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Discussion Points

Transferability and Standardization of Reference ET
Transferability of Crop Coefficients
Impact of crop density and architecture

Review of the Dual Crop Coefficient — Reference ET
approach of FAOb56

Application at Mead, Nebraska with comparisons
against Ameriflux Eddy Covariance

= Sensifivites of ET estimates to settings for Dual K.
parameters

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016




The Dual K. Approach
» ET_=K_ET

ref
-Kc:Kchb+Ke

» K. = stress coefficient (0 - 1)

» K, = ‘basal’ coefficient representing ET with dry
surface soil layer (primarily transpiration)

= K, = evaporation from wet soil surface

(K K.K

e maxr ~Ks cb) (Transpiration (K.,) has priority over E)

r

w KC maxr — mOX[Kc max bare’ (ch i 005)]

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016



Reference ET

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016




30 s mt
CE Reference ET: (daytime

hourly)

lving Evaporation Index 455 mt 50 s m™
(24-hr) (daytime
for alfalfa "°U"Y)

full Penman-Monteith

|
I

(24-hr)
AR, =G) + Ky 2 C, for grass
ET = [ A
r
\ a C,are

Standardized FAO56/ASCE Penman-Mont€ith constants

0408 A(R.—G) + y C"Zg/ufz/(eS —e,)
ET, = X J+2 r

ref
A u |
/ W{/ f (Humidity)

e Radiation) f (Temperature)  Wind Speed
ASCE PM can be applied to clipped grass and to 0.5 m tall alfalfa
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Kimberly Lysimeters - Se.ptember 4,1990 ASCE Standardized Penman-

Data from Dr. J.L Wright
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ASCE/FAO PM -- Daily vs. Hourly
Timesteps -- Both are good

20
18 - : ) :
Lo Davis, California
-~ 16 - = 1.005x + 0.1 !
'g v R2=0.957 CIMIS Stathn
= 2008 — 2012
W2 - °
. Ogb (e]
é‘;’ 10 - ° A Grass Reference
E A 0 Conclusion: You
< A can use hourly or
S 4 o daily weather
, | S data. Hourly
estimates may
O ° T ° T T T T T T T T be ad “feW
0 2 4 6 8 10 12 14 16 18 20| percent” more

-1
Summed Hourly Reference ET, mm d accurate.

The FAO-56 hourly PM was applied using 50 s/m surface resistance
as recommended in Allen et al. 2005




QAQC of Weather Dato
-- Correct biases before use

» FAO-56 and ASCE (2005) standardizations and
guidelines encourage the use of a graphical
assessment of hourly or daily weather data

» Graphical views of data and contrasts benefit from

= Relatively quick and automated assessments

=» Scans of entire data series

= Enables the use of the human brain’s integrating and
conclusion-drawing capabilities

®» Recommended to complement Weather Network
QAQC programs

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016
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REF-ET

Reference Evapotranspiration
Calculator

For Support of ASCE Manual 70 (1990,2016) and 2005 ASCE Standardization
and

FAO Imgation and Drainage Paper No. 56: CROP EVAPOTRANSPIRATION

Dr. Richard G. Aller

University of Idaho

Research and Extension Center
Kimberly, Idaho 83341

COPYRIGHT 1990,1994 1999, 2000, 2004, 2008, 2015, 2016
Version 6.0.9.22.2016

This is not an Official, Registered Copy. If not the original registrant, Please
considersupporting our Development Costs by Obtaining a Registmtion Form
from httol/extension. uidaho edukimberly/tag/reference-evapotranspiration

and submitting $49. payment plus costs forshipping and handling.

About Ref-ET Proceed




Data file Name:
Definition File Name:

CoAgMet Raw Data_new_Avondale txt

Avondale_daily def

|Data Types, Units and Reading Order from Data He]

Parameter Identifiers for the Data File

{Double Click on ltem below to Insert ltem
into the Line highlighted in the Box to the Left)

Para beg |end |The following lists of items = ?- :g"""’ ":‘mefz‘:e:"y ﬁs"‘(P)ki ) s
TR nore string entry (skip
No. |ID |col [col |Are to be read from the Data File: 2 Line Feed (go to next line)
1 ]1 Ignore string (text) entry (skip) 3: Month, 1-12
2 |10 |7 [10 |Year, 0000-2099 4: Day, 131
5. Hour, 0-24 (do not use with daily di
3 I8 12 113 |Month, 1-12 6. Hour, 0000-2400 (do not use with ¢
4 |4 15 |16 |Day, 1-31 7 Hour and Minute, 0000-2359 (do n
: : 8. Minute, 0-59 (do not use with daily
S |0 Ignore numerfc entry (skfp) S Year 00-99
6 |0 Ignore numeric entry (skip) 10: Yesr, 0000-2099
7 |18 Max Air Temp, C (daily or hourly) 11: Day of Year, 1-366 v
8 |0 Ignore numeric entry (skip) S <
n Termara mrymanis anter (olrinl L] In the table above, units of ‘M’ sre always for ‘per hour'
‘ r | _»| | |However timesteps can be shorter than one hour
Note

You can leave column numbers in the above biank or use ™" (default) when the dala are separaled by blanks, commas or tabs
The window below displays several lines of the data file for your reference. It there are Tab separators in the dala file, values displayed may nol

correspond to column numbers shown across the top of the window

1 2

3 h

5 6

7 8

-~
——de

12345678901234567890

12345678901234567896

12345678901234567890

12345678901234567890

12345678

avni ,1993-81-02,4.6
avnB1,1993-081-83,1.1
aun@1,1993-01-04,-8.
avnft , 1993-01-05,-5.
aun®1,1993-01-06,-6.

Jrem e

15,13.95,12:57:00,-2
87,8.7,11:18:00,-12.
79,-1.734,14:508:00,-
273,1.963,13:26:00,-
566,-0.055,14:40:00,

P a4 RN A oAb o

.409,06:16:00,0.529,
99,23:56:00,0.424,0.
16.21,05:12:00,0.278
10.82,02:08:00,0.29,
-11.23,06:52:00,0.29

B s . L Y

B.947,00:06:00,0.346
928,23:11:00,0.396,1
,8.925,008:17:00,0.60
0.898,02:18:00,0.331
4,0.909,23:58:00,0.5

M AL LB s

y14:13:0
1:17:080,
9, 1446
J12:54:0
28,14:10

-
_— LA
»

Data Defmeers

Select the characters (besides a space) used to delimit data columns (i.e , tabs, commas, slashes, eic )

[JvertSiash(])
(usually only tab and comma are nesded besides space)
(mutiple spaces are always tresied as a singie delmeter)

[(JYes [FNo

M Tab

Treat two back-to-back delimeters as one?

Are data in the European system where the comma is the decimal?

Insert New ID Line

M commat.,)

(] Decimal ()
[1Yes

Delete ID Line

[]Stash(/)
M No

Back Exit

Cancel

PE 31 el DSk B
Fonmaray

[CJdcColen(:)

Continue




CoAghMet Raw Data_new_Avondale td

DefinitionFile: Avondale_dally det
The anemometer height is ﬂ 1 meters (651
The temperature/RH height is 2 __dl meters (65)#
The weather station elevationis: 1396 | meters (43800 ) #
The weather station latitude is 38.2166 \ degrees (- for Southern)

(Parameters in the next two lines are Required only for Hourly or shorter time penod data)
The weather station longitude is 104.341 | degrees™  |w |E or W)

Center of time zone longitude is: (105 | degrees™  [w |EorW™)  «—int: [105w | )
The weather site vegetation height |12 __L m (0 if same as ref. or as ht. specified in the data file)
Initial Lines of the Data file to be skipped: 0 | Code for missing data (e.g. -999) 999 |

Description of the station and data (No more than 1000 characters)

' Avondale daily weather data for period of record, from COAGMET Raw Data - ‘new database’

How "hourly” time stamps are defined™
Time represents time at the end

- Time represents time at the Time represents time
@ of the penod (most common and () stant of the penod (O at the center of the
the default) {uncommon) peniod (uncommon)

[JFor “hourly™ data in U.S.A . Daylight Savings Time i1s Observed in Data Set (check if true)™

Note: For daily time steps. REF-ET presumes that the data represent the period from midnight to midnight
The "Hourly™ data term applies to any timestep shorter than 24 hours

The following Data are required only for FAO-24 Eqns.
The default Day/Night wind ratio is \2 {2 If unknown*)
The green fetch on the Class A Pan 11000 | m (1000 if unknown®)

Back Cancel Exit Continue

mEE~mE0on




OUTPUT STYLE AND EQUATIONS

UNITS for Results
(® System International Units

() English Units

ouTPUT
() Screen Only

(®) File and Screen

INTERMEDIATE FILES (in2 is recommended)
[] coAgMaet Raw Dats_new_Avondaie nt
[ CoagMet Raw Data_new_Avondaie in2

REFERENCE CHARACTERISTICS
Alfalfa/Grass Ref, Ratio: @
[1)The following vag. heights are for nonstandand
settings i the PM full form eqn (Varying thess is not recommendsd)
ASCE full PM. Alf. Ref Ht.m s 0O5m=54)
ASCE full PM: Grass Ht.m 12 | 02mis Sd)

{(These heights sra used unless read fromdats fie)

(1.15 %0 1.2%)

(2| Tha following surface resmtances ars for nonstandsd
ssttings in the full form PM (varying thees is not racommendad)

for hourly
24-hour Daytime Nighttime
Alf: [¢5 | 45) [30 |30  [200] (200) sim
Grs: 7o) [so | s0) [200] (200) sim

[[] Skip Printing 'Header’ Information in The Result File

Save Definition File 1

Select equations
ETr ETo

M [ ASCE Penman-Monteith Standardized Form (ETr and ETo)
® 7] [AFAO 56 Penman-Monteith (0.12 m grass reference)

[0 [C] ASCE Penman-Monteith (full form) with rs=f{timestep, Ht) <—see (1) for negnt nfo)

[ [[] ASCE Penman-Monteith (full form) with user specified rs
[ [C] 198296 Kimberly Penman (var. wind func.) (ETr and ETo)
[[Je [[] 1972 Kimberly Penman (fixed wind function) (for ETr only)
o [] [7] 1948/1963 Penman (original wind function)
® [7] [[]FAO 24 Corrected Penman
® [7] [J]FAO Plant Protection Paper 17 Penman
® 7] [ cvis Penman (hourly only) with FAO-56 Rn, G=0
® [7] [[]FAQ 24 Radiation
® 7] [JFAO 24 Blaney-Criddle
® [] []FAD 24 Pan Evaporation
® [] [7] 1985 Hargreaves (Hargreaves and Samani)
® [7] []Priestiey-Taylor (1972)
® [] []Makkink (1957)
® ] []Turc(1961)
[] ET from the data file (reported or meas.)

% -

e NOTE: Check Boxes preceded by a e will use the specified
to Convert for Reference Type

Specify How to Handle Missing Data

Back Exit

<—{sae (1).(2) forhaeght and n info)

Rf-£T

CIBAR, -Gy » y—‘-:l—-;ll. -ty
T«Im
Ayl wy)

Reference Ratio

| mez-=z00 |

R W\




Al 2 1993 1395 241 528 299 196 302 188 193 0
. 3 1903 87 130 5.00 4.46 401 213 1.34 1.37 0
1 4 1993 17 -16.2 6.12 1.07 -10.3 48 37 40 76
1 5 1993 20 -10.8 662 148 -9.81 103 70 73 0
1 6 1993 -1 -11.2 7.61 1.13 964 72 52 55 0
1 7 1903 180 084 7.04 1.05 896 112 75 78 0
1 8 1093 438 048 1.22 3.05 775 24 16 16 0
1 9 1993 -86 -15.7 8.20 221 -14 8 51 37 38 0
1 10 1993 99 -16.1 529 123 -16.4 43 33 34 0
1 " 1093 18 7.7 874 2.38 -13.7 147 95 97 76
1 12 1093 27 174 9.38 297 135 96 64 66 0
1 13 1993 -56 -18.7 6.27 1.13 -154 53 40 41 0
1 14 1993 0 -16 4 894 106 -126 80 57 60 0
1 15 1003 126 427 9.48 1.19 723 1.82 118 124 25
Run Ref-ET again R(:‘"am?";) ‘i:::cngn a) End

A\



DEF-FI-QAQE:

OA(Jﬁ WIEAIIIH E-D. I)AI'A' flﬁﬁﬂl ) D[-f.—fif. W|I|I'l1. Eﬁ(’;f-l_;% D’Alil*lg- )

Grace L
Rick Allen
Version 2.0 September 2016
Universityot idaho
Open "out" and Create Calibrate Save excel Recompute Close Excel Quit
"in2" files. Charts Rs and t« file REF-ET Files QAQC

Open an ‘oid’
gage Spreadshest

The following file is : CoAgMet Raw Data_new_Avondale2.in2

Recommended Operction Sequence: 1) Open 'out’ and 'in2' files from REF-ET run: 2) Create charts to view dota: 3) Madify
Solar radiation data by applying multipliers to data; 4) Sove File and Rerun REF-ET.  Currently no modifications are possible
to humidity, temperature or wind data.

Note: If a button becomes ‘light grey” in color, That means that that step is completed and can not be repeated for the current
data session. If the text color of the button becomes "green’, that means that the process has completed, but can be run again.

\ \




Avondale CoagMet — downloaded Oct. 9, 2016 — ‘new database’
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Observed R, (top) and Auto-Adjusted R, (bottom)
Avondale CoagMet for years 1997 - 2001

CoRqhdet Raw Data_rneve Avoadale QAQC i

Ackd-ins FOXIT POF

Page Layoust Formidas

& X cw . = ¥ Aactum A
v Calibri n A A £ ¥ Wiap Test General ’ A g X o 2 £
i - ” v 4
Copy T Fit
" £ o Conditions) Farmat s Cul " Foemwe San& Find &
Paito B ’ e i = : Con o .0 W nsart  Dulote MR
o Format Pinder LR e i $ 5% 9 NS pomaming Table® Siyles # Clex Filtar * Salecy
can ot Nignmem Numbes v Ce inng -

In2 out Ca-Oc Graplucs Rs Adjust T8 Adjustmant Factors  note + «
- [ ] + 100N

boenry




Rs Adjustment Table

Period Rs_m/Rs_ad) to use Initial Rs_m/Rso
1993.002~1993.060 7 0.94 | 0.94
1992.061~1982.121 | 086 ' 0.96
1993.122~1993.181 ' 0.95 | 08s
1993.182~1993.266 ‘ 0.99 . 099
1993.267~19892.329 | 1 | 1
1993.330~1994.061 - 0.99 . 099
1994.062~1994 121 . 0.9 : 0.99

Press to change
Piease enter new T 1o
Rs_m/Rs_adjto e 0 -
use’ multples:

“Rs_m/Rs_ad] to use" values Change Instruction:

Step one- Enter new Adj. factor.  Step two: click on "Rs_m/Rs_adj to use “ column
to change a single value. or drag mouse along multiple rows in the column to assign
the same value that is shown in the small box above.

Rs_m is measured Rs and Rs_ad) is adjusted Rs

Save choice

Save the Adjustment Keep the "Rs_m/Rs_adj to use”
[ values above to a [M] values as shown. Uncheck to

texd file. discard changes Cancel

Save
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ASCE PM ETr with adj. Rs, mm/day
(00)

Avondale CoagMet - Period of Record
1993 -2015
Adjustment of Solar Radiation, only

y =1.014x
R?=0.993

n = 8200 2
RMSD = 0.28 mm/d °

5 10 15
ASCE PM ETr with original Rs, mm/day

20

10/24/2016



Avondale CoagMet - Period of Record
1998
Adjustment of Solar Radiation, only

N
(@)

y = 1.136x
R?2=0.971

oo

o~

N =365
RMSD = 0.80 mm/d

N

N
(e}

ASCE PM ETr with adj. Rs, mm/day
® O
&,
<.

0 5 10 15 20
ASCE PM ETr with original Rs, mm/day 10




Crop
Coefficients

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016




Crop Coefficient = ET/ET




Crop Coefficient Curve Types

1.3
1.1} FAO — _ /~+—
0.9
K. 07} |
s | Wright
> (1981, 1982) \.
0.3

140 160 180 200 220 240
150 170 190 210 230

Day of the Year




Single or Dual K,

Which should we use¢ ---- (Dual)

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016




For highest accuracy field-
by-field and year-to-year:

= |fis best fo account for impacts of increased ET
caused by evaporation from soill

= During the initial and development periods when ground
cover is low

= To account for the impacts of frequency of wetting

= Precipitation (year to year variation)

= [rrigation system type and management

= To account for the degree of surface wetting by the
irrigation system

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016




K. measured by Lysimeter
each dot Is one day

Sweet Corn-- Kimberly, Idaho, 1976

“Single” 200
Curve |
E}\‘\\\:EE\ 160
OnK 0.8 120
C
0.6

0.2}

wiw ‘uonebiu pue uoneudioaid

130 150 170 190 210 230 250

Day of the Year
data courtesy of Dr. J.L. Wright, USDA-ARS



he "Dual K.” method Splits

Il Evaporation from Transpiration
Sweet Corn Kimberly, Idaho, 1976

asal K. Curve
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data courtesy of Dr. J.L. Wright, USDA-ARS



Evaporation Coefficient - Ke
FAO-56 Simple Drying Function

Es = Kg ETret
Skin Ewgporation
(A||e5§201 1) 5 5 5 5
o }
TEW = Total Evaporable ~ 150 mm
Water ?e
(Soil)

TEW ~ 10 to 35 mm



Three-Stage
Enhancement

(ASCE 2005) fo
Ke =K (Kc max Kchb) FAO-56 Ke

Stage 2 model

Stage 1

Ko, Stage 3

(deep drying in cracks)

0

0 REW TEW. TEWS;

De cumulative depth of evaporation




P —— o — Comparison of
ithou in Evaporation . FAO-56 K_

h ] ~ model with Skin
“ # |-, Evaporation
. . ;. Enhancement

= ¢ Ei . owith

IR 1LW N T mKML Hydrus 1-D

Day of Year — Kimberly, Idaho e
/ 1.2

/ Hydrus :WIT:h Sl<|n Evoporchon”ﬁ:: -
....... FAO-56 Ke g ! : {3 {: ’]1»14

/ o

Cpbnclusion: Skin

m)

= -
o N
Precipitation (mm)

-8

hancement \W\A ' 1|'a=. £ " En -
] TR o L 3 ” 2

auses FAO-56 K, ol Y i

ooooooooooooooooooo
wwwwwwwwwwwwwwww
aaaaaaaaaaaaaa

del to behave :
stilar to Hydrus Day of Year — Kimberly, Idaho

\ Allen 2011 Ag.Wat.Man




Impact of TimeStep length and Behavior of the Skin
Evaporatfion Enhancement (2011) with FAO-56 K,

20 — | - i |
1.8 || ;
16 || : 1.0 day timestep ' FAO_56 Ke
14 |§ |
v 1l :  model vs.
° 1.0 | == .
| : Kimberly
06 | .
Lysimeter
0.2
0.0
8/25 827 829 &31 92 94 96 98 9/10 912 W14 916 9/18 920 922 9/24 .
mmm Precip and |, mm —@—Lysimeter —A— FAO 56 —e— FAQ 56 - skin B Bore SOII
e S Conditions
1:8 Ir ﬂ | = . 10
16 |1 0.1 day timestep L 20 B .
il = Conclusion: Skin
12| @ « £ |Enhancement is
~ ] 2 & | Important for
06 | 7 = | Precip. Events <
i SR e \Y Zg 10 mm. Model
] TR o | can be applied
8/25 827 8/29 831 9/2 94 96 O/8 9/10 912 914 9/16 9118 9/20 9/22 9/24 on dculy éof O&SUI"Y

e Precip and |, mm —@— Lysimeter —a—FAQ 56 —e—FAO 56 - skin TlmeSTep



Partial Surface Wettin ing in FAO-56 Dual K. model

Partial Wetting of Surface
Rs

ES = evaporation

e WA



Why Apply the Dual K. method
for estimating water depletione

= Advantages

= Capture variation in daily K. value according to wetting frequency
from rainfall and irrigation

= K. estimates can be made during wintertime to estimate water lost as
evaporation from soil

10/24/2016




Mead, Nebraska —

Comparison with Eddy Covariance
—Illlustrate Low Sensitivity 1o K.y, mig




Mead, NE Ameriflux Site

Eddy Covariance data by Andy Suyker and S. Verma, UNL, et al.

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO

10/24/2016




Mead Eddy Covariance

Closure

= 2003 - Corn
= Rainfed =91%
= [rrigation 1 = 88%
= |rrigation 2 = 84%
= 2005 - Corn
= Rainfed = 89%
= |rrigation 1 = 85%
= |rrigation 2 = 85%

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO

ETCOI’. N
ETX (R.-G)/(H+E)

-- preserves the

Bowen Ratio =
H/1E

Mead Measured EC2 vs. EC1, 2005

[
=

5 12
=
10
=
£ e
?J 2 y=1.036x
& © R*=0.949
[
“‘j 4
o RMSE = 0.63 mm/d
2 2
w
W
S 0

0 2 4 6 8 10 12 14
Measured ET Site 1, mm/day



The Dual K. Approach

S ch + Ke

KK

c maxr 'N\s cb)

o Kc maxr mOX[Kc max bare’ (ch T 005)]

subscript ‘r’ for alfalfa reference so that K ~10to 1.2

Cc max bare

K. can take up the “slack” or remaining ‘energy’
represented by the difference between K, ., , and K,

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016



Irigated Field — Dual K. Calculation

Mead Irrigated Site 2, 2003, Kcb=1.00

16 Kemax = 1.20, TEW = 15 mm, REW =4 mm  + 100

E
14 " Fis A e
+ a0 —
1.2 - o
L, i !
X 104 1]' N 16 E
) -
v 08 L N\ A 2
06 4] |\ N 3 SR L
B oA A =
R o
D"‘I A A - 1] = m ] o 1 20 E
02 {0 A) A ° L ° =

D[:I Y oo o G G L © L8] ..- o ¢ - 0

130 145 160 175 190 205 220 235 250 265 280

Day of Year

wm=BPasal Kcb =—HKcb+Ke A Measured (EC) © precipitation @ netirrigation

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016




FAO-56 Dual Kc Example Spreadsheet

- Annex 8 of FAO-56 -- available at:

hitp://extension.uidaho.edu/kimberly/2013/04/guidel
nes—er—chputing—crop—oner-reunirements/
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U Uy Yeu . ! [N e W K, smdd i ren
'} ool 3
r | 091
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o
¥ | am
I o
1 | 0
anl
3 Mead Dryland Site. 2007, Kcb = 1,00 Mead Dryfand Site, 2007, Kcb » 1.00
- ™4 Kore = 110 TEW = 16 mm, REW « Lown " 14
® et yieet = 15500y WO = 2NN « 7%, £
E 3 e
" - 14 04
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] 2w
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X . .
i “ § VR y=1.007s
j § i R« 0,482 s
n 5 ]
R = AMSE = 1 43 mmd
7 Evop= 198 %
i '
! 120 145 180 150 205 28 235 20 265 80 [+)
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u — s Vst —_— e A Mo (6 . Measured EL mm/day
pt |
|
| -
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Modified here to use Alfalfa Reference

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016




FAOSé Quql KKC SLpEeNodshee’r

E C D
veadsheef for Calcedating £F ., =K , K, JET | for rainfed condifions foerhaps @ simal
For eﬁbw.‘f‘mp, fi'mngs' Valeies i the 5o
|Ee,r}'xfed Corn Mead 005 | radde 11 Fabbe I7] Folicwing Adfostment for weather fact o
£ o [2E K cais [015 £ K s [015 Modified here to use
Manth ] { dxr F5 X b mid 1.00 I Max A2 m
Dy 2 P 0 K 1..2]015 an Kemarll AlfOlfO Reference
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Sensitivity

» Impact of K.y mig

= Finding: With Dual K. method, estimated
ET is relafively insensifive o K, g @Nd
more sensitive to K

C max

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016




Mead Irrigated Site 2, 2003, Kcb = 1.00
16 1 Kemax = 1.20, TEW = 15 mm, REW =4 mm - 100

/

ch, KC

===Basal Kcb ——Kcb +Ke

130 145 160 175 190 205 220 235 250 265 280

e==Basal Kcb ——Kcb +Ke

16 1
14
12 4
1.0 |
038 -

06 1)
04 {9
02 |%

0.0

Day of Year

A Measured (EC) o precipitation

Mead Irrigated Site 2, 2003, Kcb = 1.05
Kcmax = 1.20, TEW = 15 mm, REW =4 mm

+ 100

T 80

T 60

+ 40

120

0

130 145 160 175 190 205 220 235 250 265 280

Day of Year

A Measured (EC) o precipitation

precipitation, net irrigation, mm

B netirrigation

precipitation, net irrigation, mm

B netirrigation

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO

Irrigated Field — Impact of K¢ g

Mead Irrigated Site 2, 2003, Kcb = 1.00

14

= -
o N

Modeled ET, mm/day
o0}

- 88 KCb mid

e]
. 1=1.00
& :1{2 = 0 815
o (@] v 3 L& 5%e) T U,
00 & RMSE = 1.1 mm/d
Evap =22.5%
0 2 < 6 8 10 12 14

Measured ET, mm/day

Mead Irrigated Site 2, 2003, Kcb = 1.05

14

12

Modeled ET, mm/day
N = [e)] [o¢] 8

o

e}
6

o - K
& 2EET - y=1.073x cb mid

: R?=0.825 —
o . 2 00 B .| 005

(eloy. RMSE = 1.1 mm/d
Evap =20.9%
0 2 4 6 8 10 12 14

Measured ET, mm/day

10/24/2016



Irrigated Field — Impact of K¢ g

Mead Irrigated Site 2, 2003, Kcb=1.15 Mead Irrigated Site 2, 2003, Kcb = 1.15
16 ; Kcmax = 1.20, TEW = 15 mm, REW =4 mm T 100 14

[y
N

880 ch mid
R =1.15

O y=1.083x
R?=0.832

[
o

C

(o]

chy

o Dt (.

OER RMSE = 1.11 mm/o
’ Evap=17.4%

=Y

precipitation, net irrigation, mm
Modeled ET, mm/day

N

o

130 145 160 175 190 205 220 235 250 265 280
Day of Year

e===Basal Kcb ——Kcb+Ke A Measured (EC) o precipitation @ netirrigation Measured ET, mm/day

o
N

4 6 8 10 12 14

/

Mead Irrigated Site 2, 2003, Kcb = .95 Mead Irrigated Site 2, 2003, Kcb =.95
16 ; Kcmax = 1.20, TEW =15mm, REW=4mm T 100 14
£
14 - A | E_ 5, 12 [e)
12 5 = o
o i oo ® 82 Keb mi
1.0 1 = (€]
: teo £ E ) cb mid
8 08 T o RoQ
me =5 P y=1053x | — O 9 5
06 1 T 8 ] p 2 .
A i < Oo , O R?=0.801
0.4 {1 2 T4 5
02 |42 4 AT 2 = 0o RMSE = 1.11 mm/c
0-0 2 G Sg > g s @ . 2 Evap =24.1%
- 130 145 160 175 190 205 220 235 250 265 280 0
Day of Year 0 2 4 6 8 10 12 14
e==Basal Kcb ——Kcb+Ke A Measured (EC) o precipitation @ netirrigation Measured ET, mm/day

Conclusion: It is difficult to determine correct separation in
T and E and correct K. ,iq Using measured ET only




Mead Irrigated Site 2, 2003, Kcb = 1.05

1.6 1 Kemax = 1.10, TEW = 15 mm, REW =4 mm -+ 100
14 £
+80 &
12 4 5
23
L te0 E
08 T
06 - T4 5
' IS
04 W a
T2 3
0.2 4 a
0.0 0
130 145 160 175 190 205 220 235 250 265 280
Day of Year
e==Basal Kcb ——Kcb+Ke A Measured (EC) o precipitation @ netirrigation
Mead Irrigated Site 2, 2003, Kcb = 1.05
16 ; Kcmax = 120, TEW =15mm, REW =4 mm T 100
£
e : A 4 80 =
125 i % 5
- v, g
;{ 1.0 1 160 E
06 - +40 &
04 ¥ a
A T2 3
0.2 4 A o
T o 60 o B o 0 400 ] .
130 145 160 175 190 205 220 235 250 265 280
Day of Year
e==Basal Kcb ——Kcb+Ke A Measured (EC) o precipitation @ netirrigation

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO

Irigated Field — Impact of K, o«

Mead Irrigated Site 2, 2003, Kcb = 1.05

14

[y
N

=
o

Modeled ET, mm/day

Modeled ET, mm/day

(@)

09

(@]

8
® o

y = 1.040x
R? = 0.832

RMSE = .95 mm/d
Evap=17.3%

0 2 4 6 8 10 12

Measured ET, mm/day

Mead Irrigated Site 2, 2003, Kcb = 1.05

14

14

12 ©
8
10 &)
o @ o
8
P plie y=1.073x
6 SR 2=
R%=0.825
o? : 00
4 i
OCoM RMSE = 1.1 mm/d
2 Evap =20.9%
0
2 4 6 8 10 12

Measured ET, mm/day

14

C Mmax

1.10

ch mid
1.05

C max

1.20

ch mid
1.05

10/24/2016



Statistics

Irigated Field — Impact of K, o«

Mead Irrigated Site 2, 2003, Kcb = 1.05

1.6 4 Kemax = 1.00, TEW = 15 mm, REW =4 mm T 100

€
14 b o0 E
12 4 S
©
xu 1.0 1 + 60 g
j 0.8 g
0.6 - T 40 §
8
0.4 A S
+20 §
0.2 1 N S

0.0 M 0

130 145 160 175 190 205 220 235 250 265 280

Day of Year

e==Basal Kcb =——Kcb + Ke A Measured (EC) O precipitation @ netirrigation

Mead Irrigated Site 2, 2003, Kcb = 1.05

Kecmax = 1.20, TEW = 15 mm, REW =4 mm T 100

precipitation, net irrigation, mm

130 145 160 175 190 205 220 235 250 265 280
Day of Year
A Measured (EC)

===Basal Kcb ——Kcb +Ke o precipitation @ netirrigation

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO

Modeled ET, mm/day

Modeled ET, mm/day

Mead Irrigated Site 2, 2003, Kcb = 1.05
14

12 K
o
. ot C max
. o %9 ] .OO
o _
; 5 y = 1.022x _
00 R? = 0.844 ch mid
4 O
ole=5 RMSE = .88 mm/d 1 c 05
2 X Evap=15.7 %
0
o 2 4 6 8 10 12 14

Measured ET, mm/day

Mead Irrigated Site 2, 2003, Kcb = 1.05
14

12 o
8
10 €]
o -
8
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6 ARSI 2=
NP R*=0.825
0°%¢ 00
4 i
Oo¢t: RMSE = 1.1 mm/d
2 ) Evap =20.9%
0

C mMax

1.20

cb mid

1.05

0 2 4 6 8 10 12
Measured ET, mm/day

14

10/24/2016



Sensitivity - Conclusion

= With dual K. method, worry less about
Kep mig @Nd more about K. o«

» With alfalfa reference, K IS

C maxr

expectedtobe ~1.01o 1.1

= With grass reference, K. 4«0 1S~ 1.2 1O
1.4, depending on wind speed and
Relative Humidity.

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016




Sensitivity 1o Rooting Depth

» Impact of Rooting depth under
Stressed Conditions

» Finding: Estimation of ET under stress
condifions is quite sensitive to the
estimate for Total Available Water
(TAW) where TAW = MAD x WHC x R,.

» Therefore, ET is sensitive to MAD and
R, estimates.

USCID / Colorado ET Workshop, Oct. 13, 2016, Fort Collins, CO 10/24/2016




Mead Dryland Site, 2003, Kch = 1.00 Mead Dryland Site, 2003, Kcb = 1.00

Rainfed Field — Impact of Rooting Depth

ch mid —
1.00
/ —

root

/

Mead Dryland Site, 2003, Kcb = 1.00

Mead Dryland Site, 2003, Kcb=1.00

2.2 m

16 - Kemax = 1.10, TEW = 15 mm, REW =4 mm T 100 14
14 Root growth =60 d, Root start = 165 DoY, MADini = 60, MAD = 50% =
I Rootmin =0.20 m, Rootmax = 2.2 m, AW = 170 mm/m E 12
+80 & z
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‘g “‘g 10 o}
+ 60 E = (@]
= ~ 8 o
¢ B 0D o
1 40 é 2 6 00 O et y=1.002x
S @ O 0L R2 =0.593
0 g S 4 2 .
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2 | EpPO Evap = 18.3%
- 130 145 160 175 190 205 220 235 250 265 280 0
Day of Year 0 2 4 6 8 10 12 14
==Hasal Kcb ——HKch + Ke A Measured (EC) o precipitation Measured ET, mmfday

ch mid —
1.00
/ —

root

16 - Kcmax = 1.10, TEW = 15 mm, REW = 4 mm - 100 14
14 Root growth =60 d, Root start = 165 Do, MADini = 60, MAD = 60% =
S Rootmin=0.20 m, Rootmax= 1.5 m, AW = 170 mmim E 12
+80 & Z
o =
o *g “E 10 ¢]
x E E 4 o
a k] > (@]
x 8_ i o@D
S g 6 0O @
£ = o] 0 @& " ABe y=0.854x
= o 4 o) @ : 2 _ 0.35
3 3 / RMSE $4247 mm/d
2 . Evap =18.3%
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e Hasal Kcb —Kch + Ke A Measured (EC) o precipitation Measured ET, mmfday

INOVAGRI, Fortaleza, Brazil, Aug. 31, 2015

u 1.5 m

10/24/2016



Rainfed Field — Impact of Rooting Depth

Mead Dryland Site, 2003, Kch = 1.00 Mead Dryland Site, 2003, Kcb = 1.00
16 - Kemax = 1.10, TEW = 15 mm, REW =4 mm T 100 14
14 Root growth =60 d, Root start = 165 DoY, MADini = 60, MAD = 50% =
I Rootmin =0.20 m, Rootmax = 2.2 m, AW = 170 mm/m E 12
+80 & z
o =
‘g “'g 10 ¢] K —_
160 E o H —
E E g cb mid
2 = @ d
i o 0 g
T4 S F 6 00 Og@ y=1.002x ] .OO
2 2 O O 'SEE9" R2=0.593
20 = o 4 © Z —
y Yl o = 7 RMSE = 1.16 mm/d —
: Ly, 2 2 © Evap =18.3% root
- 130 145 160 175 190 205 220 235 250 265 280 0 - 202 I I l
Day of Year 0 2 4 6 8 10 12 14
==Hasal Kcb ——HKch + Ke A Measured (EC) o precipitation Measured ET, mmfday
Mead Dryland Site, 2003, Kcb = 1.00 Mead Dryland Site, 2003, Kcb = 1.00
16 - Kecmax = 1.10, TEW = 15 mm, REW =4 mm -+ 100 14
14 Root growth =60 d, Root start = 165 DoY, MADini = 60, MAD = 60% =
N Rootmin=0.20 m, Rootmax= 2.5 m, AW = 170 mm/m E 12
+ 80 I %
o =
© = 10 (o]
[+ ) E
- teo0 E E 8 & K =
S o [ 8 2 1
e 0® & y=1.119x cb mid
5 Te|, @ rom | 1.00
= L5 o} (o=t [s} .
[=% = P
2o 3 o 4 ‘
e = RMSE = 1.21 mm/d Z —
2 | g0 Evap = 18.3% root
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===Hasal Kcb —Kch + Ke A Measured (EC) o precipitation Measured ET, mmfday

INOVAGRI, Fortaleza, Brazil, Aug. 31, 2015

10/24/2016




Improving the
Estimation of the
Time Basis of K.

1111111111




Normalized (ratio of) Cumulative Growing Degree Days
(GDD) from Planting to Effective Full Cover (Wright,
1998; Allen and Wright, 2003)

—

Spring Grain - 1979

ST
.

N \
[ "
sl } } } e,

O 0.5 1 1.5 2 2.5 3
Cum. GDD since planting, normaliz

Kol foRASSEPM ETx
ONDIMO®OOOELN

GDD = max(-rm‘?lX JZFT”““ ~Th e Oj 1t (1%

CIGR, Bari, Ita

T, IS 0°C for many crops, 5°C for others

10/24/2016




umulative GDD for Wright (1982) K_,'s
s used In Idaho — Allen and Robison (2007)

Pota
Spr. Wint Peas Peas Sug. Pota to Bea Field
Wht Wht seed frsh Beet to proc ns Corn
bake ess.

0 0 0 0 5 5 5 5 10-
corn

GDD Baseg€]

CGDD Planting 840 1080 635 635 970 740 700 670 540

Planting 2160 2600 1620 1000 2600 1780 1500 950 1400
Thrminate . . _
"M@ &Gyinter wheat is planted Oct. 15 and accumulates all winter)

http://www.kimberly.uidaho.edu/ETldaho/



CGDD creates some similarity in the K, shape

similar shapes during development vs. CGDD

Basal Kcb for the ASCE PM ETr Met
based on Kimberly Lys., Wright(1982)

OO

.0 0.5 1.0 1.5 2.0 2.5 3.0
Cum. GDD since planting, normalized

—@— Potatoes 1972—<— Beans 1973 —e— Beans 1974

—&— Sugar Beets 19¥%5 Field Corn 1976 Sweet Corn 1976
10/24/2016

—=— Peas 1977 —— Winter Wheat 1278Spring Grain 1979
http://www.kimberly.uidaho.edu/water/asceewri/Conversion_of Wright Kcs_2c.pdf




Starting and Ending the K,

Basal Kcb for the ASCE PM ETr Met

2 based on Kimberly Lys., Wright(1982)
NEN 1o start’ when to end?
1.2
L

=.0
hEa,
7l

4 '
2 {,/ e

KehdorA

0 ] : : : : :
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Cum. GDD since planting, normalized
—@— Potatoes 1972—°— Beans 1973 —e— Beans 1974
—&— Sugar Beets 19%5 Field Corn 1976¥— Sweet Corn 1976

—=— Peas 1977 —+— Winter Wheat 1278Spring Grain 1979
10/24/2016

http://www.kimberly.uidaho.edu/water/asceewri/Conversion_of Wright Kcs_2c.pdf




How to Start Planting or Greenup:

se 30 day (running average) mean daily air temperature

|-

2004 - Kimberly 1969-2005 - Kimberly

W
@)

;&C
0)

I%m
o

N\

nQHT
a

y Megy

/
pd

O

e

Multi-da
o o

day=— 21 day— 15 day— 10 day —=— 30 day

.
o

O 50 100 150 200 250 300 350 50 100 150 200 250 300 350
Day of Year Day of Year

--similar to SCS method, except it is better to use T30 that
ENDS on the predicted planting/greenup date

CIGR, Bari, Italy, Sept. 10, 2013 10/24/2016




T4, for Idaho Crops

— Allen and Robison (2007)

Spr. Peas Sug. Potato Field Beans
Wht seed Beet bake Corn
Year of Wright 1979 1977 1975 1972 1976 1973
}2/4 Date of Aprl Aprl0 Aprl5 Apr25 May5s May
right 22
T30 used in 4 5 8 6to7 10 14
ETldaho, °C

http://www.kimberly.uidaho.edu/ETldaho/

CIGR, Bari, Italy, Sept. 10, 2013

10/24/2016




When to End: Killing Frosts

Killing Frosts as used in Idaho
— Allen and Robison (2007) (°C)

Spr. Peas Sug. Pot. Field Alf Past. Hops
Wht seed Beet bake Corn Bean alfa

4 -4 2  4to-5 -2 -7 5 -2

attai Popla Cotto Willo Sun

Is r n WS flowr
wood
-2 5 -4 -6 -4

--Note: These are temperatures inside a Weather Shelter
(not on the ground)

http.//www.kimberly.uidaho.edu/ETIdaho/



Alfalfa Season Lengths vs. Elevation across ldaho
Thermal-estimated Start and Frost Ended

Season Length, Alfalfa Hay

»>O»

0 1000 2000 3000 4000 5000 6000 7000 8000
Elevation, ft

)16
O Season mean a mean - S.D. a mean + S.D.

L\



Defined Dry Bean Season Lengths vs. Elevation
Thermal-estimated Start and Thermal-estimated End

Season Length, Dry Beans - seed

120 4 7'y
A 3 AAA 4
- o pmas g8
© %8(? 2AAAAA

80 - aCOnpap "4 a
0 A A
a a a
a)

60 -

40 |

20 -

O ] ] | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000
Elevation, ft

O Season mean a mean - S.D. a mean + S.D.




Ashton, 1990 calendar year -- Potatoes

Potatoes--processing (early harvest)

i SummMmer § XWin’rer
/] ‘ ‘ ‘ Snow Cover
: ; L4 % ':'

00219 900321 1980420 19900520 15300819 15900719 19900318 19900917 15301017 199011168 19901216 1991.0115

1 Z

Potatoes--processing (early harvest)
£

Daily ET

4|
e 2
£ £ R ra T
P O S P e
Y "-‘\ Cr il o, e e,
: : : : : : : : : : s :

S00219 19800521 195900420 18900520 159900619 19900718 1959000318  1990.0917 19901017 199001116 19901296 1991.0115

\\ Keaa=(K Ky +K.) (and ET; oo =Keagt ETy)

S
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Annual ET estimates vs. Precipitation
- Desert Sage Brush

Salmon, Idaho 1930-1967 - Sagebrush
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= o
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i o
=< 200 - o
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E 150 - 20

100 A
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0

0 50 100 150 200 250 300 350 400
)16
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Why K, should transfer among
ions and climates '

» Full-cover Alfalfa Reference (ET,)
= Dense stand with no cutting effects
= 30 to 70 cm height
= Extensive cover (~ 50 m or more)
= Field crop
= Variable ground cover and leaf area
» |f crop/stomates’ are ‘programmed’ to
maximize photosynthesis and biomass

prgduction then

-

Relationship between ET, and ET.
should be constant with climate and
location

= Both systems behave like passive
resistors

= Both systems use solar radiation ¥
capture, aerodynamic roughness and <
near surface boundary layer
characteristics to drive ET




Overall Conclusions

= With dual K. method, worry less about K., g
and more obou’r K

C max-

» Alfalfa reference provides more certainty
than a grass reference since K is~ 1.0

C maxr

= Under stressed conditions, accurate
estimation of rooting depth (or MAD) and
rooting growth rate is important.

= Starfing and Stopping the Crop Growing
Period and the Evolution of K., over fime
can be important for Iocahzec? accuracy
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