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Research Goal 
The purpose of this study is to evaluate the 

European Space Agency’s (ESA) global SM 
dataset by comparing it with observed SM data.  



 
• Global coverage 
• 1979 to 2010 
     (32 years) 
• Daily temporal    
     resolution 
• 0.25° spatial resolution  

http://www.esa-soilmoisture-cci.org/node/1 

ESA Essential Climate Variable (ECV)  
Soil Moisture  



soilmoisture.tamu.edu 
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North American Soil Moisture Database  
• We have identified >1800 stations  
  (+2000 more from industry) 
• Currently 1478 stations are at:  
  soilmoisture.tamu.edu 

 
• Although many of these stations are only available 

since the 1990s, some are available prior to the 
1950s 

• Includes a variety of sensors, soil water variables, 
depths, sampling frequencies 

 



NASMD Station Density  



NASMD Station Density  
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Period of Record 
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California Utah 
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Oklahoma Delaware 
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Reynolds Creek Nebraska 
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Evaluation Summary 

● Good agreement in Utah (3), 
Oklahoma (5), and Delaware (7) 

● Moderate agreement in Arizona 
(4) and Reynolds Creek. 

● Poor agreement in California (1 
& 2) and Nebraska (6) 
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Causes of Variations in Agreement 
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Summary of Results 
● Many issues account for the 

significant variability in 
agreement:  
● calibration 
● scaling/representativeness 
● stability of satellite product 
● period of record 
● variations in soil, vegetation, etc. 

 
● Our results agree with other 

studies (Dorigo et al. 2015) 
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• Pilot project funded by NIDIS to 
develop a Coordinated National Soil 
Moisture Network- President 
Obama’s Climate Action Plan 
 

• In-Situ: 
– Climate Reference Network 
– SCAN 
– Oklahoma Mesonet 
– West Texas Mesonet 

• Modeled: 
– NLDAS-2 model-derived soil 

moisture from: Noah, Mosaic, SAC 
and VIC 

 

National Soil Moisture Network Pilot  
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• Site metadata and soil characteristics 
web service - Re-factor NASMD 

• Catalog of data sets and service 
metadata 

• CRN web service - NCDC ArcServer  
• SCAN web service - AWDB SOAP 
• OK Mesonet web service 
• West TX Mesonet web service  
• NLDAS web service - USGS Geo Data 

Portal 
• Algorithm development for calculating 

percentiles, aggregating datasets 
• Service mediator/aggregator 
• Map-based visualization web tools 

System Architecture  

http://gis.ncdc.noaa.gov/arcgis/rest/services/cdo/crn/MapServer
http://www.wcc.nrcs.usda.gov/web_service/AWDB_Web_Service_Tutorial.htm
http://cida.usgs.gov/gdp/
http://cida.usgs.gov/gdp/
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● Gathered and completed 
QA/QC of station metadata 

● Web services established for 
CRN, West TX and OK 
Mesonets 

● Mediator coded to access 
and process SCAN data 

● Interactive map display 
prototype 

● Analysis of historical record 
needed for representative 
SM percentiles 

Progress  
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● System Planning - December 2014 

● Start Pilot Development - January 2015 

● Midway Progress Report - April 1, 2015 

● Development Completed- July 1, 2015 

● Demo Pilot- July/August 2015 

● Final Project Report- August 31, 2015 

● Phase 2 of development will start in Fall 

Project Timeline 
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Generating percentiles 

Soil Moisture Percentiles 
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Before CDF 
Matching 

After CDF Matching 

CDF Matching 



1 

1 SNOTEL 
2 SNOTEL 
3 SNOTEL 
4 SNOTEL 
5 NOAA HMT 

2 

1 SNOTEL 
2 SNOTEL 
3 SNOTEL 
4 SNOTEL 
5 SNOTEL 
6 SNOTEL 

3 

1 Cosmic Ray Soil Moisture Observing Station 
2 SNOTEL 
3 SNOTEL 
4 SNOTEL 
5 SNOTEL 
6 SNOTEL 

4 

1 Climate Reference Network 
2 NOAA HMT 
3 NOAA HMT 
4 NOAA HMT 
5 NOAA HMT 

5 

1 Climate Reference Network 
2 Climate Reference Network 
3 Cosmic Ray Soil Moisture Observing Station 
4 Oklahoma Mesonet 
5 Oklahoma Mesonet 
6 Oklahoma Mesonet 

6 

1 AmeriFlux 
2 AmeriFlux 
3 AmeriFlux 
4 Automated Weather Data Network 
5 Automated Weather Data Network 
6 Cosmic Ray Soil Moisture Observing Station 

7 

1 Delaware Environmental Observing System 
2 Delaware Environmental Observing System 
3 Delaware Environmental Observing System 
4 Delaware Environmental Observing System 
5 Delaware Environmental Observing System 

39 Different SM Station 
8 different Climate Networks 

Grid Site Climate Networks 



Brazos River at Seymour, TX in August 2011 
Brazos River Authority 
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North American Soil Moisture Database  
• NASMD includes national, regional, state and local 

networks. It also includes in situ soil moisture data 
collected during field campaigns, and research 
projects. 
 

• Comprehensive meta-data has been developed for 
all of the stations including sensor, soil 
characteristics, surface vegetation, and details on 
instrument calibration. 
 

• All data has gone through our customized QA/QC 
algorithm. Measurements failing the QC tests are 
flagged for further analysis.  













• Seasonal climate/drought forecasting (CPC – soil 
moisture) (funded by SCIPP RISA) 

• Drought monitoring and agricultural impacts (funded by 
South Central Climate Science Center) 

• Extreme heat/heat wave persistence and human health 
(NSF proposal under development) 
 

NASMD Applications 
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Soil Moisture-Evaporative Fraction 
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Figure 3. Scatter plots of monthly %HD and soil moisture anomalies from spring, summer and 
autumn. The regression lines represent the fit at the 95th, 75th, 50th, 25th and 5th quantiles. 

Ford & Quiring (2014) In situ soil moisture coupled with extreme temperatures: A study based on the 
Oklahoma Mesonet. Geophysical Research Letters. 41, doi:10.1002/2014GL060949 

Soil Moisture-Extreme Temperatures 



 

http://www.esa-soilmoisture-cci.org/node/1 

ESA Essential Climate Variable (ECV)  
Soil Moisture  
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• Causes of spatial and temporal 
variability in land-atmosphere 
interactions 

• More realistic simulations of SM 
& land-atmosphere interactions 

• Higher resolution data to 
investigate land-atmosphere 
interactions 

• Calibration/validation of 
satellite and model-derived soil 
moisture 

What do we need to learn? 



Reynolds Creek 
Experimental 
Watershed 
 
• USDA- 

Agricultural 
Research Service 

 
• 17 stations 

 
• > 30 years 



Sites 1 & 2 



Site 3 



5 

Site 4 



6 

Site 5 



6 

Site 6 



5 

Site 7 



17 
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