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Went to Simpson College in Indianola,
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PhD work at Montana State University TR il Revitions & Usage

(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

lowa Soybean Association,
environmental scientist, 2011-2015
Ul, 2015-present
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View Full Size

On Blogger since
April 2023

Profile views - 2762

My blogs

The Swine Republic

About me
Gender
Industry
Occupation
Location
Introduction

Favorite Books

Male

Science

Research Engineer

lowa City, lowa, United States

Studying and writing about lowa agriculture and the environment.

People's History of the United States, 1984, A River Runs Through It, Goodbye to a
River



IIHR Water Quality Sensor Network
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Site Infrastructure
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lowa Water Quality Information System
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http://iwqis.iowawis.org/app/
http://iwqis.iowawis.org/app/?datetime=2017-06-06T13:00

30,000 — 10,500 years

W
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Pre-lllinoian Till

Hlinoian Till

Wisconsinan Till




Pholo credt: Katharine McCanalle,
Upper lowa Univarsity

Landform Regions of lowa
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Stream Density low on Des Moines Lobe
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Sioux Cession of 1846
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Half Breed Tract 1824,
repealed 1834

Acknowledgement: Silvia
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69

Black Codes of 1838-9 and 1850

BLACKS AND MULATTOES.

AN ACT to regulate Blacks and Mulattoes,

Sec. 1. Be it enacted by the Council and House of
ives of the Territory of lowa, That, from Certificate of
and after the first day of April next, no black or iréedom requir-
mulatto person shall be permitted to settle or reside ®3|oader sesk.
in this Territory, unless he or she shall produce a
fair certificate, from some court within the United
States, of his or her actual freedom, which certificate
/ shall be attested by the clerk of said court, and the
THE STATUTE LAWS seal thereof annexed thereto by the said court, and
give bond, with good and sufficient security, to be Bond aad se-
approved of by the board of county commissioners curity requir-
og the proper county in which such person of color"h- g
may reside, payable to the United States, in the J;"" """
penal sum of five hundred dollars, conditioned that i what sum.
such person shall not at any time become a charge to Geadition.
the said county in which the said bond shall be given,
nor to any other county in this Territory, as also for
such person's good behaviour, which bond shall be
filed in the clerk's office of the county where the
same may be taken. And a conviction of such Fertelture.
negro or mulatto, of any crime or misdemeanor
TE RRITORY OF IOWA, against the penal laws of this Territory, shall amount
to a forfeiture of the condition of such bond.
Sec. 2. If any negro or mulatto, coming into this Oa tallsre to
. Territory as aforesaid, shall fail to comply with the comply with
provisions of the first section of this act, it shall be "":d'“" el
and is hereby made the duty of the county commis- fgyeted.
sioners, in any county where such negro or mulatto
may be found, to summon him, her, or them, to
appear before some justice of the peace to show
cause why he, she, or they shall not comply with

OoF THX

ENACTED AT THE FIRST SESSION OF THE LEGISLATIVE the provisions of this act; which summons shall be
ASSEMBLY OF SAID TERRUI'ORY, HELD AT issued by a justice of the peace, on the application
BURLINGTON, A. D. 1883-89, of any county commissioner in this Territory, and

shall be executed by the proper constable. nd if Pailing 10 give
such negro or mulatto sKall still fail to give the bood. negre or
bond and security required by the first section of Bulstie tobe
this act, after being brought before such justice as™ ™ **"
aforesaid, it shall be the duty of the county com-
missioners of such county to hire out such negro or

mulatto, for six months, for the best price in cash

that can be had., The proceeds arising from such Proceedsof

e A Aring, b
hiring shall be paid into the county treasury offfthe a-:ud.;.

Secchi, Ul
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lowa Land Cover
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Pre-European Settlement Streams

Sandy or gravel bottom Wide, shallow streams

Gently-sloping banks

With veretation Water table close

to surface
Perennial vegetation
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Breaking the prairie

Fhere cuurteny nf Dasre ood Caamrprany
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Research, Education, and Service
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Credit: Shea, M.E., Schulte, L.A. and Palik, B.J., 2014.
Reconstructing vegetation past: pre-Euro-American
vegetation for the midwest driftless area, USA. Ecological
Restoration, 32(4), pp.417-433.

Credit: USDA
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Hydrological Modification: 1860s-1910s

¥

L 3 £
Hand digaing tile, Boone Co. |A. ca 1814
Source: ‘An lowa album: a photographic history,
1860-1920° by M. J. Bennet, University of lowa Press,
lowa City, lowa
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How the landscape used to hold
water

Attachment 1. Photo of ponded water in drained wetlands of lowan’s Prairie Pothole
Region after a heavy rain temporarily backed up the drain tile in early May, 2005. Photo
courtesy of Guy Zenner, lowa DNR Waterfow! Biologist.

In the early 1800s, lowa contained about 10 to 15 million ha of wetlands.
About 99% of that acreage is gone.



Tiling field now
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Source of the lowa River
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Stream Straightening, 1930-1975
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A

Green: 1000 meters
Red: 500 meters

B
Image courtesy of B. Beck, ISU
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Images courtesy
of B. Beck, ISU
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Annual vegetation Deep, narrow streams

Steep, unveget
banks
Silt bottom Sunier

Water table deeper
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Transformation of lowa Farms

WINNEBAGO
RESEARCH AREA

WINNEBAGO 1976
RESEAIRQC4HI AREA O IbLE
@® DLE ® Hay
@ HAY © oaTs
O oats @ CORN
@ CORN @ SOYBEANS
© SOYBEANS Q PASTURE
@ PASTURE () FARM-STEADS
O FARM-STEADS

> TREES

@ OTHER CROP
MARSH OR WET MEADOW

% TREES
. MARSH OR WET MEADOW Figure 23, Cover map of the Winnehago

. . 0O,
Figure 19. Cover map of the Winnebago pheasant study area, 1976,
pheasant study area. 1941.

© OTHER CROP
N

1976

1941
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Role of Soybeans
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Water Quality Conseguences

Nutrient

S s . e <
= .- Pollution:

*
14

- et g by ST ‘4
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8000 CAFOs

lowa Swine Operations

Swine Operations 2017 2 ol
Q500 - 1,000 Ammal Units {3,371 Opemeions) - £
® 1001 Ansmad Units (2944 Operntions) 200000 e
Totsl swme for the ssmnal unit reges above < 21,786,803 s e T o g wtmert ol Tianscotaton
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Problem of Scale

* 70% of land Iin 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

- lnwn IIHR-Hydroscience & Engineering




Soil loss is still very high

Soil Erosion : Millions of Tons Per Year

lowa Minnesota Kansas llinois Nebraska Missouri Washington Wisconsin

Source: = .
EWG R

Average Soil Erosion (tons/acre)
No Data ggp 0-5.0 — 5.1-10.0 & 10.1-20.0 g 20.1- 50.0 g 50.1- 100.0 g Greater than 100
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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: NO5

Regulated drinking water
contaminant since 1974
Limit: 10 ppm (as N) - ARHYDROLIS AMMONIA

Hydrzsciance L Ep nearing Cullegre ot Evgi u.uhg,

Tl e




Phosphorus

lowa contributes 15% of Phosphorus Load to Gulf of Mexico
(4.5% of Area)

“P concentrations in lowa streams are likely 2—3 times higher
than lllinois streams on average”

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

T
Journal of Hydrology

!
|\

Total phosphorus export from lowa agricultural watersheds: Quantifying the =
scope and scale of a regional condition

Keith E. Schilling Matthew T. Streeter’, Anthony Seeman , Christopher S. Joaes

Calvin F. Wolter

- IDWA IIHR-Hydroscience & Engineering




Drinking Water

7000 private wells have
tested above the safe
drinking water level of 10
mg/L since 2000

1/3 of lowa’s Public
Water Supplies are
vulnerable to nitrate
contamination

60 PWSs are removing
nitrate

25% of lowa drink water
that has been treated for
nitrate reduction

- IOWA IIHR-Hydroscience & Engineering




Drinking Water

—
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Surface Water

Lake Erie Algae Blooms

Gulf of Mexico Hypoxia
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lowa Contributions

21% of the land
45% of nitrate

Land Draining to
Mississippi River

Land Draining to
Missour River N

' - Hermann, MO
3.3% of the land ; B
55% of nitrate '
4.5% of the lahd
» . 29% of nitrate
: 0
Mississippi River Basin Melville? LA StyFrancisville, LA 15% of phosp horus

Service Layer Credits: Sources. Esn. USGS,
NGA, NASA CGIAR. N Robinson, NCEAS,

NLS, OS, NMA, Geodatastyrelsen 5
Rijkswaterstaat GSA, Gealand, FEMA 0 250 500 1,000 Kilometers
ntermap and the GIS usar oommunity l | 1 | | | 1 |
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o United States
\__/ Environmental Protection
\’ Agency

Environmental Topics Vv Laws & Regulations v Report a Violation v About EPA v

CONTACT US

Mississippi River/Gulf of Mexico Hypoxia Task

Force

".—

- 2008 Action Plan

IIHR-Hydroscience & Engineering



IOWA STATE UNIVERSITY

lowa Nutrient Reduction Strategy

Home

Strategy documents

Nows relsasas

Resources

Contacts

Submit commants
Comments and responses

lowa Nutrient Rosearch Centor

g 10WA

lowa Nutrient Reduction Strategy

The lowa Nutnent Reguction Strategy IS a sCience and 1echnoiogy-based framework 10 2ssess and

reduce nutnents to lowa waiers and the Gulf of Mexico It 5 designed 1o dgirect effons to reduce nutrents

in surface water from both point and nonpaint sowces in 3 scientific. reasonable and cost effective
manner

The Mississippl River/Gulf of Mexico Watershed Nutnent Task Force was established in 1997 1o
COOAINRIE ACtivVIlies 10 reduce the size, seventy and duration of hypoxia in the Gulf. Hypoxia is a iarge
area of low oxygen that can't susiain marine life. Nutnenis that lead 1o aigae growth are the main culprit

In Its 2008 Action Flan the 1ask force calied upon each of the 12 siates aiong the MIssissippl River to
deveiop its own nutnient recuchion strategy

Working together, the lowa Department of Agnculture and Land Stewardship, the lowa Depanment of
Natural Resources, and the lowa State University Coliege of Agricusture and Life Sciences developed
this proposed strategy

IIHR-Hydroscience & Engineering

The lowa Nutrient Reduction
Strategy was developed by:

\ AGRICULTURE ¢
N / LAND STEWARDSHIP

JOWA STATE UNIVERSITY
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lowa Statewide Nitrogen Inputs and Outputs
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I Dairy N

2.5x10% 4 B Fixation N

B Poultry N
Grain N

=== River N

== Surplus N

2.0x10° -

)] 1.5x109 -

k

10° -
About 32%
of “surplus”
5.0x10° | makes it to
streams

S Su——, e

00 R
S T

P00 B il
E |

L] AR s & e ¢ Ca—e——
D

9002 8 O
[ =

8007 B

[E=r ,
1002 Bl

%
L00Z i

CO0C B
2107

C L0 L
BL0C

9102

000

4 X (A e« EEs—— c SE—

CL0Z T

6661

|/
(1[0 1 AR o co— o ——

46

-




Research, Education, and Service

lIHR—Hydroscience & Engineering

Y

$/year spent on new

Landform % of lowa’s Area N

tile
lowan Surface 16.9 $24,500,000
Des Moines Lobe 21.4 $5,845,000
Northwest lowa Plains 8.3 $2,272,545
Paleozoic Plateau 4.6 $3,580,862
Southern lowa Drift Plain 41.3 $33,837,580
Total 92.5 $70,064,878

L
47 e T, UnNiversity
. orfowa
Hpzrzscianed Eagimering Collegre ob Evgincetlng

2 million miles of tile in lowa

Middle Cedar River Watershed
2014 Landuse (USDA)

1200 miles new tile/year!



How Much Nitrogen Leaves lowa?

5-Year Running Annual Average N Load (US Tons)

+100.0%

- IBWA IIHR-Hydroscience & Engineering



©PLOS | one

RESEARCH ARTICLE

lowa stream nitrate and the Gulf of Mexico

Christopher S. Jones'*, Jacob K. Nielsen'*, Keith E. Schilling®, Larry J. Weber'*

1 IIHR-Hydroscience and Engineering, University of lowa, lowa City, lowa, United States of America, 2 lowa
Geological Survey, lowa City, lowa, United States of America

« These authors contributed equally to this work.

b I

- IDWA IIHR-Hydroscience & Engineering




lowa Statewide P Load, 5-yr Running Annual Average (tons)

45000

40000 -

35000 -

30000 -

25000 -

20000 -

15000 -

10000 T T . . T T |
2002 2004 2006 2008 2010 2012 2014 2016 2018
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(11 33

Conservation practices on lowa farms are reducing
phosphorus loss by up to 27%.

*Sources: lowa State University, INREC, Nutrient Reduction Strategy baseline period (1980-1996) through 2019

WallacesFarmer
lowa makes progress on water quality

lowa Nutrient Reduction Strategy annual report shows record conservation engagement by lowans.

- I“WA IIHR-Hydroscience & Engineering



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

- lnwn IIHR-Hydroscience & Engineering
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Cost of Nitrogen: today about $0.86/1b

Cost to remove nitrogen using BMPs: $2-S10/pound

Average statewide load: 600
million Ibs

459% reduction = 270 million
lbs/year

$540M to $2.7B/year
HRCSI T
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Climate Change

Raccoon River Watershed Annual Precipitation (mm)

(>1000 mm 15 times)
(>1000 mm 1 time)

(<600 mm 2 times)

(<600 mm 9 times)

orlowa
dpzrzscianed Eg nering Collegre ob Evgincetlng
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How Do You Overcome Structural Drivers to Bad Water Quality?

Known Animal Feeding Operations (January 2019)
,z,.' A - \"',T»_s""
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Y

More Diverse Farming Systems

Marsden Long Term Rotation Study-
ISU

Matt Liebman

Corn/Soybean/Oat/Alfalfa/Alfalfa vs Soil health is better

Corn/Soybean Tile nitrate 57% lower

N fertilizer use 91% lower Soil erosion 50% lower

Herbicide use 97% lower Fossil Fuel use 60% lower

Weed biomass similar Net returns similar (revenue lower but input

Soybean sudden death syndrome much lower costs also lower)

S TTe il ]

Apfrascianced B0 (_u,.,:\ ot Evginceting
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Fuel Ethanol

U.S. Fuel Ethanol Produced vs lowa per acre land price

10000
9000 , g
8000 N\ ag00 !

Calories from corn used to produce fuel

, lowa

ethanol exceed the caloric requirements of
the entire US population!

£ 2000 @
> 2
® 1000 2000 3
0 T N M T N O ™~ 00 0

Hpfrascianced E1p nering Collegre ob Evgincetlng
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Ethanol creates perversity in US Agriculture

2 "_‘.»?.s'-'er:yéﬁfii( [

Corn Grown in Arid Areas for Ethanol and Livestock

o B _“." .-'55 6000 years to
] B SCE naturally replenish
OGALLALA ‘o~ =35\
AQUIFER { *,) muses
- Irrigated Alfalfa Uses /2 of the Colorado River

Exported to China,
Saudi Arabia, etc.

L
58 :":I:Ir:l T, UnNiversity
or [owa
dpzrzscianed Eg nering Cullupre ot Evginceting
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'
PNAS ARTICLES %  FRONT MATTER AUTHORS W TOPICS + Q = SIGl
I

RESEARCH ARTICLE | ENVIROMMENTAL SCIENCES | & f¥in®= 11

Environmental outcomes of the US
Renewable Fuel Standard

Tyler]. Lark 8, Nathan P. Hendricks &, Aaron Smith @, | +s |, and Holly K. Gibbs Authors Info & Affiliations

Edited by Paul West, Applied Economics, University of Minnesota, 5t. Paul, MN; received January 18, 2021; accepted December 3, 2021 by

Editorial Board Member Ruth DeFries

February 14, 2022 119 (9) 22101084119 | https:/doi.org/10.1073/pnas.2101084119

* Increased corn acres 8.7%
* Increased total crop area 2.4%
* Increased fertilizer use 3-8%
» Increased water quality degradants 3-5%
* Increased GHG emissions 24%

Hpgrasciatoe L Eap meaing Collegre ob Evgincetlng
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What could we do with 11,000 square miles (7 million acres)?

1.1 million acres: grow enough dried beans for every person in the U.S.
« 360,000 acres: grow enough potatoes for every person in the U.S.

« 220,000 acres: grow enough apples for every person in the U.S.

« 150,000 acres: grow enough canned sweet corn for every person in the

U.S.

« 140,000 acres: grow enough onions for every person in the U.S.

« 37,000 acres: grow enough cherries for every person in the U.S.

« 26,000 acres: grow enough walnuts for every person in the U.S.

5 million acres still left!

Hpfrascianced E1p nering [ uq.-\ U Ergginccting

o TITee il ]




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

- IOWA IIHR-Hydroscience & Engineering
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Research, Education, and Service

lIHR—Hydroscience & Engineering

2000-2020

>96=Excellent
81-95=Good
66-80=Fair
46-65=Marginal
10-45=Poor
<10=Very Poor
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lIHR—Hydroscience & Engineering

Stream Water Quality Since 1999

3/44 improving (>5%)
16/44 <5% change

25/44 declining (>5%)
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Research, Education, and Service

lIHR—Hydroscience & Engineering
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Research, Education, and Service

lIHR—Hydroscience & Engineering

What do we want our production system to look like?

Commerce

Nutrition?




Minneapolis

Fort Worth Albuquerque

Urbandale New Orleans St. Louis
Ankeny

Cedar Rapids
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Colorado Springs



THE SWINE
REPUBLIC =

Chris Jones

SrrucoLes wite tHe Taurd Asout
AGicurruri AN WATER Quarity
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https://cjones.iihr.uiowa.edu/
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