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Executive Summary

Over the next century, warming global temperatures will present many challenges for the National
Park ServicdNPS)and public land managers. Rising sea level will be oneeofrtbst obvious and
most challenging impacts of this warming. Even a minor increase in sea level will have significant
effects on costal hazards, natural resouree®sl assets within national park® begin addressing

these issues, the Program for the $tofilDeveloped Shorelind®SDS)at Western Carolina

Universty (WCU) has partnered with NR8 begin an assessment of the level of exposhatgpark
ownedassets will face during a period of rising sea level.

The first phase of this collaborative projdetween WCU and NPS has focused on identifying NPS
assets that may be threatened by a futurerike in sea level within 40 coastal unAsl m rise in

sea level can be expected to odouthe next 100 to 150 yeafdany of the assets identified are
already vulnerable to existing coastal hazards (erosion and storms).

This project utilized an existing database (Facilities Management Software System; FMSS)
containing a comprehensive list of assets within each unit. The primary objective of thissamalysi
to locate each asset geospatially and identify its approximate elevation. Although this seems
relatively straightforward, there are over 10,000 assets within these 40 coastal units. Therefore, a
variety of method$ias been used to complete the workGluding the acquisition of numerous

existing datasets, collaboration with park staff and field visits to locate assets.

Assetswere characterized basedtheir overall exposure to lorgrm (1 m) sedevel rise and
associated storm vulnerability. Tledore, each asset was placed into one of two categories based on
exposure or risk: high exposurer 2) limited exposureResults from this group of coastal parks
yielded over39% of the assetdesignated asigh exposurewith a cumulative value of ové&40
billion. The majority of the high risk assets were from the SERNamg barrier island parks;
however, the NER also had over ethe@d of its assetdesignated as high exposumgany of which
are historically and culturally significant to NPBheseresults show that a significant portion of the
assets within coastal national parks a@reiskto impacts from future SLRn fact, many of these
assets are already at an extremely high risk to storm isypetuch was madevident during
Hurricane SandyA quick reassessment of the methodology contained within this riglomving
Hurricane Sandy suggests that we have been conservative in labeling an asset as high Expos
other words, the assets identified in this study as being vulnerable areemastly vulnerable, and
the total is likely to be an underestimate.

Finally, this study is intended to present a broad overview of the level of exposure that NPS faces in
light of rising sea level. The study paints a picturéhefkinds of assets thate vulnerable and the
monetary value of NPS exposure. These data are not intendedised directly for decision making

at the unit levellt is worth noting that accuratdevation data is unavailable for the vast majority of
FMSSlisted assets. Coll&on of this data should be a future NPS priorifforts to complete an

analysis of the remaining SLRilnerable parks are underway.






Introduction

National Park Service (NPS) coastal units contain the last remaining large stretches of relatively
undevel@ed shorelines in the natiohhese parks contain a wide range of natural resowuaksral
resourcesind recreational facilitie3 he parks also contain infrastructymeviding access t@ach

unit. Much of this infrastructure, such as roads and ttaélgs to fulfill the NPS guiding principle of
excellent service to visitors and partners. Other types of infrastructure, such as lighthouses and
fortifications, provide heritage education to the public, while preserving important historical
landmarksA few of these units are made up almost entirely of historic strgcture

Over the next century (and beyond), more NPS resources will be exposed to and threatened by rising
ocean waters. Numerous coastal units, particularlylyawg barrier parks, are alreadealing with

sealevel rise (SLR) threats to resources and assets, particularly roads, buildings and parking lots.
Much of this infrastructure is essential to the-tlaglay function of the units, including bridges,

water systems, tunnels and parkingldilsoat riskto SLR are historical and cultural resources,

such as lighthouses, fortifications, and archaeological sites.

To addresshe SLR threats within NPS, the Program for the Study of Developed Shorelines (PSDS)
at Western Carolina University (W@ has partnered with NPS to identify resources and

infrastructureat risk To complete this task, 40 coastal umithin the contiguous U.Svere chosen

by NPS(Figure 1, Table 1) for analysiShe primary goabf this taskwas to determine the lortgrm

SLR (1 m) exposure level of NPS assets within these units. Assets were identified from an existing
NPS database (Facilities Management Software System; FMSS) and a variety of methods were used
to examine the relative exposure of these assets to SLRsthreat

This project was initiated with the recognition that it is important to determine the exposure of

coastal park assets to climate change impacts such as SLR. The 40 parks selected for this study were
covered by the USGS Coastal Vulnerability Indettp://woodshole.er.usgs.gov/project

pages/cvi.These 40 parks wedsoinitially included in a Sustainable Operations and Climate

Change funded project that treated all assétin apark withthe same level of exposuteor most

parks, this is an inaccurate assumptibinis study was able to determine taases within these

parkshave widely varying degrees of exposurbese first 40 parks were chosen as a starting point

and represent a weédrange of unit sizes, habitats, natural environments) SLR rates and unit

types.A second study of an additional 30 parks is currently underway.



http://woodshole.er.usgs.gov/project-pages/cvi/
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Figure 1. Location of all 40 NPS units analyzed as part of the WCU/NPS sea-level rise study.



Methods

The 40 coastal parks analyzed and the corresponding NPS unit code designations can be seen in
Table 1. These four letter codes will be used throughout the rest of this document. NPS regions will
also be abbreviated to their appropriate three letter ce#eGlossary)

Analyses for exposure to losigrm SLR within the 40 coastal units included a variety of methods
ranging from field observations of specific assets to blanket categorization of entire NPS units. The
following section will describe the metti® used for the exposure analyses; a combination of these
methods was used in most cases. The methods utilized for each unit are described in detail in
Appendices BF.

Broad Categorization of Extremely Low Elevation Units

During discussions with NPS staitf was determined that a number of units, primarily barrier island,
southAtlantic and Gulf coast parks, are already extremely exposed to coastal hazards such as storms
and SLR. Even if there are areas above 1 m in elevation, it was determined thaisa Ihreea level

would reduce the integrity and the continuity of the park lands to a degree that all assets would be
vulnerable or lost. Therefore, all assets within a number of these units were placedhigb the
exposurecategory.



Table 1. NPS unit codes and regions for the 40 coastal parks analyzed, with date visited.

Region Unit Unit Description Date of Visit by WCU
ACAD Acadia National Park
ASIS Assateague Island National Seashore Oct 2012
BOHA Boston Harbor Islands National Recreation Area Oct 2012
BOST Boston National Historical Park
CACL Castle Clinton National Monument
CACO Cape Cod National Seashore Oct 2012
FIIS Fire Island National Seashore Oct 2012
NER FOMC Fort McHenry National Monument and Historic Shrine
GATE Gateway National Recreation Area July 2012
GEWA George Washington Birthplace National Monument
GOIS Governors Island National Monument
NEBE New Bedford Whaling National Historical Park
SAHI Sagamore Hill National Historic Site
SAMA Salem Maritime National Historic Site
STLI Statue of Liberty National Monument
BICY Big Cypress National Preserve
BISC Biscayne National Park
CAHA Cape Hatteras National Seashore
CALO Cape Lookout National Seashore
CANA Canaveral National Seashore
CASA Castillo de San Marcos National Monument
SER CuUls Cumberland Island National Seashore April 2012
DESO De Soto National Memorial
EVER Everglades National Park
FOPU Fort Pulaski National Monument
FOSU Fort Sumter National Monument June 2012
GUIS Gulf Islands National Seashore
TIMU Timucuan Ecological and Historic Preserve
CABR Cabrillo National Monument
CHIS Channel Islands National Park
FOPO Fort Point National Historic Site
GOGA Golden Gate National Recreation Area April 2012
PWR LEWI Lewis and Clark National Historical Park
OLYM Olympic National Park July 2012
PORE Point Reyes National Seashore April 2012
REDW Redwood National Park
SAFR San Francisco Maritime National Historical Park
SAMO Santa Monica Mountains National Recreation Area
PAAL Palo Alto Battlefield National Historical Park
MR PAIS Padre Island National Seashore March 2012

4



Eight units werdnitially included in this broad categoazon: FOSU, CALO, CAHA, CANA,

BISC, DESO, EVERandFOPU. Omr unit, GUIS, was initially included in this broad categorization,
but upon further discussion it was determined that the mainland assets for this unit should be
excluded from théigh exposurelesignation anfurther review was necessary. Three othersynit

BICY, CASA and TIMU were also initially included in this designation, but park review noted assets
within these parks at higher elevatidha we estimate could sustain aririse of sea level.

AFi-Cato of Assets in High Elevation Units

A number ofthe 40 coastal units have assets located within high elevation areas or a considerable

di stance from the shecruetldi noef. alsns etthse swea sc apseersf,o rame
or detailed analysis. The NPS FMEBBationhierarchyreport was the primary tool used to apply

this cut toeach unit. These unit specific reports group assets based on general location. For example,
Table 2 is a portion of thecationhierarchyre por t f or OLYM. The field | ab
hierarchy systemfar he assets. fALevel 10 is a general areas
of the assets below this top level (Levels 2, 3, 4, etc.) are within the Hurricane Ridge area of the park.
OLYM has 19 Ildcatiorehgemrohy iepoant dnky thre of these areas are near the coast

(Lake Ozette, Mora and Kalaloch, Figure 2). In fact, a number of the assets, including these in th
Hurricane Ridgerea have elevations over 5,000 feet (above MSL). Therefore, over 80% of the

assets in OLYM, includingll those in norcoastal areas, were placed into the limited exposure

category using only the hierarchy reports and park r{féigare 2).This initial reduction of assets

(primarily units along the west coast) significantly reduced the number of assetedtido be

analyzed in the field.

This Afirst cuto method was wutilized on numer ou
CHIS, REDW, OLYM, CABR, GOGA, POREand a few from other regions, such as ACAD in the

NER. Using the geographic locatiohtbese areas within the reports, in combination with other tools

such as geographic information systems (GIS, ArcGIS software), light detection and ranging digital
elevation maps (LIDAR DEMSs), contour maps and NPS input, a large percentage of assetg were

from the analysis and designated as having a limited exposure to SLR.

Table 2. Example of FMSS location hierarchy report for Olympic National Park

Level AssetLocation Code Description

1 20152 Area Hurricane Ridge

2 20846 4100 Hurricane Ridge i Area Buildings

3 111269 Bldg Hurricane Ridge Hydrant Building #1

3 111271 Bldg Hurricane Ridge Hydrant Building # 2

3 114554 Bldg Hurricane Ridge Ski Shed

3 21569 Bldg 711 Hurricane Ridge Visitor Center

3 21570 Bldg 961 Hurricane Ridge Picnic Area A Comfort Station
3 21571 Bldg 962 Hurricane Ridge Picnic Area B Comfort Station
3 21572 Bldg 1248 Hurricane Ridge Water Pumphouse

3 21573 Bldg 874 Hurricane Ridge Generator/Radio

3 95823 Bldg Hurricane Ridge Obstruction Point Trail head CXT Vault Toilet




limited exposure: assets within non-coastal areas

Legend
O FMSS Areas
OLYM unit boundary

[ —————
80 Kilometers

Figure 2. Location of FMSS location hierarchy areas and park boundary for OLYM. Only three areas from
the hierarchy report are near the coast (in red shading). All other areas and corresponding assets were
automatically considered as having a limited exposure to sea-level rise due to elevation and distance
from the shoreline.

Park Visits

Eleven NPS units were visited for field analysis of the assets listed in FMSS. Most commonly, these
parks were partially analyzed prior to the scheduled visihgusicombination of tools and methods.

This included eliminating assets based onladleation hierarchy repqgror other data collected and
compiledfor this study including LIDAR DEMs, contour ata(including topographic mapsjr
geographic location datThese data were commonly retrieved from the NPS Integrated Resource
Management Applications (IRMA) data download portal. This integrated approach reduced the
assets that needed to be located in the field during each park visit.

During each park visitzwCU staff met with appropriate NPS personnel to discuss the exposure of
assets to SLR. These NPS discussions included a variety of participants, including superintendents,
natural resourcesultural resourcesnd facilities personnel as well as GIS astdyand FMSS
coordinators. Additional GIS data, such as recent LIDAR or other elevatiomaaenften obtained

from NPS staff during these meetings.

Field analysis for each wuni tlocatiomherarshy regbendd vi si t
many specific assets as possible. GPS (geographic positioning system) coordinates were taken for the



assets visited and an initial estimate of exposure was also assigned to assets based on discussion with
NPS staff and field observations.

GIS Analysis of Assets

For each applicable unit, GIS analysis (using ArcMap 10.1) was performed on data obtained from
one or more bthe methods previously discussed. Geospatial data (GPS data obtained during the
field visits or location data obtained frogachunit) were used to map each asset (when possible) and
elevation data (commonly LIDAR DEMs or contour shapefilesjeused to determine approximate
elevation of each asset (Figure 3).

Final WCU Categorization of Assets: High or Limited Exposure to SLR

The final st in the exposure analysis for each of the 40 coastal units was to place each asset into
one of two categories based on relative exposure tetermng SLR: 1) high exposure or 2) limited
exposureThese two simple categories were recommended by persarthel Climate Change
Response Program in ordereachthe ultimate goal of the studglescribing the degree to which

NPS is exposed to the hazard of ldegn SLR.The final decision on the exposure of a particular
asset or group of assets was dependemhultiple factors and a wide variety of data sources. Table 3
illustrates the general data types available for eachamitTable 4 summarizes the sources for each
data type. The specific GIS data sources useddohn unit are listed iAppendix B Results for each

of the 40 coastal units, including a detailed breakdown of the method, data sources and assets
determined to bligh exposurgcan be found ippendices €. Characterization of some assets

was obviousfor example, any assets located belom or on the active oceanfront were classified

as high exposure. Other assets wareinto thehigh exposure category because a 1 m rise in sea
level would make them storm vulnerallebecause of geomorphologicabelges that would follow

the SLR. Someof this was based on the opinion and expertiseeatltihors. Even so, we have a

high level of confidence in the fact that those assets listed in the high exposure categoriglare

To some degree, we have used our extensive experience as coasti Bpacialists to mallee

final exposuredeterminationgiven the fact that we were limited by the resources available for
analysis.

Park Review

After the categorization of SLR exposure for the assets in each park, the lists were distributed to the
regions, and in some cases to each unit for review. The parks that were visited, as well as several
parksthat WCU was in direct communication with, were sent the preliminary results and given the
opportunity to comment. A few of the parks returned revisgd®xe lists based on internal

analysis and discussion (e.g., ACAD). Further review (by the units and regions) of the assets
determined to be high expagwas planned as part of this document, and as of Jdi final

review from all regionsvas completd. The comments and recommendations from the units have
been addressed and changes were made when appropriate and fetisibtbevscope of this

project.



FMSS Limitations and Asset Exclusions

Certain types of assets were not included in the analfyaisyoof the 40 parks. Examples includg:

assets that location or elevation could not be assigned easily, such as some large general areas (e.qg.,
landscapes, grounds, beaches or dunes) or assets that represent systems likely distributed park wide

(IT, radio, water, wastewateetc) and 2) assets with a FMSS status
of these assets can be placed onto the high exposure or limited exposure lists if so desired by NPS.
During review some parks requested these type of asseta (\ikéerfront system) be included in the

high exposure category. Als@mmae of these exclusions did not apply to all units. If asiecicould

be ma@ about that particular asset (e.daradscape that is cleardy risk) that asset wasicluded in

theanalysis.

There are also a number of park assets that may not be included in this version of FMSS but are
likely to beat riskto SLR. This includes numerous archaeological assetsnaintained cultural
landscapethat are not cuently part of the FMSSatabase, but are extremely valuable and
preserving these resourdaepart of the mission of NPS. Also, during tleview of this document

was noted thatumerous assets have been added and updated in FMSS that are not part of this
document, and coulah¢rease the number of asdetted as high exposute SLR.

In addition, nanyof the assets listed in this repmay have changed in location, conditionstatus

(some may have been relocated, removed, salvagett may have been rebudtc.) and lierefore,

all thequantitative value§~CIl, CRV, API, etg and assets presented in this document represent a
snapshot of a particular timklany of thereviewerssuggested that FMSS has been updated recently
and the quality of the data has incedsignficantly. However, the data utilized for analysis in this
study is fromspring 0f2012, when NPS provided the FM8&ato WCU. Some edits to the FMSS

were made to specific assets if the unit or region provided these changes during the review process
(i.e., a few reviewers actually changed the Optimizer Band values in the asset list provided).
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Figure 3. PAIS exposure analysis example. A) LIDAR DEM of a portion of PAIS and asset locations. B) Color coded assets for the same area
based on elevations obtained from the LIDAR DEM.



Table 3. General summary of data types available for each unit. Quality and quantity of each data type
varies between units. Specific data sources can be found in Appendices A-F.

Asset GIS Elevation Data Field Broad Categorization:

Unit Geographic Data Contour LIiDAR Visit Park Review All Assets High Exposure

ACAD 3 3

ASIS 3 3 3

BOHA 3 3 3

BOST 3 3 3

CACL 3 3 3
CACO 3 3 3

FIIS 3 3 3
FOMC 3 3

GATE 3 2 2 2
GEWA 3

GOISs 3 3

NEBE 3

SAHI 3 3 3

SAMA 3 3

STLI 3 3
BICY 3

BISC 3 ] e é
CAHA 3 3 3
CALO 3 2 2 2
CANA ] ] ] El
CASA 3 3 3
CUIS 3 3 3

DESO 3
EVER 3 3 3
FOPU 3
FOSU 3 2
GUIS 3 3

TIMU 3 3

CABR 3 3

CHIS 3 3 3

FOPO 3 3 3
GOGA K1 3 3 3

LEWI 3

OLYM 3 3 3 3

PORE 3 3

REDW 3 3

SAFR 3 3

SAMO 3 3

PAAL 3

PAIS 3 3 3 3
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Table 4. Primary data types and common sources used in the SLR exposure analysis.

Data Type Common Source(s)

LiDAR DEM NOAA, USGS, USACE, city and county
Contour Data NPS-IRMA

GPS data WCU- Park visits

Asset geospatial data (e.g., roads, trails) NPS-IRMA

Geospatial buildings data NPS- Facilities Management GIS Data Manager
Specific asset exposure NPS staff discussions
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Results & Discussion

Overview & Exposure Breakdown
The following section describes the overall resu

of the exposure analysis by grouping the units i Ehiga
three classes based on percent of assets listed ®  High Exposure Assets
high exposure (Tablg). Unit specific analysis Bl oy e
and results can be found in AppendiceE.C ﬁ‘”f ol
2 1-2
Low Exposure Group: =23
< 25 % of assetlsigh exposure E]:’:

Intermediate Exposure Group: World Imagery
26-75 % of assetBigh exposure
High Exposure Group:
> 75% of assetligh exposure

Low Exposure Group

Sixteen of the 40 coastal units fell into the Low
Exposure Group, three of which had no assets E%
(0%) listed as high exposure (Table 5). SAMO %%
national recreation area encompassing many st
and county beaches and parks, but no NPS ow
asets are situated on the coast. Instead, the NP
assets are located in the northern mountainous §
region of the park. CABR is situated on the roc
high elevation (several hundred feet) Point Lom
shoreline in southern California and has few ass
near sedevel. PAAL is a national battlefield in

southern Texas that is situated several miles ~ Figure 4. CUIS map with LIDAR DEM and asset
inland locations. Notice the relatively high elevations (green

shades) and the overall width of the island.

with elevations above th. These geomorphologic factors led to the conclusion that all assets within
these three units (SAMO, CABR and PAAL) should have a#tasgesignated as havingjraited
exposurdo longterm SLR.

Thethirteenremaining units in the Low Exposure Group are primarily high elevation NER and PWR
units. The exceptions are CUIS and PAIS, two barrier island pdrich are geomorphologically
different from the other island units in this study. Both have higher elevations (> 3 m) and overall
widths (> 4 km) than most barrier islands, and most of the NPS assdtxated within these wider,
higher elevation zones (Figures 3 and 4). Also impottanbte is that unlike most coastal parks, a
large portion of these islands are accreting (information via personal communications with park

staff).

12



Intermediate Exposure Group

The Intermediate Exposure Groapntainsfour units from the NERthreefrom the PWRand one

from the SERTable 5). FIIS and LEWIall within the higher end of this percentage range, with
58% and 70%, respectivebh number ofunits within this exposure group, such as FIIS and GATE,
were severely affected by Hurricane Sandy inoDet 2012. It is important to note that this storm
occurred after the initial visits and analyses were compfetatlis project. Therefore, it is likely

that a number of NER units would have different results if completeespmrsh Many assets within
GATE that were well over the 1 m elevation threshold for this project were severely affected, some
even destroyed, during Hurricane Sandy. Therefore, the percentaigh ekposurassets within
many units may have dramatically different results if analypelay.Because of this recognition, the
results from GATE were reviewed in detail with park staff and compared to nex@aodyflood
data.Theresults of thizase study will be discussed in a later section of this document

High Exposure Group

A totd of 16 units fellinto the High Exposur&roup;11 of thesehad all NPS assets (100%)
designated as high exposuifthese 100% exposed units include most of the SERelss the NER
unitsof CACL andSTLI (Table 5).The SER units that have 100% of assletsignated as high
exposurenere included in the broazhtegorization of lowying units that was established during
discussions with NPS stgffable 3) The majority of the assets within these units are already
threatened by coastal hazards (i.e.,ittaipstorms) and have extremely low elevations and, therefore,
an additional In of SLR would likely affect all assets within these units. The NER units with 100%
of assetslesignated as high exposuare relatively small units with low elevations, situbtiredly

on or within New YorkHarbor The combination of these units being exposed to storms and having
extremely low elevations yielded the result of all assets lEsgnated as high expostodong

term SLR (Table 4).

Thefive remaining units irthe High Exposure Group include three units fromNER (ASIS,
BOST, and SAMA) and twanits from the SERBICY and GUIS. Two of these units, ASIS and
GUIS, are lowlying barrier islands witla fewassets on the mainlarBlCY is a unit on the west
coastof Florida with large sections of NPS propestiuated far inland from the coa$he other two,
SAMA and BOST, are historic units situated directly on the water within low elevation, highly
developed coastal cities (Salem and Boston, MA).

13



Table 5. Exposure results for all 40 coastal NPS units.

All Analyzed\ssets

High Exposure Results

Region | Unit # CRV # o Assets CRV 9% CRy  CXposure
Assets Assets Range
ACAD 584 $741,643,37| 69 12% $49,065,40! 7% Low
ASIS 188 $141,894,89 179 95% $135,180,04 95% High
BOHA 143 $121,763,44 54 38% $55,498,82: 46%  Intermediate
BOST 77 $608,380,02 65 84% $408,185,04 67% High
CACL 5 $23,606,65f 5 100% $23,606,65! 100% High
CACO 414 $248,946,08 70 17% $51,385,72: 21% Low
FIIS 228 $98,806,69f 132 58% $56036,479 57% Intermediate
NER FOMC 44 $183,243,49 4 9% $77,494,23. 42% Low
GATE 1089 $6,594,927,94 302 28% $2,672,440,35 41%  Intermediate
GEWA 56 $37,708,87f 2 4% $4,984,022.6 13% Low
GOIS 32 $153,484,09 11 34% $71,223,38: 46%  Intermediate
NEBE 20 n/a 5 25% n/a n/a Low
SAHI 43 $41,787,74] 1 2% $1,122,03¢ 3% Low
SAMA 32 $41,641,70f 27 84% $30,948,71° 74% High
STLI 104 $1,512,459,24 104 100% $1,512,459,24 100% High
BICY 254 $1,030,477,75 210 83% $414,159,49 40% High
BISC 68 $67,91211 68 100% $67,913,21: 100% High
CAHA 559 $1,173,309,84 559 100% $1,173,309,84 100% High
CALO 289 $878,717,41 289 100% $878,717,41. 100% High
CANA 167 $88,404,504 167 100% $88,404,50! 100% High
CASA 54 $26,571,807,97 54 100% $26,571,807,9< 100% High
SER CUIS 204 $112,431,01] 33 16% $19,361,49( 17% Low
DESO 10 $3,366,16( 10 100% $3,366,16( 100% High
EVER 493 $657,087,09 493 100% $657,087,09 100% High
FOPU 52 $286,318,75 52 100% $286,318,75 100% High
FOSU 38 $1,230,735,37 38 100% $1,30,735,37¢ 100% High
GUIS 436 $4,938,540,24 355 81% $3,930,189,18 80% High
TIMU 111 $28,262,53! 42 38% $9,941,88: 35% Intermediate
CABR 55 $41,741,304 0 0% $0 0% Low
CHIS 166 $160,239,24 23 14% $46,691,84! 29% Low
FOPO 17 $208,178,64 5 29% $191,161,08 92% Intermediate
GOGA 1049 $4,934,700,01 114 11% $617,570,95 13% Low
PWR LEWI 50 $33,397,04 35 70% $18,047,86! 54% Intermediate
OLYM 873 $973,129,27| 72 8% $37,500,35!( 4% Low
PORE 639 $739,325,35 25 4% $34,929,15 5% Low
REDW 490 $37,895,17¢ 20 4% $7,871,07¢ 2% Low
SAFR 49 $901,209,68 21 43 $262,743,221 2% Intermediate
SAMO 270 $163,605,01] 0 0% $0 0% Low
IMR PAAL 26 $9,366,51 0 0% $0 0% Low
PAIS 78 $77,165,63f 14 18% $40,920,35¢ 53% Low
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Service-Wide Exposure & Risk

Within the 40 coastal NPS units in this study, almost 10,000 assets with over $56 billion in current
replacement value (CRV; from FMSS) were analyzed for exposure tadamgSLR (Table 6).
Approximately 39% of NPS assets were designated as high expibsse assets combined have a

CRYV of over $41 billion. The SER has the highest percentage of assets at risk (87%) and these assets
make up over 85% ($35 billion) of the total value (CRV) at risk in all 40 units. The PWR and IMR

have the lowest percentagehagh exposure assets, with 9% and 13%, respectively. This sharp

divide between the regions is primarily a function of elevation differences between the Atlantic and
Pacific coasts. The NER has the highest percentage of assets at risk that are cornsidecgthh

FMSS; Table 6).

Table 6. National and regional SLR exposure data results.

Region Total Assets Analyzed High Exposure Results
# Assets CRV # Assets % Assets CRV % of CRV % Historic
NER 3059 $10,550,294,321 1030 34% $5,149,630,164 49% 21%
SER 2735 $37,067,371,857 2370 87% $35,331,312,364 95% 13%
PWR 3658  $8,523,420,750 315 9% $1,216,515,566 14% 12%
IMR 104 $86,532,148 14 13% $40,920,359 47% 0%
All Units 9556 $56,227,619,076 3729 39% $41,738,378,453 74% 15%

In terms of Asset Typ (as coded by FMSS)uildings and parking make up the majority of kiigh
exposureassets, with 42% and 11%, respecti@lgble 7). However, fortifications make up most
(over 80 %) of the total value (CRV) of the threatened assets (Table 7). Thimdsian of the
extremely high CR\6f these historic features in FMSS; the fortification at CASA alone has a CRV
of over $25 billion. The CRVs assigned for these fortifications are exceptionally high compared to
other asset types and make it difficult takiate the relative exposure of the other asset categories.

Removing the fortifications from the analysis gives a clearer picture of how the other asset types
compare. Table 8 shows the top fhigh exposurasset types based on percentage of CRV, with
fortifications removed from the analysis. In this revised analysis, buildings makesuf37% of the
CRV of thehigh exposurasset typedihile this type of analysis is useful, it is important to note that
removing fortifications from the analysis showldly be used as a way to compare the other asset
types. The fortifications have a high CRV because they represienteandirreplaceableesources
and, therefore, must be included to get a complete representation ofithesteaalue of assets at
risk.
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Table 7. High exposure results listed by asset type. Historic is defined in FMSS as any asset greater than

50 years old.
?:Z‘i‘_g Asset Description # Assets % Assets CRV % CRV % Historic
1100 Road 371 10.04% $809,950,504.27  1.94% 7%
1300 Parking 403 10.90% $225,691,765.10 0.54% 4%
1700 Road Bridge 53 1.43% $122,342,193.83  0.29% 9%
2100 Trail 313 8.47% $452,381,156.18  1.08% 5%
2200 Trail Bridge 12 0.32% $3,371,097.00 0.01% 17%
2300 Trail Tunnel 1 0.03% $2,531,243.95 0.01% 100%
3100 Maintained Landscape 210 5.68% $1,668,010,936.21 4.00% 6%
3800 Boundary 4 0.11% $3,966,740.00 0.01% 75%
4100 Building 1576 42.64% $2,816,396,622.25 6.75% 18%
4300 Quarters 48 1.30% $17,443,425.00 0.04% 21%
5100 Water System 21 0.57% $34,551,477.97 0.08% 24%
5200 Waste Water System 54 1.46% $839,129.00 0.00% 0%
5300 Heating & Cooling 1 0.03% $500,159.81  0.00% 0%
5400 Electrical System 3 0.08% $2,711,957.01 0.01% 0%
5700 Fuel System 14 0.38% $3,440,619.98 0.01% 7%
6100 Dam/Levee/Dike 10 0.27% $39,266,722.33  0.09% 30%
6200 Constructed Waterway 23 0.62% $142,133,363.00 0.34% 13%
6300 Marina/Waterfront System 166 4.49% $1,041,180,713.61 2.49% 12%
6400 Aviation 4 0.11% $18,773,580.96  0.04% 25%
7100 Monuments 35 0.95% $33,921,706.46  0.08% 26%
7200 Maintained Archaeological 136 3.68% $63,690,858.24 0.15% 71%
7300 Fortification 56 1.52% $34,161,004,760.69 81.85% 88%
7400 Towers/Missile Silos 7 0.19% $1,502,070.99  0.00% 57%
7500 Interpretive Media 167 4.52% $57,713,570.14  0.14% 0%
7900 Amphitheaters 8 0.22% $14,688,398.90  0.04% 0%

Table 8. Top five high exposure asset types based on % of total CRV, with fortifications removed from

analysis.
Asset Code Asset Description CRV % CRV % Historic
4100 Building $2,816,396,622.25 37.17% 18%
3100 Maintained Landscape $1,668,010,936.21 22.01% 6%
6300 Marina/Waterfront System $1,041,180,713.61 13.74% 12%
1100 Road $809,950,504.27 10.69% 7%
2100 Trail $452,381,156.18 5.97% 5%
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FMSS, NPS Resources and Adaptation

Cultural resource conservation and history and heriggtycation are primary functions of NPS. One
way that NPS fulfills these functions is by maintaining, protecting and exhibiting historic and cultural
resources, such as buildindgsndscapes, fortifications and archaeological sithese resourcese

often the baclbone of public education regarding national, regional and local heritage. Therefore,
when an asset is at risk to SLR, it may be important to consider if it is listed as historic within FMSS
(greater than 50 years olals defined in FMSSForexample, a historibuilding vulnerable to SLR

will be evaluated differently in terms pbtentialrestorationprotection relocation or demolition

than a norhistoricbuilding, as preservation of these assets are a tenant of the NPS mission
statement.

Within these 4@oastal unitsthere arel,576buildingsdesignated as high exposureSioR (Table

7). This is an average @B buildingsper unit that will likely need a plan for adaptation in the next
100+ years.However, only280of thehigh exposurduildingsarelisted ashistoric in FMSS

Although these historic buildings make up a smaller percent (18%) of the total buildings at risk, it is
important to note that these structures have the highest CRVs (ovtritasof the total value for
buildings).During the review process, the accuracy of FMSS was mentioned numerous times. For
example, it was noted that many assets are erroneously listed-Bstooic within FMSS (at the

time the data was obtained). This is especially true for assets typesssmelintained archaeological
sites, of which only 71% are listed as historic (this number should likely be 100%). Also, many
cultural resources, including most archaeological sites, are not currently part of the FMSS database.
Therefore, the total risk tihese types of resources is not encompassitdh this particular study.

Theageand the valuef an asseare just a few pieces of information that can be usédods when
considering climate change adaptation strategissets within FMSS havaddiional properties

that may be helpfubr evaluatingadaptation options, nc |l udi ng the priority of
mission (Asset Priority Inde API) andthe relative condition of thasset (Facilities Condition Indgx

FCI). For example, a histortwilding in poor condition with a low priority to the unit would not

likely need the same adaptation strategy as a historic building in good condition and of high priority.
The relationship between the condition and priority of an asset has recently foees fordecision
makingwithin NPS facilities management. For example, NPS is currently in the process of updating
FMSS with more accurate Optimizer Band (OB) scores. OB scores are a banding of assets found in
FMSS that is based on the APl and FCI. $beres are meant to help guide the priority of funding

and investment for a particular asset and will be another important piece of data to review when
considering adaptation options.

NPS is also committed to natural resource preservation. One majte thatdNPS faces in the

future as SLR threatens an increasing numbassétss the balance between protecting cultural
resources and infrastructure, and preserving natural resources. In many cases, protection of assets in
place (e.g., by adding a sedliaan damage or remove the surrounding natural environment.

Therefore, not only should the FMSS properties (i.e., API, FCI, and CRV) be considered when
discussing adaptation strategies, but also the possible risk of damage to other NPS resources.

17



Eachunit also has its own unique enabling legislation and general management plan to follow when
developing adaptation options. For example, ASIS, which is a national seashore containing
wilderness area, is required to preserve natural resources and prowjusibte recreation, whereas
FOSU, which is almost entirely comged of cultural resources (a fortification), faces different
management challenges to protect-nemewable cultural resources along an eroding shore.

Complex decisions about how best totpob assets from SLR and other impacts of climate change
will increase as climate change continues to affect our coastlines, requiring significant financial
commitment and staffing. It is important that NPS begin to put together national and regional plans
for climate change adaptation.
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Case Study: Hurricane Sandy and GATE

Hurricane Sandy made landfall in October 2012 and had significant impacts within several NER
units, including GATE. The SLR exposure analysis for this project was completed priodig San
which brought unprecedented storm surge and flooding to many portions of these units. After the
storm, it was clear that many areas of GATE were at a higher risk from coastal hazards (i.e., storm
surge and erosion) than previously acknowledged.

Many states affected by Sandy have since collected new pertinent coastal data, such as LIDAR
derived elevation maps, and have also updatedfediate coastal hazard maps, such as flood hazard
and flood zone maps. This new wealth of data is an important toohéterstanding the exposure of

NPS assets to storms and flooding. Therefore, the assets at GATE were analyzed as a case study to
illustrate how units will not only be affected by SLR over the long term, but are also seataisky

to storm hazards.

As part of this case study, we compared the georeferenced assets at GATE with the new Federal
Emergency Management Agency (FEMA) Flood Hazard Maps. Using ArcGIS, we determined which
assets within the unit were located within one of two FEMA flood hazard zitveeSpecial Flood

Hazard Risk Areas (AE zone) and the Coastal High Hazard Areas (VE zone). Table 9 shows the
results of this analysis and Table 10 shows the results of our initial SLR exposure analysis for GATE.

Table 9. Results from FEMA flood zone analysis within GATE. The total number of assets analyzed
differs from the total number of assets analyzed in the SLR exposure analysis due to availability of
geographic data. Only assets with known specific location data were included in this analysis.

Location # Assets % Assets Total CRV % CRV
Total Analyzed 986 n/a $6,054,494,902.78 n/a
VE Zone 49 5% $127,545,541 2%
AE Zone 515 52% $2,268,983,336.46 37%
AE + VE Combined 564 57% $2,396,528,877 40%
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Table 10. Summarized results from the SLR exposure analysis within this study.

# Assets % Assets Total CRV % CRV
Total Analyzed 1089 n/a $6,594,852,975 n/a
High Exposure 302 28% $2,672,440,355 41%

Hurricane Sandy Lessons

The results from our exposure designation for GATE yielded 28% of the hasgtga high

expoareto SLR over the next 100 years (Table 10). However, theSerstly FEMA flood zones

analysis shows that 57% of the assets within GATE are within the high flood risk and coastal high
hazard areas (the AE and VE zones, Table 9). These resuafisn our initial speculation that the

results from the SLR exposure designation were likely conservative, esptriaihyts with narrow

barrier island sections such as GATE. The case study analysis of GATE and the FEMA flood zones
shows that almogtvo-thirds of the assets are within high coastal risk areas; however, this percentage
is considerably higher for some areas of the park. For example, 82% of the assets located on Sandy
Hook were in one of the FEMA high risk flood zones (Table 11), compar&d% that were

considered high expaeeto longterm SLR (Figure 5).

The different results yielded by these two methods of risk analysis are primarily due to the nature of
the data and the hazard in question. The new®astly FEMA flood zones (Figu) are meant

to include the land area that isrek to a percentannualchance flood and comprises a very large

area of the coastal zone. Therefore, the assets in these zones are those vulnerable to flood hazards,
such as storm surgur SLR exposug analysis, however, categorized assetsigis exposuré¢hat

were at or near 1 m elevation above mean higher high water (red shades in Figure 5B). This analysis
determined the asset risk related to kbeign rise in sea level, and not flooding risk asst@d with

storms. Therefore, a much greater number of assets were determined to be at risk according to the
FEMA flood zone analysis. Many assets within the high risk FEMA flood zones may be at elevations
much higher than 1 meter; in fact, storms (suc8awly) produced surge floodiagove 3 meters in

this region.
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Figure 5. Comparison map of the results from the Sandy Hook portion of GATE, including the FEMA
flood zone analysis (A) and the SLR exposure analysis (B) for assets within the area (HE = high
exposure, LE = limited exposure).

The findings from this case study at GATE have proven that while it is essential to determine NPS
assetat riskto longterm SLR, it is also extremely vital to understand and consider other hazards
that may impact thesessets in the short terrAdditionally, the SLR exposure analysis is likely a

fairly conservative estimate of the number of asset risk over the next 100 years, as storm

impacts (especially within the units along the east coast) may be a more imminenteht to

NPS property. As more parks continue to georeference their assets and define the relation of their
assets to available flood hazard zones, the overall exposure of NPS assets to rising sea level can be
better characterized. Hopefully, this type atalwill eventually béncorporated into FMSS.
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Conclusions and Next Steps

Results from this study show that well over dhied of the FMSSisted assets within 40 coastal

NPS units are at risk to lostgrm SLR. These assets have combined value of @ébiflion and

many of the high exposure assets provide essentigbeldgy functions, such as visitor access. The
Hurricane Sandy case study highlighted that the results from this analysis are likely conservative and
that many of the assets listed aneatly at risk to other coastal hazards such as storms.

Overall, this study provides a broad overview of the high level of expos@ieRéaced by NPS

assetslt is not meanto be used directly fadecision makingt the unit levelas much of the data

needed for a more detailed asset specific analysis is not available for many units. FMSS does contain
several pieces of data that can be used for dec
priority to the unit and overall condition.

Hopefully, this project will help to bring attention to the serious need for broader guidance related to
climate change adaptation, not only at the park level, but also by thedgi®nal and national
levels.

Two additional projects are currently underway that wothtinue to build upon this analysis. The

first is a series of case studies related to climate change vulnerability and adaptation from NPS
coastal parks, which will provide park managers with a suite of adaptation strategies that are
currently being imgmented to protect vulnerable coastal assets. Also underway is an extension of
this project to analyze the exposure of another 30 coastal units to SLR.
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Appendix A: GIS Data Sources by Unit
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