
Global Context for Coastal Impacts of Global Monsoon



Seasonality is Important – Vulnerability and Resilience



Impacts

• Physical Impacts – Trends, Extremes, Coastal Population and 
Infrastructure

• Biogeochemical – Water quality, land-coastal zone 
interactions, land use land change

• Ecosystem Interactions – Harmful algal blooms, deadzones, 
habitat loss, etc. 

• Data needs are tremendous. Predictions and projections are a 
great challenge



Vulnerability and Resilience – Data Intensive



Uncertainties are not easily quantified. No-regret decisions needed



Feedbacks to weather and climate remain largely unknown



Solutions may all be about social science and technology: Social Data?



Keeping in mind again the errors and uncertainties in projections



Coastal Impacts: 

Actionable Information for 

Decision-Making

Team: ESSIC-NOAA-HPL-SPH-UMIACS-
NCSU



What can we learn from Weather Forecasting?

http://www.piqued.us/
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Global ESMs for global issues (IPCC negotiations) but regional ESMs for adaptive 

management, learning-by-doing, and participatory decision-making for sustainability

Murtugudde 2009



Environment 
and Health

Hippocrates 

(~400 BC)

Greer et al. 

2008



Old Paradigm

Moore et al. 2008



All impacts of global 

warming are local

Patz et al. 2004

Murtugudde 2009



Computational social science: 

How things spread

Vespignani et al. 2009

Rohwer and Thurber 2009





New science and new technologies

Nature 2009

Jakupciak and Colwell 

2009



But how much coastal data do we really have? Do countries share 
coastal data?



Optimizing the Web of Sensors must combine new platforms to 

synergize data needs for natural-human system interactions
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Paradigms of Convective (Super) Parameterizations -



a) Spatial frequency distributions of root mean square errors (RMSE, mm/day) predicted by the CFS and

downscaled by the CWRF and b) CWRF minus CFS differences in the equitable threat score (ETS) for seasonal

mean precipitation interannual variations. The statistics are based on all land grids over the entire inner domain

for DJF, JFM, FMA, and DJFMA from the 5 realizations during 1982-2008. From Yuan and Liang 2011 (GRL).

Extreme Events: Locally-forced or Remotely-forced?



An Example 

Boesch and Greer 2003



Regional Specificity is critical for usability and use



14 Days Ocean Forecasts (2013/05/07-2013/05/21)



What do the 

users really 

want?



Complexity, Productivity, and Resilience – Impact of Global Monsoon



Hydrologic Modeling, Predictions and Projections: Probably the 
MOST Critical 

• On a 30 m square!

• Soil look up tables, 
manure/fertilizer 
applications, water 
withdrawals, crop types, 
wetlands, riparian buffers, 
forests, Best Management 
Practices

• Data from EPA, USGS, DNR, 
MDE, USDA

• Can provide details needed 
for effective policy and 
management





User Interface



Too much water or Too little water: Guidance needed for both issues





Usability and Timeliness

 Accessible streets, Hospital  

evacuations, resource 

allocations

 User Interfaces and rapid 

responses to special 

requests



Propagation of Errors and Uncertainties in Complex Systems 









How do we advance Global and Regional Process Understanding?



Is the Global Monsoon responding as one system? If not, then what? 



What really are the advantages of defining a ‘Global Monsoon’



Impacts on land can influence coastal regions. And there are 
multiple timescales





Can this paradigm work for climate projections? 



How do you account for uncertainties in the Projections?



Will we ever have the Regional-Specificity needed for 
action? No-Regret Decision vs Infrastructure Investments





Data will never be sufficient to capture decadal variability 
Even at Global Scales. Mechanistic Understanding is LOW



Relations are hard enough to understand – especially with warming 
and non-stationarity of the relations: Does it Matter for Decisions? 



Easier to collect data at local coasts – but how do we 
downscale projections to local scales reliably?



Will phenologies remain the same? How will they interact at 
the coasts – for ex., spring melts, runoff and monsoons? 



Extremes: Which timescales will be affected most? Local vs Nonlocal 
forcing of extremes? Will there be compensations in linked monsoons?



If models do not represent ISVs accurately, will they capture 
seasonal-to-interannual variability correctly? How do the different 
errors affect coastal impacts? Subseasonal-to-seasonal predictions 

SHOULD be used as guides for future projections 



What do we really know in terms of monsoon impacts on coastal 
regions at the annual timescale?



How do regional warmings affect the sea level rise and the monsoon 
impacts on the coasts? Cyclones, typhoons and hurricanes?



How do we translate model biases and deficiencies at these 
timescales to uncertainties in multi/decadal projections?

Vulnerability and Resilience vary significantly among 
coasts impacted by the global monsoons



Where will the largest impacts on monsoons and coasts come from? 
Tropics, Subtropics, or higher latitudes? From below or above?



How are the non-homogeneous ocean-atmosphere warmings  
affecting different pieces of diabatic heat sources? What can 

we learn from 2012, 2014-15?



GMI: Does this help advance process/predictive understanding? 



What does the spatially variability of  SNR really tell us about GM?



Detection & Attribution: Not easy, especially at regional scales







Decorrelation scales and Skills for Temp and Precip are very different 



Reliability of Projections – Will they all be deficient if one is deficient?

Winds and Precip changes have to be combined with sea level, 
extremes, land use, etc.



Coupling strengths and SST-P relations are a huge challenge for 
models. Impact of Global Warming on coupling and SST-P?









Aerosols remain the biggest monkey wrench. Knowledge and 
Uncertainty are NOT related!!



More robust metrics are needed to test accuracy at all timescales

A great challenge to project these into the future – but present 
needs to be accurate



How will warming affect convective and stratiform rain? What will 
have a bigger impact on the coastal regions?



Will models 
achieve high 
enough 
resolutions to 
capture such 
multiscale 
interactions? Even 
if they do, will 
that translate to 
accurate depiction 
of coastal 
impacts?



How will these respond to atmospheric and oceanic warming? And 
interact with sea level change? 



Impacts of 
warming?

Feedbacks?


