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Foreword 
Dr. Peter J. Webster has had a stellar career as a scientist, educator and leader in the field of tropical 

dynamics and climate. His groundbreaking and influential studies have guided research in the field for 
several decades. His seminal works on the theory of equatorial atmospheric waves, tropical-extratropical 
interaction, monsoons, predictability and prediction, atmosphere-ocean coupling, and the global 
hydrological cycle have substantially improved our ability to understand and predict the weather-climate 
system.  

Dr. Webster has set an outstanding example of a scientist advancing and applying research for the 
betterment of society in the developing world. Based on his fundamental research on monsoon dynamics 
and predictability, Dr. Webster demonstrated that storms and floods in South Asia are predictable one to 
two weeks in advance. He applied statistical post-processing to global model forecasts to produce highly 
reliable forecasts of extremely dry and wet spells and combined his forecast framework with a river 
runoff model to predict with remarkable accuracy the probability of floods that devastate many parts of 
South Asia. He made numerous trips to Bangladesh, Pakistan, India and other countries in the region 
where people suffer from high vulnerability to monsoonal floods. There, he worked with local 
government organizations and scientists to get probabilistic flood forecasts to local communities, thereby 
saving lives and reducing crop damages.  

Dr. Webster has mentored and advised 76 students and postdoctoral fellows from all over the world. 
They now have successful careers in many science and non-science fields in North and South Americas 
and in Asia. He has inspired many of his peers and younger generations of scientists to think broadly and 
innovatively. 

Dr. Webster is one of the foremost international leaders in atmospheric science. With his vision and 
creativity, Dr. Webster conceived, organized, and executed major international field campaigns, including 
EMEX, TOGA COARE, and JASMINE, and played a major role in MONEX. In particular, under his 
leadership, TOGA COARE, one of grandest tropical field campaigns in atmospheric and oceanic 
sciences, successfully collected observations that have served as cornerstones for advancing our 
understanding of tropical dynamics and air-sea interaction and improving weather and climate models. 

Dr. Webster’s accomplishments and contributions have earned him prestigious national and 
international recognition. He is a Fellow of the American Meteorological Society, American Geophysical 
Union, American Association for the Advancement of Science, Royal Meteorological Society, Humboldt 
Foundation, and an Honorary Fellow of the Chinese American Oceanic and Atmospheric Association and 
Royal Meteorological Society. He has been awarded the Jule G. Charney Award, Carl Gustav Rossby 
Research Gold Medal, Adrian Gill Medal, Mason Gold Medal, Bernhard Haurwitz Memorial Lecturer, 
Jule G. Charney Lecturer, AGU International Award, and Prince Sultan Bin Abdulaziz International 
Creativity Prize for Water, among others.  

This AMS named symposium in honor of Dr. Peter Webster provides an excellent opportunity to 
celebrate his remarkable achievements in science and education. This symposium also highlights the most 
recent advancements in the fields profoundly influenced by him.  

We thank all invited and contributing authors for their oral and postal presentations. We also thank 
AMS, especially Sotiria Qirjazi, for making this symposium possible.  

 
Organizing Committee 
John Fasullo (NCAR), Greg Holland (NCAR), Hyemi Kim (Stony Brook University), William Lau 
(University of Maryland), Tim Palmer (Oxford University), Carolyn Reynolds (Co-Chair, Naval Research 
Laboratory), Violeta Toma (Georgia Institute of Technology) Song Yang (Sun Yat-Sen University), 
Chidong Zhang (Co-Chair, NOAA Pacific Marine Environmental Laboratory) 
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Biography of Dr. Peter J. Webster 
 

Education 

1972 Ph.D.  Massachusetts Institute of Technology, Cambridge, Mass. USA 
1964 BSc     Royal Melbourne Institute of Technology, Melbourne, Australia 
 
Professional 

2010- Professor, Earth and Atmospheric Sciences, Georgia Institute of Technology 
2002-2010 Professor, Civil and Environmental Engineering, Georgia Institute of Technology 
2012- Consultant, Natural Resources Defense Council: “Predicting heat stress in Gujarat, 

India”.  
2011- Consultant, World Bank on Pakistani/Bangladeshi flooding 
2011- Consultant, World Bank on the Bangladesh Sundarbans NLTA 
2009 Consultant, World Bank. Tropical cyclone hazards in the Caribbean.  
2006- Chief Scientist, Climate Forecast Applications Network 
1992-2002  Director and Professor, Program in Atmospheric and Oceanic Sciences, University 

of Colorado, Boulder, Colorado 
1983-1992  Professor of Meteorology, The Pennsylvania State University 
1990-1991  Visiting Scientist, European Center for Medium Range Weather Forecasts, Visiting 

Professor, University of Reading 
1982-1983  G. J. Haltiner Chair Professor, Department of Meteorology, Naval Postgraduate 

School, Monterey, California, USA 
1979-1983  Adjunct Professor, Department of Mathematics, Monash University, Melbourne, 

Australia 
1981-1982 Visiting Professor, TATA Institute of Fundamental Research, Indian Institute of 

Science, Bangalore, India 
1977-1983 Principal Research Scientist, Division of Atmospheric Physics, CSIRO, Melbourne, 

Australia  
1973-1977  Assistant Professor, Department of Atmospheric Sciences, University of 

Washington, Seattle, U.S.A. 
1972-1973 Post-Doctoral Fellow, Department of Atmospheric Science, University of 

California, Los Angeles, U.S.A. 
 
Committees and Appointments 
 
2015 Past-President: Atmospheric Sciences Section, American Geophysical Union 
2014- Member: WCRP GEWEX Scientific Steering Committee 
2012-2014 President: Atmospheric Sciences Section, American Geophysical Union 
2012- American Geophysical Union, Thriving Earth Enterprise (TEX) Review Board 
2011-2014 American Geophysical Council Leadership Team  
2011-2012 President-Elect: Atmospheric Sciences Section, American Geophysical Union 
2010 Scientific Steering Group: DYNAMO project in North Indian Ocean  
2008 Nicholas School of the Environment, Duke University Academic review committee  
2006-2010 Member: NRC Research Associate Programs on the Earth & Atmospheric Sciences 
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Panel 
2006-2008 Presidential Climate Change Science Program’s (CCSP) Synthesis and Assessment 

Product 3.3 
2005-2006 AGU committee of experts on the rebuilding of New Orleans  
2004-2005 Member: NOAA Hurricane Intensity Committee 
2001-2005  Co-chair, CLIVAR Asian - Australian Monsoon Panel 
2001- Co-convener, NCAR summer colloquium (with A. M. Moore) "Tropical 

Atmosphere and Oceans", July 9-23 
2000- Director and Principal Scientist: Climate Forecast Applications in Bangladesh 

(CFAB) project 
1999 Member, Asian-Australian Monsoon Working Group, National Research Council, 

Washington, DC 
1998 Advisor: Indian Ocean Climate Initiative, Western Australian Government 
1998-1999 Member: International Research Institute Advisory Board (Modeling) 
1998-1999 Member: Climate Research Committee, National Academy of Science 
1998 Organizer and Program Chair: Workshop on the Asian-Australian Monsoon, St. 

Michaels, Maryland 
1994-1998 Chair, National Academy of Sciences Global Ocean Atmosphere Land System 

Panel 
1997-1998 Member: USGCRP Committee (ex officio) Nominating Committee, American 

Meteorological Society 
1997 Nominating Committee, American Meteorological Committee 
1994 Member: DOE/ARM Tropical Western Pacific Site Advisory Committee 
1995 Chair: Scientific Organizing Committee; WCRP International TOGA Conference, 

Melbourne, Australia, April 
1996 Member: WCRP CLIVAR Working Group on the Asian-Australian Monsoons 
1994-1998 Member of the White House Review Committee on the US Global Climate 

Research Program 
1993 Co-convener (with R. Lukas), TOGA COARE Session, AGU Fall Meeting, 

December, San Francisco 
1993 Co-convener (with G. Holland), Predictability of Low Frequency Systems, IAMAP 

Meeting, Yokohama, Japan, July 
1989-1994 Chairperson, US TOGA COARE Panel 
1988-1994 Co-chairperson, US TOGA COARE Science Working Group 
1985-1991 Chairperson, WCRP TOGA Scientific Steering Group 
1983-1995 Member of the Chinese-American monsoon research group  
1983-1987 Member, ICSU/WMO Joint Scientific Committee (JSC) 
1982-1995 Member, National Academy of Science TOGA Panel 
1985-1995 Member, WCRP TOGA Scientific Steering Group 
1984-1990 Member, Executive Committee NASA STEP Project 
1977-1983 Member, International Commission on Dynamic Meteorology 
1987-1988 Chairman, AMS Committee on Climate Variations 
1979-1982 Member, Australian Academy of Science Committee on Climate of Australia and 

New Zealand 
1974-1980 Member of the International Monsoon Experiment Steering Group 
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Editorships 

1999  Associate Editor, Encyclopedia of Atmospheric Sciences: Academic Press 
1998  Guest Editor, Journal of Geophysical Research (Atmospheres & Oceans):  Special 

TOGA Decade Edition 
1995 Editor of the TOGA Volumes:  The Proceedings of the International TOGA 

Conference.  Melbourne, Australia, April 1-7. 
1989  Guest Editor, Journal of Geophysical Research (Atmospheres & Oceans) 
1986-1990  Associate Editor of the Journal of the Atmospheric Sciences 
1983-1986 Chief Editor, Journal of the Atmospheric Sciences  
 

Field Experiments 

1999 JASMINE (Joint Air-Sea Monsoon Interaction Experiment). Lead scientist and 
principal investigator. Participant in field phase. JASMINE was an international 
experiment in the eastern Indian ocean measuring the interaction of the ocean and 
the atmosphere. 

1992-1995 TOGA COARE (Coupled Ocean Atmosphere Response Experiment). Lead 
Scientist and Principal Investigator, Co-Chairperson of the TOGA COARE Science 
Working Group, Chairman of the TOGA COARE Panel. TOGA COARE 
culminated in a four month field phase in the western Pacific Ocean involving 19 
nations and a $50m budget. 

1987-1988 EMEX (Equatorial Mesoscale Experiment). Lead Scientist. A joint US-Australian-
UK experiment investigating strong convective storms of the winter monsoon. 

1978-1979  MONEX (Monsoon Experiment). Member of the MONEX Scientific steering 
Group, Lead Scientist, Winter MONEX 

 
Corporate Activities: 

2006 Chief Scientist and co-founder: Climate Forecast Application Network (CFAN): A 
Georgia Tech Enterprise Company 

1998-2006 Board member: Aerosonde Pty Ltd 
2000-2004 CEO: Aerosonde North America  
 

 
Additional information is available at 

https://en.wikipedia.org/wiki/Peter_J._Webster 
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Honors and Awards 
2017 Honorary Fellow: Royal Meteorological Society 
2016 Prince Sultan Bin Abdulaziz International Creativity Prize for Water 
2016 Sigma Xi Sustained Research Award: Georgia Institute of Technology 
2016 Editor’s Award:  American Meteorological Society 
2015 International Award: American Geophysical Union 
2015 116th Sir Edmund Halley Lecturer June, Oxford University UK 
2014 Honorary Fellow: Chinese-American Oceanic and Atmospheric Association 
2013 Bernhard Haurwitz Memorial Lecturer: February 2013, AMS Annual Meeting, Atlanta 

GA  
2012 Mason Gold Medal: Royal Meteorological Society 
2010 Discover Magazine Top 100 Science Stories 2009 for Kim, H., P. J. Webster and J. A. 

Curry, 2009: Impact of shifting patterns of Pacific Ocean warming on the frequency and 
tracks of North Atlantic tropical cyclones. Science, 325, 77-80 

2007  Outstanding Faculty Research Author Award: Georgia Institute of Technology 
2007 Jule G. Charney Lecturer, American Geophysical Society, Spring meeting, Acapulco 

Mexico  
2006 Best Faculty Paper Award: Georgia Institute of Technology 
2006 Discover Magazine Top 100 Science Stories 2005 for Webster, P. J., G. J. Holland, J. A. 

Curry and H-R. Chang, 2005: “ Changes in tropical cyclone number, duration and 
intensity in a warming environment.” Science, 309 (5742), 1844-1846   

2005  Fellow: American Association for the Advancement of Science 
2004   Carl Gustav Rossby Research Gold Medal: American Meteorological Society 
2003   Adrian Gill Medal: Royal Meteorological Society 
2000  Fellow: American Geophysical Union 
1999   Special Creativity Award: National Science Foundation  
1995   Special Achievement Award: American Meteorological Society 
1990   Jule G. Charney Award: American Meteorological Society  
1990   Special Creativity Award: National Science Foundation 
1990  Senior Humboldt Research Award: Humboldt Foundation 
1989   The Wilson Research Award: The Pennsylvania State University 
1984  Fellow: American Meteorological Society 
1984   Fellow: Royal Meteorological Society 
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PhD Graduates, Theses and Current Positions 
2016 Sebastian Ortega: The planetary-scale circulation of the upper tropical troposphere and its 

influence on tropical weather. Compañia de Expertos en Mercados S.A.E.S.P. (XM) 
2016 Emily Christ, Optimizing Yield with Agricultural and Weather Forecasts. Climate Forecast 

Application Network 
2013 Fernando Hirata, Intraseasonal oscillations in South America. Univeriadade Federal do Parana 
2012 James Belanger (co-advised with Prof. J. A. Curry), Predictability and prediction of North 

Atlantic tropical cyclones. Georgia Institute of Technology  
2012 Manuel Zuluaga, Spatio-temporal Variability of Aerosols in the Tropics Relationship with 

Atmospheric and Oceanic Environments. Universidad Nacional de Colombia 
2011 Asuka Suzuki-Parker, An assessment of uncertainties and limitations in simulating tropical 

cyclones and future changes. Rissho University 
2010 Matthew Widlansky, Evolution of the South Pacific Convergence Zone. University of Hawaii 
2009 Sara Vieria, Formation Processes of African Easterly Waves. Universidad Nacional de Colombia 
2009 Galina Cherikova: Interannual variability of the Indian Ocean heat transport and its correlation 

with climate modes. CIRA, Colorado State University 
2008 Violeta Toma, Instability of the Intertropical Convergence Zone. Georgia Institute of Technology 

and Climate Forecast Applications Network 
2007 Jun Jian, Predictability of current and future multi-river discharge: The Ganges, Brahmaputra, 

Yangtze, Blue Nile and Murray-Darling Rivers. Dalian Maritime University 
2006 Carlos Hoyos, Intraseasonal variability in the monsoon regions: Understanding and prediction. 

Universidad Nacional de Colombia 
2005 Thomas Hopson, Operational Flood forecasting for Bangladesh. National Center for 

Atmospheric Research 
2004 Daria Halkides (co-advised with Prof. W. Han), The effects of the seasonal cycle on the 

development and termination of the Indian Ocean Zonal Mode. Jet Propulsion Laboratory 
2002 Kamran Sahami, Aspects of the heat balance of the Indian Ocean on intra-annual and 

interannual time scales. Metropolitan State University 
2000 C. Oefkle-Clark, Influence of SSTs on the Littoral Zones of the Indian Ocean. University of 

Colorado and Florida State University 
1999 David Lawrence, Intraseasonal variability of the South Asian monsoon. National Center for 

Atmospheric Research 
1998 Johannes Loschnigg, On the heat balance of the Indian Ocean. Loschnigg Consulting LLC 
1998 X.-W. Quan, Interannual variability associated with ENSO: Seasonal dependence and 

interdecadal change. Cooperative Institute for Environmental Research, University of Colorado 
1998 Matthew Wheeler, Convectively-coupled equatorial waves. Centre for Australian Weather and 

Climate Research, Bureau of Meteorology 
1997 Gil Compo, Modulation of East-Asian pressure surges. Cooperative Institute for Environmental 

Research, University of Colorado 
1997 Chris Torrence, The El Nino-Southern Oscillation: Interannual predictability and interdecadal 

variability. National Snow and Ice Data Center, University of Colorado 
1997 John Fasullo, Analysis and Interpretation of tropical intraseasonal variability. National Center 

for Atmospheric Research 
1997 G. Duane, Atmospheric self-organization: A thermodynamic view and a dynamical systems view. 

University of Bergen 
1994 Robert Tomas, A Horizontal and vertical structure of cross-equatorial wave propagation. 

National Center for Atmospheric Research 
1994 Sanjai Dixit, Mean flow and interannual variability in the Pacific Ocean. SUN Microsystems 
1993 Caroly Reynolds, Regional sources of error growth in the National Meteorological Center's 
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Medium-Range Forecast model. Naval Research Laboratory Monterey 
1991 Ilana Wainer, Monsoon-ENSO relationships. University of San Paulo 
1990 Song Yang, Atmospheric teleconnections: Emphasis on the El Nino-Southern Oscillation and 

monsoons. Sun Yat-Sen University 
1990 Jeffery Tilley, On the application of edge-wave theory to terrain-bounded cold surges: A 

numerical study. Desert Research Institute 
1989 Chidong Zhang, Equatorially trapped waves in varying basic states: Structures and lateral 

forcing processes. NOAA Pacific Marine Environmental Laboratory 
1978 K.M. Lau, A simple ocean-atmosphere climate model. University of Maryland 
 

Masters Graduates 
1975 J. L. Keller (UCLA)   
1975   D. G. Curtin (UCLA) 
1976 K. M Lau (UW) 
1985   A. Samel (PSU) 
1988 J. S. Tilley (PSU) 
1989 I. Wainer (PSU) 
1990  S. Yang (PSU) 
1992 S. Dixit (PSU) 
1992 R. A. Tomas (PSU)  

1995   G. Compo (CU) 
1995 J. Fasullo (CU) 
1995 C. Torrence (CU) 
1996 J. Loschnigg (CU) 
1996 M. Wheeler(CU) 
1996 X.-W. Quan (CU) 
1997 D. Lawrence (CU) 
1998 C. Oefkle–Clark (CU) 
2000 K. Sahami (CU) 

2002 D. Halkides (CU) 
2003 D. Hopson (CU) 
2004 J. Jian (CU) 
2004 C. Hoyos (GT)  
2007 V. Toma (GT) 
2009 M. Zuluega (GT) 
2009 M. Widlansky (GT)

 
Postdoctoral Fellows and Research Associates 

2011-2014 Kris Shreshtha (Research Scientist II) 
2010- Violeta Toma (Senior Research Scientist)  
2008-2012 Hyemi Kim (Senior Research Scientist) 
2007-2009 Jun Jian (Research Scientist I)  
2006-2010 Carlos Hoyos (CU/GT) Senior Research Scientist 
2003-2004  Claire Cosgrove  (Research Associate) 
2003-2005 Daniel Collins (Research Associate) 
1985- Hai-Ru Chang (Senior Research Associate) 
1999-2002 Weiqing Han (Postdoctoral Fellow) 
1995-2002 Robert Tomas (Research Associate) 
1999-2002 John Fasullo (Research Associate) 
1997-2004 Robert Grossman (Senior Research Associate) 
1999-2000   David Lawrence (Research Associate) 
1999-2000   Paquita Zuidema (Research Associate) 
1995-1997   Brian Mapes (Postdoctoral Fellow) 
1991-1993  Victor Magaña (Postdoctoral Fellow)  
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Publications 
Peer Reviewed Articles 
2017 
B. Wang, J. Li, M. A. Cane, J. Liu, P. J. Webster, B. Xiang, H. M. Kim, J. Cao, K. J. Ha, 2017: Towards 

predicting changes in the land monsoon rainfall a decade in advance, J. Climate, submitted 
S. Ortega, Peter J. Webster, Violeta Toma, Hai-Ru Chang, 2017: The effect of potential vorticity fluxes 

on the circulation of the tropical troposphere. Quar. J. Roy. Met. Soc. submitted. 
S. Ortega, Peter J. Webster, Violeta Toma, Hai-Ru Chang, 2017: Quasi-Biweekly Oscillations of the 

South Asian Monsoon and its co-evolution in the upper and lower troposphere. Clim. Dyn. 
https://doi.org/10.1007/s0038  

2016 
H. M. Kim, Daehyun Kim, F. Vitart, VE Toma, J-S Kug and PJ Webster,, 2016: MJO propagation across 

the Maritime Continent in the ECMWF ensemble prediction system, J. Climate, 29(11), 3973-3988. 
E. H. Christ, P.J. Webster, J. L. Snider, V. E. Toma, D. M. Ooserhuis, D. R. Chastain, 2015: Predicting 

heat stress using probabilistic canopy temperature forecasts. J. Agronomy, 108/5, 1981-1991.  
2015 
G. L Stephens, D. O’Brien, Peter J Webster, Peter Pilewski, Seiji Kato6 and Jui-Lin Li, 2015: The Albedo 

of the Earth, Reviews of Geophysics , 53, doi:10.1002 /2014RG000449  
B. Wang, S-Y Yim, B. Xiang, H-M, Kim, P.J. Webster, J. Cao, J. Liu, K-J Ha, 2015: Rethinking Indian 

Monsoon Rainfall Prediction in the context of recent global warming. Nature Communications, 
Volume: 6, Article Number: 7154. DOI: 10.1038/ncomms8154 

K. Rassmussen, A. Hill, V. Toma, M. Zuluaga, PJ Webster and R. Houze, 2015: Three consecutive years 
of anomalous flooding in Pakistan. Quart. J. Roy. Meteor. Soc. 141(689), 1259-1276    

Christ, E. H., P. J. Webster, G. D. Collins, V. E. Toma, and S. A. Byrd, 2015: Using Precipitation 
Forecasts to Irrigate Cotton. J. Cotton Sci., 19, 351-358. 

2014 
Kim, H. M., P. J. Webster, V. E. Toma, and D. Kim, 2014: Predictability and prediction skill of the MJO 

in two operational forecasting systems, J. Climate, DOI: 10.1175/JCLI-D-13-00480.1 
T.H. Syed, PJ Webster and JS Famiglietti, 2014: Assessing Variability of Evapotranspiration over the 

Ganga River Basin Using Water Balance Computations. Water Resources Research, 21 MAR 2014, 
DOI: 10.1002/2013WR013518 

K. Knowlton, P.J. Webster, VE. Toma, and thirteen additional authors, 2014: Development and 
Implementation of South Asia’s First Heat-Health Action Plan in Ahmedabad, Gujarat, India. 
International J. Environmental Res. and Public Health, Volume: 11   Issue: 4   Pages: 3473-3492 

Shrestha, K.Y., P.J. Webster, and V.E. Toma, 2014: An Atmospheric-Hydrologic Forecasting Scheme for 
the Indus River Basin, J. Hydrometeorology, 15(2), 861-890. 

2013 
Kim H-M, Lee M-I, Webster PJ, Kim D, Yoo JH, 2013: A physical basis for the probabilistic prediction 

of the accumulated tropical cyclone kinetic energy in the western North Pacific. J. Clim. 26, 20, 7981-
7991.  

Hirata, F, Webster PJ and VE Toma, 2013: Distinct manifestations of austral summer tropical 
intraseasonal oscillations. Geophys. Re. Lettrs, 40/12,3337-3341, June 28.  
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Kim, H. M., P. J. Webster and J. A. Curry, 2013: Evaluation of short-term climate change prediction in 
multi-model CMIP5 decadal hindcasts, U.S. CLIVAR Variations, Vol.11, 7-8  

Webster P, 2013:  Improve weather forecasts for the developing world. NATURE, 493/7430, 17-19 .   
Wang, B,, J. Liu, P. J. Webster, S-Y Yim, D. Xiang, 2013: Northern Hemisphere summer monsoon 

intensified by mega-El Nino/southern oscillation and Atlantic multidecadal oscillation. Proceedings 
of the National Academy of Sciences. doi:10.1073/pnas.1219405110 

2012 
Hoyos, C. D. and Webster, P. J., 2012: Evolution of the tropical warm pool: Past, present and future.  

Climate Dynamics. DOI 10.1007/s00382-011-1181-3 
Kim, H-M, Webster PJ and Curry JA, 2012a: Seasonal prediction by ECMWF System 4 and NCEP 

CFSv2 retrospective forecast for Northern Hemisphere Winter, Clim. Dyn., 39 (12), 2957-2973. DOI 
10.1007/s00382-012-1364-6  

Kim, H. M., P. J. Webster, Judith A. Curry and V. E. Toma, 2012: Asian summer monsoon prediction in 
ECMWF System 4 and NCEP CFSv2 retrospective seasonal forecasts, Clim. Dyn., DOI: 
10.1007/s00382-012-1470-5  

Kim, H. M., P. J. Webster and Judith A. Curry, 2012: Evaluation of short-term climate change prediction 
in multi-model CMIP5 decadal hindcasts, Geophys. Res. Lett., 39, L10701, 
doi:10.1029/2012GL051644  

Wang B., Liu J., Kim H. J., Kim H.J,, Webster P.J., Yim S. Y., 2012: Recent change of the global 
monsoon precipitation (1979-2008). Clim. Dyn. doi: 10.1007/s00382-011-1266-z  

Zuluaga, M. D., P. J. Webster and C. D. Hoyos, 2012: Variability of Aerosols in the Tropical Atlantic 
Ocean relative to African Easterly Waves and their relationship with Atmospheric and Oceanic 
Environments. J. Geophys. Res. 117, D16207. DOI: 10.1029/ 

2011 
Belanger, J., Webster P.J., Curry J.A., 2011: Extended Prediction of North Indian Ocean Tropical 

Cyclones using the ECMWF Variable Ensemble Prediction System. Wea. and Forecasting, 27(3), 
757-769. 

Wang, B., Liu, J., Kim, H.J., Webster, P.J. and Yim, S.Y., 2012. Recent change of the global monsoon 
precipitation (1979–2008). Climate Dynamics, 39(5), 1123-1135.  

Webster P. J., V. E. Toma and H-. M Kim 2011: Were the 2010 Pakistan Floods predictable? Geophys. 
Res. Lettrs. ,38, L04806, doi:10.1029/2010GL046346 

Webster P. J. and J. Jian 2011:  Environmental prediction, risk assessment and extreme events: adaptation 
strategies for the developing world.  Phil.  Trans. Roy. Soc. A (Math, Phys and Eng.) Volume: 
369   Issue: 1956    4768-4797   DOI: 10.1098/rsta.2011.0160. DEC 13 2011   

Curry, J. A. and P. J. Webster, 2011: Climate science and the uncertainty monster. Bull. Amer. Meteor. 
Soc., 92(12), 1667-1682 

Kim, H-M., P.J. Webster, J. A. Curry 2010: Modulation of North Pacific tropical cyclone activity by the 
three phases of ENSO. J. Clim., 24, 1839-1849 

2010 
Kim, H-M. and P.J. Webster, 2010:  Extended range seasonal hurricane forecasts using a hybrid 

dynamical-statistical model. Geophys. Res. Lttrs., 37, L21705    
Widlansky, M., P. J. Webster and C. D. Hoyos, 2011: On the location and orientation of the South Pacific 

Convergence Zone. Clim. Dyn. 36:561–578 DOI 10.1007/s00382-010-0871-6 
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Agudelo, P.A., C.D. Hoyos, J.A. Curry, P.J. Webster, 2010: Probabilistic discrimination between large-
scale environments of intensifying and decaying African Easterly Waves. Climate Dynamics, 36, 
Numbers 7-8, 1379-1401, DOI: 10.1007/s00382-010-085 

Belanger, J., Curry J.A., Webster P.J., 2010: Predictability of North Atlantic Tropical Cyclones on 
Intraseasonal time scales. Mon. Wea. Rev., 138(12), 4362-4374. 

Webster, P. J., and C. D. Hoyos, 2010: Beyond the spring barrier? Nature Geoscience, 3, 152–153. 
doi:10.1038/ngeo800. 

Zuluaga, M. D., C. D. Hoyos, P.J. Webster, 2010: Spatial and temporal distribution of latent heating in 
the South Asian monsoon region. J. Clim., 23, 2010-2029  

Webster, P.J., T. M. Hopson, C. D. Hoyos, J. Jian, H-R. �Chang, P. Agudelo, J. A. Curry, T. N. Palmer, 
A. R. Subbiah, R. L. Grossman, 2010: Extended-range probabilistic forecasts of Ganges and 
Brahmaputra floods in Bangladesh.  Bull. Amer. Meteor. Soc. 91, 11, 1493-1514 

Hopson, T. M., P. J. Webster, 2010: A 1-10 day ensemble forecasting scheme for the major river basins 
of Bangladesh: forecasting severe floods of 2003–2007.  J. Hydromet. 11, 618-641 

Done, J., G, J, Holland, P. J. Webster, 2010: The Role of Wave Accumulation in Tropical Cyclone 
Genesis over the Tropical North Atlantic. Clim. Dyn. 9 August, 2010, 10.1007/s00382-010-0880-5 

Toma, V., P. J. Webster, 2010: Oscillations of the intertropical convergence zone and the genesis of 
easterly waves.  I Theory and diagnostics. Clim. Dyn. doi: 10.1007/s00382-009-0584-  

Toma, V., P. J. Webster, 2010: Oscillations of the intertropical convergence zone and the genesis of 
easterly waves. II Numerical experiments. Clim. Dyn. doi: 10.1007/s00382-009-0585-9  

Kim, H, C. D. Hoyos, P. J. Webster and In-Sik Kang, 2010: Ocean-atmosphere coupling and the boreal 
winter MJO. Clim. Dyn., 35  5, 771-784. DOI 10.1007/s00382-009-0612-x, 

2009 
Jian, J., P. J. Webster, C. Hoyos, 2009: Intraseasonal and interannual variability of Ganges and 

Brahmaputra river discharge. Quar. J. R. Met. Soc. 135, 353-370 
Kim, H., P. J. Webster and J. A. Curry, 2009: Impact of shifting patterns of Pacific Ocean warming on the 

frequency and tracks of North Atlantic tropical cyclones. Science, 325, 77-80 

2008 
Webster, P. J., 2008: Myanmar's deadly daffodil. Nature Geoscience doi: 10.1038/ngeo257 

Han, W., P. J. Webster, J-. J Lin, W. T. Liu, R. Fu, D. Yang, and A Hu, 2008: Dynamics of intraseasonal 
sea level and thermocline variability in the equatorial Atlantic during 2002-2003. J. Phys. Ocean., 38, 
945-967.    
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Assistance. Report to the World Bank 
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Two-year old Peter at home 
in Bredbury, UK Seven-year old Peter with sister Norma 

Photo Gallery 
 

               
 

                 

 

 

 

 

 

 

 

 

 

 

 

With extended family 
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With sons Ben and David and 
granddaughters Chloe and Caitlin, 2011 

 

With extended family, 2007 
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With Jim Sadler, C.-P. Chang, and Richard Johnson at the WMONEX 
Operations Center in Kuala Lumpur, December 1978. 

With Bob Houze and John Gemach at WMONEX  
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With (from left) Krishnamurti, J. Shukla, J. Young, J. Kuettner, 1998 

Peter, Graeme Stephens, Tim Palmer and Martin Miller. 
18th Hole, Old Course, St. Andrews, 1990 
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The Second U.S.-People's Republic of China Workshop on Cooperation in Monsoon 
Research, the Naval Postgraduate School, Monterey CA, June 1985. From left: 
First row: John Young, Longxun Chen, Michio Yanai, Pam Stephens, Shiyan Tao, C.-P. 
Chang, Qiangen Zhu, Lance Bosart, Yihui Ding 

Second: Huibang Luo, Jinghai Miao, Bill Lau, Zhaiyun Wang, Wei Zhao, Peter 
Webster, Takio Murakami 

Third: (unidentied), Melinda Peng, Jiahua He, Chi-Sann Liou, Man-Kin Mak, Bill Kuo, 
(unidentified) 

Fourth: Gene Martin, Dan Paolino, Lang Chou, Russ Elsberry, a US State Department 
staff, (unidentified), Krishmamurti 
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At graduation commencement of 
Matthew Wheeler, 1998 

With Chidong Zhang, 2000 

 
 

 

 

 

 

 

With his research group at the University of Colorado, 2001 
From left: Hairu Chang, Thomas Hopson, Peter, Kamran Sahami,  

Robert Grossman, Carlos Hoyos, Jun Jian 
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                   In Bangladesh with two farmers, 2003                          In India, 2012 

 

 

 

In Pune with (from left) Bin Wang, Mike Wallace, and Bill Lau, 2012  
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During the UCLA years At the Final TOGA Party with  
Greg Holland in Melbourne, 1995 

Hiking in the Cascades, 1985. From left: Michael McIntyre, J. Shukla, Mike 
Wallace, Peter Webster, Jim Holton, Tim Palmer  
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With Judy Curry after receiving the Carl-Gustaf Rossby Research Medal  
at the 2004 AMS annual meeting in Seattle 

 

 

Receiving the Prince Sultan Bin Abdulaziz International Creativity Prize  
for Water from UN Secretary General Ban Ki Moon, November 2016 

 

 

  



 
 

30 

Symposium Program 
Tuesday, 9 January 2018 

 
Oral Sessions 
 
8:30 AM - 9:00 AM Session 1 Overview of Peter Webster's Contributions  
Chair: Chidong Zhang, NOAA Pacific Marine Environmental Laboratory, Seattle, WA 

8:30 AM (325067) Peter Webster’s Contributions to Theory, Observations, and Practice of 
Tropical and Monsoon Meteorology. Robert A. Houze Jr., University of Washington/Pacific 
Northwest National Laboratory, Seattle, WA 
 
9:00 AM - 10:00 AM Session 2 Air-Sea Interactions and Tropical Cyclones  
Chair: Carol Anne Clayson, Woods Hole Oceanographic Institute, Woods Hole, MA 

9:00 AM (334736) Tropical Cyclones and Global Warming: Science, Communication, and 
Politics. Greg Holland, NCAR, Boulder, CO 
 
9:30 AM (329321) The invigoration of the tropical hydrological cycle: a demonstration of the 
relevance of some old Webster ideas. Graeme Stephens, Jet Propulsion Laboratory, Pasadena, 
CA 
 
9:45 AM (324220) The Indian Ocean Dipole, Wyrtki Jets and Their Impacts on Coastal Sea 
Level of India and Bangladesh. Weiqing Han, University of Colorado, Boulder, CO 
 
10:00 AM - 10:30 AM Coffee Break  
 
10:30 AM - 12:00 PM Session 3 Tropical Dynamics and Waves  
Chair: Shuyi Chen, University of Washington, Seattle, WA 
 
10:30 AM (323308) Tropical and Monsoon Dynamics Revealed via Field Campaigns: The 
Visionary Leadership of Peter Webster. Richard H. Johnson, Colorado State University, Fort 
Collins, CO 
 
11:00 AM (325307) Equatorial Waves and Peter Webster. Matthew C. Wheeler, Bureau of 
Meteorology, Melbourne, Australia 
 
11:15 AM (336620) Spatio-temporal variability of the tropical dynamical warm pool and its 
influence on Continental Precipitation. Carlos D. Hoyos, Universidad Nacional de Colombia, 
Medellin, Colombia 
 
11:30 AM (325035) Inferences from Simple Models of Tropical Convection. Kerry A. Emanuel, 
MIT, Cambridge, MA 
 
11:45 AM (330270) Tropic World. Dennis L. Hartmann, University of Washington, Seattle, WA 
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12:00 PM - 1:30 PM Lunch Break 
 
1:30 PM - 2:30 PM Session 4 Predictability and Prediction  
Chair: Carolyn Reynolds, Marine Meteorology Division, Naval Research Laboratory, Monterey, 
CA 
 
1:30 PM (329715) Unified Prediction of Weather and Climate. Tim N. Palmer, University of 
Oxford, Oxford, United Kingdom 
 
2:00 PM (331163) Prediction of the MJO. Hyemi Kim, SUNY, Stony Brook, NY 
 
2:15 PM (334469) Tactical adaptation to extreme weather and climate events in the developing 
world. Violeta Toma, Climate Forecast Applications Network, Reno, NV 
 
2:30 PM - 3:45 PM Session 5 Monsoons 
Chair: Song Yang, School of Atmospheric Sciences, Sun Yat-sen University, Guangzhau, China 
 
2:30 PM (323161) The Asian Aerosol-Monsoon Climate System: A New Paradigm. William K. 
M. Lau, University of Maryland, College Park, MD 
 
3:00 PM (328145) Predictable Patterns of the Atmospheric Low-Level Circulation over the Indo-
Pacific Domain: Seasonal Dependence and Intra-ensemble Variability. Tuantuan Zhang, Sun 
Yat-sen University, Guangzhou, China 
 
3:15 PM (333732) Predictability of Indian monsoon rainfall in the context of the recent global 
warming. Bin Wang, University of Hawaii, Honolulu, HI 
 
3:30 PM - 3:45 PM Remarks from Peter Webster 
 
3:45 PM - 5:30 PM Formal Poster Viewing with Coffee Break 
 
Poster Sessions 

Session 1 Air-Sea Interactions and Tropical Cyclones  
Cochairs: Violeta Toma, Climate Forecast Applications Network, Reno, NV and Hyemi Kim, 
School of Marine and Atmospheric Sciences, SUNY, Stony Brook, NY 
 
(334771) Inter-annual Variability of Air-sea Fluxes over the Arabian Sea and Bay of Bengal; 
Evolution during a Monsoon Cycle and Impacts of Cyclones. Kristina Katsaros, Northwest 
Research Associates, Inc,, Redmond, WA; and A. Bentamy, R. T. Pinker, J. Carton, W. Chen, 
and W. T. Liu 
 
(336037) Atmosphere-Ocean Coupling from TOGA COARE and Beyond: A Tribute to Peter 
Webster’s Contribution to Earth System Science. Shuyi S Chen, University of Washington, 
Seattle, WA 
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(336678) Diurnal Sea Surface Temperature Variabiilty and Air-Sea Interaction. Carol Anne 
Clayson, WHOI, Woods Hole, MA 
 
(325336) Atmospheric Teleconnection Patterns and Climate Anomalies Associated with the 
Variations of Mid-Oceanic Troughs in the Northern Hemisphere. Song Yang, Sun Yat-sen 
University, Guangzhou, China; and K. Deng, M. Lu, and M. Ting 
 
(331349) Direct and indirect ocean feedbacks to the MJO in four GCM experiments. Charlotte 
A. DeMott, Colorado State University, Fort Collins, CO; and N. P. Klingaman, W. L. Tseng, M. 
A. Burt, and D. A. Randall 
 
(329688) Convective Characteristics of the Boreal Summer Intraseasonal Oscillation over and 
around the South China Sea. Steven A. Rutledge, Colorado State Univ., Fort Collins, CO; and 
W. Xu 
 
(330821) Hurricane Boundary Layer Observations from Dropsondes and COSMIC GPS 
Radio Occultation. Kevin J. Nelson, Texas A&M University - Corpus Christi, Corpus Christi, 
TX; and F. Xie 
 
(331886) The Ocean-Mediated Influence of Asian Orography on Tropical Precipitation and 
Cyclones. Jane Wilson Baldwin, Princeton University, Princeton, NJ; and G. A. Vecchi and S. 
Bordoni 

Session 2 Tropical Convection and Waves 
Cochairs: Violeta Toma, Climate Forecast Applications Network, Reno, NV and Hyemi Kim, 
School of Marine and Atmospheric Sciences, SUNY, Stony Brook, NY 
 
(325069) Intraseasonal Variability in a Cloud-Permitting Equatorial Aqua-Planet Model. Marat 
Khairoutdinov, SUNY, Stony Brook, NY; and K. A. Emanuel 
 
(326318) Influence of the Madden-Julian Oscillation and Caribbean Low-Level Jet on East 
Pacific Easterly Wave Dynamics. Justin W. Whitaker, Colorado State Univ., Fort Collins, CO; 
and E. D. Maloney 
 
(329309) Heating and Moistening of the MJO during DYNAMO in ECMWF Reforecasts. 
Chidong Zhang, NOAA PMEL, Seattle, WA; and J. E. Kim, G. N. Kiladis, and P. Bechtold 
 
(325094) Best Pressure Level/Latitude Band to Track Easterly Waves Over Different Regions 
Using NCEP-NCAR Reanalysis. Sachin Thapa, University of Louisiana at Monroe, Monroe, LA; 
and K. D. Leppert II 
 
(334036) African Easterly Waves in Convection Permitting Simulations: The Role of Moist 
Convection. James O. H. Russell, North Carolina State University, Raleigh, NC; and A. R. 
Aiyyer 
 
(334655) Sensitivity of Simulated African Easterly Wave Stormtrack to Orographic Effects. 
Joshua Dylan White, North Carolina State University, Raleigh, NC; and A. R. Aiyyer 
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(328407) A detailed analysis of propagating synoptic-scale systems during the 2016 DACCIWA 
campaign in southern West Africa. Andreas H. Fink, Karlsruhe Institute of Technology, 
Karlsruhe, Germany; and P. 
Knippertz 
 
(330157) Vertical heating structure over the Amazon: Its influence on realistic rainfall 
simulation and atmospheric circulations in GCMs. Hedanqiu Bai, Texas A&M University, 
College station, TX; and C. Schumacher 
 
(336384) Analysis of the Orographic Influences of the Topography in the Structure of the 
Convective Precipitative Systems Near the Tropical Andes of South America. Manuel D. 
Zuluaga, Universidad Nacional de Colombia, Medellin, Colombia; and M. Zapata, S. Gomez, 
and C. D. Hoyos 
 
(329530) A mechanically induced center of heavy rainfall off the east coast of Central America. 
David Zermeno, Universidad Nacional Autónoma de México, Mexico City, Mexico; and V. O. 
Magaña and E. Herrera 
 
(327053) The Coupling Between Gravity Waves and Moisture: A Mechanistic Picture. Joy 
Merwin Monteiro, Stockholm Univ., Stockholm, Sweden; and N. Harnik and R. Caballero 
 
(335799) Seasonal Cycle of Cross Equatorial Flow in the Central Equatorial Indian Ocean. 
Michael J. McPhaden, PMEL, Seattle, WA 
 
(336341) Thorough Survey of Zonal Mean Influence of the Stratospheric QBO on the 
Tropospheric Circulations and Convection. Shigeo Yoden, Kyoto University, Kyoto, Japan; and 
E. Nishimoto 

Session 3 Predictability and Prediction 
Cochairs: Violeta Toma, Climate Forecast Applications Network, Reno, NV and Hyemi Kim, 
School of Marine and Atmospheric Sciences, SUNY, Stony Brook, NY 
 
(325220) Convectively Coupled Equatorial Waves and the MJO in Subseasonal Forecasts from 
Global Coupled Atmosphere-Ocean Models: Activity and Predictive Skill. Matthew Adam 
Janiga, UCAR, Monterey, CA; and C. J. Schreck III, J. Ridout, M. Flatau, N. Barton, W. A. 
Komaromi, and C. Reynolds 
 
(324807) Evaluation of Model Performance over the Maritime Continent. Carolyn A. Reynolds, 
NRL, Monterey, CA; and N. P. Barton, S. Chen, M. K. Flatau, J. Ridout, M. A. Janiga, T. 
Jensen, E. J. Metzger, J. G. Richman, and D. B. Baranowski 
 
(336685) Transforming Atmospheric and Remotely-Sensed Information to Hydrologic 
Predictability in South Asia. Thomas M. Hopson, NCAR, Boulder, CO; and S. Priya, E. Riddle, 
D. P. Broman, J. Boehnert, K. Sampson, R. Brakenridge, C. M. Birkett, A. J. Kettner, W. Y. Y. 
Cheng, B. Rajagopalan, W. Young, D. C. Collins, D. Rostkier-Edelstein, A. K. M. S. Islam, F. 
Pappenberger, E. Zsoter, R. Emerton, D. Singh, and P. J. Webster 
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(331957) Hydroclimate Variability and Change over the Mekong River Basin: Modeling, 
Predictability, and Policy Implications. Sumant Nigam, University of Maryland, College Park, 
MD; and A. Ruiz-Barradas 
 
(331415) Hindcast of Seasonal Tropical Cyclone Activity Using Sea Surface Temperature from 
CESM Decadal Predictions. Wei-Ching Hsu, Texas A&M University, College Station, TX; and 
D. Fu, P. Chang, C. Patricola, R. Saravanan, S. Yeager, and G. Danabasoglu 

Session 4  Monsoons 
Cochairs: Violeta Toma, Climate Forecast Applications Network, Reno, NV and Hyemi. Kim, 
School of Marine and Atmospheric Sciences, SUNY, Stony Brook, NY 
 
(331953) The Indo-Gangetic Low-Level Jet. R. Paul Acosta, Purdue University, West Lafayette, 
IN; and M. Huber 
 
(335134) Response of Monsoon Low Pressure Systems to a Warming Environment. Sandeep 
Sukumaran, New York University Abu Dhabi, Abu Dhabi, United Arab Emirates; and A. 
Ravindran, W. Boos, V. Praveen, and T. P. Sabin 
 
(336514) Attribution of delayed revival of the Indian summer monsoon rainfall. Qinjian Jin, 
MIT, Cambridge, MA; and C. Wang 
 
(336441) On the diurnal cycle of rainfall near the Western Ghats during the Indian Summer 
Monsoon: Influences of the low-level atmosphere and land surface. Wendilyn J. Flynn, 
University of Northern Colorado, Greeley, CO; and S. W. Nesbitt and P. Garg 
 
(323549) Inertial Instability as a Mechanism for Latitudinal Shifts in the West African Rain Belt. 
Sharon E. Nicholson, Florida State University, Tallahassee, FL 
 
(327628) The Cooling of the Arabian Sea Induces a Major Change in Monsoon Dynamics. 
Robert L. Grossman, University of Colorado, Boulder, CO 
 
(328635) Tropical Indian Ocean Warming Contributions to China Winter Climate Variations. 
Qigang Wu, Nanjing University, Nanjing, China; and Y. Yao and S. Liu 
 
(323897) Coupling Modes of Climatological Intraseasonal Oscillation in the East Asian Summer 
Monsoon. Congwen Zhu Sr., Chinese Academy of Meteorological Sciences, Beijing, China 
 
(325018) Possible Effect of the Tibetan Plateau on the "Upstream" Climate over West Asia, 
North Africa, South Europe and the North Atlantic. Mengmeng Lu, Sun Yat-sen University, 
Guangzhou, China; and S. Yang, Z. Li, S. He, and Z. Wang 
 
(329301) The South American Monsoon System. Carlos R. Mechoso, Univ. of California, Los 
Angeles, CA 
 
(336262) Preliminary Survey of Extreme Weather Events in Southern Brazil. Dirceu Luis 
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Herdies, INPE, Cachoeira Paulista, Brazil; and T. Steffane, C. D. S. Cardoso, L. A. de Paula, M. 
F. L. Quadro, and L. G. G. D. Goncalves 
 
(329257) The mid summer drought: A review of the its dynamic elements. Víctor O. Magaña, 
Universidad Nacional Autonoma de Mexico, Mexico City, Mexico; and E. Herrera 
 
(335736) Evaluating Variable Resolution-CESM for the North American Monsoon System. 
Sarahi Arriaga-Ramirez, University of California, Davis, Davis, CA; and T. A. O'Brien, A. M. 
Rhoades, and P. Ullrich 
 
(334884) Updated Quantification of ENSO Influence on Statistical Distribution of Surface 
Variables. Fernando E. Hirata, Climate Forecast Applications Network, Reno, NV; and V. Toma 
and P. J. Webster 
 
(328877) "Monsoon Climate": A GCM based Topological Foundation of the Present-day 
Climate Regime on Earth. Peter Carl, ASWEX - Applied Water Research, Berlin, Germany 
 
(330189) The Synchronized Climate System as Seen from the Instrumental Record. Peter Carl, 
ASWEX - Applied Water Research, Berlin, Germany 
 
6:30 PM – 9:00 PM  
Banquet 
Host: Graeme Stephens, Jet Propulsion Laboratory, Pasadena, CA  



 
 

36 

Symposium Abstracts 
Oral Sessions 

Session 1 Overview of Peter Webster's Contributions  
(325067) Peter Webster’s Contributions to Theory, Observations, and Practice of Tropical and Monsoon 
Meteorology 
Robert A. Houze, Univ. of Washington/PNNL, Seattle, WA 
Over the first three decades of his career, Peter Webster made several landmark contributions to the field 
of atmospheric and climate dynamics—theoretical, observational, and practical—which have influenced a 
generation of atmospheric scientists. He was the first to point out that atmosphere-land interaction might 
result in intraseasonal fluctuations in the Indian summer monsoon. Land-air interaction has since become 
a top research subject not only for the monsoons but also for other types of weather and climate 
variability over land. His innovative work on the monsoons covers many subjects, including interaction of 
the Asian monsoon with the El Niño/La Niña cycle over the Pacific. The processes that he has elucidated 
range from interannual to interdecadal timescales. He helped to develop a now widely used monsoon 
index and has shed light on the probabilistic prediction of monsoon rainfall. He has made important 
contributions to understanding the interaction of tropical and high-latitude atmospheric circulation, 
especially through tropical westerly regions, known as the “westerly duct.” Webster was one of the first to 
point out the importance of cloud radiation long as a key component of the Earth’s climate. His 
explanation of the intertropical convergence zone in terms of the vorticity gradient is a leading theory on 
this subject. Perhaps most importantly, he has eloquently interpreted the tropical atmosphere and 
monsoonal circulations in the context of the global hydrological cycle.  
Peter Webster led to one of the grandest international observational campaigns in the history of 
atmospheric sciences—TOGA COARE. This program employed numerous ships and aircraft in a 
logistically complex array over the remote tropical Pacific Ocean “warm pool.” Webster has received 
numerous accolades for his fundamental research on the weather and climate of the tropics—the 
American Meteorological Society's Rossby and Charney Medals, the Royal Meteorological Society's Gill 
and Mason Medals, the International Award of the American Geophysical Union, and the Prince Sultan 
Bin Abdulaziz International Prize for Water.  
Webster has also projected his research onto societal needs. He has worked substantively toward 
improving 1-2 week predictions to help food production and mitigate natural disasters connected with 
monsoon dynamics in Bangladesh, Pakistan, India and other South Asian Countries. He has worked 
tirelessly with agencies and governments concerned with disaster mitigation and regional forecasting in 
South Asia. He and his Georgia Tech colleagues realized, however, that because no single government 
was likely to work on this multi-country problem, and they organized a private-sector business approach 
to deal address this forecasting in South Asia.  
Few in the history of atmospheric sciences have contributed so strongly in theory, observations, and 
applied meteorology. 

Session 2 Air-Sea Interactions and Tropical Cyclones  
(334736) Tropical Cyclones and Global Warming: Science, Communication, and Politics 
Greg Holland, NCAR, Boulder, CO 
In 2004 Peter, Judy Curry, Hai-Ru Chang and myself embarked on a relatively straightforward study to 
see if there had been any observable changes in tropical cyclone characteristics over the previous few 
decades. To our surprise, we found a substantial increase in the proportion of Cat 4-5 hurricanes amongst 
an otherwise generally static or decreasing frequency of tropical cyclones in general – an increase that 
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was well beyond what could reasonably be attributed to improving observing systems. Submitted to 
Science in October, the paper was published with impeccable timing in August 2005, right between 
Hurricanes Katrina and Rita (Webster et al 2005). Similar findings were made in parallel by Emanuel 
(2005). Both papers subsequently were listed in the Discover Magazine Top 100 Stories for 2005, with a 
ranking of #1 for hurricanes and global warming.  
Follow up studies (see, e.g., the reviews in Anthes et al 2006 and Walsh et al, 2015) have provided further 
evidence of there being a real trend. In particular, Holland and Bruyere (2014) quantified the observing 
changes and climate change components and noted that substantial global and regional trends remained.  
Rather than focus on the science, this talk addresses the communication and political issues that arose 
from the superheated societal environment on global warming around that time. We found ourselves 
swamped by press and other enquiries, and some particularly nasty attacks. It rapidly became obvious that 
this was not your normal scientific debate and that we needed to recalibrate our communication 
approaches. The outcome of the initial learning process has been summarized in Curry et al (2006) and 
this, plus Mooney (2007) and subsequent lessons learnt, will form the basis of my presentation.  
References Cited (in temporal order):  
Webster, P.J., G.J. Holland, J.A. Curry and H-R. Chang, 2005: Changes in tropical cyclone number, 

duration and intensity in a warming environment. Science, 309, 1844-1846.  
Emanuel, K., 2005: Increasing destructiveness of tropical cyclones over the past 30 years. Nature, 436, 

686–688.  
Anthes, R.A, R.W. Corell, G.J Holland, J.W. Hurrell, M. MacCracken, and K.E. Trenberth, 2006: 

Hurricanes and Global Warming – Potential Linkages and Consequences. Bull. Amer. Meteor. Soc., 
87, 623-628.  

Curry, J., P.J. Webster and G.J. Holland, 2006: Mixing Politics and Science in Testing the Hypothesis 
that Greenhouse Warming is Causing a Global Increase in Hurricane Intensity. Bull. Amer. Met. Soc., 
87, 1025–1037.  

Mooney, C., 2007: Storm World: Hurricanes, Politics, and the Battle Over Global Warming. Harcourt, 
Orlando, 392 pp. ISBN 9780151012879.  

Holland, G.J. and C. Bruyere, 2014: Recent Intense Hurricane Response to Global Climate Change. Clim. 
Dyn., 42, 617-627. DOI: 10.1007/s00382-013-1713-0.  

Walsh, K.J.E., J.L. McBride, P.J. Klotzbach, Balachandran, S.J. Camargo, G. Holland, T.R. Knutson, J. 
Kossin, T.-C. Lee, A. Sobel, and M. Sugi, 2015: Tropical cyclones and climate change. WIRES 
Climate Change, 7, 65–89. doi:10.1002/wcc.371. 

 
(329321) The invigoration of the tropical hydrological cycle: a demonstration of the relevance of some 
old Webster ideas 
Graeme Stephens, JPL, Pasadena, CA 
This talk will project on ideas of Webster 1990 that provided a review of the basis for TOGA COARE 
and other reasons to study the coupled ocean-atmosphere system. These earlier ideas will be brought back 
to life using new data resources not available at the time with a focus on war phases of ENSO. 
 
(324220) The Indian Ocean Dipole , Wyrtki Jets and Their Impacts on Coastal Sea Level of India and 
Bangladesh 
Weiqing Han, Univ. of Colorado, Boulder, CO 
The Indian Ocean Dipole (IOD) mode, often referred to as Zonal Mode, is a coupled ocean-atmosphere 
mode of variability on interannual timescale (e.g., Webster et al. 1999). Its east-west dipole pattern of 
SST anomaly peaks in boreal fall, and has large impacts on Indonesian drought and east African flood. 
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The seasonal cycle of monsoon and equatorial currents - particularly the semiannual spring and fall 
Wyrkti Jets - contributes to the seasonal phase-locking of the IOD (Halkides, Han and Webster 2006). 
The IOD is associated with a distinct spatial pattern of sea level, which involves westward propagating 
Rossby waves. During a negative IOD event (e.g., 1998), the unusually strong westerly winds intensify 
the fall Wyrkti Jet, causing anomalous sea level rise in the eastern equatorial Indian Ocean and along the 
Bay of Bengal coasts, which may have important implication for sea level rise and salt water 
intrusion/contamination for Bangladesh and India (Han and Webster 2002). While the Wyrtki jets are 
primarily seasonal phenomena, its strength and eastward heat transport can also be affected by 
atmospheric intraseasonal oscillations (Han, Webster and coauthors, 2004). Finally, the cross-equatorial 
heat transport is an important component of the self-regulating, coupled ocean-atmosphere-monsoon 
system (Webster et al. 2002). 

Session 3 Tropical Dynamics and Waves  
(323308) Tropical and Monsoon Dynamics Revealed via Field Campaigns: The Visionary Leadership of 
Peter Webster 
Richard H. Johnson, Colorado State University, Fort Collins, CO 
Over the past four decades, field campaigns in the tropics and monsoon regions of the world have led to a 
succession of significant advances in the physics and dynamics of their associated circulation systems. 
This symposium’s honoree, Peter Webster, has been instrumental in the development of fundamental 
theories of tropical and monsoon circulations and the success of key field campaigns designed to test 
those theories.  
Peter Webster’s first foray into field efforts involved Winter and Summer MONEX (Monsoon 
Experiments in 1978 and 1979, respectively), dual campaigns under the Global Atmospheric Research 
Program (GARP) aimed at better understanding the role of the Asian monsoon in the global circulation. 
Recognizing from these experiments and the earlier 1974 GATE (GARP Atlantic Tropical Experiment) 
that deep convection was a critical but not well-understood component of monsoon and tropical 
dynamics, Peter organized the 1987 Equatorial Mesoscale Experiment (EMEX) over northern Australia to 
document air motions in tropical cloud systems using airborne Doppler radar. Then, realizing that 
prediction of the tropical climate system will require an improved understanding of the coupling between 
the ocean and atmosphere, Peter conceived and organized, jointly with oceanographer Roger Lukas, the 
1992-93 Tropical Ocean Global Atmosphere Coupled Ocean-Atmosphere Response Experiment (TOGA 
COARE). COARE observations led to fundamental advances in understanding air-sea coupling and 
exchanges, maintenance of the warm pool, structure and organization of convection, the diurnal cycle in 
the sea and atmosphere, structure and dynamics of the MJO, and convective momentum transport. 
Focusing more specifically on the role of convection and air-sea exchanges in the intraseasonal variability 
of the Asian summer monsoon, Peter next brought together research teams and resources to conduct the 
1999 Joint Air-Sea Monsoon Interaction Experiment (JASMINE) over the eastern Indian Ocean.  
Peter Webster’s visionary leadership in all of these campaigns has contributed to fundamental advances in 
understanding and improved prediction of the world’s tropical and monsoon circulations. 
 
(325307) Equatorial Waves and Peter Webster 
Matthew C. Wheeler, Bureau of Meteorology, Melbourne, Australia 
In this celebration of Peter Webster’s career, I will reflect on Peter’s scientific contribution to our 
knowledge of equatorial waves, as well as Peter’s contribution to my own career. Starting with Peter’s 
Ph.D. thesis paper on the response of the tropical atmosphere to local, steady forcing (Webster 1972) we 
can see that the knowledge of the shallow-water equatorially-trapped wave solutions was being applied to 
understand the steady large-scale tropical circulation; that is, the Kelvin wave to the east of the latent-heat 
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forcing and the Rossby wave to the west. Peter’s work with the equatorial wave modes continued in the 
late 1980s with the papers Webster and Chang (1988) and Zhang and Webster (1989). In these the 
equatorial wave solutions were used to explain aspects of the transient behaviour of the equatorial region, 
using a shallow-water equivalent depth applicable to the dry (i.e. not convectively-coupled) waves. In the 
early 1990s, Peter’s main attention turned to TOGA COARE, which is where I began my own interest in 
equatorial waves as a student helper in the field project offices in Australia and the Solomon Islands. 
During the COARE IOP the Webster and Lukas (1992) paper on the scientific basis and experimental 
design became my bible of what the massive undertaking of COARE was all about. Thanks to COARE, 
for which Peter was the scientific lead, I got to see the observed equatorial waves as they appear in 
tropical convection, and I also got my foot in the door to my period of work and study in Boulder at 
NCAR, the University of Colorado, and NOAA. Importantly for my development, my first class at the 
University of Colorado was taught by Peter, and he was also my Ph.D. academic adviser. Interestingly, as 
shown in Webster and Lukas (1992), the role of the shallow-water equatorial waves for the propagation 
and organization of tropical moist convection was not fully appreciated before and during COARE. 
Indeed, many of my meetings with my University professor (i.e. Peter) involved intense discussions of 
the shallow-water equivalent depth and its relation to vertical structure. Peter would ask: How can the 
equatorial waves, as derived using the dry primitive equations, appear for such a shallow equivalent 
depth, implying a short vertical wavelength, in observations of convection? My Ph.D. thesis papers on the 
convectively-coupled equatorial waves (Wheeler and Kiladis 1999; Wheeler, Kiladis and Webster 2000) 
were made significantly better based on these discussions. Peter’s late-1980s theoretical work on the role 
of zonal basic-state flows on equatorial waves was also an important contribution to the development of 
my ideas. We now know that many of the zonally-propagating convective features observed during 
COARE, on time scales of 2 days to 30 days, are well described as moist equatorial waves with a much 
shallower equivalent depth than the dry waves that Peter earlier studied. In summary, the theory and 
application of equatorial waves for our understanding of the steady and transient behaviour of the tropics 
owes a lot to the work of Peter, and is just one of many areas in which he has made a mark. 
 
(336620) Spatio-temporal variability of the tropical dynamical warm pool and its influence on 
Continental Precipitation 
Carlos D. Hoyos, Universidad Nacional de Colombia, Medellin, Colombia 
Peter J. Webster has made several seminal contributions to the understanding of the dynamics of the 
tropical atmosphere in different spatial and temporal scales, always from a holistic perspective. In many 
cases Peter’s contributions have had direct societal impacts since his ideas have been the building blocks 
of applied tools that promote sustainability: food security, risk management and optimal decision making 
in economically competitive scenarios. One of the topics that has intrigued Peter since he was a graduate 
student is tropical convection across different spatio-temporal scales and its overall role in climate 
variability. The convective activity in the tropical regions plays a crucial role in the global weather and 
climate and in its response to changes in the magnitude of the external forcing factors. Twentieth century 
observations show that during the last 60 years the sea-surface temperature (SST) of the tropical oceans 
has increased by ~0.7°C and the area of SST>26.5 and 28°C (referred to as the oceanic warm pool –
OWP-) traditionally associated with convective activity and storminess, by 15 and 50% respectively. 
Analysis of 20th century observations and CMIP3/CMIP5 models show that the tropical OWP has 
increased in area by nearly 70% since 1910 and is projected to double during 21st century in association 
with greenhouse warming in a moderate CO2 forcing scenario. However, during the same period the 
dynamical warm pool (DWP), defined as the area of positive atmospheric heating, has remained constant 
in area. The threshold SST (TH), which demarks the region of net heating and cooling, has increased from 
26.6°C in the 50s to 27.1°C in the last decade and it is projected to increase to ~28.5°C by 2100 in the 
CMIP3/CMIP5 simulations. The DWP area is projected to remain constant during the 21st century. The 
area of the DWP remains constant while SSTs increase universally across the tropics as a result of a near 
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exact matching between increases in convective heating within the DWP and in radiative cooling outside 
the DWP. Although the area of the DWP remains constant, the total tropical atmospheric heating has risen 
from 1950 to 2000 by about 10% and it is projected to increase by further 20% by 2100, suggesting an 
enhancement of the atmospheric circulation, with growth in convective heating within the warm pool, and 
an increase of subsiding air and stability outside the convective warm pool and vertical shear in the DWP 
boundaries. On the other hand, analysis of the variability of total convective heating within the warm pool 
shows a very significant relationship with slow-varying precipitation over continental regions as well as 
over the ocean, revealing a dipole-like behaviour in the tropics in the interannual time-scale: periods with 
positive (negative) rainfall anomalies over continents coincide with periods with negative (positive) 
anomalies over the ocean. 
 
(325035) Inferences from Simple Models of Tropical Convection 
Kerry A. Emanuel, MIT, Cambridge, MA 
Recent advances in understanding simple balances in the tropical atmosphere – including boundary layer 
quasi-equilibrium and the weak temperature gradient approximation – allow the construction of very 
simple representations of tropical circulation systems that involve deep convection. I will present some 
simple models of such systems that permit analytic solutions and provide a route to real conceptual 
understanding of the tropics. Topics covered will include the control of the humidity of the tropical 
atmosphere, the observed tight relationship between precipitation and column-integrated water vapor, the 
Walker Circulation, the diurnal cycle of convection over land, and self-aggregation of convection. By 
focusing on conceptual understanding, this work honors Peter Webster, his PhD thesis advisor Norm 
Phillips, and the legacy of the MIT School of the 1960s and 70s. 
 
(330270) Tropic World 
Dennis L. Hartmann, Univ. of Washington, Seattle, WA 
Peter’s many contributions to tropical meteorology include some on the radiative interactions of clouds 
with the atmosphere, tropical circulations, and ocean atmosphere interactions. What circulation would the 
atmosphere assume, if the Earth was non-rotating, covered with a mixed-layer ocean, and the insolation 
was globally uniform? How does the answer depend on the mean temperature? To establish an efficient 
mechanism for moving energy upward where it can be radiated to space from the atmosphere, and to 
satisfy the laws of thermodynamics, the system organizes itself into a warm pool and a colder pool. 
Convection occurs around the warmer pool. The SST and Net TOA radiation are almost uniform in the 
warm pool area. This hypothetical world provides insights into basic questions like, “Why does the warm 
pool exist?” “Why is the net TOA radiation uniform in the warm pool?” “How should the high cloud 
fraction in the warm pool change in a warmed climate?” 

Session 4 Predictability and Prediction  
(329715) Unified Prediction of Weather and Climate 
T. N. Palmer, University of Oxford, Oxford, United Kingdom 
In the early 1990s, Peter Webster and the author co-wrote one of the first (if not the first) paper 
advocating a unified approach to weather and climate prediction. However, for political reasons the paper 
was only published in an obscure conference proceedings book, and has received few citations. However, 
in the intervening years unified (or seamless as it is now largely referred to) prediction has become a 
dominant strategic theme of major meteorological institutes and programmes such as WCRP. Here I 
discuss some of the most important reasons for pursuing a unified approach to weather and climate 
prediction, and argue that the need for a unified approach has never been more important, as we start to 
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develop convectively resolved global climate models. 
 
(331163) Prediction of the MJO 
Hyemi Kim, SUNY, Stony Brook, NY 
The Madden-Julian Oscillation (MJO) is a special type of organized tropical convection which is distinct 
from other forms by its vast horizontal scale, sub-seasonal variability, and propagation over the Indo-
Pacific basin. Enhanced or suppressed convection associated with the MJO affects global weather and 
climate, thereby providing a source of global sub-seasonal predictability. Therefore, skillful prediction of 
the MJO represents a key objective for sub-seasonal prediction and considerable efforts have been made 
on the prediction of the MJO over the past 20 years. Ensemble prediction systems have shown remarkable 
improvements in MJO forecast skill in recent years. Skilful dynamical MJO forecasts have been reported 
beyond 30 days, making dynamical forecasts of the MJO more skillful than empirical models. However, 
studies found that the predictive skill limit of the dynamical models is still 2-3 weeks lower than the 
potential predictability limit, which suggests that there is still room for further improvements in the 
dynamical prediction of the MJO. One of the major challenges for the MJO prediction is the apparent loss 
of prediction skill across the Maritime Continent. Recent studies showed relatively low skill in models 
when the MJO convection is located over the Indian Ocean initially and propagates over the MC. Another 
challenge in MJO prediction field is to understand how the key physical processes of the MJO simulated 
in operational models affect the MJO prediction. Although many recent studies have investigated the 
MJO prediction in multi-models, analyses have been limited to simple performance-oriented metrics 
rather than process-oriented diagnostics which can provide insights for model success or failure at 
predicting the MJO. The lack of process-oriented studies in MJO prediction research was partly due to the 
lack of multiple variables output from frequently initialized reforecasts. However, recent scientific 
advances in understanding the key processes of the MJO and its simulation (e.g., WGNE/GASS 
experiments), in addition to the effort by WCRP/WWRP S2S prediction project for providing frequently 
initialized reforecasts with multi-variables, yield unprecedented opportunity to identify the physics of the 
MJO in the predictions. Another challenge is the understanding of the role of the mean state and mean 
state biases on MJO prediction and predictability. Recent studies have demonstrated that the combination 
of the MJO-related horizontal wind and seasonal mean moisture distribution is the key that contributes to 
the horizontal moisture advection. How do the seasonal mean state and its bias impact on the MJO 
prediction and what are common systematic biases in models that effect MJO prediction is a question that 
should be addressed to improve the MJO prediction. A broad review, current status and challenges of 
MJO prediction will be presented. 
 
(334469) Tactical adaptation to extreme weather and climate events in the developing world 
Violeta Toma, Climate Forecast Applications Network, Reno, NV 
Professor Webster’s research on tropical meteorology and climate dynamics has been applied to 
developing flood, heat wave, and tropical cyclone forecasts for the monsoon regions in South Asia. He 
has actively worked with developing countries and development banks to support tactical adaptation 
strategies using forecasted extreme weather events. In 2006, Professor Webster co-founded Climate 
Forecast Applications Network, to translate weather and climate research into forecast products that 
support the mitigation of weather and climate risk for public and private sector decision makers.  
Professor Webster has successfully applied his extensive theoretical and modeling knowledge to 
successfully build a probabilistic rainfall and river discharge forecasting system for Southeast Asia. For 
the first time in Bangladesh, floods were predicted in real time in 2007 and 2008, providing early warning 
and subsequent agricultural and household savings.1 He has developed an even more advanced flood 
prediction scheme for the Indus Valley2 but Pakistani authorities have not used it. Webster and his team 
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contributed to the development of South Asia’s first Heat –Health Action Plan in Ahmedabad (Gujarat, 
India).3 He has also advocated for better tropical cyclone forecasts for South Asia, especially in light of 
Cyclone Nargis that struck Myanmar.4 
1Webster P. J. and J. Jian 2011: Environmental prediction, risk assessment and extreme events: adaptation 
strategies for the developing world. Phil. Trans. Roy. Soc. A( Math, Phys and Eng.) Volume: 369 Issue: 
1956 4768-4797 DOI: 10.1098/rsta.2011.0160. DEC 13 2011  
2Shrestha K.Y., P.J. Webster, and V.E. Toma, 2014: An Atmospheric-Hydrologic Forecasting Scheme for 
the Indus River Basin, Journal of Hydrometeorology. Available at: 
http://journals.ametsoc.org/doi/abs/10.1175/JHM-D-13-051.1  
3Knowlton K., PJ Webster, VE. Toma, and thirteen additional authors: Development and Implementation 
of South Asia's First Heat-Health Action Plan in Ahmedabad, Gujarat, India. International J. 
Environmental Res. and Public Health.  
4Bangladesh's Example for a Post-Nargis World, by Andrew Freedman Washington Post, May 14, 2008. 

Session 5 Monsoons 

(323161) The Asian Aerosol-Monsoon Climate System: A New Paradigm 
William K. M. Lau, University of Maryland, College Park, MD 
The possible impact of anthropogenic aerosols on climate change of the Asian monsoon is well 
recognized, but not well understood. Unraveling the roles of greenhouse warming vs. aerosol on climate 
change in Asian monsoon regions is a major challenge. In this talk, I will show evidences that aerosol, 
like water vapor, clouds and precipitation is an intrinsic element of the Asian monsoon system. As such, 
aerosol impacts on climate change are not just due to increased anthropogenic emissions, but are strongly 
governed by feedback processes involving interactions of monsoon dynamics with radiation and cloud 
nucleation processes involving natural aerosol such as desert dust, black carbon from wildfires, as well as 
organic carbon from biogenic emissions. Better understanding of how ambient aerosols (natural and 
anthropogenic) interact with atmospheric dynamics and convection in affecting intrinsic monsoon 
processes, such as onset and breaks, floods and droughts, intraseasonal and interannual variability, and 
transport of chemical gases and aerosols will go a long way in providing better understanding of the roles 
of greenhouse warming, aerosols and other change agents in effecting climate change in Asian monsoon 
regions, as well as in informing societies and governments in formulating sound policies for mitigation 
and adaptation. 
 
(328145) Predictable Patterns of the Atmospheric Low-Level Circulation over the Indo-Pacific Domain: 
Seasonal Dependence and Intra-ensemble Variability 
Tuantuan Zhang, Sun Yat-sen University, Guangzhou, China 
The predictable patterns and the intra-ensemble variability of the 850-hPa monthly zonal wind over the 
tropical Indo-Pacific domain are investigated using 7-month hindcasts for 1983-2009 from Project 
Minerva. Applied to the ensemble hindcasts initialized on the 1st of May and November, a maximum 
signal-to-noise empirical orthogonal function analysis identifies the patterns of high predictability as the 
hindcasts progress. For both initial months, the most predictable patterns are associated with El Niño-
Southern Oscillation (ENSO). The second predictable patterns with May initialization reflect the 
anomalous evolution of the western North Pacific (WNP) monsoon, characterized by a northward shift of 
the WNP anomalous anticyclone/cyclone in summer and a southward shift in fall. The intra-ensemble 
variability shows a strong seasonality that affects different predictable patterns in different seasons. For 
May initialization, the dominant patterns of the ensemble spread bear some resemblance to the predictable 
WNP patterns in summer and ENSO patterns in fall, which reflect the noise-induced differences in the 
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evolution of the predictable signals among ensemble members. On the other hand, the noise patterns with 
November initialization are dominated by the northern extratropical atmospheric perturbations from 
winter to early spring, which expand southward through the coupled footprinting mechanism to perturb 
the ENSO evolution in different ensemble members. In comparison, extratropical perturbations in the 
Southern Hemisphere, most significant in early months with May initialized predictions, is less effective 
in affecting the tropical circulation. 
 
(333732) Predictability of Indian monsoon rainfall in the context of the recent global warming 
Bin Wang, Univ. of Hawaii, Honolulu, HI 
Prediction of Indian summer monsoon rainfall (ISMR) is at the heart of the monsoon prediction. Despite 
century-long efforts and enormous progress made since 1886, the operational forecasts of All Indian 
Rainfall Index (AIRI) during recent decades (1989-2012) have little skill. Using data from 1871-20014 
and with a physical-empirical (P-E) prediction model and couple climate model’s numerical experiments, 
we show that the recent failure is largely due to the dynamical models’ inability to capture new 
predictability sources emerging during the recent global warming. The P-E model for AIRI that captures 
three new predictors foreshadowing the development of the central-Pacific El Nino-Southern Oscillation 
(CP-ENSO), the strengthening of the North and South Pacific Highs and the Asian Low, can produce an 
independent forecast correlation skill of 0.51 for 1989-2012 and a 92-yr retrospective forecast skill of 
0.64 for 1921-2012.  
While most studies so far have focused on predicting the AIRI, it is more useful and challenging to 
forecast seasonal rainfall anomaly pattern across India. The 46-year (1960-2005) hindcast made by the 
five ENSEMBLE coupled models’ multi-model ensemble (MME) yields a temporal correlation 
coefficient (TCC) skill of 0.43 for predicting AIRI, but only 0.16 for predicting anomaly pattern. Here we 
developed the Predictable Mode Analysis (PMA) method and a suite of P-E models to predict ISMR 
anomaly pattern. We show that the first three observed empirical orthogonal function (EOF) patterns of 
the ISMR have their distinct dynamical origins rooted in the eastern Pacific (EP)-type ENSO, central 
Pacific (CP)-type ENSO, and Nino4 SST anomalies, respectively. The dynamical models’ skill for 
predicting ISMR distribution primarily comes from these three potentially predictable modes, which 
account for about 51% of the total observed variance. Based on understanding the lead-lag relationships 
between the lower boundary anomalies and the predictable modes, a set of P-E models is established to 
predict the ISMR anomaly pattern by using the sum of the predictable modes. The cross-validated TCC 
skill of the P-E models is more than doubled that of ENSEMBLE models’ MME hindcast, suggesting a 
large room for improvement of the current dynamical prediction. The methodology proposed here can be 
applied to a wide range of climate prediction and predictability studies. The limitation and future 
improvement are also discussed.  
 

Poster Sessions 

Session 1 Air-Sea Interactions and Tropical Cyclones  
(334771) Inter-annual Variability of Air-sea Fluxes over the Arabian Sea and Bay of Bengal; Evolution 
during a Monsoon Cycle and Impacts of Cyclones. 
Kristina Katsaros, Northwest Research Associates, Inc,, Redmond, WA; and A. Bentamy, R. T. Pinker, J. 
Carton, W. Chen, and W. T. Liu 

Multi-year data sets on all the terms of the air-sea interactions, exchanges of heat, moisture, momentum, 
and other properties between the ocean and the atmosphere are now available from space born sensors at 
high spatial and temporal resolution. We examine the net energy and moisture fluxes and the separate 
terms constituting them: turbulent flux (latent heat), short and long wave radiative fluxes for several years 
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(2003-2008) in the Northern Indian Ocean (Arabian Sea in the West and the Bay of Bengal in the East) 
documenting the Monsoon cycle. These data are available at 0.5 - 1 deg resolution, or better at daily time 
scales.  
Analysis of the sea surface temperature and evaporation rate shows differences in the timing of the 
maxima in the two ocean basins with resulting effects on moisture transports to the continent. Procedures 
for calculating the moisture transport across the Indian coastlines are related to the warming of the upper 
ocean via air-sea fluxes and the consequent timing of precipitation during the monsoon onset. Disruption 
of these processes can occur due to passing Tropical Cyclones with consequences to the upper ocean and 
thus, the sea surface temperature and moisture (latent) heat flux. The associated cloudiness also modifies 
the radiative fluxes substantially. The recent plentitude of buoys, such as the Research Moored Array for 
African-Asian-Australian Monsoon Analysis and Prediction (RAMA) in the Indian Ocean supports the 
analysis of these effects above and below the sea surface. We present a few cases highlighting the value 
of the remotely sensed data on evaporation from the Institut Francais de Recherche pour l’Exploitation de 
la Mer (IFREMER) product and the radiative data sets based on MODIS Moderate Resolution Imaging 
Spectroradiometer (MODIS) measurements from Terra and Aqua satellites. Motivation for the work is 
that remote monitoring of the large scale air-sea fluxes can lead to prediction of changes in the monsoonal 
flow of moisture and precipitation, once a complete and statistical analysis of a longer time-series 
becomes available. 
 
(336037) Atmosphere-Ocean Coupling from TOGA COARE and Beyond: A Tribute to Peter Webster’s 
Contribution to Earth System Science 
Shuyi S. Chen, University of Washington, Seattle, WA 
The Tropical Ocean-Global Atmosphere (TOGA) Coupled Ocean Atmosphere Response Experiment 
(COARE) led by Peter Webster and Roger Lukas was truly transformative in advance our understanding 
of the Earth system. It was not only innovative in observing the coupled atmosphere-ocean in the tropics, 
but brought together researchers from the atmosphere and ocean community to tackle one the most 
challenging problems in the global weather-climate system. It has also inspired a new generation of young 
scientists to work on the coupled atmosphere-ocean in a wide range of interdisciplinary sciences. I was 
amount them starting as a post-doc at the University of Washington. My experience in TOGA COARE 
has shaped my career and taking on better understanding and prediction of the coupled atmosphere-ocean 
system as one of my goals. I will provide a review of the atmosphere-ocean coupling in the tropics 
including its impact on the MJO and tropical cyclone modeling and predictions. 
 
(336678) Diurnal Sea Surface Temperature Variabiilty and Air-Sea Interaction 
Carol Anne Clayson, WHOI, Woods Hole, MA 
Ocean surface fluxes observed from continuous measurements during field experiments show strong 
variability on temporal scales that range from the diurnal cycle to the life cycle of storms, and on spatial 
scales as small as that of an individual convective cloud. Beginning with the seminal Webster, Clayson, 
and Curry 1996 paper, the role of diurnal SST variability on air-sea feedbacks, particularly in the tropics, 
has been studied for over 20 years. In this presentation I will discuss what has been learned about the 
effects of this diurnal variability on the upper ocean and lower atmosphere across a variety of time and 
space scales. Studies have demonstrated that using a 24-hour mean SST or a pre-dawn SST changes 
prediction capability of such ocean-atmosphere coupled phenomena as convection and the Madden Julian 
Oscillation (MJO). Recent modeling studies clearly demonstrate the need to resolve diurnal SST 
variability even for interannual variability such as ENSO.  
A focus of the presentation will be on the variability observed between diurnal SST and the MJO. While 
recent studies continue to show the importance of atmospheric moist dynamics and convection as a 
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driving factor in the development and propagation of MJO events, it is also known that the upper ocean 
mixed layer responds in concert and may itself contribute to the amplification and decay of MJO related 
variability. Preconditioning of the environment prior to the active phase of the MJO has been noted, but 
the balance of theorized mechanisms to accomplish this process remains unresolved. Further, not all 
developing organized convection transitions into a propagating MJO signal. This work will provide 
analyses of observations from a variety of satellite, reanalyses, single-column coupled ocean-atmosphere 
models, and in situ observations (buoys, Argo) to investigate atmospheric variability during the 
suppressed phase of the MJO. A particular focus of these analyses will be to characterize the systematic 
relationship between diurnal SST/upper-ocean variability, low-level stability, and observed cloud 
regimes. Additional emphasis will be placed on scrutinizing the interactions between the atmosphere and 
ocean boundary layers via surface heat flux exchanges of heat, moisture, and momentum. 
 
(325336) Atmospheric Teleconnection Patterns and Climate Anomalies Associated with the Variations of 
Mid-Oceanic Troughs in the Northern Hemisphere 
Song Yang, Sun Yat-sen University, Guangzhou, China; and K. Deng, M. Lu, and M. Ting 
The upper-tropospheric mid-oceanic troughs including the mid-Pacific trough (MPT) and the mid-
Atlantic trough (MAT) are two major circulation systems over the northern hemisphere in summer. While 
the MPT acts as an atmospheric bridge connecting the climate over Asia and North America, and the 
MAT is linked to the climate over North America and the Eurasian continent. In this study, the multi-
scale variations of the troughs, the associated atmospheric teleconnection patterns and surface climate 
anomalies, and their relationships with large-scale forcing including Arctic sea ice, tropical sea surface 
temperature (SST), and others are investigated.  
The variations of MPT are significantly related to the tropical Pacific and Atlantic SSTs and the Arctic 
sea ice near the Bering Strait, and the variations of MAT are strongly associated with the North Atlantic 
Oscillation on interannual time scale and the Atlantic Multi-decadal Oscillation on interdecadal time 
scale. The physical processes and the responsible mechanisms for these relationships are depicted. The 
relationships between the trough variations and the anomalies of temperature and rainfall anomalies over 
East Asia, North America, and Europe are discussed. The relationship between the MPT and the genesis 
of Pacific tropical cyclones is also presented. 
 
(331349) Direct and indirect ocean feedbacks to the MJO in four GCM experiments 
Charlotte A. DeMott, Colorado State University, Fort Collins, CO; and N. P. Klingaman, W. L. Tseng, M. 
A. Burt, and D. A. Randall 
A suite of air-sea interaction diagnostics tailored to intraseasonal timescales is applied to coupled and 
atmosphere-only simulations with four different general circulation models (CGCMs and AGCMs, 
respectively). Mean state differences between coupled and uncoupled simulations for each model are 
minimized by forcing the AGCM with 31-day smoothed SSTs from the CGCM. With this framework, 
differences in MJO behavior for each model pair arise from the removal of ocean feedbacks.  
Direct effects of intraseasonal SST fluctuations are the surface flux-driven enhancement of MJO rainfall 
anomalies. Compared to observations, the surface flux feedback is exaggerated is some models. This 
exaggeration is rooted in a dry bias in boundary layer humidity, which erroneously elevates the 
contributions of surface fluxes to the MJO moist static energy budget. 
The more robust convection in the coupled simulations drives indirect feedbacks to ocean coupling, such 
as enhanced circulation anomalies that foster increased moistening east of MJO convection and improved 
MJO propagation. Despite identical SST climatologies in each CGCM-ACGM model pair, other indirect 
effects of coupling arise, such as mean state differences in column-integrated water vapor and low-level 
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atmospheric stability, both of which can influence moistening processes and MJO propagation. 
In all four models, the indirect effect of ocean coupling is larger than the direct (i.e., surface flux) effect, 
but the magnitude of the direct effect varies considerably from model to model. 
 
(329688) Convective Characteristics of the Boreal Summer Intraseasonal Oscillation over and around 
the South China Sea 
Steven A. Rutledge, Colorado State Univ., Fort Collins, CO; and W. Xu 
One of the dominant modes of the tropical intraseaonal oscillation in boreal summer over the Indian 
Ocean and South China is the boreal summer intraseasonal oscillation (BSISO). Weather forecasting and 
climate models have difficulty in simulating the BSISO due to incomplete understanding of the 
underlying multiscale physical processes. This study investigates the regional, intraseasonal, and diurnal 
variability of BSISO-associated convection over the SCS and surrounding landmasses. Large-scale 
rainfall, environmental variables, TRMM precipitation features, and lightning data during boreal summer 
(June-Sept) have been stratified by the BSISO index (the 30-60 days mode). The SCS is characterized by 
suppressed precipitation and weak southerlies during inactive BSISO phases (phases 1-3), while a 
substantial northwest-southeast oriented rainband and strong low-level westerlies dominate active BSISO 
phases (phases 5-7). In general, convective intensity (e.g., radar echo-top height) and lightning activity 
are in phase with rainfall over the SCS. However, convective intensity and lightning are out of phase with 
rainfall over landmasses along the BSISO rainband (e.g., Indochina and Philippines). During active 
BSISO phases, convective systems over both land and ocean are characterized by larger size, colder cloud 
tops (IR), and greater fraction of stratiform precipitation. Convection over the SCS during active BSISO 
phases has taller precipitation echoes (20-dBZ echo top heights), higher lightning density, stronger 
microwave ice scattering signatures, and more robust mixed-phase microphysics (larger 30/40 dBZ echo 
volume above the freezing level). These same parameters maximize over land masses of Indochina and 
the Philippines during BSISO inactive periods. Statistics of environmental conditions suggest that the 
peak convection over land is due to stronger surface heating (thus higher CAPE) during inactive phases, 
whereas larger sea surface heat fluxes (leading to higher CAPE) during active phases enhances convective 
intensity over the SCS. On the other hand, mesoscale organization, convective intensity, and 
microphysical properties of precipitation systems to the south and north of the BSISO key rainband 
region have only negligible intraseasonal variability. Land convection shows a strong diurnal cycle 
(maximizing at afternoon and early evening) across all BSISO phases, even though cloud shading is 
strong during active phases. Offshore convection peaks at midnight and early morning times during 
inactive BSISO phases. It is interesting that nocturnal offshore convection is not obvious in active BSISO 
periods, opposing to the hypothesis that offshore convection could be enhanced by the convergence 
between the nighttime offshore flows and the strong southwest-west winds of active BSISO. 
 
(330821) Hurricane Boundary Layer Observations from Dropsondes and COSMIC GPS Radio 
Occultation 
Kevin J. Nelson, Texas A&M University - Corpus Christi, Corpus Christi, TX; and F. Xie 
One of the primary challenges hindering the continued improvement of forecasted tropical cyclone track 
and intensity is the lack of understanding of hurricane boundary layer (HBL) dynamics and structure. 
Numerical simulations often rely on boundary layer assumptions in parameterizations that tend to 
disintegrate in tropical cyclone situations. Additionally, in situ observations are limited to sparse 
radiosonde, GPS dropwindsonde (dropsonde), and aircraft data, primarily from field campaigns and 
scheduled NOAA Hurricane Hunter flights. Conventional satellite measurements have been very helpful 
in discerning the nature of hurricanes. However, the lack of cloud penetrating capability of the passive 
infrared sounders and the low vertical resolution of the passive microwave sounders in tropical cyclone 
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environments prevent us from obtaining the vertical structure of tropical cyclones. This study uses GPS 
radio occultation (RO) from the Constellation Observation System for Meteorology, Ionosphere and 
Climate (COSMIC), which offers high vertical resolution boundary layer structure observations in all-
weather conditions. GPSRO profiles collocated with storm tracks from IBTrACS (Knapp et al. 2010), 
dropsondes, and radiosondes allow us to discern specific HBL properties, such as boundary layer 
thickness, based on patterns of refractivity, temperature, and moisture. The radial vertical profile structure 
of a tropical cyclone is also extracted. In observing the HBL both in and around tropical cyclone 
environments, a conceptual model of radial HBL properties will be created to aid in determining 
parameterization choices for numerical simulations, and improve existing boundary layer 
parameterizations such that forecast tracks and intensities could improve. 
 
(331886) The Ocean-Mediated Influence of Asian Orography on Tropical Precipitation and Cyclones 
Jane Wilson Baldwin, Princeton University, Princeton, NJ; and G. A. Vecchi and S. Bordoni 
Prior Global Climate Model (GCM) experiments have shown that the Tibetan Plateau and related 
orography (hereafter TP) play a significant role in enhancing the Indian Monsoon, particularly during its 
onset, and the East Asian Monsoon. However, these experiments have been largely performed with 
lower-resolution, atmosphere-only GCMs that neglect the influence of atmosphere-ocean coupling, and 
do not resolve tropical cyclones. Here we explore the influence of the TP on tropical circulations in a 
GFDL GCM at two different atmosphere/land resolutions (50 km and 2 degrees), and with or without 
atmosphere-ocean coupling via relaxing the sea-surface temperatures (SSTs) to a monthly climatology. 
Atmosphere-ocean coupling is found to play a significant role in the precipitation response due to the TP, 
enhancing the precipitation increase over the northwest Pacific, and drying the Arabian Sea. In these same 
regions, the higher resolution model, which resolves TCs up to category 3, suggests that the TP has a 
significant influence on TCs, increasing TC frequency in the northwest Pacific, and decreasing it in the 
Arabian Sea. However, in contrast to precipitation, this TC response does not appear to be strongly 
affected by the atmosphere-ocean coupling. Connections between the direct atmospheric circulation 
response to the TP, ocean circulation changes, and these various effects on precipitation and tropical 
cyclones are analyzed and discussed. 

Session 2 Tropical Convection and Waves 
(325069) Intraseasonal Variability in a Cloud-Permitting Equatorial Aqua-Planet Model 
Marat Khairoutdinov, SUNY, Stony Brook, NY; and K. A. Emanuel 
We perform simulations with the System for Atmospheric modeling (SAM) run at a horizontal grid 
spacing of 4 km on an equatorial aqua planet, extending from 46o S to 46o N latitude with a fixed, 
constant sea surface temperature with perpetual equinox solar radiation. The model is run for 280 days.  
Despite the constant sea surface temperature, easterlies develop in the tropics with westerlies at higher 
latitudes. A spectrum of disturbances develop that include a strong, eastward-propagating wavenumber 1 
mode that strongly resembles the Madden Julian Oscillation (MJO), with a Gill-like pattern of outgoing 
longwave radiation, winds, and temperature. Horizontally homogenizing the radiative heating eliminates 
this mode, demonstrating that it owes its existence to feedbacks among clouds, water vapor and radiation. 
In this and in other respects, the mode behaves like self-aggregation on a sphere, as found by Arnold and 
Randall (2015) using a super-parameterized general circulation model. In an experiment in which the 
wind speed is fixed in the surface flux formulation, the MJO mode still develops but does not propagate, 
showing that its eastward propagation in the model is owing to wind-dependent surface fluxes (WISHE).  
In our talk, we will discuss this mode in greater detail and also diagnose the physics of higher frequency 
equatorially trapped modes, such as Kelvin and mixed Rossby-gravity waves, produced in these 
simulations. 
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(326318) Influence of the Madden-Julian Oscillation and Caribbean Low-Level Jet on East Pacific 
Easterly Wave Dynamics 
Justin W. Whitaker, Colorado State Univ., Fort Collins, CO; and E. D. Maloney 
The east Pacific warm pool in which easterly waves (EWs) exist exhibits basic state variability associated 
with the Madden-Julian Oscillation (MJO) and Caribbean Low-Level Jet (CLLJ). This study compares 
and contrasts composite changes in the background environment, eddy kinetic energy EKE budgets, 
moisture budgets, and EW tracks during MJO and CLLJ events. While previous studies have shown that 
the MJO influences jet activity in the east Pacific, the influence of the MJO and CLLJ on EWs is not 
synonymous. The MJO and CLLJ have similar influences along the Central American coast in the 
northeastern portion of the basin while the MJO has a more expansive westward reach from the coast. The 
CLLJ is a stronger modulator of the ITCZ than the MJO. Anomalous low-level westerly MJO and CLLJ 
periods are associated with favorable conditions for EW development along the main EW path paralleling 
the Central American coast, contrary to previous findings about the relationship of the CLLJ to EWs. 
Easterly MJO and CLLJ periods support enhanced EW development along the ITCZ, although the CLLJ 
is a greater modulator of EW tracks in this region, likely associated with stronger changes to the 
background state and their influence on the EKE budget. EW growth in the ITCZ during easterly MJO 
periods is more reliant on barotropic conversion as an energy source than for strong CLLJ period waves, 
when EAPE to EKE conversion associated with ITCZ convection is more important. A moisture budget 
analysis for ITCZ waves shows that strong CLLJ period waves have stronger horizontal advection in front 
of the wave axis relative to easterly MJO periods waves. These differences in horizontal advection are 
interpreted in the context of a linearized horizontal advection budget. Thus, the influence of these 
phenomena on east Pacific EWs should be considered distinct. 
 
(329309) Heating and Moistening of the MJO during DYNAMO in ECMWF Reforecasts 
Chidong Zhang, PMEL, Seattle, WA; and J. E. Kim, G. N. Kiladis, and P. Bechtold 
Reforecasts produced by the ECMWF Integrated Forecasting System (IFS) were used to study heating 
and moistening processes associated with three MJO events over the equatorial Indian Ocean during the 
Dynamics of the Madden-Julian Oscillation (DYNAMO) field campaign. Analyzed and derived variables 
from the IFS reforecast (IFS-RF) and observations over the DYNAMO sounding arrays agree reasonably 
well with each other, and they vary smoothly from western to eastern equatorial Indian Ocean. This lends 
confidence towards using IFS-RF as a surrogate of observations over the equatorial Indian Ocean outside 
the DYNAMO arrays. The apparent heat source Q1 and apparent moisture sink Q2 produced by IFS are 
primarily generated by parameterized cumulus convection, followed by microphysics and radiation. The 
vertical growth of positive Q1 and Q2 associated with the progression of MJO convection can be gradual, 
stepwise, or rapid depending on the event considered and its location over the broader equatorial Indian 
Ocean. The time for convective heating and drying to progress from shallow (800 hPa) to deep (400 hPa) 
can be <1 day to 6 days. It is usually short for convective processes alone, but becomes longer when 
additional microphysical processes are in play, such as evaporative moistening below convective and 
stratiform clouds. The ratio of radiative to convective heating is 10-20% during the buildup to peak MJO 
periods, and much greater during the decay period and in regions of weak precipitation. This suggests that 
this ratio alone does not measure the strength of cloud-radiative feedback, contrary to previous studies. 
 
(325094) Best Pressure Level/Latitude Band to Track Easterly Waves Over Different Regions Using 
NCEP-NCAR Reanalysis 
Sachin Thapa, University of Louisiana at Monroe, Monroe, LA; and K. D. Leppert II 
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Tropical easterly waves form over Africa and move westward over West Africa, the Atlantic, and 
sometimes as far as the Caribbean and East Pacific regions. These waves are often identified via 
fluctuations in meridional wind, relative vorticity, and/or by tracking mesoscale convective systems via 
satellite IR brightness temperatures. Over Africa, the waves tend to be associated with a northerly track 
with peak amplitude at 850 hPa and a southerly track that peaks at 700 hPa. These tracks tend to merge 
over the Atlantic. Given the complicated structure of easterly waves, this study seeks to determine the 
best pressure level and latitude band to identify and track easterly waves over different regions.  
This study uses National Centers for Environmental Prediction–National Center for Atmospheric 
Research reanalysis meridional wind data over a region stretching from 130°W–20°E and from 5–25°N. 
A 3–7-day bandpass filter is applied to 700- and 850-hPa winds prior to the waves being separated into 
northerly, trough, southerly, and ridge phases. This phase separation is performed over various latitude 
bands (i.e., 5–15°N, 5–20°N, and 15–25°N). Then the filtered meridional wind values in each phase are 
correlated with the corresponding unfiltered wind values. These correlations are not only calculated over 
the full analysis domain but also over smaller longitude bands, including the East Pacific (130°–95°W), 
Caribbean (95°–70°W), West Atlantic (70°–40°W), East Atlantic (40°–15°W), and Africa (15°W–20°E). 
The hypothesis is that a higher correlation implies that the corresponding pressure level and latitude band 
is more appropriate for tracking easterly waves using meridional wind over a given region.  
Early results of this work will be available soon. Given previous work on the structure of easterly waves, 
we expect that the pressure level/latitude band most appropriate for tracking easterly waves will vary 
from region to region. For example, 850-hPa meridional winds in the northern latitude band (15–25°N) 
may be more important for wave identification over Africa and less important farther west over the ocean 
where the northern wave track tends to weaken. 
 
(334036) African Easterly Waves in Convection Permitting Simulations: The Role of Moist Convection 
James O. H. Russell, North Carolina State University, Raleigh, NC; and A. R. Aiyyer 
African easterly waves (AEWs) are synoptic-scale disturbances that are active within the North African 
Monsoon. Their growth has been linked to barotropic and baroclinic instability of the African Easterly Jet 
(AEJ). It has also been shown that moist convection may have an important role in their maintenance. 
However, details of their interaction with convection have not yet been sufficiently understood. This 
study tests a range of hypotheses from AEWs being driven entirely through diabatic processes---as in a 
Diabatic Rossby Wave (DRW)---to entirely by adiabatic hydrodynamic instability. Preliminary results 
using reanalysis data suggest that the AEWs fall somewhere in the middle of this spectrum.  
To investigate these hypotheses, this study will utilize a set of convection permitting Weather Research 
and Forecasting model (WRF) simulations. The control simulations will be analyzed using eddy kinetic 
energy (EKE) and potential vorticity (PV) budgets to assess where and how various processes are active. 
Next, by modifying a microphysics scheme to limit latent heating in the WRF simulations, sensitivity 
studies will allow for the examination of the structure, dynamics, and evolution of AEWs with limited 
latent heating, while maintaining as similar of an environment as possible to the control simulation.  
Our preliminary results from a simulation of a single AEW show that the DRW mechanism generates PV 
in the low- and mid-levels of AEWs while the Rossby Wave mechanism is more important aloft. Further, 
by limiting the moisture in sensitivity studies, convection and diabatic effects were limited, and the AEW 
was increasingly limited to the upper levels with decreasing moisture. These results suggest that the AEW 
is very different without diabatic processes but they are not a requirement for the AEWs continued 
propagation and maintenance. 

 
(334655) Sensitivity of Simulated African Easterly Wave Stormtrack to Orographic Effects 
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Joshua Dylan White, North Carolina State University, Raleigh, NC; and A. R. Aiyyer 
African easterly waves (AEWs) are synoptic-scale disturbances that propagate across northern Africa 
during the warm season, impacting regional convection systems and often serving as precursors for 
Atlantic hurricanes. AEW activity is organized into two distinct stormtracks on the poleward and equator 
side of the African easterly Jet (AEJ): one at about 650 hPa and the other near the surface. Along the 
AEW storm tracks are notable orographic features such as the Ethiopian Highlands and the Ahaggar and 
Tibetsi mountains. The purpose of this study is to determine the impact of orography on the energetic and 
thermodynamic development of AEWs. We use the Weather Research and Forecasting model to produce 
output of simulated seasons (July through October) with reduced topography along the AEW storm track 
and compare them to a simulated control season as well as European Centre for Medium-Range Weather 
Forecasts Reanalysis and satellite derived products. Preliminary results show that removing all 
topographic features reduces the overall AEW activity but does not eliminate the waves. Furthermore, 
irrespective of which topographical feature is reduced in height, the greatest difference is seen where the 
climatological AEW activity is a maximum. These results cast a new light on the triggering hypothesis for 
AEWs. 
 
(328407) A detailed analysis of propagating synoptic-scale systems during the 2016 DACCIWA 
campaign in southern West Africa 
Andreas H. Fink, Karlsruhe Institute of Technology, Karlsruhe, Germany; and P. Knippertz 
In June and July 2016, the Dynamics–Aerosol–Chemistry–Cloud Interactions in West Africa 
(DACCIWA) project organized a major international field campaign in southern West Africa (SWA) 
including measurements from three inland ground supersites, radiosondes, and three research aircrafts. A 
significant range of different weather situations was encountered during this period, including the 
monsoon onset. The purpose of this paper is to characterize the large-scale setting for the campaign, as 
well as synoptic and mesoscale weather systems affecting the study region in the light of existing 
conceptual ideas on tropical waves and disturbances, mainly using objective and subjective identification 
algorithms based on (re-) analysis and satellite products.  
The boreal summer of 2016 was characterized by Pacific La Niña, Atlantic El Niño and warm eastern 
Mediterranean conditions, whose competing influences on precipitation led to an overall average rainy 
season. During the relatively dusty pre-onset Phase 1 (1–21 June 2016), three westward propagating 
coherent cyclonic vortices between 4 and 13° N modulated winds and rainfall in the Guinea coastal area. 
The monsoon onset occurred in connection with a marked extratropical trough and cold surge over 
northern Africa, leading to a breakdown of the Saharan heat low and African easterly jet and a 
suppression of rainfall. During this period, quasi-stationary low-level vortices associated with the trough 
transformed into more tropical, propagating disturbances resembling an African easterly wave (AEW). To 
the east of this system, moist southerlies penetrated deep into the continent. The post-onset Phase 2 (22 
June–20 July 2016) was characterized by a significant increase of low-level cloudiness, unusually dry 
conditions at the Guinea Coast, as well as rainfall modulation by westward propagating AEWs in the 
Sahel. Around 12–14 July 2016 an interesting and so-far undocumented cyclonic-anticyclonic vortex 
couplet crossed SWA. The anticyclonic center had its origin in the southern hemisphere and transported 
unusually dry air filled with aged aerosol into the region. During Phase 3 (21–26 July 2016), a similar 
vortex couplet slightly farther north created enhanced westerly moisture transports into SWA and 
extraordinarily wet conditions, accompanied by a deep penetration of the biomass-burning plume from 
central Africa. Finally, a return to more undisturbed monsoon conditions took place during Phase 4 (27–
31 July 2016).  
The in-depth synoptic analysis based on an enhanced observational network reveals that several 
significant weather systems during the DACCIWA campaign cannot be attributed unequivocally to any of 
the tropical disturbances and waves (e.g. AEWs, Mixed Rossby Gravity Waves) described in the 



 
 

51 

literature. Thus new theoretical and conceptual models are needed that account for the complex basic 
state, strong meridional flow, weak baroclinicity, land-sea contrasts, and orography in the West African 
monsoon area. 
 
(330157) Vertical heating structure over the Amazon: Its influence on realistic rainfall simulation and 
atmospheric circulations in GCMs 

Hedanqiu Bai, Texas A&M University, College station, TX; and C. Schumacher 
General circulation models (GCMs) significantly underestimate MAM precipitation over the Amazon 
basin, especially over the northeast coast (8.75°N to 3.75°S, 58.75°W to 46.25°W). In order to examine 
what vertical heating profile is needed to simulate realistic precipitation over the Amazon basin and how 
the Walker Circulation and the Hadley Cell will respond to changes in this profile, heating is added to the 
northeast Amazon along the coast intermittently during MAM 1998-2010 in the Community Atmospheric 
Model version 5 (CAM5) using the technique of Lappen and Schumacher (2012). Three experiments have 
been done including: a control run, an added top-heavy heating sensitivity experiment, and an added 
bottom-heavy heating sensitivity experiment. Results show that the added top-heavy heating produces 
more rain over the northeast Amazon, but causes even drier conditions over the central Amazon compared 
to the control run. The top-heavy heating strengthens the upper branch of the Atlantic Walker Circulation, 
but leads to enhanced easterlies at mid levels and anomalous westerlies at low levels. The added bottom-
heavy heating experiment provides a more practical result: it produces more precipitation over both the 
northeast coast and central Amazon. It also strengthens the Atlantic Walker Circulation, but enhanced 
easterlies in the lower troposphere bring more moisture from the ocean to the coast. The added bottom-
heavy heating is likely associated with the coastal sea breeze, which cannot be resolved in GCMs with 
coarse resolutions. The added low-level heating may also have an effect on the strength of the Hadley 
Cell, affecting weather patterns in the extratropics. 
 
(336384) Analysis of the Orographic Influences of the Topography in the Structure of the Convective 
Precipitative Systems Near the Tropical Andes of South America 
Manuel D. Zuluaga, Universidad Nacional de Colombia, Medellin, Colombia; and M. Zapata, S. Gomez, 
and C. D. Hoyos 
This study uses radar reflectivity from the TRMM Precipitation Radar and brightness temperature from 
the GOES satellite in conjunction with high-resolution simulations from the Weather Research and 
Forecasting (WRF) model to better understand the physical factors that control the structure of convective 
precipitative systems that occur near the high elevation ranges of northern South America. This region is 
recognized to have frequent and widespread occurrence of deep convection that is favored by the 
convergence of cross-equatorial low-level flow towards the western slopes of the Andes ranges in the 
Pacific coasts of Colombia and Panamá. WRF model simulations using different microphysical 
parameterizations and initial conditions were explored in order to better simulate a previously observed 
convective storm with extreme characteristics, and which served as a control run. Then, different 
simulations modifying the model topography indicate that the orography of the Andes is critical in the 
generation of these convective storms. Reducing the elevation of the Andes ranges show a significant 
reduction of the horizontal and vertical extent, and the precipitation accumulation produced by the 
simulated storm. In the other hand, increasing the Andes elevations did not show a significant change in 
the conditions observed of the simulated storm. The results presented in this work provide a better 
understanding of the role of the topography in modulating the environments leading to the occurrence of 
convective storms in mountainous regions of the tropics. 
 
(329530) A mechanically induced center of heavy rainfall off the east coast of Central America 
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David Zermeno, Universidad Nacional Autónoma de México, Mexico City, Mexico; and V. O. Magaña 
and E. Herrera 
Some of the regions with heaviest rainfall regimes in the world are conspicuously located offshore 
concave and mountainous lands. These centers of convection are quasi static and can reach synoptic 
spatial length scales. Their causes are not well understood, but they are commonly speculated to be rooted 
in the geographically induced convergence of nighttime land sea breezes. Offshore the east coast of 
Central America is located such a center of convection. The accumulated rainfall in this region can reach 
600 mm per month and its seasonal cycle is similar to that of the Caribbean Low Level Jet (CLLJ). This 
case however, could not to be explained by the convergence of land breezes for two reasons. First, a 
mountain barrier over land is absent, so the radiative cooling of land associated with the thermal breeze is 
weak. Second, the nighttime accumulated rainfall can only explain a fraction the total. Wind diagnostics 
from reanalysis show that the ageostrophic circulation in this region resembles that of a tropical cyclone. 
This circulation appears to be mechanically induced by the northward deflection of the CLLJ. As 
suggested by composites of rain types observations from TRMM-PR, such cyclonic circulation seems to 
promote the organization of convection into powerful mesoescale convective systems, and it therefore, 
extends the life cycle of the convective activity there. 

 
(327053) The Coupling Between Gravity Waves and Moisture: A Mechanistic Picture 
Joy Merwin Monteiro, Stockholm Univ., Stockholm, Sweden; and N. Harnik and R. Caballero 
Motivated by the need to understand the influence of convection on tropical variability, the interaction 
between gravity and Kelvin waves and moisture in a shallow water model is analyzed with an emphasis 
on physical interpretation. Convection is represented by a simple Betts-Miller type relaxation, and 
analytical solutions for the influence of moisture on wave speed and stability are obtained, both at the 
limit of a vanishing convective relaxation timescale (or ``strict quasi-equilibrium'' (SQE)) and for finite 
relaxation timescales.  
We show that the moisture and convergence are necessarily in-phase at the SQE limit, and that this phase 
relationship necessarily changes when SQE is relaxed. As a natural consequence of the equivalence 
between SQE and the moisture-convergence phasing, larger scale waves are always closer to SQE than 
the smaller scale waves.  
Our analysis separates the phase and amplitude of the travelling wave, a relaxation timescale dependent 
``gross moist stability'' and equivalent depth are derived for both one-dimensional gravity waves and 
Kelvin waves. We develop a mechanistic picture of how the phasing between the height and the 
divergence fields changes in the presence of moisture, and its effect on the stability of gravity and Kelvin 
waves. In particular, we show that rotation constrains moist Kelvin waves to be unconditionally stable at 
the SQE limit in our system by fixing the phasing between the height and divergence fields via 
geostrophic balance.  
Away from the SQE limit, we show that a relaxation-type convection scheme can only damp gravity and 
Kelvin waves, and conditions for instability preclude coherent propagation of all fields (at and away from 
the SQE limit). Furthermore, we show that the well known condition for instability, (H - LQ) < 0 (where 
H is the mean depth of the fluid, L is the latent heat of condensation and Q is the column integrated 
saturation specific humidity), is true only at the SQE limit and a more general relation (H - \gamma LQ < 
0) holds away from SQE. We derive analytical relationships for \gamma for gravity and Kelvin waves 
and try to understand what it implies physically. 
 
(335799) Seasonal Cycle of Cross Equatorial Flow in the Central Equatorial Indian Ocean 
Michael J. McPhaden, PMEL, Seattle, WA 
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This study investigates the seasonal cycle of cross equatorial flow in the upper layers of central equatorial 
Indian Ocean and its relation to monsoon forcing. Cross equatorial flow from the summer to the winter 
hemisphere in the Indian Ocean is an important regulator of the Earth’s energy balance on seasonal time 
scales. For this study we use the most comprehensive set of moored velocity measurements in the Indian 
Ocean to date, namely as set of acoustic Doppler current profiler (ADCP) measurements along 80.5°E for 
the period 2004-13. Cross equatorial transports during boreal summer and winter indicate that a quasi-
steady Sverdrup transport balance dominates the seasonal cycle of upper-layer meridional currents. In 
addition, semi-annually varying westerly monsoon transition winds force Ekman convergence in the 
surface layer and set up transient zonal pressure gradients that drive seasonally enhanced meridional 
geostrophic divergence in the thermocline. Thus, a mean downwelling circulation prevails along the 
equator such that, in contrast to the trade wind driven Pacific and Atlantic Oceans, an equatorial cold 
tongue does not develop in the Indian Ocean. These results quantify expectations from ocean circulation 
theories with a high degree of confidence given the length of the data records. A unique feature of the 
circulation in the Indian Ocean, the so-called “equatorial roll” first identified in numerical model 
simulations, is also documented in the observations. 

 
(336341) Thorough Survey of Zonal Mean Influence of the Stratospheric QBO on the Tropospheric 
Circulations and Convection 
Shigeo Yoden, Kyoto University, Kyoto, Japan; and E. Nishimoto 
This study investigates downward influence of the stratospheric QBO on the tropospheric circulations and 
convection in the zonal-mean perspective and its statistical significance for neutral ENSO periods (the 
periods without El Nino or La Nina events) during 1979-2015, with the monthly mean datasets of 
NOAA/OLR, GPCP precipitation, and ERA-Interim reanalysis datasets (JRA-55 and MERRA as well).  
The QBO phase is defined with the first two principal components (PCs) derived from the EOF analysis 
of the zonal-mean zonal wind in the equatorial stratosphere, in order to obtain two groups of data samples 
with opposite QBO phase in the two-dimensional PC phase space. The central value, θ c, and the range, 
Δθ, of the phase angle in the polar coordinate are introduced to define the two groups with θ c and 
θc+180°. We perform a composite analysis of any quantity for the two groups and determine statistical 
significance of the composite difference by a two-sided Student’s t-test. The parameters θ c and Δθ are 
swept from 0° to 180° with an 1° interval to conduct a thorough survey of the QBO influence on the 
troposphere.  
During the Austral summer (December-February), statistically significant composite differences exist in 
the troposphere over six areas, including the ones consistent with some previous findings; (1) the zonal 
wind and temperature differences associated with the QBO modulation of the polar vortex, known as the 
“Holton-Tan relationship” and (2) the zonal wind difference extending from the tropical lower 
stratosphere into the upper troposphere over the northern midlatitudes. The other four significant 
differences are (3) the vertical wind, OLR, and precipitation differences in the tropics, (4) the temperature 
differences in both subtropics in the upper troposphere, together with the vertical wind difference beneath 
the temperature difference in the southern hemisphere, (5) the precipitation difference with the zonal and 
vertical wind differences near the south pole, and (6) the zonal wind differences associated with the jet 
shift in the southern midlatitudes, together with the difference of the temperature in the lowermost 
stratosphere and the vertical wind in the lower troposphere. This study reveals some statistically 
significant differences of the vertical wind and measures of moist convection in the troposphere together 
with the corresponding zonal wind differences.  
During the Boreal summer (June-August), when little literature has reported the QBO-related modulations 
in the troposphere, statistically significant composite differences in the troposphere are found over four 
areas, together with the statistically significant differences of the precipitation. The most noticeable 
difference is (1) the zonal wind differences associated with the jet shift in the southern midlatitudes, 
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together with the temperature differences in the lowermost stratosphere and the vertical wind differences 
extending from the lower stratosphere into the surface. The other differences are (2) the zonal and vertical 
wind differences below the midlatitude jet core in the northern hemisphere, together with the temperature 
difference in the lowermost stratosphere, (3) the zonal and vertical wind differences near the south pole, 
and (4) the zonal and vertical wind differences near the north pole extending from the lower stratosphere 
into the surface, together with the temperature differences in the lowermost stratosphere. 

Session 3 Predictability and Prediction 
(325220) Convectively Coupled Equatorial Waves and the MJO in Subseasonal Forecasts from Global 
Coupled Atmosphere-Ocean Models: Activity and Predictive Skill 
Matthew Adam Janiga, UCAR, Monterey, CA; and C. J. Schreck III, J. Ridout, M. Flatau, N. Barton, W. 
A. Komaromi, and C. Reynolds 
Subseasonal-to-seasonal (S2S) prediction has the potential to bridge the gap between medium-range 
weather forecasting and seasonal climate outlooks. Coupled atmosphere-ocean models have shown skill 
in predicting precipitation in the tropics and tropical cyclones at S2S time scales. Sources of predictability 
in the tropics on S2S time scales include the El Nińo Southern Oscillation (ENSO), the Madden Julian 
Oscillation (MJO), and equatorial Rossby (ER) waves. In this study, we examine the contribution of these 
different modes of variability to skill in predicting convection and the large-scale atmospheric flow in the 
tropics at S2S time scales using hindcasts from the Navy Earth System Model (NESM) and other coupled 
models in the S2S database during boreal summer 1999-2015.  
Regional biases in the simulated standard deviation of OLR filtered for different wavenumbers-frequency 
bands are examined for each of the models. Some models dramatically underestimate convectively 
coupled Kelvin wave activity while others have large regional biases in Mixed-Rossby Gravity (MRG) / 
Tropical Depression (TD) activity. The models have similar skill in predicting low-frequency variability 
but large differences in MJO skill, especially over and downstream of Southeast Asia. 

 
(324807) Evaluation of Model Performance over the Maritime Continent  
Carolyn A. Reynolds, NRL, Monterey, CA; and N. P. Barton, S. Chen, M. K. Flatau, J. Ridout, M. A. 
Janiga, T. Jensen, E. J. Metzger, J. G. Richman, and D. B. Baranowski 
The introduction of high-resolution global coupled models holds promise for extended-range (subseasonal 
to seasonal) prediction of high-impact weather. While forecast models have shown considerable 
improvement in the prediction of tropical phenomena on these timescales, specifically in the simulation 
and prediction of the Madden-Julian Oscillation (MJO), obstacles remain. In particular, many models still 
have difficulty accurately simulating the propagation of the MJO over the maritime continent. This has 
been hypothesized, at least in part, to be related to deficiencies in simulating the diurnal cycle over this 
region, which in turn is dependent on accurate representation of fine-scale atmosphere-ocean-land 
interactions, orography, and atmospheric convection. These issues have motivated the international Year 
of Maritime Continent (YMC) effort and the Office of Naval Research Propagation of Intra-Seasonal 
Tropical Oscillations (PISTON) initiative. In preparation for YMC and PISTON, we closely evaluate the 
performance of the Navy Earth System Model (NESM), a coupled global forecast model, in representing 
the diurnal cycle and other prominent phenomena in the maritime continent region. NESM performance is 
compared with stand-alone atmospheric simulations with prescribed fixed and analyzed sea surface 
temperatures (SSTs). Initial results from the Dynamics of the Madden-Julian Oscillation field phase (Fall 
2011) period indicate that NESM is able to capture the precipitation day-time maximum over land and 
night-time maximum over ocean, but day-time precipitation over Borneo, Sumatra and the Malay 
Peninsula is too strong as compared to TRMM observations. The simulation of low-level winds 
qualitatively captures sea and land breeze patterns as compared with ERA-Interim analysis, with 
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quantitative biases varying by island. The fully-coupled system and the stand-alone atmospheric model 
simulations are more similar to each other than to the observations, indicating that active ocean coupling 
is not the most prominent issue contributing to biases in these particular simulations. The performance of 
NESM will be more thoroughly evaluated and compared to other forecast systems using the 45-day 
forecasts currently being produced four times per week for the 1999-2015 time period under the NOAA 
SubX project.  
 
(336685) Transforming Atmospheric and Remotely-Sensed Information to Hydrologic Predictability in 
South Asia 
Thomas M. Hopson, NCAR, Boulder, CO; and S. Priya, E. Riddle, D. P. Broman, J. Boehnert, K. 
Sampson, R. Brakenridge, C. M. Birkett, A. J. Kettner, W. Y. Y. Cheng, B. Rajagopalan, W. Young, D. 
C. Collins, D. Rostkier-Edelstein, A. K. M. S. Islam, F. Pappenberger, E. Zsoter, R. Emerton, D. Singh, 
and P. J. Webster 
South Asia is a flashpoint for natural disasters with profound societal impacts for the region and globally. 
Although close to 40% of the world’s population depends on the Greater Himalaya’s great rivers, $20 
Billion of GDP is affected by river floods each year. The frequent occurrence of floods, combined with 
large and rapidly growing populations with high levels of poverty, make South Asia highly susceptible to 
humanitarian disasters. The challenges of mitigating such devastating disasters are exacerbated by the 
limited availability of real-time rain and stream gauge measuring stations, lack of transboundary data 
sharing, the impacts of climate change, and by constrained institutional commitments to overcome these 
challenges. To overcome some of these limitations, India and the World Bank have committed resources 
to the National Hydrology Project III, with the development objective to improve the extent, quality, and 
accessibility of water resources information and to strengthen the capacity of targeted water resources 
management institutions in India.  
The availability and application of remote sensing products and weather forecasts from ensemble 
prediction systems (EPS) have transformed river forecasting capability over the last decade, and is of 
interest to India. In this talk, we review the potential predictability of river flow contributed by remotely-
sensed and weather forecasting products within the framework of the physics of water migration through 
a watershed in the context of the Ganges, Brahmaputra, and Meghna river basins. We focus on satellite 
rainfall estimation, river height and width estimation, and EPS weather forecasts. We discuss how 
atmospheric predictability, as measured by an EPS, is transformed into hydrometeorological 
predictability, providing in some cases skillful daily flow forecasts out to weeks in advance. We provide 
an overview of the strengths and weaknesses of each of these data sets to the river flow prediction 
problem, generalizing their utility across spatial- and temporal-scales, and highlight the benefits of joint 
utilization and multi-modeling to minimize uncertainty and enhance operational robustness. Finally, we 
compare improved forecasts utilizing information from these data sets with our past efforts in the region. 

 
(331957) Hydroclimate Variability and Change over the Mekong River Basin: Modeling, Predictability, 
and Policy Implications 
Sumant Nigam, University of Maryland, College Park, MD; and A. Ruiz-Barradas 
The Mekong River is the lifeblood of the national economies in Southeast Asia. State-of-the-art in-situ 
and satellite-based precipitation data is analyzed to quantitatively assess the amount of water received as 
precipitation – Mekong Basin water – in particular, the country contributions: Laos, Thailand, and 
Cambodia contribute ~75% of the basin water during March-September whereas China’s contribution is 
10-15% in most months except winter when it rises to 25%.  
Processing of Mekong Basin water into Mekong streamflow involves accounting for the uncertain water 
losses, e.g., to soil moisture recharge, evapotranspiration, and infiltration. Interestingly, such accounting 
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is not needed for processing interannual departures.  
A simple hydrologic model is constructed for relating interannual variations (i.e., anomalies) in Mekong 
Basin water to Mekong streamflow. The model is validated using multidecadal historical monthly river 
discharge data from four mid-basin stations. Preliminary evidence for the impact of upstream dams on 
downstream flow, especially on the timing of peak summer flow, is also presented.  
The influence of El Nino on Southeast (SE) Asian rainfall, characterized during both its growth and decay 
phases, reveals significant rainfall reductions in the fall preceding and the spring following El Nino’s 
peak-phase (winter); such reductions at the book-ends of the dry season in SE Asia (winter) generate 
drought conditions, as in 2015-16. The linear trend in 20th-century rainfall is also computed to assess the 
vulnerability of SE Asia to hydroclimate change.  
The analysis shows the relevance of a simple hydrologic model and the related feasibility of streamflow 
prediction from high-resolution precipitation observations (satellite-based) and forecasts (from weather 
prediction models). It raises the prospects of seasonal drought prediction based on El Nino emergence 
and/or its forecast. Finally, by showing the Mekong to be largely a rainfed and not snowmelt-fed river, the 
analysis provides a quantitative context for evaluation of the notion of Chinese control on the Mekong 
through construction of upriver, main stem dams.  
Note: This work was undertaken during the author's Jefferson Science Fellowship at the National 
Academy of Sciences, and during related service as Senior Science Advisor to the US State Department’s 
Bureau of East Asian and Pacific Affairs, Office of Multilateral Affairs, which manages the US Lower 
Mekong Initiative.  
Disclaimer: The views expressed are the authors’ alone and not reflective of the National Academy of 
Sciences or the US State Department. 

 
(331415) Hindcast of Seasonal Tropical Cyclone Activity Using Sea Surface Temperature from CESM 
Decadal Predictions 
Wei-Ching Hsu, Texas A&M University, College Station, TX; and D. Fu, P. Chang, C. Patricola, R. 
Saravanan, S. Yeager, and G. Danabasoglu 
Recent studies have shown skillful model predictions of seasonal tropical cyclone (TC) activity using 
persisted sea surface temperature (SST) anomalies, especially in the Atlantic basin. To better understand 
and potentially improve seasonal TC prediction, we performed several sets of seasonal TC hindcasts to 
quantify the TC predictability using a two-tiered forecast approach. In this approach, SST anomalies were 
first derived from NCAR CESM decadal prediction (DP) simulations and then used to force a TC-
permitting atmospheric-only tropical channel model (TCM) in the global tropics. We conducted 
ensembles of 6-month hindcast runs, in which the daily CESM DP SSTs with a six-month lead time were 
used to force the TCM. Two El Niño events, i.e., 1997/1998 and 2015/2016, were used to test the model’s 
forecast skill, as El Niño-Southern Oscillation (ENSO) is one of the strongest climate modes that 
influence tropical TC activity. By utilizing the two-tiered approach, we were able to separately investigate 
the impact of SST forcing uncertainty and the uncertainty due to atmospheric internal variability on TC 
predictability. We performed 10-member ensemble experiments for each simulation year forced by: (1) 
the ensemble-mean DP SST and different atmospheric initial conditions, and (2) individual ensemble 
members of DP SST, with an identical atmospheric initial condition. These DP SST-forced runs were 
then compared to the control runs forced with observed SST. The results show potential skill of seasonal 
TC prediction using DP SSTs, and also quantify the relative importance of uncertainties in predicted SST 
versus atmospheric internal variability in seasonal TC prediction. 

Session 4  Monsoons 
(331953) The Indo-Gangetic Low-Level Jet 
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R. Paul Acosta, Purdue University, West Lafayette, IN; and M. Huber 
The Indo-Asian Monsoon (IAM) plays an integral role in transporting water vapor across the Indo-
Gangetic Plains (IGP) and the Himalayan Mountains (HM). We use various reanalysis products to 
highlight an easterly low-level jet across the IGP, which we identify as the primary moisture transport 
mechanism for the northeastern branch of the IAM. We find that this easterly flow is responsible for the 
bulk of the precipitation at the east-central margin of the HM, and yet modeling and theory have largely 
ignored this important feature. Thus, we analyze various atmospheric general circulation models found in 
the CMIP5 archive and illustrate that more than half the models fail to reproduce the easterly low-level 
jet. As a result, the biased models simulate an excessive westerly moisture transport and tend to 
misrepresent precipitation rates along the east-central HM, the IGP, and the Ganges Basin. Our study 
highlights the long-standing model-data biases across the region and has implications for future 
projections of the IAM. 

 
(335134) Response of Monsoon Low Pressure Systems to a Warming Environment 
Sandeep Sukumaran, New York University Abu Dhabi, Abu Dhabi, United Arab Emirates; and A. 
Ravindran, W. Boos, V. Praveen, and T. P. Sabin 
The Low Pressure Systems (LPS) are cyclonic storms embedded in the large scale monsoon circulation. 
Like tropical cyclones, these storms are also rotating vortices; however, with a weaker intensity and larger 
diameter (~1000km) than a tropical cyclone (~500km). Also, the LPS form over both ocean and land, 
whereas a tropical cyclone forms only over warmer oceanic region. Although LPS are found in all 
monsoon regions of the world, they are most prominent over the Indian region during summer monsoon 
season. During a typical summer monsoon season, about 12 LPS form over the Bay of Bengal and the 
Gangetic plains, which then traverse a north-west trajectory and contribute more than 60% of the total 
seasonal rainfall received over the fertile central Indian region. Thus any changes to the number and 
intensity of these storms in a warming climate can make significant societal impacts. However, the 
variability of these rain-bearing storms in response to Green House Gas (GHG) induced warming is not 
yet explored by the climate science community. A great hurdle in the understanding of the response of 
LPS to an enhanced GHG warming is that these storms are poorly resolved by the current generation 
climate models. Typical grid size of a climate model is in the range of 100 – 250km which is inadequate 
to resolve a storm. In order to overcome this issue we performed numerical experiments with a High 
Resolution Atmospheric Model (HiRAM) which has a grid size of 50km. Two sets of simulations are 
performed – one with current climate conditions and the other with enhanced GHG conditions. Unlike the 
climate models that are used for Inter-Governmental Panel for Climate Change (IPCC) assessment, 
HiRAM realistically simulated the characteristics of LPS in the current climate experiment. The future 
climate simulations with GHG induced warming show that the monsoon LPS activity over India would 
decline by about 45% towards the end of the 21st century. It is also important to understand the physical 
mechanisms that are responsible to the weakening of the LPS in a warming climate. A diagnostic analysis 
of the future climate simulations reveals that an enhanced stability of the atmosphere over the core LPS 
genesis region of the Bay of Bengal suppresses the formation of the storms. 

 
(336514) Attribution of delayed revival of the Indian summer monsoon rainfall 
Qinjian Jin, MIT, Cambridge, MA; and C. Wang 
The Northern Hemisphere monsoon system as a whole has been reversed from drying trend between 
1950s and mid-1980s to wetting trend afterwards. However, the revival of the Indian summer monsoon 
was much delayed to 2002. This delayed revival has been attributed to strong warming over the Indian 
subcontinent and the slowdown of warming over the northern part of the Indian Ocean in the pre-
monsoon season, resulting in a strengthened land–ocean thermal contrast. The strong land surface 
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warming in the pre-monsoon could be attributed to multiple factors, such as changes in clouds, soil 
moisture, aerosols, and so on. This presentation will address these potential factors and shed light over the 
delayed revival of the Indian summer monsoon rainfall. 

 
(336441) On the diurnal cycle of rainfall near the Western Ghats during the Indian Summer Monsoon: 
Influences of the low-level atmosphere and land surface 
Wendilyn J. Flynn, University of Northern Colorado, Greeley, CO; and S. W. Nesbitt and P. Garg 
During the Indian Summer Monsoon, moisture-laden low-level westerly flow brings heavy rainfall to 
western India, due in part to the presence of the Western Ghats (WG). Though most of this precipitation 
is orographically generated, the land surface itself, and meteorology of the boundary layer play a 
secondary but important role. In this study, we show the influence of the low-level atmosphere and land 
surface on the diurnal cycle of precipitation near the WG through analysis of high-resolution convection-
resolving simulations. The Weather Research and Forecasting model (WRF), coupled with the Noah 
LSM, was run continuously for August and September of 2008, 2009, and 2010 at a grid spacing of 5 km, 
with initial and lateral boundary conditions provided by the ECMWF ERA-Interim. We find that the 
model-generated precipitation compares remarkably well with the high-resolution gridded gauge-based 
rainfall dataset of Pai et al. (2014), when looking at “seasonal” daily rainfall statistics such as mean 
rainfall, standard deviation of daily rainfall, and frequency of rainy days, heavy rain days, and very heavy 
rain days. We also compare probability density functions (PDFs) of simulated rainfall against PDFs of the 
Pai et al. (2014) dataset for various regions near the WG to ensure WRF reproduces precipitation 
accurately. We find a wet bias in model-generated precipitation in the lee of the WG.  
Output from the WRF-ARW at time increments of 30 minutes allows for analysis of temporal patterns of 
rainfall and insights into governing mechanisms. Analysis of rainfall rates over these three monsoon 
seasons reveals a clear diurnal pattern along the escarpment of maximum rates in the early afternoon. 
Timing of maximum precipitation rates translates into later afternoon and evening hours eastward in the 
lee of the WG. Just offshore, an early morning maximum in rainfall is observed. We link the observed 
patterns of the diurnal cycle of rainfall with land surface variables such as latent heat flux, sensible heat 
flux, and soil moisture, as well as low-level meteorological parameters such as low-level wind speed, 
depth of the planetary boundary layer, Convective Available Potential Energy (CAPE), and Convective 
Inhibition (CIN). The most pronounced diurnal cycles are found to exist in the lee of the WG, where the 
land surface and low-level meteorological parameters play a stronger role, particularly when synoptic 
forcing is weak. In conclusion, we compare our findings with observed diurnal cycles of precipitation 
over more inland regions of western India from other studies. 

 
(323549) Inertial Instability as a Mechanism for Latitudinal Shifts in the West African Rain Belt 
Sharon E. Nicholson, Florida State University, Tallahassee, FL 
Interannual variability of rainfall in the West African Sahel is regulated by changes in the intensity of the 
West African monsoon and changes in the latitudinal location of the rainfall maximum, termed the 
rainbelt. Case studies of several individual years showed that the latitude of the maximum during August, 
the month of peak Sahel rainfall, is strongly linked to inertial instability. When the criteria for inertial 
instability are satisfied, a low-level westerly jet stream develops along the Guinea Coast, displacing the 
African Easterly Jet northward. This in turn, displaces the rain-producing systems northward. In this 
paper, the mechanism is further examined, considering additional months of the rainy season and also 
examining the potential role of inertial instability on decadal time scales. It is also considered in the 
context of the so-called mid-season “jump” in the rainbelt. Results show that in years in which this abrupt 
latitudinal shift does not occur, the criteria for inertial instability over West Africa are not satisfied. 
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(327628) The Cooling of the Arabian Sea Induces a Major Change in Monsoon Dynamics 
Robert L. Grossman, University of Colorado, Boulder, CO 
I contend that the Indian Monsoon experiences a dramatic synoptic change shortly after the cooling of the 
Arabian Sea; a result of large scale air-sea interaction due to advection of the cool Somali Current and 
upwelling due to the enhancement of southerly currents along the west coast of India.  
The onset period of the monsoon can be characterized as a two cell, regionally-locked Walker circulation 
with deep convective uplift over the warm Bay of Bengal and coastal/mid-ocean deep convective uplift 
over the warm eastern Arabian Sea. Downward motion would be, respectively, central India and the 
western Arabian Sea/coastal Saudi Arabia.  
With the cooling of the Arabian Sea below 28.5C the off-shore convection over the E. Arabian Sea 
diminishes commencing the establishment of the fully developed monsoon and changes the monsoon 
circulation over India to a one-celled Walker circulation with uplift over the still warm Bay of Bengal and 
downward motion over the cooler Arabian Sea. This change should have an emphatic influence on the 
climatic pattern of the monsoon, including the way westerly momentum is injected into the Tropical 
Easterly Jet by deep convection.  
Using the INSAT geostationary satellite's water vapor channel imagery from the IMD archive for 2016/7 
and NOAA reanalysis output, I intend to show this dramatic change in monsoon circulation in hopes of 
initiating a further exploration of the change. 

 
(328635) Tropical Indian Ocean Warming Contributions to China Winter Climate Variations 
Qigang Wu, Nanjing University, Nanjing, China; and Y. Yao and S. Liu 
This study investigates observed and modeled contributions of global sea surface temperature (SST) to 
China winter climate trends in 1960-2014, including increased precipitation, warming through about 
1997, and cooling since then. Observations and Atmospheric Model Intercomparison Project (AMIP) 
simulations with prescribed historical SST and sea ice show that tropical Indian Ocean (TIO) warming 
and increasing rainfall causes diabatic heating that generates a tropospheric wave train with anticyclonic 
500-hPa height anomaly centers in the TIO or equatorial western Pacific (TIWP) and northeastern Eurasia 
(EA) and a cyclonic anomaly over China, referred to as the TIWP-EA wave train. The cyclonic anomaly 
causes Indochina moisture convergence and southwesterly moist flow that enhances South China 
precipitation, while the northern anticyclone enhances cold surges, sometimes causing severe ice storms. 
AMIP simulations show a 1960-1997 China cooling trend by simulating increasing instead of decreasing 
Arctic 500-hPa heights that move the northern anticyclone into Siberia, but enlarge the cyclonic anomaly 
so it still simulates realistic China precipitation trend patterns. A separate idealized TIO SST warming 
simulation simulates the TIWP-EA feature more realistically with correct precipitation patterns and 
supports the TIWP-EA teleconnection as the primary mechanism for long-term increasing precipitation in 
South China since 1960.  
Coupled Model Intercomparison Project (CMIP) experiments simulate a reduced TIO SST warming trend 
and weak precipitation trends, so the TIWP-EA feature is absent and strong drying is simulated in South 
China for 1960-1997. These simulations highlight the need for accurately modeled SST to correctly 
attribute regional climate trends.  
Wu, Q., Y. Yao, S. Liu, D. Cao, L. Cheng, H. Hu, L. Sun, Y. Yao, Z. Yang, X. Gao and S. R. Schroeder 
(2017): Tropical Indian Ocean Warming Contributions to China Winter Climate Variations Since 1960. 
Revised manuscript submitted to Climate Dynamics. 
 
(323897) Coupling Modes of Climatological Intraseasonal Oscillation in the East Asian Summer 
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Monsoon  
Congwen Zhu, Chinese Academy of Meteorological Sciences, Beijing, China 
The present study used harmonic and multi-variant empirical orthogonal function (MV-EOF) analyses to 
identify the existence of climatological intraseasonal oscillation (CISO) in the diabatic heating, 
precipitation, and circulation of the East Asian Summer Monsoon (EASM). The strongest CISO signals 
are found in the north of the western North Pacific, possibly because of the horizontal gradient of diabatic 
heating induced by the seasonal land-sea thermal contrast. Further, the phase relationship between the 
diabatic heating components maintains the EASM CISO. The first two coupling modes of EASM CISO 
in the circulation are robust during May through August, with a period of 40–80 days, and exhibit phase-
locking to the stepwise establishment of the EASM, which reveals the coaction of the Mongolian cyclone 
(MC) around Lake Baikal at 850 hPa, the western North Pacific subtropical high (WNPSH) at 500 hPa, 
and the South Asian high (SAH) over the Tibetan Plateau (TP) at 200 hPa. The first mode shows that the 
jointly enhanced MC, WNPSH and SAH correspond to a tripole rainfall anomaly with strong Mei-Yu and 
Baiu fronts over East Asia. The second mode, however, indicates the eastward and northwestward 
propagation of MC and WNPSH, respectively, with suppressed SAH, as well as a dipole rainfall anomaly 
over East Asia. Both the observations and numerical simulation verify the importance of daily diabatic 
heating and SST in maintaining the CISO modes over the WNP, where the condensation heating related 
to atmospheric forcing determines the local intraseasonal air-sea interaction. Please find the detail of this 
article at http://journals.ametsoc.org/doi/pdf/10.1175/JCLI-D-15-0794.1  
References 
Lau, K.-M., and M.-T. Li, 1984: The monsoon of East Asia and its global associations-A survey. Bulletin 
of the American Meteorological Society, 65, 114-125.  
Lau, K.-M., G., Yang, and S.H., Shen,1988: Seasonal and intraseasonal climatology of summer monsoon 
rainfall over East Asia. Mon. Wea. Rev., 116,18-37.  
Wang, B., and X. Xu, 1997: Northern Hemisphere summer monsoon singularities and climatological 
intraseasonal oscillation. Journal of Climate, 10, 1071-1085.  
Zhu, C., T. Nakazawa, J. Li, and L. Chen, 2003: The 30–60 day intraseasonal oscillation over the western 
North Pacific Ocean and its impacts on summer flooding in China during 1998. Geophysical research 
letters, 30. 
 
(325018) Possible Effect of the Tibetan Plateau on the "Upstream" Climate over West Asia, North Africa, 
South Europe and the North Atlantic 
Mengmeng Lu, Sun Yat-sen University, Guangzhou, China; and S. Yang, Z. Li, S. He, and Z. Wang 
We conduct several experiments using a fully-coupled climate model to understand the role of Tibetan 
Plateau (TP) surface heating in the climate variations over West Asia, South Europe, North Africa, and 
the North Atlantic during summer. Emphasis has been placed on the physical processes and responsible 
mechanisms that involve the shift of the Hadley cell and the important features of rotational and divergent 
response of the atmosphere to the TP heating. The relative importance of the TP to the Asian continent is 
also analyzed.  
A heating of the TP surface leads to local increases in tropospheric temperature and the thickness of the 
air column due to the so-called air pumping effect. In the upper troposphere, the South Asian high 
intensifies and extends westward. Distinguished Rossby wave responses occur in the regions to the west 
of TP especially West Asia, South Europe, North Africa, and the North Atlantic. Anomalous high 
pressure and uniform warming appear in the entire troposphere, in agreement with the temperature-
vertical heating gradient relationship proposed by previous studies, and correspondingly descending 
motions intensify and precipitation decreases. However, the tropical Sahel rainfall increases because of a 
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northward shift of the intertropical convergence zone and the anomalous westerlies due to the weakening 
of the southeastern portion of the Atlantic subtropical high. These effects of the TP heating explain a 
remarkable portion of the effects by the Asian continent heating. In addition, the impacts of different 
magnitudes of TP surface heating are also discussed. 
 
(329301) The South American Monsoon System 
Carlos R. Mechoso, Univ. of California, Los Angeles, CA 
Research on the Asian monsoon has provided enormous contributions to climate science and contributed 
to enhance awareness on the impacts of climate on society. A collateral contribution of Asian monsoon 
research has been the encouragement of studies on other monsoon systems of the world. This talk focuses 
on the second largest of such systems: the South American monsoon (SAM). SAM affects large parts of 
the continent over which it develops, their population, agriculture, and economies.  
The presentation starts with SAM’s climatology and variability. The evolution during spring and summer 
of the region of intense convection over South America, establishment of the monsoon high over Bolivia, 
and development of the South Atlantic Convergence Zone (SACZ) are described. A strong low-level jet 
along the eastern slopes of the Andes is shown to be a key contributor to the moisture flux from the 
tropics to the mid-latitudes. As in all monsoons, oceanic effects on SAM are of great importance. The 
relationship between the strength of SACZ convection and low-level inflows from the southern Atlantic 
Ocean is discussed.  
Next the presentation focuses on SAM’s variability. There is compelling evidence that ocean-atmosphere 
interactions involving the Pacific and Atlantic oceans play a major role in determining the variability of 
SAM in several time scales, particularly the interannual but also in the interdecal. In reference to the 
SACZ, its variability is linked to sea surface temperature anomalies in the tropical Pacific and North 
Atlantic, and in the southern subtropics of this ocean. Associations among extreme temperature months in 
the SAM region and concurrent extreme events of El Niño Southern Oscillation (ENSO), Atlantic Niño, 
Pacific Decadal Oscillation (PDO), and the Southern Annular Mode (SAM) are discussed. Finally, the 
possibility that the observed warming over northern South America has an anthropogenic origin is 
evaluated. 

 
(336262) Preliminary Survey of Extreme Weather Events in Southern Brazil 
Dirceu Luis Herdies, INPE, Cachoeira Paulista, Brazil; and L. G. G. D. Goncalves 
Recent studies have shown that over the southern Brazilian Region, specially over Santa Catarina and Rio 
Grande do Sul States, there is an increase in the number and frequency of extreme weather events. This 
climatic behavior of the precipitation depends on the meteorological phenomena that act directly in the 
region, besides the topography and the geographical position of the State. The goal of this study is to 
carry out a preliminary survey of the extreme weather episodes related to precipitation over the Santa 
Catarina State (CS) from 2012 to 2016. A selection of cases was performed using the monthly monitoring 
system maintained by CPTEC based on two criteria: phenomena associated with the storm with records of 
occurrence of hail, strong winds, tornadoes and/or microexplosions; Intense precipitation (> 50 mm) 
and/or precipitations with significant volume over a period of time. From the selection of the cases, a 
synoptic analysis and spatial distribution of each of the systems that caused the events of extreme 
precipitation phenomena was performed. During the study period, 93 cases of events associated with the 
occurrence of extreme events in CS were recorded. The atmospheric systems prevailing on days when 
there was extreme event registration in CS were: cold front, High Level Cyclonic Vortice, sea circulation, 
low pressure, cyclone, trough and thermodynamic process. The passage of cold fronts was responsible for 
27 of the total cases, being the predominant system associated with extreme events related to precipitation 
in the CS. 
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(329257) The mid summer drought: A review of the its dynamic elements 
Víctor O. Magaña, Universidad Nacional Autonoma de Mexico, Mexico City, Mexico; and E. Herrera 
The Mid Summer Drought (MSD) constitutes a peculiarity of the summer Mesoamerican climate and the 
Intra Americas Seas (IAS). The MSD corresponds to a relative minimum in precipitation during the 
summer rainy season. Several theories have been proposed to explain such consistent signal in the 
monsoonal climate of the northern tropical Americas climate, but t is shown that there are several aspects 
of this phenomenon that need to be considered for its adequate description and representation in climatic 
models. The MSD should include air-sea interaction processes over the northeastern Pacific warm pool 
and the Caribbean Sea. In addition, the transient - mean flow interaction over the Caribbean Sea should be 
should be considered, since the role of the Caribbean Low Level Jet (CLLJ) is crucial in explaining the 
various spatial and temporal aspects of the MSD. The barotropically unstable CLLJ may amplify easterly 
wave type disturbances that approach the Caribbean region. However, if the CLLJ is to strong or weak, 
the disturbances do not amplify. This is the case of the July August period, when the CLLJ magnitude is 
close to 15 m/s, out of the magnitude range in which the disturbance may be amplified as to result in an 
intense easterly wave. By means of Perturbation Kinetic Energy (PKE) analysis, it is shown that when the 
CLLJ is intense, the PKE over the Caribbean region diminishes, and convective activity over the 
Mesoamerican region and the northeastern tropical Pacific diminishes as well. In addition, a slight cooling 
of the eastern Pacific warm pool reduces the intensity of tropical convection over the intertropical 
convergence zone (ITCZ). As the CLLJ weakens in September, the PKE increases as a result of more 
easterly wave activity that leads to more convective activity over the region. The signal of the MSD is 
also present in the air sea interaction processes. The complexity of the various dynamic and 
thermodynamic processes involved in the MSD are not always present event in regional climate models 
that appear to generate a sort of MSD signal in the regional climate. 
 
(335736) Evaluating Variable Resolution-CESM for the North American Monsoon System 
Sarahi Arriaga-Ramirez, University of California, Davis, Davis, CA; and T. A. O'Brien, A. M. Rhoades, 
and P. Ullrich 
The North American Monsoon System (NAMS) region in southwestern US and northwestern Mexico is 
characterized by a strong peak of precipitation present from June to September. The ability of GCMs to 
simulate NAMS precipitation is limited by the coarse horizontal resolution typically used (~100 km), 
which is insufficient to resolve critical features and processes associated with the monsoon, including: the 
Gulf of California (average width: 150 km) and the interaction of the associated moisture surges with the 
complex topography of the region. In this study we evaluate the ability of Variable Resolution-CESM 
(VR-CESM), configured with a 25 km-resolution region over southwestern North America, to simulate 
various aspects of NAMS precipitation. 
 
(334884) Updated Quantification of ENSO Influence on Statistical Distribution of Surface Variables 
Fernando E. Hirata, Climate Forecast Applications Network, Reno, NV; and V. Toma and P. J. Webster 
Ropelewski and Halpert (1996) attempted to quantify ENSO-precipitation relationships in several regions 
of the world based on shifts in the statistical distribution of rainfall during warm (El Niño) and cold (La 
Niña) phases of the Southern Oscillation. Their goal was to provide long-range forecasters with a typical 
ENSO response in precipitation amounts over regions that are known to be affected by the oscillation. 
The authors used a 91-year record spanning the period 1901-1992 for 19 ENSO-sensitive regions around 
the world. In North America, these regions were the Gulf Coast (dry-EN and wet-LN from Oct-Mar) and 
the Great Basin of the US (wet-EN from Apr-Oct). In India, the authors found wet-LN and dry-EN for the 
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Jun-Sep period during the ENSO event year. Here, we have updated their study for North America and 
India using a different base-period (1973-2016) and a denser network of weather stations. The analysis 
also stratified ENSO years to include Central Pacific warming episodes. We also look at how distinct 
ENSO events affect the statistical distribution of surface air temperature across the CONUS and the 
Indian subcontinent. Finally, we discuss how these updated results can add value to real time forecast, 
using the ECMWF Seasonal Forecast System 4 and the NOAA CFSv2 system. 
 
(328877) "Monsoon Climate": A GCM based Topological Foundation of the Present-day Climate Regime 
on Earth 
Peter Carl, ASWEX - Applied Water Research, Berlin, Germany 
A small series of highly sensitive projections on the 1991 Kuwait oil well fire problem, using a coarse 
resolution (yet temporally and physically resolved) AGCM of the Mintz-Arakawa family, led the present 
author to lately understand the boreal summer monsoon as dynamic core of a distinct global climate 
regime, from pole to pole, borne in topological changes of the seasonal cycle between spring and autumn 
bifurcations. The 'architecture' of these intraseasonal dynamics has been carved out using a large set of 
conceptual simulations aimed at probing the GCM's attractor set and its impact on both intraseasonal and 
interannual climate dynamics.  
Best visible in variables that relate to global integrals of motion (interhemispheric exchange of 
atmospheric mass, relative angular momentum of the atmosphere, enstrophy), the GCM's dynamic 
'skeleton' of the season turns out to consist of a complete, yet inverse, route to (resp. out of) planetary-
scale "monsoon chaos" - to which the system is kicked at monsoon onset by a hard jump when passing a 
subcritical Hopf bifurcation in boreal spring (recall the "spring predictability barrier"). The seasonal cycle 
inflates into a torus segment there, i.e. it develops a second, independent ('poloidal') oscillation, which is 
not astronomically driven but rather a self-maintained natural mode of variability that is organized in a 
complex, planetary-scale feedback cycle - the well-known 30-60 day monsoon activity cycle. The very 
existence of this regime of the 'interactive' monsoon, with its inherent tropical-extratropical interactions, 
may be traced back in the GCM to elementary conditions in the status of two of the global variables used 
to represent it: atmospheric mass balance between the hemispheres and sub-, co- or superrotational status 
of the atmosphere with respect to the surface (of a model Earth without dynamic ocean and other 
contributors to the real-world angular momentum).  
As the season advances, the backwards running period multiplication scenario reaches a period-one 
oscillation via changing synchronizations of planetary waves (at lowest-possible rational frequency 
relationships, indicating a high degree of internal synchronization) and ends up in a wrinkling torus 
segment before it ceases to exist at the date of - structural - monsoon retreat. The wrinkle itself originates 
in the remainder of an 'enstrophy stage' at the transition from period-two to period-one cycles and is the 
host then of a slow, degenerate 'monsoon' oscillation after retreat, an irregular wander between summer 
and winter fixpoints which shows up marked signs of the Southern Oscillation.  
Apart from these and other attractor studies addressing the topological aspects of present-day monsoon 
dynamics in boreal summer, short- and longer-term seasonal runs under varied external conditions (e.g. 
changing insolation at top of the GCM's atmosphere) show the impact of the intraseasonal dynamic object 
uncovered. Three monsoon retreat categories may roughly be distinguished (termed as of "La Nina 
prone", "Indian summer" and "El Nino trigger" type) which stamp their signatures on the GCM's 
interannual to centennial climate dynamics and may generate different variability regimes under changing 
conditions. Paleoclimatic aspects are also related to the existence or non-existence of the 'interactive' 
monsoon itself: in pre-monsoon attractor soundings a climate regime has been found that calls into mind 
the "Green Sahara" regime, for example.  
A topologically founded "monsoon hypothesis" has been developed, and updated over the decades since 
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its first detection in the model. That the GCM's high sensitivity to the smoke clouds rising in 1991 in the 
neighborhood of the strongest equator-crossing circulation, the Somali Jet (which feeds the South Asian 
monsoon system in boreal summer), has been taken seriously at that time, is also due to the impact that 
the fundamental work published by Peter Webster in the second half of the 1980s had - work that has 
been very helpful in understanding what was going on there in the model, and for which great respect is 
due to him. 

 
(330189) The Synchronized Climate System as Seen from the Instrumental Record 
Peter Carl, ASWEX - Applied Water Research, Berlin, Germany 
Low-dimensional aspects of climate dynamics, as addressed in diverse modeling studies including a 
spatially coarse-grained GCM that nevertheless shows qualitatively correct intraseasonal monsoon 
dynamics, provide reasoning in favor of the search for synchronies in representative data of the real 
system. Namely, in a high-dimensional system, low-dimensional behavior is peremptorily bound to 
internal dynamic organization as reflected in degenerate, synchronous motions along otherwise largely 
independent phase space (or signal space) directions. Due to both inherent phase transitions and a major 
impact on the atmospheric energy balance, water cycle interactions are integral parts of climate variability 
and change - and may even take the lead in providing the necessary ingredients to the high sensitivity and 
excitation that makes up a dynamical status of the climate system which bears a sufficient variety of 
targets for synchronization. Notably in (pre)chaotic regimes, unstable periodic orbits may become 
manifest in the data due to episodic or persistent, internal or external synchronization. This calls for 
clarification of the role that nonlinear qualitative dynamics may play in the real climate. That the system's 
dynamical status is largely unknown (as it is that of its elaborated GCMs) poses challenges when 
conceptually grasping its past, present and future evolution, or when more operationally considering its 
potential to form extremes, for example.  
Various types of synchronization may be identified in the system's motion as documented by the 
observational record of the instrumental period, when looking at its representative time series through the 
glasses of an advanced method of sparse data approximation, the Matching Pursuit (MP) approach. To 
disentangle the emerging network of oscillatory modes to the degree that climate dynamics turns out to be 
separable, a large, overcomplete dictionary of frequency modulated (FM) Gabor atoms, as analyzing 
waveforms, is applied in strictly univariate analyses of customary time series comprising global and 
regional climate, central European synoptic systems, German precipitation, and runoff across the Elbe 
river basin. A published first-generation study into the period 1870-1997 at annual resolution is being 
extended to cover data since the 1850s, and has been updated to 2017 to include the much debated 
"hiatus" regime - and its presumed termination by the large El Nino of 2015/16. To learn more about 
decadal climate regimes, the temporal resolution is increased from annually to monthly.  
All the evidence from these MP-FM studies, as obtained in subsequent multivariate syntheses, points to 
dynamically excited regimes of an organized climate system under permanent change - perhaps a 
(pre)chaotic one at centennial timescales, suggesting a "chaos control" perspective on global climate 
dynamics and change. Findings and conclusions include, among others, remarkable internal structure of 
reconstructed insolation, the episodic nature of global warming as reflected in multidecadal temperature 
modes, their swarm of "interdomain" (phase-frequency) companions across the whole system and period, 
which unveils an unknown regime character of interannual climate dynamics, deep FM throughout the 
record, very active monsoon onset dynamics around solar cycle no. 19 (the strongest on record), and 
structures in the monthly analyses that remind of homoclinic and heteroclinic orbits known from much 
simpler dynamic systems, which may be blamed for 'spontaneous' extreme excursions. The system seems 
well-organized, yet complex, down to the river basin scale, and its sparse approximation using the MP-
FM tool appears to provide an adequate approach of unveiling its hidden structure. 
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