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Nebraska: A Substantial Irrigator
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Active Irrigation Wells
~ 96,000
$6-8 Billion Investment

Irrigation
Well

Active Irrigation Wells
(8/2012)=93087

Major development occurred
in 70’s, but growth continues
at about 2000 wells per year 1960 1970 1980

Decade

Number of Wells Developedin Decade




Water Control Programs in Nebraska
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Allocation Programs Limit Volume of Pumpage Over a Period of Time
Expansion Limits Restrict Development of New Wells or New Irrigated Areas
Upper Big Blue Considering Allocation Program
Other Western States Have Similar Issues/Programs

& Watersnr-Food

DAUGHERTY GLOBAL INSTITUTE

at the University of Nebraska



105° 104 103° 102° 101° 100° 9g° gg° 97° %6°
I T T T T T ¥
1

Depletion as Fraction of
Saturated Thickness of the
Aquifer

(McGuire , 2011)

Depletions in southern High
Plains > 50% of saturated
thickness
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Methods of Estimating Evapotranspiration (ET)
from Remote Sensing:

Crop coefficient and reference ET:

» Reflectance-based crop coefficient models where vegetation indices are related to ET crop
coefficients. Relationships are typically crop specific.

- Use shortwave (Visible, NIR) bands of UAV, airborne or satellite instruments.
Energy balance models:

* One layer models examples: empirical models (OLEM), SEBS, SEBAL, METRIC, SSEBop
» Two-source model (TSM), ALEXI-DisALEXI
» Detailed Process models

- EB models require the use of both the thermal infrared and the Visible/NIR bands
Hybrid Methodologies:
« Combine energy and water balance models Hybrid ET (SETMI)
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Reflectance-based Basal Crop Coefticient Kcb & Water Balance

‘;‘gg‘t' GENERALIZED CROP CURVE .
. &/Alfalfa Reference Crop
ob e - — m - — - L _k._E_Ta_—_KciE_:I'I’_
:. — +Ks)
h Comn, ! " - R
8 :': 1982 i i
- L I
v ~6-:: ' :'I I {Limited
E A Ky '. 1 l. ) sm:wnor )
3 )
a 4 I I
a . 3 ll
G 1 i
3
.2t
-y Complete Fartial irrigotions
Ilﬁrnqot-mor an} [ t ‘I' . , l t

Full Cover
Neale, C. M. U., W.C. Bausch and D.F. Heermann. 1989. Development of reflectance based crop coefficients for corn.

Transactions of the ASAE,Vol. 32(6):1891-1899
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Evolution of Reflectance-based Crop coefficient (Kcbrf)
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Rationale for re-examining Kbcerf for Corn

 Original research in the mid
1980’s was based on very
different varieties with a more S
planophile leaf structure, shorter &
plants and planted to a lower :
plant population reaching lower
maximum LAl values in the field

* New hybrid varieties have an
erectophile upper canopy, are
taller and planted at a higher
density reaching higher LAl
values in the field
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Reflectance based Kcb Transformations

Reflectance-based crop Coefficients

Are obtained by linearly relating the NDVI or SAVI of bare soil with the NDVI or SAVI at effective full cover the point
of maximum ET on a crop coefficient curve

NDVI = (NIR — Red) / (NIR + Red) SAVI = (NIR —Red) (1+L) / (NIR + Red + L)

Effective full cover occurs at LAl varying from 2.7 to 3.5 depending on the crop and with percent cover around 80%

SAVI and NDVI are vegetation indices estimated from Red and Near-Infrared bands of satellite, airborne sensor or
ground radiometers

(SAVI — SAVI gazre soi) * (Ko erc — K BARE sor)

ls,\g[f I e e R 2 ngchBARE SOIL
(SAVI gpc — SAVIgsgesor)

Neale et al., 1989; Bausch and Neale, 1989
Bausch, 1993
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Carbon Sequestration Research Facility
at the UNL Agricultural Research and Development Center, Mead

D, s\ .

| Irrigated
Maize —
Soybean

Irrigated
Continuous

& WaterqorFood

' DAUGHERTY aLOBAL INSTITUTE
— at the University of Nebraska



s

oy e (]

— |
=

3
=1
5

d

aN PaN|

NP
|

X
b

JZ& Watersnr-Food

DAUGHERTY GLOBAL INSTITUTE
at the University of Nebraska




Re-analyzing the approach to convert VI (SAVI) in crop coefficients
for irrigation management.

Empirical demonstration K :1_e(*'KXLAI:) VI=VI -(VI VI )Xe
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Re-analyzing the approach to convert VI in crop coefficients for
1rrigation management.

k/k’ - DK =
VI _VI K=0.47; K'=0.55 Corn -
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New Reflectance based Kcb for Corn and Soybeans

Application for ET and Irrigation requirements for Corn and Soybeans
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New Reflectance based Kcb for Corn and Soybeans

Maize
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Reflectance-based Crop Coefficients Redux: For Operational Evapotranspiration Estimates In The Age Of High

Producing Hybrid Varieties. 2017. Isidro Campos; Christopher M.U. Neale; Andrew E. Suyker; Timothy J. Arkebauer;
Ivo Z. Gongalves. Agricultural Water Management.. Vol. 187, Pages 140-153.

http://dx.doi.org/10.1016/j.agwat.2017.03.022
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The Hybrid ET model

Diagnostic SVAT Scheme Prognostic Modified FAO-56*
The Two-Source Energy Balance Model (TSEB)?3 water balance in the rootzone

e P Irr.
f \'ﬁ u u =» RO ET, estimated using
=> FC -=—===—==—-m-mmmmm - - - Penman-Monteith Equation
| Grass Reference Crop
PWP ==mmmmmmmmmmmmmm e e
| ET, =K, .ETy
Trao(®) = f(Ts,Te, fc(d)) * *
RAD - Sy1cy JC o
Series Resistance Formulation Modified with reflectance -based basal
LE=Rn-G-H crop coefficient (Kcbrf)?
2 Norman and Kustas (1995), 3Li, et al.(2005) 4 Allen et al. (1998), °Neale et al. (1989)

'Neale et al. (2012), Soil water content estimation using a remote sensing based hybrid evapotranspiration modeling approach.
In Advances in Water Resources, Volume 50, December 2012, Pages 152-161, ISSN 0309-1708
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Two-Source Energy Balance Model (TSEB)

% Trao( ) ~ ()T + [1-F( )T

(two-source approximation)
Norman, Kustas et al. (1995)

Treats soil/plant-atmosphere
coupling differences explicitly

Accommodates off-nadir
thermal sensor view angles

Provides information on
soil/plant fluxes and stress
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System and Component Energy Balance
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The Hybrid Model

Combined K,,swater balance with TSEB

Water balance (WB) ET updated using statistical interpolation
(Geli, 2012; Neale et al., 2012):

ETWB—adjusted = ETyp + W(ETrsgp — ETyp)

W is a function of the respective “error variance” of each model

Differences are attributed to K and thus modeled depletion.

Both are subsequently updated.

Geli, H.M.E. 2012. Modeling Spatial Surface Energy Fluxes of Agricultural and Riparian Vegetation Using Remote Sensing. Ph.D.
Dissertation. Civil and Environmental Engineering Department, Utah State University, Logan, UT. Paper 1165. Available at:
http://digitalcommons.usu.edu/1165.

Neale, C.M.U, H.M.E. Geli, W.P. Kustas, J.G. Alfieri, P.H. Gowda, S.R. Evett, J.H. Prueger, L.E. Hipps, W.P. Dulaney, J.L. Chavez, A.N.
French, T.A. Howell. 2012. "Soil water content estimation using a remote sensing based hybrid evapotranspiration modeling
approach.” Adv. in Water Res. 50: 152-161.DOI: 10.1016/j.advwatres.2012.10.008
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The Hybrid Model!

Update of Soil Moisture
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Prognostic mode

'Neale et al. (201 2), Soil water content estimation using a remote sensing based hybrid evapo'rrclnsplrdtlon modellng approach.
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Methods — SETMI Interface
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Geli, H. M. E. and C.M.U. Neale, (2012), Spatial evapotranspiration
modeling (SETMI), Proc. IAHS 352, Remote Sensing and
Hydrology (September 2010), ISSN 0144-7815
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Geo-spatial Data: Crop Classification Layers
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Northeastern Nebraska Corn/Soybean Rotation

2013 2014
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Many satellite-based evapotranspiration models require the knowledge
of the crop type at the surface
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Digital Soil Survey Information

Map of water holding capacity in the 1st m. profile RGB color composition, L8 Date 07/19/2913

R
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Source: USDA Natural Resource . . _
Conservation Service Variables include: Soil type, texture, depth,
(http:/lwebsollsurvey.sc.eqovusda.goviAp  |ayers, water holding capacity, infiltration

il : .
p/WebSoilSurvey.aspx) rates, organic matter content etc.
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Operational EO satellites with medium to high spatial resolution

Satellite/Sensor
Landsat 8 LDCM
Landsat 7 ETM+
DMC constellation
Sentinel-2
IRS-AWIFS-P6
IRS LISS I11-1C
IRS LISS I11-1D
CBERS CCD
SPOT 5
FORMOSAT
Rapid eye
IKONOS
QUICKBIRD

Time Resolution
16 days

16 days

Up to daily revisit
15 days

6 days

24 days

25 days

26 days

Up to daily revisit
Up to daily revisit
Up to daily revisit

3 days
1-5 days

Image size
185 km x 185 km
185 km x 185 km

Up to 600 x 600 km

290 km x 290 km
740 x 740 km
142km x 142km
148km x 148km
113km x 113 km
60 km x 60 km

24 km x 24 km

25 km x 25 km

13 km x 13 km
16.5 km x 16.5 km

Spatial resolution
30-100 m
30-60 m
Up to 20 m
10 m

56 m

23 m

23 m

20 m

10 m

8m

5m




Example of Application in Nebraska

Location of the Upper Republican River Basin in southwest
Nebraska
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UPPER REPUBLICAN RIVER BASIN

249 DOY

201 DOY (max. IAF)

+

345 DOY
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Soil Adjusted Vegetation Index - SAVI

201 DOY (max. SAVI) 249 DOY
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Upper Republican River Basin, NE
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Upper Republican River Basin, NE
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Concept: Prescriptions for Managing Variable Rate Irrigation

Weather

Multispectra
p Data

Imagery

Remote-

Soils Sensing-
Map Based Water
Balance

Model 4
New Irrigation

Previous 2

Irrigation | Prescription
& | and Schedule
Maps

Point Sail
Moisture

Multispectral Image is Landsat 8 obtained
from the U.S. Geological Survey.

Ne Mﬁg o 4 Waters/-Food

incoln

DAUGHERTY GLOBAL INSTITUTE
at the University of Nebraska




Operational Evapotranspiration Determination in
the MENA Region for ESI and Drought Monitoring

Christopher Neale
Water for Food Institute
University of Nebraska

Christopher Hain
NASA MSFC, Alabama

Martha C. Anderson

USDA-Agricultural Research Service, Hydrology and Remote
Sensing Laboratory

Mitch Scull
ESSIC, University of Maryland

2D VATIONAL DROUGHT MITIGATION CENTER ey ‘ Watel‘jw FOOd
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— the Ur of Nebraska




WHAT WE ARE CONDUCTING FOR THE MENA REGION

« Use of ALEXI energy balance model to obtain daily surface
ET at 375 m resolution from the VIIRS Satellite Instrument

* This ET product will be used for the estimation of the
Evaporative Stress Index, used in the Composite Drought
Index

 Disaggregate ET using DisALEXI models for field scale
water productivity estimates (crop yield and actual ET)

» Other benefits: the 375 m ET product can also be used for
water accounting and availability in watersheds and river
basins




Supplementing ALEXI Capabilities with Polar Orbiting Sensors

A technique has been developed and evaluated using GOES data to train a regression model to
use day-night LST differences from MODIS to predict the morning LST rise needed by ALEXI. The
regression model can provide reasonable estimates of the mid-morning rise in LST (RMSE ~ 5 to 8%)
from the twice daily VIRS LST observations.

VIIRS
Daytime
LST

Morning LST Rise: ALEXI Window

VIRS
Nighttime
LST

Land Surface Temperature

Sunrise Local Noon

Time of Day




The ALEXI model runs the TSEB

Two-Source Energy Balance Model (TSEB)

* Trao( ) ~ fe( )Tc + [1-F( )ITs
(two-source approximation)

Norman, Kustas et al. (1995)

0 Treats soil/plant-atmosphere
coupling differences explicitly

n Accommodates off-nadir
thermal sensorview angles

. Providesinformation on
~ soil/plantfluxes and stress

d‘ watetﬁﬂ“FOOd University of Nebraska | waterforfood.nebraska.edu

ROBERT B.DAUGHERTY INSTITUTE




Development of a High-Resolution (375-m) VIIRS ET Product

Data coverage for VIRS ET product. Sample location at Nile Delta
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*Shading indicates 1-km percentage of cropland from global synthesis of several RS-based land use maps



Current VIIRS Latent Heat Flux (W m-2) Capability (375-m)
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Development of a High-Resolution (375-m) VIIRS ET Product

Annual ET estimated from integrating daily values for 2015

ALEXI-VIIRS 375—m Annual ET (mm) —— 2015




Development of a High-Resolution (375-m) VIIRS ET Product
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Input data: ALEXI daily ET

Nile Delta Irrigation

. VIRS daily ET mm/d

Daily ET calculated at
VIIRS 375 m data using
the ALEXI model.

USDA 6 Waterﬁ Food

BOBERT & OAUSILATY IMSTITUTE



Initial results: Landsat daily ET

Nile

o

Delt

T e

a Irrigation

Landsat Daily ET
downscaled from ALEXI
using the PyDisALEXI
model.

375
7.50
1125

BOBERT & OAUSILATY IMSTITUTE

USDA & Waterfi-Food
? at the University of Nebraski




VIIRS Satellite Global Daily ET Product (GLODET) WEB Interface

South
Pacific
Ocean

Google

<

Users will register to view and download the product
Updates, track the applications and research using the product
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Proposed 15 x 15 degree processing tiles (375-m) VIIRS ET Product
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Expansion of GLODET

* Funded project with University of Sao Paulo
by CAPES/ANA: Brazilian Federal Research
and Water Resources Agencies“Estimation of
Evapotranspiration through Remote Sensing
Eor I\_/:g nagement of Water Resources in

rasi

* Collaboration between University of
SaoPaulo, DWFI and US Partners, Federal
University of Rio Grande do Sul, Federal
University of Santa Maria and INPE (the
Brazilian Space Agency)

- Funding will cover the costs of travel and per-
diem for exchange of researchers US/Brazil
and post-docs and PhD students.

- Main objective: Verification of Daily ET
product using network of flux towers and
watershed/basin scale water balance
estimates

Google Earth



PROPOSED PRODUCTION TIMELINE FOR THE GLOBAL VIIRS ET PRODUCT:

* Testing the product in different regions of the world with local partners that
are running eddy covariance flux towers or networks of automated weather
stations

« MENA effort: Tunisia, Morocco, Egypt, Spain, Southern France, Italy

 Other Countries: India, Brazil, USA

 Ameriflux, FluxNet

* Serve the daily ET product to collaborators in different countries and provide
PyDisALEXI for downscaling
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