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Environmental Problem Solving

m  Conventional technological approaches
— Anthropocentric solutions

— Energy and nonrenewable-resource intensive
— “The Shell Game”




Environmental Problem Solving

m Innovative sustainable solutions
—  Work with (ot against) natural processes
— Use renewable energy and resources
— Partner with Mother Nature and Father Time

Sustainable
Solutions




The Need is Obvious

m Population growth
m Resource limitations
m Freshwater scarcity
m Energy demand

m Climate change

m A (more) sustainable future?



sy World population growth, 1700-2100 . |
_\_Annual growth rate of the world population ™ 0D
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Where Water Stress
Will Be Highest by 2050

Projected ratio of human water demand to
water availability (water stress level) in 2050

= Extremely hlgh

o ngh - w
Medlum to high
Low to medlum

B Low

* According to “business as usual” scenario=middle-of-the-road future
where temperatures increase by 2.8°C to 4.6°C by 2100

Source: World Resources Institute

statista %a

Water Scarcity

Oklahoma counties at risk of water shortage by 2050

Risk categories

Number of counties
shown in parenthesis

B Extremne (25)
High (27)
Moderate (18)

m Human water demand to
water availability

m No recognition of
ecosystem needs



Global primary energy consumption by source

Primary energy is based on the substitution method and measured in terawatt-hours.

200,000 TWh
Other renewables
Source %o (2024) Modern biofuels
180,000 TWh Solar
Oil 31.55 Wind
140,000 TWh Hydropower
Coal 26.16 Nuclear
140,000 TWh Gas 23.55
Matural gas
130,000 TWh Nuclear 3.92
Hydropower 6.20
100,000 TWh .
Wind 3.49
il
80,000 TWh Solar 2.94
£0.000 TWh Biofuels 0.78
Other renewables 1.41
40,000 TWh
Coal
20,000 TWh
Traditional biomass
0TWh
1800 1850 1900 1950 2000 2024
Data source: Energy Institute - Statistical Review of World Energy (2025); Smil (2017) OurWorldinData.org/energy | CC BY

Moate: In the absence of more recent data, traditional biomass 1s assumed constant since 2015,



Global Distribution of Vulnerability to Climate Change

Combined National Indices of Exposure and Sensitivity

....

I 10 Extreme vulnerabllity

B 9 severe ‘ ' . | 4
B 8 Serious . National Boundary —
. 7Moderate; \ , w o Sanatlonal bolindaries dissolved 4

- no data | from countries for clarity of vision Robinson ProjeCfion

Scenario A2-550 in Year 2100 with Climate Sensitivity Equal to 5.5 Degrees C
Annual Mean Temperature with Extreme Events Calibration and Enhanced Adaptive Capacity

http://ciesin.columbia.edu/data/climate/ ___ ©2006 Wesleyan University and Columbia University



Ecological Engineering?

Ecology Engineering
m "Study” of our “house” m Application of science to meet
m Relationships between organisms societal needs
and environment m Design-oriented

m Descriptive science m Prescriptive solutions




Can we marry ecology and engineering?

h & / “3’
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Ecologists must _leyecologlcal principles.
Engineers must understand fundamental

ecological processes.
Ve
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Ecological engineering: A field whose time has come
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Abstract

Ecological engineering i1s defined as “the design of sustainable ecosystems that integrate human society with its natural
environment for the benefit of both.” It involves the restoration of ecosystems that have been substantially disturbed by human
activities such as environmental pollution or land disturbance; and the development of new sustainable ecosystems that have
both human and ecological value. While there was some early discussion of ecological engineering in the 1960s, its development
was spawned later by several factors. including loss of confidence in the view that all pollution problems can be solved through
technological means and the realization that with technological means. pollutants are just being moved from one form to
another. Conventional approaches require massive amounts of resources to solve these problems. and that in turn perpetuates
carbon and nitrogen cycle problems. for example. The development of ecological engineering was given strong impetus in the
last decade with a textbook, the journal Ecological Engineering and two professional ecological engineering societies. Five
principles about ecological engineering are: (1) It is based on the self-designing capacity of ecosystems: (2) It can be the acid
test of ecological theories; (3) It relies on system approaches: (4) It conserves non-renewable energy sources; and (5) It supports
biological conservation. Ecology as a science is not routinely integrated into engineering curricula, even in environmental
engineering programs, while shortcoming, ecologists, environmental scientists, and managers miss important training in their
nrofession—oroblem solvine. These two problems could be solved in the inteerated field of ecoloeical eneineerine.
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journal homepage: www.elsevier.com/locate/ecoleng

When will ecologists learn engineering and engineers learn ecology? @Cmsmﬂk
William J. Mitsch (Editor-in-Chief) "

4 Everglades Wetland Research Park, Juliet C. Sproul Chair for Southwest Florida Habitat Restoration and Management, 110 Kapnick Center, Florida Gulf
Coast University, 4940 Bayshore Drive, Naples, FL 34112, USA
b Professor Emeritus, The Ohio State University, Columbus, OH 43210, USA

ARTICLE INFO ABSTRACT

Article history: Six large-scale wetland restoration case studies are presented here, three of which relate to ecological
Received 5 October 2013 engineering of coastlines, and three of which relate to large-scale watershed improvements that in turn
Accepted 6 October 2013

lead to improvement of downstream aquatic ecosystems. All of these case studies suggest that there is
much more to restoration than returning a system to what it was before, particularly given the drastic
changes to the physical and chemical environment.

Keywm‘"ds: . © 2013 Elsevier B.V. All rights reserved.
Ecological engineering

Available online 9 November 2013
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Father of Ecological Engineering

E Howard T. Odum

—  Starting in 1950s (PhD, Yale 1950)

—  Studies in systems ecology,
ecosystem energy flow and
sustainable human society

—  Ecological economics and ecological -
modeling, too!

— Prolific author

—  Proposed additional thermodynamic
laws based on natural systems P
“maximum power principle” e

H.T. Odum (1924-2002)




Father of Ecological Engineering

@ Howard T. Odum

—  Starting in 1950s (PhD, Yale 1950)

—  Studies in systems ecology,
ecosystem energy flow and
sustainable human society

—  Ecological economics and ecological
modeling, too!

— Prolific author

—  Proposed additional thermodynamic
laws based on natural systems
“maximum power principle”

= S |




. William J. Mitsch
—  University of Florida (PhD, 1975)
—  Wetland scientist
—  Ecological engineer
—  Prolific author

—  Society of Wetland Scientists
Lifetime Achievement Award

—  Society for Ecological Restoration § i
Sperry Award v

—  Inaugural Odum Award for
Ecological Engineering Excellence

— Stockholm Water Prize Laureate
— Mentor
— Friend

,' “
\ A .\
“ Lt ?,\,.

" Bill Mitsch 1947-2025
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Definitions

“those cases in which the energy supplied by man is small
relative to the natural sources, but sufficient to produce
large effects in the resulting patterns and processes”

Odum, 1962

“the design of human society with its natural environment
for the benefit of both”

Mitsch and Jargensen, 1989

“the building of sustainable and self-designed ecosystems”
Mitsch, 1993



Today’s Definition

“The design of sustainable
ecosystems that integrate human
socrety with its natural
environment for the benefit of
both.”

Mitsch and Jagrgenson, 2004



Conventional

Services
to Society

Conventional
Engineering

Natural
Energies

Ecological Natural i Services
Engineering Energies to Society



Ecological Engineering Goals

m Restoration of disturbed or polluted ecosystems

m Creation of new sustainable ecosystems with human
and ecological value

m Prescriptive approach
— Not only describes environmental effects but...

—  Prescribes solutions



Ecological Engineering as an
Ethical Construct

m The identification of the life support value of
ecosystems to ultimately lead to conservation

m " Ecological engineering ethics, at its most
fundamental, concerns the moral principles
gurding the design, implementation, and
management of engineered ecosystems. It
asks us to consider the impacts of our
Interventions on both the natural world and
human society.”

(The Sustainability Directory 2025)




Descriptive vs. Prescriptive Approaches

Descriptive Prescriptive
m Ecotoxicology, landscape = Ecological engineering
ecology, etc. m Restoring damaged and
m Describe human effects building new ecosystems
m Insufficient to manage m Ecologically sound
problems harvesting
m Insufficient to find m Combining basic and

solutions applied science



The Building Blocks
1. Self-design

— Ecosystems self-organize to
maximize efficiency

2. Biological Components
— Not purely physical systems

3. Sustainability

— Indefinite ecosystem
maintenance with modest
human influence



http://daily.webshots.com/scripts/photo.fcgi?pid=3786&psrc=W&tar=/content/dailyphoto/internal_data/dAtA19990407/photo1-19990407.wbz

1. Self-Design

m Outcome of the second law
— Decreased entropy, increased information, resistance
stability, energy efficiency, nutrient utilization
m Self-design is the application of self-organization in the
design of ecosystems

m Self-organization Is the property of systems to
reorganize themselves given an environment that /s
Inherently unstable and nonhomogenous



1. Self-Design

m Ecosystems will self-organize to maximize efficiency

m Changes cause system shifts, species substitutions, food
web reorganization, etc.

m New system emerges well-suited for conditions

m Self-design in ecologically engineered systems

— Choices provided by humans
= Prospective species
= Physical conditions

— Step back and “Let Mother Nature do her thing”



2. Biological Components

m Implicitly includes biologically-
mediated processes

m Incorporates understanding of
importance of biodiversity

m Includes human society as part of
systems




2. Biological Components

m Resourcism vs. preservationism

m Output rule
— Emission rates within assimilative
capacity
m Input rule

— Harvest rates within regenerative
capacity




3. Sustainability

m Indefinite ecosystem
maintenance with modest
human influence

m Based on solar energy

m Loss of maintenance in
original design does not
equal failure

— Probably ecological engineer
made mistake!




Basic concepts

. Self-designing capacity of
ecosystems

. Incorporation of biological
processes

. Conserves nonrenewable
energies

. Supports ecosystem e AR S g
conservation Olentangy River Wetland Research Park,

. Acid test of ecological theories Cellngions, Chy
Recognizes systems approach




4. Promotes Conservation
ROUND RIVER

FROM THE JOURNALS OF

m Sustainability leads to

conservation and vice versa ALDO LEOPOLD

AUTHOR OF A SAND COUNTY ALMANAC

m  Mutually beneficial adaptabilities

m " /he first rule of an intelligent
linkerer Is to keep all of the parts!”




5. Founded in Ecological Theory

m Validation of many
ecological theories

m Restoration of disturbed - --
ecosystems as the “acid test = .
of our understanding”

m Reassembling a car analogy



6. Very Much a Systems Approach

m Self-organization “/s meaningless
at the level of the parts”

m Cannot be supported solely by
reductive, analytic experimental
testing approaches

R=1/{1+KkI*SW + k2*0()
dAV = k4*R*5W + kO*R*0OC + k12*C*AV - KI10*CRAY

d40C = kT*C*TK - k9*R*0C
dPS = kS*SW - k6*C*PS
dSW = kB*C*TK - K3*R*SW - kS*SW

m Synthesis is key!

where, Atm. Vapor = Atmospheric Vapor, AHU = Air Handler Units
E = Evaporation, ET = Evapotranspiration; RO = Reverse Osmosis

Energy systems diagram and
equations of the Biosphere2
water cycle (Kang 1999)




Municipal Wastewater Treatment

Traditional Engineering Ecological Engineering
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Wastewater treatment facility Treatment wetlands



River Management

Traditional Engineering Ecological Engineering

Channelized navigation canal Re-meandered stream
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Land Reclamation

Traditional Engineering Ecological Engineering

. :-.-’:” :\’—" P

Soil washing operation Phytoremediation



Industrial Water Treatment

Traditional Engineering

:}“?' e~
24,

Mine water treatment plant

Ecological Engineering

A‘,k,_‘. % " - x: ‘QMC, W«_ e -~ 5 \. » "‘1
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- ) * R VAN v "
2 & o ? :
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Mine water treatment plants!
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Wetland Ecosystems

Distinguishing Features Design Features
m  Hydrologic conditions m Hydrology
— Water at the surface or within the — Flood duration, frequency, depth,
root zone hydroperiod
m  Hydric soils m Biogeochemistry
— Unique soil conditions under anoxic — Oxidation-reduction interface, organic
conditions accumulation, elemental cycling
m  Hydrophytic Vegetation m Ecological Structure and Function
— Adaptations to water-logged, anoxic — Richness, abundance, diversity,
conditions (and absence of flood- productivity

intolerant vegetation)



Wetland Hydrologic Budget

Precipitation l

Surface inflows
—

Change in volume
over time

I Evapotranspiration

Surface outflows
_—

G——
Tides

Groundwater inflows/ \Groundwater outflows
AV

_=Si+P+Gi—SO—ET—GOiT

At



Wetland biota are not passive to hydrology!

"e‘{';‘{"'\'; }‘.":'{‘ J,{ Ii?a‘; i‘} ) .‘I"",li‘i‘ il\;: "] _‘\..T. “r«'\' e A ‘,54 ) ,“I-‘_‘:‘ ‘5{ W FTAN (YT ' N .
Y ' ‘\J 70N AN ‘{'f"‘ ‘L \ i‘ ." BN " '”:‘f ot 2 e \\% ‘.r -
m Vegetation e ~

m Beavers
m Muskrats
m Alligators
m Microbes
m Humans
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Changes at the Redox Interface

m Measure of electron pressure,
used to quantify degree of
electrochemical reduction in

wetland soils
Oxidized form Reduced form =Redox (mV)
Nitrogen NO; N,O, N,, NH5 250
Manganese Mn4* Mn=2* 225
Iron Fes* Fe?* +100 to -100
Sulfur SO,% S? -100 to -200

Carbon CO, CH, Below -200
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Wetland Biotic Adaptations

' - o 0
m Stressful place to live! 0

— Anoxia
—  Temperature/water stress
— Periodic drying/flooding
— Salinity

m Biological adaptations R O R
— Cellular ,ﬂ “I
—  Structural AT
— Physiological
— Behavioral










Wetlands store massive amounts of carbon

m [f temperatures rise Fossi Fuel S

CO2 760 CHyq 34

10.
5,000 - 10,000 '
‘ e I A= +0.03/ I
(total released = 375) A = +3.5/yr + yr
=X

m ...change from net sink .

sequestration

for carbon to... I

Ocean

Tropical Rain Wetlands

630 0.7 Forests 450
(total released I

m Net of = 1.25 ‘75). 455-700
Pg/yr of CO, — L

3,000

Figure 17.4 Global carbon budget with estimated role of wetlands in the carbon cycle.

Fluxes are in Pg/yr; storages are in Pg. Pg = 10'° g. (CH, emissions from wetlands and
rice paddies from Bloom et al., 2010; terrestrial ecosystem and fossil fuel inputs to CO,
from IPCC, 2013; carbon sequestration by wetlands from Mitsch et al., 2013)
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Created Wetlands

Conversion of persistent i
upland or shallow-water & = =
area into wetland by i 2
human activity

Creating a wetland
where one never

existed

Olentangy River Wetland Research Park

The Ohio State University, Columbus, OH
Usua”y r.eqUIreS - Created 1994
Su bSta nt|a| hYd I‘O|Og IC Ramsar Wetlands of International Importance 2008

alteration



Created Wetlands

Conversion of persistent
upland or shallow-water
area into wetland by
human activity

Creating a wetland
where one never
existed

Usually requires
substantial hydrologic
alteration




Restored Wetlands .
m Return from disturbed -~ T o

or altered conditionto ©* ¢ b

. -y AN
previously existing | * ks
wetland condition i S = e
‘:- , ,‘;‘.—. ’ : by | i

m Restoration of FRERY 1 R '\;,.._' 2 e

iy
Tillman County, OK

enough to restore
wetland conditions



2019
Restored Wetlands

m Return from disturbed
or altered condition to ¢ i
previously existing | B, |
wetland condition e Al | i

“President Theodore Roosevelt was intrigued by the area, and even went for a hunt on
B Hackberry Flat. However, it was not the wildlife that drew rugged homesteaders, but rather
the valuable commercial potential of the soil. In the early 1900s, a massive ditch was
constructed — some four miles long, 20 feet deep and 40 feet wide — by locals using hand ‘
shovels, mule teams and later a steam shovel. The next two generations of area residents
maintained the area as farmland instead of the wetland it had been for so many years prior.
They had some success in the fertile soil, but the area remained flood-prone so farming was

difficult.”
ODWC 2021



Treatment Wetlands

m Wetlands designed and built
explicitly for water quality
Improvement

m Exploit biogeochemical diversity
and sink capabilities

m Partnership between humans
(our wastes) and ecosystems
(wetlands)

m Application of ecological
engineering




Two Guiding Principles

1. Learn and understand wetland science

— Hydrology, soils, biogeochemistry, adaptations,
ecosystem development

2. Broaden horizons and resist temptation to over-
engineer, over-botanize, over-zoologize
— Mother Nature is in control!

— Channel natural energies, avoid introduction of
species that cannot be supported



Define Goals

m Maximize ecosystem longevity
m Minimize costs

m Choose primary (and secondary, if
needed) goals

— Habitat replacement

— Wildlife enhancement

— Fisheries enhancement

— Flood control

— Storm surge protection

— Water quality improvement







Hydrology, hydrology, hydrology! |

m  Appropriate hydrology is key!

m  Groundwater interaction may
be important

m Surface flooding may be
seasonally important

m Big problems:

— Many ecologists don’t understand
hydrology

— Most engineers tend to control
hydrology

‘Aprairie (not a wetland)

A kL AN 35 S e L - g ey !



Summary Principles
Design for minimum maintenance
and reliance on self-design

Design using natural energies as
pulsing subsidies

Design with hydrology, ecology,
ecological landscape and climate

Design to fulfill multiple objectives f%’
but identify primary goal
Give the system time

Design for function not form

Do not over-engineer!
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