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1. INTRODUCTION 

Model physics parameterizations (e.g., cloud microphysics, convection, and 
radiation) represent an important source of uncertainty in models. Much of this 
uncertainty is associated with specification of parameters that control the rates 
and/or characteristics of physical processes. Ensembles of simulations and 
stochastic variation of parameters are increasingly proposed as methods with 
which to address parameter variability. This requires knowledge of which 
parameters have the greatest effect on model results, as well as the 
characteristics of the relationship between model output and changes to 
parameters.  

This presentation demonstrates the use of nonlinear data assimilation 
algorithms for (1) mapping the functional relationship between changes in 
model physics parameters and changes in model output, (2) identifying which 
parameters have the most significant effect on various model output fields, and 
(3) describing the nature of nonlinearity in the parameter-state relationship.  

2. SINGLE COLUMN MODEL 

1D (vertical column) version of NASA GCE cloud resolving model 
•  1-moment bulk cloud microphysics with fully interactive radiative transfer 
•  Vertical advection of all cloud condensate (updraft, settling)  
•  Model driven with prescribed temperature and water vapor profiles, and 

specified (and time-varying) profiles of vertical velocity and moisture source 
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5. OBSERVATION – PARAMETER PDFS 

Plots of joint PDFs of select pairs of parameters for different observations, 
observation uncertainty, and parameter constraint. Colors and lines are the 
same as in the above figures. See text box at left for details as to the 
experiments represented in each row.  

Assess obs impact, reduce multiple modes: 
1.  Observe cloud water path and precipitation only 
2.  Add radiative flux observations 
3.  Increase accuracy of radiative flux observations 
4.  As in (3) but require as < ag  

(graupel falls faster than snow) 
• The impact of observations can be assessed 
•  Increased observation accuracy may exacerbate 

solution multimodality 
• Application of appropriate physical constraints 

can render a unique solution 
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Time-height cross-sections of each model condensate variable. The red rectangle in each plot highlights the convective 
portion of the simulation while blue depicts the stratiform portion. 

Depiction of the order of operations  
in each MCMC iteration.  

Evolution of parameter PDFs in time: 
•  Parameter values are fixed in time 
•  Assimilate increasing numbers of observations in time and 

examine the effect on posterior parameter PDFs 
•  Observe a shift in the character of PDFs with transition from 

convective to stratiform 
•  Warm rain parameters control the solution at convective times 
•  Ice parameters exert greater influence late in the simulation 
•  A multimode PDF appears rapidly during stratiform time period 

Posterior PDFs (as in the plots at left) of select parameter pairs. Each column corresponds to 
differing numbers of assimilated observations. Assimilation time period is listed at the top of each 
column. 

Cloud Droplets (g/kg) Rain (g/kg) Snow (g/kg) Graupel (g/kg) Pristine Ice (g/kg) 

3. MARKOV CHAIN MONTE CARLO ALGORITHM 

Joint PDFs of a subset of the physics parameters with each model output variable used as 
an observation. Color filled contours and lines are as in the above parameter PDF plot. 

Joint PDFs of each pair of parameters for the case in which observations of precipitation rate, 
liquid water path, ice water path, OLR and OSR are used in the inversion. In each plot, dark 
colors represent regions of relatively low probability density, while lighter and warmer colors 
represent regions of relatively high probability density. The red solid lines mark the locations 
of the parameter truth values. 

Parameter Estimation: 
•  Optimally combine observations, 

model, and prior knowledge to 
produce an estimate of a 
parameter and its uncertainty 

•  Each source of information is 
associated with a probability 
density function (PDF) 

•  Bayes theorem provides a 
concise statement of the joint 
parameter PDF for given model, 
observations, and prior 

MCMC Algorithm: 
•  Samples the joint PDF of model 

parameters without assumption 
of linearity or PDF functional form 

Implementation: 
•  Bounded Uniform prior PDF with 

bounds set to observed ranges 
•  Observations generated using 

specified “true” parameters 
•  Gaussian observation uncertainty 

consistent with TRMM retrievals 
•  In each iteration, proposed 

parameters are drawn from a 
multivariate Gaussian distribution 

Parameter-observation PDFs: 
•  Functional relationships between 

parameters and model output 
variables are evident  

•  Warm rain parameters influence 
precipitation and cloud content 

•  Changes in ice parameters affect 
radiative fluxes  

•  Observations and obs errors are: 

6. MODIFICATIONS TO MCMC ALGORITHM 

Information contained in 
posterior PDFs: 

•  Sensitivity of model output to 
changes in parameters 

•  Relationships between 
parameters 

•  Well defined mode = large 
sensitivity of output to parameter 

•  Uniform posterior PDF = small 
sensitivity of output to parameter 

•  Correlated parameters are 
evident—snow and graupel fall 
speed coefficient and exponent, 
warm rain parameters 

•  Multiple modes indicate nonlinear 
nonmonotonic parameter-state 
relationship 

(1) 

(2) 

(3) 

(4) 

•  The influence of each parameter on the model solution can be 
characterized using nonlinear data assimilation methods 

•  The influence of additional observations can also be assessed 
•  Increases in observation accuracy may enhance multiple modes in 

the joint parameter posterior PDF 
•  Application of suitable constraints can render a unique solution 
•  The influence of a set of parameters on the model output is 

strongly dependent on the model state 

Observation Error σ 

Precipitation Rate 2 mm hr-1 

Liquid Water Path 0.5 kg m-2 

Ice Water Path 1.0 kg m-2 
OLR (reduced error) 10 (5) W m-2 

OSR (reduced error) 20 (5) W m-2 

Parameters Examined 

Snow fall speed coefficient (as) 

Snow fall speed exponent (bs) 

Graupel fall speed coefficient (ag) 

Graupel fall speed exponent (bg) 

cloud-rain autoconversion (qc0
) 

Slope intercept Rain (N0r) 

Slope intercept Snow (N0s) 

Slope intercept Graupel (N0g) 

Snow particle density (rs) 

Graupel particle density (rg) 


