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Current variable Height Observation frequency 
Precipitation 0.5 m 1-min, 5-min, hourly, daily 
Air temperature 2.0 m             5-min, hourly, daily 
Barometric pressure 1.5 m 1-min, 5-min, hourly, daily 
Relative humidity 2.0 m             5-min, hourly, daily 
Wind speed 2.0 m and 10.0 m 1-min, 5-min, hourly, daily 
Wind direction 2.0 m and 10.0 m             5-min, hourly, daily 
Incoming solar radiation 2.0 m             5-min, hourly, daily 
Soil temperature 5, 10, 20, 50 cm depth             5-min, hourly, daily 

Soil moisture (CS655 probes) 5, 10, 20, 50 cm depth             5-min, hourly, daily 

Network variables 



What’s wrong with soil moisture? 

• No strict siting protocol 
• Soil moisture considered a second tier variable 
• Different sensors and inconsistent profile 

layouts 
• Stevens: 5, 10, 20, 50, 90 cm 
• CS655: 20, 40, 60 cm 

• No installation protocol  



Kansas Mesonet station at Scandia, KS 



Kansas Mesonet station at Sherman, KS 



Kansas Mesonet station at Ashland Bottoms, KS 





Output variables 
1. Period average 
2. Voltage ratio (signal attenuation) 
3. Temperature 
4. Dielectric constant  
5. Electrical conductivity 
6. Volumetric water content 

Period average 
EC 

Dielectric 
constant 

Volumetric 
water content 

12 cm rods 

Sensor Selection 
CS655 Soil water reflectometer 





PA VR T Ka EC 
Unitless Unitless Celsius Unitless dS/m 

CV 0.18 0.26 0.31 0.50 1.57 

Max 2.59 1.91 22.18 80.64 0.74 

Min 2.58 1.9 22.02 79.68 0.71 

Range 0.01 0.01 0.17 0.96 0.027 

• 4L container with de-ionized water-CaCl2 solution at 22.1 
degrees Celsius and 0.72 dS/m. 
 

• We tested 4 sensors and sensor average was calculated 
based on three consecutive sensor readings. 
 

• Sensors head was submersed 4 cm. 

Sensor-to-sensor Variability 



Air Rods submersion Head submersion 

Partial Rod Submersion 



Sensing Volume in Water 

5 gallon container with 
de-ionized water 



𝑉𝑉 =  𝜋𝜋  
𝐴𝐴 𝐵𝐵 𝐻𝐻

4
= 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝒄𝒄𝒄𝒄𝟑𝟑 

A = 5 cm + 3.5 cm rod spacing + 5 cm = 13.5 cm 

B = 5 cm + 5 cm = 10 cm 

H = 12 cm rods + 3 cm beyond rods = 15 cm 

Elliptical cylinder 

A 
B 

H 

Manufacturer reports 3600 cm3 

Sensing Volume in Water 



Figure showing the agreement of electrical conductivity values obtained with the CS655 sensor and 
theoretical electrical conductivity values of DI water-calcium chloride solutions at different temperatures. 

Electrical Conductivity 



Topp equation 𝜃𝜃 = 𝛽𝛽0 + 𝛽𝛽1 𝜀𝜀 

𝜃𝜃 = 𝛽𝛽0 + 𝛽𝛽1 𝜀𝜀 + 𝛽𝛽2𝜀𝜀𝑇𝑇 

n=200 

𝜃𝜃 = 𝛽𝛽0 + 𝛽𝛽1𝑇𝑇 + 𝛽𝛽2𝑉𝑉𝑉𝑉 + 𝛽𝛽3𝑃𝑃𝑃𝑃 

RMSE=0.022 m3 m-3 RMSE=0.025 m3 m-3 

RMSE=0.06 m3 m-3 



Intact top soil 

Medium layers soil 

Bottom soil 



Soil temperature sensors Soil moisture sensors 

CS655 
5 cm 
10 cm 
20 cm 
50 cm 



http://mesonet.k-state.edu/rest/ 

RESTful Service 



Future 

• Deploy soil moisture sensors in 21 stations with 
towers during the summer 2017. 

• Quality Control/Quality Assurance. 

• Add soil moisture to the web API. 

• Upgrade tripods to towers. 

• Where do we install the next stations? 
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