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Definition of Resilience 

“The capacity of a system to absorb 
disturbance and reorganize while 
undergoing change so as to still retain 
essentially the same function, 
structure, identity, and feedback.”1 

Adaptive cycle2 

1. Walker, B., C. S. Holling, S. R. Carpenter, and A. Kinzig. 2004. Resilience, adaptability 
and transformability in social–ecological systems. Ecology and Society 9(2): 5.  

2. Gunderson, and Holling (Eds.). 2002. Panarchy: Understanding Transformations in 
Human and Natural Systems. Island Press. Washington DC. 



Our vision of resilience 

1. Water security and socioecological
systems

2. Adaptive management through
science-policy dialogues in
transboundary watersheds

3. Diversity as a key element of urban
resilience

4. Diversity as a key element of natural
resources resilience

Cienega de Santa Clara, Colorado River Delta 
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1. Water security & social-ecological systems 

• Complex, often uncertain, 
interactions of social, ecological, 
and hydrological systems. 

• Altering on system has the 
potential to change the other 
systems through a rippling effect, 
sometimes leading to negative 
outcomes. 

• Both resilience and water security 
are affected by these interactions.  

Interaction between socioecological and 
hydrological systems1 

1. Adapted from Scott, Meza, Varady et al. 2013. 



The Colorado River Delta 

• After decades of building dams, 
canals, and irrigation projects along 
the Colorado River, only about 10% 
of the delta’s original wetland 
remained. 

• Changes in the river flow led to 
negative consequences for both 
social and ecological systems.  

• Plentiful fisheries and wildlife populations disappeared. 

• Local communities were negatively affected. 



The Colorado River Delta 

• The Cienega de Santa Clara – a small
wetland – re-emerged ‘by accident.’

• In the 1970s, water from agricultural
drainage in Arizona—which did not
meet quality standards—was
allowed to flow to the delta.

• Eventually, a small section of the
cienega came back to life—many
species returned and local
livelihoods prospered.

Recreational activities at the Cienega 
de Santa Clara  
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2. Adaptive management and science-policy 
    dialogues 

• Adapting management (AM) based on 
science-policy dialogues offers a 
promising approach to resilience 
through flexible planning, knowledge 
sharing, and capacity building. 

• AM accounts for uncertainty through 
a cyclic experimental approach that 
incorporates learning and involves 
stakeholders. 

Binational science-policy dialogue in 
Tucson, AZ 
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• Science-policy dialogues:  a series of meetings 
where a network of decisionmakers explores 
ways to reduce vulnerability. 



Science-policy dialogues 



Colorado River Delta 

• Science-policy dialogues that include
researchers, government representatives,
NGOs, and other stakeholders along both sides
of the U.S.-Mexico border have yielded ways to
supply more water to the Colorado Delta.

• As a result, more water now reaches the delta,
via:
o Reclaimed water from treatment plant in

Mexicali, Mexico
o Water from local farmers who sold water rights

to environmental uses
o Water from the U.S. through a cooperation

agreement (5 year pilot period)

• Additional water is expected to increase the size
of the wetland, benefiting wildlife and local
livelihoods.

Mexican children playing in a 
recovered wetland in the Colorado 
Delta 
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3. Diversity and urban resilience 

• As the world’s population becomes urbanized, 
resilience in cities is critical. 

• We argue that diversity is a key element of 
resilience. 

• Diversity as a means to increase resilience is not 
new: 

o Financial world: “Don’t put all your eggs in the 
same basket”; distribution of risk 
 
 

• In social systems, disturbances in one 
place may result in catastrophic 
consequences that can affect societies 
across the globe. 



Diversity and transportation 
• A city is more resilient if there are multiple 

modes of transportation. 

• If one mode is affected by a disturbance, 
alternative modes may still allow the 
functioning of the city. 

• However, a disaster can disrupt the activities.  
So there is a need for a resilience plan. 

• For example, the City of Boston announced their 
winter resilience plan after being hit with a 
devastating blizzard in 2015. 

• The plan focuses on getting a rapid recovery of 
the rail system. 

 
 

Copenhagen 

Boston, 2015 

Boston rail system 



Diversity and city vitality 
• Diversity of businesses promotes stability and

city vitality.

• If one business goes bankrupt or leaves the city,
other businesses can accommodate the
unemployed workers.

• Case study: Detroit, Michigan, a city with marked
racial segregation combined with income
segregation.

• Most people depended on the car industry.

• When Detroit experienced a decentralization
and automation of the motor industry in the late
1960s, white people (and their wealth) fled.

• Now Detroit is a semi-deserted city without city
vitality.

Detroit in 2016 

Detroit, Michigan, in 1950s 



4. Diversity and resilience in natural resources: 
     Energy 

• A palette of different energy sources is 
recommended by many power utility 
companies. 

• If one energy source is disturbed, the utility 
company can supply power from another 
source. 

• Even renewable energy sources require 
diversity. 

• Solar energy requires alternative sources that 
provide power during the nighttime and during 
cloudy days. 

• Solar power itself requires an array of solar 
generation locations to ensure one location is 
experiencing sunny weather conditions. 



Diversity and water 

• Water security is easier to achieve if                  
there is a diversity of water sources. 

• Case study: Tucson, AZ—an arid city                   
that had relied on groundwater as the              
main water source. 

• Aquifer depletion had caused land subsidence 
and a decreased water quality. 

• In order to increase resilience and allow urban 
growth, the federal government authorized the 
Central Arizona Project (CAP). 

• The CAP brings water from the Colorado River to 
replenish the aquifer and store water for future 
use. 

• Reclaimed water has also augmented supply. 

Central Arizona Project 



The Water-Energy Nexus 

. . . while energy is easy to 
transport but difficult to store 

 

Water is needed to produce energy . . .  

. . . and energy is needed to deliver water 

Water is easy to store, 
but expensive to 
transport . . . 



The Water-Energy Nexus 

• Extreme weather events highlight the 
important of a diversity of energy and water 
sources. 

• When a magnitude 9.0 earthquake caused a 
15m tall tsunami to hit the northeast coast of 
Japan in 2011, the Fukushima nuclear disaster 
left 1.6 million households without access to 
water and energy. 

Fukushima nuclear plant 

• Groundwater wells were 
undamaged but 
inaccessible due to lack 
of an alternative energy 
source. 



Conclusions 

• Both resilience and water security are affected by interactions 
between the social, ecological, and hydrological systems. 

• Adaptive management that employs science-policy dialogues 
shows promising results for increasing resilience. 

• Diversity of economic modes, ethnicities, incomes, transportation 
modes, and other are key elements of resilience, most especially 
in large urbanized areas. 

• In particular, diversity of water and energy sources increases 
resilience, particularly via effective management of the water-
energy nexus.  
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