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Abstract— As environmental models (such as Accelerated
Climate Model for Energy (ACME), Parallel Reactive Flow and
Transport Model (PFLOTRAN), Arctic Terrestrial Simulator
(ATS), etc.) became more and more complicated, we will need
new tools to expedite integrated model developments and
facilitate the collaborations between field scientists,
environmental system modelers and computer scientists. In this
poster, we present our methods and efforts to analyze the
Community Land Model (CLM), a terrestrial ecosystem model
within the Community Earth System Models (CESM)).
Specifically, we demonstrate our objectives, methods and
software tools to support interactive software structure
exploration and automatic functional testing code generation,
compiler analysis and interesting works on code porting
preparations for pre-ExaScale computers. We believe that our
experience on the environmental model, CLM, can be beneficial
to many other scientific research programs which adapt the
integrated, component-based modeling methodology on high-end
computers.
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1. INTRODUCTION

As the environmental models (such as Acclearted Climate
Model for Energy (ACME), Parallel Reactive Flow and
Transport Model (PFloTran), Arctiv Terristrial Simulator
(ATS), etc.) became more and more complicated, we will need
new tools to expedite integrated model developments and
facilitate the collaborations between field scientists,
environmental system modelers and computer scientists. In the
poster, we present a framework for analyzing the Community
Land Model (CLM) within the Community Earth System
Models. Over the past several decades, researchers have made
significant progress in developing high fidelity earth system
models to advance our understanding on earth system, and to
improve our capability of better projecting future scenarios.
The Community Earth System Model is one of the US leading
earth system models. CESM is being actively developed under
the “Accelarted Climate Model for Energy (ACME)” project to
support Department of Energy’s climate and environmental
research. Within the CESM framework, the CLM is designed
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to understand how natural and human changes in ecosystem
[1]. affect climate. The model represents several aspects of the
land surface including surface heterogeneity and consists of
submodels related to land biogeophysics, the hydrologic cycle,
biogeochemistry, human dimensions, and ecosystem dynamics.
Currently, the offlice CLM simulation system contains of more
than 1800 source files and over 350,000 lines of source code.
(The graphic presentation of CLM software structure is shown
in Figure 1).It is well known that the software complexity of
the Community Land Model becomes a barrier for rapid model
improvements and validation, as well as efficient code porting
to next generation HPCs [2,3].

The main objectives of our efforts shown in this poster
include: 1) Create web-based interactive views for new module
development via BER’s MODEX approach; 2) Overcome
software complexity barriers via automatic mutliscale
ecosystem mechanistic modular design; 3) Develop advanced
tools for code analysis and porting on next generation HPCs;
and 4) Engage board user communities via web services and
cloud computing. Specifically, this poster presents detailed
information in following sections.

1I. VISUAL ANALYTIC SYSTEM

A web-based visual analytic system with 3-tier architecture
(data/middle/client) has been developed to support dynamic
query and interactive visualization of CLM software structure.
The data tier hosts the information of software structure
extracted from CLM source code using Fortran-syntax
analysis. The client tier was developed based on HTMLS,
JavaScript and open source libraries such as D3.js (d3js.org)
and jQuery (jquery.com). The middle tier, which was
implemented using Python, exchanges information between
the data tier and the client tier. The system provides three
main functionalities, which are CLM overview, query of
functions/variables and submodel structure, shown in Figure
2. Users can search any function/variable in a particular CLM
version, and see how it accesses or is accessed by other
functions/variables. They can also explore the call tree of any
subroutine or the interrelationships among different
components at the submodel level. Dramatically improved



from previous effort [4], the system provides much needed
interface for software structure exploration, and further
benefits model interpretation and new module development
(URL: http://cem-base.ornl.gov/CLM_Web/CLM_Web.html).

I11. AUTMATIC FUCNTIOANL TESTING SYSTEM

We have implemented an automatic ecosystem function
testing system, which is able to extract a specific
subroutine/module from CLM and to generate a standalone
functional testing model for the given subroutine/module.
Using this testing system, we have successfully tested most
ecosystem modules, and it can be extended to all submodels in
CLM or even CESM. This effort is a significant improvement
for the functional test platform [5], which is designed to create
direct linkages between site measurements and key ecosystem
functions within CLM. It provides much needed integration
interfaces for both field experimentalists and ecosystem
modelers to improve the model’s representation of ecosystem
processes within the CESM framework without large software
overhead. Figure 3 in the poster presents the general workflow
for the automatic function unit testing module generation as
well as two typical usages of the functional testing: user
defined computational experiments configuration and
observation-inspired computational experiments setup for
direct model-data comparison.

V. CODE ANALYSIS AND PORTING PREPERATIONS

Several efforts have been conducted to better understanding
the CLM software performance, internal structure similarity as
well as scientific data workflow. Specially, We also use a
compiler-based porting tools [6] was used to analyze the
internal data structure similarity to identify efficient ways to
port CLM to new hybrid computing platforms. We used
Geinpir [7], a memory cache performance tool to identify the
memory access patterns of each CLM function. We also used
Vampir Framework combined with TAU instrumentation to
trace and profile the each CLM function [8] and explored the
possibility to porting CLM on Accelerators using OpenACC
[9]. The exemplar results of the analysis and porting
preparations are shown in Figure 4 of the poster.

V. CoMMUNITY ENGAGEMENT EFFORTS

We believe that better engagement with large and
diverseuser communities (such as field scientist, observational
datasets provider, modelers and computer scientists.), who
have difference research focus and computing background, is
the key to future CLM success. We have developed web-based

services provide convenient, interactive interfaces for
computational  experiment configuration and results
exploration. Moreover, a cyberinfrastructure is being

developed within a could computing environemnt at ORNL
(Comput and Data Envrionmnet for Science (CADES)
cades.ornl.gov) to accelerate CLM development by further
reducing the computational barriers, since the cloud computing

environment will minimize user efforts on compiler and tool
installation, library configuration, as well as databases setups.

VI. CONCLUSIONS

We have demonstrated our objectives, methods and
software tools to support interactive CLM  structure
exploration and automatic CLM functional testing code
generation, compiler analysis and other preliminary CLM
code immigration preparations for pre-ExaScale computers.
We believe that our experience in the design of software tools
and modular modeling and testing platform for the
environmental models can be beneficial to many other
scientific research programs which adapt the integrated,
component-based modeling methodology on high-end
computers.
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