                          FORECASTING IN THE SOUTH PACIFIC

                            Rules of thumb and general discussion

                                            David Sapiane

FORECASTING SURFACE HIGHS AND LOWS 

LOWS

1. Intensifying Lows tend to slow down and deflect more southward toward colder air.

2. The speed of a Low seems to approximate the speed of the winds in the warm sector and usually move slower than the associated cold front.

3. Look for surface Lows to develop where a strong jet crosses a frontal boundary between different air masses.

4. A surge of cold air moving in behind a cold front can turbo-charge the Low.

5. A surge of warm moist air ahead of a cold front can intensify the Low.

6. Look for surface Lows to develop under cyclonically curved diverging upper level contours and weaken under anticyclonically curved contours.

7. A temperature at 500mb of -30C is often associated with strong  deepening of a surface Low.

8. Lows moving toward colder air deepen, and weaken if moving toward warmer air.

9. Lows move at about 50% of the 500mb wind speed and 70% of the 700mb wind speed.

HIGHS

10. Highs build when they move under converging contours aloft and weaken if they move under diverging upper contours

11. Highs strengthen when under anti-cyclonically curved contours aloft and weaken when under cyclonically curved contours aloft.

12. Highs will avoid the heat of Australia during summer.

13. Traveling highs tend toward the equator and track with the 500mb winds.

14. Highs move at about 60-70% of the 700mb wind speed.

15. Blocking Highs usually intensify if they retrograde, and tend to weaken when they progress eastward.

16. If there is strong low level (through 500mb) warm advection moving into the western side of an upper ridge the surface High will build and possibly retrograde.

17. There is a symbiotic effect that when an upper trough intensifies, it intensifies the downstream ridge, and as a consequence, the surface High also intensifies.

TASMAN SEA

18. Lows that form in the north Tasman , in winter, can be deep and slow moving

19. Winter Highs moving eastward have a tendency to move equatorward

20. As a High in mid ocean collapses a new one tends to form somewhat to the southwest.

21. Highs forming south of Tasmania are preceded by cold southerlies and often move slowly.

22. Highs west of NZ can extend a ridge eastward. Then a new High center forms east of NZ as the old center loses intensity. The cycle can repeat.

23. An easterly dip is a trough that forms on the equatorward side of an anticyclone near the east coast of Australia. It’s occasionally a precursor to more vigorous cyclogenesis because of the warm/cold advection couplet enhanced by the East Australian current.

ISOBAR AND CONTOUR CURVATURE GUIDELINES

1. Where the isobars or contours are cyclonically curved, expect cloudiness and precipitation

2. Where surface isobars are cyclonically curved, and are supported by upper level cyclonic curvature, the chances of precipitation are enhanced.

3. Anticyclonically curved isobars, with straight upper level height contours are usually dry.

4. If the isobars are anticyclonically curved, but the upper level height contours are cyclonically curved, cloudiness and some drizzle is possible.

5. If the upper level height contours and the surface isobars are anti-cyclonically curved , expect fair or fine weather.

6. Typically a Northerly wind that blows straight or curves cyclonically, will have clouds and some precipitation associated with it.

7. Typically Southerly quadrant winds produce clouds and showers only if they are curved cyclonically; straight southerly quadrant winds produce intermittent clouds and precipitation.

SOME ASPECTS OF THE 700MB CHART

1. If 700mb winds parallel a cold front the front is called an Ana front, is active, and most of the precipitation is at and behind the front.

2. IF 700mb winds blow more perpendicular to the cold front it’s called a Kata front, and most of the precipitation, including squall lines, occurs well ahead of the front.

3. If 700mb winds cross a warm front and curve cyclonically or flow straight , precipitation is enhanced

4. If 700mb winds cross a warm front and curve anti-cyclonically precipitation is minimal if at all.

SOME ASPECTS OF THE 500MB CHART

1. If the maximum winds in the long wave are oriented NW to SE expect short wave production

2. Cold advection from the surface through 500mb entering the west side of troughs will deepen the trough.

3. If the upstream ridge is too sharply curved for the wind speeds approaching it, the wind will overshoot, possibly filling the trough to the east of it.

4. Troughs move eastward more rapidly when the strongest winds round the northern periphery or apex.

5. Strong winds on the west side of a trough cause it to dig toward the equator

6. When the strongest winds are on the east side of the trough the surface low tends to elongate in the direction of the upper winds. The surface low will usually last for another 24-36 hours.

7. When short waves get into phase the trough deepens considerably

8. Long wave troughs are hard to identify but look for lobe like extensions toward the equator

9. Usually the surface storm track follows and is poleward of the 5640 contour

10. In general when the equator side of the trough axis points upwind surface lows start to develop; as the axis rotates downwind the low deepens; and once the axis swings downwind the surface low usually begins to fill and weaken.

11. Positive or westward tilting troughs exist when the upper level trough is west of the surface trough. Cyclogenesis is favored as a jet max and subsequent CVA and temperature advection encourage development.

12. Negative or eastward tilted troughs exist when the upper trough is east of the surface trough, and in general surface systems become weaker.

13. In the southern ocean zonal flow can last a fair while. It provides a ‘mobile’ pattern in contrast to a blocking pattern.

14. If an upstream ridge greatly intensifies and assumes an overlapping orientation over the downstream trough, a cut-off low will form in the trough

15. Upper level cut-off Lows typically last 3-4 days with surface conditions of wind and rain prevailing. When the capping ridge moves on due to a strong jet, the cut off dissipates.

16. Closed lows aloft move toward the greatest divergence aloft.

17. The short wave can be identified early by a kink or constriction of contours within the overall large scale wave. This is most visible on 500 and 700mb charts.

18.  Numerical models have historically moved upper troughs too fast and not deepened them enough but are steadily improving.

THICKNESS CHARTS

1. Thickness lines curve anti-cyclonically around warm fronts

2. Thickness lines curve cyclonically around cold fronts

3. Lows often develop on the right side of diverging thickness lines

4. Highs often develop to the left of diverging thickness lines

5. Lows often develop to the left of converging thickness lines

6. Highs often develop to the right of converging thickness lines

7. Thickness gradients are strongest behind cold fronts and the tighter the gradient the stronger the front.

8. Thickness gradients usually parallel fronts

9. Expect upper mass convergence when winds are blowing in about the same direction but slowing down, and when upper contours converge.

10. Expect upper mass divergence when winds are blowing in about the same direction but speeding up, and when upper contours diverge.

SOME ASPECTS OF THE 200MB CHART

1. Warm pools at 200mb are found above cold pools in lower level troughs

2. Cold pools are found above lower level warm pools in ridges

3. Diverging contours (diffluence) indicates divergence with cyclogenesis likely in the area.

4. Diffluence, as stated, favors precipitation but divergence must also occur (a net outflow of air).

5. Strong troughs at 200mb have temperatures from -40 to -45C (not valid for cutoffs)

6. Strong ridges at 200mb have temperatures of -65C or colder.

7. Temperatures in the middle -50C’s indicate weaker systems

8. If the lower level troughs and ridges don’t reflect their existence at 200mb the system is weak.

THE JET STREAM

1. In a series of lows of a cyclone family, each low is associated with a jet max.

2. All lows have an associated jet max of varying magnitude.

3. All short waves are associated with a jet max of varying magnitude.

4. The jet parallels the warm sector of a surface low.

5. As a surface low is formed the jet moves equatorward pushing cold air into the west side of the low.

6. When the surface low occludes the jet moves around the low center and crosses the front at the occlusion

7. The sub tropical jet is found roughly above the 500mb -11C isotherm.

8. A mid level trough may deepen when the jet max is west of its axis.

9. A mid level trough may fill when the jet max is east of its axis.

10. A mid level ridge may intensify when the jet max is west of the ridge.

11. A mid level ridge may weaken when the jet max is east of the ridge.

BLOCKING HIGHS AND RIDGES

1. Strong warm air advection through at least 500mb into the west side of ridges will build ridges.

2. Often there is cold advection at 200mb associated with lower level warm advection

3. Blocks strengthen when they retrograde and weaken when they progress eastward.

4. The most common cause of a block in the NZ area is a jet splitting into a subtropical and high latitude branch

5. In general, if a long wave encompasses about 45 degrees of longitude than a blocking high occupies the crest and/or a blocking low occupies the adjacent trough. If greater than 45 degrees it may retrograde.

6. Blocking surface highs sometimes appear to have “left and right” shoulders and lows may form on them. The left shoulder low tends to behave like a blocking low and stall. It eventually will unravel into a trough.

SOUTHERN HEMISPHERE CYCLONE CLASSIFICATION  from Sinclair

Class
  Location of Jet

                  Location of Low          Upper flow

U
 upstream from upper trough            Beneath  jet exit           Diffluent

E          downstream from upper trough       Beneath jet entrance   Confluent

D          downstream from upper trough       Beneath jet exit            varies

T          equatorward of upper trough axis    Directly beneath the    Sharp 

                                                                     upper trough                Trough

Sinclair’s study categorizes southern hemisphere cyclones on the basis of precursor upper jet and trough configurations. A feature common to all the classes is the presence of a 300mb wind max exceeding 70 knots and most were 100 knots. The importance of jet max circulations inducing a cyclonic circulation extending throughout the troposphere to the earths surface is discussed. 

Class U. The dominant jet is upstream from both the surface low and the upper trough. The max occurs in equatorward moving (digging) or zonal flow and is upstream from the upper trough. Average 24hr pressure falls were 15mb and some met the “bomb” criteria. Lows forming in diffluent flow can favor meridional elongation of both the low and the cold front.

Class E. The low forms beneath the confluent entrance region of a jet max, which lies downstream from the upper trough axis. Flow patterns are similar to the “instant occlusion”. Pressure falls similar to class U. Strongest frontal strength is on the warm front poleward and east of the low. At maturity the low processes a strong warm front and weak cold front aligned almost perpendicular to the warm front. These lows elongate zonally and have characteristics of the Shapiro-Keyser model.

Class D. The low forms in the exit region of the jet max which also lies downstream from the upper trough. The dominant feature is a northwesterly jet which is sometimes on the eastern flank of an upper trough of considerable meridional amplitude. The mature cyclone has the smallest and tightest circulation of the four classes.

Class T. This category has the upper jet approximately 400 miles equatorward of the low which forms almost directly under the upper trough. Most of the observed cases formed off the east coast of Australia. It too, has a strong bent back front at maturity.

While the above is a useful way of classifying cyclones one thing is certain, no two cyclones or pattern of cyclogenesis is exactly the same. The significance of the jet stream and jet maxes in southern hemisphere cyclogenesis cannot be underestimated. No significant surface cyclone occurs without an accompanying jet max. The ageostrophic flows about a jet max traveling through a long wave are replicated downward where the “twisting” of height contours and temperature contours are translated as a “short wave” which is most evident at 500 and 700mb.  Thus mass removal occurs at upper levels as divergence, with pressure falls at the surface. Coupled with this is air flow crossing isotherms creating warm and cold advection, all of which is the perfect recipe for cyclogenesis.

The following provides further exploration of cyclogenesis in summary form.

1. Frontal Cyclogenesis. This is the closest to the Norwegian model with the jet max lying to the west or cold side of an existing front. Satellite imagery provides a view of the flow distortion as cyclonic-anticyclonic curvature of the cloud band… the reverse S shape, or “baroclinic leaf”, with a sharp edge on the cold side. The cold front may take the form as an Ana or Kata structure. The final cyclone could resemble anything from the classical to the Shapiro-Keyser model, or something in between. 

2. Warm Influx Cyclogenesis. This involves a moist low level airmass of tropical origin. A surface isobaric chart would show a broad High with a polar dip in the isobars on the equatorial side. When a sub-tropical jet max crosses the dip the system activates and “winds up”.

3. Cold Air Cyclogenesis. This is development within a cold air mass with areas of shallow convection; usually found behind an established cold front. Another jet max moving through the upper trough distorts the low level flow and shapes the convective area into a vorticity center, or closed isobar Low, with accompanying cold front.

4. Instant Occlusion. This essentially is the same as cold air cyclogenesis except in this case the vorticity center, caused by a jet max, catches up to the leading cold front, which buckles. The resulting new Low consists of the original cold front, and as this front is twisted, a warm front, and trailing from the warm front is the southern extension of the original cold front. This is called an instant occlusion only because the vorticity center “catches” up with the existing cold front.

The northern hemisphere conception of a continuous front extending around the hemisphere separating polar and maritime air is classic. This “polar front” was a cold front when it moved south and a “warm front” when it moved north; otherwise it was quasi-stationary. In the South Pacific we seldom find a long continuous “polar” frontal system extending east and west. More commonly we find cold fronts extending northwards from Lows. Warm fronts are much less common mainly because the air between cold fronts warms by descending, so that while surface air ahead of a cold front is warm because its trajectory has brought it from lower latitudes, the air is warm IN DEPTH. In addition, the warm fronts are less abrupt in the southern ocean and satellite imagery does not show pulses of warm advection as clearly as pulses of cold mainly because higher and middle cloud obscures the surface warm front.

 One further difference from our cousins in the north is the occlusion process. As the cold front catches up with the warm front, and as each front slopes upwards in opposite directions, warm air naturally is present in higher levels. This warm wedge is held aloft and depending on temperature differentials on the surface terms like ‘cold’ or ‘warm’ occlusion are used. However in the south pacific these terms are seldom used mainly due to the difficulty in determining which type is in existence.  Thus it may be better to view occlusions as a process in which the Low or vortex center becomes progressively separated from the warm sector of the low, leaving a tongue of intermediate temperature air extending from the low center to the warm sector. This tongue is the ‘occluded’ front

As a side note sometimes the surface chart shows an elongated occlusion front. A satellite image would show a band of cloud, but with respect to surface temperatures there is no air mass differential on either side; thus an ‘occlusion’ is drawn or a convergence zone symbol in the tropics.

A still further departure from ‘classical’ is the Shapiro-Keyser ‘bent back’ warm front type of cyclone which frequently occurs in the south pacific. It is also known as the ‘T-bone’ because of this descriptive appearance. In one version and in simple terms the cyclone or low starts out with a definitive warm and cold front. The cold front slides along the warm front to give the appearance of a ‘T-bone’. A second cold front forms just behind the first with the air between the two being ‘relatively’ warm, but it’s not the same air in front of the warm front. This ‘relatively’ warm air, which has minimal cloud, spirals into the vortex of the low center and becomes completely surrounded by cold air and the clouds in the comma head, thus creating an ‘eye’ of sometimes cloud free, and certainly warm air. The pressure gradient near the eye can be enormous resulting in storm force winds in some, but not all, systems. Another variation has the original cold front ‘fracturing’ from the warm front allowing warm air to rush through the gap and into the vortex where it is wrapped up and surrounded by cloud and cold air.

A further variation is a cyclone which is also distinctive for having secluded air of warm sector origin at its center coming from a branching warm conveyor belt early in the seclusion process. However, there is no evidence of a traditional cold conveyor belt, or an ‘occlusion’ process having occurred. The cold air, coming from higher latitudes, also splits, with part wrapping around the vortex and warm seclusion, and part paralleling the eastward moving branch of the warm conveyor belt.

Another variation on cyclone development is a process quite common over the southern ocean, occurring in relatively cold air and not interacting with warm moist air from lower latitudes. This starts with a jet max west of an upper trough axis. To the west of the max a cirrus band is evident and a cumulus cloud field to the east. As the jet max migrates around the curved part of the upper trough divergence downstream of the trough axis creates a comma shaped surface depression. This development has no requirement for a pre-existing front and no classical warm front is present.

COLD FRONTS

Processes regarding cold fronts are varied and intriguing as well. As mentioned earlier there are two types, Ana fronts and Kata fronts.

An Ana front is quite active and has the warm conveyor belt paralleling the cold front with rearward sloping ascent as descending dry air comes in beneath it. To identify the Ana front look for:

1. The surface cold front is sharp with a significant drop in temperature and wind shift.

2. There is little rain ahead of the front. The jet runs along the back of the cloud band and the surface front is drawn on the eastern side of the visible band.

The Kata front is also known as a split front where one front is the surface cold front and the other cold front is an upper level feature which forms as the descending dry air, instead of undercutting the warm conveyor belt, rides over it creating underneath it, and well in advance of the surface front, persistent rain and squalls. There is only shallow precipitation at the surface front itself. This type of front is common when very warm and moist tropical air is dragged south and into a low forming in mid-latitudes like the Tasman Sea. Ideally the upper front could be drawn using open triangles, but usually a surface trough in front of the cold front is drawn. Sometimes this upper front pushes on poleward and the wedge of warm air in front gets pushed along too and winds up spiraling into the low center as a ‘Trowal’ or warm seclusion; however this seclusion is above colder air and is unlike the Shapiro mode.

DOWNSTREAM DEVELOPMENT

Another phenomena is the concept of Downstream Development. The energy released during strong cyclonic development takes two routes. One into the storm itself, and the other into the jet stream where it’s rapidly transported downstream. Arriving in the next system downstream, these huge amounts of kinetic energy can have a significant domino effect by intensifying the next cyclone or amplifying the next anticyclone. Explosive cyclogenesis upstream releases enough energy to drive the jet poleward creating a blocking High and further equatorward movement can rapidly turn cyclonically creating an upper cut off Low. This is evident on satellite imagery as the developing upper cirrus has a ‘fountain’ shape with the fountain pointing westward. Explosive events in the southern Indian Ocean can affect the south pacific.

Presented were ‘rules of thumb’ chosen to be useful guides. Many exceptions occur which of course is the nature of such rules. The discussion is a general overview and each topic merits deeper study.
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