CHAPTER 3

DIVERGENCE

OBJECTIVE

Determine kinematic processes which describe divergence in the wind field. 

INTRODUCTION

All atmospheric synoptic scale systems either thrive or die with the abundance or lack of divergence aloft.  In this chapter, both divergence and the opposite effect, convergence, are analyzed and discussed, as well as their effects on constant pressure surfaces, as well as surface pressures. 

INFORMATION

DIVERGENCE

A discussion of divergence can include speed divergence, directional divergence, or both.  Divergence is the measure of the rate of net removal of mass out of a volume of air above a given point. Divergence results in a decrease in of atmospheric mass above a given point in the atmosphere.  The effects of divergence include surface pressure falls and upper/lower height falls.  Remember from Physics that:
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Force = mass x acceleration               and                 Pressure = Force / Area

Figure 3-1.  Effects of divergence
CONVERGENCE

A discussion of convergence can include speed convergence, directional convergence, or both.  Convergence is the measure of the rate of net addition of mass into a volume above a given point. Convergence results in an increase of atmospheric mass above a given point.  The effects of convergence include surface pressure rises and upper/lower height rises. 
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Figure 3-2.  Effects of convergence
DIVERGENCE EQUATION IN NATURAL COORDINATES                                         (Horizontal Only)

                        DIVH =  (V
+  V ((
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      (B)

Term A represents the change in wind speed ((V) along the path of the wind ((s represents the path distance increment).  Thus, Term A represents stretching of the wind flow (or speed divergence).

Term B represents the change in wind direction (( across the wind flow ((n).  Thus, Term B represents spreading of the wind flow (i.e., directional divergence or diffluence) or the merging of the wind flow (i.e., directional convergence or confluence).

In Term B:

· V is the wind speed and is always a positive value.

· (( is the angle of change in the wind direction across the flow in the +(n direction (i.e., (n is positive in the direction to the left of the wind flow).

· Winds backing along +(n (i.e., turning in a counter-clockwise direction along +(n) produce a “positive” change in (( (i.e., (( is “positive”).

· Winds veering along +(n (i.e., turning in a clockwise direction along +(n) produce a “negative” change in (( (i.e., (( is “negative”).
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Term B (cont.)

· (n = distance in the +(n direction  (i.e., [n left of flow   - n right of flow] ).

Term A (Speed Divergence/Convergence)

Speed divergence is caused by winds rapidly increasing speed downstream. Thus, 

(V = (Vdownstream   - Vupstream) =
(larger - smaller) = (+) =   +
         (s     (s downstream   - 
s upstream)     (larger - smaller)    (+)

------------------------------------------------------------------------------------------------------------------------

Interpretation:  Winds are accelerating as they move along (s (the path of the wind).  Thus, Vdownstream   is larger than Vupstream, so subtracting a smaller number from a larger number will result in a “positive” difference; this results in a “positive” numerator in Term A.  The denominator, (s, is always “positive” because s downstream   is always larger than s upstream , simply because distance “s” always increases as the wind flows downstream.  Since both the numerator and denominator are “positive”, Term A is “positive”, meaning that the wind is accelerating along its path and creating “speed divergence” or “positive stretching”.

------------------------------------------------------------------------------------------------------------------------
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Higher speed winds upstream pull mass out of area faster than it can be replaced by slower speed winds, thus ideally decreasing the mass.  In Figure 3-3, mass is being removed from the hatched area. (NOTE: These are subjective analyses)

Figure 3-3.  Speed Divergence
Speed convergence is caused by winds rapidly decreasing speed downstream. Thus, 

(V  = (Vdownstream   - Vupstream) = ( smaller - larger) = ( - ) =   -
         (s      (s downstream   - s upstream)
(larger - smaller)     (+)

------------------------------------------------------------------------------------------------------------------------

Interpretation:  Winds are decelerating as they move along (s (the path of the wind).  Thus, Vdownstream   is smaller than Vupstream, so subtracting a larger number from a smaller number will result in a “negative” difference; this results in a “negative” numerator in Term A.  The denominator, (s, is always “positive” because s downstream   is always larger than s upstream , simply because distance “s” always increases as the wind flows downstream.  Since the numerator is “negative” and denominator is “positive”, Term A is “negative”, meaning that the wind is decelerating along its path and creating “speed convergence” or “negative stretching”. 

------------------------------------------------------------------------------------------------------------------------
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Higher speed winds upstream push mass into an area faster than it can be removed by the slower speed winds downstream, thus increasing the mass.
 In Figure 3-4, mass is being added to the hatched area.

Figure 3-4.  Speed convergence
Term B (Directional divergence/convergence)

Confluence is defined as the merging of wind flow into a common axis (Figure 3-5).  Diffluence is defined as the spreading apart of wind flow from a common axis (Figure 3-6). 
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Figure 3-5.  Confluent wind flow
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Figure 3-6.  Diffluent wind flow

Diffluence is the spreading or fanning out of wind flow or contours.  May result in mass being removed from the area of diffluent flow.  In Figure 3-7, this is occurring below the hatched area.

V (( =  V  ((left of flow   - 
( right of flow) = + (larger - smaller) = + ( + ) =   +
             (n          (n left of flow   -   n right of flow)       (larger - smaller)
  ( + )

------------------------------------------------------------------------------------------------------------------------

Interpretation:  The wind speed “V” is always a positive value. The direction of the wind “(” is backing along +(n.  In other words, the wind direction across the wind flow in the +(n direction is shifting in a counter-clockwise manner. Thus, (( along +(n is experiencing a “positive” change (i.e., (left of flow   is larger than (right of flow), so subtracting a smaller number from a larger number will result in a “positive” difference; this results in a “positive” numerator in Term B. The denominator, (n, is always “positive” because n left of flow   is always larger than n right of flow , simply because distance “n” always increases in the +(n direction.  Since the numerator is “positive” and denominator is “positive”, Term B is “positive”, meaning that the wind is spreading or fanning out across its path and creating “directional divergence” or “diffluence”. 

------------------------------------------------------------------------------------------------------------------------

Confluence is the merging of wind flow or contours.  May result in mass being added to the area of the confluent flow.  In Figure 3-8, this is occurring in the hatched area.

V (( =  V  ((left of flow - ( right of flow)
= + (smaller - larger)
=
+ ( - ) =   -
             (n         (n left of flow   - n right of flow)        (larger - smaller)
 (+)

------------------------------------------------------------------------------------------------------------------------

Interpretation:  The wind speed “V” is always a positive value. The direction of the wind “(” is veering along +(n.  In other words, the wind direction across the wind flow in the +(n direction is shifting in a clockwise manner. Thus, (( along +(n is experiencing a “negative” change (i.e., (left of flow   is smaller than (right of flow), so subtracting a larger number from a smaller number will result in a “negative” difference; this results in a “negative” numerator in Term B. The denominator, (n, is always “positive” because n left of flow   is always larger than n right of flow , simply because distance “n” always increases in the +(n direction.  Since the numerator is “negative” and denominator is “positive”, Term B is “negative”, meaning that the wind is merging across its path and creating “directional convergence” or “confluence”. 
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------------------------------------------------------------------------------------------------------------------------

Figure 3-7.  Directional Diffluence
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Figure 3-8.  Directional Confluence

Wind Speed
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Speed divergence is caused by winds rapidly increasing speed downstream.  Higher speed winds pull mass out of area faster than it can be replaced by slower speed winds, thus ideally decreasing the mass.  In Figure 3-9, mass is being removed from the hatched area. (NOTE: These are subjective analyses)
Figure 3-9.  Speed Divergence
Speed convergence is caused by winds rapidly decreasing speed downstream.  Higher speed winds push mass into an area faster than it can be removed by the slower speed winds, thus increasing the mass. In Figure 3-10, mass is being added to the hatched area.
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Figure 3-10.  Speed Convergence

Note that speed and direction can either complement or oppose one another, thus, a positive Term A (speed divergence) may be opposed by a negative Term B (confluence).  These speed and direction processes often do oppose one another, as depicted on actual weather charts. Direction and speed tend to offset each other on constant pressure charts.
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Figure 3-11.  Opposing effects of speed and direction

As contour spacing (HGF or PGF) increases or decreases, wind speeds will decrease or increase to maintain a balance of forces.  In this case, divergence (the removal of mass), or convergence (the adding of mass) are difficult to evaluate on a constant pressure chart.  Other methods based on “quasi-geostrophic” principles (discussed later in Dynamics I).   Vorticity charts and vertical motion charts can tell you if net divergence or convergence is occurring aloft.  But sometimes, speed and direction complement each other; therefore assessment of net convergence or divergence becomes more obvious.

AGEOSTROPHIC WIND COMPONENT (Vag)

The ageostrophic wind component (Vag) is the vector difference between the real (or observed) wind and the geostrophic wind.  This difference will be in speed and/or direction. The ageostrophic wind represents the “divergent” component of the wind.  The larger the ageostrophic component, the more the atmosphere is out of balance and the larger the divergence or convergence magnitudes may be.  

Areas where significant ageostrophic wind components exist: 

(1) Regions of strong curvature produces variations in the gradient wind speed between regions of cyclonic (sub-geostrophic) flow and anti-cyclonic (super-geostrophic) flow (discussed further in a later section).  

(2) Regions where significant friction is located produces cross-isobar (height contour) flow toward lower pressure (heights) in the PBL. (discussed further in a later section).  

(3) Regions where wind is accelerating or decelerating produces variations in the actual wind, leading to super-gradient and sub-gradient wind flow.  This is common in the vicinity of jet streaks  (discussed further in a later section).
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Figure 3-13.  Ageostrophic wind component (Vag)

Divergence and convergence patterns generated by the ageostrophic wind result in vertical displacements of the air (i.e., vertical motion) which strongly influences cloud development and surface pressure patterns. (see the following subsection).
MASS CONTINUITY

Mass continuity plays a dominant role in atmospheric behavior.  The conservation of mass is described by the continuity equation (not shown).  This equation requires that:  (1) Mass removed from a region of the atmosphere must be replaced by mass from surrounding areas.  (2) Mass added to a region of the atmosphere must be redistributed to surrounding areas.

Upper-Tropospheric Divergence (i.e., The Chimney Effect)

The removal of mass from the vertical column produces lower pressure at the surface (see 4 below).  Falling pressure initiates convergence in the lower troposphere.  UVM, adiabatic cooling, and possible cloud/storm development and associated deteriorating weather. Note: Falling surface pressure assumes that the divergence aloft is stronger that convergence in low levels.  Rising surface pressure may occur if divergence aloft is weaker than convergence in low levels.
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Figure 3-14.  Chimney Effect
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Figure 3-15.  Chimney with weather
Upper-Tropospheric Convergence (i.e., The Damper Effect)
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The addition of mass to the vertical column produces higher pressure at the surface (see 4 below).  Rising pressure initiates divergence in the lower troposphere.  DVM, adiabatic warming, possible cloud/storm dissipation and associated improving weather.  Note:  Rising surface pressure assumes that the convergence aloft is stronger than divergence in low levels.  Falling surface pressure may occur if convergence aloft is weaker than divergence in low levels.

Figure 3-16.  Damper effect


Figure 3-17.  Damper with weather

Level of Non-Divergence (LND)

Convergence or divergence aloft results in the opposite effect in the lower troposphere.  There must exist at some level in the atmosphere a Level of Non‑Divergence (LND).  Found under average conditions around 600 mb, but can vary between 700 and 400 mb.  Marks the level of transition from convergence to divergence or vise/versa.  Height will be highly variable, based on the atmospheric situation (Example: stability changes).


Figure 3-18.  3‑D Chimney and Damper

PROCESSES GENERATING HORIZONTAL DIVERGENCE AND CONVERGENCE.

In the upper levels, the gradient wind relationship produces the divergence and convergence associated with the atmospheric waves.  As mentioned earlier, for the same PG or HG and latitude: 

(1) Vgrad winds will be stronger in anticyclonic curvature

(2) Vgrad winds will be weaker in cyclonic curvature.

(3) Vgrad, anticyc > Vg > Vgrad, cyc
These super-geostrophic and sub-geostrophic winds develop within cyclonically and anti-cyclonically curved flow around upper-level troughs and ridges, respectively.  These troughs and ridges make up the upper-tropospheric wave pattern within the jet stream.  The acceleration and deceleration of the actual winds within this wave pattern generate regions of upper-tropospheric divergence and convergence between upper-level troughs and ridges.   Downstream of a trough and upstream of a ridge, the wind undergoes speed divergence as it changes from cyclonic to anti-cyclonic curvature and undergoes required acceleration from sub-geostrophic to super-geostrophic speeds.  Upstream of a trough and downstream of a ridge, the wind undergoes speed convergence as it changes from anti-cyclonic to cyclonic curvature and undergoes required deceleration from super-geostrophic to sub-geostrophic speeds.

Figure 3-19.  Upper-level wave pattern with super and sub-geostrophic flow and resulting regions of speed convergence and divergence.

These convergence and divergence patterns between upper-level troughs and ridges force vertical motion in the mid troposphere and pressure changes at the earth surface. The upper-level divergence downstream of the trough and upstream of the ridge forces produces:  (1) Mid-tropospheric lifting through the LND, generating clouds and possible precipitation.  (2) Surface pressure falls, generating regions of low pressure and converging winds.  The upper-level convergence downstream of the ridge and upstream of the trough forces:  (1) Mid-tropospheric sinking through the LND, generating clear skies and drier conditions.  (2) Surface pressure rises, generating regions of high pressure and diverging winds. 

Note: This relationship between the upper-level wave pattern and divergence/vertical motion patterns is extremely important to forecasters.  Low pressure and stormy conditions are more likely downstream of upper-level troughs, while high pressure and clear skies are more likely upstream of upper-level troughs.

Figure 3-20.  Upper-level wave pattern displaying regions of speed convergence and divergence and resulting vertical motion, surface pressure systems, and surface wind pattern.

Jet maxima (i.e., jet streaks) near the tropopause

Strong divergence and convergence patterns are produced by supergradient/subgradient winds near jet stream maxima.  These ageostrophic winds and resulting convergence/divergence patterns are produced by changes in the height gradient near jet streaks.  

Sub-gradient winds within the jet streak entrance region.  Winds in the jet entrance region are adjusting to a rapid increase in HGF as they approach a jet streak.  Actual winds here will temporarily be weaker than would be a wind in gradient balance with the new stronger HGF.  The actual wind is slower (weaker) than the tightening gradient supports.
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Figure 3-21.  Subgradient vector diagram subgradient condition actual chart
The jet entrance region is characterized by confluence in the height contour pattern (i.e., downstream tightening of the HG).   At the jet entrance region, the sub-gradient winds are in the process of speeding up (accelerating). Potential energy is converted to kinetic energy as sub-gradient winds turn downhill and accelerate towards lower heights.  The sub gradient winds will cross contours at slight angles. (See diagram above).  (PE = KE(.  Sub-gradient winds are deflected to the left of gradient flow.  HGF increases immediately upon entering the confluent height contour area.  HGF becomes stronger than CoF until winds reach gradient wind balance within the core of the jet streak.  While the winds are subgradient, they will deflect toward the left, favoring the stronger HGF.  HGF and CoF are out of balance.  HGF exceeds CoF, thus an ageostrophic wind develops in the HGF direction.  This ageostrophic flow toward lower heights (i.e., along HGF) produces a convergence/divergence couplet within the jet entrance region.  Mass convergence occurs on the left side of the entrance region, forcing subsidence.  A confluent wind pattern often accompanies the convergence there.  Mass divergence occurs on the right side of the entrance region, forcing lifting. A diffluent wind pattern often accompanies the divergence there.  Example:  Entrance region of a jet streak.

Figure 3-23.  Ageostrophic flow directed toward lower heights and the leftward directed subgradient

 wind within the confluent height contour pattern of a jet streak entrance region.  Convergent/divergent

 areas within the jet entrance region and associated mid-tropospheric vertical motion.
Super-gradient winds within jet streak exit region.  Winds in the jet entrance region are adjusting to a rapid decrease in HGF as they leave a jet streak.  Actual winds here will temporarily exceed a wind in gradient balance with the new weaker CGF.  The actual wind is faster (stronger) than weakening gradient supports.  
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Figure 3-23  Supergradient vector diagram
The jet exit region is characterized by diffluence in the height contour pattern (i.e. downstream relaxing of the HG).  The super-gradient winds are in the process of slowing down (decelerating).  Kinetic energy is converted to potential energy as super-gradient winds turn uphill and decelerate toward higher heights.  The wind will cross contours at slight angles (see diagram above).  (PE = KE(.  Deflect to the right of motion.  HGF weakens immediately upon entering the diffluent height contour area.  HGF becomes weaker than CoF once winds leave gradient balance in the core of the jet streak.  
While the winds are super-gradient, they will deflect toward the right toward higher heights, favoring the stronger CoF.  HGF and CoF are out of balance. CoF exceeds HGF, thus an ageostrophic wind develops in the CoF direction.  This ageostrophic flow toward higher heights (i.e., along CoF) produces a convergence/divergence couplet within the jet entrance region.  Mass divergence occurs on the left side of the entrance region, forcing lifting.  A diffluent wind pattern often accompanies the divergence there.  Mass convergence occurs on the right side of the entrance region, forcing subsidence.  A confluent wind pattern often accompanies the convergence there.  Example:  Exit region of a jet streak.

NOTE:  The above discussion of ageostrophic flow and divergence within jet streak entrance and exit regions assumes a straight jet streak (i.e., the height contours display no curvature through the jet streak).  In “straight” jet streak patterns, CeF is not a factor.  However, in curved jet streak patterns,  CeF becomes important and can significantly modify the resulting ageostrophic wind and divergence  patterns.  Thus, in curved jet streak patterns, the gradient wind relationship complicates the divergence  patterns within jet streak entrance and exit regions and the simplistic divergence patterns discussed  earlier may not apply.

Figure 3-25.  Ageostrophic flow directed toward higher heights and the rightward directed

supergradient wind within the difluent height contour pattern of a jet streak exit region.

Convergent/divergent areas within the jet exit region and associated mid-tropospheric vertical

motion.
Low Levels: Frictional effects near the surface.

Within the boundary layer, friction disrupts the geostrophic balance of forces, creating an ageostrophic flow and causing winds to cross isobars towards lower pressures (discussed earlier).  In cyclonic flow around surface lows, friction induces mass convergence.  This near-surface convergence forces lifting of the air.  This lifting helps enhance cloudiness and precipitation in the vicinity of surface lows.  In anticyclonic flow around surface highs, friction induces mass divergence.  This near-surface divergence forces sinking of the air from above.  This sinking helps evaporate cloudiness and aides in the generation of clear dry conditions in the vicinity of surface highs.  

Figure 3-26.  Friction induces 1) convergence and lifting in cyclonic flow around surface lows and 2) divergence and sinkng in anticyclonic flow around surface highs.

Friction results in convergence into the surface lows and divergence out of the surface highs.  In the upper levels, the gradient wind relationships produce the divergence and convergence associated with the atmospheric waves.  Near the tropopause, strong divergence and convergence patterns are produced by jet stream maxima (discussed in detail in objective g).  Above the tropopause, changes in the height of the troposphere are caused by replacement and displacement of mass.  

Figure 3-27.  Vertical cross section Chimney and Damper
Warm and cold pockets are found above the tropopause in the stratosphere (generally above the at 200 and 300-mb levels) above areas of strong DIV and CONV.  Warm sinks are defined as warm pockets of stratospheric air evident on the 200-mb chart.  They are found above strong upper level divergence which causes the height of the tropopause to sink with respect to the 200-mb surface.  Subsidence above the tropopause produces dry-adiabatic warming in the lower stratosphere.  Cold domes are defined as cold pockets of tropospheric air evident on the 200-mb chart.  They are found above strong upper level convergence which causes the height of the tropopause to raise with respect to the 200-mb surface. Ascent of air above the tropopause produces dry-adiabatic cooling in the lower stratosphere.

SUMMARY

Throughout this chapter, we have discussed the importance of divergence and convergence in the atmosphere, and how they apply to vertical and horizontal motion.  It is extremely important to understand how to properly evaluate the vertical motions in the atmosphere.  It would be virtually impossible to forecast synoptic scale systems without a thorough knowledge of the cause and effect of vertical motions. 

REVIEW EXERCISE 3

1.  Complete the table below.

2.  In the diagrams below, what is being indicated at points A, B, C and D?

3.  Use the diagram below to answer questions 3a through 3d.

a. What can be said about the vertical velocity at the LND?  The acceleration?

b. What would likely be found on a 200 mb chart above this location?

c. What would be the surface pressure tendancy?

d. How is the temperature of the air changing at the LND?

4.  Use the diagram below to answer questions 4a through 4d.

a. What can be said about the vertical velocity and acceleration at the LND?

b. What would likely be found on a 200 mb chart above this location?

c. What would be the surface pressure tendency?

d. How is the temperature of the air changing at the LND?

5.  Weak warm air advection is occurring over your station and you observe that the surface pressure is rising. 

a. What type of vertical motion is occurring at the LND?

b. Is CONV or DIV occurring in the upper levels?

c. Is CONV or DIV occurring in the low levels?

d. What will happen to the low level heights and pressures?  (WEAK or STRONG)

e. What will happen to the upper level heights?  (WEAK or STRONG)

6.  If strong CAA is occurring near the gradient level and surface pressure is rising, what type of vertical motion is occurring in the area?  What is happening in the upper levels above the LND, divergence or convergence?

7.  If weak CAA is occurring near the gradient level and surface pressure is falling, what is occurring in the upper levels, convergenece or divergence?  What type of vertical motion is occurring?

8.  If there are 500 mb height rises over an area, what type of thermal advection is occurring?  If no thermal advection is occurring, what factor might be the cause for the height rises?

9.  If there are 500 mb height rises with weak divergence aloft over the area, what is causing the heights to rise?  What type of motion is likely to occur?

10.  What type of vertical temperature change is occurring with the chimney effect?  What happens to thicknesses?

11. What type of vertical temperature change is occurring with the damper effect?  What happens to the thicknesses?

12.  What effect does WAA have on thicknesses?  CAA?
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