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LAND 1Q TECHNICAL DISCIPLINES

Land-Based Sciences: Land and Water Resources

Agronomic assessments/soil science
Water quality and supply evaluations
Salinity and nutrient management
Agricultural reuse

Land stabilization and erosion control

Soil reclamation and irrigation/drainage

Spatial Sciences: Remote Sensing and GIS

Consumptive use estimation and crop identification
Large landscape evaluations
Irrigation and drainage

Production agriculture

Development

Data management tools
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STATEWIDE CROP MAPPING

e Minimum field size of 2.0 acres

* Continually updated field boundaries, not parcel
boundaries

e Over 450,000 individual fields statewide
* Multicropping classification

e Overall accuracy of 97.6% based on independent
ground-truth validation dataset

* Approximately 50 crop legend categories, which
represent 98% of all irrigated lands

* 2014, 2016, 2018, 2019, 2020, 2021
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e Ground truthing is critical to these results
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GROUND TRUTHING

* Approximately 450,000
individually classified
polygons/fields

e Over 80,000 data points
collected each year

e 13-15% of the total population | Gilroy
captured ,
* Over 16,000 miles of ground
truthing throughout the year
e 12-14 weeks a year | Salinas
* Multiple trips in multicropping | ~
areas wl‘}\/l’c)'/nterey
* Portion (65-75%) set aside for
calibration

* Portion (25-35%) set aside for
validation




CA - DWR
NORTHERN REGION

Grain and Hay Crops Field Crops Truck. Nursery. and Berry Crops Deciduous Fruits and Nuts Citrus and Subftropical
Miscellansous Grain and Hay Cotton Miscellaneous Truck Crops Almonds Citrus
Saffower Carrots Plums, Prunes and Apricots Awocados
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, - Sunfomer Fowers, Nurseryand ChismasTreeFarms  [JI] Fisonios - Olives
- i ,
- Comn, Sorghum 3nd Sudan - Onions and Garlic - Fears
Pasture Vinevards - Strawberries - Feaches/Nectrines
Miscelaneons Srasses B == P cemostestyGreens B e
- O Idle - Potatoes and Sweet Fotatoes - Appes
- Alfsl andAslEa Mixtures Bl e — [P——— B
-
Youns P i Greenhouse - Bush Bames :- il
- Young Perennials - Greenhouse - Tomabes |:I Ao

* Major crops include:

* Rice, Walnuts, Almonds, Alfalfa, Mixed
Pasture, Prunes, Grapes, Olives

e Total Irrigated & Idle Land = 1,492,979
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Prumas CA - DWR

Grain and Hay Crops
Miscellansous Grain and Hay

Wheat

Rice
O e
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Pasture
Miscellansous Grasses
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Field Crops
Cotton

- Misczllansous Field Crops
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Truck Nursery. and B Crops
Miscellansous Truck Crops.

Pappers

Carrats

Cole Crops
| Fowers, Nurseryand ChristmasTree Farms
B orions and Garic
P stravveres
- Lettcelaafy Graens
- Potstoes and Sweet Fotatoes
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Deciduous Fruits and Nuts Citrus and Subtropical
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* Major crops include:

* Grapes, Almonds, Walnuts, Corn, Alfalfa, Tomatoes,
Mixed Pasture, Fallow




Sutter,

Contra Costa

Sacramento

Placer:

El"Dorado

Calaveras!

Alpine.

CA—-DWR
SOUTH CENTRAL REGION

Grain and Hay Crops Field Crops Truck. Nursery. and B Crops Deciduous Fruits and Nuts Citrus and Subtropical
a0 e Misoelianzous Grain and Hay Cotton Miscellansous Truck Crops Hmonds Gitrus
ateor
Plums, Prunes and Apricos I Avocsdos

anta Clara ; ‘ LN . | BT Carrats
, . > R B R 0 _ = - Beans (Dry) Cole Crops
: - Sun fomer | Fowers, Nurseryand ChristmasTree Fams - Piztachios
- Comn, Sorghum and Sudan - Onions and Garic
Pasture Vinevards - Strawberres
Miaceliapecns (anses B s P cetvostestyGreens
I e e Idle P sontoes ans sweet rota
- Alfsl & and Alfalfs Micures - Idie

Youns Perrennial

-YomgPerermials

" wisoslaneous Deciduous - Kiwis
— "

- Melons, Squash and Cucumbers
-
B e s L)

. e

* Major crops include:

e Grapes, Almonds, Pistachios, Citrus, Walnuts,
Corn, Sorghum, Cotton, Alfalfa, Tomatoes,
Wheat, Fallow

* Total Irrigated & Idle Land = 4,829,004 acres

LAND IQ

Santa Barbara

Venitura
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CA—-DWR
SOUTHERN REGION

Grain and Hay Crops
Miscellaneous Grain and Hay

Whest

Rice
N oree
[ =

Pasture
Miscellansous Grasses

- Mixed Pasture
- AlElE and Alfalfz Mixtures

Youns Perrennial

- Young Perennials

Field Crops

Truck. Nursery. and B Crops
Miscellansous Truck Crops.

Peppers
Carrats
Cole Crops
Foowers, Nursery and Christmas Tres Farms
Orions and Garlic
P strantermes
- Letcelaafy Graens
P sontoes ans sweet rota
P sions, saussh ans Cucumsers
B o cee
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Deciduous Fruits and Nuts
Amonds

Fomegranates

Plums, Prunes and Apricots

Citrus and Subtropical
Citrus
Miscellansous Subtopical
Fruits

-
—
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| DWR Regions

* Major crops include:

 Alfalfa, Citrus, Avocados, Cole Crops,
Lettuce/Leafy Greens, Carrots, Truck Crops,
Strawberries

e Total Irrigated & Idle Land = 949,504 acres

LAND IQ




California Department of Water Resources 2018 Sratewide Land Use Mapping

Table 9. WY 2018 Statewide Land Use Mapping Accuracy and Precision by Crop

umberot. | oromdmth | tailed * Overall accuracy of 97.6% based on independent ground-truth

corre: classified Reference Confidence H H £
i Lo g ey s B e validation dataset for specific crop type.
Almonds 100% 74,441 0%
Cherries 100% 10,940 0%
Dates 100% 12,575 5 * Overall accuracy of 98.3% based on independent ground-truth
Kiwis 183 . .
Olves 100% 2,886 0% validation dataset for grouped crop type.
Pistachios 100% 16,243 0%
Rice 100% a62 0%
Youngperenmials — 26,210 0% * Publicly available for 2014, 2016, 2018?, 20192, 20202, 20213
Plums, Prunes and Apricots 100% 22,648 0% ’ ’ ’ ’ ’
sunflowers 100% 29,491 0% a . .
Walnuts 100% 40,315 0% multicropping
Pomegranates 100% 2,572 0% b rovisional
Grapes 99% 3,635 0% P
Citrus 99% 3,010 0%
Tomatoes 99% 35,209 0%
Cotton 99% 3,730 0%
Peaches/Nectarines 98% 12,478 0% "
Mixed Pasture 97% 27,851 0% 3]
Caorn, Sorghum and Sudan 97% 37,381 0% g E
Potatoes or Sweet Potatoes 97% 1,416 1% B = g 2
Alfalfa and Alfalfa Mixtures 96% 393 1% 3 b 3 g -
Miscellaneous Field Crops 96% 1,760 1% 3 = . g 92" - s
Avocados 96% 2,565 1% e ] g 2 o E £ ° E
Unclassified Fallow 96% 4,052 1% g = 2 g B " 2 ke s ® | fotal comect Incoect % | Commission
Carrots 96% 606 1% 5 a & o] g = E 5 £ g Acres Acres Acres  Comrect Error
Beans (Dry) 95% 2,580 1% Citrus and Subtropical | 16,000 1 - - - - 8 65 - 16,074 16,000 7 99.5% 0.5%
Bush Berries 95% 5,847 1% Deciduous Fruits and Nuts E 122,914 - - - - - 214 3 35 123,175 122,514 261 99.8% 0.2%
Onions and Garlic 35% 2,716 1% Field Crops - 5 57,185 - 560 - 668 21 58,439 57,185 1,254  97.9% 2.1%
Pears 54% 4,128 1% Grain and Hay Crops - - 258 37,201 159 - 683 1,456 39,757 37,201 2,556 93.6% 6.4%
Melons, Squash and Cucumbers 52% 1,998 1% pasture - - 393 309 38,115 - 7 217 39,41 38115 1,026  97.4% 2.6%
Miscellaneous Grain and Hay 92% 2,617 1% T _ R . . _ 26,210 _ _ . B 26,210 26,210 R 100.0% 0.0%
Safflower Shk 13,429 1% ] Truck, Nursery and Berry Crops 3 - 335 118 176 - 62,335 13 23 1 63,010 62,335 675 98.9% 1.1%
Strawberries 91% 7,179 1% g
g Unclassified - 46 - - 1,070 - 7 35,373 188 196 | 37,380 35872 1,507 96.0% 4.0%
Apples 29% 11,615 1% &
Lettuce/Leafy Greens 25% 4,297 1% = Vineyard - - - - 5 - - 20 29,320 74 | 29,479 25320 159 99.5% 0.5%
Peppers 22% 6,713 1% Young Perennial - - - - - - - - - 4,128 4,128 4,128 - 100.0% 0.0%
Flowers, Nursery and Christmas Tree Farms 0% 265 29 Total Acres | 16,012 122,966 58171 37,628 40,085 26,210 63,708 38045 29,534 4,434 | 436,793
Cole Crops 79% 766 7%, Correct Acres | 16,000 122,514 57,185 37,201 33115 26,210 62,335 35873 29,320 4,128 429,281
Miscellaneous Truck Crops 71% 622 2% Incorrect Acres 12 52 986 427 1,970 - 1,373 2,172 214 306 7,512
Miscellaneous Grasses 67% 1,469 2% % Correct | 99.9% 100.0% 58.3% 98.9% 95.1% 100.0% 97.8% 94.3% 99.3%  93.1% 98.3%
Miscellaneous Deciduous 58% 333 3% Commission Error 0.1% 0.0% 1.7% 1.1% 4.9% 0.0% 2.2% 5.7% 0.7% 6.9%
Miscellaneous Subtropical Fruits 48% 32 11%
Land 1Q

February 2021 27



PERMANENT
CROP AGE
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 Same methodology used to
provide crop type to CA Dept of
Water Resources as a
requirement of SGMA

e Consistent with results for DWR

* Highly correlated to consumed
water

* Yet another line of evidence that
people can use to refine their
water management allocations
and forecasting




EVAPOTRANSPIRATION
CALIBRATION
GROUND TRUTHING




GROUND TRUTHING FOR CALIBRATION — WHY?

e Defensible
* Independent validation
e Calibration to actual conditions

* Avoiding interpolation during cloud and
smoke cover

* Understanding specific field conditions and
management

* Allows for continual improvement of models
* Allows for crop-specific modeling

 Stations used are a combination of eddy
covariance and surface renewal approaches
developed through collaboration with DWR
(Delta) and UC Davis researchers

A “ground up” approach




GROUND TRUTHING — WHY?

Ground truthing quantification of ETa using specialized
scientific instrumentation

* Widely accepted, scientifically proven, methodologies for
quantifying ETa
* Two station types employed
* Eddy Covariance

e Surface Renewal

 Strategically placed throughout AOI to characterize
spectrum of water use conditions

* Low water use environments are just as important as high use
conditions

* Minimum field size requirements based on crop type

* Built and maintained by Land 1Q

* Not possible without grower cooperators willing to grant permission
to install and work around infrastructure

* Require monthly visits to clean/maintain

* Telemetered via cellular modems




INSTRUMENTATION

Water
I
ISEEENE Parameter(s) ol 1Q/H2Q _

Wind Speed
3-D Sonic Anemometer Wind Direction Yes No
Air Temperature

Net Radiometer All incoming and reflected Yes Yes

radiation i B ——

High frequency air

Fine Wire Thermocouple Yes Yes
temperature

Tipping Bucket Rain Gauge Precipitation amount Yes Yes

Soils Paelene Soil temperature, soil Yes NG

moisture, soil heat flux







URFACE RENEWAL (H2Q)
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CURRENT ET WORK EFFORTS

Land IQ currently provides monthly, field by field ET, land
use, permanent crop age, and precipitation results with:

Approximately 85 ground truthing stations active

Approximately 18 ground truthing stations to be
installed/moved

Approximately 30 GSAs or Districts
35-40 different crops

Supports various allocation methods and water
management strategies

Monthly reports with accuracies
Delivery within 25-30 days
Integration to on-line platform results

Collaboration with UC Davis, UC Cooperative Extension
and USDA Agricultural Research Service, UN-FAO

Necessary for more accurate estimation of consumed water in

any water allocation/market/modeling application

A Field-Scale ET Clients

LAND I1Q

O

Land IQ Proposed ET Station
® Land IQ Active ET Station
[ Field-Scale ET Coverage
|:| Groundwater Subbasin




DELIVERABLE — FIELD BY FIELD ET

Monthly results
delivered to the GSA
within 25-30 days of
the previous month

Calibrated and
validated by ground
truthing climatic
stations

Reviewed by
independent advisors

Used for tracking
water use, water
management,
reporting, allocations,
water markets, etc.

JANUARY FEBRUARY MARCH

Source: Land IQ, LLC

Cartographer: Land IQ, LLC
Projection: WGS 1984 UTM Zone 11N
Date: 2/1/2021

0 4 8 16 Miles
L 1 ! 1 | 1 ! 1 |

Total ETa (in)
B 0-0.8
Hl08-16
B 16-24
24-35
3.5-4.7
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NOVEMBER
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6.3
7.1
7.5
9.4




2022 WY ALMOND ET — SPATIAL EXAMPLE

WY 2022 Total ETa (in)
48.4 - 54.6

45.5 - 48.4

42.9 - 45.5 N
40.1 - 42.9 A
36.8 - 40.1

32.9 - 36.8

28.1 - 32.9 ),
22.0-28.1 LAND IQ
14.3 - 22.0

5.1-14.3 O

BRRCURNEND




PRECIPITATION
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DELIVERABLE — FIELD BY FIELD
PRECIPITATION

info o i
o - ¢+ Visalig’

Results collected by rain gauges at
ground truthing stations e
Incorporation of other public rain gauge
results (e.g. CIMIS, airports, cities, etc.
Conversion of point data into a spatial =
precipitation map by month and by year 2
Assignment of a field-by-field N
precipitation for rainfall contribution to P B
ET, water budget tracking, allocations, _ 1
modeling, etc. - oiaea N[

=nn Al g

e P | T

R 4y
W
]
P
'
. o _——



P
O
<
o
o
(Vg
P
<
o
@
<
>
Ll

=z
S,
<
o
<
=



MULTIPLE APPROACHES TO T ST

UPDATED CONSUMPTIVE USE ESTIMATES OF ALMOND, WALNUT,

CALIBRATION AND VALIDATION

Stephanie Tillman

November 23, 2021

 Ground Truthing S
* Eddy Covariance T TERS e

- Almonds - WY 2022

Precipitation

e Surface Renewal g

B [rrigation

Land IQET
"‘.f' Imu d, whi hh sed

SEF’t

some of these crops successful
I I l 7/ 7 average,
I L. tld Ipmel ultural
¥ Lig o sement. Almond consumptive
i 5 :ct the increase in yield and
e . ~ ublishe: er, there
ond. Most i ests.
R B es rop
W Vi) ; 0m398( 532( nd averaging
i ¢ Vs
Y w ! ¥ wing season in the San Joaquin
W, Y ¢ y:
.‘“"._,‘ o A . f rear.
3y 4 3N ok | 3
5" % - R D5
- o b i/ 28t monly referenced guidance
2 T T %

¢ Independent ReVieWS (UCI ’ 4 4556 6 6 8 8 8 8 1011 12 14 14 15 19 19 19 19 21 21 21 21 21 il R
Orchard Age (years)
ARS, and Cal Poly-ITRC)

* Agronomic Knowledge and
Experience

e Measured versus Predicted

Inches
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w
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 Applied Versus Consumed

~
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* Literature Comparisons
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* Grower Acceptance



Predicted ETa (in)

10

R?=0.97
RMSE =0.41in

* Alfalfa

X0 L
O
@ ©
1:1 Line
O Fallow/Native X Pistachios

< Almonds /\ Table Grapes > Pomegranates
@ Annuals & Wine Grapes € Walnuts
O Citrus -+ Olives
| I 1 1 1 1 1
1 3 4 5 6 7 8 9

Measured ETa (in)
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Pressure Transducer
Stations

* Inline pressure
transducer

Solar powered with
custom cellular
datalogger for real time
telemetry

Small footprint to
minimize fieldwork
interference




Pressure Transducer
Site Locations
* Two per block to ensure data

consistency

» Site selections were based on
solar recharge potential (tree
shading), accessibility and
irrigation line distribution

* Dedicated meter by block
* Daily results
* Varying ages and varieties

» Offers comparison between
applied and consumed

STN-11-3106

0.8
0.7
0.6

S o0s Booth R31 Pressure Transducers
i:P 0.4 @ Pressure Transducer Stations
E 03 [ Ranch 31 Blocks

0.2
0.1

0
11/22/2022 4:48 11/22/2022 9:36 11/22/2022 14:2411/22/2022 19:12 11/23/2022 0:00 11/23/2022 4:48 11/23/2022 9:36 11/23/2022 14:24

Timestamp




Inches

WATER RECEIVED VERSUS CONSUMED BY AGE - ALMONDS

Almonds - WY 2021
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WATER RECEIVED VERSUS CONSUMED - CITRUS

25

20

15

10

Citrus - Approx 10 years old

Includes Precipitation

® Cumulative AW (in)

M Cumulative ETa (in)

16.07

10.12 10.15

14.60
13.42
12.24
10.20
7.39
5.26 4.60 i
4.16 3.01 .

Oct-21 Nov-21 Dec-21 Jan-22

23.54

22.50
19.84
l 17.89

Feb-22 Mar-22 Apr-22 May-22 Jun-22

25

20

15

10

Citrus - Approx 4 years old

Includes Precipitation
M Cumulative Ttl AW (in)

® Cumulative ETa (in)

14.33

11.50
10.16
8.38 8.41
7.61
5.86
.40
3.73 3.63
2.62 2.38 2.93
1.45 I I I I

Oct-21 Nov-21 Dec-21

17.36

| 10.62

20.87

|1254

Jan-22 Feb-22 Mar-22 Apr-22 May-22 Jun-22




WATER RECEIVED VERSUS CONSUMED - PISTACHIOS
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25

20

15

10

0

Pistachios - 2021 (inches)
Includes Precipitation

® Cumulative Received Water

m Cumulative ETa

40.1
35.4
34.1
31.5
28.4 8.2 - -
6.3
23 3.0
8.9
17.6
3.3
10.8
8.4
7.3
4.0 0
.2
16,, 29, ‘
eb Mar Apr May Jun Sep Oct Nov Dec

Jan F Jul Aug

45

40
35

30

28.5 3.0
25.7 6.1
.8
21.3
8.8
16.1
3.3
11.4
i .0
6.7

4.7 0

1 1.81 1 -2
0.7 .

. E=

Mar Apr May Jun Jul Aug Sep Oct

25

20

15

10

Pistachios 2021 (inches)
Includes Precipitation

® Cumulative Water Received

® CumulateETa

31.2

Jan Feb

37.2
32.8
I7 .2
Nov Dec




CONCLUSIONS

* Accuracy matters

* Ground truthing provides:
e Calibration
* Validation
* Defensibility
* Confidence
* Independent analyses
* A data-driven approach

* Goal is to continually reduce variability
* Impactful on decision-making and modeling
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PERMANENT TREE CROP AVERAGE ANNUAL CONSUMPTIVE USE

ET (inches)

50

45

40

35

30

25

20

15

10

=8-Almonds —¢-Citrus —+—Pistachios

2021 Minimum and Maximum
Total ET of Orchards 7 to 25
yrs. (low values usually
represent abandoned

orchards)
Almonds 6.5-54.0
Citrus 15.2-439

Pistachios 99-51.1
Walnuts /11.0 -53.7 \

Abandoned
Orchards, Density, Full Floor
Rainfall ET Irrigation

Jan Feb Mar

High Rainfall, High

Tree Crop Cumulative ET for Orchards (> 7 years old)
Walnuts —+Young Perennials

——® Almonds
Walnuts

4 Pistachios
=~ Citrus

4

Young Perennials
—

Includes Precipitation

Apr May Jun Jul Aug Sep Oct Nov Dec



CITRUS CUMULATIVE ET

~ Cumulative Mean ETa (7,071 fields, 10+ years old)
B 25th to 75th Percentile Range
[ Min/Max Range (excluding outliers)

w
i
L

Includes Precipitation

= [} N w
(%} o (%) o
L L | L

Cumulative Monthly ETa (in)
S

Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec
Month



2022 ALMOND EVAPOTRANSPIRATION BY AGE

60

90 -

5

2022 ETa (in)
S

S

10 —— 2022 Mean Aimond ETa
I Min/Max Range (excluding outliers)
B 25th to 75th Percentile Range
1 3 5 7 9 11 13 15 17 19 21 23 25
Tree Age (Years from Planting)




2022 WY ALMOND AVERAGE MONTHLY ET

2022 Water Year Monthly ET (in)

Jm.lllull

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2021 2021 2021 2022 2022 2022 2022 2022 2022 2022 2022 2022

Average ETa (in)
(%) L - i (8]
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2022 WY ALMOND CUMULATIVE ET

- Cumulative Mean ETa (4,225 fields, 7+ years old)
B 25th to 75th Percentile Range
I Min/Max Range (excluding outliers)

Ul
o

Cumulative Monthly ETa (in)
N w BN
e < <

[
o

Oct 2021 Nov  Dec  Jan Feb  Mar  Apr  May  Jun Jul Aug Sep 2022
Month




Mean 2021 Total Crop ET (inches)

50

45

40

35

30

25

20

15

10

Tree Crop Mean 2021 Total ET (inches)
Almond (5,547) A Citrus (8,096) Pistachio (2,482) Walnut (2,460)

Values in parentheses are total number of orchards included

'y
A A _A__r—“'—/
A A S
2 A A 7S A A s A 7 — L \ A A
2021 Minimum and Maximum Includes PreCIpltatlon
Total ET of Orchards 7 to 25
yrs. (low values usually
represent abandoned
orchards)
Abandoned Almonds 16'3' 24'0 High Rainfall, High
Orchards, Cltrus _ p122°439 o Density, Full Floor
Rainfall ET Pistachios 9.9-51.1 \rricati
Walnuts 11.0-53.7 rrigation
10 15 20 25 30 35

Tree Age (years)

40
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