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=7 0On Extreme Design and Wicked Problems: Overview

Problem Example

A Wicked Problem is one that is In this presentation, I discuss

difficult or impossible to solve because example Wicked Problems in medicine
of incomplete, contradictory, or delivery, OKC Environmental Justice,
changing requirements that are often and Houston Zoning. Finally, I will
difficult to recognize. Finding solutions give an example of Energy in

to such problems requires special Oklahoma and ask you why it is a
constraints. Wicked Problem. This will be a quiz.

Approach | Anticipated Results

The proposed method for resolving 1) You will learn a little about challenges
Wicked Problems involves you might not be aware of.

considering a problem from the 2) You will learn how Wicked Problems are
viewpoint of multiple stakeholders described and constrained.

and indicating the consequences of 3) You will engage with me about how
various possible solutions so that your project might fit the Wicked
stakeholders can agree on a way Problem classifiers and how you might
forward. resolve this.
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Some Characteristics of a "Wicked Problem”

Source: NASA/NSF workshop
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Democratizin% Medical Suggly Delivery

NSF EDSE Program:

Engineering Design and Systems

Engineering

With Interest in Extreme Design

reme scales |

NA‘SA Aeronautics Project:

Convergent Aeronautics Solutions

(CAS)

With Interest in Wicked Problems

PROBLEMS THAT NEED SOLUTIONS

CHARACTERIZED | UNCHARACTERIZED

DISRUPTIVE WICKED

The domain of
entrepreneurs

Disruptive Innovatiol Transformative
Innovation

ROUTINE RESEARCH

The domain of The domain of research
business 5 ; Credit:
’ . ustaining Innovation 4
Efficiency Innovation UIf Elhert

KNOWN | NOVEL
IDEAS FOR POTENTIAL SOLUTIONS

(NSF/NASA Workshop - August 2

Extreme/Wicked Problem #2:

Democratizing Medical Supply Delivery

e Current medical supply transport is plagued by
losses, including a relatively high temperature
excursion rate.

e Delivery includes a diverse supply chain.

e Access to medical supplies is limited in some
communities in the U.S. and abroad.

e Current U.S. regulatory and liability frameworks
do not account for medical transport by non-
traditional vehicles, such as drones.

Wicked Problem m Ex: OKC EJ Ex:zglsi%sgton Ex: OK Energy Design Soln. Reflection -
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Environmental Justice: OKC

How might this framework provide answers for historical and social problems in relation to local weather uncertainty?
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Basara, J.B., Hall Jr., PK., Schroeder, A.J., lliston, B.G., Nemunaitis, K.L., 2008. Diurnal cycle of the Oklahoma City urban heat island. Journal of Geophysical Research: Atmospheres 113.
The City of Oklahoma City, 2019. Resolution of Intent of the Mayor and Council of the City of Oklahoma City Setting Forth a New MAPS Program to be Known as “MAPS”
Tierney, S., Petty, C., 2015. Gentrification in the American heartland? Evidence from Oklahoma City. Urban Geography 36, 439-456. https://doi.org/10.1080/02723638.2014.977038
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Environmental Justice: Houston Pollution and Zoning

How do spatial decisions impact pollution?

Pollution on the ABL

Image credits this page: Elizabeth Spicer

Wicked Problem m Ex: OKC EJ Ex: OK Energy ) Design Soln. Reflection -
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Environmental Justice: Houston Pollution and Zoning

What is making Houston so gross?
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How do spatial decisions impact pollution?

Functional Zoning Form-Based Zoning Intensity Zoning Incentive Zoning

Environmental Justice: Houston Pollution and Zoning

~

e

o=

= A zone for each type of
land use.

= Land use zones subject
to different regulations.

W Commercial
B Adminisfrative
Residential

Industrial
Green space

N [ N

= Focuses on physical
characteristics.

= Defined as a form of
urban identity.

Downtown

M Uptown
East Side
Historical district

Manufacturing district

e

= Sets land use intensity
restrictions.

= Flexibility in forms and
functions of land use
developments.

M High density

I Average density
Low density
No development

~

7

= Rewards for
development in defined
areas.

= Incite the provision of
amenities.

Incentives
No incentives

. AN AN

Rodrigue, J.-P., 2020, The Geography of Transport Systems.

Wicked Problem m Ex: OKC EJ Ex:ZI(-)lgit.lnsgton Ex: OK Energy Design Soln. Reflection -




MODEL

Rent = 1/S
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10 km
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§=235.62

Firewood & timber

Extensive farming

Animal farming

Rodrigue, J.-P., 2020, The Geography of Transport Systems.

Environmental Justice: Houston Pollution and Zoning

How do spatial decisions impact pollution?

Showing average listing price for Harris County ZIP ¢odes, week ending Jun 11 How to use Heat Maps |1|
Awerage listing price | Median sales price | Trulia popularity
Wias this info useful?
URBAN Zoom: &) Q VIEW: Street Satellite [Hybrid

A Avyg. listing price for
Harris County ZIP codes
¢ week ending Jun 11

HiH Il $256K and up
B F229K to $256K
F20MK to 229K
e FI65K to F201K
F137K to $165K
B RT10K to $137K
tow 110K and helow

(trulia

- .

CBD

real estate seacch

Commerce & industry

High density residential

Low density residential

Texas Map & Blueprint Co., “Street Map, City of Houston, Texas, circa 1930.”

Wicked Problem

Ex: OKC EJ 24 el Ex: OK Energy Design Soln. Reflection

Zoning
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Does the challenge have many origins?

Does the challenge exist across domains?

Does the challenge involve many demographics?
Is the challenge nested within itself?

Is the challenge irreducibly complex?

Does the system change when we act?

Will any solution be permanent?

Are we able to test the entire system?

Is there an optimum solution?

Recap: Houston Zoning as a Wicked Problem

Does it pass the test?

Wicked Problem Test Question Give One or More Reasons

Yesy/  Many pollution sources, many policy reasons

Yesy/ Urban planning, industrial emissions, demographic grouping

Yesy/ Houston is still (somewhat) segregated

Yesy/ Economics, social groups, etc. drive each other

Yesy/ Many actors, many actions

Yesy/  Pollution patterns and housing may change

Noy/ The city is always evolving

Noy/ No data source reports everything here

Noy/ Let’s hope not when race is involved

: : Ex: Houston

Ex: OK Energy Design Soln. Reflection m
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Oklahoma’s Energy Transitions

The 1900’s oil boom in “Indian Territory” created the American state Oklahoma

Michael Vance1: https://www.flickr.com/photos/miklvance/46249282192/in/photostream/

Wicked Problem m Ex: OKC EJ Ex:zglsi%sgton Ex: OK Energy Design Soln. Reflection ‘
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Oklahoma’s Energy Transitions
The Shale Gas Revolution — Re-Tapping old resources

Wicked Problem m Ex: OKC EJ Ex:zgir?i%sgton Ex: OK Energy Design Soln. Reflection
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Oklahoma’s Energy Transitions

Numbers
>440,000 known wells in Oklahoma
= Oklah had 124,431 Tk tatewide in 2021, ting 1.6% of
> 1 8 O O O O We I I S a re C u rre n t I y a Ct I Ve ene?g)(l)]r'gabséOf these e:t;:?j{)gg, 7,623(?;:‘1’: e(leelcntric pov;Z?gr:jeezeer;e:ggn; 51?9?1361
I/ fuels; 30,662 in transmission, distribution, and storage; 13,415 in energy efficiency
. 21,131 in motor vehicles. From 2020 to 2021, energy jobs in the state increased b
# 3 Sta te fo r n a t u ra I g a S p ro d u Ctl O n 2,293 jobs, or 1.9%. The energy sector in Oklahoma represents 7.9% of total state
employment.
i i Figure OK-1.
# 4 Sta te fo r O I I p ro d u Ct I O n Elrgl:)'l—zyment by Major Energy Technology Application

Lowest price for electricity in the US
Largest power supplier to states in this region

Energy directly employs >124,000 people in OK
of 1,650,300 non-farm workers (July 2021),
roughly 8% 8
Arguably, all other non-farm jobs in OK depend ma
on the energy sector performance

7,100
6,951
7,280

Generation

[1] Oklahoma Corporation Commission, 2022, “RBDMS Wells.”

[2] The Office of the Secretary of Energy & Environment, 2021, Oklahoma State Energy & Environment Plan 2021, Oklahoma City, OK.

[3] U.S. Department of Energy, 2022, Oklahoma Energy and Employment - 2022.

[4] Oklahoma Employment Security Commission, “Current Employment Statistics,” Employment Security Commission [Online]. Available:
https://oklahoma.gov/oesc/labor-market/current-employment-statistics.html. [Accessed: 22-)Jan-2024].

68,951

55,162
51,943

Fuels

25,961
27,555

30,662

15,046
12,741

13,415

21,298
19,728

21,131

Transmission, Energy Efficiency Motor Vehicles
Distribution, and

Storage

2019 =2020

u2021
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Oklahoma’s Energy Transitions
Visualizing the Scope
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Oklahoma’s Energy Transitions
Oklahoma Policy Strongly Favors Energy Status Quo

“Petunia”

Caleb Long; Wikimedia Commons

Wicked Problem m Ex: OKC EJ EX:ZEISi%Sgton Ex: OK Energy Design Soln. Reflection m
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State (and National) Policy Prioritizes Energy Security and Existing Petrochemical Fuels

Natural Gas Emergency Response Menu

Temporarily lift
Supply wellhead restrictions
on the production of
natural gas.

Allows companies to pump as much gas as
possible.

OCC regulates this through rulemaking, every 6
months holding a market demand hearing which
sets maximum flow for wells. This hearing can
occur on an accelerated schedule if necessary
(emergency rulemaking).

Allow pipeline pack  Allows pipeline companies to store additional

The allowable pipeline pressure increases are

Suppl; to increase reserve natural gas in the pipelines. This is generall
e supplies available. done ;gn auticipalt]igu of elevated deiland. ’ Cziliadbgrdeallng
Mainly a preventative measure to be used when
Loc.al gas shortages can be anticipated —there must be an
cor:;)s‘":;:t(lzrll)@ adequate gas S“pl_’l_y available to purchase This acﬁvi.ly will be conducted by pri\./ale gas
Supply oin prifchase additional gas. companies; OCC should remain actively P
o . The price of this purchased gas, contract details,  involved in understanding anticipated supply
additional gas in I i :
ordertormod the aval@a.blllty of gas transmission capacity, and shortages.
the ability of the company’s system to accept
demznds additional supply may impact the amount that 3
can he nurchased
Gas companies that
are drawing gas No special permissions needed. Companies make
from storage : these decisions independently-- contractually
Supply facilities can Helpsimeet iafas QRIS U QUEtl they may go up to their maximum withdrawal 2
increase the rate of rate without notifying state officials.
withdrawal,

The Office of the Secretary of Energy & Environment, “Natural Gas Emergency Resposne Menu,”
NatGasResp1 [Online]. Available: https://ee.ok.gov/wp-content/uploads/2021/07/NatGasResp.pdf.

[Accessed: 22-Jan-2024].

Example questions to help communities can identify energy infrastructure dependencies

e Energy Sources: Who are the local energy suppliers? Who are the key points of contact at each
company/supplier that can assist in helping the community understand energy infrastructure dependencies?

¢  Generation Fuels: What fuels are used to generate local electricity? Coal, natural gas, other? How are these
fuels transported?

¢ Energy Infrastructure: What is the local energy infrastructure in terms of facility and station locations and
routing? Is this information available in one place (map, file, etc.)?

* Energy Distribution: How many independent routes are there from for the energy source (for electric power,
natural gas, liquid fuels) to the community? Is each one capable of supplying the whole community? Is the
energy network in the community fully interconnected or are there areas that can only be supplied from one
source? Where are the key single points of failure? Are there critical spares available for the single points of
failure?

¢ Gas Supplies: What are the routes of the major natural gas pipelines within the community and do they cross
under (or very close to) critical facilities?

e Liquid Fuel Supply: Where do liquid fuels (e.g. gasoline, diesel, etc.) come from — pipelines, tank farms,
distributor sites (commonly known as “racks” in the industry)? How much supply is stored locally by the
distributors? How much of each fuel is stored by the community and do these facilities have back up electric
power sources? Are there any gravity fed systems locally?

* System Interdependencies: What other local infrastructure systems require reliable power or fuel supply to
operate, such as transportation, water, buildings, and communication?

¢ Event Response: Which physical assets in each infrastructure system are critical to emergency operations and
recovery efforts within the community? What are practical ways to provide energy assurance to these assets
following hazard events?

e  Social Vulnerabilities: Which social institutions are most affected by the loss or degradation of energy supply?
What are practical ways to provide energy assurance to these communities?

McAllister, T., 2016, Guide Brief 5: Assessing Energy System Dependencies, NIST SP 1190GB-
5, National Institute of Standards and Technology, Gaithersburg, MD.

Wicked Problem

Ex: OKC EJ

Ex: Houston
Zoning

Ex: OK Energy Reflection

Design Soln.
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Oklahoma’s Energy Transitions

Petroleum is currently an environmental disaster

0 The greatest contributor to climate forcing
molecules CO, and CH, is the oil & gas industry.

There are cleaner ways to produce and use, but
the industry chooses not to use those.

OK prioritizes production to build the economy.
Petroleum extraction is finite.

Jobs and way of life depend on moving oil & gas.

The energy sector is unstable employment; job
locations depend on tax subsidies to employer.
Energy is a Marshallian commodity: price will
always drive consumption to maximize utility.

B Not Hicksian? - There is no set utility for energy.
B Not Giffen Good? — There is no quality...yet.

OO0O0 O

O

W.carter; Wikimedia Commons

Wicked Problem m Ex: OKC EJ Ex:zgr?i%sgton Ex: OK Energy Design Soln. Reflection
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Oklahoma’s Energy Transitions

Solar isn’t the best here, but it’s still viable
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Sengupta, M., Xie, Y., Lopez, A., Habte, A., Maclaurin, G., and Shelby, J., 2018, “The National Solar Radiation Data Base

(NSRDB),” Renewable and Sustainable Energy Reviews, 89, pp. 51-60.
Ex: Houston

Ex: OK Energy

Design Soln.

Reflection

Ex: OKC EJ Zoning

Wicked Problem
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Oklahoma’s Energy Transitions

“"Where the wind comes sweeping down the plains”

e Wind Farm
= 345 kV+ Transmission Line

Wind Speed at 30 Meters (m/s)
10.0

=~ |!
AU NN000OO
onouounOUIgunon

#2 state for wind energy

[1] Oklahoma Department of Commerce, “Renewable Energy,” Oklahoma Department of Commerce [Online]. Available:
https://www.okcommerce.gov/doing-business/business-relocation-expansion/industry-sectors/renewable-energy/. [Accessed: 22-Jan-2024].
[2] The Office of the Secretary of Energy & Environment, 2021, Oklahoma State Energy & Environment Plan 2021, Oklahoma City, OK.

Wicked Problem m Ex: OKC EJ Ex:Zgir?i%sgton Ex: OK Energy Design Soln. Reflection m
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Oklahoma’s Energy Transitions

This is not just one group’s land

Home > Legal » Federal judge orders removal of wind turbines from Osage Mineral Estate

Legal

News

Federal judge orders removal of wind
turbines from Osage Mineral Estate

OMC Chairman Everett Waller: “We will defend the Mineral Estate against anyone
that does not comply with the law and tries to take our lands and resources”

Written by Allison Herrera, Freelance Author

aherrera

() Why you can trust Osage News

) December 21, 2023

© 5541 Views.

Eighty-four wind turbines have been ordered to be removed from the Osage Mineral Estate after a 12-year legal battle.
Osage News File Photo

A nearly decade-long case that wound its way through state and federal courts could be
over after a federal judge ruled the wind turbines on the Osage Reservation constituted
continued trespass.
Herrera, A., 2023, “Federal Judge Orders Removal of Wind

U.S. District Court Judge Jennifer Choe-Graves ordered wind turbines located north of Turbines from Osage Mineral Estate,” Osage News.
Rawhuska on the Burbapnk Eield £o he remaved and said their continued presence on fhe

Wicked Problem Ex: OKC EJ B llolsion

Zoning Ex: OK Energy Design Soln. Reflection
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Oklahoma’s Energy Transitions

Wind energy is incompatible with aerial species

before contact

Horn, J. W., Arnett, E. B, and Kunz, T. H., 2008, “Behavioral Responses of Bats to Operating Baerwald, E. F., D’Amours, G. H., Klug, B. J., and Barclay, R. M. R., 2008, “BarotraumaIs a
Wind Turbines,” The Journal of Wildlife Management, 72(1), pp. 123-132. Significant Cause of Bat Fatalities at Wind Turbines,” Current Biology, 18(16), pp. R695-R696.

Wicked Problem m Ex: OKC EJ EX:Zgllsi%Sgton Ex: OK Energy Design Soln. Reflection m
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Oklahoma’s Energy Transitions
Oklahoma is in the Great Plains Flyway and We Can’t Own the Sky

Active radar
Inactive radar
Sunset / Sunrise

Migration

High

Medium

May 13 2021

Low

million birds in flight

Live bird migration maps  Dokie Birm

[1] Van Doren, B. M., and Horton, K. G., 2018, “A Continental System for Forecasting Bird Migration,” Science, 361(6407), pp. 1115-1118.

[2] May, R., Reitan, O., Bevanger, K., Lorentsen, S.-H., and Nygard, T., 2015, “Mitigating Wind-Turbine Induced Avian Mortality: Sensory, Aerodynamic and Cognitive Constraints and Options,” Renewable and Sustainable Energy Reviews,
42, pp. 170-181.

[3] Shipley, J. R., Kelly, J. F., and Frick, W. F., 2018, “Toward Integrating Citizen Science and Radar Data for Migrant Bird Conservation,” Remote Sensing in Ecology and Conservation, 4(2), pp. 127-136.

Wicked Problem m Ex: OKC EJ EX:Zgllsi%Sgton Ex: OK Energy Design Soln. Reflection m
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Oklahoma’s Energy Transitions
The Lasting Legacy of the Oil Boom
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Herrera, A., 2023, “2,600 Abandoned Oil Wells Are
5 Leaking Toxins across the Osage Nation. Why Aren't
They Being Plugged?,” Fast Company.

ONLY IN THEATRES OCTOBER 20 2022, “Oklahoma to Receive $78 Million from Feds for
L Abandoned Well Cleanup Today.” - Oklahoma Energy

Wicked Problem m Ex: OKC EJ Ex:zgllsi%sgton Ex: OK Energy Design Soln. Reflection m
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Oklahoma’s Energy Transitions

No Industry is Clean — Extraction of Environmental Capital Rarely Includes Cleanup

Money, J., ““What | Saw Gave Me Fear’: As Public Safety Concerns Mount, What'’s next for Oklahoma Wind Farm?,” The
Oklahoman.

Wicked Problem m Ex: OKC EJ Ex:zgir?i%sgton Ex: OK Energy Design Soln. Reflection m
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Does the challenge have many origins?

Does the challenge exist across domains?

Does the challenge involve many demographics?
Is the challenge nested within itself?

Is the challenge irreducibly complex?

Does the system change when we act?

Will any solution be permanent?

Are we able to test the entire system?

Is there an optimum solution?

Engage: Oklahoma’s Energy Transitions
Does it pass the Wicked Problem test?

Wicked Problem Test Question Give One or More Reasons

Yesy/
Yesy/
Yesy/
Yesy/
Yesy/
Yesy/
Noy/
Noy/
Noy/

Wicked Problem m Ex: OKC EJ EX:Zgllsi%Sgton Ex: OK Energy Design Soln. Reflection m




Correctly framing a problem is as crucial as a

complete description—design options are

dependent on formulation quality.

\ Minimized computational complexity allows

contextualization of the problem.

Model processing must be iterative for an

evolving system, including assimilation of

physical measurements and simulations.

Recommending multiple alternatives with

consequences of their implementation gives

\ // the best options to stakeholders.

_ A single solution is impossible for an evolving

& and complex problem. Policymakers must
have agency to adjust for drift and shift in

group preferences.

N\

-

Wicked Problem m Ex: OKC EJ Ex:zgllsi%sgton Ex: OK Energy Design Solin. Reflection m
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Addressing the Monster

Incomplete
information

Policymakers, designers, and researchers Contra-

experience challenges when addressing ggéﬁgogxd

Wicked Problems complex
interactions

among
variables

Evolving

Challenges
for Wicked

problems
Uncertainty FOFn;LIiICalltlng
a?d mag-l“tty identifying
© predic problem

Large
numbers of
variables
across each
stage

Wicked Problem m Ex: OKC EJ EX:Z?lSil;Ing]ton Ex: OK Energy Design Soln. Reflection




Effective Formulation and Exploration of
Satisficing Solution Space

a4 ) a4 N
Key variables Impact of
across the variables on [ Robust A
- verticals goals Satisficing
1 2 o ’ Solutions
: g e ) \. S
) Re_d uctio_n of
WICKED variables in the » ’
PROBLEM model . .
\_ )
p \ Design
_ Options
interactions v FOrmulation £ ¥

. Addressing Wicked
4 | Problems by exploring
7 O/ ¢ design options through
WS

— e ~— | robust satisficing
EFFECTIVE STEPS IN ADDRESSING A WICKED PROBLEM / solutions.

Wicked Problem m Ex: OKC EJ EX:ZSlSil;Ing]ton Ex: OK Energy Design Solin. Reflection m
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Generalizing From Design Principles

Research objectives =¥ "Design Principles”

W : TR 7"  What do the stakeholders actually use?
1.Can "design principles” be used « Do we provide appropriate solutions?

to generate options based ON sl ...preferences, objectives, alternatives
preferences and objectives for - What do stakeholders actually want?
public/social entities?  What is the taxonomy of stakeholders?

* Do the engineering design influence the
2.At a general level, what are key stakeholders’ preferences and objectives?

iIssues to converge design_; Key convergence issues
engineering and decisions made * What does NOT work when working with

: : oo public entities?
by public/social entities: * What are the gaps to acceptance of

engineering design in public policy?

)
A JEN
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Does the challenge have many origins?

Does the challenge exist across domains?

Does the challenge involve many demographics?
Is the challenge nested within itself?

Is the challenge irreducibly complex?

Does the system change when we act?

Will any solution be permanent?

Are we able to test the entire system?

Is there an optimum solution?

Dialog

You may study a Wicked Problem.
Does your research oeuvre pass the test?
How can you design solutions that address everything?

Wicked Problem Test Question Give One or More Reasons

Yesy/
Yesy/
Yesy/
Yesy/
Yesy/
Yesy/
Noy/
Noy/
Noy/
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