Gridded Profile Soil Moisture
Through Artificial Intelligence

Emulating profile soil moisture from cosmic-ray neutron sensing
using covariates from high-resolution remote sensing
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Applicability of remote sensing soil moisture products
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Soil moisture products have different vertical supports

Temporal resolution
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Models can cover the entire dimensional space
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In-situ methods can have a deep vertical support
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Remote sensing soil moisture has a shallow support
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All applications benefit from a deeper vertical support

Application Soil
moisture
depth

NWP Surface
and root

Climate Surface
and root

Hydrology Surface
and root

Agriculture Root zone

Ecosystem Root zone
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Soil moisture varies depending on depth
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Droughts have already increased in frequency and severity
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Combining in-situ with remote sensing soil moisture
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Al-based soil moisture products exist already
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Novelty: target cosmic-ray neutron sensing (CRNS) soil moisture
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Penetration depth in cm
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CRNS has a dynamic footprint
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Variability across depth decreases during wet periods

Mean soil moisture [m3 m~3]
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We use data from 52 COSMOS-Europe sites...
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..to create a 1-km daily profile soil moisture product

Surface Soil Moisture (%)
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Surface soil moisture products capture seasonal variations well

Satellite-based Model-based
Single Dual Multi Open loop Data assimilation
« E E
. - ™
Best agreement with CRNS 5 5 8 « 5
= Xis iy . i
I s s 1 T
= Model-based products = 5 7 g€ £ 2% % £ S
= s £ £ § - S
| Ef s, 83832/ 3 3 ¢ s
- CCl Combined 8@ 2 2 a oa|% & |8 & & ] = 2 o o
[Z] o € < (=] o < < - o < a o ] < =]
$ 2 3 5 3 2 % %5 8 5 & 3 2 3 g &
=  SMAP L3E o
o o o o
n 7o) 7o) n I7e) 7o) n I7e) 0 e ~ & = 5 ~ & 2 T 0 = 2
: : ? ] : 2 ; : 2 ; i ) - | - | i
o o o o o o o o ~ o — o ~ o — o o o
. . 107 64 56 48 72 63 61 50 51 77 54| 8 83 75 .76 .73 .82 .81 75 74 .66 .46
Vertical scale mismatch & iy L s & . i |
4 ‘ %ﬁ:’r—f ¥ B ,

= Better fit through

exponential filter

toni.schmidt@ufz.de

0.0

B Non-transformed

B Exponentially filtered

Deseasonalized

— .

Depth
[cm]

Mean



Bias [m3 m~3]
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Limitations in capturing deep droughts
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Framework for an Al-based profile soil moisture product
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Predictors from remote sensing
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1D Random Forest captures CRNS soil moisture well
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Correlation is high, error is low

Merzenhausen, Germany
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But: tackling representativeness mismatches
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— Sub-pixel scaling

1. Estimating soil moisture separately
for each sub-pixel
— Defined by sub-1-km predictors

2. Averaging the sub-pixel estimates
to obtain a pixel-level estimate
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‘Off site” case study
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Pseudoproxy experiment with ERAS-Land

Observations Proxies Final product
CRNS SM 1-km daily profile SM
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Pseudoproxy experiment with ERAS-Land

Observations
CRNS SM

toni.schmidt@ufz.de Pseudoproxy concept after Mann and Rutherford (2002)
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Pseudoproxy experiment with ERAS-Land

Pseudoproxy
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Pseudoproxy experiment with ERAS-Land
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Pseudoproxy experiment with ERAS-Land

Pseudoproxy Observations’ Proxies Final product
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“Off site” case study
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Gridded profile soil moisture through artificial intelligence

Emulating profile soil moisture from cosmic-ray neutron sensing using covariates from high-resolution remote sensing
Toni Schmidt (toni.schmidt@ufz.de), Martin Schron, Steffen Zacharias, Jian Peng

Result

m 1D Random Forest model captures CRNS soil moisture well

Next steps

m Sub-pixel scaling: to tackle representativeness mismatches
m Pseudoproxy experiment: to validate off-site locations

m Neural networks: to account for spatial autocorrelation
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