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1 Introduction - The Motivation for Climate Data Visualizat ion

Climate is defined by the Glossary of Meteorology as the méatmospheric variables over a
period of time ranging from as short as a few months to mdty®ars and longer. Although
the term climate is often used to refer to long-term weathatissics, the broader definition of
climate is the time evolution of a system consisting of thraagdphere, hydrosphere, lithosphere,
and biosphere. Physical, chemical, and biological pre&seaese involved in interactions among the
components of the climate system. Vegetation, soil mastaind glaciers are part of the climate
system in addition to the usually considered temperatudgpagcipitation (Pielke, 2008).

Climate change refers to any systematic change in the long-term statisticslimate ele-
ments (such as temperature, pressure, or winds) sustaueedseveral decades or longer. Cli-
mate change can be initiated by external forces, such agalghriations in the Earth’s solar
orbit that are thought to have caused glacial and intergllaeriods within the last 2 million years
(Milankovitch, 1941). However, a linear response to agirnital forcing does not explain many
other observed glacial and interglacial cycles (Petit et1899). It is now understood that cli-
mate is influenced by the interaction of solar radiation weittmospheric greenhouse gasses (e.g.,
carbon dioxide, chlorofluorocarbons, methane, nitrousi@xetc.), aerosols (airborne particles),
and Earth’s surface. A significant aspect of climate arernterannual cycles, such as the El Nino
La Nina cycle which profoundly affects the weather in Nortmérica but is outside the scope of
weather forecasts. Some of the most significant advancesderstanding climate change have
evolved from the recognition of the influence of ocean catiohs upon the atmosphere (IPCC,
2007).

Human activity can affect the climate system through insirgaconcentrations of atmospheric
greenhouse gases, air pollution, increasing concentiatb aerosol, and land alteration. A par-
ticular concern is that atmospheric levels of £@ay be rising faster than at any time in Earth’s
history, except possibly following rare events like imfcom large extraterrestrial objects (AMS,
2007). Atmospheric C®concentrations have increased since the mid-1700s thrimsgh fuel
burning and changes in land use, with more than 80% of thie&se occurring since 1900. The
increased levels of COwill remain in the atmosphere for hundreds to thousands afsyeThe
complexity of the climate system makes it difficult to predipecific aspects of human-induced
climate change, such as exactly how and where changes willgand their magnitude.

The Intergovernmental Panel for Climate Change (IPCC) wtabéished by World Meteoro-
logical Organization (WMO) and the United Nations in 1988eTPCC was tasked with assessing
the scientific, technical and socioeconomic informatioadssl to understand the risk of human-
induced climate change, its observed and projected impaatsoptions for adaptation and miti-
gation. The IPCC concluded in its Fourth Assessment Repdtt) that warming of the climate
system is unequivocal, and that most of the observed ineri@aglobally averaged temperatures
since the mid-20th century is very likely due to the obsenvexdeased in anthropogenic green-
house gas concentrations (IPCC, 2007). (A more compldtedisf climate change detection is
found in Table 9.4 of the AR4.)

Figure 1 is from the Goddard Institute for Space Studies Wb (Btp://data.giss.nasa.
govigistemp/2007/ ). It is colloquially referred to as the “hockey stick,” ankasvs the rapid in-
crease in surface temperature over the past decade. This fggorobably one of the most politi-
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Figure 1: (a) Annual surface temperature anomaly relative to 195018ean, based on surface air measurements
at meteorological stations and ship and satellite measemtnof sea surface temperature. (b) Global map of surface
temperature anomalies for 2007.

cized in science, and attempts have been made to discreditibnce. However, the US National
Academy of Science has released a report that basicallynaftine findings (Nature (2006), vol.
441, p. 1032)

Shown are 2007 temperature anomalies relative to the 1980{ase period mean. The global
mean temperature anomaly, 0.57C (about 1F) warmer thand6&-1980 mean, continues the
strong warming trend of the past thirty years that has beaficently attributed to the effect of
increasing human-made greenhouse gases (GHGs) (HandeB@23). The eight warmest years
in the GISS record have all occurred since 1998, and the 1lhestryears in the record have all
occurred since 1990.

Regional temperature increases are affecting naturatmgssuch as hydrologic systems (ex-
hibiting increased run-off in glacier- and snow-fed riyesrctic and Antarctic ecosystems, and
terrestrial biological systems (i.e. earlier leaf-unfolyl bird migration, and egg-laying). The IPCC
AR4 also notes that climate change can be surprisingly rapeé findings of the IPCC are based
upon observational evidence of increases in global averag®ed ocean temperatures, widespread
melting of snow and ice, and rising global mean sea level. ARRé also relied upon evaluations
and intercomparisons of state of the art, coupled atmospbegan climate models.

While the global effects of climate change are indeed alagmihey exceed the horizon of a
typical business’s financial outlook. However, the reglaral short term effects, in addition to
changes in the well known climate variability, can have dquad effect on a business in a number
of ways. It can effect future project planning, land devehemt projects, and risk mitigation
strategies.

Climate change has implications for the world’s water armbfeupplies, energy, civil infras-
tructure in flood-prone regions, settlement patterns nass, and health. Several institutions have
developed excellent websites for distribution of climated®l products. Among these are the Pro-
gram for Climate Model Diagnosis and Intercomparison (PGMiDthe Lawrence Livermore Na-
tional Laboratory (LLNL) 6ttp:/Aww-pcemdi.linl.gov ), the Community Climate System Model
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(CCSM) at National Center for Atmospheric Research (NCK#R://www.ccsm.ucar.edu/ ), the
Hadley Center of the UK Met Officehtfp://www.metoffice.gov.uk/climatechange/science/

hadleycentre/ ), and the Geophysical Fluid Dynamics Laboratory (GFDL) @&Rbrtal fttp:
/ldatal.gfdl.noaa.gov/ ). In particular, PCMDI maintains a large catalog of expesital runs
of the world’s leading AGCMs, as part of its mission to impeanethods and tools for AGCM in-
tercomparison. Most of these websites are served by tha Eggtem Grid (ESG), that integrates
supercomputer data and analysis servers located at nugreatanal labs.

2 ldentification and Significance of the Problem and TechniclbApproach:

Existing data portals generally serve climate model oufieg in network Common Data Form
(netCDF). NetCDF is a set of software libraries and maclmaependent data formats that support
the creation, access, and sharing of array-oriented dttedata. These tools are appropriate
for the scientific community, but are beyond the scope of res@archers. Also, expert advice
is required in finding needed data, understanding the irafidins of what the data means, and
judging the validity of the data to the non-researcher’sriess at hand.

Instructions for interfacing netCDF files with many hardevatatforms, along with ubiquitous
software applications (e.g., MS-Windows, Fortran and C miters) can be found (among other
places) at the Unidata project, operated by the UniversiigpGration for Atmospheric Research
(UCAR) Office of Programs (UOP htfp:/iwww.unidata.ucar.edu/ ). Unidata develops, main-
tains, and supports a variety of software packages, gearadniy for use in geoscience education
and research. Geographic Information Systems (GIS) is & miglely-used tool that manages and
displays all forms of geographically referenced inforraatiThe emerging GIS Strategic Initiative
at NCAR (http:/Mww.gis.ucar.edu ) is charged with making atmospheric data sets compatible
with GIS tools. These efforts are expected to result in gfeorties between environmental and
social scientists. GIS is slowly emerging as a tool in tharmss sector, primarily in marketing.

Google Earth (GE) is a well-known “virtual globe” applicati or Geobrowser, currently avail-
able for Windows, Linux and Mac OSX. The primary method fosualizing data is to create
Keyhole Markup Language (KML) files. GE is aimed at the gehpublic primarily as a search
and browse tool. This makes GE very easy to use, and as a itelsa#t attracted a large com-
munity of people: state and federal agencies involved wigheénvironment, space research, land
management projects, homeland security, and defenskgateie.

The goal of this project was to develop a web-based portalethalicates distributed AGCM
output, serves their data in a user friendly manner and pexiGE imagery according to user
specifications. Future goals (Phase II) will be to includpezkanalysis on climate forecasts, and
high resolution regional climate forecasting. The targedra are primarily from the commercial
(i.e. nonscience) sector. The site aims to circumvent tlaeitpof science-oriented data portals
by creating interfaces between these sites and near-galvdtilities such as GE and Windows.
Ultimately, the proposed project will culminate in widerderstanding and usage of climate model
predictions within the global economy and infrastructure.
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3 Overview of Climate Modeling

Computer investigations of climate are important becalns@atmosphere cannot be recreated and
experimented upon in a test tube. Close to a dozen fully eolgtimosphere-ocean models are now
being used around the world to study climate change. Theubtripm the models that participated
in the IPCC AR4 Working Group | are available ratbs://esg.lInl.gov:8443/index.jsp . In
this project we concentrated on the NCAR Community Climatst&n Model (CCSM), and build
our proof-of-concept website around CCSM products. Inolusf products from other well-
known models, including regional climate models, will beeatlire of a Phase Il system.

Atmosphere general circulation models (AGCMs) consisttbfee-dimensional representation
of the atmosphere coupled to the land surface and cryospBgseems of differential equations de-
rived from the basic laws of physics, fluid motion, and cheriare evaluated on a 3-dimensional
grid. The computations are stepped forward in time. In tarse, an AGCM is similar to a model
used for numerical weather prediction (weather forecggtibut because it has to produce pro-
jections for decades or centuries, rather than days it usesiser level of detail. Since ocean
currents and temperatures are a major component of thellosiaraate system, an AGCM must
be provided with data for sea-surface temperatures aniteemverage. However, an AGCM
cannot indicate how conditions over the ocean whlinge, and is therefore not useful for climate
prediction on their own. The ocean must be included.

Ocean general circulation models (OGCMSs) are the oceanictegparts of an AGCM: three-
dimensional representations of the ocean and sea ice. Tinasels, however, must be supplied
with surface air temperature and other atmospheric daimaflogists began “coupling” ocean
and atmosphere models in the 1980s (Manabe and Stouffe8).1@®upled atmosphere-ocean
general circulation models, or AOGCMs, are the most compiexels in use, consisting of an
AGCM coupled to an OGCM. These models are suitable for ssudighe prediction and rate
of change of future climate on a global scale. But to undadsteow global warming will affect
drinking water, storage or crop yields, regional simulasiand impact studies are needed.

Local climate change is influenced greatly by features ssamauntains, which are not well
represented in global models because of their coarse tesol&kegional climate models (RCMs)
depict the climate of a smaller area in more detail. This igllehging because scientists are
still studying the influence of small-scale phenomena swcbl@ds and local storms, and how
best to portray them in regional models. With the inclusibhighly transient processes such as
thunderstorms, the models must reflect changes in the atramsgand, oceans, and other parts
of the environment over shorter time scales. The requirglddriresolution usually demands more
computing power and “run” time than is practical for globiahslation over long periods of time.
Therefore, climate modeling teams generally use a “nestpgfoach to RCMs. This means that
RCMs take input at their boundaries and for sea-surfaceitons from the global AOGCMs, and
are then run at higher resolution (typically 50 km) over texi areas, and for shorter periods.

The Met Office Hadley Centre has run RCMs for three regionsopi the Indian subcontinent
and southern Africa. An RCM has been developed to run on RGsforegion as part of a regional
climate modeling system named PRECIS. Output from this inisdeot currently distributed.
However, PRECIS has been ported to run on a PC (under Linux) avsimple user interface,
so that experiments can easily be set up over any region. , Towua user to obtain a desired
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regional-scale forecast, the model has to be purchasedifr@PRECIS web siténp:/precis.
metoffice.com ), then set up and “run”.

CCSMS, which is the latest version of CCSM, is a coupled demaodel composed of four
separate components that simultaneously simulate tHe&eatinosphere, ocean, land surface and
sea-ice. These four models are linked by a coupling moduaetthnsmits boundary conditions
and state information among the four components. CCSMZithtind generation of NCAR Com-
munity Climate models, and was released in 2004 followingragdes in virtually every aspect:
cloud physics, radiation, chemistry, atmosphere-ocearamycs, and model functionality and
interoperability. (Specific details can be foundhet://www.ccsm.ucar.edu/models/ccsm3.0/
notableimprovements.html .) Consequently, CCSM3 has been shown to perform significhat-
ter than its predecessors in several key aspects of polar@idal climate, although some biases
remain (Collins et al., 2006).

4 Interpreting Distributed Model Output

A large collection of CCSM3 model output files is describecdhtat/www.ccsm.ucar.edu/
models/ccsm3.0/ , and available fronttp:/iwww.earthsystemgrid.org . (Registration is required
for new users.) It is important that the prospective useersme understanding of the science
underpinning the different model climates, or “runs”. Orelee key features of the proposed
website will be explanations of how to parse the titles ofriinefiles, which are often tantamount
to understanding some of the basic scientific details bethieagxperiments. Links to related sci-
entific literature will also be provided. For example the CEMes to be explained below were
the basis of a CCM3 assessment paper by Collins et al. (2006).

The standard version of CCSM3 is designed to run at 3 diffeseatial resolutions, and output
files on data servers are segregated by the wave resolutiampters. These are referenced by
the maximum number of spherical wave modes that can be sadtan the 2-dimensional Earth’s
surface. For “triangular” wave truncation, files are indézhand coded by T31, T42, and T85,
representing 31, 42, and 85 spherical harmonics, respéctié collection of files corresponding
to a particular resolution generally contains at least amaarecontrol runs. These establish the
basic climate of the model. Control runs are are long intégmna in which the model input forcings
(solar irradiance and sulfates, ozone, and greenhous®gesrtrations) are held constant at either
present day values (e.g., 1990) or pre-industrial valugs,(®#870). The CCSM is then run for an
extended period of model time (hundreds of years) until yis¢esn is close to equilibrium.

Climate changecenarios are examples of what can happen under particular assurspiion
use of fossil fuel and other human activities. A scenariouhomot be thought of as a specific
prediction of future climate, but rather a plausible alegive future. The CCSM archives include
integrations in which the atmospheric gEoncentration increases by 1% yr(from a reference
level of 335 ppm) starting from the present-day (1990) rumo &dditional integrations have been
branched from the “1%” experiment. One of these is startednaihe CQ level is twice the
present-day level, the other at 4 times the present-dagvalu

Because climate models are an imperfect representatibe &drth’s climate system, modelers
employ a technique calleghsembling to capture the range of possible climate states. A climate
model ensemble run consists of two or more climate modelmade with the exact same climate
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model that differ only in the initial conditions. Averagioger a multi-member ensemble of model

climate runs gives a measure of the average model respottsefturcings imposed on the model.
These concepts are illustrated by the collection of CCSMikitions used in the IPCC ARA4.

The experiments are describedhtgt//www.cgd.ucar.edu/ccr/strandwg/CCSM3ARA4Experi ments.

html and their files can be downloaded from Earth System Gutipt/fvww.earthsystemgrid.

org/ ). They consist of 26 different runs with the CCSM3, as désadibelow:

1. One 500-year control run, defining the long-term climdtbde simulated system. The model
boundary forcings are held constant at values for the ye#0.18

2. One 5-member ensemble simulating the 1870-2000 hiastqreriod. Each ensemble mem-
ber run was initialized from a different year in the 1870 cohtun, and integrated forward
in time to the year 2000, thereby representing a possibieaté state during this period. In
each case, the simulated climate response to the incregi@eghouse gasses in the atmo-
sphere during this period is reflected in an increase of tHfaseitemperatures.

3. Four 5-member ensembles corresponding to the IPCC A2, BllBand constant 20th
century-forcing future scenarios. Each ensemble membsrrurafrom the year 2000 to
2100, starting from the end of the 1870-2000 historical $athons (discussed in item 2).
The constant 20th century forcing shows the least incraageture surface temperature.
The A1B and B1 storylines describe a future global, highthtelogical economy reliant
upon both fossil and non-fossil energy sources, with greatghasis in B1 upon sustain-
ability; both scenarios display moderate increases. Thedhario is marked by a very
heterogeneous world with slower technological change apdlly increasing population
(Nakicenovic and Stewart, 2000; IPCC, 2007). This scenexiubits the largest surface
temperature response.

5 Visualization - “The presentation is the data”

“The presentation is the data” is a quote from one of the Goégigineers at the U of M confer-
ence. The meaning is, that for the majority of users, thel the expertise to process, analyze,
and fully understand the data, and all they can understatiteatata is what you present to them.
It underscores the importance of presentation in a sitnaticch as this, of providing state of the
art global climate model results for non-researchers.

Google earth has truly amazing capabilities. It is unprengetl to be able to interact so easily
and intuitively with a global data set in the context of thegephical earth. One can examine the
ocean surface winds around Antarctica, and zoom into apogew of their house in Colorado,
and back again. The key to this zoom feature, to go from a \agel global picture, down to
very high resolution picture (i.e. the user’s house) is base a technology called regionation.
Large low resolutions graphics are created for the globalviThen Google employs a network
linked quadrature tree of higher resolution data when tlee msoms in. Each large top level low
resolution image is broken into 4 quadrants, each contgihigher resolution images. This can
be nested any number of times, in that each of these 4 quadtaself broken into 4 quadrants.
This continues for several levels, until one has an imageeof Wigh resolution (on the order of
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meters or less for the high resolution data available in goegrth). It may be that geobrowsing
is the next stage of internet interaction and could very Wwelh revolution analogous to the jump
from programs like gopher and ftp, to the world wide web ofelaely 1990s.

5.1 Data Mashup

One of the great synergetic aspects of Google earth is dabiéal Mashup. It means that the user
can view one particular data set, but then incorporate ahgratata set available on the whole
internet, and simultaneously examine both of them. Thisiexdremely powerful feature, and can
greatly enhance understanding.

-
lat 23.447266° lon -94.906661" lat -65.178564 lon 127

Figure 2: Ocean surface vector winds pre- Figure 3: Ocean surface vector winds pre-
sented in Google Earth. This example has a sented in Google Earth, zooming in on the
time animation available. Antarctic region.

The geobrowser allows the user to import a limitless varadtgata into their visualizations.
Unlike a webbrowser, where each site has its own page and#rdaaves one site to visit another
site, in a geobrowser all geosites are simultaneouslyabailpotentially. The particulars become
apparent based on the the geographic region, and the legaogfraphical detail. To illustrate
this point, as a user, one initially starts by viewing theirenearth. The user types in his/her
street address, and the Geobrowser zooms into a level off sieth that cars and buildings can be
recognized. The user can zoom out again, and then again zdgora building on the other side
of the world. Thus there is an incredible amount of data thatimultaneously available in this
example of aerial/satellite photography. However, thsoapplies to scientific and geophysical
data. For a concrete example, one of us (Stockwell) hasedtd@¥IL pages, where the user can
bring up a global picture of ocean surface vector winds (membat 0.5 by 0.5 degree bins, every
3 hours). The user can then open up sea ice data around Acdafiat the same time periods,
which shows imagery of the extent of the polar ice. Thus, euthany collaboration between
the two groups, the user can incorporate both data setstamealusly, which can lead to a much
greater and more profound understanding of the entire palysystem. Such uses, that go beyond
the original intent of the separate data providers, is reteto by the Google engineers as Data
Mashup. This powerful ability allows the user make conrmetdione never would have otherwise
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made.
This example and others, created by the Pl and Co-Is, can Wl fathttp://www.cora.
nwra.com/ ~ stockwel/rgspages/osw/ . Itis a profound way to intuitively organize georeferenced

information, and indicates new paradigm in organizatiodatf, information and ideas.

6 The Phase | Performance Schedule

From the Phase | proposal, the perfomance milestones tedsithe following tasks:

Downloading and Pre-Processing of Climate Data (10%).

create webpage hierarchy - CMS (5%).

create wiki, write tutorial pages (15%).

create Data analysis and error processing routines (20%).

create software to convert data into user’s preferred fofmaary files, csv files etc) (10%).
create the KML generation software, map projection codeyéigreation code (30%).
unify all components into seamless webpage (5%).

test system and resolve outstanding issues (5%).

7 Degree to which Phase | has Demonstrated Technical Feadityi

All of the technical objective milestones were achievedagehl had the following technical objec-

tives:

1.

automated download of climate model data: The first taskraplished wass the GCM data
acquisition and download system, whose purpose is to féemiost recent data from the
NCAR data servers, in their native format and to provide #vedata files to our data storage
system.

creation of data processing and graphic data repregantaiftware: The second task ac-
complished was the data analysis and presentation gemeratvdel. A library, primarily
written in IDL (Interactive Data Language) was created tdqren basic data diagnostics to
ensure quality and integrity of the data.

automated generation of geobrowser-ready KML files: KNtnds for Keyhole Markup
Language, which is an XML (eXtensible Markup Language) gmation for use in Geo-
browsers such as Google Earth, NASAs WorldWind, EarthByeryor Microsoft Virtual
Earth (ttp:/scispace.net/geobrowsers/ ). It manages the display of three dimensional
geospatial data, much in the same way an html file presentameximage/video data to a
webbrowser.
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A great deal is required to convert the raw model output datathe user friendly Google
Earth product. The original data must be read and processetlthen the data must be
projected into the appropriate georeferenced mode fousnmh into the Geobrowsers, so
that it can be displayed on the virtual earth. Google eantls tiee equidistant cylindrical map
projection, also called the plate carree projection. Thuages must be created presenting
the data in latitude and longitude coordinates, then thesdransformed into the proper
projection. Other geobrowsers may require different mapegtions, and thus the creation
of their own specific image files.

The IDL code has been developed to process the GCM model tomtpuhe proper geo-
referenced form, applied the appropriate map projectiagenwarping routines and created
the output imagery files. Simultaneously with the creatibthese presentation files, the
thousands of KML files were automatically created, and ithisted to the webserver. There
are thousands of these files available from the website.

4. creation of user friendly data files, such as spreadshest fDL output routines were also
created to automatically generate generic spreadshesbdgut files, in the form of generic
CSV files which can be read by any spreadsheet program.

5. creation of public website climate.cora.nwra.com: Thalftask accomplished was the cre-
ation of the website - containing tutorial pages, severatdtents regarding the current state
of the scientific understanding of our climate, news pagdis wpdates of recent articles and
presentations that are available. The use and further @f@vent of the website is ongoing,
and is currently being used as a portal to our current clienfehe website is described in
more detail below.

One issue we did not anticipate in the planning stage of Phases the availability of the
Google Earth plug-in (and its associated API). This advdncé&oogle allowed us to achieve
two important goals: 1) keep the data presentation wholfycemtained within the browser itself,
which provided a nice experience for users, and 2) it allowsea very high level of user interaction:
the Google Earth API (Application Programming Interfadéwaed us to write our own Javascript
functions and allow the user to directly interact with theogle earth visualizations via normal
html constructs such as drop down lists and buttons. We waeeta create a compact, clean,
simple, user friendly, highly interactive data visualinatwebpage.

Of special note: at the time of the end of Phase I, the Googfthfpdug-in was not available
for Linux or for the Safari browser. However, the Google depenent blog had announced that
it was indeed in progress. Thus, in order to efficiently apmly resources, we did not pursue
an alternative method for users in the Linux system at thegmtetime. We anticipate that the
solution will be worked out and Google will provide the Goedtarth plug-in sometime during
further development. For the meantime, we have provide@xthernal Google Earth capabilities
for linux users on our website.

7.1 Summary of Status of Phase | Performance tasks

The Phase | project consisted of the following tasks:
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e downloading and pre-processing of climate data (COMPLEYED
e create webpage hierarchy - CMS (COMPLETED).

e create wiki, write tutorial pages (COMPLETED).

e create data analysis and error processing routines (CONIEDE

e create software to convert data into user’s preferred fo(maary files, csv files etc) (COM-
PLETED).

e create the KML generation software, map projection codeyréigcreation code (COM-
PLETED).

¢ unify all components into seamless webpage (COMPLETED).
e test system and resolve outstanding issues (COMPLETED).

All of these goals were achieved in Phase | of this projectisademonstrated by the website
currently athttps://climate.cora.nwra.com/

The objectives of Phase | were completely achieved
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8 Web Site examples

A selection of page examples from the current website is shiogre. These pages have been
tested in Internet Explorer, FireFox, Chrome, Safari anér@p The Google Earth plugin is not
yet available on all platforms, therefore an page was cdefatethe use of an external geobrowser
(which works with any of the geobrowsers the user wishes).

lain Page. | dimate.cora.nwra.com - Mozilla Firefox

File Edit View

Site Navigation

= Home

Get Climate Data
Climate News
Scholarly Climate News
Need Help? Tutorials
Google Earth Fun Stuff
Ask the Experts
FeedBack

About us

@ 000 vao oow

Affilations
o Shelby Solar and Wind

Climate Encycdopedia

o BAMS State of the
Climate

Climate Change IPCC
Report

ScholarlyClimate News

a

o

History Bookmarks Tools Help

Main Page.
View Edit Qutiine
admin on Sat 13720 14:5

Welcome to the Climate Division of NWRA/CoRA. Our mission is to provide instant access to the
state of the art Climate Model output in a simple interactive graphical form, and allow the
seamless downloading of this data in a user friendly format.

Latest Updates. The Boulder area is the hot spot for wind power generation.
1) Juwi wind moving U.S. headquarters from Cleveland to Boulder
Read more: http:/ /www.dailycamera.com/business/ci_15570559

2) Danish wind turbine company Vestas has chosen Louisville for its fifth Colorado
facility
Read more: http:/ /www.timescall.com/news_story.asp?ID=22647

3) ConocoPhillips chose that city to develop a sprawling campus -- including
offices, research space, a learning center and 120 hotel rooms -- that could
employ up to 7,000 people within the next few decades.

Read more: http:/ /www.dailycamera.com/ci_15460109

NOTE: the full website is currently only available to our affiliates. If you would like
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Figure 4: The Phase | climate.cora.nwra.com website (Firefox): Taérmpage which shows the full menu and
recent news items and site updates.
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Regional Climate Models for Hydrological Impaet Studies at the Catchment Scale:

C Teutschbein, 1 Seibert - Geography Compass, 2010

... Abstract This article reviews recent applications of regional climate model (RCM) output for hydrological
impact studies. Traditionally, simulations of global climate models (GCMs) have been the basis of impact studies in
hydrology. ...

The utility of daily large-scale climate data in the assessment of climate change ..

EP Maurer, HG Hidalgo, T Das, MD Dettinger, DR ... - Hydrol. Earth Syst. Sci, 2010

« While dynamic downscaling, using a regional climate model (RCM) driven at the boundary by a GCM, has
been used in the western US to produce physically realistic projections of changes in hydrologic extremes (Kim et
al., 2002; Snyder and Sloan, 2005), these types of mod ...

recipitation in F nd under Recent and Projected climate

1 Ylhaisi, H Tietdwdinen

... SRES emissions scenario A1B » 0.25 degrees resolution  1961-2100 Data and Methods 13 regional climate
model (RCM) simulations RCA HadCM3Q3 SMHI-HC3 RCA ECHAMS-r3 SMHI-ECHAMS RCA BCM SMHI-BCM REMO
ECHAMS-r3 MPI-ECHAMS ...

< inftial cond

V Capecchi, B Gozzini, S Orlandini, M Pasqui

... parameterized convection. J. Cli- mate, 22(19):5003-5020, 2009. [SLBHS%] C. Schar, D. Lithi, U. Beyerle, and
E. Heise. The soil-precipitation feedbaclk: A process study with a regional climate model. J. Climate, 12:722-
741, 1999,

w making in the Southern Black Forest

P Schmidt, R Steiger, A Matzarakis

... are used. The calculation is carried out by use of the regional climate model REMO from the Max- Flanck-
Institute of Meteorology in Hamburg with a spatial resolution of 10 km and data is available from 1950 until 2100.
The ...

Artificial sr

F formation ne

regional climate simulati hydrological i
I Portoghese, E Bruno, M Vurro - Adv. Geosci

... In this study, the output of a regional climate model (RCM) is downscaled using a stochastic modelling of the
point rainfall process able to adequately reproduce the daily rainfall intermittency which is one of the crucial
aspects for the hydrological processes characterizing ...

lantic S5T amplified recent wintertime European land tem

1 Cattiaux, R Vautard, P Yiou - Climate Dynamics

... Then we statistically quantify the role of the North-East Atlantic SST in the recent extra-warmth. Sensitivity
expenments using a regional climate model are also used to gquantify this role in a more physically based
approach. We ...

Dynamics of alpine plant litter decomposition in a changing climate

KS Gavazov - Plant and Soil
Page 1. REVIEW ARTICLE Dynamics of alpine plant litter decomposition in a changing climate Konstantin 5.
Gavazov Received: 12 July 2009 fAccepted: 21 June 2010 @ Springer Science+Business Media BY 2010 Abstract
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Figure 6: The Phase I climate.cora.nwra.com website: A page showitmaated results of a scholar search of
relevant articles.
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SolveClimate.com Headlines - & hours 15 min ago
Big Economies Don't See Climate Pact This Year: U.5. (Reuters)

World powers are not aiming for a legally binding pact to fight global warming at a U.N. meeting in Mexico this year
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0l Sands Emissions 6% Above Other Oil: Study (Reuters)

Emissions from Canada's oil sands, from crude production to end use, are 6% higher than from other ail imported
into the United States, a study by energy think tank IHS CERA said on Tuesday.

Environmentalists Get Hearings into Proposed Total 0il Sands Mine Halted (Candian Press)

Environmental groups got their way Tussday when s public hearing into a proposed oil sands mine in northern Alberta
was abruptly adjourned.to review treaty rights and environmental issues.

Murkowski to Lose Senate Energy Committee Spot (New York Times)

Republicans intend to meet on Wednesday and vote to strip her of her position as the senior Republican on the
Energy and Natural Resources Committee.

Sen. Tom Carper (D-Del.] has scrapped plans to move & bipartisan bill this year that would curb harmful pawer plant
emissions through amendments to the Clean Air Act.

Commerce Committze and the Select Committes on Energy Independence and Global Warming might undergo some
rebranding.
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Meg Whitman ssid that hsd she besn governor in 2006, she would have signed the state's landmark global warming
bill -~ but, she added. if it were on her desk as governor today, she'd "probably” veta it.

Judge Rejects Massey Disaster-Probe Complaints (Charleston Gazette)

An administrative law judge has rejected Massey Energy's legal challenge to the procedures being used by federal
regulators to investigate the Upper Big Branch Mine Disaster.complaints.

Massey Chief Accuses Feds of Lying in W.Va. Probe (AP}

The embattled chief executive of Massey Energy accused federal regulators Tuesday of not making a genuine effort
to investigate the explosicn that killed 25 miners and injured two st the company's Upper Big Branch mine in West
Wirginia.

Australia May Introduce "Hybrid' Palicy on Curbing Carbon, Citigroup Says (Bloomberg)

Australiz is likely to impose a price on carbon emissions in the next three years, replacing 2 previous plan with a
blend of initiatives, induding = trading system or = tax as well as regulstion, Citigroup ssid.

Not Many Takers for BP Guif Rig Worker Fund (AP)

Fewer pecple than expected have applied for money from & $100 million fund BP set up to help deepvater rig
workers after a federal maratorium on drilling prompted by the massive ail spill.

Clinton Unveils U.S. Funds for Clean Cookstove Push (Reuters)

Secretarv of State Hillarv Clinton announced on Tuesdav a U.5. contribution of some £50 million toward oroviding
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Figure 7: The Phase | climate.cora.nwra.com website: Recent news ite the climate field, these are updated
every 5 minutes.
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9 Current Status and Future Work

The over-arching goal of this project was to create a websiieliver climate model visualizations

and products to a variety of users in an informed, yet tramspamanner. The most obvious
technical benefit of the site is its accessibility and usentlliness to clients outside the world of
climate modeling. With this system, a user with no backgcbumclimate science and no literacy
in Earth System Grid navigation will be no further from cliteanodel data than a browser, and
other ubiquitous desktop utilities (such as Microsoft Hxce

9.1 Ongoing interactions with potential clients

Our interactions with potential clients during Phase | @f fbroject were greatly encouraging. We

found that there is a great deal of interest in climate fas®og, the high resolution regional climate

modeling, and the data visualization. Also, there have laegmmber of recent news stories about
our city of Boulder, Colorado becoming the new hot place fbusiness to start up. For example
(from our website):

“A long list of communities around the country have tried tzbme “the next Silicon
Valley.” But very few have the mix of money, universities, igltech talent pool and
appealing lifestyle needed to hatch tech start-ups. Bouldsvever, has been luring
tech industry veterans and young entrepreneurs from 8Sili@ley and Manhattan
with promises of a tech community that allows for lunch-lirbékes in the foothills of
the Rocky Mountains.” - NY Timelstp://www.nytimes.com/2010/05/14/business/
14boulder.html

Latest Updates: The Boulder area is the hot spot for comalerentures in wind power gen-
eration.

1. Juwi wind moving U.S. headquarters from Cleveland to BeuRead morehttp:/iwww.
dailycamera.com/business/ci_15570559

2. Danish wind turbine company Vestas has chosen LouisfaHets fifth Colorado facility
Read morehttp://www.timescall.com/news_story.asp?ID=22647

3. ConocoPhillips chose that city to develop a sprawlingmasn- including offices, research
space, a learning center and 120 hotel rooms — that couldograplto 7,000 people within
the next few decades. Read mom://www.dailycamera.com/ci_15460109

The following is a list of clients and collaborators we haeveloped during this project:

9.2 Wind Energy Farming

The most critical aspect of producing sustainable energy fwind turbine based devices is the
speed of the wind. Predicting geographic regions that wiktkpected to experience high winds in
the future can distinguish between an economically vialelviarm, and one that cannot compete
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with grid based electricity. Because of the large costsluma in constructing a wind power
system, it is necessary to determine a priori whether aquéati site has the potential wind field
to produce the expected power, and what seasonal, annddbrager term variations in the wind
field are expected. Customer feedback and satisfactiordeflend greatly on how successful the
company’s prediction of power generation will be (Renfr@@08).

Shelby Solar and Wind, LLC is an alternate energy business located in Michigan that pro
vides solar and wind powered power generation systems $atartial and commercial purposes.
The U.S. Department of Energy (USDOE) estimates that Mahiigas the potential to be one of
the top eight states for wind energy generation in the cguntaking Michigan an attractive cus-
tomer market for wind turbine manufacturers. One of us (8t@t!) has been in discussions with
Shelby Solar and Wind, and they are a motivated potenti@htfor these services. Additionally,
this client has introduced us to Ventera Energy, WindS@kyStream, as well as the Great Lakes
Renewable Energy Association.

9.3 Conservation and Sustainable Development

Another company we have had discussions witliR&lstone Strategy Group, LLC (http:/
www.redstonestrategy.com ), a consulting firm in Boulder, CO. The company provideststia
development, and institutional and program planning sess/ito non-profit organizations that
address societal problems such as conservation and sadtai@conomic development. Red-
stone Strategy recently advised the Packard Foundatioheoprotection of coastal wetland sites
between Alaska and Chile showing a marked decline in Padiiicebird populationshp:
Ilwww.redstonestrategy.com/nonprofit/publications ). In a 2003 assessment, Redstone Strat-
egy evaluated the feasibility of sustainable economic ld@veent on the northern coast of British
Columbia. Their report explicitly singled out weather aions and climate change as important
variables to consider at remote northern latitudes.

9.4 USDA-ARS Agricultural Systems Research Unit

The Agricultural Systems Research Unitperforms systems research for developing sustainable
and adaptive integrated agricultural systems. Their plaludes modeling of climate change ef-
fects on soil water availability, crop water demand, anddpation of current cropping and range-
land systems in the Great Plains, as well creating the aecisbls for adaptations to this change.
Dr. Ahujais very interested in high resolution climate fasts of daily weather variables such as
max-min temperatures, precipitation, and wind speed, amdne currently working with him to
provide this vital information.

9.5 USDA-ARS Rangeland Resources Research Unit

The Rangeland Resources Research Ungterforms research that includes: vegetation and soill
changes in plant communities; managing for multiple usasge monitoring; invasive species;

plant-animal interactions; and climate change impactsamgelands; and evaluating rangeland
management practices in regards to their effects on greesehgas emissions and carbon seques-
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tration. They plan on using climate/weather projectionfiétp develop adaptive management
practices for ranchers and public land managers.

9.6 New Sky Energy

New Sky Energy, LLC is a carbon negative chemical manufacturing company. Teprietary
capture process technology utilizes water electrolysisctob CO2 from the air, and converts
it into safe, stable chemicals. Their business model caligie technology to be co-located at
the plants of large buyers, who in turn can produce carb@atne goods that cost the same
or potentially less than the carbon-positive competitidiey plan to use climate forecasts for
day/night temperature differences, which have a stroregetin their chemical processes.

9.7 Brookefield Renewable Power, Inc

Brookefield Renewable Power, Inc is a company working wittrbglectric stations located in
mid-Ontario and Western Quebec. These stations suffesatddmajor drought this recent spring/summer
and is ongoing. These potential clients have just recewnityacted me for information to explain
the different factors that caused this drought; and to perfa study aimed at quantifying the
probability of re-occurrence.

It is our hope that our group can continue to work on 4D visaadions of global and regional
climate data, and address specific data visualization @ned)l such as the “zoom problem”, as
well as continue to provide valuable climate model outptdrimation. This project has been very
successful and will provide a strong base for further dgualent.
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