KOBENHAVNS UNIVERSITET

Cosmic ray — new opportunities for
subsurface and surface characterization

Karsten Hggh Jensen

Collaborators:

Mie Andreasen, Majken Looms, Christina Jensen,

Karoline Edelvang, Torben Sonnenborg, H. Bogena,
/

D. Desilets, M. Zreda
‘ HOBE ) Center fo

Dias 1



K@BENHAVNS UNIVERSITET Department of Geosciences and Natural Resource Management

Soil moisture: measurements and scale
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Incoming cosmic rays from outer space
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Cosmic ray neutrons

From the galaxy/sun
High energy cosmic-ray protons
- Geomagnetic field and the solar magnetic field

In the atmosphere
Cascades of secondary cosmic-ray neutrons
- Elevation and weather conditions (pressure, humidity)

In the soil
Absorption of 'fast’ neutrons
- Soil water content
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Cosmic ray intensity

Sensitive to all hydrogen pools:

Lattice water

Soil water

Surface water
Atmospheric water
Biomass water
Leaf interception

Water

Dry biomass

Soil organic carbon | Organic matter
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Cosmic ray neutrons collisions in the subsurface
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Cosmic ray neutrons

Neutron intensity and soil water content are
inversely correlated

Dry soil Wet soil g a'\
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Cosmic ray calibration
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Correction

- Incoming cosmic-ray neutron activity
- Air pressure
- Relative humidity

Q0

60 |~

w
(=]

Latitude
o

(4]
S

-60

-90 | | | | ] | | | |
180 150 120 90 60 30 0 30 60 90 120 150 180

Longitude

Dias 9
o




K@BENHAVNS UNIVERSITET Department of Geosciences and Natural Resource Management

Fieldsites: three land cover types

Agriculture Heathland Forest
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Soil moisture
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Soil moisture time series

Agrlcu re Heathland

0.45

0.4

0.35

0.3

0.25

0.2

0.15

01

0.05n

+

Agriculture
Heathland

Forest
T | | | | ‘ | | |

0
Feb-13 Mar-13 Apr-13 May-13 Jun-13 Jul-13 Aug-13 Sep-13 Oct-13 HNov-13 Dec-1]

Forest

Heathland

Dias 11




K@BENHAVNS UNIVERSITET Department of Geosciences and Natural Resource Management

Effect of precipitation
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Comparison to local measurements
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Cosmic ray sensoring

Stationary sensor Movable sensor “Rover”
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Agricultural site

Core samples Rover data
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Forest site

Core samples
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Heathland site

Rover data
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Heathland site
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Gludsted Forest

Cosmic-ray neutron probes:
MOD and BARE probes are installed at the:
-grpun_dsurféce (1.5 m; “Ground”) -
-canopy 's_urfacve (27.6 m; “Tower”)
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Stationary Cosmic-ray neutron intensity measurements "Tower” robes
April 2013 — April 2014 ;

Data is daily moving average

’— MOD neutron intensity "ground" —— MOD neutron intensity "tower* —— BARE neutron intensity “ground” —— BARE neutron intensity “tower"
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