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Representative Concentration Pathways
(RCP)

GHG Emission Pathways 2000-2100: All AR5 Scenarios
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Future climate models

» General circulation models (GCMs)
* Regional climate models (RCMs)

3 -
World Meteorological Organization, Geneva, Switzerland. “Adapting to climate variability and change”
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Extreme Precipitation

Gao et al. 2012
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Sources of climate data

* North American Coordinated Regional
Downscaling Experiment (NA-CORDEX)

* Future (2035-2039)
* Historic (1999-2013)
10 model combinations

* NOAA’s National Centers for Environmental
Information (NCEI)

* Observed (1999-2013)




Climate Models

Model No. GCM RCM RCP
1 CanESM2 CanR.CM4 4.5
2 CanESM2 CanR.CM4 85
3 GFDL-ESM2M  WERF 85
4 GFDL-ESM2M  WERF 85
5 HadGEM2-E5 WREF 85
4] HadGEM2-E5 WREF 85
7 MPI-ESM-LR RegCM4 85
8 MPI-ESM-LR RegCM4 85
9 MPI-ESM-LR WERF &5

10 MPI-ESM-LE WRE 8.5
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CorreCUnQ MOdel B|aS (Kernel Density Distribution

Mapping (KDDM)
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McGinnis et al. 2015 model
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Annual rainfall statistics

Rainfall Rain Events Rainy Days Drying Period
Amarillo TX 1 0~ 1 — — - 1 H—
Boise 1D 1 =+ 11—k — QT
Boston MA 1 HHo 1 —{ 1+ — 1Tk H 1+
Boulder CO 4 H T H 1 H T T+
Charlotte NC - H1 o gl @ HI o {e [MHe
Chicago IL A [ 1IN ! HI HCH H{H
El Paso TX{ © — M o (R o oy T— T — T
Fargo ND 1 H{—o 1 oH[Ho offfa 1 o[|oo
Memphis TN A T 1 o H 1o 1 o HI}+— —{H o
Missoula MT 1 — H —THH g —{H H{I 1~
New Orleans LA A — — 1 h — H
Phoenix AZ 1 — e N I — 1 1+ o N [
Pittsburgh PA 1 T e 1 I 1
Portland OR HH —~ o 1 H o o HI+—
San Antonio TX - I — —H o 1 — ——o
San Jose CA 1 oo [} @ 1~ 1 —{ —H T
St Louis MO 1 I H 1 —{H 1 e+—{TH e

50% 25% % 25% S0% T5% -50% 25% %  25%  50% S0% 25% (% 25% S0%  25% 0% 25% S0% T75%

Percent change between observed (1999-2013) and future (2035-2049) mean annual
rainfall, mean annual rain events, mean annual rainy days, and mean drying period for
the 17 locations.
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Resiliency

* To what degree can green infrastructure
buffer these impacts (attenuate signal)?

Green Infrastructure Green Infrastructure Builds Resiliency
for Climate Resiliency

Climate change is impacting urban areas in many ways, from
exacerbating the urban heat island effect to elevating floed risk.
Build green infrastructure to help improve community resilience.

Source:
U.S. EPA

Bythe evd of the entury, 10“!0'3 E0% otamericans  Climatecrngewi

nrnddﬂmps'm US. countles in the lawer more

flooding In the US. ors L8 states foce higher nsks. whnmmingv frequent and severe
)omn lnnmn of woter shortoges by infrostructuee o hect we m:esounnn
30./0 ; mw‘ "‘“:h i [ living buffers, dunes restoration to reduce the impoct of storm surges.
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Bioretention Schematic
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Model Scenarios

LID Control Editor X
Control Name: lBi°'°t°"ti°“ce" I Surface Soil  Storage Drain
Thickness
LID Type: | Bio-Retention Cell v] gt
Porosity

(volume fraction)

) Sarface Field Capacity
m (volume fraction)
Soil

:: (volume fraction)

I gl

Wilting Point
Storage
Drain* Conductivity
@ (in/hr or mm/hr)
Conductivity
Slope
"Optional Suction Head
(in. or mm)
OK | | Cancel | | Hep |
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Annual volume

Amarillo TX Boise ID Boston MA  Boulder CO Charlotte NC Chlca oIL ElPaso TX Fargo ND  Memphis TN

600006060
006000060

Missoula MT New Orleans Phoenix AZ Pittsburgh PA Portland OR  San Antomo San Jose CA St Louis MO
LA

1.1 7.9

Y0000000
06000000

Annual Volume (1000 cu yd/yr) —shown in center of each donut chart

Observed (top) and future (bottom) overflow (grey), underdrain outflow (orange), and
infiltration loss (blue) for all 17 locations.

7 %
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Objective & Approach

* Objective:
 Investigate the impact of future (2040-2044) climate change on

bioretention systems compared to performance under historic
climate (2010-2014)

« Determine how design modifications, site conditions influence
their climate resiliency

« Probabilistic Approach:

« Used a simple SWMM model to simulate a 1-acre impervious
area draining to a bioretention cell

« Ten climate projections used as model inputs and compared to
results using historic rainfall data

THE UNIVERSITY OF

TENNESSEE i §

KNOXVILLE



Workflow

Download hourly NA-CORDEX climate Acquire observed, historic
change projections for Knoxville, TN climate data from Knoxville, TN

Bias correction using Kernel Density
Distribution Mapping (KDDM)

New Build
design
scenarios

SWMM simulations
of historic
performance

Retrofit
design
scenarios

SWMM
simulations

SWMM
simulations
of future
performance

of future
performance

Compare hydrology under climate change to historic performance and provide
recommendations to improve bioretention climate resiliency under new build and
retrofit scenarios
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New Build Scenario Design Configurations:
Ponding: All BASE parameters held constant except Berm Height

Configuration Berm Height (cm)

Pl 13

P2 30

P3 61

Media Depth: All BASE parameters held constant except Thickness (soil layer)
Configuration Thickness (cm)

DEP1 61

DEP2 o1

DEP3 122

Media Conductivity: All BASE parameters held constant except Conductivity
Configuration Conductivity (mm/hg)

CON1 31

CON2 76

CON3 102

Surface Area: All BASE parameters held constant except Area

Configuration Area (percent of drainage area)

Al %

A? 10%

Al 15%

Composite Configurations: All BASE parameters held constant except the following:
Cafpuion_ DeIGEN Tt Cony | A
LOW 15 61 51 5%
MID 30 91 76 10%
HIGH 46 122 102 15%

Retrofit Scenario Design Configurations:
Retrofit Configurations: All BASE parameters held constant except the following:

Configuration Berm Height (cm) Thickness (cm)
R1 15 91
R2 30 76
R3 46 61
R4 61 46
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Results: New Build Scenario

I K2: Infiltration |
HIGH -
L @: — p: \ Distribution from ten
: e B S S climate projections
¥
P11 % ' B PP
88{\]3" . Current” Infiltration
N2 - —LL}— e (2010-2014)
COE%‘ w—— L
" e -
~ —1 |
P11 . —Cl':}— 1 > >
/ 20 40 60 80
Percent of Water Balance (%)
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R4

Retrofit Scenarios :

R1

20 30 40 50 60
Retrofit Scenario Design Configurations: e
Retrofit Configurations: All BASE parameters held constant except the following: i .I |
Configuration Berm Height (cm) Thickness (cm) R3 ‘{:lj_
R1 15 91 R2 T
R2 30 76 RY I
R3 46 61 0 10 20 30 40 50
R4 61 46 K2: Drain Outflow

. BEsE
R3 ' T+
R2 ﬂ—

R1 —E]]—|

10 30 40 50
Percent of Water Balance (%)
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New Build Scenario Design Configurations: K2: Infiltration
Ponding: All BASE parameters held constant except Berm Height HIGH 1 T —( T +—
Configuration Berm Height (cm) MID 1 —fF——
P1 15 Loﬂ 1 e 0 ——
) 30 A7 —EEITEF:_
P3 61 @EE i — L o
Media Depth: All BASE parameters held constant except Thickness (soil layer) P11 —LIL+— ,
Configuration Thickness (cm) &GN p— |
DEP1 61 CDH%; —D:'_I:[:I '
DEP2 01 P2 —r 1 |
DEP3 122 P1 T
Media Conductivity: All BASE parameters held constant except Conductivity 20 40 60 80
Configuration Conductivity (mm/hr)
CON1 51 K2: Surface Overflow
CoN2 76 HIGH{ 10— i
Con3 102 LO‘EE' ] /= I —_—
Surface Area: All BASE parameters held constant except Area ﬁ i _E?Jﬁ_
Configuration Area (percent of drainage area) Al N —_—
Al 5% BE BS ] | —(———
A2 10% géﬁ‘ ) I e T
A3 15% Ng: | —/—
Composite Configurations: All BASE parameters held constant except the following: COE]‘; —li:l:l—
cotprn P T G cocmen | e
LOwW 15 61 51 5% 0 10 20 30 40 50
MID 30 91 76 10%
HIGH 46 122 102 15% K2: Drain Outflow
Retrofit Scenario Design Configurations: HIGH - Tt
Retrofit Configurations: All BASE parameters held constant except the following: Lﬁ‘[ﬁ: _.':D_ —fo— =
Configuration Berm Height (cm) Thickness (cm) E . —{I- » -
RI 15 01 A1 —én-% !
R2 30 76 P Sy
R3 46 61 @E B? 1 —_— 1 !
R4 61 46 ggﬂ% ] _i:D_:E
2} o
|I§1 —— THE UNIVERSITY OF
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Modifying Gl Designs?

1.

Largest deviations from current design resulted in
greatest performance returns

« Concurrent increases to ponding depth, media thickness,
conductivity, and surface areas

 Larger initial investment in new builds
 “Conservative” modifications were not sufficient

. Proposed retrofits reduced surface overflows, but

Introduce treatment, safety risks

. Local site conditions (soils) influenced outcomes &

adaptations
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Number of “Dry Days”

 Defined as: Soil moisture
not sufficient to meet
potential
evapotranspiration

« Effect of extended
drought on biotic
components of system?
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Microbial dynamics in drought

* Impacts to community
» Cells can burst, releasing nitrogen

» Effects of drying-wetting noted for extended
neriod

* Fierer and Schimel (2002)

* Increase loss of nitrate / total nitrogen with
Increased antecedent dry periods

« Hatt et al. (2007)




Field Studies

8

- 12 field studies of .

bioretention in g 6 .

North Carolina £z °°

. g3 4 .

* Nitrate vs FR 5L .

antecedent rainfall £ = .

- Significant negative = 1 ¢
correlation 7 of 12 sites 0 .
0 0.2 0.4 0.6 0.8

 -0.731t0-0.35

NO,-N Concentration (mg/L)
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Smart ponds adapt to changing
weather by managing storage
and detention time

Rain, soil moisture and water
quality sensors measure
real-time conditions of

green and gray infrastructure

\‘.

Smart
Stormwater
Infrastructure

Smart covers measure Multiple smart valves

underground fiows and coordinate flows to
water quality achieve system-level
benefits

Credit: Kerkez et al. 2016
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Column Design

1. Free Draining 2. Internal 3. Soil Moisture 4. Volume
Water Storage Control Control

Root Zon

127 em

-
I

o B ©

Soil Moisture Solenoid Pressure
Sensor Valve Transducer

Figure 2 Celumnn Design
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Column Design
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Soil Moisture Dynamics

Soil Moisture Trend VWC1 Soil Moisture Trend VWC2
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Water Quality Summary

* Free Draining performed best for NH,*-N
removal while the more anaerobic
environment in Internal Water Storage led
to the best NO, removal.

* Soil Moisture Controlled and Volume S - o -
Controlled treatments were able to balance K o : ﬁzz
these environments H z I

« Actively controlled treatments have the E Pl st b U &
potential to strike a balance between f |
Free Draining and Internal Water ;

Storage systems Ao Aot AgZ  Se0 s

Storm Date
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Study Site

Legend

&+ Conner Creek

& Downstream Gauging Station
@ Poraii

& pPoraiz

& Pona#3

# Porcia

7 Upstream Gauging Station
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Investigation of Site-Level Barriers
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Investigation of Site-Level Barriers

Hydrograph
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