Robert H. Brumfield, Esq. (SBN 114467)
bob@brumfieldlawgroup.com

LAW OFFICES OF ROBERT H. BRUMFIELD
A Professional Corporation
1810 Westwind Drive, Suite 100
Bakersfield, CA 93301
Telephone: (661) 316-3010
Facsimile: (661) 885-6090
Attorneys for Johnny Zamrzla, Pamella Zamrzla,
Johnny Lee Zamrzla and Jeanette Zamrzla (collectively
“Zamrzla’s™)
SUPERIOR COURT OF CALIFORNIA
COUNTY OF LOS ANGELES - CENTRAL DISTRICT
Coordinated Proceeding, Judicial Council Coordination
Special Title (Rule 1550(b)) Proceeding No. 4408
LASC Case No. BC 32501
ANTELOPE VALLEY Santa Clara Court Case No. 1-05-CV-049053
GROUNDWATER CASES. Assigned to the Hon. Jacleomar, Judge of the
Santa Clara County Superior Court
LIST OF EXHIBITS RE OPPOSITION BY
THE ZAMRZLA’S TO THE
WATERMASTER’S MOTION FOR
MONETARY, DECLARATORY AND
INJUNCTIVE RELIEF AGAINST
ZAMRZLA’S
Date: November 12, 2021
Time: 9:00 a.m.
Dept.: By Court call
COMES NOW the Zamrzla’s, individually and jointly, and and submits their exhibit list
as follows:
A, Letter from attorney Craig A. Parton regarding pumping of groundwater from the
Antelope Valley Adjudicated Basin, dated June 9, 2018.
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B. Emails to and from Craig A. Parton regarding Mr. Parton’s June 9, 2018, letter,
sent July 24, 2018,

C. Follow up email to and from Craig A. Parton regarding Mr. Parton’s June 9, 2018,
letter, sent August 6, 2018.

D. Email from Robert H. Brumfield to Craig Parton in Response to Request List of
Information, sent October 26, 201 8.

E. Letter from Patricia Rose regarding the Zamrzla’s not being in compliance with
the Antelope Valley Adjudication Meter Compliance program and Annual Reporting, dated
November 21, 2018.

F. Copy of Johnny Zamrzla’s invoice form Antelope Valley Watermaster, dated
January 22, 2019.

G. Email from Robert H. Brumfield to Craig A. Parton regarding Johnny Zamrzla’s
Antelope Valley Watermaster invoice dated January 22, 2019, sent on February 4, 2019,

H. Responding email from Craig Parton to Robert H. Brumficld regarding the
Antelope Valley Watermaster invoice, sent on February 13, 2019,

L. Antelope Valley Watermaster A/R Aging Summary dated August 31, 2021,

J. Email from Robert H. Brumfield to Craig A. Parton regarding further information
provided by Zamrzla’s about water usage, sent May 16, 2019.

K. Letter from Craig A. Parton sent via Certified Mail regarding Final Notice —
Compliance with Metering Requirements, dated July 12, 2019.

L. Email from Craig A. Parton to Robert H. Brumfield regarding assessments
payments by Zamrzla’s, sent August 20, 2019,

M. Email from Robert H. Brumfield to Craig A. Parton regarding the 2018 Edison
billing, sent October 24, 2019,

N. Email from Robert H. Brumfield to Craig A. Parton regarding the impact of the

zero water production by Zamrzla “farm well” in 2018, sent November 6, 2019.
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0. Email from Robert H. Brumfield to Craig A. Parton requesting Zamrzla’s invoice
be withdrawn in writing and removed from the books of the Watermaster as a receivable, sent
July 22, 2020.

P. Zamrzla Assessment dated September 23, 2020.

Dated: November 3, 2021 LAW OFFICES OF ROBERT H. BRUMFIELD,
A Professional/ Corporation
AW/N
By: /;% | m”ﬁ s

Robert 4. Brumfield, 111

Attorney for Johnny Zamrzla, Pamella
Zamrzla, Johnny Lee Zamrzla and Jeanette
Zamrzla
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| CERTIFIED MAIL — RETURN RECEIPT REQUESTED

.. Johnny Zamrz}a
48910 80" St West |
Lancaster, CA 93536

Ref: APN: 3220-00 -026

"Re:  PUMPING OF GROUNDWATER F

ADJUDICATIED BASIN

ROM THE ANTELOPE VALLEY

- Dear Mr. Zamarzla, o T _
This office serves as staff to the Antelope Valley Watermaster, The Watermaster was - @
created by the Los Angeles Superior Court and charged with assisting the Court in administering the
terms of a Judgment and Physical Solution dated December 23, 2015 (hereinafter the “Tudgment™ .
relating to the Antelope Valley Adjudicated Basin. A copy of the Judgment can be foundat =
www.avwatetmaster.net under the “Resources” tab, The Judlgment spells out in detail all the rights .

to groundwater production in the Antelope Valley Adjudicated Basin. Any groundwater pumping - - b
outside of an identified right to.do so pursuant to-the terms specified in the Judgment is strictly .~

tis our understanding that you may be pumping grovndwater from the Antelope Valley =~
- ~Adjudicated Basin. If you do not have a right to do so under the terms of the Judgmentthe - L
Watermaster is required by the Court to stop all unauthorized pumping. This is our notice thatyou =~ =
immediately comply with Section 20.9 of the Judgment.. That Section of the Judgment providesa =~ = .
process for non-paties to intervene in the Judgment to become a party and to then seek the tghtto - -
produce groundwater from the Adjudicated Basin. e e T e

~ Intorvening to become a party to thé Judgment actﬁdliy has a number of pdténﬁal'advéntagéé SR |
including having access to replacement water and the i ght to benefit from groundwater transfers and -
~ other privileges under the Judgment, In addition, by intervening in the Judgment you have the = .. .0 -

.0, Box 3025 « Quartz Hill California, 93586 » www.avwatermaster.net » (661) 2348233




potential to obtain a legally recognized right to produce groundwater from the Adjudicated Basin
thus directly affecting the value of your real property from which you may be currently extracting
groundwater without the legal right to do s0. We have been advised that the fact that you have no
cwrent legal right to exiract groundwater from your property pursuant to the Judgment is a fact
which you are likely obligated to disclose to potential purchasers or lenders interested in your

property.

If you intervene in the Fudgment and obtain a right to produce groundwater from the
Adjudicated Basin, you may be able to acquire transfer water or will be required to pay replacement
water costs for your groundwater production. If you continue to produce groundwater without
intervening in the Judgment, we will ask the Court that you be found to be responsible to pay those
replacement water costs for-all past production, that you be prevented from further producing
groundwater from your property and will also seek to recover all attorney’s fees and other direct and
indirect costs incurred in being required to engage in this legal process. : .

In short, if I am required to bring a motion before the court to determine your right to
produce groundwater from the Adjudicated Basin, we may seek to halt your production of
groundwater entirely and/or may seek imposition of Watermaster assessment costs on youforall
Ppast production in violation of the Judgment, as well as all legal and other ¢osts incurred to obtain -
that order from the Court, o :

Please contact Watermaster Administrative offices at (661)234-8233, or PO Box 3025,
Quartz Hill, CA. 93586 within 10 days, so that we can explain your options and address your
groundwater production in the Adjudicated Basin, '

If we do not receive a written response fiom you within 30 days from the date of this letter,
the Watermaster will have no other choice but to proceed as discussed above and will seck to halt -
your groundwater production by bringing a motion before the Los Angeles Superior Court and seek

recovery of our fees and associated costs for being forced to do so.
Thank you in advance for your cooperation and we look forward to working with you to
obtain compliance with the judgement so that no Court action will be necessary.

Very truly yours,

. Craig Paridh, Watermaster General Counsel
' Price, Postal & Parma "

ce: Watermaster Board of Directors
Watermaster Engineer

P.O. Box 3025 « Quartz Hill, California, 93586 » wWw.avwatermaster.net » (661) 234-8233
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From: Craig A. Parton <Cparton@ ppolaw.com>

Sent: Tuesday, July 24, 2018 2;49 PM

To: Bob Brumfield <bgb@brumfield-haganlaw.com>

Cc: Betsy Wright <bwright@ppplaw.com>; Serena Rivera <serena@ brumfield-haganlaw.com>

Subject: RE: June 9, 2018 Letter to Various Landowners re "Pumping of Groundwater from the Antelope
Valley Adjudicated Basis”

Mr, Brumfield: Thanks for so informing us of your clients’ interest in
intervening.....Let me discuss it with the Watermaster Engineer and be in
touch.....Craig Parton

Piin, PoTeL 5 PABMA (LD

Craig A. Parton

Price Postel & Parma LLP

200 E Carrillo Street, Suite 400
Santz Barbara, CA 93101

T: 805.962.0011 (Main);

T 805.882-9822 (Direct)

E; 805.965.89078

F: cap@ppplaw.com

Website: httpy/ppplaw.com

This message, including any attachments, is [or the sole use of the inlended recipient. Tt may contain
material that is confidential or privileged. Any review or distribution by anyone other than the intended
recipient, without the express permission of that person, is unauthorized and strictly prohibited. IF you have
recetved this message but you are not cither the intended recipient or authorized to receive it for that
person, please advise the sender and delete this message and any attachments without copying or
forwarding.

From: Bob Brumfield [mailto:heb@brumfield-haganiaw.com]
Sent: Tuesday, July 24, 2018 2:41 PM :

To: Craig A. Parton

Cc: Betsy Wright; Serena Rivera

Subject: June S, 2018 Letter to Various Landowners re "Pumping of Groundwater from the Antelope
Valley Adjudicated Basis"

Dear Mr. Parton:

Please be advised that my office represents 5 recipients of your June 9, 2018 letter sent to
landowners in the Adjudicated Basin, which [etter was received on either July 16, 18 or 19,
2018, as the case may be,

The 5 recipients that we represent are as follows:

1. Charles Tapia.



Mark Ritter.

Olin Derrick,
Johnny Zamrzla,
Johnny Lee Zamrzia.

vk N

As noted in your letter, | reviewed Section 20.9 of the Judgment and generally refreshed my
memory of the Judgment and its terms,

Each of my clients would like to pursue intervening in the Judgment by way of stipulation with
your client, the Watermaster,

Would your client be willing to so agree? And, if so, is there a draft stipulation you could send
me to review?

Thank you, and we look forward to hearing from you. If you would prefer a call, just let me
know.

Very Truly Yours,
BrunifieldsHagan LLP

Robert H. Brumfield, Il
2031 F Street

Bakersfield, CA 93301

-and-

325 Oid Mammoth Road, B4

P.Q. Box 146
Mammoth Lakes, CA 93546

Tele (661) 215-4980 | Fax (661) 215-4989
www.Brumfield-HaganlLaw.com

NOTICE: THE INFORMATION CONTAINED IN THIS E-MAIL IS CONFIDENTIAL AND MAY ALSO CONTAIN
PRIVILEGED ATTORNEY-CLIENT INFORMATION OR WORK PRODUCT, THE INFORMATION IS INTENDED
ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY TO WHOM IT IS ADDRESSED. IF YOU ARE NOT THE
INTENDED RECIPIENT, OR THE EMPLOYEE OR AGENT RESPONSIBLE TO DELIVER IT TO THE INTENDED
RECIPIENT, YOU ARE HEREBY NOTIFIED THAT ANY USE, DISSEMINATION, DISTRIBUTION OR COPYING OF
THIS COMMUNICATION IS STRICTLY PROHIBITED, IF YOU HAVE RECEIVED THIS E-MAIL IN ERROR, PLEASE
DELETE THIS MESSAGE FROM YOUR COMPUTER AND IMMEDIATELY NOTIFY THE SENDER BY TELEPHONE
AT (661) 215-4980. THANK YOU,

Please consider the anviranment before printing this e-mail.
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From: Craig A. Parton <Cparton@ppplaw.com:>

Sent: Monday, August 6, 2018 5:30 PM

To: Bob Brumfield <bob@brumfield-haganlaw.com>

Cc: Betsy Wright <bwright@ppplaw.com?>; Serena Rivera <serena@brumfield-hagantaw.com>

Subject: RE: June 9, 2018 Letter to Various Landowners re "Pumping of Groundwater from the Antelope
Valley Adjudicated Basis”

Intend to respond fairly shortly.....Have not forgotten about you! Craig Parton

PRitis, POSTEL & PAEMA LLP.

Craig A, Parton

TPrice Postel & Parma T.LIP

200 ¥, Carnllo Sireet, Suite 10¢
Santa Barbara, CA 93101

T: 805.962.0011 (Main);

T: 805.882-9822 (Mirec)

T 805.965.3978

¥ cap@ppplaw.com

Website: atlpy//ppplaw.com

This message, including any attachments, is for the sole use of the intended recipient. It may contain
material that is confidential or privileged. Any review or distribution by anyone other than the intended
recipient, without the express permission of that person, is unauthorized and strictly prohibited, If you have
reccived this message but you arc not cither the intended recipient or autherized to receive it for that
person, please advise the sender and delete this message and any attachments without copying or
[orwarding.

From: Bob Brumfield [mailto:bob@brumfield-haganlaw.com]

Sent: Monday, August 06, 2018 12:22 PM

To: Craig A. Parton

Cc: Betsy Wright; Serena Rivera

Subject: RE: June 9, 2018 Letter to Various Landowners re "Pumping of Groundwater from the Antelope
Valley Adjudicated Basis"

Dear Mr. Parton:
I was just checking in to see where we are on this matter. Thank you.

Very Truly Yours,

s » I
BrumfieldsHagan LLP

Robert H. Brurafield, I}



2031 F Street

Bakersfield, CA 53301

-and-

325 Old Mammoth Road, B4
P.C. Box 1456

Mammoth Lakes, CA 93546

Tele (661) 215-4980 | Fax (661) 215-4989
www. Brumfield-HaganLaw,.com

NOTICE: THE INFORMATION CONTAINED IN THIS E-MAIL IS CONFIDENTIAL AND MAY ALSO CONTAIN
PRIVILEGED ATTORNEY-CLIENT INFORMATION OR WORK PRODUCT. THE INFORMATION IS INTENDED
ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY TO WHOM IT IS ADDRESSED. IF YOU ARE NOT THE
INTENDED RECIPIENT, OR THE EMPLOYEE OR AGENT RESPONSIBLE TOQ DELIVER IT TO THE INTENDED
RECIPIENT, YOU ARE HEREBY NOTIFIED THAT ANY USE, DISSEMINATION, DISTRIBUTION OR COPYING OF
THIS COMMUNICATION (S STRICTLY PROHIBITED, IF YOU HAVE RECEIVED THIS E-MAIL IN ERROR, PLEASE
DELETE THIS MESSAGE FROM YOUR COMPUTER AND IMMEDIATELY NGTIFY THE SENDER BY TELEPHONE
AT (661) 215-4980. THANK YOU.

Please consider the environment before printing this e-mall,
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Rabert H Brumfield

2t B ATy

From: Bob Brumfield
Sent; Friday, October 26, 2018 1:55 PM
To: "Cralg A, Parton'
Ce: "Phyllis Stanin (PStanin@toddgroundwater.com)’; 'Kate White

{KWhite@toddgraundwater,comy; Sereha Rivera
Subject: Zamarzla - Respanse to Request List of information from Brumfield clierits
Attachments: Zamrzla - 80th St, Ranch #3220-006-026 pdf: Zamrzia - Two 75th St

Parcels-3220-006-002 & 003.pdf; Johnny Lee Zarnarzia Resporise to Reguest for
tnformation.pdf; Johnny Lee Zamarzla Water Well Reportpdf

Craig,

Attached please find the Information for Johnny and Pamella Zamarzla's properties and the information for
Johnny Lee and leanette Zamarzla's property.

Johnny Lee also had recent information regarding his well, arid [ attach that also.
Thank you.

Very Truly Yours,

Brumfields HaganLLP

Robert H, Brumfield, Ul

2031 FStraet ,
Balersfield, CA 93301

-and-

325 Old Mammoth Road, B4

P.O. Box 146

Mammoth Lakes, CA 93546

Tele (661) 215-4980 | Fax (661) 215-4989

winw.Brumfield-HaganLaw.com

NOTICE: THE INFORMATION CONTAINED IN THIS E-MAIL IS CONFIDENTIAL AND MAY ALSQ CONTAIN PRIVILEGED
ATTORNEY-CLIENT INFORMATION OR WORK PRODUCT, THE INFORMATION IS INTENDED ONLY FOR THE USE OF THE
INDIVIDUAL OR ENTITY TO WHOM IT IS ADDRESSED, IF YOU ARE NOT THE INTENDED RECIPIENT, OR THE EMPLOYEE OR
AGENT RESPONSIBLE TQ DELIVER IT TO THE INTENDED RECIPIENT, YOU ARE HEREBY NOTIFIED THAT ANY USE,
DISSEMINATION, DISTRIBUTION OR COPYING OF THIS COMMUNICATION IS.STRICTLY PROHIBITED. IF YOU HAVE
RECEIVED THIS E-MAIL IN ERROR, PLEASE DELETE THIS MESSAGE FROM YOUR COMPUTER AND IMMEDIATELY NOTIEY
THE SENDER BY TELEPHONE AT (661) 215-4980, THANK YOU.

Plegsa consitiar the environment befors printing this g-mall,



Johnny and Pamella Zamrzla, Property Owners

48910 80" Street West
Lancaster, CA 93536

Contact:. fohnny Zamrzla
Office # 661/273-1336
[ohnnyz@westpacroof. com

Year purchased:
Total acreage of parcel:

Sellers not parties to judgment. (N/A)
Sellers name: (N/A)

Acres leased ta dthers: None

Dates leased to others: NJA
Production Rights in the Judgment? No

Number of residences/houses on parcel:
Number of occupants living in residences:

Number of wells on parcel:

Well information:

Date Drilled: Prior to 1960
Retrofit/Overhaul 1985
Retrofit/Overhaul 2015

Depth:; 600

Diameter: 8" Casing

Screened interval 340 Solid/260 Perf
Current Depth to water; 207 ft

Sept 2018
Page 1of2

APN #3220-006-026

1970

40 acres

One (1)
Twio (2}

One (1)

Documented water levels: 1965 @ 308 / 1986 @ 228’ / 2007 @ 214" / 2013 @ 207.1’

Pumping capacity: 323 GPM

Meter Information N/A



Page 2of 2
Contact: lohnny Zamrzla
Office# 661/273-1336
|ohnngz@westgacrooﬁcom
APN #3220-006-026

HISTORY OF IRRIGATION

FARMING;

Approx Dates Acres Method Crop

1940's - 1970's 39 acres Flood rrigation Alfalfa

1970% - 1990’5 35 acres Flood Irrigation Alfalfa

1990 - 2000 20 acres Sprinkler Grain Hay
PASTURE IRRIGATION:

20002010 (approx) 10 acres Whael Line Sprinklers Pasture/Rye Grass
2010 - Present 5 acres Wheel Lina Sprinklers Permanent Pasture

RE;.Crops grown, associated acreage, annual production, ete,
2016-2017-2018  No crop production.

HISTORY OF WATER USES OF WELL

1960's well was designed to produce 2000(+) GPM and 300 AF per year to farm 40 acres.”
197010 1990's - Domestic, Livestock and Irrigation {as noted above)

1990 to Present/ 2016- 2017 2018

Domestie, Livestack, Pasturg, 150 Trees, Arana Watering™*

The static water levels of aur wall have rlsen over100 ft. since the 1960%.

Water Usage History reflects significant conservation of water and reductions in usage over the 48
years we have owned and lived on our property, i.e., eliminating flood irrigation, reducing acreage
farmed, investing in wheel fine sprinklers; and for nearly 20 years we have Irtigated anly our
pastire, reducing that o currently 5 acres. *Current estimated water usage of 100 AF represents a
2/3's reduction.

** We maintain and provide a performance arena that has been donated for use to jocal community
groups and youth organizations including, California High $chool and funier Rodeo Associations and
AV Junior Radeo.

Future use of parcel; Same
Estimated annual water use in the future: 100 AF
Annual amounts of use of other water sources: N/A



Sept 2018
Page 1l of2

Johnny and Pamella Zamrzla, Property Owners
48910 80" Street West
l.ancaster, CA 93536

Contact: Johnny Zamirzla
Office # 661/273~1336

iohnnye@westpacroof.com

NOTE: These two parcels, #3220-005-002 £ 003, adjoin the Zamrzla’s 40 acre Home & Ranch on Soth St.
West (#3220-006-026)

APN # 3220-006-002 APN_# 3220-006-003
757 St West & Ave D 75" st, West & Ave D8
Year purchased: 1986 1986
Total acreage of parcel: 39.2 acres 40 acres
Sellers not parties to judgment (N/A)
Sellers name: (N/A)
Acres leasad to'others: None
Dates leased to others: N/A
Production Rights in the Judgrment? No
Number of residences/houses on parcal: None None
Number of occupanis living in residences: N/A N/A
Number of wells on parcel: None One (1)

Well information:

Date Drillad: Prior to 1965
Retrofit/Overhaul 2006
Retrofit/Overhaul 2016

Depth: 600 Ft.

Diameter: 14"

Current Depth 1o water: 199 ft.

Water level history: 1966 @ 296 ft. / 1973 @ 295 ft. / 2013 @ 211 ft. / 2014 @ 200 ft.
Pumping capacity: 823 GPM

Meter information N/A



Contact: dohnny Zarrzia
Offlce # 661/273-1336
lohnnyz@westpacrogf.com

Page 2 of 2

APN _#3220-006-002 APN # 3220-006-003
HISTORY OF IRRIGATION
Approx Dates Acres Crop
1950 ~ 1980°s 75 acres Various
1990 - 2010 75 acres ' Vatious
20102015 75 acres Alfalfa/Grain Hay/Sudan Grass
2016 & 2017 75 acres Alalfa /Grain Hay/Sudan Grass

Annual Water Production: Estimated 500 — 600 AF per year

Approx Crop Production: 6 to 7 cuttings per year

Method: Kwh/GPM
2018 No crop production.

NOTES: > Investment in Wheel Line Irrigation System to conserve water.

» $tatic water levels have continued to rise; from 295 . in 1973 to 199’ currently.

Future use of parcel: Same as 2016 -2017
Estimated annual water use inthe future: 450 AF

Annual amounts of use of other water sources: N/A



September 18, 2018

John Leé Zamrzla and Jeanstte Zamrzla
B165 West Avenue D8, Lancaster, CA 93536
661-492-5116 / jlee@westpacroof.com
Contact: Johnny Lea / Owner

APN numbaers dssociated with Party’s Property:

3220-003-028 3220-003-027
Year purchased; 1999 2014

Sellers not parties to judgment

Sallers name: Lingatah & Vijaya Janumgally Nirclseo Dufdulan & Mr. Mrs. Bulacan
Total acreage of parcel: 10 acres 10 acres

Acres leased to others; no Ag

Datas leased to others: N/A N/A

1o Lassees or Production rights on.both property,

No. of gesldencesfhouses on parcel: 1 house Vacant land with NO Water
No. of gecupants lving I sesltences: 2 2016-2018 N/A

Mo, of Wells on parcel: 1 None

Well information

Date Drilled: 1965

Depth: 600"

Diameter:. 14"

Screened interval: 3227 Solid -280" perforated
Meter information: N/A

Depth to water: 212
Pumping capacity: 150gpm



3220.002-028 3220-001-027

Irrlgated acreage In 2016, 2017, and 2018:

5 acres 10 acres

Craps grown In 2016, 2017, and 2018 and assocdated acreages of eath:

5 acres pasture grass 10 acres Hay

Annual production in 2016, 2017, and 2018:

Method used to estimate production: Well efficlency testing by Southern Callfornia Edison & Power
usage.

Water uses of weli:  domestic, livestock, irrlgation and wheel lines on 10 acres of next door parcel.

Dates and annual amounts of use of other water sources:  None None

Future use of parcel: Same

Estlmated annual water use In the future: 200 AF
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ROTTMAN DRILLING CO.
46471 N. DIVISION STREET
LANCASTER, CA 53535

0618428125
JOB: Johhny Lee DATE: _3/28/2008
sWL: "221-eet 60 ) AIRLINE: ~ 370-feet
WATER LEVEL GALLONS/MINUTE

TIME OPERATION LB3 PiL({fest) INCHES GALS  YIELD REMARKS
1100 Development 80 239 8 726 Dirty
11:20 Deveiopment 60 235 18 1025 568,84 Dirly - Raised by itself
11:38  Development 80 239 15 1025 £6.84 Dirty
11:50 Developrment a0 239 16 1026 §6.94 Muddy
12:05  Development &0 238 15 1028 5694  Muddy
1216  Devalopment 60 239 18 1028 §6.94 Muddy
12:30  Development 80 230 14§ 026 5694 Cilean
12:35 Incresse 54 244 20 1200 §2.17  Dirty
12:46  Developrent 68 244 20 1200 §2.17 Muddy
1300  Development 58 244 20 1200 $2.17 Clean
118 Increase 54 253 30 1450 Muddy
135  Development 54 253 Kin 1450 Muddy
1:56 Development 64 263 30 1450 Clean
2:00 Increase 60 262 48 . 1880 Muddy
225  Development &0 262 46 1850 Clean
2:30 Increase 48 287 a0 2100 Muddy
245  Development 48 267 &0 2100 Claan
3:00 Development 48 267 60 2100 Clean

SURGE 1
%10 UDevelopment 89 242 17 1125 Wuddy
335  Daveiopment 58 242 17 1125 Claan
3:30 Increase 64 263 30 1460 Clean
345  Dovelopment 54 253 30 1450 Clean
347 Increass 52 258 48 1806 Clean
4:01  Development 52 268 46 1600 Clean

BURGE 2
4:06  Development 64 263 30 1450 Muddy
415 Incramse 45 a7 2100 Clean
430  Development 48 267 2100

SURGE 3
438  Development 54 253 30 1450 A little dirty (1-minute)
460  Development 54 263 30 1450 Clean

800  Development 64 253 30 1450 Shut-down
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ROTTMAN DRILLING CO.
46474 N, DIVISION STREET
LANCASTER, CA B3536

bo1-942-6128
JOB: Johnny Les DATE: 3130/2006
SWL: "7 1"6'?3— e:_t 70 psi AIRLINE: “378-Toat
WATER LEVEL GALLONSIMINUTE

TIME OPERATION LBS PiL{feot) INCHES GALS  YIELD REMARKS
815 Start-up 70 216 kL] 160G Dirty at Start-up
8:30  Constant Rate 56 249 34 1500 Clean
848  Constent Rate %) 266 34 150D Clean
9:00  Constant Rate 53 266 34 1600 Clean
9416 Constant Rate 52 286 34 160D Clean
930 Constant Rate 53 266 34 1500 Clean
9:45 Constant Rate 53 256 34 1600 Cloan
10:00  Constant Rate 53 256 34 1800 Clean
1¢:16  Constant Rate 53 256 a4 1500 Claan
10:30  Constent Rate 83 256 a4 1500 Clean
10:45 Constant Rate 53 266 34 1500 Glean
14016, Constant Hate 53 2568 34 1500 Clean
1145  Constant Rata 63 256 34 1500 Clean
12:16 Constant Rate 53 2568 Kh 18600 Claan
1245 Constant Rate 83 258 24 1500 Clean
1116  Constant Rate 63 256 34 1600 Clean

1:45 Constant Rate 63 256 34 1800 Clean
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@@éﬂ%g l Y ‘'lbore Video Report - ——welenco
Company _Rottman Drilling Company Job Ticket | 5849 RunNo, _1
Address 46471 North Divislon N . Well No___Johnuy Lee
Cley L. ancaster State _CA Zip _ 93533 Survey Date _ Maroh 13, 2006
Requested by Danny PO, Well Owner _ Johuny Lee
Copy To Camern __CCVColorPlipCamers
Reazson For Survey Qengral Inspaction Zero Datum __Top of Cesing T
Opsrator Michael Miyaham WellDepth _ 600 _ Video Vm _TO-3
Location Corner of DH and 80th W,
Casing 1D, at Surface 135" LD, Reference _____ Estimate from Videp Build-Up . Hesyy.Increasing Wi Depth.
SELECTED WELLBORE SNAPSHOTS | iivee WELLBORE/CASING INFORMATION
. |Downview Dapthe are ) deeper than displayed
000" | Revording Stacts - Zerood on Sideview Eeng at Top of Casing
21 [Dowmiew of Stalic Waler Lovel at 213
Popr Visibility from Stalic Water Level foo 318
319 |Dawnview of Clearer Water at 320'
320" | Sideview.Vertlca) Stots Open . . .
502" |Sideview-Vertical Stois Open B
58¢' |Downview of Fitl a $87' End of Survey

TPNERPE——

e | —— — -

welenco, ing.
6201 Wogttmars Dr,

Bakorsfleld, CA 83313

wWww walbnee.oom

o-tnall: welencodiwelanno.com
Phone! 1-{800; 445-2914

Fax; 1.{661) $34.2530

Natas:

RECEIVED MAR 16 200
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ANTELOPE VALLEY BOARD OF DIRECTORS

T Rohert Parsis — Chair

AVEK Rupresentative

EST 2018 Landowner Representative
Adam Arlki
LACUWAN- Dist. 40 Rapresentative
John Calandr]
TandownerRepresantative

1eo Thibault

Dernls Atkinson ~ Vice Chalr

November 21, 2018 Publl Water Suppliars Represantative

Johany Zamrzla
48910 80 St West
Lancaster, CA. 93536

You are receiving this letter because you are niot currently in compliance with the Antelope
Valley Adjudication Metexr Compliance program and Annual Reporting as required by the
Judgment.

Section 5.1.3.2 of the Judgment specifies that “should the Watermaster develop a
reasonable belief that 2 Small Pumper Class Member household is using in excess of 3
acre-feet per Year, the Watermaster may cause to be installed a meter on such Small
Pumper Class Member’s well at the Small Pumper Class Member’s expense.”

The Watermaster has identified pre-qualified meter installers; you are required to work with
one of these installers for meter documentation. They will assist you with selecting the
proper meter and complying with these requirements. We have sttached the meter
requirements and list of Watermaster approved installers and tester for your convenience and
use, Please confirm with us the name of that pre-qualified individual or fitm you have selected
by December 14% and inform us in writing by December 14 of the date certain (in no event
later than February 28, 2019) for that individual or fitm to perform and complete its services
at your property. We will then be following up with both you and the individual or firm
selected to confirin performance. Failure to confirm this information with ys will be construed
as failure to comply with the ferms of the Judgment.

Also included in this packet are the 2016 ad 2017 Production Reporis. These armual
teports need 1o be filled out and returned by'Decqmbf:r 14, 2018.

If you have any questions, please contact the Watermaster Administrative staff at (661) 234~
8233 or by e-malil at prose avwals net.

_ Sincerely,

" Paliieiq Rese
AV Witermaster

Interim Secretaty

o WatermasterBoa:r:d
Watermaster Engineer

P03, Box 3025 « Quartz Hill, California, 93586 « www.aywatermaster.net « (661} 234-8233



ANTELOPE VALLEY WATERMASTER

ANNUAL WATER PRODUCTION REPORT

. 2016 Calendar Year
Producer:l ) B l
Groundwuter Praduction ) Groundwater Production {cont,)
State WailNo. | Well Desig pr M::- ﬂ; M‘:’;‘::ﬂ:fn . [ State weith, Welt Dasignotion | ™" }’::;‘:f" psthodof |
Intported Wotar Supply
Suppller Point of Defivery :::;?j MT:;:';::“?M

Is this amount haing reported to the state under Water Sade § 5001 (cequired In Tatal Groundwater Production (ckt) | G.0)
Les Angeles County IF totel groundwater productlon exceads 25 agre-feat)?

Yes * No Total Imported Water Supply {Ac-Ft) .

Seetion 18.5.12 (Aroduction Reports) of the Judgmant states, "The Watermaster Engineer shall require each Praducer, other than unmetared Small Pumpet Class
Members, to file an annual Production report with the Watermaster. Producers shall prapara the Production reports In a form prescribed by the rules and regulations,
Tha Production reports shall stata the total Production for the reporting Party, Including Praduction par wedl, rounded off to the nearest tenth of an acre foot for aach
raporting period. The Fraduction reports shuil Include such additional Infarmation and supporting dorimantation 25 tha rules and ragulations may reasonably require,

I certify to the hest of my knowledge and bellef that the foregoing Information Is true and corvact

indlvidual Company
ﬁﬂfe Compnny Agent
Date




m——— ———

ANNUAL WATER PRODUCTION REPORT

2017 CALENDAR YEAR
ANTELOPE VALLEY WATERMASTER

Submit by March 2, 2018
Mease mall to: Antelope Valley Watermaster, P.O. Box 3025, Quartz Hill, California 93586 OR email to:
‘ tas ‘
PRODUCER:
Contact Name:
Adldress) , .
Phone: ‘ amatl; —
TOTAL GROUNDWATER PRODPUCED: acrefaet In 2017
Please see tables on AYWM's webslte (s Buwateraaskernat) for Production Rights, 2017 Rampdown Production, 2017
Unused Fedleral Reserved Water Rights, 2017 Imperted Water Return Flows, and available Carry Over Water,
1. Amount from Production Rlght from Native Safe Viald: i erpfeet
2. Amount ftom Unused Federal Reserved Water Rights; acre-feet
8. Amount from Rampdown Production for Exhibit 4 Parties: {maximum can be 2017 Rampdown Productioh ~
Production Right}: __ , Jacre-feey

- Amount from Imported Water Return Flows for Exhibit H Parties; acre-fest
5. Amaount from Carry Over Water: acre-feet |
6. Amount from Stored Water: . acre-feet

Supplier{s} and source(s) of sach Stored Water source

7. Amount from New Production: ) ‘ acra-feet
Data New Production was approved:

8. Ameount from Other Rights to Produca: ) ) acre-feet
Description of Other Rights to Produce:

9. Amount from Transfers; pere-feet

Suppliers and sources of each type of Transfer water used;

Sectlon 18.5.12 {Production Reports) of the Judgment states: “The Watarmastar Engineer shall requira each Produger, other than
unmetared Small Pumpar Class Members, to file an anaual Production report with the Watermaster. Producers shall prepare the
Pradyction reperts In a form prescribed by the rules and reguiations. The Produetion reports shall stata the total Production for the
reporting Party, including Froduction per well, rounded off to the naarest tenth of an arre foot for each reparting petiod. The
Praduction reports shall includs such additional Information and supporting documentation as the rules and regulations may reasonahly
require,”

 certify to the best of my knowledge and belief that the Information provided on this Production Farm 1 true and
correct.

Signature of Producer Date

Pagelof2 lanuary 29, 2018



Well Production Information for 2017

State Well APN #.A ssoclated Production Method of
Number with the Well Deslgnation {acre-fast) Measurament
Production
Imported Water Use in 2017

APN Numbars

Suppiler Assoclated with the Polnt of Delivery S;.n:;: h_’.fg:f}d MMethOd of

Imported Water Use | acre easurement
Page 2 of 2 January 29, 2018

&



Antelope Valley Watermaster

Pre-Approved Meier Installers

S.A. Camp Pumyp & Drilling Co.

PO Box 82575
Bakersfield, CA 53380

DRC Pump Systom, Inc
Jan Herrin/Red Houghton
44434 90™ St. Bast
Lancaster, CA 93535

Willtart Curry Consulting
William “West” Curry
33515 132" Street East
Pearblossom, CA 93553

Layne Christensen Co
Robert Porter

1717 Park Avenue
Redlands, CA 92373

Growe Bryant Pump Service
Mike Grewe

PO Box 1378

Rosamond, CA. 93560

Roadrunner Pump Service
Archio Floyd

PO Box 1052

Pearblossom, CA 93553

Bakersfield Well and Panap
Ruben Baltierra

7212 Prultvale Avetuc
Fruitvale, CA 93308

Cascade Drilling
Dale Emerson

1339 West O Street
TIpland, CA 91786

Morrison Well
Anthony Morrison
42107 Quail Creek Dr
Lancaster, CA. 93536

(661) 3992979
(661) 946-9444

Aropups@verizon.

(661) 526-7873
wiennry.wel(g) mlmn

(760) 2501375
Robert.porter@layne.com

(661) 256-2117

(661) 393 9661
hw Relet

(562)929-8176
demerson@cascade-eny.com

(661) 466~6031
morrisonwell @gmail.com



Pre-Approved Meter Installers

MeCall’s Meter Inc.
Rick Bremer

1498 Mesa View St
Tlemet, CA 92543

Southern California Edison
Rick Koch

10180 Telegraph Road
Ventura, CA 93004

Layne Christensen Co
Robett Porter

1717 Park Avenue
Redlands, CA 92373

S.A. Camp Pump & Drilling Co.

PO Box 82575
Baketsfield, CA 93380

Grewe Bryant Pump Service
Mike Grewe

PO Box 1378

Rosamond, CA 93560

(951) 654-3799
rick@mecallsmeters.com

(805) 338-1398

(760) 250-1375
Robert.porter@layne.com

(661) 399-2979
l o {3
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ANTELOPE VALLEY BOARD OF DIRECTORS
Rohert Parris « Chair
AVEX Representative

ES‘ 2018 Lahdowner Represantativa
Adam Arild

LACWW- Dlst, 40 Representative

John Calandrl
Larslowner Rapresenlutive
Lao Thibauit

Dennis Atkinsan ~ Vice Chalr

November-21, 2018 Publle Water Suppliers Reprasantative

Johnny Zamrzla
8165 West Avenue D-8
Lancaster, CA 93536

You are receiving this letter because you are not currently in eompliance with the Antelope
Valley Adjudication Meter Compliance program and Annual Repotting as required by the
Fudgment:

Section 5.1.3.2 of the Judgment specifies that “should the Watermaster develop a
reasonable belief that a Small Pumper Class Member household is using in excess of 3
acre-feet per Year, the Watermaster may cause to be installed a meter on such Small
Pumper Class Member’s well at the Small Pumper Class Member's gxpense.”

The Watetmaster has identified pre-qualified meter installers; you are required to work with
one of these installers for meter documentation. They will assist you. with selecting the
proper meter and complying with these requirements. We have attached the meter
requirements and list of Watermaster approved installers and tester for yout convenience and
use, Please confirm with us the name of that pre~qualified individual of firm you have selected
by December 14% and inform us in writing by December 14™ of the date certain (in no event
later than February 28, 2019) for that individual or firm to perform and coiiiplete ifs services.
at your property. We will then be following up with both you and the individual or firm
selected to confirm performance. Failure to confinm this information with us will be construed
as failure to comply with the terms of the Judgment.

Also included in this packet are the 2016 and 2017 Production Reports; These annual
reports need to be filled out and retuined by December 14, 2018..

If you have any questions, please contact the Walermaster Administrative staff at (661 234-

8233 or by e-mail at prose@avwatermiaster.net.

Sincerely, .
e Dose

AV Watermaster

Interim Secretary

G Watermaster Board
Watermaster Ergineesr

P.O. Bax 3025 « Quartz Hill, California, 93586 » www.aywatermaster.net # (661) 234-8233

1



ANTELOPE VALLEY WATERMASTER

ANNUAL WATER PRODUCTION REPORT

2016 Calendar Year
Producer: B I
Groundwater Production Groundwater Production foont.)
Stota WellNo. | Wellbesignation | * ’;’::‘;;”" poaihad of 1 state wabno, Wall Designation | o araethatof
Imported Water Supsly
Suppiier Paint of Defivery mﬁ'; MTa?hwo':mg: ¢

Is this amount being reported to the state under Water Code § 5001 (reaulred! In Total @rouncwater Production (Ac-Ft)
Los Angales County if tutal groundwater production exceads 25 acre-faat)? )

Yes,.  No___ Total Importad Watar Supply [Ac-Fi) 3 ,

Sectlon 18.5.12 (Production Rsporis) of the Judgmant stakas, "The Watermaster Engineer shall require sach Producer, ather than unmetered Small Fumpar Class
Members, to flle an annuat Production report with the Watermaster. Praducars shall prepare the Production raports In a form prescribed by the rules and ragulations,
The Praduction reparts shall state the total Produstion for the reporting Party, Including Production per wall, rounded off ta the nearest tahth of an acre foot for aach
reporting pariod, Tha Praduction reports shall include such additional information and supporting documantation as the rules and reguiations may reasonably require.”

| certify ta the best of my knowledge and belief that the foregoing infermation 1s true and corract

Indivigfual Campany
Date - Campanhy Agent
Date



[

ANNUAL WATER PRODUCTION REPORT

2017 CALENDAR YEAR
ANTELOPE VALLEY WATERMASTER

Submit by March 1, 2018

Please mail to: Antelope Valley Watermaster, P.0, Box 3025, Quartz Hill, Cafifornia 93586 OR emall to:

‘ E) fepaet.
PRODUCER:
Contact Name:
Addrags: _ ‘
Phone: . . —email
TOTAL GROUNGWATER PRODUCED: sere-feat in 2017

Please see tables on AVWM's websita (wiww.svwatermastar.net for Production Rights, 2017 Rampdown Production, 2017
Unused Federal Raserved Water Rights, 2017 Imported Water Return Flows, and avallable Carry Over Water.

1. Amount from Production Right from Native Safe Yield: acre-feet
2. Amount from Unused Federal Reserved Water Rights: agre-feet
3. Amount from Rampdown Praduction for Exhibit 4 Partles: (maximum can be 2017 Rampdown Production —
Production Right); _ agre-tewt
Artount from Imported \Water Return Flows for Exhibit H Parties: acre-feat
Amount fram Carry Over Water: i acte-feet
6. Amount from Stored Water: acre-feck

Supplier(s} and source(s) of each Stored Water source

7. Amount from NMew Production: acre-feet
Date New Productlon was-appsoved:; ] _

8 Amount from Qther Rights to Produce: acre-feet
Description of Other Rights to Produce: _

9, Amount from Transfers: . _ _ . re-feet

Suppliers and sources of each type of Transfer water used;

Sectlon 18.5.22 (Production Reports) of the Judgmeant states: “The Watermaster Engineer shall require each Producer, other than
unmetered Small Pumper Class Membars, to ftle an annual Praduction report with the Watermaster, Praducers shall prepare the
Production repaits th a form praseribed by the rulas and regulations. Tha Production reports shall state the tatal Produetion for the
raporting Party, including Production per well, rounded off to the nearest tenth of an zcre foot for each reporting period. The
Productlon repotts shall Include such additlonal information and supparting documentation as the rules and regulatlons may reasonably
raquira,”

1 certify to the best of my knowledge and belief that the information provided on this Production Farm is true and
correct,

Slgnature of Producer .. Data

Page 1of2 January 29, 2018

9



Well Production Information for 2017

APN # Assoclated
StNa: :1‘::::-“ with the Well Dasignation ];rollf::ﬁ'; MM"““"' of
Productfon ac easurement
Imported Water Use in 2017
APN Numbers
Supplier Associated with the Point of Delivery Su ppivfzsad Method of
| Imported Water Use (acre-feet} Measurement

Page 2 of 2

lanuary 29, 2018

\o



Antelope Valley Watermaster
Pre-Approved Meter Installers

§8.A. Camp Pump & Drilling Co. (66 l) 399—2979
PO Box 82575 reiland@sacinyg
Bakersfield, CA 93380

DRC Pump System, Ing
Jan Herrin/Red Houghton
44434 0™ St, East
Lancaster, CA 93535

William: Curry Consuliing (661) 526-7873
William, *“West” Curry il

33515 132™ Street Bast

Pearblossom, CA 935353

Layne Christensen Co {760) 250-1373
Robert Porter Robert.porter@layne.com
1717 Pack Avenue

Redlands, CA 92373

Grewe Bryant Pamyp Service (661) 256-21 17
Mike Grewe sbcgloba
PO Box 1378

Rosamond, CA. 93560

Roadevnner Pump Service (661) 944-5073

Archie Floyd roadrumperpump@roadrunner. com
PO Box 1052

Pearblossom, CA 93553

Bakersfield Well and Pump (661) 393—9661
Ruben Baltierra altierra@bwpumps.c
7212 Friitvale Avenug

Fruitvale, CA 93308

Cascade Drilling (562)929-8176

Dale Emerson demerson(@eascade-env.com
1339 West 9™ Street

Upland, CA 91786

Moxrison Well (661) 166-6031

Anthony Morrison morrisonwell @gmail.com
42107 Quail Creck Dr

Lancaster, CA 93536



Pre-Approved Meter Installers

MeCall’s Meter Inc.
Rick Bremer

1498 Mosa View St
ITemet, CA 92541

Southexn California Edison
Rick Koch

10180 Telegraph Road
Ventura, CA 93004

Laymne Christensen Co
Robert Porter

1717 Park Avenue
Redlands, CA 92373

S.A. Camp Pump & Prilling Co.

PO Box 82575
Bakersfield, CA 93380

Grewe Bryant Pump Service
Mike Grewe

PO Box 1378

Rosamond, CA 93560

(951) 654-3799
rick@mccallsmeters.com

(805) 338-1398
rick.Jeochf@sce corm

(760) 250-1375
Robert.porfer@layne.com

(661) 399-2979
freiland@@sacamp.net

(661) 256-2117
meepump@sbeglobal net

|2
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Antelope Valley Watermaster
P.O. Box 3025

Quartz Hill, CA 93586

(661) 234-8233
www.avwatermaster.net

BILL TO - INVOICE 1300CY18-4
Johnny Zamrzla — '
cfo Robert Brumfield, il
. 2031 F Street
Bakarsfield, CA 93301

DUE DATE 02/21/2019

FIXED Administrative Assessments CY 2016 per 650  1.00  650.00

Reported Production

FIXED  Administrative Assessments CY 2017 per 850 500 3,250.00
Reported Production

FIXED  Administrative Assessments CY 2018 per 650 500 3,250.00
Production Rights

2018 2018 Replacement Water Assessment 641 415.00 266,015.00
_RWA  {including credit of 9 acre feet for 3 wells) ) o

'Please Inc!ude mvmce number on check payment

PLEASE NOTE S
Delmquent balances are assessed a 10% Iate fee

TOTALDUE - $273,165.00

" Per Resolullon No B- 18 02 as passed by the Boar(i of Dlrectors of the Antalope Valley Watermaster at 1ts meetlng held_.' v g
_ : , January 24 2018 in Palmda!e Callfornla o _. : o

. .' :&‘“nd e

Judtma! Councd Coordmabon Procsedlng No 4408 Santa Clara Gase No 1 05 CV—049053 o

' PLEASE REMIT PAYMENT TO
Anteiope Valley Watérmaster . * '; .
'P.0.Box:3025 .

Quartz Hill, CA 93586




EXHIBIT “G”



oo ot
From: Robert H Brumfield
Sent: Monday, February 4, 2019 10:07 AM
To: ‘Craig A. Partont’
Cc Angel Fitzpatrick; Pattf Rose; Phyliis Stanin (PStanin@toddgroundwater.com); Kate White
(KWhite@toddgroundwater.com); Serena Rivera
Subject: Johnny Zamrzla and Johnny Lee Zamizla invoice
Attachments: Johnny Zamrzla Invoice.pdf
Craig,

We received the attached Involce re the Zamrzla's, The amounts shown an this invoice are not correct as to
the Zamrzla's actual usage which was less than 50 acre-feet for all of 2018 for each Iohnny and Johnny Lee.
The amounts shown on the data that we sent you were what my clients were hoping to be able touse on a
going forward basis {as in 2019 and beyond) by agreement between them and the Watermaster.

My clients were looking at this as a going forward issue and have not used more than 50 acre-feet for any year
for quite some time, The Zanrzla's also have ramped down their usage over the past few years,

Anyway, let me know when would be a good time to schedule a call.
PLEASE NOTE OUR NEW BAKERSFIELD ADDRESS AND TELEPHONE NUMBER EFFECTIVE JANUARY 1, 2019
Very Truly Yours,

Robert H. Brumfield, 1

Law Offices of Robert H. Brumfield, PC
1810 Westwind Drive, Suite 100
Bakersfield, CA 93301

-and-

325 Old Mamrmoth Road, B4

P.0. Box 1456

Mammoth Lakes, CA 93545

Tele {661) 316-3010 [ Fax (661) 885-60%0

www . brumfieldlawgroup.com

NOTICE: THE INFORMATION CONTAINED IN THIS E-MAIL IS CONFIDENTIAL AND MAY ALSO CONTAIN PRIVILEGED
ATTORNEY-CLIENT INFORMATION OR WCORK PRODUCT, THE INFORMATION IS INTENDED ONLY FOR THE USE OF THE
INDIVIDUAL OR ENTITY TO WHOM IT IS ADDRESSED. IF YOU ARE NOT THE INTENDED RECIPIENT, OR THE EMPLOYEE OR
AGENT RESPONSIBLE TO DELIVER [T TO THE INTENDED RECIPIENT, YOU ARE HEREBY NOTIFIED THAT ANY USE,
DISSEMINATION, DISTRIBUTION QR COPYING OF THIS COMMUNICATION IS STRICTLY PROHIBITED. IF YOU HAVE
RECEIVED THIS E-MAIL IN ERROR, PLEASE DELETE THIS MESSAGE FROM YOUR COMPUTER AND IMMEDIATELY NOTIFY
THE SENDER BY TELEPHONE AT (661} 215-4980. THANK YOU,

Pignse conglder the environmant before printing this e-mall.



Antelope Valley Watermaster
P.O. Box 3025

Quartz Hill, CA 93586

(661) 234-8233
www.avwatermaster.nat

BILLTO

Johnny Zamrzla _
c/o Robert Brumfield, 1l TE 01/22/2019.
2031 F Street
Bakersfield, CA 93301

DUE DATE 02/21/2019

. DESCRIPTION.

FIXED " Administrative Assessments CY 2016 per o 650 S 1.00 650.00
Reported Production

FIXED  Administrative Assessments CY 2017 per 850 5.00 3,250.00
Reported Production _

FIXED  Administrative Assessments CY 2018 per 650 5.00 3,250.00
Production Righis

2018 2018 Replacement Water Assessment 841 415.00 266,015.00

RWA (inctuding credit of 9 acre feet for 3 wells)
Please include invoice number on check payment.

PLEASE NOTE:
Delinquent balances are assessed a 10% late fee.

527316500

Per Resolution No. R-18-02 as passed by the Board of Dtreci:orﬂ; of the Antelope Vailey Watermaster at its masting held
January 24, 2018, in Palmdale, California
and
Judicia! Councll Coordination Proceedlng No. 4408 Santa Clara Case No.; 1-056-CV-048053
PLEASE REMIT PAYMENT TO:
Antelope: Valley Watermaster

P.0. Box 3025
Quartz Hifl, CA 93588
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Robert H Brumfield

From: Craig A. Parton <Cparton@ppplaw.com>

Sent: Wednesday, February 13, 2019 11:38 AM

To: Robert H Brumfield

Cc: Angel Fitzpatrick; Patti Rose; Phyllis Stanin (PStanin@toddgroundwater.com); Kate White
(KWhite@toddgroundwater.com); Serena Rivera

Subject: RE: Johnny Zamrzla and Johnny Lee Zamrzla Invaice

Attachments: Zamrzla - 80th St. Ranch #3220-006-026.pdf; Zamrzla -~ Two 75th St

Parcels-3220-006-002 & 003.pdf; Johnny Lee Zamarzla Water Well Report.pdf; Johnny
Lee Zamarzla Response to Request for Information.pdf; 2018 Water Production
Report.pdf

Bob: Attached are the reports you originally supplied to us.....

If your clients believe the production numbers we are using for 2018 are incorrect, | think the
best way to deal with that is to have them do two things: (1) pay now the uncontested portion
of the invaice relating to Administrative Assessments for 2016 and 2017; and (2} have them
camplete the required Annual Water Production Report for Calendar Year 2018 and submit
that information to the Watermaster for review right away (it is due March 1, 2019). | have
attached a copy of that 2018 Production Report for your clients (available for downioad, by
the way, from the Watermaster’s website) so that the Zamrzlas can attest to the accuracy of
the numbers they are supplying as to 2018,

I'd also very much appreciate an update as to the status of their compliance with the metering
requirements. As|am sure you are aware, estimates of groundwater production derived from
electrical records or other sources can have a significant error bar..... Thank you in advance for
your anticipated cooperation.....Craig

Price, PosTeL & PARMA i1y

Craig A. Parton

Price Postel & Parma LLP

200 L Carvillo Street, Suite 400
Santa Barhara, CA 93101

T: 805.962.0011 {Main);

T 805.882-0822 (et}

F: 805.965.3978

E: cap@ppplaw.com

Website: hitp:y//ppplan.com

This message, including any atlachments, is [or the sole use of (he inlended recipienl. It may contain material that is
conlidential or privileged. Any review or distribition by anyone other (han the intended recipient, without the express
permission of that person, is unauthorized and stictly prohibited. H you have received this message but you are not either
the intended recipient or authorized to receive it for that person, please advise the sender and delete this message and any
attachments without copying or forwarding.



From: Robert H Brumfield [ mailto:bob@brumfieldlawgroup.com]

Sent: Monday, February 04, 2019 10:G7 AM

To: Craig A, Parton

Cc: Angel Fitzpatrick; Patti Rose; Phyllis Stanin (PStanln@toddgroundwater com); Kate White
(KWhite@toddgroundwater.com); Serena Rivera

Subject: Johnny Zamizla and Johnny Lee Zamrzla Invoice

Craig,

We received the attached invoice re the Zamrzla’s. The amounts shown on this invoice are not correct as to
the Zamrzla’s actual usage which was less than 50 acre-feet for all of 2018 for each Johnny and Johnny Lee.
The amounts shown on the data that we sent you were what my clients were hoping to be able to use on a
going forward basis {as in 2019 and beyond) by agreement between them and the Watermaster.

My clients were looking at this as a going forward issue and have not used more than 50 acre-feet for any year
for guite some time. The Zamrzla's also have ramped down their usage over the past few years.

Anyway, let me know when would be a good time to schedule a call.
PLEASE NOTE OUR NEW BAKERSFIELD ADDRESS AND TELEPHONE NUMBER EFFECTIVE JANUARY 1, 2019
Very Truly Yours,

Robert H. Brumfield, I}

Law Offices of Robert H. Brumfield, PC
1810 Westwind Drive, Suite 100
Bakersfield, CA 93301

-and-

325 Old Mammoth Road, B4

P.0O. Box 146

Mammoth Lakes, CA 93546

Tele (661) 316-3010 | Fax {661) 885-6090

www.brumfieldlawgroup.com

NOTICE: THE INFORMATION CONTAINED N THIS E-MAIL IS CONFIDENTIAL AND MAY ALSO CONTAIN PRIVILEGED
ATTORNEY-CLIENT INFORMATION OR WORK PRODUCT. THE INFORMATION IS INTENDED ONLY FOR THE USE OF THE
INDIVIDUAL OR ENTITY TO WHOM IT IS ADDRESSED, IF YOU ARE NOT THE INTENDED RECIPIENT, OR THE EMPLOYEE OR
AGENT RESPONSIBLE TO DELIVER IT TO THE INTENDED RECIPIENT, YOU ARE HEREBY NOTIFIED THAT ANY USE,
DISSEMINATION, DISTRIBUTION OR COPYING OF THIS COMMUNICATION 1S STRICTLY PROHIBITED. IF YOU HAVE
RECEIVED THIS E-MAIL IN ERROR, PLEASE DELETE THIS MESSAGE FROM YOUR COMPUTER AND IMMEDIATELY NOTIFY
THE SENDER BY TELEPHONE AT (661) 215-4980. THANK YOU.

Please consider the environment before printing this e-mail.



EXHIBIT “T”



Antelope Valley Watermaster

AR Aging Summary
As of August 31, 2021
CURRENT 130 81 B -8 ot AND TOTAL.
. BO. i OVER
1100 Ovarying Production FHights _ $0.06
B0th Sfreot Associaion Water Systen 1,870.68 148580  $3,156.26
Antelope Vallay Joint Uninsi High Sohoot Dlstelot 29,000.18 - $Po008.18
. Loulss A Close Living Trust. - 28,76 $28.7d
tlo Getrge Britner 34,7568.48 - $34,786.46
Calandrl Water Company, LLG, 2,533.76 $2,583.75
eSolar Inc.; Sorra Sun Towst, LLG 9432 $94.32
Bary Van Dam £2,298,20 $2,298.20
Glorls Tarrazasg ' -B.00 $-58.00
Qranite Gonstruction Sompany (Big Bock Fauliity} (.40 $0.40
Granite Construction Gompany {Litte Pusck Saind and ~104.068  $-104.06
Giraval)
H & N Developrmant Co, West Inc. 578300 454000  $6,823.00
High Desert Dairy LLC §,456,15 . $6.9586.15
Irma Ann Garde Trust, ra-Anng Sade, Trustes <050 $-0.50
James and Ellzabeth Brldwall 1,00 $11.00
Laseh Frankenberg 10.50 $10.50
Liant e Bio Water Gcmpany 1,99500  $1,385.00
Lids Harngndexz 600 $e800
Nog] Panl 500 . ¥500
Rudy Turk 360 $-3580
Futh &, Findlay 1240 $1240
SG% An%aiapa Valiay ﬁsvalopmant, LLG 183610 §1.6%6.00
Sonrss Rarteh, LLO ¢/o. Sary Van Dany 1,855.00 $1,688.00
US. Borax Ing. _ , 226425 §-2,284.25 -
Totad 1100 Qverlying Produstion Rights 84,765.46  14,188.10 3511824 624857 $sn.4as,1?'
1300 Sl Pumpars : _ $0.00
‘Carfos and Faola Diaz Herrardes - 4926.00 _ $4,926.00
‘Charlie Tagla 18051708 $180,517.06
Jarinny Zamezia . o Al R
Total 1300 mmﬁgm 492500 454,082,068 $489,007.06 -
1600 State of Cafiformia _ $0.00
Caillforniy, ﬁepaﬁmant of Corrections and Rehabiﬁtaﬁbn 1500 F1500
Calltarnia Depariment of Military 3800 $33.00
Califorrla Depariment of Transporfation 137757 $1LATTsY
Gallfarmnia Deparimant of Watar Resources H20.00 $520.00
Calitornia Stake Lands cbmmfssfon 20 a4 $20:84
Yolal 15(11} State of Callfornla ' ‘%,936 21 $1,966 21
1650 Phelan Plnon Hills : £0.00
Phalan Plaon Hills 88D anone %32,35
Total 1650 Phatan Finor ils Bag.A6 wsma
1678 Supponiing Landowners (Formedy 2000} $0.00
Wednasday, Soptambier 5, 201%1 0420 PM GMT-07:00 W2
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Antelope Valley Watermaster

AR Aging Summary
As of August 31, 2021

CURRENT 190 81« &1~ 80 91 AND © TOTAL

, 60 OVER
Foesdala Mutial Water Gompany 3,630,208 ' §$3,530.29
B0 Callforla Funral Services, tag, Bba Joshia Meinora) 1135400  $11,354.00
Park .
Total 1675 Supporiing Landowners {Formerly 2000) 3,630.29 o 11,3654.00  $14,864,29
1700 Federdl §0.00
412 CE/CENP — FISZAA o N 672865  18,600.30 $25,416.95
Tolal 1700 Podoral S 79865 1808030 $25418.95
1940 New Production ' $0.00 -
40th Btreot Mutual Water Company 6,382,868 $-8302.86
Egpiridion and ‘Yvonng Perez 37948 $370.48
Joshua Astes Mutual Water Gampany 8,710.80 18,368,00  $27,078.80
Latry Davigon 48100 $491.00
-Mettler Valloy Mutual Water Company 4594825 118,188.41 $1684,136.88
Fiute: Mutual Water Company 19,008.32  $19,008.82
Total 1960 New Production _ 65,520,63 149,181.87 $204,711.40
TOTAL T ' $60,284.99 wa,aa-saa $ﬁ ne we.eaa.?s $s4nem s'; $797 aaem

i

Wednassiay; Septombar 8, 202108:26 PM GMT-07:00 22
' 13 - !

i
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From: Robert H Brumfield

Sent: Thursday, May 18, 2019 3:10 PM

To: 'Cralg A. Parton' <Cpaiton@ppplaw.coms

Ce: ‘Angel Fitzpatrick' <afitzpatrick@avek.org>; ‘Patti Rose' <p rose@avel.orgs; 'Phyllis Stanin
(PStanin@toddgroundwater.com)’ <PStanin@todderoundwater.com:: 'Kate White
(KWhite@toddsroundwater.com)' <kWhite@todderoundwater.cims; Serena Rivera
<serena@brumfieldiawgroup.com»

Subject: RE: Johnny Zamrzla and Johnny Lee Zamrzla

Good afternoon, Craig. After the helow email, | did recaive further information from both
ohnny Lee Zamrzla and Johnny Zamezla, | received this information in late March biit it appears
as though | did not forward it to you for consideration by the board. 1 apologize for my
inadvertent delay in this regard,

In any event, the attached Information breaks down as follows:

1. The attached information for 75% St, solely concerns Johnny and Pamelfa Zamrzia.

2. The attached information asto 80% St. solely concerns Jotinny and Pamella Zamrzla.

3. The attached Information as to D8 Well 80% St. solely concerns Johnny Lee and Jeanette
Zamrzla.

ltems 1 and 2 as to Johnny and Pamella Is separate from item 3 which relates solely to Johnny
Lee and Jeanette. In other words, items 1 and 2 should have its own invoice if any and item 3
should have: its own Invoice if any.

As t explained beforé, the information inltially submitted by thé Zamrzla’s concerned the
amount of water they wished to use, not actual usage. As shown on the attachments, they have
now gone back and calculated the amount actually produced for the previous two or three
years, as the case may be. They have also included a line item for their desired use in 2019.

My clients are requesting that the board reviewed this information at their next tneeting and
revise the amount that was billed to the Zamrzla's if any is owed.

Please let me know what further information you require In this matter. Thank you.
Very Truly Yours,

Robert H. Brumfield, Il

Lawi Offices of Robart H. Brumfield, PC
1810 Westwind Drive, Suite 100
Bakersfleld, CA 93301

-and.-

325 Otd Mammoth Road, B4

P.O. Box 146



Mammoth Lakes, CA 93546
Tele (661} 316-3010 | Fax (661) 885-6090

www . brumfieldlawgroup.com

NOTICE: THE INFORMATION CONTAINED IN THIS E-MAIL IS CONFIDENTIAL AND MAY ALSO CONTAIN
PRIVILEGED ATTORNEY-CLIENT INFORMATION OR WORK PRODUCT, THE INFORMATION 1S INTENDED
ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY TO WHOM IT IS ADDRESSED. IF YOU ARE NOT THE
INTENDED RECIPIENT, OR THE EMPLOYEE OR AGENT RESPONSIBLE TO DELIVER IT TO THE INTENDED
RECIPIENT, YOU ARE HEREBY NOTIFIED THAT ANY USE, DISSEMINATION, DISTRIBUTION OR COPYING OF
THIS COMMUNICATION IS STRICTLY PROHIBITED, {F YOU HAVE RECEIVED THIS E-MAIL IN ERROR, PLEASE
DELETE THIS MESSAGE FROM YOUR COMPUTER AND IMMEDIATELY NOTIEY THE SENDER BY TELEPHONE
AT (661) 215-4980. THANK YOU,

Pleasa consider the envifonment befora prinfing this a-mail.



March 18, 2019

fohnny and Pamella Zamrzla, Property Owners
48910 80" Street West
Lancaster, CA 93536

Contact: Jlohnny Zamrzla
Office # 661/273-1336
iohnnyz@westpacroof.com

NOTE: These two parcels, #3220-006-002 & 003, adjoin the Zamrzla’s 40 acra Home & Ranch on Soth St.
West (#3220-006-026)

APN # 3220-006-002 APN #3220-006-003
75" St West & Ave D 75" St West & Ave D8
Total combined acreage: 72 acres 39.2 acres 40 acres

Well informatiom:

1966 Standing water level: 295

2014 Standing Water level; 217

Currently listed as small pumper

Well design in 1966: Flood irrigate 80 acres

Current design; Wheel line/ sprinkle 80 acres

Calculations per Edison Efficiency Test Completed February 2014
2016 Production 478 Acre Feet

2017 Production  349.20 Acre Feet

2018 Productions 00 Acre Feet

Estimated annual water use in the future: 256 Acre Feet



March 18, 2019

Johnny and Pamella Zamrzla, Property Ownars
48910 80™ Street West
Lancaster, CA 83536

Contact: Johnny Zamrzla
Office # 661/273-1336

fehnnvz@westoacronf.com

APN number associated with party’s Property: # 3220-006-026

Total acreage of parcel: 40 acres
Well information:

1965 Standing water level: 308

2018 Standing water level: 207

Currently listed as small pumper

Well design in 1965: Flood irrigate 40 acres

Current design: Wheel line/sprinkle 5 acres and domestic use.
Calculations per Edison Efficiency Test completed September 2018
2017 Production  47.7 Acre Feet

2018 Production  75.29 Acre Feet

Estimatad annual water ese in the future: 100 AF



March 18, 2019

lohn Lee Zamrzla and Jeanette Zamrzla

8165 West Aveniue D8, Lancaster, CA 93536

661-492-5116 / jlee @westpacroof.com

Contact: Johnny L.ee / Owner

APN numbers associated with Party's Property: #3220-001-028 & #3220-001-027
Total.combined acreage 20 acres

Well information:

1965 stariding water level: 308’

2013 standing water leval 212

Cutrently listed as small pumper

Well design in 1965: Flood irrigate 80 acres

Current design: Wheel lines/ sprinkle 15 acres and domestic use,
Calculations per Edison Efficiency Test completed Septamber 2018
Total Acreage 20 ac

2017 Production: 53,29 Acre Feet

2018  Production:  18.46 Atré Feet

Estimated annual water use in the fulure; 200 AF



EXHIBIT “K”



i_’p s .
Tt Arper .l _1 PricE, POSTEL & PARMA LLP Timolhy k. Moingsr
usant M., Basham Sheverl Moharam
Krsten M R.B{B)y[:lbcy Coursellors at Law Craig A, Paston
on 1), \ . Kenneth ). Pontifex
Timothy M. Cary 280 Fast Cariflo Strest, Suite 400 Dauglas I, Rosst
Melissh J. Fagsett $ants Barbas, CA 93E01.2190 Peter D, Shaughter
Tan M, ¥ishec . David W, Van Horne
gtmhur R, Gaudi Mailing Address: PO, Box 99 C.E, Chip Wullbrandt
eron Goodeman - Ryan [}, Zick
Chicistophar I8, Haskell Sants Barbuwrs, CA 931020009
Jormes H. Hucley, Jr.
FJicP;:;olhuH www.ppplaw.com CAMERON PARK OFFICE
Drew Maloy Cameron Padk
Mak §. Manion Ph(R05) 0620011 Fax (105) 0655978 m&nmﬁnl’mk &ﬂv&gﬁégg
Steven K, MeGuire Ph {808) 962.0011
Eamils cap@ppplaw.com Fax (805} 9652978
Cror File Numbes:
286411
June 12, 2019
CERTIFIED MAIL.
RETURN RECEIPT REQGUESTED
Johnny Zamizla
48910 80 Street West
Lancaster, CA 93536
Re:  FINAL NOTICE ~ Compliance With Metering Reguirements
Dear Landowner;

Your failure to comply with the meter installation and/or documentation requirsments is a
violation of the Judgment and subject to & Watermaster action for injunctive relief, including
recovery of costs and attorney’s fees, Please take notice that if you have not complied with your
obligations under the Judgment as of the date of this letter, the Watermaster will pursue all
available legal remedies to compel your compliance with the Judgmend, including recovery of
costs and attorney’s fees, If you have any questions, please contact t}w Watermaster
Administrator at (661) 234-8233.

Sincerely,

iy O, fauttin
Craig A. Parton
for PRICE, POSTEL & PARMA LLP

Ce:  Phyllis Stanin, Watermaster Engineer
Waterrnaster Staff




EXHIBIT “L”



Robert H Brumfield

From:
Sent:
To:
Ce:

Subject:

Craig A. Parton <Cparton@ppplaw.com>

Tuesday, August 20, 2019 4:37 PM

Robert H Brumfield

Serena Rivera; Patti Rose; Phyllis Stanin (PStanin@toddgroundwater.com); Kate White
(KWhite@toddgroundwater.com)

Zamrzla Matter

Bob: Itis time for us to address assessment payments by your clients Johnny Zamrzla Sr. (3
parcels and 2 wells) and for Johnny Lee Zamrzla Jr. {2 parcels and 1 well). To my knowledge,
none of the 3 Zamrzla wells are metered. My understanding is that they have not paid any
replacement water assessments for 2018,

First | think it would be helpful if you and | could agree as to the numbers at issue.

Watermaster staff and the Watermaster Engineer provided some very helpful information to
me and here is the current “accounting” status of the Zamrzla matter:

1. The Watermaster originally invoiced Johnny Zamrzla Sr. for 2018 RWA in the amount of
$269,750.00, based on production for that year of 650 AF at a cost of $415 AF.

2. After we sent the invoice to Mr. Zamrzla Sr. for 2018 RWA of $269,750.00, you informed
me that actually Mr. Zamrzla Sr. recorded 650 AF of production in 2018 on the
erroneous assumption that he was expressing his intent to produce that amount in the
future and that his production in 2018 was actually less.

3. On May 16, 2019 you sent me some data which you claimed established that the
amount for 2018 RWA owed by the Zamrzlas was far less and as follows:

a. For Mr. Zamrzla Sr. he had 0 (zero) production in 2018 for 2 of his parcels totaling

79 acres (he estimates future water use on these 2 parcels to be 256 AFY). For
the remaining parcel of 40 acres, Zamrzla Sr. says he produced 75.29 AF of water
in 2018 (he states future water use on this remaining parcel to be 100 AFY).

. For Zamrzla Jr. he says he had 18.46 AF of praduction in 2018 on his 2 parcels

totaling 20 acres (he estimates future water use on the two parcels to be 200
AFY).

. So combined Zamrzla Sr. and Jr. say they used 93.75 AF of groundwater in 2018

{75.29 + 18.46). Multiplied by $415 an AF (the cost of Replacement Water for
2018) would mean the Zamrzlas together owed a total of $38,906.25 for RWA in
2018 and not $269,750.00.

d. That $38,906.25 breaks down as follows: Zamrzla Sr. would owe $31,245.35 in

RWA for 2018 and Zamrzla Jr. would owe $7,660.90.



4. The Watermaster Engineer has now analyzed data, including aerial photographs (using
infrared technology) of the 5 parcels taken in 2018 and calculated that ail 5 Zamrzla
parcels roughly totaled 114 acres of irrigated land in 2018 (as opposed to the Zamrzla’s
current position that only 60 acres of their combined lands were irrigated in 2018
{roughly 40 by Sr. and 20 by Ir.). The Watermaster Engineer further calculated that crop
water requirements in 2018 were about 5.5 AF/acre for alfalfa in 2018. Scaling that crop
coefficient down to 5 AF/acre leads to the conclusion that Zamrzla Sr. and Jr. combined
to pump about 570 AF of groundwater in 2018 (5 x 114). That results in a total RWA for
2018 for both Zamrzla Sr. and Zamrzla Jr. of $236,550.00. That $236,550.00 breaks
down roughly as follows: Zamrzla Sr. owes $195,050.00 (94 acres x 5 AF/acre x $415 AF)
in RWA for 2018 and Zamrzla Ir. owes about $41,500 (20 acres x 5 AF/acre x $415 AF).

5. This really comes down to a question of how many acres were irrigated in 2018 {our
calculation of 114 irrigated acres v. your clients’ calculation of 60 irrigated) and the
alfalfa irrigation coefficient used of 5 AF/acre.

The first thing we need to do is discuss the numbers and whether we can narrow the

significant disparity relating to irrigated acres in 2018 and the issue of the irrigation coefficient 1
for alfalfa for that year.....Your anticipated professional cooperation in that regard is much |
appreciated as we need to get this resolved as soon as possible.....Thanks and best, Craig |

Pricy, POSTEL & PARMA LIF

Craig A. Parton

Price Postel & Parma LLP

200 ¥, Carnillo Street, Suite 400 :
Santa Barbara, CA 93101 i
T 805,962,0011 Main);

T 805.882-9822 (Direct)

It 80.5.963.3978

E: cap@ppplaw.com
Website: htipy//ppplaw.com

This message, including any ailachments, is [or the sole use ol the intended recipient, It may condain material that is
confidental or privileged. Any review or distribution by anyone other than the intended recipient, without the express
permission of that person, is unauthorized and strictly prohibited. If you have received this message but vou are not cither
the intended recipient or authorized to receive it for that person, please advise the sender and delete this message and any
allachments wilhoul copying or lorwarding,



EXHIBIT “M”



Robert H Brumfield

MR
From: Robert M Brumfield
Sent: Thursday, October 24, 2019 8:00 AM
To: Craig A. Parton .
Ce: Serena Rivera; Patti Rose; Phyliis Stanin (PStanin@toddgroundwater.com); Kate White
(KWhite@toddgroundwater.com); mknudson@avek.org
Subject: Re: Zamrzla Matter
Attachments: Edison Billing - Zamrzla Farm Well - kWh Useage 2018 (Zerc).pdf

Craig,

The Zamrzla's are working to get the 2018 Edison billings which may take a few more days since they can't get
them online any langet.

But, as te Johnny Zamrzla's "farm well", | wanted to pass along what | was sent yesterday showing zero
pumping in 2018 or, as stated in this case, no water production from that well. The Edison billings are going to
support the informatlon we already provided | am pretiy sure.

*

Anyway, we will get them to you as soen as | have them.
tf | did not mention Tt previously, they are moving forward on the metering.

Very Truly Yours,

Robert H. Brumfield, Il

LAW OFFICES OF ROBERT H. BRUMFIELD, PC
1810 Westwind Drive, Suite 100
Bakersfield, CA 93301

and

325 Old Mammoth Road, Suite B4

P.0. Box 146

Mammaoth Lakes, CA 93546-0146

Tele (661) 316-3010 | Fax {661) 885-6090

NOTICE: THE INFORMATION CONTAINED IN THIS E-MAIL IS CONFIDENTIAL AND MAY ALSO CONTAIN PRIVILEGED ATTORNEY-CLIENT
INFORMATION OR WORK PRODUCT. THE INFORMATION IS INTENDED ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY TO WHOM
iT 1S ADDRESSES, IF YOU ARE NOT THE INTENDED RECIPIENT, OR THE EMPLOYEE OR AGENT RESPONSIBLE TO DELIVER IT TO THE
INTENDED RECIPIENT, YOU ARE HEREBY NOTIFIED THAT ANY USE, DISSEMINATION, DISTRIBUTION OR COPYING OF THIS
COMMUNICATION IS STRICTLY PROHIBITED. IF YOU HAVE RECEIVED THIS E-MAIL IN ERROR, PLEASE DELETE IT FROM YOUR
COMPUTER AND IMMEDIATELY NOTIFY THE SENDER BY TELEPHONE AT {661} 316-3010. THANK YOUL.

Please consider the environment before printing this email.

From: Rabert H Brumfleld <bob@hbrumfieldlawgroup.com>
Sent; Monday, October 21, 2019 11:56 AM
To: Craig A. Parton <Cparton@ppplaw.com>
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A FIIER P I N T e ZAHRZLA, JOHNNY / Page 1 0[4

Gustomer acoount - Rotating outsge . ' - Amount due $45.09
. Srom N P Due by 01/23/19

Batvice scoount

Data bl praparad

3013.6786.08 01/0419
75TH ST W o s
LANCASTER, CA 93536 : :
: et B M
Your account summary
Pravious Balance 345,00
Payment Revelved 12/19/18 -$45.00
alance forward $0.00
Your new charges . . $45.09
€ Total amount you owe by 01723119 $45.00

R e e

SOTHERY CALErdin)

EDISON

I ,; LU LY PR TR AT 2 1 e, ZAMRZLA,JOHNN‘{’ Paga Jofd
Your daily average electric[ey nsaga {kWh) 3
A0 - B .
030
.40
00 -
Dec*16 Dec '17 Nov '18 Dee '18
M@“Mé’ ot uz"’@ff’ ——
j Usage comparison o N
,i Doc'16  Dec1?] fan'il Fab'td  Mar'iB  Aprif  Muy'1g Jun'tﬁ_ JIME Mg Sepds Qo8 Nev I8 Dec'ls
Tatal k¥/h usad 2 o o 9 o a o o 0 B 9 0 b a §
Nysmber of days # »_ | = 2w L 2 15 s m 32 m ) 3
Appx, average kWi 0 ° oy 0. o a o b v o ] 1] [ ¢ ;
lisaeliday \ . f
reprsprder R
Details of your new charges éf' 0 ot 557
Your rate; TOU-PA-Z-B )
Billing perfod: 12/03418 to ¢1/03/18.(31 days) i B

Dolivery aharges - Cost to deliver your ataoiricily Your Dolivery aharges inolude:

Customer charga N : $43.15 | 543,15 distribution cherges

Subtolal of your hew charges $43.15

Los Angeles Co LIUT $43.15 x 4.50000% $1.94 Youroverall energy charges includa:
Your new tharges 545,00 «50.39 franthige foes

Additional information:
i Sarvice voltage: 480 volfs




2019

Naty

Kl 05 MG
buts b
Fab 4t 2n9
lan 24 A

Jan ) 2619

Onta

i 10 ANE
faor 08 2048
Mov t5 048
el 33, 3014
117, 2014
el 15 201
Dict 3, 2018
Sup AT
Auig 11 #19
Auga 20 HHA
Angp i I8
s Pg1s

Jut 36 2018

S Y hn

Slun G5 JiE
Jun g4 208
M 08 2050
May N3 20050
Apr 2 208

Aps o, 2018
N 26 2012
Ll 08 2018
o Of AH3
Feabr 01 2008
an O 218

Jdan 5 gk

Daskriptiar

ity

SIS o paymenl wa wgeeyad b
Viswfilg

S o poytien? we mowed oty

¥iaw iy

Pencrpiion

ROF % anhiter payetient wr soroysid ot
hage S

SGEs onbng paymont we recevad on
Hlewe S0l

FOEY D0l QUYHONt We retoved] oh
L stz piaymiid Cirrge dgjusionng

Vi Bl

SQEES o AT W rur b
v Bl _

SEETE wlie avinont we -w.sﬁ'md h
Vs BIY

S8 DRkt pavmenl e msrdvel on

| atn bayrant clhiargs

Vinut i

SEF S 0N SAYNIRAL WG 11 ava
i HIR )
B witais payioent we reemead on
g

Zitky anttni PAYMEN] Ke waived on
Ming St

RGEs pafmn payeent vwe reonived D

putiad

G onlra paymantwe mitoned of
Vigw Bl
SEE ot pawrtont wis serenid of
iRl

T

Amount
Tk by
345 00
Mh e
14 40

AL 0

Asmount
Eg
35 00
BA5 00
$HENS
San 00
i)
w508
-$4% i
Hsoh
545 6B
AL Iy
R4S 0
FiHRH]
34760
Ak
LR
S 08
4509
#5 ik
h 08
A3H0%
40 OiF
JAG 09
S48 0n
RakEitl
BT

Balance
42508
1huyhy
$a0p
§00H

¥h0Y

Balance
A0y
L 1ER
.o
phCH
B o
F4% 00
B8 da
3 ¥
ELEEE]
15
FELEES
A
24944
535 060
50
00
5000
Sl 0%
Hanh
245 09
060
S44 oy
3 0i)
$45.1%
6o

450t

“4



EXHIBIT “N”



Robert H Brumfield

From: - Robert H Brumfield

Sent: Wednesday, November 6, 2019 8:24 AM

To: Craig A. Parton

Cc: Serena Rivera; Patti Rose; Phyllis Stanin (PStanin@toddgroundwater.com); Kate White
(KWhite@toddgroundwater.com); mknudson@avek.org

Subject: Re: Zamrzla Matter

Good morning Craig. On these records | sent on October 24, | neglected to mention the impact of the zero water
producticn by the Zamrzta “farm well” In 2018 on the charges for water production being asserted by your client.

The impact is that the color picture you provided and the infrared picture are incorrect as to 2018 water production. You
previously sald the images showed water being producad whereas the SCE data for the “farm well”, which is the wel|
that would produce water for the land shown in the images, shows zero production in 2018. So, the picture and infrared
are wrong as to 2018 water production meaning no water production from the “farm well” and therefore no farming
activity on the property shawn in the images occurred in 2018, In other words, the assumption the Watermaster is
operating under for 2018 water production is wrong.

The other wells both Zamrzla's have are only residential use wells and we already provided responsive information on
the other wells quite a while back.

Based upon the actual data that the “farm well” did not produce any water in 2018, is your client willing to reconsider its
position as to 2018 water production by the Zamrzla’s?

If you want SCE data on the residential wells, we can get it but that production is de minimis via-a-vis the “farm well”.
Please advise.
Very Truly Yours,

Rabert H. Brumfield, 11t

Law Offices of Robert H. Brumfield, PC
1810 Westwind Drive, Suite 100
Bakersfield, CA 93301

-and-

325 Old Mammaoth Road, Suite B4

P.O. Box 146

Mammoth Lakes, CA 93546

Tele (661) 316-3010 | Fax {661) 885-6090
www. brumfieldlawgroup.com

NOTICE: THE INFORMATION CONTAINED IN THIS E-MAIL I5 CONFIDENTIAL AND MAY ALSO CONTAIN PRIVILEGED
ATTORNEY-CLIENT INFORMATION OR WORK PRODUCT. THE INFORMATION IS INTENDED ONLY FOR THE USE OF THE
INDIVIDUAL OR ENTITY TO WHOM IT 1S ADDRESSED. IF YOU ARE NOT THE INTENDED RECIPIENT, OR THE EMPLOYEE OR
AGENT RESPONSIBLE TO DELIVER IT TO THE INTENDED RECIPIENT, YOU ARE HEREBY NOTIFIED THAT ANY USE,
DISSEMINATION, DISTRIBUTION OR COPYING OF THIS COMMUNICATION IS STRICTLY PROHIBITED, IF YOU HAVE
RECEIVED THIS E-MAIL IN ERROR, PLEASE DELETE THIS MESSAGE FROM YOUR COMPUTER AND IMMEDIATELY NOTIFY
THE SENDER BY TELEPHONE AT (661} 215-4980. THANK YOU.

1



EXHIBIT “O”



Robert H Brumfield

A R
From: Robert H Brumfield
Sent: Wednasday, July 22, 2020 4:47 PM
To: Craig A. Parton
Cc Serena Rivera
Subject: Re: AV Watermaster re Zamizla
Craig,

We seem to be going in circles here. My clients have been very clear (and | have been as well) that they want
the $273,000 invoice withdrawn in writing as it was a mistaken invoice. it needs to be removed from the
books of the Watermaster as a receivable, My cllents aren’t dolng anything else until this oceurs.

My clients have never been invoiced for any water actually used which has been solely residential,
What are we agreeing to with these facts? Seems lika nothing right now.

Please have the $273,000 Invoice withdrawn and correspondence sent to my clients that it has been
withdrawn as it was an erroneous invoice. Then, perhaps we can have a conference call with clients on the
line and perhaps you and a board member and get this on the road to completion.

I don't see what is so hard about this.
Very Truly Yours,

Robert H. Brumfield, Il

Law Offices of Robert H. Brumfleld

A Professional Corporation

1810 Westwind Drive, Suite 100
Bakersfield, CA 93301

Tele (661) 316-3010 | Fax {661) 885-6090
~and-

325 Old Mammioth Road, B4

P.0. Box 146

Mammoth Lakas, CA 83546

Tele {760) 914-4960 | Fax (661) 885-6090

www.brumfieldlawgroup.com

NOTICE: THE INFORMATION CONTAINED IN THIS E-MAIL IS CONFIDENTIAL AND MAY ALSO CONTAIN PRIVILEGED
ATTORNEY-CLIENT INFORMATION OR WORK PRODUCT, THE INFORMATION IS INTENDED ONLY FOR THE USE OF THE
INDIVIDUAL OR ENTITY TO WHOM IT IS ADDRESSED. IF YOU ARE NOT THE INTENDED RECIPIENT, OR THE EMPLOYEE OR
AGENT RESPONSIBLE TO DELIVER IT TO THE INTENDED RECIPIENT, YOU ARE HEREBY NOTIFIED THAT ANY USE,
DISSEMINATION, DISTRIBUTION OR COPYING OF THIS COMMUNICATION IS STRICTLY PROHIBITED., IF YOU HAVE
RECEIVED THIS E-MAIL IN ERROR, PLEASE DELETE THIS MIESSAGE FROM YOUR COMPUTER AND IMMEDIATELY NOTIFY
THE SENDER BY TELEPHONE AT (661) 316-3010, THANK YOU.

1



EXHIBIT “P”



Zamtzla Assessment — September 23, 2020

The Watermaster attorney is asking for more than $273,000 from the Zamrzlas for a replacement
Water Assessment on several parcels for ground water pumping that never oceurred.

After examining Dr. Hendrickx's memorandum, I see that the Watermaster Engineer’s analysis
of aerial photography of the five parcels of the Zamrzla property in question has included four
serious errors which include misusing the Crop Coefficient Method, confusion of Russtan Thistle
(tutbleweed) and other weeds with alfalfa, using only one image, and not performing any
ground truthing to verify or support their conclusions.

In addition, I know that Mr, Zamrzla provided a Southern California Edison bill to the
Watermastet attorney, showing that during the time period, and for two of the parcels in
question, no electricity was used to pump water, The Watermaster attorney should kmow that the
only way to obtain water for these two parcels is to use a deep-well turbine groundwater pump
that only uses electrical energy. If electricity is not used, no water can be pumped, Also, ifan
inoperable irrigation system is present, such as unconnected wheel lines, water cannot be applied
to the fields.

These especially important realizations bring the number of significant errors up to six, In
addition, many people are appalled that Mr, Zamrzla is having this sort of conversation with the
Watermaster attorney. They know that no pumping occurred during the time period in question,
They include Mr, Tim Hays, Agrieultural Consultant and Pest Control Advisor and also co-
author of “Crop Water Requirements” assembled by myself; an irrigation specialist at University
of California at Davis, and all of the University of California Extension Farm Advisors assigned
te Antelope Valley; and a local farm contractor that does the harvesting (cutting, baling and
hauling) for local landowners including Mr, Zamrzla and many neighbors that are quite familiar
with the appearance of the Zamtzla property and the lack of irrigation during the time period in
question.

From the information I have, I beliove that the Watermaster attorney and the entire Watermaster
Board should rescind the Assessment which used the Watermaster attorney’s numbers
amounting to $273,165. Dr, Hendrickx’s accompanying analysis shows, by using Landsat
images, that no water was used on the -002, -003 and -027 parcels, not 570 AF/yeat as billed,
There no doubt was some water used on other parcels, of which no estimate has yet been
discussed. Uknow the Zamrzlas and believe that once the Watermaster attorney and Board has
tecalled their incorrect Assessment, the Zamrzlas will negotiate & settloment for any water they
have used, This Landsat analysis presented by Dr, Hendrickx in his attached memorandum is
discussed in the attached technical paper authored by Dr. Hendrickx and co-authored by well-
known and respected cxperts. Some of these experts have testified as expert witnesses for State
and Federal courts and also the United States Supreme Court. These numbers should be
confirmed by the Watermaster attorney and the legal represontative of the Zamrzlas,

From a broader point of view, I am dismayed at the analysis of the Watermaster Engineer and the
Waltermaster attorney. To help the Engineer, I have furnished them and others many technical
papers that would help them. I also proposed that we establish a “Science Advisory Board.” This



situation would not have happened with the advice of such a Board, Regulations indicate that
only “best-available science” should be used. The Watermaster attorney should have required
some form of Due Diligence before allowing the bill to be sent to the Zamrzlas, However, what
is going on in this case i not "best,” it is an absoute mesg with all sorts of errors, Where is the
outery from the members of the Watermaster Board? This situation requires an investigation of
the operation of the Watermaster Board in an open and public hearing,

The great amount of money the Watermaster attorney wants to extract from the Zamrzlas with no
evidence of wrongdoing has been incredibly stressful and caused public embarrassment to
prominent and well-liked public figures such as the Zamrzlas, A public apology from the
Watermaster atiorney is now appropriate.

Thank you for your consideration of this matter.

Eugene B. Nebeker, Ph.D., P.E.



Date:  September 23, 2020

From: Jan M.H. Hendricls, Ph,D., Ir. M

To whom if may conéérn

This memorandum is written at the request of Mr. Gene Nebeker who asked for my professional
opinion on the Replacement Water Assessment prepared by the Antelope Valley Watermaster
Engineer concerning the groundwater production on the Zamrzla parcels in 2018.

T understand that the 2018 Replacement Obligation of the Zamrzla’s will pay for the volume of
water that they pumped to irrigate five parcels of land in excess of their Production Rights (see
Section 3.5.39 of the Judgment). T will comment on the calculations by the Watermaster
Engineer that resulted in a Replacement Obligation of 570 AF. These calculations were
documented in a memorandum from the Watermaster Engincer to the Antelope Valley
Watermaster Legal Counsel on September 5, 2019.

Since the Zamrzla wells are not metered, the Watermaster Engineer made the correct decision to
use remote sensing for their analysis because the volume of water pumped for 1rr1gat10n will be
approximately equal to actual crop water use that can be estimated from remote sensing imagery.
Specifically, they used one USDA color infrared image of September 2018 in combination with
the crop coefficient method to estimate the volume. of 2018 actual crop water use on the five
parcels. Because the Zamrzla’s do not have any Production Rights on this land, the estimate of
actual crop watet use equals their total Replacement Obligation.

Unfortunately, the Watermaster’s analysis for the calcufation of the Replacement Obligation for

which the Zamrzla's are responsible in 2018 is seriously flawed because (1) they use the crop

coefficient method which is the wrong method to estimate actual crop water use; (2) they

confuse Russian Thistle and other weeds with alfalfa; and (3) they use only one image of”

September and, thus, have no infarmation aboyt actual water use on the parcels during the
periods of March-August and Ovtober-Novernler,

The crop coefficient method is a common approach in California to estimate potential crop
water use for a wide range of crops grown under optimal conditions of watering and fertilization,
In other words, this method estimates maximurh crop water use but not actual water use that can
be considerably less. In addition, this method has the implieit requirements to know (1] what
erop is grown; (2) date of planting and harvesting; and (3) dates of irrigation and significant
precipitation. If one does not know what crop is grown at what time during the ealendar year nor
how many irrigations have been applied, it is impossible to calculate actual crop water use with
the crop coefficient methad, Sinee the Replacement Obligation is based on the actudl volume
pumped in excess of Production Rights, it equals actual crop water use rather than potential crop
water use.



The Watermaster uses the red or faint red areas observed on the USDA color infrared image of
September 2018 through parcels -002, -003 and ~027 (Fig. 1) as an indication that alfalfa. was
grown on these parcels throughout the 2018 growing season from April through October,
However, the spotty red-dots pattern seen on this asrial image does not look like alfalfa or any
other irrigated crop. Did the Watermaster do any ground truthing as is the standard practice when
using remote sensing in areas of uncertainty?

Using Landsat imagery, it is possible to go back in time and check the Watermaster’s assertions.
Figure 2 shows the Zamrzla parcels as seen on a Landsat 8 image of 16 September 2018. Just as
on the USDA image, the spotty red-dots pattern is clearly visible, This pattern is quite different
from the homogenous red colors observed on agricultural fields about 5 miles NW from the
Zamrzla parcels (Fig. 3). In addition, comparison of these fields with parcels -026 and -02.8
reveals how weak the parcels® red color is compared to well water agricultural fields.

Figure 4 shows the Zamrzla parcels one year later on a Landsat § image of 19 September 2019,

Just as in September 2018 live vegetation is observed throughout parcels -002 and -003. On

Qctober 22 and 25, 2019 | was able to inspect the fields myse!f for groumd truthing. 1 found no

alfalfa but much Russian Thistle (Fig. 4, lower picturs) and other non-agticultural vegetation that

resulted in the spotty red-dofs pattern. ‘Nor did I find any signs of irrigation other than the :
unconnected existing wheel line systen. ’

In addition to the misclassification of the vegetation growing on parcels -002, -003 and -027, the

Watermaster made another basic mistake. They used only one image in September 2018 to

estimate crop water use aver the entire growing period from March through November 2018 and

made the unwarranted assumption that potential crop water use oceurred during the entire

growing season, This assuription easily could have been ghiecked using Landsat images for 2018

that are freely available. For example, Fig. 5 shows the relative crop water use on the parcels in

the midde of the growing season on July 14, 2018 as shown by Googte Earth Engine

(https:/eeflux-levell .appspot.com/). The caleulations are performed by EEFLUX. which is an

automatic implementation of the METRIC algorithms. Although EEFLUX can differ by 5 to ‘
25% from a more aceurate METRIC application, the image clearly shows the absence of any |
irrigation on parcels ~002, ~003 and -027. In addition, parcels -026 and -028 show a relative crop !
water use af, respectively, 30-45 and 25% percent which is much lower than potential or
maximum water use, These low relative crop water uses are also echoed on the USDA. image by

the light red to pink colovs on parcels -026 and -028 (Figs. 1-2). The Landsat images clearly

indicate that water use on parcels -026 and -028 was about 25% and 38% of the potential crop

water use caleuiated. by the Watermaster, There are sufficient cloud free Landsat images

available in 2018 to make a more accurate estimate of actual annual crop water use on these

parcels if need be.

In my professional opinion, the true water use on the Zamrzla parcels is zero on parcels -002, -
003 and -027; and a yet fo be determined amount used on parcels -026 and -028. Thus, while
any water used wag a magnitude less than the Watermaster’s assessment, an accurate
Replacement Obligation can be determined using the methods described in my 2016 award
winning paper that ig attached.



Satelite

Figwre 1. USDA color infrared image of September Figure 2. Landsat 8 color infraved image of 16
2018 that is the only source used by the Watermaster for  September 2018 covering the same avea as shown in
assessment of water use o the numbered parcels. Fig, 1.

Entilits

Figure 3, Landsat § color infrared image of 16 Figure 4. Landsat 8 color infraved image ¢ 19
September 2018 showing irrfgated agricultural fields September 2019 covering the same area as shows in
about § miles to the NW of the Zamrzla parcels. Fig, 1. An inspection visit on 25 October 2019
' revealed that the red color coincided with the live
‘vegetation of Russian Thistle; no Wlfalfa was observed
on these parcels nor any sign of irrigation, )




Figure 1. TUSDA solor infrared image of September Figure 3. Geogle Earth Engine EEFLUX Image

2018 that ig the only source used by the Watermaster averiaying a true color Landsatimage of July 14, 2018

for assessment of water use on the numbered parcels. coverintg the same area as shown in Fig, 1. The dark
brown calor of the EEFLUX image in parcel -002 has a
relative ET of about 2%. The light brown colorin
parcel -(°28 has a relative BT of about 25% and the
light colors in the irrigated part of -026 vary between
30 and 45%. The non-culored areas that only show the
true color image have a relative ET of zero.
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BENCHMARKING OPTICAL/THERMAL SATELLITE IMAGERY IFOR ESTIMATING
EVAPOTRANSPIRATION AND SOIL MOISTURE IN DECISION SUPPORT TOOLS!
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ABSTRACT: Generally, one expects evapolranspiration (ET) maps derived from optical/thermal Landsat -
and MODIS8 satellite imagery to improve decision support tools and lead {0 superior dacisions regarding
water resources management. Haowever, there 19 lack of supportive evidence to accept or reject this expec-
tation, We “benchmark” three existing hydrologic decision support tools with the following benchmarks:
annual ET for the ET Toolbox developed by the United States Bureau of Reclamation, predicted rainfall-
runoff hydrographs for the Gridded Surface/Subsurface Hydrologic Analysis model developed by the U.S.
Army Corps of Engineers, and the average annual groundwater recharge for the Distributed Parameter
Watershed Model used by Daniel B, Stephens & Aascciates. The conclusion of this benchmark study is
that the usze of NASA/USGS aptical/thermal satallite imagery can considerably improve hydrologic decision
gupport tools compared to their traditional implementations. The benefits of improved decision making,
resuiting from more accurate resulta of hydrolegic support systems using optical/thermal satellite imagery,
should substantially exceed the costa for acquiring such imagery and implementing the remote sensing
algorithma, In fact, the value of reduced error in estimating average annual groundwater recharge in the
8an Gabriel Mountains, California alone, in terms of value of water, may be as large ag 31 billion, more
than sufficient to pay for one new Landsat satellite.

(KTY TERMS: soil moisture; evapotranspiration; GSSHA; SEBAL; METRIC; DPWM; distributed hydrologic
modeling; optical/thermal datellite fmagery; Landsat; MODIS; groundwater rechargs; water management; hydro~
graph.} ‘

Hendrickx, Jan M.H., Richard G. Allen, Al Brower, Aaron R. Byrd, Sung-ho Hong, Fred L. Ogden, Nawa Raj
Pradhan, Clarence W. Robison, David Toll, Bicardo Trezza, Todd . Umstot, and John L, Wilson, 2016. Bench-
marking Optical/Thermal Satellite Imagery for Estimating Evapotranspiration and Soil Moisture in Decision
Support Tooly. Journal of the American Water Resources Association (JAWRA) 52(1): 85-119, DOI: 10.1111/1752-
1688.12371 :

tpapor No. JAWRA-14-0173-P of the Journoel of the American Water Resonrces Assootation (JAWRA). Received Auguat 27, 2014; acceptad
Heptembar 28, 2016, @ 2016 American Water Resources Aspociaticn. Discussions are open until six months [rom issue publication,

2Profossor (Hendrickx, Wilson), Department of Earth and Environmental Sciences, New Mextico Tech, 801 Loroy Place, Socorro, Now Max«
{ee B7801; Professor (Allen), Research Associnla (Roblson), Assoointe Research Professor {Trezza), Kimberly Research and Extension Center,
University of Idaho, Kimberly, Idaho 83841; Refired Civii Enginear (Brower), Water and Environmental Resourcea Division, 1.8, Bureau of
Reclamation, Denver, Colorado 80226, Hydraulics Research Civil Engineer (Byrd, Pradhan), Enginear Resenrch and Development Center,
.8, Army Corps of Enginears, Vicksburg, Miasiagippi 39180; Assistant Professer (Hong), Department of Geasciences, Murray State Univer-
sity, Murray, Kentuclcy 42071; Profossor (Ogden), Water Resources/Environmental Science and Bingineering, University of Wyoming, Lara-
mie, Wyoming 82071; Retired Deputy Program Mannger (Toll), Hydrological Sciences Lab, NASA Goddard Space Flight Center, Greenbelt,
Maryland 20771; and Senior Hydrogeotogiet {Umstot), Daniel B, Stephens and Aasoclates, Inc., Albuquerque, New Maxieo 87100 (E-Mail/
Hendricks: hondrick@nmt.adu).

JouRnAL oF THE AmzricaN WATER FlESOURCES ABIOCIATION B9 JAWRA



Henpaickx, ALLEN, Brower, Byap, Howa, OsoeN, Praodan, Rosison, Tow, Trezza, Unstar, asn Wa.son

INTRODUCTION

Monitoring of regional evapotrangpiration (ET}
allows decision makers to {1) follow where, when, and
how much water has moved into the atmosphere by
ET; (2) monitor crop performance and the effects of
drought for famine prediction; (3) better evaluate the
performance of irrigation systems; (4) improve esti-
matos by distributed hydrologic and weather models;
and (B) estimate root zone soil moisture conditions. It
is expected that the integraliion of regional ET maps
derived from Nalional Aeronautics and Space Admin-
istration (NASA) and United States Geological Sur-
vey (USGS) earth imaging products will improve
decigion support tools and, therefore, lead to superior
decigions regarding water resources utilization, How-
aver, there ig a need to quantify benefits realized
through the use of satellite derived results in user
decigion support tools. When our study started in
2006, only a few research examples had been
reported in the literature where NASA earth science
results related to ET had been integrated into hydro-
logic models (Ahmad and Bastimanssen, 2003; Schu-
urmang e al., 2008) bui no operational hydrologic
decision support tools were known to our research
team that used satellite-estimated ET products on a
regular basis.

Therefore, the overall goal of this siudy was to see
if the wse of satellite optical/thermal imagery
improves the performance of three operational hydro-
logic decigion support tools: the ET Taolbox developed
by the TInited States Bureau of Reclamation (USBR),
the Gridded Surface/Subsurface Hydrologic Analysis
{GSSHA) model developed by the U.8. Army Corps of
Engineers, and the Distributed Parameter Watershed
Model (DPWM) based on the Mass Accounting Sys-
tem for Soil Infiltration and Flow (MASSIF) model,
developed in 2007 by Sandia National Laboralory,
and since then eontinuously improved by Daniel B.
Stephens & Associates (DBS&A) for the prediction of
groundwater recharge in semiarid regions.

The ET Toolbox is a grid-based approach that uses
the “crop coefficient reference ET approach” (Allen
et al., 1998, Jongsen, 1998) to provide daily forecasts
of water depletiong, i.e., ET of agricultural and ripar-
ian vegetation g well as evaporation from open
water, for the day in question and the following six
days (Brower, 2008). The GSSHA (Downer and
Ogden, 2004, 2006) is a physically based, distributed
hydrologic model that simulates the hydrologic
response of a watershed subject to given hydro-
meteorological inputs, It is used by the U.S. Army
Corps of Engineers not only within the United States
(t7.8.) but also worldwide, The DPWM (Daniel B, Ste-

JAWRA

phens & Associates, Ine, 2010a) iz a distributed
hydrologic moedel used for the evaluation of ground-
water recharge in arid and semiarid basins (e.g.,
Daniel B, Stephens & Associates, Ine., 2008, 2010b,
9011; Hendrickx et ai., 2011a).

In the context of this study, benchmarking is the
proeess of running a hydrelogic decision support tool
to agsess the relative performemnce of using optical/
thermal satellite imagery for the improvement of
foreing fonctions (e.g., precipitation, ET, ete), the
appraisal of initial conditions (e.g., soil moisture,
snow cover, ete.), and the estimaiion of model param-
eters (e.g., land use, soil texture, total available water
for transgpiration) (Tell, 2008). Our study objective
was to benchmark traditional applications of ET Tool-
box, GSSHA, and DPWM versus the use of optieal/
thermal satellite imagery on the foreing function of
ET in ET 'Toolbox, the appraisal of initial soil mois-
ture conditions in GSSHA, and the estimation of the
model parameter “total available water for transpira-
tion (TAW)” in DPWM,

BENCHMARKING METHOD

COur benchmarking method compared typical tradi-
tional applications of each decision support tool with
ones that used information from optical/thormal
satellite imagery. The compariscns were based on a
“performance indicator,” ie., a measurement for
zasessing the quantitative performance of a system,
The performanco indicators selocted were! annual BT
forecasts for ET Toolbor, storm hydrographs for
GBSHA, and average anoual groundwater recharge
volumes for DPWM. The goal of our rezearch sponsor
NASA was to benchmark the improvement, if any, to
the *performance indicators” from the use of satellite
imagery for the purpose of improving decision malking
in water resgurces management.

First, the optical/thermal satellite images were
converted into mapg of ET and root zone goil moisture
with established algorithms: Surfuce Energy Bolonce
Algorithms for Land (SEBAL), Mapping EvapoTran-
spiration (BT) at high Resolution with Internalized
Calibration (METRIC), and the Evaporative Froction
Method for Root Zone Soil Moisture Retrieval, The
inputs for these algorithms are the bands of Landsat
and the Moderate Resolution Imaging Specirora-
diometer (MODIS) presented in Table 1, The ET
maps were then incorporated into the hydrologic deci-
sion support tools, either after conversion of the ET
into the reference ET fraction (ETrF) using high-
quality hourly weather dafz, or — where by wag
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BENCHMARKING. OPTICAL/THERMAL SATELLITE IMAGERY FOR ESTIMATING EvapoTtranseiramion anp Soi. Maisrurg i Decision Suerort TooLs

TABLE 1, Band Spatial Resolutions (m) end Wavalengthe (jan) of Landset 5 and 7 and MODIS Sensors.

Bond number

Sensors 1 2 8 4 5 6 7 3 32
Laodset?  Pixel gize (m) 30 80 80 30 30 60 (L7) 20 NA? NA?
Landsath 120 (L&)
Band width 0456051 052-0.60 0.63-0.68 07500  LBB-LYE 104125 209235 NAZ NA
{um)
MODIS Pixel alza (m) 250 250 500 50O 500 500 500 1,000 1,000
Band width 0.62-0.67 084.0,87 0.46-048 054056 123126 163-1.66 211215 108115 11.8-123
(pm)

IMODIS band 6 is not used 1o this study because of atresking noise.

Mot nveilable,

not possible — after conversion of the heat fluxes
retrieved with SEBAL or METRIC into root zone soil
meisture. The details of these three operations are
presented below,

The SEBAL{METRIC Approach

SEBAL (Bastiaanssen ef al., 1998a, 2005) and
METRIC (Allen ef al.,, 2007a, b) are “snapshot’
energy balance models that use the strong thermal
gignalg sensed by satellites that are associated with
evaporation processes to provide high-resolution ET
images. Spatial resolutions of reirievals range from
S0 to 120 m with Landsat satellite data (Allen ef al.,
2007a, 2011) and 260 to 1,000 m with MODIS {Allen
et al,, 2008b; Trezza ¢f ol,, 2013). These energy bal-
ance algorithms are thermally driven, with ET com-
puied as a residual of the surface energy balance, sc
that air humidity, air temperature, and vegetation
canopy conductivities are not needed at each pixel of
the image. METRIC employs an innovative Calibra-
tion uging Inverse Modeling at Extreme Conditions
mothod (Allen et af., 2011; Irmak et ¢, 2011; Irmal
et al., 2012) pioneered in the SEBAL model (Basti-
agnssen et al., 1998a) to overcome hiases in land sur-
face temperature retrievals and unknown spatial
variation in near-surface air temperuature during the
eatimation of sensible heat flux. As this calibration is
based on a “cold” and “hot” pixel selected from within
the image, it is often called an “internal”® callbration.
The METRIC/SEBAL approach has demonstrated ET
accuracies of 15, 10, and 6% for daily, monthly, and
geasonal time scales, respectively (Allen, 1997; Hen-
drickx and Hong, 2006; Allen et al,, 2007b; IHong,
2008), In this atudy, METRIC was used to benchmark
the ET Toolbox and DFWM, while SEBAL was used
for GSSHA. The main practical difference between
METRIC and SEBAL is that the latter can be imple-
mentad without using meteorological observations—
with some unknown decreage in accuracy—while
METRIC needs hourly meteorological meagsurements
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including air humidity and temperature, wind speed,
and solar radiation for caleulation of the reference ET
at one or more gites that are representative of the
entire image or part of the image (Allen et al.,
2007a). The METRIC algorithm takes into account
the effects of slope, aspect, and elevation on the
energy balance which is critical for its application in
mountains and over rolling terrain. It also captures
the changes in s0il evaporation and riparian vegeta-
tion transpiration due to capillary fluxes originating
from the interaction between groundwater depth, soil
texture, and even groundwater salinity, METRIC/
SEBAL has been successfully used with Landsat and
MODIS images in numercus practical applications
(Bastinanssen, 2000; Bastiaanssen et al, 2000, 2002,
Hafeoz et al.,, 2006; Allen et al,, 2008h; Tong et al.,
2009, 2011b). The ET estimates have, in turn, been
used to derive evaporative fraction and soil moisture
ratrievals.
Like SEPRAL, METRIC computes the latont beat
flux as the residual of the surface enorgy balance
JE=R,—G-H (1)
where I, is net radiation, G the scil heat flux, H the
sengible heat flux, and AEF iz the latent heat flux.
METRIC deviates from SEBAL in its use of an inter-
nal calibration of the energy halance that incorpo-
rates effects of regiona) advection of energy and dry
air, via the employment of the Penman-Monteith
equation, that can substantially increase ET from
irrigated agriculture and riparian vegetation (Allen
et al., 2007a) in semiarid and arid climates, METRIC
retrievals of ET, when derived from Landsat or
MODIS imagery, represent snapshets of ET during
lute morning, These time-snapshots are extended to
daily totals using the fraction of reference ET, F'l'rT,
a coneept applied in METRIC, as the ETrF has been
shown to be nearly eccnstant cvor the course of a day
for mnormal agricultural conditions (Allen et al,
2007a, b). However, evaporative fraction has been
guggested in place of ETrF for substantially stressed
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conditions such as exist for natural conditions (Allen
ef al, 2011} following Brutsaert and Sugita (1992)
and Bastiaanssen ef ol. (1998a). They alse suggest
using evaporative fraction for regional, rainfed condi-
tions where, by definition, advection is small or
nonexistent,

The Buaporative Froction Method for Soil Moisture
Retrigval in the Rool Zone

This method is based on the long-known soil physi-
cal relationship batween root zone soil moisture and
the partitioning of sensible and latent heat fluxes at
the land surface (Davies and Allen, 1973; De Bruin,
1983; Owe and van de Griond, $990; Kustag and Nor-
man, 1999), This method is a straightforward exten-
gion of the METRIC and SEBAL algorithma that
derives relishble estimates of the energy balance fluxes
from remotely sensed optical/thermal imagery (Basti-
aanssen ef al., 1997, 1998a, h, 2006; Ahmad and Bas-
timanssen, 2003; Scott ef al., 2008; Fleming ef ol.,
2006; Hendrickx and Hang, 2005; Hong et al., 2006,

In many agro-hydrologic studies, root zone soil
moigture is used to reduce potential ET to actual ET
(Feddes et ol, 1978, 1288; Bolmang ef al, 1983;
Wagenet and Futson, 1996; Allen, 2000; Anderson
ef of., 2007; Hain et al., 2008, 2011}, When goil moig-
ture in the root zene decreases and woil resistance to
water movement increases, the net effect is a reduc-
tion in actual ET (AF). When the soil is wet, most of
the available energy (net radiation, R,, minus soil
heat fux, & is uged for BT (latent heat fhux) and
almost no energy is left for gensible heat flux (H).
When the sofl is dry, most of the available energy is
uged to heat goil and air and latent heat Qux (ET) is
small. One way to express this partitioning of radiant
energy is the evaporative fraction (4) that is defined
aa (Brutsaert and Sugita, 1992; Crago, 1996):

AR AR
A ETETR.-C @)

The energy partitioning ealculated with the evapo-
rative fraction is primarily related to the amount of
vegetation and soil meisture content (Boni et al.,
2001}, The follewing equation was derived by Ahmad
and Bagtinanssen (2008) using in situ root zone goil
moigture measurements and validated evaporative
fraetion data from the SEBAL

714

where § is degres of saturation (0.0-1.0), 8 ia volu-
metric water conlent, and 5y 18 volumetric water
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content at saturation, Equation (3) was derived from
soil moisture measurements chtained on grassland in
Kansas on alluvial soils and loess (Smith e gl
1992), as well ag from rainfed (vineyard, barley,
wheat) and irrigated cropa (maizé, alfalfa) in Central
Spain on sandy loams (Bolle ef el, 1993; Baati-
aanazsen ef al., 1997}, A number of studies have suc-
cessfully supported the use of Equation (3) for
retrieval of root zone soil moisture using remote sens-
ing algerithms (Scott ef al,, 2008; Mohamed et al.,
2004; Fleming e? al., 2005).

Insertion of BT Fluxes in Hydrologic Models

The SEBAL/METRIC algorithms for ET mapping
cannot provide a continuous series of daily ET esti-
mates due to the fact that Landsat end MODIS images
are only periodically available. Landsat imagery is
potentially available every 16 days per satellite, while
the daily MODIS images can only be used every 4 to 6
days when the aatellite has a viewing angle of less
than ahont 15° to the area of interest (Trezza et al.,
2013). The nadir-angled images are needed for reliable
LT estimates from SEBAL and METRIC (Allen et al.,
2008b). In addition, the prezence of clouds often causes
longer time periods between images,

Another issue with constructing continuous series
of ET with satellite imagsry is the large temporal
variability of ET fluxes, The daily BT can vary by a
factor % or 3 from one day to another depending on
weaiher condittons, especially cloudiness. As the ET
absorved from space on image days is often not repre-
gentative of FT values on nonimage days, direct
ingertion of BT fluxes into hydrologic models can
cauge subgtantial error. Instead, mors robust vari-
ables with less temporal variability such ag the BETrF
or root zone sofl muisture (8 or 6) are preferred for
ingertion into hydrelogic decision support tools and
for time-integration of ET hetween satollite overpass
dates. As a conseguence, the generation of a continu-
ous series of daily ET maps is only possible by com-
bining the available ET maps with a daily hydrologic
model or other time-integration system that is based
on relative ET, and for the same area or region,

The ETrF is caleulated for each pizel of an image
ad

ET

ETY = BT (4)

where ET is the actual ET estimated by SEBAL or
METRIC for ench pixel, and ET, is the standardized
reference BT for a tall crop (Alen et ol., 2005d). The
ETyF is gimilar to the crop coefficient (K.) that is
defined as

JOURNAL OF THE AMERICAN WATER Risources AssociaTioN



Brvcrmariang OpricaL/THERMAL SATELLITE IacERY FOR ESTIMATING EvapoTRansPIRaTION AND Soil Mosure & Decision Suprort Toows

ET,
i ®
where ET, ig the erop ET under standard condi-
tions and B'l'.; is the (generic) reference ET. Crop
ET under standard conditions refers to the actual
ET from crops “thal are grown in large fields under
optimum soil water, excellent management condi-
tion and environmental conditions, and achieye full
production under the given climatic conditions”
(Allen et al., 1998). The reference ET can be caleu-
lated for two types of reference surfaces represent-
ing olipped grass {(a short, smooth crop) and alfaifa
{a taller, rougher agricultural crop) resulting in,
reapactively, the reference ET for a short crop ET,
and for a tall erop ET, (Allen ef al, 1998, 200&d).
Due to the higher surface roughness of the tall
crop, BT, generally will he higher than ET, for the
same metecrological conditions (Irmak ef al,, 2008).
Therefore, one should wse grass-based crop coeffi-
cients with ET, and alfalfa-based crop coefficients
with ET, (Allen et al., 2005d). If a reference ET
other than ET, or ET, was used to develop the crop
coefficients, it must be ecstablished that the equa-
tion vields values that are equivalent to ET, or
ET,. For example, the daily “reference” ET that has
been computed in the past by the New Mexieo
8tate University Penman equation (ET.amsu) needs
its own set of crop coefficients (Kewmso) a8
explained in Case Study L

Despite the similarity of Equations (4) and (5), a
distinet difference can exist between reference ET
fractions (BTrF) and traditional crop coefficients (&),
The latter represent optimum agricultural manage-
ment under well-watered conditions and are typically
determined from point-baged measurements; the for-
mer represent actual ETr¥ populations that may
have inherent variation because of variation in water
availability, crop variety, irrigation method, weather,
goil type, salinity and fertility, and/or field manage-
ment that can be different from the average K, value
for aptimal crops.

The temporal robustness of the ETrF and K,
approach has been illustrated by lysimeter measure-
ments for sngar beets that show BTtF and K, values
for sugar beets to be nearly identical on alternating
¢lear and cloudy days with different BT values (Allen
et al., 2007b). Other agricultural crops, which are
bred to maintain nearly constant and maximum
stomatal conductivity so as to maximizs biomass pro-
duction, are expected to respond similarly, Thus, the
daily BT for each pixel on nonimage days can be eal-
culated using the ETrF derived by METRIC on the
image day multiplied by the ET, caleulated from
weather date on nonimage days. If two or more
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images are available, it is standard proeedure to
interpolate the ETrF between the image dates so that
the dynamics of vegetation development are captured
{Allen ef ol., 2007a, 2011).

Root zone soil moisture is another robust hydro-
logic varisble that is correlated with daily ET but
without its large temporal variability (Hillel, 1998),
¥For example, the dynamics of root zone goil meisture
and actual ET ai the Paynes Prairie State site in
Florida show root zone seil moisture to vary gradu-
ally during the seagon, while the actual ET shows
large variability from day to day caused by different
weather conditions leading to different atmospheric
demands (Jacobs et al,, 2002; Liu ef al., 2005).

Root zone soil moisture is an important tocl for the
incorporation of variable BT fluzes into hydrologie
medels when no high-quality hourly weather data are
available to calculate ET, during satellite overpass or
in mountainous terrain where it is nearly impossible
to estimate ET, for each pixel due to the effects of
slope, awpect, and elevation on incoming solar radia-
tion, wind speed, air temperature, and relative
humidity, Equations (2) and (3) show that the instan-
taneous heat fluxes from the METRIC/SEBAL
aperoach vield sufficient information to obtain the
root zone soil meisture condition of each pixel and to
map soil moisture maps on image days for initializa-
tion of hydrologic models. For example, in GSSHA
the actual ET, the potential evapotrenspiration
(PET), and volumetric soil water content are related
as follows (Downer and Ogden, 2006):

08y
ET ~PET{ — ¢ ___ G
(o.75(smt . ewp)) ©

where ¢ is the volumetric soil water content, 8, is
the wilting point, and 8 is the saturated volu-
metric soil water content, If & > 075044, the BT is
considered equal to the PET, PRET is considered
equal to the reference ET for a tall erop (BT.) that
is caleulated from the meisorelogical data mea-
gured at a ground-hbaged station (Allen, 2001), The
wilting point and the saturated volumetric water
content are derived from the Natural Resource
Congervation Service STATSGO database (@ecessed
May 28, 2012, http://zoildatamart.nres.
usda.gov/) using established pedotransfer functions
that yield 4, and O as a function of soil texture
(Rawls ef al, 1982). Once GSSHA is initialized
with a realistic soll moisture map, its daily ET pro-
dictions based on Equation {6) are expected to he
more realistic as well. For long-term simalaiions,
the soil moisture distribution of the model can he
updated when new clear gky opticalthermal ima-
gery becomes availabla.
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CASE STUDY I: ET TOOLBOX IN THE MIDDLE
RIO GRANDE CONSERVANCY DISTRICT

The ET Toolbox case study in the Middle Rio
Grande Conservancy District (MRGCD) in New Mex-
ico provides an example of how optical/thermal ima-
gery can be used fo derive the forcing function of
ET in hydrologic models, The primary purpose of the
ET Toolbex is to estimate daily water depletions, i.e,, ET
of agricaltural and riparian vegetation as well as
evaporation from open water, at a resolulion of
1 % 1 km {previously 4 % 4 km), and to improve the
efficiency of water management and irrigation
gcheduling by providing guldance — through ET
charts — on when and where to deliver water and
how much to apply (Brower, 2008). Daily ET fore-
casts for the day of interest and the following six
days are accessible for water managers and other
users through the internet (acezssed August 30, 2011,
www.usbr.gov/pmta/rivers/awards/Nm2/riogrande. htm
1). For example, the Albugquergue office of the United
States Bureau of Reclamation decides on a daily basis
how much water to release from Cochiti reservoir to
meet all agricultural, ripavion, domestic, industrial,
and minimum flow demands in the Rio Grande Valley
hetween Cochiti and Elephant Bulte reservoirs. As
the travel time of river water from Cochiti reservoir
to Elephant Butte reservoir ig about five days (Lang-
man, 2009), it is eseential that the Bureau bases its
releases on relinble ET forecasts, This information is
critical because an error in the forecast “ends up in
the river,” If the ET forecagt is larger than the actual
ET, additional excess water may not he put to a hene-
ficial use to those who could take the stored waler
later. On the other hand, if the forecast is smaller
than the real ET, the legally binding minimum flow
requirement of the river may be violated, This is
especially important during periods of low flow and
hot weather when a relatively small error in ET fore-
cast ean represent a considerable percentage of the
minimum flow requirement, .

The performance indicator uged in evaluating the
worth of ET estimates derived from NASA imagery
on the ET Toclbox is the sum of all daily ET forecasts

in 2007, i.e., the annunal BT forecast, The inclugion of

the BT forecasts for the following six days was also
explored, but gs they are usually similar to the first
day's forecast under the climatic conditions of the
MRGCT, only the first day's forecast was used, For
this METRIC application we used MODIS imagery as
ttg daily acquisition schedule all bul assures that
under the climatic conditions of MRGCD sufficient
images will be available to force eperational hydro-
logie decision support tools.
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Benchmark Approach for ET Toolbox

We compared the annual sum of daily ET forecasts
in 2007 using the traditional ET Toolbox approach
(FTkenmae) versus the annual sum derived from
METRIC using 26 MODIS images distributed over
the entire year (Tabls 2). The METRIC application
resulted in twenty-six 500 x 500 m ETYF images that
were aggregated to 1,000 x 1,000 m to coincide with
the 1,000 x 1,000 m cell size of ET Toolbox. The
500x500 m pixels were developed by resampling
1,000 m MODIS thermal pirels to the 500 m resolu-
tlon of most MODIS optical pixels (Trezza ef al,
2013). This was dene to promote improved spatial
fidelity of the ET retrievals. Following the production
of ET, the product was resampled to the 1,000 m spa-
tial resolution of the original thermal pixels, Figore 1
presents 12 monthly METRIC ETrF maps aggregated
to 4 x 4 km to show the annual temporal and spatial
dynamics of ETrF in the MRGCD. These METRIC
ETrF values were used in two waye to egtimate the
annual sum of daily ET values: (1} the BETrF values
were converted to ET Toolbox crop coefficients (K
mETmc) and then processed using the traditional ET
Toolbox approach BTy, yerric); (2) the ETrF values
were processed using standard METRIC procedures
without making uge of BT Toolbox (BTypraic),

Traditionally, ET Toolbox has used the New Mex-
ico State University Penman reference ET (ET, nusu)
instead of the ASCE Standardized Penman-Monteith
reference ET (Brower, 2008) ta caleulate the erop ET
under gtandard conditions as

ET, = Ko nmsu X BTy nmsu (7

Hewever the BT, Ny, even though it is purported

to be a prass reference method, produces higher

TABLE 2. Image Dates Used for the MODIS-METRIC Application
in the Middle Rio Grande Valley of New Mexico for the Year 2007
{Allen af ai,, 2008a).

Image Nao, Date Image No, Date
1 January 28, 2007 14 Jane 30, 2007
2 February 6, 2007 15 July 7, 2007
3 January 1, 2007 16 July 16, 2007
4 . Margh 17, 2007 17 Auguasl 8, 3007
i1 March 26, 2007 18 Auguat; 24, 3007
G April 2, 2007 19 Heptember 18, 2007
ki April 18, 2000 20 September 25, 2007
8 April 27, 2007 Pl Getober 11, 2007 .
3 May 13, 2007 22 October 20, 2007
I May 28, 2007 23 Qetober 27, 2007
11 June §, 2007 24 November 21, 2007
12 June 14, 2007 25 Becomber 23, 2007
13 June 23, 200¢7 26 December 80, 2007
JouRNAL oF THE AMERICAN WATER RESOURCES A8nciaTioN
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FIGURE 1. Monthly ETrF Aggragated to 4 km Sized Grid Calls of
the ET Toolbox Grid alang the Middle Rie Grande during 2007
{Allen et af., 2008h).

estimates than the standard grass-reference ET, of
ASCE and FAO (Allen et al, 2008a), and even
exceeds the standardized ASCE alfalfa reference IT.
by 7.7% (Figure 2). Therefore, that reference method
requires ita own set of crop coefficients (K, ymay) that
were provided by Dr. Salim Bawazir of New Mexico
State University on March 16, 2000 (Brower, 2008).
In 2012, the ET Toolbox abandoned the New Mexico
State University reference ET and switched to the

NMSU Los Lunas - 1985-2003
NMSU ETo vs. ASCE ETr
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FIGURE 2. Daily “Reforence” ET Computed by the New Mexioe
Gtate Univeraity Penman Equation (of ET Tnolbox) ve, Daily Alfalfa
Referenca BT Computed by the ASCE-EWRI (2008) Standardized
Poonman-Monteith Equation for 18 Yearg of Weather Data Coilected
at the NMSES Los Lunas Experimant Station (Allen ef of., 2008a).
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ABCE Standardized Penman-Monteith reference BT
method of Allen et al, (2005d).

Equation (7) was used to caleulate the ET Toclbox
ET-based forecasts for “today” and the following six
days. The ET.xmsu was calculated wsing weather
data from a network of seven weather stations in
MRGCD (Brower, 2008) as woll as weather forecast
parameters provided by the National Digital Fforecast
Database (aceessed Aungust 30, 2011, Thtip:/
www.nws.noae.gov/ndfd/). The daily assipnment of a
crop coefficient (K,ipeg) for each grid cell in the
MRGCD was based on its land cover. Prior to June
8, 2004, the Middle Rio Grande Land Use Trend
Annlysis of 1992/93 {U.S. Bureau of Reclamation,
1997) was used as the land cover database. After
that date, a high-resclution land cover map was pro-
duced using a combination of July 2000 IKONOS
eatellite imagery at 4 m resolution and 2001 Utah
State University aerial photography at 0.5 m. That
high-resolution land cover map was transposed to
the grid cell map of ET Toolbox to determine acreage
of each agricultural crop (Alfalfa, Corn, Pasture,
Orchard, ete), each type of riparian vegetation (Cot-
tonwood, Salt Cedar, Russian Olive, ete.), and open
water in each 1 x 1 km grid cell. As a conzequence,
the ET Toolbox land cover map generally was at
least several yearn out of date. In this study for the
year 2007, the land cover map was approsimately six
years old,

Important features in the ET Toolbox are the
dates when a land cover ia assumed to become active
and ET begins, and when the area becomes inaclive
and ET stops. For example, corn was assumed to
begin its growth phese atarting on April 29, and
remain active until November 20, Thus, a field clas-
sified on the imagery of 2001 as Corn would, in
2007, he estimated to consume water during eix
months and 22 days out of the year, with zero ET in
the remaining period, Of course, in 2007, a fleld may
actually be planted with alfalfa, which has a growing
seagon from January 1 through October 20, or it
may be bare, iec., considered in JT Toolbox as inac-
tive with zerc ET, but undetrlsin by a shallow
groundwater table that almost eeriainly maintaing a
emall so0il evaporation rate (Hendrickx et al., 2003).
To mitigate the issue of out-of-date land cover maps,
MRGCD swiiched, in 2012, to the use of crop reports
developed from field surveys performed by ditch rid-
ers throughout the irrigation season so that the ET
Toolbox now uses one-year-old land cover data, In
thig contex{, it is relevant to observe that no land
cover data are needed for ET predictions using the
SEBAL/METRIC approzch (Allen efal, 2011),
although land cover information may somewhat
increase the accuracy of ET predictions by improving
estimates of the surface roughness of each cell,
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The width of the Middle Rio Grande Valley varies
from leps than 1 km to about 8 k. As a result, there
are many edge cells located on the boundary between
low-lying valley lands and higher dry upland terrain,
These boundary cells cover the area that remains
between the last full-sized cell and the boundary
between the floodplain and desext up-lands. As a con-
sequence, many of these cells are considerably smal-
ler than 1 km?* whick may lead to inaceuracies when
re-projecting different data layers to a common pro-
Jjection and, therefore, they have been eliminated. As
a result, all of our analyses are based on 831 approxi-
mately 1 x 1 km cells that are entirely located in the
valley and mostly underlain by a shallow (0-5 m)
groundwater table (Bexfield and Anderholm, 1997;
S.8. Papadopules & Asaociates, Inc., 2006).

The performance indicator, total annual ET for
2007, usging the traditional ET Taolbox approach
without MODIS imagery (ET.nmey) was ealeulated
in this study using:

day=365
ETy NMSU =2 smet
(Rynmzu ¥ BTo_nmey)/831

cell=831
cell=1

(8)

In contrast, the performance indicators based on
the ETrF maps generated by METRIC from MODIS
imagery were not based on the New Mexico State
University Penman reference ET, ET,ynao, but on
the ASCE standardized Penman-Monteithk equa-
tion for the alfalfa reference, ETr (Allen ef al,,
2007a). Becauge the data presented in Figure 2 sug-
gost that

ETQ—NMSU = 1077 x ETr (9}
we developed a METRIC-derived ¢rop coefficient (.
METRIC) to be used with ETo-NMSU a8

ETrf
K. mumic = 1077

(103
end the performance indicator using METRIC ETrF
ingide the ET Toolbox (BTr.meTrIC) 8

ETwamuc = Z g;wy;iﬁﬁ E :H:!{al (11)
{(Ke-memmic ¥ ETo-nusu) /831

The primary difference between Equatiens (8) and
(11} are that Equation (8) uses “static” K, values
developed by NMSU, and Equation (11} uses spatially
varying K, values developed from the METRIC appli-
cation, The daily ETrF values were determined by
linear interpolation between the ETrF images derived
from the 26 MODIS images to aimulate common
interpolation practice.

JAWRA

96

The performance indieator based on METRIC only
without nsing ET Toolbox (ETugrrig) was calenlated
as

dry=965

ETummric = ) dnyet wliot (BTeF x ET,)/831

(12)

where ET, wag computed using the ASCE standard-
ized Penman-Monteith equation and ETrF was pro-
duced from the METRIC process. The daily ET¢F
values of this performance indicator were not deter-
mined by linear interpolation but by fitting a spline
betwaen the ETrI' images derived from the 26
MODIS images, which follows eonomon METRIC
practice (Allen ef al, 2007a), In general, the spline
function tends to more smoothly follow the evelution
of ETrF caused by evclution in vegetation develop-
ment, than does & linear interpolation. In addition,
the convex nature of ETcF vs. time of growing season
tends to cause the linear interpolation to understate
total ET due to undercutting of the convex curvilin-
sar BTrl" time-bagsed curve (Allen et af.,, 2007a). In
METRIC, the quality controlled measuremente at the
two representative automated weather atations of
Anpostura and Boys Ranch were used for the calcula-
tion of an average daily ET, for all 831 cells (Allen
et al., 2008a). The annual sum of these daily BT, val-
ues was 1,560 mm and ideally this number should be
similar to the annusl ET, that contributed to perfor-
mance parameter ETgmergie, One can insert Bqua-
tions (9) and (10} into Equation (11) to confirm this.
However, due to uncertainty of regression Egua-
tion {9) as well as the use of seven instead of two
weather stations and aspatinl weighting schemes for
assigning a reference ET,nmsu to each grid cell in
ET Toolbox, the annual BT, {or performance indicator
ETk,merric Wwas 1,767 mm, or abeut 10% leas than
the 1,850 mm for performeance indicator BTy,

To benchmark the three different performance
indicators (ETy.wmsu, ETkemernies  Elvmrsre)
against each other, we not only used their averages
over 831 cells but also their averages over different
land covers. We caleulated the values for the perfor-
manes indicators for each land cover class defined in
2008 by the National Agriculiural Btatistics Service
(NASS) of the U.8B, Department of Agriculture
(http/nassgeodata.gmu.edn/CropScape/, aceesser
September 10, 2012). The land covers congisted of
agricultural crops (corn, sorghum, winter wheat,
alfalfa, pecans), fallow land, and nonagricultural
classes aimilar to the ones used in the 2008 National
Land Cover Database (Fry ef of., 2011), All data were
downloaded at a spatial regolution of 87 x 57 m. We
used the 2008 NASS dataset as it was the first year
available and sufficiently cloga to 2007 to identify the
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irrigated areas and other major land covers in the
MRGQCD, We then reclassified all agrieultural crops
into one new class of “irrigated lands.” Before using
thess data, we aggregated the 57 x B7 m cells into
L,000 % 1,000 m eells asgigning the land eover occur-
ring with the higheat frequency to the agpregated
cells. For example, if 51% of the B7 x 657 m cells in
one 1,000 x 1,000 m cell were “shrubland” and 49%
were “irvigated land,” then the aggregated cell would
be classified as “shrubland.” Thie aggregation process
introduneed considerable bias for many pixels, ry the
subpixel-scale wariability of heat fuxes in the
MRGCD was quite high (Kleizsl & ol., 2009), Overall,
the total ET aggregated over all 831 pixels of
1,000 x 1,000 m was assumed to have much lower
biag than for individual pigels, due to randomized
asgignment of majority land use type on a pixel-by-
pixel basis. The result would be cancellation of error
in proportion to the square root of the number of
eells, or a reduction of 831%% or abous 29 times. The
eight land cover classes werst Open Water (WAT),
Woady Wetlands {WWE), Irrigated Land (IRR), Pas-
ture/Hay (PAS), Gragsland Herbaceous (GRA), Shrub-
land (SHR), Developed/Oper -Space (DEQ), and
Deaveloped/Low intensity (DEL) (Table 3).

Benchmark Results for ET Toolbox

Table 8 presents the total annual ETs in 2007 esti-
mated using ET Toolbox in ity traditional way and
with METRIC ETrFs, The average annnal 2007 ET
performance indicators — BTwermsy, ETkeMETRIC

and ETyrrrie — were 543, 771, and 832 min, respec-
tively, over the 831 cells. The absolute and relative
differences of (832-771=) 61 mm and 8% between the
average ETKc-METR.IO and ETME'I‘RIC was not expected
ag according to Equations (9)-(12) these performance
indieators should have approximately the same value,
This difference appears primarily caused by the inter-
polation method of the ETrF images for calculation of
the ET performance indicater, linear interpolation for
ETxe.merric, and the more accurate spline interpola-
tion for BTyprric (Allen ef al., 2007a), A secondary
possible cause ig that the reference E'Ts used for the
caleulations of BTk, merric 204 ETyprrie were baged
on data from different weather stations as explained
in the previous section. The 8% difference is consid-
ered to be within the commonly aceepted uneertainty
of remotely sensed ET (Karimi and Bastiaanssen,
2016,

Because FTke wmev and BTy mmrrie 8re both
results of ET Toolbox, we focused our benchmark
analysis on these two performance indicators. The
absolute and relative differences betwean ETg,nmay
and ETg.merric for all 831 eells wera (771-543=)
228 mm and 30%, This is a large difference; however,
one should keep in mind that the purpose of the tra-
ditional ET Teolbox is to estimate crop and riparian
vegetation ET from “active” areas and open water
evaporation within specified river reaches (Brower,
2008). The ET Toolbox was not devsloped to estimate
ET from all areas, including what are classified by
USBR as “inactive” areas that contain desert shrubs
or bare soils, fallow fields, or agricultural fields
during winter time. METRIC, on the other hand,

TABLE 8. The Average Annual Actual BT in Case Study I, Tte Standard Deviation, and Its Coefficient of Varintion for 831 Pixels of About
1 x L km for the Three Parformanee Indicators (ETyamisu, 'k perrio, Blaurmie) for All Pixels and for Bach Land Cover Clags.

Htandard Doviation of Annual BT Cuoefficient of Variation of Annual

E’md , Annual ET (mm/yr)
over

(mmy/yr) ET ()

N*  AA" ETgenveu ETwewmmmrc ETsmrmo  BETmesmsy Elwesmme Elwmene Elwenmso ETwgemmrrie  BTamrree

ALL 831 40 B43 771 83z 244
WWE 123 4o 891 Bt 898 A 978 AB 199
WAT 38 4L 605 B 878 AB 1,023 A 216
IRR 60 452 707 A 863 ABC 997 BC 185
PAS 1718 41 532 AB 830 BCD B9Z CD 130
GRA 38 44 840 AB 804 CD 790 EF 252
DEOQ 67 43 566 B 768 D B3B8 DI 223
SHR 260 46 439C  TOOE 744 ¥ 258
DEL 80 41 386D 545 T 616 G 230

206 280 45 a7 28
188 170 82 21 17
179 161 a6 ao 16
168 172 22 18 19
166 178 29 20 20
145 156 39 18 20
153 207 39 26 25
174 244 69 26 38
201 179 - a8 av 29

'WWE, Woody Wetlands; WAT, Open Water; IRR, Frrigated Lands; PAS, Pagtore/Hay; GRA, Grassland Harbaceous; DIZO, Devoloped/Open
Space; SHR, Shrubland; DEL, Davalopad/Low Intansity,

N g number of 1,000 x 1,000 m cells present in each land cover class,

The Actlve Aren is the percentage of a pixel area whare BT iakas Place; the Inactive Avea is the percentage of o pixel area with hare and spar-
sely vegetated spots where I Toolbox assumes zero BT, AA ig annual mean active avea ussd for the caleulation of ETky e in the traditional
ET Toolbox. The AA of IRR is significantly higher than all other classes; the AAe of WWE, WAT, and SHER are noé signifieantly dilferent,

Walues with a different lotter are signifienntly diffevent af the 5% significance level, For example, ETyerrio values of Open Water (WAT?
and Irrigated Lands (IRR) ars signifleantly diffavent because they do have different letters, respactively, an A and a B,
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estimates a spatially continuouns ET field over an
entire region or watershed including shrubs and bare
soils having low ET rates. For that reason it is to be
expected that the cumulative ET derived from
METRIC i4 higher than that estimated from the tra-
ditional ET Toolbox approach. Neither approach is
necessarily “right” or “wrong,” as they are designed
to detect or estimate the ET from different areas of
interest.

Table 3 algo presents the Blkenmsu, BTkomerrios
and ETyprric for the eight land cover classes. An
analysis of variance was conducted to test whether
differences among ETy,mmsu, ETkemerric, and
ETwmuraic depend on land cover, All three perfor-
mance indicators did significantly (p < 0.001) depend
on land cover but only a small part of their variabil-
ity was explained by land cover as expressed in the
F’values of 20, 26, and 26% for, respectively, BTy,
smowy ETxemprrio, and ETuygerpic. These low R
values were expected as (1) previous research domon-
strated a large variability of heat fluxes within sells
having dimensicns of 1,000 x 1,000 m (Kleissl «t .,
2009); and (2) the NASS land cover classea do not
capture well the true differences in land cover of an
arid floedplain in Naw Mexico at a scale of 1,000 m.
For example, visual false color imape-based inspec-
tion of the land types oceurring in land cover classes
Pasture/flay (PAS), Grassland Herbaceous (GRA),
Developed/Open Space {(DEQ), and Developed/Low
Intensity (DEL) revealed that they do contain irri-
galed parcels. For that reason we did not further con-
gider these four land cover classes, but instead,
focused our discussion on Open Water (WAT), Woody
Wetlands (WWE), Trrigated Lands (IRR), and Shrub-
Jand (SIIR) that represent iruly different environ-
ments in MEGCD. Indeed, land eover Shrubland was
gignificantly different from all other land covers for
ETgenmsy 80d Y¥lgemurrro, but cannot be distin-
guished significantly from Pasture/Hay for ETyyrric.
The land cover classes Woody Wetlands and Open
Water were not signifieantly different for any of the
three performance indicators, but together they rep-
resented the moist nenagricultural areas covering the
river and adjacent wetlands.

The ETyxemmrric values were ranked from highest
to lowest ag they explain most of the variability
caugacd by land eover, ETK@NMSU and ETMETRI[] val-
nes followed thiz ranking in Table 3, The highest
annual Tlkemprme oveurred in cells elassified as
Woody Wetlands with 898 mm, Open Water with
878 mm, and Irrigated Lands with 863 mm, but
these values were mnot significantly different, The
700 mm value of Shrubland was significantly lower.
A complelely difforent renking was found for ETy,.
nmse with the highest value of 707 mm in Irrigated
TLands and significantly lower values of 621 and
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605 mm in Woody Wetlands and Open Water, respec-
tively. Again, Shrubland was significantly lower with
439 mm, The ranking of ETyriric basically followed
the one of ETK(:—MI'}TR]C with values of 978, 1029, and
827 mm for, respectively, Woody Wetlands, Open
Water, and Irrigated Lands. Shrubland was the low-
est with 744 mm.

The absolute and relative differences hetween
ETK&METRIO and ETMETMC for Woody Wetlands
and Open Water cells were, respectively, 80/151 mm
and 8/15%; for krrigated Lands, the values are 64 mm
and 7% and for Shrubland 44 mm and 6%. These
values confirmed that the diffsrences between ETg,.
mzrric and ETywrgie are minor and mainly cansed
by their different approaches for caleculation of the
reference ET, as discussed before. The absolute and
relative differences between ETy,mmsv end ETg,.
merrie for Woody Wetlands and Open Water cells
were, vespectively, 277/273 mm and 81/31% while for
Irrigated Lands these values were 156 mm and 18%
and for Shrubland 261 mm and 387%. The standard
deviations of BTy ymay and ETw.yerric for Woody
Wetlands, Open Water, Irrigated Lands, sud Shrub-
land were, respectively, 199/188 mm, 216/179 mm,
185/168 mm, and 258/176 mm, and the respective
coefficients of variation were 32/21%, 36/20%, 22/18%,
and 58/26%. The overall picture that ariges from the
magnitude of these differences is that the perfor-
mance paremetors ETgeymay and BElg.umrerie for
land cover ¢lass Irrigated Lands were more similar
than for other classes. Neot only were their absclute
and relative BT differences of 166 mm and 18% smal-
ler than those of Woody Wetlands, Open Water, and
Shrubland, but also their standard deviations and
costficients of variation were nearly the same and the
lowest among the land cover classes. The difference
of 156 mm between performance parameters BTy,
mmso and BTy yrrric for land cover class Irvigated
Lands is most likely largely due to capillary rise and
bare soil evaporation during the winter season when
T Toolbox agsumes evaporation to be zero on inae-
tive lands, whereas the thermally based enerpy bal-
ance of METRIC was able to detect evaporation from
wet goil. METRIC-based ET wae aggregated over the
calendar ycar to demonstrate the positive impact of
considering evaporation and ET during all parts
of the year. On average, during 2007, the active area
of Irrigated Lands cells was 52% (Tuble 8), leaving
48% as inactive. As groundwater table depths in the
floodplain of the Rio Grande are shallow (0-5 m below
suzrface) (3.8, Papadopulos & Associates, Inc,, 2008)
and the soils generally have a medium to fine texture
(Neleon ef ¢l,, 1914), capillary fluxes can vary from
more than 1 mm/day to close to zero (Hendrickx
et gl., 2003). Such fluxes could explain part of the ET
difference of 166 mam between the traditional and
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METRIC approaches. Yet, another reason for the dis-
crepancy may be that the land use map used by ET
Toolbox was more than six years old so that erro-
neous land use classes may have affected the total
annual ET estimation.

The dynamics of performance parameters ETy.
nuvey and ETg,yerric for land cover classes Woody
Wetlands, Open Water, and Shrubland were quite
different. The absclute and relative differences
between ETyermsy and ETy.urprric were mmch lar-
gor than the 156 mm and 18% found in land cover
Irrigated Lande; they were, respectively, 273, 277,
and 261 mm, and 31, 81, and 31%. As for the irri-
gated lands, the differences in ET were most likely
due to capillary rise and bare soil evaporation, net
only during the winter season when ET Taolbox
assumes avaporation to be zero, but also during the
growing season on the bars goil patches that arve typi-
cal of the riparian and shrub aress. The mean aver-
age zetive areas of Woody Wetlands, Open Water,
and Shrubland were 39% so that their total inactive
area, Le., bare and sparsely vegetated spots where
ET was set equal to zero, and is 61% or about 25%
more than the 48% of Irrigated Lands. As explained
earlier, capillary fluxes on inactive aress can meake
up part of the ET difference of 261-277 mm betwaen
the traditional and METRIC approaches for Woody
Wetlands, Open Water, and Shrubland. Yet, another
reagon for the discrepancy may be the six-year-old
land wge map as discugsed in the previons paragraph
and the lack of a majority of any particular land use
type in a 4 km grid cell, thereby impacting accuracy
of the ETI{:;«NMSU estimates.

The sharp decrease in the standard deviations and
coefficients of variation is amother characteristic of
the statistics in Woody Wetlands, Open Water, and
Shrubland (Table 3) when the traditicnal ET Toolbox
approach was veplaced by a METRIC-based one.
While the standard deviation and coefficient of varia-
tion. of Irrigated Lands for ETgeumsy and ETg,
smernie bagically remained the same, the standard
deviation of Woody Wetlands, Open Water, and
Shrubland decreased by, respectively, 11, 37, and
82 mm; coefficients of variation decreased from 32 to
21%, 36 to 20%, and b9 to 25%. Therefore, the stan-
dard deviations and coefficients of variations for
Woody Wetlands, Open Water, snd Shrubland
approached those of [rrigated Lends or — in other
words — the accuracy of anpual BT estimates for
these clagses improved wherr METRIC was used. On
the other hand, METRIC does noft need annually
varying land cover information as it directly determi.
nes the components of the energy balance. Anocther
jmportant factor explaining the higher accuracy of
METRIC is that it captures, not only in active areas,
but also in inactive areas, the change in g0il evapora-
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tion and riparian vegetation transpiration due to
capillary fluxes sz a result of groundwater depth
change hetween years and duricg a water year, Many
studies have confirmed that groundwater depth is an
important factor affecting ET, particularly in riparian
and groundwater discharge areas with phreatic vege-
tation (White, 1932; Van Hylekama, 1974; Moayynd
et al,, 2003; Shafike ef al., 2007). For example, Van
Hylckama (1974) studied water use by salt cedar, a
phreatophyte known to utilize groundwater, during a
seven year period using lysimeters and found that
the plant’s BT rate was highly dependent on the
depth to groundwater, with 2,160 mm/yr with depth
of 1.5 m decreasing to less than 1,000 mmfyr for
depth of 2.7 m. :

A final aspect consideved iz whether METRIC
applied with MODIS imagery yields accurate ET val-
ues. Previous studies have found genorally good
agreement betweern METRIC ET derived from
MODIS compared with up-scaled Landsat BT maps
(Allen et al., 2008b; Hong et ol,, 2009, 201la). In
addition, eddy-covariance ET K messuremenis and
HYDRUS1D gimulations from 1999 at a flooded Salt
Cedar site in the MRGCD yielded an annual BT of
1,120 and 1,140 mm/yr, respectively (Moayyad et ol.,
2003), which suggeats that the ETwmmrric value of
1,140 mm from 2007 at; that location is accurate,

Benchmark Conclustons for BT Toolbax

Observing the large differences in estimation of
annual ET in 2007 for the 831 cells in MRGCD by
the three performance indicators ETg,nmsu,
ETKc~METRIC: and ETMETRIC: and cunsidering the poa-
itive METRIC validations with MODIS imagery in
the Rio Grande Valley, optical/thermal imagery hus
the potential to considerably improve the forecasts of
ET in the MRGQCD, It is very likely that a nearly
real-time implementation of METRIC would generate
benefits that outweigh the costs of such an opera-
tion, especially in light of recent efforts to reduce
costs of human oversight and intervention on
METRIC and similar model applications (Allen et ol.,
2013) and implementation of the METRIC algo-
rithms on the very fast Google Earth Engine cloud
via an application named EEFIux (Barth Engine
Evapotranspiration Flux) (Kilie et al,, 2014), All pat-
terns of water use (when, where, and how much)
need to be known during the entire year before
water can be optimally managed in times of searcity
and drought. This information can only be obtained
from the METRIC Landsat-based ET hecause the ET
derived from the ET Toolbox omly provides the
expected average ET during the growing season
under optimal conditions.
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CASE 8TUDY IL: GSSHA IN THE KISHWAUKER
WATERSHED

The GSSHA model case study is an example of
how optical/thermal imagery can improve model
hydrologic predictions through initialization of soil
meisture state in the models. GSSHA (Ogden et of.,
2000; Downer and Qgden, 2004, 2006} is a two-
diroensional, physically based, distributed parameter
hydrologic model that simulates a variety of hydro-
logic processes, including: parameterizations for rain-
fall interception and infiltration, overland flow
retention, ET, surface runoff and subsurface routing,
GSSHA is applicable in most watersheds because ita
formulation includes Richards egquation infiltration,
two-dimensional Implicit groundwater romting, and
an optional coneeptual base flow model based on the
Sacramento Soil Moisture Accounting (SAC-SMA)
madel. GSSHA 1is used by the U.8. Army Corps of
Fnginesrs not only within the U.S. but also world-
wide, GSSHA is public domain software maintained
by the U.8. Army Corpa of Engineers, Engineering
Research and Development Center, and can be
dovmloaded from the GSSHA Wiki (wecessed August
28, 2014, www.geshawiki,com/gssha/Gridded_Surface
Subsurface_Hydrologic_Analysis).

An accurate jnitialization of spatially distributed
(G8SHA soil moisture is critical when predicting peak
discharges and maximur flood levels in rivera of inter-
est on short notice in suppert of civilian and militery
operations. In applications without remotely sensed
root zone goil moisture, there is little to no time to
gather spatially distributed field estimates of the soil
moisture conditions needed to indtlalize GSSHA., In
the absence of field data, the model is initialized using
an initially aniform soil moigtitre state such as dry,
average, or wet, and running the model from before a
previous rainfall recorded event. Errors in initial soil
moisture estimates wers found to be diminished after
a signifieant raingtorm is simulated (Senarath ef ¢f,,
2060). However, this process firgt increases simulation
time when time iz of the sssence and it also resulis in
errers in the peak hydrograph and, thus, the predie-
tien of maximum flood levels, We performed this study
to aee if improved initial soil moisture estimates signif-
icantly improve model performance, as well as
increase parameter set uniqueness when calibrating,
Therefora, we selected the predicted atorm hydrograph
as the performance indicator for GSSHA.

Benchmark Approach for GSSHA

For this study, we used GSSHA simulations in
the Kishwaukea Watershed. The Kishwaukee River
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originates near Woodatock, I[lhinois, and flows to
Rockford, Illinois, where it discharges into the
Rock River. The watershed covers approximately
3,000 km® and containe a dense network of
streams with a total length of about 1,600 km.
Agricultural lends occupy about 70% of the water-
shed; the remainder is covered by forests, sloughs,
wetlands, and urban areas. GSSHA simulations in
the Kishwankee watershed for the prediction of
flood changes caused by land use conversion,
removal of tile drains, and installation of a wet-
land were used as the basis for this study (Byrd,
2018). Average annual precipitation is 850 mm and
average aonual evaporation is 7560 mm (Kay and
Trugestaad, 1998).

Discharge measurements were made frem April 1,
2002, through October 11, 2002 (Figure 3). Unfortu-
nately, no matching hourly NEXRAD distributed pre-
cipitation data were available for this entire period.’
Therefore, Event 1 and Event 2 (Figure 3) have been
split and simulated individually with GSSHA in this
proof of concapt study; Event 1 started on June 3 and
Event 2 on August 21, Hourly NEXRAD distributed
precipitation images have been used as input to the
GSSHA modal.

For our study period, only the Landsat image of
June 18, 2002 was of sufficient cloud-free quality
to map ET and soil moisture. This image is loecated
in the tail of the hydrograph of Event 1 and is
assumed to represent soil moigture conditions typi-
cal for periods in the growing season without pre-
cipitation as occurred just before Event 1 in early
June and Event 2 in late August. A horizontal
grid increment of 250 m was used in the simula-
tions, resulting in approximately 48,000 grid cells
within the watershed,

We benchmarked the prediction of twe hydro-
graphs after the two large storms occurring in June
and August 2002 (Events 1 and 2 in Figure 3)
using individual GSSHA simulations, Qur approach
for benchmarking and evaluating the value of using
the Landsat-derived soil moisture product for ini-
tializing the GSSHA wmodel iz a straightforward
application of Equation (8). First, GSSHA was run
in its traditipnal manper with uniform initial soil
water contents assigned to all cells in the model
before running the model from before a previous
gignificant rainfall event. GESHA was then run for
Event 1 in early June and Event 2 in late August
using as the initial soil maisture distribution the
one that was derived from a SEBAL analysiz for
the June 18, 2002, Landsat image (Hendrickx ef al,,
2{109), Wor the Landsat approach, the SEBAL-gener-
ated ET map (Figure 4a) was converted into a soil
moisture map using Bquation () while PET was
caleulated using daily meteorological data (Allen
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FIGURE 8. Time Sorios of the Avernge Radar Preclpitation over the Kishwaukee Watorshed ns well as the Observed and Simulated Dis-
charges at the Qutlet of the Kishwaukee Watershed for Event I and Event 3 Using the Surface Energy Balance Algorithms for Land-Derived
8oil Moigture Map to Initislize GSSHA, The pracipitation valnes shown in thia figure are the average valuea of the distributed radar rainfall
aver the watershed; in the simulations, the spatially distributed radar rainfall 1s used go that the cell with the mavimom precipitation valua
receives far mare precipitation than the average value {Pradhan ef al., 201.2).
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FIGURE 4. Kishwaukes Maps Used for ''his Study: {a) Surface Energy Balanece Algovithins for Land actual BT (mm/day) on June 18, 2002;
(b) soila by surtace texture (Hendrickz ef af., 2009; Pradhan ef l., 2012),

et al,, 2006d) from a weather station located at used to determine 8y, and f.. for each cell in the
42,11 N, 88.98139 W, For both the traditional and model uging standard TUSDA soil parameters (Rawls
Landsat approaches, the soil map (Figure 4b) was et al., 1982},
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No Landsat images were available immediately
before the storme of June 3 and Aunguat 21, 2002; the
only available image was acquired on June 18, 2002,
during a period that the discharge in the watershed
was at a level somewhat higher than just before
Event 1 and Event 2 (Figure 8). In humid regions
like the Kishauwkeo watershed, only a few clear sky
Landsat images are typically available during periods
with high rainfull (Sano e al., 2007) and the proba-
bility of having a clear sky image just before a major
storm event ig rather low.

The use of daily MODIS images increases the
availability of clear sky imageg due to the higher fre-
quency of overpass. However, because the thermal
band of MODIS has a2 resclution of 1,000 m, the
MODIS ET and soil moisture maps have lower reso-
lution than those of Landsat &, which has a thermal
band resolution of 120 m. This begged the question;
What ia the value of a seil moisture map obtained
from moderate resolution Landsat imagery weeks
before or after the storm event to be simulatad, com-
pared to a more frequent, but lower-resolution soil
map? We hypothegized that the value of a higher
resolution but less-frequent soil moisture map would
be of considerable value because generally theres
exists a “lemporal persistence of spatial patterns of
s0il water storage” (Kachanoski and de Jong, 1988)
or, more accurately, a “time stability of the rank of
individual chservations in the probability distribu-
tion funection of the whole population” (Vachaud
et al., 1988) of soil moigture values, The “rank order
stability” of soil moisture patterns can be deseribed
then as the temporal persistence of apatial soil mois-
ture patterns, ie., even when the average soil mois-
ture conditions change due fo precipitation and ET;
the rank order of soil moisture for each cell often
will remain relatively unchanged. One important
reagson for time stability of soil moisture patterns is
the atrong relationship between =oil texture, land-
seape pogition, and soil moisture (e.g, Vachaud
el ol,, 1985; Hendrickx ef al., 1990; Hillel, 1998; Juxy
and Horton, 2004). This relationship is so strong
that soil boundaries between soil series can be deter-
nmined uging field goil water content measurements
(Hendrickz et al., 1988) or series of SEBAL-gener-
ated scil moisture maps (Bngle 2f al, 2010, 2014)
similar to the map used in this case atudy. There-
fore, we expected that the June 18 SEBAL soil mois-
ture map would reveal soil moisture patterns similar
to the omes existing in the watershed just before
Event 1 starting on June 3 and Event 2 starting on
Auguet 21. If true, then the June 18 so0il modsture
map would be a better option for initiakization of
GSSHA than an artificial, spatially uniform soil
moigture distributicn, or lower resolution MODIH
soil moisture map.
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Benchmark Resulis for GSSHA

Figure 6 shows for Event 1 how the simulated run-
off hydrograph varied with the various uniform ini-
tial soil-moisture conditions, which were evaluated
with observed discharges using the Nash-Suteliffe
(N-8) efficiency. Table 4 presents for Event 1 the
variation of the N-S efficiency, which represents a
goodness-of-fit between the observed and simulated
hydrographs. The N-S efficiency varies from —0.02
for uniform initial soil moisture of 70% to 0.81 for a
uniform initial soil moisture of 40% during the sensi-
tivity analysis and calibration of Kishwaukee water-
shed, Becauge discharge measerements are availahle,
we recognize that the uniform 40% initial secil mois-
ture produced the most efficient hydrograph using
the traditional GSSHA initislization method. Ilow-
ever, the use of the June 18 SEBAL aoil. moisture
map resulted in N-8 sfficiencies of 0.88 and 0.85 for
Events 1 and 2, respectively, This is a strong indica-
tion that seil moisture distributions during the period
of discharge measurements have a robust rank order
stability and that this knowledge substantially
improves estimation of individual flood events, Senar-
ath ef al. (2000) showed that distributed-parameter
physically-based hydrologic models are quite sensitive
to agsumad initial soil moisture valzes, and thig sen-
sitivity destroys the validity of single-event calibra-
ticns when assumed values are used. They also
showed significant improvements in calibration verifi-
cation when rmore realistic soil molstures were simu-
lated. The results shown in Figure b and Table 4
clearly show that if SEBAL goil moisture estimates
are available, model performance iz considerably
improved when used to initialize soil moisture,

GSSHA ia a fully distributed hydrologic model that
accountg for soil moisture conditions in each time
step. Therefore, GEBSHA can be used not only to pre-
diet hydrographs but also to predict real-time soil
moisture dynamics in a watershed. Figure 6a pre-
genta the June 18, 2002 soil moisture distribution
derived from the SEBAL ET map (Figure 4a) using
Equation {6). This map was used to initialize the sim-
ulations of Events 1 and 2; this map contains sub-
stantial spatial details and i much more robust than
the soil moisture distributions used for traditional
GSSHA simulaticns. The model-predicted soil mois-
ture distributions 16 days after Event . are shown in
Figures 6b-8e, Pigures 6b-6d show soil moigture dis-
tributions initiated with, respectively, 10, 40, and
T0% uniform initial water content while Figure 6e
shows the soil moisture distribution initiated using
the SERAL June 18-based soil moisture map (Wig-
ure 6a). Even after 16 days, the soil moisture maps
initializad with uniform initial soil moistura distribu-
tions (Figurea 6b-6d) still retain unvealistic features
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a8 compared with that produced using the SEBAL-
initialized soil moisture map. Figure 6e shows a high
spatial variability and much wider variability of soil
moistures acrosa the watershed, This latter feature is
hest ssen by comparing the soil moisture density dis-
tributiong of the simulations (Figure 7), Whereas the
simulations initialized with uniform initial soil mois-
ture have their dengities concentrated in a rather
narrow band, the density distribution resulting from
the SEBAL sofl moisture map spans a wide range of
soll moisture conditions. For initialization with 10,
40, and 70% uniform initial soil moigture, the respec-
tive soil moisture values ranged from 0.10-0.17, 0.18-
0.34, and 0.20-0.35 while the SEBAL initialization
vielded a range of 0.12-0.39.

Benchmark Conclusion for GSSHA

Comparison of the measured hydrographs in this
study with the hydrographs simulated with and with-
out using spatially-distributed initial soil moisture
state estimate devived from optical/thermal Landsat
satellite imagery has established that such imagery
has the potential to considerably tmprove the predic-
tion of hydrographs and river levels uging distributed
hydrologic models, In addition, we observed that sim-
ulated soil moisture distributions exhibit greater vari-
ability that seems more natural when satellite
imagery was uged to initialize the GSSHA model.

This study also demonstrated that in cloudy
regions where clear sky Landsat imapery is limited
(Asnar, 2001; Woh! et af,, 2012), the rank order sta-
bility of soil moisture patterns enables the use of
SEBAL/METRIC-devived soil moisture maps for
model initialization on dates thal are days, weeks, or
possibly even years {albeit in the right season) apart
in the future or past from the image day.

400

TABLE 4. Goodness-of-Fit hetween Simulated and QObserved
Hydrographs as a Function of Initial Root Zone Soil Molature
Distribution, Fhe uniform cases refer to Bvent 1.

Nash-Sutcliffe
Initialization of Soil Moisture Efficiency
Uniform goil moisture content of 10% 0.14
Uhiforin s0il moisture content of 30% 0.63
Uniform &oil molature semtent of 36% 0,75
Uniform aoil moisturs content of 40% 0.81
Tniform aoil moisture content of 70% -0.02
SEBAL-~distributed soil moistura map: Event 1 0.88
SEBALAlistributed aoil moistare mag: Event 3 0.86

These conclusions are based on data and measure-
ments covering only two storm events in the Kish-
wankee watershed and, therefore, need to he
confirmed by more field studies. This study supports
another research effort in Afrieca advocating that in
un-gauged watersheds ET and soil moisture maps
from the METRIC/SEBAL approach can be used as a
meang for the calibration of distributed hydrelogie
models (Winsemius ef cf., 2008).

CASE STUDY III: DPWM IN THE SAN GABRIEL
MOUNTAINS OF CALIFORNIA

The DPWM case study serves as an example of
how opticalthermal imagery can improve the estima-
tion of critical parameters in hydrologic models. One
such parameter iz the “lotal available water” (TAW)
for BT that is critical to the parameterization of oper-
ational diatributed water balance models that deter-
mine actual BT and aquifer recharge (Alley, 1984),
quantify feedbacks between goil moisture and climate
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FIGURE b. Sansitivity Analysis of the Effect of Initial Soil Moisture Distribution on the Difference betwesn Simulated
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FIGURE 6, Relevant Soil Moisture Maps: (n) Burface Energy Balance Algorithms for Land (SEBAL)-derived soil molsture distribution on
June 18, 2002, that 15 used to initialize the simulations of Event 1 starting on June 3 and Event 2 starting on August 21; GSSHA seil mois-
ture predictions on day 16 of Event, La., June 18, starting with uniform initial soil maisture of, vespectively, 10% (b), 40% (c), and T0% (d);
(a) GSSHA. eoil moiature prediction on day 18 of Event 1, La., Junae 18, starting with distributed indtial sofl moisture derived from SEBAIL soil
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(Hensviratne et al., 2010), estimate runofl (Schaake
et gl,, 1996), ussess ET and soil moisture dynamics in
ecohydrology (Guswa et al., 2002), and optimize rain-
fed crop production (Ritchie, 1981b). In DPFWM, the
parameter TAW is critical te the assessment of
groundwater recharge as — on a daily bagis — all
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water added to a soil {precipitation, snowmelt and
run-on} in excess of TAW becomes recharge,

DIPWM estimates the daily water balance compo-
nenta of precipitation, BT, changes in soil water stor-
age, runoff, recharge, sublimation, and snowmelt at
fine-scale resolution within a watershed. The DPWM
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is & derivative of the MASSIF model developed by
Sandia National Laboratory for the Yucea Mountain
Project {S8andia National Laberatory, 2007), All com-
penents of MASSIF were developed from publically
available, peer-reviewed literature and are primarily
baged on the United Nationg FAQ-66 methodology for
computing ET {Allen et al,, 1998, 200Ba, b, ¢, d). The
DPWM improved on MASSIF and generalized the
model epplication to areas outside of Yucca Moun-
tain., Improvements include the following: (1) allow-
ing for variable-sized grid cells for simulating
concentrated surface water flow in  ephemeral
streams; (2) allowing for precipitetion model data as
input (e.g, PRISM, PERSIANN, or HRLDAS); (3)
additional options for snowmelt and sublimabion
based on the HELP and INFIL model (Schroeder
et al., 1994; U.8. Geological Survey, 2008); and (4)
incorporation of METRIC satellite data {Allen ef al.,
2007a, b). DBS&A has applied DPWM to numerous
bazing in California, Nevada, and New Mexico for the
determination of water rights and to estimate
recharge and ET in groundwater models (Danisl B.
Stephens & Associates, Ine., 2008, 2010a, b, 2011).
METRIC has been incorporated in DPWM in the Salt
Bagin of New Mexico, the Clover Basin of Nevada,
and the San Gabriel Mountains in California.

DPWM iz a “seccnd-generation” biophysical land
surface model (Seneviratne e af,, 2010) that takes
into account a storage reservoir for evaporation near
the surface and one for transpiration from the root
zone, Validation of the FAO-56 methodology against
welghing lydimeter data and the water balance of the
Tmperial Irrigation Tistrict in California as well as
against simulations with the IIYDRUS model based
on the Richards’ equation (Simunck ef gl,, 2008)
demonstrated ita strength to produce good estimates
of evaporation from bare soils and transpiration from
partial or full vegetation covers in agricultural lands
(Allen et of,, 1998, 2006a, b, ¢; Allen, 2011}, A DPWM
validation for semiarid rangeland in southern New
Mexico using 27 years of monthly soil water content
meagurements with the neutron probe to & depth of
130 cm showed that DPWM can adequately simulate
ohgerved root zone zoil moisture dynamics al a point
(Figure 8). These resulis as well as many other suc-
cessful applications of relatively simple water balance
medels in the literature (Vereecken ei ol., 2008;
Seneviratne ef al,, 2010) indicate that the physieal
bagia of DPWM id rigorous and that it produces real-
istle representations of soil moeisture dynamics and
deep percolation if the model can be parameterized
correctly.

Thiz case study is conducted in the San Gabriel
Mountaing that are a fault-bounded mountain block
north of the Los Angeles basin and south of the Ante-
lope Valley. The mountaing are primarily composed
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of graniiic rocks with some marine sedimentary
deposits in the northwest section of the block. Eleva-
tions range up to 8,069 m and snow is ecmmon at the
highest elevations in winter months, Vegetation
ranges from deserl scrub where the mountain front
meets the adjoining valleys to chaparral in the mid-
dle elevations up to large conifers at the highest ele-
vations, Recharge from the Ban Gabriel Mountaing
provides groundwater to Antelope Valley to the north
and to the Los Angeles besin to the south, Pracipita-
tion ranges from a mean annual rate of 1,400 mm at
the mountain peaks down to 260 mm at the moun-
tain front.

DPWM in its traditional application is parameter-
ized using publically available data from the internet
including the USDA SSURGO soils database, USGS
GAP database on vegetation, USGS Digital Elevation
Model (DEM), MODIS satellite data on vegetation
cover, and USGS bedrock geology. Climate data were
obtained frorn local weather stations and then spa-
tially distributed over the model domain based on the
PRISM algorithm, As the main purpege of DPWM iz
the prediction of long-term: recharge rates, we
selected the average annunal groundwater recharge
rate as the performance indicator for DPWM.

Benchmark Approoch for DPWM

Benchmarking of DPWM was conducted by com-
paring the average annual groundwater recharge
during 1980-2009 in the San Gabriel Mountaing after
calibration with Landgat-based METRIC and stream-
flow data to the recharge after calibration with
streamflow data only, ie., the traditional DPWM
implementation. DPWM was calibrated to the
METRIC data by adjusting in each cell the TAW for
BT, The TAW is a permanent soil property for each
cell; it is typically defined as

TAW = (05, — Owp) x Zg (13)

where g, and @, are the volumetric water contents
at field capacity and wilting point in the root zone or
evaporation zone, respectively, and Zg is the rooting
depth or the depth of the bare soil evaporation layer
(o.g.,, Manabe, 1969; Allen ef al., 1998; Hillel, 1998;
Romano and Santini, 2002; Kirkbam, 2006). Equa-
tion (13) or variations thereof are often the method of
choice for the assessment of TAW in distributed
hydrologic models (Flint and Flint, 2007; Hyndman
et gl., 2007, Sandia National Laboratory, 2007; U.S.
Geological Survey, 2008; Daniel B. Stephens & Asso-
ciates, Inc., 20104} or in land data assimilation sys-
tems (Manabe, 1969; Sellers et al., 1997, Seneviratne
et ol.,, 2010). The equation is attractive as digitized
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Time Series of Simulaied and Observed Root Water Level
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FIGURE & Comparigon of Neutron Probe Measured (solid line) Versus Distributed Parameter Watershed Model (DPWM) Simulated (open
circles) Root Zone Water Sicrage at a Desert Sorub Access Tube {C18) of the Jornada LTER Transect in New Mexico. The analysls shows
that DPWM can gimulate the lang-term downward {vend seen In the observed data as well as short-term changes in soil water incraases fal-
lowing large precipltation events, Some diserepancies exist due to model error and/or measurement errers, The monthly messurements may
misg peak inoraasea in soil water in the top layer due to smaller rain storms; the neutron probs cannet measure soll water content woll near
the goil surface. Persanal communication hy Tadd Umsatol, November 2011,

gea-referenced soil and vegetation databases ecan be
downloaded for determination of field cepaeity and
wilting point as well ag the rovting depth for each cell
of distributed models. Soil data are provided by the
Soil Survey Staff at the Natural Resources Conserva-
tion Service of the United States Departmant of Agri-
culture. The Soil Survey Geographic (SSURGO}
Databaze for each state and the U8, General Soil
Map (STATSGO?2) are available online at htip:/
websoilsurvey.sc.egov.usda.gov/App/HomePage.htm {ac-
cessed June 16, 2016). USGS Land Cover Data are
available at htép/landcover.uggs.gov/usgslandcover,
php and httpi/gapanalysis.usgs.gov (aeccessed June
15, 2015).

However, the simplicity of Equation {13) ig decep-
tive becanse it is based on assumptions that have
validity in deep homogenecus agricultural soils, but
not in complex mountainous terraing, Field observa-
tiona in the San Gabrie!l Mountains immediately
revealed that roois search for water not only in well-
defined soils but also in fractyred bedrock; more
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advanced techniques even found enhanced vegetation
water uptake by ectomycorrhizal fungi extending
from bedrock roots (Allen, 2006). Bornyasz et al
(2006) estimated that in shallow scils on southern
California hillsides plants extract ag much ag 86% of

. their water from the granite bedrock below the soil

(Bornyasz et af,, 2008). Therefors, in shallow moun-
tain soils barely covering fractured bedrock, the
parameterization of Equation (13} using only soil and
vegatation databases will result in a large biag in
TAW and consequently significantly impact the simu-
lation of BT, runoff, and deep percolation (Laio et l.,
2002; Rodriguez-Iturbe and Porporato, 2004).
Another assumption is that volumetrie moil water
content at field copacity and wilting point can be
aceurately derived from laboratory measurements or
from inforination available in soil databases, How-
ever, these two terms are not well defined: fleld
capacity is the “content of water remaining in a soil
twe or three days after having been wetted with
water and after free drainage is negligibie” and wils-

JOURNAL OF THE AMERICAN WATER RESGURCES ASSOCIATION



BencHmariang OpTicaL/TrERMAL SATELLITE [mrgery FoR ESTiMATING EvaeoTRanspiraTIcN Ao Soil Moistune w Deciston Sueport TooLs

ing point is “water content of a soil when indicator
plants growing in that soil will and fail to recover
when placed in a humid chamber” (Soil Science Glos-
sary Terms Committee, 2008). Field capacity is influ-
enced by many fuctors: soil texture, type of clay
minerals, organic matter content, seil structure,
depth of wetting, previous water content, presence of
impeding layers in the profile, BT, water table depth,
and temperature (Ritchie, 1981a, b; Ratliff et al.,
1983; Hitlel, 1998; Kirkham, 2005). In the literature,
aoll water pressures of —330 cm and —100 em have
been typically used to identify field capacity but field
capacities are reported to vary from —600 cm in a
deep dryland soil to —5 cm in a highly stratified zoil
(Kirkham, 2006). Field capacities should be measured
in the field ag the effects of soil layering and hystere-
gis ars difficult to mimic in the laboratory (Ratliff
ef of., 1983; Cassel and Nielsen, 1986; Romano and
Santini, 2002), In addition, there exists no definitive
correlation between field capacity and soil texture
(Bouma. and Droogers, 1999; Ritchie ef af., 1999), nor
is there justification to associate field capacity with &
specific soil water pressure (Stein ef al., 2004), The
wiléing point is also a dynamic variable ag it depends
on the soil profile {sail texture, compaction, stratifica-
tion), soil water contents, and voot distributions at
different depth, trangpiralion rate of the plant, tem-
perature (Kirkham, 2006), and vegetation type
{Hupet ef al., 2006; Seneviratne et al., 2010).

The third assumption that the effective depth for
root. water upteke can be determined from fisld obser-
vations in soil pits may apply to agricultural fields
with relatively shallow rooting depths but will fail in
complex Lerrain due to the challenges of soil and root
gampling at depth, and the difficulty of estimating
in situ root activity over the euntire raot zone (Jackson,
et al,, 2000; Feddes et af., 2001). In Australia, active
aoil depths, i.6., rooting depths, for agrientiural crops,
grass, and fallow based on field measurements of
extractable water gonerally varied between 1 and
2 m, while those of trees are more variable ranging
from 1 to 12 m, but active soil dopths of 5 m were
measured for crops and grass on deep sandy soils
(Ladson et al., 2008). In eastern Amazonia, water
gtored at 2-8 m soil depth contributed more than 75%
of water uptake not only in forest buf also in
degraded pasture with deep-rocted woody plants dur-
ing the severs dry season of 1992 (Nepstad et af.,
1594), Clearly, in mountainous areas where shallow
golla forca the roots to search for water in bedrock
cracky, direct fiold observations for egtimation of
effective rooting depths are nearly impossible,

As the three assumptions nceded for the use of
Equation (13) are rarely met in complex terrain or
aven in agriculttral areas, general consensus exists
that instead of using some form of Equation (13) the
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TAW is best measured directly in the field (Israslsen
and West, 1922; Ritchie, 1881a, b; Ratliff et ol,, 1083;
Hillel, 1998; Romanc and Santini, 2002; Kirkham,
2006; Ladson ef al., 2006). However, field measure-
ments in each soil-vegetation-geology unit of 8 watar-
shed would take too much effort and expense even
under the beat of conditions with stone-free zoils and
shallow rooting depths, In addition, field measure-
ments in areas where rocting depths exceed 2-3 m or
where shallow soils are underlain by fractured bed-
rock are nearly impossible and ecertainly cannot be
completad on a regional scale. The challenge of eost-
effective regional TAW mapping can only be met by
using remote senaing, Based on our experience with
regional mapping of ET and root zone soil moisture
in the southwestern U.8. (Fleming et al., 2005; Hen-
drickx and Hong, 2005; Hong, 2008; Hong ef al.,
2009, 2011b), IMlinois (Hendrickx ef af, 2009,
Panama (Hendricks ef al., 2005), West Africa (Com-
paoré et al., 2008}, Afghanistan (Hendrickx et al,
2011h), and — more recently — in the Sacramento
Mountaing of New Mexico and the San Gabriel Moun-
tains of California (Hendrickx et al., 2011a), we rec-
ognize that reliable TAW estimates can be derived
from a series of Landsat images captured during sea-
sons of water-limited conditions using the following
procedure.

Step 1: Select Londsai Images. The availability and
quality of Landsat images for any area of interest in
the U.8. can be quickly determined at the USGS web
page glovis.usgs.gov, After making an inventory of all
cloud-free images for the San Gabriel Mountains, we
applied two more pelection criteria: (1) the image
must refleet land surface conditions during the grow-
ing season when vegetation i3 active; and (2) the
image must refloct land surface conditions with dry
canopies and soil surfaces, i.e., no precipitation in the
days before image acquisition. The first eriterion
assures that the effects of root water uptake are {uken
into account for determination of TAW in a pixel. The
second criterion is needed as we need cnly informa-
tion that reflects water uptake from the root zone or
evaperation where soils are bare, Therefore, we want
to eliminato imeges that will result in METRIC ET
images that include the effects of evaporation from.
eanopy and/or soil surface due to recent precipitation.
For this study, we used 15 Landsat images acquired
during the growing season in a wet (2006), normal
{20038), and dry (2007} precipitation year,

Step 2: Use METRIC ond the Bvaporative Fraction
Method for Retrieval of Soil Moisture Maps. Each
Landsat image was processed with METRIC for
derivation of the components of the enerpy balance
for each pixel. Bquations (2) and (3) were then used
to generate the root zone soil moisture map; aoil
moisture on this map is expressed as the “degres of
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soil moisture” from 0 for dry conditions to 1 for condi-
tions where soil molsture is not Hmiting ET.

Step 3: Determine the Wetness Score for Each Pixel,
The wetness acore of a pixel 1s the sum of its “degree
of soil moisture” values for all soil moisture maps pre-
pared for a project. If 15 Landsat images ere used for
the determination of TAW, the wetness score of a
pixel may vary from 0 to 15 x 1.0 = 15,0, Thus, the
wetness score is a relative measurs of the overall
wetness of a pixel compared to other pixels. As the
METRIC algcrithm and the evaporative fractien
method for soil moisture have a sound scientific basis
and have been validated by field measurements and
observations, the wetness score map provides a reli-
able presentation of the overall wetness distribution
in the San Gabriel Mountaing, As the DPWM cell size
is 270 x 270 m, the 30 x 30 m Landsat wetness
scores have been up-gscalad hy averaging 81 Landsat
scores for each DPWM cell.

Step 4: Determine the Qualitaiive Relalionship
between. Wetness Score and Total Available Water
(TAW). There is ample practical and theoretical ovi-
dence that the response of root zone soil moisture
to precipitation and BT is, to a large extent, defer-
mined by TAW. Following an example by Ritchie
(1981h), consider & crop canopy fully covering the
ground growing in three soils I, II, and III having
a TAW of 10, 120, and 300 mm, respeclively. Before
the onset of a 80-day period without any precipita-
tion a net precipitation surplus of 300 mm was
received that filled the three soils to their maxi-
mum TAW, In goila I and II only 10 and 120 mm,
regpectively, can be stored with the remainder of
the surplus precipitation becoming runoff or deep
percolation, Assume an ET rate of -5 mm/day and
an onget of water stress when mere than 50% of
the exiractable scil waler is consumed. Then, these
three soils will not show any stress for, respec-
tively, 1, 12, and 30 days. In other words, the
amount of available water in these three soils dur-
ing the dry period is determined only by TAW: the
larger the TAW, the higher the degree of spil mois-
ture in the root zone and ET during the dry period.
This empirical finding by Ritchie (1981b) has been
confirmed by more complete stizdies using advanced
stachaatic bucket-type water balance models {(Milly,
1994, 2001; Milly and Dunne, 1294; Rodriguez-
Tturbe ef ol., 1999; Laio ef al, 2001, 2002; Reodri-
guez-Tturbe and Porpovato, 2004; Seneviratne et ol.,
2006, 2010). Therefore, we conclude that for most
practical applications under water-limited conditiens
a negative correlation exists between the TAW and
the number of days with watcer-stressed vegetation
between two precipitaiion events, In the context of
this study, thisz means “the lower the wetness score,
the lower the TAW.”
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Step 8 Quantify the Relationship belween Wet-
negs Score and Total Aveilable Water (TAW). For
the TAW parameterization of distributed bucket-
type water balance models, we need a quantitative
relationship between the wetness score determined
from the soil moisture images retrieved by METRIC
on days with cloud-free Landsat images and TAW.
We quantify and optimize this relationship by mini-
mizing the differences or mean error between
METRIC-observed and DPWM-simulated “degree of
soil moisture” digtributions for seven different TAW
distribution sesnarios, Each TAW scenario is char-
acterized by its minimum and maximum value. The
lowest TAW value is taken as 16 mm thought to
accur in & pixel where most of the water is stored
in a few bedrock fractures; the highest TAW value
is 1,000 mm thought to occur in a deep soil profile
covered by trees, TAW gcenario I has a constant
low value of 15 mm in all pixels while TAW scenar-
iog II through VII have a minimum value of 15 mm
and maximum values of, respectively, 100, 200, 300,
400, 600, and 1,000 mm, These TAW values seam
reasonable as compared to the values in the Aus-
tralia Date Base published by Ladson ef al. (2004,
2008} that containg field measured TAW values for
180 locations in Australa with annual precipitation
from about B0 to 1,200 mm. The lowest and highest
meagured TAW values in Australian soils are,
respectively, 20 and 690 mm with most values
between 40 and 300 mm.

The optimization procedure that we used is based
on a linear relationship between the wetness gcore
and the TAW value, For example, in TAW scenaric
III, the maximum possible TAW value is set equal to
200 mm, Therefore, the maxzimum wotness score
equals 200 mm and the minimum 15 mm, All other
welness scores for scenario III are found by linear
interpolation between these two extreme wvalues.
Repeating this procedurs for the other maximum pos-
sible TAW values yielded seven different regional
TAW distributions, For each one of these TAW distri-
butions, DPWM simulated deep percolation — the
variable of most interest for groundwater recharge
studies — for a perfod of 30 years generating a large
number of daily soil moisture distributions. The opti-
mal TAW digtribution is the one with the smallest
difference between observed soil moisture values
(from METRIC) and gimulated soil moisture values
(by DPWM). Figure 9 shows that the TAW distribu-
tion based on a maximum TAW of 200 mm vields the
smallest error and, therefore, we used this TAW dis-
tribution for the fnal simulation to determine the
80-year average groundwater recharge rale in the
San Gabriel Mountaing. The METRIC TAW distribu-
tion captures the variability of TAW at the 30 m pixel
scale which ia much finer than the Lraditional TAW
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FIGURE 8, Mean Error hetween METEIC Observed and Distributed Parameter Watershed Model Simulated Root Zene Soil Moisture
for Seven Diffarent Total Avallable Water (TAW) Distributions Based on Their Maxirmum PAW Value, The TAW distribution
with a maximum TAW valuee of 200 mm yields the smallest error,

digtribution that mirrors the zoil and vegetation unit
scale on the order of 100 m or more,

Benchmark Results for DPWM

Figuve 10 shows annual deep percolation, aggre-
gated over the entire San Gabriel Mountain range,
simulated with the traditional DIMWM approach and
with METRIC soil moisture information obtained
from Landsat imagery, The average annnal recharge
for the traditional and METRIC DPWM implementa-
tions over the San Gabriel Mountains are, respec-
tively, 0.632 and 0.380 cubic kilometer or 21.3 and
15.2 mm equivalent water depth. So, the use of Land-
gat. imagery for paramaterization of the TAW distri-
bution resulted in a lower average annual recharge
rate than the one estimated by the tradiional DPWM
approach, The reason {8 that Laodsat imagery pro-
vides the tools to take into account the part of TAW
that is stored in bedrock fractures while the tradi-
tiongl DPWM application bazed on BEguation (13)
does not, As the recharge rate is negatively correlated
with TAW, it decreases when bedrock moisture stor-
age and X' is included in the analysis.
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Figure 11 shows the spatial digtribution of average
annual recharge for the San Gabriel Mountains after
parameterizing DPWM with the METRIC-derived
optimal TAW distribution (Hendvickx et al.,, 2011a).
The distribution of recharge partly reflects the digtri-
bution of the precipitation with higher recharge rates
occurring at higher elevations where annual precipi-
tation values inersase to 1,400 mm and lower rates
at lower elevations where annual precipitation is as
low as 250 mm. Such pattern is typieal of mountain
regiong (Guan ef al., 2009).

The validation of model-predicted groundwater
recharge rates in semiarid regions and mountain
blocka is challenging due to the wide range of topo-
graphie, geological, geomorphological, and climatic
conditions. For that reason, it is rocommended to
nge as many different techniques as possible to con-
strain estimates of recharge rates including the use
of groundwater models (Hendrickx and Walker,
1997; Scanlon, 2004). A simple two-dimensional,
cross-gectional groundwater model was developed
along cross-gection AA' in the middle of the San
Gabriel Mountaing as shown in Figure 11, The
crogg-gsection runs from Crescenta Valley on the
south, follows the Angeles Forest Highway across
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FIGURE 10. Comparison of Average Annual Deop Percolation before (brown) and after (yollow) Ueing Landaat Imagery
for the Parameterization of the Tolal Available Watar (TAW) Distribution in the San Gabriel Meuntaing.
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FIGURE 11. Ayornge Annuel Groundwater Recharge Rate of Each Plusl Using Landsat Imagery with 30 Years of Daily Simulations of Soil
Water Balanee with Distributed Parameter Watorshod Mode! (DPWM). The cross-seciion AA' was used for the simulation of gmundwater
table depths before and after using METRIC soil mofature data for calibration of DPWM {ses Figaro 13).

the crest of the mountain, and terminates at Pear- steady-atate groundwater simulations were con-
blogsom, California on the north, To evaluate the ducted with MODFLOW-SURFACT using zpatially
waler table elevation within the mountain block, distributed annual recharge sstimated by DPWM for
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the 30-year simulation period. Constant heads were
specified on the novth and south ends of the cross-
section based on the mean groundwater elevations
observed in wells in the adjacent valleys. Drain
boundary conditions were specified along the cross-
section where the crosg-gection crossed a mapped
stream. Hydraulic properties varied in the horizontal
direction but were homogeneous in the vertical direc-
tion as it was asgumed that the geologic unit
mapped at the surface represented the underlying
units. The vertical hydranlic conductlvity used in the
proundwater model was the same ag asaigned to
DPWM while the horizontal hydraulic conductivity
was aggumed to be 10 times the vertical hydraulic
conductivity, There are no known wells to provide
observations of groundwater elevations along the
crosg-gactions but it iz known that streams at the
lower elevations, such as Little Rock Creek, have
perennial flow from groundwater digcharge (Dusll,
1987, California Department of Water Resources,
2004), while streams al the higher elevations only

have ephemeral flow (Izbicki ef al,, 2007), Therefore,
simulated heads should be high encugh to generate
discharge at the draln boundary cells at lower eleva-
tiong, while simulated heads at the higher elevations
should bhe lower than the specified drain elevations,
Before DPWM was calibrated with the METRIC goil
moigture data, the estimated recharge and corre-
sponding water table appeared too high because
permanent discharges were simulated in a high-
elevation stream that should be ephemeral. After
calibration of DPWM ito the METRIC data, the simu-
lated water table corresponded with the observations
of perennial and ephemeral stream discharges
{Figure 12). This is strong evidence that the use of
Landsat imagery ean improve the parameterization
of TAW distributions and the quality of the ground-
water recharge simulations. .
Another validation is obtained using detailed soil
{Soil Survey Staff, 2018), vegetation {Lennartz et al.,
2008), and geology (Ludington ef al., 2007) data-
bases. For the San Gabriel Mountains, these datn-
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FIGURE 12, Land Surface Elevation and Simulated Groundwater Table Deptha without {dashed line) and with (lower solid lina) Tsing
Landsat Imagery for the Paramaterization of the Total Available Water in Distribnéed Pavamster Watershed Model (DPWM), The ephemeral
gtream is discharging or perennial when no Landsat imagery is used but becomes elearly ephemeral or nondischarging when Landsat
imagory is used for the parameterization of DFWM,
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bases contain 229 different soil series, 20 vegetation
clagses, and 13 hedrock types; together they pressnt
229 x 20 x 13 = 59,540 unique environmental unita
that affect the groundwater recharge processes. For
the traditional DPWM approach, the 4,580 soil-vege-
tation units have been used in Equation (13) for the
parameterization of the TAW. distribution, For
the  parameterization of the Landsat-based
TAWygmrr1o distribution, no information from these
databases was nsed except the vegatation classes for
the assessment of the vegetation height in each cell
for estimation of the roughness length needed for
caloulation of the sensible heat flux. Therefore,
TAWqa 18 a product directly derived from the data-
bases while TAWygirie has been determined inde-
pendently from them. Yet, the cited literature above
leaves no doubt that TAW principally depends on
the soil and vegetation wunit. This leads to the
hypothesis that the TAWygrric distribution derived
from Landsat imagery should show scme relation-
ship with the information in the databases. In other
words, if the TAWygaio distribution is a true repre-
sentation of total water availability distribution in
the Ban Gabriel Mountains, it should be possible to
predict with some degree of accuracy TAWnmrric for

each cell in the model from its soll, vegetation, and
bedrock geology class. We test this hypothesis by
performing a general linear models (GLM) procedure
with S8AS8 software; the results of the GLM analysis
are presented in Table &,

Sixty-eight percent of the variability of TAWygrrIc
in the San Gabriel Mountains is explained by the
independent variables Soil, Vegetation, and Bedreck
and their interactions 8*V, S$*B, and V*B with a
mean square error of 24 mm, In addition, the values
in the table show several other intersating features,
First of all, there are two R-squares with a value of
100%; these occur when the independent variables
Soil and Vegetation plus their interaction term S*V
are part of the linear model for explanation of the
variability in the dependent variable TAW .. The
value of 100% is expected as the uge of Bquation (13)
for the calculation of TAW,..q only involves Soil and
Vegetation characteristics, Of interest is the rather
large interactiom effect S*V  that explains
100 — 62 = 38% of the variability in TAWu.a It
meand that the effect of Soil on TAW,,.q depends not
only on the soil type but also on the type of Vegeta-
tion; the physics for this phenomenon are demon-
gtrated in Eguation (13) where in the same =oil

TABLE G, The General Linear Model Procaduro of SAS Software Used to Assese How Total Available Water (TAW) Caleulatod Following
the Traditional DPWM Approach (TAWy,oq) end Using Landsat Imagery (TAWymrric) Depending on Soil, Vegstation and Bedrock (eology
(lassos, The depondent variables are TAWy,g and TAWMnmuc; the independent; variables are soil clusg (3), vegetation olass (V) and bedrock
geelogy (B). This analysis wae baged on the values in 57,423 cells, i.e., the complete population of the area undar consideration,

Coofficient of Mean Square

Iopendent Variable Independent Variable! R? (%) Variation (%) Mrroxr (mm) F-value® (-)
TAW ad 3, V, B, 3V, 9B, V*B 100 0 0 Tofinity
TAW urRic 8, V, B, 81V, §*B, V*B 88 20 84 &6
TAW nd 8V,B 62 92 T4 464
TAW wmrmre 8, V,R 60 22 28 338
TAW p0a 8, V, B*v 100 G Infinity
TAWMETRIO 8, V, 8V 64 21 25 73
TAW raq 5V 63 92 78 389
TAWwmmTRIC 8V 60 22 26 346
TAW ¥, B, V¥3 20 134 113 95
TAWMETRIC Y, B, V*B 38 28 38 216
TAW paq v,B 13 139 117 278
TAWymTRIO V,B 34 28 as 962
TAW aa 8, B, 3*B A9 96 81 94
TAWMETRIC 8, B, 818 5] 21 26 10D
TAW 8B 66 99 84 303
TAWwETRIC 8B 58 23 27 327
TAW ua 3 56 100 84 a7
TAWymrc 8 67 23 27 388
TAW i ¥ ] 147 124 87
TAW s RIG v 25 30 hi] 992
AW o B 11 140 119 562
TAW o B 16 32 38 941

3 = s0il unit, V = vogotation unit, and B = bedrock unit, S*V = interaction offect between soil and vegotation, S*B = intoraction effuct
between goil end bedrogk, and V¥B = interaction affact batween vogetation and bedrock, 8, V, and B are the main effects while $*V, 8¢D,
and V*B are the interaction effects cansidered in the general linear models (SAR software).

2A1 F-values have a probability of cecurrence <0,0001 indleating that all models are very significant.
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different rooting deptha will result in different values
for TAW,..q. The linear model that uses enly the
independent variable Vegetation to explain the vari-
ability in TAW,..q4 vields the smallest B* value of 3%
but this does not mean that Vegetation is nonsignifi-
cant. On the contrary, the 8*V interaction effect is a
major factor determining TAW .44

Ag a check on the GLM analysis, a third TAW dis-
tribution was generated consisting of randomly
assigned TAW values to each cell of DPWM. The
range of these TAW values was identical to the one of
TAWymrRIc. The B2 valuos of the random linear med-
als were all close to zero and never larger than
0.026% indicating that no relationships exist between
the independent and dependent variables. In large
contrast, the B? values of the TAWygereio linear moed-
els ranged from a high of 68 to a low of 16%,
although none of the subsurface soil, vegetation, and
bedrock information in the datebases was used for
the generation of TAWyprric.

We conjecture that the 32% unexplained variability
is due to socil, vegetation, and hedrock variability
within map units that characterize the heterogeneous
Ban Gabriel mountain block. For example, Bregt and
Beemster (1989) found that spatial variability within
goil map units caused an error of 50% in the estima-
tion of moisture deficits for soil map seales between
1:25,000 and 1:50,000. Againgt this baekground, the
explanation of 68% of the variability of TAWyprnic
by 8ail, Vegetation, Bedrock, and their interactiona ia
a remarlable feat that gives much confidence in the
accuracy of the TAWuemnic distribution obtained
from Landsat imagery.

Benchmark Conclusion for DPWM

The difference between the average annual
groundwater recharges determined without and with
opticalthermal satellite imagery is 0.162 cubie lkilo-
meter or 6.1 mm. The relative difference between the
traditional approach and the METRIC methodology is
28.6%. Therefore, opticaltthermal satellite imagery
has a large relative impact cn the recharge estimates
by DPWM. Two validations using the wodeled
groundwater fable elevations along cross-section AA/
and the large percentage of the TAWpmmic distribu-
tion explained hy soil, vegetation, and bedrock
variability provide a strong indication that thermal-
equipped Landsat imagery has a preat potential to
considerably improve groundwater recharge esti-
mates for semiarid mountain blocks.

A recharge difference of only 6.1 mm seems of
minor societal importance but it is not. The present
price for the water rights of one acre-foot of water in
gouthern California is approximately $10,000. Thus,
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the monetary valus of the recharpge difference
betwoen the two appronckes is wall over one billion
U.8. dollars and an accurate determination of
groundwater recharge is of the utmost importance for
fair and equitable settlements of water rights cases.

OVERALL CONCLUSION OF THE THREE CASE
STUDIES

In this study, we have benchmarked applications
of three operational hydrologic decision support mod-
els without and with uging optical/thermal satellite
imagery for forcing functions, estimation of initial
conditions, and model paramsterization. The three
operational hydrologic decision support tools are the
E'T Toolbox, the GSSHA model, and the DPWM. Our
beochmarking method is straightforward by compar-
ing a typical traditional application of each decision
support tool with one that uzes information from opti-
cal/thermal sateliite imagery. Each comparison is
basged on a performance indicator: annual ET fore-
cagts for BT Toolbox, storm hydrographs for GSSHA,
end average annual proundwater recharge volumes
for DPWM. Using the SEBAL/METRIC approach for
processing MODIS or Landaat imagery, we obtained
gpatial distributions of the forcing function of BT in
ET “Toolbox, initial soil moisture conditions in
GSSHA, and the model parameter “total availahle
water for franspiration (TAWY in DPWM,

In the ET Toolbox henchmark test, the annual ET
difference betwesn ET computed from a traditional,
assigned K, BT . (ETg, nysy) and ET computed from
K, derived spatinlly from METRIC Landsat (T0T..
mereie) over the MRGCD command area G.e.,
between the tradiional and satellite imagery
appreaches) wag 228 mm or 30%; BTk yerRic was
the largest with 771 mm/yr. Considering the wvali-
dated METRIC applications with MODIS imagery in
the Rio Grande Valley, optical/thermal imagery has
the potential to congiderably improve nol only the
accuracy of the area-wide ET forecasts in the
MRGCD hut to also provide detailed information on
when, where, and how much water evaporates and
trangpires. Such information is needed for the devel-
opment of climate-proofing gtrategies (Kabat et al.,
2005) for the Middle Rio Grande Valley.

In the GSSHA benchmark test, the comparison of
two measured hydrographe with the hydrographs
simulated with and without using an initial soil mois-
ture distribution generated from Landsat imagery
agtablished that the use of Landsat-geperated initial
80il moisture distributions resulted in superior simu-
lations. In addition, we found that the rank ordsr
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stability of soil moisture patterns can make it possible’

to use SEBAL/METRIC-derived soil moiature maps for
model initlalization on dates that are days or weeks
apart in the luture or past from the image day,

In the DPWM benchmark test, the ditference
between the average annual groundwater recharge
determined without and with uvsing 8 TAW parame-
terization generated from Landsat imagery equaled
0.152 cubic kilometer or 6.1 mm of water. The rela-
tive difference between the traditional approach and
the METRIC methodology is a decrease of 28.6%
using the latter, Two independent validations based
on the groundwater table elevations along a cross-sec-
tion through the San Gabriel Mountaing and the
large percentage of the TAWymrmre distribution
oxplained by soil, vegetation, and bedrock variability
provide a strong indication that Landsat imagery has
a great potential to considerably improve groundwa-
ter recharge egtimates for gemiarid mountain blocks,

The overall conclusion of this benchmark study is
that the use of NASA optical/thermal satellite ima-
gery can considerably improve hydrologic decision
suppert tocls compared to their traditional implemen-
tations, As the water resonrces of the U.S. are a
$200 bhillion per year economic engine that supports
hundreds of theusands of jobs, the costs for Landsat
(estimated at aboul $250 million per year) (Western
States Water Council, 2012) and MODIS are only a
fraction of the potential benefits. Therefore, this
benchmark gtudy demonstratos that the benefits of
improved decisions by hydrologic support systerns
using opticalthermal satellite imagery vastly exceed
the costs for acquisition and use of such images,
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PROOF OF SERVICE (C.C.P. §1013a, 2015.5)

I am employed in the County of Kern, State of California. I am over the age of 18 and not a
party to the within action; my business address is 1810 Westwind Drive, Bakersfield, CA 93301.

On November 12, 2021, I served the foregoing document(s) entitled:

LIST OF EXHIBITS RE OPPOSITON BY THE ZAMRZLA’S TO THE
WATERMASTER’S MOTION FOR MONETARY, DECLARATORY AND INJUCNTIVE
RELIEF AGAINST ZAMRZLA’S

X by placing _ the original, X a true copy thercof on all interested
parties.
X BY ELECTRONIC SERVICE:

I posted the document(s) listed above to the Santa Clara Superior Court Website
(@ www.scefiling.org and Glotrans website in the action of the Antelope Valley
Groundwater Cases.

X (State) I declare under penalty of perjury under the laws of the State of California
that the above is true and correct.

Executed on November 12, 2021, at Bakersfield, California.

“~ SERENA BRAVO




