
INTEGRATING WATER SUPPLY AND DEMAND INTO 
THE GLOBAL CHANGE ASSESSMENT MODEL (GCAM)

The Global Change Assessment Model (GCAM) is a 
state-of-the-art, global integrated assessment model that 
brings together representations of the economy, energy 
system. Over the last three decades, GCAM and its 
predecessors have been used for a wide range of analyses to 
support both public- and private-sector decision making, 
including research on the implications of new and improved 
technologies, scenarios of socioeconomic development and 
resource availability, national and international climate policy 
frameworks, national energy policy approaches, and land use 
policies. 

New improvements in GCAM are focused on representing the 
impacts of climate change and adaptation strategies and their 
linkages to mitigation strategies. Water lies at the heart of 
these interactions. It is critical to energy supplies, including 
hydroelectric power, thermoelectric power (as cooling water), 
and bioenergy production. Water supply technologies, such 
as emerging technologies like desalinization, could require 
substantial energy. In addition, a changing climate will alter 
precipitation patterns both locally and globally, in ways that 
are highly uncertain.

CHALLENGES
Incorporating water into a global integrated modeling 
framework raises many challenges. Water supply and 
demand issues can be highly local, calling for modeling at 
higher spatial resolution than is typical in integrated global 
assessment models. Water data, particularly global, is of 
limited scope and quality. The use and allocation of water is 
confounded by complicated regulatory architectures that vary 
regionally. Finally, the modeling of water in an integrated 
framework calls for explicit representation of the many 
interactions between water supply and demand. 

MAJOR COMPONENTS AND/OR THEMES
Representing water in GCAM involves three steps. The first is 
to develop representations of key demands in terms of both 
consumption and withdrawals. Key sectors include the energy 
sector, households, and agriculture. In all of these sectors, a 
meaningful representation of demand requires 
representations of multiple technology options that can 
capture economic choices regarding water use such as 
different cooling systems for electricity generation. The 
second is to construct a water supply model that can operate 
at a global scale appropriate for an integrated assessment 
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climate warming due to greenhouse gas emissions; 
stabilization of radiative forcing at 4.5 Watts per meter 
squared (4.5 W/m2); and stabilization of radiative forcing at 
3.7 W/m2. The findings suggest that generating electricity 
using new low-emissions technologies is not likely to 
increase water demand through the end of the century.

Efforts to fully link water supplies and demands are ongoing. 
However, research efforts are already comparing supplies 
and demands at a global level to identify areas of scarcity. By 
combining results from the water balance model with spatially 
downscaled representations of water demand, PNNL has 
produced a dynamic, high-resolution view of global, annual 
water scarcity under a range of future conditions, including 
different strategies for the use of bioenergy in climate 
mitigation. The findings highlight, among other things, 
potentially substantial implications of water scarcity for 
bioenergy production as a mitigation option. Current research 
is directed at full integration between water supplies and 
demands, more sophisticated representations of technology 
choices for water demand, and extending the modeling 
capability to capture sub-regional interactions among the 
U.S. economy, energy, land use, and water systems.  
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water-balance global hydrologic model with a resolution of 
0.5x0.5 degrees. To supplement fresh water sources, this is 
accompanied by integrating representations of non-renewable 
ground water supplies and desalination technologies into 
GCAM. The third is to link water supply and water demand in 
a way that can represent different allocation and water market 
schemes.  

FUTURE WORK
Staff at Pacific Northwest National Laboratory (PNNL) have 
developed separate modules for water supply and water 
demand. The demand modules compute water withdrawals 
and water consumption on an annual basis for irrigation, 
livestock, domestic purposes, electricity generation, primary 
energy production, and manufacturing. In one set of 
experiments, the power sector's water demands are assessed 
for three climate change mitigation policies: no action to limit 

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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GCAM's 14 geopolitical regions are shown here.

This map illustrates GCAM's 151 agro-ecological zones.
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Global water withdrawal for electricity generation by technology for scenarios
with no policy (top), as compared with scenarios meeting 3.7 W m−2

stabilization targets (bottom), with a renewables-focused strategy
(Kyle et al. 2013).
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