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alter Orr Roberts

ave a very strong feeling tQai
science exists to serve huma
welfare. ltsswonderful to have the
~opportunity. given us by saciety to
- do basic research, but in return,
“We have a very important moral
" responsibility to apply that
research to behe’iitilng humanity.”
it
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National Center for
Atmospheric Research

* National Science Foundation
funded Center, >1,000
Scientists and engineers, 47
year history

e Earth System Sciences:
Computational and
Observational Science and
facilities for Weather, Climate,
Chemistry, Space We w
Society-Environment a‘

Interactions NCAR



National Center for Atmospheric
Research

« A federally funded research and development
center (FFRDC) operated by UCAR and
supported by NSF (and others)

e A national center for research and education in
the atmospheric and related sciences

e A provider of computational, data, and
observational facilities and services for thi
university community

NCAR
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Societal Impacts
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= UCAR

NCAR Directorate

July 2006

University Collaborations and New Programs

T
[ Scientific Research Divisions [l Newly Formed Institutes [ Facility and Service Providers  [] Education and Application Programs



FY2005 NCAR Expenditures by Fund Source

In Millions Total: $150.5
NOAA o
$3.6 $3.6
FAA DOD NASA 2% 501
$12.3 $11.1 $7.6 YNV °
NSF-HIAPER c 704 0 $a8 FOREIGN
$9.5 8% % 3% $2.4
6% 2%
NS$F1-§|iec COMM
. $1.8

7% %

OTHER
$2.3
2%

NSF
$81.4
55%



Themes of NCAR’s Strategy

. Integrator — Generating and |

disseminating knowledge and .
information across disciplines a

NCAH

2006

and from many sources
NCAR as an
Integrator, Innovatar,
« Innovator — Creating new mpidsabiniois gl
practices and methods across
our service, research, and

education activities

r

« Community Builder —
Organizing and supporting
the community




Threads - Our Crystal Ball

Amazing Science (weather-seasonal-
climate)

Information Technology
Decision Support
Education

Addressing grand challenges for science
and society in the decades to come

N\

NCAR



6%

E&O

ws 10 [eng

0448 O3 peziueblio

Service
57%

SJolISIA .
-

.ﬁ-

Jaysueny ABojouydal

Slopow Allunwwo)

S9JIAISS kleq

31eM1J0S

All visitors: 5% ($6.6M)

37%

SI0MISIA

oiseg

Research

S10)Jo paroallp Jofepy

NCAR — all Labs ($143.9M)

sabua|eyd puelio

0.16—
0.14—

0.00—

! I
< o
= =
s} s}

A1obare)H ul uonoeiH

NCAR

Investment ($M)

100 221 57 111 45 [185 88 93 204 65 55 117 10 33 45 11 )



700

600 -

500

400

300

200+

100

NCAR Peer-Reviewed Publications

209

172

1999

285

170

2000

357
330
178 2o
2001 2002

403
401

169 140
2003 2004

421

190

O NCAR Authors

2005ﬁ“'l

O Joint with Outside Authors k

NCAR



Total NCAR Visits In FY 2006

500 FY 2006 NCAR Visitor Universi
450 - 490 Affiliation
400~
350~
300 University
250 | Affg;%;:on
200~
150
100 138
0 | ‘ |

1 -7 days 8 - 30 days 31-90days 91-180days 180+ days



A “Model Center” for the 21st Century
Some New NCAR Scientists

30

O Female

0O Minority - | | —
20+ HEth y

101
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Science Highlights
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Nature Reveals Her Secrets Slowly...

Anomaly correlation of 500hPa height forecasts

100

o P

80 4

Day 3

Day 5

70 - {1
Day 7
60 -

50

40 4 = Morthern Hemisphere

— Southern Hemisphere

II] 1 I 1 I 1 I 1 I I I I I I I I I I I I I I I I I
8182838488687 88890800102030840850608708930001 02030405

d “Day 5” weather forecast as accurate today,as
the “Day 3” forecast was 25 years ago! yﬂ

O Both hemispheres now equally accurate (
inaccurate, depending on your point of view)NCAR



NCAR Regional Climate Modeling:
3-y Simulated Tropical Cyclone Development
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NTDA Demonstration Concept

Sample uplink message

/EXPERIMENTAL TURBULENCE FI UALIl/AN NEEUA UPLINK

-- 05 Sep 2006 21:38:13Z FL 300 orient. 83 deg
"+"=waypoint, "*"=route, “X"=aircraft at 38.3N, 80.6W
" "=no_data, "o"=smooth, "I"=light, "M"=mod, "S"=severe

(52 to 1AD)
-

*  SSSSSS

I S*SSSSSSSSS

11 1S*SSSMSSSSS

1SMS*SMMMMSSSS
SSMM*MMMMMMMM

MM*SMMMMMMMM I L

M*SSMMMMMMMM

*MMMMMMMMMMNV

*  MMIEIMMME
i

*
*
*
*
*
*
*

*
MM*MM
SM*MM
MM *MM
MMMSS S *
MMMSSM *
1 MMMM
MMMMM
M
SSS
SSS
SSS
MM

Xk b k% b kX

|
90|Left 40 2135Z (18 from 3819N/8058W)

Vertical cross-section

Flight
information

Severe
turbulence

Moderate
turbulence

Aircraft
position
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Driftsonde missions

launch on August 28th 0823 UTC; terminated on September 3rd 1600 UTC

- Driftsonde #1:

T g LR T

DiriMzonds rnjecionas and dropsonds locations on Sepiember 12" 2006

—_
r
.
—
)
==
E
=
=
=
=

— Dt #1
— Drift #2 |

Dt 4 !
— Drift i3
Dinft 76 | ® Sonde relea?e
=i} =30 =200 =10 1]
Longitude ("E)




sondes released from driftsonde #4




Atmospheric
Chemistry

NCAR



Stratosphere

\

0 50 100 150
Water Vapor (ppmv)




54-hr FORECAST valid for 1800 UTC Apr-17: 500 mb

Forecasting
Pollution
Plumes

120E 150E 180 150W  120W

0 80 120 160 200 240 280 320

* Atmospheric chemistry field campaign flight planning is aided by the ability to
forecast the occurrence of pollution plumes

* The ACD satellite and modeling groups have developed a unique tool that was used
during the Spring 2006 NSF/NCAR MIRAGE and NASA INTEX-B campaigns

* A pollution plume predictive capability was provided by the assimilation of near-real-
time MOPITT carbon monoxide data into the MOZART chemical transport model

* This clearly indicated the intercontinental transport pathways of pollution from
Chinese industry and south Asian biomass burning, guiding aircraft flight tracks




Pollution in the Mexico City Valley
(Photo taken from the NASA/UND DC-8 Aircraft)




Megacity Impacts on Regional and Global Environments
MIRAGE - IOP 1-30 March 2006

Scientific objectives:

First ever characterization of regional air quality in
Mexico

Geographical extent and temporal persistence of
the urban plume

Regional production of oxidants and radicals
Fate of hydrocarbon oxidation products
Long-range transport of reactive nitrogen
Coupled gas-aerosol processes

Evolution of aerosol radiative and microphysical
properties 1000

Regional surface-atmosphere interactions
Partners:

Agencies: NSF, DOE, NASA, Mexican govt. I o

Universities: 43 (29 US) —nNoy

About 300 non-Mexican and 100 Mexican 04 NAd " 592
participants

Tools: L N
NCAR C-130 and 5 other aircraft
3 ground-based supersites in and near Mexico City
Mobile surface laboratories

] ] ) ) ) 15.2 15.3 15.4 15.N CAﬂ
Satellite observations and numerical simulations

Local time, hrs.

100

ppbv







A Warming World...

2001-2005 Mean Surface Temperature Anomaly (°C)
Base Period = 1951-1980 Global Mean = 0.53




Climate Forcing

\ 4
[ Sea Ice ]

Extensionsto
physical climate
system to treat
forcingsmore
realistically

ESSL / NCAR



Need for High Resolution




NCAR Models can reproduce past climates

Anomalies from 1890-1919 (°C)
o o o ©
-] (%] (8)] w0

©
w

PCM Ensembles

Gllobal Average Temp?rature
I | | | | I | | 1 | | I

Observations
(Natural) volc+solar ’ -
(Anthropogenic + Natural) volc+solar+ghg+so4 ﬁ I

T I T T | T T T I T T T | T T I T T T
1900 1920 1940 1960 1980 2000

NCAR



The Development of Climate models, Past, Present and Future

Fetud- 1970 FPreser day Eary 2000s7




Putting the pieces together:

Arrrezsphee
T30
50 5 1.5 bl L

=5 3 4
E 0
HE
__'I'l _E
= o
E = =
E = s
= - Foesd luel amd

b prohsct

= 4 0.5 cement B I ||:|-|:

Venetylior 510
Sofs and detribes 1580 Surisce noran
Zi90 1020

1 3 = (& :I} j[= =]
i T
Sarire Eaola
3 x
. &2 1.6

T Intesmediate
-I:-_'-'l'l{l —e | gl ChEEp OLEAN
2 132,100

The GLOBAL C CYCLE

The GLOBAL NELE

NCAR



- Surprises in store?

Surface Melt on Greenland

Melt
descending
into a moulin,
a vertical shaft
carrying water
to ice sheet
base.

Source: Roger
Braithwaite, University of
Manchester (UK)

CAR



CCSMa3 Projections of Degradation of
Near-Surface Permafrost

ol COsME Modeled
LA Miear-Surface Permofros

| 1980 150 0
W zoB0-2099 (SRES A1B)

millions of km*

157

Area Containin
Near-Surface Permgfmst

EﬂmG Lk
SRES A2
SHES A1B
SRES B1
Commit

1900 1850 2000 2050 2100
Y

Lawrence and SIM&BS



Simulation of Future Climate
Abrupt Transitions in the Summer Sea Ice

1830-1988 Awg SEFT gice

2010-2019 Avg SEPT gice

2040-2048 Avg SEFT gice

Dapl Exlasl 107 km"

4 -

MH &varage SEP iextant

" Abrupt” _

g v :
;_'MM‘LW"A T
°F Wwﬂm“. i transition -
o3 : ~'uil .
[ Observations | -
: Simulated f )\!“‘
- 5-year running mean hL .
: M
S0k 1350 ::n'.-l" 2080 Jhﬂ:"':_ﬂ

e Gradual forcing results in
abrupt Sept ice decrease
e Extent decreases from 80 to
209%b coverage in 10 years.
* Relevant factors:
« Ice thinning
* Arctic heat transp‘
» Albedo feedback

e Winter maximum s R
smaller, gradual decreases




IMPACTS OF OCEAN ACIDIFICATION Implicatlons Of

OMN CORAL REEFS AND

oruer marine carariers [ OQcean Acidification
for Marine Life

Ocean chemistry is changing to a
state that has not occurred for
millions of years

Shell-building in marine

REFPORT OF A WORKSHOP sPONSORED BY c .
organisms will slow down

N5F NOAA USGS

JA KLEYPAS . RA FEELY . V) FABRY Reef-building will decrease, stop,
CLaMaDOM . CLSARINE . LL ROBBRIMNS
or reverse

S "/ >~ USGS Fundamental changes will occur

In marine ecosystems \
V(=
MCAR



Integrating research model and data
Into end-use knowledge systems

Weather/Climate Data E LA H N
Assimilation Models e &

Relia

Impleli\ition

Decision Tools NCAR



Solar-Terrestrial
Relations

NCAR



Ozone Recovery in the 21st Century

Global Average Total Ozone Column

315

310 : 31 #1e

— 05

Ozone (Dobson Units)
il

200 —
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Physics-Based Predictive Model of
Solar Cycle Amplitudes

= 4000 - " - y
5 Observed cycles
= 3000
0 Model "y
incorporates <5 o
poloidall, "2 1000
toroidal 2 ol -
- . 1880 1800 1920 1940 1860 1980 2000 2020
magnetic fields Time (77
o g 200
a_nd me_rldlonal Predicted cycles
circulation 18oF ]

O Cycle 24 will be
30-50% bigger
than cycle 23

(Dikpati, de Toma & Gilman, 2006, GRL, in ‘ess)

NCAR
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Faclility Highlights
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Our Progress — Investment in Science

—

rt chemistry laboratory

State-of-the-a

Access Grids

HIAPER s new home at Jeffco

Office and meeting space N CAR




Computing

NCAR



Modern Climate Model Simulations

NCAR’s Bluesky Supercomputer: Characteristics of NCAR Model:
» 1600 Processors
» Peak speed: 8.3 Teraflops » ~1 quadrillion operations/simulated year

* UN IPCC ~10,800 years simulated
» Rate of simulation: 3.5 sim. years/day

* Output: 10 GB/simulated year

e Data volume for IPCC: ~110 TB
(~200,000 Data CDs)

« Development effort: ~1 person-century

N\

NCAR



Sustained TeraFLOPs

Estimated Sustained TFLOPs at NCAR

6
5,
4
ARCS Phase4:
: POWERG6
:
3 ARCSPhase 3 __ _ ______ -
)
! i
ARCS Phase 3 C '
[ H !
1
ARCS Phase 1} i - ]
m -
2 R - IR - - e
! '
: : ! : ICESS
1 )
blackforest : : : Linux! :
(WH-1) : ' - ! ' POWER5+
' 1
1 .
1 ! | 1
blackforest : : | 1
(WH-2/NH-2) i ' y
E bluevista
0 —_— T T T
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Board Presentation, October 2006

B ICESS (IBM P5+/P6)
B IBM p5-575/HPS
(bluevista)

O 1BM Opteron/Linux
(pegasus)

O1BM Opteron/Linux
(lightning)

O01BM POWER4
Federation (thunder)

B IBM POWER4 Colony
(bluesky)

O1BM POWER4
(bluedawn)

@ SGI Origin3800/128

B 1BM POWER3
(blackforest)

O01BM POWER3
(babyblue)

NCAR



at the San Diego Supercomputer Center, the Texas Advanced Computing Center, t

University of Chicago / Argonne National Laboratory, the National Center for

Supercomputing Applications, Purdue University, Indiana University, Oak Ridge NL
Laboratory, the Pittsburgh Supercomputing Center, and the National Center for Atmospﬁﬁ‘q‘R

The TeraGrid is a facility that integrates computational, information, and analysis res%as

Research.



Capability Computing - 2009










$25 B in new satellite missions 2001-2007

Meteor/
SAGE

,‘\
e
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SeaWiFs ¥

Terra



Education
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5t NCAR Undergraduate ®
Leadership Workshop
June 19-23

Gifted college juniors are
nominated by faculty and convene in
Boulder for 5 days, co-sponsored by
universities and NCAR

Goals for students:

Gain knowledge of state-of-the-art multi-
disciplinary research, facilities, models, &
technology developed and utilized at NCAR
and NOAA

Meet scientists who describe their research,
career paths, and challenges encountered
along the way

Study models of leadership and consider
Importance of leadership in the sciences

Establish a network of student peers from
leading programs in the geosciences




ASP Graduate Visitor Program

Enhancing NCAR partnerships with other public and private

institutions

New program in 2006

Funds graduate student
visits to NCAR for 3-12
months in order to conduct
research in pursuit of their
thesis

Funding also available for
advisor visit

NCAR scientist applies on
behalf of student and thesis
advisor

Received 24 applications.
19 Funded with 13 advisor
visits

Graduate visitors and postdocs hiking*d®

the ASP fellows’ social in August 2006. N CAR



International Postdoctoral Scientist
Network for Earth Systems Science

Goal: To foster global collaborations among young scientists
on integrative research to better understand the role of
humans in perturbing biogeochemistry and climate.

First workshop in June, 2005 in
Breckenridge, Colorado:

52 participants from 17 countries,
including India, Bangladesh,
Zimbabwe, Ghana, Nigeria, Argentina
and Brazil

33 also attended CCSM workshop

*To meet at larger scientific meetings,
e.g., AGU this year and another
workshop in 2006

Funded by AIMES, NCAR-SERE, NCAR-ASP, NSF, MPI and participant organizations

w



Summary:
The Challenge of Simulating the Global
Earth System

Atmosphere Hydrosphere Cryosphere Biosphere

» The geosciences community is poised for petascale capabilities
* A balanced system is needed (cycles, software, data, net , etc.)
» The system must address capability and capacity computwﬁ
» The societal and national need for such a system is growi
NCAR





