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Letter from the editor:
revisiting spaceship earth

L

et’s admit the obvious: we live on a great planet. I wouldn’t move anywhere else unless I really had to—not for better schools, proximity
to shopping, not even for bigger yards. Even a planet that boasted all
that would lack an atmosphere tailor-made for breathing, not to mention
solid land, oceans, diverse sources of food, or the right temperatures.
Just because Earth is the natural choice for human habitation,
however, doesn’t mean people haven’t been remaking their planet for
millennia. Our cities, our agriculture, and most recently our industrial
prowess have modified the surface below and the air above to suit our
species. Very little of Earth is still untouched by humans.
For as long as we’ve rearranged land and water, extracted resources,
and played favorites with other species, humanity has struggled to accept this increasingly artificial environment and to contemplate what
might become of us and our world. The result, as science historian
Rosalind Williams shows in her book, Notes on the Underground (MIT
Press, 2008), has been a culture of mental conflict and compromise
manifested in religion, folklore, and literature.
Williams traces the history of imaginative metaphors for the altered
environment and its future—in particular, the centuries-old tradition of
telling tales of the world underground. For generations, people conjured worlds in the sterile subterranean environment to express basic
human anxiety about a future in which true nature would be practically
inaccessible. Light, space, food, and comfort would be entirely of our
own devising. By the middle of the twentieth century, however, the
metaphors for human-created environments had shifted from caves,
tunnels, and mines to the spaceship. In spaceships, we make our own
environment, recreating all the provisions for life without the benefits
of a natural, hospitable planet. Environmentalists, of course, capitalized
on this anxious metaphor with the phrase, “Spaceship Earth,” to advocate the need to tend our fragile planet.
In this issue, as we read Mearns et al. and Liang et al. describe the
performance of the latest regional climate models, we can see the next
step in the metaphor of all-technological environments. We are increasingly comfortable with our digital capabilities to shape virtual worlds
and experiment with alternate futures. The computer climate model is
replacing the spaceship as the metaphor for our unresolved relationship
with technology and nature.
Meanwhile, as Strong et al. describe the genesis of space weather,
we can see that whether we are in our spaceships or safe on Earth, we
survive in spite of a hostile solar environment. We must eventually understand (and predict) this environment as well as we now understand the
atmosphere. We have a long way to go before consciously accepting the
heliosphere, coronal mass ejections, and solar wind as part of our natural
world. Yet somehow, space weather science may—indeed must—remake
the way we think. It will become second nature to apprehend that our environment is a solar system, and not just this special planetary spaceship.
—Jeff Rosenfeld, Editor-in-Chief
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Tropical Rainfall
Measuring Mission
(TRMM) Precipitation
Data and Services
for Research and
Applications
Precipitation is a critical component of the Earth’s hydrological
cycle. Launched on 27 November
1997, TRMM is a joint U.S.–Japan
satellite mission to provide the
first detailed and comprehensive
dataset of the four-dimensional
distribution of rainfall and latent
heating over vastly undersampled
tropical and subtropical oceans
and continents (40°S–40°N).
Over the past 14 years, TRMM
has been a major data source for
meteorological, hydrological, and
other research and application
activities around the world.
This short article describes
how the NASA Goddard Earth
Sciences Data and Information
Services Center (GES DISC) provides TRMM archive and nearreal-time precipitation datasets
and services for research and
applications. TRMM data consist
of orbital data from TRMM instruments at the sensor’s resolution, gridded data at a range of
spatial and temporal resolutions,
subsets, ground-based instrument
data, and ancillary data. Data
analysis, display, and delivery
are facilitated by the following
services: (1) Mirador (data search
and access); (2) TOVAS (TRMM
Online Visualization and Analysis
System); (3) OPeNDAP (Opensource Project for a Network Data
Access Protocol); (4) GrADS Data
Server (GDS); and (5) Open Geospatial Consortium (OGC) Web
Map Service (WMS) for the GIS
community. Precipitation data
application services are available
to support a wide variety of appli-
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cations around the world. Future
plans include enhanced and new
services to address data-related
issues from the user community.
Meanwhile, the GES DISC is preparing for the Global Precipitation
Measurement (GPM) mission,
which is scheduled for launch in
2014. (Page 1317)
UNDERSTANDING SPACE
WEATHER: THE SUN AS A
VARIABLE STAR
The American Meteorological
Society has recently adopted space
weather as a new core competency.
This is the first in a series of papers
discussing the multidisciplinary
aspects of space weather. This
paper concerns the physics behind
solar variability, the driver of space
weather. We follow the tortuous
journey of the energy from its
production in the solar core until it escapes into interplanetary
space, showing how the internal
dynamics and structure of the Sun
change its nature. We show how
the production and dissipation of
magnetic fields are a key clue to
untangling the riddle of the sunspot cycle and how that, in turn,
affects the amount of radiation
that the Earth receives from the
Sun—the total solar irradiance.
(Page 1327)
THE NORTH AMERICAN
REGIONAL CLIMATE
CHANGE ASSESSMENT
PROGRAM: OVERVIEW OF
PHASE I RESULTS
The North American Regional Climate Change Assessment
Program (NARCCAP) is an international effort designed to
investigate the uncertainties in
regional-scale projections of future climate and produce highresolution climate change sce-
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narios using multiple regional
climate models (RCMs) nested
within atmosphere–ocean general
circulation models (AOGCMs)
forced with the Special Report on
Emission Scenarios (SRES) A2
scenario, with a common domain
covering the conterminous United
States, northern Mexico, and most
of Canada. The program also includes an evaluation component
(phase I) wherein the participating
RCMs, with a grid spacing of 50
km, are nested within 25 years of
National Centers for Environmental Prediction–Department of Energy (NCEP–DOE) Reanalysis II.
This paper provides an overview of evaluations of the phase
I domain-wide simulations focusing on monthly and seasonal
temperature and precipitation, as
well as more detailed investigation
of four subregions. The overall
quality of the simulations is determined, comparing the model
performances with each other as
well as with other regional model
evaluations over North America.
The metrics used herein do differentiate among the models but,
as found in previous studies, it is
not possible to determine a “best”
model among them. The ensemble
average of the six models does not
perform best for all measures, as
has been reported in a number of
global climate model studies. The
subset ensemble of the two models
using spectral nudging is more
often successful for domain-wide
root-mean-square error (RMSE),
especially for temperature. This
evaluation phase of NARCCAP
will inform later program elements concerning differentially
weighting the models for use in
producing robust regional probabilities of future climate change.
(Page 1337)

Regional Climate–
Weather Research and
Forecasting Model
The CWR F is developed as a
climate extension of the Weather
Research and Forecasting model
(WRF) by incorporating numerous improvements in the representation of physical processes
and integration of external (top,
surface, lateral) forcings that are
crucial to climate scales, including interactions between land,
atmosphere, and ocean; convection and microphysics; and cloud,
aerosol, and radiation; and system consistency throughout all
process modules. This extension
inherits all WRF functionalities
for numerical weather prediction
while enhancing the capability
for climate modeling. As such,
CWRF can be applied seamlessly
to weather forecast and climate
prediction. The CWRF is built
with a comprehensive ensemble
of alternative parameterization
schemes for each of the key physical processes, including surface
(land, ocean), planetary boundary
layer, cumulus (deep, shallow),
microphysics, cloud, aerosol, and
radiation, and their interactions.
This facilitates the use of an optimized physics ensemble approach
to improve weather or climate
prediction along with a reliable
uncertainty estimate. The CWRF
also emphasizes the societal service capability to provide impactrelevant information by coupling
with detailed models of terrestrial hydrology, coastal ocean, crop
growth, air quality, and a recently
expanded interactive water quality
and ecosystem model.
This study provides a general
CWRF description and basic skill
evaluation based on a continuous
integration for the period 1979–
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2009 as compared with that of
WRF, using a 30-km grid spacing
over a domain that includes the
contiguous United States plus
southern Canada and northern
Mexico. In addition to advantages
of greater application capability,
CWRF improves performance in
radiation and terrestrial hydrology over WRF and other regional
models. Precipitation simulation,
however, remains a challenge for
all of the tested models. (Page
1363)
CONTINUOUS
SINGLE-COLUMN
MODEL EVALUATION
AT A PERMANENT
METEOROLOGICAL
SUPERSITE
Uncertainties in numerical predictions of weather and climate are
often linked to the representation
of unresolved processes that act
relatively quickly compared to the
resolved general circulation. These
processes include turbulence,
convection, clouds, and radiation. Single-column model (SCM)
simulation of idealized cases and
the subsequent evaluation against
large-eddy simulation (LES) results has become an often used
and relied on method to obtain
insight at process level into the
behavior of such parameterization
schemes; benefits of SCM simulation are the enhanced model
transparency and the high computational efficiency. Although this
approach has achieved demonstrable success, some shortcomings have been identified; among
these, i) the statistical significance
and relevance of single idealized
case studies might be questioned
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and ii) the use of observational
datasets has been relatively limited. A recently initiated project
named the Royal Netherlands
Meteorological Institute (KNMI)
Parameterization Testbed (KPT)
is part of a general move toward
a more statistically significant
process-level evaluation, with the
purpose of optimizing the identification of problems in general
circulation models that are related
to parameterization schemes. The
main strategy of KPT is to apply continuous long-term SCM
simulation and LES at various
permanent meteorological sites, in
combination with comprehensive
evaluation against observations
at multiple time scales. We argue
that this strategy enables the reproduction of typical long-term
mean behavior of fast physics in
large-scale models, but it still preserves the benefits of single-case
studies (such as model transparency). This facilitates the tracing
and understanding of errors in
parameterization schemes, which
should eventually lead to a reduction of related uncertainties in
numerical predictions of weather
and climate. (Page 1389)
APHRODITE:
CONSTRUCTING A LONGTERM DAILY GRIDDED
PRECIPITATION DATASET
FOR ASIA BASED ON A
DENSE NETWORK OF RAIN
GAUGES
A daily gridded precipitation
dataset covering a period of
more than 57 yr was created by
collecting and analyzing rain
gauge observation data across
Asia through the activities of

the Asian Precipitation—Highly
Resolved Observational Data Integration Towards Evaluation of
Water Resources (APHRODITE)
project. APHRODITE’s daily gridded precipitation is presently the
only long-term, continental-scale,
high-resolution daily product. The
product is based on data collected
at 5,000–12,000 stations, which
represent 2.3–4.5 times the data
made available through the Global
Telecommunication System network and is used for most daily
gridded precipitation products.
Hence, the APHRODITE project
has substantially improved the
depiction of the areal distribution
and variability of precipitation
around the Himalayas, Southeast
Asia, and mountainous regions
of the Middle East. The APHRODITE project now contributes to
studies such as the determination of Asian monsoon precipitation change, evaluation of water
resources, verification of highresolution model simulations and
satellite precipitation estimates,
and improvement of precipitation forecasts. The APHRODITE
project carries out outreach activities with Asian countries, and
communicates with national institutions and world data centers.
We have released open-access
APHRO_V1101 datasets for monsoon Asia, the Middle East, and
northern Eurasia (at 0.5° × 0.5°
and 0.25° × 0.25° resolution) and
the APHRO_JP_V1005 dataset for
Japan (at 0.05° × 0.05° resolution;
see www.chikyu.ac.jp/precip/ and
http://aphrodite.suiri.tsukuba
.ac.jp/). We welcome cooperation
and feedback from users. (Page
1401)
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