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Objectives

» Trustee's Perspective
= Mission
= The Reservations
= Management background
e vulnerability planning?

er Reservation and Coskata-Coatue Wildlife




Trustees’ Perspective
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Trustees’ Mission

» Founded in 1891, The Trustees of

Reservations preserve, for public use

erties of exception

ical value in Mass

special places across




Trustees — Who we a

» Nonprofit conservation organization

s, including 25,000+ acre.
\Y
old members




Trustees — Coastline

» 32 Reservations (8,000 acres)
» 39 Parking Areas
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The Trustees of Reservations
Coastal Properties
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Coastline Ownership
1]

% of
Shoreline

Federal 191 8%
State 98 1%
Municipal/Local 252 10%
Trustees-held CRs 44 2%
Trustees Reservations 76 3%
_(r)rtuhsir Non-Profit/Land 106 1%
Other Private (mostly CRs) 33 1%
Total Miles of Shoreline 800 33%
Total Shoreline 2450 100%



Open Space Ownership

]
OWNER % of Open Space
Federal 24%
State 12%
Municipal/Local 32%
Trustees Reservations 10%
Trustees-held CRs 6%
Other Non-Profit/Land Trust 13%
Other Private (mostly CRs) 4%

Total Open Space 100%




Why a CVA?
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Climate Change Impacts
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Trustees Coast Examples

How Vulnerable Is Our Coast?
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Halibut Point

GLOUCESTER — ROCKY SHORELINE







Coskata- Coatue

NANTUCKET — BARRIER BEACH
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The Farm Institute
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Trustees Values

What are the impacts?
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Natural Resources

- COASTAL HABITATS AND SPECIES
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Cultu raI Resou rces
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Visitor Experience
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Education & Exploration




Financial

CRANE BEACH, IPSWICH




Coastal Strategy




S e
Coastal Vulnerability
Assessment

FY17: CURRENT YEAR -

-

 Combines probability
and consequence of
flooding to estimate
risks to different
properties and their
assets

Predictions look out
to 2030 & 2070

trustees



Coastal Assessment Process
FY17: CURRENT YEAR

- STEP 1

|dentify properties and map resources

STEP 2
Assess vulnerability and risk

STEP 3
Develop a Vulnerability Index

STEP 4
Articulate next steps, alternatives & costs

trustees
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" Implement most feasible
4 CVA Recommendations

= Coastal Volunteer Corps

= Research

ONGOING
= Shorebird Program

= MV Education Program



Coastal Strategy: In Process

Land Conservation
Adaptation / Restoration

Retreat

Design and Innovation

Education and Raising Awareness
Community Action

Policy and Advocacy

.



Climate Vulnerabillity Mo




Modeling Overview.

» Background

rability Modeling
ation
erabillity Index




Bockground
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FEMA is only backward lookmg

Only considers “100-year” storm

Region I does not use dynamic modeling
Transect based analysis
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Inundation maps based on standard “bathtub” model do
not reflect dynamic nature of coastal flooding
Does not account for joint flooding conditions

Does not include effects of infrastructure (e.g., dams)
Does not account for tides




MassDOT-FHWA
Pilot Project Report:

Climate Change and Extreme
ﬂﬂl er Vulnerability Assessments
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Background

S L

Trapical and Sea Level Rize
Extra-Tropical

Flond Flood Inmundation

Prohahilities Duration Depths Pithsiains Volimes Corrents

» Probabilistic inundation model includes relevant physical processes
(fides, storm surge, wind, waves, wave setup, river discharge, sea
level rise, future climate scenarios)
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Background

Rk of Eaceedance

Climate Change Vulnerability,
Risk Assessment and

Adaptation Study
Tewn of Hingham, MA
June 29, 2015

2030
Probability «
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Figure 27 - Probability of Flooding along Route 3A in 2030
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Vulnerability Assessm




Project Objectives

> Assess vulnerabillities of Trustees’ coastal properties (assets on
those properties) to flooding and inundation un eq
level rise and storm scenarios

-based approach for inundatio

ity with consequence
into a Coastal Vulner

adaptation alternativ




Climate Vulnerabillity




Inundation Modeling: Data

» Utilize existing information (if appropriate)
= FEMA flood zones

= Existing model results (where available)

= Sea levelrise rates

- line change rates

sessment of Coastal Vul
asic bathtubb model

dation mapping
(Woods Hole Group)
mprehensive Study (USAC
rshes Model (SLAMM) results (CZM




Inundation Modeling: O

» Probability of Inundation Results for 2030 and 2070
» Maximum, minimum and spatially weighted average for
given assefts

2070 Inundafion Probability
| [ == [ ]
S R

2070 Inundation Probability




Asset Valuation

to as ‘Consequence




Valuation Objec’rive.

»|ndependent of vuln
value to ea




Asset Valuation:; the Ass'

» Buildings and Structures

ils, Parking Areas

ce Points

pbitats

munifies




Asset Valuation: Development '

» Development of valuation criteria require
extensive discussions and input from a
of Trustee experts and Woods Hole

s and case study t

riteria that reflect

igned by TOR experts




Asset Valuation: The Scoring P

» Draw on multi-disciplinary expertise. Obtain input and
buy-in from all experts. The more input the

> All re scored based on the sam
to all assets — that is
t classes can be co

think about vulnera

lking it out’ — don'’t score in
t to provide a rationale for the




Asset Valuation: The Scoring
Criteria

Proposed Combined Criteria _Aper individual asset) |  Weighting Factor

Scoring from 0-3
moderate value

Each given a

: the structure, composition, viability, and function

SCO re Of 1 _5 f an ecosystem or habitat / community type
Natural Resource Significance rarity, uniqueness, and impartance within a local
or regional context
Cultural I Historie | Gultural Resource Integrity retains material atiributes associated with its
social values, including ways in which materials

H ig h e r SCO re — were put together, relationship between different

rts of a resource and the aesthetic qualities

that resulted; it is the exact geographic location

hig her Value Or of aresource and the nature of its setting
greater impact if |

‘ o > &)
I 0 St A takes away with them. Includes frails, amenities,
recreational sites, and scenic experience and

Total Score =

Frogramming programming, events, tours, education (1 <=

26% impact, 3 == 50% impact, 5 = all

Sum Of Scores "'Revenue Impact Impact to revenue income

: — .
Total POSS| ble Score Operational Support :gllpl?hc esto cess and support for operations /
Sensitivity to Coastal Flooding Sensitivity to damage or loss from changing
environmental conditions driven by coastal
X 1 OO flooding (1 = slight sensitivity, quick recovery, 3

= moderate sensitivity, slow recovery, 5 = no

Financial Replacement Cost Caost to replace or restore asset or resource if
or significantly damaged (1 <= $10k, 3<=
00k, 5>=%1M

e 30

YEARS
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Climate Vulnerabllity Inde
Defined

> For each asset:

ability of flooding x asse

Nd prioritize adaptatie
rative CVls (not the ab




Climate Vulnerabllity Indext
Example of Summary Table

Asset

Beach A

Habitat B

Habitat C

Building D

Property

Property E

Property F
Property E

Property G

Vulnerability
{Probability of Inundation
to Critical Depth)

2030 2070

Consequence

CVI (by Year)

Prob x Consequence

Prob x Consequence
Prob x Consequence

Prob x Consequence




Case Studies




Case Studies

Trustees of Reservations Properties- Cape & Islands
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Mashpee River Reservation

= Trails
Rubids and Deviawips

Culturally imporiont Fealoms

B Faiking Aosas

]
Ny 57
15 |
A1
I-Ill |
>
Buiidng Foolpnnta
B eectant indusv ol

Endangered Spe. Primary Habitat

Vegolation Commarities

\

set Categories




Case Studies: Coskata-Coatue Wildlife
Refuge

2030 Inundation Probability 2070 Inundation Probability
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[ Coskats-Coatue Property Boundary [l coskata-Coatue Property Boundary




Case Studies: Coskata-Coatue Wildlife
Refuge

2030 Inundation Probability Vegetation Communities 2070 Inundation Probability Vegetation Communitios
P - Spatialy Weighted Avarage C T [ e Spatialy Waighted Average

Calcutated Rasults i | Calcutated Results
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Case Studies: Coskata-Coatue Wildlife
Refuge

2030 Inunfation Probability ; 2030 Inunfation Probability
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Case Studies:

Septic
Tank 5

Spatially Weighted Average I
_ wverzee Probability MigFrobabili Miax Probability

5

00|
500

Resampling allows for grouped
cellstoreturntoalx1lm
resolution.

..which means

Average = [(8*500) + (2*300)]/10

Maximum versus Spatially Weighted Average

S

%{: moue |

3




Case Studies: Coskata-Coatue Wildlife
Refuge

hs;
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Case Studies: Coskata-Coatue
Refuge

Coskata-Coatue — Vegetation Communities

Froperty Cultural ME_IMT | NF_SIG | CR_INT | CR_SIG VE_SIG | PUBLIC | REY_IM | OP_SL Total Spatial Ilin Cl (Mo | Max Ol (Mo | Spatial Ave CYI
EG MIF EG MIF ALITY MIF _PRO | PACT |PPORT| Consquence | Prob | Prob | Awe Prob SenziFepl] | SensfRepl] | (Mo SenziFepl)
Score (MO
Sensitivity or
Feplacement)
374 Coskata-Coatue wildlife Ref MARITIME BEACH 3 5 1] 0 1] 5 1] o [ 51 100 100 0o 511 511 511
378 Coskata-Coatue Wildlife Ref MARITIME BEACH 3 5 ] 1] 7] 5 7] ] 1] 51 100 100 100 5111 il 511
376 Coskata-Coatue wildlife Reft MARITIME BEACH 3 5 ] 1] ] 5 ] 1] 1] 51 100 100 100 511 5111 511
379 Coskata-Coatue Wildlife Ref MARITIME BEACH 3 5 1] 0 5 5 5 o 0 51 100 100 00 511 511 511
423 Coskata-Coatue Wildlife Reh MARITIME FOREST 5 5 1] 1 2 4 3 ] 1 42 100 100 100 4222 4222 4222
377 Coskata-Coatue wildlife Reft MARITIME BEACH 3 5 ] 1] ] 5 ] 1] 1] 51 0.1 100 83 5 5111 4222
424 Coskata-Coatue wildlife Reft MARITIME FOREST 5 5 ] 0 2 4 3 ] 0 42 i) 100 100 2 4222 4213
421 Coskata-Coatue Wildlife Reft MARITIME FOREST 5 5 1] 1 2 4 3 ] 1 42 20 100 100 44 4222 217
428 Coskata-Coatue Wildlife Refl MARITIME FOREST 5 5 1] 1] 2 4 3 1] 1] 42 5 100 00 21 4222 4205
380 Coskata-Coatue wildlife Reft MARITIME BEACH 3 5 ] 1] ] 5 ] 1] 1] 51 0.1 100 il 5 5111 3840
426 Coskata-Coatue Wildlife Reh MARITIME FOREST 5 5 1] 1 2 4 3 ] 1 42 0.1 100 86 4 4222 623
388 Coskata-Coatue Wildlife Ref MARITIME SHRUE THICKET 3 5 ] 1] 2 3 3 ] 1] 36 100 100 100 3656 2566 3586
389 Coskata-Coatue Wildlife Rebl MARITIME SHRUE THICKE 3 5 ] 1] 2 3 3 1] 1] 36 100 100 100 3656 3566 3556
395 Coskata-Coatue Wildlife Ref MARITIME SHRUE THICKE] 3 5 1] 0 2 3 3 o 0 36 100 100 00 3556 3556 3556
396 Cozkata-Coatue Wildlife Ref MARITIME SHRUE THICKET 3 5 1] 1 2 3 3 ] 1 36 100 100 100 3656 2566 3586
397 Coskata-Coatue Wildlife Refl MARITIME SHRUE THICKE] 3 5 ] 1] 2 3 3 1] 1] 36 100 100 100 3656 3566 3556
399 Coskata-Coatue Wildlife Refl MARITIME SHRUE THICKE] 3 5 ] 0 2 3 3 ] 0 36 100 100 100 3656 3566 3556
43 Coskata-Coatue Wildlife Ref SALT MARSH 3 5 1] 1 2 3 3 ] 1 36 100 100 100 3656 2566 3586
414 Coskata-Coatue Wildlife Ref SALT MARSH 3 5 1] 1] 2 3 3 1] 1] 36 100 100 00 3556 3556 3586
43 Coskata-Coatue Wildlife Refi SALT MAaRSH 3 5 ] 1] 2 3 3 1] 1] 36 i) 100 100 1778 3566 3556
387 Coskata-Coatue Wildlife Ref MARITIME SHRUE THICKET 3 5 1] 1 2 3 3 ] 1 36 50 100 100 1778 2566 3554
390 Coskata-Coatue Wildlife Refl MARITIME SHRUE THICKE 3 5 1] 1] 2 3 3 1] 1] 36 50 100 00 1778 3556 3554
M7 Coskata-Coatue wildlife Refi S8LT MAaRSH 3 5 ] 1] 2 3 3 1] 1] 36 20 100 100 Fl 3566 3543
405 Coskata-Coatue Wildlife Ref MARITIME SHRUE THICKE] 3 5 1] 0 2 3 3 o 0 36 0 100 00 356 3556 3540
48 Coskata-Coatue Wildlife Ref SALT MARSH 3 5 1] 1 2 3 3 ] 1 36 2 100 93 il 2566 peloie]
400 Coskata-Coatue wildlife Refi MARITIME SHRUE THICKE] 3 5 ] 1] 2 3 3 1] 1] 36 2 100 53 kil 3566 3632
382 Coskata-Coatue Wildlife Refl MARITIME SHRUE THICKE 3 5 ] 0 2 3 3 ] 0 36 5 100 a7 178 3566 3463
393 Coskata-Coatue Wildlife Ref MARITIME SHRUE THICKET 3 5 1] 1 2 3 3 ] 1 36 50 100 a7 1778 2566 3486
354 Coskata-Coatue wildlife Rebl MARITIME SHRUE THICKE 3 5 1] 1] z 3 3 1] 1] 36 2 100 a7 Fil 3656 3443
| 420 Coskata-Coatue wildlife Reft SALT MARSH 3 5 ] 1] 2 3 3 1] 1] 36 0.1 100 57 4 3566 3443
391 Coskata-Coatue Wildlife Reh MARITIME SHRUE THICKET 3 5 1] 1 2 3 3 ] 1 36
412 Coskata-Coatue Wildlife Refi SALT MARSH 3 5 1] 1] 2 3 3 1] 1] 36

S (30

i YEARS
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Case Studies: Coskata-Coatue
Refuge

Coskata-Coatue - Building Footprints




Case Studies: Coskata-Coatue Wildlife
Refuge (CVIs)

Coastal Vulnerability Index (CVI) Vegetation Communities Coastal Vulnerability Index (CVIT) Building Footprints
Spatiaily Weighted Averags Spatialy Weighted Average CVI

Low Hlsk_ Moderate Risk  High Risk withoul Senstrity and Replacement Cost oo “?m“ “_L"k e sl withaul SensRnty and
= = | | I [ Replacement Cost
] S00 o0 2000 400D+

o 500 1000 2000 L000+




Case Studies
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Case Studies: Mashpee River R

2030 Inundation Probabil

[] Mashpee River Resaryation
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2030 Inundation Probability Trails 2070 Inundation Probability Trails
BN ccatially Weighted Average BN ccatially Weighted Average
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Case Studies: Mashpee River R

Mashpee River- Endangered
Species Primary Habitat

]

Type Name



Case Studies: Mashpee River

Mashpee River- Trails
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01 Mashpes Bmvmr Sousth Erararcs Trai o z A 1 i3 ! 100 5] 1 1 [ T
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RE Mashg b Cridsr Tamil & i i 34 2 B
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0 Pl 7 peiarth @ i [ il i i [ - 0 4 i1 [E] ang i} i [%]
T Mashpes Bver North gL o L5, 0 I 1 0 o o a o 0.2 L0 1 1 0.0
61 M shpss Arer darth a [ [ 0 i 1| a [ o 4 o [ [ i a ]
i e barth o [ o [ 1 1] [ [ o 4 o ] [ 0 o
65 Mashps Raar Morth g D & i 1 1 i [r, o 4 0 @ 1] 1] 0
0 M shpss Asaer Sonh wiashpas Miorih Trails & [ o [ i i [ = o i 1 ] [} 1 a o
wer Narih Trail o [} o 0 1 | 0 " o a [} ] [} 0 ] 0
ur danh Trail o 0 ol 0 1 1 0 of 0 1 o o 0 0 0 o
wr Morih Trml g 0 [ 0 1 1] '] [+ o a_ ] -] ] ] D 0
71 Mas wer iorh Trail Ul D [~ 0 1 1 i i il 4 a -] ] '] 4 o
72 Maihg st punmh Trail [ il r i i 1 [ 0 [ [] i [] 1 [ ] 0
T3 Muashpes Rver Sorih Ca 0 l:l 0 I ]I 0 l:': 1] a 0 Cl ) 1] Q o
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Case Studies: Mashpee River Re

Coastal Vulnerability Index (CVI) Endangered Species Primary Habitat Coastal Vulnerability Index (CVI) Trails
Low Aisk Modaraie Risk High Risk Spabally WegFied Averags OV Low Risk Moderate Risk High Risk Coataly Weighbed fuerage
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Next Steps




Next Steps

Adaptation Alternatives/Recommendations
Management Recommendations

Identify vulnerable locations and assets of high priority to
ting management plans
daptations to minimize/mitiga

y potential regional adaptations




@, ATd OO C caeildlio O C
FID Fropeity Hams Cural WF_INT | NFR_SIG | CRUINT | CR_SIG | VE_QU | vE_SiG | FueLic [AREv M| OP SU|  Toa Min | s Pz Ol [hea | Spatiad Aue O
EG i EG MF | ATy | NF | _FRO | PRCT |PPORT| Consquence | Prob | Frob |AueFeob| | SenstRept) | SenstFep | (Mo Senses
Seare (MO
Senitiving of
Rplyterment]
374 Cogias-Cous Wildie Fsi MARTTIVME EEACH | 3 5 0 i 5 5 5 [ (' 0L 100 0o} 5 L i
975 Gl as-Coabes Wildie Faf MARITIME EEACH 3 3 [ ] 5 5 li; &l W [55] W B =R \_sm_J
76 Cork st e-Cosbus Wildife Feh MARITIME BEACH 3 5 5 5§ 5§ 1] E] 10 (] L Bl i NS
T3 Corkgts-Coghus Wildife Fein MARITIVE BEACH 3 E 8 § § 1 5l 10 [ 0 il s il
421 Carkate-Costos Wildide Feh MARITIME FOREST 5 H g] 4 T [T 10 I Wi 422 22 422
IFF CosbatsCoabss Wikdife Pl MAPITIIME BEACEH 3 & ! 5 8 il 1 00 ] & in 4222
24 CoskatrCosbes Wildile Fels MARITIME FOREET -] [ [: 4 42 2] W0 0y &m [FF 4
421 CostatsCosbus Widite P MARITIVME FOREET =) ] [: 4 4 20 100 | B L e 421
425 Cosrars Couatus Wildie Fals MOFITIVE FOREST B = [ ] [ W [ 102 W L] [FE 4208
380 CostataCoabs Wildite Pk MAFITIVE EEACH 3 [ [ ] 5 3 [ i of & (] 100 fi ] LT Fas0
425 Coshats-Coans Wildiie el MARITIVME FOREST x5 ] [ ] ] i ] [ ] [ 0 3% [ 4772 5623
OSKATO odtue — Bullding FOOoTp
| Totwl Consquera | Min Prob |Mas BrobfSoatial Ave | | &b W) (Mo | S CVE{ND | Spatial v
Soorn (MO |  Prob SerafRepl) | SenuRend] Ul {Ma
TensHmity or BarafRepl)
Fifi Progarty Eulburss |HR._BTe [NR_SioaT |CR_iTES |cR_Siches oo sumay|  "oPieTent | N
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Thank you!

Questions®e

a, Director of Field Operation
a@thetrustees.org )

ied Ecology and
Leader and Senior
tist, Woods Hole Group
.com)
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