
Department of Civil and Environmental Engineering

Dr. Richard N. Palmer
Department Head and Professor

Director, Northeast Climate Science Center
Department of Civil and Environmental Engineering

University of Massachusetts Amherst
Amherst, MA

Implications of Extreme 
Climate Events for Water 
Management and Policy

November 10, 2015



2Department of Civil and Environmental Engineering 10:56 AM

Talk Overview

 Introductory Comments

 National Climate Assessment “Big Picture”

 Challenges in Forecasting Extremes

 Challenges in Managing Water Resources

 Shifts in Planning Paradigms

 Hope for the Future, Reasons for Concern

 Final Comments
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Introductory Comments

 Pleased to be included in this group of outstanding 
climate scientists (“weather nerds”), hoping to learn  

 My research interests have included drought 
management and exploring impacts of climate change

 Climate Impacts Group (University of Washington)

 Northeast Climate Science Center

 Managers typically ask for precise forecasts, not trends

 Long been a fan of Don Wilhite and NDMC



4Department of Civil and Environmental Engineering 10:56 AM

Comparing weather to what you know
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National Climate Assessment “Big Picture”

 The Northern Plains will remain vulnerable to periodic 
drought because much of the projected increase in 
precipitation is expected to occur in the cooler months while 
increasing temperatures will result in additional 
evapotranspiration.

 Rising temperatures are leading to increased demand for water 
and energy. In parts of the region, this will constrain 
development, stress natural resources, and increase 
competition for water among communities, agriculture, 
energy production, and ecological needs

What managers might (possibly) have read)
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National Climate Assessment “Big Picture”

 Extreme rainfall events and flooding have increased during 
the last century, and these trends are expected to continue, 
causing erosion, declining water quality, and negative impacts 
on transportation, agriculture, human health, and 
infrastructure.

 A key uncertainty is the exact rate and magnitude of the 
projected changes in precipitation, because high inter-annual 
variability may either obscure or highlight the long-term 
trends over the next few years. 



The Midwest region includes the states of Illinois, Indiana, Iowa, Michigan, 
Minnesota, Missouri, Ohio, and Wisconsin. The Highlights section below offers a 
high‐level overview of climate change impacts on this region, including the six Key 

Messages and selected topics

Extreme heat, heavy downpours, and flooding will 
affect infrastructure, health, agriculture, forestry, 
transportation, air and water quality, and more. 

Climate change will also exacerbate a range of risks 
to the Great Lakes.

Source: http://nca2014.globalchange.gov/report/regions/midwest
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Challenges in Forecasting Extremes
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Challenges in Forecasting Extremes

 Our ability to forecast extreme events (without even 
considering climate change) is still limited 

 Probable Maximum Precipitation - Maximum 
Probable Flood 

 Statistical approach used to calculate return periods 
of floods of interest (Weibull, Gumbel, Fréchet)

 We have yet to solve problem of estimating 
accurately flood events at ungaged sites
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Challenges in Forecasting Extremes

 Droughts have complex characteristics presenting 
unique challenges (slow onset, spatial variability, 
temporal variability, termination unclear)

 Characterizations complicated by existence of 
infrastructure

 Approaches include weather generators, paleo-
analysis, synthetic streamflows, among others

 Regardless of challenges, engineers will have to 
design, operate and manage



12Department of Civil and Environmental Engineering 10:56 AM

Shifts in Planning Paradigms

1
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Stationarity is Dead
1. Why did it die?

Substantial anthropogenic change of Earth’s climate and 
landscape

2. Why now?
Time to move beyond “wait and see”

3. What is the successor?
Very challenging because changes are complex, 
uncertainties are large, and our understanding is evolving
Adapt existing techniques (Harvard Water Program) 
including economics, OR, statistics, trade-offs of costs, 
risks, and benefits OR new approaches?.

1
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Shifts in Planning Paradigms

 Many of today’s existing water resources 
systems were designed for a future that never 
occurred. 

 The services demanded by consumers and their 
priorities have changed dramatically over time

 Our measures of performance are outdated (safe 
yield, reliability) 
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Shifts in Planning Paradigms

 “we may have to face up to the fact that skillful 
prediction of variables of interest to decision 
makers may simply not be possible…. it may be 
time to rethink how we make decisions in the 
face of not simply uncertainty, but fundamental 
and irreducible ignorance. Rather than focus on 
optimal decisions guided by prediction, we may 
need instead to focus on robust decisions guided 
by recognition of the limits of what can be 
known.”  Pielke (2009) 
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Shifts in Planning Paradigms

 “Reliability is dead.”        Brown (2009)
 Decision Scaling – describe what conditions 

determine system failure, then determine 
likelihood of those circumstances occurring

 Managers are looking for “actionable science”
• David Behar - Working directly with resource managers 

to produce science and tools to address effects of 
climate change on the nation’s biological resources 
should remain the core focus of the Interior 
Department’s Climate Science Centers, according to a 
federal advisory committee report released today.



 

Figure 1 Steps in decision scaling vs. traditional approach 
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Rational Water Resources Planning (Generic)

1. Engage stakeholders in 
defining problems and 
opportunities

2. Create an inventory 
(physical, policy, financial)

3. Forecast the future and 
status quo

4. Define performance 
metrics

5. Identify alternatives

6. Explore promising 
alternatives

7. Evaluate alternatives 
relative to performance 
metrics

8. Select the best alternatives

9. Implement the plan

10.Re-examine the plan 
periodically
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Lessons Learned

1) Water utilities must have strategic, tactical and 
emergency drought planning

2) The public should be involved in the 
development of drought plans (transparency, 
collaborative planning, co-generation of plans)

3) Plans need to have drought indicators, drought 
triggers and drought actions clearly stated (like 
risk aversion curves)
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Lessons Learned

4) Accurate and full explanation of the drought 
likelihood and impact are essential

5) Drought plans work best if they are practiced 
(Virtual Drought Exercises) 

6) Collaboration between water providers and 
citizens always makes planning and responses 
more success
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National Drought Study

 Early 1990’s the US 
Army Corps of 
Engineers conducted the 
National Drought Study
 34 Findings (Lessons) 

from the report designed 
to improve drought 
planning
 We will focus on 6
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Reasons for Hope

California is entering the 5th year of drought
Driest and hottest 4 year period in California recorded 

history (who could have planned for this – Well, 
California did)
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 California is 
facing one of 
its most 
significant 
droughts in 
100 years
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2
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Past and Recent Storage History

2

MIN

MAX
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California Drought Experience

California is entering the 5th year of drought
Driest and hottest 4 year period in California recorded 

history (who could have planned for this – Well, 
California did)

During this period, California’s economy has grown 
faster than the nation’s average

Agricultural production has remained almost constant
California is weathering the drought with remarkable 

resilience (not in terms of forest fires)
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How has California done this?
• California has been preparing for 20 years. 

• Broad and effective public engagement and 
communication (excellent stakeholder engagement)

• Water conservation
• 39% of all irrigation is drip irrigation
• Per capita water demands down 25%

• Response to droughts that integrates Drinking water 
with Surfacewater/Groundwater/Storm and 
Wastewater 

• Bold leadership demonstrated during the drought
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Bold Leadership Current Drought

On the following Dates, Governor Brown took 
bold actions:
May 20, 2013 - Executive Order
January 17, 2014 - State of Emergency
April 25, 2014 - Continued State of Emergency 
May 1st, 2015 - Announced new actions to 
require 25% reduction in water use by all cities
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Today’s “State of the Art” of Drought Preparedness in the US

3
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3
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Reasons for Concern

The drought in São Paulo
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3.695% growth per year
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Sistema Cantareira

Minimum cumulative volume in the equivalent system for removal by gravity

Minimum cumulative volume in the equivalent system for removal by pumping
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Sao Paulo Current Drought
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Sao Paulo Current Drought
 October 31, 2010 – Presidential Election, Dilma Rousseff

(won with 56.0% of votes),  Reservoirs full
 August 2013, Continuation of Meteorological Drought

• Record low rainfall for each month
 BAU - SABESP releases 31m3/s to São Paulo 

• Justify by a reserve known as Water Banks 
 Jan 30th, 2014- First Public Comment

• Openly accept Water Banks are virtual-they don’t physically exists 
• No need for further planning 

 Report “Rodizio do Sistema Cantareira 2014”
• Discarded by high level administrators of SABESP and SP 

Governor 

3
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Sao Paulo Current Drought 
 February 2014
 “Anti-crisis” group created (GTAG), represented by:

• National Water Agency (ANA)-Federal
• Department of Water and Energy (DAEE)-

State
• Utility company (SABESP)—1/2 State (PPP)
• PCJ Basin committee (CBH-PCJ) 
• Alto Tietê Basin committee (CBH-AT)

3
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Sao Paulo Current Drought

• Pre-Election - “Don’t worry, we are entering the rainy 
season…”

• March 17, 2014 - Projects to install floating pumps begin
• March 2014, First reduction to 21.09 m3/s to supply São 

Paulo, What is a reduction?
• October 26, 2014 - Presidential Election, Dilma Rousseff

(51.6%),  Reservoirs 20% full
• June 2015  - World Cup in São Paulo, New definition of full, 

Reservoirs 8% full
• August 2015 – Drought ordinance identifies Drought in São 

Paulo
• July 2016 – Olympics in Rio
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4

Sistema Cantareira

Minimum cumulative volume in the equivalent system for removal by gravity

Minimum cumulative volume in the equivalent system for removal by pumping
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4
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Final Comments

 Forecasts are for warming temperatures, more 
precipitation, but not in seasons most needed
 Our ability to predict extremes with current 

models is limited
 Clear recognition that new water resources and 

drought planning paradigms needed
 Past structure planning approaches still valuable
 Well managed droughts suggest reason for hope
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4

Sistema Cantareira
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 California is 
facing one of 
its most 
significant 
droughts in 
100 years
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National Drought Mitigation Center


