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Ziad S. Haddad, Sahra Kacimi and Jeff Steward
Jet Propulsion Laboratory, California Institute of Technology

|

|
HN
mww

ﬁ

Parametrization for the dependence of Parametrization for the dependence of Ka-band radar reflectivity on multiple scattering
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rad ar refl eCtIV Ity on Ve rtl cal Iy vdria b I € non-un |f0 rm Ity Number the vertically layered atmosphere 2 If we call z; the multiple-scattered leakage from layer i to layer j (and let’s stick with i above j, i.e. 1 <)) we can 2
[N i dBZ,, from 1 at the top use a forward-simulation database to fit a power law Z; = a; Zss; ! S
Kssrz ~ 7T Kiacug ‘- : = down to N=80 at the surface etc E
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Manifestly, o | S oot 5 ° 20 Then back to each beam, and keeping b;; fixed, solve for a;; and determine how the actual a; (solved for by recursion) are distributed * hypothesis 1: a;; 1s highly correlated with a,; 1t j-I = 1-k (if true, a;, = c; ;)
the attenuation 1s not as efficient as a perfect vertical w3 1o Il about the mean “profile” (of a;;),including vertical correlations, and spatial clustering: Z; = ZSS; + SUM ;o i 8acqa)j £5S; *hypothesis 2 : a,,;; is correlated with Zss, for all n between i and j
alignment would suggest. So how to represent verticall- . — 5 |
variable changes 1n the horizontal inhomogeneity? ! °
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Answer (from high-resolution airborne data); . Quantifying the vertical distribution of water from sounders using data assimilation
parametrize 1t similar to the parametrization of DSD, = B
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dBZq, 2) From airborne data,

g TV ;g determine the range of values of the parameters for the 1) Construct a forward database with several different forward-calculated brightness temperatures for each column condensed water (corresponding to different scattering assumptions)
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= - . 25 2) Derive the Bayesian forward operator (mean and covariance) after a dimensionality reduction
O 4 ,.. Bt fg zo(h) = ch2 _ 20(0) — xo(ho) - cho | b+ 20(0) based on canonical correlation, as 1s described in Z. S. Haddad, J. L. Steward, H.-C. Tseng, 10000
T 9 1 B 10 X ho B ’ T. Vukicevic, S.-H. Chen, and S. Hristova-Veleva, 2015: A data assimilation technique to _ 1 (2) (2)\2 (2)2
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1 ! : 20(0) — 20 (ho) account for the nonlinear dependence of scattering microwave observations of precipitation. —
0<c< 5 J. Geophys. Res. Atmos. 120, 5548-5563 =
10 e, hg except use linear combinations of PCs of cwm and PCs of Th, matched to maximize their correlation
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= 8 o 0 < xo(ho) < p/2 3) Assimilate, for example 1Dvar onto an archival mean background:
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T - to be able to represent realistic shear (as observed) E i3 - E #1 © E BC - E e ;
| : R E) B 4L E E Ay — B ;
0 100 200 300 400 500 3) Starting from observed Z,,...(h), generate ensemble o g7 SR E SN & T ema SR E -
. . . . 4+ - P - 44 T — - e b T -
The result of step 1 is above, / of 25 vertically-aligned columns by varying a, and a,, §7 . 33 — E = P . 3y ) .
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10 ®Za s then for every plausible combination of shear parameters q(g.m-3) q(g.m=d) q(g.m-3) q(g.m-3)
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—~ 8 about 50 suffice, and are probably more than sufficient), , , , , S o , o o
E v gg (generate 50 x {25 sheare dpcolumn};} ) Though the different sounders have different frequency channels and different scan strategies resulting in different incidence angles, the measurements are remarkably consistent, and show similar sensitivity to
= - 25 2014/08/05 15:40:07 | 2014/08/05 15:40:07_ 2014/08/05 15:40:07 - the extent of ice 1n the outflow 2014/08/05 15:33:27 2014/08/05 15:33:27 2014/08/05 15:33:27
© 4 s . . . . . 22" N i 22N o 22°N : - the depth of the convection 22°N 22°N 22°N
w3 .o then invert each high-resolution pair of columns (i.e. 4 . . .
- . . - the specific humidity (which
1 > apply retrieval algorithm to each of 25 columns contributes differently to the
in each of 50 realizations) . .
different channels, depending on
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. then antenna-convolve the each of the 50 results . ..
T 8 Jy ok . e . the water-vapor absorption line
S 7 |4 => this produce the 50 plausible underlying averages ﬂ .
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Result on the data from the satellite “measurements” at the top:  the retrievals as in 3) before antenna convolution (left), the retrievals after antenna convolution (center), and the retrievals directly from the satellite “measurements” at the satellite resolution (by-passing 1 through 3)
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