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Why International Soil Moisture Network? 

  For cal/val of SMAP satellite-based soil moisture products several in situ 
soil moisture datasets are available 
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Why International Soil Moisture Network? 

  Data from different networks are extremely heterogeneous 
  No standardised measurements: 

-  Different soil moisture definitions (e.g. volumetric, water depth, mass, Soil Moisture 
Index, plant available water) 

-  Different sensors (e.g. hydroprobes, TDR, cosmic ray neutrons , etc.) 
-  Different installation depths 
-  Different installation positions (vertical, horizontal) → specifies if soil moisture 

measured at specific depth or over interval 
-  Different calibrations 
-  Different measurement time intervals, ... 
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Why International Soil Moisture Network? 

  Data from different networks are extremely heterogeneous 
  No standardised data formats  (data type, naming, content, NaN)  
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Why International Soil Moisture Network? 

  … and in distribution methods 
  Means of distribution (Email, ftp, http) 
  Metadata often insufficient and not standardised 

-  On the SM measurements themselves (Quality flags, sensor details, etc.) 
-  Additional meteorological variables (P, T, etc.) 
-  Site information (soil parameters, altitude, slope, land cover/use, etc.) 

  Irregular availability: hourly (SCAN) to provision upon request (SMOSMANIA) 

So, for a distributed quantitative comparison 
there is a need for: 

Harmonisation of measurements 
Standardisation of data and metadata 

Centralised web hosting facility 
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Overview ISMN 

In situ soil moisture data and  
metadata provided by network 1 

In situ soil moisture data and  
metadata provided by network 2 

Data conversion, 
harmonisation  

and quality  
checking  

In situ soil moisture data and  
metadata provided by network 3 

Web interface Storage in  
data base Output 

Query by user 



SMAP cal/val workshop , 3-5 May 2011, Oxnard, USA 

Overview of networks 

  20 networks 
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Overview of networks 
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Database design 

  Hierarchy: network > 
station > data set 

  Store one variable at 
different depths 

  Store different 
variables at same 
depths 

  Depth is expressed as 
interval to address  
varying sensor 
positions  and 
measurement methods 
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Data harmonization 

  Temporal resampling to 1 hour 
  All soil moisture measurements are converted into volumetric soil 

moisture [m3 m-3] 
  No homogenisation over depth 

Measured unit  Equa.on used to convert them into volumetric 
water content (% volume) 

Gravimetric water content 
w = Mw / Ms  Θ = w ∙ ρb / ρw 
Degree of satura.on 
s = Vw / Vf  Θ = s ∙ f 

Equivalent Depth of Water per Depth of 
Soil 
Deq = Θ ∙ Δz  Θ = Δz / Deq 
Plant available water 
PAW = Θ ‐ Θwp  Θ = PAW + Θwp 

Water volume ra.o 
νw = Vw / Vs  Θ = νw / (1 + e) 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Quality control 

  Quality is automatically checked and flagged according to CEOP flags 
(GEWEX) 

Flag 
value 

Defini.on 

C  Reported value exceeds output format field size OR was nega:ve 
precipita:on. 

M  Parameter value missing OR derived parameter can not be 
computed.  

D  Ques:onable/dubious 
U  Unchecked 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Quality control 

  C: Exceeding range 

  Questionable/dubious (D) 

Variable name  Variable range 

Soil moisture  0 – 0.6 m3m‐3 

Soil temperature  ‐60 – 60  °C 
Air temperature  ‐60 – 60 °C  
Precipita:on  0 – 100 mm h‐1 
Soil suc:on  0 – 2500 kPa 

Satura:on point  variable 

1  Valid  soil  moisture  measurement  in  combina:on  with  a  nega:ve  soil 
temperature (measured at same depth) 

2  Valid surface soil moisture measurement in combina:on with a nega:ve 
air temperature 

3  A decreasing or stable surface soil moisture content (with respect to the 
previous :me step) while precipita:on is measured 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Web portal 

  http://www.ipf.tuwien.ac.at/insitu 
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Web portal 

  Download portal 
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Web portal 

  Network and station info 
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Web portal 

  Data viewer 
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Web portal 

  Data selection via GUI 

-  Time 

-  Geographical extension 
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Web portal 

  Advanced download via SQL query 
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Web portal 

  Output: CEOP standards for file naming, data formatting and quality 
flagging  

Variable name  C  
format 

Missing 
Value 

Final Units/Equa.ons/Notes 

UTC Nominal 
Date/Time  

16 chars  N/A 
yyyy/mm/dd HH:MM, where MM is 00 or 30, 
only 

UTC Actual Date/
Time  

16 chars  N/A  yyyy/mm/dd HH:MM 

CSE Iden:fier   10 chars   N/A   Fill name with underscores, not spaces. 
Reference Site 
Iden:fier  

15 chars   N/A   Fill name with underscores, not spaces. 

Sta:on Iden:fier   15 chars   N/A   Fill name with underscores, not spaces. 
La:tude   f10.5  ‐99.99999  decimal degrees. South is nega:ve.  
Longitude   f11.5  ‐999.99999  decimal degrees. West is nega:ve.  
Eleva:on   f7.2  ‐999.99  meters  

Sensor Height   f7.2  ‐999.99  
meters; Height of sensor. Posi:ve above 
ground level. Nega:ve below ground. 

Soil Temperature   f8.2   ‐999.99  Celsius  
Soil Temperature 
Flag  

1 char   M   See Table 5 

Soil Moisture  f8.2   ‐999.99  percent. Volumetric water content.  
Soil Moisture Flag   1 char   M   See Table 5 



SMAP cal/val workshop , 3-5 May 2011, Oxnard, USA 

Web portal 

  Standardisation of metadata 
  ISO 19115 and EU INSPIRE 
  Output as XML 
  Any other (US) data 

standards desired?  
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Web portal 

  Full data access only for 
registered AND screened 
users. 

  Data providing networks 
and ISMN must be cited 
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Web portal 

  No download options 

  Zoom level restriction 
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User experiences 

  ~170 users 
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User experiences 
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User experiences 

  User feedback 

“I can say that it was easy to register and download the data. It is also 
easy to share my data sets and to include them in the website. 
Moreover, I think that the website is a very good opportunity to have 
data from several parts of the world. Therefore, for the first time, the 
ISMN allows to test and validate satellite sensors and model in a very 
robust way.“ 

Luca Brocca, June 2010, describing his experiences with the ISMN 
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User experiences 

  Several validation studies 
  WindSat 

OzNet Station Y3 

WINDSAT 
Rms=  0.720 
RSWI=  0.844 
RMSDSWI*=  0.030 

Courtesy: Luca Brocca 
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User experiences 

  ASCAT TU Wien 
  AMMA (Station BT) 

Courtesy: Luca Brocca 



SMAP cal/val workshop , 3-5 May 2011, Oxnard, USA 

User experiences 

  Intercomparison (pearson‘s R) across several sites in Europe 

Brocca et al., subm. 
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Summary and outlook 

  ISMN was successfully implemented 
  20 networks 
  >500 stations 
  Period 1952-2011 
  Low cost (open source) 

  Only shortly after going online, the ISMN seems to evolve as the 
integrated distribution platform for in-situ soil moisture measurements 
  Integration of Robock‘s Global Soil Moisture Data Bank  
  Data of several networks are distributed only through ISMN (e.g. CALABRIA, 

CAMPANIA, REMEDHUS, SMOSMANIA, GSMDB) 
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Summary and outlook 

  Many additional networks interested in participating 
  Fluxnet (Global) 
  SCAN (USA) 
  COSMOS (USA) 
  TERENO (Germany) 
  SwissSMEX (Switzerland)   
  Valencia Anchor Station (Spain) 
  Delaware Environmental Observing System (DEOS; USA) 
  Climate Reference Net (USA) 
  USDA dense networks (USA) 
  Many others (including SMOS cal/val teams)  

  We strongly encourage also other networks to participate! 
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Summary and outlook 

  Ongoing automation of processing new incoming datasets 
  Only works if networks provide their data in a standardised and automized 

way 
  Is full automation possible for all networks? 

  Implementation of Near Real-Time Datasets 
  Several NRT datasets available in Finland, Germany, US (SCAN, COSMOS)  
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Summary and outlook 

  Some data still contain outliers 
  Can we improve quality control ? 
  Reliable quality flags are important for operational use of data. 

  Systematic differences and drifts 
  Characterisation of stations (temporal stability, systematic errors) 
  Required for reliable validations  
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Summary and outlook 

  Long-term operation  
  What other networks will participate? 
  Official SMAP cal/val portal? 
  How can funding and operation be guaranteed beyond 2012? 
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Many thanks to all networks contributing to 
ISMN! 

http://www.ipf.tuwien.ac.at/insitu 

wd@ipf.tuwien.ac.at 


