
The Systems Realization Laboratory @ OU 1

 Systems Realization Laboratory @ University of Oklahoma

Constraining Wicked Problems:
Oklahoma’s Entangled Energy, Pollution and Ecological Challenges

Presented to SRL@OU and Family “Conversations” Seminar Series

January 26th, 2024

Wesley T. Honeycutt honeycutt@ou.edu

Janet K. Allen janet.allen@ou.edu

Mayank J. Bhalerao mayank.bhalerao@ou.edu

Farrokh Mistree farrokh.mistree@ou.edu

mailto:honeycutt@ou.edu
mailto:janet.allen@ou.edu
mailto:mayank.bhalerao@ou.edu
mailto:farrokh.mistree@ou.edu


The Systems Realization Laboratory @ OU 2

 Systems Realization Laboratory @ University of Oklahoma

On Extreme Design and Wicked Problems: Overview
Example 
In this presentation, I discuss 
example Wicked Problems in medicine 
delivery, OKC Environmental Justice, 
and Houston Zoning.  Finally, I will 
give an example of Energy in 
Oklahoma and ask you why it is a 
Wicked Problem.  This will be a quiz.

Approach
The proposed method for resolving 
Wicked Problems involves 
considering a problem from the 
viewpoint of multiple stakeholders 
and indicating the consequences of 
various possible solutions so that 
stakeholders can agree on a way 
forward.

Anticipated Results 
1) You will learn a little about challenges 

you might not be aware of.
2) You will learn how Wicked Problems are 

described and constrained.
3) You will engage with me about how 

your project might fit the Wicked 
Problem classifiers and how you might 
resolve this.

Problem
A Wicked Problem is one that is 
difficult or impossible to solve because 
of incomplete, contradictory, or 
changing requirements that are often 
difficult to recognize. Finding solutions 
to such problems requires special 
constraints.
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Some Characteristics of a "Wicked Problem"
Source: NASA/NSF workshop

Untestable

Multi-
demo-
graphic

Multi-
domain

One 
chance 
to fix

Many 
origins

Nested

No 
permanent 
solutions

Cannot
Optimize

KKT

Irreducible

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Democratizing Medical Supply Delivery
(NSF/NASA Workshop - August 2022)

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Basara, J.B., Hall Jr., P.K., Schroeder, A.J., Illston, 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 

Environmental Justice: OKC
How might this framework provide answers for historical and social problems in relation to local weather uncertainty?

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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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 Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Image credits this page: Elizabeth Spicer

Environmental Justice: Houston Pollution and Zoning
What is making Houston so gross?

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Environmental Justice: Houston Pollution and Zoning
How do spatial decisions impact pollution?

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

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Rodrigue, J.-P., 2020, The Geography of Transport Systems.

Environmental Justice: Houston Pollution and Zoning
How do spatial decisions impact pollution?

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

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Recap: Houston Zoning as a Wicked Problem
Does it pass the test?

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔

Does the challenge exist across domains? Yes✔

Does the challenge involve many demographics? Yes✔

Is the challenge nested within itself? Yes✔

Is the challenge irreducibly complex? Yes✔

Does the system change when we act? Yes✔

Will any solution be permanent? No✔

Are we able to test the entire system? No✔

Is there an optimum solution? No✔

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔ Many pollution sources, many policy reasons

Does the challenge exist across domains? Yes✔

Does the challenge involve many demographics? Yes✔

Is the challenge nested within itself? Yes✔

Is the challenge irreducibly complex? Yes✔

Does the system change when we act? Yes✔

Will any solution be permanent? No✔

Are we able to test the entire system? No✔

Is there an optimum solution? No✔

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔ Many pollution sources, many policy reasons

Does the challenge exist across domains? Yes✔ Urban planning, industrial emissions, demographic grouping

Does the challenge involve many demographics? Yes✔

Is the challenge nested within itself? Yes✔

Is the challenge irreducibly complex? Yes✔

Does the system change when we act? Yes✔

Will any solution be permanent? No✔

Are we able to test the entire system? No✔

Is there an optimum solution? No✔

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔ Many pollution sources, many policy reasons

Does the challenge exist across domains? Yes✔ Urban planning, industrial emissions, demographic grouping

Does the challenge involve many demographics? Yes✔ Houston is still (somewhat) segregated

Is the challenge nested within itself? Yes✔

Is the challenge irreducibly complex? Yes✔

Does the system change when we act? Yes✔

Will any solution be permanent? No✔

Are we able to test the entire system? No✔

Is there an optimum solution? No✔

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔ Many pollution sources, many policy reasons

Does the challenge exist across domains? Yes✔ Urban planning, industrial emissions, demographic grouping

Does the challenge involve many demographics? Yes✔ Houston is still (somewhat) segregated

Is the challenge nested within itself? Yes✔ Economics, social groups, etc. drive each other

Is the challenge irreducibly complex? Yes✔

Does the system change when we act? Yes✔

Will any solution be permanent? No✔

Are we able to test the entire system? No✔

Is there an optimum solution? No✔

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔ Many pollution sources, many policy reasons

Does the challenge exist across domains? Yes✔ Urban planning, industrial emissions, demographic grouping

Does the challenge involve many demographics? Yes✔ Houston is still (somewhat) segregated

Is the challenge nested within itself? Yes✔ Economics, social groups, etc. drive each other

Is the challenge irreducibly complex? Yes✔ Many actors, many actions

Does the system change when we act? Yes✔

Will any solution be permanent? No✔

Are we able to test the entire system? No✔

Is there an optimum solution? No✔

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔ Many pollution sources, many policy reasons

Does the challenge exist across domains? Yes✔ Urban planning, industrial emissions, demographic grouping

Does the challenge involve many demographics? Yes✔ Houston is still (somewhat) segregated

Is the challenge nested within itself? Yes✔ Economics, social groups, etc. drive each other

Is the challenge irreducibly complex? Yes✔ Many actors, many actions

Does the system change when we act? Yes✔ Pollution patterns and housing may change

Will any solution be permanent? No✔

Are we able to test the entire system? No✔

Is there an optimum solution? No✔

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔ Many pollution sources, many policy reasons

Does the challenge exist across domains? Yes✔ Urban planning, industrial emissions, demographic grouping

Does the challenge involve many demographics? Yes✔ Houston is still (somewhat) segregated

Is the challenge nested within itself? Yes✔ Economics, social groups, etc. drive each other

Is the challenge irreducibly complex? Yes✔ Many actors, many actions

Does the system change when we act? Yes✔ Pollution patterns and housing may change

Will any solution be permanent? No✔ The city is always evolving

Are we able to test the entire system? No✔

Is there an optimum solution? No✔

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔ Many pollution sources, many policy reasons

Does the challenge exist across domains? Yes✔ Urban planning, industrial emissions, demographic grouping

Does the challenge involve many demographics? Yes✔ Houston is still (somewhat) segregated

Is the challenge nested within itself? Yes✔ Economics, social groups, etc. drive each other

Is the challenge irreducibly complex? Yes✔ Many actors, many actions

Does the system change when we act? Yes✔ Pollution patterns and housing may change

Will any solution be permanent? No✔ The city is always evolving

Are we able to test the entire system? No✔ No data source reports everything here

Is there an optimum solution? No✔

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔ Many pollution sources, many policy reasons

Does the challenge exist across domains? Yes✔ Urban planning, industrial emissions, demographic grouping

Does the challenge involve many demographics? Yes✔ Houston is still (somewhat) segregated

Is the challenge nested within itself? Yes✔ Economics, social groups, etc. drive each other

Is the challenge irreducibly complex? Yes✔ Many actors, many actions

Does the system change when we act? Yes✔ Pollution patterns and housing may change

Will any solution be permanent? No✔ The city is always evolving

Are we able to test the entire system? No✔ No data source reports everything here

Is there an optimum solution? No✔ Let’s hope not when race is involved

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Michael Vance1: https://www.flickr.com/photos/miklvance/46249282192/in/photostream/

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

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Oklahoma’s Energy Transitions
The Shale Gas Revolution – Re-Tapping old resources

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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\

 >440,000 known wells in Oklahoma
 >180,000 wells are currently active
 #3 state for natural gas production
 #4 state for oil production
 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%

 Arguably, all other non-farm jobs in OK depend 
on the energy sector performance

Oklahoma’s Energy Transitions
Numbers

[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].

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection

https://oklahoma.gov/oesc/labor-market/current-employment-statistics.html
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Oklahoma’s Energy Transitions
Visualizing the Scope

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Caleb Long; Wikimedia Commons

Oklahoma’s Energy Transitions
Oklahoma Policy Strongly Favors Energy Status Quo

“Petunia”

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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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].

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

Oklahoma’s Energy Transitions
State (and National) Policy Prioritizes Energy Security and Existing Petrochemical Fuels

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection

https://ee.ok.gov/wp-content/uploads/2021/07/NatGasResp.pdf
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W.carter; Wikimedia Commons

Oklahoma’s Energy Transitions
Petroleum is currently an environmental disaster

 The greatest contributor to climate forcing 
molecules CO2 and CH4 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.
 Not Hicksian? – There is no set utility for energy.
 Not Giffen Good? – There is no quality…yet.

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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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.

Oklahoma’s Energy Transitions
Solar isn’t the best here, but it’s still viable

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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[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.

Oklahoma’s Energy Transitions
“Where the wind comes sweeping down the plains”

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection

#2 state for wind energy

https://www.okcommerce.gov/doing-business/business-relocation-expansion/industry-sectors/renewable-energy/


The Systems Realization Laboratory @ OU 20

 Systems Realization Laboratory @ University of Oklahoma

Herrera, A., 2023, “Federal Judge Orders Removal of Wind 
Turbines from Osage Mineral Estate,” Osage News.

Oklahoma’s Energy Transitions
This is not just one group’s land

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection



The Systems Realization Laboratory @ OU 21

 Systems Realization Laboratory @ University of Oklahoma

Oklahoma’s Energy Transitions
Wind energy is incompatible with aerial species

Baerwald, E. F., D’Amours, G. H., Klug, B. J., and Barclay, R. M. R., 2008, “Barotrauma Is a 
Significant Cause of Bat Fatalities at Wind Turbines,” Current Biology, 18(16), pp. R695–R696.

Horn, J. W., Arnett, E. B., and Kunz, T. H., 2008, “Behavioral Responses of Bats to Operating 
Wind Turbines,” The Journal of Wildlife Management, 72(1), pp. 123–132.

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Oklahoma’s Energy Transitions
Oklahoma is in the Great Plains Flyway and We Can’t Own the Sky

[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 Nygård, 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 Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection



The Systems Realization Laboratory @ OU 23

 Systems Realization Laboratory @ University of Oklahoma

Herrera, A., 2023, “2,600 Abandoned Oil Wells Are 
Leaking Toxins across the Osage Nation. Why Aren’t 
They Being Plugged?,” Fast Company.

2022, “Oklahoma to Receive $78 Million from Feds for 
Abandoned Well Cleanup Today.” - Oklahoma Energy 

Oklahoma’s Energy Transitions
The Lasting Legacy of the Oil Boom

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection



The Systems Realization Laboratory @ OU 24

 Systems Realization Laboratory @ University of Oklahoma

Oklahoma’s Energy Transitions
No Industry is Clean – Extraction of Environmental Capital Rarely Includes Cleanup

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

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Engage: Oklahoma’s Energy Transitions
Does it pass the Wicked Problem test?

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔

Does the challenge exist across domains? Yes✔

Does the challenge involve many demographics? Yes✔

Is the challenge nested within itself? Yes✔

Is the challenge irreducibly complex? Yes✔

Does the system change when we act? Yes✔

Will any solution be permanent? No✔

Are we able to test the entire system? No✔

Is there an optimum solution? No✔

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Key Design Requirements

• 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.

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Addressing the Monster

Challenges 
for Wicked 
problems 

Incomplete 
information

Formulating 
and 

identifying 
problem 

Large 
numbers of 
variables 

across each 
stage

Uncertainty 
and inability 
to predict

Contra-
dictory 

goals and 
complex 

interactions 
among 

variables

Evolving

Policymakers, designers, and researchers 
experience challenges when addressing 

Wicked Problems

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Effective Formulation and Exploration of 
Satisficing Solution Space

Key variables 
across the 
verticals 

Impact of 
variables on 

goals

Reduction of 
variables in the 

model

Model 
significant 

interactions 

Analysis and 
Formulation

Robust 
Satisficing 
Solutions

Design 
Options

WICKED 
PROBLEM

EFFECTIVE STEPS IN ADDRESSING A WICKED PROBLEM

Addressing Wicked 
Problems by exploring 
design options through 

robust satisficing 
solutions.

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Generalizing From Design Principles

Research objectives
1.Can “design principles” be used 
to generate options based on 
preferences and objectives for 
public/social entities?

2.At a general level, what are key 
issues to converge design 
engineering and decisions made 
by public/social entities?

• “Design Principles”
• What do the stakeholders actually use?
• Do we provide appropriate solutions?

• …preferences, objectives, alternatives
• What do stakeholders actually want?
• What is the taxonomy of stakeholders?
• Do the engineering design influence the 

stakeholders’ preferences and objectives?
• Key convergence issues

• What does NOT work when working with 
public entities?

• What are the gaps to acceptance of 
engineering design in public policy?

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection
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Dialog
You may study a Wicked Problem.

Does your research oeuvre pass the test?
How can you design solutions that address everything?

Wicked Problem Ex: Meds Ex: OKC EJ Ex: Houston 
Zoning Ex: OK Energy Design Soln. Reflection

Wicked Problem Test Question ✔/×? Give One or More Reasons

Does the challenge have many origins? Yes✔

Does the challenge exist across domains? Yes✔

Does the challenge involve many demographics? Yes✔

Is the challenge nested within itself? Yes✔

Is the challenge irreducibly complex? Yes✔

Does the system change when we act? Yes✔

Will any solution be permanent? No✔

Are we able to test the entire system? No✔

Is there an optimum solution? No✔
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