 SEQ CHAPTER \h \r 1MET 606 - Cumulus Dynamics

9:00 to 10:15, T,TH in HIG 353

Instructor: Gary Barnes (HIG 335, gbarnes@hawaii.edu )

Summary: This course will introduce students to the range of moist convection from small non-precipitating cumuli in the trades to supercells that spawn tornadoes to mesoscale convective systems. Three-dimensional simulations of deep convection will be presented. We will look at convective outbreaks that occur in the spring in the USA when any of us see an interesting situation arising – forecasting severe weather is an important skill to develop.
Grades: There will be two short quizzes, one given during the final period. These are designed essentially to make you integrate and think about the material. Without such “pain” there is a tendency to never collect one’s thoughts on the subject at hand, or fully understand all the principles.  Instead of the usual project, each student will pick a paper to review, then all of us will read it and discuss the perceived good and bad points. The “lead” will be responsible for raising questions and explaining the finer details if need be, so you’ll have to spend more time that the rest of us on the chosen paper. The “lead” will be responsible for making either viewgraphs or a power point of the key figures so we can view during class. Discussion during class is expected, I will also assign a few problems during the semester that might take some digging, then we’ll have a discussion about it. During the first week of April there will be no class due to the Tropical Conference being conducted at San Diego. Grades weighting will be:

2 quizzes: 40%

Lead on paper: 20%

Discussion in class, occasional problems, forecasts: 40%

Textbook: C.A. Doswell, III, Editor, 2001: Severe Convective Storms. AMS Monograph, 561 pp.

Topics (reading is identified by italics)

1.  Overview of deep convection and basic equations. {2}
     energy release in a Cb

     gas law and virtual temperature

     vertical equation of motion –simple version
     parcel method – virtual temperature excess and buoyancy
     CAPE – f(T or Tv)

     basic Cu and Cb w structure

     relative flow

     classification of moist convection and severe weather definitions 
Doswell, C.A., 2001: Severe convective storms- an overview. TEXT CH1, 1-26.

Darkow, G., 1983: Basic Thunderstorm Energetics and Thermodynamics. CH4 in Thunderstorm Morphology and Dynamics, 59-73.

2.  Reversible, irreversible and ice processes {1-2}
     older indices still frequently used: LI, K, SI

     equivalent potential temperature (θe)

     wet-bulb equivalent potential temperature (θw)

     θe and θes and judging convective instability

     other conserved variables – saturation point

Williams, E., and N. Renno, 1993: An analysis of the conditional instability of the tropical atmosphere. Mon. Wea. Rev., 121, 21-36.
Betts, A.K., 1982: Saturation point analysis of moist convection overturning. J. Atmos. Sci., 39, 1484-1505.
Bolton, D., 1980: The computation of equivalent potential temperature. Mon. Wea. Rev., 108, 1046- 1053.
3. Shallow convection: Trade wind Cu, interactions with the boundary layer {2} 
    ATEX design

    mean conditions over the winter Atlantic

    vorticity and its impact on divergence

    dry and moist static energy

    subgrid scales 

    Q1 and Q2

    % of active clouds in the trades

Augstein, E., H Riehl, F. Ostapoff, and V. Wagner, 1973: Mass and Energy transports in an Undisturbed Atlantic Trade-Wind Flow. 101, 101-111.

4. Cumulus congestus: structure, entrainment, 1D models, other conserved variables. {4}
    Woods Hole expeditions – cumuli are a good topic for girls

    Lapse rates

    entrainment

    Stommel, Levine

    Entrainment f(cloud radius)

    cloud top mixing 

    1D models

    conserved variables: total water and θq

    Paluch plots – thermodynamic approach to mixing estimates
   Blyth et al. – Montana cumuli

   aircraft sensors and ways of sampling

   mass flux and net entrainment
Paluch, I.,1979: The entrainment mechanism in Colorado Cumuli. J. Atmos. Sci., 36,2467-2478. 

Blyth, A. M., W .A. Cooper, and J. B. Jensen, 1988: A study of the source of entrained air in Montana cumuli. J. Atmos. Sci., 45, 3944-3964.

Barnes, G.M., J.C. Fankhauser, and W.D. Browning, 1996: Evolution of the vertical mass flux and diagnosed net lateral entrainment in isolated convective clouds., Mon.Wea.Rev., 124, 2764-2784.

5. Mid-latitude Synoptic setting for deep convection {3}

    requirements for a Cb

    Rossby waves

    review of Q-G theory - schematics

    jet streaks

   extra-tropical cyclones

   low-level jets

   Ekman pumping

   inertial oscillations

Doswell, C. A., and L.F. Bosart: Extratropical synoptic-scale processes and severe convection. In Severe Convective Storms. TEXT CH 2, 27-70.

6.  Cumulonimbi: climatology and basic observed structures{5}

      vertical shear of the horizontal wind: a determinant for ordinary and supercell
      proximity soundings

      structure and motion 

      updraft and downdraft statistics

      multicells

      supercells – downdrafts, gust fronts, inflow

     dynamic pressure and storm motion

     hail formation, precipitation particle trajectories

     cross-wise and streamwise vorticity

Browning, K.A., 1977. The Structure and Mechanisms of Hailstorms: In Hail: A Review of Hail Science and Hail Suppression. Meteorol. Monog., Vol 16, No. 38, 1-43.

Markowski, P.M.,J. M. Straka, and E. N. Rasmussen, 2002: Direct surface thermodynamic observations within the rear-flank downdrafts of non-tornadic and tornadic supercells. Mon. Wea. Rev., 130,1692-1721.
Miller, L. J., J. D. Tuttle, and G. B. Foote, 1990: Precipitation production in a large Montana hailstorm: Airflow and particle growth trajectories. J. Atmos. Sci., 47, 1619-1646.

Browning, K.A., 1983. Morphology and Classification on Middle-latitude Thunderstorms. CH 7 

In Thunderstorm Morphology and Dynamics. 133-152.

LeMone, M.A., and E.J. Zipser, 1980: Cumulonimbus vertical velocity events in GATE. Part I:Diameter, intensity, and mass flux. J. Atmos. Sci., 37, 2444-2457.

7. Convective and Severe Weather Forecasting. {2}

    Storm Prediction Center

    exploration of the newer  tools used to forecast

Moller, A., 2001. Severe Local Storms Forecasting. TEXT, CH 11, 481-526.  

8. Numerical Simulation of cumulonimbi {3}

    model fundamentals –equations 

    Boussinesq approximation

    initial conditions

    boundary conditions

    2D runs

    uni-directional and curved shear situations - hodographs

    splitting cells
    dynamic pressure perturbation

    bulk Richardson Number

    storm relative winds and helicity

Schlesinger, R.E., 1980: A three-dimensional numerical model of an isolated thunderstorm. Part II: Dynamics of updraft splitting and mesovortex couplet evolution. J.Atmos.Sci.,35, 395-420.

Klemp, J.B., 1987: Dynamics of tornadic thunderstorms. Ann. Rev. Fluid Mech., 19,369-402.

Rotunno, R. and J. B. Klemp, 1982: The influence of the shear-induced pressure gradient on thunderstorm motion. Mon. Wea. Rev., 110, 136-151.

Weisman, M.L., and J.B. Klemp, 1982: The dependence of numerically simulated convective storms on vertical wind shear and buoyancy. Mon. Wea,. Rev., 110, 504-520.

9. Downdrafts {3}

    maximum values and importance

    entrainment

    role of precipitation: water loading and evaporation

   oceanic versus continental downdrafts

   microbursts -wet or dry

   gust fronts – role of thickness and temperature difference

   derechos

Wakimoto, R.M., 2001: Convectively driven high wind events. TEXT. CH7, 255-298.

Wakimoto, R.M., 1982. The life cycle of thunderstorm gust fronts as viewed with Doppler radar and rawinsonde data. Mon. Wea. Rev., 110, 1060-1082.

Knupp, K.R., and W.R. Cotton, 1985: Convective cloud downdraft structure: An interpretive survey. Reviews of Geophysics, 23, 183-215.

10. Tornadoes and Waterspouts. {2}
     vorticity sources 

     climatology:

             Size and intensity, Fujita scale and EF scale

             numbers per year,
             cumulative frequency distributions, 
              path length,
              relationship to upper level jet streaks

     non-supercell tornadoes

Davies-Jones, R., R. J. Trapp, and H.B. Bluestein. Tornadoes and tornadic storms. TEXT, CH 5,

167-222.

Brandes, E.A., 1984: vertical vorticity generation and mesoscale sustenance in tornadic thunderstorms: The observational evidence. Mon. Wea. Rev., 112, 2253-2269.

Dowell, D. C., and H. B. Bluestein, 2002: The 8 June 1995 McLean Texas storm. Part II: Cyclic tornado formation, maintenance, and dissipation. Mon. Wea. Rev.,130, 2649-2670.
Lee, W.-C. and J. Wurman, 2005: Three-dimensional axisymmetric structure of the Mulhall tornado, May 3, 1999.

Bluestein, H.B., and J.H. Golden, 1993. A review of tornado observations. In AGU Monog.79, The Tornado: It’s structure, dynamics, prediction and hazards, 319-352.

Klemp, J.B., and R, Rotunno, 1983: A study of the tornadic region within a supercell thunderstorm. J. Atmos. Sci.,40, 359-377. 

Doswell, C.A., and D.W. Burgess, 1993. Tornadoes and Tornadic Storms: A review of conceptual models.  In AGU Monog 79, 161-172.

11.  Flash floods {2}

       watershed traits

       maximum observed rain rates

       critical ingredients for the U.S. mainland
       Z-R relationships

       hail thresholds

     radar structures and issues
     echo training

     motion f(translation and propagation)

     anchor mechanisms: upslope, outflows, stationary fronts

     is deep convection required for a flash flood?

     lack of downdrafts in some cases

     favored location in extratropical and tropical cyclones

     Hawaiian events

     precipitation efficiency

Maddox, R.A., C.F. Chappell and L.R. Hoxit, 1979: Synoptic and meso-alpha aspects of flash floods. Bull. Amer. Meteorol. Soc., 60, 115-123.

Moore, J., F H. Glass, C.E. Graves, S. M. Rochette, and M. J. Singer, 2003: The Environment of warm-season elevated thunderstorms associated with heavy rainfall over the central U.S. Wea. Forecasting, 18, 861-878.
Petersen, W., L. D. Carey, S. A. Rutledge, J. C. Knievel, N. J. Doesken, R. H. Johnson, T. B. McKee, T. Vonder Harr, and J. F. Weaver, 1999: Mesoscale and radar observations of the Ft. Collins flash flood of 28 July 1997. BAMS, 80, 191-216. 

12. Papers of interest {2-4}

      Each student can pick a paper that all of us will read and discuss. 
Other possible topics

Mesoscale Convective Systems: {4}

Basic structure – Tropical systems

Environmental factors controlling organization

 Interaction with the boundary layer

 Momentum transports

 Stratiform rain region

Gust front structure

Wakes and recovery times

Fritsch, J.M., and G.S. Forbes,2001: Mesoscale convective systems. In TEXT, CH9, 323-358.

Gamache, J.F., and R.A. Houze, 1982: Mesoscale air-motions associated with a tropical squall line. Mon. Wea. Rev.,110, 118-135.

LeMone, M.A., 1983: Momentum flux by a line of cumulonimbus. J. Atmos. Sci., 40, 1815-1834.

Chappell, C.F., 1986:. Quasi-stationary Convective Events. In Mesoscale Meteorology and Forecasting. AMS, 289-298. 

Fankhauser et al. 1988: CCOPE squall line
Concepts that will be addressed include:

Buoyancy

Vertical velocity equation – basic and complete
Cyclostrophic approx and tornadoes

Dynamic pressure perturbation

Convective available potential energy (CAPE)
Convective Inhibition (CIN)

LI, K, SI indices

Bulk Richardson Number, BRN

Saturation point

Water loading

Vorticity equation – tornadoes, rotating updrafts, MCVs
Counter gradient momentum transfer

Microbursts

SRH – storm relative helicity

CB motion

Precipitation efficiency

Entrainment and detrainment

Radiative cooling – anvils

Barotropic and baroclinic vorticity

Ingredients for a flash flood

Forecasting convection and severe weather

Role of small cumuli in the trades

Lifecycle of small and large cumulus clouds

Rear flank and forward flank downdrafts

Visible cloud features: pedestal, collar, roll clouds

MCS, MCC

Gust fronts and outflow boundaries

Q-G theory

Thermal wind and nocturnal jets

Subgrid scale fluxes

Necessary but not sufficient ingredients for hail, tornadoes, microbursts

Mesoscale convective systems – structure, life cycle

Super and ordinary cells

Boundary layer modification, wakes, loss of conditional instability

Dynamic pressure perturbation

Hydrostatic pressure perturbation

Saturation point thermodynamics

Stability as a function of θ and θes

Moist static energy

The concept of a cell based on reflectivity, updraft

Relative motion

Jets: upper level divergence, low-level moisture flux, rear inflow

Radar Basics: pulse repetition frequency, Rayleigh scattering

Z-R relationships

Hydrometeors and fall velocities

Reflecitivty profiles interpretation

Aggregation and melting regions, bright band

Moist absolutely unstable layers (MAULs)

Supercell morphology: flanking lines, downdrafts

Mesoscale updrafts and downdrafts

Cloud features: shelf, roll, pedestal, overshooting tops, wall, tail

Motion = translation + propagation

Wind shear, hodographs

Weak echo and bounded echo regions

Climatology of hail, microbursts

Derechos 

Moving stationary and colliding boundaries

Mesoscale convective complex (MCC)

Mesovortex

Watersheds

Lightning: role of supercooled water, use as a forecast tool
Possible exercises

1) Forecast a region of severe weather outbreak using the web information. Later do a short post – mortem to see what happened and discuss what were the crucial obs that led to a good or bad forecast.

2- Is the solenoid term crucial to tornadogenesis? 
3- Estimate the lifting along a cold front with the following traits?

4- Estimate the central pressure perturbation for a funnel cloud near Oahu with the following traits: mean T and q in the mixed layer of 25 C and 17 g/kg, funnel cloud tip is 200 m below cloud base and approximately 50 m wide. What is your estimate for max wind tangential wind speed?

5- What is the vorticity along a gust front for the following situation? Estimate both horizontal and vertical components.
6- Can you advect CAPE?

7- Locate for the 850 mb surface the region of strongest moisture advection and the region of strongest moisture convergence.

8- Estimate the saturation points for 10 levels in a trade wind sounding, and a tornado sounding.
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