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Motivation
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GCMs, RCMs, CRMs and NWP
models diagnose/prognose

ON 2q;,
dt ot

So it is important to retrieve these quantities independently
to develop, calibrate, tune, verify and validate those models
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microphysics (mp)
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for instance, in practice, in

the P3 mp

N=| N(D)dD = [ N,D*e™*PdD and
JO JO

g= | m(D)N'(D)dD = ( m(D)N,D* e *P dD
JO JO
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Rain aggregation
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Pictorial representation

* Spherical drops

* Same param b for both psd (!)

* Fall at terminal v

* Spaced in the vertical

e Calm, laminar flux

* Large efficiency in collision and
coalescence (=1)
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Accretion of snow by
rain wa
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Morrison’s mp, based on lkawa and Saito (1991)
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PR S (a{NR’qR}/at)BacS 3/41

» Same param b for both psd (!)
* Fall at terminal v

O « Spaced in the vertical
Q e Calm, laminar flux

suondwnssy

* Large efficiency in collision and
coalescence (=1)

Pictorial representation

Morrison’s mp, based on |kawa and Saito (1991)

by snow

Accretion of rain water
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At the end, the evolution is linked
with the initial DSD model

ONr/ot  0qgn/ot

Drop numberT Drop number + T

Shape of the RDSD
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RDSD models
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The N, model

n(D) = Ny,D*exp(—AD)
[No model]
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N, model - issues

n(D) = NyD*exp(—AD)
'No model]

* Such expression is not a PDF
* N, has units of m##
 Parameters are not independent
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N, model - issues
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n(D) = NyD*exp(—AD)

A},l+1
NO _®I‘(u+1)
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N, model - issues
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n(D) = NyD*exp(—AD)

Ng = N
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N, model - issues

n(D) = N,D*exp(—AD)

* Not only mathematically ill-defined
* Also disconnected from mp modeling
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N, , normalized model

n(D) = Ny fn(p) (%)u exp [—(4 ) %]

6 (4+p)Ht4
4% T(u+4)

fn(p) =
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N, model - issues
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4* (10°W
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N, model - issues
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4* (10°W w

NW — Nw =k 4
4 Dm
TPy \ Dm
D
1p,, 1076 [Dmax e n(D)D*dD
B f D’n(D)dD  Dm = Dmax
min

D

 Parameters are also intrinsically dependent
* Also disconnected from mp modeling
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Alternative:
N.-based RDSDs

n(D) = Nt - p(D)

Drop number

Shape of the RDSD
p(D) is a proper PDF: (and we need a PDF
because we are doing statistics)
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There is even a general form
for the DSD as an (infinite) sum of
exponentials:

exp(—2Ap—A1f1(D)=Azf2(D)—-—A,f,(D))
Z

n(D) =Np-p(D) =Ny -

f. can be any functions

for instance, central or raw moments
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Alternative:

N.-based RDSDs

Maxent DSD -

n(D) = Nt -p(D) = NT’Z

—

Dmax
E[D]:f D p(D)dD
Dmin

Dmax

E[D?—]:f © D*p(D)dD

exp(_}\o_xlD_xz DZ)
p eXp(—Ag—A;D—-2A;D?)
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N.-based RDSDs
o

Maxent
E[D] = D p(D)dD

gamma - Jomin
DSD EIIO.q(D)'=f - log (D) p(D)dD
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exp(—Ao—A1D-2Azlog (D) )
p exp(-Ag—A;D-2A,log (D) )

n(D) = Np-p(D) = NT'Z
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Alternative:
N.-based RDSDs

e—AD

I'(u+1)
[ Maxent-Gamma model]

n(D) = N, - AF*1pH
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UCLM database
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Experimental setup 1
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In 2010, we used 16 Parsivel
disdrometers (in a dual setup
to ensure consistency) to
analyze the spatial variability
of the RDSD within a DPR-size
pixel.

The experiments were made in
central Spain, which has a
semiarid climate with
moderate rain rates, and thus
within Parsivels’ known
limitations.

As described in the paper
below, we found a consistent
pattern of DSD variability with
distance, and a noticeable
spread inthea and b
parameters of the Z/R
relationship within the same
episode.
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Small-scale variability

_ In 2011, we located 16(+2) Parsivels to
PRSI SRS EE  analyze the consistency of the instruments,
: the spatial variability of the RDSD at
decimeter scale, and to cross-compare the
new Parsivel? instruments.

The experiments were made in Toledo, and
included a sonic anemometer.

We found that the Parsivels provided
consistent estimates of the RDSD for
moderate rainfall rates such as those found in
Toledo.
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Combined area of the laser disdrometers (cm?)
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Variable Equation Notes
Dmax .
. § _ n(D) is the number of drops of
m NT Total drop concentration [m3] N, = L . n(D) dD diameter D+dDI2
4 Ga PSDi P For the No model, this corresponds
m No mma intercept [mav*4mam] n(D) = N,D¥exp(—AD) to Gamma parameters fitted to each
t [No mode] DSD using the method and
(modified) R code of Johnson et al.
A Gamma PSD siope parameter [mm] I 2014, which allows for truncated
S n(D) = Ny - A***D* ru+1) and classed DSDs.
m [Maxent-Gamma model]
n Gamma PSD shape parameter [-] For the other models, cfr. Sections
wl J1and32
Dmax
E E [D] First raw moment of the PDF E[D] = L D p(D)dD Mean of the PDF
min
Dmax
o E [DZ] Second raw moment of the PDF E[D?*] = f D? p(D)dD
h Dmin
Dmax
g E [lOg (D)] First raw moment of the PDF E[log(D)] = J;mm log (D) p(D)dD Logarithmic mean of the PDF
— np 106 (omex coeuming tht th vt corent
_ TP 3 assuming that the water con
t W Total water content [mm)] == me D*n(D)dD collects over an area of one m=.
pwlg m™] is water density.
E Calculated using a value of pfitted
6 (4 + )i+ to each DSD using the technique of
o F Normalised PSD shape factor [-] Fy = == Johnson et al. 2014 for the gamma
L N(w #rip+4) model, modified such that the slope
% } was always given by(2 + 4)/D,..
N ised PSD i ! ma3 N, = £ (e
g Nuw ormalised intercept [mm* mm3] w = 2\ D
(@) , _ J2re* p*n(D) dD
D Mass-weighted mean drop diameter [mm)] T ——
o mmm 'm Jomin D3n(D)dD
m a,(D)[em?] is the back-scattering
S— cross-section of a raindrop of
. ) 1084 [omax equivolume diameter D (in
8 Z Radar reflectivity [mm® ] = W J:,,"m a,(D)n(D) dD horizontal or vertical polarization).
| K |?is the dielectric factor of water.
TU Ais the radar wavelength [cm].
: . . 180
(@) Kpp |Spec dfierenal phase it deg k| Kor = (T) 107 CW (1 — 1)
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Three competmg models

N, o2  MaxEnt

[Ny, A, ] [Nz, E[D], Ellog(D)]]1 [Ny, E|D], E[D?]]
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Parameter estlmatlon

N, o2  MaxEnt

[Ny, A, ] [Nz, E[D], Ellog(D)]]1 [Ny, E|D], E[D?]]

Numerical,
Maximum Likelihood
(MLE)
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Parameter estlmatlon

N, o2  MaxEnt

[Ny, A, ] [Nz, E[D], Ellog(D)]]1 [Ny, E|D], E[D?]]

A= (2 + 1)/E[D]

Numerical,

Maximum Likelihood : p
MLE 1+ /14—
(MLE) Q= ic3—nc¢o

c = log(E[D]) — E[logD]

2017 NASA Precipitation Measuremen t Missions (PMM) Science Team Meeting San Diego, CA, October 2017




Earth a es (ess) Group, UCLM, Toledo, Spai

Parameter estlmatlon

N, o2  MaxEnt

[Ny, A, ] [Nz, E[D], Ellog(D)]]1 [Ny, E|D], E[D?]]

A= (2 + 1)/E[D]

Numerical, Numerical,
Maximum Likelihood . ” Newton-Raphson approach
MLE 1+ ’1+—c
(MLE) a= ” = —1;c#0

c = log(E[D]) — E[logD]
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Parameters independence

Density plot Density plot Density plot
35 . 35 - H
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*  Number concentration and shape are mathematically related
 Data confirm that indeed are empirically correlated
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Parameters independence

Density plot e Density plot Density plot
4.0 T o 1% a5 1
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*  Number concentration and shape are inherently related
 Data confirms that
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But such dependence is sensible
for rainfall!
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- Number of drops does no depend on drop size
probabilities!

- If the shape moves to the right (increase in mean
diameter m), then the PDF widens

- We can reduce the number of parameters, but in
the shape side only
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RDSD #1
N.=9

D, 90

Q9P
QPP

D,
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RDSD #1
N.=9
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Measurement and estimates of the PSD, sample
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Objective mp
characterization
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Mp processes

Coding in _ _ Objective characterization of the
Code | Ttapiaderetal. | Microphysics Comments
2014 microphysical process
2 W 0, Z12 0, all drops
1 A Accretion ONq > o,aE[D] > O‘GE[D ] >0 ot ot P
at ot ot increase in size
2 The main process
2 B Break-up ONy > O,aE[D] < O,GE[D ] <0 . P
at at at creating new drops
) , dN dE[D] dE[D?] aN JE[D?]
3 S1 Size sorting 1 TS, <0, >0 =T, ~0
g at at ot at ot
4 S Size sorting 2 T =T, ~0
2 g It >0, It >0, it <0 P "
2
5 E4 Evaporation 1 Ny < o,aE[D] < 0‘6E[D ] Process destroying drops
at at at
2 Major process destroyin
6 Cc Coalescence a < o,aE[D] > o,aE[D ] >0 E 7=
at ot ot drops
2 Process destroyin
7 E Evaporation Ny < o,aE[D] > o,aE[D ] <0 ying
at ot ot (small) drops
Break-up+ N dE[D] dE[D?] Large drops break; small
8 A <0, <0, >0
Coalescence at at at drops coalesce
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mp characterization
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mp characterization

PSD spectrum (normalized)
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2014 microphysical process
: (D2 20, 2210, all drops
1 A Accretion Wy o, B0, o, 2500 * o
at at at increase in size
R s Breakaup aNy _ GE[D] _ 9E[DY _ The main process
at 'oat Toat creating new drops
i N 9E[D] _ 9E[D?] Ny 2ED?)
3 Sy Size sorting 1 Ty o, B0 o E21 LI ~0
9 7t 0, 2t 0, ot >0 2 "
i N 9E[D] 9E[D?] Ny 0EIDY]
4 s; Sizesorting2 | —L>0,——>0——<0 SE0. ~0
? o at at at o
7
5 Es Evaporation 1 :ﬂ < olﬁﬁaﬁ <0, BEB[—D] <0 Process destroying drops
t It It
6 c Coalescence Wy _ o PEID]  OBID Melorprocess destrofing
o ot "ot drops
B c Evaporation aNy _ GEDD] _ GEIDT _ Process destroying
at (RTINS (small) drops
s A Break-up+ ONyp 9E[D] 9E[D?] oo Large drops break; small
Coalescence at Tt Toat drops coalesce
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Retrieval of DSD parameters
from radar observables
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T-matrlx calculations from
disdrometer data

:—(x Z)

X=g+{A-[g*(B-Z)|}
g(x)=1/(1+e™)
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Retrieval of RDSD params

Z = (2,(Ka), Zy(Ka), Zy(Ku), Zy(Ku), Zpg (Ku), Zpg (Ka), Kpp (Ka), Kpp (Ku))
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Retrieval of RDSD params

Z= (Zv(Ka) , ZH(K“): ZDR(Ku)' ZDR(Ka))
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Summary

1. mp modeling asks for decoupling
N; (humber of drops) from the
Shape (probability of given diameter)

Both N, and N,,, models present issues

Parameter independence is important in DSD modeling

The N; model is conceptually stronger

The N model compares better with observations

The N; model is better suited for remote retrieval (independence)

oA WwWN
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