Contrasting hydrologic effects of irrigation curtailment in the
Shasta and Scott valleys evaluated with remote sensing and streamflow gages
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Drought emergency
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2022 Local cooperative solutions
(LCS)

47 of 50 are Scott groundwater
Reduce 2022 pumping from 2020 (or
2021) by 30% during irrigation season:
— Irrigation efficiency

— Alfalfa - grain

— Fallow fields/corners

— Reduced cuttings

Self-reported pumping, some oversight
by RCD and/or CDFW

>90 percent of groundwater acres




Remote S

“'.11‘.[."

| .
Vbbb s
bbbt

Fre b R
WY




Remote sensing tools

(See tutorials at https://www.riverbendsci.com/projects/remote-sensing)
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https://sentinelshare.page.link/e4Zv

What are consumptive use
(evapotranspiration) and irrigation efficiency?

How does they affect water budgets?



Diversion

“Consumptive”
use

Tailwater/Effluent
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Water inputs
to the
irrigation
system

Consumption

(evapotranspiration,
ET)

Productive

Crop transpiration: water that soaks into ground,
is transpired through leaf stomata, and grows crops

Unproductive
(wasted water)

Wind drift and evaporative losses (WDEL): water
that never reaches crop or soil

Canopy interception losses (IL): water lands on
plant foliage and evaporates. Increases total ET

Soil evaporation: water reaches soil but is
evaporated instead of uptaken by crop roots

VA VAV



Water inputs
to the
irrigation
system

Consumption

(evapotranspiration,

ET)

Crop transpiration: water that soaks into ground,

Productive is transpired through leaf stomata, and grows crops
Wind drift and evaporative losses (WDEL): water
that never reaches crop or soil

Unproductive

Canopy interception losses (IL): water lands on

(wasted water) plant foliage and evaporates. Increases total ET

Soil evaporation: water reaches soil but is
evaporated instead of uptaken by crop roots

AV VAV

Return flows

Runoff: rapidly returned to stream

Deep percolation: groundwater recharge,
slower return to stream

Sink: runoff or infiltration into ocean or
Non-reusable other salty sink (not applicable to
Scott/Shasta)




The More You Expose, the More You Lose:
Limiting Center Pivot Irrigation Water Losses
Sarwar and Peters
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Move sprinklers as close to the ground as possible
Decrease pressure
Increase nozzle sizes

Large droplets, but don’t compromise water distribution uniformity and runoff

~5-20%7?
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Estimating “actual evapotranspiration” (ETa)

Field measurements (hard)

Assuming fully-watered field: calculate reference
evapotranspiration (ET, or ET,, aka “evaporative demand”)
from weather data, then multiply by crop coefficient

Remote sensing
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Finding the ways that work

Google Earth Engine
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OPEN ET

https://openetdata.org/

Ensemble
average of 6
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OPEN=T methods

Gridded weather data:

(mostly spatial CIMIS)
|
/

/
v

reference ET
(assumes fully watered crop)



OPEN=T methods

Satellites (mostly Landsat): Gridded weather data:
mostly skin temperature (mostly spatial CIMIS)
(& greenness) | I
\ /!
¥ v
% of reference ET reference ET

(including gap-filling)  (assumes fully watered crop)



OPEN=T methods

Satellites (mostly Landsat): Gridded weather data:
mostly skin temperature (mostly spatial CIMIS)
(& greenness) | I

\ /!

¥ v

% of reference ET reference ET
(including gap-filling)  (assumes fully watered crop)
\ o - /
~ — - -
-~

<
ET, for each
30-meter pixel



OPEN=T methods

Satellites (mostly Landsat): Gridded weather data: GIS boundaries of
mostly skin temperature (mostly spatial CIMIS) agricultural fields
(& greenness) I
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OPEN=T methods

Satellites (mostly Landsat): Gridded weather data: GIS boundaries of
mostly skin temperature (mostly spatial CIMIS) agricultural fields
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OPEN=T ETa validation

Site land cover
A Annual crops

Eddy flux e b
tower | ' '- ¢+ Evergreen forests

® Grasslands

* Mixed forests

% Orchards

B Riparian

© Shrublands
® Vegatable crops\
# Vineyards

® Wetlands

Volk et al. 2024: https://doi.org/10.1038/s44221-023-00181-7



OPEN=T ETavalidation: 53 cropland sites
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OPEN=T ETavalidation: 53 cropland sites

y = 0.92x

2. ,": ° -
r*=0.90 o A Time period
ERTS 5

Average error

(MAE)

<  Monthly 17%

Model ET [nm/month]

Growing season
O 50 100 150 200 13%

Closed flux tower ET (mm per month)

Volk et al. 2024: https://doi.org/10.1038/s44221-023-00181-7



Depth (mm/month)

1200 -

Shasta

900 -

)]

-]

o
1

300 -

0=
2017

127
- +160{f’0.-..

110

2018 2019 2020 2021 2022
baseline curtailment

Growing season (Mar—QOct)

Water budget term

——

Reference evapotranspiration
(ETo)

Actual evapotranspiration
(ETa)

Net evapotranspiration
(ETn =max{0, ETa - P})

Precipitation

(P)



Depth (mm/month)

1200 -

900 -

)]

o

o
1

300 -

0' 1
2017

2018

Scott

2019

80

2020
baseline

Shasta

+*1% ..

118

7. +48% "

2021 2022 2017 2018
curtailment

Growing season (Mar—Qct)

2019

110

127

T +16%

2020
baseline

2021

2022
curtailment

Water budget term

—.—

Reference evapotranspiration
(ETo)

Actual evapotranspiration
(ETa)

Net evapotranspiration
(ETn =max{0, ETa - P})

Precipitation

(P)



Reference Actual Net

evapotranspiration evapotranspiration evapotranspiration Precipitation
(ETo) (ETa) (ETn) (P)
200-
150-
Scott
< o /\ ﬁf\ Year
-
o 50- Baseline year
é * 2020
O_
- Curtailment year
= 200- * 2022
a Other years
8 150- 2017, 2018
2019, 2021
100-
Shasta
o0 - c
L L L LS bABLL S bAgE L SES DABL L e S oG
= 8] = [ = Q - O
=<335280=2<83°5280=2<L3°52%0=c235280
h



Reference Actual Net

evapotranspiration evapotranspiration evapotranspiration Precipitation
(ETo) (ETa) (ETn) (P)
200-
150-
Scott
gmo Year
-
g 50~ Baseline year
I mﬁﬁhﬁ:‘ 2020
) S ey e
- ,, \\ - Curtailment year
= 200- | : 2022
o ' Other years
l y
S 190 I : 2017, 2018
I I 2019, 2021
100- l
! | Shasta
50 - : |
l
0 I I
P L 5ol L L O & o= oo e e - —
~c s OaYy ~csoafy >CS5 oAy >CS5 DAy
2283328283523 522833280228332489
\ Month



Greenness

(NDVI)
0.7-
0.6-
os. Scott
=
&
= 0.4-
W
7))
&
€ 0.7-
o
5 0.6- E;r]
- asta
0.4-
£2253358
Month

Year

-

Baseline year
2020

Curtailment year
2022

Other years
2017, 2018
2019, 2021



ETn 2022 reduction ETn 2022 reduction
from 2020 baseline (%) _ from 2020 baseline (%)

<0% (increase) <0% (increase)
0-10% reduction 0-10% reduction
10-20% reduction 10-20% reduction
20-30% reduction ! 20-30% reduction
30-40% reduction p 30-40% reduction
40-50% reduction ' 40-50% reduction
>50% reduction >50% reduction




<0% (increase) - 40%

0-10% reduction
10-20% reduction
20-30% reduction
30-40% reduction
40-50% reduction

>50% reduction -I 1%

ETn 2022 reduction
from 2020 baseline (%)

0 10 20 30 40

Percent of total field area
Scott

ETn 2022 reduction
from 2020 baseline (%)

Shasta

<0% (increase)
0-10% reduction
10-20% reduction
20-30% reduction
30-40% reduction
40-50% reduction
>50% reduction

<0% (increase)" 12%

0-10% reduction -
10-20% reduction
20-30% reduction

30-40% reduction -
40-50% reduction

ETn 2022 reduction
from 2020 baseline (%)

ETn 2022 reduction
from 2020 baseline (%)

>50% reduction -

32% <0% (increase)
0-10 1
1

1 1 1 1 10-20°Arpre‘cf1t|%2n
0 10 20 30 40 3808 reducion
Percent of total field area

>50% reduction




. Irrigation

oy sources:

* Groundwater
Surface water

A
W
. égcp
3 i J

Water source PRy, N Water source .

Groundwater N o Groundwater R ‘ .

gvxr/f/sw mif GW/SW mix ¢« .

urface water R Surface water .
Subirrigation ,’ = Subirrigation
Dry/none/otherfunk 5?550“ ¥ 4km I Dry/none/other/unk { 4km I




Shasta

Scott

I
Ip]
e~

(g

—&— Groundwater
- GW/SW mix
—— Surface water

[}
O
| -
-]
o]
w
| —
[}
—-—
=

a8

-9
-2%
. 4% .
N
O
N
rowing season

[

(8]
o
™
G

-810¢
- L10¢C

I
- o o
uw o

Ol x L_&mEv SWN|OA U] J



2022 Scott

Local cooperative
solutions (LCS)
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Inflated Baselines

Irrigation
(inches)

Source All Alfalfa Pasture Grain

- T
SVIHM Foglia et al. (2013) f30.3: 33.1 29.7 141

|
SVIHM Foglia et al. (2018)122.6! 21.5 26.0 10.3
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Inflated Baselines

Source

Irrigation
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All Alfalfa Pasture Grain
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Inflated Baselines

Irrigation
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Source All Alfalfa Pasture Grain
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Conclusions

e 2022 curtailments
— Shasta: reduction in ETa and ETn
— Scott: no ETa reduction, but precip reduced ETn

* |rrigation systems
—Shasta mostly water-mastered surface water
— Scott mostly groundwater
* Local Cooperative Solutions (LCS) ineffective at reducing pumping
—Inflated baselines
—No metering
— Little independent verification



Need for further data and analysis

* Which more accurately represents applied irrigation:
— Scott groundwater model or LCS reports?

* Field-specific GIS of LCS practices needed to evaluate:
— Which LCS practices effectively reduced ET?
— Compliance rates for (some) practices
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