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Services from Mangroves and Reefs
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Recommended Approach: Expected Damage Function
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Valuing Coastal Processes & Reef Loss
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Global Flood Risk and Saving from Coral Reefs
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Beck et al. 2018. Nature Communications.



Annual Expected Benefits of Reefs for Flood Protection

Annual Averted Damages (SMillions) Annual Averted Damages/GDP

1 Indonesia 639 Cayman Islands 0.98
2 Philippines 590 Belize 0.37
3 Malaysia 452 Grenada 0.30
4 Mexico 452 Cuba 0.25
5 Cuba 401 Bahamas 0.16
6 Saudi Arabia 138 Jamaica 0.14
7 Dominican Republic 96 Philippines 0.13
8 United States 94 Antigua and Barbuda 0.13
9 Taiwan 61 Dominican Republic 0.11
10 Jamaica 46 Malaysia 0.09
11 Vietnam 42 Seychelles 0.06
12 Myanmar 33 Turks and Caicos 0.06
13 Thailand 32 Guadeloupe 0.05
14 Bahamas 14 Indonesia 0.04
15 Belize 9 Solomon Islands 0.04

Beck et al. 2018. Nature Communications.



Annual Expected Benefits from Reefs:
Avoided Flood Damage in SM/20 km coastline
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Risks Increase with Sea Level Rise

Land area flooded (km?Z x 1000 )
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Our Approach for
Assessing Coastal
Protection Value:

....with a few more orders
of resolution and precision

Storlazzi, Reguero, Beck et al. (2019)
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USA Hi-Res Reef Benefits:
S of Averted Damages by Storm Return Period

Location Sublocation Storm Return Interval

10-year 50-year 100-year 500-year
‘;‘:'L::;ca“ Tutuila $45,062,194 $50,235,092 $55,296,346 $45,151,430
g;ﬁ;;ca“ Ofu-Olosega $133,904 $190,098 $256,618 $343.816
American Tau $1,332,694 $1,705,537 $1,913,229 $1,714,184
Samoa
CNMI Saipan $8,440,917 $13,510,503 $14,037,252 $33,267,181
CNMI Tinian $1,135,367 $1,901,951 $2,095,199 $2,870,504
Guam Guam $12,523.985 $10,845,848 $14,307,264 $21,479,597
Florida Mainland $223,690,621 | $456,121.628 | $635436,306 | $3,336,517,208
Florida Kevs $51,302,037 $114,538.932 | $152,395,028 | $115,357,921
Hawaii Hawaii $42,875,759 $50,655,894 $52,324,393 $59,566,784
Hawaii Maui $202,802,131 | $234,104,090 | $225630,115 | $194.479.455
Hawaii Lanai $97,224 $104,730 $105,981 $106,313
Hawaii Molokai $72,094 $92,642 $128,534 $354,783
Hawaii Kahoolawe $0 $0 S0 S0
Hawaii Oahu $368,841,786 | $353,116245 | $340,006,994 | $314,872,587
Hawaii Kauai $10,080,787 $14,529.798 $18,675,364 $23,309,226
Hawaii Niihau $0 $0 S0 S0
Puerto Rico Puerto Rico $107,237,273 $195,128.049 $277,282,495 $514.413.849
Puerto Rico Culebra $232.754 $498,925 $693.718 $1,439.420
Puerto Rico Vieques $175,922 $126,877 $148,189 $207,562
USVI St Croix $30,521,477 $50,437,724 $63,035,367 $57,335,990
USVI St John $852,151 $1,489,952 $3,965,600 $1,880,331
USVI St Thomas $5,910,764 $7,253,756 $7,139,596 $8,204,784




Rigorously Valuing the Role of Guam and the CNMI's Coral Reefs
in Coastal Hazard Risk Reduction

science for a changing world Estimated Annual Benefits

Total Dollars

801 -1,200

Total Dollars

801 -1,200

The USGS open file report can be founc at httpsz//doi.org/10.3133/0fr20191027
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Storlazzi, Reguero, Beck et al. (2019)




Benefits of Coral Reefs for Risk Reduction
Informing FEMA & Puerto Rico Recovery Efforts

Averted Damages by Reefs - 100 Year Storm - Zone 3

$122,000,000 Total Damages Averted

5100 Billion in . $11,400,000 - $21,000,000

. $4,850,000 - $11,300,000
Recovery Fundlng $2,090,000 - $4,840,000
For 2017 hurricanes

$625,000 - $2,080,000
$0-$624,000




Benefit:Cost (B:C) for Reef Restoration
Using FEMA’s BC Analysis Tool

Benefit:Cost Ratio

<0.5
> 0.5
>0.75




Annual Flood Reduction Benefits
from Mangroves

Annual Flood
Reduction Benefits
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Losada, Beck etal. 2018. The global value of mangroves for risk
reduction. TNC, Berlin.
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Benefits of Mangroves in the Philippines:
Comparing Benefits to Socially Vulnerable People vs Property
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WORLD BANK GROUP Menéndez, Losada, Beck et al. 2018. Ecosys Services



Global to Local Connection
PILOT PROJECT: GRENVILLE BAY, GRENADA

WE ARE BUILDING ARTIFICIAL REEFS TO
BREAK WAVES, REDUCE EROSION,
NURTURE CORAL AND PROTECT PEOPLE

~*  STORM.SURGES AND EROSION- = =&
ARE THREATENING GRENADA = - =5 &



Wave Height
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The reef at low tide




Catalyzing Public and Private Investment
In Reef Restoration

Significant Funding
Insurance
opportunities
Recovery Funding is
biggest source

Need critical data on
benefits & costs

All approaches for
funding gray infra
open to Nat Infra
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Financing Natural Infrastructure
For Coastal Flood Damage Reduction
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http://www.lloyds.com/coastalresilience
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REEF RESILIENCE & INSURANCE FUND
@ Swiss Re
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Combining Reef Restoration & Insurance
to Build Resilience

A resilience insurance Reduction of
solution overcomes trade- Contingent Liability
off between risk reduction
& risk transfer: Investment

_ Amortization
« Up front reef restoration |

iInvestment reduces risk [

* The risk mitigating impact Risk Reduction S8

Effects

reduces premiums .

| |
* An incentive is created for I
restoration & risk transfer ! F ’
Resilience | Insurance

Investment  Risk Premiums Payout

S UNIVERSITY OF CALIFORNIA
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SUMMARY

* Reefs reduce flooding and erosion
* We can rigorously values these benefits
* We can prioritize based on Benefit:Cost

* And identify innovative funding opportunities
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Protecting nature. Pressrving life

, Economics of Climate Adaptation
Aims

e Work with worlds 2"? largest re-insurer ETHzurich
e Public cost effectiveness model that includes nature

e |dentify where nature-based defenses are cost effective
Reguero, Beck et al (2018). PLOS ONE.
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The regional domain: The Gulf Coast of US
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Damages (S Billions)
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Reguero, Beck et al (2018). PLOS ONE




Economics of Coastal Adaptation

Benefit to Cost ratio
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Reguero, Beck et al (2018). PLOS ONE



Effects of Marshes on Sandy Flood Damages

LLOYDS

» 625 Million USS
» 15% avg reduction

\?:M” www.lloyds.com/coastalresilience
| .:“\ Narayan, Beck et al. 2017. Scientific Reports.
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http://www.lloyds.com/coastalresilience

Reef Restoration and Resorts in Dominican Republic
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Implications and Opportunities

Include Nature in Industry Risk Models
Private incentives- Insurance, Resilience Bonds

Public incentives- Pre- and Post- disaster spending, Green
bonds

Prioritizing Adaptation & Resilience-building Investments

Prioritizing Natural Infrastructure in Policy (Philippines
Greening Program, US ACoE)

Photo credit: Jim Wright/LightHawk/TNC




Costs of Restoration for Flood Protection

Type Sub-type Grenada All Other
Caribbean

Coral Reefs WHElNY:
Fragments
Structural
Restoration

Mangrove Planting
Saplings

Hydrological
Restoration

Seawalls

Levees
Breakwaters

Sea Dykes

640,000
(4)

32,000
(2)

11,675,0
00 (2)

2,025,000
(1)

3,136,000
(1)

14,000 (1)

3,671,000

17,871,000
(1)

2,469,000 (7)

11,300 (9)

45,000 (47)

141,000 (22)

19,935,000
(1)

1,286,000 (3)

2,964,000 (4)

23,000 (3)

19,818,000 (3)*

24,757,000 (2)*

61,000 (14)

60,000,000 (15)

2,000 (57)

4,000 (8)

5,712,000 (1)

3,136,000 (1)
20,658,000 (17)



science for a changing world

Pacific Coastal'and Marine SciencelCenter =

Tutuila Ofo-OIosega
» el oyt
Radl Ta'u
Saipan{
Tinian
’
Guam

Culebra

‘--ﬂb""

_ o Vieques
Puerto Rico
Moloka'i
L 4 St. Thomas
. Maui &~ ﬁi@.‘ .
Lanal‘ ‘ ' St. John
o
Kaho'olawe _ .
Hawai'i *“
St. Croix
Benefits

Florida | °

100 Kilometers
{

Total Dollars

0

1-100,000
100,001 - 500,000
1771 500,001 - 1,000,000
I 1,000,001 - 7,000,000
I 7,000,001 - 15,000,000
I 15,000,001 - 35,000,000
I 35,000,001 - 70,000,000




Creating Awareness
(and hopefully Political Will)

THURSDAY MAY 16 2019 |Hiiami Herald l Opinion l A
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