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Bottom-up vulnerability assessment of
hundreds of multisectoral stakeholders

Exploratory modeling for changes in:
Hydrologic conditions
Physical infrastructure
Institutional structure
Societal needs

+
Sensitivity analysis

Rival framings of informal water right agreements
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Biggest, oldest water right on
the river

)
1_% The tiny power plant that |
 shapes the Colorado River —
 merely by existing

The Shoshone power plant is the cornerstone for water rights in the upper river.
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How vulnerable are these water users to increasing
climatic stress, competing water demands and other
uncertain factors?

Can we identify which stressors are most consequential
for these users and under what conditions?

How do asymmetries in water right shape the users’
drought experience?
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Evaluate operation in many

Quantity user vulnerabilities and
determine most important

Bottom-up assessment of stakeholder vulnerabilities
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Investigate vulnerabilities across users in the
basin using exploratory modeling

Look at how future changes and uncertainties may affect water
shortages for:
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15-mile reach Transbasin diversions Irrigation diversions
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@ Use StateMod to perform explorative analysis on sensitivities
and vulnerabilities in the Basin

Address the following questions for 338 water users :
@ How are their shortages are affected?
@ Which uncertain factors are driving their shortages?

How can informal water right agreements modulate these
effects?
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Hydrologic Model - Synthetic Generator

Change distributions of wet and dry flows
Change persistence of wet and dry flows

Shift annual flow peak




Exploratory experiment
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Exploratory experiment

10,000 runs of 105-year sequences




@ Use StateMod to perform explorative analysis on sensitivities
and vulnerabilities in the Basin

Address the following questions for 338 water users :

@ How are their shortages are affected?
@ Which uncertain factors are driving their shortages?

How can informal water right agreements modulate these
effects?
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Shortage magnitudes for an irrigation site
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Shortage magnitudes for an irrigation site

Perform experiment
Extract all 105-year sequences and rank as before
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Shortage magnitudes for an irrigation site

Repeat for all percentiles in experiment ensemble
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Are these effects
common among
other sites?




Shortage magnitudes across irrigation sites
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Users of different sectors,
right seniority, and
demand levels experience
vastly different impacts




@ Use StateMod to perform explorative analysis on sensitivities
and vulnerabilities in the Basin

Address the following questions for 338 water users :
@ How are their shortages are affected?
@ Which uncertain factors are driving their shortages?

How can informal water right agreements modulate these
effects?
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Which uncertain factors are driving their
shortages?

A Delta method

|dentify parameters most significantly
affecting the density function of
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Magnitude impacts on the 15-mile reach

Annual shortage (af)
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Magnitude impacts on the 15-mile reach

Annual shortage (af)
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Sensitivity analysis on magnitude impacts
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Sensitivity analysis on magnitude impacts

Relative distribution

Environmental flow ~ VN

right seniority the
major factor
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Sensiti
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Impacts are driven by
different sets of changes
and uncertainties

What dominant factors
affect all other users?



Single most
dominant

factor driving
worst ¢
shortages

///

No clear pattern as
we move down the
priority of users

Irrigation demand and
dry flows appear most
commonly, among

N ~ several other factors
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Are there any spatial
patterns?
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Several dominant
factors affect the basin,
some are human-driven,

some are not




@ Use StateMod to perform explorative analysis on sensitivities
and vulnerabilities in the Basin

Address the following questions for 338 water users :
@ How are their shortages are affected?

@ Which uncertain factors are driving their shortages?

@ How can informal water right agreements modulate these
effects?
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How can
informal
demand
agreements
modulate
shortages?

Irrigation demand and
dry flows appear most
commonly, among
several other factors
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An alternative to “buy and dry”

o , , Can leasing irrigation water keep
Stressed municipal water providers safeguard their supply Colorado farms alive?
through permanent acquisition of irrigation water rights
Joshua Zaffos | sune 8,2015 | From the print edition BB -~

The practice is controversial as it permanently damages
agricultural communities

The Colorado Water Plan suggests several
alternatives such as lease/fallowing
agreements, pooling of water rights or
interruptible supply
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Adaptive trigger of demand reduction
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Adaptive trigger of demand reduction
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Adaptive trigger of demand reduction
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Proof of concept for a senior municipal supply
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Take-away messages
and next steps




In complex multi-sector river basins:

. A single impact metric across multiple users, a sector, or geographic
location cannot fully capture the diversity of experienced impacts

. Water conservation policies will not be equally effective for everyone, as the
effects of changing demands vary across users

Exploratory sensitivity analyses and iterative metric formulations are
necessary when diverse sets of stakeholders are involved

Next steps:

Fully explore the capacity of adaptive demands and informal water right
agreements to modulate the effects of drought under a wide range of
hydroclimatic conditions
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