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1. Introduction

From 20112013, lowa suffered eight Presidential Disaster Declarations encompassing 73
counties and more than 70% of the state. As devastating as these events were, this period is but a
brief momentn| owa 6 s | ®fregduring asd recovgring from major floodsgure 1-1

shows just one example thfe devastation caused by floodskreeportn the fall of 2016. Long

term data sbw that heavy precipitation and flood events are increasing in frequency across the
Midwest, and lowans need to be prepared for the economic, social, and environmental impacts of
these changing trends.

e

|-=

Figure 1-1:. Public workers wade through streets of the unincorporated community of
Freeport, IA after a fall 2016 flood event.

In January 2016, the state of lowa received a $97 million award for the lowa Watershed Approach
(IWA). Thegrmt was part of the U.S. Department of H
National Disaster Resilience Competition, which funds cuttidge projects to address unmet

needs from past natural disasterstond e duce Ameri cans O vstetsniher abi | i
projectendsin September 2@ The IWA program takes a holistic approach to address flooding

at the watershed scale, recognizing that upstream and downstream communities need to voluntarily
work together to increase community flood resilie(\deber et al., 2018)

The IWA pursus six specific goals:

1) Reduce flood risk

2) Improve water quality

3) Increase community flood resilience

4) Engage stakeholders through collaboration, outreach, and education

5) Improve quality of life and health for lowarespecially for vulnerable populations

6) Develop a program that is scalable and replicable throughout the Midwest and United
States

Upper lowaProject Evaluation| 1



The IWA brings lowans together to addréise factors that contribute to floodEight distinct
watershedsvereinvolved in theproject,shown inFigure 1-2, including the Upper lowa River,
Upper Wapsipinicon River, Middle Cedar River, Clear Creek, English River, North Raccoon
River, East Nishabotna River, West Nishnabotna River, and Bee Branch Creek. In addition, urban
projects in the cities of Dubuque, Coralville, and Storm L&#eused on infrastructure
improvements to mitigate flood risk.

Upper lowa
Upper
Wapsipinicon
* Storm Lake
Duhuqueﬁ
North Middle Bee
Raccoon Cedar Branch
Clear Creek * Coralville
East English
West Nishnabotna River

Mishnabotna

Figurel-2: The lowa Watershed Approach study areas include eight distinct watersheds and
three urban areas.

Each watershefdrmed a Watershed Management Authority (WMA) that brings local stakeholders
together to prioritize their watersti improvement needs, share resources, and foster new
partnerships and collaborationds part of Phase 1 of the IWAJHR& Hydroscienceand
Engineering (IIHR) and the lowa Flood Center (IF@yelopeda hydrologic assessmeior each
watershed that provideVMAs, local leaders, landowners, and residents with an understanding
of the hydrologyd the movement of watey within their watershed. This assessment dedigier
valuable information to stakeholders to help guide strategic degisatang to efficientlyaddress
flooding and watequality concerns.

Upper lowaProject Evaluation| 2



Figurel-3: Flood mitigation pond (U039 Branhagenconstructed as part of the IWA in the
Community of NordnesBlUC12, a subwvatershed of the Uppgéowa HUCS.

The results of the Phase 1 efforts were used to deteffonimes goals and strategies for best
management practices (BMPs) and was integrated into the watershed management plan; a long
term vision for the watershed to reduce floods and improve water qudlify funds proviced

90% costshareassistancéor BMP construabn of ponds, wetlands, oxbow reconstructions, and
more. IIHR and IFC have developed tRibase Zeport for the Uppelowa Watershed to detail

the practices constructed aealuateheir indvidual and cumulative benefits.

Ultimately, 36 BMPs were completed in the Updewa Watershed as part of the IWA:

11 Ponds

7 Onroad Structures

6 WASCOBs

6 Grassed Waterways

3 Grade Stabilization Structures
2 Wetlands

1 Terrace

= =2 =4 -5_-9_9_-9

Figurel-3 andFigurel-4 show examples of these projects. The total design and construction costs
of these projects was just ove8.3 million. Chapter6 provides detad of all 36 practices, and
Chapter7 summarizes the results of theject evaluation.
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Figure 1-4: Flood mitigation on-road structurgUIl-022 Weselmannconstructed as part of
the IWA in theTrout CreekHUC12, asub-watershedf the Uppedowa HUCS.
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21l owads Hydrology and Water Quality

This chapter summari zes | owads water <cycl e,
across the state. The authors examined precipitati@amflow, and shallow groundwater records
to describe how much precipitation falls, how that water moves through the landscape, when

storms typically produce river flooding, and
have changed over the pagcades and century. In addition, this chapter includes an overview of
two novel webb ased pl atforms that al | owgualitydatee She t o |

information presented in this chapter is valid for the entire state, but sorsedidnsplace
emphasis on the eightral IWA watersheds shown iRigurel1-2.

a. Land Surface and Use

lowa has a unique and diverse landscape that is the culmination of geologic processes occurring
over millennia. lowa has been subdivided into seven distinct landform regions, shBignna

2-1 (Prior, 1991). The lowa Watershed Approach projects are primarily contained within four of
these regions: the Paleozoic Plateau, the lowan Surface, the Southern lowa Drift Plain, and the
Des Moines Lobe landform regions. Suidicmaterials are underlain by a host of sedimentary
bedrock formationgancluding carbonate (limestone and dolomite), sandstone, and shale. Most of
these rocks were deposited during the Paleozoic Erd Z991million years ago), with others

being deposité during the earlier Mesozoic Era (2@b6 million years ago).

Following an extensive period of n@eposition and erosion, lowa was glaciated numerous times
during the Quaternary Period. At least seven episodes of glaciation occurred between 2.6 and 0.5
million years ago. These are collectively known as thellRn@ian glacial advances. More
recently, the Des Moines Lobe glacier advanced into remthral lowa, reaching its maximum
extent approximately 14,000 years ago. Subsequent loessiflewd silf) deposition occurred

during and after this time, mantling much of the state. These glacial processes and erosional
periods shaped the landform regions of lowa.

The Southern lowa Drift Plain encompastbessouthern portion of the state and consists @raév

layers of Prdllinoian till deposits mantled by loess. Landscape development following the ice
retreat eroded most of the features typically associated with glaciers and created the well
developed drainage network we see today. The Loess Hills famdégion in the western part of

the state has the same stratigraphic units as the Southern lowa Drift Plain, but with thicker loess
deposits because of its proximity to the soudrcéhe Missouri River alluvial plains.

In contrast, northeastern lowa expeced a period of extreme cold (21,000 to 16,500 years ago)

during the last glacial maximum, resulting in extensive erosion of the landscape and the formation

of the lowan Surface landform region. Characteristic features include gently rolling topography,
common gl aci al Aerraticso (rocks and boul ders
and loessnantled paha (northwest to southeast trending uneroded upland remnants of the former
landscape). The depth to bedrock is often shallow on this landfegion. Surficial materials

Upper lowaProject Evaluation| 5



consist of poorly consolidated glacial deposits with the potential for extensive local sand bodies.
In areas where the depth to bedrock is shallow, these materials provide limited protection from
surface water infiltrating i@ bedrock.

The Paleozoic Plateau borders the lowan Surface and experienced many of the same processes.
The primary difference is that shallow bedrock dominates the Paleozoic Plateau. Characteristic
features include steep sided, deeply entrenched valbysidant rock exposures; and common

karst features. The unconsolidated materials consist of relatively thin glacial deposits with a loess
mantle. Carbonate bedrock is susceptible to the formation of karst features, and numerous caves,
springs, and sinkhadeare identified throughout this landform region.

The younger Des Moines Lobe landform regmnastsin northcentral lowa. This region was
glaciated between approximately 15,000 and 12,000 years ago, with several advances and retreats
before the glacieririally receded. Because of the relative youth of this region, erosional processes
have not erased the surficial features typical of glacial landscapes. Characteristic features include
glacial moraines (arcuate ridges associated with stationary periagspntact features (knobs,

kettles, and hummocky terrain), fhggained lake and pond deposits, and outwash (coarse sand
and gravel carried by rivers draining glaciers). Natural drainage on the Des Moines Lobe is
typically very poor.

Northwest
lowa

Dubuque/
“ Bee Branch

'l
Missouri

Alluvial
Plain

English River
Mississippi
AMluvial
Plain

Figure2-1: The | WA watershedsdé positions within th

Prairies covered lowa before the arrival of European settlers, as depicted in historical vegetation
shown inFigure2-2. Forests and wetlands created a diverse set of habitats for animals, and prairies
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contained up to 300 species of grasses and flowers. As settlers tilled the prairie and planted crops

such agvheat, corn, and buckwheat, the land cover of lowa shifted to a majority agricultural state
(Schilling et al., 2008).

‘JUpper Iowa|

Historic Land Use

(1832-1859)
Prairie (79%)

I Forest (12%)
Scattered Trees (6%)
Water/Wetland (2%)
Field (<1%)
City/Village (<1%)

TIf

& Upper Wap5|p|n|con|
% g
. 0 i | d-.." B S
S B et - gl M (LD Clear Creek
R T i Y ERL I A
_ T FRA T [ 3 = o -h. 2 N
East Nishnabotnap H = —|=nglish River
FERNE RN M S 6 : ]
VR S| R B
e AT 2t A T
'r". g i ’; £ b : oy
80 Miles

Figure 2-2: Historic vegetation of lowa 183%9. Raw data downloaded from the lowa

Geogaphic Map Server (https://ortho.gis.iastate.edu/).

Today, corn and soybeans cover 64% of lowa Esgure 2-3), with only small prairie remnants

remaining. Several fa@rs make lowa an excellent place to sustain agricultural activities, including
the rich topsoil left behind by the prairies; advances in farming technology including fertilizers,

pesticides, and herbicides; and rainfall patterns, among others. Oversth&5pgears, the

percentage

of

owaos

and

used

for

gr owi ng

60%. The percentage of lowa land area devoted to growing corn or soybeans is shigurein

2-4.
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‘]Upper Iowa|
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Land Use 2016
[ lcorn (38%)
Il soybeans (26%)

[ |Grass/Pasture (15%)
[| Deciduous Forest (9%)
[ Developed (7%)

I other (5%) Lo by

Figure2-3: Land use composition in the state of lowa 2016. Cropland Data Layer.
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Figure2-4:Per cent of l owads tot al area planted
Cropland Data Layer.
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A significant portion of lowa soils require sglirface drainage to achieve optimal yields for row
crops. Areas that likely require tile drainage are shioMagure2-5. It is estimated that installation

of tile drainage peaked between the late 1800s and th&%0idk, but today landowners continue

to expand and upgradigainage systems. In some areas (mostly in the Des Moines Lobe), public
drainage districts were created to facilitate drainage over large areas. Drainage districts, also shown
in Figure2-5, have the power to tax and bond and are governed by trustees.

AJUpper Iowa|

North Raccoon

f:?f ’:.n"-_‘(.:v_

‘K‘u;{ N 5
[West Nishnabotnal

% : ,ﬂ :? ‘:F"..t‘g Pt o8 o

|East N‘isﬁhat;o'fnéi 2

~ Rk

Middle Cedarl

S

ar Creek|

~. Cle
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M

.

English' River N

e, ey
S o

‘l v

-

- Jins
Drainage districts s

[_] No tile drainage required 6 3o 40 & iiien
B soils requiring tile drainage L1 1 1 | 1 1 1 |

{

Figure2-5: Soils requiring tile drainage for full productivity and drainage districts. Raw data
source: DNR's NRGIS Library.

b. Climate and Water Cycle

lowa is characterized by a humid continental climate with marked seasonal temperature variations,
typically experieging hot summers and cold winters. Annual average temperatures range between
approximately 40°F and 60°F. The coldest and warmest months of the year are January and June,
respectively. In January, the normal daily minimum temperatures range between @ 7Prand

June, the normal daily maximum temperatures are in tii8478 range. Severe weather can
impact regions of the state between the spring and fall; heavy rains and tornados are the most
common of these events. Precipitation records show that kpically receives the bulk of its

annual precipitation in the spring and the summer.
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i. Statewide Precipitation

|l owabs precipitation s

pati al patterns are

across its landscape from the southeast to théwest, as showmiFigure 2-6. The average
annual precipitation reaches 40 inches in the southeast corner and decreases to 26 inches in the

northwest corner.
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Figure 2-6: Average precipitation (inches): (a)

annual; and (b) growing season {April

October). Precipitation estimates are based on thged® annual average (1981010).

(Raw data downloaded fronhitp://www.prism.ore

gonstate.edu/

mar

Records show small variations in average annual precipitation among the eight IWA watersheds;

the North Raccoon receives the least (33.8 inches

), and the English River thagBsidhes).

Historically, the quantity of annual precipitation presentedrigure 2-6b has been ideal for
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agricultural needs, such that lowa has not requiredirag systems like other parts of the country.
The staté average precipitation between April and October is approximately 27 inches, and the
months with highest precipitation accumulations (May, June, and July) occur during the peak of
the growing seasoiThese climatological characteristics make lowa an ideal place for agriculture.

5

N w s

Precipitation (inches)

'_\

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure2-7: Statewide average monthly precipitation. Precipitation estimates are based on the
30-year annual average (1982010). (Raw data  downloaded from:
http://www.prism.oregonstate.egu/

ii. The Water Cycle in lowa

A | arge portion of | owads pr & cithprditedlytfomdakese v ap or
and streams, or by transpiration from crops &
streams and rivers. The average annual partitioning of precipitation into evapotranspiration,
surface flow, or base flow in each IWA watershed is shiowhgure2-8.

Evapotranspiration

In lowa, most precipitation leaves by evapotranspiration; for the IWA watersheds,
evapotranspiration accounts for between 66% and gf98fecipitation. Moving westward in the
state, a larger fraction of the precipitation evaporates.

Surface Flow

The precipitation that drains into streams and rivers can take two different paths. During rainy
periods, some water quickly drains acrosslémel surface, causing streams and rivers to rise in
the hours and days following the storm. Thi s
even though some of the water may soak into the ground and discharge later (e.g., through a tile
drainage gstem).
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Baseflow

The rest of the water that drains into streams and rivers takes a longer, slower paih; first
infiltrates into the groundndpercolates down to the groundwatEnenit slowly moves toward

a stream. The groundwater eventually reathestream, maintaining flows in a river even during
extended dry periods. This portion of the flo
subsurface drainage flows are typically lumpegethemwith groundwater flows.

lowa Water Cycle

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0

North West East Clear Creek English RiverMiddle Cedar  Upper Upper lowa
Raccoon Nishnabotna Nishnabotna Wapsipinicon

Percent of Precipitation

®

m Evapotranspiration mSurface Flow = Baseflow

Figure2-8: lowa water cycle for the IWA watersheds. This shows the partitioning of average
precipitation into evapotranspiration, surface flow, and baseflow components.

iii. Shallow Groundwater and Soil Moisture Trends

Shallow groundwater and soil moisture conditions can play an important role in the transformation
of rainfall into runoff. For example, several studies have identified the occurrence of very wet
winters and springs (and the subsequent high soil moistdrgranndwater levels) as contributing
factors to the major floodsf 1993 and 2008 (Linhart and Eash, 2010; Mutel, 2010; Bradley, 2010;
Smith et al., 2013). Across the state, almost 400 sensors continuously monitor the condition (e.g.,
streamflow and stagef the lowa rivers. In contrast, loigrm continuous data on groundwater
levels or soil moisture are sparségure2-9 displays shallow groundwater informatiomrin two
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United States Geological Survey (USGS) wells located in two different lowa counties. The
location of the water table is influenced by several factors, such as location on the landscape, land
cover, soil type, etc. In lowa, it is very common to fthd water table within the first 25 feet of

the soil column, except in the deep loess hills in western lowa and incised bedrock valleys of
northeast lowa.

Hancock County
Montgomery County

o
1

- =
o o o
T T T

Depth to Water Table (ft)

]
o
T

25 1 1 1 1 1 1 1 J
01-01-2002  01-01-2004  12-31-2005  12-31-2007  12-30-2009  12-30-2011 12-29-2013  12-29-2015  12-28-2017

Figure2-9: Shallow groundwater data (USGS wells)

iv. Floods

Rivers and streams have a finite capacity to convey water within their banks. When the amount of
water surpasses that capacity, flooding occurs. Floods are typically related to large amounts of
precipitation or snow melt and saturated or frogaih In lowa, historic records show that the great
majority (>90%) of floods occur in the spring and summer; the month of June shows the highest
number of flood events. Precipitation records show that heavy rains occurred in the fall as well;
however, lova soils have a larger capacity to infiltrate water late in the year, and therefore fall
floods are |l ess common. I n Il owads flood histo
different scale than the others. These two events stand out fromtthviaeadooking at the extent

of the area impacted, recovery costs, precipitation amounts, and stream flows recorded (Bradley
2010; Smith et al., 2013frigure2-10 shows the extent of the flooding during the flood events of
1993 and 2008. In both years, flooding impacted the eight IWA watersheds.
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Figure2-10: The extent of the flooding during the 1993 and 2008 floods (Bradley, 2010).

Federal disaster declarations give impacted regions access to federal recovery assistance. Current
regulation permits two kinds of disaster declarations: emergency declamatibmsajor disaster
declarations$tafford Act).Both are granted at the discretion of the president of the United,States
after the governor of the impacted state makes the request. FEMA records on disaster declarations
are open to the public and were useevrite the text and create the figures below.

1 FEMA records show 952 floerklated disaster declarations (FRDD) in lowa between 1988
and 2016. Of these, 951 were reported for lowa counties-{gaee2-11) and one for the
Sac and Fox Tribe of the Mississippi in lowa. All the FRDD in lowa have been major
disaster declarationsxceptfor the 99 related to Hurricane Katrina evacuatior {s&ble
2-1), whichwere classified as emergency disaster declarations.
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Table 2-1: FEMA disaster declarations in lowa Counties (183816). Data sorce:
https://www.fema.gov/

T

COUNT
DISASTER TITLE 1988-2016
SEVERE STORMS, TORNADOES, ANBLOODING 223
SEVERE STORMS &LOODING 195
SEVERE STORMS, TORNADOES ANBLOODING 106
HURRICANE KATRINA EVACUATION 99
SEVERE STORMS ANFLOODING 98
SEVERE STORMSEFLOODING , AND TORNADOES 97
SEVERE STORMS, TORNADOES, STRAIGHT-LINE WINDS, ANELOODING 79
SEVERE WINTER STORM 62
SEVERE WINTER STORMS 48
ICE STORM 44
SEVERE STORMS, STRAIGHT-LINE WINDS, ANIBLOODING 34
SNOW 30
SEVERE WINTER STORMS AND SNOWSTORM 27
SEVERE STORMS, ANFLOODING 15
SEVERE SNOWSTORMS 13
FLOODING 6
SEVERE STORMS, TORNADOES, AND STRAIGHT-LINE WINDS 6
RAIN, WINDS, & TORNADOES 1
SEVERE STORM 1
1184

In the last 30 years, every county in lowa has experienced sufficiently large and severe
flood events to warrant a presidential disaster declaration. The number of FRDDs for each

lowa county from 1988016 is shown ifrigure2-11.

The eastern half of the state has received more FRDDs than the western part. In addition,

most counties in Northeast lowa have received at least 10 FRDBess |ast three decades.

The two counties with the | owe st

Clayton (17), respectively.

and

hi gh

Since 1988, the longest period with no FRDDs in lowa was two years, which can be seen
in Figure2-12. The years with the highest number of FRDDs were 1993, 2005, and 2008.
Remarkably, the number of FRDDs in 1993 is higher than the number of counties in lowa.
In that year, 15 countiegceived two FRDDs, one in late April and the second in early
July (Buchanan, Butler, Des Moines, Linn, Black Hawk, Muscatine, Benton, Cedar,
Louisa, Tama, Webster, Floyd, Mitchell, Kossuth, and Scott counties).
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Figure 2-11: Number of floodrelated federally declared disasters in lowa counties (1L988

2016). Data source: https://www.fema.gov/.
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Figure2-12: The number of floogelated federally deared disasters in lowa (1983016).
Data sourcehttps://www.fema.gov/

v. Droughts

Li ke fl oods, droughts are a recurrent phenome
characterized by periods with precipitatideficits; depending on their severity, these can also
include very low streamfloyas well as reduced soil moisture and groundwater levels.

Unlike floods, droughts tend to progress slowly, and their onset is not easily identifiable. The
extremelydryperod of the 1930s (known as the fAiDust Bc
benchmark against which all other droughts wi
and 2012 stand out as drought years. Overall, comparisons of these twatsirenghal some
similarities. In 1988, lowa had itghthottest and 1#h driestsummerwhereas the 2012 summer

was the 2ith hottest and th driest in the observational record (Harry Hillaker, state climatologist).

Since 1999, several federal agenciesagatiemic institutions partnered to create the U.S. Drought
Monitor (USDM, http://droughtmonitor.unl.edu/), which releases a weekly map of drought
conditions for the United States. Drought conditions are classified in five categories: Abnormally
Dry (D0), Moderate Drought (D1), Severe Drought (D2), Extreme Drought (D3), and Exceptional
Drought (D4). The map presentedrigure2-13 shows the extent of 2012 droughtiawva using

data generated by the USDM.

Abnormally Dry
Moderate Drought
[l Severe Drought

Il Extreme Drought
Il Exeptional Drought

0 25 50 100 Miles
I Y T T T

Figure2-13. Drought conditions, October 09, 2012 (Source: http://droughtmonitor.unl.edu/).
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c. Hydrological Alterations in lowa and the lowa Watershed Approach Study
Areas

Although the hydrologic conditions presented for the lowa Watershed Approach study areas
illustrate the historical water cycle, the watersheds themselves are not static; historical changes
have occurred that have altered the water cycle. In this seegt®rdiscuss the hydrological
alterations of | owabds watersheds.

I. Hydrological Alterations from Agricultural -Related Land Use Changes

The Midwest, with its lowrelief, poorly-drained landscape, is one of the most intensively managed
areas in the world (Schilling et al., 2008). With Europdaascendent settlement, most of the land
was transformed from loswunoff prairie and forest to higheunoff farmland (seFigure2-2 and
Figure2-3). Within lowa, the land cover changes in the first decades of settlement occurred at an
astonishing rate (Wehmeyer et al.,, 2011). Using land cover information obtained from well
documented stdies in 1859, 1875, and 2001, Wehmeyer et al. (2011) estimated that the increase
in runoff potential in the first 30 years of settlement represents the majority of predicted change in
the 1832 to 2001 study period.

Still, other transformations associateith an agricultural landscape have also impacted runoff
potential (se€lable2-2). For example, the introduction of conservation practices in the second
half of the20th century tend to reduce runoff, as suggested by a recent study of an lowa watershed
(Papanicolaou et al., 2015). The Conservation Reserve Program (CRP) originally began in 1950s.
The federal government established many programs in the 1970s to tanas/&om agricultural
production and establish native or alternative permanent vegetative cover; in an effort to reduce
erosion and gully formation, government agencies also encouraged practices such as terraces,
conservation tillage, and contour cropgimhe Farm Bill of 1985 was the first act that officially
established the CRP as we know it today; the Farm Bills of 1990, 1996, 2002, and 2008 expanded
these activities. The 2014 Farm Bill gradually reduced the CRP cap from 32 million acres to 24
million acres, although the 2018 Farm Bill is expected to increase the CRP cap to 29 million acres.
Table 2-2 summarizeshe timeline of agriculturgriven land use changesd their impacts on

local hydrology.
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Table2-2. Agricultural-Related Alterations and Hydrologic Impacts.

Land use status, changeand
Timeline interventions Hydrologic effect(s) [ Source
Pre1830s | Native vegetation (tallgrass prairig Baseflow dominateq Petersen (2010
and broadeaved flowering plantg flows; slow respons
dominate the landscape to precipitation
events
18301980 | Continuous increase in agriculturg Elimination of water Jones &
production by replacement storage on the lang Schilling
perennial native vegetation with rg acceleration of th¢ (2011); Knox
crops upland flow; | (2001)
_ . expanded number (¢
1940: <40% row crop (Raccoon) streams:  increase
1980: 75% row crop (statewide) | Stream velocity
18201930 | Wetland drainage, strea| Reduction of uplang Winsor (1975);
channelization (straightenin{ and instream wate| Thompson
deepening, relocation) leading | storage, acceleratig (2003); Urban
acceleration of the rate of change| of stream velocity | & Rhoads
channel positioning (2003)
18901960 | Reduction of natural ponds, pothol{ Decrease of water| Burkart (2010);
_ wetlands; development of largeale| storage capacity Schottler et al
2000 artificial drainage system (tile drain§ groundwater leve| (2013)
present fluctuations,  river
widening
19401980 | Construction of impoundments al Increased  storag Sayre (2010)
levees in Upper Mississippi Valley | upland
1950 Modernization/intensification of th| Increased Zhang &
present cropping systems streamflow,  widen Schilling
streams (2006);
Schottler et al
(2013)
1970 Conservation practice Reduction of runoff Castle (2010)
implementation: Conservatig and flooding;| Schilling
present Reserve Program (CRH (2000);
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Conservation Reserve Enltament| increase of uplan{ Schilling et al.
Program (CREP); Wetland Resern water storage (2008);
Program (WRP)

2001 62% of | owads About 25% to 50% Burkart (2010)
present intensively managed to growrops| of precipitation
(dominated by corn and soybeans| converted to runof
to 63% of total) (when  tiling is
present)

ii. Hydrological Alterations Induced by Climate Change

The U.S. goverment recently releag@the Climate fience Special Repar{Wuebbleset al.,

2017) summarizing the statef-the-art science on climate change and its physical effects. The

CSSR writing team is comprised of three coordinating lead authors from the National Science
Foundation and U.S. GlobaChange Research Program, NOAA Earth System Research
Laboratory, and NASA Headquarters. In addition, more than 50 experts from federal agencies,
departments, and universities are listed as lead authors, review editors, and contributing authors.

C S SR iigwedibdeeas authoritative assessment of the science of climate change, with a focus

on the United States, to serve as the foundation for efforts to assess-otilatee risks and inform
decisiomma ki ng about r esponses. dexthiddéiguiestdkenfromahtei on b
CSSR that are relevant to the IWA watersheds, lowa, and the Midwest.

AHeavy rainfal/l i s increasing in intensity an

Figure2-14) and globally and is expected to continue to increase over the next few decades (2021
2050, sed-igure2-15), annual average temperatures are expected to rise by about 2.5°F for the
United States, relative to the recent past (average fromi 2006), under all plausible future
climate scenarios. o
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Figure2-14: Observed change in heavy precipitation (the heaviest 1%) between 1958 and 2016.
Figure taken froniiThe Climate Science Special Repo(Easterling et al. 2017)
(https://science2017.globalchange.gov/
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Figure2-15: Projected change in heavy precipitation. Twepdar return period amount for

daily precipitation for mid (left maps) and lat@1st century (right maps). Results are shown

for a lower emissions scenario (top maps; RCP4.5) and for a higher emissions scenario
(bottom maps, RCP8.5). Figure taken froniiTheClimate Science Special
Reporb (Easterling et al. 2017}https://science2017.globalchange.goMRCP stands for
Representative Concentration Pathway.

iii. Hydrological Alterations Induced by Urban Development

Although lowa remains an agricultural state, a growing portion of its piguleesides in urban

areas. The transition from agricultural to urban land uses has a profound impact on local hydrology,
increasing the amount of runoff, the speed at which water moves through the landscape, and the
magnitude of flood peaks. The factthat contribute to these increaskke(erdiercks et al., 2030

are the increase in the percentage of impervious areas within the drainage catchment and its
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location Mejia et al., 201)) and the more efficient drainage of the landscape associated with the
constructed drainage systen the surface, pipe, and roadway channels that add to the natural
stream drainage system. Although traditional stormwater management practices aim to reduce
increased flood peaks, urban areas have long periods of high flowathettode stream channels

and degrade aquatic habitat.

dAssessment of | owabs Water Quality
i. lowa Water-Quality History

Prior to European settlement in theli®entury, lowa was covered with prairies, oak savannahs,
wetlands, and forests (sEgure2-2). Much of the landscape was internally drained, meaning that
rainfall and snowmelt drained to small depressional areas, rather than streams. Grotfedwater
streams meatered across the landscape and likely ran shallow and clear, carrying low levels of
sediment and nutrients. Rivers easily spilled out into the floodplain after heavy rains, and
riverbanksrevegetated during drought, reducing streambank erosion.

Over severadecades, the native prairie was broken and cultivated for corn, oats, and alfalfa, as
wel | as a few other minor <crops. Soi l er osi ol
cultivation. From the period of 1880 to 1920, pervious clay pipesam@in many of | owads
areas. This was most common in the receglgiated area of norttentral lowa known as the

Des Moines Lobe, shown igure2-1. Many new streams were constructed in ditches to drain

water externally to the river network. Many existing streams were straightened to facilitate crop
production.

The postWorld War Il erabrought new developments to agriculture. The emergence of chemical
fertilizers, soybeans, and continued drainage of the landscape with plastic drainage tiles helped
lowa become a world leader in crop and livestock production.

The loss of the native ecosgms, stream straightening and incision, artificial drainage, and
discharges from industries and municipalities degraded water quality. Although the decline in
water quality probably subsided in thedearly
sediment than most people find acceptable.

ii. Water Quality in the Posti Clean Water Act Era

The Federal Water Pollution Control Act of 1948 was the first major U.S. law to address water
pollution. Growing public awareness and concern for controlling walkrtipn led to sweeping
amendments in 1972. The amended law became commonly known as the Clean Water Act (CWA).
The 1972 Amendments achieved the following: (1) established the basic structure for regulating
pollutant discharges into the waters of the EdiiStates; (2) gavthe EPA the authority to
implement pollution control programs, such as setting wastewater standards for industry; (3)
maintained existing requirements to set wapeality standards for all contaminants in surface
waters; (4) made it dawful for any person to discharge any pollutant from a point source into
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navigable waters, unless a permit was obtained under its provisions; (5) funded the construction
of sewage treatment plants under the construction grants program; and (6) recbgnissstl for
planning to address the critical problems posed bypwant source pollution.

After passage of the CWA, construction began on many new wastewater treatment facilities in
lowa, and upgrades were implemented on many existing treatment worttsubtedly these
efforts i mproved water quality in several of I
and Mississippi rivers on its borders. Improvements in the levels of ammonia, oxygen demand,
Kjeldahl (organic) nitrogen, and dissolvedxygen were particularly important. These
improvements made river water quality much more suitable for recreation and aquatic life,
especially near |l owads | arger <cit i-poist.sourdeo wever
pollution (i.e., pollution fromdiffuse areas) proved relatively ineffective in reducing levels of
nutrients and sediment in lowa streams. The main CWA program designed to addfpssinon

source pollution was the 319 Grant Program.

The Food Security Act of 1985 (Farm Bill) requirearrhers participating in most programs
administered by the Farm Service Agency (FSA) and the Natural Resources Conservation Service
(NRCS) to abide by certain conditions on any highly erodible land owned or farmed, or land
considered a wetland. To comply tvithe highly erodible land conservation and wetland
conservation provisions, farmers were required to certify that they would not: (1) produce an
agricultural commodity on highly erodible land without a conservation system; (2) plant an
agricultural commdity on a converted wetland; and (3) convert a wetland to produce an
agricultural commodity. As result of these requirements, sediment levels in lowa streams declined
and water clarity improved (Jones and Schilling, 2011). Phosphorus levels also deadliniswdmn

with the improvements in sediment transport and water quality (Wang et al., 2016). However,
conservation compliance, as these requirements are known, has not had a similar beneficial effect
on stream nitrate levels (Sprague et al., 2011; Jorads 2017).

lowa policymakers and watershed stakeholders look to the Impaired Waters list, Section 303(d),
as a common reference point to gauge statewide water quality. According to Section 303(d) of the
CWA, from fAti me t o t i oheabersdsotwhicheeHluem instdwillsatblemi t a

sufficient to meet all state watgqrual i ty standards. The EPA has d
April 1 of even numbered years. The failure to meet waality standards might be due to an
individual pollt ant , multiple pollutants, Apol l ution,

303(d) listing process includes waters impaired by point sources angominsources of

pollution. States must also establish a priority ranking for the listed waters, congsitie severity

of pollution and uses. In 2016, there were 608 category 5 lowa waterbodies with 818 impairments.

In 2014, there were 571 impaired waterbodies with 754 impairments. Category 5 waterbodies are
those where a Total Maximum Daily Load assesgnsrequired. About 58% of lowa streams are
considered fAi mpairedo,; 23% are considered fnApo
have fAgoodo water g u a |Ei doly are thenndost c@rmmorr caubeaof t e r |
impairment, causing abouali of all such designations. Biological impairments are next, followed
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by fish kills. Figure2-16 lists the main causeBigure2-17 shows historical numbers of impaired

lowa waters.

Causes of the 813 impairments of 605 stream/river segments (Categories 4 and 5)

Bacteria

Biological

) ~ Fish Kill
Fish Consumption Advisory
Organic Enrichmenit

pH

Flow Alteration
Temperature
Metals

Mutrients

Other Cause
Toxic Organics
Habitat Alterations
Toxic Inorganics
Agsthetics

_ Algal Growth
Dissolved Solids
Pesticides
Sediment
Turbidity

Figure2-16Cau s es
Resourcs, 2018).
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Figure 2-17: Numbers of impaired lowa waters, 192916. (lowa Department of Natural

Resources, 2018).
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e. Web-Based Information Systems of Flood and Water-Quality Data

IIHR& Hydroscienceand Engineering and the IFC at the University of lowa have pioneered the
creation of usefriendly, interactive, welbased information systems (WBIS) to communicate
environmental information in lowa and the United States. These two institutions also have
expetise in the installation of redlme environmental monitoring systems and currently
administer and maintain extensive networks that record flood and-quabty data in lowa.
WBIS displays this information, along with data collected by other fedesttutions.

i. The lowa Flood Information System (IFIS)

The lowa Flood Information System (IFIS) is a estep webplatform to access communibased
flood conditions, forecasts, visualizations, inundation maps, and -fedatkd information,
visualizations, and applications. IFIS can be accessed using this URL:
http://ifis.iowafloodcenter.org/ifisBelow is an overview on some of the information available on
IFIS.

Floodplain inundation maps

In partnership with théDNR, thelFC has created statewide floodplain maps that estimate flood
hazard extents and depths for every stream in the state of lowa draining greater than one square
mile. The maps depict flood boundaries and depths for eight etiffemnual probabilities of
occurrence: 5Q 20, 10, 4-, 2-, 1-, 0.5, and 0.2%, allowing lowans to better understand their

flood risks and make informed land management decisions. The statewide floodplain maps can be
accessed through IFIS or laitp://www.iowafloodmaps.orgfFigure 2-18 shows an example of
statewide floodplain map datar the community of Bluffton

Community -based inundation maps

The IFC has also developed online inundation map libraries for more than 20 lowa communities
These map librarie®late forecasted or observed flow conditions to flood extents and dEipdys.

use detailed computer modetgt consider smalcale floodplain and channel features, bridges,

and dams to better simulate the physics of f
forecasted river stage at a USGS gauge to flood extents and depths in the communist to bett
anticipate and respond to i mmedfatsecéhaodoéfat
term planning. Community inundation map libraries can be accessed offrigige 2-19 shows

the inundation map library interface for the cityDecorah
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Figure2-19. Flood inundation map library for thepper lowaRiver in thecity of Decorah.
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Observed stream conditions

IFIS displays data from more than 400 sensors continuously monitoring lowa stream conditions in
realtime,asshown in Figure2-20. Currently, the USGS collects streamflow data at approximately
200 locations, and the IFC administers and maintains a growing network of moreQrsireatm

stage sensors that record stage conditions.

LI DEEN STATE OF IOWA o

ok Population 3,190,369
rookings '
Mankato Land Area 55,872 sq mi
Madli i
La Ceosse @
T! $consin
w 3 Dealls*
o)
Madi:
©
Yankton|
........ RS
\
]
Norofolk
Columby
Papillion=” 5 imgl I
Ygrk Lincoln
{ Pegrla
i
LLINC

YA LWy

Figure2-20. USGS (green) and lowa Flood Center (blue) streséage monitoring locations
displayed in the lowa Flood Information System (IFIS).

Flood alerts, warnings, and forecasts

IFIS provides flood alerts for stream sensors with stage values higher than the threshold values for
the four flood levels defined by National Weather Service (NWS) and the IFC. Different colors
represent theefour flood sage levels (action, flood, moderate flood, and major flood). The flood
forecast products included in IFIS are the NWStsixr forecast for 48 hours and the NWS
seasonal forecast for 90 days. IFIS integrates $bort NWS forecasts into reaime data sees

and moreinfo views. The NWS shares a seasonal forecast probability for minor, moderate, and
major flooding for a threenonth period. The lowa Flood Center has developed dinea) high
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performance computingbased flood forecasting model that pre@sdquantitative stage and
discharge forecasts and a fislay flood risk outlook in IFIS for more than 1,500 locations (e.qg.,
communities and stream gauges) in lowa.

The IFC system complements the operational forecasts issued by the NWS and is basedl on soun
scientific principles of flood genesis and spatial organization. At its core is a continuous-rainfall
runoff model based on landscape decomposition into hillslopes and channel links. The input to the
system comes from a rad@ainfall algorithm, develogk in-house, that maps rainfall every 5
minuteswith high spatial resolution.

il. The lowa Water-Quality Information System

The lowa WateQuality Information System (IWQIS) integrates réiale waterquality data

collected by IIHR and the USGS, along with ariety of watershedelated information such as
precipitation, stream flow and stage, soil moisture, and land use. IWQIS
(https://iwqis.iowawis.org/ provides useful information for researchers, agencies, landewne

and other watershed stakeholders as they study, analyze, and work to better understand the fate
and transport of nutiwWQISatso felpsilawa homiteraptbgressmanard r wa y
achieving the goals of the lowa Nutrient Reduction Strategya has the largest concentration of
continuous nutrient and watquality sensors in the United States; as of 2018, the state has-a water
guality network comprised of:

74 nitrate sensors (14 operated by USGS)
27 hydrolabs (pH, SC, DO, temp)

26 turbidimetes

4 orthoP sensors

4 1SCOs

This network generates data for science and pohiaking, facilitates individual BMP
performance assessments, and allows tet@aquantify the nutrient loads leaving the st&igure
2-21is a screenshot of IWQIS displaying the WQ netw@®2Q).
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Figure 2-21. IIHR® Hydroscienceand Engineering and USGS surface watprality
monitoring locations as displayexh the lowa WaterQuality Information SystenfiWQIS).

iii. The lowa Watershed Approach Information System (IWAIS)

IIHR and IFC are developing a wddased information system to progigublic access to general
information and updates on the IWA project, existing and potential BMPs in IWA watersheds,
hydrologic and watequality data collected in the IWA watersheds, and resources to improve flood
resiliency. The website can be accessetttp://iowawatershedapproach.oFigure2-22 shows

an example view of the IWAIS interfacdisplayingthe numbeof existing water and sediment
control basinsvithin each HUC12 in th&Jpperlowa River Watershed.
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Figure 2-22. Example IWAIS interface view showing the number of existimgter and
sediment control basingithin each HUC12 in th&pperlowa Watershed
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3. Upper lowa Watershed Description

This chapter provides an overview of the current Upper lowa River Watershed conditions
including hydrology, geology, topography, land use, hydrologic/meteorologic instratoents
well as a summary of previous floods of record.

a. Hydrology

The Upper lowa River Watershed as defined by the boundary ofdigghHydrologic Unit Code
(HUC8) 07060002 is located in NofHast lowa and soutBast Minnesota. Upper lowa River
Watershed encompasses approximately 10000 square mifgsufohit flows into the Mississippi

River at the lowa and Wisconsin border. The watershed boundary falls within seven counties,
however, the majority of the watershed area (78%) lies within AkemaWinneshiek, Howard

and Mitchell Counties.

]

Houston

y : [ e/ ‘ H)r\
o & s ¢
RS fr/ w . R 3
i i Howard Winneshiek 4 L Rl
Mitchell’ owar _Winneshie X ., ¢ Allamikee
- oads xww,{l % g
' S /_/g}{
- p
- :..} &
|
Floyd Chickasaw : :
N a @ 0 — River Network
A 0 5 10 20 Miles CJCounties
I L | | OlUpper Iowa Watershed

Figure3-1. The Upper lowa River Watershed (HUC8 07060002).
Over the last century annual precipitation in the watershed has varied between 19 and 45 inches (

Figure3-3). Average annual precipitation shows little spatial variability around the 35 inches value
(Figure3-2). About 30% of the annual precipitation is transformed into streamffaguiie 3-4)
and approximately 70% of the annual flow comes in the form of basefiguré 3-5).
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Figure3-2. Average annual precipitation (inches). Estimates are based on-tfeaB@annual
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Figure3-3. Bar graph of annual precipitation.
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Figure3-5. Annual ratio of baseflow to streamflow.

b. Geology and Soils

The Upper lowa River Watershed is located within two landform regions, the lowan Surface and
Paleozoic Plateaur{gure2-1). The characteristics of each landform region have an influence on
the rainfaltrunoff potential and hydrologic properties of the watershed.

The lowan Surface encompasses much of northeast lowa and is ahadread subjected to
intense cold between 21,000 to 16,500 years ago during the last glacial advance into lowa. The

close proximity

to the Des Moines Lobe ice margin resulted in tundra and permafrost conditions,
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and as a result wind and water action sigaiitly eroded the landscape. Characteristic features
include gently rolling topography, common gl &
lowa that have been transported by glaciers), and-lnestled paha (northwest to southeast

trending unerded upland remnants of the former landscape). Glacial materials at the surface
consist of poorly consolidated glacial deposits with the potential for extensive local sand bodies.

In areas where the depth to bedrock is shallow, these materials provieel Iprotection from

surface water infiltrating into bedrock.

In contrast, the landscape of the Paleozoic Plateau is dominated by shallow bedrock. Steep sided
deeply entrenched valleys, abundant rock exposures, and common karst features characterize this
landform region. The unconsolidated materials consist of relatively thin glacial deposits with a
loess (windblown silt) mantle. Carbonate bedrock (limestone and dolomite) is susceptible to
forming karst features, and numerous caves, springs, and sinkhmidemtified throughout the
watershed. Bedrock in the Upper lowa River Watershed is dominated by sandstones and
carbonates that are less prone to karst formation in the eastern portion of the watershed and
carbonate and shales in the west. The differemcbedrock competence are further indicated by

the sinkhole distribution.

Soils are classified into four Hydrologic Soil Groups (HSG) by the Natural Resources
Conservation Service (NRCS) based on the soil
and D, where Atype soils have the lowest runoff potential andyPe have the highest. In
addition, there are dual code soil classes A/D, B/D, and C/D that are assigned to certain wet soils.
In the case of these soil groups, even though the soil properéigsbe favorable to allow
infiltration (water passing from the surface into the ground), a shallow groundwater table (within
24 inches of the surface) typically prevents much infiltration from occurring. For example, a B/D
soil will have the runoff poterdl of a Btype soil if the shallow water table were to be drained
away, but the higher runoff potential of at{pe soil if it is not. Complete descriptions of the
Hydrologic Soil Groups can be found in the USIDIRCS National Engineering Handbook, Part

630 Hydrology, Chapter 7.
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Figure 3-6. Distribution of Hydrologic Soil Groups in the Upper lowa River Watershed.
Hydrologic Soil Groups reflect the degree of runoff potential a particular soil has, with Type
A representing the lowest runoff potential and Type D representing the highest runoff
potential.

The soil distribution of the Upper lowa River Watershed per digital soils data (SSURGO) available
from the USDANRCS Web Soil Survey (WWS) is shown kigure 3-6. Viewing the soll
distribution at this map scale is difficult, but the map does illustrate how much soils vary in space
and the noticeable difference in soil typéshe lowan Surface compared to the Paleozoic Plateau
landform regionTable3-1 shows the approximate percentages by area of each HSG for the Upper
lowa River Wateshed within the state of lowa only. B type soils (56.9%), which have a moderate
runoff potential when saturated, comprise the largest component of the lowan Surface landform
region. Significant percentages of B/D (19.9%), C (7.7%), and D (12.5%) tymeaseilalso
present. These areas range from having a moderate to high runoff potential. The remaining classes
each comprise 1% or less of the total. In contrast, soils on the Paleozoic Plateau are dominated by
B type (80.0%), with lesser components of BEX4{6), C (4.1%), and D (7.7%). The others each
amount to two percent or less.

Table 3-1. Approximate Hydrologic Soil Group Percentages by Area for the Upper lowa
River Watershed.

lowan Suface | Paleozoic Plateau Approximate
Approximate %
A 1.3 2.4

Hydrologic Soil Group
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A/D 0.3 <0.1
B 56.9 80.0
B/D 19.9 5.4
C 7.7 4.1
C/D 1.0 0.0
D 125 7.7

c. Topography

Figure 3-7 shows the topography of the Upper lowa River Watershed. Elevations range from
approximately 1500 feet above sea level to 600 feet above sea level in the downstream portion of
the watershed.

Mitchell Howard

Elevation (ft)
High : 1438
. 1g
Low : 620
) Chickasaw
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I L I |

Figure3-7. Topography of the Upper lowa River Watershed.
d. Land Use

Land use in the Upper lowa River Watershed is predominantly agricultural, dominated by
cultivated crops (corn/soybeans) at approximatel@¥%4of the acreage, followed by grass/pasture

at approximately 25.7%. The remaining acreage in the watershed is about 20.5% forest, 5%
developed land, 3.7% crops other than corn/soy and 0.4% open water and/or wetlands, per the
2017 USDA/NASS Cropland Datayer.
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Figure3-8. Land use composition in the Upper lowa River Watershed, per the 2017 USDA
Cropland Data Layer.

e. BMP Mapping

Identifying existing conservation practices within a watershed can serve rashariaek for future
implementation and provide information where more practices are needed. The lowa Best
Management Practices Mapping project (IBMP) identified existing conservation practices
throughout the state of lowa using data from the 2007 to 2@i€frame. For the Upper lowa
River watershed the total number of existing practices are 31890 acres of agricultural fields with
contour buffer strips, 18833 acres of agricultural fields with strip cropping, 3979 acres of grassed
waterways, 4811 terraces, 22 pond dams, and 1091 water and sediment control basins. The
spatial distribution of the conservation practices within the watershed is shdwguire 3-9.
WASCOBS,strip cropping and pond dams are most prominent while grassed waterways are least
prominent near the outlet of the watershed. Terraces and contour buffer strips are most prominent
in the central portion of the watershédgure3-9).

Upper lowaProject Evaluation| 38



Contour Buffer Strips (Field Acres) Strip Cropping (Field Acres)

0 - 50 o

B 51 - 420 B 1-300

[ 1421-840 [ 1301-680
[ 841 - 1860 [ 681 - 1410
I 1861 - 3242 I 1411 - 2885
Grassed Waterways (Acre) Number of Terraces

B 0-20 o -20

[ 21 - 80 B 21 - 80

[ ]81-170 [ ]81-140

B 171 - 200 I 141 - 260

B 201 -274 Il 261 - 526
Number of Pond Dams Number of WASCOBs

o -10 Hlo-5

B 11 - 25 I 6 - 20

[ 126-40 [ ]21-25
I 41 - 140 I 26 - 45
141 - 224 B 46 - 157

Figure3-9. lowa Best Management Practices Mapping Project.

Upper lowaProject Evaluation| 39



f. Potential BMPs - Agricultural Conservation Planning Framework

Development of an effective watershed planning document will require identification of potential

conservation practices and viable locations to implement them. One exdtyegool available for
practical conservation planning is the Agricultural CondegmaPlanning Framework (ACPF)

watershed planning toolbox, developed by Mark Tomer and his research team at theABSDA

in Ames, lowa (Tomer et al., 2013). ACPF is a watershed approach to conservation planning
facilitated with a set of semsiutomated toal within ArcGIS software. Freely available and
prepackaged GIS data can be used for terrain analyses to determine which fields within the
watershed are most prone to runoff into streams. Users can apply the ACPF toolbox to identify
locations where fielgcale and edgef-field practices could be installed based on general design
criteria. These practices include controlled drainage, surface intake filters or restored wetlands,

grassed waterways, contour buffer strips, WASCOBs, nutrient removal wetlandssjNBW

edgeof-field bioreactors (North Central Region Water Network 2018). Using the ACPF toolbox,
IFC has generated potential BMPs for each of the HUC 12s in the Upper lowa River Watershed.

Potential BMPs aggregations based on HUC 12 area are presehigdre3-10.
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Figure3-10. Potential BMPs. Ponds Dams represent nutrient removal wetlands.

g. Instrumentation/DatRecords
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The Upper lowa River Watershed has instrumentation installed to collect and record stream stage,
discharge, and precipitation measurements. There are seven United States Geological Survey
(USGS) operated stage & discharge gages and one lowa Fober Stream stage sensor located
within the watershed.
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Figure3-11. Stage/discharge gages in the Upper lowa River Watershed.

g. Floods of Record

Five large flood events (discharge greater than 20,000 cfs) are recorded at the USGS Upper lowa
River gaging station near Dorchester, IA since 1931. Four of these events have occurred since
1993: August 24, 2016 with 38,000 cfs, June 9, 2008 with 31,20Qufhe 23, 2013 with 25,500

cfs, and August 17, 1993 with 22,000 cfalfle3-2). These events also were large flood events
upstream recorded at the USGS Upper I&®ixger gaging station at Decorah and at Bluffton. In
addition to the four large flood events, there have been two historic flood events. The first recorded
near Dorchester in May 31, 1941 with 30,400 cfs and the second recorded at Decorah with 20,200
cfs (Table3-2). Ultimately, the discharge that is observed near Dorchester continues downstream
to the Mississippi River.

Table3-2. Discharge from the Five Largest Flooding Events at USGS Gaging Stations in the
Upper lowa River Watershed including; the Upper lowa River at Bluffton, Upper lowa River
at Decorah and the Upper lowa River near Dorchester.

Upper lowa River at Bluftin
USGS 05387440 (2007

Present)

6/9/2008
16,600 cfs

8/24/2016
13,800 cfs

6/23/2013
12,000 cfs

8/22/2007
8,440 cfs

71/25/2005
7,820 cfs
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Bg%esr 'Owaog{é\é%gg D?Egg’,‘ 6/9/2008 | 8/17/1993 | 3/27/1961 | 8/24/2016 | 6/23/2013
9 34,100 cfs | 20,500 cfs | 20,200 cfs | 19,800 cfs| 17,000 cfs

Present)

ggffr: . St'e‘?""f‘JSGFg"ec;%S”Se;; 8/24/2016 | 6/9/2008 | 5/31/1941 | 6/23/2013 | 8/17/1993

(19391941, 1976Present) 38,000 cfs | 31,200 cfs | 30,400 cfs | 25,500 cfs| 22,000 cfs
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4. Water Quality Analysis

a. Data Availability

This analysis aimed to estimate riverine nutrient loads for the Upper lowa River watershed. The
primary nutrients of concern traveling thr ot
Phosphorus is comprised of two forms, a dissolved forrectalrthophosphate (OP) and a
suspended form called particulate phosphorus (Part P). The combination of these two is called total
phosphorus (TP). Reducing these nutrients in lowa waters is a central goal of the lowa Watershed
Approach and water quality pnovement efforts more generally.

i. Data Requirements

Historical nutrient data are needed to estimate riverine loads for any site of interest, so
identifying which locations along the Upper lowa contained previously collected nitrate and TP
data was necessa Several programs monitor nutrient data every month by collecting grab
samples that are brought to a laboratory for analysis. This protocol has created a record of discrete
data points of nitrate and TP concentrations. It has become possible in tegaals to deploy
in-situ sensors along a river that continuously measure nitrate. These sensors have greatly
enhanced the discrete nitrate data by creating a more complete record for recent years. Measuring
TP onsite is currently infeasible, and grab sdes remain the only way to measure TP
concentrations directly. However, recent research has demonstrated that turbidity is an effective
surrogate for Part P. Turbidity is a quantitative indicator of water clarity and can be measured
continuously orsite.Continuous turbidity values can then be used to predict Part P concentrations.
Therefore, turbidity is another helpful analyte to identify when evaluating data availability.

Finally, measurements of the rivedsoTheUnitkedow ar e
States Geological Survey (USGS) operates numerous gauges that measure streamflow throughout
lowa. A USGS gauge needs to be located near a site where nutrient data are collected to assess
that siteds | oads ac c uforautrient gnalysis i deterpioed éynthei a | t
historical record of nutrient concentrations and streamflow measurements. It is possible to estimate
loads when these two data records are both available. Streamflow can also act as a useful surrogate.
Since it 8 measured routinely by the USGS, it can often be a valuable tool for estimating nutrient
concentrations. The USGS typically calculates mean daily streamflow values, making it possible

to estimate nutrient loads at a daily timescale.

ii. Sources of Data

The headwaters of the Upper lowa watershed originate in Minnesota, just above the state border

in northeastern |l owa. The watershed extends a
outlet into the Mississippi River. The most downstream location albagUpper lowa that

contains significant nutrient data is found just south of the town of Dorchester, IA. This site has

|l ong been a part of the |l owa Department of N
program. Nitrate, TP, and OP are measured avenyth here.
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The Dorchester site contains nearly 80% of
tributaries enter the Upper lowa upstream of its location. The USGS has also maintained a stream
gauge her@ with streamflow measurements dating back988. This site is an obvious choice

for any nutrient analyses conducted along the Upper lowa, as it has substantial historical data and
encompasses the vast majority of the watershed. The exact location of the Dorchester site within
the Upper lowa watersld is shown below; the pink pin Figure4-1 corresponds to IDNR site
10570001 and USGS streamflow gauge 05388250.

HMarmony SpringiGrove

_LeRoy

gDorchester
De‘Soto

Riceyille p Y Lansing

'
Decorah
- v ’

Watikon

Harpers Ferry

Figure4-1. Dorchester, IA data collection site.

The IDNR began moniting this site monthly in 1998, and sampling continues to the
present day. In 2017, nitrate and turbidity sensors were deployed by the lowa Water Quality
Information System (IWQIS) at this same location. These deployments were done in conjunction
with thelowa Watershed Approach and resulted in more continuous records of these analytes in
recent yearsrigure4-2 summarizes the number of days in each year containiredeiOP, Part
P, and turbidity measurements. This combination of data sources results in a robust nutrient
dataset, enabling the estimation of nitrate and phosphorus loads from 1998 to the present.
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Upper lowa Annual Days with Data
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Figure4-2. Annual days with data for the Upper River at Dorchester, IA.

In preparation for daily load estimates, the nutrient data were assembled from these three
sources: the IDNR, the USGS, and IWQIS. Any further inquiries about data availability at this
location may be directed toward Elliot Andersatlit-anderson@uiowa.ejlat the University
of lowa.

b. Methods

Because there are numerous days on which nutrient data is unavailable, it is necessarydo estimat
nitrate and TP concentrations on these days without data. If nutrient concentrations can be
accurately estimated over the period of available data, it is possible to calculate nutrient loads
comprehensively. In the case of the Upper lowa, the goal westitnate daily concentrations

from 1998 to 2024 a timeframe commensurate with data availability and the lowa Watershed
Approach schedule.

The simplest way to estimate the missing data is to interpolate between actual measurements.
Studies have indicateithat this may be sufficient for nitrate in some lowa streams. However,
uncertainty associated with TP concentrations is too great for interpolation to be viable. Surrogacy
based models are more commonly used when interpolation is not practical. Tusbidigful as

a surrogate to estimate Part P, but there are also many days on which turbidity data is unavailable.
Several models have been developed that use flow and seasonal factors to predmmeater
constituents. These models are almost alwaysilges® implement, as the USGS constantly
measures streamflow, and seasonal metrics are always present.

Over the past several years, the industry standard has moved to the Weighted Regression on Time
Discharge and Season (WRTDS) model. These models ecoligtorical water quality
measurements with daily flow values to produce estimated daily concentrations over the entire
streamflow period. WRTDS uses several flmslated metrics and seasonal variables to predict
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these concentrations. Recently, the WRTiD8del framework has been supplemented with a
Kalman filter. This Kalman filter adjusts the concentrations of the original WRTDS model based
on their proximity to the measured values. This model version is referred to as WRTDSK and has
been made available/lthe USGS as an opeource R package. The WRTDSK model produces

the best possible estimates of loads. Documentation for the WRTDSK package is available on the
following GitHub pageffttps://usgsr.github.io/EGRET/articles/WRTDSK.html

Three separate models were constructed for the Upper lowa basin. Nitrate, OP, and Part P were
each modeled from 1998 to 2021. The daily flow values utilized by these models are shown in
Figure4-3.

USGS 05388250 Upper lowa River near Dorchester, |A

Jgoee
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= =
==} =
==} ==}
-} =

e
=
==]
=

\

2888 2883 2886 2889 2812 2815 2818 2821

188

DAILY Discharge, cubic feet per second
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— Daily mean discharge == Period of approved data
— Estinated daily nean discharge

Figure4-3. Daily flow values for the Upper lowa River at Dorchester, IA.

i. Nitrate
The WRTDSK nitrate model was successfully implemented,ramissues were found with the
model 6s residuals. While it is possible to si

model moderately improved upon linear interpolation. Therefore, the values produced by the
WRTDSK model are the most accuratstimates currently available. Overall, the model
performance was suitable.
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Table4-1. WRTDSK model performance metrics.

Upper lowa

Nitrate 0.49 1.621 0.34 0.672 0.09
OoP 0.25 0.080 0.43 0.729 0.14
PartP -0.14 0.290 0.40 0.778 0.20

The observed (black dots) and estimated (solid line) concentrations are sHegura®-4. The
nitrate concentrations ranged from 0.01 to 12 mg/L. The predicted concentrations largely remained
within the range of observed values and were consistealityv 10.0 mg/L. Many more observed
values have been available in recent years due to sensor deployment. All model performance
metrics are shown imable4-1.

Upper lowa

Nitrate

Observed and Estimated Concentration versus Time
14 T T T T T

12 -

10 -

Concentration in mg/L

0
1995 2000 2005 2010 2015 2020 2025

Figure4-4. WRTDSK nitrate model results.

ii. Orthophosphate

The WRTDSK OP model was successfully implemented. In many cases, OP can be difficult to
predict based on flow, as it is a dissolved constituent. However, this model performed well. The
model concentrations typically remained near 0.1 mg/L, and occasioralligs would extend to

1 mg/L.

Figure4-5 contains an example of the Kalman filter being applied to the OP estimates. The black
lines show the original WRTDS coentrations, and the red points are the observed samiiies

exact OP measurements at the Dorchester site. The green lines show the new concentrations made
by implementing the Kalman filter. The closer the concentrations are to the actual measurements,
themore they get adjusted to match these measurements.
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Upper lowa Ortho P
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Figure4-5. WRTDSK orthophosphate model results.

iii. Particulate Phosphorus

The WRTDSK model was similarly implemented for Part P. Part P is typicallyrdbiyerosion.

Much of the Part P found in lowa streams is sorbed to sediment originating from fields or
streambanks. Because runoff can trigger this erosion;esed models often perform well for
Part P, and the WRTDSK model proved adequate. Stillusecurbidity data were available, its
potential use as a surrogate for Part P was also investigated.

Figure 4-6 plots the relationship between the Hvgnsformed vimes of Part P and turbidity
collected at the Dorchester site. The literature generally suggests that a linear model for the log
transformed variables is ideal. This relationship may also be referred to as the power regression
model since the untransformeduation follows a powdaw framework.
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Upper lowa River: Segmented Models
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Figure4-6. Turbidity-based surrogate model for Part P.

It has been observed that numerous models have issues with heteroskedasticity on the transformed
data. Thisis seen inFigure4-6, where the variance of residuals is more prominent for smaller
turbidity values than for larger ones. This issue was addressed by splittingotied using
piecewise regression around a breakpoint of 50 NTU. The resulting surrogacy model contained
two equations for predicting Pard Pone for turbidity values less than 50 NTU and one for values
above this threshold. Using two equations resolved $saitb heteroskedasticity, as the residual
variance largely remained constant above and below this threshold.

Part P concentrations were then predicted on any days where turbidity data were available, and
these estimates were given higher priority ovey WRTDSK model. The surrogadased
concentrations were used to calculate loads instead of the WRTDSK concentrations when turbidity
data were present. This observed value was used as the ultimate Part P concentration on any days
that contained observed P&rdata.

Finally, the OP and Part P concentrations were summed to produce an overall TP concentration.
This final TP value was used to estimate the timeseries of phosphorus loads from 1998 to 2021.

iv. Trend Detection

An additional aspect of this project svdetermining the presence of any temporal trends in the
nutrient data. A trend analysis could be conducted once the concentrations and loads were
assembled. Significant effort has gone into reducing nutrient loads in the Upper lowa, so it is
natural to ivestigate any potential trends that may be present.
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Two statistical tests were performed on the loads and concentrations for both nitrate and TP for

the entire 1998 2021 period. The first was the Ma#endall Trend test, a standard tool for
evaluating nonotonic trends. This test determines if the timeseries data are consistently increasing

or decreasing. This test can be performed on data that are not normally distributed, which is often
the case for riverine | oa dsankcdrela@ionceetficent.dhis est ¢
test calculated the correlation between the ranks of the analyte values and the ranks of the dates.
This test also investigates if a monotonic relationship is present between two variables, in this case,

a nutrient metricand a date. Data may also be smmtmal when calculating the Spearman
correlation coefficient.

As a final step, the daily values were aggregated for every year. For concentrations, this involved
taking the average of all the daily concentrations withgivan year. For loads, this involved
summing the daily fluxes. Loads were further converted to yields by dividing their annual values
by the Upper Il owabs watershed area. A similar
The daily flows were likerise assembled on a yearly basis into an annual volume of water and a
water yield. The yearly timeseries benefit from removing any seasonal effects in the daily values.
Their plots are also more intuitive than the daily values due to the reduced nurdatr pbints.

Both the ManrKendall test and Spearman Rank Test were run on the yearly values as well.

c. Results

A summary of the descriptive statistics for each pertinent variable is shown below. The flows are
the daily mean streamflow values measured leyUWSGS. TP is the phosphorus concentration
estimated using WRTDSK and turbidibased surrogacy models. These concentrations were then
coupled with the daily flows to calculate phosphorus loads (P Load). Nitrate concentrations were
estimated using WRTDSK aodlels, and nitrate loads (N Load) were similarly calculated using
these concentrations and the daily flow values.

Table4-2. Descriptive statistics for the Upper lowa flows and nutrients.

count 8766 8766 8766 8766 8766

mean 794 0.18 1842 534 27855
std 1160 0.23 16606 2.06 48527
min 80 0.01 16 0.05 48
10% 186 0.06 72 2.92 3139
25% 278 0.08 126 3.92 5711
50% 457 0.12 293 5.21 12380
75% 920 0.19 840 6.73 32324
90% 1630 0.34 2535 7.96 67367
99% 5251 1.05 26116 10.54 198008
max 28400 7.24 831684 13.29 1656285
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i. Nitrate Estimates

Figure4-7 contains the final daily nitrate concentrations. These concentrations generally appear to
be normally distributed. The values also appear relatively aunsvar the entire record, though

there may be a decrease within the past five years. Seasonality is present throughout the timeseries,
with higher concentrations occurring during the summer and lower ones in the winter. The highest
single nitrate concerdtion was 13.3 mg/L; the lowest concentrations of 0.05 mg/L occurred in
numerous instances throughout the years.

Upper lowa Nitrate Daily Timeseries

Nitrate Concentrations (mg/L)

T T T T T T
2000 2004 2008 2012 2016 2020

Figure4-7. Daily nitrate concentrations.

Average yearly concentrations are showrFigure 4-8. These averages are simply the
arithmetic mean of all daily concentrations within a given year. The annual averages range from
about 3.0 to 8.0 mg/L, with typical year near 5.3 mg/L. The decline in recent concentrations is
more evident when observing the yearly data points. The total flows for each year are shown on
the secondary axis. Typical flows for the Upper lowa are on the order of hundreds afiio
gallons per year. The wettest years occurred in 2016 and 2019.
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Upper lowa Nitrate Annual Average Concentrations
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Figure4-8. Average annual nitrate concentrations.

Figure 4-9 contains the boxplots for nitrate concentrations separated by month. The
boxplots show the variation of concentrations within each month, along with the median,
interquartile range, and pot#ad outliers. The monthly distributions seem mostly symmetric. The
highest medians occur during the May and June months, while the lowest concentrations occur in
August, September, and October.

Upper lowa Nitrate Monthly Boxplots: 1998 - 2021

'
+
+
4

Nitrate Concentrations (mg/L)

T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec

Upper lowaProject Evaluation| 52



Figure4-9. Boxplots of monthly nitrate concentrations.

Figure4-10 shows the daily nitrate loads. These were calculated by multiplying the daily
concentrations by their a@sponding mean flow values. Flows values are generally positively
skewed, often following a lognormal distribution. Due to the skewness of the flows, the nitrate
loads also tend to be positively skewed. The highest loads tend to be near 0.5 milliontthaseof
per day, with the highest daily load greater than 1.5 million Ibs. There were also periods of low
flow that resulted in minimal nitrate loads.

166 Upper lowa Nitrate Daily Timeseries

Nitrate Loads (Ibs/day)

0.25

T T T T T T
2000 2004 2008 2012 2016 2020

Figure4-10. Daily nitrate loads.

Figure4-11shows the yearly nitrate and water yields. These are calculated by dividing the
summation of daily loads within a year by the tributary area of the Dorchester site, which is
square miles. The yearly yields varied considerably from 4.0 to 44 Ibs/ac, with a mean near 20
Ibs/ac. Water yields correlate with nitrate yields, and higher water yields result in larger nitrate
loads due to the increased water volume.
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Upper lowa Nitrate Yearly Yields
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Figure4-11. Yearly nitrate and water yields.

ii. Phosphorus Estimates

Figure4-12 shows the daily TP concentrations. The TP concentrations are much more positively
skewed than the nitrate concentrations. There is no clear trend in the daily TP concentrations, and
values rage between 0.01 to 7.2 mg/L. Seasonality may also be present, with higher
concentrations occurring in the spring and early summer.

Figure4-12. Daily TP concentrations.

Figure 4-13 shows the annual average TP concentrations and the annual water volume. The
average concentrations appear to be marginally decreasing across the timeframe. The typical
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