
Ecosystem Responses 



How do we separate the physical and biological drivers of change? 

How will we separate local and remote effects? Natural and Forced? 



Not all species 

respond the 

same way 

 

Is there 

anything to 

learn by 

studying 

resilient 

species? 



Cascades of 

Physical, 

Chemical, 

ecosystem 

Impacts are 

complex and 

complicated  



Water-Food-

Energy-Health 

Nexus and the 

role of marine 

ecosystems in 

Food Security 

are far from 

understood 

under GM 

variability and 

Trends 



Global Monsoon 

predictions and 

projections 

downscaled to the 

coasts can serve the 

goals of Mitigation 

and Adaptation of 

GM impacts on the 

coasts 



GM Impacts will 

exacerbate pre-

existing 

vulnerabilities in 

food, water, 

energy and health 

sectors. 

 

Impacts on Armed 

and Civil 

Conflicts?? 





Biggest unknown is Disease Pressure changes due to warming 





Continuous monitoring is needed to track the warming of impacts 

and global monsoon changes 



Land-Ocean Interactions in the Coastal Zone: Modeling and Data 

needs are a HUGE challenge for navigating the future  





We know very little about Thresholds and Tipping Points in GM 



We don’t know 
most of the 

biological 

loopholes. 

Mechanistic 

models needed 





May be we will have mechanistic models of corals in the future 





Non-tropical and 

tropical Large Fish 













Global Monsoons and Ocean Triads 



Ecosystem-Based Management: Global Monsoons to Microbes 



Dead zones and HABs are a consequence of warming and global 

monsoon changes (Extremes) 



Seasonality of the monsoons determine physical 

processes and HAB species 



Global Monsoon is a Challenging Science Problem 

 

Global Warming Impact on GM is full of 

Uncertainties 

 

All Global Warming is Local 

 

All GM Impacts are also local 

 

Land-Ocean Interactions in the Coastal Zone must be 

a focus for Sustained Observational, Modeling, 

Predictions and Projections 


