CHAPTER 8

VERTICAL MOTIONS                                                                                                                        (QUASI-GEOSTROPHIC THEORY AND ISENTROPIC ANALYSIS)

OBJECTIVE

Evaluate vertical motion methods from Quasi-Geostrophic (QG) Theory and isentropic analysis. 

INTRODUCTION

Determining vertical motions of the atmosphere is vital in understanding system development and decay.  In this final chapter, you will be introduced to QG Theory and isentropic analysis as a method of assessing the combined affects of divergence, thermal influence and vorticity on vertical motion in the atmosphere.  

INFORMATION

VERTICAL MOTIONS

Evaluation of synoptic scale vertical motion fields are of primary importance in analyzing and forecasting synoptic scale weather.  
Vertical motions in the atmosphere are extremely difficult to observe and forecast.  
Large-scale (i.e., synoptic scale) horizontal winds in the troposphere usually have magnitudes between 10 and 100 knots.  
Synoptic scale vertical winds in the troposphere are much smaller, with magnitudes generally between 0.1 and 1 knot.  
As already discussed earlier, the equation for mass continuity links divergence (convergence) of the horizontal wind to lifting (sinking) (i.e., chimney and damper effect).  However, small changes in the speed or direction of the horizontal wind may have huge effects on the lifting or sinking.  
The actual horizontal wind direction and speed cannot be measured with enough accuracy to allow direct calculations of the resulting vertical wind.  There are many disruptions to the flow, such as storms, mountains and buildings, which produce irregular wind flow and generate turbulence and eddies.  
Thus, actual winds measured by rawinsonde balloons, aircraft, surface weather stations, and satellite cloud motions cannot be used for accurate calculations of divergence and vertical motion in the classical sense.  
Therefore, alternative “indirect” vertical motion methods must be developed which may be partially or totally independent of the actual wind.  Two of the most popular indirect methods are the Omega Equation and Q-Vector methods, derived from Q-G wind relationships.  Another method, now available in real-time because of advanced computer workstation technology in forecast offices, depicts wind flow, moisture, and isobar patterns on an isentropic (i.e., potential temperature) surface.

QUASI-GEOSTROPHIC THEORY AND VERTICAL MOTION:

On the synoptic scale (and outside of the tropics), wind flow can be generally assumed to be quasi-geostrophic.  That is, wind flow is approximately in geostrophic balance with only small amounts of divergence/convergence.  

Main assumptions of Q-G theory:  

(1) The atmosphere is in hydrostatic balance (i.e., the atmosphere is thermodynamically stable).  Hydrostatic balance is destroyed near thunderstorms where the atmosphere is unstable.  

(2) The wind is quasi-geostrophic (i.e., flows essentially parallel to the height contours).  Advantages to this assumption are that height contour patterns may replace the actual wind flow and that no actual wind observations are required.  

(3) No small-scale weather features are required.  

(4) Only a single analysis of vorticity, isobaric heights, and temperatures are required.  

(5) Divergence/convergence is small (regions of inactive weather and small vertical motions).  

(6) 
Vorticity is represented by geostrophic vorticity (see discussion in earlier section).  Geostrophic vorticity can be derived from the height pattern on isobaric surfaces.  
Vorticity advection can be inferred from the intersection of vorticity and height contours.

Main limitations of Q-G theory:  

(1) Provides only a first inference of where and why vertical motion may be 

                occurring in the atmosphere.  

(2) Should not be applied in the tropics where synoptic-scale flow is more  ageostrophic in nature.  

(3) Should be used with great caution in active weather regions where divergence is large and non-hydrostatic conditions may exist.  

(4) Vertical motion produced by topography (i.e., friction), latent heating (i.e., convection), evaporative cooling, radiational heating and cooling, and small-scale processes will not be represented by Q-G theory and the omega equation.  

(5) Strictly a diagnostic equations.  The disadvantage to this is that it cannot be used to “predict” future vertical motion patterns.  On the other hand, the advantage is that the omega equation and Q-vector method may be used to “diagnose” vertical motion in model forecast patterns (i.e., the model generates the forecast pattern and the omega equation and Q-vector methods are then applied).  

(6) Some error is introduced in the Omega equation when smoothed contour patterns are used.

OMEGA EQUATION
Regions of synoptic-scale vertical motion can be estimated by the Omega Equation, represented below by a relationship between vorticity advection and temperature advection:

VM
=   [(((g Advection)]  +  [T Adv](lower troposphere)


(z

(Term 1)
(Term 2)
(Term 3)

where:

Term 1 = Vertical Motion.  Lifting occurs when Term 1 is positive.  Indicates divergence in the upper troposphere and convergence in the lower troposphere.  Sinking occurs when Term 1 is negative. Indicates convergence in the upper troposphere and divergence in the lower troposphere

Term 2 = Change in absolute vorticity advection with change in height.  PVA increasing with height makes Term 2 positive.  NVA increasing with height makes Term 2 negative. 

Term 3 = Temperature advection in the lower troposphere.  Warm advection makes Term 3 positive.  Cold advection makes Term 3 negative.

Terms 2 and 3 may have like signs.  
Both terms 2 and 3 may be positive, thus enhancing the magnitude of lifting (i.e., Term 1 is strongly positive).  
Both terms 2 and 3 may be negative, thus enhancing the magnitude of sinking (i.e., Term 1 is strongly negative).  


However, Terms 2 and 3 may have opposite signs (e.g., Term 2 may be positive and Term 3 may be negative), thus tending to offset one another and reduce the magnitude of lifting or sinking (i.e., Term 1).  
Term 2 may be positive and Term 3 may be negative, thus tending to offset and cancel one another and reduce the magnitude of lifting or sinking (i.e., Term 1 may be either positive or negative).  
Term 2 may be negative and Term 3 may be positive, thus tending to offset and cancel one another and reduce the magnitude of lifting or sinking (i.e., Term 1 may be either positive or negative).  
In this case, the dominant term will determine whether the atmosphere rises or sinks (i.e., stormy vs. clear skies).  
Because Terms 2 and 3 may oppose one another, each term’s influence on vertical motion will be evaluated separately
EVALUATION OF INDIVIDUAL TERMS IN THE OMEGA EQUATION

Evaluation of Term 2 (Vorticity advection), WITHOUT considering Term 3 (temperature advection).

Note:  Vorticity advection is assumed to increase from the surface upward through 500 mb. The 500 mb isobaric chart is normally used to evaluate vorticity advection.
Positive Vorticity Advection: 

VM
=   [(((g Advection)]  +  …



(z

(Term 1)
(Term 2)

VM
=   [((g Advection500 mb) - ((g Advectionsurface)]  +  …



( z500 mb - zsurface )

VM
=   [( Large + ) - (Small)]  +  … 
=   ( + ) 
=
+



( Large - 0 )
( + )

VM
=
Upward
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So, PVA indicates areas where divergence is occurring above the LND (i.e., level on non-divergence) and where convergence is occurring below the LND.  It indicates that upward vertical motion is occurring, a lowering of isobaric heights, surface pressures, and possible cyclogenesis.  Unstable weather conditions (e.g., clouds and/or precipitation) are usually associated with PVA.

Figure 8-1.  Results of PVA and NVA

Negative Vorticity Advection: 
VM
=   [(((g Advection)]  +  …



(z

(Term 1)
(Term 2)

VM
=   [((g Advection500 mb) - ((g Advectionsurface)]  +  …



( z500 mb - zsurface )

VM
=   [( Large -) - (Small -)]  +  …   =   ( - ) 
=
-



( Large - 0 )
( + )

VM
=
Downward

So, NVA indicates areas where convergence is occurring above the LND and areas where divergence is occurring below the LND.  
Downward vertical motion is occurring, resulting in an increase of isobaric heights, surface pressures, and possible anticyclogenesis.  
Stabilizing weather conditions (e.g., clear skies and dry conditions) are usually associated with NVA.

Neutral vorticity advection: 

VM
=   [(((g Advection)]  +  …



(z

(Term 1)
(Term 2)

VM
=   [((g Advection500 mb) - ((g Advectionsurface)]  +  …



( z500 mb - zsurface )

VM
=   [( 0 ) - ( 0 )]  +  …   =   ( 0 )
=
-



( Large - 0 )
( + )

VM
=
Zero

So, neutral vorticity advection indicates areas where vorticity and height isopleths are parallel and where vorticity values have reached either a maximum or minimum value.  
The wind flow is too light to advect the vorticity.  
Little or NO convergence or divergence aloft is occurring and no distinct vertical motion can be identified.  
No change in system intensity should be expected due to vorticity advection.

Relationships between 500-mb height contours and vorticity isopleths.

Vorticity lobes are areas in which vorticity isopleths are elongated.  Specific types of vorticity lobes (discussed in detail previously) include 
advection lobes, those lobes which are aligned perpendicular to the wind flow. Generally associated with increased curvature of the wind flow and enhanced vorticity advection patterns).  These indicate the possible existence of a short wave trough or ridge at the 500 and/or 700-mb levels.  Advection lobes indicate potential for active weather with associated vertical motion regions.  More detailed analysis of the weather situation is warranted. 
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Figure 8-3.  Advection vorticity lobes
Shear lobes are lobes aligned more parallel to the wind flow ‑ predominantly caused by speed shear. NOTE: The axis of the shear lobe is parallel to the contours.  Shear lobes are very useful in locating jet maxima.  

Figure 8-4.  Shear vorticity lobes (Need new figure.)

Evaluation of Term 3 (temperature advection at the gradient level) WITHOUT considering Term 2 (vorticity advection).

Temperature advection is usually a maximum at or just above the gradient level (i.e., just above the planetary boundary layer).  
To evaluate the effect of temperature advection on vertical motion we may utilize one or more of the following:  (1)  the 1000‑500-mb thickness analysis, (2) the 1000-850 mb thickness analysis, (3) the 925 mb analysis, or (4) the 850 mb analysis.  
The 1000/500-mb thickness chart provides an estimate of the lower tropospheric temperature advection. In some situations, strong outbreaks of polar or arctic air, the 1000/850-mb thickness chart would provide a better estimate.  Remember: Thickness is directly proportional to the mean virtual temperature of a layer which accounts for the combined effects of temperature and moisture.  The 925 and 850-mb chart may be used in conjunction with the thickness chart in areas where the surface is near sea level.  The 700-mb chart may be used as a back up for the thickness chart in mountainous areas. 

Figure 8-5.  Comparison of 925 mb and 850 mb charts to 1000‑500mb thickness chart
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Figure 8-6.  Comparison of 700 mb chart to 1000‑500-mb thickness chart over mountains

Cold Air Advection (CAA) in the lower troposphere (i.e., near the gradient level):
VM
=   …  +  [T Adv](lower troposphere)
(Term 1)
(Term 3)

VM
=
… 
+ 
[ CAA ]

VM
=
…
+
[ - ]
=
-

VM 
=
Downward

So, cold advection in the lower troposphere favors downward vertical motion (subsidence) and surface pressure rises (per pressure change equation; not discussed).
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Figure 8-7.  Results of CAA and WAA at the gradient level

Warm Air Advection (WAA) in the lower troposphere (i.e., near the gradient level): 
VM
=   …  +  [T Adv](lower troposphere)
(Term 1)
(Term 3)

VM
=
… 
+ 
[ WAA ]

VM
=
…
+
[ + ]
=
+

VM 
=
Upward

So, warm advection in the lower troposphere favors upward vertical motion (ascent) and surface pressure to fall (per pressure change equation; not discussed).

Evaluation of Term 2 (vorticity advection) and Term 3 (temperature advection) combinations on Term 1 (vertical motion).

Advection patterns in Terms 2 and 3 will tend to reinforce or offset each other.

VM
=   [(((g Advection)]  +  [T Adv](lower troposphere)


(z

(Term 1)
(Term 2)
(Term 3)

VM
=   [((g Advection500 mb) - ((g Advectionsurface)]  +  [T Adv](lower trop)


( z500 mb - zsurface )

VM
=   [( Large -) - (Small -)]  +  …   =   ( - ) 
=
-



( Large - 0 )
( + )

VM
=
Downward
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Figure 8-9.  Possible temperature and vorticity advection combinations

PVA + WAA:

VM
=   [(((g Advection)]  +  [T Adv](lower troposphere)


(z

VM
=   [((g Advection500 mb) - ((g Advectionsurface)]  +  [T Adv](lower trop)


( z500 mb - zsurface )

VM
=   [( Large +) - (Small +)]  +  [ WAA ]  =  ( + )
+
[ + ]
=
+



( Large - 0 )
( + )

VM
=
 up + up 
= 
up

Figure 8-10.  PVA/WAA influences on vertical motion (*** Graphic needed here ***)

NVA + WAA:

VM
=   [(((g Advection)]  +  [T Adv](lower troposphere)


(z

VM
=   [((g Advection500 mb) - ((g Advectionsurface)]  +  [T Adv](lower trop)


( z500 mb - zsurface )

VM
=   [( Large -) - (Small -)]  +  [ WAA ]  =  ( - )
+
[ + ]
=
?



( Large - 0 )
( + )

VM
=
[ - ] + [ + ]
=
down + up
=
? 

Figure 8-11.  NVA/WAA influences on vertical motion (*** Graphic needed here ***)
PVA + CAA:

VM
=   [(((g Advection)]  +  [T Adv](lower troposphere)


(z

VM
=   [((g Advection500 mb) - ((g Advectionsurface)]  +  [T Adv](lower trop)


( z500 mb - zsurface )

VM
=   [( Large +) - (Small +)]  +  [ CAA ]  =  ( + )
+
[ - ]
=
?



( Large - 0 )
( + )

VM
=
[ + ] + [ - ]
=
up + down
=
? 

Figure 8-12.  PVA/CAA influences on vertical motion (*** Graphic needed here ***)
NVA + CAA:

VM
=   [(((g Advection)]  +  [T Adv](lower troposphere)


(z

VM
=   [((g Advection500 mb) - ((g Advectionsurface)]  +  [T Adv](lower trop)


( z500 mb - zsurface )

VM
=   [( Large -) - (Small -)]  +  [ CAA ]  =  ( - )
+
[ - ]
=
-



( Large - 0 )
( + )

VM
=
[ - ] + [ - ]
=
down + down

=
down 

Figure 8-13.  NVA/CAA influences on vertical motion (*** Graphic needed here ***)
Vorticity and temperature advection are two important drivers of vertical motion on the synoptic scale, but, as shown in (c), opposition of these two terms can lead to confusion and forecaster indecision because the dominant term (Term 2 or Term 3) actually driving the vertical motion may not be known.  Thus, quantitatively combining these two terms into a single vertical motion indicator would be extremely helpful; the Q-Vector method does just that.

Q-VECTORS

Q-Vectors provide an alternative way of using Q-G theory to imply regions of vertical motion.  The Q-Vector relationship is actually derived from the Omega Equation; however, Terms 2 and 3 in the Omega Equation are now re-organized into a single term representing the divergence/convergence patterns depicted by Q-Vectors.  It is important to remember that all the assumptions and limitations of Q-G theory still apply to Q-Vector indications of vertical motion.  Thus, like the Omega Equation, the Q-Vector is only a starting point for determining where and why synoptic-scale vertical motions may be occurring.  The Q-Vector is derived on an isobaric surface from  (1) the magnitude of the horizontal temperature gradient, and (2) the vector manipulation of the horizontal shear of the geostrophic wind.  
Thus, Q-Vectors may be calculated using vector analysis mathematics from simply the distribution of heights and temperatures on a single isobaric surface.  
Q-vectors may be calculated at several different isobaric levels (such as 850 mb, 500 mb and 300 mb).  Q-vectors provide an idea of synoptic-scale Q-G vertical motion influences at each isobaric level. The overall tropospheric Q-G vertical motion pattern requires Q-vector interpretation on several isobaric levels.

Q-vector interpretation

Convergence of Q-vectors represents upward vertical motion (lifting).  Divergence of Q-vectors represents downward vertical motion (subsidence).  One of the most significant deficiencies of Q-vector vertical motion patterns is that there is no easy-to-see conceptual interpretation of why the vertical motion is occurring.  Thus, Q-vector vertical motion patterns should be used together with classic Omega Equation indicators (i.e., vorticity and thermal advection patterns) for better recognition of processes that may be forcing the vertical motion.  When the vertical motion forcing from Terms 2 and 3 of the Omega Equation conflict with one another, Q-vector convergence/divergence patterns can provide a method of determining which process dominates. (Note:  Assume 700 mb represents the LND in the following examples.)

(1)  Omega Equation:
Vertical Motion = PVA lifting + CAA sinking = ?


700 mb Q-Vector pattern:
Vertical Motion = Q-vector convergence = lifting


Result:  PVA lifting dominates over CAA sinking.



or


700 mb Q-Vector pattern:
Vertical Motion = Q-vector divergence = sinking


Result:  CAA sinking dominates over PVA lifting.

(2)  Omega Equation:
Vertical Motion = NVA sinking + WAA lifting = ?


700 mb Q-Vector pattern:
Vertical Motion = Q-vector divergence = sinking


Result:  NVA sinking dominates over WAA lifting.



or


700 mb Q-Vector pattern:
Vertical Motion = Q-vector convergence = lifting


Result:  WAA lifting dominates over NVA sinking.

Figure 8-14.  Omega Equation Vorticity/Advection Patterns, Q-vector convergence/divergence patterns at the LND, and associated LND vertical motion.
Remember: Omega Equation and Q-vector methods only provides a first glimpse at where and why synoptic-scale vertical motions may be occurring.  Both methods are subject to all the assumptions and deficiencies imposed on Q-G theory; but, ALWAYS START YOUR SYNOPTIC WEATHER EVALUATION BY LOOKING FOR THESE Q-G VERTICAL MOTION INDICATORS.  Other tools will be discussed later in the course.

ISENTROPIC ANALYSIS OF VERTICAL MOTION

Although isobaric charts (such as 850 and 500 mb charts) are heavily utilized in operational meteorology, air does not remain at the same pressure level for long.  Air trajectories cross from one isobaric surface to another, depending on the vertical displacement of the air as it moves along its path.  On the synoptic scale, unsaturated air moves dry adiabatically.  Along dry adiabats (i.e., isentropes), potential temperature is conserved (i.e., remains unchanged).  Therefore, air follows isentropic (i.e., potential temperature) surfaces much better than it follows isobaric (i.e., pressure) surfaces.  There are two types of isentropic products which are great aids to forecasters:  (1) isentropic charts (Similar to isobaric charts (i.e., 850 or 500 mb charts, etc…), except potential temperature (i.e., 290 K or 300K, etc…) is constant instead of pressure), and (2) isentropic cross sections (Similar to vertical cross sections, except isobars are replaced by isentropes). As discussed earlier in this course, isentropes are lines of constant potential temperature.  Potential temperature is represented by the Greek symbol ( (pronounced “theta”).  Thus isentropic analyses are often called theta analyses (or ( analyses).  


Figure 8-15.  (*** Need to develop graphics which show examples of an isentropic chart vs. an isobaric chart, and a vertical cross section with isobars analyzed Vs one with isentropes analyzed (Holton Fig. 6.4 is a good example of cross section comparisons ***) 

Advantages: There are many advantages to looking at the upper atmosphere from an isentropic perspective. Isentropic products are superior to isobaric products in the depiction of vertical motion, moisture advection, moisture convergence/divergence, temperature advection and stability.  Each of these is discussed below.  

(1) Vertical motion.  From an isentropic perspective, vertical motion (VM) is the result of 3 processes:

VM = local pressure tendency + pressure advection + diabatic processes


                 (1)
                  (2)
          (3)

where:

Term 1 = 
the local change in pressure on an isobaric surface due to the movement or intensity change of high and low pressure systems.

Term 2 =
the advection of isobars by wind flow directed across the isobars

Term 3 =
diabatic process, such as temperature changes due to latent heating (e.g., convection), solar heating, evaporative cooling, radiational cooling, etc…

Vertical motion is the most important advantage of isentropic analysis.  By applying a few assumptions to the above equation, Term 2 (pressure advection) becomes the most important indicator of vertical motion.  

Assumptions: 

(1) The high and low pressure systems are slow-moving and not rapidly changing intensity.  Time-dependent pressure changes in Term 1 becomes small or is eliminated.  

(2) The winds on the isentropic surface are adjusted relative to the moving high and low pressure systems.  By allowing the computer to subtract the motion of the pressure system from the actual wind motion on an isentropic surface, Term 1’s influence is eliminated even for fast moving pressure systems (assuming these systems are not undergoing rapid intensity changes).  

(3) Precipitation influences are ignored.  Latent heating and evaporational cooling influences in Term 3 are eliminated.  

(4) The isentropic surface is above the planetary boundary layer (i.e., the isentropic surface is aloft and not near the ground).   Solar heating and radiational cooling of air near the ground (Term 3) is eliminated.

If all the assumptions are met, Term 2 (pressure advection) represents the dominant indicator of isentropic vertical motion.  
The isentropic (() surfaces vary in elevation from one place to another, and may take on a wavy appearance on cross sections.  
In general, these ( surfaces are found at (1) higher levels over colder air masses or higher pressure, and (2)
lower levels over warmer air masses or lower pressure.  

Air parcels will remain on the wavy ( surface rising up ( "ridges" and dropping into ( "troughs". This is best seen on an isentropic cross section. Thus if isentropes slope upward along the path of the wind there will generally be upward motion as the air parcel climbs the "hill" and vice-versa. This has great forecast implications since rising air, or lift, generally produces clouds/precipitation and sinking air generally produces clear skies and dry conditions. Thus forecasters can look at computer analyses and forecasts of various isentropic surfaces to actually see how much lift (or descent) is or will occur at given points in time (examples are provided later in this section).

(2)  Moisture advection (indicated by mixing ratio or specific humidity).  
Moisture advects along isentropes.  
Isolated dry or moist “pockets” of moisture often observed on isobaric charts are eliminated.  Better depiction of atmospheric conveyor belts associated with mid-latitude cyclones.  


(3) Moisture convergence/divergence  

(4) Temperature advection.  Isotherms parallel isobars on isentropic surfaces, so wind directed across the isobars indicates temperature advection.

(5) Static stability, upper-level fronts, tropopauses, tropopause folds, and thermal support for jet streams on cross sections.  Stability varies depending on the vertical spacing of isentropes:  Widely spaced isentropes indicate more neutral stability conditions (i.e., closer to dry adiabatic).  Tightly packed isentropes indicate extremely stable conditions (i.e., temperature inversions).  Convergence of the wind on a ( surface indicates a spreading of the isentropes vertically and decreasing stability.  Divergence of the wind on a ( surface indicates a tightening of the isentropes vertically and increasing stability.    
Frontal positions above the surface are often depicted as sloped regions of tightly spaced isentropes.  The tropopause is often depicted at the bottom of an extensive region of tightly-packed isentropes generally above 400 mb.  
Sharp downward dips in the tropopause often indicate regions of tropopause folding.  
Jet stream positions are often on the equatorward side of tropopause folds and often reside above lower-tropospheric frontal zones.

Figure 8-16.   *** Refer to Fig. 6.4 (b) in Holton and Fig. 8.14 in Djuric ***

Disadvantages:  Isentropic charts are inferior to isobaric charts because Manual construction of isentropic charts is more difficult than isobaric charts.  Automated isentropic chart construction by modern computer workstations eliminates this disadvantage.  
Isentropic charts in the lower troposphere tend to intersect the ground more frequently than isobaric charts.  Selecting the correct potential temperature (i.e., isentrope) is more difficult than selecting the correct pressure level.  Selection of the precise isentrope (for instance, 290 K vs. 310 K) varies with the weather pattern.  Two methods of isentrope selection work best:  (1)  
For lower-tropospheric details, Djuric (1994) suggests using the theta surface corresponding to the warmest temperature in the warm sector of a mid-latitude cyclone.  Example:  Assume 30(C is the warmest temperature in the warm sector.  Convert this temperature from (C to K (Formula: K = 273 + (C) and select this K value as the isentropic surface.  (2)  
Generate an isentropic cross section through the weather system of interest, then select an isentrope appropriate to the weather feature of interest.  Use this isentrope value to create an isentropic chart. 

In order to correctly infer vertical motion on an isentropic cross section, only the component of wind which is parallel to the cross section path should be plotted.  Automated isentropic cross section construction by modern computer workstations eliminates this disadvantage.

Figure 8-17.  Vertical comparison of Isentropic Surface to pressure surface (*** Graphic needed here [see Fig. 5 in NWS Western Region Technical Attachment No. 93-14 by Pike, 1993] ***)

Isentropic charts generally contain isobars or isotherms (they always parallel one another and thus one can substitute for the other).  Isobar analyses are more common than isotherm analyses.  Isentropic charts also contain moisture (relative humidity, specific humidity, or mixing ratio),  and plotted winds or streamlines (Montgomery streamlines).
Isentropic chart interpretation.  Accurate operational interpretation of vertical motion on isentropic charts heavily depends on the validity of assumptions already stated previously.  When these assumptions are grossly violated, erroneous interpretations may occur.  For instance, if precipitation is present, the latent heating due to condensation warms the air (activating Term 3) and forces air parcels to “jump” to higher isentropic surfaces.  Thus, the air parcel is no longer following the original isentropic surface.  If this assumption is violated, lifting may still be detected on the isentropic chart by cross-isobar flow of the wind; however, the magnitude of isentropic lifting will be much weaker than in the real precipitation area.  Problems can also occur with isentropic surfaces near the ground because erroneous isobar gradients can appear on isentropic surfaces due to solar heating or radiational cooling of the ground (again activating Term 3).  Thus, cross-isobar flow in this case could be incorrectly interpreted as vertical motion when none actually exists.
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 Figure 8-18. from the National Weather Service Forecast Office in Fargo, South Dakota at http://www.crh.noaa.gov/fsd/upper.htm)

Forecasters can look at computer forecasts of various isentropic surfaces to actually see how much lift (or descent) will occur at given points in time. The figure below shows that air flowing from left to right and following the solid lines would be crossing from 700 mb down to 850 mb (isentropic descent) until it crosses the solid line marked N-S. Then the air would be flowing up the isentropic surface as it went from 850 mb back up to 700 mb.

Cross-isobar flow normally represents vertical motion.   When the wind is directed toward lower pressure, (e.g., from 850 mb to 700 mb), upward vertical motion generally is indicated.  When the wind is directed toward higher pressure (e.g., from 700 mb to 850 mb), downward vertical motion generally is indicated.

[image: image2.png]



Figure 8-19. Figure from the National Weather Service Forecast Office in Fargo, South Dakota at http://www.crh.noaa.gov/fsd/upper.htm)

In the 316 K isentropic surface below (Fig. 2 of NWS Tech Attachment), a sharp isobar gradient is observed extending through Utah with higher pressures to the east and lower pressures to the west.  The wind is directed from lower to higher pressure at sharp angles to the isobars.  Thus, subsidence is indicated over Utah.  This sharp packing of isobars also represents a sharp packing of isotherms, thus, this bar gradient represents a frontal zone.  The lower pressures to the west infer lower temperatures there, while the higher pressures to the east infer higher temperatures.  Thus, cold advection is occurring as winds are directed from colder air toward warmer.  This CAA/subsidence relationship on the isentropic chart is in agreement with the CAA/subsidence relationship already discussed in the Omega Equation.  To the east over northeastern Colorado, western Kansas, and western Texas, another sharp isobar gradient is observed.  In this case, the wind is directed at sharp angles across the isobars (or isotherms) from higher pressure (or higher temperature) toward lower pressure (or lower temperature).  Thus, ascent and warm advection is indicated in this 3-state region.  This tight packing of isobars (or isotherms) represents a warm front on the 316 K isentropic surface.

Figure 8-20.  (see Fig. 2 in NWS Western Region Technical Attachment No. 93-14)

Forecasters can use isentropic cross sections to analyze fronts, the amount of stability in the atmosphere, and temperature advection solely based on the slopes and vertical spacing of isentropic surfaces along the cross section. You can also see a more uniform moisture distribution through the atmosphere along an isentropic cross section as opposed to an atmospheric sounding. 

Figure 8-21.  Figure of isentropic cross section (*** Find one, or use Fig. 8.14 in Djuric, 1994 ***).

SUMMARY 

Q-G Theory, Q-vectors and isentropic analysis are just some of the tools to help you assess the dynamics of the atmosphere.  A thorough understanding of the concepts detailed here are essential to building a solid understanding of the atmosphere as a fluid, ever changing entity.

REVIEW EXERCISE 8

1.  Complete the table below.

2. What type of feature is associated with an advection lobe?  A shear lobe?

3. Use the vorticity and thickness charts on the following pages to complete the table below for points A through I.

4. What type of vorticity lobe is located east of James Bay?  In Nevada?

5. Which vorticity maximum represents the strongest cyclonic spin: the max over Texas, or the max over Alberta, Canada?  Explain your answer. 
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