From:
Gatien, Germaine

Sent:
Friday, August 01, 2003 3:48 PM

To:
Linguanti, Joe

Subject:
Recalibration of temperatures from 2003-08 and 2003-12

Hi Joe,

Doug Anderson gave me copies of reports from SeaBird on a pair of temperature and conductivity sensors that have been used on a lot of cruises over the past year. I have been reporting a large difference in the temperature sensors for many cruises but could never say which sensor was at fault. The answer is now clear. I would like to suggest we recalibrate the temperature in the archive for cruises 2002-16, 28, 31, 39, 40 and 2003-08, 12 and 15. The error is only 0.0027 deg. C, but since it has been used so widely and the error affects all depths, I am afraid that sometime in the future someone might come to some unjustified conclusions about evolving temperatures in the Pacific. Most of our temperature data is a lot better than this. I think the salinity data is ok in the archive.

I will attach a file showing how I reached these conclusions.

Germaine

Report on sensors #2023 (Temperature) and 1763 (Conductivity) 
SeaBird report drifts of:

 +0.00264 Cº/year in sensor #2023





 -0.0004 PSU/month in sensor # 1763 at conductivity = 3 S/m
The drift in temperature is relatively large and I think we should consider recalibrating the data in the archive. We could assume the drift is linear and base the recalibration on time since the previous calibration, or base it on use (number of casts since previous calibration / total casts between calibrations * drift). But there is other information available that may allow a better method of determining when the changes occurred. 

I have kept a record of differences between sensors at a few test casts for each of the cruises and a record of comparisons with bottle salinity. Here is a table showing the results of all cruises that have been processed using these sensors since the previous calibration:
	Cruise
	Depth
	Date
	T1-T0
	C1-C0
	S1-S0
	S0-Sbot
	Comments

	2002-16
	Deep
	July 2002
	-0.0027
	+0.0001
	+0.005
	+0.0015
	

	2002-28
	Shallow
	Aug. 2002
	-0.004
	~0 very noisy
	+0.0045
	-0.0011
	

	2002-31
	Shallow
	Sept. 2002
	-0.004
	-0.0001
	+0.003
	+0.0008
	

	2002-39
	Shallow
	Oct. 2002
	-0.003
	~0
	+0.0025
	+0.0004
	

	2002-40
	Shallow
	Nov. 2002
	-0.003
	~-0.00005
	+0.0025
	~-0.001
	Only 4 bottles

	2003-08
	Shallow
	Mar. 2003
	-0.0027
	-0.0012
	-0.0012
	+0.0015
	Very few bottles

	2003-12
	Some deep
	May 2003
	-0.004
	~0.0001
	+0.005
	-0.0056
	

	2003-15
	Some deep
	May 2003
	-0.004
	+0.0002
	+0.006
	-0.0072
	Before temp. recal


Note that the differences between pairs of sensors are very noisy, especially for conductivity and salinity and especially for shallow casts. Minor differences in flow rates cause a lot of noise. We also should not assume that there was no change in the secondary sensors with which we are comparing. At this time there is no report on those.

Looking at the table it looks like most of the drift in temperature happened very early. For salinity it looks like there was little drift until after the March 2003 cruise. 

As of the 16th of July, 2003, the drift in salinity due to the conductivity sensor was -0.0058 PSU at conductivity = 3 s/m. Given the higher conductivities measured the observed errors will be larger with values on the order of -0.007 PSU near the surface and about -0.0065 PSU at depth. The temperature error would have an effect in the opposite direction, with salinity errors of from +0.002 near the surface to +0.003 at depth.  For 2003-15 I found errors before correcting the temperature of -0.0072 and after correcting temperature they were -0.0044 PSU using bottles below 500db. Given the scatter in the bottle data this is remarkably good agreement.
For 2003-12 I found an error in salinity of -0.0056 with uncorrected temperature. Again there is a lot of scatter in the bottle data. The recalibration done already looks adequate. 
There is no need to recalibrate the salinity in the archive since the bulk of the drift seems only to have affected 2003-12 and 2003-15 which have been (or will be) recalibrated appropriately.
I would recommend that we subtract 0.0027 to all the temperature data from these cruises. Because the sensor has been used so extensively, the systematic error might cause some problems in future. If the temperature data is recalibrated it is important to NOT recalculate the salinity since the bottle comparisons were the basis of recalibration decisions for those.
