
PROGGING RULES


OBJECTIVE

Given centrally produced weather charts, forecast upper-air and surface weather elements and features within 14 hours based on an evaluation checklist.

INFORMATION

LONG-WAVE TROUGHS AND RIDGES

Intensity


Thermal Advection Effect (as evaluated from the thickness chart)


(CAA)  - deepens long‑wave troughs

                        - weakens long‑wave ridges


(WAA)  - builds long‑wave ridges

                         - fills long‑wave troughs


Supergradient/Subgradient Effect

          Supergradient winds  - deepen long‑wave troughs

                                             - build long‑wave ridges


Subgradient winds  - fill long‑wave troughs

                                           - weaken long‑wave ridges


Confluent/Diffluent Flow


Upper-level difluence  - deepens long‑wave troughs

                                               - weakens long‑wave ridges


Upper-level confluence  - builds long‑wave ridges

                                                 - fills long‑wave troughs

Note: Evaluate carefully; "directional" difluence may offset "speed" convergence, or confluence may offset divergence.


Effects of Major Short waves


  A major short‑wave trough moving into a long‑wave trough deepens the long‑wave trough.


  A major short‑wave trough moving out of a long‑wave trough fills the long‑wave trough.  


  A major short‑wave ridge moving into a long‑wave ridge builds the long‑wave ridge. 

            A major short‑wave ridge moving out of a long‑wave ridge weakens the long‑wave ridge.

Movement 


Thermal Advection effect


The long-wave trough tends to orient itself or move towards areas of CAA.


The long-wave ridge tends to orient itself or move towards areas of WAA.


Jet max effects


A jet max moving into the long‑wave trough/ridge axis causes each to remain quasi‑stationary.

          (Max moving into long wave trough tends to move at approximately 40% of the jet max speed.)


A jet max at or near the axis causes the long‑wave trough/ridge to progress.

          (Maximas in the axis tend to move at approximately 30% of the jet max speed.)


A jet max moving out of the long‑wave trough/ridge axis causes each to progress more rapidly.  


(Max moving out of long-wave trough tends to move at approximately 20% of the jet max speed.)


The larger the wavelength of the long wave, the slower the wave moves; the smaller the wavelength, the faster it moves.


Jet Max “Special Cases” Affecting Intensity and Movement


A northwesterly jet max approaches a sharply curved ridge (with a downstream trough axis initially oriented northeast-southwest), the trough fills and reorients to a more north-south direction.  If an upper level closed low is present in the base of the trough, it opens up and moves rapidly to the NE.  (centrifugal force adds mass to the trough filling it).


A westerly jet max approaches a flat ridge with a blocking ridge east of a downstream trough (oriented N‑S), the trough will fill.  If an upper level closed low is present in the base of the trough, it opens up and moves northward with no reorientation of the trough axis.  Again, centrifugal force adds mass to the trough.  The blocking ridge allows no eastward progression.

 
A southwesterly jet max approaches a sharply curved ridge, with a deep trough positioned just downstream, the trough will fill.  An upper level cut‑off low may form in the base of the trough (centrifugal force adds mass to the top of the ridge and causes the jet to overshoot the trough).

SHORT-WAVES TROUGHS AND RIDGES

Intensity

Thermal Advection Effect

· CAA  - deepens short‑wave troughs

                           - weakens short‑wave ridges

· WAA  - builds short‑wave ridges


                 - fills short‑wave troughs

NOTE: These rules work best when progging changes in the amplitude of major short waves.


Long-wave Effect


A major short‑wave ridge builds as it moves into the long‑wave ridge and weakens as it moves into the long‑wave trough.


A major short‑wave trough deepens as it moves into the long‑wave trough and fills as it moves into the long‑wave ridge.

Movement

Direction - Short‑waves follow the track of the forecast long‑wave pattern and the upper-level flow.


Speed


When isotherms and contours are 90( out‑of‑phase, the short‑wave moves at 50% of the 500-mb wind speed or 70% of the 700-mb wind speed. 


When isotherms and contours are 180( out‑of‑phase, the short‑wave moves at 70-100% of the 700-mb wind speed.  (The more the isotherms and contours are out‑of‑phase, the faster the short‑wave movement.)   


If these rules strongly oppose continuity, then use one of the following forms of continuity: Constant Movement, Constant Rate of Change, Constant Percentage Change, or Control Line Extrapolation (explain which type of continuity method you used to move each portion of the trough/ridge).


UPPER-LEVEL CLOSED LOWS AND HIGHS
Intensity

Upper-Level Low Height Centers

· Deepen when cold air advects into the west side of the system.  (BAROCLINIC)

· Fill when warm air advects into the west side of the system.  (BAROCLINIC)


Evaluate the position of the divergent/convergent quadrants of a jet max with respect to the position of the low.  The divergent quadrant of a jet max deepens an upper-level low and the convergent quadrant fills the low. 


Often, a low height center anchors the long-wave pattern.  If this low-height center is moving southward into the long-wave trough, then the low tends to deepen.  


Adiabatic cooling deepens upper-level lows.


Latent heat of condensation fills upper-level lows.


Upper-Level High Height Centers 


Build when warm air advects into the west side of the system.


Weaken when cold air advects into the west side of the system. 


Evaluate the position of the divergent/convergent quadrants of a jet max with respect to the position of the high.  The convergent quadrant builds the high and the divergent quadrant weakens the high.  If progging a warm barotropic high, supergradient winds WEST of the high will build the high.  (Best seen at 300 mb.  A jet max need not be present.)


Blocking highs build when moving westward and weaken when moving eastward.

Movement

Upper-Level Closed Lows  (Direction ONLY.  For speed use constant movement, constant rate of change, etc.)  


Upper-level lows move parallel to the direction of the max winds around the low, but remain left of the jet.  In data sparse areas, use the tightest contour gradient to evaluate the area of max winds.  (Ensure a cut-off low is not developing.  This rule will not work for cut-off lows.)


A cut-off low will not usually move out of the southwestern U.S. until a “strong” short wave trough approaches Pacific Northwest.  The short wave will act as a “kicker”.  Once a kicker starts moving a cut-off low, it follows either the maximum winds around the low or moves to the left of the height fall track.


Upper-level closed lows follow slightly to the left of the track of the associated height fall center.  (Evaluate why the height fall changes are occurring.  Most height changes relate to short‑wave movement, but an unusually large geographic area of height changes may indicate a change in the long‑wave pattern.)


Upper-Level Closed Highs (Direction ONLY) 


Upper-level highs move with the strongest winds around the high, but remain right of the jet.  


Upper- level closed high height centers follow slightly to the right of the track of the associated height rise center.  (Again, evaluate why the height rise changes are occurring.  Most height changes relate to short‑wave movement, but an unusually large geographic area of height changes may indicate a change in the long‑wave pattern.)


MOISTURE
Intensity Increases occur:  (Asterisked items may increase low-level moisture, but not necessarily at 500 mb, unless the first and/or second rules also apply.)

Ahead of a deepening short‑wave trough or upper level low, forecast moisture to increase at that level, provided the source of moisture is not lost (i.e., system moves from the Pacific Northwest coast to the lee of the Rockies.)


In areas of WAA (evaluate using thickness)

· In areas of increased frontal lift

· In areas of orographic lift

· In areas of increased boundary layer convergence

· In areas of colder air moving over warmer surface

· When moving over a new moisture source

· With onshore flow


With core convection (as indicated on satellite) 


Intensity Decreases occur:   (Asterisked items may lead to a decrease in low-level moisture, but not necessarily at 500 mb, unless the first and/or second rules also apply.)

Ahead of a filling short-wave trough or upper-level low, forecast moisture to decrease at that level.


In areas of CAA (evaluate using thickness)

· In areas of decreased frontal lift

· With lee side effects (adiabatic drying)

· With warm air moving over a colder surface

· With onshore flow

Depiction of clouds/Relationship to Moisture


Moisture areas advect with short-wave troughs. 


Moisture associated with minor short‑wave troughs may be due to isolated areas of convective cloud activity.  Be sure the activity is still occurring before you prog moisture to persist.


Areas with 2( or less dew-point depression are considered significant for progging the development of clouds and precipitation.


Always compare areas of moisture on your charts with areas of clouds/moisture on satellite pictures.


BAROCLINIC SURFACE HIGHS
Intensity

Favored areas for Anticyclogenesis


At and just downstream from the long‑wave ridge axis.


Behind cold fronts when vorticity minima advection lobes are within 5 to 7( upstream, or on the upstream side of a strong vorticity maxima where strong convergence exists.


Baroclinic highs build due to:


Increasing convergence aloft.  This is the best single reason to build a high once it leaves its source region.  Look for an increase in upper-level height rises (an indication that self development and the positive feedback loop are not offset by braking mechanisms). 


Diurnal Effects -  strong radiational cooling on a cold chart may build a high 2 millibars.


Diabatic Effects - moving over relatively cool bodies of water, i.e., Great Lakes in the late spring through summer.


Baroclinic highs weaken due to:


Divergence aloft as the short‑wave ridge supporting the high outruns the surface feature.


Positive feedback loop weakening (as indicated by upper-level height rises decreasing).


Braking mechanisms:

· Excessive boundary layer divergence (EBLD) (due to decrease in upper-level support).  An indication of EBLD would be if a surface high were lying in the 1000/500-mb thickness ribbon and from one chart to the next the thickness lines spread apart (weakening gradient).

· Adiabatic warming (due to subsidence).  If a surface high moves from a lower to a higher thickness value from one chart to another, then adiabatic warming is indicated (i.e., a baroclinic high at 1200 UTC lies between the 536 and 540 thickness lines and on the 0000 UTC chart 12 hours later lies between the 546 and 552 lines).  The 850-mb thermal ribbon can be used as well.


Diurnal Effects - strong heating of the surface due to insolation on the hot chart.


Diabatic Effects - moving over warmer land surfaces (south of the PFJ) or over warmer water surfaces such as the Great Lakes/Gulf Stream in the late fall through winter.  If a high is weakening due to diabatics, the cold front ahead of the high should be frontolysizing due to loss of air mass contrast.


Movement

Direction


Prog a "Polar Outbreak High" to occur when a portion of a cold barotropic high is broken off by a jet (usually from the NW).  This portion begins moving southward.


Move surface highs with the progged long‑wave pattern.


 Highs generally move equatorward (SE) towards the strongest CAA, even when the upper flow is westerly.


 Move surface highs using the first open flow aloft.  This works best if the upper flow pattern is not changing.  If it is, adjust your surface prog accordingly.


Highs generally move towards maximum pressure rises.


Speed


Highs tend to move at 50% of the 500mb flow or 70% of the 700-mb flow.  Use first open flow aloft.  (Remember, if it strongly violates continuity, don’t use it.)


Highs strengthen and slow down while passing over the Great Lakes in spring and summer due to diabatic effects (Assumes water is colder than the ambient air temperature.  Ensure significant temperature contrast between the water and the land). 


Once a baroclinic high starts changing into a warm high (absorbed into sub-tropical ridge) its movement slows down.  


Consider terrain influences:

· Systems tend to move faster over water due to reduced friction.

· Systems slow down when moving onshore or into mountains due to increased friction.


One of the following types of continuity may be used:

· Constant Movement

· Constant Rate of Change

· Constant Percentage Change


BAROCLINIC SURFACE LOWS
Favored Areas for Cyclogenesis


At and just downstream of long‑wave trough axis.


Negatively tilted troughs with strong difluence aloft.


Difluent flow in the jetstream pattern.


Approaching jet max (difluence ahead of the jet max).


Approaching vorticity maxima with strong DIV (short wave trough), interfacing with a "weak" low‑level thickness gradient (surface front).

Stable Waves

Intensity

Do not amplify with time significantly.


Will fill or maintain the same intensity (can fill or deepen due to diurnals).


Are relatively short lived, but will propagate along the frontal boundary.


Movement  


Direction -  moves along the edge of the cold air masses, parallel to thickness lines.  They tend to follow tracks similar to previous systems until the long‑wave pattern changes.


Speed - Stable waves should  move rapidly if the low-level WAA is strong and upper level flow is high zonal. 


Use one of the following types of continuity:

· Constant Movement 

· Constant Rate of Change 

· Constant Percentage Change 

Unstable Waves

Intensity


If a baroclinic stack exists between an upper level short‑wave trough and a surface low, the low deepens because of the associated divergence ahead of the short‑wave (self-development). 


Diurnal effects - lows may deepen as much as 2 mb from a cold to a hot chart or may fill as much as 2 mb from a hot to a cold chart. 


If an upper-level short‑wave trough outruns an associated surface low, the low fills because of the associated convergence behind the short‑wave.


Braking Mechanisms:

Boundary Layer Convergence - (BLC) is always present in a developing baroclinic low and partially offsets the mass that is removed by the divergence aloft.


Adiabatic Temperature Changes - lows are associated with rising air which cools adiabatically.   Adiabatic cooling strongly opposes development of the low because much of the energy needed for development is used to lift the air.


Diabatic Effects - lows slow down and deepen as they move over the relatively warmer waters of the Great Lakes or the Gulf Stream Current during winter.


Movement

Direction


 Surface lows move with the forecast long‑wave pattern.

· Deepening surface lows move left of the normal track toward lower heights.

· Filling surface lows move right of the normal track toward higher heights.


Unoccluded  wave cyclones move in the direction of the strongest warm air advection.


Unoccluded wave cyclones move parallel to the warm sector isobars or thickness lines, whichever gradient is tighter.


Surface lows may be steered using the first level which has open flow aloft.  (Utilize first the 700 mb then the 500-mb level.)  


Don't move the low into a stationary or quasi‑stationary high;  they usually slow down and move northward around the high. 


Lows with a warm front extending southeast and a cold front west or northwest move southeast parallel to the thickness lines ahead of the warm front. 


Once an unstable wave begins to occlude, it tends to recurve in a more northerly direction.  If a southerly jet is not present in the long‑wave pattern, this rule will not work).  


Speed


Developing baroclinic lows tend to move at 70% of the 700-mb flow and 50% of the 500-mb flow.  It is best to use the first open level for this rule.  If this method strongly violates continuity, do not use it.  Lows moving souheast usually intensify and slow down as they begin recurving to the northeast.  As the low recurves to the northeast, the occlusion process begins and a great deal of energy is used for development, therefore, the system slows.  You must have a 1000/500-mb thickness ridge and/or a thermal ridge on the 850-mb chart for this rule to work.  


Diabatics - surface lows slow down and deepen over the Great Lakes in the winter.


Use one of the following types of continuity:

· Constant Movement

· Constant Rate of Change

· Constant Percentage Change


Friction Effects:

· Surface lows move faster over water and slower over land.

· Surface lows may slow down or become quasi‑stationary when moving into mountains and accelerate as they move out of the mountains.

Occluded Surface Lows

Intensity


Occluded/Mature Lows deepen due to:

· Divergence aloft (self development)

· Diabatic effects over the Great Lakes and Gulf Stream in winter (ensure sufficient temperature contrast exists between land and water).

· Diurnal effects from a cold to a hot chart may deepen a low by 2 millibars.


Movement


Direction

· With the forecast long-wave pattern.

· Move parallel to the isobars ahead of the warm front.  The 850-mb thermal ridge usually coincides with the direction of the isobars ahead of the warm front.

· Occluded/Mature Lows, the axes of which are not vertical (still possess baroclinicity), are steered partly in the direction of the warm air advection; approximately halfway between the direction of the strongest winds around the upper low and the area of strongest warm air advection.


Speed


Lows slow down when they occlude because the energy is used to develop the low. 


Use one of the following forms of continuity:

· Constant Movement

· Constant Rate of Change

· Constant Percentage Change.


Decaying Waves fill due to:

· Excessive Boundary Layer Convergence (EBLC) - once the system has lost it’s baroclinicity (becomes barotropic) it will have lost the necessary divergence aloft (exhaust) it needed to sustain it.  This lack of an exhaust mechanism, coupled with  the drag created by the adiabatic cooling process (braking mechanism), causes Excessive Boundary Layer Convergence (EBLC) (braking mechanism) to become excessive, filling the low.  


Decaying waves fill due to convergence aloft behind a short‑wave trough that outruns the surface low.  Adiabatic cooling aids in filling decaying waves at the surface.  As air in the low center rises, it cools adiabatically. This cooling enhances filling because the energy which was used for development is now expended in forcing the cooling air aloft.


Diabatic effects fill decaying waves while moving over a colder surface.


Diurnal effects from a hot to a cold chart may fill a decaying wave by 2 millibars.


Movement

Direction

· Barotropic lows with vertical (or nearly vertical) axes are steered with the upper low, parallel to the strongest winds around the upper low.  (see Progging Rules for moving upper-level lows).


Speed


Barotropic lows with vertical axes have generally lost jet support and no longer have the track of the long wave pattern to support movement.  


Friction causes lows to move faster over water and slower over land.  Lows may slow down or become quasi‑stationary when moving into mountains and accelerate as they move out of the mountains.  


Use one of the following forms of continuity:

· Constant Movement

· Constant Rate of Change

· Constant Percentage Change 


FRONTS
Intensity

Frontogenesis


Axis of dilatation (AOD) is less than 45(.


Divergence aloft over the frontal boundary is associated with low-level convergence and supports frontogenesis.


Increased cyclonic curvature due to deepening of the surface low increases low-level convergence and supports frontogenesis.


Diabatic Effects - air mass modification due to the warm air mass moving over a significantly warmer surface and/or the cold air mass moves over a significantly colder surface so that the net result is an increase in air mass contrast.


The front approaches a deep pressure trough (e.g. lee side trough).


Frontolysis


Axis of dilatation (AOD) is greater than 45(.


Convergence aloft over the frontal boundary is associated with low-level divergence and supports frontolysis.


Decreased cyclonic curvature due to filling of the surface low decreases low-level convergence and supports frontolysis.


Diabatic effects - air mass modification due to the warm air mass moving over a significantly cooler surface and/or the cold air mass moving over a significantly warmer surface so that the net result is a decrease in air mass contrast.


Frontolysis can occur when the front approaches a stationary pressure ridge.

Movement

Direction -  Prog fronts to move in the direction of the second standard level winds and, if they are not available, the 850-mb flow.


Speed


Cold Fronts - move at approximately 85% of the second standard level winds in the cold air behind the cold front.


Warm Fronts - move at approximately 70% of the second standard level winds in the cold air ahead of the warm front.  This rule will only apply if the flow across the warm front is strongly perpendicular.  If the flow on the cold air side is more parallel in nature, don’t use this rule.  Also, if either of these strongly violate the already established speed of movement (continuity) don’t use.

NOTE:  If the second standard level wind chart is available, but no wind data is plotted in the area being evaluated, follow the procedures below.

· Note the 850-mb gradient over the frontal boundary.

· Still at 850-mb and at approximately the same latitude, find a similar contour gradient.

· Note the second standard level winds at this location..

· Use 85% of this value for cold fronts, 70% for warm fronts (approximately).


Use one of the following forms of continuity:

· Constant Movement

· Constant Rate of Change

· Constant Percentage Change

· Control Line Extrapolation 
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