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US Dept. Ag., National Agriculture Imagery Program (2019)



Overview

Map irrigation at high resolution
(1987 - 2021) using IrrMapper.

Random Forest (Supervised Machine
Learning)

Training Data: 100,000 irrigated fields and
200,000 non-irrigated features

30 m resolution

1986

Cumulative Irrigated
Years

Ketchum et al., 2020, Remote Sens.




Overview

1. Map irrigation at high resolution
(1987 - 2021) using IrrMapper.

- Random Forest (Supervised Machine
Learning)

- Training Data: 100,000 irrigated fields and
200,000 non-irrigated features

- 30 m resolution

1987

Cumulative Irrigated
Years



https://docs.google.com/file/d/1eW5G3jm5Lo3YcDkop44j9K1yEuiLUvSE/preview

Overview

Map irrigation water use
(IWU) in the Columbia,
Colorado, and Upper

Missouri river systems.

1987 - 2021

Cumulative Irrigation
Water Use [m]

20

Senay et al., 2022, Remote Sens Environ.
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USGS, National Water Information System
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https://docs.google.com/file/d/1r1iz6S_WejHMi2B1se0k11FTLgB4uaeF/preview
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Abatzoglou et al., 2013, Int. J. Climatol.
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https://docs.google.com/file/d/1MvApXc0dvnne0oJqZdoWQPS2iyfYPwR8/preview
https://docs.google.com/file/d/1ghvbUdhV24U8wq8Vz4atd-WYzwzlX2NO/preview
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‘ Streamflow
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Ketchum et al., In Review, Commun. Earth Environ.




Irrigation Water
Use Volumetric
Trend
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Ketchum et al., 2023, Commun. Earth Environ.




Irrigation Water
Irrigation Water ¢ Use Volumetric
Use to Flow Ratio ‘ Trend
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Streamflow and
Irrigation Water Use
Summer Slope
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Streamflow and
Irrigation Water Use
Summer Slope

0.6

o 0]

3 4 5
10 10 10
Basin Area (sq km)

I 200 km

Ketchum et al., 2023, Commun. Earth Environ.
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Irrigation Water Use




Streamflow

Irrigation Water Use

/Streamﬂow and
Irrigation Water Use
Summer Slope
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Ketchum et al., 2023, Commun. Earth Environ.




Streamflow and N\ | Streamflow and
Irrigation Water Use ‘ Irrigation Water Use
Summer Slope Winter Slope
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Diversion

Irrigation
Recharge
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Cumulative Return Flow 123456 7 89101112

o Month

Ferencz and Tidwell, 2022, Front. Water

Up to 70% of late summer streamflow may be derived from irrigation return flows!
(Essaid and Caldwell, 2017, Sci. Total Environ.; Crossa et al., 2006, Water Res.)

Streamflow and
Irrigation Water Use
Winter Slope
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Ketchum et al., 2023, Commun. Earth Environ.







Acres irrigated (millions)
30

Irrigation Method
I Gravity Pressurized

25

U.N Food and Agriculture Organization, Irrigation 1984 1988 1994 1998 2003 2008 2013
Scheduling (1989) 4, A-1.

Hrozencik and Aillery, 2022; US Dept. Ag., National Agricultural Statistics Service



Irrigation
Recharge

~a

Streamflow and
Irrigation Water Use
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Ferencz and Tidwell, 2022, Front. Water

Ketchum et al., 2023, Commun. Earth Environ.




Irrigation Type
] Non-Pivot

Idaho Dept. Water Res.

Streamflow and
Irrigation Water Use
Winter Slope

0.6

Ketchum et al., 2023, Commun. Earth Environ.




Irrigation Type
] Non-Pivot
[ Pivot

Streamflow and
Irrigation Water Use
Winter Slope
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Lower efficiency, more connected aquifers -> higher return flows

Ketchum et al., 2023, Commun. Earth Environ.



Natural,
unregulated
. . flow regime
Diversion ke

Streamflow

/ Flood irrigation

lining canals, piping,
sprinkler irrigation

»

Irrigation | June December
Recharge

\ ™ e * Formation and maintenance of river and riparian habitat;
AT sediment-flushing flows
* Cues for spawning (fish) or emergence (insects)
» Connections between river-floodplain
and surface-groundwater

Return Flow

* Maintenance of minimum flows for
aquatic species; spawning cues

* Avoidance of elevated temperatures
or nutrient concentrations; reducing
potential for algal blooms

spring
runoff

Streamflow

Cumulative Return Flow 6 7 8 9101112

[ Month

Ferencz and Tidwell, 2022, Front. Water . summer-fall low flows

(January) (December) -

Lonsdale et al., 2020, Montana Water Center




Millions of acres Acre-feet per acre
60 - L 24
— Acreage irrigated (left axis)
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Hrozencik and Aillery, 2022; US Dept. Ag., National Agricultural Statistics Service

USDA approach to surveying irrigation does not estimate WU,
causing the implications of the ‘paradox’ of irrigation efficiency to
go unobserved at scale.

Ketchum et al., 2023, Commun. Earth Environ.




Thank You!
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