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Relative soil particle sizes
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Nucice - zemédélské povodi
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- Gravimetrickd metoda (referencni)

c)‘ d) - Relativni dielektrickd permitivita (TDR, FDR, TDT)

ydraProbe

Il

(Romano, JH, 2014)
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Instalace cCidel v terénu

A

- Horizontalné do vybranych hloubek

- Problematické (nemozné) méreni vlhkosti u povrchu (problematické srovnani s DPZ)
- Pro reprezentativni data nutno mnoho cidel (bodovy charakter méreni)

- Destruktivni, poruseny pudni profil

- Korekce na teplotu, salinitu
- lgnoruje zmrzlou vodu

- Praktické problémy
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Experimentalni povodi Nucice
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= Zalozeno 2011/12
= u Kostelce nad Cernymi lesy
=  Typické intenzivni zemédélstvi

= 50 ha, sklony do 12 %, 96 % orna puda

5 Catchment outlet

(Lietal, 2021, foto: T. Laburda)
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= Standardni meteorologické stanice
* Pritok v uzdvérovém profilu

" (QOdnos sedimentu

= Vlhkost a saci tlak v padnim profilu
= Hladina podzemni vody

= + hydraulické charakteristiky, DPZ,
izotopova hydrologie, rizné
experimenty

Li, T., Jefabek, J., Noreika, N., Dostdl, T., & Zumr, D. (2021). An overview
of hydrometeorological datasets from a small agricultural catchment
(Nucice) in the Czech Republic. Hydrological Processes, 35(2), e14042.
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Pudni profil
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Zhutnélé podornici

= Jasné rozhrani mezi ornici a nekyprenou ptdou

Zumr, D., Jefdbek, et al. (2019). Estimates of tillage and
rainfall effects on unsaturated hydraulic conductivity in a
small central European agricultural catchment. Water,
11(4). https://doi.org/10.3390/w11040740

Topsoil (-5 cm) Subsoil (-35 cm) Wheel track (-5 cm)
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Zhutnélé podorn

= Elektricka rezistivni tomografie

= CT scanning

= Mechanical resistance to penetration

Jerabek, J., Zumr D., & Dostdl, T. (2017). Identifying the plough pan position on cultivated
soils by measurements of electrical resistivity and penetration resistance. Soil & Tillage

Research, 174.

Jerdbek, J., & Zumr, D. (2021). Geophysical survey as a tool to reveal subsurface

stratification at a small agriculture catchment. CIVIL ENGINEERING JOURNAL, 30(3), 766—

778. https://doi.org/10.14311/CEJ.2021.03.0059
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Formovani rychlého odtoku
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hranice povodi podle vrstevnic
redina hranice povod|

Zumr, D., Dostdl, T., & Devdty, J. (2015). Identification of prevailing storm runoff generation
mechanisms in an intensively cultivated catchment. Journal of Hydrology and
Hydromechanics, 63(3). https.//doi.org/10.1515/johh-2015-0022
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Discharge (I s'l)

Zumr, D., Dostdl, T., & Devdty, J. (2015). Identification of prevailing storm runoff generation
mechanisms in an intensively cultivated catchment. Journal of Hydrology and
Hydromechanics, 63(3). https.//doi.org/10.1515/johh-2015-0022
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Topsoil water content
October 2019 %



Topsoil water content
March 2020
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Méreni pltidni vihkosti na rliznych méritkach
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Rer ) Méreni pudni vihkosti na riznych méritkach
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Cosmic rays Copernicus Land Monitoring Service (Sentinel-1)
neutrons

ser]sing (1x1 km; 2-3 dny, hloubka 5 cm)

(Romano, JH, 2014)
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primarni kosmické zareni
- Hlavni zdroj je galaktické kosmické zareni (supernovy, pulzary, aktivni galakticka jadra)
- Slunecéni kosmické zareni (nizsi energie)

Nabité ¢astice - k Zemi ze vSech sméru

jaddra atomU: H = protony (89 %), He (10%), tézsi jadra (1%)

vysoka rychlost, vysoka energie (1 GeV — 108 TeV)
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Slunecni aktivita
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Sekundarni kosmickeé zareni

108-10° p/s/km?




Primary cosmic rays
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Sekundarni kosmickeé zareni

(10° p/s — 1p/century)/km? = A =20

electromagnetic

shower badion

. cascade

K

(L Sekundarni kosmické zateni |
WL Piony, miony,neutrina, elektrony, pozitrony, fotony...

AR S o

ca 150 p/s m2

Miony, neutrony, neutrina...
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Interakce neutronu s vodikem

Tok neutronl na zemi koreluje s mnozstvi vody (vodiku) v okoli
- SUCHO: Neutrony se odrazi

- VLHKO: Neutrony jsou absorbovany

- A
E J deceleration
17 B P
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T = / \
m /Iy o
S / \ / \
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1 meV 1eV 1 keV 1 MeV 1 GeV
thermalized epithermal/fast neutrons fast neutron high-energy
neutrons creation by neutrons

evaporation

(primary)



CTU

N\ CZECH TECHNICAL
UNIVERSITY
IN PRAGUE

NEUTRON
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- Céstice bez naboje s priblizné stejnou hmotnosti jako méa proton BETA RADIATION (B) &\/\

J > 19 Ej\

- Nepocituje elmag. pole => vysoka mira penetrace Ry de sl Bl N

912.0U0) / JSTER

- Interague jen s jadry atomd, ne s elektronovym obalem NEUTRON RADIATION »

Elasticky rozptyl (neutron se odrazi jako biliarova koule)

Cca po 25 kolizich s H ziska neutron rovnovdznou energii (je pohlcen

\
\
L prostiedim).
) Pripadné 116 kolizi s C, 150 kolizi s O.

(Llanlle Millan-Callado)
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Interakce s vodikem (1 proton)

¥
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(a) Penetration depth in cm
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(Schroen et al., 2017)
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Hloubkovy dosah
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(a) Penetration depth in cm
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Penetration Depth Dgg [cm]

- Plocha ca 10 - 15 ha (kruh s polomérem ca 150 - 250 m) 10 _52(”—"‘-’-—//-:;,"‘——__—’—
20-W
Intensity dN/dr of detected neutrons [arb. units] 30"
6

—_— 0= 3%

— 0 =50%
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4 E
50-
s ;
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(Koehli et al., 2015)
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- Tok neutronli nepfimo Umérné zavisi na mnozstvi vody
(vodiku) v okoli
- SUCHO: Neutrony se “odrazi”

- VLHKO: Neutrony jsou absorbovany atomy H

Land

- Tok neutronl nad povrchem zavisi na:

Vihkost pldy
- Voda v atmosfére

Voda v biomase

Aktudlni slunecni aktivita

(https://www.physi.uni-heidelberg.de/)



CTU

CZECH TECHNICAL
UNIVERSITY
IN PRAGUE

=775 4

-800

Monte Carlo simulace transportu neutront (URANOS)

Ordinary kriging estimation

-713275 -713250 -713225

-713200

=713175
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=713125

-713100

38

20

Soil moisture (m3/m3)
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Detekce neutront

nivERSITY Konvertor (vrstva s borem),
alternativné He, Li

Jaderna reakce, ionizacd,
vznik elektrond

Rychly neutron, ktery
chceme detekovat

Moderator (HDPE) — snizi energii neutronu
(thermalizovany neutron)

Kladna elektroda
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- Rychlé neutrony jsou zpomaleny vrstvou HDPE
- Termalizované neutrony jsou konvertovany v He nebo B

- lonizace — detekce zmény napéti v Citaci

e

—

Kes WV "-. -,{ ; £ ;
Italie) Styx Neutronica (Némecko)

Hydroinnova (USA) Hydroinnova (USA) Finapp (
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HDPE moderator Trubice s B konvertorem a Elektronika pro po&itani Datalogger

elektrodou puls(
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CRNS (Styx Neutronica)
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T, RH, P ¢idla, anténa

Moderator, konvertor,
¢itac€ neutron

Datalogger,
Bodova cidla padni baterie

vlhkosti
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Neutrons detection
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Neutrons detection
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6(N,p,h,i)=p N —a, *fp*fh*fi
(%)~

\ }

Korekce na tlak, vlhkost a

Merime: . . aktualni kosmické zareni
* N: neutronovy tok nad zemskym povrchem

* p:atmosféricky tlak

* h:.abSOh.Jtnl \v/,zdusrja thkos’.c S Kalibrace: teoretické neutronové
* irintenzita pfichoziho kosmického zareni pozadi pFi nulové vihkosti



Cilovou proménnou je objemova vihkost

O, |y f xS
G

O(N,p, h,i) =p

@ Neptoon

https://www.neptoon.org/



Cilovou proménnou je objemova vihkost
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* Pasivni, neinvazivni senzor

* (Casto) data z reprezentativni oblasti

* Preklenuje méritko mezi bodovymi Cidly a DPZ

* Neméfi pfimo vlhkost, ale mnoZstvi rychlych neutront v atmosfére
* Neutrony koreluji s mnozstvim vodiku

* Neni ovlivnéno sloZzenim puady, texturou, salinitou, teplotou, drsnosti

pady, barvou povrchu, topografii...
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S— : - Stéle relativné nova technologie (¢lanky od 2008)
Binbied- s * (Schron et al., WRR, 2015)

— o e w e - Cena (cca 5000 — 10000 eur)

650 senresneos IR A nisotropy &

meters around a sensor.
. The horizontal weighting
ratheris:

R EEG - Se vzdalenosti/hloubkou klesa citlivost

Scaling
(veg, p)

1 Veg. height

oo 120N vihkosti

- Proménliva oblast detekce v zavislosti na aktualni

- Nutna kalibrace
- Nutné korekce na vodik mimo pldni vodu a aktualni

intenzitu kosmického zareni
Radius (6, h)

g The area under the curve represents
BN  the total detected neutron intensity.

4 S The footprint Ry is the distance
: within which 86% of the detected

- Harmonizace s ostatnimi metodami méreni ptdni

vihkosti

- Problematicky snih, vytopa, dést

Penetration
Depth (r, 6)

Depth Dy within which 86%
of detected neutrons had

TN T i (032-+0.14 (097 + e70) ST senzoru)

- Horsi ¢asové rozliseni (cca 6h pfi standardnim rozméru
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Irecipitation rate (mm:h)
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- 2 CRNS v Nucicich (Styx Neutronica)
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Heistermann, et al. 2023. Three years of soil moisture observations by a
dense cosmic-ray neutron sensing cluster at an agricultural research
site in north-east Germany, Earth Syst. Sci. Data, 15, 3243-3262,
https://doi.org/10.5194/essd-15-3243-2023.

Weimar, et al. 2020.
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- Mobilni CRNS pro jesté vétsi pokryti
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(M. Schron, UFZ) (Altdorff et al., 2023)
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- Mobilni CRNS pro jesté vétsi pokryti
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UK, Australie, USA, ...
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Satellite-based remote sensing

Calibration establishes Cosmic-ray neutron sensing (CRNS)
traceability which in turn ; "',.—_ )

improves comparability
of different methods
across scales.
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[https://soilsensor.com]
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SoMMet

Metrology for multi-scale
* |dentifikace prahové vlhkosti pro vznik rychlého odtoku monitoring of soil moisture

CRNS potencial:

Kontinualni vlihkostni data z reprezentativni ¢asti Uzemi

* Reprezentativni hodnoty vlhkosti pro kalibraci hydrologického modelu

www.sommet-project.eu
* Detekce vodniho stresu plodin
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