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Big Trouble in Microphysics
There are large gaps in our understanding and model representation 
of atmospheric processes

Cloud microphysics is a prime offender

Result: our models have limited fidelity 

We have lots of observations, but do we use them well?

e.g. do we respect/understand their uncertainties?

e.g. do we fully utilize their information content?



Microphysics Uncertainty Results 
in Forecast Uncertainty

Microphysics schemes have 
error/uncertainty/
approximations that result in:

Precipitation forecast error

For data assimilation: Poor 
ensemble spread

Limitations for use of 
models to understand 
microphysics

BREAK2. Between 5 and 7 h, the storm in BREAK2
loses its linear organization and becomes highly asym-
metric in the y direction, before reorganizing as a
contiguous line after ;7 h. While width and organiza-
tion are the most apparent differences in terms of overall
structure, other notable differences include relatively
weak low-level reflectivity in the stratiform region in

BREAK1 and higher reflectivity in BREAK2 and
BREAK3. While more efficient breakup in BREAK1
improves comparison of the DSD parameters (N0 and
D0) with disdrometer and radar compared to the other
simulations, it leads to an even greater low bias of low-
level reflectivity in the stratiform region compared to
radar (cf. Figs. 6a,c,e and 13).

FIG. 13. Horizontal cross section of reflectivity from the (a) BREAK1, (b) BREAK2, and (c) BREAK3
simulations at 8 h and interpolated to a height of 1.13 km.

2450 M O N T H L Y W E A T H E R R E V I E W VOLUME 140

BREAK2. Between 5 and 7 h, the storm in BREAK2
loses its linear organization and becomes highly asym-
metric in the y direction, before reorganizing as a
contiguous line after ;7 h. While width and organiza-
tion are the most apparent differences in terms of overall
structure, other notable differences include relatively
weak low-level reflectivity in the stratiform region in

BREAK1 and higher reflectivity in BREAK2 and
BREAK3. While more efficient breakup in BREAK1
improves comparison of the DSD parameters (N0 and
D0) with disdrometer and radar compared to the other
simulations, it leads to an even greater low bias of low-
level reflectivity in the stratiform region compared to
radar (cf. Figs. 6a,c,e and 13).

FIG. 13. Horizontal cross section of reflectivity from the (a) BREAK1, (b) BREAK2, and (c) BREAK3
simulations at 8 h and interpolated to a height of 1.13 km.

2450 M O N T H L Y W E A T H E R R E V I E W VOLUME 140

BREAK2. Between 5 and 7 h, the storm in BREAK2
loses its linear organization and becomes highly asym-
metric in the y direction, before reorganizing as a
contiguous line after ;7 h. While width and organiza-
tion are the most apparent differences in terms of overall
structure, other notable differences include relatively
weak low-level reflectivity in the stratiform region in

BREAK1 and higher reflectivity in BREAK2 and
BREAK3. While more efficient breakup in BREAK1
improves comparison of the DSD parameters (N0 and
D0) with disdrometer and radar compared to the other
simulations, it leads to an even greater low bias of low-
level reflectivity in the stratiform region compared to
radar (cf. Figs. 6a,c,e and 13).

FIG. 13. Horizontal cross section of reflectivity from the (a) BREAK1, (b) BREAK2, and (c) BREAK3
simulations at 8 h and interpolated to a height of 1.13 km.

2450 M O N T H L Y W E A T H E R R E V I E W VOLUME 140

BREAK2. Between 5 and 7 h, the storm in BREAK2
loses its linear organization and becomes highly asym-
metric in the y direction, before reorganizing as a
contiguous line after ;7 h. While width and organiza-
tion are the most apparent differences in terms of overall
structure, other notable differences include relatively
weak low-level reflectivity in the stratiform region in

BREAK1 and higher reflectivity in BREAK2 and
BREAK3. While more efficient breakup in BREAK1
improves comparison of the DSD parameters (N0 and
D0) with disdrometer and radar compared to the other
simulations, it leads to an even greater low bias of low-
level reflectivity in the stratiform region compared to
radar (cf. Figs. 6a,c,e and 13).

FIG. 13. Horizontal cross section of reflectivity from the (a) BREAK1, (b) BREAK2, and (c) BREAK3
simulations at 8 h and interpolated to a height of 1.13 km.

2450 M O N T H L Y W E A T H E R R E V I E W VOLUME 140

BREAK2. Between 5 and 7 h, the storm in BREAK2
loses its linear organization and becomes highly asym-
metric in the y direction, before reorganizing as a
contiguous line after ;7 h. While width and organiza-
tion are the most apparent differences in terms of overall
structure, other notable differences include relatively
weak low-level reflectivity in the stratiform region in

BREAK1 and higher reflectivity in BREAK2 and
BREAK3. While more efficient breakup in BREAK1
improves comparison of the DSD parameters (N0 and
D0) with disdrometer and radar compared to the other
simulations, it leads to an even greater low bias of low-
level reflectivity in the stratiform region compared to
radar (cf. Figs. 6a,c,e and 13).

FIG. 13. Horizontal cross section of reflectivity from the (a) BREAK1, (b) BREAK2, and (c) BREAK3
simulations at 8 h and interpolated to a height of 1.13 km.

2450 M O N T H L Y W E A T H E R R E V I E W VOLUME 140

BREAK2. Between 5 and 7 h, the storm in BREAK2
loses its linear organization and becomes highly asym-
metric in the y direction, before reorganizing as a
contiguous line after ;7 h. While width and organiza-
tion are the most apparent differences in terms of overall
structure, other notable differences include relatively
weak low-level reflectivity in the stratiform region in

BREAK1 and higher reflectivity in BREAK2 and
BREAK3. While more efficient breakup in BREAK1
improves comparison of the DSD parameters (N0 and
D0) with disdrometer and radar compared to the other
simulations, it leads to an even greater low bias of low-
level reflectivity in the stratiform region compared to
radar (cf. Figs. 6a,c,e and 13).

FIG. 13. Horizontal cross section of reflectivity from the (a) BREAK1, (b) BREAK2, and (c) BREAK3
simulations at 8 h and interpolated to a height of 1.13 km.

2450 M O N T H L Y W E A T H E R R E V I E W VOLUME 140

Split&two&sections&for&analysis&of&model&data&(black&boxes)
Ze at&2km&altitude&
For&observation,& the&time&is&1000UTC;&For&simulations,& the&time&is&0900UTC

(J. Fan)



Tuning Knobs	
In Microphysics Schemes



Tuning Knobs	
In A “Black Box”

(Parametric Uncertainty)



Quantifying Microphysics Uncertainty  
can be done, but is not easy

Posselt and Vukicevic 2010, 
van Lier-Walqui et al 2012, 
van Lier-Walqui et al 2014	

Estimate microphysics scheme 
parameter probability density 
with radar constraint	

Nonlinearities, non-Gaussian 
Probability Density Functions 
(PDFs) result in difficulties for 
parameter estimation

Parameter−Process Joint PDF − Convective (60 minutes)
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We’re Still Just Turning Knobs

(Parametric Uncertainty)



And There Are Lots Of Black 
Boxes Out There!

(Structural Uncertainty)



Many Microphysics options in 	
WRF-ARW (18 21)

3/1/2017 WRF Model Physics References

http://www2.mmm.ucar.edu/wrf/users/phys_references.html 1/10

 
 

 

 

 

WRF MODEL PHYSICS OPTIONS AND REFERENCES

For quick navigation, click buttons below:

        

         

    

Micro Physics Options (mp_physics)

Kessler Scheme
option

1

Kessler, E., 1969: On the distribution and continuity of water substance in

atmoshperic circulations. Meteor. Monogr., 32, Amer. Meteor. Soc.

Lin et al.

Scheme

option

2

Lin, Yuh–Lang, Richard D. Farley, and Harold D. Orville, 1983: Bulk

Parameterization of the Snow Field in a Cloud Model. J.Climate Appl. Met.,
22, 1065–1092.

WRF Single–

moment 3–class

and 5–class

Schemes

options

3 & 4

Hong, Song–You, Jimy Dudhia, and Shu–Hua Chen, 2004: A revised

approach to ice microphysical processes for the bulk parameterization of

clouds and precipitation. Mon. Wea. Rev., 132, 103–120.

Eta (Ferrier)

Scheme

option

5

NOAA, cited 2001: National Oceanic and Atmospheric Administration

Changes to the NCEP Meso Eta Analysis and Forecast System: Increase

in resolution, new cloud microphysics, modified precipitation assimilation,

modified 3DVAR analysis. [Available online at

http://www.emc.ncep.noaa.gov/mmb/mmbpll/eta12tpb/.]

WRF Single–

moment 6–class

Scheme

option

6

Hong, S.–Y., and J.–O. J. Lim, 2006: The WRF single–moment 6–class

microphysics scheme (WSM6). J. Korean Meteor. Soc., 42, 129–151.

Goddard

Scheme

option

7

Tao, Wei–Kuo, Joanne Simpson, Michael McCumber, 1989: An Ice–Water

Saturation Adjustment. Mon. Wea. Rev., 117, 231–235.

Thompson

Scheme

option

8

Thompson, Gregory, Paul R. Field, Roy M. Rasmussen, William D. Hall,

2008: Explicit Forecasts of Winter Precipitation Using an Improved Bulk

Microphysics Scheme. Part II: Implementation of a New Snow

Parameterization. Mon. Wea. Rev., 136, 5095–5115.

Milbrandt–Yau

Double Moment

Scheme

option

9

Milbrandt, J. A., and M. K. Yau, 2005: A multimoment bulk microphysics

parameterization. Part I: Analysis of the role of the spectral shape

parameter. J. Atmos. Sci., 62, 3051–3064. 

Milbrandt, J. A., and M. K. Yau, 2005: A multimoment bulk microphysics

parameterization. Part II: A proposed three–moment closure and scheme

description. J. Atmos. Sci., 62, 3065–3081.

Morrison 2–

moment

Scheme

option

10

Morrison, H., G. Thompson, V. Tatarskii, 2009: Impact of Cloud

Microphysics on the Development of Trailing Stratiform Precipitation in a

Simulated Squall Line: Comparison of One– and Two–Moment Schemes.

Mon. Wea. Rev., 137, 991–1007.

Home Model System User Support Download Doc / Pub Links Users Forum WRF Forecast
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CAM V5.1 2–

moment 5–class

Scheme

option

11

Eaton, Brian. "User’s Guide to the Community Atmosphere Model CAM-

5.1." NCAR. URL http://www.cesm.ucar.edu/models/cesm1.0/cam (2011).

Stony–Brook

University

Scheme

option

13

Lin, Yanluan, and Brian A. Colle, 2011: A new bulk microphysical scheme

that includes riming intensity and temperature–dependent ice

characteristics. Mon. Wea. Rev., 139, 1013–1035.

WRF Double

Moment 5–class

and 6–class

Schemes

options

14 & 16

Lim, K.–S. S., and S.–Y. Hong, 2010: Development of an effective double–

moment cloud microphysics scheme with prognostic cloud condensation

nuclei (CCN) for weather and climate models. Mon. Wea. Rev., 138, 1587–

1612.

NSSL 2–

moment

Scheme and 2–

moment

Scheme with

CCN Prediction

options

17 & 18

Mansell, E. R., C. L. Ziegler, and E. C. Bruning, 2010: Simulated

electrification of a small thunderstorm with two–moment bulk microphysics.

J. Atmos. Sci., 67, 171–194.

NSSL 1–

moment 7–class

Scheme

option

19

This is a single–moment version of the NSSL 2–moment scheme (see

above). No paper is available yet for this scheme.

NSSL 1–

moment 6–class

Scheme

option

21

Gilmore, Matthew S., Jerry M. Straka, and Erik N. Rasmussen, 2004:

Precipitation uncertainty due to variations in precipitation particle

parameters within a simple microphysics scheme. Mon. Wea. Rev., 132,

2610–2627.

Aerosol–aware

Thompson

Scheme

option

28

Thompson, Gregory, and Trude Eidhammer, 2014: A study of aerosol

impacts on clouds and precipitation development in a large winter cyclone.

J. Atmos. Sci., 71.10, 3636-3658.

HUJI SBM (Fast)
option

30

Khain, A., B. Lynn, and J. Dudhia, 2010: Aerosol effects on intensity of

landfalling hurricanes as seen from simulations with the WRF model with

spectral bin microphysics. J. Atmos. Sci., 67, 365–384.

HUJI SBM (Full)
option

32

Khain, A., A. Pokrovsky, M. Pinsky, A. Seifert, and V. Phillips, 2004:

Simulation of effects of atmospheric aerosols on deep turbulent convective

clouds using a spectral microphysics mixed-phase cumulus cloud model.

Part I: model description and possible applications. J. Atmos. Sci., 61,

2963–2982.

Go to top of page

Planetary Boundary Layer (PBL) Physics Options (bl_pbl_physics)

Yonsei University

Scheme (YSU)
option 1

Hong, Song–You, Yign Noh, Jimy Dudhia, 2006: A new

vertical diffusion package with an explicit treatment of

entrainment processes. Mon. Wea. Rev., 134, 2318–2341.

Mellor–Yamada–

Janjic Scheme

(MYJ)

option 2

Janjic, Zavisa I., 1994: The Step–Mountain Eta Coordinate

Model: Further developments of the convection, viscous

sublayer, and turbulence closure schemes. Mon. Wea. Rev.,
122, 927–945.

NCEP Global

Forecast System

Scheme

option 3  

Quasi–normal Scale

Elimination (QNSE)

Scheme

option 4

Sukoriansky, S., B. Galperin, and V. Perov, 2005:

Application of a new spectral model of stratified turbulence

to the atmospheric boundary layer over sea ice. Bound.–
Layer Meteor., 117, 231–257.

Mellor–Yamada

Nakanishi Niino

(MYNN) Level 2.5

and Level 3

Schemes

options 5 & 6

Nakanishi, M., and H. Niino, 2006: An improved Mellor–

Yamada level 3 model: its numerical stability and application

to a regional prediction of advecting fog. Bound. Layer
Meteor. 119, 397–407.

Nakanishi, M., and H. Niino, 2009: Development of an

improved turbulence closure model for the atmospheric

boundary layer. J. Meteor. Soc. Japan, 87, 895–912.

Each scheme has Parametric Uncertainty, 
 Choice of scheme represents Structural Uncertainty



A challenge for constraining 
Microphysics Uncertainty

How do we address parametric (best parameter values) AND 
structural (best choice of scheme structure) uncertainties?

Even if we perturb/estimate parameters in all available, existing 
schemes, how do we adequately weight individual schemes?

For ensemble prediction, how do we span the space between 
discrete choices of microphysics schemes?

We need a new microphysics scheme framework to adequately 
address these questions



Microphysics scheme “wish-list”

Flexible Drop Size Distribution (DSD) assumptions 
(no fixed functional form)

Flexible process rate formulation (e.g. power series)

Very few ad-hoc parameter choices and assumptions

Structural complexity that can be added/subtracted as 
needed as required by comparison to observations



BOSS
Bayesian (we treat uncertainties robustly)

Observationally-constrained (scheme is informed by 
comparison to observations)

Statistical-physical (we don’t just want a statistical 
scheme, but we will use statistics)

Scheme (liquid-only at this point)



Tuning ParametersObservational Constraint

BOSS, Simplified

Markov Chain 
Monte Carlo 

sampler
BOSS	

forecast
Polarimetric	

Radar 	
Observations

• PDF of parameter values	
• optimal parameter value	
• uncertainty in parameters	

• Optimal complexity of BOSS

Idealized 1D 
rainshaft

Observed Rainshafts



What do we get out of BOSS?
Estimate of optimal 
parameter value and 
parameter uncertainty 
(probability density). 

Allows us to:

Forecast uncertainty 
due to microphysics 
uncertainty 

Relationships/
sensitivity between 
observations, 
parameter values, and 
simulated 
microphysical 
processes (not shown)

• Contours and histograms 
show (marginal) probability 
in parameter space as 
estimated by MCMC!

• Red crosshairs indicate 
maximum probability (MAP) 
from MCMC sample

Parameter Probability Density Function (PDF)
2-moment (number, mass) BOSS, constrained by 3-moment MORR



Rainshaft Forecast Uncertainty	
Constrained by 20 3-moment MORR simulations

Generally good agreement 
between BOSS and MORR
Evaporation-dominant cases 
are better constrained

Uncertainty is also 
simulation-specific and 
represents where has BOSS 
is stronger/weaker



Forward Operator Challenges
Typically, radar variables are 
calculated from a DSD, 
assuming some dependence 
on drop size, by integrating 
the DSD

We have no DSD to 
integrate , only moments 
(any we choose, though!)

Mk ⌘
Z 1

0
DkN(D)dD Mine bin DSDs (199,000,000+) to extract relationships between 

DSD moments and polarimetric observations	
Do the same for disdrometer data (21,600+ DSDs)	
Estimate forward simulator uncertainty based on spread in radar 
variables for a given prognostic moment combination

!  "Compute"the"distribu0on!weighted"standard"devia0on"for"each"radar"variable"X:"
"
"
"
where"P"is"the"joint"pdf"of"Mk"and"Mj,"which"are"discre0zed"into"M"and"N"bins,"
respec0vely."Results"for"all"(k,"j)"pairs"considered"are"shown"in"Fig.%4."
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Development of a Polarimetric Radar Forward Operator for the Bayesian Observationally  
Constrained Statistical-physical Scheme (BOSS)  
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Introduc/on%
!We" are" developing" a" novel" warm!rain"
microphysics"scheme"(BOSS,!Poster!119).""
!BOSS" uses" Bayesian" inference" for" robust"
parameter"uncertainty"es0ma0on,"which"facilitates"
constraint"by"observa0ons.""
!"Dual!polariza0on"radar"observa0ons"will"provide"a"
probabilis0c" constraint" on" scheme" structure" and"
microphysical" sensi0vi0es" to" environmental"
condi0ons."
!"BOSS"can"use"any"combina0on"of"prognos0c"drop"
size" distribu0on" (DSD)" moments." Unlike" most"
schemes," however," it" does" not" specify" a" DSD"
func0onal"form.""
This!necessitates!development!of!a!moment6based!
polarimetric!radar!forward!operator.""
!"""The"kth"DSD"moment"(Mk)"is"

Dmin,"Dmax:"minimum,"maximum"drop"sizes"
N(D)dD'''':'number"density"of"drops"with"diameters""""""""""""
'''''''''''''''''''D"to"D+dD."

!" "Choice"of"prognos0c"moments"will"be"partly"
based" on" the" resultant! uncertainty! in! our!
forward!operator."
!"""A"given"value"of"Mk"can"arise"from"an"infinite"
number" of" DSDs." Our" goal" is" to" assess"
variability"in"the"subset!of!realis;c!DSDs."
!" Here," we" explore" analy0c" DSDs," those"
produced"by" a" state!of!the!art" bin"model," and"
DSDs"from"ARM"disdrometer"observa0ons."

Analy/c%DSDs%
!"Use"the"gamma"DSD:"
!" Compute" self!consistent" (Mk,"Mj)" pairs" for" k,"
j=[0," 20]." From" each" (Mk," Mj)," two" DSD"
parameters" (N0," Λ)" are" obtained" for" a" wide"
range"of"μ"similar"to"what"has"been"observed."""
!" Compute" ZH," ZDR," and" KDP" from" these" DSDs"
using"the"T!matrix"method"(Fig.%1)."

ZH (dBz)
25 30 35 40 45 50

C
ou

nt

0

10

20

30

40

50

60

70

80
Distribution of ZH

Fig.! 1! (le*):' Standard' devia3ons' of' ZH,' ZDR,' and' KDP'
arising'from'DSD'variability'as'a'func3on'of'moments.'
Note' the' different' color' scales' used' in' each' panel.'
(above):' Illustra3ve' distribu3ons' of' ZH' corresponding'
to' annotated' pixels' in' top' le*' panel.' The' blue'
distribu3on' is' for' moment' pair' (8,' 6),' whereas' the'
gray'dashed'distribu3on'is'for'moment'pair'(12.5,'1).'
'

Bin%Model%Simula/on%Data%

!""220.7!million!“realis;c”!DSDs;"moments"and"dual!
pol"variables"computed"for"each"(Fig.%3)."

Fig.! 2:' Combined' variability'
parameter' Υ' as' a' func3on' of'
moment'pair'(shaded'according'to'
log' scale).' The' ini3al'DSD' used' to'
compute' the' moment' pairs' uses'
the' μQΛ' rela3onship' according' to'
the' Cao' et' al.' (2008,' JAMC).' Low'
values' indicate' liXle' variability' in'
dualQpol' variables' for' those'
moments.'

'''''':"expected"observa0onal"uncertainty"
'''''':"standard"devia0on"of"radar"variables"for"a"given""""""
""""""""set"of"moments"(Mk,"Mj)"arising"from"DSD"variability"

!""Define"a"combined"variability"parameter:"

!"Fig.%2%suggests"prognosing"higher"moments"
than" tradi0onal" schemes" in" BOSS" may"
improve" the" u0lity" of" polarimetric" radar"
informa0on" as" a" constraint," limi0ng"
uncertainty"in"the"forward"operator."

!" 1D" bin" microphysical" model" of" Prat" and"
Barros"(2007,"JAMC)"used."Simula0ons"run"for"
60"minutes" (output"Δt" ="1"min)" in" a"3!km!tall"
domain"(Δz"="10"m)."Normalized"gamma"DSDs"
ini0alized" at" domain" top" with" the" following"
parameter"ranges:"

!""Restrict"to"0.01"mm"hr!1"<"R"<"500"mm"hr!1,"
resul0ng"in"10742"simula0ons."

!""DSDs"are"taken"at"every"output"0me"and"
height,"resul0ng"approximately"199!million!
DSDs."

D0:"0.2"mm"to"4"mm"
Nw:"100"to"80000"mm!1"m!3"

μ:"!1"to"10"

ARM%Disdrometer%Data%

!""PARSIVEL!2"and"2D"video"disdrometer"data"
from"ARM"sites"around"the"world"are"used."

PARSIVELG2"(15.5!million!DSDs)"
""""SGP"(2006!2016)"
""""TWP"(2006!2015)"
"
2DVD"(6.1!million!DSDs)"
""""SGP"(2011!2016)"
""""ENA"(2014!2016)"
""""TWP"(2011!2015)"
""""GAN"(DYNAMO!AMIE;"10/2011!2/2012)"
""""TMP"(BAECC;"2/2014!9/2014)"

Combined%Data:%Results%

ZH% ZDR% KDP%

M0%
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Fig.!3:'2D'histograms'showing'the'rela3onship'between'moments'(rows)'and'the'
dualQpolariza3on'radar'variables'ZH'(red,' le*),'ZDR'(black,'middle),'and'KDP'(blue,'
right).'Occurrence'is'shaded'according'to'log'scale.'The'combined'dataset'is'used.'

!"""For"the"2!moment"BOSS,"we"desire"the"pair"of"predicted"moments"(Mk,"Mj)"that"
minimizes"uncertainty"in"the"forward"operator"(i.e.,"for!which!pair!of!moments!do!the!
dual6polariza;on!radar!variables!provide!the!most!informa;on?)"

Funding"for"this"research"comes"from"the"U.S."Department"of"Energy"
Atmospheric"System"Research"(ASR)"Program,"award"DE!SC0016579."

!"""Formulate"the"forward"operator"for"a"number"of"different"moment"pairs"(for"2!
moment"BOSS)"or"triads"(for"3!moment"BOSS)."This"will"be"in"the"form"of"a"look!up"table."
Fig.%5%shows"an"example"of"what"this"looks"like"for"(M6,"M8)."

Fig.!4:'ξ'for'(le*)'ZH'and'(right)'ZDR'as'a'func3on'of'
moment'indices'k'and'j,'shaded'according'to'scale'
in' dB.' Combina3ons' of'moments' (k,' j)' that' have'
the' least' uncertainty' in' a' given' radar' variable'
have'lower'values'of'bivariate'ξ.''
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Fig.! 5:' Graphical' depic3on'
of' the' forward' operator' for'
M6' and' M8,' shown' as' the'
mean'ZH'(top'le*),'mean'ZDR'
(top' right),' and' mean' KDP'
(boXom' le*).' BoXom' right'
shows' an' example' of' the'
distribu3on'of' points'within'
a'par3cular'M6QM8'bin'in'3D'
(blue),' with' 2D' projec3ons'
(gray)'on'each'wall.'
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!"""The"forward"operator"must"also"account"for"the"uncertainty"within"a"given"Mk!Mj"bin."
Thus,"the"look!up"table"will"include"not"only"the"mean"values"of"ZH,"ZDR,"and"KDP"in"each"
bin,"but"also"the"de!trended"standard"devia0on"of"ZH,"ZDR,"and"KDP"within"a"bin,"as"well"as"
the"distribu0on"skewness,"and"covariances"between"the"polarimetric"radar"variables."
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CONCLUSIONS
• We have created a new 

microphysics scheme that:

• eschews assumptions about 
DSD and functional form of 
process rates

• Allows for constraint and 
estimation  of both parametric 
and structural uncertainty 
using observations

• Ongoing challenges:

• Develop radar forward 
operator (poster #120)

• Assemble appropriate 
observations 

• Develop MCMC sampler to 
automatically choose number 
of power-series terms
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Process PDFs
Joint plots show relationships 
between parameter 
perturbation and process 
response

Mass evaporation is well 
constrained	
Processes that affect number 
are poorly constrained (number 
evaporation, collision-
coalescence, breakup
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Calculate 
“Likelihood”	

of parameter values	
P(y|x)

Calculate Prior 
Probability	

P(x)
Save parameter 
values in “chain”
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