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

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

San	Diego,	CA,	October 20172017	NASA	Precipitation	Measurement	Missions	(PMM)		Science	Team	Meeting

t1 t2

P
q
T

w,	K
q



Earth and	Space Sciences (ess)	Group,	UCLM,	Toledo,	Spain

for	instance,	in	practice,	in	
the	P3	mp
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Ikawa&Saito 1991
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At	the	end,	the	evolution	is	linked	
with	the	initial	DSD	model

Drop	number Drop	number	+
Shape	of	the	RDSD
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RDSD	models

The	N0 model
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• Such	expression	is	not	a	PDF
• N0 has	units	of	m-4-µ

• Parameters	are	not	independent

N0 model	- issues
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N0 model	- issues
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N0 model	- issues
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• Not	only	mathematically	ill-defined	
• Also	disconnected	from	mp modeling

N0 model	- issues
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Nw ,	normalized	model
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• Not	only	unphysical
• Also	disconnected	from	mp modeling
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Nw model	- issues
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Nw model	- issues
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• Parameters	are	also	intrinsically	dependent
• Also	disconnected	from	mp modeling
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Alternative:
NT-based	RDSDs	
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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:
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fi can	be	any	functions

for	instance,	central	or	raw	moments
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Alternative:
NT-based	RDSDs
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Maxent DSD
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Alternative:
NT-based	RDSDs	

San	Diego,	CA,	October 20172017	NASA	Precipitation	Measurement	Missions	(PMM)		Science	Team	Meeting

Maxent
gamma

DSD



Earth and	Space Sciences (ess)	Group,	UCLM,	Toledo,	Spain

Alternative:
NT-based	RDSDs	

San	Diego,	CA,	October 20172017	NASA	Precipitation	Measurement	Missions	(PMM)		Science	Team	Meeting



Earth and	Space Sciences (ess)	Group,	UCLM,	Toledo,	Spain

San	Diego,	CA,	October 20172017	NASA	Precipitation	Measurement	Missions	(PMM)		Science	Team	Meeting



Earth and	Space Sciences (ess)	Group,	UCLM,	Toledo,	Spain

The	proof	of	the	pudding
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UCLM	database
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EPFL	database
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Three	competing	models
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MaxEnt
Gamma MaxEntN0
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Parameter	estimation
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Numerical, 
Maximum Likelihood 

(MLE)

MaxEnt
Gamma MaxEntN0
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Parameter	estimation
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Numerical, 
Maximum Likelihood 

(MLE)

MaxEnt
Gamma MaxEntN0
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Parameter	estimation

San	Diego,	CA,	October 20172017	NASA	Precipitation	Measurement	Missions	(PMM)		Science	Team	Meeting

Numerical, 
Maximum Likelihood 

(MLE)

Numerical,
Newton-Raphson approach

MaxEnt
Gamma MaxEntN0
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Parameters	independence

• Number	concentration	and	shape	are	mathematically	related
• Data	confirm	that	indeed	are	empirically	correlated
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Parameters	independence

• Number	concentration	and	shape	are	inherently	related
• Data	confirms	that



Earth and	Space Sciences (ess)	Group,	UCLM,	Toledo,	Spain

San	Diego,	CA,	October 20172017	NASA	Precipitation	Measurement	Missions	(PMM)		Science	Team	Meeting

Parameters	independence



Earth and	Space Sciences (ess)	Group,	UCLM,	Toledo,	Spain

San	Diego,	CA,	October 20172017	NASA	Precipitation	Measurement	Missions	(PMM)		Science	Team	Meeting

But	such	dependence	is	sensible	
for	rainfall!

- 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	
NT=9
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RDSD	#1	
NT=9
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How	good	
are	the	three	
models	in	
estimating	
the	actual	
shape?
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Objective	mp
characterization
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mp processes
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mp characterization
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mp characterization
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Retrieval	of	DSD	parameters	
from	radar	observables	
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T-matrix	calculations	from	
disdrometer	data
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Retrieval	of	RDSD	params
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Retrieval	of	RDSD	params
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Summary

1. mp modeling	asks	for	decoupling	
NT (number	of	drops)	from	the	
Shape	(probability	of	given	diameter)

2. Both	N0 and	NW	models	present	issues
3. Parameter	independence	is	important	in	DSD	modeling
4. The	NT model	is	conceptually	stronger	
5. The	NT model	compares	better	with	observations
6. The	NT model	is	better	suited	for	remote	retrieval	(independence)


