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Fibre-optic Distributed Temperature Sensing (FO-DTS) 
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1.  Principles of FO-DTS 

2.  Examples of FO-DTS in Echydrological and 
Hydrogeological Research 

3.  Capabilities and Limitations of FO-DTS 

4.  New Developments in Fibre-optic Sensing 
 

Fibre-optic Distributed Temperature Sensing (FO-DTS) 
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Raman-Optical Time- 
Domain-Reflectometry  
 
Back scatter of  
optical laser pulse  
 
Analysis of Stokes /  
anti-Stokes signal  
 
 

Figure courtesy of AP Sensing 

Fibre-optic Distributed Temperature Sensing (FO-DTS) 
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•  Main applications in hydrology for detecting spatial patterns and temporal   
  dynamics of exchange fluxes between groundwater and surface water    
  (rivers and lakes), dam leakage, groundwater fluxes 

FO-DTS measurement principles 

FO-DTS applications: 
 

•   Hydrology  
•   Hydrogeology 
•   Glaciology 
•   Soil physics 
•   Civil engineering 
•   Meteorology  
 

[Selker et al., 2006 a,b; Tyler et al., 
2008, 2009; Henderson et al., 2009; 
Steele-Dunne et al., 2010; Slater et al., 
2010; Keller et al., 2011; Suárez et al., 
2011; Krause et al., 2012 a, b, 2013; …]  
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Fibre-optic DTS cable solutions 

FO – Cable Design 

Figure courtesy of SENSORTRAN 
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Fibre-modes: 

Fibre-optic DTS cable solutions 

Figure courtesy of LIOS 
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Tracing signal: 
 

Difference in Groundwater-Surface Water Temperatures 

[Krause et al., 2011, Ecohydrology; Krause et al., 2012, HESS] 

Reasonable tracer for GW/SW interface fluxes 

Fibre-optic DTS – measurement principles 
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Tracing step-changes in temperature 

[Selker et al., 2006] 

Fibre-optic DTS – measurement principles 
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AIM: 
 

Detection of low conductivity hotspots + their dynamic impact on streambed temperature 

P I 
P II 

Electric Resistivity Tomography -ERT 
 

Ground Penetrating Radar - GPR 

Detecting complex flow patterns that do not affect surface water 
temperatures 

Fibre-optic DTS – measurement principles 

[Krause & Blume, WRR, 2013; Rose et al., WRR, 2013; Krause et al., WRR, 2014] 
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FO-DTS for detecting spatial patterns & temporal dynamics 
of GW-SW exchange 

(Krause et al., 2012, HESS) 
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Fibre-optic Distributed Temperature Sensing (River Tern) 
 

FO-DTS  

Streambed temperature 
survey 

!! Buried cable !! 
 
2 channels – both ends 
connected 
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Summer 
14.6 C 

14.9 C 

15.2 C 

15.5 C 

15.8 C 

16.1 C 

(Krause et al., 2012, HESS) 

Fibre-optic Distributed Temperature Sensing (River Tern) 
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Summer 
14.6 C 

14.9 C 

15.2 C 

15.5 C 

15.8 C 

16.1 C 

(Krause et al., 2012, HESS) 

Fibre-optic Distributed Temperature Sensing (River Tern) 
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Winter 
3.8 C 

4.2 C 

4.6 C 

5.0 C 

5.4 C 

5.8 C 

(Krause et al., 2012, HESS) 

Fibre-optic Distributed Temperature Sensing (River Tern) 
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FO-DTS - Impact of seasonal signal variation 
 

[Krause & Blume, WRR, 2013; Rose et al., WRR, 2013; Krause et al., WRR, 2014] 
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FO-DTS – In Terrestrial Ecology/Biogeochemistry 
 

[Krause et al., Ecohydrology, 2012a] 
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FO-DTS: Identification of lacustrine GW discharge 
 

[Blume, et al., WRR, 2013] 
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FO-DTS: Identification of lacustrine GW discharge 
 

[Blume, et al., WRR, 2013] 

1-D Heat Flow: 
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FO-DTS: Identification of lacustrine GW discharge 
 

[Blume, et al., WRR, 2013] 
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Limitations and Challenges 
 

-  Variability (space and time) in signal strength 

-  Experimental design and monitoring mode 

-  Sampling resolution and ambiguity of data interpretation 
(correlation between signal size and signal strength) 
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1. Impact of seasonal signal variation 
 

FO-DTS: Capabilities and Limitations  

[Krause & Blume, WRR, 2013] 
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Seasonal variability of signal strength 
 

[Krause & Blume, WRR, 2013] 

1. Impact of seasonal signal variation 
 

FO-DTS: Capabilities and Limitations  
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Winter: 
 

Krause & Blume, WRR, 2013 

1. Impact of seasonal signal variation 
 

FO-DTS: Capabilities and Limitations  
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Spring: 
 

Krause & Blume, WRR, 2013 

1. Impact of seasonal signal variation 
 

FO-DTS: Capabilities and Limitations  
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Summer: 
 

Krause & Blume, WRR, 2013 

1. Impact of seasonal signal variation 
 

FO-DTS: Capabilities and Limitations  
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2. Impact of monitoring modes 
 

[Krause & Blume,  
WRR, 2013] 

FO-DTS: Capabilities and Limitations  
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[Krause & Blume, WRR, 2013] 

FO-DTS: Capabilities and Limitations  
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3. Impact of signal strength and signal size 
 

Setup of controlled lab-experiment: 

Variation of: 
•  Signal strength (0.25 – 0.5 x sampling resolution) 

•  Signal size / direction (positive / negative T-anomaly) 

Rose et al., WRR, 2013 

FO-DTS: Capabilities and Limitations  
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Rose et al., WRR, 2013 

3. Impact of signal strength and signal size 
 

FO-DTS: Capabilities and Limitations  
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Signal detection close to / below 
sampling resolution 

 
 
 

In reality signal-size usually 
unknown 
 
 
Small signal size:  
 

•  errors in detection of spatial   
  signal extend (size) 

•  error in signal strength  
  increases with reduction in  
  signal size 

•  signal dislocation 

Rose et al., WRR, 2013 

FO-DTS: Capabilities and Limitations  
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New perspectives: Active FO-DTS 
 

[McMillan et al., WRR, submitted] 
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New perspectives: 
IDAS – Intelligent Distributed Acoustic Sensing 

IDAS-based quantification of gas ebullition 



Geography, Earth and 
Environmental Science 

Stefan Krause     University of Birmingham, UK                                 s.krause@bham.ac.uk 

Opportunistic vs. hypothesis driven research 

Fibre-optic Distributed Temperature Sensing (FO-DTS) 
 

Be aware of the limitations and uncertainties! 
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