
COASTAL HAZARDS AND
 CLIMATE CHANGE



THE HUDSON RIVER
A COASTAL, TIDAL RIVER

‣ The Hudson River is an arm of 
the Atlantic Ocean

‣ The river tidal to the federal 
dam in Troy

‣ All of the Hudson’s shorelines 
are subject to coastal hazards



COASTAL HAZARDS

‣ INUNDATION
‣ EROSION
‣ FRESHWATER TRIBUTARY 

FLOODING



COASTAL HAZARD:
Coastal Inundation
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• Sea, Lake, and Overland Surge from Hurricanes

• A computerized model developed by the National 
Weather Service (NWS) to estimate storm surge 
heights and winds resulting from historical, 
hypothetical, or predicted hurricanes.

Source: http://www.nhc.noaa.gov/HAW2/english/storm_surge.shtml

• SLOSH stands for Sea, Lake, and Overland Surge from Hurricanes. It is a 
computerized model developed by the National Weather Service (NWS) to 
estimate storm surge heights and winds resulting from historical, 
hypothetical, or predicted hurricanes.

• SLOSH is used by the National Hurricane Center (NHC) for the exclusive 
benefit of NWS, US Army Corps of Engineers (USACE), and Emergency 
Management personnel.

• There are several other storm surge models in use, including ADCIRC, 
however, SLOSH is the primary model used by the Federal Emergency 
Management Agency (FEMA), the National Oceanographic and 
Atmospheric Administration (NOAA), and USACE. It is also the basis for 
Hurricane Evacuation Studies (HES).

Introduction

What is SLOSH?

Definitions:Definitions:Definitions:Definitions:
ADCIRC - Advanced Circulation model for oceanic, coastal, and estuarine waters
FEMA ಥ Federal Emergency Management Agency
HES ಥ Hurricane Evacuation Study 
NHC ಥ National Hurricane Center 
NOAA ಥ National Oceanographic and Atmospheric Administration
NWS ಥ National Weather Service
SLOSH ಥ Sea, Lake and Overland Surge from Hurricanes
USACE ಥ United States Army Corps of Engineers

COASTAL HAZARD:
Coastal Inundation

17 ft. Storm Tide

2 ft. Normal High Tide15 ft. Storm Surge

Mean Sea Level



COASTAL HAZARD:
Coastal Erosion



Cliff Erosion Model

A l ti f hi t i i t (Rh)• Acceleration of historic erosion rates (Rh)
• Prorated based on % increase in TWL exceeding 

the elevation of the toe of the beach/cliff junctionthe elevation of the toe of the beach/cliff junction
• Include geologic unit standard deviation x planning 

horizon to account for alongshore variabilityg y

COASTAL HAZARD:
Coastal Erosion

Outline
• Background
• Project Objectives

Evaluate future erosion and flooding• Evaluate future erosion and flooding 
hazards using the best available data 
sets, for multiple planning horizons 

• Map Flood and Erosion Hazards
• Identify vulnerable infrastructure
• Overview of Methods
• Results
• Adaptation Case Studies• Adaptation Case Studies
• Policy Recommendations

Photos by D. Revell
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COASTAL HAZARD:
Freshwater Tributary Flooding



FLOOD RISK MAPPING

   1% Zone
0.2% Zone



CLIMATE CHANGE
SEA LEVEL RISE

‣ Sea level is 1’ higher than 
100 years ago

‣ Rate of sea level rise is 
accelerating

‣ Up to 50 inches of sea-level 
rise by 2080

United States, the northwestern Gulf Coast and the Mid Atlantic states are witnessing greater 
erosion rates, federal and private insurance claims, and coastal maintenance costs.

At the same time, the world’s most productive habitats–coastal wetlands, estuaries, and 
shallow water beds–are increasingly stressed by inundation, intrusion of saltwater to previously 
brackish or fresh waters, and changes in storm surge exposure. Supremely sensitive to the 
water levels and salinity, even moderately altered conditions in estuarine and coastal areas will 
lead to losses of these habitats along with the ecosystem services they provide: food, flood 
protection, water quality, recreation, and many others.

The Hudson: A Laboratory for Adaptation
Building consensus around balanced solutions to this massive, yet incrementally-developing, 
threat promises to be one of the most complex social and environmental challenges of this 
century. On the one hand is the imperative to protect existing infrastructure and property, 
which will generate tremendous pressure to harden, raise, or re-engineer shorelines regardless 
of cost and efficacy. On the other hand is the imperative to facilitate the persistence of the 
coastal natural resources so that they continue to provide ecological services that sustain 
people, nature and human endeavor. The optimal balance will require locally-specific tactics 
that respond to the realities at the water’s edge, and regional strategies that coordinate efforts 
within a big picture, long time-horizon framework.

Few places in the world are a better living 
laboratory for exploring the full range of sea 
level rise adaptation options than the 
Hudson River Estuary. Home to nearly 100 
municipalities and over 12 million people, 
the Hudson’s 160 miles of estuarine river 
passes through an incredible gradient of 
conditions – from the rural farming 
waterfront communities and rare 
freshwater tidal forests in the north, to one 
of the world’s most densely populated 
urban centers at the salty, marine outlet to 
the Atlantic.

Sea level rise (SLR) presents the most 
immediate global climate impact to the 
Hudson River Estuary. Across much of the 
estuary, sea level has risen at about one 
foot per century (2.7mm/year), a rate greater 
than the global average (see figure 2). The 
best climate data available indicates that we can expect water levels on the Hudson River – 
from the Battery in Manhattan to the Federal Dam at Troy - to rise by up to five feet by the end 
of this century, and perhaps that much again during the next century. (see figure 3 on following 
page)

Within this projected inundation zone lie historic riverfront communities, the seeds of a 
sustainable revitalization corridor, billions of dollars of critical public infrastructure, thousands 
of private landholdings, and over 13,000 acres of globally important tidal wetland and 
vegetated shallow water habitats. These critical habitats are home to many of the region’s most 
iconic species including bald eagles and migratory fish like sturgeon, shad and striped bass; 
they also provide key ecosystem services such as water quality maintenance and flood control 
to people along the entire estuary. 

Figure 2. Sea level change since 1856, observed 
by tidal gauge at the Battery, Manhattan, NYC. 
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2080 projections: 
8-23 inches (lower emissions)
37-50 inches (higher emissions)



CLIMATE CHANGE
STORM SURGE EVENTS

‣ Number or frequency of 
events: trend unclear

‣ Higher intensity events
‣ Greater frequency of surge 

events in warmer years



OUR WORK IN A 
CHANGING CLIMATE
‣ changing, “flashier” moisture 

regime
2100 projections: 

increased precipitation
larger, more intense events

	� ����	����
���
����

����������� ������ !������ �����%� ���#� ����%�����%����"�������������
�"����� ��������������� � �����
������!� ������ �������  ��������������� ��
 ��������!���������������������������"%��"�� ����� ���#� �����������%������
��������� #������!�����������������"����"���� %��������� �����#� ��
����!������

���"%���#���!�����"�������������"��� ������ ����%��������
 ���� �������������� ��� ����� ��!�����!�������������������
������&���������������������!�������������������%����������

������������� ����� �� ���� ���������������! �� ����� ���#� ��
�!���%�������!��� ��#�� �#� ��� ��� ��� ����� ������� ���
"!�����������"������� �#� ����������������


��������!�� ��!������������������$��� ��� �����!� ���������
 ������������������%����������!�������%������������ �� ����%
����� ���� �������� %����#� ����!���%��%� ���� ����� 
���������

���!�����!��������#�������������"����������#��������!���
#� ��� ��������!�������� ��������� ������������� ����#� ��
!�����

	����������#� ��� ������ !���������"��������� ������#���
����� ���!� ������ ���������!��� ��������� %����� ������ �
�������� ������!�� ������#�� �#� ��� ��� ��� ����� ��

�������

�"4��,/(��1�1"�%�0��+���2+!�+ "
,#�4�1"/�/"0,2/ "0��&+ )2!&+$�)�/$"
#/"0%4�1"/�)�("0��%&$%�6&")!&+$
$/,2+!4�1"/��.2&#"/0��+!�*�',/
/&3"/0�

��1"/�/"0,2/ "0��/"�*�+�$"!��6
��!&3"/0"��//�6�,#�)�/$"��+!�0*�))
�$"+ &"0��$,3"/+*"+10��+!�&+01&�
121&,+0��4&1%�)&11)"�01�1"4&!"� ,,/!&�
+�1&,+�

��1"/�/"0,2/ "0��/"��)/"�!6�02��
'" 1�1,�+2*"/,20�%2*�+�&+!2 "!
01/"00"0��02 %��0�&+ /"�0&+$
!"*�+!�#,/�4�1"/��+!�&+02##& &"+1
4�1"/�02--)6� ,,/!&+�1&,+
�1%"0"
-/"002/"0��/"�)&(")6�1,�&+ /"�0"
,3"/�1%"�+"51�0"3"/�)�!" �!"0�

��1"/�.2�)&16�&0��)/"�!6��1�/&0(�#/,*
�$&+$�4�01"4�1"/�1/"�1*"+1
-)�+10�� ,+1&+2"!� ,*�&+"!
0"4�$"�,3"/#),4�"3"+10���+!
"5 "00�-,))21&,+�#/,*��$/& 2)12/�)
�+!�2/��+��/"�0�� 75

80

85

90

95

100

105

110

1961 1981 2001 2021 2041 2061

Return Period (Years)

5.20

5.25

5.30

5.35

5.40

5.45

5.50

5.55
Rainfall (in.)

Return Period of Storm Equivalent to 1961-1990 100-year storm
Amount of 100-year storm

ears) (Y Years)n PeriodRetur
110

105

100

Rainfall (in.)
5.55

5.50

5.45

n Period of Storm Equivalent to 1961-1990 100-year stormRetur

200119811961

95

90

85

80

75

Amount of 100-year storm
n Period of Storm Equivalent to 1961-1990 100-year storm

206120412021

Amount of 100-year storm
n Period of Storm Equivalent to 1961-1990 100-year storm

5.40

5.35

5.30

5.25

5.20

��
	������������

���������������
������������
���

�%"��*,2+1�,#�/�&+�#�))&+$�&+����	���6"�/��01,/*�&0�-/,'" 1"!�1,�&+ /"�0"��/"!�)&+"��
4%&)"�1%"�+2*�"/�,#�6"�/0��"14""+�02 %�01,/*0���/"12/+�-"/&,!���&0�-/,'" 1"!�1,
!" /"�0"���)2"�)&+"����%20��/�&+01,/*0�4&))��" ,*"��,1%�*,/"�0"3"/"��+!�*,/"�#/"�
.2"+1���%"0"�/"02)10��#/,*�1%"�����"1��##& "���!)"6��"+1/"��)&*�1"��,!")��"/0&,+�

���!��
����/"��/,�!)6� ,+0&01"+1�4&1%�1%,0"�,#�1%"�,1%"/�	�����0�20"!��6��)&*����

��
���	����
����
����������

����#�#���������$�������&�#�!�������!"*��'�"#����������#(�#�
���������!���%�!������#(���#!�#����"����������"������#��������'�
�����#����!���������$#$!�������#���"����&���!��"�!���#�%�
&���#�����&�#�!�!�"�$!��"������!���!�(������������������
#!��$#��#��!�"��������������&��������������!#$��#��"�

Operations, Management, and Infrastructure Strategies
)�
�����#�����!�"#!$�#$!��"$����"�&�"#�&�#�!�#!��#���#

����#"�������������"�#(���$"����#�������!����%�#���"����
�$#"������������!�"������������"����!����!�"#!$�#$!��#��#
�$"#�!���������#������������������%�#��"#!$�#$!�"������
"#!$�#���!�"��!���%��"�#��!��$�����������������

)�����#�"#�!�&�#�!����!�"#!$�#$!���������������#��!���
#���"�����$��!�������������"�&�!�����"#�!�&�#�!�"("�
#��"�#��!��$�������$#����

Larger-scale Strategies
)��"���$�#�����"#!�#����"�#�����!��"��&�#�!�$"�����������(�

���"�!%��&�#�!�#�!�$����������#��#�����!��!��"��$"����
��&����&�"��&�!����"��#����#"������&�"������������"�
����!������!!��"���!���!����&�#�!�����
�"��!���� $�#����
&�#�!��!�������!��!��"�

)�
"#����"��"#!�������&�!��$��#���"�#��#���������#$!���"���
"��������&���##�!�"������$����������$�����&�!� $�!��
���#"��#���!�#��#�� $�#������"("#�������#��

)�
'�������"�����%��������""���"�#���!�%������##�!��%�!�
"���#�����!�""�&�#�!� $���#(��""$�"������#���������!"������
����#�!��������"�!%�#��������!����#����������!����(
!�"���"���������&����!�"#!$�#$!��

)�	�%�������!������!����"�%���!�$��#����������#��!��
�!��"�#��#�����$������!�%�������#�!�������&�#�!�"$���(
"#�!������%��"�����#��#���"#�#$#��"�����������"�!%�#���
���"$!�"�&����"$�����"�������������&�"�#�#�!�"����"�
����#����������!���"#�������"�������!����(�� $�����#
#�������"�����&�#�!�"$���(�"("#��"�����#���""�"#��$!���
���!������"�

Co-Benefits
���#��$���������'���������$!!��#�&�#�!�!�"�$!����������
���#��!��#���"��"$����"�!��$�����"#�!�&�#�!�!$�������#�
&�#�!������"��&����������#�����$#�������#!����"�&�����"������#�
����#�#������
���$!������&�#�!����"�!%�#����"#!�#����"����
�����$�����&��!�#�!���#���!���!����!���#��#����"$���!
�!�$��#"�&���������#���$�!��#���&�#�!�"$��������(�

2

4

6

8

10

1961 1981 2001 2021 2041 2061 2081

Year

Number Events > 1 in. per Year

HADCM3
Observed

Number Events > 1 in. per Y
10

8

Observed
HADCM3

ear      Y      Year

Observed
HADCM3

200119811961

6

4

2

earYYear

2081206120412021

�������
����
��	��
	������������������������
��������������

����#�&�%)���"(!��%�#��%��"��  ��)�"'&��+�����"��#"���"��
�%#!���
��'#�������&�&�#*"��,�'���� ���� �"����"��'���$%#�
���'���"(!��%�#��&(����)�"'&��(&�"��'����������!#�� ���&
&�#*��,�� (�� �"������&��%�&( '&��%���%#�� ,��#"&�&'�"'�*�'�
'�#&��#��'���#'��%��	����&�(&����,�� �!
���

2100 projections: 
increased precipitation
larger, more intense events

CLIMATE CHANGE
PRECIPITATION REGIME

‣ Sea level is 1’ higher than 
100 years ago

‣ Rate of sea level rise is 
accelerating

‣ Up to 50 inches of sea-level 
rise by 2080



Risk - Mapping Flood Hazards

100-yr Flood Elevation

New 100-yr Flood Elevation with Sea Level Rise

100-yr Still-Water Elevation

Wave height

•Review all existing FEMA Flood Insurance Studies•Review all existing FEMA Flood Insurance Studies

•Extract Coastal Base Flood Elevations into GIS

•Add Sea level rise scenarios to BFE elevations•Add Sea level rise scenarios to BFE elevations

•Map inundation using terrain datasets

CHANGING CLIMATE
Sea Level Rise 

Outline
• Background
• Project Objectives

Evaluate future erosion and flooding• Evaluate future erosion and flooding 
hazards using the best available data 
sets, for multiple planning horizons 

• Map Flood and Erosion Hazards
• Identify vulnerable infrastructure
• Overview of Methods
• Results
• Adaptation Case Studies• Adaptation Case Studies
• Policy Recommendations

Photos by D. Revell



Cliff Erosion Model

A l ti f hi t i i t (Rh)• Acceleration of historic erosion rates (Rh)
• Prorated based on % increase in TWL exceeding 

the elevation of the toe of the beach/cliff junctionthe elevation of the toe of the beach/cliff junction
• Include geologic unit standard deviation x planning 

horizon to account for alongshore variabilityg y

CHANGING CLIMATE:
Sea Level Rise

Outline
• Background
• Project Objectives

Evaluate future erosion and flooding• Evaluate future erosion and flooding 
hazards using the best available data 
sets, for multiple planning horizons 

• Map Flood and Erosion Hazards
• Identify vulnerable infrastructure
• Overview of Methods
• Results
• Adaptation Case Studies• Adaptation Case Studies
• Policy Recommendations

Photos by D. Revell



FLOOD RISK MAPPING
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FUTURE FLOOD MAPPING


