
DEVELOPING A FRAMEWORK FOR REGIONAL 
INTEGRATED ASSESSMENT MODELING

Pacific Northwest National Laboratory (PNNL), in 
partnership with Oak Ridge National Laboratory (ORNL) 
and supported by the Department of Energy’s (DOE) 
Integrated Assessment Research Program, is developing 
a framework for regional integrated assessment and 
Earth system modeling, known as RIAM, and applying 
this framework to the Gulf Coast region of the United 
States—a region where climate impacts, land use 
changes, sea level rise, and energy supply issues are 
interacting to increase the vulnerability of the energy and 
agriculture sectors. 

The RIAM project links regional climate, hydrology, 
socioeconomics, energy infrastructure, coastal 
processes, and agriculture and land use models to 
investigate the multifaceted impacts of climate change, 
as well as potential adaptation and mitigation strategies 
being considered by regional stakeholders. The project is 
highlighting the vulnerability of regional energy systems 
to heat waves, droughts, coastal storm surges, and other 
extreme events, with an initial focus on climate change 
impacts on electricity supply and demand across the 
southeast. Another key goal is improving understanding 
of the benefits and challenges associated with integrated, 
multiscale modeling and the interdependencies among 
human and natural systems in the context of climate 
change.

CHALLENGES
The project will generate new insights into the following 
questions:
• How is climate change affecting the vulnerability of Gulf 

Coast energy infrastructure to the combined effects of 
storm surge, subsidence, and sea level rise? How does 
vulnerability change under different scenarios of future 
climate change and regional energy and land use 
planning?

• How will regional climate change, especially changes 
in the duration, frequency, and intensity of heat waves 
and droughts, affect building energy demand and the 
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at the state level, as well as offer more highly resolved 
representations of agricultural productivity and land 
management technologies. A regional Earth system 
model, driven by global boundary conditions provided by 
the Community Earth System Model (CESM), provides 
detailed, dynamically downscaled simulations of regional 
climate change under different scenarios of global climate 
forcing. These regional climate change scenarios are 
used to drive the other modeling components. 

For example, the high-resolution coastal storm surge 
model, which has been validated with historical hurricane 
data, simulates inland flooding for future hurricanes and 
can be coupled to a GIS-based model that relates storm 
surge height to impacts on specific energy infrastructure 
elements along the affected coastline. Likewise, regional 
climate is used to drive the detailed models of regional 
building energy demand and electricity operations at the 
utility zone scale to provide realistic assessments of 
increases in electricity demand during heat waves and 
decreases in electricity supply due to either high air 
temperatures or low water quantity or quality. Collectively, 
these unique modeling capabilities are yielding an 
unprecedented level of detail and insight into the 
interactions among changes in climate, energy, and water 
systems at regional scales and allowing the exploration 
of key issues facing regional stakeholders.

FUTURE WORK
The initial focus of the project on climate change impacts 
on electricity supply and demand across the Gulf Coast 
region currently is being extended to include additional 
climate forcing factors, such as stream temperature and 
river flooding, and additional infrastructure components, 
including oil and gas infrastructure. Additional emphasis 
on changes in agricultural productivity and the potential 
for increased regional biomass production also are 
planned. On a longer-term basis, these capabilities could 
be leveraged to evaluate different regional adaptation 
and mitigation strategies in an integrated, holistic context 
that includes both regional climate change and 
consistent changes in other natural and human systems, 
both in the Gulf Coast and other important regions.
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performance of thermal power plants? How will these 
changes influence regional grid reliability and electricity 
prices and what potential adaptation measures exist?

• What are the intrinsically regional characteristics and 
opportunities for mitigation and adaptation? Are there 
physical or economic constraints that make the 
implementation of, for example, different energy 
technologies or land use policies more difficult?

• What are the benefits, challenges, and implications of 
integrated modeling at regional scales? In particular, 
are there insights that cannot be gleaned from models 
that are less integrated or have coarser spatial or 
temporal resolution?

MAJOR COMPONENTS AND/OR THEMES
This project leverages PNNL’s Platform for Regional 
Integrated Modeling and Analysis (PRIMA) and also 
includes the development of new models and 
improvements to existing community models needed to 
resolve additional regional-scale processes and 
interactions. The primary integrating element of the 
framework is a regionalized version of the Global Change 
Assessment Model (GCAM), which has been extended 
and downscaled to represent energy supply and demand 
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Earth’s climate system involves multiple physical processes over a 
wide range of space-time scales. Many key processes occur on 
scales smaller than climate model grid sizes and representation 
(parameterization) of the so-called fast physics—primarily 
cloud-related processes—a main source of uncertainty in climate 
models. Parameterizations pose daunting challenges in a variety of 
areas, ranging from observations to modeling, from understanding 
the processes to formulating effective parameterizations, from 
testing parameterizations to ultimately using them in climate 
models. The Earth System Modeling (ESM) Program of the U.S. 
Department of Energy’s Office of Science initiated the Fast-Physics 
System Testbed and Research (FASTER) project in 2009 to meet 
the challenges by forming a multi-institutional*, interdisciplinary 
team of complementary areas of expertise to develop an effective, 
integrated multiscale model evaluation framework that best 
capitalizes on the detailed, continuous, long-term measurements 
from the different climate regimes of the Atmospheric Radiation 
Measurement (ARM) climate research facility sites. 

THEMES AND OBJECTIVES

• Focus on the ARM sites with detailed, continuous, long-term 
measurements in different climatic regimes. 

• Construction of a fast physics testbed, a multiscale data 
assimilation system, and eventually a multiscale visualization and 
evaluation system (MVES) that permits rapid, efficient evaluation 
and diagnosis of various fast processes at multiple scales.

• Integrative evaluation by combining models of different types 
and scales (from cloud to global scales), in addition to multiple 
models of each type, to better address the multiscale nature of 
processes and process interactions. 

• Interactive utilization of targeted, idealized case studies as well 
as investigation of continuous, realistic, long-term observations.

• Strong integration of observations and models at multiple 
scales through use of multiscale data platform.

 • Direct participation of main U.S. climate modeling centers to 
facilitate/accelerate implementation and testing of 
new/improved fast physics parameterizations in climate models.

ACCOMPLISHMENTS

 • A fast-physics testbed has been constructed and the 
beta-version released for the registered users. The current 
testbed consists of two major complementary components that 
capitalize on the continually evolving cloud measurements at 
the ARM sites: a single-column model (SCM) testbed and a 

numerical weather prediction model (NWP) testbed. The 
SCM-NWP integration allows use of not only rich ARM 
measurements, but also a vast pool of NWP results.

• The community Weather Research and Forecasting (WRF) 
model has been reconfigured as a typical Cloud-Resolving 
Model (CRM) or Large Eddy Simulation (LES) driven by 
idealized or realistic ARM large-scale forcings (WRF-FASTER). 

WRF-FASTER has been tested extensively and will soon be 
released to the general public.

• A multiscale data assimilation system (FASTER-DA) has been 
developed by combining the JPL-muliscale-3DVAR system with 
the NCEP-Gridpoint Statistical Interpolation (GSI) system and 
implementing them in the community WRF model. The 
FASTER-DA can choose between WRF and WRF-Chem as the 
base model for different purposes.

• A web-based data visualization and analysis toolkit is being 
developed to fulfill the need for dynamic interactivity with large 
volumes of data at a range of scales. Future plans include 
collocated aircraft trajectories, multi-dimensional data 
visualization via parallel coordinates and dynamic scatter plots, 
and integration with the FASTER testbed.

FASTER investigators have also conducted scientific research and 
published numerous peer-reviewed publications in virtually all the 
eight project task areas, including examination of ARM data 
products and case development of boundary clouds for modeling 
studies; evaluation of SCM/NWP/GCM/CRM/LES models; objective 
classification of weather and cloud regimes; development of new 
approaches for estimating cloud albedo, cloud fraction, and 
entrainment rates; parameterization analysis/development for 
microphysics, surface flux convection, entrainment-mixing, 
radiation, and process coupling.

CRITICAL CHALLENGES

 • Synthesize observations and models at multiple scales to best 
address the multiscale nature of fast physics in alignment with 
one of the Climate and Environmental Science Division (CESD) 

grand challenges: the scaling challenge.

• Optimize FASTER portfolio to develop an integrative multiscale 
model evaluation framework.

• Improve/develop parameterizations for microphysics including 
aerosol-cloud interactions, turbulence, convection, and 
radiation, with an emphasis on physics and filling in knowledge 
gaps in entrainment/mixing, subgrid variability/structure, 
process coupling, and compensating errors.
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