CHAPTER 3

EVOLUTION OF FRONTAL SYSTEMS
OBJECTIVE

Determine the resulting evolution of the frontal system indicated.

INTRODUCTION

In the last chapter, we studied frontal systems.  Now, we'll focus on the intensification and dissipation of frontal systems.  We will look at ways to identify changes in frontal intensity on weather charts and the physical processes which affect frontal intensity.

INFORMATION

FRONTAL INTENSITY

Thickness


Frontal intensity is a measure of the strength of the density contrast across the transition zone.  This density contrast can be seen in the thickness gradient, temperature gradient and lapse rate.  The thickness gradient is the first property we'll investigate.  The thickness gradient is the difference between the thickness on the warm and cold sides of the front.  It is also a measure of the density contrast across the front.  A weak front has a weak thickness gradient (widely spaced thickness lines) in the transition zone.  A weak thickness gradient would be common in one or more of the following situations:  (1) The frontal slope is shallow.  (2) A weak density contrast exists between the air masses.  (3) The front is well removed from the jet stream and upper level trough.  A strong front has a strong thickness gradient (closely space thickness lines) in the transition zone.  A strong thickness gradient would be common in one or more of the following situations:  (1) The frontal slope is steep, (2) A strong density contrast exists between the air masses, and/or (3) The front is in close proximity to the jet stream and upper level trough.  This is illustrated in Figure 3-1.

Temperature

Examining the difference between the temperature on the warm and cold sides of the front (temperature gradient) is the second way to estimate the intensity of the front.  The temperature gradient is evident at various levels (surface, 850-mb etc.) and is shown in Figure 3-2.  A weak front has a weak temperature gradient (widely spaced isotherms) in the transition zone.  A strong front has a strong temperature gradient (closely spaced isotherms) in the transition zone.
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Figure 3-1.  Frontal Intensity Estimated Using Thickness

-Strong -vs- Weak -
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Figure 3-2.  Frontal Intensity Estimated Using Temperature on the 850-mb Chart

(Strong vs Weak)
Lapse Rate


The third property used to estimate the intensity of the front is the lapse rate through the stable layer (frontal inversion) on a Skew‑T.  Remember that the lapse rate is positive if the temperature decreases with height.  A weak front has a small positive lapse rate.  The temperature decreases slowly with height.  A strong front has an inversion (negative lapse rate).  The temperature increases with height.  This is indicated in Figure 3-3.


NOTE:  Assigning a specific value to frontal intensity is not as important as monitoring the change in frontal intensity with time.  
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Figure 3-3.  Frontal Intensity Using Lapse Rate

(Strong on left  vs Weak on right)

FRONTAL INTENSITY CHANGE TERMINOLOGY

Before continuing with our discussion of factors affecting frontal intensity we must introduce a few new terms and concepts.  The first of these is frontogenesis.

Frontogenesis


Frontogenesis is the creation of a new front, or an increase in the intensity of an existing front.  During frontogenesis, the thickness packing in the transition zone increases.  Similarly, the temperature gradient within the transition zone increases (Figure 3-4).  An inversion develops, or becomes stronger if one is already present (Figure 3-5).  Increasing convergence and lifting often occur in the frontal zone, which will increase the likelihood of clouds and precipitation there (Figure 3-6).    
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Figure 3-4.  Frontogenesis On A Thickness Chart
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Figure 3-5.  Frontogenesis On A Skew-T
Figure 3-6.  Clouds and Precipitation Coverage Associated with Frontogenesis.

Frontolysis


If you notice the frontal inversion weakening, and/or the thickness and isotherm gradient decreasing within the transition zone,  frontolysis is occurring.  Frontolysis is the total dissipation of a front or the decrease in the intensity of an existing front.  Figures 3-7 and 3-8 illustrate frontolysis on the thickness chart and Skew-T respectively.  Cdecreasing convergence and lifting (or increasing divergence and subsidence) often occur in the frontal zone which will decrease (or totally eliminate) the likelihood of clouds and precipitation there (Figure 3-9).
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Figure 3-7.  Frontolysis On A Thickness Chart
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Figure 3-8.  Frontolysis On A Skew-T

Figure 3-9.  Clouds and Precipitation Coverage Associated with Frontolysis..
Deformation Zones


It is important to note the flow field that affects the thermal gradient discussed in the preceding paragraph.  A deformation zone is a flow field characterized by the stretching or shearing of air parcels by the wind.  Deformation zones exist at all levels of the atmosphere.
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A deformation zone (Figure 3-10) contains 3 components. The col or neutral point is the center of the deformation zone.  The axis of dilatation is the axis of most rapid stretching; parcels are traveling away from the col.  The axis of contraction is the axis of most rapid shrinking; parcels are traveling toward the col.

Figure 3-10.  Deformation Zone

In a PURE deformation zone (Figure 3-9), NEITHER CONVERGENCE NOR DIVERGENCE exists. As fast as air parcels are moving toward the col along the axis of contraction, they are being removed from the col along the axis of dilatation.  Recall from Dynamics I how speed divergence offsets confluence and speed convergence offsets diffluence so net divergence (net convergence) is zero.  This can be seen in the divergence equation studied in Dynamics I:

DIVH = 
(V
+
V ((

(s
(n


(A)
(B)

1
Removal of mass from axis of contraction by diffluence (Term B = “+”) is exactly offset by speed convergence (Term A = “-“). Result: DIVH = 0.

2
Addition of mass along axis of dilatation by confluence (Term B = “-”)  is exactly offset by speed divergence (Term A = “+“).  Result: DIVH = 0.

Mass removal from the axis of contraction by diffluence is offset by speed convergence (points 1 & 3).  Speed divergence removes the mass added to the axis of dilatation by confluence, at points 2 & 4.  
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Figure 3-11.  Net Divergence in a Pure Deformation Zone

The presence or absence of (or changes in) cloudiness and precipitation are good indicators of whether convergence or divergence is occurring (or increasing or decreasing) in the frontal zone. 


Any wind field in the atmosphere may "contain" both deformation and divergence/convergence, but both act independently. The presence of a deformation zone alone guarantees nothing about convergence or divergence.  The vorticity chart is used to decide whether convergence or divergence is occurring.


In a system that is not moving (such as a stationary front), the deformation zone will look similar to Figure 3-10.  Movement obscures this pattern and the deformation zone will appear as an area of diffluence or confluence shown in Figure 3-11.  This is common in the wake of cold fronts
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Figure 3-10  Divergence In A Deformation Zone
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Figure 3-11.  Deformation Zone In A Moving System

Movement is not the only factor affecting the shape of deformation zones.  Low level deformation zones are also altered by friction.   Surface friction causes the axis of dilatation of a low‑level deformation zone to be rotated counterclockwise from the position shown by the geostrophic wind.

FACTORS AFFECTING FRONTAL INTENSITY


Now that you're familiar with some new terminology and the concept of a deformation zone, let's examine some factors affecting frontal intensity. These factors include low-level deformation zones, divergence and convergence, and diabatic effects.  We'll begin by looking at low-level deformation zones.
Low-Level Deformation Zones


Low‑level deformation zones can favor either frontogenesis or frontolysis depending on the orientation of the isotherms/thickness lines and the axis of dilatation (AOD).  On the left of Figure 3-12 the isotherms (thickness lines) are parallel to the AOD; the deformation zone will tighten the thermal gradient and frontogenesis is favored.  On the right of Figure 3-12 the isotherms (thickness lines) are perpendicular to the AOD; the deformation zone will loosen the thermal gradient and frontolysis is favored.
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Figure 3-12.  Frontogenesis/Frontolysis In A Classic Deformation Zone

In most situations, the isotherms are rarely either perfectly parallel or perpendicular to the AOD (Figure3-13 and 3-14).   An angle of 45( between the isotherms (thickness lines) and the axis of dilatation is the critical angle for determining whether frontogenesis or frontolysis is favored.  If the angle is exactly 45( (Figure 3-15), the thermal gradient will not change due to deformation; neither frontogenesis nor frontolysis is favored. 
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Figure 3-13  Frontogenesis In A Deformation Zone
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Figure 3-14.  Frontolysis In A Deformation Zone
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Figure 3-15.  Isotherms And Axis Of Dilitation At Exactly 45o

Frontogenesis will occur if the angle between the isotherms (or thickness lines) and the AOD is less than 45(.  As the angle gets smaller, the support for frontogenesis gets bigger.  Frontolysis will occur if the angle between the isotherms (or thickness lines) and the AOD is greater than 45(.  As the angle gets larger, the support for frontolysis increases.  Since the AOD and the isotherms may not be straight lines, the degree to which frontogenesis/frontolysis are favored will vary throughout the deformation zone.   The strongest contribution of deformation to frontogenesis usually does not occur in deformation zones with well-defined cols, but in moving systems where the deformation zone appears as confluence or diffluence as in Figure 3‑16.
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Figure 3-16.  Frontogenesis Within A Moving

Deformation Zone
Convergence/Divergence


The next factors we'll look at are convergence and divergence. Low‑level convergence (divergence) always supports frontogenesis (frontolysis).  It does not, however, guarantee frontogenesis (frontolysis).  Upper‑level dynamics associated with the polar‑front jet are critically important for frontogenesis and frontolysis.  Divergence (convergence) aloft, as shown by PVA (NVA) on the vorticity chart, is associated with low‑level convergence (divergence) and supports frontogenesis (frontolysis) (Figures 3-17 and 3-18).
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Figure 3-17.  Divergence Aloft Supporting Frontogenesis
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Figure 3-18.  Convergence Aloft Supporting Frontolysis


Cyclonically (anticyclonically) curved flow combined with the friction found in the boundary layer leads to low‑level convergence (divergence).  Since surface fronts are found in regions of cyclonic turning of the wind, this effect helps maintain the front as shown in Figure 3-19 (3-20).  A sharpening of the cyclonic turning will strengthen the front.  A front moving into a region where the low‑level wind turns anticyclonically will undergo frontolysis.
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Figure 3-19.  Boundary Layer Convergence Supporting Frontogenesis
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Figure 3-20.  Boundary Layer Divergence Supporting Frontolysis
Diabatic Processes


The final phenomena affecting the frontal intensity are diabatic processes.  A diabatic process is one in which involves the exchange of energy (heat) between air parcels and their environment, the opposite of an adiabatic process.  Recall that in an adiabatic process, no heat or mass is exchanged between the parcel and its environment.  The main diabatic effect we will be concerned with is the transfer of energy between the Earth's surface and the low levels of the atmosphere.
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Frontogenesis is supported if some mechanism heats the warm air or cools the cold air.  This is the primary mechanism by which air masses form and therefore this effect is common in air‑mass source regions.  Outside air‑mass source regions, this situation is uncommon.  One example, illustrated in Figure 3-21 shows the warm air ahead of a cold front being heated further by the warm waters off the East Coast.

Figure 3-21.  Diabatic Heating Supporting Frontogenesis


Frontolysis is supported if some mechanism cools the warm air or heats the cold air.  This is the typical case outside air‑mass source regions.  The warm air behind a surface warm front moves over a relatively cool land mass (previously occupied by cold air) and cools.  The cold air behind a surface cold front moves over a relatively warm land mass (previously occupied by warm air) and warms.  This effect is further enhanced because as cold air moves equatorward it becomes shallow.  The shrinking in the vertical (subsidence) causes adiabatic warming.  A shallow layer of cool air is modified rapidly over a warm surface as shown in Figure 3-22.
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Figure 3-22.  Diabatic Heating Supporting Frontolysis

Any combination of these factors (deformation, convergence/ divergence, and diabatic effects) may be present.  If all of the factors are supporting frontogenesis (frontolysis) then a significant change in frontal intensity, or the development (dissipation) of a front will occur.  If some factors oppose one another, then the change in frontal intensity will be small and difficult to estimate.  Continuity is essential for tracking the intensity of fronts.  Monitoring the lapse rate in the stable layer, and the thickness/temperature contrast across the transition zone reveals important changes in the strength of the front.  The strength of the front plays a large role in determining the conditions around the surface front.  The stronger the front, the more likely significant weather will occur along it.

SUMMARY 

In this chapter we studied frontogenesis and frontolysis.  We examined the concept of deformation zones and applied that concept to the evolution of fronts.  Additionally, we looked at the impact of convergence/divergence and diabatic effects on fronts.  You must have a working knowledge of these factors to understand the changes occurring in frontal systems.
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