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% vertial motion

/' MET?: Fuelberg (45 min to 1 hour) **

* Diagnosis of large scale vertical motion is very important to both operational
meteorologists and to researchers involved in synoptic studies.

Give as much information as you can about the following techniques for diagnosing
vertical motion. Include material about the origins (derivation) and assumptions of each
technique, a description of the procedures involved, strengths and weaknesses of each
technique, and any other appropriate material to show your knowledge.

A. Kinematic method, including any commonly used adjustment techniques.

B. Quasi-geostrophic omega equation.
C. Adiabatic technique
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+ aswe Synoptic_questions:.

MET?: Fuelberg(30 min) * 2 wutiple pads

e Question

a. You are analyzing height contours at 500 mb and have a geostrophic wind scale. The
wind speed at a point having strongly cyclonic flow is 40 m/s. Based on that speed,
your geostrophic scale suggests a contour spacing of ¥ inch. Based on gradient wind
considerations, should the spacing be more or(less than % inch? Discuss your answer
fully.

b. Draw streamlines and isotachs that demonstrate confluence and divergence existing
simultaneously.

c. Draw a cross section that intersects a warm type occluded front. Label the regions
“cold”, “coldest”, and “warm”.

d. Sketch a temperature-dew point sounding that represents a standard_frontal inversion.
Repeat the process showing a standard subsidence inversion.

e. Draw a diagram and explain the type of temperature advection that occurs when _ _ s
winds veer with altitude. Your discussion should be based on thermal wind concepts.
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# hydlrostalTe approx,

MET? : Fuelberg (?)

e Scale analysis of the third equation of motion for synoptic scale systems results in what

is known as the hydrostatic approximation.

(a) Use the hydrostatic approximation to derive an expression for the height of the base
of any atmospheric layer. v —= lypsometrrc €2

(b) Use the expression derived in (a) to determine what effect warming in the lower
stratosphere would have on existing cold-core 500 mb low.

(c) Use the expression derived in (a) to determine what effect cooling in the lower
stratosphere would have on existing cold-core 500 mb low.
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+Severe WX otlek

ﬂ METS5511 (Mesomet): Fuelberg(1l hour) ¥

* You have gone up to the map room to see if any severe thunderstorms are likely to
occur over the United States today, but, alas, the convective outlook chart prepared by the
Severe Storms Center is not there. Some students are bewildered and wringing their
hands because they don’t have a sufficient background in synoptic meteorology to make
their own outlook, but this is no problem for you because you taken plenty of these

courses.

a. Describe how you would prepare your own convective outlook chart. First discuss the
concepts you would use to identify the region where general thunderstorms are likely.
Then, discuss any additional steps that you would use to make the distinction between

general and severe storms.

b. Present this discussion in an organized manner. Be sure to describe the physical
processes that you are seeking to identify. Do not merely describe the charts you will

use.

c. Remember that you are looking for general areas of potential storms. You are not
trying to prepare a nowcast for a specific location.
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+ Convective outlatk

MET5511C (Mesomet): Fuelberg (1 hour) **

e Thunderstorms occur under a variety of conditions. Assume that you walk into a
forecast center during the morning and that the convective outlook for the afternoon
hours is unavailable. Your task is to prepare such an outlook for the afternoon and early
evening hours, i.e., a U.S. map showing areas of risk for either thunderstorms or severe

thunderstorms.

Describe in detail the various procedures you would use to prepare your outlook. Include
your use of the various 1200 GMT analyses and the numerical progs for 0000 GMT later

in the day (the progs are available).

Besides a description of what you would do, explain WHY you would do it based on
theoretical considerations. The WHY aspect is a very important part of this question.
This is your opportunity to give as much information as you can.
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Q Prea betoren lifled parcel 3 env. Souadling , Ulove Trae) > Teny.

* Thermodynamre digyrams .

METS5511(Mesomet): Fuelberg(30 minutes)

e Thermodynamic diagrams are used very widely in synoptic meteorology. Describe the
meanings of the following terms. I am not interested in how each is determined on the
diagram, but, instead, what is the physical process underlying each term.
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%3y vioptic mdeomlg

MET?: Fuelberg(?)

* This question consists of several parts. It will test your knowledge about various aspects
of synoptic meteorology.

A. Write the equation of continuity for an incompressible fluid (with p as the vertical

coordinate). Explain in words what this equation tells us about the atmosphere.
Integrate the equation to obtain an expression for kinematic vertical motion. Show all
of your steps. The diagram below is a vertical profile of divergence. Using the
equation you just derived (or your knowledge), sketch a corresponding profile of
vertical motion. Label the axes “up” and “down” motion, and indicate on your
diagram the altitudes that I have numbered 1, 2, 3 etc.

div. conv.

. A cyclone at the surface has comparatively warm temperatures near its center. Will

the cyclone become stronger or ‘weaker as altitude increases? Explain your answer
thoroughly using the concept of thickness.
If winds change direction in a counterclockwise manner with increasing height, what
type of temperature advection is occurring? Fully explain your answer with diagrams
and a discussion. ai

. What is_equivalent potential temperature? Why is equivalent potential temperature

used often in meteorology? A layer of air is very dry at the top and very moist at the
bottom. If the entire layer is lifted to saturation, what will happen to stability of the
layer? Explain your answer by discussing the relative amounts of cooling at the top
and bottom of the layer.

The diagram below shows surface winds blowing around a cyclone in the northern
hemisphere. Copy this diagram onto your paper and add vectors showing each of the
forces that is acting on the wind. Describe the orientations of your forces relative to
the wind.
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* Synoptiec met.

MET4450: Fuelberg (30 minutes)
e The question below mainly is for Mr. someone, both of whom have taken MET 4500
from me. However, since it is an assortment of material from the senior level synoptic
course, I believe any graduate student should be able to answer it. I suggest that it be
considered for all of the candidates. Completion should require approximately 30 min.
Answer each of the following:

' a) Draw a cross section through the wave cyclone shown below. Show two isotherms
(labeled T, and T,,) and two lines of constant potential temperature (labeled 6, and 8,).
All four isolines should intersect both fronts.

b) You are using a geostrophic wind scale in the flow below at 500 mb. Are the
geostrophic wind speeds greater or less than observed values? Based on the observed
speeds, assume the geostrophic scale indicates a contour spacing of 0.5 in. To account for
the curvature, should you make the contours closer together, farther apart, or make no

change?
D

2"

J c¢) The equations for purely divergent flow are given by
u=1/2div.x v=1/2div.y
Derive an equation for the streamlines. Show all of the little mathematical steps. Then
sketch the streamline pattern.
d) Superimpose on the diagram below a qualitative profile of the corresponding vertical
motion using the kinematic approach. Do this very carefully, keeping up with the areas.

L~

D

==

hor. Divergence descent 0  hor. Convergence ascent

\//e) Answer the following questions based on the map below. No calculations should be
done. Your answers should be based solely on inspection of the map. Explain your
reasoning for each answer.

i



Is @or warm advection occurring over Kentucky (point a)?

Does stretching lead to positive or negative divergence at point b located just north of
New York?

Does spreading lead to positive or negative divergence at point ¢ located at the
Canada-North Dakota border?

Does shear lead to positive or negative vorticity at point b?

Does curvature lead to positive or negative vorticity at point b?

12
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% Synophc et

4450
MET?: Fuelberg (?) — +uo figres neededt /
e These questions are meant to test your knowledge of several basic principles of
synoptic_meteorology. This type of material is covered in our senior level synoptic
classes. Answers do not require elaborate mathematical formulations — just simple
explanations that demonstrate your basic understanding.
/ a) Whatis a front?
Sketch a cross section along axis A-B through the wave cyclone shown below in the
surface analysis. On your cross section, show the front as well as a few isotherms and
isentropes. Indicate the relatively colder/warmer isoline values.
Assume that the surface analysis is for an oceanic region, i.e., there is no variation in
surface elevation. Superimpose on the schematic the 700 mb locations of the low, the
cold front, and the warm front. Describe briefly the major points that your sketch is
reveling.

v b) Define potential temperature, giving its characteristics, and explaining why it is
important in synoptic meteorology. Also define equivalent potential temperature,
giving its characteristics, and explaining why it is important in synoptic meteorology.
How do values compare to those of potential temperature?

v ¢) Sketch three temperature/dew point soundings on your own schematic renditions of
Skew T-Log P diagrams (or another common type of thermodynamic diagram)
representing the following types of temperature inversion situations:

a) frontal

b) subsidence

c) surface based radiation
Be sure on each diagram to show a sample isotherm, dry adiabat, and saturation
mixing ratio line.

d) Answer the following questions based on the attached map. No calculations should be
done. Your answers should be based solely on inspection of the map and your
meteorological knowledge.

Does horizontal shear lead to cyclonic or anticyclonic vorticity at Point A?
Does curvature lead to cyclonic or anticyclonic vorticity at Point C?

Does horizontal shear lead to cyclonic or anticyclonic vorticity at Point B?
Is there confluence or difluence at Pont B?

Do you expect upward or downward vertical motion at Point B? (explain)

e) Answer the following questions based on the attached sounding. No calculations are
necessary — answer on the basis of inspection.

What kind of horizontal temperature advection (warm or cold) is occurring between
the surface and 800 mb?

Based on the parcel criteria, what is the stability of the 800-700 mb layer?

How will equivalent potential temperature vary with height increasing altitude in 900-
700 mb layer?

Based on the convective stability criteria, what is the stability of the 900-700 mb
layer?




—

How will potential temperature vary with increasing altitude in the 600-500 mb layer?
If the 600-700 mb layer is lifted without any saturation occurring, how will its

stability change?

If the 600-700 mb layer experiences horizontal divergence without any saturation
occurring, how will its stability change?
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% Various aspects of Synoptc met.

zg.so
MET? (?): Fuelberg (?)
e Question

1.

v,

1v.

V' il

Make a list of procedures or rules that you would used to locate a cold front or a

warm front on a surface map. Explain why each rule is appropriate.

You are given a 500 mb map of the middle latitudes. The data are very sparse.
Your job is to analyze height contours. You understand the concept of geostrophic
wind — contour spacing is closer in regions of strong winds. However, your map
has regions of cyclonic flow and anticyclonic flow. How de you adjust
geostrophic contour spacings into those that would account for curved flow?
Specifically, will the spacing be closer or farther apart in a) cyclonic and b)
anticyclonic flow? Explain your answers by discussing the forces and concepts
associated with the geostrophic and gradient winds.

If winds change direction in a clockwise manner with increasing height, what type
of temperature advection is occurring? Explain your answer with diagrams and a
discussion iy adv.

A layer of air is dry at the top and moist at the bottom. Its equivalent potential
temperature decreases in the vertical. If the entire layer is lifted to saturation, what
will happen to the lapse rate of the layer. Explain your answer by discussing the
relative amounts of cooling at the top and bottom of the layer.

The_isentropic coordinate system is becoming increasingly popular. What are the
advantages and disadvantages of this system? What parameters usually area
analyzed on isentropic surfaces?

Forecasts often say that positive vorticity advection at 500 mb suggests ascending
vertical motion. Using the vorticity equation or some other appropriate equation,
explain why this is true.

The diagram below contains a profile of horizontal divergence. Superimpose a
sketch of the vertical motion profile. You will not know actual values (number) of

the ascent &f descent.
or L

div. and upward motion 0 conv. And downward motion

—=See BanTloms
Fpesivor;
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# Conectton releled questius

\/ METS5511C: Fuelberg (45-60 minutes) *
¢ Question

A. Areas of convection are known to affect their larger scale environments. Describe
these effects on fields and/or vertical profiles of temperature, geopotential height,

winds (including divergence/convergence).

vB. What is a “mesoscale convective complex”? How is it defined, and how does it differ
from other types of convective storms? —— see_kloosols nate

VC. What are atmospheric gravity waves (descﬁbe them)? How are they thought to trigger

thunderstorm formation?
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KGRty (v

MET? : Fuelberg (30-45 minutes) — Jravity wases.

\/ * Describe atmospheric gravity waves by giving as many characteristics as you can
(wavelength, amplitude, etc.). In what kinds of atmospheric conditions of stability,
wind shear, etc. do gravity waves tend to occur? ~ Describe how gravity waves might
help to initiate thunderstorm development. ——— also_see kivesslt nete

See Holn see. 1.3.2
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X mroburst /dosabarct

\/ MET? : Fuelberg (30-45 minutes)

* Describe microbursts and downbursts by giving typical sizes, lifetimes, wind speeds,
and any other information that shows your understanding. How do

microbursts/downbursts differ from tornadoes? How have microbursts led to several
major airline disasters? . 4, see kloeselt pede
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# Sea/liand brecee - Stope/iuley cnradetwa

MET? : Fuelberg (45 minutes)

e Mesoscale circulations can easily dominate synoptic scale flows. In dispersion

calculations, for example, transport due to mesoscale processes can be quite different

from that due to assumed large scale flow. It is important to be aware of the
characteristics of mesoscale circulations.

1. Give a complete three-dimensional description of the sea/land breeze circulation at
day and at night. Don’t be shy about giving information here. I suspect it will require
several handwritten pages to complete. ——= g Kiseselt nste

2. Give a similarly complete description of slfpe/valley circulation at day and at night.
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% land /sea breeze

METS5511 (Mesometeorology): Fuelberg (30 minutes)

e Land/sea breeze are important mesoscale circulations near sea coasts. Describe them in
detail, being sure to include the following items in your discussion:

mechanisms producing them

a cross section normal to the coast during the day showing the circulations
a cross section normal to the coast during the nigh showing the circulations
a description of how the wind direction at a point slightly inland varies during a 24 h
period

a description of the sea breeze front

effects of the following on sea breezes:

— larger scale gradient wind

— atmospheric stability

— topography

— shape of the coast line

any other material that you believe is appropriate.
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4 |ond/sea breeze (hBmewttel hestngs)

MET? (Mesometeorology): Fuelberg (?)

e Question

a) A number of mesoscale circulations are due to differential heating at the surface. List
as many of these as you can. For each circulation, very briefly describe the type of
differential heating that serves as the forcing mechanism.

b) Provide a detailed description of land/sea breezes. As part of your discussion, give
information about wind directions and speeds and how these vary during a 24-hour
period, the sea breeze front and its influence on local weather, inland penetrations,
vertical structure, and any other information that is appropriate.

c) How can the shape of a coast line affect the sea breeze?




¥ amospleric S&dﬂr&y

MET? (Synoptic Meteorology): Fuelberg (45 minutes)
e The following question has several parts dealing with atmospheric stability.
7 a) You have the “sounding” for a station that is plotted on a thermodynamic diagram
(such as the Skew T). Describe how you can VISUALLY determine the parcel

stability of any portion of the sounding.

saturated and unsaturated regions.

v~ b) An unsaturated layer of the atmosphere is

Please describe your procedure for both

100 mb thick. Its lapse rate is 7 deg C/km.

This entire layer is lifted 200 mb; however, none of the layer becomes saturated
during the ascent. How will the lapse rate change during the ascent (i.e., will it
become larger, smaller, or stay the same)? EXPLAIN why this occurs.

A different layer of the atmosphere also is 100 mb thick, and its lapse rate also is 7

deg C/km. This layer merely experiences horizontal divergence. None of the layer
becomes saturated during the process. How will the lapse rate change? EXPLAIN

why this occurs.
d)

A layer of the atmosphere has a lapse rate of 7 deg C/km. It is dry at the top of the

layer, but moist at the bottom of the layer. The layer is lifted until all portions become
saturated. How will the lapse rate change as a result of the ascent? EXPLAIN why

this occurs.
e)
describing part b) above?
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+ mublrel|  Supercell storms

MET5511: Fuelberg (30 minutes)

¢ Question

a) Draw schematic diagrams and use them to explain the important features of a
multicell severe storm complex.

b) Draw schematic diagrams and use them to explain the important features of a

supercell storm.




% puHcell & supercell Stores + microbursts

MET5511C: Fuelberg (45 minutes)
¢ Question
< A. Fully describe the structure and evolution of multicell storm complexes. This is an
open ended question that allows you to tell all that you know.
o\ B. Fully describe the structure and evolution of supercell storms. Once again, give all the
Sre Klaeselé vke information that you know.
C. Describe microbursts fully, contrasting them with tornadoes where appropriate.

L__,gee {he {:mmu: oeshren




% (ry lines

Vv

MET5511C: Fuelberg (1 hour) *

¢ Give a full discussion of 1) dry lines, 2) “lids” (or “caps”) in a thermodynamic

sounding, and 3) thunderstorm development along dry lines. You should cover at least
the following topics in your answer. Any other material is always helpful.

How a dry line is located on a surface analysis.

How a dry line evolves during a 24 h period and WHY this occurs.

Sketch an east-west cross section through a dry line and EXPLAIN features of

that cross section.

Sketch a sounding on the dry side of the dry line and another on its moist side.
DISCUSS important aspects of each sounding

What is the origin of air on each side of the dry line.

Explain the stability characteristics on each side of the dry line.

Discuss the lid strength index and how it compares to more common types of

stability indices.

Finally, discuss the concepts that a forecaster should consider regarding
thunderstorm formation along the dry line, i.e., play like you are forecaster

considering this area.
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4 Understendyy of WX meps.

METZ"?%SSOynoptic meteorology): Fuelberg(45 min) : Two figures needed!!

e Use the enclosed 300 mb data plot to answer the following questions

Does shear lead to positive or negative vorticity at point A? Discuss this.

Does curvature lead to positive or negative vorticity at point A? Discuss this.

Repeat questions 1 and 2 for point B.

Does stretching lead to positive or negative divergence at point C? Discuss this.

Does spreading lead to positive or negative divergence at point C? Discuss this.

How will geostrophic wind speeds compare to gradient wind speeds at point A? How

will they compare at point B? Explain.

Answer the following questions based on the enclosed thermodynamic diagram.

7. Is cold or warm temperature advection occurring between the surface and 850 mb?
Explain this.

8. How does equivalent potential temperature vary with height between 850 and 700 mb
(pos. or neg.)? What is the convective stability category of this layer? Explain.

9. How does potential temperature vary with height between 500 and 400 mb? Explain.

10. In what direction do cold core surface low pressure centers tilt with height? Explain
your answer using the concept of thickness.

O R W
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(Ruelbeg)
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MET 4500
Fuelberg

e Answer the following questions in the spaces provided or on the enclosed analyses.
Give complete answers that demonstrate your knowledge of the material. Assume that the
grader (Fuelberg) knows very little — you must explain everything. If key points of an
answer are omitted, he assumes that you didn’t know them! When diagrams are
requested, you should explain those diagrams.

v 1. How does a warm core anticyclone vary in intensity with increasing altitude? Based
your answer on the hypsometric equation, draw appropriate diagrams, and EXPLAIN
those diagrams.

/2. What is truncation error? How is it involved in finite differencing?
When will centered, forward, and backward differencing give the same answers for a
first derivative? When will you get different answer? A sketch of each situation
would be helpful in your discussion.

v 3. How can you use surface isobars to get a feel for the speed of a front? Sketch a
front/isobar configuration for a rapid moving front. Sketch a second configuration for
a much slower moving front. Explain.

/ 4. Draw a graph of pressure vs. time for a 24 hour period. No pressure changes other
than the semidiurnal pressure wave are occurring. Label the times of your maxima
and minima. o

= (Sketch isobars for a col in surface pressure. You should have about 8 isobars in all.
Use a base of 1000 mb and an interval of 4 mb. Label the high and low regions.

wr 5 V'5. The geostrophic wind at a lower level is from the west at 10 kt. The thermal wind

HA S, from that level to a higher level is from the south at 10 kt. What are the geostrophic

* . wind direction(deg) and wind speed(kt) at the top of the layer? Show your work
/\'-l\ below.

, The geostrophic wind at a lower level is from the south at 10 kt. The geostrophic

E‘ / wind at an upper level is from the east at 20 kt. What are the direction (deg) and
x 3 speed (kt) of the thermal wind in this layer? Show your work below.

L <o %'gno \/6. Use the enclosed analyses of temperature and height contours. Calculate temperature

advection at the station in eastern Kentucky where the wind is from 235° at 35kt. Use

centered differences with dx =3y =2° lat. Express your answer in degC/day. Show
all of your work (unit conversion... everything below).
\/7. Use the enclosed temperature/height analysis to answer the following questions.

a. At point B draw a vector indicating the orientation of the temperature gradient.

b. Give the signs of 87/8x and 67 /8y at these points: Do this by inspection. Do
no calculations. A P

c. Use the “cherries and berries” approach to give temperature advection at all
intersections the map.

d. Where on the map is cold air temp. advection the greatest in magnitude? Print

ax” (large red letters) at that area.




/8.

Answer the following questions based on the enclosed analysis of thickness between

1000 and 500 mb. There may be several correct answers. But you only need to give

one of them. Notations on the analysis should be in large red letters.

a. Place an “X” at the location where geostrophic winds vary most in the layer.

b. Pace an “Y” at the location where geostrophic winds vary least in the layer. Pick a
location between two thickness lines — not at the edge of the analysis.

c. Place a “Z” at the location where the mean virtual temp. in the layer is the coldest.

d. Draw the orientation of the thermal wind vector at point “F” on the map.

e. At point T, the wind direction at 1000 mb is from the south at 10 kt, is cold or
warm advection occurring in the 1000-500 mb layer?

Draw a cross section through a cold front. Label the warm and cold areas. Draw two

isotherms (solid lines) intersecting the front, labeling them T and T + 87 . Also draw

two isolines of potential temperature (dashed) intersecting the front, labeling them 6

and 6+ 6.

¢ Answer the following questions in the spaces provided. Give complete answers that
demonstrate your knowledge of the material. Assume that the grader (Fuelberg) knows
nothing — you must explain or show everything to hie. If key points of an answer are
omitted, he assumes that you don’t know them. When diagrams are requested, you also
mush EXPLAIN those diagrams.

1.

/3.

/4.

The sketch below shows a frontal wave and an associated dry line. Likely air masses
are mT, c¢T, and mP. Label these air masses in their proper locations on the diagram.
If this analysis were for 5 AM, would the coldest air likely be located east or west of
the dry line? Explain your answer below.

IR

Define frontogenesis in terms of what we see on a typical constant pressure analysis.
List the four processes that cause frontogenesis. Each is represented by a term of an
equation. 1. 2. 3. 4,

Describe ONE of these four processes in detail, using a sketch as part of your answer.
Your example should describe frontogenesis — NOT frontolysis.

Draw a cross section through a cold type occluded front. No isotherms or theta lines
are needed. Label the various regions cold, coldest, and warm. Show the direction of
motion with an arrow.

Where in the United States are cold occluded fronts typically found?

Which locations have maximum cyclogenesis in the vicinity of the contiguous United
Sates?

Where does cyclogenesis tend to occur with respect to an upper level trough/ridge
pattern? Be very specific.

What kind of vorticity advection occurs there? Is there upper level divergence or
convergence in that region?
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Sketch a low and associated cold, warm, and occluded fronts. Superimpose the
typical cloud pattern, clearly showing the “dry slot”. Then, superimpose numerous
arrows over the whole region showing upward and downward motion. Finally,
explain the cause for the dry slot in terms of vorticity advection and temperature
advection.

Sketch streamlines AND isotachs for a situation of pure positive shearing
deformation. Label the axes of contraction and dilatation.

Sketch isogons at 30 deg. Intervals for a case of pure positive vorticity that is centered
at the point below. Label your isogons.

. The diagram below is a jet streak at 300 mb. I have divided it into four regions that
are labeled 1 — 4. Fill in the blanks below, noting that an answer may (or may not)
consist of more than one quadrant.

¢ Ao
liveck 1 S 2 }Si‘hd;reo& Cirtulcha,
¥
‘ d‘)_ >3 4

The entrance region? 1, 3

Area containing rising motion? g, 3

Area containg upper level divergence? o , 3

What is the typical forward motion of jet streaks? o kts — Yl= Ikt

. Answer the following question using the enclosed wind plot. Use centered differences
with dS = dn = 2 deg lat (2ds = 2dn =4 deg lat). Let 2 deg lat = 1 cm. Give your
answers in 107 s,

Calculate the divergence due to stretching at point A. Use natural coordinates,
showing your axes on the diagram (in red), and ALL of your input data AND
calculations below.

Calculate the divergence due to spreading at point A. Use natural coordinates,
showing your axes on the diagram (in red), and ALL of your input data AND
calculations below.

. Answer the following questions based on inspection (no calculations).

Does shear lead to positive or negative vorticity at point B

Does curvature lead to positive or negative vorticity at point B

Do we expect the gradient wind to be stronger or weaker than the geostrophic widn at
point B

Does stretching lead to convergence or divergence at point D

Should the actual contour spacing at point E be tighter or looser than the plotted wind
suggest?

. Use the box (inflow/outflow) procedure to estimate horizontal divergence at point C.
Use the winds at Buffalo, NY and Chatham, MA in the calculations. Show your box
on the diagram (in red) and all of your input data and calculations below. Express

your answer in 107 s,
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Clong e dlitectton of Sorm. complex matton. Shows Hhe vartous @eils as well s
Shremimes molicciy He flows. Indioste wheve a1 @iy o or oukof Your
Cross Seciron . Desorbe 4he Mportent pods of Yowr Cross geckion n Severa|
Sehlences . (Remembor Hhot Hhe Sketch alone 75 not 9\%&})

Sely Skip

8. Use #e oncept o8 horigel vorictly +o explam woly stoms -?rez,ue-.u, devel,
whown +DD§(@¥- fiovts collide —Syen throygh Hhe Environmeidal gheer To ve)) Swa

Soly Even Hhoggh cvvironmentel sleoy 12 ver) swall, Collidigy gust Forts freque
readd ™ new ghmdevelarne-&_ This oQurs 4s ghe of de gt outs acks A
+he ennronnerral chear. Verhed motons (upuardy are maaimized as Ho
aust Fows collide.

B - OO

Howsz, yout, Gust Froms
L of opparrhe s1gn colitde

v q, a, Explarn He oiference Leheeen ditoete ond amtimoct propagetzon . Which &

dlominant in Mubicell Sloms ... Tn supercell stonug 2
b. Show a cell metron vectorand a ... propagetisn veclor 4t oflen are associcled

witls Flosh Sueliyg. . Explm iolet v going on

iy
(ay Drecrete propagetton : new cells frm o5 old ceils die

The whole Complex moves one diveckion , wbtle vndividuet celle, wliel ave frm
and dymg , move ™ ansller directon. Thae usuetly Focmd ™ mubligell Stom

com pbxe: @ Stotm Complex mptren,

CoriTnuous propgsetron @ 4 Smyle cel will Cons-la»(} te C‘ﬂ‘g’g Lirm 23 ome
Stele o8 He Cell s Lavored over anoller. This 13 ugually aScoctofed 1L

Gell motton

Supevcslls
by . These w0 veclors are of e3ual and oppasHe
cel Propegeiton  ghengtl, anct dhavellre celle ey slay over Hhe
Weolton + vechor
v same locckon f>- long pertodts 1@ Hme

=>dramgg

N

Vio. Sketch 2 plam view of 4 clessic dornadre Sperel], Indiole the vartows Gust

Hronts aud clowndrabhs areas, dhe bounded weak echs reglon and| UPe’Nﬂ, e
anil , Hhe $lankrag ling , and He locetn of Hic +omado. Labe| cacls Tlew cerell

vl ‘ T {ormado
/
,/ FFD @ fovisand flant
\ - downdrefd
Y N A\ O RFD : resr Pk
g PFD BWER and upolvo& IR Olosirads

Reﬁnhmy

ghaded| === " Ahyil ot
ﬂ;’ leve} wrade

> SHotm meltor,

-

N



Vil one part o 4ue clynarte perdurbetton pressuie e, (P*) deals with Totetin.
a. Explam #1s dermm a uey thet you Mother uvolersiand.

b. (dhet knd of veria:] olistiihdiyn of p¥ andl resutiiy P* Brce resut fiom

+his process 1 a supercell T (Nou Should descrite ceriam agpecks of storm

structuie here ) How dices His dlishrtludton of p* affect Mo Evobdtn o8
+he supercefl 2

5;‘3(\;) The perburbetton pressuze, DX, 73 proportional +o ke negetive of He vert,
vort. Squared P¥oC - 2> Tierefre , no matlor e oriewtetion of He
SPTh (Cyclonte or antyclonie ), e P¥ (gl thoeyg be negative. B low
p* wrll develop

by

olue 4o shear hortz. vork_ = FiHed = vert. vork = p* minma

= tpuard divedled p¥* Gvae = favored orees for upoliah
developmard T dnae.

~
\/rlQ. There T8 a_Secondl derm ™ Hhe olynantc perturlation pressure o9 Hot
is vety imporkast ™ supercells . Ik 1 given ty
Vipt =-2f, S.Uw
4. Degertbe 415 derm m your o Lovds
L, Assune you are dotmgleay of 2 showy upolreft-. hat uil] be He veviin)

distrbdion of P* and Hle recubing P* fve m i 2ree T How does
Hrs affect e evoldTon (& dhe updmﬂ»?

Soly Skip.

‘/ 13. Desaribe e sequence of everts ot leads do the formetion of He

rear flank downdref just Prios+s +ornadcgenests. This explenction
Should Le basest on worTcHy concepts.
Sel)
We kate hoviz. vovk. dive +o env. shear 2 Frst. Tn adklifon +o He,
2Plor dhe Porwarel flank dowadrolt has rmes| , we et AddlitTonal
horiz. vord. clue +o gradents of buoyanoy. e get haroch‘mmly-genevdeal
horiz. vort. ishteh 15 oblen greater than He hertz. vort, duedo He
environment skear. Tlendhis vort. gets advedled. H- 1o then fitted
ordd sdrecled. We geta dowonworet lireclec) MIHTM‘ pressure ‘P"’"e
usuelly 4o e rezr of the maTn updrcB . This Hen leels 4o he
q Linaton £4e RFD.

V 14 Desatbe +e life cycle of a fomado ™ iards, 1.€. , Ye VIsue| aspects
of ™

&:n;n_s,h theve TS an orgarmizny stage. A Funuel cloucl may form Erom
an oxgenzed Ll clad . Debrrs Mgy Sook be seen <t Hle Ground
Lebme dhe ondensafton funvel extends all Hhe way clogn, The
next shage s e meture shoge. The Jornaclo shrevgthens and
reaches Tis moampm, Lidh and strengh . Then , e reecl, +he
Shrivkriy Stege. The well cloels Legis +o dissipate , shile e
4ornacle geds Jaller . The Jornacy oy it due o dhe Trierackmn
ih e RFD and FFD. Finelly , we teacl, He decayly Stage wheve

Jhee 1s (tille o no woll ploud and e dormelo mey be rope-itke
~

A

S

Vi5. Sketeh a crosc Seckion Jhrougls & anvechve fme wilk a ralig stratr form,
precipitetion area. Tudiole He precipricinn aas (new /olol comectnve arens 2uc]
shrafrfam), die portad Hlow regmes., and He lottn oR meso highs aud
mesolose at e ourbace

Sul/) Huell live /McS moving weserol

CHiopied 8F fn rrel - lots oo )

% Stredrform

surbae mesols | surbece rnesolu'; >

1 Provk of gust | Jusk Lebmd
Prowd-: culgrdene, leadiy edge :
ety astocretect with
Comectve dppnbursts
= Ceolov, more diente o

wake {0 (Surfee y
o 4o geneva|
Subsrderce ; uamg X

~

l6. Mrcro burcts have Leen found to Le caused mostly Ly e bioyaugy term e g
vertice| eq. of wotton. Modelizy studier hove delermmed e combinations of
“‘F*‘ rete anel rarn(seler thet are @rdudive +o burcd -Pomohon.

a. Desoribg Hese Fmdigys for wet wicroburgls and for dry wicrobusls
b. Sketeh a dewperchue/dews potrt sundiny Fov 2 yprel dry microburst case
Sot)
() dy microbursis <
very slesp lapse refe needed ( close 4o 1d)
raineter < 0. 25 mm
_wet mierobursts
nol a8 Sleep of 2 lapse tote T needed (6~9°C /i )
ramvietee > 0.5 mm
Be Foind +o decreare wbh hegglt move rapidly Haw rovm|

Cb) o
ONton—+ype soundigg -
Qny paveed Cooler Hhon envivommewt il

reptdly descencl

alad g




loesel
o 4. 0F Conttwurty for i, +o dynamics
o hydnsiatic €3 . —> hypsometric e,
o Corpiiz e (2 questios)
v Gonvective Storms 2 Smgle~Cell, Mutiv—=cell , guper-cell
s dewpentyy extnrtiupre| yclones
o +ravelny exhratipioad Gelehes

» SRuoll line
om\u-.

/ ¢ mutof A1)



% ep. of Cbhﬁ'mu‘flb_

MET? : Kloesel (?,1997)

* On short notice you have been asked to give a lecture in Intro to Dynamics. You need
to cover both the mathematical development and the physical interpretation of the terms
in_equation of continuity. Produce notes for your lecture, including sketches of any
diagrams you might show to illustrate relevant aspects of your derivation.




#_hydrostetre eq —> hypbonehic e, < apphodiviy

MET? : Kloesel (20-30 minutes) *

e QUESTION: Scale analysis of the third equation of motion for meso- and synoptic-
scale systems results in what is known as the hydrostatic approximation.
A) Use the hydrostatic approximation to derive an expression for the height of the base

of any atmospheric layer.

B) Use the expression derived in (A) to determine what effect warming in the lower
stratosphere would have on an existing cold-core 500 mb low.

C) Use the expression derived in (A) to determine what effect cooling in the lower
stratosphere would have on an existing cold-core 500 mb low.

(List all assumptions you make along the way).

A.
Start wHl, vercel momewdum eg. Th Sphetteel ord

W W Uy 9P
W w-vw w3y — (280 -3 ~gronmpu + Ty
—_— e et ) e e

A o
Seleas - -Ull_l! = ;—H 3 fu a4
w. loco.on) 1o o* 10" 12
Y32 - o8 RETTY 0% 10 IO—‘hO _00")’
i } 3 i
lg"’ |ﬁ"' 1o Io 03 [aid
hydrsidre Lalewe

This ™ anTury ot dhe byolrosiate bolene telaton we assune et veriol
Accelercimon () , e verkiod Goriolis firce 4 Rrctonel dissipeton, 1 e
Verltoe] ave gf] much less Hhan He vevheel pressire Grocient 2rd gravidattoneh
aceleretrons . Thus He presave at avy pouet equsls He wepslh «R 2 unrt
Cross=section colunm of aw above dhet pornt-

Notw miggrele ste hydraiche balance Fom presswe level P, 4o P, (% +o )

%:—ﬁ a————‘P‘
Fom egoE Shele =

. -r%dlnr = olZ

mi Sh—@—dlnp % g:otz
[\

L<F

o ————————— Py Pe>h

P
RT
# UWesee loyor Hickwets & layer neen Jenpercime

" %I‘h('%l') =.2Ifi ] wloe T:—S;—g%:—-ebermw
\oyvvv—-#ﬁcir;sx ‘
L\yysohe}m- )
B.
/Sd\emahma/ we have
Zo
wir dropopouse

~__-\+/___\ s, E,
ftfd S
Wormg T lower Shiatusplee will deaesse st Sty by Sprecding/

pushry gurfaces apart. The hopopause will cip doom . The Ssomb fow

7 e

i) oleepen.
Dueo high stette S‘*"AlThy ™ shretospheve 7 Wil reeigh veried

dispacenent of prose sfes above He heatnyg . Rathor +he loser

2

Shatocphere lojer 1L tens do Opand mio dhe hopspleve. Reverse oot perspect
Let Zo be Some level ™ Fnctusphere above He heeity whose hergle dloes net-
Chonge due +o the heatny. Let Z, be #e eyt o Soonb ke Wit uerary i
He {ower shratasplove T1 & azt. ﬁsu'"v Z, remams togghly onstant
we must See Z,§ m order Ht AZT,
(Hence He sonb oold axe |y decpens ™ respord to loster Shnatagpherie wern
C. Lower stratospherte tullg —> Somt [ows weakens (sppeste effict)

T decrease & AZ wmish dececte

Assumtgg 2. cloes nob- change duedo large S-le%resklﬂt? Tn Shatosphere alove
Cbolig. we mush hore Z4 90 fhe Boml lows weckens

7 fevel n Shretospheve nol afBicked] by
origmnal ABrze cooling Tn luooy shratosplore .
p 3
ALZe <&Fy due to cooliry
T L‘lpl[g_
- . hopopouse
Fz—> BvaiaRp
so ko M’
gl
ol
VA V4 P4 7 Pl x zﬁ,

% * Lower Shratusphere wommy cloeg net necessarily have do deepen +ie louer

é Hropospheric (o because the WATY Th the shataspheve could be exechly
Compeusated fo by cobiy Tn the loger +ropospiere

In s 028 Trmieet = Tomat e AZpmet = AZBwet

Thet 75, theve 7 1o charge T e Soomt beight.

I8 we amume warmny /coligg ™ lower Sirabospheve TS Nt cmpensated
G 17 mollg/mw-rg clrewbere ™ the lumn, then e shoutd] see an ©FPlbel
\\&F Sov wh .




# Note for kyp&me%vrc €. o Ty Tulerpreictton .

Defme He gespotential hegt Z gs
=5 =gl

[}

e go 7s He Globally averefeol aeleratton due to Grewryy o He earlht Sinfee.
Wetske Go=9.8 wi The Jeopolemttal G represents he work thet must
be dome agaimst Hhe eartht grarmiehional felel T srder 4o vaise 4 mass of

1 kg fiom 5oz level 4o He geomebe hetgd Z olove ez level (2<0), 8)
Convertion we let o) =p

Rssume hydmsiatic Lakence Th an atrasplere m ulach He air 1w o wix of
dliy awr (LsHh constiduent Qompssents Stmtier 4o Jhise Rl 1 < vohme of dry
atr on Hle @aWl) ples weler vepor. Let dle speetfie humidid,, 2 densle e
mess o elor vapor 4o He Holal ks of Hle oy 2 - violgy vape wIx per
i volume . To account o the efects of wler vapi- we replace Hhe iy
parcsl dewperchee T, vk He virel terpeiclee , Tv, wlow

To (400 T )
The asumed hydvostatre balowe ™ expessed by
dp__p3
oz " Ry (3)

L iseep Rsidde pe PRITY o rephoce £

Rewrte (3) a

gdz = ~RdTodinp
Bt by ddefimtbion dp=gel@ So Hhe 2bove mey be vewntlen o

dd = ~RaTdinp 4
Nots Tiggrote (s behacen prassne [evels Py and o, with Jeapstedtd ¢,
and @y (ha >y or eelly P<R). (e oblamn

ba=t, ="R°lg:"l?dlnp =+R..-'ﬁ\n(-&) 5)
bhove T = S:Rdlnmn(%)
T He layer meon dempgrotie —> He lger bedweon pressurss p g p, |
Drvide both Stdes of (5) by . and moke use of (1. We obdem dte
hypsometite eg .

%% = BTN

Constdon Hhe Hrckress of the too—Soo S layer,

Hoe P =tomvmb P s5omb . Rd‘s‘aomﬂad» 287 JAsk
= 4.8k

&PFO.\Q By = ‘thg- q,w =54mpm

Then Ly (6 e Cowrespoudicy loyer moan virtuel Jemperalure T
T = 2" ‘gd“ 2 -
T t ‘Z)[ R )] unvis

=baor [Ekn pigan” L (Ena]"

o~ 266.0K Guizy -k
Now Suppe Zesint ~ Zimors = 5430 M ¢~ an moreese o 30w
T =5k

~> ah TOeese ™ Jeopaientiol height of 30w Th Hle 160D ~STORL
Hhickness (oviesponds Yo an mavese 1 To @ abowd 1.5K
Repect Hle exercse bk Lih P, = 1dmb 2, =0m
Pazq2Emh Z=(52.8m
T = 285 4K
Nou leb s = 680.8m —> T, = 298. 2k

I

i/
For the 100D-q2Eml, layer on Toreare N ke {ger Hickness of 21,25 (~30m)

Gorrespvds 4o gn thoase Th denpetoture of v |2 K
% [My 15 He denperchre Thaease for He 108925 b loer much grecter (1K vs 151
for @ srntlor Thorecse ™ Seopetentiol betgld s& 3om7

Dossille explancin
© Mathepatios| ¢ The naturel log, In, devels 4o Zerp as le argument Jends on one
(Prom values gredu-uo- one) That X,

J:_ RS y
v
wena»e L_ [ln(x)] =t We kove Ty as dery propotrered to |n(Ppy w

R>R . e de roto Rp—1 We expect & o Lecme exiremely SenSthive 4o

el changes T e Gespotentrel Yickness Zy—% due 4o e mverse ln(x) relotn

betueen T anel the ratto of de presuie bvels . (rsuder the Stovdord pressure loveke
relte. ncroted TinGretio)]*

L‘;”;:t >k =) 0P —> 00— 124%
o 1. D‘} —y 0. 08618 —— 11, b0§
‘.«; ) (Al ——— 0. (06 —> b2
sop O M4 —0.3367 —> 2902
s0 D & 67 —>6.5125 —> [-950
20D g — p.a0s5¢) —> 24
5o — 6. 2958 —— 3.507
oo — 5. GOSYT ey 3. 446

+

v97 sasitive 4o Sliglt chenges i He vobie
| But Hlen s genstharl, is darechertedne
of e |Q, fnclion (ond its mverse > e
Exponenitel enmhoa.)

Thug, +he Some chonge Th Jeopetestral |
Jrrckness Ledueen de 303u-5onn lger
ohd He a5 iomyn loser wouldl result
™ & demp chowge ™ He 925-(ostnb
loyor exceedipy +het ™ He 3op-Soonb
oo byalout I ¢ 444 dmes ¢
@ Physieed :
Tn 2 hyolostatte almosplere the pressure af avy podd Mia Colwmn o wi cross
Sectmne} arca. 1@ di'edy proportronct s ke weglt of dhe @ m Hhe Gl above
1 pornt ™ quostion. For @cample, dhave IS a grecior mess R air alove e 25 mL
urPace hon e 0D pb Surflce. (de kvon dhet premuse (and devnily) roughly decrease
expongnitally . hegtt. (e also ko it Hic Hackness of < leyer v direckty
proporttenc| o He lyer men: denperchoe. I e loyor Hickness moecses , He
iaer wean Jemperahue Drreses. IP (e doke dbe lwer level of He loyer o
be at 4he £fe an mcrecse m loyer Hickness tmplies Het He upper level o the
Surbae must wove up. Tle dempercee moeese tefleck an Meresre ™ He

layer meeh wiierpo) eneggy tolich 1s vlecetw7 +o move dhe upter level tupucn] .
Smee Heve 1 less mess 4o disphce urw-»d as preswre oleceeses T4 seews

reasoncble 4ot dle necewy demporchure Increse also decreses . Stce
premuie decrecses. Exponestrely it hoeeny betge we expect < sTjort, ropsel

l\\ clecrecse . He resuiresl denperchine Tirease



% Cortolis Rre Merry~go-rounct)

MET? : Kloesel (?,1997)

* Recently, I heard an Intro. To Meteorology instructor attempting to explain the Coriolis
force by appealing to the experience of trying to walk from the center to the edge of a
moving merry-go-round. The instructor told the class “This is very difficult to do because

'”

of the Coriolis force
Sol)
{The Cortohie foree 18 @ peudo frce , nok a vodl Rirce. T appans 4o us
™ gur tobed as a deflachve force. The lectureré explanciion s¢ Tcovect
Tre oliffrcuty ™ walkry raokelly owuavel on 2 meny—go-romd arises $ior
dhe amserolion of ahgular momertum. IE He person v Du‘hc&r ot oot at
He @nier of 2 pld-fom ooy {avth anéulev- veloty 0.
= Tie aygular- momerdum of de person &

AM; =Qr*=p
Lo

Nous 45 4he person walks rachially sukoerd He dlistance 68 4bhe porson From
{he center of Hhe plaHbrm 4o his/ber loacton Mcreases we heve 25>#0

To Conserve AM dhe persont metdTon misholevelop 4 targertial Conpoment

Such dhet
0 =.ar*+

Y

—'f—zr—f—: =-{r

The force He person Fels 15 real and H 13 due fo the ahseructin, of
AM. The Coriolts fowe T not 2 10dl force ™ e sexse 4t # an do
novork => 1+ an change e chivecton of mokon but # can ot clawe
‘he Speed o He motion

+ The CorTolis #rce desonbes an appareint force et 75 dlte 4o He rotetmon
o8 dhe el To unlestarel how i+ cerks , omsider tuo pesple playmg
Calch, as Hey ST oppsite one anller on e tim of a merty-Go-roumd

@ nomtr}ekg P'G”%ﬂ'l

® nkﬁg pHﬁm

: poth 25 seew by
f’1‘7—’ch olserver on e
; robatny platlors:.

I£ de plekfonm 15 not votalny , @ach die He ball 15 Howm, eacl person
ohhe platfrm gees ¥ travel aloy o Shaght Ime

We vow Stavt 4o pletBrm ™ matton, % cow which 75 Hie game Sevse
of rodabTon o2 He arth e norikery hemaphire when viewed Fou,
the Morth pole. If we welch He gawe of tatch Hom e S'"aﬂbhﬂr/
ground (ve see dhe ball travel i 2 Sheght lme justk es befoe. Howerey,
4o 4he people on Hte merry-go-roundt He bal| ems fo veer 4o dle rigd
each fime T+ is Hheown, This it olue +o He Peck Hhet while e beil
moves Th a Shergld hne path, the mery—g.o—roumd rotetes beueat], 7+,
By Hle tme e ball reaches e olher stdle He Catcher hog moyed

o Gyome on He mery—ego- round T4 apperrs o1 Yore 75 some Free

Caustey Hhe bell 4o cleflect fo He right. This apparent force 5 celled
He Coriolis foree (efecty .
Thes efeck ocurs on e roteing oarl. Viewed Bon, 6u rofeting |

£

Discuss this explanation.

Non-mertte] Frama of refbronce 2ll free vouy okjecks Seem Yo deQect Fon
0 Shayglt me path beamee e cerh toletes leneath thew

Tn SQumnary . Yo an observer on e Certh, Okyects moviyg T aky divecinn e
deflected 1o He (Eelf) of Heir miended path T «u.e(:: ). The amount of
@ e speed v of e olgect.

deflectron depens v
‘)
The Cowolis fonce acls perpercliadar to e waton

(D votatron rate L1 of e earth
Corfolis - 200 -
=> . Th Cando no wak, only am change direciton , not gpeed ,

@ #he latrbcte @ of He object ool

N



% Cormoliz fowe

MET? (General): Kloesel (?) *

e Recently, a lecturer in a MET 1010 course attempted to explain the Coriolis force. He
appealed to the experience of being ON a merry-go-round and attempting to walk from
its center to the edge. “This process is difficult to do”, he said, “because of the Coriolis
force!” Discuss his explanation.

See He meous quevin /




#_(onveckive Shms - Sgle~cell , Mubi-aail, Super—cel.

MET? (MESO): Kloesel (?) *

———

e Observed types of convective storms are categorized in three ways. Single-cell, Multi-
cell and Super-cell. Explain the background atmospheric conditions which are conducive
to the development of each type of convective storm. Include a discussion of the
thermodynamic structure and vertical wind shear in your explanation.

Sel)

- Single cell
Stagle cell Slovms Normally occur T ewTronments Lhere uinds are relrhwely

Il anel verivee| shear 1w Small. These Slome ually perstst for lecs than
one hour, are ursteadly , ardl are telatively small (5-lokm). Threats of
excewsive mméll ae ot great dueo Jle Shert lifetrae 58 the Stommy,
Comulus S¥4ge : Sngle cell plorms constst of 2 swrgle upairePt which rses
rapially thioggh Jle 4ropesphove and produces (1ge amovmg of liguad veter:
Qhd Tee.
tuedure chage : libewn He ratn dups ardfr Tee parbicler becwme +ool-ec7
£ He updrde"’ +o Qurpm-*', '"‘7 beym to .
ohigsTpattng Shage : As e precip. falls T Cretes 4 downdirafl ot , i¥
dlere 19 ho vertted| sheer, a\eg!-n)g He updwaft undemeath i+, and
Hheh mies with some of the unsilurcled aTr F enfourters on ¥e way
down .
The coohg eSvoctated with evapoeinn of dounctzf} an acelerades e
olowndrafh, The dourdraft gpreads cut harzswelly 23 2 cold Surge (gust
Evont) on I'Gﬂcl-?': e SR The Sorm Syakh -ypk*:") moves with e
mean Ehvtrohnewe| wind over He lowest 5-Thw AGL . Sewve WX
such 25 bigh wids or hast moy otk but 7> ghopt lived . “Tormadoes are
rare
« Mulrcell storm
The mubicell lorm ree, be viewed ag a clusior of Short lived smgle
@olis. The Coldl outBlows From e2ch cell combme 4o form a large gust

fronk, e convergence along Tis leainy eclge Letyg Generdlly shongest
Th $he oltrectton o8 Slowm, motton . This Gohersence Hiagers new updnzf).
dvelopwent alonp and Just behmcl Yo ot Front, The new cell grouth

sflen appeors disorganraed but ocragprally ctrurs on 2 prefewed stom
Plank wheve each mdwidue| cell moves roug!.l] With He mean nd,
The stormt modTon ac 2 whele, however ey devale sULW"ﬁdy $rom
$he moan wind direchion clue 4o 1he discrete redevelormed oP cells.
Mubtrcell Slorms ouv- n ShvTonnents of Stgnifrood buoyaut evedy
(LI ~ -8C) Low 4o modevate vertice| umd steay 15 present (r25% 4.0
The wind chear tormelly Shows lile CW 4wy wish hergit but- gome
(Ot Hurmyy has been noted manay,
Mutrceflaloy Storms es?emu), thoge dhet Lecome guasi- Skzﬁone7. are
most Jtkely +o develop mriense, long ~lived Comective wanalorme. Thes
$hove exisls e |>ombrlay af locely heayy rams + flo-d«g .B'Lephn-ﬂ]
Shogy updrafls may prodice hatl, Short lived dvnccdoes are passitle
tlopg He gust Frort 1 Jhe vm»x> of sheyy upareBh centers,
The magwthuste of los levsl (Jovest 2km BELY verrcel wind shear
affects 4he abildy of @ Gust frond 4o higger new cells. Consrder
4 Cases.

he she2

' ~ «

-

@) ho vertteel wind Shear and o Cold poef => erect updrall -
with %emc‘y creked | Symmetrc vmry :

i

T

Cby ywh Coldl peol anel 1o ghear > distrlutton 15 basedt by
He negetive vob—#cry of Hle umlcvl)ag_ Cold pool

no sh
and cause He vpdrefd 1o lean t e _upghear directon. £X P
The . 41H o He updrall maans porcels oo net :
reach Hhetr LFC neer the leadny eofge of e gust ﬁ
Lrowd but rather back amons older celis ey

= ot condlucive i~ devolopmd-. ’\}
(©) Lorte | level ghear buck no cold poo] =5 upolreBd ikl 431’ /él

-EMH Pocﬂlve VMW* a nghear HrH. Precip. Lg

fls Tho lots level] ™hlows = nok comolucve 4o Store

olevelopwerd. TTTTTITE low b

e ol

cohy With (cw level shea ¢ ld pol => Togelor asmbme 4o
Yeetd nearb: verited upolrafls Hfoads He Howt
of Hegust Font. Subsiondtel clevelopsert.

& &
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e Spercell Slorms
Supevcell Sorme are potentially He most clangersus of owectve storm tpes. T4
tay produce large hatl, high wids, and ong livedl Hornadoer over 4 wide path.
In He purest Borm T onsrsts sPo Srgle .WM-M)',rowrg upclred ,
whreh may have a [1@tme of severe| hours whtle I’“’P“é‘z{"ﬁ Cbnf‘muoh?b o He
H3l+ Coamstondlly lof) of Phe reen yinde. T4 73 oflen saon Yo evove Hom
ubitcell Slorm syslens, and €ven olurly Ts guasT-Sleady plase may comprise
gevewa| ram cenlers whieh evolve smrlarb, fo ogavived muHrcelly . However, e
genera| shuchre 3 evolutton o de suporcell Suggests thet s dynanraaby,
i fvert -Evom orollm? convectTon .
Supercell slofmg uswlly ocaur m on envTornserd- Ll Stogg verte| sheer , who
Yl wind shear vector turns CW (veers) with hergld below Sgomb . New> £om7:
updlrafie contrmuously fooc) arel vetnforce Hhe matn updrafls and conolewse
cgnrfraant amusds of weler Wpor, Hhe Shong (TS 3 g sheay reduce
precp. effrcency

~>Supevcell hfecycle
Tnkral storm developmerdd Ts srevrhnly Tdeniied +o thet would be observee)
$or & shork Ived Strgle cell or Ddividlual cell T & mubbicell Storm complex. The
vadar reﬂec‘l-my patorn 13 veHialy aligned and the Sorm mokon T3 §3nemly
T dke olivectin of Hie Mean (wihd,
1 howr Tuto Hhe storm’s Lifetme , Hle reﬂechwy patiom has elongeled ™ He
ditechton of Hle mean vewHcel undl sleav vechor. The Shoygest reflecting,
gradient 17 [ocotesl on de SWHlark o8 the shorm . The mid-fevel l-efled?vﬂ)r
Freld also overhangs He lows love( reflectnnty Feid on ke Elank of He Sorm
L; Severel K, mdicebiy he presoonce of a Shrmy Updicbt. The Form has




Now vaered o Hhe Hght of He nean wind

B hook [tke appendage appears +o e SW Flanke of He Form, 2 lage
ol lovel ve Blactivity CombTnues Yo overkany dhe lows-level-aaho.  Oflen @
bounded weale ccho regTon appears at mid-levels above fe exge o He
Joto-level veflectvid, gracliewt. A BWER usuchy mclicates e presence
of beth Srog upclraPt ancl toteton about ¢ vertree| axts T Hs viantly.
Maxrmun hail 2l & fornade occurtence are kighest when dle BWER
Collapses. The mesoswmle Shructure of 4 mature supercell bears Ghrieny

witl, 4be rotatny supercell wraps 4he qust fromt Around e soulern Hank
of he storm.  This Qust Fout ovortakes He Houtel boundary assocrated
with He foruard flavke downdrafl, Tornaclpes ustelyy £orm on Hle op of Yhe
Occlusion (on e edge of He hosk echo) on He grediewt Lehaee e
upolrafh ¢ clowndrzfh Chut ottt upolre®t). A neto mesocyclone and
upolroBb way form at He Hiple pond of de oceluston as +he olel storm,
cevler 18 Cut o8P From TS 3"‘[’!")' of warm ar, Not al supercelly Hhrogl,
Bz ochson proess bt Some repect the seguence Several Hmes , lecdiyy
+o 4 sequewtial developmeid P +oyaoloes .

@ rear flank downdredl

(D urdeft
O radr echo

Qe W Controle e ahm/-« of anr pmets +o Acelerate verteely . Verel wing
Shear shongly mlenes e Form het onvectTon wight dake.

@ The dlegree ok %mlﬁ‘ AT mﬂa\_a_l‘# e offen maagures] ly &asily coliated
olices (LT » Shotaler, Jotals totdle). fhroller measure @ dhe cowvectrve
avarlable polential energy (CAPE) -~ Miry. poreel

posthive arg: on su-wlrg
CRPE. ™ Jhe buo}ouy Brie miegreted wrt begld. H represeits He work
olong onHle parcel by He evurorment 43 He parcel 15 accelercled upisard
Node fhot 4h1s definmiton s CAPE doct weh melude Hhe effects o presre
pordurbetiuns , Weler loadng , and Mg (@rhatnment). Neglechy Hee
effeds e max upolraft speed T
Wimex = m

ooy, $or Hese effects redlue Winex by ~50% . CAPE gelucttons
2@ very serstive 4o Hle 5% dowpors (or sty 1xtts T He [avest o).
fin merease T e miay tato of {8y o mosase CAPE by 20%

AT= 1K or 43= 18/g => ACAPE = 200~ 600 Vg

CIN = Convectrve Thibition — measuies He shegll, o® He Ird nuaston
~> Fhe oork reuivec] 4o |18 an av parce| ushose temperchre ard wetor
\Apﬂm‘mg reilo are He means Th He fuwect 500 n from regt of
HesR b He LFC
@ brother mportast aspect of {le Hermodynamic stuctare 1 e moiskre

A supercell usuolly reacher Hs mature guasT-Steacy Phase litkn, 0 mimutes,

resemblance 4o lage, Synophic scele Qyclones . The Stowg Crrcudciton axtocrated

-" Forpond Llank cloundred}

'Tlxermoo(]mmk Tnekalthdy exerts 2 Budameital covtrol on convective Storm Strengtl,

EL {f @ ” Envivonmbt
CRPE = a Tv_(z_‘___'_) oz 1070 am% CHPE for-
L¥c Tv(z2)
‘T_ troclerate Yo Strony mnertton

upolrabt groahh ; but de absence o moisture above He BL (2-4tm MELY oPlon Y
enkouces stomm severty.

~> evaporatin T mot Olowndralt causes # 4o accelerste = downbinst..
- Shronger dounchr B gon: loedd- o Sronger Guak Frowt s, HiCHE e reelihood

o wpdraBt redevelopmert dlov] Shrong amvegente Zone .

Yeritee] tond shear has a Shogg lueice on He form of owvectron. Tio Physrcd
mechanrams might Lelp el e organtzettonal @pacty oR vewiee| wnd dear.
The £rvst 1 velaed 4o He Abtlily 0P 2 guak Fowt 4o dngger new convechve cells.
(s ealy discusston ), The Seomd 13 teleled +o e abtlily o o1 upohafh o Preract wrl
He enTronnertel vere] shear 4o produce an enhanced , guasi-Steady Storm shructure
-5 mpderate CAPE. ¢ weak vercel wrnd Sleer — STrgle cell.
> modlerste 4o luge CAPE g hoderale erTeel (uind Sheor —s riubT-cel]
= veolevelopment of Cells dlegga Pre&’neol region of an oubflow bondt
= kgl CAPE 4 larse veree) wind Sheor —> Supercell
= updrePh 3+ Shear mieract Suck Hhet 2 guart~Steady rolaton on He
Blovic of e ppdreft is dewloped. Thie rotetton originetes Harogh
Hhe dithy of bovitordal vortTetly Thherewt ™ He veﬂaaly Sheared
flow.

Stnee Slorm behavor 15 a Renckion of bott shear 3 upolrefh shenghh T4 Lag Leen
usefll 4o defme a bulk Rrckardson number
Rep = CPPE
S;.
g = ’Ii( Wyero —USD);
Ly s el speecd Tn lowess soow AGL
\——anmnul\ds]aeed T lowert 6 kw BaL .

Note heb G (an Le Tierpretatat a3 @ measure of He ot Kinette onersy made
Quailalle 4o Hhe Storm by He veree] Wi Sheer, Weie alreedy uoted Het He K.E. o
e upolicPt mey be esitmeted 43
W = ChpE
8o botertial Shength of upeiraBl and melirectty Hle. poterctel cltrchefl
Rig sheigth 2l bousday Jeer outflow
Shewsh, of aubace ™R %Edrq Yo storm and Ue aLﬂii7 o He

Storm todeke on rotaton,
Olservetiots] ¢ numerTcel Stuckies Suggest He %"m% Reg <>

where

e o cuocton
relatronship,
Reg 30 45 40 3 orcliary colls — e 1ovicet sheor i3 oo beck For dha (et

Preap fulis trho upo‘réﬂa"d s +e stomm.
Reg 230 =>mubicells

10< Rep S40 =5 Supercells —> boweror, 1p CHPE 4 8* 2re bott snall , loxg fived
celis are posnitle b met kel 4o Le severe.
3+ 12 _net_advisdle do frecast storm dype basedd wiely on Rig 44

Nots @ bref ohisassion of_pressure periwbetioy ofeds Tu Supercells .

Bluestern dernes +he Rllouy ckagnosite perturbation pressure g Tn4te Boussines
Gyviem @

vp = - P+ B ] - B 35 5|

oY o Tozex TOZ 3y
) —
—2P[ QU w2V ou’ soB
TIEW R T
(where @) T the vonlinear fluid exenston Jerm —> P;a.a
Q) = e nonhnear shear tem —> Phcs
© s He Imeev 4erm — B

@ B de buyey tem —>B/

Hrofificotion . Laige amoums of morplire are needed p. e BL 4o 3"""’*
o]



P

@+®+E) = Hhe presane perksbatron asocied uH, Jradieds  He
wivd Freld.,

—> refened 4o a8 He dynowic pressure

> plempsse Tk tonlingai-extensmudaghan—terne plus

2 lthear tetm
@) = fle pessure perturbetion assoctated with He verftae| devivelive o8

Lue)auc/ — He_buoyancy pessure
ve rewte @ as 0P gy’ Then VR o<~

So
R’ ec:z?“Y Vw’

A a given lovel Here T8 ¢ negative perhebation pressure on the donsheer
gide of an updmﬂ' and 4 Po!mvf perdurbetion pressure o Yhe upshear

Srde of an uPdraﬂ-.
Shrong unTolirectrona| Shear- Bom He ot 4o mrollevels coupledt with 2

Shoug , localized updrePt 79 ™™porbarrt = Hhiougl, e dynawice repesited
by R/ Has @n promote newcell grwth on He forward , downshear cwle
oR e updrabl audl suppress new cell grawth on e upshear Side.

Gven Yhe same speed shear buttitth e addidton of directiono| sleer we
st prefevred development on e le8 or riglek Flank of the Sorme
(@ W Sheay Savors upuoard presre perturbatons on He Hgld flank
(by CCw Shear favors 1Bt flauk developrewt.

(e unickrecion she favors dpunslear olsvelop-eni—< ;;‘“::“&I

We see Hhet fimear- pressure povkinlotion effects Citing hottzoto| vovitery
o He Vertteel) biases the Cell movemerd- 1084, right, or dowustroam.
Mow consider fle efctof nolineer pressure porfurbottons. Tgnore +he
Llurol extensTon derm and make ¢ fow mare assungrirons (see Bluestern
P 468) to drmea{-

v P /2.
m "' \——~—> (porturkaiion Vm-k'ﬁbv)

Pm. ~ =

Thus +he nonlinear Sheardenms act 4o procluce Jow perturbeion presure
Th dhe viCTHy of wmiollevel cyclonte ¢ ankigyalontc VoHiciy, An upuwatd
olirected porturbation pressure grodiewt develops Lebis the level ot whick
he vorkices are mosk Triense (usuely o Pollevele ) on eech Flank of
he olol updralt , Alog a lme normal e dle vertice| sleer vector (p4s)
Ls The nontineay sheor oot promstes new or Comraued cell grouth
\ on e Flanks of (alongside) e ol cell.




* degpentn extretopioe| gyclnes

MET? (Synoptic): Kloesel (?) *

e In rapidly deepening extratropical cyclones, it is often observed that the lower
troposphere cools in the immediate vicinity of the low center. In fact, cooling even
occurs in the region of warm advection. Yet, from the hydrostatic approximation, we
know that for a low to deepen, the atmosphere must warm.

6] Explain how the lower troposphere cools in spite of warm advection, and how the
pressure still falls when the lower troposphere is cooling?
(i)  How does moisture affect the deepening process.
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( Explasive Cyciagenents occurs wart Frequsndly over He ocem dumy e
Colol Season , downgheam Hom mobrle , clifuent, upper-leve] +roqghs , wiitn,
or poleviardd of fle maxtmum westerly curtewt , and near He Shongest SST
gradigide such a2 e Northern eojge of He Guik Sheenm, 4 Kurashio-
Formally . “bombs " are cyclenes wih oléepenly. rates T excess of

I M $or Z 24hrg (Sawders 3-Gryakum ,1980).

- Ls dre Puew:le fendency 13 referred +o 49 4 Bergeron

Observations regawdieg bowbs.

© The Jurbulent +ransfer. b gensthle heat bedueen e relatively warm
ptean &- cold ContTnewtal air dan Credle very low Slatic slabildy near
e 9&.

® Iy lemperature Gradewt 1 Bouvel 24 he Seasurle wlicl, @ enhene log

{evel Jemperctme ndveckon. Bombs Jendl 4o develop anel renam alory dhe
boundlarres of Shony Ser surflece 3 ATr Jemp. Jrodievls uggestny He
Teportance of Jempercte cdveclion, [mh'culau/ Hhe warm aclueciTon Th
Jhe lower droposphere. Typreehy He wim, Front remams very close 4o
Yle lavk -Sea Loundary Gleve He s cyclone Crenjes He mish Trtense
pressure Palls due +o aerm dolveckton on +he nordh sile 68 He Stomm.
Colol adveckion occurs on He equetoruard South -Srele o€ dhe Shorm
Clote 4o 0 Coast tmg. oSG ictnatr 2cdy.

L

Shroyy )
Cold arr
odyy
v
® Boyle  Bosart (1988) Rount uswlly large velues of Jemporokne ady.
o high levele as a sk cyclone explosively desponed. Quasi— horZostal
temp agv. T3 usuelly Shroygest near He Grounel ancl weakest aloft. The
unusuelly Triense Colol tr adv anel Wakm A adV. vpShrean asd olosmdtseen
respectely Lrom an upper level Hrough Lere dlue 4o He Sleep Siope
of +he Hropopause. The *Hopopuse hacl been advected umisuolly far
downward oy Shope Subsronce upstreem From He Uppor level Hrousl,
anl viest of e s cyclone. The Hropopasse had been advecked
olowm 45 600mb , ag evidenced by bagh veluer of Evtels potentral
vor&rcﬂ], Subsilguce | anel o(7 air, Ths, te!ehud) werm, Sable a1r
e loazteo] AloBt, lile relatively cool arr 12 loczbect near He gRe

™ +he VTchl\y of Hhe Frough axis . The Plow +hrougls e uppes leve|
trough m dhe preseuce of the Shratospleric 2ir t He regron of 4o 0w

tropopause resuls Th @ Stogg demp.adv. pottem. Crelonte vortrcily I Jeverched aleft
fhrougl, convergence above Fhe regton of waxrmum STHkigg moton, ThS vorety T3
subse%ueu» folvecked Oounsheam andl Hhe differenttal vorhctdy forcreg 12 enhauced,
{darm agr aoveckon downstream Fiom the upper level Lrggh te Superimpased over dle
warm aclveckion below, so Hict Hhee 1e a cleep Coltmn of risvg atp. The tesud TS

a deop layer of risng mstion , convergene , and Thorease T vorcHy, The columst of
convergence abB associled with He region of subgrdence s nok so deep becoise
He Hropopause, tikich acts 85 2 lid o vevticsl motton, » very low, It sierefire cpons
08 1€ 4he regron of Subsidence upstream Fom 2u upper level Hrough can, Th ome
instances , nhance surfxe Oyclogenests.

These features awe Hushrcled ™ He Polbu?g chagram

200 m— TraPoPaz.sQ
=== level of non-dliveggen
400 (LND)
i e 4
foo potent e pered
— aw flow
o>
joo0 =
sSw
dysiag] PV —Stretosplere PV resevior * ageewdng air hae a Component
4“’“""‘ W — tiperfropospheric warm ate ™o He paper
'P::::“‘ K — lower +ropsspheric ol ave . dek@&dlg air has & conpsnest
o out of te
o paper
L - swileee Low
B ~ produckton of grelontc Vorireily due 4o vokex dbe Shelclay acompanyiy
Subsidence .

C — region of may lower +ropogpheric o air advectton

D - vorticidy generetion due fo horizonte| (ovexgene benarth elevated
LND ¢ surface fow.

E - parcels subsding Ror B gam acklitiona) vorkictty by convergace 23 -tl-e)«
are odvected dopnetrear amuss e sleeply melmed LND.

o Surface orclagenests Comnences o8 PV max aloft begms 4o Cross e 50“-""‘7
of +he cold arr- dome K (ltle movimg toisarel warmer arr,

. Qieeply Thelmeol Hropopause over L, resuits m Sigufreet Worm air advection

T 400~ 2300 nd lagor = Conbrikites furller 4o dhe Trienstiy of Hhe clevelopnont
. dun% THenge phage 4he Hopopause ¢ PV max lower 4o dle il Sroposphese (6008
+ brgh LND over [, ensures convexgerce + cyclonie Vortictty generchion Hhrougl,

a deep leyor aecsmpanyryy e developmont o2 @ cutolf vaex.

The Synspite pattern T bkteh Hhese Storms: G 15 egutorivard of a large, cold high
ot dhe Sfe Sthuded norh of He Trciprewt ¢yclowe center. This confrguretion allows
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eae,#ery Wikels Torl of Hhe Storm Covter to Mmove alons 2n extended felel,
Prow He warmest ocesn lemparciures foucrds e ootk Subee Plixes
of Senstble heel andl moteture Serve do mandatn e igh Ow of He arn
which fecels twky Hhe am Sector of de Shorm. Tle bist. G ar- enables 2
low shatre Sehiiky 4o develop over Hhe lowey +opasphere. Enhanced
Condersotion 13 possitle ohen te high Buw ar aSends 1t e storm

= Heely prduay 4 veldw% ungiabie lapre role over fle lover toposplere.
Movemeirt and dewelophet o raprolly dievelopry Coshal shomg are Streugly
affected by fie low level 7T, he motvhme supply ™ He form of Ligl, By , 2l
the Shakie 9+4Lrhy. The Stomb & patters 19 woohfred duriyg coastal
cevelopmerd Such Het He vort. max deuds do follow e coasHing . Stnce

o
Hhe coasta] gelone 13 adlvectny (‘:;':l" air ( g’u)oe He geuier, goopoientn]
hepgldr Rlls at e sfe onl rises A Soaml +end 4o be concentratecd nordl,

of +he storm Along e coasHing. Geopotentic] hetght rises at He sfe and
Pl 2t sard dend to be dheeidraled aloyg 4ke Coast goucll, o8 Heo sho
Cyclone &

Coavd Sxomt
R :'§/< b} cm:ﬁ
Lerm ot rises 3 Do
/‘)’“‘Tmocu =
hovidy L/\
o
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w ‘ravelly estratropred Gyckues (barctmic vort. e3.)

MET? (Synoptic): Kloesel (?) *

e Use the baroclinic vorticity equation, and your knowledge of the structure of “short
waves”, to argue why low-level convergence and upper-level divergence develop ahead

of traveling extratropical cyclones.
Soby
( Weakness of Guivalent barghopic model 15 Hhet oloes not Ticlude +he
dynawres necessary +o model 4he levelopmerd or alpm)oe weetler systems.
The oleffrcreny s linked 4o e neglect o Hermal Ghhrckmers) advedton
the wodel .
Incluston of Hherme| ackiechon leads 4o a H20 paraweter moolel Sbarocitne

model
We assume
@ orieutction of Tsotems o conelawt ith beglt
@ ~ ~ geoshoplre umel sheor Ts Conshart winh herght
Defme 2 Hemal mdd V4 Hewal W\'kcl'y Sy b
Xy = X +BCp Yy Y=g~ Yn
qg =Cm +8cP)E1~ (:1- =Cm =&
T verad gtrackee Suncho, =58
Valugw at meom level wheve alsskile vorkerly @ Approx. pohevied
(50% 4o 600 nb)

Iniggrote He QG wrt. €3 fom LR, 03 avel romclize by i 4o get 5.
valid at He meen level (m)

—éf['eg% Y-V (Ca+2)}ol|’ = -%f% dp (om:o as s.c>

GXf)=@dy
Qubstiute fr X3 26l Cg Trdegrcle notmy 4t
O Bm =—'£;S:’ Bcprdp =0
@ Cr & Xq are const. ik pressug
@ Zm 3 Nm ave onst. whih presune
to get _
]‘%C[’l ==V Gt £y — BCP)‘ Y- Vp -P;’smj
Ls dhag ts#e barclinic vorficl, eg

Corerdev 4 Yypiaal wave/cyclone paltern stown below.

— Eoomb ¢
- 70 tr0 Aq>
- looonbgp

dlekq -medess

@ max &

® max Cg ak toonl

© max cold are Hackness adveckon Ly tomewmd Vg

@ rmimal thermal vortictly Sy les Letueen @) and@
@ max parm Hickness advechon by lemmy Vg

Max cold a1r adveckion occurs near © . Worm Hackvess advectven b)« X3
(tomowb) Covelates wih negarbive 4erma] vovh'ﬁy adveckton, NE of +he

obe Ly near @ and oleveloprenbal hetglt tTses A Soomb,, Max csld
+hickness polvection b, ¥3(emonl) conesponds dave!y Tn locetTon 4o dhe

10

max posriwe Jeostoplve thetnal vsrhay odvection by He Hemel abid snd 4o Soon
dlevelopmentel herght falis.

L #he case of a 380 cyolone lyrny ahead of @ Bopmb ough, e regions betweom
He sk $rough and the Soo mLhough, and betueen tho o hough andt e doonstres
50b L ridge , CxpoviEhee *‘ewper@‘"'e advection lmduq 4o developpertal hergld
changes at both dhe SR and af sopmb Negetive 3 lg,“,, and —L>o occur
west 3 Sw of He sfe |, ™ associchen with celd an adveckion. Posﬂweﬁ‘w

and é"-‘hfo occur NE of e she \_,, Tn associobron Witk wekm advedmn, |

These prcrples are lusdreled T He 3D schemebie below
-+ ruz'gi.ﬂgl\oﬁ heystt pemwve
_ :%,Il% hueu),

NvA = regetive vort, o,
PVA = josthve wot, v, ,

CAD = ootd (a"m“)adv.

WRAD = warm ( A m\v,

1 rrevg metton
¥« smiiny motton

Max oevelopmerrial S0 mb (b herght flls occur just ahead o e 500 b +rough, anc)
+o the raar of He sfc ol Bovt Lleve Hee Ts laige seele desvert 4 o pressure
tises. Near@ ($pe privious diggram) Alsolide v«nhcr-b addvecHon 4t bon nds and (ol
OFr advectton are juxtapesed so dhek there T3 bodl rimy Mutton ond cold ap- 4 veckon.
She pressure felis , Soomb ¢ rises, anel PVA 4t Soonb clarcelertze 4la regrow eact of
e Sfe cyelone. [} smrlar glelenent can be mede regaritg oo mh ¢ rrses and
absohde voricrly dlécreases agsocicled uih developrent over He regions et of He
Sk Cycone auel wtthim He STONL Vidge.

Suteitfe was e fost 4o desertle development T terme of a vertrea
Aistributton of olivergence, specsﬁrccy ab-Hle sk, and readd) peasurable
%uawhhes at 1006 ¢ Lov mb

Sutalifp frrok aveived ok 2 STHplified form o Hhe QG-4 g He applied 4ire €3
o} 167> & SBom ;. Subdracted thewm ; and cblrthed a Hirckness Jretplevy e He
then argueel & secled his way to a dicghostic eg for lomm), V-¥

“VeNo == (Nr- VG40) — ) iy -ver

In e above

VGo sskzeng effect . Vertveo) wivd Stear Chorizontat ¥, T) ovor 4
st may of vorticl, (manifested by a thickwess lme crossig
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% Squall Ime

MET? : Kloesel (?,1997)

e Doppler radar observations of_squall line structure have led to a conceptual model of a
squall line as proposed by Houze et al., (1989). Draw this conceptual model in a vertical
cross section and discuss the mechanisms for:

a) the trailing stratiform region

b) descending rear inflow

c) ascending rear outflow

d) the ‘bright band’ as depicted on radar imagery

Hh



£ Mived
% Detopoint demp. + Covdeusation o GelvectTay (0G )

MET? : Kloesel (?)

e Answer EITHER 1a OR 1b, then answer 2
1. a. While playing the game “Trivial Pursuit”, a card was drawn which contained the

following question..

¥

“At what temperature does the condensation of water vapor occur?”

ANSWER: DEWPOINT

Discuss at least one other plausible answer for this not so “trivial” question!

b. Describe the ways in which the Earth’s oceans affect synoptic scale weather
systems (in terms of development, maintenance, and decay).

2. Consider the advective rate of change of a scalar quantity ‘A’ by the geostrophic

wind: Adv,, =-V,e VM

a) Show that Adv,, may be expressed in terms of the Jacobian of the geopotential

and ‘M.

b) Sketch a pattern of isolines of geopotential and ‘A that shows both a maximum
of positive Adv,, and a minimum of negative Adv,, and indicate the locations

of these. Also indicate where V?Adv,, is maximum positive and minimum

negative.

c) Briefly discuss why the above are important in relation to synoptic scale weather

systems.
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