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Going to Extremes: Managing through a 

changing climate

And a lot of other people



First Hurdle: How do we learn?

Human beings  learn in a 
variety of ways. 

Educational research 

has shown  that one of the 

least effective  methods is the 

traditional lecture



Many potential futures

Are our assumptions 

supported by the 

climate record? Model agreement on projected dry and wet conditions 

Groundwater depletion minus recharge 

Sanderson 



Drought in 2022 (to date) 



"On the Edge of the Possible: Artificial 

Rainmaking and the Extension of Hope on 

the Great Plains," 

J. Courtwright U. Iowa Agricultural History

“Hope, like moisture, was in constant demand”

Inter-State Artificial Rain 
Company (1891)
Swisher Rain Company 
(1892)
Goodland Artificial Rain 
Company (1892)



The Great American Desert….becomes the High Plains

Edwin James (Stephen Long’s 
geographer):

A place “…almost wholly unfit 
for cultivation, and of course, 
uninhabitable by a people 
depending upon agriculture for 
their subsistence” (Long and 
James 1823: 236).  

• Became:

“The Breadbasket 

of the World”…

Matt Sanderson, KSU 2018



The Mississippi River was more than 8 feet below normal near Memphis in 
early November. Sunday, Nov. 6, 2022.

Optimized for
- Global networks and trade 

regimes,
- efficiency, peace time and 

a relatively stable          
environment

- Fragile

Bloomberg 
2022



Dust Bowl migration routes

US Drought: The 1950s

To what extent are earlier  

adaptation strategies still viable?



What is changing and 

(why) does it matter?





Greater irrigation 

efficiency as 

surface water 

availability reduces

Higher evaporation. 

More farm dams as 

surface water 

availability reduces

Increased evapo-

transpiration   due 

to higher temps

Higher frequency 

and intensity of 

wildfires due to 

higher temps and 

droughts

Weather and 

Climate

Extremes

Variability& 

Change

Increased demand 

for groundwater as 

surface water 

availability reduces

Impacts of a Changing climate

?

?
?

?

?



America Adapts!

Climate-related impacts and response actions 
that are helping the region address related 
risks and costs. 

Examples are illustrative i.e. not indicative of 
which impact is most significant in each 
region or which response action might be 
most effective. 

Implementation is increasing but
is not yet commonplace. 





• Changes in Water Quantity and Quality

• Deteriorating Water Infrastructure at Risk

• Water Management Uncertainty in a Changing 

climate

Water Resources NCA4 2018
IPCC 2014
IPCC 2022



• Degradation of Soil and Water Resources

• Reduced Agricultural Productivity

• Health Challenges to Rural Populations and 
Livestock

• Vulnerability and Adaptive Capacity of Rural 
Communities

Agriculture and Rural Communities NCA4 2018
IPCC 2014
IPCC 2022



Groundwater depletion
See Steward et al 2013 for projections to 2110

Land area under cultivation 

“…certain aspects of our water resource 

problems have a degree of predictability about 

them. Most notable is the rapid depletion of our 

valuable groundwater resource…” 

Kansas Governor Robert Bennett, 1977



National Climate Assessment 
Volume II in 5 Bullets

• Earth’s climate is now changing faster than at any point in modern 
civilization.

• These changes are primarily but not only the result of human activities, 
the evidence of which is overwhelming and continues to strengthen

• The impacts of climate change are already being felt across the country, 
and climate-related threats to Americans’ physical, social, and economic 
well-being are rising

• Americans are responding in ways that can bolster resilience and 
improve livelihoods

• However, neither global efforts to mitigate the causes of climate 
change nor regional efforts to adapt to the impacts currently 
approach the scales needed to avoid substantial damages to the 
U.S. economy, environment, and human health and well-being over 
the coming decades



Changes in extreme weather and climate events

NRC, 2016Climate circulation dynamics impact convection, 

drought, wildfires, flood risk locations

The changing nature of climate extremes
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NOAA/ NCEI 

1980-2021
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Projected economic impact from 
climate change (Relative to county 
GDP)  in 2080-2099 under business-
as-usual scenario)



(Kunkel et al 2020

Easterling et al 2017 )

Extreme Precipitation and Climate Change: 
Observations and Projections

Trend in 3 inch days (1951-2016)

Model extreme 
precipitation increases 
by 10-30+% by end of 
21st Century under a 
high emissions scenario

Atlas -14 provides precipitation 
frequency estimates guidelines



Hot Droughts

Chiang F., AghaKouchak, A, et al., 2018, Science Advances, 4 (8), eaat2380.
http://advances.sciencemag.org/content/4/8/eaat2380

Temperature shifts corresponding to the average climate and drought conditions based on 
ground-based observations [1965-2014 relative to 1902-1951]

-Compounding events: Droughts have warmed faster than the average climate

http://advances.sciencemag.org/content/4/8/eaat2380


A snow drought is a period of abnormally little snowpack for the 

time of year



The Missouri -Mississippi River System at (1.25 m sq. miles, 3.22 m km2)

fourth largest river system and the most economically valuable corridor in the world . 

Highest volume for the transportation of goods in the US.. Over 460 million short tons (420 

million metric tons) and 3.25 million short tons of shipments respectively each year, with 

92% of the nation's agricultural exports and 78% of the world's feed grains and soy beans.

A Complex System
• Local governments
• State governments
• Federal agencies
• Business and industry
• Universities
• Regional entities
• Non-profit organizations
• International connections
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“Climate Extreme Drought To Extreme Flood: Weather 
Whiplash Hits The Midwest”

Weather Underground Climate Guest Contributor Apr 19, 2013

(McNutt et al; in
Wilhite and Pulwarty 2017)

The Basin appears to be becoming even more variable in 

terms of runoff. Annual runoff variability has nearly doubled in 

the last 20 years (Livneh 2016)

The actions derived included the development of the 

interagency National Drought Resilience Partnership

2010-12:  First time U.S. corn yield fell three years in a 

row since 1928-30 (USDA)



•A complete explanation of these droughts must invoke not just the ocean 

forcing but also the particular sequence of internal atmospheric variability -

weather - during the event. 



2012 Evaporative Demand Drought Index

May to August 2012: Areal extent of U.S. drought jumped 30 to 60%

2-week EDDI USDM

May 1

drought developing in entire region D0, D1 in IL, IN, TN;

no drought in MO, AR, OK, NE

June 5

flash drought in MO, AR, KS, IL drought expands; does not deepen

July 3

persistent intense drought D3 edges into region

August 7

intense drought persists;

note little drought in western US

new D4 and expanded D3 over much of region; 

drought in NY, PA, and VA, 2 months after EDDI

• Due to land-atmosphere feedbacks, evaporative demand (E0) reflects surface 

moisture conditions, often before ET does,

• responds positively to both flash droughts and sustained droughts.



The 8-week change map 
between the July 18, 2017 and 
May 23, 2017. Large parts of the 
Northern Plains saw a 4-5 class 
deterioration over this two 
month period.

In May 2017, the region was mostly drought-free, and at least average summer precipitation 
was forecasted.
By July 2017, North Dakota, South Dakota, eastern Montana, and the Canadian prairies were 

experiencing severe to extreme drought, resulting in fires that burned 4.8 million acres across 
both countries and U.S. agricultural losses in excess of $2.6 billion dollars

Cumulative risk: 
Antecedent 
conditions

Upper MidWest ”Rapid-onset” Drought 
2017

Agricultural Commodities in 
Drought:  
https://agindrought.unl.edu

(Hoell et al 2020)



Cumulative risk: Antecedent
conditions

The wettest spring and summer on record for much of the

United States occurred in 2019.

2019 Midwest Flooding impacts and costs

2019 Central U.S. Floods

• 14 million acres of insured farmland went unplanted in the MidWest/Hgh Plains-

largest since USDA’s ‘prevented-plant’ acreage record keeping began in 2007,

• Reduced corn and soybeans – 13% and 6% of total acreage, respectively.

• 5 million acres were planted in unfavorable conditions. In the words of one expert “it

turned out to be a really bad bet.”



• Long-term and sustained observation programs are critical, 

especially for model verification

What is the message……..

……..in the context of a changing climate?

• Despite advances to date, predicting future hydro-climate 

variables precisely will remain a major challenge

• Nature is complex and observing and modeling its nonlinear 

behavior remians challenging. Esp. reliability of high resolution  

information “generated” by models.



Supporting 

Well-being and dignity
Ensuring Resilient Economies

Economies Communities

Environment

Promoting Environmental Resilience

Moving from diagnostics to implementation

Putting the pieces together

Develop scientific and technological applications and 

services to reduce social, environmental, and economic 

risks and realize co-benefits/savings
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Innovation Evaluation

Learning

Monitoring/

Forecasting



© UNDRR – United Nations Office for Disaster Risk Reduction

(King et al , UNDRR 2021;UNCCD 2022)

Water conservation
water flows, harvesting, 
storage, water available 
for small-scale supplemental
irrigation if needed

Ecosystem health
conserve landcover, 
habitats & species 
diversity

Good soil quality
incr. soil moisture,
SOM & fertility, 
reduce salinity

Healthy water systems 
Hydrological regulation 
good quality water, water reuse
sustainable treatment systems

Landcover change
Loss of vegetation
cover, habitats 

& species

Hydrological deficit
Expand irrigated area, large 
dams, desalination plants& 
water transfers

Intense disaster risks 
Pollution & 
intensification of 
hydrological cycle, 
floods

Poor soil quality 
Salinization, loss of soil 
moisture, SOM & fertility, 
Erosion, sealing

Less risk of droughts 
& increased biological 
productivity

Improved human 
well-being, health, 
prosperity, innovation,
Fulfilling lives & potential

High risk of droughts 
& reduced biological
productivity

Poor expectations
poverty, destitution
abandoned land
out-migration

Land Degradation
& Habitat Loss

Land-based Eco-DRR 
& Green Recovery

Human factors
Demographic, Economic
Socio-political, capabilities
Science & TechnologyPolitical & economic 

instability

Political stability & 
economic prosperity
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Climate

NEGATIVE DYNAMICS - INCREASING RISKS POSITIVE DYNAMICS - INCREASING RESILIENCE

Shift from responding 

solely on an event by 

event to addressing the 

propagation and  

accumulation of risk and 

cascading impacts.

Chinese proverb “If we are not careful we will end up where we are going” 



If it’s so easy why is it so hard to do?



”Closing”water  systems, climate and scarcity

• As yet-Little comprehensive understanding of the long-term and widespread 
consequences of past adaptations

• Complications of changes in the spatial and temporal distribution of rainfall,  soil 
moisture, runoff, frequency and magnitudes of droughts and floods are gradually 
being included in response planning

• Systems design, operational inflexibility, and legal and institutional constraints still 

reduce the adaptability of water systems to respond to climatic changes

• Compounded by lack of agreement on event definitions, such as what constitutes an 
“extraordinary” (i.e., severe and persistent) drought in different place

Equitable and reasonable use of water involves definitions of broad concepts such as 
“no harm,” and “optimal utilization”



Simple Risk 
Complicated 

Risks

Complex, compounding 

and cascading risks

Calculated 
risk

Perceived 
risk

Managing “through” a 

changing climate 



© UNDRR – United Nations Office for Disaster Risk Reduction

Two or more extreme events occurring simultaneously or successively

Combinations of extreme events with underlying conditions that 
amplify the impact of the events

Combinations of events that are not themselves extremes but lead to 
an extreme event or impact when combined. 

Consecutive inter-dependent events that do not occur at the same time, 
but they have compounding impacts.



© UNDRR – United Nations Office for Disaster Risk Reduction

Toward sustainable development of water resources

1. Measurement

2. Valuation

3. Informing decision-making

4. Coordination and risk management

Ensure that policies and management decisions are actually delivered 
through an adaptive set of institutions, incentives, and instruments.

Garrick et al and others 



Use paleo-data, events of record and Stress-
testing approaches, as well as projections

Brown
Linkov
Pulwary
and others



Co-benefits to Water 
Sector Resilience
related to addressing 
drought

Critical Infrastructure dependence on 
water and potential function 
degradation following loss of water 
services

40
https://www.dhs.gov/

Existing resources from NIDIS, 
EPA, USDS, DOI, DHS, FEMA,, 
HHS-CDC, and other sources 
were complied to creates a risk 
analysis of drought hazard 
impacts to ten critical 
infrastructure sectors
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The Financial Times (29 August 2016) noted (in their words) 
that “people are afraid that doing something about 
“climate” will make them poorer/less well off” in the near-
term

If we only knew the costs and benefits …….

“ALSO, THE BRIDGE IS OUT 

AHEAD”



Natural Hazard Mitigation Saves: 2017 An Independent Study to 
Assess the Future Savings from Mitigation Activities.

43

Configurations of land-
use offers the largest 
return on investment



Walnut Creek IGUCA

Walnut Creek IGUCA

Walnut Creek BasinGMD #1

GMD #4

GMD #5

GMD #3

Equus Beds

GMD #2

Western
Kansas
GMD #1

Northwest
Kansas
GMD #4

Big Bend
GMD #5Southwest

Kansas GMD #3

0 20 4010 Miles

Walnut Creek IGUCA

Kansas IGUCAs
Kansas Department of Agriculture
Division of Water Resources
January 5, 2022

Walnut Creek Intensive Groundwater Use Control Area



1900 2010

Efficient technology….

Laws-regulatory demands 
(Clean Water)

Behavioral Changes…

No loss of economic 
competitiveness

(Rogers 2003; Gleick,2014, NCA4)

1975



Ongoing Challenge:  

Supporting local and state-level professionals to sustain 

collaborative networks between research and practice



Doug Kluck NOAA Regional Climate Services
Molly Wolozyn National Integrated Drought Information 
System 
Dennis Todey USDA Climate Hubs
Mark Svoboda National Drought Mitigation Center Univ. 
Nebraska, Lincoln

Others

National Integrated Drought Information System 



Resulting actions from towns and cities (MRCTI 2020, 2021)

• Cities were able to make informed decisions regarding continued flood-flight 
activities

• Cities were able to more confidently begin longer term mitigation and recovery 
planning such as insurance arrangements;

• Cities began to coalesce around mixed infrastructure solution, including drawing 
lessons from each other,  incorporating more natural assets at a scale more 
extensive than previously ;

• New partnerships at greater scale over more service areas stretching across 
multiple states were sought

85%  reported increasing their ability to incorporate climate outlooks and 

information into decisionmaking



Environmental Protection Agency

Key Federal Partnerships 

https://www.usgs.gov/ecosystems/climate-adaptation-science-centers

https://www.climatehubs.usda.gov/

USACE Regions

https://www.usgs.gov/
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NCEI

Coordination



© UNDRR – United Nations Office for Disaster Risk Reduction

A brief look ahead….. and back
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Thank you!
roger.pulwarty@noaa.gov

Col. Robert O. Iott

mailto:roger.pulwarty@noaa.gov


Cascading Consequences of 
Heavy Rainfall for Urban 
Systems

• In cities with combined sewer systems, storm 
water runoff flows into pipes containing 
sewage from homes and industrial 
wastewater. 

• Increase risk of exposure to waterborne 
diseases and toxic chemical plant releases

• Closed roads and disrupted mass transit 
prevent residents from going to work or 
school and first responders from reaching 
those in need. Source: EPA.

Built Environment, Urban Systems, and Cities

(Zhang et al 2018)



Climate observations, predictions, projections

Improved 

Response

“I think you should be more explicit here in step two”


