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• Motivation for studying Southeastern South America.
• Surface Soil Moisture (SSM) observations and models used to 

quantify drydowns.
• Comparing SMOS and ORCHIDEE drydown characteristic times.
• Further lessons to be gained from e-folding times for SSM.



Motivation

Southeastern South America (SESA)

SESA (19.75ᴼ-42.5ᴼS and 70.5ᴼ-48.75ᴼW) is an
area of approximately 4.2 million Km2, and
includes the southern part of La Plata Basin,
the second largest basin of South America.

It is a transition zone between wet and dry
climates, in a gradient from the northeast
(annual mean precipitation: 1200 mm) to the
southwest (annual mean precipitation: 300
mm) of SESA.

Mean seasonal precipitation (mm/day). 2010-2014. TRMM3B42

It has been considered a land surface-
atmosphere hotspot due to the coupling of SM 
and evapotranspiration and temperature.

In this context, our objective is to study the surface soil moisture 
spatio-temporal dynamics through drydowns in SESA as seen by SMOS 
and modeled by ORCHIDEE, for the austral summers (DJF) of the years 
2010-2014 (4 summers)



Drydowns

Drydown parametrization:

A: amplitude of the drydown. It is the difference between the initial SM value and the 
SM equilibrium value. How much does the soil dry?
τ: Temporal e-folding decay. How fast does the soil dry?
θeq: SM equilibrium value. It is the theoretical value obtained at the end of a drydown 
of infinite length. It is related with soil wilting point. 
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Simple water balance
Δ(SM) = P-E-R-I

During drydown, E, I and R take more or less 
importance depending on temporal scale, initial 

SM condition, intensity of precipitation event, etc.

Drydown definition: 
SM temporal evolution after a marked 

precipitation event, during days without 
precipitation

𝜃𝜃𝑣𝑣 = 𝐴𝐴𝑒𝑒 −𝑡𝑡𝜏𝜏 + 𝜃𝜃𝑒𝑒𝑒𝑒



Model and satellite data

• Land Surface Model: ORCHIDEE (Organizing Carbon and Hydrology in Dynamic 
Ecosystems, http://orchidee.ipsl.fr/, Krinner et al. 2005), developed by Institute 
Pierre Simon Laplace -CNRS

- Forcing data: Earth2Observe (decoupled)
- Spatial resolution: 25 km.
- Soil vertical resolution: 11 levels over 2m, top 4.5 cm in 5 layers.

• Satellite surface SM data: SMOS Soil Moisture Level 3 (v6.2) products distributed 
by BEC (Barcelona Expert Centre)

- Soil moisture maps in EASE-ML 25km grid
- Ascending (9 AM local time) and Descending (9 PM) passes separately.
- SMOS frequency of SM data in SESA: 1/2 day-1 (A and D).

• Satellite Rainfall data: TRMM Multisatellite Precipitation Analysis (TMPA) 3B42
- Temporal resolution: 3hs
- Spatial resolution: 25km



Methods
SMOS+TMPA (drydown defined by both SM and P)

Drydown start: Detection of drydown starts with an increase of SM of at least: 
a) 0.1 m3/m3 (2.5 times product accuracy, SMOS), b) 0.2 m3/m3 or c) 0.3 m3/m3

Drydown end: 
Filter-1: when there is a SM value increase, no matter the amount (SMOS). 
Filter-2: when there are two consecutive SM increases, no matter the amount, or 
at the next drydown start (SMOS).

Exclusions:
1) exclusion of possible drydowns that within the following 5 days have another    
drydown start (SMOS)
2) exclusion of drydowns with less than 4 SM values within the period (SMOS)
3) exclusion of drydowns that did not have an accumulated 24 hs rainfall of at 
least: a) 5mm, b) 10mm or c) 20mm (TMPA)

3 daysDrydown length: 5 daysDrydown length: 7 days



Methods

ORCHIDEE (rainfall defined drydown)

Drydown start: day with accumulated rainfall of at least 20 mm and with at 
least 5 subsequent days without rainfall (P<1 mm)

Drydown end: when a rainfall of more than 1 mm occurs 

ORCHIDEE experiments:

• ORCH-ctrl: Volumetric (m3/m3) Surface (4.5cm) Soil Moisture. 3hs output and daily 
analyses

• ORCH-top: Same as ctrl but 2.1cm depth.
• ORCH-masked-SMOS: Same as ctrl but resampled by SMOS Asc - Desc overpasses (less 

values for fit). In this experiment, we excluded drydowns with less than 4 SM values 
within the period

• ORCH-SMOS-events: Same as ctrl but only for the events detected in ORCH-masked-
SMOS (complete drydowns but over less events)

This presentation will focus on τ parameter (temporal e-folding decay). It is 
analyzed using boxplots for the whole area and maps for τ spatial distribution



Results
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Results

 SMOS decay times are smaller than those derived from modelled SM data.
 Differences in τ are related to sampling frequency and not with SM depth (as opposed to 

previous work by Rondinelli et al 2015 and Shellito et al 2016 who compared with in-situ 
SM).

 In SMOS, Agricultural areas show higher τ than the rest of SESA (in agreement with McColl 
et al 2017, that state τ decreases in sandy soils and USDA soil map that classify this area as 
mostly clay soils).  

𝜃𝜃𝑣𝑣 = 𝐴𝐴𝑒𝑒 −𝑡𝑡𝜏𝜏 + 𝜃𝜃𝑒𝑒𝑒𝑒
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Concluding Remarks

 SMOS derived τ values showed important sensitivity to the criteria used for defining 
drydowns:

 Temporal e-folding decay (τ ) showed no sensitivity to accumulated rainfall 
above 5 mm, but showed faster drying (smaller τ values) for larger initial SM 
increases.

 Different criteria for drydown ending leads to different amount of events (~50% 
more events in less strict criteria) and to differences of the order of 25% in τ
values (larger values with more strict criteria) 

 ORCHIDEE high vertical soil resolution (top 4.5 cm described by 5 layers) makes it 
suitable for comparison with satellite SM products. However, we have seen that 
sampling frequency is a crucial issue.



Concluding Remarks

 Results found in this work where we compared ORCHIDEE and SMOS derived 
temporal e-folding decay (τ) show differences with previous works that compare 
SMAP/SMOS with in-situ data:

 Both SMOS and ORCHIDEE showed smaller τ than Shellito et al 2016 (derived 
from both SMAP and in situ data) and McColl et al 2017 (SMAP). 

 However, studies are not strictly comparable, since we are working on 
different areas and seasons (this work: SESA summers, Shellito: USA all year 
round, McColl: global, all year round). 

 Although it was shown sampling frequency is a strong issue in the comparison 
between SMOS and ORCHIDEE, the reasons for the important differences found in 
temporal e-folding decay (τ) need further investigation.

 The drydown periods offer good perspectives for SM products validation but 
methodological difficulties still need to be addressed



Future Work

 Refinement of SMOS drydown detection scheme.

 Analysis of different seasons (MAM, JJA, SON), and full series (all year, 4 years 
of data). 

 Broaden this study using other satellite SM product temporal series.

 Comparison with CONAE in-situ network data.



Thank you for your attention!

Questions? Suggestions?





Previous work
 Rondinelli et al. 2015, found a faster rate of soil drying for SMOS SM than for in-situ 

SM for the first 5 days (Iowa, US). They assigned this difference to the distinct soil 
depths observed in each case.

 Shellito et al. 2016, found that SMAP temporal e-folding decay (τ) values are 
consistently lower than those from in-situ data (North and South America, Australia 
and Europe). They also assigned the differences found to the distinct soil depths 
observed in each case.

 McColl et al. 2017, characterized τ globally using SMAP SM data, and found no clear 
relation between τ and land cover type, but found an inverse relation with soil sand 
content and with aridity.   

 Polcher et al 2016 compared SM patterns derived from SMOS and ORCHIDEE over 
the Iberian Peninsula, and found poor spatial but good temporal correlation.
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