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The NESL Mission:
To advance understanding of weather, climate, atmospheric composition and processes;
To provide facility support to the wider community; and,
To apply the results to benefit society.
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The administrative structure that is now in place (see Q1) provides a central executive where all major decisions are made collectively. And the NESL administrative structure ensures uniform application of decisions, common processes, and equitable treatment across the laboratory.



NESL and the Research Divisions

Atmospheric Chemistry Division

* World-leading research aimed at quantifying and predicting role of
atmospheric chemistry in the Earth system:

v" evaluating effects of emissions, deposition, transport and chemical
transformations on atmospheric composition

v improving understanding of mechanisms and quantifying coupling of
chemical and dynamical processes in the atmosphere

v" developing and deploying chemistry instrumentation to support the
scientific needs of NCAR and the broader community

v" developing and maintaining state-of-the-science communlty chemlstry
and aerosol modellng tools NN SR
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e.g., ACD: these capabilities are especially relevant for addressing future challenges linked to air quality, climate change and ozone depletion on regional and global scales with regard to population growth and economic development


Mesoscale and Microscale
Meteorology Division (MMM)

- Imperative: advance ~D€adly Tornado Outbreak: 27-28 April
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WRF – including WRF-Chem, etc. but all of the physics, …

April 27 and April 28, 2011, brought the deadliest tornado outbreak in the United States since 1974. By dawn on April 28, at least 250 people had been killed in 6 states. Alabama was the hardest hit, with 162 confirmed dead as of Thursday morning.
This image shows the storms at 1:45 p.m. U.S. Central Daylight Time on April 27, and the animation shows the development of the weather system that spurred the widespread tornadoes. The images are from the GOES satellite.
The animation starts on April 26 and runs through the morning of April 28. The ingredients for severe weather are evident in the cloud patterns. A relatively stable mass of cold air—visible as a swirl of more-or-less continuous clouds—rotates in the north along the top of the image. Meanwhile, moist air pushes north and west from the Atlantic Ocean and Gulf of Mexico. The warm air contains small low clouds.
The collision between two such air masses is enough to generate severe weather, but the weather also was amplified by the jet stream on April 27. Though not directly visible in the image, the narrow band of fast-moving wind blew north and east between the two air masses. With surface winds blowing from the south and east, and the jet stream blowing from the west, powerful smaller-scale circulation patterns generated lines of intense thunderstorms.
The thunderstorms shown in this image began to rise over Louisiana midway through the day on April 27—around 16:00 UTC or 11:00 a.m. local time—and moved across Mississippi and Alabama through the afternoon. Forming along and ahead of the turbulent boundary between the air masses, the storms move east and north with the jet stream. The bright white spots within the clouds are very active storms, quite probably the systems that generated tornadoes.
Throughout the day, many such storms arose over the South. The slow eastward progression of the upper-level system permitted successive storms to affect the same region for a much longer time span than usual. According to the National Weather Service, more than 150 tornadoes were reported throughout the day.
The images in this animation are from the GOES satellite, a geostationary satellite whose orbit keeps it above the same spot on Earth at all times. Such an orbit allows the satellite to image the movement of clouds every few minutes, observations that are necessary for weather monitoring and forecasting. GOES is a joint NASA and NOAA satellite.



Climate and Global Dynamics Division

» Advance understanding of the Earth’s climate system components and
the interactions among them;

» Represent this understanding in models of the components and of the
coupled system; and

 Further understanding by applying the models to scientific and societal
guestions and thereby provide a basis for prediction of weather & climate
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The Community Earth System Model

www.cesm.ucar.edu

CESM: a set of different geophysical

component models that exchange |\/|Qde|ing the Earth System
boundary data via a coupler

Code base developed over 20+ yrs:

runs on multiple platforms, resolutions
Incoming Solar

and model configurations Energy oing Hest
. Transition from .
CESM is used to: Solid to Vapor Cirrus Clouds
Stratus Clouds uﬁvﬂﬁ%ﬁ"ﬁw
Explore Earth climate history and ot Exchanges - cumulus

processes responsible for variability
and change

Estimate future of environment for
policy formulation

Developed by NCAR NSF, DOE,
Universities, National Laboratories

Fully documented, frequently and freely
distributed, fully supported releases

Capacity Building (e.g., tutorials and
workshops)
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Community Use
and Involvement
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A Community Resource

NCAR ESG-CET portal cumulative download volume (GB)
B 350,000

Y £ 300,000
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January 2005 — May 2011

Over 3,000 sites from 130+ countries
>320 TB since January 2008
>1500 Reqistered Users of CESM1.0

Courtesy Gary Strand
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Community Involvement: CESM Management

CESM Advisory
Board

CESM Scientific
Steering Committee

CESM is primarily sponsored by
the National Science Foundation
and the Department of Energy

BioGeo- Polar
Chemistry
Paleo- Land
Climate Ice
Chemistry- Software Societal
Climate Engineering Impacts
Climate Whole
Atmosphere Variability Atmosphere Land
Ocean Climate
Change

CESM

http://www.cesm.ucar.edu/management
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Major Activities and

Achievements
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. CESM Releases and Simulations

e CESM release mechanism

v New release infrastructure: code, diagnostics and input data are
obtained via subversion servers

v" First version of CESM and supporting documentation was
released for community use in June 2010 (CCSM4.0 in April 2010)

v' Enhanced documentation, diagnostics and revamped web pages

Atmosphere ang | Ocean Land lce
Models Models

= B - g 3
. " . — T
: Caagh —— =
,‘(z ] "“'1---; v = -
lce CodE

¥ CESMPOP {PO_PzJ } Community lce Sheet

} Climatological/Slab-Ocean
Data Model (DOCN)

« Benchmark and CMIP-5 simulations

v" Control, historical, initialized decadal prediction and climate change
v' CCSM4.0 and CESM (CAM5, CAM-CHEM, WACCM, BGC)

v All Core, and most Tier 1/2, experiments complete & available (ESG)
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Also - I want to add two other points to the slides I sent yesterday. First, the ultra-high resolution configuration is only being released as a proof of concept - primarily for benchmarking purposes for vendors. Jim has been able to run it on the Cray XT5 at NERSC for 5 days. That said, it does represent a milestone in what we have been able to achieve with the system. Second, the scaling plot I have sent you was created by Pat Worley. �
This update provides the community with new scientifically supported components sets, including the capability of running the CMIP5 20th Century simulation, along with the RCP 8.5, RCP60., RCP4.5 and RCP2.6 scenarios. The update also includes new science changes, particularly for CAM and CLM. This includes new CAM5.1 physics, optional CLM crop and irrigation capabilities, and new WACCM capability to output history along satellite tracks and be driven by specified dynamics (see Notable Improvements).


CESM Experiments and Diagnostics
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Many New Results
and Capabilities

Special Collection J. Climate Papers:
http://www.cesm.ucar.edu/publications/pub.info.html

or at AMS:
http://journals.ametsoc.org/page/CCSM4/CESM1
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http://www.cesm.ucar.edu/publications/pub.info.html�
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Improved Variability
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ENSO in CESM and other models
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ENSO period (determined from the frequency of maximum spectral �power of the Niño3.4 Index) vs. the meridional width of the zonal wind �stress anomalies (Ly) for the 9 CMIP3 models used in Capotondi et al. �(2006; blue dots identified by number), GFDL_CM2.1 (pink dot), CCSM4-1° �(green dot), ERA-40/SODA (red filled circle), and NCEP Reanalysis/INGV �(red open circle). Note that CCSM4-1° lies within the range of the �observational estimates. 


ENSO in CESM and other models
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ENSO period (determined from the frequency of maximum spectral �power of the Niño3.4 Index) vs. the meridional width of the zonal wind �stress anomalies (Ly) for the 9 CMIP3 models used in Capotondi et al. �(2006; blue dots identified by number), GFDL_CM2.1 (pink dot), CCSM4-1° �(green dot), ERA-40/SODA (red filled circle), and NCEP Reanalysis/INGV �(red open circle). Note that CCSM4-1° lies within the range of the �observational estimates. 


ENSO in CESM and other models

5 | ' T T T
CMIP3 CM.Z-]- Observations
4 1 5
®

Period (yrs)
@8

mIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

2
CCSM3 |
o Czlipotlondll et fﬂ.l. (|200|6); [?eselr etlal. (.201.1)
1 10 15 20 25
L, ("latitude)

Period = freq of max spectral power of Nifio3.4 SST
L, - width of zonal wind stress anomalies

G )y Visitof NTU CCSD NESL Climate Change Research , lim Hurrell ﬁ
p 29 August 2011 jhurrell@ucaredu  year


Presenter
Presentation Notes
ENSO period (determined from the frequency of maximum spectral �power of the Niño3.4 Index) vs. the meridional width of the zonal wind �stress anomalies (Ly) for the 9 CMIP3 models used in Capotondi et al. �(2006; blue dots identified by number), GFDL_CM2.1 (pink dot), CCSM4-1° �(green dot), ERA-40/SODA (red filled circle), and NCEP Reanalysis/INGV �(red open circle). Note that CCSM4-1° lies within the range of the �observational estimates. 


ENSO in CESM and other models
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ENSO period (determined from the frequency of maximum spectral �power of the Niño3.4 Index) vs. the meridional width of the zonal wind �stress anomalies (Ly) for the 9 CMIP3 models used in Capotondi et al. �(2006; blue dots identified by number), GFDL_CM2.1 (pink dot), CCSM4-1° �(green dot), ERA-40/SODA (red filled circle), and NCEP Reanalysis/INGV �(red open circle). Note that CCSM4-1° lies within the range of the �observational estimates. 


@Equatorial SST Observations CES
Composites - |

|
I
[
]
=)
+
N
|
T
[
I
=)

- May+l

El Nifio -

Jan
S 'lMay+

Latitude/Time
Ccross-sections

- Jan*
| Sepﬂ

+1

— May

La Niﬁa | - Jan"

(]

Sep

May®

0

T 77171 Jan’ 11— 771 Jan
150E 180 150W 120W 90W 120E 150E 180 150W 120W 90W

Deser et al. (2011) M T 777 O[] 1—1.5 I

2 -15 -1 -06 0 05

Visit of NTU CCSD NESL Climate Change Research ) Jim Hurrell ﬁ
29 August 2011 jhurrell@ucar.edu  year



Presenter
Presentation Notes
Similar to observations (Ohba and Ueda 2009; Okumura and Deser 2010), �CCSM4-1° exhibits clear asymmetries between the warm and cold phases of �ENSO. The most striking asymmetry is the extended duration of LN through �Feb+2, more than a year following the peak of the event in Dec0, compared �to EN which transitions to a weak LN event starting in Jun+1. Another �notable difference is that the eastern equatorial Pacific SST anomalies �extend approximately 20°-30° of longitude farther west during LN compared �to EN. In contrast, warm and cold events are nearly mirror images of one �another in CCSM3-T85: both last approximately 12 months and transition to �the opposite sign in the following year. 


“Compared to other global coupled models,
CCSM4 exhibits relatively high skill in simulating
Intraseasonal oscillations. [Itf] has pronounced
energy in the MJO band and is comparable to the
best models [analyzed in Kim et al. 2009]

Subramanian et al. (2011)
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The attached plots show a composite MJO event based on combined EOFs of intraseasonaly filtered OLR,U200,U850. They contribute to each of the eight sectors round the equator if their normalized combined PCs exceed a threshold value. ��Of course you won't have time to explain all that, but the bottom line is that this diagnostic picks out the strength of the intraseaonal convectively/dynamically coupled propagating signal. So this is more robust than looking at single fields alone. ��Remaining problems. �-Still a little too fast �-Problems in the Indian Ocean with too much westward propagating events 

In general, the CCSM4 generates a realistic succession of phases associated with MJO
(Fig. 13), very similar to those from observations (Fig. 14) in many respects. The model
16
phases dier from those in observations in a few details. The convection in phase 3 in the
model composite occurs o the equator rather than over it as in observations (consistent
with the variance plots of OLR in Fig. 4). From phase 3 to phase 5, westerlies increase
in the eastern Indian Ocean and intensify convection over the Maritime continent, but not
as strongly as observations. The intensity of the OLR in the model is also lower and more
widespread in model phases 3 - 6 compared to those in observations. Compared to a similar
composite shown by Zhou et al. (2011) for CCSM3.5, CCSM4 exhibits a more realistic
OLR pattern over the Indian Ocean region during the initiation phase and more coherent
propagating components across the maritime continent. Likewise, the phase composites for
CCSM4 exhibit much more organized patterns of MJO propagation than found by Zhang
and Mu (2005) for CCM3.

Compared to other global coupled models, CCSM4 exhibits relatively high skill in simulating
these intraseasonal oscillations. As compared to the models analyzed in Kim et al.
(2009), CCSM4 has pronounced energy in the MJO band and is comparable to the best
models listed, viz., ECHAM4 and SPCAM. Also, the period and energy of the simulated
ENSOs in CCSM4 are much improved compared to its previous CCSM versions

Changes in parameterizations and higher resolution + fully coupled

MJO activity (dened as the percentage of time the MJO index exceeds
1.5) is enhanced during El Ni~no events compared to La Ni~na events both in the model
and observations. MJO activity is increased during periods of anomalously strong negative
meridional wind shear in the Asian Monsoon region, and also during strong negative Indian
Ocean Zonal Mode states, in both the model and observations.
E-mail: acsubram@ucsd.edu
1
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Northern Hemisphere Temperature
(Last Millennium 850-2005)
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Jim,

Plotted is the NH annual surface temperatures (as anomalies from the 1500-1899 mean).  For CCSM4, we show both the annual values (light gray) and the smoothed Gaussian weighted time series filtered to remove fluctuation on time scales less than 30 years (black).  Colored line are different proxy reconstructions, also smoothed.

CCSM4 generally falls within uncertainty of proxy reconstructions and confirming the so-called “hockey stick” behavior - Northern Hemisphere average cooling from the early portion of the second millennium - the so-called Medieval Climate Anomaly - into the Little Ice Age, and then warming in the second half of the 20th century to average temperatures outside the range of the last 1300 years.

Volcanic cooling may be overestimated, though there is considerable uncertainty in the reconstructions of volcanic eruptions.  For example, the 1257-1258 CE mega-eruption is still of unknown origin, puzzling since that size eruption should have left its mark in the historical or geological record.  Rather than one mega-eruption in the tropics, possibly may have been two (or more) near-simultaneous high latitude events in the NH and SH.
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Globally averaged surface air temperature time series for the all-forcings run compared to the natural-forcings only and observations are shown in Fig. 2.  As for earlier model versions (e.g. Meehl et al., 2004, for PCM), both the all-forcings and natural forcings-only show qualitative agreement with the observations, with globally averaged surface temperatures in both increasing in the early part of the century, and then leveling off from about the 1940s to the 1970s.  However, the addition of anthropogenic forcings to the natural forcings produces better agreement with the time evolution of observed temperatures in the latter part of the 20th century.    After  1975, the warming trend in the observations has been 0.54C , while in CCSM4 it is 0.71C  (calculated as the trend per year from 1975-2005 multiplied by 31 years).   
 
The time evolution of global temperature in models and observations has been attributed mostly to natural factors in the early part of the century (the increase in solar forcing and relative dearth of volcanic eruptions and their associated cooling), a rough balance between the warming from increasing GHGs and cooling from aerosols in the post-war years until the 1970s, and then the decrease of cooling from aerosols with ever-increasing warming from GHGs after the mid-1970s (e.g. Meehl et al., 2004;  Hegerl et al 2007).
Since the CCSM4 is warmer than observed with a trend from 1975 to 1999 of 0.46C  (compared to 0.43C for PCM, 0.49C  for CCSM3 and 0.40C  for observations, calculated as the trend per year multiplied by 25 years), it may be tempting to speculate that, if the indirect effect of sulfate aerosols were included, the CCSM4 could be cooled down somewhat and come into closer agreement with the observations.  Neither the PCM nor CCSM3 had the indirect of sulfate aerosols either, but their lower equilibrium climate sensitivities and TCR likely contributed to their better agreement with the observations.   Presumably, if enough negative forcing from the missing sulfate aerosol indirect effect were added to CCSM4, it could be made to be in closer agreement with the observations.




Anthropogenic Aerosol Affects: CESM1 (CAMS)
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20th Century Surface Temperature Change
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Future Climate
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North Amerlcan Annual Surface T (°C)

(1900-2005)
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North Amerlcan Annual Surface T (OC)

(1900 2100)
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Extremes: Number of Warm Days
End of 20t Century End of 21° Century
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Future Directions:

New Capabilities and
Higher Resolution
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Community Ice Sheet Model in CESM

e Greenland grids at 5, 10 and 20 km are supported Red = net accumulation
« RACMO and 1° CESM in excellent agreement Blue = net ablation
* Net surface mass balance = 361 Gt yr! in 1° CESM

Courtesy of M. Vizcaino
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Preparing CESM for Petascale Computing

v Significant computing resources are being directed toward
high resolution, climate-length runs (e.g., 25-km atmosphere
and 0.1° ocean simulations for several decades)

v Higher resolution and regional mesh refinement in CESM
(cubed sphere based dynamical core)

v Experiments with new NESL (MPAS) dynamical core underway

CESM1 F1850, ATM component, BGP

=e-HOMME 0.25 degree
2 —e-FV 0.25 degree
—A—EUL T340

Simulated Year:
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High Resolution Global Climate Simulations
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A ; NCAR is sponsored by the National Science Foundation
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