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ABSTRACT

The surface velocity profiler with barometer (SVP-B) drifting buoy was developed in the early and mid-1990's as an in situ ocean observation tool.  Its primary benefits were: 1) significantly lower per buoy costs compared with other drifting buoy types; and 2) its ability to satisfy some measurement requirements of both meteorologists and oceanographers.  This analysis, which updates a similar evaluation presented to the twelfth session of the Data Buoy Co-Operation Panel (DBCP XII), finds the SVP-B performance, in terms of buoy infant mortality and mean‑time‑to‑failure (MTTF), improved significantly.  In addition, the number of barometric pressure observations per buoy per day more than tripled.  These factors led to significantly lower direct costs as measured in terms of buoy cost and cost per observation compared with other operational drifting buoy types.



INTRODUCTION

The SVP-B drifting buoy was developed in the early 1990's and deployed in significant numbers during the remainder of the decade.  During 1994, the National Weather Service (NWS) of the United States (U.S.) of America, in cooperation with the Atlantic Oceanographic and Meteorological Laboratories (AOML), a sister agency in NOAA, deployed several SVP-B’s in the Pacific Ocean off the U.S. west coast.  Because the cost of each buoy was so low (approximately $3.8 K), NWS wished to examine whether establishing an SVP-B network to supplement moored buoy observations deserved consideration as part of its operational marine network.  A further advantage of the SVP-B was its benefit to oceanographers, since its primary purpose was measuring ocean surface currents.

The NWS’s Office of Meteorology, which coordinated the experiment, requested another of its offices, National Data Buoy Center (NDBC), to evaluate the cost and performance of the SVP-B network and compare the systems with the operational technology at the time: the Tropical Ocean Global Atmosphere (TOGA) and wind speed and direction (WSD) drifting buoys and NDBC 3-m moored discus buoys.

A report was presented at DBCP XII, Henly-on-Thames, United Kingdom (UK), based on the performance of 43 SVP-B’s deployed after July 18, 1995, and reporting through August 6, 1996.
  Since NWS’s interest was in meteorological measurements, the study focused on delivery of atmospheric pressure observations to end users, such as numerical modelers and NWS Forecast Offices (NWSFO), for marine forecast operations.  The analysis for DBCP XII addressed only direct annualized costs and did not attempt to quantify the value of observation capabilities of different buoy varieties since any “value” varies significantly by user.  Among its findings, the report concluded:

· MTTF of the SVP-B was 185 days, compared with 477 days and 655 days for TOGA and WSD drifting buoys, respectively.

· SVP-B failure at deployment (infant mortality) was 26 percent.

· The annualized SVP-B buoy cost, adjusted to account for MTTF and infant mortality, was 32 percent lower than both TOGA and WSD drifting buoys.

· The cost per message for the SVP-B was $5.54 (U.S.), compared with $3.86 for the TOGA type, $3.97 for the WSD, and $7.74 for the 3-discus moored buoys.

To the extent possible, this study reevaluates SVP-B direct costs and performance in a manner nearly identical to the earlier study, comparing data collected for SVP-B buoys deployed from January 1, 1998, through August 2000, with results of the DBCP XII study.  It does not reevaluate direct costs for TOGA and WSD drifting buoys since no later data are available, nor on the 3‑m buoys.

DATA SOURCES AND METHODOLOGY

Information was obtained from the Global Drifter Center (GDC) Deployment Log posted on AOML’s Web site; yearly and monthly reporting statistics from Marine Environmental Data Service (MEDS), Canada; WMO lists from Service Argos; and NWS’s National Centers for Environmental Prediction (NCEP) monthly statistics.  These sources provided buoy deployment information, including identification numbers (ID), from January 1, 1998, through June 2000.  The MEDS inventories provided the match between buoy transmitter ID and World Meteorological Organization (WMO) ID numbers.  The most recent yearly MEDS inventory was for 1999, so the Service Argos WMO lists were used to obtain information for January through June 2000.  These permitted determination of buoy service life.  MEDS monthly reports provided information whether sea level pressure (SLP) was delivered, and, where applicable, approximate date of failure.

Care was necessary in cases where WMO ID was reused after the buoys stopped reporting, and where extended discontinuities were in the SLP record.  In addition, many SVP-B buoys shown on the yearly inventories were not listed on the monthly reports as ever having reported.  This made it difficult to determine whether the barometer failed or the SLP reports were simply not recorded. As a result, the data were cross-checked with NCEP statistics for the first half of 2000 to see if they were reasonable.  Although the results may not be precisely correct, they are believed to be representative of actual performance.

The data since 1998 were analyzed to determine:

· MTTF/operating life

· Failure rate at deployment

· Annualized direct cost per buoy

· Cost per observation

RESULTS

Figure 1 shows that 486 SVP-B’s were deployed from January 1998 through June 2000.  Of that number, 107 were deployed by air.  A significant percentage, approximately 12 percent, failed at deployment, particularly those that were deployed by air in 1998 and 1999.  In fact, the 25.8 percent failure rate of air‑deployed SVP-B’s in 1998 is nearly identical to the DBCP XII study results. With implementation in 2000 of better packaging, including an improved air‑deployment rigging designed and built by the U.S. Naval Oceanographic Office (NAVOCEANO) at a cost of $1.7 K per buoy,
 the deployment failure rate dropped dramatically to less than 5 percent.  Thus, the failure at deployment problem appears to be solved.  It was also found that the MTTF increased significantly to 246 days, compared with 185 days in the earlier study if failures at deployment were not counted.

As a result of improved service life and reduced infant mortality, the annualized direct cost per buoy deployed by ship fell 31 percent, from $7.2 K to $5.0 K.  The addition of the $1.7 K air‑deployment package by NAVOCEANO to achieve perfect deployment success in 2000 caused the annualized cost to increase approximately 3 percent to $7.4 K for air‑deployed buoys.  The cost of the deployment package, which was not included in the previous study, was added here because it was required by the U.S. Navy to recertify them for air deployment.

A somewhat surprising benefit also occurred by changing Service Argos processing to “full on” from “one-third”, as it had been configured in the earlier study.  That is, the number of observations received, determined by multiplying the average observations per month multiplied by 12, increased by a factor of 3.39 instead of an expected 3.33.  The direct buoy system costs (i.e., SVP-B unit cost normalized to a full year of service, and adjusted for “infant mortality”, air‑deployment package, and Service Argos costs), are shown in Table 1.  It shows that total annualized direct costs for the buoy system actually rose since 1996, mainly due to tripling of Argos charges for standard service.  Conversely, the product cost (i.e., cost per observation) was reduced by a factor of 3.2 for ship deployments to $1.69 per message, and a factor 2.6 to $2.14 per message for air deployments.  Obviously, when compared with the TOGA, WSD, and 3-m moored buoy systems, the value compares even more favorably (Table 2).

Further, a bonus program for Argos services was instituted in 1997 for SVP-B buoys enrolled in the Global Drifter Program (GDP).  The details of the bonus program changed slightly since it was implemented, but essentially it requires payment of the full tariff, approximately $3.7 K (U.S.), up to a specified commitment to Argos of buoy-years of service.  Above that level, buoys added to the GDP in that year transmit through Argos for no added charge.  GDP agreed to (i.e., paid for) 130 buoy-years ($481 K U.S.) in 1999 but used 314.8 buoy-years.
  Therefore, it is reasonable to also calculate cost per message at this reduced rate for buoys enrolled in the “bonus” program.  When the committed Argos charges ($481 K) are divided by the total usage by GDP (314.8 buoy-years), the effective Argos tariff for full service is reduced to approximately $1.7 K.  Therefore, the effective cost per message for SVP-B’s entered in the GDP drops to $0.78 per message for ship-deployed buoys and $0.98 per message for those that were air deployed.

CONCLUSION

The direct costs and performance of SVP-B drifting buoys for reporting atmospheric pressure have been reanalyzed based on data between January 1, 1998, and June 6, 2000.  They were compared with results presented at DBCP XII, Henley, UK, in 1996.

It was found that MTTF/mean operating time of SVP-B buoys increased to 246 days, a 33 percent improvement.  Although 21 percent of all buoys deployed since 1998 provided no pressure reports, apparently due to failure at deployment, statistics show infant mortality was reduced to only 3 percent by the first half of 2000.  The annualized direct cost per buoy fell to $5.0 K per buoy, except costs increased slightly to $7.4 K for a new rigging required for air-deployed buoys to maintain U.S. Navy certification.  The product cost (i.e., cost per message) decreased by 60 and 70 percent since 1996.  For operational meteorologists, SVP-B technology clearly has matured to the point where it is a better observing system value than other buoy systems for measuring barometric pressure.

[image: image1.wmf]Figure 1. Number of SVP-B drifting buoys deployed by year from 1998 through June 6, 2000.  The top graph shows total number of buoys deployed by all means compared with those deployed by air. The bottom graph is percent of failures at deployment (i.e., no data received from the buoy) by year of all buoys compared with percent of failures for air deployments.

Table 1.  Direct costs per buoy for ship- and air-deployed SVP-B drifting buoys compared with 1996.




(Air Deploy.)

Cost Component
1996
2000
2000
Hardware
$3.8K
$3.2K
$3.2K

Deployment Package
$0.0K
$0.0K
$1.7K

Total (Buoy)
$3.8K
$3.2K
$4.9K

Annualized Factor
1.9
1.5
1.5

Annualized Cost
$7.2K
$5.0K
$7.4K

“Infant mortality” Adjustment
$0.0K
$0.1K
$0.0K
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Comms (PTT‑‑Yr)
$1.3K
$3.7K
$3.7K

Total (System‑‑Yr)
$8.5K
$8.8K
$11.1K

Avg. No. Msg.
917
2,208
2,208

No. Msg. Per Yr
1,533
5,195
5,195

Cost Per Msg.
$5.54
$1.69
$2.14

Percent of 1996
100
31
39

Table 2.  Calculated cost per message from SVP-B drifting buoy compared with other buoy types.  Numbers in parentheses reflect the effect of the Service Argos “bonus” program on cost per message, based on 1999 usage, for buoys enrolled in the GDP.





3‑m


SVP‑B
SVP‑B*
TOGA
WSD
Moored Buoy

1.69
2.14
3.86
3.97
7.74

*Includes $1.7K air deployment package
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