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Soil moistureis one of the key variables controlling the exchanges of water and energy at the land surface. One particularly interesting climate zoneis the Eastern Tibetean Plateau with its dry cold winters and wet monsoon
summers at high altitudes. To better understand hydrological processes and the response of the hydrological cycle to climate change the novel method of Cosmic-Ray Neutron sensing had been tested in the northeast of
the Qinghai-Tibet Plateau with a highly hetereogeneous organic soil profile. Using this technique one can relate the flux density of albedo neutrons generated in cosmic-ray induced air showers to the amount of water in
the environment on the scale of several hectares. Instrumented with in-situ sensors and cosmic ray probes we discuss the effective measurement depth of CRNS retrieval and vertical weights of different layers up to 50 cm
depthin this semi-humid alpine meadow. During the non-frozen period we analyzed and validated the representativeness of CRNS in an extensive comparison of in-situ data, two soil moisture retrieval algorithms and full-
scale neutron Monte Carlo simulations using the transport model URANQOS. As the CRNS method gains traction and evolves towards large-scale applications, the findings from this study are pivotal for the understanding of

thetechnologyandistlimitations.

The novel method of Cosmic-ray Neutron Sensing
(CRNS) allows for non-invasive soil moisture
measurements at a hectometer scaled footprint.
This technique relies on the measurement of
neutrons originating from cosmic-ray induced air
showers. The key characteristic of the method is the
exceptionally high moderation strength of
hydrogen. It slows down fast neutrons whereas
other heavier elements independent of the
chemical compositionrather reflect them.Theresult
is an inverse relation of the above-ground neutron
intensity to soil moisture. Due to neutrons being
transported over the air over hundreds of meters,
the measurement is representative for an area on
the scale of hectares. In the recent years the focus
shifted to understanding signal generation by
Monte-Carlo simulations for complex environ-
mental topographies. The remarkable performance
of CRNS in signal interpretation allows for a
promising prospect of more comprehensive data
quality.
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Study Site
northeast of the Qinghai-Tibet Plateau

Neutrons are able to travel
hundreds of meters from
origin (contact with the
soil) to detection.
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Detection

A moderated He
detector counts low-
energy neutrons.

Measurement
average over
10 ha and 0.5 m depth

Sensitivity to Water

High-energy neutrons are
comparatively insensitive
to water. At lower energies,
particularly in the blue do-
main, hydrogen can effec-
tively moderate neutrons.
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retrieved soil moisture from CRNS and the full-scale Monte Carlo simulation. The deviations of each of

the methods are given compared to weighted in situ measurements (blue). All data are smoothed by a related to soil moisture.
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24-h rolling mean. Periods of quantitatively distinct deviations are marked by letters. The delimiters are
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Cosmic-Ray Neutrons for Environmental Research
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* Neutron Transport Monte Carlo Simulation
* Voxel Engine

* Ray-Casting

* Cosmic Neutron Source Option

* written in C++

* linked against ENDF data bases
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