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e

e Background on irrigation water use

 Methods to measure and model crop water use
e Existing data and data gaps

 NASA-ROSES grant and opportunity

e Data and models
e Crop demands model
e Remote sensing of ET
* Direct ET measurement

* |nitial results

* Discussion, next steps
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e Irrigation accounts for majority of
water use in the Harney basin budget

e Groundwater study needs accurate
pumpage and irrigation use data

e Datasets with streamflow and GW
levels exists, records about water use
(diversions and withdrawals) is limited
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e Evapotranspiration (ET) data used to estimate irrigation use and pumpage

Precipitation Inputs
“Consumptive

”

use
Applied water HOutputs

i Surface
runoff
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Net Radiation (Rn) e ET
triansuirntion /

ayaporation

Net radiation (Rn) is energy .1. in:

; « Heating the air; sensible heat flux (H)
y ,..-J-f.“.i o Heating the ground, soil heat flux (G)
: S © vapotranspiration (ET)

T

Universityofldaho
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Possible Trends e Estimated agricultural water
in Oregon’s Water Demands demand currently accounts for 86%
of the consumptive water use in

M
1,210 TAF

14%

G Oregon (OWRD, 2015).

7.216 TAF

86%

2015 Total
Water Demand

Mad
8,425 1,465 TAF

TAF/year 1 5%

oaie ® But without ET and water use
85%  measurements from irrigated
2050 Total agriculture, the actual water use

Water Demand
7 largely assumed.
. Municipal & Industrial 9,693

TAF/year
. Agricultural

o V4
TAF = thousand acre-feet e “Hard to manage what you don’t
1 TAF/year = 0.89 million gallons per day measure”
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* Need actual water use for basin study

e Potential Consumptive Use
e Crop ET that occurs under optimal conditions (upper bound)
e Traditional Reference ET * Crop Coefficient approaches
» Data sources: AgriMet, COOP weather stations

e Actual Consumptive Use
e ET that actually occurs, typically less than potential ET
e Actual historical consumptive use from agriculture

e Data sources: Lysimeters, Flux tower stations, remote sensing of
ET

Actual ET varies by field!
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Extension Miscellaneous 8530

wowsm  ® Cuenca et al. (1992) - crop ET and NIWR for
17 crops in 27 hydro-climate regions

Oregon Crop Water Use and * Blaney-Criddle grass reference ET
Irrigation Requirements e Single Crop Coefficient (Kc) curve

* Widely cited, used for irrigation planning

‘Water Resources Engineering Team, Department of Bioresource Engineering,

Agricultural Experiment Station, and OSU Extension Service, Oregon State University;
Diputacion General de Aragon, Servicio de Investigacion Agrana, Zaragoza, Espaiia (Spain);
U.S. Department of Agriculture, Office of International Cooperation and Development; and
Water Resources Department, State of Oregon

Extension
Service

Oregon State

UNIVERSITY
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e Table of growing season, total crop ET and net irrigation requirements, for
crops grown in region 20 (Harney county).

Typical 5 out of 10 years 9 out of 10 years
growing ET crop Net IRR ET crop Net IRR
Crop type season in. ft. in. ft. in. ft. in. ft.
May 15 - Aug
Alfalfa Hay (30 18.9 1.57 17.1 1.42 20.6 1.72 20.0 1.66
Grain May 10 - Sep
Spring 15 20.6 1.71 18.7 1.56 22.4 1.87 21.7 1.81
Grain Apr 05 - Aug
Winter 10 19.4 1.61 16.8 1.40 21.3 1.77 20.0 1.67
Mar 30 - Aug
Mint 07 20.5 1.71 17.8 1.48 22.5 1.88 21.2 1.77
Apr 01 - Oct
Pasture 15 30.4 2.53 26.9 2.24 33.6 2.80 31.9 2.66
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FAO / ASCE Penman-Montieth Equation calculation

The Penman-Monteith combination equation for instantaneous energy flux (or averaged
over a period of time, e.g. 1 hour) for a reference surface is given as,

A (Rn _G) Kﬁ'me + Ktr'me pair cp (es r_ea)

ETm« _ energy a energy { 1 )

i kY
r K ime
A+y |1+l g
!\. r-‘.? s
where ETe = reference evapotranspiration (mez)
R, = net radiation (W/m?)
G = soil heat flux (W/m?)
(€sat - €ay) =  vapor pressure deficit of the air (kPa)
Esat = saturation vapor pressure of the air (kPa)
Eair - actual vapor pressure of the air (kPa)
Pair - mean air density at constant pressure (kg/m®) = 1.225
Cp - specific heat of the air (MJ/kg °C) = 0.001013
A = slope of saturation vapor pressure vs temperature (kPa/ "C)

= psychrometric constant (kPa/ °C)

rs = (bulk) surface resistance (s/m)

Ia = aerodynamic resistance (s/m)
Kiime = units conversion (3,600 s/h)
Kenergy = units conversion (1,000,000 J/MJ)
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e Generalized Crop Coefficients for Field and Row Crops

K 1.4

c
1.2

L B BEELE B B

1+
0.8 +

0.6 +

0.4 =

0.2 +

b

time (days)

«— initial - crop development -+— mid-season _.uflate saaswi
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* Crop coefficients relate reference ET to crop specific ET

ET. = ET, X K,
ET Specific Crop Consumptive Use
ET, Reference Evapotranspiration (Alfalfa)
K. Crop Coefficient (varies with time)
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2015 State-wide Long Term Water _
Demand Forecast (OWRD, 2015) -; ‘ N e |

OWRD Demand Forecast

M id

la\'.!i-'\?-'ug'.':r (o] T : I

@ bultifomah 5 fiver S -.ORE OR3827 \

Tillam ook § ORS384 .DRM 5103'-'2495 _Shesman union QRAT4E
B k e Mornow .

J !\=-u-u.'- { Clackamas 5 h /
* The modern USBR ET-Demands [ T e T R
| g, omen R < ¥ 1. W) . DRSO G oo /
model used for crop ET for current = pa A e e B T
and projected future climates T i g
':;ﬁ?m ¢ armmm gwmij—-ﬂ .;.5.01:'13435? cnsaﬁ; Da3tE
e Unfortunately, no ET-Demands for o
Klamath Region 20 Sana

OR154

parts of Oregon outside Columbia
and Klamath drainages

Local Meteorological Stations in Mational Weather Service COOP
WWCRA @ Used for estlimaling crop o.ﬁwqulehle in WAWCRA, nod
13 applied in 20135 Forecast

water demand in
CLENCA DCuenca Agricultural Region

* No AgriMet or ET-Demands ®
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* |n this study, we apply ET-Demands to Evapotranspiration | Rain

the Harney Basin for updated crop ET ¥ 7 Runof

and NIWR values. * '

4.3 TAWM

* ET-Demands model — the ASCE-PM g poo

reference ET and dual crop coefficient lgg;% o

model based on FAO-56 (Allen et al.

1998) o g

e Reference ET = f(solar rad, temp,
humidity, winds)

Kcb Value

v] 50 100 150 200 250 300

Normalized Cumulative Growing Degree Day from Planting or Greenup
to Effective Full Cover



Pl Actual ET measurement

HET RADIOMETER

—

HIC ANEMOMETER,
LE HYGROMETER, AND
THERMOCOUPLE
LATENT-HEAT L
FLLIK

" SOIL-HEAT-
: P PLATES
BT AL e ot AT R

Bowen Ratio station

Eddy covariance station
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§ el Actual ET data

- ”
Apr'OCt ETr=48 ——Reference ET (ASCE PM Etr)
Apr-oct ET = 24" ——Actual ET (Bowen Ratio)

o
w
(=]

Daily Evapotranspiration, inches

| Bowen Ratio ET station in a

. flood irrigated alfalfa field in
' 4/1/06 5/1/06 6/1/06 7/1/06 8/1/06 9/1/06 10/1/06 11/1/0€ Walker River Va”ey’ NV

Flux towers “sense” impacts of plant and soil stress from
lack of available water
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e Remote sensing can be used to estimate actual ET over large areas and long time
histories
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e Basic truth: Evaporation consumes energy

 Satellite data used to compute the energy balance, including actual ET

e METRIC Model — Mapping Evapotranspiration at high Resolution using Internalized
Calibration (Allen et al., 2007)

Rn (radiation from sun and sky)

\ H (heat to air) ET  Theenergy

balance
includes all
\ major sources
(R,) and
consumers (ET,
G, H) of energy
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False Color Infrared Evaporative Fraction (ETrF)

o : == &

TN

Northern ar Valley, 8/07/2016
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e METRIC combines the strengths of energy balance from satellite and

Satellite-based energy balance provides
spatial information and distribution over large
area (does the “heavy lifting”)

Experienced user selects upper bound (ET =
ETr) and lower bound (ET = 0) to “constrain”
ET estimates.

Reference ET calculation “anchors” the
energy balance surface and provides “reality”
to product.
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e Over a season the error in daily estimates largely cancels out

T T T T T T Fa
.
1200f| * BOL e
+ Bl11 7
A ET2 ’
_1000{| o ET3 p ]
£ |
r
o soof :
= ¢
c
3 v
[1%3
2 600} ]
=
g
[{+}
E 400} ]
uw
L
200} % a y—0.88824+96.75 |
/f R*=0.9073
7 S,=T6.9034
0

0 200 400 600 800 1000 1200
Measured Seasonal ET [mm]

Morton, C.G., J.L. Huntington, G.M. Pohll, R.G. Allen, K.C. McGwire, and S.D. Bassett. (2013). Assessing Calibration Uncertainty and Automation for Estimating Evapotranspiration from
Agricultural Areas Using METRIC. Journal of the American Water Resources Association (JAWRA) 49(3): 549-562.D0I: 10.1111/jawr.12054
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Project Title: Operational Remote Sensing of Agricultural Water Use in
Cooperation with Western State Water Resource Agencies for Improved Water
Management

Project partners:

=3Il

e Problem: METRIC very resource Dosert Research hnstite

intensive, prohibits operation use

B, State of Nevada
Sl S8 Department of Conservation & Natural Resources
== Division of Water Resources

Jason King, PE., State Engineer

* Project goal: Develop software tools,
ET maps, and databases for in-house
use by agency staff
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e Each agency identified an area with ] [ |
data gaps in need of accurate —— ol * B
agricultural ET measurement and ¢/ /1% [== ="
modeling

| A) Malheur Lake Basin

| I B) Bear River Basin
| C) Central Valley & Paso Robles

D) Truckee/Carson/Walker

e OWRD identified the Harney Basin
as the study area

Landsat Scene Footprints

e Overlaps with GW Study and Basin
Planning efforts

e Agency staff trained on METRIC and
ET-Demands, test application in
study area
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Lack of reference ET statlon Irrigated fleld boundary delmeatlon

o i s WAbHIﬁJIU‘N

Map Satellite 5

B

;i‘,Nanonaf reérs
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Pacific NW
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g AgWxNet (UCC) 4
@ NICENET (DRI}
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[#) OTHER
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e Applied DRI Python ET-Demands model to
get crop ET and NIWR in Harney basin

e Compare results to METRIC actual crop ET

* Model inputs:
e Crop type from 2017 cropland data layer
* Soil data from STATSGO
e GridMET daily ETo and PPT 1979-2016

£ e L NE T * Model parameters tuned to match typical
4 © wemone e | - growing season and number of cuttings

f Rivers
B Ag lands (CDL)
I:l Watershed boundary

42°30'N
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Sample daily output

ERE

S

5" » Example daily time series of
5 ] crop ET for Alfalfa hay

-

-%1:22 — Ke

2 = 5| e Crop coefficient curves

£ 083 !

I | show crop development, 3
EE: 1 cuttings

§ D_I 1 1 T 1 1 1

“%‘L 1 j:T"r:_,g-l;ltiun . .

§ . e Simulated sprinkler

g | irrigation and PPT

E 50

o

& L A
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' N ‘,{”f
\7 A Ao AT

Annual Net Irrigation Water Requirement (ft)
N

——Alfalfa -—=—Grass Hay —=+—Spring Grain —<Winter Grain

O T T T T T T T T T T T T T T T T T T
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
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e Applied DRI pyMETRIC code to
create ET maps for 2016

e Used 28 (mostly) clear Landsat 7
and 8 scenes from 1/20 to 12/05
(30-m res)

e Computed field-averaged ET and
net ET (ET-PPT)

J¥ ET stations

iy C\ Field boundaries
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Elevation Land cover ) ~ Soils

-F' %«i@

Static layers

Time-
varying
layers
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Annual 2016 Total Evapotranspiration (mm)

2016 Annual ET (mm)
Value

- High : 1500

w0

I:I Watershed boundary

L] & 10 20
Miles.
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METRIC time series

~ \

Daily time series of METRIC ET
compared at two fields at EOARC

Highlights difference between a fully
irrigated and water-supply limited ET

Daily ET rate (inches)

05 T / T 05\ T T T
J Reference ET Reference ET
METRIC ET METRIC ET
04 L 0.4
I i
03 | e 03
| < | |
’ TTRIK S ‘
| | o |
0.2 L ! ' S 02 ]
| I c i)
L
M = |
\ T
0.1 ‘ 'YK ’\j Q o1 “
‘ l N
\'l
v VA‘ 'l
o\ Vg o R Iy W
Jan Apr Jul Oct Jan Jan Apr Jul Oct Jan
Date 2016 Date 2016
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Field Averaged Annual Total ET (ft)

Surface Water Irrigated Fields
Groundwater Irrigated Fields + Refuge

- | Annual ET - SW Irrigated
. S, ; S s
| -<o,5 oS | -o,arm
B os5-10 R o B A [ 10-15
[ - ; ? L5 L : 15-20

20-25

25-30

— B

\:l Watershed boundary
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. Groundwater Irrigated Fields Surface Water Irrigated Fields

% | Average Mean-Alfalfa 0 r Average Mean Alfalfa

ol Actual < Hay NIWR wl Actual ——> < Hay NIWR
Crop ET (ETDemands) Crop ET (ETDemands)

70 | (METRIC) ] o | (METRIC) ]

60 | 60 L

50 | 50 L

Field Count
Field Count

10 | 40 |

30 L 30 L

20 L 20 L

10 L 10 L

0 0.5 1 15 2 25 3 35 4 0 0.5 1 15 2 25 3 35 4
Annual Net ET (feet) Annual Net ET (feet)
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METRIC monthly ET

07 T T T T T T T T T T
GW irrigated
ET from SW SW Irrigated
06 - irrigation peaked in Refuge irrigated 7
June, then tapers off
os | ’ P ET from GW |
irrigation peaked in
o July and August
=
& 03 L ]
-
L
0.2 L i
0.1 L _
0
1 2 3 4 5 6 7 8 9 10 11 12
Month
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Source type

Irrigated area

METRIC ET volume

Mean Net ET rate Net ET volume

Groundwater

Surface water

Refuge

Total

(acres) (ft) (ac-ft)

62,200 2.64 164,100
73,900 2.31 170,700
47,200 2.05 96,800
183,300 2.35 431,600
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{Lawen

o P

[ #4

e

LA S ‘Alfalfa hayy(irrigated)

P yCranels, 4
- . { I — : ) ‘4.
. ; 4l
- e

15

'3 6
3

- S
e

R '-:‘\ - '\e.
Fra

"'b
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e Promising initial results - the remote sensing of ET (METRIC) approach computes
a mean net ET rate very similar to the NIWR from ET-Demands for 2016

e Our group will perform METRIC analysis for a total of 10 years of Landsat imagery
in the basin

* Next steps are to tie the field level ET data to water rights and wells

* More field validation needed — ET stations and water use records provide ground-
truth data for METRIC ET estimates
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Station data access

Native Vegetation Site:

https://www.wrcc.dri.edu/cgi-
bin/rawMAIN.pl?orolwn

Alfalfa Center Pivot Site:

https://wrcc.dri.edu/cgi-
bin/rawMAIN.pl?orocrn
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