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6 NYCRR Part 490, 
Projected Sea-level Rise
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Agenda
• Welcome and Introduction, Joan Kennedy

• Community Risk and Resiliency Act Overview, Dazzle Ekblad/Jon Binder

• Scientific Basis of Sea-level Rise Projections, M. Lowery

• Questions, Answers and Discussion, J. Kennedy 

• Next Steps, J. Kennedy

Presenter
Presentation Notes
CRRA requires Part 490The adopted projections will not by themselves have any regulatory significance. However, DEC anticipates that guidance for consideration of SLR required by CRRA will reference these projections and provide information for incorporating them into project design and review, including consideration of factors such as the project’s location, functional life expectancy, criticality and cost.Have not yet determined what projections will actually propose, pending stakeholder input.Review agenda
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Community Risk 
and Resiliency Act:
An Overview
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Community Risk and Resiliency Act (CRRA)
• Signed: September 22, 2014

• Purpose: ensure that state monies and permits include 
consideration of future physical climate risk and extreme 
weather events

• Includes stakeholder engagement and integration with other 
climate programs, as per governor

Presenter
Presentation Notes
Governor mentioned it in his STATE OF THE STATE budget book (known as the opportunity agenda).Legislation not written by the OCC but we have been tasked with coordinating its implementation.No other state in US has similar legislation, as far as we can tell.
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1) Sea-level rise projections by January 1, 2016 
(DEC); updates every 5 years

2) Mitigation of sea-level rise (SLR), storm surge 
and flooding added to Smart Growth Public 
Infrastructure Policy Act criteria

3) Model local laws to enhance resiliency (DOS, 
DEC)

The Five CRRA Requirements

Presenter
Presentation Notes
DEC is in charge of the SLR projections. Required to update these SLR regs every 5 years.DOS, in consultation with DEC, to prepare model local laws and make such laws available to municipalities. 



6

4) Consideration of SLR, storm surge and flooding
 19 affected programs 
 3 types: permits, facility-siting regulations & 

funding
5) Guidance on implementing CRRA and the use of 

natural resiliency measures to reduce risk by 
January 1, 2017 (DEC, DOS)

The Five CRRA Requirements (cont.)

Presenter
Presentation Notes
DEC, in consultation with DOS to develop guidance on the use of resiliency measures. We are interpreting “guidance” to include information for both applicants and staff, risk-analysis and decision-support tools, and references to  data sets that describe potential future conditions.Includes inland riverine flooding as well as along our coasts. Official projections are only being adopted for SLR, not surge or flooding.Note that there are only 3 specific climate hazards named in CRRA. Other climate variables like extreme heat or ocean acidification are not named.
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Programs Affected by the Community Risk and Resiliency Act 

DEC Permits
• Oil and natural gas wells
• Major projects under these seven programs:

• Protection of waters (Art.15)
• Freshwater wetlands (Art.24)
• Tidal wetlands (Art.25)
• Coastal erosion hazard areas

• Sewerage service
• Mined land reclamation
• Liquefied natural gas and 

liquefied petroleum gas 
facilities

Presenter
Presentation Notes
CRRA amends Env. Conservation Law, Agriculture and Markets Law, and Public Health Law to require applicants for permits or funding in these permitting and funding programs to demonstrate that future physical climate risk due to sea-level rise, storm surge and flooding have been considered, and that these factors be incorporated into certain facility-siting regulations. 
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Programs Affected by the Community Risk and Resiliency Act 

DEC Facility-siting Regulations
• Hazardous waste transportation, storage and distribution facility 

siting 
• Petroleum bulk storage (including conformity with the uniform fire 

prevention and building code)
• Hazardous substance bulk storage

Presenter
Presentation Notes
CRRA amends Env. Conservation Law, Agriculture and Markets Law, and Public Health Law to require applicants for permits or funding in these permitting and funding programs to demonstrate that future physical climate risk due to sea-level rise, storm surge and flooding have been considered, and that these factors be incorporated into certain facility-siting regulations. 
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Programs Affected by the Community Risk and Resiliency Act 
Funding Programs
• Water Pollution Control Revolving Fund (DEC, Env. Facilities Corp)
• Drinking Water Revolving Fund (DOH, EFC)
• Open space acquisition (DEC, OPRHP)
• Open space project operation and maint. agreements (OPRHP)
• Landfill closure assistance (DEC)
• Coastal rehabilitation project assistance (DEC)
• Local waterfront revitalization (DOS)
• Agricultural and farmland protection (Ag. & Mkts)

Presenter
Presentation Notes
OPRHP stands for Office of Parks Recreation and Historic Preservation.All of the permits and facility-siting regulations are DEC programs, but you can see the interagency effort that is needed for the funding programs.CRRA is a good example of an attempt to “mainstream” climate change into routine decision making.
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Projected Sea-level Rise
6 NYCRR Part 490

Presenter
Presentation Notes
CRRA requires the Department of Environmental Conservation (DEC) to adopt regulations establishing science-based state sea-level rise (SLR) projections by January 1, 2016 and to update the projections at least every five years.The regulation adopting sea-level rise projections will not by itself impose new permit requirements, design standards or other restrictions. However, DEC believes the intent of the Legislature is that the adopted projections would be applied in CRRA implementation guidance. DEC intends to propose projections that will allow planners and decision makers to make risk-based decisions, weighing the probability that specified levels of SLR will be exceeded and the consequences vs. the costs of preparing for any particular SLR. Analytical tools, datasets, guidance for applicants and information on selection of appropriate SLR projections from the range adopted by Part 490 will be developed in future work, as required by CRRA. To make it clear, Part 490 will consist only of a table or tables of projections and any necessary definitions.The application of those projections will be described in the implementation guidance that CRRA requires DEC to develop. That guidance is a work in progress and DEC anticipates beginning discussions regarding that guidance with stakeholders in late 2015.
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Global Sea-level Rise
Recent acceleration:
• 1880-2012 – 0.6 

inch/decade
• Since 1993 – 1.1-

1.2/inches/decade

Presenter
Presentation Notes
I would like to start by providing a little background information on SLR, how projections of SLR are developed and the anticipated effects of SLR here in NYS.After a period of approximately 2,000 years of little change, global average sea level rose throughout the 20th century, and the rate of change has accelerated in recent years. 1 When averaged over all the world’s oceans, absolute sea level increased at an average rate of 0.6 inches per decade from 1880 to 2012. Since 1993, however, global average sea level has risen at a rate of 1.1 to 1.2 inches per decade—roughly twice as fast as the long-term trend.
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New York Sea-level Rise
• 1.2 inches/decade
o Almost twice global 

rate
• About 40% due to 

subsidence
• Remainder expansion 

and melt

Presenter
Presentation Notes
It is important to understand that SLR varies around the globe, for reasons I will outline shortly. Experts differentiate among global, regional and local SLR.Since 1900, local SL along New York State’s coastlines has risen about twice as fast as average global SLR – about 1.2 inches per decade compared to the observed global rate of 0.7 inches per decade over the same time.Why is the rate on NYS coasts faster? In the case of NYS, about 40% of the local, or relative, SLR is due to subsidence of the land.The remainder of local NYS SLR is due to global thermal expansion and melt and local effects tied to these global phenomena.
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State Sea Level Rise Task Force Findings
• Already affecting New York
• Very high and increasing likelihood of coastal flooding
• Loss of tidal marshes and associated services
• Inundation of shoreline ecosystems, impeded wetland 

migration
• High-risk coastal development
• Mix of structural and non-structural solutions
• Potential loss of waterfront access

http://www.dec.ny.gov/energy/45202.html

Presenter
Presentation Notes
2010 SLRTF– commissioned by legislature – Findings:Sea level rise and coastal flooding from storm surge are already affecting and will increasingly affect New York’s entire ocean and estuarine coastline New York is losing tidal marshes at a rapid pace and with them the natural infrastructure that protects the shore from floods, wave attack and erosion. Low‐lying locations will become permanently submerged. Landward migration,will be impeded by the density of development on much of the state’s shoreline and the widespread hardening of that shoreline. Current investment and land‐use planning practices encourage development in areas at high risk of coastal flooding and erosion. Adaptation will require a mixed approach of structural and non‐structural solutions. As water levels rise, sea walls, dikes and similar structures along the state’s coastline may limit public access to beaches as the publicly accessible intertidal zone is eliminated. 
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Physical Basis of Global Sea-level Rise
Components
• Steric (thermal expansion)
• Ice sheet melt and dynamics 

(Greenland, Antarctica)
• Glacier 
• Terrestrial water storage

Presenter
Presentation Notes
Several factors contribute to global SLR:Thermal or thermosteric expansion has accounted for about half of historic SLR. Ice melt is another important factor that now exceeds the effect of thermal expansion.  As land-based ice sheets, especially on Greenland, melt, their flow contributes to SLR, as does the melt of alpine glaciers. As ice sheets and shelves melt they allow glaciers to move more quickly to the sea. Once in the water, this ice melts more quickly, contributing to SLR.A small and little understood factor, is terrestrial water storage which includes snow, surface water, soil moisture and underground water. Affected by global hydrologic cycle, perhaps pumping for irrigation.
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Physical Basis of Relative Sea-level Rise
Components
• Glacial isostatic

adjustment
• Topography, bathymetry
• Changes in water surface 

elevation
• Ice loss effects 

(fingerprinting)
• Sea-level air pressure

Sallenger et al., 2012

Sella et al., 
2006

Presenter
Presentation Notes
Relative, or local, components of sea-level change include the rise and fall of land in response to retreat of glaciers, known as glacial isostatic adjustment.  In NY, areas generally north of Kingston are still rising in response to retreat of the last glacier more than 10,000 years ago. Areas south of Kingston, are now settling back down after their initial post-glacial rise. As a result, relative SLR north of Kingston is a bit lower than south.Changes in prevailing winds and in the shape of land masses and near-shore areas affect how global SLR is expressed locally, and changes in ocean currents can result in differences in water surface elevation.Local sea levels will also respond to changes in gravitational pull of ice masses as that ice melts. (fingerprinting). 
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Rockaways
Current mhhw 1 foot sea-level rise

Presenter
Presentation Notes
There are a number of online SLR viewers that we can use to explore the approximate extent of new inundation areas under various SLR scenarios. 
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Rockaways
4 feet sea-level rise 6 feet sea-level rise

Presenter
Presentation Notes
Clearly, areas of significant value will be inundated at even low levels of SLR, with the problem becoming significantly worse at higher levels of SLR.
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Mastic Beach
Current mhhw 3 feet sea-level rise

Presenter
Presentation Notes
SLR is not limited to urban areas, but threatens rural and natural areas as well.
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Mastic Beach
4 feet sea-level rise 6 feet sea-level rise

Presenter
Presentation Notes
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Presenter
Presentation Notes
Of course, SLR does not just take land and resources by gradual inundation, it increases the frequency, horizontal extent and elevation of coastal flooding. These NPCC maps show the current FEMA preliminary Flood Insurance Rate Maps (which include Sandy flood elevations) in purple, and the additional areas that would be affected by the 1% flood (screen right) and 500-year flood (screen left)  in the 2020s, 2050s, 2080s, and 2100 based on NPCC2 projections of the high-estimate 90th-percentile sea level rise scenario. According to NPCC estimates, by the 2050s, SLR alone could result in flood elevations associated with today’s 1% flood occurring approximately 5 times more often with the high-estimate for sea level rise.
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Projecting Future Sea-level Rise

Presenter
Presentation Notes
Projection of SLR is not an exact science. Simply extrapolating historic SLR due to thermal expansion and melt of small glaciers will yield a projection of global SLR of about 11 inches by 2100. The problem is that virtually nobody believes that the recent acceleration of rise, nor the factors causing that acceleration, will not continue.But how do we know how high seas will rise and –perhaps more importantly – how fast? To put the SLR projection process very simply, researchers use a set of standard narratives or stories that describe future global greenhouse gas emissions. The effects of different GHG emissions scenarios are then used as input to global climate models that project atmospheric temperature and other climate parameters.  
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Projecting Future Sea-level Rise

Presenter
Presentation Notes
Other components of SLR are projected according to direct observations or process models, which are mathematical representations of the physical forces at work in the climate system.Some researchers use semi-empirical methods that base projections of future SLR components on behavior of those components under past climatic conditions that are similar to those projected by the climate models. This work is particularly important in understanding the potential SLR resulting in rapid melt of land-based ice.For some components, we do not have sufficient understanding to use purely quantitative methods so researchers may use best expert judgment.Thus, any projections of SLR include some uncertainty, which increases the further into the future the projections run.Different researchers handle this uncertainty differently so SLR projections  differ among researchers.Some researchers rely solely on so-called process models and current rates of, for example, ice melt. Others accept that history may no longer be a valid model for the future and include expert judgment in their projections, or gave significant weight to semi-empirical models.
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Projection sources:

• Church, J.A., P.U. Clark, A. Cazenave, J.M. Gregory, S. Jevrejeva, A. 
Levermann, M.A. Merrifield, G.A. Milne, R.S. Nerem, P.D. Nunn, A.J. Payne, W.T. 
Pfeffer, D. Stammer and A.S. Unnikrishnan, 2013: Sea Level Change. In Climate 
Change 2013: The Physical Science Basis. Contribution of Working Group I to 
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
[Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA. 

• Parris, A., P. Bromirski, V. Burkett, D. Cayan, M. Culver, J. Hall, R. Horton, K. 
Knuuti, R. Moss, J. Obeysekera, A. Sallenger, and J. Weiss. 2012. Global Sea 
Level Rise Scenarios for the US National Climate Assessment. NOAA Tech 
Memo OAR CPO-1. 37 pp. 

Presenter
Presentation Notes
Indeed, different sets of projections have different purposes. For example, the projections provided by the IPCC are intended primarily to represent the current consensus science and are based primarily on process models. Therefore, they are generally considered to be very conservative relative to projections intend to guide decision makers.CRRA requires DEC to consider several specific sources in developing its SLR regulation, and we have, in fact, reviewed not only those required, but many, many others. Important sources include the IPCC’s most recent report and SLR scenarios developed for the National Climate Assessment.
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State and local projection sources:
• Horton, R., C. Little, V. Gornitz, D. Bader, and M. Oppenheimer. 2015. Chap. 2: Sea Level 

Rise and Coastal Storms in Building the Knowledge Base for Climate Resiliency. Ann. N.Y. 
Acad. Sci. 1336:36-44. (NPCC II)

• New York State Sea Level Rise Task Force: Report to the Legislature. 2010. New York 
State Department of Environmental Conservation. 101pp.

• Horton, R., D. Bader, C. Rosenzweig, A. DeGaetano, and W.Solecki. 2014. Climate 
Change in New York State: Updating the 2011 ClimAID Climate Risk Information. New 
York State Energy Research and Development Authority (NYSERDA), Albany, New York. 
(http://www.nyserda.ny.gov/climaid)

• Zhang, Minghua, Henry Bokuniewicz, Wuyin Lin, Sung‐Gheel Jang, and Ping Liu, 2014: 
Climate Risk Report for Nassau and Suffolk, New York State Resilience Institute for 
Storms and Emergencies (NYS RISE), NYS RISE Technical Report TR‐0‐14‐01, 49 pp. 
(http://www.nysrise.org)

Presenter
Presentation Notes
But as I’ve said, relative or local SLR can be significantly different from global SLR.For that reason, we have focused on studies specific to New York State.These include the projections done by the NPCC for NYC, an earlier version of which was adopted by the SLRTF and included in its report.We also have available to us the ClimAID report, developed by the same team as were the NPCC projections, but for the entire state coastline. And we have the NYS Resiliency Institute for Storms and Emergencies projections for  Nassau and Suffolk counties.

http://www.nyserda.ny.gov/climaid
http://www.nysrise.org/
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Lower Manhattan
4 feet sea-level rise 6 feet sea-level rise

Inundated 

Disconnected wet 
zones

Presenter
Presentation Notes
An important question we have been considering, and on which we invite stakeholder input, are the implications of adopting SLR projections that include low-probability, but plausible, high-consequence events, such as rapid ice melt. For example, we can see the difference in areas of lower Manhattan that would be inundated under 4 feet of SLR,  vs. inundation areas under 6 feet of SLR.Overly aggressive projections could lead to maladaptation and unnecessary economic costs; on the other hand, decisions made now could put infrastructure, natural resources and people at risk if they are based on excessively low projections of future SLR.Given that SLR of 6 feet during the next century cannot be ruled out and the potential consequences of SLR of that magnitude, DEC’s current intent is to base its regulation on a set of projections that includes approximately 6 feet of SLR by 2100.
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• Local ocean height
• Thermal expansion
• Vertical land movements
• Melt from glaciers, ice caps 

and land-based ice sheets
• Gravitational, isostatic and 

rotational effect of ice loss
• Land water storage

•24 global climate models 
•2 Representative Concentration 
Pathways: 4.5, 8.5
•2020s, 2050s, 2080s, 2100

www.nyserda.ny.gov/climaid

Presenter
Presentation Notes
The research, known as the ClimAID study, was funded by NYSERDA and originally released in 2011. The original release included data on climate trends, downscaled projections of a variety of climate variables, downscaled to 7 regions of NYS and a discussion of the vulnerabilities within several NYS economic and ecological sectors to the effects of climate change. The projections were updated in 2014 using a component-by-component analysis that blended outputs from more than 20 global climate models and expert judgment.
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Inches of rise relative to 2000-2004 baseline

ClimAID Sea-level Rise Projections

Station Montauk Point The Battery Troy

Time 
Interval

Percentile

10th 25th 75th 90th 10th 25th 75th 90th 10th 25th 75th 90th

2020s 2 4 8 10 2 4 8 10 1 3 7 9
2050s 8 11 21 30 8 11 21 30 5 9 19 27
2080s 13 18 39 58 13 18 39 58 10 14 36 54
2100 15 21 47 72 15 22 50 75 11 18 46 71

Presenter
Presentation Notes
ClimAID provides projections based on output of more than 20 GCMs using two emissions narratives: RCP 4.5 and 8.5.Relative to 2000-2004 baseline year3 time slices, and 21003 tide stations, but very similar with Long Island and Hudson River just slightly lower than NYC.Percentile of model outputs – not probabilitySame as NPCC, methods have been peer reviewed and published in scientific journals.
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• NPCC/ClimAID projections and 
methodologies-peer reviewed and published

• In use by federal agencies (ACOE, NOAA)
• Consistency with New York City NPCC 

projections
• Projections for the entire tidal coast of the 

state.

Presenter
Presentation Notes
We’ve considered several other factors and early stakeholder input in arriving at the decision to base our regulation on the ClimAID projections.This NYSERDA-funded research was conducted by the same research team that provided the New York City Panel on Climate Change (NPCC) projections, using the same methodologies, which have been peer reviewed and published. New York City has already adopted the NPCC/ClimAID projections for its planning purposes; a state regulation based on alternative projections would create confusion among the public, planners and regulated community.And these projections are available for use in federal tools such as the ACOE SLR calculator and NOAA SLR viewer.ClimAID provides projections for the entire tidal coast of the state.
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• Projection range suitable for risk-based planning and 
review of projects of varying projected life times and 
criticality 

• Benchmark for evaluation of critical infrastructure 
and land-use change 

• SLR of six feet within the next 150 years
• Current global SLR commitment: 6.2 feet 

Presenter
Presentation Notes
ClimAID’s projection distribution (10th, 25th, 75th and 90th percentiles) constitutes a range suitable forrisk-based planning and review of projects of varying projected life times and criticality. The inclusion of low-probability, but plausible, projections (90th-percentile) provides a benchmark against which critical infrastructure and land-use change can be evaluated for low-probability but high-consequence events.Even some more conservative projections of rates of SLR indicate likely SLR of approximately six feet within the next 150 years. In fact, the current best estimate is that historical emissions may have already committed the globe to 6.2 feet of global SLR
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Rapid Sea-level Rise ?

• Ice shelf disintegration
• Accelerating lateral ice 

movement
• Accelerated surface melt

Presenter
Presentation Notes
SLR will not stop at 2100 and the question is largely when, not if, SLR will reach 6 feet.Several ongoing phenomena support the view that increasing ice movement and surface melt could cause SLR to exceed IPCC process-based projections:Disintegration of ice shelves on Greenland and Antarctica appears to be faster than anticipated.Movements of interior ice toward the coasts of Greenland and Antarctica are faster.Additions of mass (water) to 20th century SLR appear to have been greater than previously thought.We might wish for greater certainty, but we believe that, until our knowledge improves, the SLR projection regulation must at least contemplate the possibility of high-consequence events.



31

Tell us -
• How do you factor uncertainty in your current 

planning work?
• In developing a sea-level rise projection regulation 

how should DEC incorporate or consider uncertainty? 
• How should DEC account for uncertainty regarding 

the rate of ice melt and timing of reaching high sea 
levels?

• Who would use official sea-level rise projections in 
decision making? How?

Presenter
Presentation Notes
With that we are happy to answer any questions and hear any comments you would like to provide today.We welcome all your comments, now and in writing. Input we receive today and through July 1 will inform development of our proposed regulation.Of course you are welcome to comment on any aspect of this regulation, but we are particularly interested in your responses to these questions.
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Sea-level Rise Projection Stakeholder Input
June 23-25: Public information and listening meetings
July 1: Informal public input due
August: DEC releases proposed regulation, 45-day 
comment period commences
January 1: Rulemaking complete
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Mark Lowery
Climate Policy Analyst
Office of Climate Change
New York State Department of 
Environmental Conservation
625 Broadway, Albany NY 12233-1030
Mark.Lowery@dec.ny.gov
518-402-8448

Connect with us:
Facebook: www.facebook.com/NYSDEC
Twitter: twitter.com/NYSDEC
Flickr: www.flickr.com/photos/nysdec

mailto:Mark.Lowery@dec.ny.gov
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6 NYCRR Part 490 Public Meeting Schedule
Location Date Time

Suffolk County
Wertheim National Wildlife Refuge Visitor 
Center
340 Smith Road, Shirley

June 23 1:00 pm

Nassau County
Operation Splash
202 Woodcleft Ave., Freeport June 23 7:00 pm

New York City
Hunter College, West Building, Room 511, 
67th St. and Lexington Ave., Manhattan June 24 10:00 am

Jamaica Wildlife Refuge Visitor Center
Broad Channel, Queens June 24 4:00 pm

Albany
NYSDEC, PA-129AB
625 Broadway, Albany/WebEx June 25 2:30 pm
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