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<USGS Background

« Chesapeake Bay watershed drains
Into the largest estuary in the US.

 Over 18 million people reside in the
watershed (2017).

 The watershed has a high level of
development (11.0% in 2011) and
agriculture cover (24.5%, NLCD).

- Restoration goal is to improve T
stream health and function for 10%: >
of stream miles above a 2008
baseline (Chesapeake Bay
Program 2017).

g 2 L . :
/ https://www.chesapeakebay.net/
-



2USGS _ _ _
Previous Baseline Estimates

Predicted Category

Il Fair/good (47,886)
Poor (23,139)

Maloney et al. 2018: i )
> Bioregion — Family BIBI, 2004 — 2008 data, |

» 63.6% catchments in Fair/Good condition,

> 49.9% with high certainty.

Buchanan et al. 2018:
» Bioregion — Family BIBI, 2006 — 2011 data,

» Composite of Maloney et al. modeled data and survey data,

» 60% of the basin’s area had acceptable stream ratings (Excellent,
Good, or Fair).



Challenge: How Could Land Cover. and
Climate Changes Affect Conditions?

« Population - predicted increase of 2 million by 2030.

- Precipitation - increased rainfall intensities and winter and
spring precipitation levels @upigny-Giroux et al. 2018).

« Temperature - 2°C increase by 2035 over preindustrial era,
the largest increase in contiguous US and two decades
before global average @upigny-ciroux et al. 2018).

 Temperature - CMIP5 models estimate a 5.6°C increase
from baseline 1971-2000 to 2071-2100 (ynch et al. 2016).

Need to investigate how these may affect attaining
and maintaining the 10% stream mileage
USGS Improvement goal!
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e Objectives

1. Build a predictive (Base 2005) model for stream
Integrity using the Chessie BIBI (2000-2011) and
baseline stressor data.

2. Use this model to predict conditions for all
unsurveyed streams in the watershed.

3. Project future stream conditions (2030, 2060, 2090)
using future land use and climate scenarios.

Today’s Today’s Predicted Conditions  Predicted Conditions
DEYE Conditions Time 1 Time 2




Building the Baseline Model

Stream Health Indicator

2

- January 01, 2000 to ) S;‘:?S(;ffwgﬁ "
December 31, 2011 o Poor(1522) S3eFo
selected a baseline
period.

* Used subset of
Independent, spatially
adjusted Chessie BIBI
samples.

e« 3,700 stations —44.1% In
Go00d,14.8% in Fair and
41.1% in Poor Condition.
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<USGS Building the Baseline Model

« 75% (2775) of Chessie BIBI data used as training data
and 25% (925) used as independent validation.

« Raw Chessie BIBI scores modeled as response.

« 36 upstream catchment landscape and stressor
predictors characterizing bioregion, elevation,
catchment area, soils, soil erodibility, lithology
chemistry, base flow, runoff, seasonal total
precipitation and average temperature (PRISM), land
covers (n =12) and topographic wetness index.

« R package randomForest 4.6-14.

« 1,000 trees and mtry (# of variables randomly sampled
as candidates at each split) set to 19 following tuning.
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< USGS Model Results

« Explained 36.1% of variation in Training data.

* In Test data 60.0% condition classes correctly
classified (76.1% Poor, 22.6% Fair, 74.8% Good).

242 22 54 76.1
117 61 92 22.6

39 46 252 74.8
Total 60.0
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=<USGS Model Results - Watershed

2005 Baseline

Predicted Category

* For baseline 2005 period:

» 33.5% Poor,
>  29.0% Fair,
» 37.5% Good.




Projecting

Use relationships in baseline model to predict future
biological conditions based on alternative land use and
climate scenarios.

Present Day Present Day Stream Future Stream
Biological Data Conditions Conditions

Chessie Category

* FairGood (1026)
¢ Poor (907)




=ZUSGS Projecting

land CoVvern SCENaBS
« USGS EROS Land Cover Modeling upsnandcovermodeiing.crusgs.goviprojects ph.

« Baseline conditions 1992-2005.
 Four scenarios — 2006-2100.

IPCC S

ecial Report on Emissions Scenarios (SRES

Al1B A2 Bl B2

Economic or Economic Growth  Economic Growth  Environmental Environmental
environmental Sustainability Sustainability
Globalization / Global Regional Global Regional
Regionalization Convergence Development Convergence Development
US Population 461 Million (2100) 628 Million (2100) 461 Million (2100) 366 Million (2100)
US Per Capita GDP $146,807 (2100) $67,536 (2100) $92,086 (2100) $87,616 (2100)
Energy Use Very High: High: regionally Low: transitionto  Medium: regional,

balanced sources  sourced including  post-fossil fuel fossil fuel use

fossil fuels technology declines over time

=g e) e eE 1 ReG BT Rapid pace, rapid  Slow pace, slow Medium pace, Medium pace,

diffusion diffusion rapid diffusion uneven diffusion
Resources and Land Active Uneven, but weak Sustainable Uneven, with local
Use management environmental development, solutions to

rather than concern, focus on  efficient resource  environmental
conservation consumption use protection




Projecting
Land CoVern SCenanos

2005 - Baseline 2030 - B2 2060 - B2 2090 - B2

Land Cover

B Water I Mech. Dist. - Nat'l Forest [l Mech. Dist. - private [ | Barren [ ] Evergreen [ | Cropland [l Herbaceous wetland
I Developed [ Mech. Dist. - Public [] Mining B Deciduous [T 7] Mixed forest [0 Hay/Pasture [l Woody wetland

2 USGS
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Projecting
Land CoVern SCenanos

2005 - Baseline 2030 - A2 2060 - A2 2090 - A2

Land Cover

B Water Il Mech. Dist. - Nat'l Forest [llll Mech. Dist. - private [ | Barren [ Evergreen [ | Cropland [l Herbaceous wetland
B Developed M Mech. Dist. - Public [ Mining I Deciduous [T Mixed forest [ Hay/Pasture [l Woody wetland
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ZUSGS Projecting

Imate Scenanoes
 Hay/McCabe:

« CMIP5 - Coupled Model Intercomparison Project
Phase 5, 122 different models.

« Summarized differentials at 25", 50th and 75th
percentile.

 Lynch et al. 2016 — constant value.

« Added differentials to PRISM baseline data.

I JANUARY 2016 LYNCH ET AL.

CMIPS - Coupled Model Intercomparison Project Phase 5 - Overview
ccn i i 30 e e s o st oo P WP e r Cospd Ut 054 o T 123 G e w1 ot e et f s Cans sl
e e ogamon By |GV CUIPY W a0 IO in oo
@ AN 4XDKAN) e 4Oy Of MO0 10 jreds 4
oy vt wone ey i o e e
) Th ESCECLES OB () 0w St 0 90

% ARS s Wbed o4 Pt Oophamar 1. Lt WO 404 i 50
e B T e A e S S T g T e B B . o Recent and Projected Annual Cycles of Temperature and Precipitation
o o o e Bl o in the Northeast United States from CMIP5

© GUOVAH IO 0% of M A CATGR Cr v (e ACHHA. S (U110 0N 2039) v g v (1 10 2100 ey ang
- s 7 O e A e R T 1 R oA N AT Ve Ay MDRCRS ok W T 1TeGAWY (Kh O e €000 €y

The CIAS (CUIP Phase 5)experament deag has boen 80186209 W he skouw) M of expanimants C. LYNCH
e et s o .
IL 7",;.:}:,. i s s o Sty G g S . . University of Washington, Seattle, Washingron

https://cmip.lInl.gov/cmip



https://cmip.llnl.gov/cmip5/
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Projecting

CMIPS Climate SCenanos =lemperature

Base Data

1980-1999 PRISM

Temperature (°C)
pom High : 25.4
Low : 16.9

Change in Summer Temperature (50th Percentile)

2030

Temperature Change (°C)
14-18 0 21-22

18-20l22-23
I 20-21

2060

Temperature Change (°C)

24-3139-40
32-36 1 40-41
[ 37-38

2090

Temperature Change (°C)

33-43 M 53-55
44-50 8 56-57
[51-53




&US6S Projecting

CMIPS Climate ScCenanos= Precipitation

Base Data Change in Spring Precipitation (50th Percentile)

1980-1999 PRISM 2030 2060 2090

Precipitation (mm) Precipitation Change (mm) Precipitation Change (mm) Precipitation Change (mm)
High : 509.5 38-68 M 93-104 58-10.2 M 14.8-16.7 58-11.7 M 18.1-21.3
Low - 254.8 6.90-82 M 105-135 10.3-12.6 Il 16.8 - 20.1 118-15.0 Il 21.4 - 26.6
| 83-92 [ 12.7-147 | 15.1-18.0




Projection Results

“Prediction is very difficult,
especially if it's about the future.”
— Niels Bohr

“It's tough to make predictions,
especially about the future.”
— Yogi Berra






a USGS o -
P r OJ e Ct I O n R eS u I tS Economic or Environmental
environmental Sustainability
Globalization / Regional
Regionalization Development

D2 land cover scenario with all climate  [ustosaton  EIVIEAEED

US Per Capita GDP |-y A LA PAL1)

= Energy Use Medium: regional,
Scen arIOS . fossil fuel use
declines over time
Technological Change L=l [y WeFlo=N
uneven diffusion
G LR Uneven, with local
Use solutions to
environmental
protection

Category

@® Poor
A Good

Climate Probability

@® Baseline
@ Lynch2016
© p25
® p50

p75
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Projection Results [Seme ™ R
Regionalization Development

aZ land cover scenario with all climate SO o2c iver, 2200

= Energy Use High: regionally
S C en a.r I O S . - sourced including
fossil fuels

Slow pace, slow
diffusion
G aE L R B Uneven, but weak
Use environmental
concern, focus on
consumption

Category

@® Poor
A Good

Climate Probability

@® Baseline
@ Lynch2016
A © p25
® p50

p75
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How Could Land Use and Climate Change
Affect the 10% Restoration Goal?

. : RN
 With a Poor, Fair and Good ‘ i
classification system there are three . =~ ~ 770

ways to show improvement and
decline:

Poor to Fair, Poor to
Good, Fair to Good.

 Declined: Good to Fair, Good to
Poor, Fair to Poor.

* Need to quantify these changes.




The 10% Goal 2005 Baseline

Predicted Category ‘
Il Good ¥ Fair Poor ¥

114,552 kms of streams In
NHDPIlusV2 (1:100,000).

2000-2011 baseline
predicts Poor or Fair
condition in 71,631 kms.

Thus, 7,163 kms need
Improvement to reach the
10% goal.

y)
A\
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The 10% Goal

Projections; however,
predicted a decline
condition in 1.0-16.2%
of streams kilometers
by 2090.

Thus to sustain the 10% K
2025 goal requires
Improvements in _
between 11.0% — 26.2% . Improved
of stream kilometers.

§
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<USGS Summary

« Combined Land use and P50 Climate
scenario projections predict Good
conditions will change:

. —6.0% (b1) to —7.5% (a2) by 2030,
. —6.1% (b2) to —9.1% (a2) by 2060,
. —6.3% (b2) to —11.9% (a2) by 2090.

« To sustain the 10% restoration goal
through 2090 may require
Improvements in 11.0 to 26.2% of
stream kilometers.




<USGS Summary

e Combined Land use and P50 Climate

scenario projections predict Good
conditions will change:

. —6.0% (b1) to —7.5% (a2) by 2030,
. —6.1% (b2) to —9.1% (a2) by 2060,
. —6.3% (b2) to —11.9% (a2) by 2090.

« To sustain the 10% restoration goal

may require improvements in 11.0 to
26.2% of stream kilometers.

« Land use and climate scenarios are
tools to explore uncertainty.
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Ongoing Research and Next Steps

Continue to refine the stream health
modeling efforts.

« Additional predictors,

« Assist in refining IBl,

« Examine assemblage components.
Incorporate BMPs into modeling efforts.

Update future projection with refined
futures data.

USGS
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Ongoing Research and Next Steps

Assessment of fish habitat for all
reaches in the Chesapeake Bay
watershed (1:100,000).

Move to 1:24,000 base layer.

Incorporate BMPs into modeling
efforts.

Project future fish habitat based on
land use and climate scenarios.

USGS



Acknowledgements

 R: A lLanguage and The following programs that provided
Environment for data for the Chessie BIBI:
Stat ISt Cal CO m p utin g » Anne Arundel County Maryland - Department of Public Works
» City of Baltimore - Department of Public Works
 Support was p rovided by > Baltimore County Department of Environmental Protection
. . » District of Columbia Department of Energy and Environment
th e USGS FIs h eries » Delaware Department of Natural Resources and Environmental
Control
Pro g ram an d th € » Frederick County Department of Public Works
Ch es ap eake B ay > Fairfax County Department of Public Works and Environmental
Services
Pro g ram. » Howard County Department of Public Works
» Loudoun County Department of Building and Development
e Andrea Nag el, ICPRB > Montgomery County Department of Environmental Protection
» Maryland Department of Natural Resources
» New York Department of Environmental Conservation
» Pennsylvania Department of Environmental Protection
» Prince George's County Department of the Environment
» Susquehanna River Basin Commission
» United States Environmental Protection Agency
» USDA Forest Service
» United States Geological Survey
» Virginia Department of Environmental Quality
» Virginia Commonwealth University
» West Virginia Department of Environmental Protection




Thank you!

Contact Information
Kelly O. Maloney
U.S. Geological Survey, Leetown Science
Center, Aquatic Ecology Laboratory,
Kearneysville, West Virginia 25430
304-724-4579
Kmaloney@usgs.gov



mailto:Kmaloney@usgs.gov

