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Introduction
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• Precipitation (P) and soil 

moisture (SM) are crucial 

components of the climate 

system and tightly 

connected

• P and SM drydown patterns 

are currently poorly 

understood in the Arctic
1. Assess the feasibility of estimating 

P from satellite-based SM

2. Examine SM drydown patterns 
across Finland

The aims of this study



Data
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Satellite data

• SMAP Enhanced L3 Radiometer Polar 

Grid Daily 9 km EASE-Grid Soil 

Moisture, Version 6

• Dual and Single Channel 

algorithms (DCA, SCA-V, SCA-H)

Reference data

• Ground-based weather radar data

• In situ P and SM measurements

• Study area: Finland 

• Study period: Apr-Sep 2018-2019



SM varies spatially and seasonally
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Estimating P from SM:
SM2RAIN algorithm

5

• The soil is assumed to act as 
a natural rain gauge

P t = Z
dSM t

dt
+ a ∙ SM(t)b

Evapotranspiration:

E(t)

Drainage: G(t)

(deep percolation + 

subsurface runoff
Brocca et al. (2013)

Soil layer

Precipitation:

P(t)

Surface runoff 

R(t)
Precipitation DrainageChange in SM



SM2RAIN detects the area of rainfall accurately 
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6-day accumulated precipitation
(7th-12th August 2019)



SM2RAIN overestimates light rain and 
underestimates heavy rain
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An exponential model fitted for 
each drydown:

Methods: Identifying drydowns

Drydown periods occur 
when there is a 
consistent negative 
change in SM over time
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SM t = ΔSM ∙ e−
t
τ + SMmin

∗

estimated lower 

bound of SM 

exponential 

decay time scale 

(time constant)

McColl et al. (2017)



Surface conditions 
affect SM*

min
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Time constant (𝜏)
median = 4 days

Lower bound of SM

median = 0.17 m3m-3



Water bodies affect SM 
retrieval
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Conclusions

• Soil moisture exhibits considerable 
spatial and temporal variability

• The SM2RAIN algorithm shows 
promising results, accurately detecting 
the area of rainfall in most cases 
• Estimating the intensity of the rainfall is 

more challenging

• The surface conditions affect SM*
min

• The time constant shows minimal spatial 
or temporal variability
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Thank you!
kerttu.kouki@fmi.fi
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