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1. Abstract 
 
As part of the global ocean observing system for climate, the unique role of the High Resolution 
Expendable Bathythermograph (HR-XBT) Program is in providing boundary-to-boundary 
repeating transects that resolve both the boundary currents and the corresponding interior 
circulations of the global oceans. The Scripps HR-XBT Network includes ocean-spanning lines 
in the Pacific and Indian Oceans, and is carried out in collaboration with U.S. and international 
partners making complementary measurements in all oceans. Multi-decadal HR-XBT datasets 
are used by climate researchers and ocean data assimilation modelers to understand the role of 
upper ocean circulation and variability in the mean and time-varying mass and heat balances. 
HR-XBT data are freely available in both near real-time and delayed-mode forms.  
 
2. Project Summary 
 
The High Resolution Expendable Bathythermograph (HR-XBT) Program was initiated in 1986 
along a commercial shipping route between New Zealand, Fiji, and Hawaii. It was subsequently 
expanded during the 1990’s to include basin-spanning temperature transects in all of the oceans. 
Major partners in the HR-XBT network include Scripps (Pacific and Indian Ocean), 
NOAA/AOML (Atlantic), CSIRO (SW Pacific, Indian), and Tohoku University (NW Pacific).  
The goal of the program is to document gyre-scale variations in ocean circulation and transport 
on seasonal and longer timescales. Each transect has been repeated on a quarterly basis 



throughout the duration of the program. A technician is on board in order to carry out sampling, 
with XBT probe spacing at 50 km or less in the ocean interior and as fine as 10-15 km in 
boundary currents. The ship rider also provides technical support for ancillary programs 
including improved marine meteorological sensors, Argo float and surface drifter deployments, 
underway thermosalinograph, and water sampling. Fig 1 shows the present transects sampled by 
the Scripps HR-XBT Program and its partners in the Indian and Pacific Oceans. A typical 
temperature section is shown in Fig 2. 

 
Figure 1. The HR-XBT Network in the Pacific and Indian Ocean. International partnerships are 
indicated in the notes at the bottom of the figure, the first-listed having primary responsibility. 
 
Scientific Objectives 

A primary scientific goal of the HR-XBT network is to determine whether interannual variability 
in the transport of heat by ocean currents is a major contributor to the heat budget of the ocean 
and hence to air-sea interactions and feedbacks in the climate system.  Specific scientific 
objectives of the HR-XBT program are to: 

 Measure the seasonal and interannual fluctuations in the transport of mass, heat, and 
freshwater across transects which define large enclosed ocean areas (Fig 1). 

 Determine the long-term mean, annual cycle and interannual fluctuations of temperature, 
geostrophic velocity and large-scale ocean circulation in the top 800 m of the ocean. 

 Obtain long time-series of temperature profiles along precisely repeating transects in order to 
unambiguously separate temporal from spatial variability. 

 Determine the spatial and temporal statistics of variability of the temperature and geostrophic 
velocity fields. 

 Provide appropriate in situ data (together with Argo profiling floats, tropical moorings, air-
sea flux measurements, sea level etc.) for testing ocean and ocean-atmosphere models. 

 Identify permanent boundary currents and fronts, describe their persistence and recurrence 
and their relation to large-scale transports. 

 Estimate the significance of baroclinic eddy heat fluxes. 
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In the context of NOAA’s Program Plan for Building a Sustained Ocean Observing System for 
Climate, the HR-XBT Network is a part of the Ship-of-Opportunity Networks. It directly 
addresses objective 3 of the Plan: Document the ocean’s storage and global transport of heat 
and fresh water. In the global ocean observing system for climate, the HR-XBT Program is 
unique in providing boundary-to-boundary repeating transects that resolve the ocean’s boundary 
currents as well as its interior circulations. Indeed, all five subtropical western boundary current 
systems are sampled (including the Atlantic by our NOAA/AOML partners) as well as the 
subtropical interiors, eastern boundary currents, the tropical oceans, and the high latitude oceans. 
 

 

Figure 2. Example of a recent temperature transect with 296 XBT profiles along PX37/10/44. 

The configuration of the HR-XBT Network is in accordance with the recommendations of the 
Upper Ocean Thermal Review (Smith et al., 2001, The Upper Ocean Thermal Network, In 
Observing the Oceans in the 21st Century, C. Koblinksy and N. Smith eds.) and the 
OceanObs’09 Community White Paper by Goni et al., 2009. The Scripps HR-XBT network is 
managed for compatibility with the NOAA/SEAS system, and all XBT casts are transmitted 
(Global Telecommunications System) in near real-time for operational users as well as sent to 
NODC for archiving.  The HR-XBT Network is managed in accordance with the Global Climate 
Observing System (GCOS) Ten Climate Monitoring Principles. 
 
The uses of HR-XBT data are largely by the research community, to document the roles of ocean 
circulation and variability in the climate system. HR-XBT data are used in both statistical data 
analyses and data assimilation modeling, to describe variability in both ocean circulation and 
ocean temperature. The real-time data stream is utilized in many operational ocean models.  
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3. Scientific Accomplishments 
 

 
 

3.1 HR-XBT transects 

The deliverables of the HR-XBT Program consist of (approximately) quarterly XBT transects 
along the routes shown in Fig 1 and described below. Here we provide a summary of the 
transects collected on each route, including problems encountered and measures to overcome 
them, followed by a description of how near real-time and delayed-mode data are made 
available. Further details on ships and routing, and temperature sections similar to Fig 2 are 
available at http://www-hrx.ucsd.edu .  
 
The primary challenge for the HR-XBT Program is posed by the increasingly transient nature of 
ships and routing in the commercial shipping industry, an ongoing condition that is magnified by 
the current unprecedented economic conditions. Ships are being idled and scrapped, and routes 
changed or cancelled, at rates not seen previously. Each time a ship is taken offline, we adapt 
first by trying to identify an alternate vessel from the same company. If there are none we search 
for alternate companies with service on the same route. If there are none we identify the closest 
or best alternate routing with service. These interruptions may result in a break between 
transects, and may compromise scientific objectives in the case of routes that are discontinued. 
Under normal circumstances, although sampling is nominally quarterly, there may be 3-5 
transects per year due to irregularities in scheduling. 
 
1. The zonal crossing of the North Pacific Ocean (PX37/10/44, Oakland – Honolulu – Guam - 

China) was carried out 5 times, in November 2008, January 2009, April 2009, June 2009, and 
August 2009. In addition, a southern alternate to PX37 (Los Angeles – Honolulu) was done 5 
times  to provide a second crossing of the California Current System on a trial basis and a 
closed box (PX37/37S) for transport calculation in the eastern subtropical Pacific. 

 
2. The zonal crossing of the South Pacific Ocean (PX08, New Zealand – Panama) was carried 

out 3 times in October 2008, January 2009, and April 2009. This route is sampled as an 
alternate to the preferred New Zealand – Chile, PX50 (Fig 1). The ship used on PX08 was 
taken offline in May and a new vessel is being recruited.  

 
3. The zonal crossing of the South Indian Ocean (IX15/21 Durban – Mauritius – Fremantle) 

was carried out 4 times along differing routes. Initially, the basin-crossing was pieced together 
using a route from Durban to Mauritius (continuing to Strait of Malacca) in October 2008, 
January 2009, April 2009) plus an intersecting transect from the Red Sea to Fremantle or Bass 
Strait (October 2008, January 2009, April 2009). The latter routing was discontinued in April 
due to concerns over ship-rider safety in relation to piracy near the Somali coast. Sampling 
was restored in September 2009 using a single ship (Hoegh Line car carrier) from Durban – 
Mauritius – Fremantle. The new routing is excellent from a scientific standpoint and avoids 
the region where piracy is a concern. 

 
4. The meridional crossing of the Central Pacific Ocean (PX06/09, New Zealand – Fiji – 

Hawaii or California) was carried out 5 times, in November 2008, January 2009, March 2009, 
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June 2009,  and July 2009. The vessel used in this work (M.V. Wilhelmshaven) went offline 
following the March voyage and was replaced by Maersk Phuket. 

 
5. The meridional crossing of the Western Pacific Ocean (PX05, Brisbane – Solomon Sea – 

Yokohama) This new transect, sampled once in August 2009 (with a second cruise presently 
at sea) replaces an inactive meridional route in the eastern Pacific, Chile – Hawaii. The new 
route has been strongly advocated by the CLIVAR program (South Pacific cIrculation and 
Climate Experiment, (SPICE)), and will be used by the Scripps/NOAA Consortium on the 
Ocean’s Role in Climate (CORC) in its design of boundary current observing systems.  

 
6. The Hawaii – Alaska (PX38) transect was sampled twice, in May 2009 and July 2009. There 

is at present no regular commercial shipping along this route but there are occasional U.S. 
Coast Guard and research vessel transits. 

 
7. Other short transects and collaborative support for partners. Routes PX30, PX34, and 

IX28 in the southwestern Pacific are carried out collaboratively with CSIRO, who sample 4 
transects per year on PX30 and PX34 and 6 transects per year on IX28. CSIRO has primary 
responsibility for these transects, providing logistics, coordination and most of the XBT 
probes. Scripps provides occasional ship-riders on PX30 and 480 XBTs per year (half the 
number required for PX30 and PX34). Route AX22 in the Drake Passage is carried out 
primarily with support from NSF (J. Sprintall, P.I.). The HR-XBT Program provides technical 
and logistical assistance as needed. 

 
Route (see Fig 1 and text above) Transects Total XBTs Good profiles 
    
1. Zonal crossing of the North Pacific 5 (+5 PX37S) 2312 2263 
2. Zonal crossing of the South Pacific 3 705 685 
3. Zonal crossing of the South Indian 4 1571 1537 
4. Meridional crossing of the Central Pacific 5 (+1 PX06) 1491 1445 
5. Meridional crossing of the Western Pacific 1 271 265 
6. Hawaii to Alaska 2 201 196 
7. Other short transects/collaborations See text 480 456 (est) 
    
Totals  7031 6847 
 
Table 1. Summary of transects, total XBTs dropped, and good temperature profiles. The high 
proportion of good-to-total XBTs (97%) is due to mounting of an automatic XBT launcher on the 
stern of the ships, rather than conventional hand-launching from the ship’s bridge. 
 

 3.2 Data availability 
 

All HR-XBT data are available without restriction in near real-time and delayed-mode versions. 
 

 Near real-time data are transmitted from the ship by the Scripps ship-rider using the 
NOAA/SEAS System, following quick visual inspection, and distributed via the Global 
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 Delayed-mode data are produced through expert examination of all profiles and statistical 
comparison to adjacent profiles and to previous profiles along the same track. Because 
the primary value of the data are as complete transects, we make the delayed-mode 
dataset available in transect form via the internet at http://www-hrx.ucsd.edu . Where 
delayed-mode data are not yet available (typically within 1 year of collection), our data 
manager provides best-copy versions of recent transects on request. 

 The HR-XBT dataset is archived and distributed by the National Oceanographic Data 
Center. 
 

 
 

3.3 Scientific outcomes 

The HR-XBT Network is part of the sustained ocean observing system for climate, and as such 
its scientific findings have occurred over the more than 20 years of HR-XBT sampling. Results 
of the last decade were reviewed by Goni et al. (2009), with specific examples provided for each 
of the scientific objectives listed in section 2 above. For this report, two scientific outcomes of 
the HR-XBT Program this year are highlighted, one coming from within our group and one from 
our CSIRO partnership. 
 

 
Figure 3. From Douglass et al. (2009, accepted). The heat budget components are shown for the 
North Pacific Ocean region north of PX37/10/44. Ocean heat transport is displayed using thick 
black lines (solid: model; dashed: HR-XBT data). The shaded area shows the maximum 
uncertainty in heat transport due to lack of sampling below 800m. Integrated air-sea flux over 
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the entire ocean north of the PX37/10/44 transect is shown from the NCEP reanalysis 
(triangles), and from the ECCO data assimilation model (squares). Heat storage over the same 
region is calculated from the sum of model heat transport and model air-sea fluxes (circles) and 
from XBT data in the North Pacific (stars). 
 
An analysis of the total heat budget of the North Pacific Ocean, including heat storage, air-sea 
flux, and heat transport by the ocean circulation, was carried out by E.M. Douglass, D. 
Roemmich, and D. Stammer using HR-XBT data and an ocean data assimilation model. This 
study has been accepted for publication in a special issue of Deep-Sea Research II. Results from 
data and model-based analyses are shown in Fig 3. The mean offset between northward heat 
transport from HR-XBT data and from the model (upper 2 lines) is due to lack of model 
resolution near the western boundary current and to a meridional offset in the model of the North 
Equatorial Current. Model-based and data analyses show good agreement in their temporal 
variability, demonstrating large interannual variability in the ocean heat transport. The heat 
transport and heat storage components largely balance one another, with less variability in the 
air-sea exchange component. 
 
In a study of the western boundary current system of the southwest Pacific, Ridgway et al. 
(2008) demonstrated close agreement between geostrophic transport in the Tasman Sea 
estimated from HR-XBT transect PX34 and from satellite altimetry (Fig 4). In turn, the PhD 
research by K.L. Hill showed that the Tasman Sea southward transport is strongly anti-correlated 
with eastward transport in the Tasman Front (PX06) north of New Zealand. Moreover, a multi-
decadal southward shift in the southern hemisphere westerly winds has resulted in less eastward 
transport in the Tasman Front and greater southward transport in the East Australian Current 
Extension. This work, following previous analysis by Roemmich et al. (2005, J. Clim.) helps to 
understand not only long-term temperature and salinity trends in the Tasman Sea but also the 
ecosystem impacts of climate change in the western boundary current system. 
 

 
Figure 4. From Ridgway et al. (2008). Net southward transport (Sv) between Australia and New 
Zealand, from HR-XBT line PX34 (stars) and from satellite altimetry (grey line). 
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4. Education and Outreach 
 
The Scripps HR-XBT Program has made extraordinary contributions to education by serving as 
a source of data for PhD and Master’s theses and for research by post-doctoral investigators. To 
date, seven completed PhD theses at three different institutions have used Scripps HR-XBT data 
as a primary dataset in studies of time-varying ocean circulation, global ocean heat content, 
water mass formation, and ocean heat transport:  

Michele Y. Morris (PhD, Scripps Institution of Oceanography, 1996)  
Joshua K. Willis (PhD, Scripps Institution of Oceanography, 2004)  
Takamasa Tsubouchi (PhD Tohoku University, 2006)  
Elizabeth M. Douglass (PhD, Scripps Institution of Oceanography, 2007)  
Andrew Thompson (PhD, Scripps Institution of Oceanography, 2007) 
Yueng-Djern Lenn (PhD, Scripps Institution of Oceanography, 2007) 
Katherine L. Hill (PhD, University of Tasmania, 2009) 

The increasing use of the HR-XBT dataset in recent student research is indicative of the 
increasing value of ocean observations that are sustained over a long period of time. 
 
The Scripps HR-XBT Operations Manager and the ship-riders perform an outreach function in 
relation to the shipping industry. They inform shipping company managers and ships’ crews, 
while at sea, of the objectives and results of the HR-XBT program in order to promote the 
ongoing partnership of the research community with the commercial shipping industry. This 
education function is increasingly important as new port security requirements make it more 
difficult for ships to carry non-crew members. Through these outreach efforts as well as articles 
published in shipping industry trade magazines, we inform management and crews of the need 
for their assistance in climate change research and the value of their contributions. 
 
5. Publications and Reports 
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5.2. Other Relevant Publications

Selected publications relevant to Section 3.3, 2nd example: 
 
Hill, Katherine L., 2009: Wind forced changes and variability in the East Australia Current. PhD 

thesis, Institute of Atarctic and Southern Ocean Studies, University of Tasmania. 159 pp. 
 
Hill, K. L., S. R.Rintoul, R. Coleman, and K. R. Ridgway, 2008: Wind forced low frequency 

variability of the East Australia Current, Geophys. Res. Lett., 35, L08602, 
doi:10.1029/2007GL032912. 

 
Ridgway, K. R., R. C. Coleman, R. J. Bailey, and P. Sutton, 2008:  Decadal variability of East 
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