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RESILIENT BMPs:

Planning Tools and Resources

Resources

Eact Sheet: Legal Tools for Climate Resilient Siting Environmental Law Institute
Suggests legal strategies for implementing climate resilient green infrastructure in Virginia and Maryland,
Stormwater Man, in 0 Climate Change [ : Leszons from the Chesapeaks and Great Lakes

Environmental Protection Agency - A report on swategies and tools to incorporate climate resiliency inte community planning.

Flood Resilience Guide: A basic gwide to water and wastewater utilises Environmental Protection Agengy

The guide includes videos and flood maps to help protect small to medinm water and wastewater utilities from flooding,

DC Climate Projections and Stormwater Applications DC Department af Enengy and Emvironment

Apmesemamm shnwmghurwllc Mmdﬂhmwmmdpmmnamnprqemwﬂmﬂnmmdes@ storm events,

= F g ) E azement NJ Climate Adoptotion Alliance

Allstnct'mdlmquesanﬂm'lhmhﬂpbralgwmmmﬁaﬂammﬁmmnhugumdmam

Manasins Water Oualite in the Face of Uncerszinty RAND Corporation

A report describing how to use Robust Decision Making (RDM) when managing future uncertainties such as climate change and

wnlﬂ.nglandu:aepmrns.ﬁ]ll}}lruemﬂymthe?ammmmmmqlandumﬂnded

esilience Z at Restoration MD DNR Chesapeake and Coastal Service

Recum.rnﬂ.atms mhawl:n mcmatechmate dunge consideration into the resmntum d.eu:lm—mhngpmne:s m Maryland.
R ; - . 2 B atershed Chiang et al,

Fapupredlmmnmpmo\fdlmawdl.mgeml?lpamn'ilEI\'l_'E':mhmmnsmdremm‘mdsﬁasematmﬁems:ﬁiuut.

Kaye, Jason P, and Migue! Quemada
Fapusupparﬁﬁeﬁndmgthatmr:mpshdpmﬂdmﬂemmgeandpmndesamrmp:mmﬂyumhm

'I‘Ilempnrtufﬁersanrmpmwddecmm mhxghﬂmwwtasasﬂamegymheﬂrrmmwammmgmmmmhnrgh
31 £ pectives Hui Xie, Lei Chen and Zhenyao Shen
Thepapersuggeslsmnﬂelstrmgms.mdlas sunphﬁ.ed Im]s aml d].mahemhegmtmmheﬁrrr\em\esemagrmﬂmalmﬂs.
: ; arshed Ahmdﬂn eur!.

MuavﬂﬂhmmmﬂﬁmMMMwmrmﬁmdmmwmm green infrastructure EMPs, like rain
gardms. Thel:]mum All]ushnent TﬂDlmIrDl‘ll.ll:ﬁ fl.ll:m nhmanemwmsmmﬂn model.

BASIIISCAT no‘ml}me:GlS,nanmalwamshed d.na...mrl watmhedmﬂdehngmlsmmﬂdel p-uwmalchmm change seenarios.

Creating Resilient Water Utilities (CRWIT) EPA
Aselnftm:]s o I].dpmahdnnh.tgwater. washewater.andmmmhenrtﬂmesmﬂremﬂhmt

: AT) EPA
Clmuandlmg-urmmaﬂurmmms wnhnﬂre niammmmdhﬂpuﬂmsplmﬁrmmaﬂurwmﬁ
Mational Stormwater Calealator EPA
The calculator uses a selection of low impact development contrals to estimate lecal area annual rainwarer and runoff frequency.
Tnals for Water Related Climate Chanes Adapsarion EPA Climate Change Adapeation Resource Center
Ada.nbase nichm.nedungea.dipumnmlsformmmes umwmnm.huﬂ,wamqmlm' and ecosystem protection.
ange all3 2OCY:

plans .md]:m]eﬂs.

'I‘Ilempnrtscnres Bl'!P‘shisednnﬂleua]:anym pﬂﬂuvalylmpad(m.dmateadammmﬂmrd contrel and energy efficiency) the
ChesapeikeBamegramsmamgemem su'ategu!s

Ampn\rt ﬂetaﬂug rwnmmenda‘lmns farlmjmmg'ﬂimane Sma.rt’deusmn—ma.kmg pmeemstnmemplemmtahﬂnnlchmmh
Bay Program geals and outcomes,

List compiled by the CBP Climate Resiliency Workgroup. Printed Version (09.06.07).
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Resources

»Chesapeake Bay Program, 2016. Climate Resiliency Workgroup.
Recommendations on Incorporating Climate-Related Data Inputs and
Assessments: Selection of Sea Level Rise Scenarios and Tidal Marsh
Change Models to Inform the Chesapeake Bay TMDL 2017 Mid-Point
Assessment (August 5, 2016).

oJohnson, Z., M. Bennett, L. Linker, S. Julius, R. Najjar, M. Mitchell, D.
Montali, R. Dixon, 2016. The Development of Climate Projections for
Use in Chesapeake Bay Program Assessments.



http://www.chesapeakebay.net/channel_files/24216/crwg_mid_point_assessment_climate_data_recommendations_final_080516.pdf
http://www.chesapeakebay.net/channel_files/24216/crwg_mid_point_assessment_climate_data_recommendations_final_080516.pdf
http://www.chesapeakebay.net/channel_files/24216/crwg_mid_point_assessment_climate_data_recommendations_final_080516.pdf
http://www.chesapeakebay.net/channel_files/24216/crwg_mid_point_assessment_climate_data_recommendations_final_080516.pdf
http://www.chesapeakebay.net/channel_files/24216/crwg_mid_point_assessment_climate_data_recommendations_final_080516.pdf
http://www.chesapeakebay.net/channel_files/24216/crwg_mid_point_assessment_climate_data_recommendations_final_080516.pdf
http://www.chesapeakebay.net/channel_files/24216/crwg_mid_point_assessment_climate_data_recommendations_final_080516.pdf
http://www.chesapeakebay.net/channel_files/24216/crwg_mid_point_assessment_climate_data_recommendations_final_080516.pdf
http://www.chesapeake.org/stac/workshop.php?activity_id=258
http://www.chesapeake.org/stac/workshop.php?activity_id=258

Recommended 2025 Modeling Climate Inputs

Variable Input Modeling Run Uncertainty Analysis
Completed Component

427 ppm Watershed Model
Potential Hargreaves-Samani Watershed Model Yes
E t irati
BRI e Hamon Watershed Model Yes
Temperature RCP 2.6 Ensemble Median Yes
RCP 4.5 Ensemble Median Watershed Model, Yes
WQSTM
RCP 8.5 Ensemble Median Yes
Precipitation Historical Trend (+3.1%) with  Watershed Model Yes
no A Intensity
Historical Trend (+3.1%) with  Watershed Model Yes
A Intensity
Sea Level Rise 0.17 meters Yes
0.3 meters WQSTM Yes
Wetland Loss NWF SLAMM Model Runs WQSTM Yes
(2008)
NOAA SLR Viewer (Marsh Yes

Migration)



Recommended 2050 Modeling Climate Inputs

Variable Modeling Run Completed Planned Uncertainty
Analysis Component

CO2 487ppm Watershed Model No
Potential Evap. Hargreaves-Samani Watershed Model Yes

Hamon Watershed Model Yes
Temperature Six GCM Analysis: 2040 and 2060 WQSTM (prior methodology but not No

recommended by CRWG

RCP 2.6 Ensemble Median Yes

RCP 4.5 Ensemble Median Watershed Model Yes

RCP 8.5 Ensemble Median Yes
Precipitation RCP 2.6 Ensemble Median

RCP 4.5 Ensemble Median Yes

RCP 8.5 Ensemble Median Yes
Sea Level Rise .3 meters WQSTM

0.5 meters WQSTM Yes

0.8 meters Yes
Wetland Loss NWF SLAMM Model Runs (2008) WQSTM Yes

NOAA SLR Viewer (Marsh Migration) Yes



Rainfall projections using the trends in 88-years of annual PRISM[!] data
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2025 Rainfall Projection (percent change)
0.7-1.0
11-15

11.6-2.0

Bl 21-25

i 26-3.0

I 3.1-35

N 3.6-4.0

BN 41-45

Hl51-55
Il 56-6.0

0 25 50%,
e Y G e I [ |

Change in Rainfall Volume
2021-2030 vs. 1991-2000

Youghiogheny River
Patuxent River Basin
Western Shore
Rappahannock River Basin
York River Basin

Eastern Shore

James River Basin

. Potomac River Basin

~ Susquehanna River Basin

Chesapeake Bay Watershed

[1] Parameter-elevation Relationships on Independent Slopes Model

2.1%
3.3%
4.1%
3.2%
2.6%
2.5%
2.2%
2.8%
3.7%
3.1%

11



Chesapeake Bay Watershed

Annual Change in Temperature
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NOAA Technical Report NOS CO-OPS 083

GLOBAL AND REGIONAL SEA
LEVEL RISE SCENARIOS FOR THE
UNITED STATES

ﬂllﬂ- _: ";'-” v b5 os

Photo: Ocean City, Maryland

Silver Spring, Maryland
January 2017

n O a a National Oceanic and Atmospheric Administration

U.S. DEPARTMENT OF COMMERCE
National Ocean Service
Center for Operational Oceanographic Products and Services




Relative Sea Level Rise (Annapolis MD)

Sea Level Relative to MSLin 2000 (cm)

Relative Sea Level Rise Scenarios for Annapolis from Hall et al. (2016) and Sweet et al. (2017)
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For each of the six Global Mean Sea Level scenarios in Sweet et
al., 2017 (identified by the height in meters in 2100, relative to
MSL in 2000), there is a low, medium and high sub-scenario,
corresponding to the 17th, 50th, and 83rd percentile of the
climate-related sea level projections consistent with the GMSL
scenario. The scenario values are a summation of the climate-
related sea level with a linear non-climatic background relative
sea level (RSL) trend applied.

The 5 CARSWG (Hall et al., 2016) scenarios correspond to GMSL
of 2.0m, 1.5m, 1.0m, 0.5m, and 0.2m relative to MSL in 1992,
and are indicated by thick black lines.
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USACE Sea Level Change Curve Calculator

USACE Sea Level Change Curve Calculator (2017.55)

Project Name: ‘Enter Project Name | I"'\ZIR_ S e ; ‘ TOTSOTEAY 7 -

a atellite - La
Select Gauge: | Select NOAA Gauge v P | a8 ue U

'USACE 2013 v e & I . M
Scenarios Source: 7. Ve s N
i T
Output Units: © Feet © Meters el At &)
S0

Critical Elevation #1 (ft) : NAVDSE - Description: | | OR ™ 8 e

Critical Elevation #2 (ft) :

NAVDSS - Description: | |

SLC Rate:2 [NOAA 2006 Rates v | or enter rate | (ft/yr) | Display Data |

FEMA BFE (ft): 2 Information 0 | (NAVD88) Search for BFE here ek

Project Start Year: _ ’

interval Year: Google Map data 02077 Goodle, INEGI | Terms of Use
Project End Year: Click on project area. The nearest gauge/grid point will be used to
Output Datum: OLMSL ® (NAVDES) develop RSLC curves based on the selected Scenario Source
User's Index (ft): 2 D Description: | | *** note - there may be factors other than proximity to consider when
Datum Shift to MSL: O(ft) selecting a gauge ™™

EWL Type: ©® Highs © Lows Compliant <

EWL Source: © NOAA (GEV) © USACE (Percentile) Non-Compliant &

Plot EWL/BFE/Tides: Select Curve: Inactive A




Coastal Flood Exposure Mapper

Please Select a Location

= Flood Hazards Map
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US Climate Resilience Toolkit

Search

L e/i“«‘ CLL

SlaT s SN

™ ation and tools to helpi ybu understand and address your climate risks.

LEARN ABOUT OUR SEE WHAT OTHERS ARE USE THE CLIMATE
RESILIENCE FRAMEWORK > DOING > EXPLORER >




CLIMATE CHANGE

Installation Adaptation Design Storm Baseine 2020s 2050 2080s
et 1981-
and Resilience i ok
Design Storm Events
: : y7 24 fir. storm (in) 18 17 17 2
January 201 C.hapgesin. rainfall vo!umes havea i (15-18 | (15-18 (et
significantimpact on infrastructure. 2-yr 24 hr. storm (in) 32 34 37 4
(32:37) | (35:39) (4-5)
15-yr 24 hr, storm (in} 85 88 71 8
Design storms are the selected 8.0-73) | (87-7.8) (4-9)
eventsthat engineers use to design 2651 28w, storm (in) 63 79 ) 10
drainage infrastructure, bridges, i : {66:86) | {r6-68) | (8-12)
e Rahe b 100-yr 24 hr. stormi(in) 81 105 10.3 14
AT (89-124) | (90-119) | (10-16)
200-yr 24 hr. sterm(in) 9 12 "7 18
Input from DC Water, DDOT and SRR N TR RN
DDOE’s Stormwater Management 2-y7 6 hr. storm (in) 23 24 26 3
vl Division informed the selection of +<0.1) (26-27 (£<1)
Tt eventsthat are used as standards 15-yr 6 hr. storm (in) 36 46 47 5
: A 4 U (43-48) | (48-48) (4-8)
= : for stormwater, wastewater, and 700776 hr, storm () 51 &7 65 9
transportation infrastructure. 65-68) | 64-87) 7-10)
200-yr 6 hr. storm (in) 58 75 72 10
(7.2-7.7) (£<0.1) (8-11)
The chartshows how rainfall 80" Percentiie storm (in) 08 09 09 095
volumes are projected toincrease (0.1) (0.1) (0.1-0.15)
across the relevantdesign storm 0™ Percentile storm (in) 114 (16214) 1-(1;41 . 1;;‘ 1(-31:};2?
events, especially for the more 95 Percentile storm (in) 15 16-165 | 16-175 | 1.75-185
extreme (100 and 200 year) events. (0.1-0.15) | (0.1-025) | (0.15-0.35)

Source: DDOE (2016)
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Climate Smart Decision-Making

O




Appendix D — Adaptation Action Alternatives Fact Sheets GLI MATE CHANGE
This appendix contains Fact Sheets that address four broad categories of adaptation approaches: Installation Ada p tation

Structural — employs a built structure to alter the flow of floodwater to protect a large area from an d R esl l lence
damage (e_q., levee, storm surge barrier).

January 2017

Natural and Nature-based — employs natural features to enhance resiliency (e.g., dunes, beaches, salt
marshes, oyster and coral reefs, barrier islands, forests, shade trees).

Facilities — employs construction technigues to reduce flood damage to a specific asset {e.qg., flood-
proofing, building to o more resilient standard, small-scale structures such as a berm).

Non-facilities — employs non-construction techniques such as infrastructure siting, management, or
muaintenance to reduce flood damage (e.g., land use modifications, real estate actions, community
coordination, eperational changes, modified maintenance routines).

Structural Adaptation Approaches

1. Levees

2. Storm Surge Barrier Gates

3. Seawalls

4. Revetments i_ !
5. Offshore Breakwaters .

6. Maodification of Existing Structures Ap pendix F — Worksheets for Stages IV

Natural and Nature-based Adaptation Approaches
7. Preserve and Restore Natural Coastal Defenses

& Beach Nourishment Stage | — Establish Scope and Characterize Impacts

9. Barrier Island Restoration WS 11— Assessment Scope
10. Vegetated Dunes WS 1.2 — Site Information Quality Assessment
11. Living Shorelines (Edging and Sills) WS 1.3 — Historical Weather Event and Impacts Information

12. Living Breakwaters (Oyster and Coral Reefs) WS 1.4 — Climate Information Requirements and Attributes

Facilities Adaptation Approaches WS 1.5 — Current and Plausible Future Conditions
:13- Flood Frlmﬁ"'gl WS 1.6 — Existing Assessment Evaluation
14. Materials Replacement WS 1.7 — Impact Description and Characterization

15. Relocation of Vulnerable Components
16. Protection with Small Scale Structures

Non-facilities Adaptation Approaches Stage |l — Identify and Screen Action Alternatives

17. Land Use Modifications WS 1.1 — Potential Action Alternatives

18. Real Estate Actions

19. Community Coordination Stage |1l — Calculate Benefits and Costs Benefits of Action Alternatives
20. Operational Changes WS 1111 — Life Cycle Cost Analysis

21. Modified Maintenance Routines

W5 1.2 — Cost Effectiveness Analysis

W5 1.3 — Benefits

W5 1114 — Benefit Cost Ratio and Net Present Value (Grouping Strategy)

WS 1114 — Benefit Cost Ratio and Net Present Value (Single Action Alternative)

Stage IV — Assemble Portfolio of Action Alternatives
WS IV.1 — Portfolio Summary

NAVFAC. 2017. Climate Change Installation Adaptation and Resiliency: Planning Handbook
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Sector BMP Name Climate Adaptation Flood Control Energy Efficiency
Urban Urban Shoreline Management 4.0 1.0 0.5
Urban Urban Forest Buffers 3.5 3.5 4.0
Urban Dirt & Gravel Road Erosion & Sediment Control 25 1.5 0.0
Urban Urban Stream Restoration 25 3.5 25
Urban Bioretention/raingardens 20 3.5 3.0
Urban Bioswale 2.0 3.5 3.0
Urban Impervious Surface Reduction 2.0 3.0 1.0
Urban Urban Grass Buffers 2.0 2.0 1.0
Urban Urban Growth Reduction 2.0 3.0 1.0
Urban Urban Tree Planting 2.0 2.0 45
Urban Wet Ponds 2.0 3.0 1.0
Urban Wetlands 2.0 3.5 1.0
Urban Abandoned Mine Reclamation 1.0 3.0 3.0
Urban Advanced Grey Infra. 1.0 0.0 1.0
Urban Dry Detention Ponds 1.0 25 0.0
Urban Dry Extended Detention Ponds 1.0 25 0.0
Urban Erosion and Sediment Control 1.0 1.5 0.0
Urban Filter Strip Runoff Reduction 1.0 3.0 0.0
Urban Filter Strip Stormw ater Treatment 1.0 3.0 0.0
Urban Filtering Practices 1.0 1.0 1.0
Urban Infiltration Practices 1.0 3.0 1.0
Urban Vegetated Open Channels 1.0 3.0 1.0
Urban Nufrient Management Plan 0.0 0.5 0.0

Source: Tetra Tech (2017)




RESILIENT BMPs:

Planning Tools and Resources

Resources

[Eact Sheet: Legal Tools for Chmate Resilient Signg Environmental Law Institute
Suggests legal strategies for implementing climate resilient green infrastructure in Virginia and Maryland,
Stormwater Management in Response to Climate Change Imparts: Lessons from the Chesapeake and Great Lakes Re-'mr.s
Environmental Protection Agency - A report on strategies and toals to incorporate climate resiiency inte community
Flood Resilience Guide: 4 basic puide to water and wastewarter utilities Environmental Protection Agency
The guide includes videos and flood maps to help protect small to medinm water and wastewater utilities from floeding,
DC Climate Frojections and Stormwater Agplications DC Department of Energy and Envirenment
Apcmsemamm shwmghnwl)ﬂ Imalmdﬂ.hutwm andpmcqmamnpm]emommﬂ mfluence design storm events.
B g2 Preparedne B zement Nj Qimate Adoptation Alliance
.A.llst nd:'wdlmquevsaml BldPs le h.el]}lm:al gwmmtadaptmfutm r_'ha.ngumdma.w
Mapazing Wazer Oualice in the Face of Uncertaintv RAND Corporation
A repart describing how to use Robust Decision Making (RDM) when managing future uncertainties such as climate change and
wnlwmglandmpmrnshllﬂld case smdymthel’amnnlh:\ru Maryland is incloded.
£ e MD DNR Chesapeake and Constal Service
Itecnmmm:lanms unhaw m mm’pm'ate c'hmane dunge consideration into the mmmmm d.eusnm-m.ahngprnnes: i Maryland.
. . . : 2 3 ed Watershed Chiang et al
Fa]mrpredlﬂs It.emlpa.ctnct'mmaw dunpe on l?l pasnmalEl‘l.'E' mmhmmns mﬂrmmmﬂsﬁuseﬂurmﬂiemstreﬂmt.
Usinz Cover Crops to Mitizate and Adaptto Climate Chapee Kaye, fason F. and Miguel (uemada
Fa])er suppqﬂsﬂieﬁmlmg I‘.hitmwrl:mpshelpmmgatedunabe dung)ea.nd provides a cover crop case study in Pennsylvania.

Tllerepart nﬁe‘rs anmpumed detlmm mah.ngl‘mmewnrtas astraugyﬁwhe‘nrrmrmwam management in Pitsburgh.
: z g5 Hui Xie. Lei Chen and Zhenyao Shen
Mpapersuggeslsmndel stralepe-s.snm as smph.ﬁ.ﬂl Im]s aml dlma.nemmgrammhem represent agricaltural EMPs,
3 £ Afamdu:n et n'E.

SWFMuavaluahlemngemmtmnl Lhitcammndelmrmwamnmnﬂandmm'pamm green infrastructure BMPs, like rain
gardens.'l'he [:hma‘heﬁﬂ]uslmem Tml mlrn:hn:ﬁflmme Lhmahesnen.mns into the model,

BASII'IS{!AT I:D'IIII}EIE‘FGIS. nanmlalwam-shedd.lm..md watmhed mnddmgmlsmmdelpcmtalc‘hmaw change scenarios.
Lreating Resilient Water Utilitie= (CRWIT) EPA
.&s:etuftnn]s W I].el]}ma.kedrmh.ngwater. wastewater, and stormwater utilities more resilient
-Adapt
A darabase n\t'namalmsmms on adapdng to climate dl.mg)eandemm EVENTS,
Llimate Resilience Evaluation and Awareness Tool (CREAT) EPA
Current and long-term weather conditions within the risk assessment toal help utilities plan for extreme weather events,
National Stormwater Caleulator EPA
The caleulator wses a selection of low impact development controls to estimate loeal area annual rainwarer and minaff frequency.
Tools for Water Related Climate Chanee Adaptation EFA Cimate Change Adaptation Resource Center
Adalahase n\t’dlmatedlm@ea.dipunanmlsﬁrmmnmes nmwmrllnhuﬁ.wamthly and ecosystem protection.

plans andpm]eﬂs.

'I‘Il.empcrts:ures Bbmsbasedanﬂnuahmwm pcﬂmﬂympid(m.dmmadapunmﬂm contrel and energy efficiency) the
Chevs.ipeabBamegramsmamgemnIsh‘aﬂgws

.ﬁmpm't ﬂeuftmg remmm.endatmn: for'lz.'lhmg ChmabeSma.rt'deumn mahngpmuems tothe mplemtatun of Chesapeake
Bay Program goals and outcomes,

List compiled by the CBP Climate Resiliency Workgroup. Printed Version (09.06.07).
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