied
T 40 following CropManage
<
s 20

O T T T T T T

1 2 3 4 5 6 AVG
Trial



Questions:

fmelton@csumb.edu



