Ill IVaIidation potential for Remote Sensing
soil moisture products using Cosmic-Ray Neutron Sensing

DPG Friuhjahrstagung 2023

22.03.2023
Physikalisches Institut UP 4.6
Ruprecht-Karls-Universitat Markus Kohli*, Jannis Weimar, Ulrich Schmidt
Heidelberg ANP-PAT

Ta- = - ”
. O~ g
P - -
-
rap it
A —

y -
t!“"‘ R

eg—— A

N _._‘;




<10m

L i 3 B B
=24 <16 -12 -8 6 -4 +4 +8 +12 +16 +24
(2] | Resistivity Change

Wetter

April 2011

Drier

via
local techniques

(electrical resistivity, capacitance, etc)
(even neutrons...)

[1] ESA SMOS (http://www.esa.int/Our_Activities/Observing_the_Earth/SMOS/Horn_of_Africa_drought_seen_from_space)
[2] The Clay Research Group (http://www.theclayresearchgroup.org/images/ert.jpg)
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18 B > The Cosmic Neutron Basics

Air Showers

[1] Image by A. Chantelauze, S. Staffi, and L. Bret, https://www.theverge.com/2017/9/21/16335164/pierre-auger-observatory-cosmic-ray-galaxies-air-shower-particles
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. Y» Neutron imaging
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Y The Cosmic Neutron Basics
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18 B D> Historical References

1966

600
o July - August 1964 ||
o April - May 1965 | l
500 A Y
{10+
‘ Neutrons
30 cm UG

’g 400 - 100
©
£ 300 4 90
= mm
[®)]
% 80

200 ~ - Rainfall

40
100 A ~ I I
0 [2]
JULY AUGUST SEPTEMBER 1977
0
1
Neutrons (107 cm? s eV™) 1]
[1] Hendrick, L. D. and Edge, R. D., “Cosmic-ray neutrons near the Earth”, Phys. Rev. Ser. I, 145 (1966)
[2] Kodama, M. et al., “Application of atmospheric neutrons to soil moisture measurement”, Soil Sci., 140 (1985)
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[1] W.C. Feldman, et. al ,,Global Distribution of Neutrons from Mars: Results from Mars
Odyssey”, Science 297 (5578) (2002), 75-78.
[2] http://exploration.esa.int/mars/48523-trace-gas-orbiter-instruments/?fbodylongid=2217
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Y The Birth of CRNS
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') The Birth of CRNS
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[1] Rosolem, R. et al. “The Effect of Atmospheric Water Vapor on Neutron Count in the Cosmic-Ray Soil Moisture Observing System.” J. of Hydrometeorology 14(5) (2013)
[2] McJannet, D. et al.,“Field testing of the universal calibration function for determination of soil moisture with cosmic-ray neutrons.” Water Resources Res. 50(6) (2014)
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Y The Birth of CRNS
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Y The Birth of CRNS
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Y The Birth of CRNS
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1) Intensity Function
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1) Intensity Function Revised

=== N_pi observed
== N(theta, h) using Desilets & Rosolem
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3000

2800

cph

2600

2400+

2200

Jul Oct Jan Apr Jul Oct Jan Apr Jul
2012 2013

Data from T. Franz, Santa Rita, Arizona t

MARKUS KBHLI }::iiiiitiiiiniiiinininsitiniininniniininiias

we fHeidelberg University |;




) The Road Effect
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) The Road Effect

gravel/stone road

RENl

1
RNl
111
I B |

e A
L1 1'1‘5,‘;\_,/'/
N o

BERT

AN

(I IN

asphalt/stone road

b Ex B:Observed vol. soil moisturein %

O gravel/stone road @ asphalt/stone road
variability along each track (400 m)

60—
504
O
4 o O O
® ®
404 °®
o ..
o0
®
304 O
®
o)
20+
1 1

I I I
0 5 10 15 0 5 10 15

Distance from road center, rinm

Heidelberg University




1) C
» COSMOS Probe Deployment

...........
semasee®
.l.--c...-..-.---'-
ll....l.oa...nu----uao-.
------ .............ll.lll! -

---- .........III.I..--.t
------ ...-..... (L
......




> Large CRNS Detectors
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IR CRINS

Examples and Recent Studies



> RS upscaling

250 m upscaled 100 m upscaled Difference between both

Wisconsin, USA

[1] J. Huang, et al. ,Retrieving Heterogeneous Surface Soil Moisture at 100 m Across the Globe via Fusion of Remote Sensing and Land Surface Parameters”, Front. Water 28(2) (2020)
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§SSil morsture stations
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Gyrocopter Rover (car)

min mean
Soil Moisture [g/g] | =i [ lhl T o 0'7 o

51.861°N

51.818°N

51776°N

51.733°N

4

12.04°E 12109°E 12178°E 12246°E 12315°E 12384°E 12452°E 12.04°E 12109°E 127.5 .12.246 °E 12315°E 12384°E 12452°E

MARKUS KOHLI } ;335 3 ialatastatiiiiiiisisasiiiiiiiies . [ Physikalisch itut fHeidelberg University




> Roving on Rails

== CRNS on rails Dessau « Zerbst 4+ CRNS rover near track urban forest
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Intensity dN/dr of detected neutrons [arb. units]
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Regional roving
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Two-days measurement campaign with the mobile detection system on Aug
18th (a) and Aug 27th (b), 2021. Credit: Martin Schron, UFZ Leipzig, Germany.
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Validation potential for Remote Sensing
MI I soil moisture products using Cosmic-Ray Neutron Sensing

CRNS is an emerging technology

e Bridges the scale between remote sensing and local probes

* Provides an area-averaged soil moisture estimate on 10 ha and around 50 cm depth
e Stationary: real-time data

* Roving: snapshot of km? scale

Mobile CRNS campaigns can provide high quality data sets
for RS data assimilation and ground truthing
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> An interdisciplinary Collaboration
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