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Hi everyone, my name is Bob Yantosca and I’m the GEOS-Chem Model Engineer.  It’s a pleasure to talk with you today.  I’d like to give you an overview of GEOS-Chem software development.
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GEOS-Chem was originally created by 
the merger of source code from two 
different CTMs more than 15 years ago.  
It was originally intended to run on 
shared memory architecture (SMA) 
computer.  
 
A SMA computer is one where all of the 
CPUs can “see” all of the memory on the 
machine.  SMA machines usually have 
small #’s of CPUs (~8-16). 
 
GEOS-Chem simulations utilize OpenMP 
parallelization to split up the work flow 
among all of the CPUs on a SMA 
computer. 
 
But due to overhead, after some point  
adding more CPUs does not make GEOS-
Chem run any faster. 
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In the beginning – more than 15 years ago now! -- we originally took two different code bases and merged them together to form the GEOS-Chem model.  GEOS-Chem had been developed for shared memory architecture machines.  This is a type of computer whith a small # of CPUs (8-16) where all of the CPUs can see all of the memory on the machine.  GEOS-Chem  uses the OpenMP parallelization library to utilize multiple CPUs and therefore gain computational advantage.However, the more CPUs you add, the amount of system overhead increases.  This is because the CPUs need to talk to each other and to the memory more frequently.  At some point, adding more CPUs does not increase the run time of your simulation.  The “sweet spot” is currently at 16 CPUs.  



We would like to be able to do “Big Science” simulations 

      with Satellite                 with Aerosol              with ¼ Degree            with Dynamic          with Climate and 
        Observations                Microphysics                Resolution                  Land Models        Chemistry Feedbacks 

But we need “Big Computing” to do “Big Science” 

        Using 100’s or 1000’s of               Using Message Passing Interface            Utilizing Earth System Model 
          CPUs on HPC clusters or                        (MPI) parallelization                           Framework (ESMF) Library 
          supercomputer systems 
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In the last 15 years, our understanding of atmospheric processes has also increased, but many fundamental questions remain.  In order to tackle some of the most pressing questions in atmospheric sciences, we will need to run “big science” computer simulations: taking advantage of satellite data, using aerosol microphysics packages, running at the highest resolution possible (which now is tending towards ¼ degree), using dynamic land vegetation models, and allowing chemistry and climate to feed back on each other.Before we can do these types of “big science” simulations, we must first be able to make GEOS-Chem take advantage of distributed computing.  We want to use 100’s or 1000’s of CPUs on High-Performance Computers or Supercomputers.  To do this we must first make GEOS-Chem use a different type of parallelization called Message Passing Interface, or MPI.  Lastly, we need to implement the Earth System Model Framework library (ESMF) into GEOS-Chem so that GEOS-Chem will remain compatible with other atmospheric models at NASA and at other institutions worldwide.



Ongoing Projects 
Pushing GEOS-Chem to higher resolution 
• Grid-Independent GEOS-Chem (aka GIGC) 

• Embed G-C within the NASA GEOS-5 GCM 
• Make G-C be able to use 100’s or 1000’s of CPUs 

• ¼ degree nested-grid capability 
• Using newest NASA/GMAO met field product 

Replacing legacy code in GEOS-Chem 
• FLEXCHEM: New chemical solver package 

• Replace inefficient SMVGEAR w/ new KPP build 
• GIGC Emissions Component 

• Replace legacy emissions code w/ new data structure, 
netCDF I/O, consistent units, and regridding capability  

Reducing memory usage in GEOS-Chem 
• Introducing a flexible precision definition 

• Changing REAL*8 variables to REAL*4 
• Memory usage will be halved! 
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In order to push GEOS-Chem towards “Big Computing” we have several ongoing efforts in some key action areas.  First, we are attempting to push G-C to the highest resolution possible.  Our Grid-Independent GEOS-Chem project seeks to embed G-C within the NASA GEOS-5 GCM.  In doing so, we will have made the necessary modifications to get GEOS-Chem to use 100’s or 1000’s of CPUs.  Next, we are improving our nested-grid capability to take advantage of the newest met field product from GMAO, which is at ¼ degree horizontal resolution.GEOS-Chem contains much legacy code, which now is a performance bottleneck.  Therefore, we just started a new project where we seek to replace the old and inefficient SMVGEAR chemcial solver with a newer, more flexible, implementation of KPP.  Christoph Keller will also come up in a few minutes and speak about the new GEOS-Chem emissions package, which will replace the old and confusing G-C emissions routines with a more flexible data structure, file I/O capability, and regridding package.Lastly, we are seeking to reduce GEOS-Chem’s memory footprint by using a smaller precision (REAL*4) for GEOS-Chem floating point variables.  We think that this will have the potential to halve the memory required to run GEOS-Chem.



In order to avoid disrupting the existing GEOS-
Chem workflow, we add structural modifications 
in parallel to the ongoing scientific updates. 
 
Think of this process as building a new bridge 
next to the old bridge.  At some point the new 
bridge is opened to traffic and the old bridge is 
taken down. 

We use the Git version control 
system to keep track of several 
parallel lines of software 
development.    
 
Code updates made in one 
branch don’t affect the other 
branches.   
 
Branches can later be merged 
back into the “main line” of 
development. 
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You might wonder how we are implementing all of these structural changes.  Well, we could have decided to shut down GEOS-Chem for a year while we figured all of this out.  I’m sure you probably would not have been pleased with that.  In order to avoid disrupting the existing GEOS-Chem workflow, we decided to implement all of these structural changes in parallel to the on-going GEOS-Chem science develompent.  Think of it as building a new bridge next to the old bridge.  We use the Git version control software, which allows us to keep several branches of software development open at any one time.   Changes made in one branch do not affect the other branches, until we decide to merge those changes.  This allows us to work on several things at once while also keeping our sanity.



GEOS-Chem Support Team 

• Current GCST members 
– Bob Yantosca (Model development, GIGC) 
– Melissa Payer (Model development, benchmarking) 
– Mike Long (GIGC, Flexchem) 
– Sajeev Philip (Met fields, nested-grid simulations) 
– Nicolas Bousserez (Adjoint model) 

• GCST functions 
– Fundamental G-C software development 
– Support G-C users in research (doc, tech support) 
– Link G-C innovations to NASA modeling efforts 
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I’d like to introduce you to the GEOS-Chem Support Team.  We are myself, Melissa Payer, and Mike Long at Harvard, Sajeev Philip at Dalhousie, and Nicolas Bousserez at CU Boulder.   The primary function of the GCST is to manage the GEOS-Chem software development for the user community.  We are responsible for implementing new features submitted to us by G-C users into the standard model and validating those features to make sure we don’t add any bugs.  We provide documentation for GEOS-Chem via electronic means (web, wiki, email), and assist G-C users with technical issues.  We also develop supporting software for data processing and visualization.We also provide a vital link between the G-C user community and NASA.  We work closely with our colleagues at NASA to ensure that the latest G-C innovation gets incorporated into NASA modeling efforts such as the GEOS-5 GCM and GMI projects.  On several occasions we have also provided feedback and shared best practices with our NASA colleagues.



For more info … 

• IGC6, Monday Evening 
– GEOS-Chem model clinic  
– GEOS-Chem adjoint clinic  
– Q &A session about NASA/GMAO and GIGC 

• IGC6, Wednesday Evening 
– Software engineering breakout session 

• Anytime 
– GEOS-Chem wiki (wiki.geos-chem.org) 
– GEOS-chem website (www.geos-chem.org) 
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Because 7 minutes is not long enough to cover many of the technical questions that you might have, we have scheduled a few model clinics on Monday evening.  We also have a software engineering WG breakout on Wednesday.  And lastly, you can visit the G-C wiki and web pages 24/7 for the latest info about the model.
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