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Climate Adaptation Process
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Extreme Heat

Some States Warming at Twice Global Rate

Click on a state to see annual temperature increase since 1970
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Precipitation Variability @0

Percentage Change in Very Heavy Precipitation
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Coastal Storms

There has been a substantial
increase in hurricane activity
in the Atlantic since the
1970’s.

Recent Tropical
Storms/Hurricanes
impacting Baltimore:

2013 Hurricane Sandy

2011 Tropical Storm Lee
2011 Hurricane Irene

2006 Tropical Storm Ernesto
2003 Hurricane Isabel




Sea Level Rise

Baltimore, MD 3.08 +/-0.15 mmlyr
Source: NOAA
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Quick Review of Hazards () m®

Coastal Storms

Floods

Severe Thunderstorms
Wind

Winter Storms
Extreme Heat/Drought
Sea Level Rise

Air Quality

more severe
more extensive

more severe

increase intensity

less snow, more flooding
more severe and intense
increased threat

lower quality and increase risk






Roads

Baltimore DOT is responsible for planning, designing,
building and maintenance of 2,000 miles of roadways




Rail and Lightrail

In 2014, due to
heavy
precipitation, a
retaining wall

collapsed onto
the CSX tracks

below

In 1994 the
Baltimore’s
lightrail froze to
the tracks




Bridges




Port 80 o

About 2,800 ships a year enter the port, an average of 7.6
a day. The costs of delivery delays, as well as fuel and
fees, mount quickly. Also affected are the tugboats that
escort ships to the port, the bay pilots who steer the
ships up the Chesapeake Bay, the shipping lines that carry

the cargo, the longshoremen who handle the cargo and %
ne terminal opera

tO I'S. Hurricane Isabel (Baltimore Sun, 2003)
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Baltimore’s Unique Approach 8L ©8

All Hazard Mitigation Plan

(Current and Historical Hazards)

+ = Resilience
Climate Adaptation Plan

(Adapt to new and predicted climate conditions)




Process

Hazard
Identification

e Hazard
Identification

e Review
Historical
Impacts

e Conduct an

Asset
Inventory

Risk Assessment

Vulnerability
Assessment

e Determine
likelihood

e Determine
economic,
social, legal &
environmental
conseguence

Impacts
Assessment

e HAZUS
Modeling

e |Integrate
projected
climate
conditions

e |[dentify
weaknesses

\

Plan
Development

e \/ision, Goals,
Strategies,
Actions

¢ Prioritization
e Integration

e Plan for
implementation
& monitoring

N\




Infrastructure

Energy

Liquid Gas

Communication

Transportation

Waterfront

Wastewater

Buildings

City Codes

Structural

Stormwater

Solid Waste

Policy

\

Non-Structural

Natural
Systems

a2 N

Urban Parks &
Forests

" .

Water Supply
and
Management

S

" 7

Public Services

7~

"

Emergency
Preparedness
& Response

"\

Health

Education &
Outreach

Food System




Modeling

) V.

Building
- Floodway

100 Year

500 Year
[ 500 Year + 3t SLR
B 500 Year + 5 ft SLR
B 500 Year + 7/t SLR

E Census Tracts




Disaster Preparedness Plan

CITY OF BALTIMORE
Disaster Preparedness and Planning Project

ment thatevaluates andimproves all pipes’ability towithstand
cold IN-16 Enhance and expand stormwater infrastructure and systems

bm is dated and in need of upgrades. It is important to build extreme weather Future changes in precipitation frequency and intensity may require reconsideration of the design of existing
er prevention into water and wastewater systems by using both adaptation and mitigation stormwater infrastructure systems.
acnons Addmonally structural and infrastructural upgrades must be made to reduce loss of water supply

from the distribution system. Increase resiliency and disaster prevention measures related to stormwater systems by enhancing drainage

systems in stream corridors and improving and repairing c e popes and outfalls.
1. Replace old and malfunctioning pipes with new 1. Implement the requirements of Baltimore's MS4 5. Review and revise storm drain design on a
pipes or retrofit existing pipes with new lining (separate stormwater and sewer system) permit continuous basis, to accommodate projected
S) changes in intense rainfall (O)
Pipes that have already begun experiencing
problems, or older pipes which are more The City of Baltimore operates under a Municipal The City’s storm drains will require continual
vulnerable to the impacts of hazards, should be Separate Stormwater and Sewer System (MS4) revision to incorporate new and projected
upgraded using the best available technology. permit, which protects water-quality and requires changes in intense rainfall. This will ensure that
that Baltimore prevents pollution as much as the storm drains maintain adequate capacity.

"'}' 2. Evaluate and utilize new technology that allows possible. 't, is critical that the requirements of
‘ for greater flexibility in pipes as they are replaced these permits are fully met.

It is essential to prepare f°_’ future changes. in 2. Prioritize storm drain upgrades and replacement
hazard events and P;?ad'vz'{) upgrade pipe in areas with reoccurring flooding (S) IMPLEMENTATION GUIDELINES
systems to prevent cracking and bursting. i ity to-a floodiotiin:or isod can _LeadA_gency — DPW
P P
in Inersbitiytoflooding;certai WOEN NONR NGO, Pt
. e \ Y , Prival
can reducg this vulnerability. Inadequate or ol{ier koS o Utitty
pipes, which cannot accommodate the excessive - -
amounts of should be dedso as Alignment with Goals Goals 1,3,and 6
IMPLEMENTATION GUIDELINES to handle extreme rainfall and storm surge events. Connection with Existing Efforts
Lead Agency DPW §
e ST 3. Install backflow-prevention devices or other s MD DNt
it Utilities itar acd Wastawat . appropriate technology along waterfront to -
educe flood risk (M-L) Timeframe
Alignment with Goals Goal3 ! @
Connection with Existing Efforts 5 Backflow-prevention devices are used to
@ @ A ensure that water does not flow back through
> drainage infrastructure. Through the installation
CAP; CRS; MD DNR; ESF-3; ESF-4 of backflow-prevention devices, the City can
Timeframe improve the performance of the drainage network

and prevent risk of flooding impact along the
waterfront.

x B

»

Preserve and protect natural drainage corridors (S)

Baltimore Water Pipe Source: BaltimoreSun

Itis important to utilize natural drainage corridors
and green infrastructure to capture more
stormwater runoff and enhance the ability of the
existing infrastructure to cope with environmental
changes. Backflow Preventer Source: DemarPlumbingNYC




Crosswalk B

* |dentify overlaps with existing planning efforts

* Prioritize Strategies and Actions with lead stakeholders

STRATEGY ACTION c1 c2 c3
Watera
Review and revise storm drain design on 3
basis, to projected x x
changes in intense rainfall
Support existing stormwater requirements and
continue to evaluate and improve Best Management x X X %
Practices
y 3 Encourage urban landscaping requirements and
Modify urban landscaping 8 & hd qv
= 5 permeable surfaces into community managed open x x X % %
requirements and increase
spaces
permeable surfaces to reduce p' = -
Utilize water conservation elements such as green
stormwater runoff s R 3
roofs, rain gardens, cisterns, and bioswales on s s x . -
residential, commercial, industrial, and City-owned
properties to capture stormwater
Encourage permeable paving on low-use pathways x X X x
Review and improve status of standing maintenance % s f
requirements
Ensure adequate fundingis in place to support % o b
stresm maintenance
Identify opportunities where stream restoration s I L
Evaluate and support DPW's efforts will off-set mai COsts
stream maintenance program. |ldentify interdependencies and benefits of stream
x x x x x x x x
i with other transportation programs
Clear streams on a regular basis, prioritize dredging
the stream beds, and increase inspection and % i 5 %
cleaning of culverts and storm drains to prevent
. .. |Partnerwith local counties to evaluate major
Support and increase coordination | . N
2 s & tributaries in all watersheds to determine best
and information sharing across i A
REEE management practices for capturing run-off and % x %
jurisdictions to better enable it | ing it (st i ti
RS ; slowly releasing it (stormwater quantif
' IN-19 | mitigation of cross-border impacts 3 J q ¥
5 management)
on the regions watersheds [e.g., > = = P S
: 2 ncourage information sharing within the
understanding flood conditions & . ,
3 Bay to assistin ping X x X
upstream in the County) G
best practices
[Investigate best practices for managingand
disposing of downed trees, yard waste, building x x %
debris, as well as iti arbage
Reevaluate and support 3 = e £ L
5 _ Expand and integrate existing programs to reduce or
comprehensive debris & g 3 2
| IN-20 intercept debris before it gets into the streams and x x X
management plan for hazard
harbor
events =
Develop and pi solid waste
actions for citizens to implement before a hazard x x X
event
Incorporate consideration of hazards and climate
efforts into all plans, systems, x x x x % % % x x x % x x % x % % x x x x x % % x x x
et




Advisory Committee
Engagement

Hopkins

General
Services
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Resiliency

Planning 8y '
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Public
Works

Local
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Community Engagement ®

Small Staff Trainings and Community Meetings







Prioritization

VTG ATION RESILIENT + ADAPTATION +
' SUSTAINABLE HAZARD MITIGATION
Climate N\ :
1 Drinking water
Renewable Energy
Trees
SN > Building Codes <
Energy Savings and _ nf
Supply Energy Grid nfrastructure
Land Use and Energy Efficiency Buildings
Transportation ) N | Syst
Transportation Inf. atural Systems
Growing a Green City / \_

Public Services



Floodplain
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e Two foot freeboard
 Regulate 500-yr
e CRS

* Local, State, and
Federal Partners




Whole Block Approach
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Energy

e Cool Roofs
* Weatherization
* Energy Education

Additional

* Trees and Greening —
 Renewable Energy
e Stormwater
* Heat sensors ...




Stormwater Management

Issues:

High percentage of impervious surface

Lots of encroachments on stream
channels (structures, bridges, railways)

Inadequate storm sewer drains (wood
pipes) and debris

Implementation:

* Blue alley projects

* Replacing and upgrading pipes

Stormwater Remediation Fee



Growing Green

Effort focused on re-using vacant land to green
neighborhoods, reduce stormwater runoff, grow food,
and create community spaces that mitigate the
negative impacts of vacant properties

City of Baltimore

GREEN PATTERN BOOK

USING VACANT LAND TO CREATE GREENER
NEIGHBORHOODS




Collaboration & Integration
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Federal and State
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w Floodplain —
FEMA ,
Community A
Rating more
System (CRS) Sustainable
. and Resilient
08 Rrmy € Modeling L _
ny Corps .
of Engineers. and HAZUS Ba|t|m0re
City
Engineering
Studies

— Pre-Disaster

DP3 —

Mitigation
Floodplain
Modeling Q
Coastal
Adaptation

SWMARYLAND
Com mun ity "’/’z:g'/NATURAL RESOURCES
Preparedness



Regional Collaboration

Surrounding Counties:
* Dams

* Stormwater Management
* Emergency Management
* Critical Facilities

* Energy and Transportation

Regional Partnerships:
e Other Cities (DC, Philly, NYC)

* Baltimore Wilderness Coalition

e Baltimore Urban Waters
Partnership

 USDN Preparedness Group




Local Partners
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Capital Improvement B0 08

* Department of Planning manages process
* Developed a Resiliency Checklist for projects

* |dentify how each project will help reduce risk
and improve the City’s ability to adapt and
respond to natural hazards

* Projects must take into account anticipated
impacts from climate change

* Include extreme weather events, adaptation,
SLR, floodplain considerations, and mitigation



Baltimore Office
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People: Planet - Prosperity

THANK YOU!

Kristin Baja
Climate and Resilience Planner

Kristin.baja@baltimorecity.gov




