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1. Early History

Meteorological information from fixed locations in the Pacific began in 1946 with the establishment of Ocean Station ‘Dog’ at 50°N 145°W. The name of this station was changed to ‘Able’ in 1947, to ‘Peter’ in 1948 then to its final name of ‘Papa’ in 1956. The Canadian government was responsible for this ocean station from 1950 until it was closed in 1981. The last of the vessels that patrolled ocean station Papa were the purpose build weatherships, CCGS Vancouver and CCGS Quadra. 

There were several other Pacific Ocean weather stations, besides station Papa, but most of them were in effect for only short periods of time (Figure 1). These stations include November (30°N 140°W), Oboe (40°N 140°W), Queen (48°N 168°W), Sugar (48°N 162°E), ‘T’ (29°N 135°W), Uncle (28°N 145°W) and Victor (34°N 164°W). The names (except for ‘November’, which originally had the name ‘Nan’) were based on the British forces phonetic alphabet, which was in use until 1952. 

Prior to the ending of Ocean Station Papa the United States government began deploying buoys over the eastern Pacific. A buoy, with the numerical designator of 46004, was anchored in 1976 at 51.0°N 135.8W - about 300 miles east of the ship Papa station. The Canadian government took over responsibility for this buoy in 1985 and it was given the common name of ‘Middle Nomad’. 

2. Development of the buoy network

The initial Canadian plan for the development of the buoy network was to install an offshore ‘picket line’ of buoys across the Canadian offshore waters. This picket line was established between 1985 and 1987 using the 6 metre ‘Nomad’ type buoys. The first of buoy within this picket line was the middle nomad buoy (46004). The south nomad buoy (46036) became the second when it was anchored at 48.3°N 134.0°W in May 1986. The north nomad buoy (46184) at 54°N 139°W completed the outer line in September 1987. These buoys were to give an early indication of the location and strength of incoming lows and frontal systems. 

The Nanakwa Shoal buoy was added in May 1986 in order to support the preparation of a marine forecast for Douglas Channel. Douglas Channel is the main passageway used by vessels going to and from the Alcan aluminum smelter at Kitimat. 

The second picket line of buoys was established in 1988 and 1989 over the outer coastal waters, just west of the Queen Charlotte Islands and Vancouver Island. The hulls used for these, and all subsequent coastal buoy locations, were the 3 metre discus buoys. The attached map (Figure 2) shows the locations of the entire buoy network. In the years 1990 to 1993 a third picket line was established across the inner coastal waters and two buoys were added to fill in the gaps near the southern Queen Charlotte Islands and off the northwest corner of Vancouver Island. 

3. Mesoscale wind and wave variations

The full network of buoys has allowed the marine forecasters at the Pacific Weather Centre in Vancouver to recognize the local winds and waves that occur across the British Columbia (BC) coastal waters and to include these variations within the marine forecasts.  The complex topography of the coast and a number of interesting features within the bathymetry of the water areas are responsible for many of these variations.  Some of these local effects are described below. 

i. 
Statistics of the average number of days with gale force winds in December across the 

BC coast show conditions (Figure 3) that appear to be fairly uniform, but a number of significant variations may be seen upon closer inspection.  Over the offshore waters the northern Nomad buoy has more gales than does the southern Nomad buoy (12.8 compared to 10.7). This variation reflects the fact that most lows track into the northern Gulf of Alaska. This means that locations farther away from the Gulf of Alaska normally experience lighter winds. A peak of gale frequency near northern Vancouver Island is primarily due to enhancement of the winds from topographical forcing. Significantly lower values of winds over the inner south coast waters of the Strait of Georgia result from a weakening of approaching weather systems as they cross the northern Mainland coast and Vancouver Island. 

ii. When individual storms are studied several local variations become apparent. With the 

approach of a front from the northwest the winds become southeasterly in direction and increase in strength (Figure 4).  Depending on the exact orientation of these winds one buoy will have stronger or weaker winds as the local topography steers and modifies the flow pattern. With a more easterly flow, for instance, the winds are lighter to the west of the Queen Charlotte Islands (at West Moresby buoy, 46208) but are stronger where they are enhanced by channelled flow from mainland inlets, such as at Central and West Dixon Entrance buoys. When the winds are more from the south the Central Dixon Entrance buoy is sheltered from the land and has much reduced sea height development due to limited fetch distances. 

iii. When a ridge of high pressure builds off the coast the winds shift into the west or 

northwest (Figure 5). When this occurs after the passage of a front the winds shift from southeast into the west and the seas go through significant changes. The seas that developed by the southeast winds die away and are replaced by wind waves from the west. Through the inner waters the northwest winds are not as strong as those west of the Charlottes and no westerly swells are added from the vast expanse of the Pacific. In this situation the seas at the North Hecate buoy (46183) generally drop to less than one metre, while the seas west of the Charlottes, at either the West Dixon Entrance buoy (46205) or the West Moresby buoy (46208) may remain well above 2 metres. The South Hecate buoy (46185) frequently will have higher seas due to the addition of swells that come from the west or southwest. 

iv. One other variation within the wave field occurs because of the coastal bathymetry.

Westerly swell which reaches the West Dixon Entrance buoy (46205) will be much reduced by the time they reach the Central Dixon Entrance buoy (46145) because of the shoaling effects caused by passage over Learmouth Bank (Figure 6). The bathymetry of Queen Charlotte Sound may also have had an influence on the extreme seas that have been recorded at South Hecate buoy (46185). In December 1991 an extreme wave height of 30.4 metres was recorded at the South Hecate buoy. It is thought that the seas may have been enhanced by focusing of the wave energy around a small raised hill on the seabed just south of the buoy. It is interesting to note that while the 6 metre Nomad buoys are used in the offshore water areas, the highest seas have been recorded by the 3 metre discuss buoys over the shallower coastal waters. The East Delwood buoy (46207) also recorded an extreme wave just near 30.8 metres in December 1993. 

v. Most coastal buoys display a seasonal pattern of wave heights which reflect the 

wind changes that occur through the year (Figure 7). The lowest average sea height occurs in the late summer when the weather systems are at their weakest.  The seas rise through the autumn months and peak in December; then fall in January before rising again in February. The lower sea heights in January are likely due to a change in pattern of winds rather than a weakening of the dynamics of the weather systems. In late December and January a ridge frequently develops over the BC interior that produces very strong outflow winds through the mainland inlets but much lighter winds away from the inlets. The periods of outflow conditions reduce the frequency of strong weather systems that approach the coast and as a result lower substantially the average wave heights.  

vi. The three buoys off the west coast of Vancouver Island represent three different wind

wave regimes (Figure 8). The highest winds are recorded at the middle one of the three, the South Brooks buoy (46132). The coastal topographical enhancement of the winds is greatest at this buoy, for both northwest and southeast winds. The highest seas have been recorded at the northern one, the East Delwood buoy (46207). 

The southern most one, La Pérouse Bank buoy (46206) records significantly lower winds and waves than either of the other two. These lighter winds are due to the fact that a lee trough develops along the southern shore of Vancouver Island when winds between 500 –2000m blow from the north or northeast across the Island. The lee trough begins to open as these low level winds turns into the north and widens out from the coast as the flow becomes more northeasterly. At some point when the flow approaches an easterly direction the trough collapses and southeast winds begin to form along the island. The lower seas at 46206 are due to the greater distance from the main track of lows that moves up into the northern Gulf of Alaska and also because of the lee trough development. Because of this lee trough the higher seas that develop with northwest winds remain offshore, often just west of buoy 46206, and move instead toward the Washington and Oregon coast.

vii. The wind and wave regime over the inner waters of the Strait of Georgia is distinctly

different from the other regions of the BC coast. The winds through the inner waters go through a variety of interesting cycles that are strongly influenced by the local topography. The waves that develop in the strait are fetch limited. The highest seas at Sentry Shoal buoy (46131), the northern-most buoy in the strait occurs with southeast winds, while the southern-most buoy, Halibut Bank (46146), builds its highest seas with northwest winds. Due to the fact that the maximum fetch distance for either buoy is about 70 nautical miles the highest seas that have been recorded have been near 5 metres. No ocean swell ever enters the Strait of Georgia.

4. Conclusions

The deployment of buoys across the BC coast and its offshore waters has resulted in a buoy network, which has enabled the recognition of many mesoscale variations of winds and waves. The hourly data received from the buoys allow the marine forecasters at the Pacific Weather Centre to write forecasts that reflect the complexity of the mesoscale weather environment of the BC coastal waters. The marine forecasters and the mariners who ply the coastal waters have come to rely on the data from the buoys. It is hard to imagine the time when the data from the ocean station ‘Papa’ was one of the only pieces of information from the northeastern Pacific Ocean.
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Figure 1. Locations of past Pacific Weather stations
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Figure 2. Map showing all buoys with common names
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Figure 3. Average number of days with gale force winds in December
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Figure 4. Map of local winds and waves with an approaching front
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Figure 5. Map of local winds and waves following a frontal passage
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Figure 6. Map of Queen Charlotte Sound with extreme waves and bathymetry
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Figure 7. Graph of average wave heights at South Moresby buoy (46147)
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Figure 8. Illustration of northeast outflow winds 

PAGE  
7

_1033959787.xls
Chart1

		J

		F

		M

		A

		M

		J

		J

		A

		S

		O

		N

		D



Average Wave Ht (m)

South Moresby Buoy

3.4

3.9

3.2

2.9

2

1.9

1.6

1.5

2.1

3.3

3.6

4.3



Sheet1

		





Sheet1

		J

		F

		M

		A

		M

		J

		J

		A

		S

		O

		N

		D



Average Wave Ht (m)

South Moresby Buoy

3.4

3.9

3.2

2.9

2

1.9

1.6

1.5

2.1

3.3

3.6

4.3



Sheet2

		





Sheet3

		






