ATMO 489
Radar Meteorology

Fall 20046
STUDY GUIDE — Exam #3

Date: Monday, 12/11/06

Time: 2 hours, 10:30 AM — 12:30 PM. You will likely not require the entfire
pertod. Please arrive a few minutes early to allow time to hand out exam_

Location: O&M. Eoom 1210

Type: Closed book and notes. Fou must work independently!

Form of Exam: Approximately three major questions with sub-parts. Exams can be a

mixture of objective (e g, mulhple choice, true'falze) and/'or subjective
(e.g., short answer/definition, problem solving, derrvation) questions. A
typical exam might include 1) mulbple choice'true-falze gquestions (10
minutes, 20%), 2) short answer questions (20 minutez, 40%), and 3) a
problem solving/derivation question with sub-parts (20 minutes, 40%).

Material Covered: - Lecture notes, lab notes, and web-page lecture materials (Chapters 6, 7, §,

1)

)

6)

and 10) from 10/30/06 to 12/04/06, inclusive.

- Lab aszignments = § and 9.

- Assigned reading from the class text book, Rinehart (2004) — all of
chapters 6, 7, and § and some of chapters 9 (clear air signatures on p. 172-
181) and 10 (polarimetric definitions and applications on p. 208 — 233).

Instructional/Learning Objectives

Identify the mathematical relationship bebween Doppler frequency shift and Doppler
velocity. Identify the mathematical relationship between Doppler frequency shift and the
time rate of change of the phase. Utilizing these two relabionships, calculate the Doppler
frequency shift and velocity given the phaze at time 7 and time ¢ + PRT.

Identify the key components of a Doppler radar system (e.g., transmitter, receiver mixer,
modulator, computer/signal processor, locking mixer, COHO, STAL O, phase detector, IF
amplhifier), explamn (mn layman’s terms) how theze components funchion to transmmt,
recetve and process electromagnetic radiation in order to prodoce the Doppler radial
veloctty.

Explain why a zero Doppler velocity does not neceszanly imply a zero wind velocity.
Explain in your own words the terms “Unambiguous (Doppler) Velocity™ and “{Doppler)
velocity folding (or aliasing).™

Given the relationship between Doppler velocity and frequency shift and ancther
relationship between the Doppler frequency shaft and the time rate of change of the
phaze, derive an expression for the maximum snambiguons Doppler velocity. Grven the
PRF and i, calcolate Vi

Deszcribe in yvour own words the term “maximum unambiguous range” and “range
folding ™



T} Derive an expression for the maximwn nnambignous range (fme). Given the PRF (or
PRT), calculate fyy;. (INote: This item i3 review but you are expected to know the material
for exam 3).

8) List and explain four factors that limit the use of Doppler radar data (z and Vi) at very
long ranges (e.g.. zay 400-500 km) Thiz 1z an mntegrative question that combines
knowledge from the entire class.

9} Describe the “Dioppler Dilemma ™ Assuming the speed of light (c) i3 constant, identify
the one property of a radar system that dictates the relationship between Vies and rwex (o1,
list a relationship relating Vi, and 1y ). Using this relationship, caleulate Vipgyy of Ty if
oiven the other.

10 Describe the procedure for identifying range aliased or velocity aliazed data. Explain the
physical principles behind the procedure.

11y Explain the implication of choosing a Vi /'Tyey pair on the spatial rezolution, cost and
portability of a radar system?

12) Given a specific radar research objective (e.g.. typical target - required spatial resolution,
typical maximum velocities, munimum and maximum reflectivity etc) a budget for an
antenna  and the cost of an antenna per square meter, design the specifications for your
new, optimal radar antenna.

13} Describe the relationship between a non-zero wind field and the isosurface of zero
Doppler radial velocity.

14) Given zimple (1.e, simuplated) PPI (Plan Position Indicators) images of Doppler radial
velocity, qualitatively describe the inferred three dimenszional wind field (in words or
sketches such as wind profiles or with wind barbs on the PPT).

15 In your own words and mathematically, describe the Doppler spectrum and the “spectrum
width” (o). List a mathematical defimition of the Doppler radial velocity as a function of
the Doppler velocity spectrum.

16) List and describe (in detail) the physical factors that will increaze o.

17)Define attenuation of a radar wave.

18) Identify the primary atmospheric constituents and/'or hydrometeors that cauze attenuation
of radar waves.

19) Describe the dependence of attenuation (1.e., attenuation coefficients) on frequency and
dielectnic (1.e., water vs. 1ce).

20 Identify 1.1]:11:]1 atmospheric constifuents and hydrometeors are capable of causing
significant attenvation for 5-band, C-band E—hﬂ.ﬂd K. K-band and W-band radars,
Explam why and under what conditions.

21)Given an expression for attenuation loss and a zimplified form of the radar range
equation, derive a loganthmic form of the radar range equation that compenszates for
attenuation losses. This 13 partially a review topic but you are expected to know how to
incorporate the logarithmie loss term (L) 1n the radar range equation.

22)List equations for the “linear” loss (1) and the logarithmic loss (L) in terms of the
attenuation coefficient (k or K).

23) Given four of the following five parameters, apply the radar range equation to calculate
the fifth parameter (radar reflechvity factor, received power, radar constant, attenuation
loss, range).

24) Given a relationship for the precipitation attenpation coefficient (K, dB km' } mn terms of
rainfall rate or radar reflectivity factor [e.g., K(R) or K(z)] and a range profile of R or z,
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calculate the two-way attenpation associated with the modeled precipitation over a
specified range. If also given an expression for the attenmation coefficient for
atmospheric gas, solve for the total two-way attenvation along the specified path. Using
thiz information, diagnoze the impact of the attenvation on the radar reflechvity and
estimate of rainfall rate.

23) Identify attenuation in PPI or other radar reflectivity observations.

26) Describe the physical quantity called “rain rate” (R) in your own words, using a sketch if
helpful. Derive a mathematical expression for rain rate.

27y Given an inverse exponential size distribution model for rainfall and assnming that the
diameter (D)) ranges from 0 < D < oo, calculate the rainfall rate in mm'honr.

28)Describe in your own words what a dizdrometer 1z and what it measures. Outline the
procedure for calculating radar reflectivity factor (z and Z), which 15 review, and
ezpecially rain rate (R) from disdrometer measurements of the rainfall size distribution
(1.e., given binned values (D), D, AD).

29) Outline the procedure for deriving an empirical z-R relationship (1.e.. power law of form
FER.bJ from disdrometer measurements. Dizcuss the impact of biaz error and random
errof in using this relationship in radar rainfall mapping (Hint: see your lab resulis).

50y Explain why there are mmltiple z-R relationships in the literature (e.z., plot of 69 z-R
relationships from Battan 1973). Identify szome typical z-R relationships and the
azsociated storm type. For example, list the z-R relationship utilized by the WSE-88D on
a routine bazis. Explamn why the WSE-88D utilizes a different zet of coefficients (a, b)
during tropical rainfall and list the relationship.

31)List and descrnibe potential sources of error in the estimation of rain rate (R) from
reflectivity (z). (There are about ten).

32)Describe the radar “bright band.” Explain the physical mechanisms responsible for the
bright band and rank them in corder of importance m two zones: 1) from snow to bright
band and 2) from bright band to rain  Identify the type of precipitation in which bright
bands are most commeon and explain why.

33)Define VIL (vertically inteprated liquid) mathematically and in your own words.
Deszcribe the relationship bebween VIL and severe convective weather and the physical
origin(z) of this relationship.

34) Explain what a W5E-88D Volome Coverage Pattern (VCP) 1= 1n general and explain its
impact on vertically integrated derrved quantities like VIL.

35)Explamn why VIL might vary geographically and explain the impact on the operational
uze of VIL to diapnose severe storms.

36) Describe the key functional differences between the hail kinetic energy flux and the
liquid water content (used to calcolate VIL) as a function of Z. (Hint: part of the answer
lies in the dBZ weighting function for the hail kinetic energy flux).

3TV If given the hail kinetic energy flux, define the severe hail index (SHI) mathematically.
Describe the purpose of the height weighting function i your answer.

38) Explain the purpose of the optimal weighting function (W) of SHI and how it 13 used in
the Probability of Severe Hail (POSH) algorithm.

39) Describe qualitatively the Maximum Expected Hail Size (MEHS).

40 Identify and describe the source of so-called “clear-air™ radar signatures.

41) Identify and describe at least one metecrological application wsing clear air Doppler
veloctties.
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