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Research
Highlights

Abrupt increase in Indian Ocean heat content during the warming hiatus:

Global mean surface warming has stalled since the end of the 20th century, but the net
radiation imbalance at the top of the atmosphere continues to suggest an increasingly
warming planet. This apparent contradiction has been reconciled by an anomalous heat flux
into the Pacific Ocean, induced by a shift toward a La Nina-like state over the past decade
or so. This study found that the enhanced heat uptake by the Pacific Ocean has been
compensated by an increased heat transport from the Pacific Ocean to the Indian Ocean,
carried by the Indonesian throughflow. As a result, Indian Ocean heat content has increased
abruptly during the warming hiatus (Lee et al., 2015) [highlighted in EOS and Nature].

Spring persistence, transition and resurgence of EI Nino:

An objective method is presented to explore the differences in the space-time evolution of
equatorial Pacific SST anomalies observed during EI Nino events. This inter-EIl Nino
variability is captured by two leading orthogonal modes, which explain more than 60% of
the inter-event variance. The first mode illustrates the extent to which warm SST anomalies
in the eastern tropical Pacific persist into the boreal spring after the peak of EI Nino. The
second mode captures the transition and resurgence of El Nino in the following year (Lee et
al., 2014b).

What drives the southern subtropical anticyclones in austral winter?:

The southern subtropical anticyclones are notably stronger in austral winter than in summer,
which is in contrast with the Northern Hemisphere in which subtropical anticyclones are
more intense in boreal summer consistent with the monsoon heating paradigm. Specially
designed model experiments show that during boreal summer enhanced tropical convection
activity in the Northern Hemisphere plays important roles in strengthening the southern
subtropical anticyclones (Lee et al., 2013b).

An optimal ENSO phase for U.S. tornado outbreaks:

Among the top ten extreme U.S. tornado outbreak years during 1950-2010, seven years
including the top three are identified with a strongly positive Trans-Nifio phase. Modeling
experiments suggest that a positive Trans-Nifio phase provides large-scale atmospheric
conditions conducive to intense tornado outbreaks over the U. (Lee et al., 2013a)
[highlighted in Bulletin of the American Meteorological Society as Paper in Note].

What caused the significant increase in Atlantic ocean heat content since the mid-20th
century?:

As the upper layer of the world ocean warms gradually during the 20th century, the inter-
ocean heat transport from the Indian to Atlantic basin should be enhanced, and the Atlantic




Ocean should therefore gain extra heat due to the increased upper ocean temperature of the
inflow via the Agulhas leakage. Consistent with this hypothesis, instrumental records
indicate that the Atlantic Ocean has warmed substantially more than any other ocean basin
since the mid-20th century. A surface-forced global ocean-sea ice coupled model is used to
confirm this hypothesis (Lee et al., 2011b) [highlighted in Nature as Community Choice].

Delayed advective oscillation of the AMOC:

A simple dynamic model is proposed to illustrate the multidecadal oscillation of the AMOC.
The proposed oscillation relies on alternating actions of positive and negative feedbacks,
which are operated by a slow adjustment of the ocean circulation and the associated time
delay in the advective flux response to meridional density gradient perturbation (Lee et al.,
2010a).
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Inter-ocean exchanges and regional sinks of heat during the warming hiatus (Invited),
Annual AGU Meeting, December 14 — 18, 2015, San Francisco, CA.

Springtime ENSO flavors and their impacts on US regional tornado outbreaks, Annual
AGU Meeting, December 14 — 18, 2015, San Francisco, CA.

ENSO phase evolution and its relationship to tornado outbreaks (Invited), NOAA
Climate and Severe Weather Workshop, March 11-12, 2015, College Park, MD.
Interhemispheric influence of the northern summer monsoons on the southern
subtropical anticyclones, 26th Conference on Climate Variability and Change, 2014
Annual AMS Meeting, February 2 - 6, 2014, Atlanta, GA.

ENSO phase transition in spring and its potential impact on tornado outbreaks in the
US, 26th Conference on Climate Variability and Change, 2014 Annual AMS Meeting,
February 2 - 6, 2014, Atlanta, GA.

Trans-Nifio and springtime tornado outbreaks in the US, US CLIVAR ENSO Diversity
Workshop, February 6 - 8, 2013, Boulder, CO

Atlantic Warm Pool SST Bias in HYCOM, OFCM - 65th Interdepartmental Hurricane
Conference, February 28 - March 3, 2011, Miami, FL.

Is there an optimal ENSO pattern that enhances large-scale atmospheric processes
conducive to major tornado outbreaks over the US?, NOAA Workshop - Monitoring
Changes in Extreme Storm Statistics: State of Knowledge, July 25-27, 2011, Asheville,
NC.

What caused the significant increase in Atlantic Ocean heat content since the mid-20th
century?, US CLIVAR Workshop on Coupled Ocean-Atmosphere-Land Processes in
the Tropical Atlantic, March 23-25, 2011, Miami, FL.

Why does the Atlantic Thermohaline Circulation oscillate on multidecadal timescales?,
US CLIVAR 2010 Atlantic Meridional Overturning Circulation (AMOC) Annual
Meeting, June 7 - 9, 2010, Miami, FL.

Simulation of Atlantic warm pool in the Hybrid-Coordinate Ocean Model, OFCM -
64th Interdepartmental Hurricane Conference, March 1-4, 2010, Savannah, GA.

What Drives Anomalous Warming of Atlantic Warm Pool (AWP) in Boreal Summer?,
AGU - The Meeting of the Americas 2008 Joint Assembly, May 27-30, 2008, Fort-
Lauderdale, FL.

OGCM sensitivity experiments on the annual cycle of Western Hemisphere warm pool,




Layered Ocean Model Users' Workshop, January 26 - 28, 2005, Miami, FL.

Poster presentations:
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16.

17.

18.

19.

Observations for Climate: The need for an ocean observing system in the Caribbean
and Gulf of Mexico for improving seasonal outlook and intensity forecast of hurricanes,
WCRP Open Science Conference, October 24 - 28, 2011, Denver, CO.

Why does the Atlantic Thermohaline Circulation oscillate on multidecadal timescales?,
AGU Ocean Sciences meeting, February 22-26, 2010, Portland, OR.

Future impact of differential inter-basin ocean warming on Atlantic hurricanes, WCRP
Workshop - Predicting the Climate of Coming Decades, January 11-14, 2010, Miami,
FL.

Why do some EI Nifio have no impact on tropical North Atlantic SST, AGU Ocean
Sciences meeting, March 2-7, 2008, Orlando, FL.

OGCM study of the Western Hemisphere Warm Pool, US CLIVAR Atlantic Science
Conference, January 31 - February 2, 2005, Miami, FL.

OGCM study of the interannual variability of Western Hemisphere warm pool,
NOAA's 29th Annual Climate Diagnostics and Prediction Workshop, October 18-22,
2004, Madison, WI.
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Past Research
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Currently funded research projects:

1.

NOAA/CPO MAPP Program: Toward developing a seasonal outlook for the
occurrence of major U. S. tornado outbreaks, Pls: S.-K. Lee, R. Atlas, C. Wang, D.
Enfield, and S. Weaver, $430K, Aug/2012 - Sep/2015.

NOAA/CPO MAPP Program: Variability and predictability of the Atlantic warm pool
and its impacts on extreme events in North America, Pls: C. Wang, S.-K. Lee and D.
B. Enfield, $442K, Aug/2012 - Sep/2015.

NASA/BIOCLIM Program: “Management and conservation of Atlantic bluefin tuna
(Thunnus Thynnus) and other highly migratory fish in the Gulf of Mexico under IPCC
climate change scenarios: A study using regional climate and habitat models”, M. A.
Roffer, J. T. Lamkin, F. E. Muller-Karger, S.-K. Lee, B.A. Muhling and G.J. Goni,
$857K, Sep/2011 - Aug/2015.

NOAA/OAR: "CIMAS contributions to OAR disaster recovery act projects”, PIs:
S.-K. Lee, $1,983K, Feb/2014 - Jan/2016.

NOAA/OA Program: "High-resolution ocean-biogeochemistry modeling for the East
and Gulf coasts of the U.S. in support of the coastal monitoring and research objectives
of the NOAA OA Program", Pls:, S.-K. Lee, R. Wanninkhof, Y. Liu, L. Barbero, and
R. van Hooidonk, $267K, Jun/2015 - Sep/2017.

NOAA/NGI: "Predicting the impact of anthropogenic climate change on physical and
biogeochemical processes in the northern Gulf of Mexico", Pls: F. Hernandez, S.-K.
Lee, J. Lamkin and Y. Liu, $132K, Oct/2015 - Sep/2016.

NOAA/CPC: "Building a pilot seasonal outlook for the occurrence of major US tornado
outbreaks in support of the operations at NOAA’s Climate Prediction Center", PIs:
S.-K. Lee and S. Weaver, $70K, Oct/2015 - Sep/2016.

Past projects:

8.

9.

10.

NSF/GEO/ATM Program: “What causes the tropical Atlantic SST bias in CCSM3?”,
Pls: S.-K Lee, D. Enfield, B. Kirtman and C. Wang, $366K, Feb/2009 - Jan/2012.
NOAA/CPO MAPP Program: “Diagnostic and modeling studies on impacts,
mechanisms and predictability of the Atlantic warm pool”, Pls: C. Wang, D. Enfield
and S.-K. Lee, $318K, Jul/2009 - Jun/2012.

NOAA/NHC JHT Program: “Improving predictability of the Atlantic Warm Pool in
ocean model for assistance to operational hurricane forecast”, Pls: C. Wang, S.-K. Lee




11.

12.

13.

and C. Lozano, $185K, Aug/2009 - Jul/2011.

NOAA/FATE Program: “Predicting the effects of climate change on bluefin tuna
(Thunnus thynnus) spawning in the Gulf of Mexico using downscaled climate models”,
Pls: B. Muhling, S.-K. Lee, M. Schirripa, and W. Ingram, $93K, Apr/2010 - Mar/2011.
NSF/GEO/ATM Program: “Collaborative research: The Southern subtropical
anticyclones”, Pls: S.-K. Lee, C. Mechoso and C. Wang, $328K, Jan/2011 - Dec/2013.
NOAA/CPO CPPA Program: “Climate impacts of the Western Hemisphere warm pool
on the Americas”, Pls: C. Wang, S.-K. Lee and D. Enfield, $300K, Apr/2006 -
Mar/20009.
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NOAA/CPO’s Climate Prediction Task Force (CPTF) team member (2012 - present)
NOAA Team Member of the Month (October, 2012)

Reviewed about 70 ocean and climate related papers for peer-reviewed journals
including Nature Geoscience, Nature Climate Change, Journal of Climate, Journal of
Physical Oceanography, Journal of Atmosphere Sciences, Journal of Atmospheric and
Oceanic Technology, Theoretical and Applied Climatology, Climate of the Past,
Oceanography, Journal of Oceanography, Journal of the Meteorological Society of
Japan, Dynamics of Atmospheres and Oceans, Geophysical Research Letters, Climate
Dynamics, Monthly Weather Reviews, Scientific Reports, Deep Sea Research and EOS
Reviewed 7 NSF proposals and 2 NASA post doc proposals

Co-authored a white paper “Advancing the Nation’s capability to anticipate tornado and
severe weather risk” (2013)

Co-authored a white paper “Climate Scenarios: A Florida-Centric View” (2011)
Co-prepared NOAA'’s State of Science Fact Sheet: “Tornado, Climate Variability and
Climate Change” (2013)

Lee et al., (2015) was highlighted by Nature, EOS and NOAA (May 2015)

Muhling et al., (2015) was highlighted by NOAA (February 2015)

Lee et al., (2013a) was highlighted in February 2013 issue of Bulletin of the American
Meteorological Society as Paper to Note.

Lee et al., (2011b) was highlighted in October 6, 2011 issue of Nature as Community
Choice.

Wang et al., (2011) was highlighted in October 21, 2011 issue of Science as Editor’s
Choice.




