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Precipitation

Infiltration

Water Use Evaluation:

Consumptive use by
Irrigated crops

Crop water productivity

Water Availability:
Landscape ET as a

component of the overall
12 digit HUC Watershed water budget
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Deriving ET from satellite imagery

Relies on data from the thermal bands
(evapotranspirationis a cooling process)
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Vegetation Index Temperature Trapezoid
(VITT) g

VITT 20090621
High biomass
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This approach requires only the satellite image and
an estimate of air temperature

" Surface canopy temp - Atmospheric temp, NDVI => VITT
" Slope and intercept of bounding lines used to calculate AET/PET
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Modeling and measuring ET

®" Thermal infrared

" Two Source Energy Balance (USDA ARS Kustas, Norman)
ALEXI-DisALEXI (USDA-ARS Anderson, Norman)

SEBAL (Bastiaanssen), METRIC (Allen)

SEBI-SEBS, S-SEBI, SEBS (Su, Roerink, Menenti)

SSEB (Senay)

" Reflectance/crop coefficient

" USBR Lower Colorado River Accounting System
" NASA Ames (Melton)

" Hybrid thermal/reflectance approach
" USU (Geli & Neale)
" VITT (Jones)

= Satellite P-M: U Montana MODIS (Mu); de Bruin
® Satellite Priestley-Taylor: JPL (Fisher)
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Modeling and measuring ET

®" Thermal infrared

" Two Source Energy Balance (USDA ARS Kustas, Norman)
ALEXI-DisALEXI (USDA-ARS Anderson, Norman)

SEBAL (Bastiaanssen), METRIC (Allen)

" SEBI-SEBS, S-SEBI, SEBS (Su, Roerink, Menenti)

" Simplified Surface Energy Balance (Senay)

" Reflectance/crop coefficient

" USBR Lower Colorado River Accounting System
" NASA Ames (Melton)

" Hybrid thermal/reflectance approach
" USU (Geli & Neale)
" Vegetation Index Temperature Trapezoid (Jones)

= Satellite P-M: U Montana MODIS (Mu); de Bruin
® Satellite Priestley-Taylor: JPL (Fisher)
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Operational Simplified Surface Energy Balance (SSEBop) Approach

Land Surface temp

Weather Data

Radiation
Temp, Wind, RH
Pressure

Air temp

4

Reference ET

ETo bserved

Adaptedthe “hot” and “cold” pixel conceptfrom SEBAL (Bastiaanssenetal., 1998)and
METRIC (Allen et al., 2005) to calculate ET fraction and combine it with ETobserved.

Senay, et al., 2007 Sensors; AWM 2011; Hydrological Processes 2011, JAWRA 2012 (Accepted))
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Annual ET Totals from

Have completed monthly CONUS landscape ET at MODIS 1-km scale (2000-2012)
using the SSEBop model — see references at end of presentation

Evenson, Verdin, Senay




Annual ET Anomalies from MODIS

50-70  90-110 130-150
[ .
<50 70-90 110-130 >150%

— see references at end of presentation
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Annual ET Totals from Landsat

Lan\dsa Bl.. o

NEVADA =61 ORADO

NEW MEXICO

High : 1000

0 50100 200 300 400 S00 600 700 800

Have completed Landsat-based monthly 2010 ET mapping for the
Colorado River basin, using the SSEBop model

— see references at end of presentation _
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Comparison of Annual ET for 2010
Duchesne, Utah
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— see references at end of presentation
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Irrigation In the Eastern U.S.

percantirmgated 100

[ S

Image From: Ozdogan, M. and Gutman, G.
Remote Sensing of Environment 112 (2008)

3520-3537
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Acres Irrigated

+65%A

+55%A
+40%A

o - ol

Acres in Millions

Arkansas Mississippi Tennessee Georgia

From the USDA Censuses of
Agriculture: 2007 and Earlier

Jones, Hively



Mapping ET via VITT method

USGS EGSC
Irrigation Water Use

2011-07-21

Estimated ET
- High : 4

L Low : O

Jones, Hively




Data Integration

National Cropland Data Layer Landsat Imagery Archive Cropland Data

orm
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Estimated
Evapotranspiration
2et200906mm

High : 693081

- o

l. - | ! a0
Crop type and well head water use Calculated evapotraspiration

= On-farm irrigation pump records (daily and annual flow)
* Field boundaries (common land use data, shape files)
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Field-specific irrigation records

Mississippi County, AR
(Landsat P23 R35)

Collaborators:

Arkansas
Study Area

Irrigation pumps
= Annual totals
= Daily telemetry

|:| Landsat 23 35

RW Irrigated_Fields
DC_Telemetry_Locs
MSco_irri_2009
MississippiCountyAR

county_nrcs_a_ar

N

0 4 8 16 1
[ — ] 4

Dennis Carman (White River Irrigation District)
Michele Reba (USDA-ARS Oxford, MS)
AR and MS USGS Water Science Centers




Field-specific irrigation records

Arkansas
Collaborating
Farm

@ RW_lrrigated_Fields

, X a ) 5 '_ s ) ”..ﬁ: ) .:,‘ i ‘. .i
Note : These data are preliminary and are subject to revision. They are being provided to meet the
need for timely ‘best science’ information. The assessment is provided on the condition that
- neither the U.S. Geological Survey nor the United States Government may be held liable for
ﬁ*USGS any damages resulting from the authorized or unauthorized use of the assessment.



Field-specific irrigation records

RWFarm 2011 Irrigation records

Acres

Crop

Irrigation
Method

# of
Irrigations

Irrigation #1

Irrigation #2

Irrigation #3

Irrigation #4

Days before Landsat imagery

Start Date Length

Start Date Length

Start Date Length

Start Date Length

7/21

8/6

8/30

80
30
30
16
30
30
40
10
17
40
20

50
80
14
25

6
25
10
15

Cotton
Cotton
Cotton
Cotton
Cotton
Cotton
Cotton
Cotton
Cotton
Cotton
Cotton
Rice
Rice
Soybeans
Soybeans
Soybeans
Soybeans
Soybeans
Soybeans
Soybeans
Doublecrop
Soybeans

Furrow
Furrow
Furrow
Furrow
Furrow
Furrow
Furrow
Furrow
Furrow
Furrow
Furrow
Flood
Flood
Flood
Furrow
Flood
Flood
Flood
Furrow
Flood

Furrow

#

W WUt wwwwwwahsbd

mm/dd hr

mm/dd hr

mm/dd hr

mm/dd hr

days

days

days

6/30 46
7/2 21
6/30 24
7/1 8.5
7/1

6/29 22
6/30 30
6/30 6
6/29
7/1
6/28

52
24

7/20
7/3
7/19
7/18
7/1
7/19
8/9

6/6

7/17 48
7/18 24
7/15 25
7/16 6
7/17 22
7/15 24
7/16 30
7/15 8
7/14 20
7/15 48
7/15 30

8/29
7/20
8/9
8/9
7/18
8/5

8/5

8/3 51
8/3 24
8/1 32
7/31 17
8/2
8/2
8/3
8/5
7/21
8/3
8/2

28
36
10
18

43

9/1 16
8/30 8

A

OO NGOV OO R U OWS

3 3
[ ]

20
F
19
22
21
20
22
21
22
16
22
39
na
na
1
F
17
18
19
F
19
18

na

Note : These data are preliminary and are subject to revision. They are being provided to meet the
need for timely ‘best science’ information. The assessment is provided on the condition that
neither the U.S. Geological Survey nor the United States Government may be held liable for
any damages resulting from the authorized or unauthorized use of the assessment.
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Field-specific irrigation records

Arkansas
Collaborating Farm
Pumping Records

:l lirigated_Fields

2011-07-21

Estimated ET
High : 4

Days since
irrigation
Low: 0
N

0 0.2505 1
——km S

Note : These data are preliminary and are subject to revision. They are being provided to meet the
need for timely ‘best science’ information. The assessment is provided on the condition that
- neither the U.S. Geological Survey nor the United States Government may be held liable for
ﬁ*USGS any damages resulting from the authorized or unauthorized use of the assessment.



Field-specific irrigation records

Arkansas
Collaborating Farm
Pumping Records

green = days elapsed
between magery date
and previous irrigation

[ ] imigated_Fields

2011-08-06

Estimated ET
High : 4

Days since
Irrigation
Low: 0
N

0 0.2505 1
——km S

Note : These data are preliminary and are subject to revision. They are being provided to meet the
need for timely ‘best science’ information. The assessment is provided on the condition that
- neither the U.S. Geological Survey nor the United States Government may be held liable for
'.’;USGS any damages resulting from the authorized or unauthorized use of the assessment.
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Field-specific irrigation records

Arkansas
N Collaborating Farm
| Pumping Records

green = days elapsed
between magery date
and previous irrigation

|:| lirigated_Fields

2011-08-30

Estimated ET
High : 4

Days since
irrigation
Low : 1.17549e-038

N
0 0.2505 1
——km S

Note : These data are preliminary and are subject to revision. They are being provided to meet the
need for timely ‘best science’ information. The assessment is provided on the condition that
neither the U.S. Geological Survey nor the United States Government may be held liable for
-;USGS any damages resulting from the authorized or unauthorized use of the assessment.



Field-specific irrigation records

RW Farm Irrigation Data Matchup
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> Wet soils, happy plants

(e}

° Jul21st 2011
X Aug 6th 2011
A Aug 30th 2011

Days since last irrigation

Note :

These data are
preliminary and are
subject to revision. They
are being provided to
meet the need for timely
‘best science’
information. The
assessment is provided
on the condition that
neither the U.S.
Geological Survey nor
the United States
Government may be held
liable for any damages
resulting from the
authorized or
unauthorized use of the
assessment.




Field-specific irrigation records
‘ 'j ' , k | _i Arkansas

Collaborating Farm
Pumping Records

green = days elapsed
hetween imagery date
and previous irrigation

07-21-12

[ ] imigated_Fields

| 0004909 0.8 l
O e— 0] N

N

Note : These data are preliminary and are subject to revision. They are being provided to meet the
need for timely ‘best science’ information. The assessment is provided on the condition that
- neither the U.S. Geological Survey nor the United States Government may be held liable for
'.?USGS any damages resulting from the authorized or unauthorized use of the assessment.
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Field-specific irrigation records

Arkansas
Collaborating Farm
Pumping Records

green = days elapsed
between imagery date
and previous irrigation

07-21-12

|:| lirigated_Fields

2011-07-21

Estimated ET
High : 4

. Low:0

0004209 0.18
1 km

Note : These data are preliminary and are subject to revision. They are being provided to meet the
need for timely ‘best science’ information. The assessment is provided on the condition that
- neither the U.S. Geological Survey nor the United States Government may be held liable for
ﬁé’USGs any damages resulting from the authorized or unauthorized use of the assessment.



Field-specific irrigation records

RW Farm Irrigation Data Matchup
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%
Soil just wet

Plants still dry
JAVAN

A

A

° Jul21st 2011
X Aug 6th 2011
A Aug 30th 2011

Days since last irrigation

Note :

These data are
preliminary and are
subject to revision. They
are being provided to
meet the need for timely
‘best science’
information. The
assessment is provided
on the condition that
neither the U.S.
Geological Survey nor
the United States
Government may be held
liable for any damages
resulting from the
authorized or
unauthorized use of the
assessment.




Goal: Annual water use by crop type

Arkansas
Collaborating Farm

Cropland Data

|:| Comn

- Cotton
- Rice

- Soybeans
I winter Wheat
B w. wht /sy
|:| Developed

[ ] imigated_Fields

2011-08-30

Estimated ET
High : 4

- Low : 1.17549e-038
N

002505 1 ‘

Note : These data are preliminary and are subject to revision. They are being provided to meet the
need for timely ‘best science’ information. The assessment is provided on the condition that
- neither the U.S. Geological Survey nor the United States Government may be held liable for
'.?USGS any damages resulting from the authorized or unauthorized use of the assessment.
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Summary

" Developing novel ways to use ground-based
data for validation of irrigation maps

" Initial “simple” Landsat-based model has
been semi-automated (ArcGIS, ENVI, Excel)

" VITT and GIS-based analysis are yielding
distinct, logical, spatial and temporal patterns

" Now evaluating cost / benefit of increased ET
model complexity vs. obtaining ET through
national collaboration

2 USGS



ET guidelines and specifications

" Common framework of practice

Crop location data Remotely sensed data Weather data
Cropland Data Layer Ts, NDVI (LANDSAT/MODIS) Ta, ET,. (NLDAS / RAP)
annual 16-day/1-2 days daily

30-56m 30-100 m/1 km 0.125° /13 km

USDA USGS NWS

USGS Water Census
and other partners

Actual ET
monthly/daily
100m/1 km

=~ USGS Evenson, Verdin, Senay / mod. Hively



ET guidelines and specifications
Consistent input data reduces uncertainty

. Pre-processed imagery (Landsat from USGS)
. Consistentwithrequirements for Essential Climate Variables

. USGS EROS Data Center is developing capacity to release
LEDAPS surfacereflectance and cloud masks directly via
Earth Explorer (John Dwyer)

. Maps of crop type (NCDL from USDA-NASS)
. Gridded reference ET and Ta (from NOAA)

. Spatial precision in all datasets, frequent data
. National ET map as essential climate variable

New sensors will be helpful

=~ USGS Evenson, Verdin, Senay / Hively Jones



Data Processing Work Flow —
Arkansas project

EROS [Landsat Acquisition |
2012 « LEDAPS surface reflectance => band ratios
Cloud |ayer L' LDOPE => Cloud mask )
[Transform to VITT '
 Vegetation index (NDVI) to determine fractional cover
_* Ts-Ta (canopy surface temperature - air temperature) )
?
(Transform to ET '
 Determine dry and wet edges of VITT
ET as ECV ? - Estimate ET as a ratio of actual and potential ET ‘ )
rInterpret Output

Steps in blue could be

performed at national « Link to ancillary datasets (crop type, field boundaries)
scale, replacing the need « Validate with field measurements (pump data)
for in-house calculations \-

r -
Discussion is needed to Communicate Results to Collaborators

outainibestsoionsio - Integrate with local research objectives

deriving ET in a common - .
framework _* Regional and National Programs

=~ USGS Jones, Hively



Cloud mask information in Landsat

Bit no. Parameter hame Interpretation

1 Valid data yes

no

DDV absent

DDV present

clear

cloudy

cloud shadow absent
cloud shadow present
snow absent

snow present

water

land

adjacent cloud absent
adjacent cloud present

o

Dense dark vegetation (DDV)
Surface reflectance cloud mask
Cloud shadow mask

Surface reflectance snow mask

Spectral test land/water mask

oOroOorOoOoOPrOoOoOPrOoOoOPRrokRr

Adjacent cloud

=

John W. Jones et al., 2012: LANDSAT SURFACE REFLECTANCE QUALITY
ASSURANCE EXTRACTION [Operators manual for using LDOPE to extract data
guality information from Landsat images, in press USGS Techniques and Methods]

%USGS Jones, EROS



Thank You

* Dr. W. Dean Hively
USGS Eastern Geographic Science Center
whively@usgs.gov - 301-504-9031

e Dr.John W. Jones
USGS Eastern Geographic Science Center
jjones@usgs.gov - 703-648-5543
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