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1.  Overview of German upper ocean thermal activities

As in the past, the German ship-of-opportunity programme (SOOP) focusses on the Atlantic Ocean, and North and Baltic Seas. Its main contribution, the Atlantic XBT programme along TOGA-WOCE-IGOSS (TWI) lines AX-3 and AX-11 managed by "Bundesamt für Seeschifffahrt und Hydro​gra​phie" (BSH), has not been ​changed substantially from that reported at the last meeting of the JCOMM Ship-of-Opportunity Programme Implementation Panel, 3rd Session (WMO/IOC, 2000). Within the framework of BSH’s SOOP, research and merchant vessels equipped with thermosalinographs or contact thermometers continued to measure near-surface temperature and salinity. Plans have been translated into action by BSH to introduce this commercial vessel-based programme (in particular TWI line AX-3) as part of the German contri​bu​tion to GOOS (BSH, 1999). 

Some of these upper ocean thermal activities are PI-driven, and thus are research-based rather than being an application-based offi​cial German contri​bution to the global SOOP network. In all research programmes, XBT or XCTD funding suffers from budget cuts due to the unification related tight financial situation in Germany. The research vessels "Polarstern" and "Walther Herwig III", operated by AWI and BFAFi respectively, stopped their XBT measurements along some TWI sections in Sub-Arctic and Antarctic waters in 2000 while en route, which was due to different reasons, however.
All German real-time SOOP data are inserted as BATHY, TESAC or TRACKOB bulletins onto GTS by BSH with a delay of about 3 days to 1 week.  Real-time data from various Atlantic ocean areas have been contributed by the German Navy which accounts for some 20 % of a total of more than 15 000 German BATHY data circulating on the GTS in 2000 and 2001. However, due to a change in the Navy’s classification policy real-time data from Navy ships will no longer appear in the GTS. Further BATHY data are contributed in real-time by BSH's stationary "Marine Environmental Monitoring Network in the North and Baltic Seas" (MARNET). Scientific rationale, tech​nical and organiza​tional status and future plans of the operational li​nes and other operational data activities are described and displayed in the attached Figures and Tables. 

2.  XBT network
A regional overview of XBT measurements carried out in 2001 along the TWI lines  AX-3  and AX-11 is given in Fig. 1 and the corresponding line status in Table 1 below. By this activity BSH continued its long-term contribution to the international SOOP (Fig. 2). An additional and significant contribution of real-time data came from the German Navy (Fig. 3). This real-time data source, however, will totally dry up in 2002 due to the Navy’s current decision to declassify their data not earlier than 1 month after collection.
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                       Table. 1: Status of existing SOO lines operated by BSH in 2000 and 2001
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2.1 Southern Ocean
Although efforts have been continued to collect data from the Southern Ocean, RV “Polarstern” (DBLK) operated by Alfred-Wegener-Institut, Bremerhaven (AWI), was not longer in a position to launch XBTs in Antarctic waters due to national concerns about possible   environmental impacts. In the context of the Protocol on Environmental Protection to the Antarctic Treaty (the Madrid Protocol, 1991) the national environmental agency restricts activities like XBT deployments south of 60 °S.

2.2  Sub-polar North Atlantic (line AX-1)
XBT measurements in the sub-polar North Atlantic and Greenland and Norwegean Seas, which are usually carried out in spring and autumn by RV "Walther Herwig III" (DBFR) operated by "Bundesforschungsanstalt für Fischerei", Hamburg (BFAFi), were discontinued in 2000 due to  serious probe quality problems. These contributions were based on cruises in the framework of  fishstock surveys for the North Atlantic Fisheries Organisation (NAFO). The XBT measurements will not be resumed because of the unsatisfying quality situation in the past. 

2.3  North Atlantic (line AX-3)
Line AX-3 from the English Channel to Halifax/New York has been operated by BSH as a high density line without serious problems since 1988 (Fig. 2).  The WOCE related programme was funded by the German Ministry of Education and Research (BMBF) until the end of 1997. After that period funding from different sources has allowed, and probably will continue to allow, these measurements to be carried out as part of BSH's contribution to the GOOS climate module (see section 3).  
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From the start of the programme in 1988, measurements have been carried out regularly until now. In 2000, after 12 years of continuous SOO activity (5730 XBT profiles), the German container vessel "Köln Express" (DAKE, 9VBL) changed service and was replaced by “Bonn Express” (DGNB, Fig. 4). XBT measurements along this line were supplemented in 2000 by two very dense and deep sections (resolution 15 nm or better, 2000 m depth range) carried out by BSH’s RV “Gauss” (DBBX). 

A Sippican MK-12 unit and NOAA's SEAS IV software are used for data acquisition and transmission. Most transects have a reso​lu​tion of better than 40 nautical miles (Fig. 5). Sippican’s Fast Deep probes are used as standard because these modified T-5 probes are capable of covering the upper 1200 m at a ship's speed of 20 knots. 

So far, the line has been kept ope​rational al​most wit​hout inter​rup​tions. However, data quality problems appeared in late 1998 which impeded the programme seriously due to an increased probe failure rate exceeding 30 % (Fig. 2). Fast Deep probe failures were wire related and showed up by wire stretching, constant signals and premature wire breaks. After probe replacements had been made in October 1999 the probe failure rate again dropped to the previous level of about 5 %. After this occurrence no unusual quality problems with this probe type have been observed until now (see also section 2.4.).
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2.3  Line AX-11
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The Europe-Brazil line was established in 1981 by former DHI (now BSH) as the first German contribution to the IGOSS SOOP line system, and has been kept operational until today without major interruptions. The introduction of SEAS equipment in 1990 allowed an improved sampling strategy. Since summer of 1996 the measure​ments have been car​ried out by the Ger​man con​tainer vessel "Cap Finisterre"   (DACF, Fig. 6) on her way due north. The transects have a resolution of 60 nm as a result of XBT drops at each degree latitude. 

Both, data acquisition system and data mana​ge​ment are the same as for line AX-3 except that Sippican’s Deep Blue XBT are used as the standard probe type. Since October 1999 the operation of this line has been seriously affected by the same probe wire related quality problems as described above (see section 2.3). Due to the tremendous failure rate increase from less than 5 % to more than 50 % the programme was interrupted several times in 2000 and 2001 until replacement probes took place in April 2001 (Fig. 2). Since then the failure rate has been reduced to the previous low level (Fig. 7).    
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3. BSH  contribution to GOOS  in the North Atlantic Ocean (A-2 Corridor)

As a contribution to CLIVAR and GOOS, BSH combined the AX-3 XBT programme with occasional XCTD sections and with repeats of research vessel-based CTD measurements along the extended WOCE hydrographic section A-2 between English Channel and Grand Banks (Fig. 8). The scientific rationale of this BSH funded programme is to monitor ocean climate variability in this North Atlantic key region (BSH, 1999). This ocean area is characterized by extremely high variability of the North Atlantic Current (Figs. 5 and 8). Because changes in its path and intensity and hence the space-time variability of its heat transport has an obvious impact on European climate, and long-term observations in such regions are necessary as a contribution to European climate prediction efforts. 
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Various observations show pronounced surface and subsurface temperature variability of a multiyear time-scale in the sub-tropical and mid-latitude North Atlantic (e.g. Hansen and Bezdek, 1996; Sutton and Allen, 1997; Molinari et al., 1997; Yang (1999); Krahmann et al., 2001).  Our time series from both lines AX-3 and AX-11 show similar results for the entire main thermocline (Fig. 9, 10). 

[image: image12.jpg]Bundesamt fiir Seeschifffahrt und Hydrographie
Federal Maritime and Hydrographic Agency
Trackplot of TRACKOB messages transmitted by BSH in 2001
10°W 5°'W 0 5°E 10°E 15°E 20°E 25°E 30°E
66°N —— m = == 66°N

64°N 64°'N

62°N 62°N

60°N 60°N

58°N 58°N

56°N 56°N

54°N - 54°N

52°N - 52°N

50°N 50°N

10°W 5W 0° 5°E 10°E 15°E 20°E 25°E 30°E




Furthermore, observations from WOCE reveal surprisingly large and rapid changes in the water mass distribution of the intermediate and upper layers of the North Atlantic. In the Sub-polar Mode Water layer, significant changes in the baroclinic structure along the eastern margin of the sub-polar gyre were observed in the mid 90s coinciding with the strong decrease of the North Atlantic Oscillation (NAO) Index (Bersch et al., 1999). 

In the layer below the main thermocline it was found that the Labrador Sea Water dominating the intermediate depth level, which had been assumed to have a nearly constant temperature and salinity, presently is undergoing major changes. It was the most important oceanic occurrence of the 90s in the North Atlantic, characterized by marked cooling proceeding at annual intervals (cascades). This signal spread from its source area toward the European shelf with a mean speed of about 1.5 to 2 cm/s (Sy et al., 1997) that is three to four times faster than previously estimated (Read and Gould, 1992). 

Besides substantial changes in the formation of North Atlantic Deep Water these events affect the thermohaline circulation or vice versa. Data from the last 40 years indicate that the Meridional Overturning Circulation (MOC) is subject to strong and natural variability on time scales of 10 to 30 years which are correlated with the NAO (Koltermann et al., 1999). 

Measurements of temperature profiles alone, even if supplemented by occasional CTD sections, do not satisfactorily meet the requi​re​ments for monitoring heat flux variability or other important processes.  Although XCTD probes with the required performance were available to close this gap (Sy, 1998) BSH has meanwhile reduced its XCTD programme because of an unsatisfactory cost-benefit relation. For the time being, the last North Atlantic XCTD transect was carried out with good success in January 2000 using the probes and an acquisition system designed by Tsurumi-Seiki Co. (TSK), Yokohama, Japan.

Because autonomous profiling float technology is a novel and very effective tool in the sampling of upper ocean climate variability, in particular in combination with an appropriate XBT/XCTD SOOP network, an ARGO proposal for the A-2 corridor has been drafted by BSH and submitted to the German Ministry of Education and Research (BMBF) in January 2002 requesting funding for 36 floats.  

The main objectives for this planned ARGO contribution are

· the investigation of  baroclinic variability in time and space in the transition zone between sub-tropical and sub-polar gyres,

· improvement of a T/S climatology,

· evaluation of this ARGO contribution as a tool for ocean climate monitoring and, in this context, 

· evaluation and optimisation of  the AX-3 SOOP. 

The BMBF funding decision is still pending.

4.  Further activities
· During some BSH research cruises we will continue converting the CTD bottle readings to TESAC coded messages for e-mail trans​mission from ship to BSH in order to meet the demands for more TESAC data.  

· Additionally, in 2000 and 2001, temperature data from sta​tions of the BSH's automated stationary "Marine Environmental Monitoring Network in the North and Baltic Seas" (MARNET, Fig. 11) have been inserted onto GTS as BATHY coded messages. This network is under development. Two new stations (“Nordseeboje III” and “Arkona Becken”) will be launched in 2002. Sea water parameters presently measured at 2 – 5 depth levels are temperature, salinity, oxygen, radioactivity and nutrients. 

MARNET Station     WMO-ID  
  Position               
Remarks




"Ems" 

10004 
    54° 10.0' N, 
  6° 20.8' E
unmanned lightvessel
"Nordseeboje II" 
62086 
   55° 00.0' N,   6° 20.0' E
buoy

“Nordseeboje III”
62087
   54° 41.0' N,   6° 45.0' E
buoy, deployment in 2002

"Deutsche Bucht" 
10007 
   54° 10.0' N,   7° 26.0' E
unmanned lightvessel

"Kiel" 

10044 
   54° 30.0' N, 10° 16.0' E
lighthouse

“Fehmarn Belt”
 62088
    54° 36.0' N,
11° 09.0' E
buoy

“Darsser Schwelle”62089
    54° 41.8' N, 
12° 42.4' E
mast

“Arkona Becken”
 66021
    54° 55.5' N,
13° 30.0' E 
buoy, deployment in 2002

“Oder Bank”
 66022
    54° 04.6' N, 
14° 09.6' E
buoy
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The SST programme of BSH, which was established in 1987, has been supplemented by SSS measurements since 1996.  Data are collected by both governmental and commercial vessels using Pt100 hull con​tact ther​mome​ters or SEABIRD thermosalinographs.  All SST and SSS data received at BSH in time are in​ser​ted onto GTS as TRAC​KOB coded reports. This programme is restricted to the North and Baltic Seas and does not follow the TWI line system (Fig. 12). 

· The Institut für Meereskunde, Kiel (IfM Kiel), started recently an European Union (EU) funded pCO2-SSS programme along line AX-3. The equipment is almost operational on the Swedish car-transporter “Falstaff and the first run is expected very soon.
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· Since 1972, BSH has participated actively in IGOSS and acts as the German input and output GTS hub for real-time oceanographic bulletins in close co-operation with the German Weather Service (DWD (Station EDZW)). All German BATHY, TESAC and TRACKOB bulletins circulating on the GTS have been submitted by BSH. We hope to be able to contribute in the same way in the future.  Trackplots of the out​put for BAT​HY and TESAC messages in 2001 are given in Figs. 13 and 14. 
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· Fig. 15 and Table 2 show that total real-time data flow has been relatively conti​nuous during this period. Quality control of real-time data prior to insertion onto GTS is carried out by BSH personnel for most SOOP data but not for Navy data. Delayed mode data, if processed and quality controlled by BSH, have been submitted on a yearly basis to the responsible data centre (NOAA/NODC in Silver Springs, USA). Delayed real-time data have been submitted to MEDS in Ottawa, Canada to avoid losses.
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                      Table 2:
 Real-time data distribution by ship (EDZW input 2000 and 2001)
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5. Summary of future plans
TWI line AX-1:



no XBT activities planned yet

TWI line AX-3: 
XBT measurements will be continued by BSH in connection with A-2 corridor monitoring programme (GOOS)






EU funded pCO2-SSS programme managed by IfM-Kiel, 






start of operation in February 2002

TWI line AX-11:
XBT measurements will be continued by BSH for the time being

Southern Ocean:


no XBT activities planned yet

German Navy:



as of now, no data delivery within 30-day time limit

SST, SSS:



will be continued by BSH in North and Baltic Seas

MARNET:



will be continued by BSH

GTS Hub for real-time data:

will be continued by BSH

ARGO:
start of German contribution planned for summer 2002 (subject to funding)
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Fig. 2:	Number of XBT profiles obtained along AX-3 and AX-11 from 1988 until 2001.


The decrease for AX-3 in 1999 and AX-11 in 2000 is caused by wire related probe failures.
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Fig. 4:	CMS “Bonn Express” operated by


		Hapag-Lloyd, Hamburg, Germany





�





Fig. 6:	CMS “Cap Finisterre” operated by


		Hamburg-Süd, Hamburg, Germany





Fig. 12:	Trackplot of TRACKOB messages of the BSH SST/SSS programme in 2001





Fig. 10: Time series of integrated normalized heat content anomalies of upper 750 m along TWI lines AX-3 (mean orthodrome) and AX-11 (20 °N – 35 °N only)
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Fig. 11: 	The stations of the Marine Monitoring Network (MARNET) operated by BSH in the North and Baltic Seas.





Fig. 9:	Normalized monthly heat content


	anomalies (reference time: period


 	of observation) of the upper 750 m


 	along the lines AX-3 (1988 – 2001)


 	and AX-11 (1990 – 2001)





Fig. 5:	Example of a high density Fast Deep XBT section across the North Atlantic (AX-3) carried out by CMS „Bonn Express“ in April 2001
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Fig. 7:	Example of a regular Deep Blue XBT section from Brazil to Europe (AX-11) carried out by CMS „Cap Finisterre“ in June 2001








Fig. 8:	Main branches of the North Atlantic Current in 1998 (above) and


 	2000 (below). Red arrows with numbers in circles denote the


 	calculated geostrophic transports in Sv (106m3/s)  






























































































































































				   BATHY		  TESAC	           TRACKOB


Ship/Call Sign		2000	2001		2000	2001	   	 2000	2001      


Köln Express, 	9VBL		105	


Bonn Express, DGNB		  95	717		


Cap Finisterre, DACF		301	378


Gauss, DBBK			235			148			158	188


Meteor, DBBH									  24


A.v.Humboldt, Y3CW				 	  33


Penck, Y3CH						  24


Ebro, CSEP									256	225


Komet, DBBF									  17	  77


Seefalke, DBFO								150	184


Barbara, DJOK								196	144


German Navy, SHIP	          2069	964


Ems, 10004			996    1053


Nordseeboje II, 62086			353


Deutsche Bucht, 10007	936    1127


Kiel, 10044		          1293    1150


Fehmarnbelt, 62088			431


Darsser Schwelle, 62089	  64	981


Oder Bank, 66022	           1029   1025





TWI #�
AX-3�
AX-11�
�
Start of Operation�
May 88�
1981�
�
Finish�
open�
open�
�
Ship Name�
Köln Express/Bonn Express�
Cap Finisterre�
�
Call Sign�
9VBL/DGNB�
DACF�
�
Frequency�
8/year�
7/year�
�
Density�
12/day�
6/day�
�
Probe Type�
Sippican Fast Deep�
Sippican Deep Blue�
�
Equipment�
SEAS IV, MK-12�
SEAS IV, MK-12�
�
Data Transmission�
METEOSAT�
METEOSAT�
�
Agency�
BSH, Hamburg�
BSH, Hamburg�
�
PI�
A. Sy�
A. Sy�
�
Programme�
GOOS/CLIVAR�
GOOS�
�
Sections 2000/2001�
    6      11�
    6       7�
�
Profiles 2000/2001�
329   727�
309   395�
�
GTS Input 2000/2001�
200   717�
301   378�
�
Sect. planned 2002?�
8�
7�
�
Activity 2003?�
yes�
yes�
�
Problems 2000/2001�
none�
probe quality�
�
Remarks�
1 XCTD section in 2000�
�
�
�
2 CTD sections (box) in 1998, 2000, 2002�
�
�
 �
ARGO floats in 2002/03�
�
�









Fig. 3:	Real-time data contribution from the German Navy in 2001


	(GTS input only)





Fig. 1:	XBT measurements carried out in 2001 by BSH operated ships of opportunity:


	AX-3: „Bonn Express“ (DGNB, 11 sections, 727 profiles, 1200 m depth range)


	AX-11: „Cap Finisterre“ (DACF, 7 sections, 395 profiles, 800 m depth range)





Fig. 15: 	Time series of total real-time data input by BSH since 1972





� EMBED Excel.Sheet.8  ���





Fig. 14: 	Trackplot of TESAC messages received at BSH in 2001





Fig. 13: Trackplot of BATHY messages received at BSH in 2001
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