ik

101 . N e
BIEWNE: RETFE
The received power Pr — —CZZZ
I

C, Radar constant, ~1/A2
Z Radar reflectivity factor

* A quantity determined by the drop-size
distribution of precipitation.

I' distance from the target to the radar
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Reflectivity factor Z = N(D)D*dD.
[
n N: drop-size distribution
Z _ D6 Rayleigh scattering theory gives the backscattering cross section of a spherical droplet
- | of diameter D as 5
: 78
= o= F|K|2D6, (15)
where K is the complex index of refraction.
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Radar Assumptions

Angle 1. The beam travels at the original inclination angle.

Attenuation 2. The targets absorb very little of the radar's electromagnetic
energy.

Homogeneity 3. Target particles are small, homogeneous precipitation spheres
with diameters much smaller than the radar's wavelength.

Phase 4. All targets are either liquid or frozen, but not a mixture.

Uniformity 5. Targets are uniformly distributed throughout the sample volume.
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The COMET Program

https://www.meted.ucar.edu/mesoprim/cape/
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Virtual Temperature

In atmospheric thermodynamics, the virtual temperature (Tv) of a moist air parcel is the temperature at which
a theoretical dry air parcel would have as total pressure and density equal to the moist parcel of air.

Consider a moist air parcel containing masses m, and m,, of dry air and water vapor in a given volume V. The density is given by

my +mv

p=—= =Pitp

where pg and p, are the densities the dry air and water vapor would respectively have when occupying the volume of the air parcel.
Rearranging the standard ideal gas equation with these variables gives

e=p,R,Tandp; = pgR;T.

Solving for the densities in each equation and combining with the law of partial pressures yields

p—e €
p= + =
R;T R,T
. . Rd M‘u . . .
Then, solving for p and using € = R, M, is approximately 0.622 in Earth's atmosphere:
p = deT’Ua
where the virtual temperature 7, is
B T
v = .
1-£(1—e¢)

We now have a non-linear scalar for temperature dependent purely on the unitless value e/p, allowing for varying amounts of water
vapor in an air parcel. This virtual temperature T;, in units of kelvin can be used seamlessly in any thermodynamic equation
necessitating it.
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Figure 7.22 Example of a sounding containing elevated CAPE but no surface-based CAPE. A parcel of air Lifted from the
surface follows the dashed Blue trajectory, whereas an air parcel lifted from the top of the stable boundary layer follows
the solid blue trajectory.
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(1) EX: |BEFEASRARSHRAEE.
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(2) CAPEFNN R EFHSR (Updraft)
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Figure 3.2 A possible parcel process curve (dashed) that might be followed by an updraft parcel on a skew T-log p
diagram as a result of the entrainment of environmental air. A parcel process curve (solid) followed by an updraft parcel
that ascends undiluted is also shown. Note the implied differences in cloud base (there has been some entrainment below
the cloud base, in addition to entrainment over the cloud depth), cloud top, and the realized CAPE.
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Figure 7.18 Comparison of CAPE (red contours; J kg~!') and CIN values (blue shading; J kg~') computed by lifting (a) a
parcel from the surface, assuming no mixing, and (b) a parcel having the mean potential temperature and water vapor
mixing ratio of the lowest 100 mb, which crudely attempts to account for mixing that occurs en route to the LFC. CAPE
(CIN) values are typically smaller (larger) when a parcel is lifted having the mean properties of the lowest 100 mb (or some
layer of roughly similar depth), as is the case above, except perhaps at night or on the cold side of a front, where a shallow
layer of relatively cool air might be found near the surface. (Courtesy of the Storm Prediction Center.)
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Extreme CAPE and an F5 tornadic supercell
Plainfield, IL August 28, 1990 (Seimon, 1993, BAMS)
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Fia. 4. Sounding in skew T-logp format from Peoria, lllinols
(P1A), at 0000 UTC 29 August 1990. Temperature (solid) and
dewpoint (dashed) are shown along with a representative dry
adiabat (313 K). Estimated parcel trajectory from the lifted
condensation level is indicated, along with the region of positive
potential buoyant energy (shading). Winds in m s' with pennant,
barb, and haif barb denoting 25, 5, and 2.5 m ™', respectively.
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Fia. 10. Vertical radar cross section of the Plainfield storm at
1951 UTC (time estimated) from a range-height indicator (RHI) scan
performed by the United Airlines (UAL) radar at Elk Grove, llinois.
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JOn the Physics of High CAPE
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* Lorenz Center, Massachusetts Institute of Technology, Cambridge, Massachusetts

(Manuscript received 1 April 2023, in final form 5 July 2023, accepted 5 September 2023)

FIG. 1. Three stages in the diurnal evolution of CAPE. (a) A desert-modified air mass with little moisture and a deep dry adiabatic
boundary layer is advected over a moist soil. (b) Advection of cool, moist air from a different region and/or wind-driven boundary layer
turbulence creates a moist but cool new shallow boundary layer just saturated at its top. Dewpoint is shown by dashed lines, and the tem-
perature of a parcel lifted adiabatically is shown by the dotted curve. (c) Surface heating by solar radiation causes the now-convective
boundary layer to deepen and moisten, though the moistening is at least partially offset by entrainment of dry air from above the bound-
ary layer. CIN decreases and CAPE increases, with the proportion depending on surface moisture availability.
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FIG. 11. Surface soil moisture measured by the Soil Moisture Active Passive (SMAP) project averaged over the pe-
riod April 2015-March 2021 (Reichle et al. 2022). This is based on level 4 SMAP data. The red ellipses show areas of
moist soils downwind from dry terrain, as described in the text.
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FIG. 12. Percentage of Dual-Frequency Precipitation Radar soundings from GPM satellites that contain hail, based on
the mean Ku-band reflectivity in the mixed-phase layer. From Mroz et al. (2017).
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