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• Grew up in Ankeny, IA

• Went to Simpson College in Indianola, 

IA

• PhD work at Montana State University 

(1989)

• Managed commercial analytical 

testing laboratory in MN, 1988-1999

• Consulting work for water and 

wastewater utilities, MN, 1999-2003

• Des Moines Water Works, supervisor 

of water quality, 2003-2011

• Iowa Soybean Association, 

environmental scientists, 2011-2015

• UI, 2015-present
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IIHR Water Quality Sensor Network
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Sites

70+ sites 

Nitrate-N

20-25 sites

• Temperature

• pH

• SC

• DO

• Turbidity
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Site infrastructure
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Iowa Water Quality Information System

iwqis.iowawis.org/

http://iwqis.iowawis.org/app/?datetime=2017-06-06T13:00

http://iwqis.iowawis.org/app/
http://iwqis.iowawis.org/app/?datetime=2017-06-06T13:00


2,500,000 to 500,000 years300,000 – 130,000 years30,000 – 10,500 years  
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Wetland: 20% of Iowa, 7.6 million acres, <1% remains

Prairie: 70%, 0.1% Remains

Oak Savannah: ~5%, < 1% remains



CULTIVATION IN THE MRB

Land Cover in Iowa around 1850

Grassland Forest

Source: Iowa Geological Survey



Iowa Land Cover
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Landforms

Photo credit: Katharine McCarville, 

Upper Iowa University
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https://www.geocaching.com/geocache/GC7FY8J_glacial-evidence-algona-advance?guid=de7c76f4-a3f7-4e47-af0d-

aa28c57243a4

Source: Iowa Geological Survey

• Newly deposited 

glacial till

• Little or no loess

• Knob and kettle 

features at glacier 

edges

• Level

• Poorly drained (few 

streams)

• Glacial lakes and 

wetlands

Images: IA Geological Survey

https://www.geocaching.com/geocache/GC7FY8J_glacial-evidence-algona-advance?guid=de7c76f4-a3f7-4e47-af0d-aa28c57243a4
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Stream Density low on Des Moines Lobe
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Internal 

Drainage
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2 million miles of tile in Iowa

1200 miles new tile/year!
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Paleozoic Plateau

Images: IA Geological Survey
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Driftless (Paleozoic Plateau)
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Karst

Images: IA Geological Survey
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Iowan Surface

• Thin loess over 

glacial drift

• Bedrock near the 

surface

• Approximately level 

but rolling

• Glacial erratics

Images: IA Geological Survey
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Glacial Erratics
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Northwest Iowa Plains

Very similar to Iowa Surface

• Erosion features shaped by severe cold and wind of Wisconsin glacier

Differences

• Thick loess

• Very few trees here

Images: IA Geological Survey
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Sioux Quartzite
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-Thick alluvial deposits

-level terrain along valleys

includes stream channels,

floodplains, oxbow lakes, 

terraces, alluvial fans,

sand dunes

Source: Iowa Geological Survey
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Loess Hills

Loess Hills in Monona County       photo by 
Donald Poggensee

Terrain Characteristics

* thick loess cover

* sharply ridged terrain

* high drainage density

* rapid surface runoff

* gully development

Source: Iowa Geological Survey
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Loess deposits can be very thick in Iowa

Source: Jean Prior
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Southern Iowa Driftplain

Source: Iowa Geological Survey

Terrain Characteristics

* Loess of varying 

thicknesses

* stepped erosion surfaces

* bedrock exposed in 

deeper valleys
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Pre-European Settlement Streams



View >> Header and Footer >> Add Unit Name

Breaking the prairie
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Hydrological Modification: 1860s-1910s



How the landscape used to hold 
water

In the early 1800s, Iowa contained about 10 to 15 million ha of wetlands. 

About 99% of that acreage is gone. 



Hydrology of Drained (tiled) Wetlands

Farmed wetlands have ecosystem value for waterbirds, amphibians, aquatic invertebrates

Cricket frog Fairy shrimp Tadpole shrimp
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Tiling field now
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Source of the Iowa River
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Stream Straightening, 1930-1975

Image courtesy of B. Beck, ISU
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Images courtesy 

of B. Beck, ISU
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Modified Streams
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Transformation of Iowa Farms

1941 1976



View >> Header and Footer >> Add Unit Name
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• Many crops to two crops

• Plant-based energy to fossil fuel energy

• Animals to tractors and other machinery, 80% had a tractor by 1950

• Organic Fertilizers to Inorganic Fertilizers (Post WWII)

• Many farmers (230,000 in 1951) to Fewer farmers (85,000 today)

• Livestock on almost all farms to livestock on only a few

• 1980: 65,000 farmers raising 13 million hogs

• Now: 5,000 farmers raising 25 million hogs

• GMO Crops

• Roundup Ready Soybeans and Corn (87% of soy RR by 2005)

• Bt Corn (82% of US Corn Crop)

Transformation required Simplification



View >> Header and Footer >> Add Unit Name

Role of Soybeans
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8000 CAFOs
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Problem of Scale

• 70% of land in corn-soy rotation

• 11,000 square miles used for ethanol 

production

• 25 million hogs

• 4 million beef cattle 

• 80 million laying chickens

• 5 million turkeys

• 4 million broiler chickens

• 220,000 dairy cows
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Erosion

Water Quality Consequences

Nutrient 

Pollution
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Soil loss is still very high

Source: 

EWG
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Nutrients

Nitrogen: Applied as anhydrous ammonia, urea, UAN, manure, MAP and NAP.

Converted to nitrate in the soil profile, mediated by bacteria

Roughly 40% applied in fall, 60% in spring

Especially important in marine ecosystems

VERY WATER SOLUBLE

Loss through tile systems and leaching to groundwater

Nitrate: NO3
-

Regulated drinking water 

contaminant since 1974

Limit: 10 ppm (as N)
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Drinking Water

7000 private wells have 

tested above the safe 

drinking water level of 10 

mg/L since 2000

1/3 of Iowa’s Public 

Water Supplies are 

vulnerable to nitrate 

contamination

60 PWSs are removing 

nitrate

25% of Iowa drink water 

that has been treated for 

nitrate reduction
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Drinking Water

Toledo, OH

Des Moines, IA
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Surface Water

Lake Erie Algae Blooms

Gulf of Mexico Hypoxia
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Practices

Cover crops

Wetland 

construction

Saturated 

Buffer
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Iowa Contributions
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Missouri Basin: Nitrogen

3.3% of the land

12% of the water

55% of the nitrate
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Upper Mississippi: Nitrogen

21% of the land

21% of the water

45% of the nitrate
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Mississippi-Atchafalaya: Nitrogen

4.5% of the land

5.9% of the water

29% of the nitrate
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How Much Nitrogen Leaves Iowa?
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About 32% 

of “surplus” 

makes it to 

streams
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Nitrogen Change since 1999

N Category

% 

change

River 83

Chicken 76

Turkey 59

Hogs 59

Surplus 51

Fixation 41

total inputs 36

Commercial 34

Grain N 27

Beef 10

Dairy -11
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Phosphorus

Applied as MAP, DAP, Super Triple Phosphate and manure.

Not a regulated drinking water contaminant

Attaches tenaciously to soil particles

Loss through erosion primarily

Especially important in freshwater ecosystems.
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Iowa contributes 15% of Phosphorus Load to Gulf of Mexico 

(4.5% of Area)

“P concentrations in Iowa streams are likely 2–3 times higher 

than Illinois streams on average”

“P loads 43% higher in 2017 than in 2004”

Phosphorus
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Economics of N loss

Cost of Nitrogen: today about $0.86/lb

Cost to remove nitrogen using BMPs: $2-$10/pound

Average statewide load: 600 

million lbs

45% reduction = 270 million 

lbs/year

$540M to $2.7B/year





IIHR-Hydroscience & Engineering

New Tile
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Climate Change
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How Do You Overcome Structural Drivers to Bad Water Quality?
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More Diverse Farming Systems Marsden Long Term Rotation Study-

ISU

Matt Liebman

Corn/Soybean/Oat/Alfalfa/Alfalfa vs 

Corn/Soybean

N fertilizer use 91% lower

Herbicide use 97% lower

Weed biomass similar

Soybean sudden death syndrome much lower

Soil health is better

Tile nitrate 57% lower

Soil erosion 50% lower

Fossil Fuel use 60% lower

Net returns similar (revenue lower but input 

costs also lower)
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What has happened to Iowa Ag since 1970?

Loss of Crop Diversity
Concentration of Livestock
Decouple Livestock and Crop 
Production
Huge increase in Hogs and Chickens
Loss of Cattle—especially on pasture
Fewer Farmers farming more land
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Regulations?

1. Ban cropping in the 2-year Flood Plain

2. Ban fall tillage

3. Ban manure on snow and frozen ground

4. Make farmers adhere to ISU fertilization 

guidelines

5. Reformulate CAFO Regulations
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3/44 improving (>5%)

16/44 <5% change

25/44 declining (>5%)

Stream Water Quality Since 1999
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Water Quality Index

Best
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What do we want our production system to look like?

Commerce

Nutrition?
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