Use of an operational Global Model to define wave climate at a South Atlantic location
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ABSTRACT

Early in 1998, a consortium of oil companies began exploratory drilling on the Continental Shelf north of the Falkland Islands in the South Atlantic.  This is an area where conventional marine observations are very sparse, and so the availability of the hindcast archive from the UK Met Office’s 2G Global Wave Model was recognised as a useful data resource for planning purposes.  The UKMO archive consists of 6-hourly 1-d spectral data on a grid with 90km spacing since 1991.  Scatterometer (wind) and radar altimeter (wave) data from the Earth Resources Satellites have been assimilated into the model analyses since 1993.  

A waverider buoy was deployed before the drilling programme began, and this paper presents some comparisons between the buoy data and the model hindcasts over two Southern Hemisphere winters.  These comparisons demonstrate how well an operational global model (with no manual intervention) can represent wave conditions in a data-sparse area subject to very mobile weather systems.

1.Introduction

During 1998, a consortium of oil companies known as FOSA (the Falkland Offshore Sharing Agreement) undertook exploratory drilling at a location approx 200km north of the Falkland Islands in the South Atlantic (50S, 59W).  For this project, the UK Met Office was selected to provide weather forecasting services and Fugro GEOS provided oceanographic services.  At such a location, it might be expected that conventional metocean data would be very sparse, and so special arrangements had to be made to collect additional data during the course of the project. The UK Met Office maintains an archive of wind and wave hindcasts derived from the routine operation of a global wave forecasting model; data from this archive was potentially useful to provide some background wave climate information for the project.  The availability of wave data from Fugro GEOS’s deployment of a Waverider buoy over the two winters of 1997 and 1998 has allowed detailed comparisons to be made between the modelled and measured wave conditions.  This is the first opportunity for such a comparison to be made at such a data-sparse southern latitude subject to very mobile weather conditions.

2.The UK Met Office Global Wave Model

The Global Wave Model Archive consists of the hindcast fields of winds and waves produced during the operation of the Met Office’s atmospheric and wave model forecast suite.  The wind fields are produced objectively without any subjective modification.  The wave model is a Second Generation model with 16 directional and 13 frequency bands and operates with an assumed fixed depth (200m) on a regular latitude/longitude grid.  Since 1991, the spatial resolution has been approx. 90km, giving around 37k gridpoints globally.  For further details see Golding (1983), Francis (1985) and Holt (1993).   Since June 1993, wave height data from the ERS satellites have been assimilated into the Global Wave model analysis (Foreman et al, 1994).  The wave hindcasts archived at 6-hourly intervals are the 1-dimensional spectrum (ie energy within each spectral band, plus a mean direction for that band), and the conventional integrated variables.

Because of the global coverage and length of record available, the UKMO archive is accessed regularly to provide clients in the offshore and coastal engineering sectors with estimates of wave climate at locations around the world where other data are sparse or absent.

3.The Waverider buoy data

Two Datawell Waverider buoys were deployed by Fugro GEOS during the project.  The first was located at 49°40’S, 59°45’W from June 1997 to May 1998.  The second was located at 49°10’S, 58°55’W from Nov 1997 to the end of 1998.  The wave variables were calculated for each consecutive 30 minute sampling period.  Data losses during the deployments were brief.  The data from both locations have been compared with hindcasts for the model gridpoint located between these two points at 49°30’S, 59°23’W.  Figure 1 shows the locations of the model gridpoints in the area and the buoy positions. 

4.Timeseries comparisons

Figure 2 shows timeseries over the first full calendar month of buoy data.  The following variables are plotted: Significant wave height (Hs), period at peak energy (Tp) and direction at peak energy (Dp). The buoy data are shown as continuous lines, and the hindcast values as points at 6-hour intervals.

There are several points worth noting from these comparisons:

- Hs is very well modelled for the two notable events on the 19th and 30th of the month 

- during the mobile period in the first half of the month, the variations in Hs are well captured, although values are somewhat over-estimated

- the modelled period at peak energy provides a good general indication of variability, with the longer period events being well-represented

- apart from a spell between the 23rd and 27th of the month, the variations in direction of peak energy are captured very well. 

5.Statistical comparisons

For the available winter months (June to August inclusive, 1997 and 1998), all the 6-hourly hindcast values of Hs were plotted against the measured (half-hour) Hs values

occurring at the nominal hindcast time

(Figure 3).  This comparison confirms the impression from Figure 2 that the modelled values are somewhat higher than the measured values, especially at the lower end of the Hs range.

The archived 6-hourly timesteps will generally not capture extreme Hs values.  To assess the performance of the model on more extreme occasions, all events from the six winter months were selected when the measured peak Hs exceeded 4m. These peak Hs values were then compared with the most appropriate hindcast Hs occurring within 6 hours (earlier or later) of the measured peak. (Figure 4)  Here, the hindcasts are seen to be generally a little less than the measured values.

The resulting statistics from these two comparisons are shown in Table 1.  The scatter index of 0.12 from the comparison of the peak Hs values is noteworthy and comparable with results obtainable from hindcast studies involving labour-intensive reanalysis of wind fields (eg Cardone et al, 1996).

 6. Inter-annual variability

In those parts of the world subject to significant year-to-year variability, the long-term viability of a project may be dependent on how any short-term measurements relate to conditions which may be expected over a period of several years.  The availability of the hindcast archive can assist here by allowing this comparison to be made easily and demonstrating the magnitude of the inter-annual variability. 

Using the hindcast archive at 6-hourly timesteps, statistics of threshold exceedance have been calculated for the 3 winter months June-August for the years since 1993 when satellite altimeter data began to be assimilated into the model’s analysis.  Table 2 places the monitored years of 1997 and 1998 into a longer-term context at the project location. It is clear that 1996 represents a much more severe year than either 1997 or 1998.

Table 1. Statistics documenting differences between winter measured and modelled conditions


N
Mean measured 
Mean modelled 
SD of diffs 
RMS diff 
Scatter index
Correlation coeff

6-hourly Hs
649
2.73
3.18
0.61
0.76
0.22
0.88

Hs (m) for peaks over 4m
  40
5.39
5.07
0.64
0.71
0.12
0.83

Tp (sec) for peaks over 4m
  40
11.03
11.27
1.09
1.10
0.10
0.64

Table 2. Exceedance statistics derived from model archive and measurements

Year (Jun-Aug)
%age of time with wind speed over 30 knots (from model)
%age of time with sig wave height over 5 m



From model
From  buoy measurements

1993
5.2
3.5


1994
4.1
1.9


1995
6.8
6.5


1996
12.8
11.9


1997
9.0
6.3
4.5

1998
9.2
8.7
5.8

7. Discussion

The ready availability of good-quality global wave hindcasts has had significant impact on applied marine climatology over the last decade or so.  Previously, the provision of marine climate data to support the planning of marine projects was largely dependent on the availability of ship reports.  In many ocean areas, the coverage by observations was (and still is) poor, and the sporadic nature of the reports made many types of analysis impossible.  Wind and wave hindcast archives provide time and space continuity, and this paper has demonstrated that the resulting data from an operational model can make a useful contribution to the planning process, even in a difficult location with poor coverage of synoptic reports and subject to a very changeable winter climate.
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[image: image1.png]Figure 1. UKMO Global Wave Model Grid.
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[image: image2.wmf]Figure 2: Comparison of measured and modelled wave data: July 1997

measured = continuous lines, modelled = 6-hour intervals
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[image: image3.wmf]Figure 3: Sig Wave Height - Model versus Measured:

 6-hourly timesteps June-Aug 1997 and 1998
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[image: image4.wmf]Figure 4: Sig Wave Height - Model versus Measured

Peak Hs for measured storms over 4m; June - Aug 1997 and 1998
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