Nebiaska

» ]
Lincoln

Overview and applications of cosmic-ray
neutron sensor

Trenton Franz and Ammar Wahbi

Assoc. Professor of Hydrogeophysics
School of Natural Resources
University of Nebraska-Lincoln

August 18 2019



Nebiaska. What do | study?

g Hydrology: A
Conservation
Equations

N J

é ) 4
Ecology/Agronomy: Geophysics:
Mechanisms, Measurements,
Processes Tools

N J

\




Nebiaska. Prof. Trenton Franz
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Authored 25+ peer reviewed publications on CRNS

Authored 2 TEC-DOCs and 1 Springer Book on CRNS

Completed 1 week Expert Mission to Austria July 2017, Kuwait 2018
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for Soil Moisture Estimation

Cosmic Ray Neutron Sensing: Estimation of Agricultural
Crop Biomass Water Equivalent
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Completed 1-week expert training mission to Austria, July 2017
(20 participants).
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Main Purpose

National Training activity on "Use of Advanced Nuclear and Related
Tools for Agricultural Water Management and use of nuclear techniques
to partitioning the Evapotranspiration”

Specific Objectives
1. Afull overview of the theory and methodology of the Cosmic-Ray
Neutron Sensor (CRNS) for measuring area wide soil water content

2. A full demonstration of setting up and use of the CRNS in the field

3. A full demonstration of calibration of the CRNS in the field and
laboratory

4. A full demonstration of data processing of the CRNS output
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« Labor intensive
* Time intensive
 Unreliable

* Not representative of areas where
water management decisions are made

14
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| Transient
Quasi-static
Static

7. Soil Moisture
8. Lattice Water 1
9. Soil Carbon Compounds v'.

One Solution

1. Water Vapor "+,

3. Vegetation

5. Surface Water 4. Intercepted

GAUGE—

2. Built-up

NEUTRON FLUX

solL
S ALUMINUM
- TUBE

CABLE

http://sanangelo.tamu.edu/agronomy/sorghum/neutron.htm

| .
PROBE@/

Essentially same detector but
with updated electronics and
high voltage NPMs

Same basic physics as in-situ
neutron probe

Passive sensor, uses cosmic-ray
neutrons as source

Relates fast neutrons to water
content instead of slow or
thermal neutrons

Footprint is ~1000x larger
(density of soil vs. air)

Probe sees about top 30 cm
In-situ probe considered gold
standard in agronomy and soil

physics
15
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Neb% COSMOS Project ‘

= COSMOS data freely available at (http://cosmos.hwr.arizona.edu/) with some quality
control, usually co-located with eddy covariance towers, over 90% reliability

» Probes: 70 COSMOS (10 UNL), 200 Independent networks around globe (CosmOz,
TERENO, UK, South Africa), with more to come online (Saudi Arabia, Brazil, China?)
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Great, but do they work?
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LI, Example

Flat, homogeneous vegetation, sandy loam
soll texture,
ideal setting for homogeneity?
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What are éavings IN:
water use, energy use, nutrient
loss, crop yield Ioss’? $$$$$$$
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Neb“% Applications: Irrigation Scheduling of Entire Field

Paulser Dryland
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NebIUWaSlQm;n;m,Applications: Irrigation Scheduling of Field Sections O

Current agricultural water management

Have mechanical technology but do we
have spatial information?
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Spatial Mapping of Soil Properties
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Spatlal Mapplng of Soil Properties
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orthogonal functions for improved irrigation water
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Next generation of e
low cost met. and .
crop water demand == ==
sensors =

Observations (5 min):

* rain gauge (disdrometer)

» |eaf wetness

« shortwave and longwave up

and down
* ©6-band spectrometer
e airtemp
* humidity
* pressure
« GPS

« digital level and compass

» plug for peripherals, i.e.
camera, soil moisture, pressure

» Telemetry, Cell, Wifi, or
Bluetooth

« Solar powered

http://arable.com/



UNIVERSITY JOF

Network of Arable Stations '

Lincoln *

o5 e O Arable x N
& | (D@ nitps:firanz_hydro.arable. board/locations €  Q Search w B + & =
(@] Most Visited - @ COSMOS Probe:S.. @ Getting Started [ Latest Headiines ~
Current Forecast Edit
View Temperature
WNIP Central 5
I 0.4 mm 2 W/m? 2
Temperatare Accum Precip Sunlight Water Stress
WNIP East 5
20° 242 mm 2 W/m? 5
Tempersiue Accum Precip Sunlight Water Stross
WHNIP East &
7 0.07 mm 1Wfm? &
Tempersture Accum Preip Sunlight W.ID
o0 e 0, o0 e \
Arabl x Wik / x|\
it s/ A rable \J | iy i/ A Arable l\“_+
4= | () @ | hitps:/ffranz_hydro.arable.com/dashboard/locations ¢ (4 )& nhttps:ffranz_hydro.arable.com/dashboard/locations { )
Most Visited ~ @@ COSMOS Probe: S.. @ Getting Started Latest Headlines = (&] Most Visited = @ COSMOS Probe: 5.. @ Getting Started (L] Latest Headlines =

View Precipitation (Last 10 Days) i - 5y . \ View  DailyET

Data view as of July 2, 2017



Nebiaska Network of Stations

Lincoln

L AU / & Arable x..\+

' (- | O @ https://franz_hydro.arable.com/dashboard/locations

(3] Most Visited ~ @ COSMOS Probe: S.. @ Getting Started Latest Headlines ~

View Daily ET

Temperature Humidity Atmospheric
Pressure

O

Sunlight Growing Degree Days Daily ET

Water Stress Plant Vigor
(Chlorophyll Index)

Precipitation (Since Precipitation (Last 10 ET (Last 10 Days)
12AM) Days)




Nebraskg The Complete Irrigation Package
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4 Realtime Observations R

Soil Water = Fixed CRNP
Soil Properties = Mobile CRNP
\_Rainfall, ET, NDVI = Arable Mark )




Nebrask'fl The Complete Irrigation Package

|
Lincoln

" Realtime Observations ) (" Realtime Crop )

+ Modeling

Soil Water = Fixed CRNP
Soil Properties = Mobile CRNP AquaCrop + Observations
\_Rainfall, ET, NDVI = Arable Mark ) \_ )
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+ Modeling
Soil Water = Fixed CRNP

\_Rainfall, ET, NDVI = Arable Mark ) \_

" Realtime Observations ) (" Realtime Crop )

Soil Properties = Mobile CRNP AquaCrop + Observations

J

‘Decision Support Tool )

Irrigation, nutrients, planting density,
planting variety, crop type, yield

\_ forecast )
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Potential uses for looking at impacts of land use and climate change

« Useful for growing season to growing comparisons (common benchmark)

« Compare quantiles between paired catchments

 Calculation of drought indices (PSI)

« Construct time series models of plant response and fuel loads for fire risk (wet year
than dry year)

« Make longer term predictions of drought, fire and erosion potential?

44



Nebiaska Summary
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Point sensors are inexpensive, but...
 labor and time intensive, may not represent field conditions

CRNS is one solution for areal management

« Real-time irrigation management at field and zone scale
» Mobile sensors useful in spatial soil property mapping

Moving Toward Decision Support Tool in Irrigation
« CRNP + Arable + AquaCrop

Fixed long-term stations can be useful for monitoring
« seasonal drought severity, fire risk, landslide risk/early warning
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