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LONG-TERM GOALS 
 
We seek to develop radiation parameterizations for Navy models that are computationally efficient and 
work seamlessly across models at all time and space scales, especially from regional models to global 
models.  
 
OBJECTIVES 
 
We are adapting radiation codes developed for climate models for use in the Navy’s global weather 
forecast model (NOGAPS/NAVGEM) and limited area model (COAMPS). Our long-term goal is to 
develop codes that are scale-aware, computationally efficient across a range of computer architectures, 
and operate continuously rather than at infrequent “radiation time steps”.  
 
APPROACH 
 
We have developed radiation codes known as “PSrad” (Pincus and Stevens, 2013)  based on the 
RRTMG parametization (Mlawer et al. 1997; Iacono et al. 2008). We make use of the RRTMG 
description of gas optics, which is among the most accurate parameterizations available (Oreopoulos et 
al. 2012) and initially make many of the same algorithmic decisions, including the choice to neglect 
longwave scattering. Our codes are intended as a drop-in replacement for RRTMG (which has already 
been implemented in Navy forecast models by Ming Liu) but we have implemented it almost entirely 
from scratch. The most important technical difference lies in the organization: we have made the code 
substantially more modular, and each of our subroutines is designed to operate on many columns at a 
time, a choice that increases computational efficiency on a wide range of platforms. Operational 
centers such as the European Centre for Medium-Range Weather Forecasts have often modified 
RRTMG in this way (Morcrette et al. 2008).  
 
Sub-grid scale variability is treated using “sub-columns” (Räisänen et al. 2004; Pincus et al. 2006): 
discrete random samples, each treated as internally homogeneous, that are consistent with the 
distributions of possible cloud states within each column, including fractional cloudiness in each layer 
and assumptions about the vertical correlations between layers (so-called “cloud overlap”). This 
treatment is a generalization of the Monte Carlo Independent Pixel Approximation (Pincus et al. 2003).  
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The main functional innovation in PSrad is support for a range of choices for spectral sampling, 
including broadband integration (most likely applied at relatively infrequent “radiation time steps”) 
amd a finite number of pre-determined “leagues” of  g-point teams constructed to limit the error in 
surface fluxes, as described in Pincus and Stevens (2013).  
 
WORK COMPLETED 
 
PSrad is now the radiation scheme in the climate model ECHAM 6.2 developed at the Max Planck 
Institute for Meteorology. Implementation in ECHAM exposed the code to a wider range of critical 
eyes and identified some bugs and other inconsistentices. The code has been somewhat refined for 
computational performance and portability. Despite these optimiziations, PSrad is 2-3 times slower 
(depending on the platform) than the RRTMG code from which it descends when doing broadband 
integration (i.e. all spectral intervals). The majority of this slowdown is due to the calculation of gas 
absorption coefficients from temperatures, pressures, and gas concentrations. RRTMG’s calculations 
are efficient because the same spectral quadrature point is used by all columns and each point is done 
in order, where PSrad makes neither assumption.  
 
The value of PSrad, then, depends on whether it can be made fast enough to compete with RRTMG or 
whether the spectral sampling approach proves to have value. To address the first issues we considered 
revising the problematic code related to the computation of gas absorption, which would have required 
significant effort. However, in late FY 2013 we were funded under the ESPC (Earth System Prediction 
Capability) Air-Ocean-Land-Ice Global Coupled Prediction project to produce a new version of 
RRTMG with emphasis on computational efficiency. This is essentially an opportunity to bring the 
lessons learned during the development of PSrad back to all the users of RRTMG. The next generation 
code, RRTMGP, will improve the spectroscopy for the first time in a decade, and will be designed 
from the ground up for flexibility in data and algorithms. The most significant algorithmic change will 
be to entirely revamp the way gas absorption coefficients are determined from concentration, pressure 
and temperature with an emphasis on simplicity and vector execution, which will allow for much more 
efficient implementations of spectral sampling.    
 
Work this year, therefore, focused on assessing the utility of spectral sampling to numerical weather 
prediction forecasts.  
 
RESULTS 
 
Last year we used “perfect model” experiements to determine the extent to which sampling more 
frequently in time but more sparesly in the spectral dimension could provide a closer approximation to 
reference calculations tha infrequent broadband calculations. We found (Pincus and Stevens, 2013) in 
this context that the amount of computational effort expended was the only control on agreement with 
reference calcualtions. This doesn’t mean that spectral sampling has no utility – one might want to do 
away with radiation time steps just for simplicty and reduced bookkeeping – but that there isn’t an 
obvious compelling argument for or against the approach in climate models.    
 
Imperfect weather models, however, represent a different questions. We worked with ECWMF (which 
whom we have a long history of collaboration) to explore the utility of spectral sampling in medium 
range weather forecasts. We focused on near-surface temperature in short-term forecasts during two 
seasons, evaluating errors against synoptic observations. We confirmed that the current approximations 
used by ECMWF (6-fold resolution reductions in both time and space) have little impact on broad-
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brush numerical weather prediction metrics, indicating that these approximations are not a domainant 
source of error in forecasts. This implies that alternative strategies such as spectral sampling are not 
likely to improve forecasts; we confirmed this using forecast experiements. We identified one category 
of errors that might be improved, however:  locations in which spatial averaging fundamentally 
changes the surface type (e.g. from land to ocean). Such locations (e.g. in the fjords of Scandinavia) 
have been the source of long-standing complaints from ECWMF users for occasional forecasts busts in 
which near-surface temperature is mis-forecast by many degrees. By allowing for higher spatial 
resolutions calculations at the same cost, PSrad is able to mitigate these errors modestly without 
compromsing other aspects of the model. These results have been submitted (Bozzo et al., 2014).  
 
IMPACT/APPLICATIONS 
 
As mentioned above, the very general approach to spectral integration taken by PSrad means that the 
code is about twice as slow on some architectures as the RRTMG code from which it is dervied when 
computing broadband fluxes. Because RRTMG is already implemented in NAVGEM, the desirability 
of implementing PSrad depends in part on how important it seems to use the capability to replace 
infrequent broadband calculations with more frequent spectral samples. Since the impacts of spectral 
sampling have so far been manifest only when spatial resolution can be improved in areas of 
complicated topography, it seems more prudent to wait for the development of RRTMGP (described 
below) so that efficiency can be married with functionality.  
 
RELATED PROJECTS 
 
The lessons learned during the development of PSrad were followed closely by other developers 
including those responsible for RRTMG. To implement bring these ideas back to RRTMG AER, 
University of Colorado, NRL, and computational scientists from NCAR developed a proposal to 
National Oceanographic Parternship Program (NOPP) to develop high-performance versions of 
RRTMG that incorporate the functionality of PSrad. These codes will be structured to work efficiently 
on all platforms including emerging heterogenous architectures such as Graphic Processing Units and 
Multiple Independent Cores. This project has been in place for almost a year. Design is essentially 
complete and has been vetted by a variety of centers including NRL. Initial coding is underway. We 
expect the next revision of RRTMG to replace PSrad.  
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Figure 1: Absolute and root-mean-square errors in 24-hour forecasts of near-surface temperature 

at European coastal stations as a function of computational cost. Results from the current 
operational configuration, inclduing six-fold reductions in both temporal and spatial resolution, are 

shown as horizontal lines. Errors are reduced by broadband  radiation calculations on the full 
spatial grid but the compuational cost is unacceptable (squares). Combining full spatial resolution 

with spectral sampling maintains most of the benefits but substantially reduces computational 
efforts (solid circles); cost can be further reduced by modest temporal sampling (open circles). 

Errors are evaluated against synoptic observations. Blue indicates winter and red summer.  
From Bozzo et al. (2014). 
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