Evaluating Water Quality in the Yahara Watershed
under Changes in Land Cover, Nutrient
Management, and Climate
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Yahara Watershed

e Size: 1345 km?

e Chain of lakes: Mendota,
Monona, Waubesa, Kegonsa

e Rock river — Mississippi River

— Gulf of Mexico

Urbanizing and agriculturally

dominated
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Urbanizing

e Population: 372,000
e With growth expected

~ 50% of watershed is
dedicated to agriculture
Dairy, Corn, Soybeans
dominate
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Agriculturally Dominated



e EXcess application of
fertilizer and manure

e + Rainfall and extreme
precipitation events

e — Runoff into nearby

waterways
e = EXcess nutrients in
& waterways
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Nonpoint source pollution



Eutrophication



e Development of better
management practices
(BMPs)

e Goal of 50% reduction in
P Yield

Water Quality Initiatives



Phosphorus Loading from the Landscape

F 1 Yet, no

Improvement over
40+ years.

Yahara River

Annual Phosphorus Load [kg]

Pheasant Branch i ] !
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Considering current challenges & drivers of change...

Growing Population  Food Production Environmental Climate Change
& Consumption Degradation



Creation of Scenarios

*Provocative, plausible stories about the future with contrasting social and
environmental conditions.

*Explore questions of “What if?”
Facilitate long-term thinking.
*Help us learn ways to prepare for and cope with change.
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Plausible & Provocative
Scenarios

Based on stakeholder interviews

Reflect shift in values,
governance, technology, diet,
etc.

Includes either adaptation or
transformation

Reflects concern over extreme
weather events

Water Sustainability and Climate Project



Scenario
Narratives

YAHARA
2070

* |terative process between modeling team and narrative writers

Yahara 2070 scenarios

Missing or vague information
requires more clarification &
detail in the storyline

Extract cues and themes related

to climate, land-usefland-cover,
and land nutrient application

Biophysical
Model Inputs

Climate  Land

Nutrients

=

Biophysical
Modeling Suite

Biophysical | Agroecosystem
Model (AgrolBIS) simulates
water, energy, carbon,
phosphorus, and nitrogen cycles
Hydrologic Routing Model (THMB)
transports water, phosphorus,
and nitrogen
Lake Water Quality Model

predicts lake trophic state
using phosphorus loads

Ecosystem
Services

Frashwater Supply
Surface Waler Quality
Groundwater Quality
Food Production
Bioenergy Production
Flood Regulation
Climate Regulation

* Scenarios that are internally consistent, plausible, and contrasting

Booth et al. 2016



Watershed Average

PHOSPHORUS YIELD
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Focus on Water Quality & Large Scale Incremental Changes

What transformations to land cover and nutrient
management are required to improve water
- qguality under a changing climate?

L,
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¥ If we change our actions today, what timeline is
; required for improvements to occur?

- What are the tradeoffs?
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Cropland: alfalfa,
corn, soybeans,
small grains

% of Cropland
Dedicated to
Perennial Grasses

Replacement
based on LCC
(Land Capability
Classification)

Land cover

Baseline
10%
25%
50%

3 tier approach

Marginal land (4-8)
e 5% of cropland
Incorporate level 3
e 27% of cropland
Incorporate level 2
e 92.5% of
cropland




Heidi Natwra 1995
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Soil Conservation

Conservation Research
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Reducing Manure & ° ;gz’f
Fertilizer Application - 50(;
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Nutrient
Management
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AgrolBIS Models drivers of change

Biophysical / Process based

Agroecosystem Model

Spatially explicit
220m by 220 m resolution

Ecosystem
Services

Freshwater Supply ,
Surface Waler Quality a
———y Groundwater Quality

Food Production
Bioenergy Production
Flood Regulation
Climate Regulation

30
Scenarios

il

T Projected to
2070

LGSRl ‘L

» Landuse /land cover
Climate and weather events
Nutrient (P and N) management
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Projected Change in Watershed Average Phosphorus Yield

Baseline Perennials

30 Reduction in Nutrient Application
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Projected Change in Watershed Average Phosphorus Yield

Baseline Perennials ” 10% Perennials
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Projected Change in Watershed Average Phosphorus Yield

Baseline Perennials

10% Perennials

25% Perennials

50% Perennials

%0 % Reduction in Nutrient Application
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% Change in Phosphorus Yield [kg/ha]

30

20+

-20

-40f

-50
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% Change in NO, Leaching [kg/ha]
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Projected Change in Watershed Average NO; Leaching

& Baseline Perennials 3 10% Perennials
Reduction in Nutrient Application
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Projected Change in Watershed Average NO; Leaching
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Projected Change in Watershed Average NO; Leaching
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Take Home Messages

e Increasing perennial cover on the landscape results in
Improvement of water quality metrics compared to baseline
scenarios ‘
wsmd © Coupling increases in perennial land cover with reductions in o

Pres

—— manure and fertilizer application shows the most potential for

| k mitigation
===! o Climate has the potential to either mitigate or exacerbate nutrient
2 loading
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Systems Approach - Tradeoffs

Drainage 13 P Yield

L ——50% Perennials, 50% Reduction
A ——50% Perennials, 0% Reduction

~———0% Perennials, 50% Reduction
—— (0% Perennials, 0% Reduction

‘ SedimentYield /[ .. T\ SoiC

Crop Yield | Blomass

I‘\IO3 Léaching




Take Home Messages

Increasing perennial cover on the landscape results in
Improvement of water quality metrics compared to baseline
scenarios

Coupling increases in perennial land cover with reductions in
manure and fertilizer application shows the most potential for

mitigation

Improvements in water quality are possible in the next 50 years,
but require large scale management changes - and come with
tradeoffs

Finer scale, targeted approaches + cross sector efforts may
provide additional potential improvement
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Thank You
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agriculture
e Dairy, Corn, Soybeans dominate
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e ~ 50% of watershed is dedicated to

Yahara River Watershed
2013 Land-Use/Land-Cover
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