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water  del ineates  the biosphere and wil l  guide i ts  adaptat ion
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water bounds human growth and security



c l imate change wi l l  dr ive Earth system change through water



water is the master variable
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solving for the 
resilience of 

diverse sectors, 
systems, and 

scales
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Under disturbance, a resilient system exhibits PAT :
• Persistence: its function and identity (components, configuration) 

remain the same 
• Adaptability: its function can be maintained with a change in its identity
• Transformability: its function and identity change, shifting to a new, 

acceptable steady state
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integrated human-hydrological systems



Uncertainties: climate, demography, 
economy, environment,…

Climate-Weather Generator Human-Hydrosystems Model
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human-hydrosystems resilience model



the city water resilience framework





+10% urban demandbaseline +10% urban demand w dam

+10% urban and agricultural demand w damWami-Ruvu Basin, Tanzania
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basin-level resilience: agriculture-urban nexus



nested systems resilience: cities within basins

Mexico City and the Valley of Mexico

No	additional investments

Investment Portfolio	A:
Villa	Victoria,	Bosque	Platform,	
Tuxpan	Pump

Villa	Victoria	Pressurized Tunnel

Villa	Victoria	Pressurized Tunnel,	
VV	Storage	Expansion
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of human 
systems in the 

modern era
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