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INTRODUCTION   

This report contains the presentation on: “the uncertainty budget for non-recoverable ice surface 

temperature (IST) observations, when used to validate and calibrate satellite observations” that 

was given at International FRM4STS workshop held at NPL in October 2017. In addition, a 

summary of the key results and discussions from the workshop is included. In the end, the 

recommendations from the discussions are given for improving the FRM satellite calibration 

and validation.  

 

The work with establishing fiducial reference measurements for ice surface temperature and 

agree upon protocols within the community is much less mature than for SST and LST. This 

means that today there is no consensus on a FRM IST data set that can be used for routine 

validation of the satellite IST products. Candidates for a routine IST FRM are the buoy data 

from the Data Buoy Cooperation Panel (DBCP) and the International Arctic Buoy Programme 

(IABP) that deploy iSVP buoys on the sea ice that typically report hourly temperature 

observations from the sea ice (see http://iabp.apl.washington.edu/index.html). However, very 

few studies have been performed to assess the uncertainty of these non-recoverable 

observations (e.g Rigor et al., 2000). Dybkjær et al., 2012 found that manual inspection of each 

buoy was needed in order to increase the quality of the ice drifting observations obtained from 

the Global Telecommunication System (GTS). In addition, they ended up discarding a vast 

majority of the observations. The conclusions in these papers pointed towards the need for an 

in-depth analysis of the uncertainties on the ice drifter observations.  

The nature of the ice surface temperature observations requires that the establishment of an IST 

FRM to be used for satellite climate data record validation must include both assessment of the 

sensor performance and the representativeness effects due to spatial and temporal variability. 

In particular, the vertical transformation of the ice drifting observations to the skin IST is very 

different if the sensor is 20 cm above the sea ice or covered with 5 cm of snow, this due to the 

large vertical gradients within the snow. To obtain a reliable IST FRM data set to be used for 

climate data record and routine validation, the magnitude of all these effects need to be assessed. 

In this presentation we quantify the uncertainty components related to the temperature 

observations from the ice surface drifters. The work is connected to the work within the 

FRM4STS proposal: “Study of SI Traceability for non-recoverable SST and IST FRM 

instruments” in terms of sensor degradation and performance of the SVP buoys.  

 

 
SUMMARY OF KEY FINDINGS 

The results demonstrate that using iSVP as a FRM for validating satellite ice surface 

temperature measurements over sea ice bears several complications. The accuracy of the 

sensors is adequate to be used for validation. Through data analysis on iSVP buoys set out on 

the sea ice off Qaanaaq, western Greenland, each of the components in the uncertainty budget 

is assessed, when satellite and iSVP buoys observations are validated. A table has been derived 

for typical validation conditions, showing sampling differences to range from 0.36 °C for 

radiometric observations to more than 5 °C, when comparing satellite and iSVP buoys analysis. 

The largest effects arise from the different sampling components, where the vertical 

displacement of the in situ observations from the skin into the snow and ice or in the air accounts 

for the largest contribution.  

In addition to the Qaanaaq data analysis, automatic quality control routines have been 

developed to filter out the observations that do not represent the skin IST. These procedures 

consist of 15 tests that range from to buddy checks on mean value and variability. Application 

of these QC tests on a test data set obtained from the GTS leads to improvements in the data 

http://iabp.apl.washington.edu/index.html


 OFE-OP-90-V1-Iss-1-Ver-2-Draft 

4 
 

quality, but the fundamental problem still exists, namely that the IST skin temperature easily 

can differ several degrees from temperature observations within a few centimetres of snow in 

the air. These large discrepancies severely limit the usefulness of the observations for validating 

and improving upon the satellite IST retrieval algorithms. Several land-based snow and ice 

radiometric observations are available today from e.g. the ARMS sites but the snow and ice 

melts during summer and no all-year round radiometers exist today that can be used to monitor 

and validate the existing satellite IST algorithms.  

 

So in summary, it was concluded from the work that:  

• This is the first time a systematic study has been performed to assess the different 

components in the satellite vs in situ inter-comparison budget.  

• The 4 iSVP bouys deployed within few metres showed: 

• Up to 14 degrees C differences among themselves 

• More than 20 degrees away from Tskin  

• The sampling effects using iSVP observations can be much larger than potential 

algorithm uncertainties 

• Sampling effects can be up to 5 degrees  

• The TIR FRM observations of skin IST is significantly better than other types 

of IST observations for satellite IST monitoring and validation  

• Automatic QC procedures can improve the in situ observations, but cannot completely 

remove the sampling effects.  

 
WAY FORWARD 

At the workshop, it was discussed that the lack of FRM radiometric observations over sea ice 

is limiting the routine monitoring of operational products and the development within the IST 

algorithms. The present day validation of these retrieval algorithms is usually performed using 

temperature observations from the sea ice or from fixed AWS stations reporting T2m. The 

discussion ended with a clear recommendation to the stake holders:  

 

It is recommended that all-year FRM radiometric observations of IST are being performed 

over a homogeneous permanent ice area, such as Summit, Greenland or Dome C on 

Antarctica for the routine calibration and validation of satellite IST observations.  
 

 

 

PRESENTATION FROM THE FRM4STS INTERNATIONAL WORKSHOP 

The slides from the presentation ‘Towards traceability when validating satellite ice surface 

temperature observations’ are reproduced on the following pages.    
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Data for this phase of the project is available here: IST Observations 

 

 

http://interactive.npl.co.uk/frm4sts/all_assets_636408840780197443.zip
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