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the principles embodied in the Handbook be identified as 
part of the Shipboard Automated Meteorological and 
Oceanographic System (SAMOS), which will collect cli-
mate-quality data to be archived and distributed via an 
assigned Data Acquisition Centre. The Handbook will be 
a guide to SAMOS and similar projects.

At this stage, we focus solely on the observations re-
quired for the calculation of bulk fluxes. Eddy-correlation 
(‘direct’) flux measurement and associated instruments 
are not considered in the Handbook, these methods not 
yet being regarded as operational at sea. Likewise, meth-
ods for determining air-sea transfer of trace gases are not 
considered, although developments in this area are rapid 
and the WGSF commitments to SOLAS will bring these 
methods into our ambit. The Handbook will be maintained 
online through the SAMOS initiative, and will be updated 
and expanded as new methodology and instrumentation 
become readily available.

3. Content

The broad readership presented the problem of how 
to cater in the one manual for users between the extremes 
of a simple ‘how to’ guide, and enough detail to design an 
experiment. We have attempted to do this with a Quick 
Reference of the most critical information and procedures, 
a «stand-alone» practical source, with comprehensive de-
tails in the main body of the Handbook. We list the chapter 
headings to indicate the subject matter covered:

Contents
Background
Quick Reference
Flux Measurements From Ships and Buoys
1. The air-sea fluxes
2. Basic variables input to bulk algorithms
3. Bulk-flux meteorological sensors
4. Measurement systems
5. Particular problems on ships and buoys
6. Location of instruments
7. Instrument calibration
8. Intercomparisons
9. Documentation (metadata)
10. Securing the data
11. Bulk flux algorithms
Appendices

The characteristics of the environmental variables are 
described, why it is so much more difficult to measure 
them at sea than over land, and ways of dealing with this. 
We also refer to procedures such as calibration, and 
comparison with other instruments, which help ensure 
the quality of the data. Stress is also laid on the critical 
importance of documentation, particularly of the location 
and state of the measuring instruments, and notes of any 
occurrence, e.g. roosting birds, which may impair data 
quality.

There are several specialised Appendices; physical 
formulae, constants and conversion factors used in the 
analysis of atmospheric data and the calculation of air-sea 
fluxes (which you can never find when you need them); a 
description of the TOGA-COARE bulk flux algorithm; an 
analysis of thermal radiative flux errors; examples of ship-
board observations; links to relevant web sites; and the 
SAMOS specifications for standardization of data formats, 
and metadata requirements.

The Handbook is liberally furnished with photographs 
from actual cruises, and graphs of real data.

4. Outlook

The second draft has been made available to the 
WGSF membership and to the participants in the 1st Joint 
Workshop of GOSUD and SAMOS to be held in Boulder, 
May 2—4 2006. It is scheduled for discussion of topics 
which have arisen during the review process, and which 
can be best resolved in open forum. Immediately follow-
ing the workshop, the authors plan to revise and prepare 
the first edition for publication as hard copy. It will also be 
available on the WGSF website http://www.etl.noaa.gov/
et6/wgsf/
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grid resolution also marginally resolves oceanic boundary 
currents such as the Gulf Stream where large turbulent 
fluxes and large flux gradients frequently occur.

Over the years, the ocean has become sampled in 
more detail as indicated in Figure 1 and quantified in Fig-
ure 2. The averaged sampling time interval decreased rap-
idly from late 1987 to mid 1990s, from more than 14 hours 
to less than 8 hours. Further decreases from mid 1990s 
were more moderate and eventually converged from trop-
ics to high latitudes in early 2000. This is a simplified view 
on average; detailed global sampling distribution patterns 
are available from the authors.

3. Globally Gridded Products

On global average, 6-hourly products on the global 
0.25° grid have become feasible since 2000. A simple ob-
jective analysis method (Zeng and Levy 1995) was used 
to generate our gridded and blended products on the 
0.25° grid and 4 times per day at 00, 06, 12 & 18Z (UTC 
or GMT). Additionally, daily fields were generated by av-
eraging the 4 snapshots of the day, and monthly fields 
were computed by averaging the daily fields. Climatolog-
ical monthly means were then computed from the month-
ly data for certain chosen base time periods (e.g., 1995—
2005); earlier data were not used in this climatology be-
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1. Introduction

Advances in understanding the coupled air-sea system 
and numerical modelling of the ocean and atmosphere 
demand increasingly higher resolution data over the glo-
bal ocean surface, as documented in several WMO pro-
grams (e.g., WMO/TD-No. 1036, 2000; Curry et al. 2004). 
Some applications require that fluxes be computed at 
temporal and spatial resolutions of up to 3 hours and 50 
km, respectively. Observationally, these requirements can 
only be met by utilizing multiple satellite observations of 
sea surface wind (SSW), sea surface temperature (SST), 
and sea surface air temperature and humidity (Ta and Qa). 
The above four variables are the necessary components 
to compute the turbulent (latent and sensible) air-sea heat 
fluxes through empirical bulk formulae. Efforts are being 
made at the U.S. National Oceanic and Atmospheric Ad-
ministration (NOAA) National Climatic Data Center to pro-
duce globally gridded high resolution datasets for the 
above four parameters from multiple-satellite and in-situ 
observations on an operational basis. Here, we describe 
the feasibility and production of high resolution global sea 
surface wind speed. The SSW, Ta and Qa have higher 
frequency variability than SST in general. 

2. Data Coverage

Sea surface wind has been observed from both in-situ 
platforms and multiple satellites.  In the satellite era, in-
situ observations play a critical role in calibrating and vali-
dating satellite observations. However, with the dense 
satellite sampling, in-situ observations play a minor role in 
reducing random and sampling errors in blended analyses 
using both in-situ and satellite observations (e.g., Zhang 

et al. 2006). 
The time line of the long-term US sea surface wind 

speed observing satellites is shown in Figure 1. The cov-
erage is sparse in early years, and the number of satellites 
gradually increased to about three in mid 1990s and to 
six since mid 2002.

The individual satellite data used in this study were 
obtained from the Remote Sensing Systems, Inc. (e.g., 
Wentz 1997) for their uniformity of the retrieval algorithms 
for the multiple satellites over the whole time period, and 
for their wide use in producing various air-sea turbulent 
fluxes (e.g., Chou et al. 2003 and citations therein). Using 
these datasets, we explore the possibility of producing 
blended global products on a 0.25° grid for various tem-
poral resolutions. The 0.25° grid approximates the high 
resolution of the above satellite observations. This 0.25° 

Figure 1. Timeline of the long-term US sea sur-
face wind speed satellites used in this study.
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cause there were limited early satellites. The blended data 
for all the above resolutions (6-hourly, daily and monthly) 
are processed from 9 July 1987 to present. However, cau-
tion must be exercised when using the 6-hourly data for 
the early time period, for which time aliases may be large 
due to the data under-sampling (c.f. Figs. 1 and 2). All of 

these data and supporting MATLAB, FORTRAN and 
GrADS routines are freely available to the research com-
munity through the links at the website http://www.ncdc.
noaa.gov/oa/rsad/blendedseawinds.html. Wind directions 
corresponding to the above resolutions will be added 
soon. Future products on SST, Ta and Qa will also be 
linked to this site. 

An example of the analyzed global winds at 12Z, 28 
August 2005 is shown in Figure 3, on which simultaneous 
Hurricane Katrina and Typhoon Talim are clearly shown. 
Remember that the satellite-retrieved winds may still un-
derestimate the maximum winds in regions with heavy 
precipitation. 
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Figure 2: �veraged sampling time intervals in 
the 0.25° bins and as functions of time and 
latitude, using the satellites shown in Figure 1. 
Values are zonal averages along five latitude 
circles and averaged over 1-week periods at 
the beginning of selected months, for which 
there were new satellite additions or 
reductions.

Figure 3: �n analysis of the global sea surface 
winds at 12Z, 28 �ugust 2005, reconstructed 
from observations of the six satellites shown in 
Figure 1. 

The XXVII annual session of the Joint Scientific Committee 
for WCRP was held on 6—11 March 2006 in Pune  at the 
Indian Institute of Tropical Meteorology. JSC welcomed 
the new WCRP Director Professor Ann Henderson-Sellers 
who started her duties on 1 January 2006 at WMO Head-
quarters in Geneva (see the front page).

Significantly, this year’s session took place in parallel 
with the annual meeting of the Scientific Steering Commit-
tee of IGBP. At these sessions (6—7 March) JSC/WCRP 
and SSC/IGBP jointly discussed the following projects, 
which represent the mutual interest and are co-sponsored 
by the two committees: SOLAS, GCP, GWSP, GECAFS, 
GEC & HH, START, MAIRS, NEESPI and AMMA. 

The SOLAS presentation which was of particular im-
portance for WGSF was given by SOLAS SSG Chair, Peter 
Liss of the University of East Anglia, UK. P. Liss stressed 
the importance of a close cooperation between SOLAS 
and WGSF in understanding the mechanisms of air-sea 
transfer of biogeochemical properties and in assessing 
the impact of these processes on the coupled climate 
system. Although this cooperation is currently concen-
trated on Focus 2 of the SOLAS Implementation Plan (Ex-
change Processes at the Air-Sea Interface and the Role of 
Transport and Transformation in Atmospheric and Oce-
anic Boundary Layers), both WGSF and SOLAS are look-
ing forward to extending this cooperation (for more details 
see the article by W. McGillis et al. in this issue). During 
the discussion, both WCRP and JSC communities ex-
pressed the view that cooperation between WGSF and 
SOLAS represents one of the most successful test beds 
for the general partnership between IGBP and WCRP. 
Also, it was pointed out that the achievements of SOLAS 
in understanding the air-sea gas and biogeochemical ex-
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changes can boost the work of WGSF, and vice versa, 
that the SOLAS community could benefit from the WGSF 
expertise in air-sea interaction physics and global flux 
field analysis.

Further, the reports from two joint WCRP/IGBP task 
forces were heard. A.R. Ravishankara and P. Rasch pre-
sented the developments in Atmospheric Chemistry and 
Climate (AC&C) and J. Shukla, J. Mitchell and M. Martin 
delivered the WCRP/IGBP Modelling Strategy focusing on 
Earth System models. Finally, the joint session considered 
the GEWEX-iLEAPS and CLIVAR-PAGES collaboration. 
For WGSF the prospects of cooperation with iLEAPS are 
particularly important due to the potential for WGSF to 
cover not only surface fluxes over the ocean, but also sur-
face fluxes over land. 

At subsequent sessions of JSC/WCRP (8—11 March, 
2006), we heard the reports from the WCRP Panel on Ob-
servations and Assimilation (WOAP), the WCRP Modelling 
Panel (WMP) and the WCRP Task Force on Seasonal Pre-
diction (TFSP). These were followed by the cross-cutting 
topics, such as Monsoons, Atmospheric chemistry and 
climate, Sea-Level Rise and Extreme events. Then the 
progress of the WCRP core projects and Working Groups 
was covered. 

For our Working Group (WGSF) the CLIVAR report pre-
sented by Tim Palmer and Tony Bussalachi was of particu-
lar importance due to the developments in ocean rean-
alyses after the Boulder Ocean Reanalyses Workshop 
(2004).  The report of WGNE by Martin Miller addressed the 
further necessity of a close cooperation between WGSF 
and WGNE on SURFA and the evaluation of surface fluxes 
in NWP models (see M. Miller’s article in Issue 1). 

The report of WGSF was presented by its Chair Chris 
Fairall. He spoke of the major achievements of WGSF over 
the last year highlighting, in particular, the completion of 
the Flux Measurements Handbook (see the article by F. 
Bradley and C. Fairall in this issue) and the launch of Flux 

News. Also, C. Fairall announced that WGSF is planning a 
summer school on air-sea interaction for young scientists, 
for which a close cooperation with START and SOLAS will 
be essential. SOLAS in particular has already gained an 
excellent experience in organizing summer schools. 

Report of OOPC was presented by Ed Harrison of PMEL 
(Seattle). He covered the recent activities of the oceano-
graphic communities in implementation of the in situ com-
ponent of the initial global ocean observing system (GOOS) 
as a part of GCOS. Of a special importance for WGSF is the 
potential use of the drifting buoys for massive measure-
ments of the most complete set of surface parameters. Cur-
rently most of these buoys are measuring only SST with 
some occasional buoys measuring winds and SLP. 


