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Quick Review of Hazards @

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
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Precipitation Variability
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Presenter
Presentation Notes
Warmer air holds more moisture, and that moisture is fuel for storms. It won’t necessarily rain or snow more often, but when it does, it’s more likely to be intense and significant. 
Baltimore’s snowiest month ever was February, 2010 with 50.9” of snow	
The biggest rainstorms and snowstorms are getting bigger. 		
Rainfall in Maryland is projected to increase by five to twelve percent by 2100	
Precipitation is projected to increase during the spring and winter months, but become more episodic. 
 5-12% increase in annual precipitation by the end of the century
 12-15% increase in severity of these storms 
2012 report from the Environment Maryland Research & Policy Center confirmed that extreme rainstorms and snowstorms are happening 55% more frequently in the Mid-Atlantic region than in 1948.  Bigger storms are continuing to hit Maryland more often. Heavy downpours or snowstorms that used to happen once every 12 months on average are now happening every 7.7 months on average. 
Precipitation is projected to increase during the spring and winter months, but become more episodic. 
Rainfall in Maryland is projected to increase by five to twelve percent by 2100
The biggest rainstorms and snowstorms are getting bigger. Because of warm waters off the Gulf Stream off our eastern shore, it is typical for the rain-snow line to cut right across Baltimore City. Ice storms are likely to happen more often in the future due to sub-freezing air being trapped. 
The increase in extreme precipitation events are occurring primarily during the spring and fall
The map shows percent increases in the amount falling in very heavy precipitation events (defined as the heaviest 1 percent of all daily events) from 1958 to 2012 for each region
High percentage of impervious surfaces
Lots of encroachments on stream channels (structures, bridges, railways)
Inadequate storm sewer drains and debris
Densely populated waterfront


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
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Presentation Notes
One recent study projects a doubling of category four and five hurricanes in the Atlantic basin by 2100
More powerful rain and wind storms will strike Maryland as ocean waters warm. These will be accompanied by higher storm surges and rainfall.
We are just starting to see the impacts of warmer ocean temperatures combined with high tides. Hurricane Sandy is a good example of what is likely to continue happening.
Conservative numbers show that sea levels could rise 2-3 feet by late century, inundating low-lying areas and leading to much higher storm surges

The rate of sea-level rise is increasing
After at least two thousand years of little change, sea level rose by roughly eight inches over the last century.
The rate of rise over the past 20 years has roughly doubled




) Sea Level and Tidal

e Baltimore is expected to experience 1.5 to 3 feet (conservative numbers) of
additional sea level rise in the next 50 years.

e We are expected to go from 17 tidal flooding events per year to 227 tidal
flooding events per year by 2045
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Presentation Notes
Baltimore is expected to experience 1.5 to 3 feet of additional sea level rise in the next 50 years
Sea levels have risen 12 inches since 1900. This rate of sea level rise is faster than at any time in the past 200 years. 
Conservative numbers show that sea levels could rise 2-3 feet by late century, inundating low-lying areas and leading to much higher storm surges





Baltimore’s Unique Approach ®

All Hazard Mitigation Plan

(Current and Historical Hazards)

+ = Resilience
Climate Adaptation Plan

(Adapt to new and predicted climate conditions)




Process

Risk Assessment

Hazard
Identification

e Hazard
Identification

e Review
Historical
Impacts

e Conduct an

Asset
Inventory

Vulnerability
Assessment

e Determine
likelihood

e Determine
economic,
social, legal &
environmental
conseguence

Impacts
Assessment

e HAZUS
Modeling

* |Integrate
projected
climate
conditions

e |dentify
weaknesses

N\

Plan
Development

¢ Vision, Goals,
Strategies,
Actions

e Prioritization
e Integration

e Plan for
implementation
& monitoring
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Presentation Notes
40-person advisory committee
6 goals, 50 strategies, 231 actions


Natural

Infrastructure Buildings Public Services
Systems
Energy . Urban Parks & Emergency
— City Codes — — Preparedness
Forests & Response
Liquid Gas . ) . ) . )
— Water Supply
Communication —  Structural — and — Health
Management
Transportation - g - g b g
Waterfront | Non-Structural | Education &
Outreach
Wastewater \ J \ J
Stormwater
— Food System
Solid Waste . )
Policy
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Presentation Notes
Took FEMA’s approach and ICLEI’s approach and blended them together then tweaked them for our needs
Utilized sectors rather than Hazards to structure our strategies and actions- easier for implementation



Community Engagement ®

Small Staff Trainings and Community Meetings

Large Town Halls and Interactive Community Meetings
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Disaster Preparedness Plan

Adopted unanimously in October, 2013

DNESS AND PLANNING PROJECT

CITY OF BALTIMORE

Disaster Preparedness and Planning Project ) ) L )
5 e ment thatevaluates andimproves all pipes’ability towithstand

i cold

is dated and in need of upgrades. It is important to build extreme weather
resilience and disaster prevention into water and wastewater systems by using both adaptation and mitigation
actions. Additionally, structural and infrastructural upgrades must be made to reduce loss of water supply

1. Replace old and malfunctioning pipes with new
pipes or retrofit existing pipes with new lining

Pipes that have already begun experiencing
problems, or older pipes which are more
wulnerable to the impacts of hazards, should be
upgraded using the best available technology.

N

. Evaluate and utilize new technology that allows
for greater flexi in pipes as they are replaced

It is essential to prepare for future changes in
hazard events and proactively upgrade pipe
systems to prevent cracking and bursting.

IMPLEMENTATION GUIDELINES

Lead Agency DPW

Stakeholders DOT, DPW, Water and Wastewater
Utilities

Alignment with Goals Goal 3

Connaction with Existing Efforts y
‘ol W

CAP; CRS; MD DNR; ESF-3; ESF4

Timeframe X
» B

Baltimore Water Pipe Source: Baltimoresun

STRATEGIES AND ACTIONS

S WATER

IN-16 Enhance and expand stormwater infrastructure and systems

Future changes in precipitation frequency and intensity may require reconsideration of the design of existing
stormwater infrastructure systems.

Increase resiliency and disaster prevention measures related to stormwater systems by enhancing drainage
systems in stream corridors and improving and repairing stormwater conveyance popes and outfalls.

[

w

S

. Implement the requirements of Baltimore's MS4

(separate stormwater and sewer system) permit

5

The City of Baltimore operates under a Municipal
Separate Stormwater and Sewer System (MS4)
permit, which protects water-quality and requires
that Baltimore prevents pollution as much as
possible. It is critical that the requirements of
these permits are fully met.

. Prioritize storm drain upgrades and replacement

5. Review and revise storm drain design on a
continuous basis, to accommodate projected
changes in intense rainfall (O)

The City'’s storm drains will require continual
revision to incorporate new and projected
changes in intense rainfall. This will ensure that
the storm drains maintain adequate capacity.

appropriate technology along waterfront to
reduce flood risk (M-L}

Backflow-prevention devices are wused to
ensure that water does not flow back through
drainage infrastructure. Through the installation
of backflow-prevention devices, the City can
improve the performance of the drainage network
and prevent risk of flooding impact along the
waterfront.

. Preserve and protect natural drainage corridors (S)

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.

in areas with reoccurring flooding (S) IMPLEMENTATION GUIDELINES

. - Ao dnlai Lead Ageru DPW
While proximity to a p or flood) can My
increasevulnerability toflooding, certainmeasures Stakeholders Community Groups, DOT, DPW,
can reduce this vulnerability. Inadequate or older MOEM TR TGOS P":a':ﬁl
pipes, which cannot accommodate the excessive £
amounts of stormwater, should be upgraded so as i ey o2 mel
to handle extreme rainfall and storm surge events. Connection with Existing Efforts

I
. Install backflow-prevention devices or other CRS; MDDNR

Timeframe f

Backflow Preventer Source: DemarPlumbingNYC







Floodplain C

National Flood Insurance Program (NFIP)

The U.S. Congress established the NFIP on August 1, 1968,
with the passage of the National Flood Insurance Act

of 1968. This program:

e Aims to reduce the impact of flooding on private and
public structures.

 Provides affordable insurance by encouraging
communities to adopt and enforce floodplain
management regulations.

e Utilizes floodplain management regulations to reduce
the socio-economic impacts of flooding



Types of Flooding in Baltimore

Tidal (Coastal)

Flooding issues related to
coastal storms,
hurricanes, tropical
storms, and storm surge.

Non-Tidal (Riverine)
Flooding issues related to
heavy precipitation
events. Flash flooding is
major concern.
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Presentation Notes
Power outages, heating and cooling considerations, lack of food and water, lack of supplies, 



DP3 Flood-Related Goals & Strategies

Goal 6- Become a Community Rating System (CRS) classified
community

IN-17: Modify urban landscaping requirements and increase
permeable surfaces to reduce stormwater runoff

BL-2: Enhance City building codes that regulate building
within a floodplain or near waterfront

BL-3: Strengthen City zoning floodplain and construction
codes to integrate anticipated changes in climate

BL-7: Retrofit existing buildings in the designated Flood Area
to increase resiliency

NS-1: Utilize green corridors and parks to help protect
surrounding communities from the impacts of hazard events

PS-9: Improve awareness and education about the
importance of flood insurance and preparation for citizens
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Presentation Notes
Power outages, heating and cooling considerations, lack of food and water, lack of supplies, 



) Floodplain Modeling

Modeling that
looks at the 100-
yvear and 500-year
storm with Sea
Level Rise

As you can see, our
entire waterfront is
almost completely
inundated
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Presentation Notes
Freeboard increased to 2 feet
Above and Beyond new FEMA maps- regulate new and redevelopment to 500-year line
ASCE-24 (American Society of Civil Engineers) standards



Floodplain Regulation C

Understanding Height and Freeboard

Design Flood Elevation (DFE)
(the BFE plus the 2 foot freeboard)

Base Flood Elevation (BFE)
(predicted height water will
rise during 100-year flood)

|

IZ ft Freeboard
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Presentation Notes
Freeboard is a factor of safety usually expressed in feet above a flood level for purposes of floodplain management. "Freeboard" tends to compensate for the many unknown factors that could contribute to flood heights greater than the height calculated for a selected size flood and floodway conditions, such as wave action, bridge openings, and the hydrological effect of urbanization of the watershed.


Floodplain Regulation C

e The City of Baltimore regulates to the height and extent of the 500-year
flood in tidal areas

_ Al= _ | Extent
Height | QJ%; )
Both | - IF e
500 100 ¢
- 58 emal[EB] and | v il Kl
FUHTTERIeE 500 [ttt f"\f;,aﬁ d {\

In non-tidal areas, the City regulates to the height of the 100-year flood
and to the extent of the 500-year flood

Both
100
and
500



Presenter
Presentation Notes
This proactive approach puts Baltimore City at the forefront nationwide in terms of regulating for anticipated flood events and preparedness



Floodplain Regulation C

Understanding Extent of Regulated Floodplain

Light Blue- Flood Resilience Area (FRA)
500 year Floodplain




Flood Resilience Area

; TABLE 5 — TRANSECT DATA
Higher of Base Flood = _
Starting Stillwater Elevations (ft
. . NAVD;&)W
Elevation or Stillwater 500 Soing Wa Congitions o the Flevstion -
1% Annual Chance S NAVDSS)
e
. Signific | Peak ) zZ
(g) Flood Resilience Area. | v | o Destamton
ope W. Period d BFE
(1) The Flood Resilience Area — Angal | 2% | 1% | 02% |
Flood Ty Chanc | Annual | Annual | Anmual | (feet NAVD
comprises those lands within a Source | Tramsect | Coordinates | H,(ft) | (sec) | e | Chance | Chance | Chance 88)
tidal floodolain that Patapsco 1 N30240008 | 27 | 32 | 42 18 5.1 71 VES
Idal Tioodpiain that: River W -76.530246
(i) due to hurricanes, tropical storms, Patapsco 2 N 30.255878 32 38 | 42 18 5.2 7.2 VES
and the rising Bay are subject to a Raver W eSS
0.2% chance of flooding in any given hoeapsco S Elssvonivtl R e R N I
year; and Patapsco 4 N30260258 | 35 | 40 | 4.2 18 52 73 VES
(ii) lie in areas where detailed study River W 7670443 AES
. Northwest 5 N30260003 | 20 | 20 | 42 17 5.2 73 VE 7
data are available. Horoe, W76 560075
(2) The Flood Resilience Area appears: Northwest 6 N30276766 | 18 | 20 | 42 18 5.2 73 AE7
(i) on the Flood Insurance Rate Map, Harbor W-76.573446
as that pa rt Of the tidal floodplain that Northwest 7 3{39.2798?1 1.8 2.7 4.2 4.8 5.2 74 AE S
_ _ 5 . Harbor W -76.580722
is designated Zone X (“areas of 0.2%
 ch flood”); and :orgm'est 8 ‘:1 3_?‘;23;62;490 17 | 27 | 42 18 5.1 74 :]]:::1
annual chance ; arbor -76.3 AES
(ii) in the Flood Insurance Study’s Northwest 9 N 39.280065 14 2.6 42 18 5.2 7.4 AET
N ” Harbor W -76.594924 AES
Table 4 {“Transect Data”}, under the
. Northwest 10 N 30.283400 1.3 22 42 48 5.2 7.5 AE7
column heading “0.2% annual chance”. | garbor R
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ASCE-24

ASCE STANDARD |:

Flood Resistant
Design and
Construction

ASCE/SEI
24-14

|

This document uses both the
International System of Units (SI)
and customary units

Flood Design Class of Buildings and Structures

Flood Design Class Minimum Elevation, Relative
to Base Flood Elevation (BFE)
or Design Flood Elevation (DFE)

| (Ag, storage, temp) DFE

Il (Non-IllI, IV) BFE + 1 ft or DFE, whichever is
higher

[l (300 people +) BFE + 1 ft or DFE, whichever is
higher

IV (Critical Facilities) BFE + 2 ft or DFE, or 500-year
flood elevation, whichever is
higher
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Presentation Notes
ASCE-24 (American Society of Civil Engineers) standards



=
Community Rating System 8

Community Rating System (CRS) is a voluntary
incentive program that recognizes and
encourages community floodplain
management activities that exceed the
minimum NFIP requirements.

By regulating to these higher standards, the SO MaUng oysicos
City of Baltimore helps support safe and

smart development.

FEMA

Moreover, meeting and exceeding the NFIP
standards allows the City of Baltimore to help
policy holders receive discounts on their

insurance rates. NFIP/CRS
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Presentation Notes
Freeboard increased to 2 feet
Above and Beyond new FEMA maps- regulate new and redevelopment to 500-year line
ASCE-24 (American Society of Civil Engineers) standards



Program for Publicinfo =

The Program for Public Information (PPI) is a coordinated flood
hazard outreach effort to improve communication with
stakeholders, and provide information on:

e flood hazard,

e flood safety,

e flood insurance and ways to protect property, and

e natural floodplain functions

The PPl was developed to identify strategies to targeted
audiences and efficiently use resources and improve
communications.

NFIP/CRS
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Freeboard increased to 2 feet
Above and Beyond new FEMA maps- regulate new and redevelopment to 500-year line
ASCE-24 (American Society of Civil Engineers) standards



Stormwater Management ®

Resiliency & Restoration

e Stream Restoration

e Stormwater Capture Systems
e Impervious Surface Removal
e Erosion Control

e DAMS

e \Wastewater Treatment Plants

e Blue Alley Projects

e Replace and upgrade pipes
e GGI
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DAMS and WWTP- drought and nutrient benefits
MS4 fees leading to: Stream restoration, stormwater capture systems and impervious surface removal
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Flood doors and/or gates

Flood walls/barriers

Large mitiga
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Freeboard increased to 2 feet
Above and Beyond new FEMA maps- regulate new and redevelopment to 500-year line
ASCE-24 (American Society of Civil Engineers) standards



Upcoming projects

Historic Considerations

* Inventory of all historic structures in SFHA
* Develop a guide/toolkit for retrofitting

* Provide mitigation options to developers

Floodplain trainings and design manual

. gy
Urban area focus ; 1.“1
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* Our housing typology

* Staff and developer

trainings



Prepa redness: Make a Plan, Build a Kit, Help Each Other
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Baltimore Oflflce
. ) of sustainabiity

Questions!?

Kristin Baja Zane Hadzick
Climate and Resilience Planner Environmental Planner

Kristin.Baja@baltimorecity.gov Zane.Hadzick@baltimorecity.gov
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