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Motivation to Study 
Ecosystem Goods and 

Services (EGS) 

• Changing hydrology  

 (Frequent extreme floods) 

• Aging infrastructure  

 (Residual Risk) 

• Nutrient management (Hypoxia) 

• Nature-based infrastructure  

• IWRM Strategic Plan (2011) 

• Mississippi River Commission Call 
to Action (2013) 

 

 



Principles and Requirements for 
Federal Investments in Water 

Resources 

A. Evaluation Framework 
“…common framework…Such methods 

should apply an ecosystem services 
approach in order to capture all 
effects (economic, environmental, 
social)…” 

“…not limited to: water quality, nutrient 
regulation, mitigation of floods and 
droughts, water supply, aquatic and 
riparian habitat, maintenance of 
biodiversity, carbon storage, food and 
agricultural products, raw materials, 
transportation, public safety, power 
generation, recreation, aesthetics, 
and education and cultural values…” 





ES Definition:  Ecosystem 
goods and services are 

socially valued aspects or 
outputs of ecosystems that 

depend on self-regulating or 
managed ecosystem 

structures and processes. 
  
  
 



Natural System: Abundant and 
Diverse Fauna and River Habitats 



Ecosystem  
“Infrastructure” 

 
• Largest river North America and third largest in the world 
• 2.6 million acres of land and water area 
• 297,000 acres of National Wildlife Refuge System 
• >300 bird, 57 mammal, 45 amphibian and reptile, 150 fish, 

and ~50 mussel species   
• 40% of North America’s migratory waterfowl and shorebirds 
• 60% of all bird species in North America  
• 25% of all fish species 
• Habitat for 286 State-listed and 36 Federal-listed T&E 

species 
• Boating, camping, hunting, trapping and other recreation 



Contemporary System: 
Altered Boundary 

Conditions and Drivers 
• Watersheds 

• Floodplains 

• Upland-Floodplain 



Discharge is 
Increasing 

(3-Year Moving 
Average Discharge) 

 
0

50,000
100,000
150,000
200,000
250,000
300,000
350,000
400,000
450,000
500,000

1/1
/19

30

1/1
/19

36

1/1
/19

42

1/1
/19

48

1/1
/19

54

1/1
/19

60

1/1
/19

66

1/1
/19

72

1/1
/19

78

1/1
/19

84

1/1
/19

90

1/1
/19

96

1/1
/20

02

1/1
/20

08

D
is

ch
ar

ge
 (c

fs
)

0
20,000
40,000
60,000
80,000

100,000
120,000
140,000
160,000
180,000

1/1
/19

30

1/1
/19

36

1/1
/19

42

1/1
/19

48

1/1
/19

54

1/1
/19

60

1/1
/19

66

1/1
/19

72

1/1
/19

78

1/1
/19

84

1/1
/19

90

1/1
/19

96

1/1
/20

02

1/1
/20

08

D
is

ch
ar

ge
 (c

fs
)

 

Keokuk, IA 

St. Louis, MO  



Mississippi River Basin 
Nutrient Sources 



River-
Floodplain 

Connectivity 

• 1,200 miles of 9-
foot deep channels,  

• 37 lock and dam 
sites,  

• Thousands of 
channel training 
structures, 
 

• 180 flood protection systems 
protecting urban and 
agricultural areas.  

• 2,200 miles of floodwalls and 
levees.  

• Concentrated in South 
• Separated by tributaries 
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Watershed-Floodplain 
Connectivity 

Fabius River 
Delta 

Illinois  
River 



Legend 

 Regulated Pool Stage* 

 Modeled Pool Stage  

 50% probability – 2YR 

 20% probability – 5YR 

 10% probability – 10YR 

   4% probability – 25YR 

   2% probability – 50YR 

   1% probability – 100YR 

0.5% probability – 200YR 

0.2% probability – 500YR 

Tributary Delta  
Functional Process Zone 

Fluvial Geomorphic  
Processes 
• Delta dissipates stream 

velocity resulting in 
deposition of sediment 

• Distributary of branching 
channels crossing delta 
creating floodplain 
features 

 
Ecological Processes 
•  Material transport 
•  Nutrient assimilation 
•  Habitat 



Nutrient Loads 

Missouri River Iowa River 

Contaminants in the Mississippi River, 1987-92 
U.S. GEOLOGICAL SURVEY CIRCULAR 1133 
Reston, Virginia, 1995 Edited by Robert H. Meade 

Grafton, IL Peoria, IL 
Illinois River 
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Managing Conflicting  

Objectives, Risk, and Cost 
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Potential Acres Inundated = Ecosystem Production Function 

Relative Flood Damage Prevented = Economic Production Function 
 

Ecosystem Services 

Flood Zone 

Catastrophe 

The image part with relationship ID rId4 was not found in the file.

Ecosystem Production vs Economic Production 



In Addition to Conflict and 
Competition, There is Also Risk 

8/12/2010 
13 June, 2008 Cedar Rapids, IA - In 
Eastern Iowa, the City That ‘Would 
Never Flood’ Goes 12 Feet Under 



Birds Point,  
New Madrid Floodway 

The purpose of the floodway is to lower flood stages upstream and adjacent to the 
floodway during major flood events. The Floodway is some 35 miles in length and 
varies from 4 to 12 miles in width. It comprises about 205 square miles of alluvial 
valley land.  

http://www.google.com/imgres?imgurl=http://2.bp.blogspot.com/-ipPHyj-J4b8/Tc82DY7_YoI/AAAAAAAADUA/ed9wp_Q79fM/s1600/birds-point-levee-explosion-missourijpg-1efb746f31464f73.jpg&imgrefurl=http://allisonjvaughn.blogspot.com/2011/05/in-harms-way.html&usg=__PxdhjLZYamWamlmYDUM1OW-_bCI=&h=696&w=1024&sz=119&hl=en&start=39&zoom=1&tbnid=rzSShYsx7HVb9M:&tbnh=102&tbnw=150&ei=q_1FTs6GM-H-sQLhv9yRCA&prev=/search?q=bird's+point+levee&start=21&um=1&hl=en&sa=N&biw=1065&bih=582&tbm=isch&um=1&itbs=1


“Unprecedented pretty well 
sums it up”  

Jody Farhat – Chief Mo. R. Water Mgmt. Office (USACE) 

•  Upper Midwest unusually heavy snow 
•  300 – 600 percent greater than normal spring rain 
•  35 – 40 percent more mountain snowpack   

2011 Missouri River Floods 

http://www.uncoverage.net/wp-content/uploads/2011/06/image001.gif


Residual Risk 



UMRS Floodplain  
Adaptation Challenges 

• Increased flood frequency/risk 

• Increased pumping costs 

• Uncertainty - Flood stationarity (or not)? 

• Levee ratings 

• FEMA Levee certification 

• Nat’l Flood Insurance Program rate changes 

• Wetland management challenges 

 

 

 



IWRM is about a  
Systems Approach 

Watershed – Floodplain – River - Ocean 

The ecological role of the floodplain has been neglected though. 
 

The “kidney” function of the floodplain ecosystem is compromised  
by  tributary diversions between levee districts 



Mississippi River and 
Tributaries Project: 

Designed Floodways 

Systemic Flood 
Protection  

Missouri River 
Multi-Purpose 

Storage Reservoirs 



Stepped Inundation 

It fits these needs: 

• Anticipatory (or 
proactive) 
adaptation 

• Planned adaptation 

• Private adaptation 

• Public adaptation 

Driving Down Flood Risk on the  
Upper Mississippi River 

It integrates things like: 

• Flood risk 

• Alternative land use 

• Flood insurance 

• Public incentives 

July 2008 

Hardened spillways 
Elevated pumps 



In January 13, 2003, Administrator Christine Todd Whitman 
announced the issuance of the final water quality trading policy by 

stating that, "the most effective and economical way to reduce 
pollution is to provide incentives to encourage action by those who 

can achieve reductions easily and cost-effectively”. The policy 
supports the trading of nutrients and sediments within a watershed. 

Nutrient Credit Trading 

Current Loads from  
Regulated Sources 

TMDL Loads from 
Regulated Sources 

Required Load Reductions  
by Regulated Sources 

Total Load Reduction 
Targets by Basin 

Inventory of Nutrient 
Control Projects 

Nutrient Trading  
Least Cost Solution 

No Trading Outcome 

Maximum Potential Cost 
Savings from Nutrient Trading 

Optimization 
Model 



Current Loads from  
Regulated Sources 

TMDL Loads from 
Regulated Sources 

Required Load Reductions  
by Regulated Sources 

Total Load Reduction 
Targets by Basin 

Inventory of Nutrient 
Control Projects 

Nutrient Trading  
Least Cost Solution 

No Trading Outcome 

Maximum Potential Cost 
Savings from Nutrient Trading 

Optimization 
Model 

Hydroponic Enhancement to 
Inventory of Nutrient Control 

Projects (BMPs) 

Hydroponic 
Lift 



Hydroponic Nutrient 
Abatement 

• BioHaven® Floating Treatment 
Wetlands 
– Bruce Kania - Floating Island 

International 

– “Concentrated Wetland Effect” 

 

• Algal Turf Scrubbers ® 
– Dr. Walter Adey – Smithsonian Inst. 

– “Cleaning surface waters with solar 
energy while producing a biofuel” 

 



Floating Treatment Wetlands 

•  “Concentrated Wetland Effect” 
•  Biofilm and periphyton reactors 
•  Accumulate and mineralize nutrients 



• Waterscaping (beautification)  
• Turbidity reduction 
• Phosphorus reduction 
• Ammonia reduction 
• Nitrate reduction 
• Fishery enhancement 
• Nutrient cycle enhancement (periphyton)  
• Algae control  
• Odor control  
• Bank stabilization & erosion control  
• Wildlife, waterfowl & shorebird habitat  
• Invasive submerged plant control  

Applications 



Algal Turf 
Scrubbers ® 





Sept. 2010 
$387,000 



Existing Production  
Agriculture 

the Corn Belt 



UMRS Drainage Districts 
Overcome Algal Biomass 

Limitations Identified by the 
National Research Council 

(October 2012) 

• the relatively large quantity of water required for 
algae cultivation;  

• magnitude of nutrients, such as nitrogen, 
phosphorus, and CO2, needed for cultivation;  

• amount and location of land area necessary to 
contain the ponds that grow the algae; and  

• uncertainties in greenhouse gas emissions over 
the production life cycle.     
 

The committee pointed out several high-level 
concerns for large-scale development of algal 
biofuel, including:  



S. Fabius: 396,664 acres; 
    620 sq. miles 
N. Fabius: 586,111 acres; 
    916 sq. miles 
• 53 HUC 12 watersheds 



Union Twp DD  
4700 ac. 
4.7 mi. ditches 

Fabius R DD 
15,000 ac. 
36.7 mi. ditches 

Marion Co DD 
4125 ac. 
8.4 mi. ditches 

Fabius River Delta 
Contemporary Infrastructure 



Fabius River Delta 
Alternative Future Conditions 

Open Ditches Floating Islands Lateral/In-line 
ATS Raceways 



Integrated Systems 
Crop-ATS-FTW-Aquaculture 

Floating  
Islands 

Lateral 
ATS  

Raceways 
Row 

Crops 



Conceptualizing Benefits & 
Ecosystem Services 

  

Local TMDL: 
Interior Drainage 

 

Crops 
 
Adjacent watershed 

and internal TMDL 
 

Existing Condition 

Ecosystem Service Checklist 



 
Watershed  TMDL: 
Decant Water From 

 Tributary and Mainstem:   
 

Crops 
 
Interior TMDL 

 
Intercept tributary 

runoff for high flow 
TMDL 
 
Decant tributary or 

Mississippi River for 
low flow TMDL 
 

Ecosystem Service Checklist 



Watershed TMDL & Habitat 
Concept: 

Restore Tributary and Decant 
Mainstem   

 

 
 

 Crops 
 

 Interior TMDL 
 

 Intercept tributary 
high flow TMDL 
 

 Decant Mississippi 
River TMDL 
 

 Native habitat  
 

 Fishing and  
Hunting 
 

 Feedstock 

Managed Wetland or ATS farm 

Ecosystem Service Checklist 



Loading 
Assumption* 
Low (3kg/ha/yr) 

Med (5kg/ha/yr) 

High (10kg/ha/yr) 

Subwatershed Miles2 Acres2 km2 

North Fabius River 916 586,240 2,372 

South Fabius River 620 396,800 1,606 

North River 373 238,720 966 

Subwatershed Area 

Subwatershed 
N load (lb/yr) at 10 

kg/ha/yr 
Acres 
FTW 

Acres 
ATS 

North Fabius River 5,219,368 196 1,338 

South Fabius River 3,532,760 133 906 

North River 2,125,354 80 545 

Hydroponic Substrate Requirement: 
(High Loading Assumption; acres) 

Hydroponic Nutrient 
Sequestration Accounting 

*  Vache, Eilers, and 
Santelmann.  2002.  Water 
quality modeling of 
alternative agricultural 
scenarios in the U.S. Corn 
Belt.  JAWRA 38. 



Implementation Considerations 

Cost: 
11.9 million ft2 (410 acres) of Biohaven® FTWs  

@ <$10ft2 = $119 million 
 
Relative to: 
• Water quality impairments 
• Nutrient market revenue 
• Conservation incentive programs 
• Hunting leases 
• Property value 
• Other BMPs  
• Etc… 

 
As part of a sustainable and resilient plan 
that includes multiple ecosystem services  

 
 
 
 



Conceptualizing the Value 
of Great River Floodplains: 

Illinois, Mississippi, and 
Missouri River Confluence 

Region 
 

The image part with relationship ID rId3 was not found in the file.

Jennifer Harrison-Cox,  
Nora Wahlund 

John Hoal 
Derek Hoeferlin 

Dale Morris 

Chuck Theiling 

Columbia- 
American 
Bottoms 



Workshop Objectives 

• Learn about natural capital appraisal 

• Learn how natural capital values 
have been used to shift investment 

• Evaluate ecosystem service 
potential for alternative land use 
scenarios from Misi-Ziibi workshop 

• Conduct rapid prototype modeling 
(Valuation Exercise) 

• Identify gaps in valuation database 





Agricultural Zone 

Business as Usual 

Business as Usual but Better 

Business as Usual, Climate 
Drives the Future 

Natural Function 



Suburban Zone 

Urban Floodplain 

Floodplain Sponge 

Multifunctional Floodplain 



Urban Zone 

Business as Usual 

Set Back Levees, 
Natural Function Upstream 

By-Pass Channel, 
Managed and Staged Floods 

Blue-Green By-Pass, 
Natural Function 



Ecosystem Services Valuation 
Bibliography 



Ecosystem Services Valuation  
Database 



Ecosystem Services Valuation 
Scenario Spreadsheets 



Ecosystem Services Valuation 
Database Report 



Cross-Cutting IWRM 
Strategies 

• Risk Informed Decision Making and Communication 
• Systems Approach 
• State-of-the-Art Technology 
• Adaptive Management 
• Collaboration and Partnering 
• Innovative Financing 

UMRS Planning is 
Compartmentalized by Design: 

• Upper Mississippi River-Illinois River System Navigation 
Feasibility Study – 2004 

 Ecosystem component added in 2000 
• UMR Comprehensive Plan (Flood Protection) – 2006 
• Three major watershed studies, 1,000’s (?) of small 

watershed studies 
• Environmental Management Program (since 1986) 

 

We Need to Get Out of the Box! 



UMRS Floodplain 
Adaptation Benefits 

• Managed Flood risk 
• Nutrient Abatement (Reduced Gulf 

hypoxia) 
• Increased Food and fiber 
• Innovative Revenue Sources 
• R&D Opportunities 
• Domestic Fuel (corn, cellulose, butanol) 
• National Security (Navy & Air Force fuel) 
• Climate Change Mitigation 
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