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�����VHW�D�QHZ�86�UHFRUG�ZLWK�����ELOOLRQ�LQ�FRVWV�
associated with weather and climate disasters. 
It was the sixth consecutive year in which ten or 
PRUH����ELOOLRQ��GLVDVWHUV�RFFXUUHG�LQ�WKH�86�DORQH�
and the 10th year in a row with eight or more.�

This report demonstrates there is some good 
QHZV��:H�FDQ�PLWLJDWH�WKHVH�GLUH�FOLPDWH�LPSDFWV�
by protecting our coasts. According to the Nature 
Conservancy, lands behind existing salt marshes 
KDYH�� RQ� DYHUDJH�� ���� IHZHU� SURSHUW\� GDPDJHV�
when compared to areas where salt marshes have 
been lost.3

)URP� SURORQJHG� KHDW� ZDYHV� WR� UHFRUG� ȵRRGV��
the impacts have hit us faster than we feared. In 
������+XUULFDQH�+DUYH\�PDGH�ODQGIDOO�WKUHH�WLPHV�
LQ�VL[�GD\V��$W�LWV�SHDN�RQ�6HSWHPEHU����D�WKLUG�RI�
Houston, America’s fourth largest city, was under 
ZDWHU�� 7ZR� IHHW� RI� UDLQ� IHOO� LQ� WKH� ȴUVW� ��� KRXUV�
DQG� FDXVHG� ����� ELOOLRQ� LQ� GDPDJH�� )ORRGLQJ�
forced 39,000 people out of their homes and into 
shelters.4

6DGO\��+XUULFDQH�+DUYH\� LV�QRW�DQ�RXWOLHU�� )ORRGV�
are becoming more common and ever more 
expensive. According to data gathered by the 
Federal Emergency Management Agency (FEMA) 
1DWLRQDO� )ORRG� ΖQVXUDQFH� 3URJUDP�� 5HSHWLWLYH�
/RVV�3URSHUWLHV�KDYH�JURZQ�WR�ZHOO�RYHU��������LQ�
WKH�86��PRUH�WKDQ�WULSOLQJ�WKH�DYDLODEOH�PLWLJDWLRQ�
HRUWV�� 7KH� FRVW� RI� ȵRRGLQJ� LQ� ����� DORQH� ZDV�
HVWLPDWHG�WR�EH�EHWZHHQ�����DQG�����ELOOLRQ��$V�
staggering as these numbers are, they don’t even 
EHJLQ�WR�FRXQW�WKH�HFRORJLFDO�DQG�KXPDQ�WROO�b

6LQFH� 5HVWRUH� $PHULFDȇV� (VWXDULHV� SXEOLVKHG�
The Economic and Market Value of Coasts 
DQG� (VWXDULHV�� :KDWȇV� $W� 6WDNH"� LQ� ����� D� ORW�
KDV� FKDQJHG�� SURYLGLQJ� JURXQGV� IRU� RSWLPLVP��
concern, and a clear call to action.

For the most part, we have gone beyond a 
conversation about “if” there is climate change 
WR�RQH�DERXW� ȊZKHQȋ�DQG� ȊKRZ�PXFK�ȋ� ΖQ�D������
VXUYH\� E\� WKH� 3HZ� 5HVHDUFK� &HQWHU�� RYHU� ����
of Americans acknowledge climate change 
KDSSHQLQJ� QRZ�� DQG� DHFWLQJ� WKHLU� FRPPXQLW\1� 
the highest percentage since the survey began in 
������

8QIRUWXQDWHO\��WKLV�LQFUHDVHG�SXEOLF�DFNQRZOHGJH
PHQW� LV�GXH� LQ�SDUW� WR� WKH�GHYDVWDWLQJ�HHFWV�RI�
climate change becoming more evident every day. 

I. Forward
Ȋ(FRQRPLF�ZHOOEHLQJ�PHDQV�GLHUHQW�WKLQJV�WR�GLHUHQW�SHRSOH��)RU�VRPH��
HFRQRPLF�ZHOOEHLQJ�PHDQV�KDYLQJ�D�JRRG�MRE��)RU�RWKHUV��HFRQRPLF�ZHOO-
EHLQJ�PHDQV�KDSSLQHVV�WKDW�VRPHWLPHV�FRPHV�DW�D�ȴQDQFLDO�FRVW��H�J���
WKH�FRVW�RI�OLYLQJ�QHDU�WKH�EHDFK���)RU�SROLWLFLDQV�DQG�SXEOLF�RɝFLDOV��HFR-
QRPLF�ZHOOEHLQJ�PHDQV�HFRQRPLF�DFWLYLW\��VXVWDLQDEOH�WD[HV��DQG�IXQGLQJ�
IRU�SXEOLF�SURMHFWV��7KH�TXDOLW\�RI�FRDVWDO�DQG�HVWXDU\�DUHDV�DQG�DFFHVV�WR�
WKHVH�DUHDV�LQȵXHQFH�DOO�RI�WKHVH�PHDVXUHV�RI�HFRQRPLF�ZHOO�EHLQJ�ȋb��

The Economic and Market Value of Coasts
and Estuaries: What’s At Stake?
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:KLOH�WKLV�UHSRUW�LV�FHQWHUHG�RQ�WKH�HFRQRPLF�YDOXH�
of estuaries, we must not lose sight of what is at 
VWDNH�LI�ZH�GRQȇW�WDNH�DFWLRQ��$V�LQ�WKH������UHSRUW��
we pointed out that a focus on gross revenues 
and expenditures centers on activities that 
produce marketable goods while other activities 
�VXFK� DV� ELUGZDWFKLQJ�� VZLPPLQJ� RU� VXUȴQJ�� JR�
XQTXDQWLȴHG� IURP� DQ� HFRQRPLF� SHUVSHFWLYH��
Coastal areas are shared spaces for our society and 
therefore are not part of the traditional economic 
market valuation. As a result, too much attention 
may be given to the provision of marketed goods 
on the coast and too little attention given to other 
QRQ�PDUNHWHG�� EXW� HFRQRPLFDOO\� DQG� VRFLDOO\�
valuable, activities. 

As we think about what we want to be as a society 
ZH� VKRXOG� DVN�� ZKDW� DUH� ȴVKLQJ� YLOODJHV�ZLWKRXW�
ȴVK"� :KDW� DUH� PDUVKHV� ZLWKRXW� PDUVK� JUDVV"�
:KDW� LV�D�EHDFK�KROLGD\�ZLWKRXW�VDQG�DQG�ELUGV"�
:LOO�ZH�ZDQW�WR�FRQWLQXH�WR�OLYH�DORQJ�FRDVWV�LI�ZH�
DUH�FRQVWDQWO\� WKUHDWHQHG�E\�ȵRRGV�DQG�VWRUPV"�
Now is the time to harness our collective spirit and 
ensure that change happens and we protect who, 
what, and where we love.

Daniel Hayden
3UHVLGHQW�DQG�&(2�RI�5HVWRUH�$PHULFD
V�(VWXDULHV

:LWK�LQFUHDVHG�DZDUHQHVV�RQ�WKH�LPSDFWV�RI�FRDVWDO�
storms and climate change, this report highlights 
our understanding of the role that estuaries and 
coasts play as natural infrastructure that protects 
communities. It also clearly demonstrates the 
important role that estuaries and coasts play in 
sequestering carbon through natural processes 
FDOOHG� ȊEOXH� FDUERQ�ȋ� :KLOH� WKHVH� IHDWXUHV� ZHUH�
NQRZQ� LQ� ������ WKH� HFRQRPLF� YDOXH� DQG� VFLHQFH�
have become much clearer in the past decade.

As you’ll learn in this report, more Americans are 
living along coasts, increasing both the economic 
DQG�KXPDQ�ULVN� IURP�FRDVWDO�ȵRRGV�DQG�VWRUPV��
Natural infrastructure, like coastal wetlands, oyster 
reefs, dunes and sea grasses, all help attenuate 
ZDYHV�� EXHU� VWRUP� VXUJHV� DQG� FDSWXUH� �DQG�
ȴOWHU��ȵRRG�ZDWHU��7KH\�GR�DOO�WKLV�ZKLOH�SURYLGLQJ�
KDELWDW� IRU� ȴVK� DQG� ZLOGOLIH� DQG� UHFUHDWLRQDO�
opportunities for millions of Americans. According 
WR�WKH�1DWLRQDO�ΖQVWLWXWH�RI�%XLOGLQJ�6FLHQFHV��HYHU\�
GROODU� LQYHVWHG� LQ�GLVDVWHU�PLWLJDWLRQ� OHDGV� WR����
in cost savings and a reduction in harm to people 
and communities. It’s hard to come by many 
LQYHVWPHQWV�WKDW�SD\�����

Many reports on economic health have a contingent 
“if the technology were available.” However, we 
are in a unique position, to save our estuaries and 
protect our coastal communities there is no new 
WHFKQRORJ\� UHTXLUHG� ��ZH� MXVW� QHHG� WR�PDNH� WKH�
GHFLVLRQ�WKDW�HVWXDU\�UHJLRQV�� WKDW�DUH� MXVW����RI�
RXU� ODQGVFDSH�EXW�KRXVH�����RI�RXU�SHRSOH�DQG�
SURYLGH�����RI�RXU�HFRQRP\��DUH�ZRUWK�SURWHFWLQJ�
and restoring.
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WHY ESTUARIES MATTER 

Estuaries have always been an essential feature of 
the economy. Even before European colonization, 
Native Americans lived either permanently or 
seasonally in estuary regions in large part because 
of food supply. European colonization, and the 
population and economic growth following it, 
were centered in the estuary regions where North 
America could most easily connect with Europe. 
That history established a pattern of economic 
importance which continues to today. The 
counties in the estuary regions of the continental 
8�6�� � FRPSULVH� ��� RI� WKH� ODQG� DUHD� RI� WKH� 8�6��
EXW�RQ�WKDW����VLWV�����RI�WKH�RXWSXW�RI�WKH�8�6��
HFRQRP\�� ���� RI� WKH� HPSOR\PHQW�� SRSXODWLRQ��
DQG�KRXVLQJ��LQ��������6HH�)LJXUH�ΖΖ�����$FFRUGLQJ�
WR������GDWD��HLJKW�RI�WKH�WHQ�ODUJHVW�PHWURSROLWDQ�
areas were located in estuary regions. Estuaries 
are geographically small and economically huge. 

7KLV� FRQFHQWUDWLRQ� RI� SHRSOH�� DV� \HDU�URXQG� RU�
seasonal residents or as employees in the estuary 
regions, helps drive the national economy. But 
that same concentration puts enormous pressure 
on the natural and environmental resources of 
the estuaries, manifested in loss of wetlands, 
degraded water quality, and impaired access for 
HFRQRPLF�XVHV�VXFK�DV�UHFUHDWLRQ�DQG�ȴVKLQJ���

The Economic Value of America’s Estuaries 

 

IiiII. Executive Summary

ΖQ� ������ 5HVWRUH� $PHULFDȇV� (VWXDULHV� DQG� 7KH�
Ocean Foundation, with support from NOAA, 
released The Economic and Market Value of 
$PHULFDȇV�&RDVWV�DQG�(VWXDULHV��:KDWȇV�DW�6WDNH", 
providing a compendium of economic information 
UHODWHG� WR� WKH� RFHDQV� DQG� FRDVWV�� � 7KH� �����
report examined economic impacts to gross state 
DQG� GRPHVWLF� SURGXFW� LQ� WZHQW\�RQH� UHJLRQV�
DFURVV� WKH� FRQWLQHQWDO� 8�6�� ΖW� DOVR� UHYLHZHG� WKH�
EHQHȴWV�SURYLGHG�E\�ȴYH�PDMRU�VHFWRUV�RI�WKH�8�6��
HFRQRP\��ȴVKHULHV��HQHUJ\�LQIUDVWUXFWXUH��PDULQH�
transportation, real estate, and recreation.  

6LQFH� WKDW� WLPH�� PXFK� UHVHDUFK� KDV� EHHQ�
FRPSOHWHG� WR� DGYDQFH� WKLV� NQRZOHGJH�� KRZHYHU��
there have also been substantial changes in the 
way economists, coastal resource managers 
and policy makers think about economics in 
the last decade. New sectors and ecosystem 
services have emerged that have garnered a lot 

3KRWR�&UHGLW��7DPSD�%D\�:DWFK

According to 2018 data, eight of the 
ten largest metropolitan areas were 
located in estuary regions. Estuaries 
are geographically small and eco-
nomically huge.
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The six estuaries chosen were: 

• Great Egg Harbor, New Jersey
• 3DPOLFR� 6RXQG� DQG� WKH� /RZHU� 1HXVH� 5LYHU��

North Carolina
• Tampa Bay, Florida
• Terrebonne Basin, Louisiana
• 6DQ�3DEOR�%D\��&DOLIRUQLD
• 6QRKRPLVK�5LYHU�(VWXDU\��:DVKLQJWRQ

5HVHDUFK� DQG�GDWD�RQ� WKH�ȴYH� HFRQRPLF� VHFWRUV�
covered in the 2009 report is much more widely 
available than it was a decade ago. However, there 
are still substantial gaps in our understanding 
RI� WKH� EHQHȴWV� SURYLGHG� E\� FRDVWDO� QDWXUDO�
infrastructure and blue carbon. Our intent is 
to expand our understanding of the economic 
values of estuarine wetlands by examining the 
YDOXHV� SURYLGHG� E\� UHGXFWLRQ� LQ� ȵRRG� GDPDJHV�
(the natural infrastructure function) and by 
storing carbon dioxide that would contribute 
to greenhouse gas emissions if released to the 
atmosphere (the coastal blue carbon function).

of attention from coastal managers and policy 
makers. However, the economic understanding of 
those sectors and services has not kept pace. In a 
FKDQJLQJ�FOLPDWH��WKH�HFRQRPLF�EHQHȴWV�SURYLGHG�
by natural infrastructure along the coast and blue 
FDUERQ�VHTXHVWHUHG�LQ�HVWXDULQH�HFRV\VWHPV�DUH�D�
critical missing piece in policy decisions.  

This analysis builds on the work completed in 
:KDWȇV�DW�6WDNH"�DQG�SURYLGHV�DQ�XSGDWH�RI�VRPH�
of the key national economic indicators previously 
assessed. The usefulness of studies like this is 
reinforced by the need for a more accurate picture 
of America’s estuary regions, how they impact the 
8�6��HFRQRP\��DQG�KRZ�WKDW�UHODWLRQVKLS�LV�FKDQJLQJ�
over time. This project also assesses the values of 
two services (natural coastal infrastructure and 
coastal blue carbon storage6)—which provide 
FRDVWDO� UHVLOLHQFH� EHQHȴWV� DQG� RSSRUWXQLWLHV� IRU�
mitigating the impacts of climate change—through 
a series of case studies at six estuaries across the 
nation that have natural infrastructure or stocks of 
coastal blue carbon at risk. 

Figure II-1. Economic Importance of Estuaries to the U.S. Economy
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REGIONAL ANALYSIS

The twenty-one regions examined are comprised 
RI� ���� FRXQWLHV� ERUGHULQJ� WKH� $WODQWLF�� *XOI� RI�
0H[LFR��3DFLȴF��DQG�*UHDW�/DNHV� �6HH�)LJXUH� ΖΖ�����
7KHVH�UHJLRQV�WRJHWKHU�FRPSULVHG����RI�WKH�ODQG�
DUHD� RI� WKH�8�6�� EXW� IURP� WKDW� ��� FRPH� ���� RI�
WKH� RXWSXW� RI� WKH� 8�6�� HFRQRP\� ������ WULOOLRQ� LQ�
gross domestic product), 39% of the employment 
������PLOOLRQ�MREV��DQG�����RI�WKH�SRSXODWLRQ������
PLOOLRQ�SHRSOH��LQ�������$OVR��LQ�������HLJKW�RI�WKH�
ten largest metropolitan areas were located in 
estuary regions. This concentration of economic 
activity and population in a small land area makes 
estuaries among the most economically valuable 
areas of the country, but that concentration also 
LPSOLHV�WKH�SRWHQWLDO�IRU�VLJQLȴFDQW�VWUHVVHV�RQ�WKH�
HQYLURQPHQWDO� TXDOLW\� DQG� HFRV\VWHP� KHDOWK� RI�
estuaries.

Figure II-2. Estuary Regions for Regional Economic Analysis

This review of the economic and demographic 
characteristics of America’s estuary regions is at a 
relatively high level in terms of geographic scale. 
Conclusions from this analysis are more suggestive 
RI�NH\�IHDWXUHV�DQG�UHTXLUH�PRUH�GHWDLOHG�DQDO\VLV�
ZLWKLQ�HDFK�UHJLRQ�WR�VXSSRUW�HRUWV�WR�PDQDJH��
conserve, and restore key estuarine natural 
capital. But the following summary, arising from 
the data, may be useful:

• )URP������������HPSOR\PHQW�DQG�*URVV�'R-
PHVWLF�3URGXFW��*'3��JUHZ�IDVWHU�LQ�HVWXDU\�UH-
JLRQV�WKDQ�LQ�WKH�8�6��DV�D�ZKROH��ZKLOH�SRSXOD-
tion and housing rates grew at a similar pace, 
indicating that the primary driver of change was 
economic rather than demographic growth. 
This pattern of faster economic growth com-
pared with demographic change is present in 
all the estuary regions except for Lake Huron 
and Lake Erie.

• The pace and location of economic and demo-
graphic changes within estuary regions are im-
portant long-term drivers of natural resource 
change. Employment growth rates over 2009-
�����ZHUH�IDVWHVW�LQ�WKH�HVWXDU\�UHJLRQV�RQ�WKH�
3DFLȴF�DQG�6RXWK�$WODQWLF� FRDVWV�� � 3RSXODWLRQ�
and housing growth were fastest in the Caro-
OLQDV�� WKH�:HVWHUQ�*XOI� RI�0H[LFR�� DQG�3XJHW�
6RXQG�

• A key component of the estuary regions’ econ-
omy are those sectors directly connected to 
the oceans and Great Lakes, which provided 
���� PLOOLRQ� MREV� DQG� FRQWULEXWHG� ������� ELO-
OLRQ� WR� WKH�8�6�� HFRQRP\� LQ� ������ 7KHVH� VHF-
tors tend to be largest in the major urban ar-
HDV�VXFK�DV�WKH�1HZ�<RUN�%LJKW����������MREV��
����� RI� UHJLRQDO� HPSOR\PHQW�� DQG� 6RXWKHUQ�
&DOLIRUQLD� ��������� MREV� DQG� �����RI� UHJLRQDO�
employment).  But water dependent industries 
are more important in less urban areas such 
DV�WKH�FRDVWDO�DUHDV�RI�6RXWK�&DUROLQD���������
MREV� EXW� ������ RI� UHJLRQDO� HPSOR\PHQW�� DQG�
1RUWK�&DUROLQD���������MREV�EXW�������RI�HP-
ployment). 

• The largest Ocean-Great Lakes economic activ-
ity as measured by employment in this report 
is tourism and recreation, which is a labor-in-
tensive sector. Comparisons of employment 
among regions tend to be dominated by tour-
ism & recreation employment, and this sector 
is also closely tied to the environmental and 
ecological health of estuaries.

• 3RSXODWLRQ�FKDQJHV�ZLWKLQ�WKH�HVWXDU\�UHJLRQV�
ZHUH�UHODWLYHO\�VPDOO�RYHU������������EXW�*HRU-
JLD�DQG�6RXWK�&DUROLQD�VDZ�LQFUHDVHG�SRSXOD-
tions in their near shore areas.  Employment 
changes shifted towards the shore in the Gulf 
of Mexico regions but towards inland parts of 
the estuaries in the major urban areas such as 
New York, Chicago, and Los Angeles. Where 
growth occurs within a region matters.  Fast-
er growth near the ocean or Great Lakes can 
impact coastal and marine ecosystem health 
directly, while faster growth in the upstream 
parts of estuary regions have cumulative ef-
IHFWV� IURP� UXQR� WKDW�PDJQLI\� DV� WKH\� WUDYHO�
down the rivers and streams to the estuaries.



8  •  Restore America's Estuaries

The Economic Value of America’s Estuaries 

There are two important features to values of 
QDWXUDO� LQIUDVWUXFWXUH�DQG�EOXH�FDUERQ�� �7KH�ȴUVW�
is that these are stocks of value derived from 
the ability of wetlands to avoid future economic 
damages.  The value is based on ecosystem 
services produced by the wetlands. This value is a 
form of natural capital, and derived from a future 
ȵRZ�RI�EHQHȴWV�DQG�H[SUHVVHG�DV�D�SUHVHQW�YDOXH�
estimated for a future period.

6HFRQGO\��DQG�PRVW�LPSRUWDQW��WKH�DFWXDO�YDOXH�LV�
dependent on keeping existing wetlands intact, 
and thereby preventing or reducing economic 
ORVVHV�� 7KH� UHGXFWLRQ� RU� HOLPLQDWLRQ� RI� ȵRRG�
losses and the avoided release of carbon stores 
into the atmosphere are what determine the basic 
values. It is worth noting that wetlands both store 
DQG� VHTXHVWHU� FDUERQ�� L�H��� UHPRYH� LW� IURP� WKH�
atmosphere, however this study only assesses the 
storage values of wetlands and does not include 
WKH�YDOXH�RI�FDUERQ�VHTXHVWUDWLRQ�LQ�HVWXDULHV���

Estimates of these values contain uncertainty, and 
are ultimately best expressed as lying within a range 

b
Wetlands Area 

(Hectares)
Natural 

Infrastructure
Coastal Blue Carbon Total Natural 

Infrastructure and 
Blue Carbon

b
Natural 

Infrastructure
Coastal 

Blue 
Carbon

Lowest 
Estimate

Highest 
Estimate

Lowest 
Estimate

Highest 
Estimate

Lowest 
Estimate

Highest 
Estimate

bb 7RWDO���0LOOLRQV�
Great Egg 

Harbor 3,600 ������ ����� ������ ����� ������ ����� ������

Pamlico 
Sound ������ 37,000 ����� ������ ������ ������ ������ ������

Tampa Bay
������ ����� ������ �������� ���� ����� ������ ��������

Terrebonne 
Basin  N/A ������� N/A N/A ������ �������� ������ ��������

San Pablo 
Bay

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

Snohomish 
Estuary

906 ��� ���� ���� ���� ���� ���� ����

TOTAL ������� 210,193 �������� �������� ������ �������� �������� ��������

7DEOH�ΖΖ����6XPPDU\�RI�1DWXUDO�ΖQIUDVWUXFWXUH�DQG�%OXH�&DUERQ�%HQHȴWV�E\�&DVH�6WXG\�Ȃ�7RWDO�9DOXH�LQ��0LOOLRQV

From 2009-2018, employment and 
Gross Domestic Product (GDP) grew 
faster in estuary regions than in the 
U.S. as a whole, while population and 
housing rates grew at a similar pace, 
indicating that the primary driver of 
change was economic rather than 
demographic growth.

ESTUARY CASE STUDIES

7KLV� DQDO\VLV� DOVR� H[DPLQHG� WKH� UROH� RI� VSHFLȴF�
types of wetlands in reducing damages from 
ȵRRGLQJ� LQ� HVWXDULHV� DQG� VWRULQJ� FDUERQ� LQ� WKH�
VRLOV�WKDW�FRXOG�RVHW�FDUERQ�UHOHDVHV�IURP�RWKHU�
sources. It provides values for two ecosystem 
services over 30 years, natural infrastructure and 
coastal blue carbon, in the six estuaries noted 
above.
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GHȴQHG� E\� SODXVLEOH� RSWLPLVWLF� DQG� SHVVLPLVWLF�
assumptions about future impacts of climate 
change. These ranges are shown in the analysis 
through the use of “low” and “high” estimates as in 
the tables below. Table II-1 and Table II-2 summarize 
the results from the six case studies. The value 
estimates are presented on both a total basis 
(Table II-1) and adjusted for area on a per hectare 
basis (Table II-2). Estuaries are listed geographically 
from the Northeast, clockwise to the Northwest.  
 

b
Wetlands Area (Hectares) Natural Infrastructure Coastal Blue Carbon

b Natural 
Infrastructure

Coastal Blue 
Carbon

Lowest 
Estimate

Highest 
Estimate

Lowest Estimate Highest 
Estimate

bb 'ROODUV�3HU�+HFWDUH���7KRXVDQGV�

Great Egg 
Harbor

3,600 ������ ���� ����� ���� �����

Pamlico Sound ������ 37,000 ���� ���� ���� �����

Tampa Bay ������ ����� ����� ����� ���� ����

Terrebonne 
Basin

N/A 7 ������� N/A N/A ���� �����

San Pablo Bay ������ ����� ���� ���� ���� �����

Snohomish 
Estuary

906 ��� ���� ���� ���� ����

7DEOH�ΖΖ����6XPPDU\�RI�1DWXUDO�ΖQIUDVWUXFWXUH�DQG�%OXH�&DUERQ�%HQHȴWV�E\�&DVH�6WXG\�Ȃ�9DOXH�SHU�+HFWDUH�LQ��7KRXVDQGV

$OORZLQJ� IRU� WKH� DVVXPSWLRQV� DQG� VLPSOLȴHG�
methods used in the analysis, it is clear that natural 
infrastructure and coastal blue carbon values in 
WKHVH�VL[�HVWXDULHV�DUH�TXLWH�VLJQLȴFDQW��UDQJLQJ�LQ�
total (across all six estuaries studied) from a low 
HVWLPDWH� RI� DSSUR[LPDWHO\� ����� ELOOLRQ� WR� D� KLJK�
HVWLPDWH�RI�DSSUR[LPDWHO\������ELOOLRQ�RYHU�D����
year period. Whether the natural infrastructure or 
blue carbon values are higher varies across the six 
estuaries studied. 

3KRWR�&UHGLW��6DYH�WKH�%D\�6)
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It is important to look at both per hectare and 
WRWDO� YDOXHV� IRU� HDFK�HVWXDU\�� 3HU�KHFWDUH� YDOXHV�
(high and low) for coastal blue carbon generally 
exceed those for natural infrastructure, except 
for Great Egg Harbor and Tampa Bay.� But when 
total values are examined, natural infrastructure 
YDOXHV�IRU�ERWK�6DQ�3DEOR�DQG�6QRKRPLVK�EHFRPH�
greater than coastal blue carbon values because 
there are more wetlands protecting assets than 
storing carbon. Conversely, the total value for 
Great Egg Harbor coastal blue carbon is greater 
than the natural infrastructure value, because 
while the per hectare value is higher for natural 
infrastructure, there are more wetlands storing 
blue carbon than protecting economic assets. 
7KHVH� GLHUHQFHV� DUH� SULPDULO\� GULYHQ� E\� WKH�
extent and location of development within the 
estuaries.  Highly developed estuary regions will 
WHQG�WR�KDYH�ODUJHU�ȵRRG�EHQHȴWV�HLWKHU�EHFDXVH�
the value of protected assets is high, as is the 
case with Tampa Bay, or more economic assets 
ORFDWHG�EHKLQG�ZHWODQGV��DV� LV� WKH�FDVH�ZLWK�6DQ�
3DEOR� DQG� 6QRKRPLVK�� /HVV� GHYHORSHG� UHJLRQV��
OLNH� 3DPOLFR� 6RXQG� DQG� 7HUUHERQQH� %DVLQ�� WHQG�
WR� KDYH� PRUH� IXQFWLRQDO� ZHWODQGV� VHTXHVWHULQJ�
and storing carbon, resulting in substantial coastal 
EOXH�FDUERQ�EHQHȴWV���

In addition to estimating the coastal blue carbon 
DQG� QDWXUDO� LQIUDVWUXFWXUH� EHQHȴWV�� HDFK� RI� WKH�
FDVH�VWXGLHV�VXPPDUL]HG�SDVW�HRUWV�DW�UHVWRULQJ�
wetlands. Data was primarily drawn from the 
NOAA Restoration Atlas, supplemented by local 
VRXUFHV�RI�GDWD��3URMHFWV�FRYHUHG�WKH�SHULRG�IURP�
1970 to 2020. Only projects shown as completed 
ZHUH� LQFOXGHG� LQ� WKH� DQDO\VLV�� SURMHFWV� OLVWHG� LQ�
planning or in permitting were not included. There 
are additional restoration projects discussed in 
each case study beyond what is presented in the 
summary tables, however, those projects do not 
list the area restored, and so are not included 
LQ� WKH� WDEOHV�� 6HH� HDFK� FDVH� VWXG\� IRU� DGGLWLRQDO�
detail on restoration data and its sources. 

7KHUH�DUH�D�WRWDO�RI�����SURMHFWV�UHSRUWHG�ZKHUH�WKH�
area is also reported in the case study estuaries. 
7KH�ODUJHVW�QXPEHU�RI�SURMHFWV�DUH�VKRZQ�LQ�6DQ�
3DEOR�%D\�� IROORZHG�E\� 7DPSD�%D\�� � 7HUUHERQQH�
Basin has, by far, the largest area restored, 
according to sources that provide restoration 
DFUHDJH��DW�������KHFWDUHV��������DFUHV��

CONCLUSIONS 

The analysis of the economies of the estuary 
UHJLRQV�UHFRQȴUPV�WKH�LPSRUWDQFH�RI�HVWXDULHV�WR�
WKH�8�6��HFRQRP\��7KH�VL[�FDVH�VWXGLHV�LQFOXGHG�LQ�
WKLV�UHSRUW�DGG�VLJQLȴFDQWO\�WR�RXU�XQGHUVWDQGLQJ�
of the economic importance of estuaries, showing 
that the value of America’s estuaries is much larger 
than traditional economic measures reveal.

The case studies used a consistent methodology 
to assess the values of natural infrastructure 
ȵRRG� UHVLOLHQFH� DQG� FRDVWDO� EOXH� FDUERQ�� 8VLQJ�
D� FRQVLVWHQW� PHWKRGRORJ\� KDV� EHQHȴWV� DQG�
SUHVHQWV� FKDOOHQJHV�� %HQHȴWV� LQFOXGH� WKH� DELOLW\�
to look across the case studies and begin to 
GLVFHUQ� VLPLODU� SDWWHUQV� DFURVV� WKH� GLHUHQW�
analyses. This information can be used to support 
national strategies for the future management 
RI� 8�6�� HVWXDULHV�� 0RUH� ZRUN� LV� QHHGHG� EHIRUH�
WKLV� FDQ� HHFWLYHO\� GULYH� VXVWDLQDEOH� SROLF\�� DV�
the sample size is too small to make any broad 
characterizations. However, it does provide a basis 
to start thinking about what criteria in estuaries 
needs to be present to drive certain types of value 
and why measuring and monitoring that value is 
important.  

The challenges with using a consistent 
methodology include limitations on understanding 
details that are needed for project-siting and 
management decisions. For instance, the method 

The largest Ocean-Great Lakes 
economic activity as measured by 
employment in this report is tourism 
and recreation, which is a labor-
intensive sector. Comparisons of 
employment among regions tend 
to be dominated by tourism & 
recreation employment, and this 
sector is also closely tied to the 
environmental and ecological health 
of estuaries.
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XVHG�WR�YDOXH�QDWXUDO�LQIUDVWUXFWXUH�EHQHȴWV�FRXOG�
not be used in Terrebonne Basin because the type 
of wetlands that were examined did not abut any 
houses or commercial assets. Notably, this study 
is not intended to drive on the ground, project-
OHYHO��RU�VLWLQJ�GHFLVLRQV��6HYHUDO�RI� WKH�HVWXDULHV�
that were selected for case studies already have 
DVVHVVPHQWV�RI�YDU\LQJ�GHJUHHV�RI�WKHLU�EHQHȴWV��
developed at a much more local and usable scale. 
&RQFHUQV� WKDW� WKH� H[LVWHQFH� RI� GLHUHQW� YDOXHV�
for the same service are warranted, however this 
project explicitly recognizes those concerns, while 
also recognizing there is room and use for both 
approaches.  

The coastal blue carbon values derived from this 
analysis provide needed context and insights 
LQWR�HPHUJLQJ�HRUWV�WR�GHYHORS�FDUERQ�PDUNHWV�
and help integrate blue carbon values into the 
Nationally Determined Contributions (NDCs) 
UHTXLUHG�E\� WKH�3DULV�$JUHHPHQW��DQG�VWDWH�OHYHO�
HPLVVLRQ�VWDQGDUGV��:KLOH�WKH�1'&V�UHTXLUH�D�PXFK�
more stringent approach to assessing the stocks of 
FDUERQ�LQ�FRDVWDO�VRLOV��WKLV�UHSRUW�SURYLGHV�D�ȴUVW�
look, an indication on whether undertaking the 
more comprehensive assessment is worthwhile.  It 
also sheds insights on the social cost of carbon. In 
every case study, in almost all scenarios, the cost 
of purchasing the right to release the stream of 
carbon by converting wetlands is much less than 
the social cost of the released carbon. Achieving 
D�VRFLDOO\�RSWLPDO�VROXWLRQ�UHTXLUHV�WKDW�HPLVVLRQ�
caps be set at a level where the market price of 
FDUERQ�DW�OHDVW�HTXDOV�WKH�VRFLDO�FRVW�RI�FDUERQ�

The case studies also shed light on where to look 
WR� ȴQG� FHUWDLQ� W\SHV� RI� EHQHȴWV� WKDW� HVWXDULHV�
SURYLGH���7KH�QDWXUDO�LQIUDVWUXFWXUH�ȵRRG�UHVLOLHQFH�
EHQHȴWV�DUH�JUHDWHVW�LQ�WKH�DUHDV�WKDW�FRQWDLQ�WKH�
highest levels of economic assets, but placement of 
WKH�ZHWODQGV�LV�NH\���7R�PD[LPL]H�WKH�EHQHȴWV�WKH�

estuaries must be conserved or restored between 
those economic assets and the oncoming wind 
and water.  Conversely, natural infrastructure 
ȵRRG� UHVLOLHQFH� EHQHȴWV� DUH� UHODWLYHO\� ORZ� LQ� WKH�
absence of concentrations of economic assets.  
Terrebonne basin estuary did not have enough 
potentially impacted parcels that bordered 
buildings or homes to measure, yet it was by far 
WKH�ULFKHVW�VRXUFH�RI�EOXH�FDUERQ�EHQHȴWV�LQ�WHUPV�
RI� WRWDO� YDOXH�� VHFRQG� RQO\� WR� 3DPOLFR� 6RXQG� LQ�
WHUPV�RI�EOXH�FDUERQ�EHQHȴWV�SHU�KHFWDUH��

To those experienced in assessing and 
XQGHUVWDQGLQJ�WKH�YDOXH�RI�WKH�EHQHȴWV�SURYLGHG�
by coastal habitats like estuaries these concepts 
may seem obvious.  However, they are often 
overlooked in broader planning and budgeting 
processes.  Restoration investment decisions 
should not be driven solely by the potential for 
economic return, but it should be considered as 
SDUW� RI� WKH� HTXDWLRQ�� � &RQWLQXHG� LQYHVWPHQW� LQ�
the assessment and monitoring of the ecosystem 
services provided by our nation’s estuaries can 
improve decisions and allow for future potential 
EHQHȴWV�WR�EH�LQFOXGHG�LQ�FXUUHQW�HRUWV�WR�UHVWRUH�
America’s estuaries.  

In every case study, in almost all 
scenarios, the cost of purchasing the 
right to release the stream of carbon 
by converting wetlands is much less 
than the social cost of the released 
carbon

Continued investment in the 
assessment and monitoring of the 
ecosystem services provided by 
our nation’s estuaries can improve 
decisions and allow for future 
SRWHQWLDO�EHQHȴWV�WR�EH�LQFOXGHG�LQ�
FXUUHQW�HRUWV�WR�UHVWRUH�$PHULFDȇV�
estuaries.  
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7KLV� SURMHFW� EXLOGV� RQ� WKH� ZRUN� FRPSOHWHG� LQ�
:KDWȇV�DW�6WDNH"�DQG�SURYLGHV�DQ�XSGDWH�RI�VRPH�
RI�WKH�NH\�QDWLRQDO�HFRQRPLF�LQGLFDWRUV�SUHYLRXVO\�
DVVHVVHG�� 7KH� QHHG� IRU� VWXGLHV� OLNH� WKLV� RQH� LV�
VXSSRUWHG�E\�WKH�QHHG�IRU�D�PRUH�DFFXUDWH�SLFWXUH�
RI� $PHULFDȇV� HVWXDU\� UHJLRQV�� KRZ� WKH\� LPSDFW�
WKH� 8�6�� HFRQRP\�� DQG� KRZ� WKDW� UHODWLRQVKLS� LV�
FKDQJLQJ�RYHU�WLPH��0LOOLRQV�RI�SHRSOH�OLYH��ZRUN��
DQG� SOD\� LQ� RXU� 1DWLRQVȇ� HVWXDULHV�� ZKHUH� ULYHUV�
PHHW�WKH�VHD���$OPRVW�KDOI�RI�8�6��*URVV�'RPHVWLF�
3URGXFW��*'3��LV�FUHDWHG�LQ�HVWXDU\�UHJLRQV�ZKLFK�
FRYHU�RQO\�DERXW����RI�WKH�8�6��ODQGPDVV��(VWXDU\�
UHJLRQV� SURYLGH� DOPRVW� ���� RI� $PHULFDQ� MREV��
DQG� KRXVH� DOPRVW� ���� RI� RXU� SHRSOH�� $V� RXU�
FRDVWDO� FRPPXQLWLHV� FRQWLQXH� WR� JHW� PRUH� DQG�
PRUH� FURZGHGȃ� FRDVWDO� SRSXODWLRQV� LQFUHDVHG�
E\����PLOOLRQ�SHRSOH�EHWZHHQ������DQG�����11ȃ
increasing concentrations of people put increasing 
SUHVVXUH�RQ�WKH�FRDVWDO�HFRV\VWHPV�WKDW�VXSSRUW�
WKHVH� FRPPXQLWLHV�� 7KLV� DQDO\VLV� ZLOO� KHOS� WR�
VKHG� OLJKW�RQ� WKH�SDFH�DQG� ORFDWLRQ�RI�HFRQRPLF�
DQG� GHPRJUDSKLF� FKDQJHV� ZLWKLQ� HVWXDULHV�� DQ�
LPSRUWDQW� ORQJ�WHUP� GULYHU� RI� QDWXUDO� UHVRXUFH�
FKDQJH�

INTRODUCTION 

ΖQ� ������ 12$$�� 5HVWRUH� $PHULFDȇV� (VWXDULHV� DQG�
7KH� 2FHDQ� )RXQGDWLRQ� UHOHDVHG� 7KH� (FRQRPLF�
DQG�0DUNHW�9DOXH�RI�$PHULFDȇV�&RDVWV�DQG�(VWXDULHV��
:KDWȇV� DW� 6WDNH"��� SURYLGLQJ� D� FRPSHQGLXP� RI�
HFRQRPLF� LQIRUPDWLRQ� UHODWHG� WR� WKH�RFHDQV�DQG�
FRDVWV�� 7KH� ����� UHSRUW� H[DPLQHG� HFRQRPLF�
LPSDFWV�WR�JURVV�VWDWH�DQG�GRPHVWLF�SURGXFW��DQG�
EHQHȴWV�SURYLGHG�E\�ȴYH�PDMRU�VHFWRUV�RI�WKH�8�6��
HFRQRP\��ȴVKHULHV��HQHUJ\�LQIUDVWUXFWXUH��PDULQH�
WUDQVSRUWDWLRQ�� UHDO� HVWDWH�� DQG� UHFUHDWLRQ�� 6LQFH�
WKDW�WLPH��PXFK�UHVHDUFK�KDV�EHHQ�FRPSOHWHG�WR�
DGYDQFH�WKLV�NQRZOHGJH��KRZHYHU��WKHUH�KDYH�DOVR�
EHHQ�VXEVWDQWLDO�FKDQJHV�LQ�WKH�ZD\�HFRQRPLVWV��
FRDVWDO�UHVRXUFH�PDQDJHUV�DQG�SROLF\�PDNHUV�WKLQN�
DERXW�HFRQRPLFV�LQ�WKH�ODVW�GHFDGH��1HZ�VHFWRUV�
DQG�HFRV\VWHP�VHUYLFHV�KDYH�HPHUJHG� WKDW�KDYH�
JDUQHUHG�D�ORW�RI�DWWHQWLRQ�IURP�FRDVWDO�PDQDJHUV�
DQG� SROLF\� PDNHUV�� KRZHYHU� WKH� HFRQRPLF�
understanding of those sectors and services has 
QRW�NHSW�SDFH��ΖQ�D�FKDQJLQJ�FOLPDWH��WKH�HFRQRPLF�
EHQHȴWV�SURYLGHG�E\�QDWXUDO� LQIUDVWUXFWXUH�DORQJ�
the coast and blue carbon sequestered by and 
VWRUHG� LQ� HVWXDULQH� HFRV\VWHPV� DUH� D� FULWLFDO�
PLVVLQJ�SLHFH�LQ�SROLF\�GHFLVLRQV���

I I .  B a c k g r o u n d  &  C o n t e x t

3KRWR�&UHGLW��(DUWK&RUSV
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This project also assesses the values of two 
VHUYLFHV��QDWXUDO�FRDVWDO�LQIUDVWUXFWXUH�DQG�FRDVWDO�
blue carbon���ȃZKLFK� SURYLGH� FRDVWDO� UHVLOLHQFH�
EHQHȴWV� DQG� RSSRUWXQLWLHV� IRU� PLWLJDWLQJ� WKH�
LPSDFWV� RI� FOLPDWH� FKDQJHȃWKURXJK� D� VHULHV� RI�
FDVH�VWXGLHV�DW�VL[�HVWXDULHV�DFURVV�WKH�QDWLRQ�WKDW�
KDYH� QDWXUDO� LQIUDVWUXFWXUH� RU� VWRFNV� RI� FRDVWDO�
EOXH�FDUERQ�DW�ULVN��5HVHDUFK�DQG�GDWD�RQ�WKH�ȴYH�
HFRQRPLF� VHFWRUV� FRYHUHG� LQ� WKH� ����� UHSRUW� LV�
PXFK�PRUH�ZLGHO\�DYDLODEOH�WKDQ�LW�ZDV�D�GHFDGH�
DJR�� +RZHYHU�� WKHUH� DUH� VWLOO� VXEVWDQWLDO� JDSV� LQ�
RXU� XQGHUVWDQGLQJ� RI� WKH� EHQHȴWV� SURYLGHG� E\�
FRDVWDO�QDWXUDO�LQIUDVWUXFWXUH�DQG�EOXH�FDUERQ��

7KH� FDVH� VWXGLHV� DUH� EDVHG� RQ� ORFDOO\� VSHFLȴF�
data, and are intended to give a general picture 
RI� FRQGLWLRQV� LQ� UHJLRQV� DFURVV� WKH� &RQWLQHQWDO�
8�6�� 7KH� YDOXHV� IRU� QDWXUDO� LQIUDVWUXFWXUH� ȵRRG�
resilience and carbon sequestration presented in 
WKH�FDVH�VWXGLHV�H[HPSOLI\� WKH�FXUUHQW�HFRQRPLF�
EHQHȴWV�SURYLGHG�E\�WKHVH�WZR�VHUYLFHV�LQ�UHJLRQV�
DFURVV� WKH� FRXQWU\�� 7KHVH� WZR� QHZ� SHUVSHFWLYHV�
on the values of estuaries are intended to be 
helpful in shaping overall strategies for future 
PDQDJHPHQW�RI�ZHWODQGV�UHVRXUFHV��DQG�DUH�QRW�
LQWHQGHG�WR�JXLGH�ORFDO��SURMHFW�VSHFLȴF�GHFLVLRQV��
+RZHYHU�� LQ� D� FKDQJLQJ� FOLPDWH�� WKH� HFRQRPLF�
EHQHȴWV�SURYLGHG�E\�QDWXUDO� LQIUDVWUXFWXUH�DORQJ�
the coast and coastal blue carbon stored in 
HVWXDULQH� HFRV\VWHPV� FDQ� EH� D� YDOXDEOH� WRRO� IRU�
DGDSWDWLRQ�DQG�PLWLJDWLRQ�

VALUING NATURAL 
INFRASTRUCTURE AND
COASTAL BLUE CARBON

12$$� GHȴQHV� natural infrastructure as 
ȊKHDOWK\� HFRV\VWHPV�� LQFOXGLQJ� IRUHVWV��ZHWODQGV��
ȵRRGSODLQV��GXQH�V\VWHPV��DQG�UHHIV��ZKLFK�SURYLGH�
PXOWLSOH�EHQHȴWV�WR�FRPPXQLWLHV��LQFOXGLQJ�VWRUP�
SURWHFWLRQ� WKURXJK� ZDYH� DWWHQXDWLRQ� RU� ȵRRG�
storage capacity and enhanced water services 
DQG� VHFXULW\�ȋ13� $Q� HVWXDU\ȇV� FDSDFLW\� WR� SURWHFW�
VKRUHOLQH� SURSHUW\� IURP� FOLPDWH� KD]DUGV� DQG�
ȵRRG�ULVN� LV�WKH�HFRV\VWHP�VHUYLFH�WKDW� LV�XVXDOO\�
PHDVXUHG�ZKHQ�DVVHVVLQJ�WKH�EHQHȴWV�RI�FRDVWDO�
natural infrastructure, even though there are 
PDQ\�FR�EHQHȴWV�WKDW�VKRXOG�DOVR�EH�FRQVLGHUHG�
WR�GHWHUPLQH�WKH�WRWDO�YDOXH��&RQVLGHUHG�EURDGO\��

QDWXUDO� LQIUDVWUXFWXUH� FDQ� RHU� FR�EHQHȴWV� WKDW�
FRQWULEXWH� WR� WKH� HFRQRPLF� SURVSHULW\� DQG� ZHOO�
EHLQJ� RI� FRDVWDO� FRPPXQLWLHV� DQG� HQKDQFH�
FRPPXQLW\� UHVLOLHQFH�� VXFK� DV� SODQW� DQG� DQLPDO�
KDELWDW�� LPSURYHG�ZDWHU�TXDOLW\��DQG�UHFUHDWLRQDO�
RSSRUWXQLWLHV�� +RZHYHU�� PHDVXULQJ� DOO� WKH� FR�
EHQHȴWV�WKDW�QDWXUDO�LQIUDVWUXFWXUH�FDQ�SURYLGH�LV�
EH\RQG�WKH�VFRSH�RI�WKLV�DQDO\VLV�ERWK�LQ�WHUPV�RI�
FRVW�DQG�WLPHIUDPH���7KH�RQO\�HFRQRPLF�UROH�WKDW�
WKLV� DQDO\VLV� ZLOO� YDOXH� LV� WKH�ZHWODQGVȇ� DELOLW\� WR�
UHGXFH�SRVVLEOH�GDPDJHV�IURP�ȵRRGVȃPHDVXUHG�
LQ� WHUPV�RI�DYRLGHG� ORVVHV� WR�SURSHUW\�� LQFOXGLQJ�
ȵRRGLQJ�LQ�WKH�ULYHU��ED\��DQG�RFHDQ�DUHDV�ZLWKLQ�
DQ�HVWXDU\���

2YHU� WKH� SDVW� GHFDGHV�� DV� WKH� UHODWLRQVKLS�
EHWZHHQ� JUHHQKRXVH� JDVHV� DQG� FOLPDWH� FKDQJH�
EHFDPH� FOHDU�� WKH� VFRSH� RI� DQDO\VHV� IRU� HVWXDU\�
FRQVHUYDWLRQ�RSSRUWXQLWLHV�H[SDQGHG�WR�FRQVLGHU�
the role of coastal wetlands in the global carbon 
F\FOH�� � &RDVWDO� HVWXDU\� KDELWDWV�� VXFK� DV� VDOW�
PDUVKHV�� PDQJURYH� IRUHVWV�� DQG� VHDJUDVV� EHGV�
VHTXHVWHU� YDVW� DPRXQWV� RI� WKH� JUHHQKRXVH� JDV�
FDUERQ�GLR[LGH��DQG�VWRUH�WKDW�FDUERQ�LQ�WKHLU�VRLOV��
The carbon sequestered and stored in coastal 
estuaries is called coastal blue carbon.�&RQVHUYLQJ�
and restoring estuaries rich in coastal blue carbon 
PLWLJDWHV� WKH� LPSDFWV� RI� FOLPDWH� FKDQJH���� and 
SURYLGHV� DGGLWLRQDO� EHQHȴWV� WKDW� VXSSRUW� ORFDO�
FRPPXQLWLHV� DQG� FDQ� EROVWHU� ORFDO� HFRQRPLHV��
7KHVH�EHQHȴWV� LQFOXGH�SURYLGLQJ�QXUVHU\�KDELWDW�
IRU�ȴVK16��UHGXFLQJ�WKH�LPSDFW�RI�VWRUP�VXUJH���,��,19 
DQG� LPSURYLQJ� ZDWHU� TXDOLW\���,��,��� 5HVHDUFKHUV�
HVWLPDWLQJ� JOREDO� FRDVWDO� EOXH� FDUERQ� HPLVVLRQV�
have observed the rapid disappearance of coastal 
ZHWODQGV� GXH� WR� KXPDQ� DFWLYLW\�� GHVSLWH� IHGHUDO�
DQG�UHJLRQDO�ZHWODQG�SURWHFWLRQ�DQG�SODQQLQJ����$V�
WKH�8�6��UHMRLQV�WKH�3DULV�$JUHHPHQW��DQ�DPELWLRXV�
JOREDO�DJUHHPHQW�WR�ȴJKW�FOLPDWH�FKDQJH��VKRZLQJ�
FOLPDWH�OHDGHUVKLS�ZLOO�EH�DQ�LQFUHDVLQJO\�LPSRUWDQW�
SDUW�RI�GRPHVWLF�SROLF\�HRUWV���
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GEOGRAPHIC SCOPE

7KH�RULJLQDO�Ȋ:KDWȇV�DW�6WDNHȋ�DQDO\VLV�XVHG�FRXQWLHV�
DV�WKH�SULPDU\�XQLW�RI�DQDO\VLV�DQG�WKDW�FRQWLQXHV�
LQ�WKH�FXUUHQW��XSGDWHG�DQDO\VLV���(VWXDU\�FRXQWLHV�
DUH�GHȴQHG�E\�WKH�LQWHUVHFWLRQ�EHWZHHQ�FRXQW\ȇV�
ERXQGDULHV� DQG� WKH� 12$$� 0HGLXP� 5HVROXWLRQ�
6KRUHOLQH� GDWDVHW���� ΖQ� DGGLWLRQ�� WKH� UHJLRQDO�
DQDO\VLV� ZLOO� H[DPLQH� WUHQGV� LQ� SRSXODWLRQ�� DQG�
HPSOR\PHQW� LQ� WKH�QHDU� VKRUHOLQH�DUHDV�RI�HDFK�
FRXQW\�GHȴQHG�E\�VKRUH�DGMDFHQW�]LS�FRGH�DUHDV���
)LJXUH� Ζ9��� GLVSOD\V� WKH� EUHDNGRZQ� RI� UHJLRQV�
DFURVV�WKH�&RQWLQHQWDO�8QLWHG�6WDWHV��&2186����

)LJXUH�Ζ9����(VWXDU\�5HJLRQV�IRU�5HJLRQDO�(FRQRPLF�$QDO\VLV

The natural infrastructure analyses in each case 
study are also based on county boundaries 
EHFDXVH�WKH�HFRQRPLF�YDOXH�GDWD�XVHG�WR�VXSSRUW�
WKH� DVVHVVPHQW� RI� ȵRRG� GDPDJH� UHGXFWLRQ�
LV� DYDLODEOH� DW� WKH� FRXQW\� OHYHO�� � 7KH� QDWXUDO�
infrastructure analysis was based on hydrologic 
XQLWV� ZLWK� HFRQRPLF� GDWD� GUDZQ� IURP� PXOWLSOH�
counties within the hydrologic boundaries of the 
HVWXDU\���

METHODS FOR
REGIONAL ANALYSIS

2QH� RI� WKH� SXUSRVHV� RI� WKH� RULJLQDO� UHSRUW��
7KH� (FRQRPLF� DQG� 0DUNHW� 9DOXH� RI� &RDVWV� DQG�
(VWXDULHV��:KDWȇV�DW�6WDNH��ZDV�WR�UDLVH�DZDUHQHVV�
RI� HVWXDULHV� DV� ORFDWLRQV� RI� VLJQLȴFDQW� HFRQRPLF�
FRQWULEXWLRQV� WR� WKH�VWDWHV�DQG�QDWLRQ�� �7KLV�ZDV�
DFFRPSOLVKHG�E\�DVVHPEOLQJ�GDWD�RQ�HPSOR\PHQW��
SRSXODWLRQ�� DQG� FRQWULEXWLRQV� WR� JURVV� GRPHVWLF�
product in each of twenty-one regions on the 
$WODQWLF�� 3DFLȴF��*XOI� RI�0H[LFR�� DQG�*UHDW� /DNHV�
FRDVWV���7KH�UHODWLYH�VL]H�DQG�HFRQRPLF�FRQWULEXWLRQ�
RQ� HDFK�PHDVXUH� ZHUH� LGHQWLȴHG�� DQG� WUHQGV� LQ�
WKH�HFRQRPLF�DQG�GHPRJUDSKLF�PHDVXUHV�QRWHG�
7KH� HFRQRPLHV� RI� HVWXDU\� UHJLRQV� ZHUH� UH�
H[DPLQHG� LQ�6HFWLRQ�9�XVLQJ� WKH�VDPH�PHDVXUHV�
RI�SRSXODWLRQ��HPSOR\PHQW��DQG�*'3���7KH�VDPH�
GDWD�VRXUFHV� �&HQVXV��%XUHDX�RI�/DERU�6WDWLVWLFV��
%XUHDX� RI� (FRQRPLF� $QDO\VLV� DQG� 12$$�� ZHUH�
XVHG� IRU� WKLV� XSGDWHG� DQDO\VLV�� � $GGLWLRQDO� GDWD�
have been added to the current analysis, including 
KRXVLQJ�XQLWV��FRPPHUFLDO�ȴVKHULHV� ODQGLQJV�DQG�
YDOXHV�� DQG� GDWD� RQ� HPSOR\PHQW� DQG� *'3� LQ�
industries related directly and indirectly to oceans 
DQG�WKH�*UHDW�/DNHV�

The regional analysis covers:

• 7KH�SRSXODWLRQ�RI� HDFK� UHJLRQ� LQ� �����RU�
WKH�PRVW�UHFHQW�\HDU�DYDLODEOH��

• &KDQJHV�LQ�SRSXODWLRQ�IRU�HDFK�UHJLRQ�IURP�
�����WR������

• The proportion of state and national 
HFRQRPLHV�ORFDWHG�LQ�HDFK�HVWXDU\�UHJLRQ

• &KDQJHV� LQ� WKH� PDMRU� HFRQRPLF� GULYHUV�
VKDSLQJ�HDFK�UHJLRQ�

III. Methods

3KRWR�&UHGLW��7DPSD�%D\�:DWFK
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The blue carbon boundaries are based on 
hydrologic features of the estuary, rather than the 
SROLWLFDO� ERXQGDULHV� WKDW� IRUP� WKH� EDVLV� IRU� WKH�
QDWXUDO� LQIUDVWUXFWXUH� DQDO\VLV�� � 7KH� JHRJUDSKLF�
boundaries for the blue carbon analysis in each 
FDVH� VWXG\� DUH� EDVHG� RQ� ORFDOO\� VSHFLȴF� FDUERQ�
VWRFN�GDWD��ZLWK�HVWXDU\�ERXQGDULHV�UHȵHFWLQJ�DQ�
��GLJLW�+\GURORJLF�8QLW�&RGH� �+8&���� VXUURXQGLQJ�
DYDLODEOH� FDUERQ� FRUH� VDPSOHV�� 7KH� ��GLJLW�
+8&� ZDV� XVHG� EHFDXVH� LW� UHSUHVHQWV� D� VLQJOH�
ZDWHUVKHG��KRZHYHU��WKHVH�+8&V�FDQ�DOVR�EH�SDUW�
RI�ODUJHU�HVWXDULHV�DQG�ZDWHUVKHGV���)RU�H[DPSOH��
3DPOLFR� 6RXQG� LV� SDUW� RI� WKH� ODUJHU� 1HXVH�
3DPOLFR� VXEUHJLRQ�� DQG� 7HUUHERQQH� %DVLQ� MRLQV�
ZLWK� WKH�%DUDWDULD�%DVLQ� WR�PDNH�XS� WKH�&HQWUDO�
/RXLVLDQD�&RDVWDO�%DVLQ��PRUH� FRPPRQO\� NQRZQ�
DV� WKH� %DUDWDULD�7HUUHERQQH� %DVLQ�� )RU� WKH� EOXH�
FDUERQ� DVVHVVPHQWV�� HVWXDU\� VL]HV� UDQJH� IURP�
����NP���6QRKRPLVK�(VWXDU\��WR�DERXW�������NP��

�7HUUHERQQH�%DVLQ���ZLWK�PRVW�RI�WKH�HVWXDULHV�LQ�
WKH�������������NP� range, which includes all the 
ODQG�DQG�ZDWHU�ZLWKLQ�WKH�ERXQGDULHV�RI�WKH���GLJLW�
+8&���

SELECTION OF
CASE STUDY ESTUARIES

7KH� ȴUVW� VWHS� LQ� WKH� &DVH� 6WXG\� DQDO\VLV� ZDV� WR�
VHOHFW� WKH� VL[� HVWXDULHV� WKDW� ZRXOG� EH� DQDO\]HG���
7KH� SURMHFW� WHDP� ȴUVW� GHYHORSHG� D� VHW� RI� VHYHQ�
criteria that allowed for an objective choice of 
HVWXDULHV� ZLWKLQ� WKH� VFRSH� RI� WKH� SURMHFW� �VHH�
7DEOH�Ζ9�����7KLUW\�ȴYH�HVWXDULHV�ZHUH�LGHQWLȴHG�DV�
an initial candidate list based on best professional 
MXGJHPHQW� DQG� LQFOXGLQJ� FRQVLGHUDWLRQV� RI� VL]H��
DYDLODELOLW\�RI�EOXH�FDUERQ�GDWD��DQG�UHOHYDQFH�WR�
12$$� UHVWRUDWLRQ� HRUWV�� UHOHYDQFH� WR� 5$(� �L�H���
restoration or research projects were ongoing 
RU� KDG� EHHQ� FRPSOHWHG� WKHUH��� RU� ZHUH� SDUW� RI�
WKH� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\ȇV� 1DWLRQDO�
(VWXDU\� 3URJUDP�� (VWXDU\� VL]H� ZDV� D� NH\� LQLWLDO�
FRQVLGHUDWLRQ��DV�ZDV�GDWD�TXDOLW\�DQG�DYDLODELOLW\��
/DUJH� HVWXDULHV� ZHUH� EURNHQ� GRZQ� LQWR� VPDOOHU�
VXE�HVWXDULHV��OHVV�WKDQ��������NP����)RU�LQVWDQFH��
Barataria-Terrebonne estuary was divided into two 
VXE�HVWXDULHV�� :HVW� &HQWUDO� /RXLVLDQD�� DQG� (DVW�
&HQWUDO� /RXLVLDQD�� UHSUHVHQWLQJ� WKH� 7HUUHERQQH�
DQG� %DUDWDULD� ZDWHUVKHGV�� UHVSHFWLYHO\�� )LIWHHQ�
HVWXDULHV�ZHUH�H[FOXGHG�EHFDXVH�WKH\�GLG�QRW�KDYH�
FDUERQ� VWRFN� FRUH� GDWD� DYDLODEOH� LQ� WKH� &RDVWDO�
&DUERQ�5HVHDUFK�&RRUGLQDWLRQ�1HWZRUN� �&&5&1��
GDWDEDVH��ZKLFK�ZDV� WKH�PDLQ� VRXUFH� RI� FDUERQ�
VWRFN�GDWD�IRU�WKLV�DQDO\VLV��7KH�&&5&1�ZDV�FKRVHQ�

3KRWR�&UHGLW��6DYH�WKH�%D\�6)
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VALUING NATURAL
INFRASTRUCTURE IN
COASTAL ESTUARIES  

The focus in this study is on the value of estuarine 
ZHWODQGV�RQ�UHGXFLQJ�WKH�SRVVLEOH�HFRQRPLF�ORVVHV�
UHVXOWLQJ� IURP� ȵRRGLQJ�� 7KLV� YDOXH� LV� GLɝFXOW� WR�
SUHFLVHO\�HVWLPDWH�EHFDXVH� LW�GHSHQGV�XOWLPDWHO\�
RQ� WKH� QXPEHU� RI� WLPHV� WKDW� ȵRRG� HYHQWV� RI�
varying severity occur, and on future patterns 
RI� FRDVWDO� GHYHORSPHQW� ZKLFK� DUH� LQKHUHQWO\�
XQSUHGLFWDEOH��7KH�HVWLPDWLRQ������SURFHGXUH�XVHG�
here yields results that are illustrative, intended to 
VKRZ�KRZ�KHDOWK\� HVWXDULQH�ZHWODQGV� FDQ�PDNH�
D� VLJQLȴFDQW� GLHUHQFH� LQ� UHGXFLQJ� WKH� FRVWV� RI�
WKH�PRVW�GDPDJLQJ�QDWXUDO�KD]DUG� LQ� WKH�8QLWHG�
6WDWHV��

because it provides high quality, consistent carbon 
VWRFN�GDWD���

7KH� UHPDLQLQJ� ��� HVWXDULHV� ZHUH� WKHQ� UDQNHG�
according to blue carbon potential, natural 
LQIUDVWUXFWXUH� SRWHQWLDO�� DQG� ȴVKHULHV� HFRQRP\�
�FRPELQHG�DQG�HTXDOO\�ZHLJKWHG���DQG�VRUWHG�LQWR�
ȴYH� UHJLRQV�ZLWK� D� JRDO� RI� VHOHFWLQJ� DW� OHDVW� RQH�
HVWXDU\� IURP� HDFK� UHJLRQ�� 7DPSD� %D\� HVWXDU\�
DQG�:HVW� &HQWUDO� /RXLVLDQD� HVWXDU\� �7HUUHERQQH�
%DVLQ�� UDQNHG� ȴUVW� DQG� VHFRQG�� UHVSHFWLYHO\�� LQ�
WKH� *XOI� RI� 0H[LFR� UHJLRQ�� %RWK� HVWXDULHV� ZHUH�
FKRVHQ� IRU� DQDO\VLV� EHFDXVH� RI� WKHLU� LPSRUWDQFH�
WR� WKH� FRPPHUFLDO� DQG� UHFUHDWLRQDO� ȴVKHULHV��
SRUWV��DQG�VKLSSLQJ�VHFWRUV� LQ� WKH�*XOI��7KH�ȴQDO�
VHW� RI� HVWXDULHV� FKRVHQ� IRU� DQDO\VLV�� OLVWHG� IURP�
QRUWKHDVW� WR�QRUWKZHVW� LV�*UHDW� (JJ��1-�� 3DPOLFR�
6RXQG��1&��7DPSD�%D\��)/��:HVW�&HQWUDO�/RXLVLDQD��
/$��6DQ�3DEOR�%D\��&$�DQG�6QRKRPLVK�HVWXDU\��:$���
     

7DEOH�Ζ9����(VWXDU\�6HOHFWLRQ�&ULWHULD

Criterion Description

Approximate size (VWXDULHV�VKRXOG�EH�ȊPHGLXP�VL]HGȋ��GHȴQHG�DV�DSSUR[LPDWHO\�WKH�VL]H�RI�DQ�
��GLJLW�+8&���6PDOOHU�+8&V�ZHUH�FKRVHQ�IURP�ZLWKLQ�ODUJHU�HVWXDULHV��H�J���WKH�
7HUUHERQQH�%DVLQ�ZDV�FKRVHQ�IURP�ZLWKLQ�WKH�%DUDWDULD�7HUUHERQQH�(VWXDU\�

Geographic diversity )LYH�UHJLRQV�ZHUH�LGHQWLȴHG�ZLWKLQ�WKH�&2186��QRUWKHDVW��VRXWKHDVW��*XOI�FRDVW��
&DOLIRUQLD��DQG�WKH�3DFLȴF�QRUWKZHVW���+DZDLL�DQG�$ODVND�ZHUH�H[FOXGHG�IURP�WKH�
FKRLFH�RI�UHJLRQV��

Ecosystem type )RXU�SULPDU\�HFRV\VWHP�W\SHV�ZHUH�FRQVLGHUHG���WLGDO�PDUVKHV��PDQJURYHV��
VHDJUDVV��DQG�SHDWODQGV�

Data Quality 7KLV�FULWHULRQ�FRQVLGHUHG�WKH�TXDOLW\�RI�DYDLODEOH�VRFLRHFRQRPLF�GDWD�DQG�FDUERQ�
VWRFN�GDWD��ERWK�FULWLFDO�WR�HYDOXDWH�HFRQRPLF�DQG�HFRV\VWHP�VHUYLFH�PHWULFV��
6FRUHV�ZHUH�RQ�D�KLJK�PHGLXP�ORZ�VFDOH��

Blue Carbon potential 6FRUHG�RQ�D�KLJK�PHGLXP�ORZ�VFDOH��ΖQLWLDO�FDUERQ�VWRFN�PHDVXUHPHQWV�ZHUH�
FRPSLOHG�IRU����HVWXDULHV��KLJK�DQG�ORZ�YDOXHV�ZHUH�GHWHUPLQHG�DQG�WKHQ�YDOXHV�
ZHUH�JURXSHG�LQWR�WKUHH�FDWHJRULHV�XVLQJ�LGHQWLȴHG�JURXSLQJV�DQG�EUHDNV�LQ�WKH�
GDWD��������J�P�� �ORZ��������������J�P� �0HGLXP��!�������J�P� �+LJK�

Natural Infrastructure 
potential 

6FRUHG�RQ�D�KLJK�PHGLXP�ORZ�VFDOH���7KLV�FULWHULRQ�FRQVLGHUHG�QHDUE\�
FRPPXQLWLHV�DQG�SRSXODWLRQ�VL]H��DQG�WKH�YDOXH�RI�FRPPHUFLDO�DVVHWV��KLJK�DQG�
ORZ�YDOXHV�ZHUH�GHWHUPLQHG�DQG�WKHQ�YDOXHV�ZHUH�JURXSHG�LQWR�WKUHH�FDWHJRULHV�
�KLJK��PHGLXP��ORZ��XVLQJ�LGHQWLȴHG�JURXSLQJV�DQG�EUHDNV�LQ�WKH�GDWD�

Fisheries Economy 6FRUHG�RQ�D�KLJK�PHGLXP�ORZ�VFDOH��ΖQLWLDO�YDOXHV�IRU�FRPPHUFLDO�DQG�UHFUHDWLRQDO�
ȴVKHULHV�FRQWULEXWLRQ�WR�*'3�ZHUH�FRPSLOHG�IRU����HVWXDULHV��KLJK�DQG�ORZ�YDOXHV�
ZHUH�GHWHUPLQHG�DQG�WKHQ�YDOXHV�ZHUH�JURXSHG�LQWR�WKUHH�FDWHJRULHV��KLJK��
PHGLXP��ORZ��XVLQJ�LGHQWLȴHG�JURXSLQJV�DQG�EUHDNV�LQ�WKH�GDWD�
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(VWLPDWLQJ� WKH� EHQHȴWV� UHTXLUHV� HLWKHU� D� VHW� RI�
PHDVXUHPHQWV�DIWHU�D�ȵRRG��RU�DQ�HVWLPDWH�RI�WKH�
VL]H� DQG� VHYHULW\� RI� SRVVLEOH� ȵRRGV� LI� HVWLPDWHV�
DUH�WR�EH�PDGH�LQ�DGYDQFH�RI�DFWXDO�HYHQWV���7KH�
LOOXVWUDWLYH�DSSURDFK�WR�HVWLPDWLRQ��VXFK�DV�LV�XVHG�
LQ�WKLV�VWXG\��UHTXLUHV�D�PHWKRGRORJ\�WKDW�LV�EDVHG�
RQ� UHDOLVWLF� DVVXPSWLRQV� RI� ZKDW� FRXOG� KDSSHQ�
ZLWKRXW�H[SORULQJ�DOO�SRVVLEOH�IXWXUH�ULVNV��)RU�WKLV�
VWXG\��SXEOLFO\�DYDLODEOH�GDWD� LV�XVHG��DQG�ȴW�WR�D�
VHW� RI� DVVXPSWLRQV� DERXW� ȵRRGLQJ� WKDW� UHȵHFW� D�
UDQJH�RI�SRVVLEOH�ȵRRG�ULVNV��7KH�ZHWODQGV�HHFW�
LQ�UHGXFLQJ�ȵRRG�GDPDJHV�LV�GHULYHG�IURP�VWXGLHV�
WKDW�H[DPLQH�ȵRRGLQJ�ZLWK�DQG�ZLWKRXW�ZHWODQGV�
SUHVHQW�

The data sources for this analysis can be divided 
LQWR�ȴYH�FDWHJRULHV�

��� )ORRG�([WHQW�DQG�6HYHULW\
��� :HWODQGV�/RFDWLRQ
��� (FRQRPLF�9DOXHV�DW�5LVN
��� )ORRG�'DPDJHV
��� :HWODQGV�(HFW�RQ�'DPDJHV

1. Flood Extent and Severity
7KH� SUREDELOLW\� RI� ȵRRGLQJ� DQG� WKH� H[WHQW� RI�
ȵRRGLQJ� DUH� LQGLFDWHG� WRJHWKHU� E\� WKH� )ORRG�
+D]DUG� =RQHV� XVHG� E\� WKH� )HGHUDO� (PHUJHQF\�
0DQDJHPHQW� $JHQF\� �)(0$�� WR� GHȴQH� ȵRRG�
LQVXUDQFH� UDWHV���� )ORRG�DUHDV�DUH�GHȴQHG�EDVHG�
RQ�KLVWRULF� ȵRRGLQJ�H[SHULHQFH� DQG� IUHTXHQF\� LV�
PHDVXUHG�DV�WKH�SUREDELOLW\�RI�D�ȵRRG�H[WHQGLQJ�
RYHU� D� VSHFLȴF� DUHD�� 7KH� VWDQGDUG� PHDVXUH� IRU�
WKH�DUHD�ZKHUH�ȵRRG�LQVXUDQFH�PD\�EH�UHTXLUHG�
LV� FDOOHG� WKH� ����\HDU� ȵRRG� ]RQH�� DOWKRXJK� WKLV�
FDQ� EH� PLVOHDGLQJ�� 7KH� DFWXDO� GHȴQLWLRQ� LV� WKH�
DUHD�ZKLFK�KDV��EDVHG�RQ�KLVWRULFDO�UHFRUGV��D����
FKDQFH�RI�ȵRRGLQJ�HYHU\�\HDU��7KH�����\HDU�ȵRRG�
]RQH� LV� WKXV�D�PHDVXUH�RI� VSDFH� �WKH�DUHD� WR�EH�
ȵRRGHG��DQG�SUREDELOLW\�����HDFK�\HDU���

ΖW� VKRXOG� EH� QRWHG� WKDW� IDFWRULQJ� FOLPDWH�
FKDQJH� LQWR� WKH� HVWLPDWLRQ� RI� SRWHQWLDO� QDWXUDO�
LQIUDVWUXFWXUH� EHQHȴWV� ZRXOG� EH� PRUH� UHDOLVWLF��
EXW�ZRXOG�FRPSOLFDWH�WKH�DQDO\VLV�VLQFH�LW�UHTXLUHV�
DVVXPSWLRQV�DERXW�KRZ�PXFK�FOLPDWH�FKDQJH�ZLOO�
RFFXU��DQG�ZKHQȃDV�ZHOO�DV�KRZ�PXFKȃVHD�OHYHO�
ZLOO�ULVH��7KH�QXPEHU�RI�SUREDELOLWLHV�UHSUHVHQWLQJ�
IXQGDPHQWDOO\� XQNQRZQ� IDFWRUV� LQFUHDVHV�
VLJQLȴFDQWO\��%XW�DGMXVWLQJ�WKH�DQQXDO�SUREDELOLW\�
RI� D� VWRUP� RI� VXFK� VHYHULW\� WKDW� LW� DHFWV� WKH�

The ways in which coastal habitats, including 
VDOWPDUVK�� EHDFKHV� DQG� GXQHV�� PDQJURYHV��
VHDJUDVVHV�� DQG� FRUDO� UHHIV� FDQ� UHGXFH� ȵRRG�
GDPDJH�DUH�ZHOO�XQGHUVWRRG�DQG�FRQVLVW�RI�WKUHH�
SULQFLSDO�HHFWV���

• )ORRG� $WWHQXDWLRQ�� ZHWODQGV� FDQ� VHUYH�
DV� EDUULHUV� WR� ȵRRGLQJ� LQ� WZR� ZD\V�� DV�
SK\VLFDO� EDUULHUV� WR� ZDWHU� ȵRZV� RU� DV�
VSRQJHV� DEVRUELQJ� ȵRRG� ZDWHUV� VR� WKDW�
OHVV� ZDWHU� UHDFKHV� HFRQRPLFDOO\� YDOXDEOH�
DVVHWV�� 6DQG� GXQHV� SURYLGH� D� EDUULHU��
EHDFKHV� DQG� PDUVKHV� DEVRUE� ZDWHU� 

• $Q� LPSRUWDQW� SDUW� RI� KRZ� ȵRRGV� FDXVH�
GDPDJH�LV�WKH�DPSOLȴFDWLRQ�RI�ULVLQJ�ZDWHUV�
E\�ZLQG�RU�WLGH���&RDVWDO�VWRUPV�H[DFHUEDWH�
ȵRRGLQJ� WKURXJK� D� FRPELQDWLRQ� RI� WLGH��
wind, and an increase in water levels driven 
E\� FKDQJHV� LQ� DWPRVSKHULF� SUHVVXUH�
FDOOHG� VWRUP� VXUJH�� � :HWODQGV� VHUYH� DV�
both barrier to higher water levels and 
DEVRUSWLRQ� RI� LQFUHDVHG� ZDWHU� YROXPHV� 

• 6KRUHOLQH� 6WDELOL]DWLRQ�� :DWHU� ȵRZV� HURGH�
VKRUHOLQHV�� DQG� LQ� HVWXDULHV� ȵRZV� DQG�
HURVLRQ� FDQ� EH� DFFHOHUDWHG� E\� UHIRUPLQJ�
channels, adding hardened structures to the 
VKRUH��DQG�RWKHU�PHDQV��:HWODQGV�VORZ�WKH�
HURVLRQ� SURFHVV� VR� WKDW� VKRUHOLQHV� UHPDLQ�
intact and serve as additional barriers to 
ȵRRGLQJ�

$W�DQ\�JLYHQ�WLPH��SRVVLEOH�ȵRRG�GDPDJHV�FDQ�EH�
HVWLPDWHG�E\�DQVZHULQJ�WKHVH�TXHVWLRQV�

��� :KDW�LV�WKH�SUREDELOLW\�WKDW�D�ȵRRG�
ZLOO�RFFXU"��

��� :KDW�DUHD�ZLOO�EH�ȵRRGHG"
��� +RZ�VHYHUH�ZLOO�WKH�ȵRRG�EH"
��� :KDW� DUH� WKH� HFRQRPLF� YDOXHV� DW�

ULVN�IURP�WKH�ȵRRG"

The answers to these questions set a baseline 
RI� SRVVLEOH� ORVVHV�� � 7KH� YDOXH� RI� WKH� QDWXUDO�
infrastructure is the reduction in possible losses 
IURP� ȵRRGV� WKDW� RFFXU� EHFDXVH� RI� WKH� SUHVHQFH�
RI� ZHWODQGV�� 7KXV�� WKH� EHQHȴWV� RI� QDWXUDO�
LQIUDVWUXFWXUH�DUH�HTXDO�WR�WKH�DYRLGHG�FRVWV�IURP�
ȵRRGLQJ���7KH�GLHUHQFH�EHWZHHQ�ȵRRG�GDPDJHV�
ZLWK�DQG�ZLWKRXW�ZHWODQGV�SUHVHQW�LV�WHUPHG�WKH�
ȊZHWODQG�HHFWȋ�
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+D]DUGV�8�6��0XOWL�+D]DUG��+$=86��PRGHO�SURYLGHV�
H[WHQVLYH� LQIRUPDWLRQ� DERXW� D� UDQJH� RI� SRVVLEOH�
GDPDJHV� IURP�ȵRRGV� DQG�RWKHU� QDWXUDO� KD]DUGV�
VXFK� DV� ZLQG�� � %XW� WKLV� PRGHO� ZRUNV� EHVW� ZLWK�
GHWDLOHG� ORFDO� LQIRUPDWLRQ��DQG�WKH� ODUJH�DPRXQW�
RI� LQIRUPDWLRQ� QHHGHG� IRU� WKDW�PRGHO� SUHFOXGHV�
LWV�XVH�DW�WKH�PRUH�JHQHUDO�OHYHO�RI�DQDO\VLV�IRU�WKLV�
SURMHFW��$YHUDJH�YDOXHV�IRU�GDPDJHV��QRW�DGMXVWHG�
IRU�GHSWK�RI�ȵRRGLQJ��ZHUH�DVVXPHG�EDVHG�RQ�GDWD�
IURP�WKH�+$=86�PRGHO��7KHVH�DVVXPHG�GDPDJHV�
ZHUH� ����RI� WKH�EXLOGLQJ� YDOXH� �ȊLPSURYHPHQWVȋ�
LQ�SURSHUW\�WD[�WHUPV��DQG�����RI�WKH�ODQG�YDOXH��
7KHVH� FRVWV� RI� ȵRRGLQJ� ZLOO� RYHUHVWLPDWH� VRPH�
ȵRRGV�DQG�XQGHUHVWLPDWH�RWKHUV���

5.  Wetlands Effect on Damages
$V�ZLWK� WKH�RWKHU� FRPSRQHQWV�RI� WKH�HVWLPDWLRQ�
process, there is a great deal of possible variability 
LQ�KRZ�PXFK�ZHWODQGV�FRXOG�UHGXFH�WKH�SRVVLEOH�
GDPDJHV� IURP� ȵRRGLQJ�� � 8QOLNH� RWKHU� HOHPHQWV�
RI� WKH�DQDO\VLV��VXFK�DV� WKH�H[WHQW�RI�ȵRRGLQJ�RU�
GDPDJHV�� WKHUH� DUH� QR� H[WHQVLYH� GDWD� WR� GUDZ�
IURP�WR�HVWLPDWH�ZKDW�WKH�ZHWODQGV�HHFW�ZLOO�EH��
7KLV� LV�EHFDXVH� LW� LV�QRW� IHDVLEOH� WR�PHDVXUH� WKLV�
HHFW� ZLWKRXW� GHWDLOHG� DQDO\VLV� RI� VSHFLȴF� ȵRRG�
HYHQWV�� ZKLFK� KDV� JHQHUDOO\� QRW� EHHQ� GRQH�� $Q�
DOWHUQDWLYH�LV�WR�VLPXODWH�WKH�DEVHQFH�RI�ZHWODQGV�
LQ�D�FRPSXWHU�PRGHO�DQG�WR�FRPSDUH�WKH�OHYHO�RI�
GDPDJHV� IURP�DQ�DFWXDO�VWRUP�ZLWK�DQG�ZLWKRXW�
WKH�ZHWODQGV���

7KLV� ZDV� GRQH� LQ� WZR� VWXGLHV� E\�1DUD\DQ� HW�� DO��
2QH�RI�WKH�VWXGLHV�H[DPLQHG�WKH�ZHWODQGV�HHFW�
DORQJ� WKH� 0LG�$WODQWLF� VKRUHOLQH� LQ� 1HZ� -HUVH\�
DQG� 1HZ� <RUN� IURP� ȵRRGLQJ� DVVRFLDWHG� ZLWK�
+XUULFDQH� 6DQG\� LQ� �������� 7KLV� VWXG\� HVWLPDWHG�
WKH� ZHWODQGV� HHFW� DW� EHWZHHQ� ���� DQG� D� ����
UHGXFWLRQ� LQ� GDPDJHV� IURP� ȵRRGLQJ�� � 7KH� RWKHU�
VWXG\� WRRN� D� VLPLODU� DSSURDFK� WR� VWXG\LQJ� WKH�
HHFWV� RI�PDQJURYHV� DHFWLQJ�ȵRRG�GDPDJHV� LQ�
&ROOLHU� &RXQW\�� )ORULGD��0DQJURYHV� DUH� NQRZQ� WR�
KDYH�KLJKHU�ȵRRG�GDPDJH�UHGXFWLRQ�HHFWV�WKDQ�
VDOW� PDUVKHV�31� DQG� WKH� HHFW� ZDV� HVWLPDWHG� DW�
��������0DQJURYHV�DUH�IRXQG�H[WHQVLYHO\�LQ�7DPSD�
Bay and this second study is used only in that case 
VWXG\�

The use of these studies in the diverse settings of 
WKH� FDVH� VWXGLHV� GRHV� SUHVHQW� VRPH� FKDOOHQJHV��
7KH�JHRJUDSK\�RI�HDFK�HVWXDU\�LV�GLHUHQW��6RPH��
VXFK�DV�(JJ�+DUERU�DQG�3DPOLFR��DUH�VLPLODU�WR�WKH�

DUHD�RI�WKH����ȵRRG�]RQH�WR����KDV�WKH�HHFW�RI�
UHSUHVHQWLQJ�WKH�LQFUHDVHG�IUHTXHQF\�RI�ȵRRGLQJ�
WKDW�LV�D�OLNHO\�FRQVHTXHQFH�RI�FOLPDWH�FKDQJH���

)RU�WKLV�VWXG\��WKH�FXPXODWLYH�SUREDELOLW\�RI�D����RU�
���DQQXDO�FKDQFH�RYHU�WKH�\HDUV�LV�XVHG�EHFDXVH�
HVWLPDWHV� RI� EHQHȴWV� DUH� WDNHQ� DV� WKH� SUHVHQW�
YDOXH�RI�EHQHȴWV�RYHU�D����\HDU�SHULRG���ΖQ�WKH�FDVH�
RI� WKH� ����\HDU� ȵRRG� ]RQH� IRU� D� ���\HDU� SHULRG�
�WKH� OHQJWK� RI� WKH� W\SLFDO� UHVLGHQWLDO� PRUWJDJH��
WKH�SUREDELOLW\�RI�D�ȵRRG�RFFXUULQJ�LV�������)RU�WKH�
���\HDU�����DQQXDO��ȵRRG��WKH�SUREDELOLW\�RYHU����
\HDUV�LV������

2. Wetlands Location
The wetlands chosen for the analysis were those 
GHVLJQDWHG�DV�ȊHVWXDULQH�DQG�PDULQHȋ�ZHWODQGV�LQ�
WKH�1DWLRQDO�:HWODQGV�ΖQYHQWRU\�SUHSDUHG�E\�WKH�
8�6�� )LVK� DQG� :LOGOLIH� 6HUYLFH��� These wetlands 
DUH� JHQHUDOO\� GLHUHQW� W\SHV� RI� VDOWPDUVKHV�
DQG� VXEPHUJHG� DTXDWLF� YHJHWDWLRQ� �6$9�� EHGV�
ORFDWHG�LQ�VKDOORZ�ZDWHU���)RU�WKH�7DPSD�%D\�FDVH�
VWXG\�� PDQJURYHV� ZHUH� VHSDUDWHO\� DQDO\]HG�� DV�
PDQJURYHV� DUH� NQRZQ� WR� KDYH� YHU\� KLJK� ȵRRG�
SURWHFWLRQ�YDOXHV���

3. Economic Values at Risk
$�ZLGH�UDQJH�RI�HFRQRPLF�YDOXHV�FDQ�EH�GLVUXSWHG�
E\�ȵRRGV��'DPDJHV�FDQ�EH�GRQH�WR�EXLOGLQJV�� WR�
land, to the contents of buildings, or to public 
LQIUDVWUXFWXUH��'DPDJHV�FDQ�EH�PHDVXUHG�LQ�WHUPV�
RI�WKH�YDOXH�RI�SK\VLFDO�GDPDJHV��L�H���WKH�FRVW�RI�
UHSDLULQJ� RU� UHSODFLQJ� DVVHWV�� RU� LQ� WHUPV� RI� WKH�
HFRQRPLF�GLVUXSWLRQV�VXFK�DV�ORVW�EXVLQHVV�DFWLYLW\�
RU�ORVW�LQFRPHV��)RU�VLPSOLFLW\��WKLV�VWXG\�ORRNV�DW�
WKH�YDOXH�RI�EXLOGLQJV�DQG�ODQGV�DV�PHDVXUHG�IRU�
SURSHUW\� WD[HV� LQ� HDFK� UHOHYDQW� MXULVGLFWLRQ�� 7KLV�
data has the advantage of being publicly available 
and can be attached to geographically located 
SDUFHOV� RI� ODQG� ZLWK� KLJK� SUHFLVLRQ�� 9DULDQFHV�
LQ� DVVHVVPHQW� PHWKRGV� DQG� WLPH� IUDPHV� RI�
DVVHVVPHQW� LQ� GLHUHQW� MXULVGLFWLRQV� OLPLW� IXOO�
FRPSDUDELOLW\� EHWZHHQ� DOO� WKH� HLJKWHHQ� FRXQW\�
MXULVGLFWLRQV� ZKRVH� GDWD� LV� XVHG�� $OO� GDWD� ZDV�
REWDLQHG�IURP�WKH�UHOHYDQW�FRXQW\�WD[�DVVHVVRUȇV�
RɝFHV�HLWKHU�RQOLQH�RU�E\�VSHFLDO�UHTXHVW�

4.   Flood Damages 
3UHFLVH�HVWLPDWHV�RI�WKH�SRVVLEOH�H[WHQW�RI�GDPDJH�
UHTXLUHV� VXEVWDQWLDO� DPRXQWV� RI� GDWD�� 7KH� )(0$�
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WKH����\HDU�SHULRG�RI�DQDO\VLV���7KH�LQIUDVWUXFWXUH�
value for that year would be: 
    

    

7KH�VDPH�FDOFXODWLRQ� LV�SHUIRUPHG�IRU�HDFK�\HDU�
IURP���WR�����ZLWK�WKH�H[SRUW�LQ�WKH�GHQRPLQDWRU�
FKDQJLQJ�IURP���WR����DV�DSSURSULDWH��� �7KH�VXP�
RI�DOO�WKH�SUHVHQW�YDOXHV�LV�WKHQ�PXOWLSOLHG�E\�WKH�
FXPXODWLYH� SUREDELOLW\� RI� D� ��� ȵRRG� RFFXUULQJ�
RYHU����\HDUV��RU������Y

7KH� UHVXOW� RI� WKLV� DQDO\VLV� \LHOGV� IRXU� HVWLPDWHV�
of the values of natural infrastructure for each 
estuary region:

b
b

:HWODQGV�(HFW

b
b

/RZ������ +LJK������

Storm 
Frequency

���$QQXDO b b
���$QQXDO� b b

:KHUH�PDQJURYHV�DUH�SUHVHQW��LQ�7DPSD�%D\��WKH�
VDPH� FDOFXODWLRQV� DV� DERYH� DUH� XVHG� IRU� WKRVH�
SDUFHOV� DGMDFHQW� WR� PDQJURYHV� H[FHSW� WKDW� WKH�
ZHWODQGV�HHFW�LV�FDOFXODWHG�RQO\�DW������

b b Mangroves (25%)
Storm 
Frequency

���$QQXDO b
���$QQXDO� b

JHRJUDSK\�VWXGLHG�LQ�WKH�+XUULFDQH�6DQG\�DQDO\VLV��
EXW�RWKHUV�VXFK�DV�6DQ�3DEOR�DQG�6QRKRPLVK�VLW�
LQVLGH�ED\V��DQG�WKH�NLQG�RI�VWRUP�VXUJH�LQYROYHG�
LQ�6DQG\�LV�H[WUHPHO\�XQOLNHO\��ΖQ�WKHVH�FDVHV��WKH�
ZHWODQGV�HHFW�ZLOO�PRVW�OLNHO\�EH�DW�WKH�ORZ�HQG�RI�
WKH�UDQJH�XVHG�

Calculating the Value of Natural 
Infrastructure 

7DNHQ� WRJHWKHU� WKHQ�� WKH� HVWLPDWHG� SRVVLEOH�
GDPDJHV�IURP�ȵRRGLQJ�IRU�DQ\�HVWXDU\�UHJLRQ�FDQ�
be calculated as:

  
Where:
���9� �WKH�YDOXH�RI�QDWXUDO�LQIUDVWUXFWXUH�IRU�D�JLYHQ
�����HVWXDU\�UHJLRQ
���G% �GDPDJH�IXQFWLRQ�IRU�EXLOGLQJV�������
���%9 �6XP�RI�EXLOGLQJ�YDOXHV�IURP�N�SDUFHOV
���G/ �GDPDJH�IXQFWLRQ�IRU�ODQG������
���/9 �6XP�RI�ODQG�YDOXHV�IURP�N�SDUFHOV
���3� �WKH�SUREDELOLW\�RI�D�ȵRRG�RFFXUULQJ�RYHU�WKH
�����SODQQLQJ�SHULRG�RI����\HDUV
���: �:HWODQG�HHFW������RU�����IRU�PDUVK�RWKHU
�����DQG�����IRU�PDQJURYHV�
���L �'LVFRXQW�5DWH��������

7KH�WLPH�SHULRG�RI�WKH�DQDO\VLV�LV����\HDUV�

7KH� SDUFHOV� LQ� HDFK� UHJLRQ� �N�� DUH� LGHQWLȴHG� E\�
ORFDWLRQ� LQ� WKH�)(0$�����\HDU�ȵRRG�KD]DUG�]RQH�
DQG�LWV�ORFDWLRQ�UHODWLYH�WR�ZHWODQGV��7KLV�LV�GRQH�
E\�XVLQJ�*Ζ6� WHFKQLTXHV� WR�PHUJH�GDWD� IURP�WKH�
SDUFHO�ȴOH�REWDLQHG�IURP�ORFDO�WD[LQJ�MXULVGLFWLRQV��
WKH�ORFDWLRQ�RI�ZHWODQGV�GUDZQ�IURP�WKH�8�6��)LVK�
	�:LOGOLIH� 6HUYLFHȇV� 1DWLRQDO�:HWODQGV� ΖQYHQWRU\��
DQG�WKH�ȵRRG�KD]DUG�LQIRUPDWLRQ�GUDZQ�IURP�WKH�
)(0$�ȵRRG�KD]DUG�PDSV��

7R�LOOXVWUDWH�WKH�FDOFXODWLRQ��DVVXPH�DQ�DUHD�ZLWKLQ�
WKH� ����\HDU� ȵRRG� ]RQH� WKDW� KDV� ���� PLOOLRQ� LQ�
EXLOGLQJ�YDOXH�DQG����PLOOLRQ� LQ� ODQG�YDOXH�� � 7KH�
FXPXODWLYH� SUREDELOLW\� RYHU� ��� \HDUV� IRU� WKH� ���
DQQXDO������\HDU��LV�����DQG�ZH�DVVXPH�D�ZHWODQG�
HHFW�RI� ���� UHGXFWLRQ� LQ�GDPDJHV�� �$�GLVFRXQW�
UDWH� RI� ����� LV� DVVXPHG�� � 6XEVWLWXWLQJ� WKHVH�
values into the equation 1, yields the following 
FDOFXODWLRQV�� )RU� LOOXVWUDWLYH� SXUSRVHV�� <HDU� �� RI�
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VALUING BLUE CARBON IN 
COASTAL ESTUARIES

Carbon Flows
Wetland vegetation sequesters carbon and stores 
LW� LQ� WKH� SODQW� ELRPDVV� DQG� VRLO�� 6LWH�VSHFLȴF�
HVWLPDWHV�RI� FDUERQ� VHTXHVWUDWLRQ� UDWHV�DQG� WKH�
DPRXQW�RI�FDUERQ�VWRUHG�LQ�SODQW�ELRPDVV�DUH�QRW�
available for the areas that are the subject of the 
VL[� FDVH� VWXGLHV�� )RU� WKLV� UHDVRQ�� WKH� HVWLPDWHV�
LQ� WKLV� UHSRUW� UHȵHFW� RQO\� WKDW� SRUWLRQ� RI� YDOXH�
associated with the storage of carbon in the soil 
EHQHDWK�ZHWODQGV�

)RU� HDFK� RI� WKH� VL[� VWXG\� DUHDV�� FRUH� VDPSOHV�
REWDLQHG�IURP�WKH�&&5&1�GDWDEDVH�WKDW�PHDVXUH�
FDUERQ� LQ�JUDPV�SHU�VTXDUH�PHWHU�ZHUH�XVHG� WR�
FRPSXWH�WKH�DYHUDJH�PHWULF�WRQV�RI�FDUERQ�VWRUHG�
LQ� VRLO� SHU� KHFWDUH�� 7KHVH� FRUHV� DUH� RI� YDULRXV�
GHSWKV�� DYHUDJLQJ� DERXW� D� KDOI�PHWHU� LQ� GHSWK��
7KH�DXWKRUV�XVHG�SUHYLRXVO\�GHYHORSHG�PHWKRGV33 
WR� HVWLPDWH� WKH�PHWULF� WRQV� RI� FDUERQ� VWRUHG� LQ�
WKH�WRS�PHWHU�RI�VRLO�SHU�KHFWDUH�ZKLFK�VXJJHVWHG�
WZR� DGMXVWPHQWV� WR� WKH� FDUERQ� PHDVXUHPHQWV�
IURP�WKH�FRUHV��WKH�ȴUVW�WR�DFFRXQW�IRU�YDULDWLRQV�
in core depths and the second to convert the 
PHDVXUHPHQW�XQLWV�IURP�JUDPV�SHU�VTXDUH�PHWHU�
WR�PHWULF�WRQV�SHU�KHFWDUH�

1R�DGMXVWPHQW�ZDV�PDGH�WR�DFFRXQW�IRU�YDULDWLRQV�
LQ�FRUH�GHSWKV��7KH�DPRXQW�RI�FDUERQ�VWRUHG�LQ�VRLO�
EHQHDWK�WKH�VDPSOH�LV�XQNQRZQ�DQG�WKH�DPRXQW�
of carbon stored in soil generally declines with 
GHSWK����)RU�WKLV�UHDVRQ��WKH�FRPSXWDWLRQV�LQ�WKLV�
UHSRUW�UHȵHFW�WKH�FRQVHUYDWLYH�DVVXPSWLRQ�WKDW�QR�
FDUERQ�LV�VWRUHG�DW�GHSWKV�EHORZ�WKH�FRUH�VDPSOHV����

7R�GHWHUPLQH�WKH�DUHD�LQ�HDFK�HVWXDU\�WR�GLVWULEXWH�
WKH� FDUERQ� VWRFN� DFURVV�� ZH� XVHG� $UF*Ζ6� ZLWK�
12$$ȇV�&RDVWDO�&KDQJH�$QDO\VLV�3URJUDP��&�&$3��
1DWLRQDO� /DQG� &RYHU� 'DWDEDVH� WR� PHDVXUH�� LQ�
KHFWDUHV�� WKH� VSDWLDO� H[WHQW� RI� WKH� ȊHVWXDULQH�
HPHUJHQW� ZHWODQGȋ� �L�H��� VDOWPDUVK�� YHJHWDWLRQ�
W\SH� IRU� DOO� HVWXDULHV� H[FHSW� IRU� 7DPSD� %D\��
ZKHUH�ZH�PHDVXUHG�ȊHVWXDULQH�IRUHVWHG�ZHWODQGȋ�
�L�H��� PDQJURYH��� DV� WKH� GRPLQDQW� YHJHWDWLRQ� LQ�
7DPSD� %D\ȇV� ZHWODQGV�� :KLOH� ȊEOXH� FDUERQȋ� LV�
stored in vegetation types other than estuarine 
HPHUJHQW�ZHWODQG��FRUH�VDPSOHV�LQ�WKH�5&1�ZHUH�

not consistently available for other vegetation 
W\SHV�� VR�� WR�PDLQWDLQ� D� FRQVLVWHQW�PHWKRGRORJ\��
WKLV�DQDO\VLV�RQO\�PHDVXUHV� FDUERQ�VWRUHG� LQ� WKH�
HVWXDULQH� HPHUJHQW� ZHWODQG� YHJHWDWLRQ� W\SH��
H[FHSW� IRU� 7DPSD� %D\� DV� QRWHG� DERYH�� $V� WKHUH�
LV� OLNHO\� WR�EH�DGGLWLRQDO�PHDVXUDEOH�EOXH�FDUERQ�
stored in the soils of other vegetation types in 
these estuaries, this report understates the total 
DPRXQW�RI�FDUERQ�VWRUHG�LQ�WKH�HVWXDULHV�FKRVHQ�
IRU�HDFK�FDVH�VWXG\�����

ΖQWDFW�ZHWODQGV� VHUYH� DV� FDUERQ� VLQNV�� EXW�PXFK�
of that carbon is released if a wetland is lost 
DQG� WKH� XQGHUO\LQJ� VRLO� LV� GLVWXUEHG��PDNLQJ� WKH�
ZHWODQG� D� VRXUFH� RI� JUHHQKRXVH� JDV� HPLVVLRQ��
7KLV�FDUERQ�UHOHDVH�IURP�GHYHORSHG�RU�GHJUDGHG�
wetlands occurs gradually, with high initial release 
UDWHV�GHFOLQLQJ�RYHU� WLPH�EHFDXVH� LW� WDNHV� ORQJHU�
IRU� FDUERQ� VWRUHG�PRUH� GHHSO\� LQ� WKH� VRLO� WR� EH�
HPLWWHG���� $YRLGLQJ� WKH� UHOHDVH� RI� FDUERQ� IURP�
WKHVH� VLQNV� LV� D� PHDVXUDEOH� EHQHȴW� RI� KDELWDW�
FRQVHUYDWLRQ��$V�VXJJHVWHG�E\�SUHYLRXV�UHVHDUFK�36 
WKLV� DQDO\VLV� WDNHV� WKH� EDVHOLQH� YDOXH� RI� H[LVWLQJ�
ZHWODQGV��DQG�XVHV�H[SRQHQWLDO�GHFD\�IXQFWLRQV�WR�
HVWLPDWH�WKH�UDWH�RI�FDUERQ�UHOHDVH�IRU�D�SHULRG�RI�
���\HDUV��ZLWK�KDOI�WKH�FDUERQ�LQ�WKH�WRS�PHWHU�RI�
VRLO�EHLQJ�UHOHDVHG�IURP�WKH�VRLO�LQ�����\HDUV��DQG�
RQO\����RI�WKH�WRWDO�UHPDLQLQJ�E\�\HDU�����

Because the valuation approach in this study 
PHDVXUHV�WKH�YDOXH�RI�DYRLGHG�FRVWVȃWKDW� LV� WKH�
GLHUHQFH� EHWZHHQ� NHHSLQJ� WKH� FDUERQ� LQWDFW�
DQG� UHOHDVLQJ� LW� RYHU� WLPHȃWKH� WLPH� IUDPH� LV� LQ�
WKLV� DQDO\VLV�GLHUHQW� WKDQ�RWKHU�SRWHQWLDO�SROLF\�
DSSOLFDWLRQV�RI�FDUERQ�VWRUDJH�YDOXHV��)RU�H[DPSOH��
EOXH� FDUERQ� RVHWV� XQGHU� 7KH� 3DULV� $JUHHPHQW��
XQGHU�WKH�8QLWHG�1DWLRQV�)UDPHZRUN�&RQYHQWLRQ�
RQ� &OLPDWH� &KDQJH� �81)&&&��� UHTXLUH� FDUERQ�
VWRUDJH�IRU�D�WLPH�IUDPH�RI�����\HDUV����

7KH�EHQHȴWV�RI� FRQVHUYDWLRQ� LQ� WKLV� VWXG\� UHȵHFW�
WKH� YDOXH� RI� WKH� FDUERQ� WRGD\�� DVVXPLQJ� WKHVH�
ZHWODQGV�UHPDLQ�LQWDFW�LQ�WKH�IXWXUH�
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Carbon Costs and Prices
The value of carbon sequestration and storage 
LV� WKH�SURGXFW�RI� FDUERQ�ȵRZV�DQG� WKH�H[SHFWHG�
SULFH� RI� FDUERQ�� 7KLV� DQDO\VLV� FRQVLGHUV� D� UDQJH�
RI�HVWLPDWHV�RI�WKH�VRFLDO�FRVW�RI�FDUERQ�DQG�WKH�
PDUNHW� SULFH� RI� FDUERQ�� DV� UHYHDOHG� LQ� WKH� WZR�
SULPDU\�FDUERQ�PDUNHWV�LQ�1RUWK�$PHULFD�

7KLV� UHSRUW� FRQVLGHUV� WZR� GLHUHQW� ZD\V� RI�
WKLQNLQJ�DERXW�WKH�SULFH�RI�FDUERQ��PDUNHW�SULFHV�
DQG� WKH� VRFLDO� FRVW� RI� FDUERQ�� 0DUNHW� SULFHV�
JHQHUDOO\� UHȵHFW� WKH� QHHG� WR� VHTXHVWHU� FDUERQ�
E\�VRPH�WHFKQRORJLFDO�PHWKRG�DQG�DUH�GULYHQ�E\�
FDSV� RQ� FDUERQ� HPLVVLRQV� HVWDEOLVKHG� E\� SROLF\�
RU� UHJXODWLRQ�� 8VLQJ� WHFKQRORJ\� WR� FDSWXUH� RU�
UHGXFH�FDUERQ�HPLVVLRQV�LV�RIWHQ�PRUH�FRVWO\�WKDQ�
NHHSLQJ�WKH�FDUERQ�LQ�WKH�JURXQG�DQG�XVLQJ�WKHVH�
YDOXHV�DV�DQ�RVHW��0RUHRYHU��PDUNHW�SULFHV�DUH�
OLPLWHG�E\�WKH�FDSV�WKDW�DUH�VHW�LQ�D�FDS�DQG�WUDGH�
SROLF\��+RZHYHU��WKH�QDWXUH�RI�WKH�PDUNHW�LV�WKDW�LW�
GRHVQȇW�FDSWXUH�DOO�LPSDFWV��SDUWLFXODUO\�WKRVH�WKDW�
LPSDFW�VRFLHW\�DW�ODUJH��7KH�VRFLDO�FRVWV�RI�FDUERQ�
represent the added costs to society if stored 
FDUERQ� LV� UHOHDVHG�� LQ� HVVHQFH� GHȴQLQJ� WKH� WRWDO�
FRVW�WR�VRFLHW\�RI�WKH�LPSDFWV�RI�FOLPDWH�FKDQJH��$W�
WKH�PDUJLQ��LQ�D�ZHOO�GHYHORSHG�DQG�ORQJ�VWDQGLQJ�
FDUERQ�PDUNHW�� WKH� PDUNHW� SULFH� RI� FDUERQ� DQG�
VRFLDO� FRVWV� RI� FDUERQ� ZRXOG� WHQG� WR� FRQYHUJH��
However, in the absence of those conditions it is 
XVHIXO�WR�FRQVLGHU�ERWK�WKH�PDUNHW�SULFH�DQG�WKH�
VRFLDO� FRVWV�� ΖW� LV� LPSRUWDQW� WR� QRWH� WKDW� QHLWKHU�
PHDVXUH� LV� ȊULJKWȋ�RU� ȊZURQJȋ�� DQG�ERWK� W\SHV�RI�
carbon prices have their uses in the policy and 
UHJXODWRU\�DUHQD�����

The Social Cost of Carbon. The social cost of 
FDUERQ��6&&��LV�D�PHDVXUH�RI�WKH�JOREDO�ORVVHV�WKDW�
UHVXOW�IURP�HPLWWLQJ�RQH�DGGLWLRQDO�XQLW�RI�FDUERQ�
RU�DQ�HTXLYDOHQW�DPRXQW�RI�DQRWKHU�JUHHQKRXVH�
JDV�� :KHQ� FDUERQ� LV� UHOHDVHG�� LW� UHPDLQV� LQ� WKH�
DWPRVSKHUH� IRU� \HDUV� WR� FRPH�� )XUWKHUPRUH��
the losses associated with the release of a unit 
of carbon is a function of the concentration of 
DWPRVSKHULF� FDUERQ�� ZKLFK� LV� H[SHFWHG� WR� YDU\�
RYHU�WLPH��)RU�WKHVH�UHDVRQV��WKH�6&&�UHSUHVHQWV�
WKH� VXP� RI� GHFDGHV� RI� YDU\LQJ� HHFWV� ZLWK� 6&&�
UHVXOWV� EHLQJ� VHQVLWLYH� WR� JOREDO� HPLVVLRQ� DQG�
FDUERQ�FRQFHQWUDWLRQ�IRUHFDVWV����/RVVHV�UHȵHFWHG�
LQ� 6&&� HVWLPDWHV� LQFOXGH�� EXW� DUH� QRW� OLPLWHG� WR��
ȊFKDQJHV� LQ� QHW� DJULFXOWXUDO� SURGXFWLYLW\�� KXPDQ�

KHDOWK�� SURSHUW\� GDPDJHV� IURP� LQFUHDVHG� ȵRRG�
ULVN��DQG� WKH�YDOXH�RI�HFRV\VWHP�VHUYLFHV�GXH� WR�
FOLPDWH�FKDQJHȋ���

)HGHUDO� DJHQFLHV� XVH� HVWLPDWHV� RI� 6&&� WR�
LQFRUSRUDWH� WKH� VRFLHWDO� EHQHȴWV� RI� UHGXFLQJ�
FDUERQ� HPLVVLRQV� LQWR� FRVW�EHQHȴW� DQDO\VHV� RI�
UHJXODWRU\� DFWLRQV�39� 7KH� ΖQWHUDJHQF\� :RUNLQJ�
*URXS�RQ�WKH�6RFLDO�&RVW�RI�*UHHQKRXVH�*DVHV�� 
publishes technical guidance on the application 
RI� 6&&� WR� UHJXODWRU\� GHFLVLRQ�PDNLQJ�� 7KH�PRVW�
UHFHQW�JXLGDQFH�ZDV�LVVXHG�LQ������DQG�VWDWHV�

“...the Interagency Working Group (IWG) selected 

SC-CO2 values for use in regulatory analyses. 

For each emissions year, four values are 

recommended. Three of these values are based 

on the average SC-CO2 from three integrated 

DVVHVVPHQW�PRGHOV��Ζ$0V���DW�GLVFRXQW�UDWHV�RI�
2.5, 3, and 5 percent. … The fourth value is … 

included to represent the marginal damages 

associated with … lower-probability, higher-

impact outcomes. Accordingly, this fourth value 

is selected from further out in the tail of the 

GLVWULEXWLRQ� RI� 6&�&2�� HVWLPDWHV�� VSHFLȴFDOO\��
the fourth value corresponds to the 95th 

percentile of the frequency distribution of SC-

CO2 estimates based on a 3 percent discount 

rate.”��

6&&�YDOXHV�SXEOLVKHG�E\� WKH� Ζ:*�RQ�6RFLDO�&RVW�
RI�*UHHQKRXVH�*DVHV� LQ������ZHUH�SUHVHQWHG�DW�
�����SULFH�OHYHOV�DV�VKRZQ�LQ�7DEOH�Ζ9���

7DEOH�Ζ9���������6RFLDO�&RVW�RI�&DUERQ�9DOXHV��LQ�86'������

Discount Rate

Year �� �� ����� +LJK�ΖPSDFW�
���WK�3FW�#����

2020 ������ ������ ������ �������
2025 ������ ������ ������ �������
2030 ������ ������ ������ �������
2035 ������ ������ ������ �������
2040 ������ ������ ������ �������
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For use in this study, these values were updated 
WR�-DQXDU\������SULFH�OHYHOV�XVLQJ�WKH�*'3�ΖPSOLFLW�
3ULFH�'HȵDWRU�DV�VKRZQ�LQ�7DEOH�Ζ9���

7DEOH�Ζ9���������6RFLDO�&RVW�RI�&DUERQ�9DOXHV��LQ�86'������

Year 5% 3% 2.50% High Impact 
(95th Pct @ 3%)

2020 ������ ������ ������ �������
2025 ������ ������ ������ �������
2030 ������ ������ ������ �������
2035 ������ ������ ������ �������
2040 ������ ������ ������� �������

 
 
7KH� ȴJXUHV� VKRZQ� DERYH� UHSUHVHQW� DYHUDJHV�
IURP�WKH�PRVW�UHFHQW��DV�RI�������UHVXOWV�RI�IRXU�
Ζ$0V� �'Ζ&(�� 3$*(�� DQG� )81'����� $OWKRXJK� QRW�
LQFRUSRUDWHG� LQWR� WKLV�DQDO\VLV�� LW� LV� LPSRUWDQW� WR�
QRWH� WKDW� LQ� D� ����� YHUVLRQ� RI� WKH� 'Ζ&(� PRGHO��
WKH� HVWLPDWHG�6&&�ZDV� VXEVWDQWLDOO\� KLJKHU� WKDQ�
WKH� ����� YHUVLRQ� ZKRVH� UHVXOWV� DUH� UHȵHFWHG� LQ�
WKH�JXLGDQFH�GRFXPHQW�DQG�VKRZQ� LQ� WKH� WDEOHV�
DERYH�

The Market Price of Carbon. ΖQ� FRQWUDVW� WR� 6&&��
ZKLFK� LV�D�PHDVXUH�RI� WKH�H[SHFWHG�VRFLHWDO� ORVV�
DVVRFLDWHG� ZLWK� FDUERQ� HPLVVLRQ�� WKH� PDUNHW�
SULFH�RI�FDUERQ�UHSUHVHQWV�WKH�EX\HUȇV�ZLOOLQJQHVV�
WR� SD\� IRU� FDUERQ� HPLVVLRQ� DOORZDQFHV� ZKLFK� LV�
D� UHȵHFWLRQ� RI� WKH� EX\HUȇV� DQG� VHOOHUȇV� FRVWV� RI�
UHGXFLQJ�HPLVVLRQV��Ȋ0DUJLQDO�$EDWHPHQW�&RVWVȋ���
$SSO\LQJ� 6&&� WR� FDUERQ� VWRUDJH� SURYLGHV� DQ�
LQGLFDWRU�RI�WKH�SUHYHQWHG�ORVVHV�WR�DOO�RI�VRFLHW\��
DSSO\LQJ� WKH� PDUNHW� SULFH� RI� FDUERQ� WR� FDUERQ�
storage provides an indicator of prevented losses 
WR�SXUFKDVHUV�RI�HPLVVLRQ�DOORZDQFHV�

7KH�PDUNHW�SULFH�RI�FDUERQ� LV�GHWHUPLQHG�ZLWKLQ�
PDUNHWV� ZKHUH�� IRU� H[DPSOH�� HPLVVLRQ� WUDGLQJ�
V\VWHPV� �(76�� FDS� WKH� WRWDO� OHYHO� RI� JUHHQKRXVH�
JDV� HPLVVLRQV� DQG� DOORZ� WKH� SXUFKDVH� DQG� VDOH�
RI� HPLVVLRQ�DOORZDQFHV��$OVR� NQRZQ�DV� ȊFDS�DQG�
WUDGHȋ�V\VWHPV��(76�FUHDWH�VXSSO\�DQG�GHPDQG�IRU�
HPLVVLRQ� DOORZDQFHV�� DOORZLQJ� WUDGHUV� WR� VHW� WKH�
PDUNHW�SULFH��7KH�(76�FDQ�LQȵXHQFH�PDUNHW�SULFHV�
E\�DGMXVWLQJ�WKH�HPLVVLRQ�OLPLWV��ȊFDSVȋ��b

7ZR� ODUJH� FDUERQ� PDUNHWV� RSHUDWH� LQ� 1RUWK�
$PHULFD�� ���� WKH� 5HJLRQDO� *UHHQKRXVH� *DV�
ΖQLWLDWLYH��5**Ζ��SURQRXQFHG�Ȋ5HJJLHȋ��DQG�����WKH�
:HVWHUQ� &OLPDWH� ΖQLWLDWLYH� �:&Ζ��� $PRQJ� JOREDO�
FDUERQ�PDUNHWV��RQO\� WKH�(XURSHDQ�8QLRQ�(76� LV�
ODUJHU� LQ� YROXPH� DQG� YDOXH� WKDQ� WKH� WZR� 1RUWK�
$PHULFDQ� PDUNHWV���� 2SHUDWLRQDO� VLQFH� ������� 
5**Ζ�LV�WKH�ROGHVW�(76�LQ�WKH�8QLWHG�6WDWHV��5**Ζ�LV�D�
FRRSHUDWLYH�HRUW�DPRQJ�WKH�VWDWHV�RI�&RQQHFWLFXW��
'HODZDUH��0DLQH��0DU\ODQG��0DVVDFKXVHWWV��1HZ�
+DPSVKLUH��1HZ� -HUVH\��1HZ�<RUN��5KRGH� ΖVODQG��
DQG�9HUPRQW����:&Ζ�EHFDPH�RSHUDWLRQDO� LQ������
DQG�FXUUHQWO\�VHUYHV�&DOLIRUQLD��4XHEHF��DQG�1RYD�
6FRWLD��%RWK�5**Ζ�DQG�:&Ζ�KRVW�TXDUWHUO\�DXFWLRQV�
ZKHUH�HPLVVLRQ�DOORZDQFHV�DUH�WUDGHG���7DEOH�Ζ9���
VXPPDUL]HV�DXFWLRQ�UHVXOWV�IURP������WR������b

7DEOH�Ζ9����8�6��&DUERQ�0DUNHW�3ULFHV����������

WCI RGGI
2020 Average ������� ������
2019 Average ������� ������
2018 Average ������� ������

$OWKRXJK� SULFHV� DUH� WUHQGLQJ� XSZDUG� LQ� ERWK�
PDUNHWV�� IRUHFDVWV� RI� IXWXUH� FDUERQ� SULFHV� DUH�
EH\RQG� WKH� VFRSH� RI� WKLV� HRUW�� ΖQVWHDG�� WKH�
PRVW� UHFHQW� �DQG� KLJKHVW�� YDOXHV� ZHUH� XVHG� LQ�
FRPSXWDWLRQV�IRU�WKH�FDVH�VWXGLHV�
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LQ� WKH� XSVWUHDP� DQG� GRZQVWUHDP� SDUWV� RI� WKH�
HVWXDULHV�� DQG� WKH� SHUIRUPDQFH� RI� NH\� ZDWHU�
GHSHQGHQW� HFRQRPLF� DFWLYLW\� VXFK� DV� UHFUHDWLRQ�
DQG� ȴVKLQJ�� 7KH� GDWD� SUHVHQWHG� LQ� WKLV� FKDSWHU�
GLVFXVVHV� HDFK� RI� WKHVH� DVSHFWV� RI� WKH� FRPSOH[�
LQWHUUHODWLRQVKLSV� EHWZHHQ� WKH� HFRQRP\� DQG�
HVWXDU\�UHJLRQV��

 

)LJXUH�9����(VWXDU\�5HJLRQV�RI�WKH�&RQWLQHQWDO�8�6�

2QH�RI�WKH�FKDOOHQJHV�RI�GHDOLQJ�ZLWK�WKHVH�LVVXHV�
LQ� WKH�8�6�� LV� WKDW� WKHUH� LV�D�JUHDW�GHDO�RI�YDULHW\�
DPRQJ� WKH� HVWXDU\� UHJLRQV�� 6R�� LW� LV� LPSRUWDQW�
WR� XQGHUVWDQG� QRW� RQO\� WKH� DJJUHJDWH� HFRQRPLF�
UROH�RI�HVWXDULHV�EXW�WR�XQGHUVWDQG�WKH�HFRQRPLF�
FKDUDFWHULVWLFV�RI�WKH�YDULRXV�UHJLRQV��7KLV�FKDSWHU�
SURYLGHV�D�EULHI�RYHUYLHZ�RI�WKH�VL]H�DQG�FKDQJHV�LQ�
WZHQW\�RQH�HVWXDU\�UHJLRQV�DV�GHȴQHG�LQ�WKH������
SDSHU����7KHVH�DUH�VKRZQ�LQ�)LJXUH�9����7KH�UHJLRQV�
are delineated by counties that intersect with the 
12$$�PHGLXP� UHVROXWLRQ� VKRUHOLQH�GDWDVHW� �6HH�
)LJXUH� 9����� 7KLV� GDWDVHW� LV� D� GLJLWL]HG� YHUVLRQ� RI�
WKH�VKRUHOLQH�EDVHG�RQ�12$$�QDXWLFDO�FKDUWV����ΖW�

Estuaries have always been an essential feature of 
WKH� HFRQRP\�� (YHQ�EHIRUH� (XURSHDQ� VHWWOHPHQW��
1DWLYH� $PHULFDQV� OLYHG� HLWKHU� SHUPDQHQWO\� RU�
seasonally in estuary regions because of food 
VXSSO\�� (XURSHDQ� VHWWOHPHQW� DQG� WKH� IROORZLQJ�
growth were centered in the estuary regions where 
1RUWK� $PHULFD� FRXOG� PRVW� HDVLO\� FRQQHFW� ZLWK�
(XURSH�� 7KDW� HVWDEOLVKHG� D� SDWWHUQ� RI� HFRQRPLF�
LPSRUWDQFH�ZKLFK� FRQWLQXHV� WR� WKH� SUHVHQW�� 7KH�
counties in the estuary regions of the continental 
8�6���� FRPSULVH� ��� RI� WKH� ODQG� DUHD� RI� WKH� 8�6��
EXW�RQ�WKDW����VLWV�����RI�WKH�RXWSXW�RI�WKH�8�6��
HFRQRP\�� ���� RI� WKH� HPSOR\PHQW�� SRSXODWLRQ��
DQG� KRXVLQJ� �LQ� ������� $OVR�� DFFRUGLQJ� WR� �����
GDWD�� HLJKW�RI� WKH� WHQ� ODUJHVW�PHWURSROLWDQ�DUHDV�
ZHUH�ORFDWHG�LQ�HVWXDU\�UHJLRQV��(VWXDULHV��LQ�RWKHU�
ZRUGV��DUH�JHRJUDSKLFDOO\�VPDOO�DQG�HFRQRPLFDOO\�
KXJH��

The concentration of people, as year-round or 
VHDVRQDO�UHVLGHQWV�RU�DV�HPSOR\HHV�LQ�WKH�HVWXDU\�
UHJLRQV�� KHOSV� GULYH� WKH� QDWLRQDO� HFRQRP\�� %XW�
WKDW�VDPH�FRQFHQWUDWLRQ�SXWV�HQRUPRXV�SUHVVXUH�
RQ�WKH�QDWXUDO�DQG�HQYLURQPHQWDO�UHVRXUFHV�RI�WKH�
HVWXDULHV��PDQLIHVWHG�LQ�ORVV�RI�ZHWODQGV��GHJUDGHG�
ZDWHU�TXDOLW\��DQG� LPSDLUHG�DFFHVV� IRU�HFRQRPLF�
XVHV� VXFK� DV� UHFUHDWLRQ� DQG� ȴVKLQJ�� (FRQRPLF�
DQG�GHPRJUDSKLF�GDWD�FDQ�EH�XVHG�WR�VKRZ�ERWK�
DVSHFWV�RI�WKH�HFRQRPLF�OLIH�RI�HVWXDULHV��7KH�WRWDO�
FRQWULEXWLRQ� RI� WKHVH� UHJLRQV� WR� WKH� HFRQRP\�
FDQ�EH�PHDVXUHG�LQ�ERWK�RXWSXW��JURVV�GRPHVWLF�
SURGXFW����DQG�HPSOR\PHQW���

7KH�HHFWV�RQ�QDWXUDO� V\VWHPV�FDQ�DOVR�EH� VHHQ�
LQ� WKH� LQWHQVLW\� RI� GHYHORSPHQW� PHDVXUHG� RQ� D�
GHQVLW\� EDVLV�� WKH� GLVWULEXWLRQ� RI� GHYHORSPHQW�

IV. The Contributions of America’s 
Estuary Regions to the National Economy

3KRWR�&UHGLW��7DPSD�%D\�:DWFK
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WRXFKHV� WKH� ERXQGDULHV� RI� ���� FRXQWLHV� DQG� �LQ�
9LUJLQLD��LQGHSHQGHQW�FLWLHV��6HH�$SSHQGL[�%�IRU�IXOO�
OLVW�RI�FRXQWLHV���)LJXUH�9���VKRZV�DQ�HQODUJHG�YLHZ�
RI�WKH�12$$�PHGLXP�UHVROXWLRQ�VKRUHOLQH�GDWDVHW�
overlaid on county boundaries for the states of 
)ORULGD�DQG�$ODEDPD�DV�DQ�H[DPSOH��7KH�FRXQW\�LV�
WKH�SULPDU\�JHRJUDSKLF�XQLW�RI�DQDO\VLV�IRU�PRVW�RI�
the discussion in this chapter because the largest 
DPRXQW�RI�HFRQRPLF�GDWD�LV�DYDLODEOH�IRU�WKLV�DUHD��
+RZHYHU��D�FORVHU�ORRN�DW�WKH�JHRJUDSK\�ZLWKLQ�WKH�
FRXQWLHV�XVLQJ�]LS�FRGHV�LV�DOVR�SURYLGHG���

To understand the contribution of estuaries to 
WKH�QDWLRQ�LW�LV�QHFHVVDU\�WR�H[DPLQH�WKHP�XVLQJ�D�
YDULHW\�RI�PHDVXUHV��7KH�IROORZLQJ�WDEOHV�SURYLGH�
FRPSDULVRQV� XVLQJ� HPSOR\PHQW�� RXWSXW� �*URVV�
'RPHVWLF� 3URGXFW��� SRSXODWLRQ� DQG� KRXVLQJ��� 
ΖQ�HDFK�WDEOH�� WKH�YDOXH�RI� WKH�YDULDEOH� LV�VKRZQ��
Those appearing in bold font have values above 
the average for all the estuary regions, those in 
EODFN� DUH� EHORZ� WKH� DYHUDJH�� 7KH� EDUV� LQ� HDFK�
FHOO�SURYLGH�D�VLPSOH�YLVXDO�UHSUHVHQWDWLRQ�RI�WKH�
UHODWLYH� VL]HV� RI� HDFK� UHJLRQ� LQ� HDFK� PHDVXUH��
7DEOHV�DUH�DUUDQJHG�E\�PDMRU�VHFWLRQ�RI� WKH�8�6��
FRDVW� DQG� LQ� FORFNZLVH� RUGHU� VWDUWLQJ� IURP� WKH�
QRUWKHDVWHUQ�PRVW�UHJLRQ��WKH�*XOI�RI�0DLQH��(DFK�
WDEOH� LV� WKXV� D� FRPSDFW� ZD\� RI� VHHLQJ� ERWK� WKH�
DEVROXWH�DQG� UHODWLYH� VL]H�RI�HDFK�RI� WKH� WZHQW\�
RQH�UHJLRQV��)RU�PRUH�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�
WUHQGV� QRWLȴHG�� LQFOXGLQJ� EUHDN� GRZQV� E\� VWDWH�
DQG�FRXQW\��FDQ�EH�IRXQG�LQ�$SSHQGL[�%�

)LJXUH�9����12$$�0HGLXP�5HVROXWLRQ�6KRUHOLQH�DQG�ΖQWHUVHFWLQJ�
Counties  

)LJXUH� 9���� (QODUJHG� 9LHZ� RI� )ORULGD� DQG� $ODEDPD� 6KRUHOLQH� DQG�
County Boundaries

7DNHQ� WRJHWKHU� WKH� FRXQWLHV� LQ� WKH� ��� UHJLRQV�
DFFRXQWHG� IRU� RYHU� ��� PLOOLRQ� MREV��� LQ� �����
DQG� ����� WULOOLRQ� LQ�*URVV�'RPHVWLF� 3URGXFW�� 7KH�
HVWXDU\� UHJLRQV� ZHUH� KRPH� WR� RYHU� ���� PLOOLRQ�
SHRSOH�DQG�WKH�ORFDWLRQ�RI����PLOOLRQ�KRXVLQJ�XQLWV��
1RW�VXUSULVLQJO\��WKH�HFRQRPLFDOO\�ODUJHVW�HVWXDU\�
UHJLRQV�DUH�WKRVH�LQ�WKH�ODUJHVW�PHWURSROLWDQ�DUHDV��
ZLWK�WKH�1HZ�<RUN�%LJKW�EHLQJ�WKH�ODUJHVW��IROORZHG�
E\�WKH�WZR�UHJLRQV�LQ�&DOLIRUQLD��ZLWK�/RV�$QJHOHV�
6DQ�'LHJR�LQ�WKH�6RXWK�DQG�WKH�6DQ�)UDQFLVFR�%D\�
DUHD� LQ� WKH�1RUWK��DQG� WKHQ�/DNH�0LFKLJDQ� �ZLWK�
&KLFDJR�DQG�0LOZDXNHH���7KH�VPDOOHVW�UHJLRQV�DUH�
LQ�WKH�&DUROLQDV�DQG�*HRUJLD��ZLWK�����PLOOLRQ�MREV�
EHWZHHQ�WKHP�DQG��������PLOOLRQ�LQ�*'3���DQG�LQ�
WKH� RWKHU�*UHDW� /DNHV�ZKLFK�KDYH� VPDOOHU� FLWLHV��
/DNH� 6XSHULRU� DQG� /DNH� +XURQ� DUH� WKH� VPDOOHVW�
HFRQRPLHV�LQ�WHUPV�RI�MREV�DQG�*'3�

7KH�SURSRUWLRQ�RI�HDFK�HVWXDU\�UHJLRQȇV�HFRQRP\�
LQ�WKH�8QLWHG�6WDWHV�LV�VKRZQ�LQ�7DEOH�9����ΖQ�������
WKH� WZHQW\�RQH� UHJLRQV� WRJHWKHU� FRPSULVHG� ����
RI� *'3� DQG� ���� RI� HPSOR\PHQW�� SRSXODWLRQ��
DQG� KRXVLQJ�� 7KH� ȴYH� ODUJHVW� HVWXDU\� UHJLRQV�
QRWHG� DERYH� �1HZ�<RUN�%LJKW�� &KHVDSHDNH�� /DNH�
0LFKLJDQ�� 6RXWKHUQ� &DOLIRUQLD�� DQG� &HQWUDO�
1RUWKHUQ� &DOLIRUQLD�� WRJHWKHU� FRPSULVH� ���� RI�
8�6��HPSOR\PHQW�DQG�����RI�8�6��*'3��ΖQ�JHQHUDO��
WKH�VKDUHV�RI�HPSOR\PHQW�DQG�*'3�LQ�WKH�ODUJHU��
PRUH� XUEDQ� DUHDV� DUH� ODUJHU� WKDQ� WKH� VKDUHV�
of population and housing, while the shares of 
population and housing tend to be slightly greater 
IRU�WKH�OHVV�XUEDQ�UHJLRQV�
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7DEOH�9����6L]H�RI�(VWXDU\�
Regions by Employment, 

*'3��3RSXODWLRQ��DQG�
+RXVLQJ�8QLWV�����

7DEOH�9����(VWXDU\�5HJLRQV�
Share of The U.S. Economy 

����
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)LJXUH�9��� FRPSDUHV� WKH�JURZWK� LQ�HPSOR\PHQW��
*'3�� SRSXODWLRQ�� DQG�KRXVLQJ� XQLWV� IRU� WKH� VXP�
RI� WKH�HVWXDU\� UHJLRQV� DQG� IRU� WKH�8�6��� Estuary 
UHJLRQV�JUHZ�IDVWHU�LQ�ERWK�HPSOR\PHQW�DQG�*'3�
DQG�DW�WKH�VDPH�UDWHV�LQ�SRSXODWLRQ�DQG�KRXVLQJ�
IURP������������LQGLFDWLQJ�WKDW�WKH�SULPDU\�GULYHU�
RI�FKDQJH�ZDV�HFRQRPLF�UDWKHU�WKDQ�GHPRJUDSKLF�
JURZWK�� 7KLV� SDWWHUQ� RI� IDVWHU� HFRQRPLF� JURZWK�
FRPSDUHG�ZLWK�GHPRJUDSKLF�FKDQJH�LV�SUHVHQW�LQ�
DOO�WKH�HVWXDU\�UHJLRQV�H[FHSW�IRU�/DNH�+XURQ�DQG�
/DNH�(ULH��6HH�7DEOH�9����

+RZHYHU�� WKHUH�DUH�VRPH�GLVFUHSDQFLHV�EHWZHHQ�
JURZWK�UDWHV�RQ�WKH�GLHUHQW�PHDVXUHV�� �2XWSXW�
�*'3�� JURZWK� LV� IDVWHU� WKDQ� HPSOR\PHQW� JURZWK�
LQ� DOO� EXW� WZR� RI� WKH� UHJLRQV�� 1RUWK� &DUROLQD�
DQG� /DNH�2QWDULR�� ΖQ� WKH� IRUPHU� FDVH�� WKH�1RUWK�
&DUROLQD� FRDVW� LV� JHQHUDOO\� QRQXUEDQ� DQG� *'3�
growth occurred in what were nationally slower 
JURZLQJ� LQGXVWULHV�� ΖQ� WKH� ODWWHU� FDVH�� WKH� /DNH�
2QWDULR� VKRUHOLQH� LV� SULPDULO\� IRXQG� LQ� XSVWDWH�
1HZ�<RUN��D�UHJLRQ�WKDW�KDV�HQGXUHG�D�KLJK�OHYHO�
RI�GHLQGXVWULDOL]DWLRQ��

$OVR�QRWHZRUWK\�LV�WKDW�KRXVLQJ�JUHZ�IDVWHU�WKDQ�
SRSXODWLRQ� JURZWK� LQ� VL[� RI� WKH� UHJLRQV� �*XOI� RI�
0DLQH��1HZ�<RUN�%LJKW��'HODZDUH�5LYHU��WKH�&HQWUDO�
*XOI�RI�0H[LFR��/DNH�6XSHULRU�DQG�/DNH�0LFKLJDQ���
6LQFH�RYHUDOO�KRXVLQJ�DQG�SRSXODWLRQ�JURZWK�ZHUH�
EDODQFHG� LQ� WKH� HVWXDU\� UHJLRQV�� WKH� LPSOLFDWLRQ�
LV� WKDW� KRXVLQJ� XQLWV� LQ� H[FHVV� RI� WKH� QHHGV� RI�
WKH� ORFDO� SRSXODWLRQ� ZHUH� EHLQJ� EXLOW�� ΖQ� FRDVWDO�
UHJLRQV�� WKH�PRVW� OLNHO\�UHDVRQ�IRU� WKLV� LV�JURZWK�
LQ� VHDVRQDO�KRXVLQJ�� 7KRVH� WUHQGV�DUH�GLVFXVVHG�
EHORZ�

)LJXUH�9����&RPSDULVRQ�RI�*URZWK�LQ�(VWXDU\�5HJLRQV�DQG�WKH�8�6��
���������

'LVFXVVLQJ� HFRQRPLF� JURZWK� UDWHV� LQ� WKLV� SHULRG�
PXVW� WDNH� DFFRXQW� RI� WKH� IDFW� WKDW� WKH� *UHDW�
5HFHVVLRQ�RFFXUUHG�GXULQJ�SDUW�RI�WKLV�GHFDGH��7KH�
1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��JHQHUDOO\�
DFFHSWHG�DV�WKH�RɝFLDO�DUELWHU�RI�WKH�GXUDWLRQ�RI�
UHFHVVLRQV��IRXQG�WKDW�WKH�*UHDW�5HFHVVLRQ�EHJDQ�
LQ�'HFHPEHU������DQG�HQGHG�LQ�-XQH�������� The 
����������SHULRG�H[DPLQHG�KHUH�LQFOXGHV�WKH�ODVW�
VL[�PRQWKV�RI�WKH�UHFHVVLRQ��EXW�SULPDULO\�FRYHUV�
WKH�H[SDQVLRQ�WKDW�EHJDQ�LQ�-XO\�������

7KH� IDVWHVW� JURZWK� UDWHV� LQ� HPSOR\PHQW� ZHUH�
UHFRUGHG� LQ� WKH� 6RXWK� $WODQWLF� UHJLRQV� RI� 6RXWK�
&DUROLQD��*HRUJLD��DQG�WKH�$WODQWLF�FRDVW�RI�)ORULGD��
DORQJ�ZLWK�DOO� IRXU�RI� WKH�3DFLȴF� UHJLRQV�DQG� WKH�
6RXWKHUQ�DQG�:HVWHUQ�*XOI�RI�0H[LFR��*'3�JURZWK�
ZDV� IDVWHVW� LQ� &HQWUDO� 	� 1RUWKHUQ� &DOLIRUQLD�
DQG� 3XJHW� 6RXQG�� QRW� VXUSULVLQJ� VLQFH� ERWK�
WKHVH� UHJLRQV� DUH� KRPHV� WR� WKH� UDSLGO\� JURZLQJ�
LQGXVWULHV� LQ� LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQV�
WHFKQRORJ\�� /DNH� 0LFKLJDQ� DQG� 6RXWK� &DUROLQD�
ZHUH�DOVR�UDSLGO\�JURZLQJ�LQ�*'3��ZKLOH�WKH�1RUWK�
&DUROLQD� DQG� /DNH� 2QWDULR� UHJLRQV� ZHUH� WKH�
VORZHVW�JURZLQJ�DV�QRWHG�DERYH�

7ZR� UHJLRQV�� /DNH� +XURQ� DQG� /DNH� (ULH� ORVW�
SRSXODWLRQ� GXULQJ� WKLV� SHULRG� DQG� /DNH� +XURQ�
HYHQ�VKRZHG�D�VPDOO�GURS� LQ�KRXVLQJ�VWRFN��7KH�
PRVW�UDSLGO\�JURZLQJ�DUHDV�LQ�WHUPV�RI�SRSXODWLRQ�
DQG� KRXVLQJ� ZHUH� LQ� WKH� 6RXWK� $WODQWLF� DQG� WKH�
:HVWHUQ�*XOI�RI�0H[LFR��ZKLOH� WKH�UHJLRQV�RI� WKH�
QRUWKHDVW�$WODQWLF�DOO�JUHZ�DW�VORZHU�WKDQ�DYHUDJH�
rates in population and housing as was true of all 
WKH�*UHDW�/DNHV�UHJLRQV��$QDO\VLV�RI�WKH�SURSRUWLRQV�
RI�WKH�8�6��HFRQRP\�IRXQG�LQ�WKH�HVWXDU\�UHJLRQV�
DQG�RI�JURZWK�UDWHV�JLYHV�D�JHQHUDO�SLFWXUH�RI�NH\�
WUHQGV��EXW�VL]H�GHSHQGV�LQ�SDUW�RI�WKH�JHRJUDSKLF�
VL]H�RI�WKH�HVWXDU\�UHJLRQ���

7KH�WZHQW\�RQH�UHJLRQV�DQG�����FRXQWLHV�DYHUDJH�
�������VTXDUH�NLORPHWHUV���������VTXDUH�PLOHV��LQ�
DUHD��EXW�WKHUH� LV�VXEVWDQWLDO�UDQJH� LQ�VL]HV�IURP�
WKH�VPDOOHVW��*HRUJLD�DW��������VTXDUH�NLORPHWHUV�
������� VTXDUH� PLOHV��� WR� WKH� ODUJHVW� �2UHJRQ�
:DVKLQJWRQ� DW� ������� VTXDUH� NLORPHWHUV� ��������
VTXDUH� PLOHV���� 7KH� GLVFUHSDQF\� LQ� VL]H� DULVHV�
SULPDULO\� EHFDXVH� RI� GLHUHQFHV� LQ� WKH� ZD\� WKH�
ERXQGDULHV� RI� FRXQWLHV� DUH� GHWHUPLQHG� LQ� HDFK�
VWDWH�� &RXQWLHV� LQ� WKH� HDVW�� SDUWLFXODUO\� LQ� WKH�
VRXWK��WHQG�WR�EH�UDWKHU�VPDOO�KDYLQJ�EHHQ�ȴ[HG�LQ�
FRORQLDO�WLPHV��ZKHUH�FRXQWLHV�LQ�WKH�ZHVW�WHQG�WR�
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EH�ODUJHU�WR�FRQIRUP�WR�WKH�WHUUDLQ��7KXV��DGMXVWLQJ�
WKH� WUHQGV� IRU�VL]H�E\� ORRNLQJ�DW� WKH�GHQVLW\� �WKH�
DPRXQW� SHU� VTXDUH� PLOH�� SURYLGHV� D� VRPHZKDW�
PRUH�DFFXUDWH�FRPSDULVRQ�

'HQVLW\� LV� DOVR� LPSRUWDQW� EHFDXVH� WKH� DPRXQW�
RI� SK\VLFDO� DUHD� RFFXSLHG� E\� FRPPHUFLDO��
industrial, and residential space, with associated 
GHYHORSPHQW�RI�URDGV�DQG�RWKHU�LQIUDVWUXFWXUH�OLNH�
SDUNLQJ�ORWV��LV�D�PDMRU�UHDVRQ�IRU�WKH�LPSDFWV�RQ�
HVWXDULQH�UHVRXUFHV��7KLV�LQFOXGHV�ORVV�RI�ZHWODQGV�
DQG� UHGXFWLRQV� LQ�ZDWHU�TXDOLW\� IURP� UXQR�DQG�
LQWHQVLȴHG�VWRUP�UHODWHG�ȵRZV���

7DEOH� 9��� VKRZV� WKH� HPSOR\PHQW�� *'3�� DQG�
SRSXODWLRQ�SHU�VTXDUH�PLOH�IRU�WKH�HVWXDU\�UHJLRQV�
LQ�������7KH�GLVWULEXWLRQ�URXJKO\�FRQIRUPV�WR�WKH�
SDWWHUQ�RI�7DEOH�9����ZLWK�WKH�ODUJHVW�UHJLRQV�DOVR�
WKH�PRVW�GHQVH��%XW�WKHUH�DUH�VRPH�FKDQJHV��7KH�
'HODZDUH� 5LYHU� UHJLRQ� LV� EHORZ� DYHUDJH� LQ� WKH�
WRWDO�PHDVXUHV��EXW�DERYH�DYHUDJH�RQFH�DGMXVWHG�
IRU� DUHD�� 7KLV� LV� DOVR� WKH� FDVH�ZLWK� WKH�6RXWKHUQ�
*XOI�RI�0H[LFR�UHJLRQ�RQ�WKH�ZHVW�FRDVW�RI�)ORULGD��
This indicates these areas have relatively high 

GHQVLWLHV��&RQYHUVHO\��WKH�:HVWHUQ�*XOI�RI�0H[LFR�
DQG� &HQWUDO� DQG� 1RUWKHUQ� &DOLIRUQLD� DUH� EHORZ�
DYHUDJH�LQ�GHQVLW\�EXW�DERYH�DYHUDJH�LQ�WRWDO�VL]H��
LQGLFDWLQJ�WKHVH�UHJLRQV�DUH�DPRQJ�WKH�OHVV�GHQVH���

7KH� GLVFXVVLRQ� VR� IDU� FRQVLGHUV� DOO� HFRQRPLF�
DFWLYLW\� LQ� HDFK�HVWXDU\� UHJLRQ��EXW� VRPH�DFWLYLW\�
LV� PRUH� FORVHO\� WLHG� WR� WKHLU� ORFDWLRQ� LQ� HVWXDU\�
DQG� FRDVWDO� UHJLRQV�� 2QH�PHDVXUH� RI� WKLV� LV� WKH�
VL]H� RI� WKH� ȊPDULQH� HFRQRP\ȋ�� in each region, 
D� WHUP� WKDW� LQFOXGHV� WKH� 8�6�� *UHDW� /DNHV�� 7KH�
PDULQH�HFRQRP\�FRPSULVHV�WZHQW\�RQH�LQGXVWULHV�
JURXSHG�LQWR�VL[�VHFWRUV��$W�WKH�FRXQW\�OHYHO�RQO\�
WKH�VHFWRU�OHYHO�GDWD�LV�DYDLODEOH�IRU�FRQȴGHQWLDOLW\�
UHDVRQV��� These sectors are:

%� 0DULQH�&RQVWUXFWLRQ
%� /LYLQJ�5HVRXUFHV��ȴVKHULHV�DQG�

DTXDFXOWXUH�
%� 6KLS�	�%RDW�%XLOGLQJ
%� 0DULQH�7UDQVSRUWDWLRQ�DQG�UHODWHG�

industries
%� 7RXULVP�	�5HFUHDWLRQ
%� 0LQHUDOV

7DEOH�9����*URZWK�
Rates in Economic 

0HDVXUHV�IRU�(VWXDU\�
5HJLRQV����������
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DYHUDJH�� 7KH� UHJLRQV� ZKHUH� PDULQH� HFRQRPLF�
activity does account for higher proportions of 
RYHUDOO�HFRQRPLF�DFWLYLW\�ZLWKLQ�WKH�UHJLRQ�DUH� LQ�
WKH�FHQWUDO�DQG�HDVWHUQ�SDUWV�RI�WKH�*XOI�RI�0H[LFR�
DQG�LQ�WKH�6RXWK�$WODQWLF��/DNH�6XSHULRU��ZKLFK�LV�
DPRQJ� WKH� VPDOOHVW� HVWXDU\� UHJLRQDO� HFRQRPLHV��
KDV�WKH�KLJKHVW�SURSRUWLRQ�LQ�WKH�PDULQH�HFRQRP\�
VHFWRUV�� 7KLV� SRLQWV� WR� D� JHQHUDO� WUHQG� WKDW� WKH�
PDULQH�HFRQRP\�WHQGV�WR�FRPSULVH�D�ODUJHU�VKDUH�
RI� VPDOOHU�� OHVV� XUEDQ� HFRQRPLHV�� HYHQ� LI� WKH�
DEVROXWH�VL]H�RI�WKHVH�VHFWRUV� LV�JUHDWHU� LQ� ODUJHU�
HFRQRPLHV��ΖQ�DGGLWLRQ�WR�WKH�VPDOOHU�*UHDW�/DNHV�
regions, this is also the case in estuary regions of 
WKH�&DUROLQDV�DQG�*HRUJLD��

7KH�ODUJHVW�PDULQH�HFRQRPLF�DFWLYLW\�DV�PHDVXUHG�
E\� HPSOR\PHQW� LQ� WKLV� GDWD� VHULHV� LV� WRXULVP�
DQG�UHFUHDWLRQ��ZKLFK� LV�D� ODERU�LQWHQVLYH�VHFWRU��
&RPSDULVRQV� RI� HPSOR\PHQW� DPRQJ� UHJLRQV�
WHQG�WR�EH�GRPLQDWHG�E\�WRXULVP�DQG�UHFUHDWLRQ�
HPSOR\PHQW�� DQG� WKLV� VHFWRU� LV� DOVR� FORVHO\� WLHG�
WR� WKH� HQYLURQPHQWDO� DQG� HFRORJLFDO� KHDOWK� RI�
HVWXDULHV���

(PSOR\PHQW� DQG� RFHDQ�UHODWHG� *'3� IRU� WKH�
HVWXDU\�UHJLRQV�DUH�VKRZQ�LQ�7DEOH�9����7KLV�WDEOH�
LOOXVWUDWHV�D�JHQHUDO�WUHQG�WKDW�WKH�PDULQH�HFRQRP\�
WHQGV� WR�FRPSULVH�D� ODUJHU�VKDUH�RI�VPDOOHU�� OHVV�
XUEDQ�HFRQRPLHV��HYHQ�LI�WKH�DEVROXWH�VL]H�RI�WKHVH�
VHFWRUV�LV�JUHDWHU�LQ�ODUJHU�HFRQRPLHV��ΖQ�DGGLWLRQ�
WR� WKH� VPDOOHU� *UHDW� /DNHV� UHJLRQV�� WKLV� LV� DOVR�
WKH� FDVH� LQ� HVWXDU\� UHJLRQV�RI� WKH�&DUROLQDV� DQG�
*HRUJLD��7KLV�GDWD�LV�IRU�������WKH�PRVW�UHFHQW�\HDU�
DYDLODEOH��7KH�1HZ�<RUN�%LJKW�LV�WKH�ODUJHVW�VHFWRU�
IRU�HPSOR\PHQW��PRVWO\�EHFDXVH�RI� WRXULVP�DQG�
UHFUHDWLRQ�UHODWHG�HPSOR\PHQW� LQ�1HZ�<RUN�&LW\��
7KH�GDWD� VHULHV� IRU� WKH�PDULQH�HFRQRP\�GHȴQHV�
WRXULVP� DQG� UHFUHDWLRQ� LQGXVWULHV� DV� LQGXVWULHV�
such as hotels, restaurants, sporting goods, and 
ZDWHU� WRXUV� ORFDWHG� LQ� ]LS� FRGHV� DGMDFHQW� WR� WKH�
VKRUHOLQH�RI�WKH�RFHDQ��ED\V��RU�ODNHV��ΖW�RYHUFRXQWV�
WKH�DFWXDO�RFHDQ�RU�*UHDW�/DNHV�UHODWHG�SXUSRVH�
RI�WULSV�LQ�PDMRU�PHWURSROLWDQ�DUHDV�OLNH�1HZ�<RUN�
&LW\��7KH�:HVWHUQ�*XOI�RI�0H[LFR�KDV�WKH�KLJKHVW�
RFHDQ� *'3� EHFDXVH� RI� WKH� RVKRUH� RLO� DQG� JDV�
LQGXVWU\�ORFDWHG�WKHUH��ΖQ�QHLWKHU�RI�WKHVH�UHJLRQV��
KRZHYHU�� LV� WKH� SURSRUWLRQ� RI� WKH� UHJLRQȇV� WRWDO�
PDULQH� GHSHQGHQW� HPSOR\PHQW� DQG� *'3� DERYH�

7DEOH�9����
(PSOR\PHQW��*'3��
DQG�3RSXODWLRQ�
3HU�6TXDUH�0LOH�
by Estuary Region 

����
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7DEOH�9����0DULQH�
Economy by 

Estuary Region 

����

7DEOH�9����7RXULVP�
& Recreation 

Economy by Region 

����
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$W� WKH� RWKHU� HQG� RI� WKH� VL]H� UDQJH�� WRXULVP� DQG�
UHFUHDWLRQ� FRPSULVHV� D� PXFK� ODUJHU� VKDUH� RI�
WKH�/DNH�6XSHULRU� UHJLRQDO� HFRQRP\� WKDQ� LQ�DQ\�
RWKHU� UHJLRQ��2YHUDOO� WRXULVP�DQG�UHFUHDWLRQ�KDV�
VKRZQ� VXEVWDQWLDO� JURZWK� LQ� ERWK� HPSOR\PHQW�
DQG�*'3�RYHU����������JURZLQJ�QHDUO\�����DFURVV�
DOO�HVWXDU\�UHJLRQV��EXW�IDVWHVW�LQ�WKH�0LG�$WODQWLF�
�1HZ� <RUN� %LJKW� DQG�'HODZDUH� 5LYHU�� DQG� LQ� WKH�
*XOI� RI� 0H[LFR� UHJLRQV�� /DNH� 6XSHULRU� ZDV� DOVR�
DPRQJ�WKH�IDVWHU�JURZLQJ�UHJLRQV�

7KHVH� FRPSDULVRQV� DOVR� WHQG� WR� XQGHUVWDWH� WKH�
UROH�RI� WRXULVP�DQG� UHFUHDWLRQ��ZKLFK� LV� D�KLJKO\�
VHDVRQDO� DFWLYLW\�� VXPPHU� �RU� LQ� )ORULGDȇV� FDVH�
VSULQJ�� HPSOR\PHQW� FDQ� EH� WZR� WR� WKUHH� WLPHV�
WKH� DQQXDO� DYHUDJH� HPSOR\PHQW� XVHG� LQ� WKHVH�
PHDVXUHV��$Q�LQGLFDWRU�RI�KRZ�VHDVRQDO�FKDQJHV�
LQ� WKH� HFRQRP\� FDQ� EH� DQ� LPSRUWDQW� SDUW� RI� DQ�
HVWXDU\� UHJLRQȇV� HFRQRP\� LV� WKH� QXPEHU� DQG�
SURSRUWLRQ�RI� VHDVRQDO� KRXVLQJ�� D�PDMRU� IHDWXUH�
RI�WKH�ODQGVFDSH�LQ�DOPRVW�DOO�FRDVWDO�DUHDV���7KH�
QXPEHU�� VKDUH� DQG� FKDQJH� LQ� VHDVRQDO� KRXVLQJ�
DUH�VKRZQ�LQ�7DEOH�9���

7KH� ODUJHVW� VWRFNV� RI� VHDVRQDO� KRXVLQJ� DUH� LQ�
WKH� QRUWKHDVWHUQ� $WODQWLF� HVWXDU\� UHJLRQV�� DQG�

7DEOH� 9��� VKRZV� HPSOR\PHQW� DQG� *'3� LQ� WKH�
WRXULVP� DQG� UHFUHDWLRQ� VHFWRU� E\� HVWXDU\� UHJLRQ�
LQFOXGLQJ�WKH�VL]H�RI�WKH�VHFWRU�LQ�������WKH�VKDUH�
RI�WKH�HVWXDU\�UHJLRQ�HPSOR\PHQW��DQG�WKH�JURZWK�
UDWH�IURP�����������

7KH� WRXULVP� DQG� UHFUHDWLRQ� HFRQRP\� LV� YHU\�
VLPLODU� LQ� GLVWULEXWLRQ� WR� WKH� RYHUDOO� HFRQRP\��
ZLWK� WKH� PDMRU� PHWURSROLWDQ� DUHDV� KDYLQJ� WKH�
ODUJHVW�HFRQRPLF�DFWLYLW\��7KHUH�DUH�VRPH�QRWDEOH�
GLHUHQFHV�� KRZHYHU�� HYHQ� DPRQJ� ODUJH� FLWLHV��
)RU�H[DPSOH��WKH�WRWDO�HPSOR\PHQW�RI�WKH�)ORULGD�
$WODQWLF� UHJLRQ� LV�DERXW�RQH� WKLUG� WKH�VL]H�RI� WKH�
6RXWKHUQ� &DOLIRUQLD� UHJLRQ�� EXW� LQ� WRXULVP� DQG�
UHFUHDWLRQ� MREV� LW� LV� ���� RI� 6RXWKHUQ� &DOLIRUQLD��
LQGLFDWLQJ� D� PXFK� KHDYLHU� FRQFHQWUDWLRQ� RI�
WRXULVP�HPSOR\PHQW�LQ�WKH�)ORULGD�$WODQWLF�UHJLRQ��
$� VLPLODU� SDWWHUQ� RFFXUV� ZLWK� *'3�� WKH� )ORULGD�
$WODQWLF�UHJLRQ�LV�����RI�6RXWKHUQ�&DOLIRUQLDȇV�WRWDO�
*'3�FRPSDUHG�ZLWK�����RI�6RXWKHUQ�&DOLIRUQLDȇV�
WRXULVP�DQG�UHFUHDWLRQ�*'3���

7DEOH�9����6HDVRQDO�+RXVLQJ�E\�(VWXDU\�5HJLRQ�����

LQ� )ORULGD�� 6HDVRQDO� KRXVLQJ�
as a proportion of total 
KRXVLQJ�VWRFN� LV�KLJKHVW� LQ�WKH�
&DUROLQDV�� WKH� HDVWHUQ� KDOI� RI�
WKH�*XOI�RI�0H[LFR�DQG�� LQ� WKH�
/DNH�6XSHULRU�DQG�/DNH�+XURQ�
UHJLRQV�� 6HDVRQDO� KRXVLQJ�
grew at above average rates 
LQ� WKH� 1HZ� <RUN� %LJKW�� 6RXWK�
&DUROLQD�� )ORULGD� $WODQWLF�� WKH�
:HVWHUQ�*XOI��DQG�RQ�WKH�3DFLȴF�
&RDVW��H[FHSW�IRU�3XJHW�6RXQG���
7KH�HDVWHUQ�*UHDW�/DNHV�OHG�WKH�
*UHDW�/DNHV�UHJLRQ�LQ�VHDVRQDO�
KRXVLQJ�JURZWK��

$QRWKHU� NH\� HFRQRPLF� VHFWRU�
tied to the ecological health 
RI� WKH� UHJLRQ� LV� ȴVKHULHV��� 
7DEOH� 9��� VKRZV� FRPPHUFLDO�
ȴVKHULHV� ODQGLQJV�� and values 
IRU������IRU�HDFK�RI�WKH�HVWXDU\�
UHJLRQV���� 5HFUHDWLRQDO� ȴVKLQJ��
D� VLJQLȴFDQW� DFWLYLW\� LQ� PDQ\�
UHJLRQV�� LV�QRW�UHȵHFWHG� LQ�WKLV�
catch data, but spending on 
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WKH� VL]H� RI� WKH� UHJLRQ� SDUWO\� DFFRPPRGDWHV� IRU�
this variety, however, there is still a great deal 
of territory included in county-based regional 
GHȴQLWLRQV�WKDW� LV�XSVWUHDP�RI�HVWXDULHV��)RU�WKLV�
UHDVRQ�� D� ȴQHU� JHRJUDSKLF� VFDOH� LV� QHHGHG� WR�
H[DPLQH� ERWK� SRSXODWLRQ� DQG� HPSOR\PHQW�� 7KH�
VPDOOHVW�JHRJUDSK\�WKDW�FRQWDLQV�WKLV�GDWD� LV� WKH�
]LS�FRGH���

)RU�WKLV�ȴQHU�VFDOH�JHRJUDSKLF�DQDO\VLV��GDWD�IURP�
WKH�&HQVXV�%XUHDXȇV�=LS�&RGH�%XVLQHVV�3DWWHUQV�� 
LV� FRPELQHG� ZLWK� &HQVXV� RI� 3RSXODWLRQ� GDWD� DW�
WKH� ]LS� FRGH� OHYHO�61� =LS� FRGHV�ZHUH� VHOHFWHG� IRU�
HDFK�RI�WKH�HVWXDU\�FRXQWLHV�DQG�WKHQ�WKH�12$$�
PHGLXP�UHVROXWLRQ�VKRUHOLQH�ZDV�XVHG�WR�IXUWKHU�
VHOHFW� WKRVH� ]LS� FRGHV� LPPHGLDWHO\� DGMDFHQW�
WR� WKH� VKRUH�� 7KLV� FUHDWHG� WZR� VXEDUHDV� IRU�
H[DPLQDWLRQ�� VKRUHOLQH� ]LS� FRGHV� DQG� LQODQG� ]LS�
FRGHV�ZKLFK�DUH� WKH�EDODQFH�RI� ]LS� FRGHV�ZLWKLQ�
WKH� FRXQW\�� %HFDXVH� WKH� HPSOR\PHQW� HVWLPDWHV�
GLHU�EHWZHHQ�WKH�%XUHDX�RI�/DERU�6WDWLVWLFV�GDWD�
LQ� WKH�FRXQW\�DQDO\VLV�DQG�WKH�&HQVXV�GDWD�XVHG�
LQ� =LS� &RGH� %XVLQHVV� 3DWWHUQV�� the distribution 

UHFUHDWLRQDO� ȴVKLQJ� JRRGV� DQG� VHUYLFHV� VXFK� DV�
WDFNOH�DQG�JXLGH�VHUYLFHV�LV�UHȵHFWHG�LQ�WKH�WRXULVP�
DQG�UHFUHDWLRQ�GDWD����

ΖQ� WKLV� DQDO\VLV� RI� WKH� &2186�� WKH� HDVWHUQ� DQG�
VRXWKHUQ�*XOI�RI�0H[LFR�DUH�FRPELQHG�LQWR�D�VLQJOH�
UHJLRQ� DV� Ȋ)ORULGD� *XOI� RI� 0H[LFRȋ� DV� WKLV� LV� WKH�
DJJUHJDWLRQ�OHYHO�UHSRUWHG�E\�12$$���7KHUH�LV�YHU\�
ZLGH�YDULDQFH�DPRQJ�WKH�UHJLRQV�LQ�WHUPV�RI�ȴVKLQJ�
DFWLYLW\��7KH�&HQWUDO�*XOI� LQFOXGLQJ�/RXLVLDQD�DQG�
HDVWHUQ�7H[DV��LV�E\�IDU�WKH�ODUJHVW�LQ�WHUPV�RI�WRWDO�
YROXPH�RI�ODQGLQJV��EXW�WKH�*XOI�RI�0DLQH�KDV�ERWK�
the largest landed value and the highest average 
SULFH�� ODUJHO\� EHFDXVH� RI� WKH� OREVWHU� ȴVKHU\� LQ�
0DLQH�DQG�VFDOORSV�LQ�0DVVDFKXVHWWV��7KH�ȴVKHULHV�
RI�WKH�*UHDW�/DNHV�UHJLRQV�KDYH�VKUXQN�WR�EDUHO\�
PHDVXUDEOH�OHYHOV�RYHU�GHFDGHV�RI�RYHUȴVKLQJ�DQG�
GHYHORSPHQW�RQ�ERWK�VLGHV�RI�WKH�ERUGHU���

The analysis so far has been based on county-level 
GDWD��%XW�DV�QRWHG�DERYH��WKH�VL]H�RI�WKHVH�UHJLRQV�
YDULHV� DV� PXFK� DV� QLQH�IROG� IURP� WKH� VPDOOHVW�
WR� WKH� ODUJHVW�� $GMXVWLQJ� WKH� HFRQRPLF� GDWD� IRU�

7DEOH�9����)LVKHULHV�
/DQGLQJV�DQG�9DOXHV�
by Estuary Region 

����
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UHJLRQDO� HFRQRPLF� DQG� GHPRJUDSKLF� WUHQGV� DQG�
WKH� KHDOWK� RI� HVWXDULHV�� 6KLIWV� GRZQVWUHDP� DUH�
PRUH� OLNHO\� WR� SXW� SUHVVXUH� RQ� VKRUHOLQHV� DQG�
ZHWODQGV�IRU�GHYHORSPHQW�SXUSRVHV�DQG�LQFUHDVH�
WKH�QHHG�IRU�FDUHIXO�SODQQLQJ�DQG�PDQDJHPHQW�RI�
VKRUH� DQG� QHDU� VKRUH� KDELWDWV� DQG� HFRV\VWHPV��
8SVWUHDP�VKLIWV�SXW�OHVV�SUHVVXUH�RQ�WKH�VKRUHOLQH�
EXW�PRUH�SUHVVXUH�RQ�ZDWHUVKHGV��7KH�XSVWUHDP�
HQGV� RI� WKH� HVWXDU\� ZDWHUV� DUH� PRUH� OLNHO\� WR�
EH� DHFWHG� E\� QRQSRLQW� UXQR� SROOXWLRQ� IURP�
GLHUHQW�DFWLYLWLHV��EXW�SDUWLFXODUO\�IURP�LPSHUYLRXV�
VXUIDFHV�DVVRFLDWHG�ZLWK�WUDQVSRUWDWLRQ�

RI� HPSOR\PHQW� LV� FDOFXODWHG� XVLQJ� WKH� =LS� &RGH�
%XVLQHVV� 3DWWHUQ� GDWD� DQG� WKHQ� DSSOLHG� WR� WKH�
%/6�GDWD�63�)LJXUH�9��� LOOXVWUDWHV�KRZ�WKH�FRXQW\��
]LS�FRGH��DQG�VKRUHOLQH�LQWHUDFW�XVLQJ�WKH�*XOI�RI�
0DLQH�HVWXDU\�UHJLRQ�DV�DQ�H[DPSOH�

7DEOH�9���VKRZV�WKH�HPSOR\PHQW�DQG�SRSXODWLRQ�
OHYHOV� RI� WKH� VKRUH� DGMDFHQW� ]LS� FRGHV�� WRJHWKHU�
with their share of the estuary region counties and 
WKH� FKDQJH� LQ� WKH� VKRUH� ]LS� FRGHV�SURSRUWLRQ�RI�
WKH�HVWXDU\�FRXQW\��7KH�VKDUH�RI�WKH�HVWXDU\�UHJLRQ�
FRXQWLHVȇ� HPSOR\PHQW� LV� KLJKHVW� LQ� WKH� 6RXWK�
$WODQWLF�DQG�*XOI�RI�0H[LFR�VWDWHV��WKLV�UHȵHFWV�WKH�
VPDOOHU�FRXQWLHV�LQ�WKH�VRXWKHUQ�8�6��ΖW�LV�DOVR�KLJK�
LQ� WKH� 3XJHW� 6RXQG� DUHD� DV� WKH� FRXQWLHV� H[WHQG�
LQWR�WKH�PRXQWDLQV�EXW�PRVW�RI�WKH�GHYHORSPHQW�LV�
WR�EH�IRXQG�LQ�WKH�ORZHU�SDUWV�RI�WKH�ULYHUV�ȵRZLQJ�
IURP� WKH�PRXQWDLQV� LQWR� WKH� 6RXQG�� ΖQ� VRPH� RI�
WKH�ODUJHU�XUEDQ�HVWXDU\�UHJLRQV�VXFK�DV�1HZ�<RUN�
RU� 6RXWKHUQ� &DOLIRUQLD�� KRZHYHU� WKH� SURSRUWLRQ�
RI� GHYHORSHG� DUHDV� �PHDVXUHG� E\� HPSOR\PHQW�
DQG�SRSXODWLRQ��LV�DW�WKH�ORZHU�HQG�RI�WKH�UDQJHV��
LPSO\LQJ�D�PRUH�GLXVH�SDWWHUQ�RI�GHYHORSPHQW�

7KH�PRVW�LQWHUHVWLQJ�SDUW�RI�7DEOH�9���LV�IRXQG�LQ�
WKH� ȊFKDQJHȋ� FROXPQV� VKRZLQJ� UDWHV� RI� FKDQJH�
IRU� HPSOR\PHQW� DQG� SRSXODWLRQ� RYHU� �����
������$�QHJDWLYH�JURZWK�UDWH�LQ�WKH�SURSRUWLRQ�RI�
FRXQW\�HPSOR\PHQW�DQG�SRSXODWLRQ�IRU�VKRUH�]LS�
FRGHV� LPSOLHV� LQ� WKDW�HVWXDU\�UHJLRQ��JURZWK�ZDV�
FRQFHQWUDWHG� DZD\� IURP� WKH� VKRUH� ]LS� FRGHV�� ΖQ�
RWKHU� ZRUGV�� GHYHORSPHQW� VKLIWHG� ȊLQODQGȋ�� 7KLV�
HHFW�ZDV�PRVW�QRWLFHDEOH�LQ�WHUPV�RI�HPSOR\PHQW�
LQ�WKH�VRXWKHUQ�$WODQWLF�FRDVW�DQG�*XOI�RI�0H[LFR�
HVWXDU\� UHJLRQV�� ΖW�ZDV� DOVR� WUXH� WR� VRPH�H[WHQW�
ZLWK�SRSXODWLRQ��HVSHFLDOO\�LQ�*HRUJLD�

2I� WKH� WHQ� UHJLRQV� ZKHUH� HPSOR\PHQW� DQG�
population are shifting in opposite directions, the 
WUHQG� LV� IRU�HPSOR\PHQW� WR�EH�VKLIWLQJ�XSVWUHDP�
DQG� SRSXODWLRQ� WR� EH� VKLIWLQJ� GRZQVWUHDP� YHU\�
VOLJKWO\�� 7KH� SRSXODWLRQ� FKDQJHV� DUH� VR� VPDOO�
WKDW� WKH�VKLIWV�PD\�QRW�EH�PHDQLQJIXO�� � ΖW� LV�DOVR�
possible that the population shift is happening 
LQ�WKH�XSVWUHDP�DUHDV�RI�WKH�FRXQWLHV�ZKLFK�DUH��
SDUWLFXODUO\� LQ� PRUH� UXUDO� DUHDV�� UHODWLYHO\� ODUJH�
JHRJUDSKLHV�� $GGLWLRQDO� ȴQHU� VFDOH� DQDO\VLV� RI�
VSHFLȴF�UHJLRQV�LV�QHHGHG�WR�WHVW�WKLV�

7KLV�XSVWUHDP�GRZQVWUHDP�GLVWLQFWLRQ�LV�LPSRUWDQW�
for understanding the relationship between 

)LJXUH�9����=LS�&RGHV�LQ�WKH�*XOI�RI�0DLQH�5HJLRQ
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SUMMARY
7KLV� UHYLHZ� RI� WKH� HFRQRPLF� DQG� GHPRJUDSKLF�
FKDUDFWHULVWLFV�RI�$PHULFDȇV�HVWXDU\�UHJLRQV�LV�DW�D�
UHODWLYHO\�KLJK� OHYHO� LQ� WHUPV�RI�JHRJUDSKLF�VFDOH��
&RQFOXVLRQV�IURP�WKLV�DQDO\VLV�DUH�PRUH�VXJJHVWLYH�
RI�NH\�IHDWXUHV�DQG�UHTXLUH�PRUH�GHWDLOHG�DQDO\VLV�
ZLWKLQ�HDFK�UHJLRQ�WR�VXSSRUW�HRUWV�WR�PDQDJH��
FRQVHUYH�� DQG� UHVWRUH� NH\� HVWXDULQH� QDWXUDO�
FDSLWDO�� � %XW� WKH� IROORZLQJ� VXJJHVWLRQV�� DULVLQJ�
IURP�WKH�GDWD��PD\�EH�XVHIXO�

• 7KHUH� DUH� PDQ\� UHDVRQV� IRU� IRFXVLQJ�
DWWHQWLRQ� RQ� $PHULFDȇV� HVWXDULHV�� EXW� RQH�
RI�WKH�PRVW�LPSRUWDQW�LV�WKDW�HVWXDULHV�DUH�
WKH�ORFDWLRQ�RI�D�PDMRU�SRUWLRQ�RI�WKH�8�6��
HFRQRP\��7KH�FRXQWLHV�FRPSULVLQJ� WKH����
HVWXDU\� UHJLRQV� RI� WKH� FRQWLQHQWDO� 8�6��� 
FRPSULVH� ��� RI� WKH� ODQG� DUHD� RI� WKH�8�6��
EXW�IURP�WKDW����FRPH�����RI�WKH�RXWSXW�
RI� WKH�8�6��HFRQRP\� ������ WULOOLRQ�������RI�
WKH� HPSOR\PHQW� ������ PLOOLRQ� MREV�� DQG�
����RI�WKH�SRSXODWLRQ������PLOOLRQ�SHRSOH����

• ΖQ� ������ HLJKW� RI� WKH� WHQ� ODUJHVW� FLWLHV�
DQG� PHWURSROLWDQ� DUHDV� ZHUH� ORFDWHG� RQ�
HVWXDULHV���

• 7KH�UHODWLYH�VL]H�RI�WKH�WZHQW\�RQH�HVWXDU\�
regions depends in part on the geographic 
area of the regions, which are built on 
FRXQWLHV�RI�YDU\LQJ�VL]H��$GMXVWLQJ�IRU�DUHD�
DOWHUV� WKH� UHODWLYH� UDQNLQJ�RI� VRPH�RI� WKH�
UHJLRQV��7KH�'HODZDUH�5LYHU�DQG�6RXWKHUQ�
*XOI�RI�0H[LFR�UHJLRQV�DUH�EHORZ�DYHUDJH�LQ�
WKH�WRWDO�HPSOR\PHQW�DQG�*'3��EXW�DERYH�
DYHUDJH�RQFH�DGMXVWHG�IRU�DUHD��&RQYHUVHO\��
WKH� :HVWHUQ� *XOI� RI� 0H[LFR� DQG� &HQWUDO�
DQG�1RUWKHUQ�&DOLIRUQLD�DUH�EHORZ�DYHUDJH�
LQ�GHQVLW\�EXW�DERYH�DYHUDJH�LQ�WRWDO�VL]H�

• 7KH� SDFH� DQG� ORFDWLRQ� RI� HFRQRPLF� DQG�
GHPRJUDSKLF� FKDQJHV� ZLWKLQ� HVWXDU\�
UHJLRQV� DUH� LPSRUWDQW� ORQJ�WHUP� GULYHUV�
RI� QDWXUDO� UHVRXUFH� FKDQJH�� (PSOR\PHQW�
JURZWK�UDWHV�RYHU�����������ZHUH�IDVWHVW�
LQ� WKH� HVWXDU\� UHJLRQV� RQ� WKH� 3DFLȴF�
DQG� 6RXWK� $WODQWLF� FRDVWV�� � 3RSXODWLRQ�

7DEOH�9����6KRUH�
$GMDFHQW�=LS�&RGH�
Level Employment 

DQG�3RSXODWLRQ�E\�
(VWXDU\�5HJLRQ�����
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and housing growth were fastest in the 
&DUROLQDV��WKH�:HVWHUQ�*XOI�RI�0H[LFR��DQG�
3XJHW�6RXQG�

• $� NH\� FRPSRQHQW� RI� WKH� HVWXDU\� UHJLRQVȇ�
HFRQRP\� DUH� WKRVH� VHFWRUV� GLUHFWO\�
FRQQHFWHG� WR� WKH�PDULQH�HFRQRP\��ZKLFK�
SURYLGHG� ���� PLOOLRQ� MREV� LQ� ������ DQG�
FRQWULEXWHG� ������� ELOOLRQ� WR� WKH� 8�6��
HFRQRP\��7KHVH�VHFWRUV�WHQG�WR�EH�ODUJHVW�
LQ�WKH�PDMRU�XUEDQ�DUHDV�VXFK�DV�WKH�1HZ�
<RUN�%LJKW� ��������� MREV�������RI� UHJLRQDO�
HPSOR\PHQW�� DQG� 6RXWKHUQ� &DOLIRUQLD�
��������� MREV� DQG� ����� RI� UHJLRQDO�
HPSOR\PHQW��� %XW� ZDWHU� GHSHQGHQW�
LQGXVWULHV�DUH�PRUH�LPSRUWDQW�LQ�OHVV�XUEDQ�
DUHDV� VXFK� DV� WKH� FRDVWDO� DUHDV� RI� 6RXWK�
&DUROLQD���������MREV�EXW�������RI�UHJLRQDO�
HPSOR\PHQW�� DQG� 1RUWK� &DUROLQD� ��������
MREV�EXW�������RI�HPSOR\PHQW��� �

• 3RSXODWLRQ� FKDQJHV� ZLWKLQ� WKH� UHJLRQV�
ZHUH� UHODWLYHO\� VPDOO� RYHU� ����������� EXW�
*HRUJLD�DQG�6RXWK�&DUROLQD�VDZ�LQFUHDVHG�
SRSXODWLRQV� LQ� WKHLU� QHDU� VKRUH� DUHDV���
(PSOR\PHQW� FKDQJHV� VKLIWHG� WRZDUGV� WKH�
VKRUH� LQ� WKH� *XOI� RI� 0H[LFR� UHJLRQV� EXW�
towards inland parts of the estuaries in 
WKH�PDMRU�XUEDQ�DUHDV�VXFK�DV�1HZ�<RUN��
&KLFDJR�� DQG� /RV� $QJHOHV�� :KHUH� JURZWK�
RFFXUV� ZLWKLQ� D� UHJLRQ� PDWWHUV�� )DVWHU�
JURZWK�QHDU� WKH�RFHDQ�RU�*UHDW� /DNH� FDQ�
DHFW� FRDVWDO� DQG� PDULQH� HFRV\VWHPV��
ZKLOH� IDVWHU�JURZWK� LQ�WKH�XSVWUHDP�SDUWV�
RI�HVWXDU\�UHJLRQV�KDYH�FXPXODWLYH�HHFWV�
IURP� UXQR� WKDW� PDJQLI\� DV� WKH\� WUDYHO�
GRZQ�WKH�ULYHUV�DQG�VWUHDPV�RI�HVWXDULHV��

 
The characteristics and trends noted in the 
DQDO\VLV� RI� WKH� HVWXDU\� UHJLRQV� GHȴQHG� LQ� WKLV�
VWXG\� DUH� LPSRUWDQW�� EXW� WKH� UHJLRQV� DUH� YHU\�
ODUJH�LQ�DUHD��DYHUDJLQJ��������VTXDUH�NLORPHWHUV�
�������� VTXDUH�PLOHV��� 7KH�SDWWHUQV� RI� HFRQRPLF�
and population distribution and growth depicted 
LQ� WKH� FRPSDULVRQ� EHWZHHQ� UHJLRQV� FDQ� DOVR� EH�
VHHQ�WR�RQH�H[WHQW�RU�DQRWKHU�ZLWKLQ�HDFK�RI�WKH�
UHJLRQV��6LPLODU�VWXGLHV�DW�D�ȴQHU�JHRJUDSKLF�VFDOH�
ZRXOG�EH�QHHGHG�WR�H[DPLQH�WKRVH�SDWWHUQV�ZLWKLQ�
D�UHJLRQ��

The need for such studies is created not only by 
WKH�QHHG�IRU�D�PRUH�DFFXUDWH�SLFWXUH�RI�$PHULFDȇV�
estuary regions but also because the relationship 
EHWZHHQ�GHYHORSPHQW�DQG�HVWXDULHV�LV�XQGHUJRLQJ�

VLJQLȴFDQW�FKDQJHV��ΖQ�WKH������9DOXH�RI�(VWXDULHV�
UHSRUW��WKH�YDOXH�RI�HVWXDULHV�IRU�YDULRXV��PDUNHW�
EDVHG��VHFWRUV�VXFK�DV�SRUWV��HQHUJ\��ȴVKHULHV��DQG�
UHDO� HVWDWH� ZHUH� H[SORUHG�� +RZHYHU�� WKLV� VWXG\�
UHFRJQL]HV�DQ�HYROXWLRQ� LQ�RXU�XQGHUVWDQGLQJ�RI�
WKH�HFRQRPLF�YDOXH�RI�HVWXDULHV��D�VKLIWLQJ�LQWHUHVW�
WR�WKRVH�EHQHȴWV�SURYLGHG�E\�HVWXDULHV�WKDW�DUHQȇW�
HDVLO\�PHDVXUHG�E\�PDUNHW�GDWD���

ΖQ� WKH� DFFRPSDQ\LQJ� FDVH� VWXGLHV�� QDWXUDO�
LQIUDVWUXFWXUH� ȵRRG� UHVLOLHQFH� DQG� FDUERQ�
VWRUDJH� EHQHȴWV� DUH� H[DPLQHG� LQ� VL[� HVWXDULHV�
WR� LOOXVWUDWH� WKHVH� HFRQRPLF� YDOXHV�� 7KH� WZR�
new perspectives on the values of estuaries are 
LPSRUWDQW� FRQWULEXWLRQV� WR� PDNLQJ� GHFLVLRQV� WR�
H[SDQG�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�RI�ZHWODQGV�
LQ� HVWXDULQH� HQYLURQPHQWV�� 7KHVH� YDOXHV� DUH�� LQ�
WXUQ��FORVHO\�WLHG�WR�WKH�SDWWHUQV�RI�HFRQRPLF�DQG�
SRSXODWLRQ�JURZWK�RXWOLQHG�KHUH�

$V� GLVFXVVHG� LQ� WKH� FDVH� VWXGLHV�� WKH� YDOXH� RI�
HVWXDULQH�ZHWODQGV�IRU�ȵRRG�UHVLOLHQFH�LV�GHSHQGHQW�
WR� D� ODUJH� H[WHQW� RQ� WKH� YDOXHV� RI� SURSHUW\� DQG�
DVVRFLDWHG�HFRQRPLF�DFWLYLW\�DW�ULVN�IURP�ȵRRGLQJ��
7KHVH� YDOXHV�PD\� UHPDLQ� LQWDFW� LI� ZHWODQGV� DUH�
FRQVHUYHG�RU�H[SDQGHG�WKURXJK�UHVWRUDWLRQ��7KH�
W\SH� DQG� TXDQWLW\� RI� GHYHORSPHQW� WKDW� RFFXUV�
DORQJ� WKH� VKRUHOLQH� ZLOO� GHWHUPLQH� WKH� YDOXH� RI�
ȵRRG�UHVLOLHQFH��)RU�H[DPSOH��GHYHORSPHQW�FRXOG�
EH� LQWHQGHG� WR� DFFRPPRGDWH� HPSOR\PHQW� LQ�
FRPPHUFLDO� DFWLYLWLHV� RU� IRU� KRXVLQJ� �ERWK� \HDU�
URXQG� DQG� VHDVRQDO�� RU� IRU� WKH� WUDQVSRUWDWLRQ�
V\VWHP� WKDW� FRQQHFWV� WKH� WZR�� 7KH� FXUUHQW� DQG�
potential natural infrastructure of the estuary 
VKRXOG� EH� ȴW� LQWR� SDWWHUQV� RI� GHYHORSPHQW�� DQG�
WUHDWHG�VLPLODUO\�WR�RWKHU�IRUPV�RI�LQIUDVWUXFWXUH��
7KH� ȵRRG� UHVLOLHQFH� EHQHȴWV� RI� ZHWODQGV� PD\�
also provide a potential pool of capital to fund 
conservation and restoration, particularly in an 
HUD�RI�FOLPDWH�FKDQJH�ZKHQ�WKH�WKUHDW�RI�ȵRRGLQJ�
IURP�ERWK�ULYHU�DQG�FRDVWDO�VRXUFHV�LV�JURZLQJ���  

2Q� WKH� RWKHU� KDQG�� SUHYHQWLQJ� WKH� ORVV� RI� WKH�
carbon storage and sequestration values of 
FRDVWDO� ZHWODQGV� LV� OLNHO\� WR� EH� D� NH\� SDUW� RI�
VWDWH�DQG�QDWLRQDO�FOLPDWH�DFWLRQ�SODQV�66�&RDVWDO�
EOXH� FDUERQ� YDOXHV� ZLOO� GHSHQG� RQ� PLQLPL]LQJ�
WKH� HHFWV� RI� GHYHORSPHQW� RQ� H[LVWLQJ� ZHWODQG�
V\VWHPV�DQG�UHVWRULQJ�GHJUDGHG�ZHWODQGV��7KHVH�
YDOXHV� ZLOO� RIWHQ� EH� PD[LPL]HG� ZKHUH� WKHUH� LV�
the least disturbance to wetlands, either through 
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WKH� PDLQWHQDQFH� RI� HVWXDULQH� ZHWODQGV� WKURXJK�
YDULRXV� FRQVHUYDWLRQ� PHDVXUHV� RU� UHVWRUDWLRQ�
RI� ZHWODQGV�� 8QGHUVWDQGLQJ� KRZ� GHYHORSPHQW�
RFFXUV� ZLWKLQ� DQ� HVWXDU\� LV� QHFHVVDU\� WR� ȴQG�
WKH� ULJKW� EDODQFH� EHWZHHQ� WKH� VRFLR�HFRQRPLF�
V\VWHPV� DQG� WKH� YDOXHV� RI� WKH� QDWXUDO� V\VWHPV�
LQ� WKH� HVWXDULHV�� 7KH� DFFRPSDQ\LQJ� FDVH� VWXGLHV�
VKRZ�KRZ�WKLV�EDODQFH�LV�EHLQJ�VWUXFN�FXUUHQWO\�LQ�
VL[�YHU\�GLHUHQW�ORFDWLRQV�
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include open water, salt marsh, sandy shoreline, 
DQG� H[WHQVLYH� VDQGȵDWV� DQG� PXGȵDWV� IURP� WKH�
VHGLPHQW� ORDG� IURP� WKH� ULYHU� DQG� LQȵX[� RI� VDQG�
through Great Egg Harbor Inlet.6 There are 18, 
���� DFUHV� RI� WLGDO�PDUVK� LQ� WKH� HVWXDU\� WKDW� DUH�
extensively ditched.7 

The Great Egg Harbor estuary was initially 
inhabited by native Leni-Lenape who utilized 
WKH� ED\� IRU� ȴVKLQJ� DQG� FODPPLQJ�8 Seventeenth 
century English colonists called this tribe “the 
'HODZDUHV�ȋ�DIWHU�WKH�QDPH�WKH\�JDYH�WR�WKH�ULYHU��
bay, and inhabitants to honor Sir Thomas West, 
the third Lord de la Warr. In the 18th century 
shipyards were built along Great Egg Harbor to 
support a growing shipbuilding industry.9 

The Great Egg Harbor Estuary is a very 
SURGXFWLYH� HFRV\VWHP� KRVWLQJ� D� GLYHUVLW\� RI�
aquatic and terrestrial habitats and species. The 
HVWXDU\� SURYLGHV� FULWLFDO� KDELWDW� IRU� D� YDULHW\� RI�
DQDGURPRXV�� HVWXDULQH�� PDULQH�� DQG� IUHVKZDWHU�
ȴVK� DQG� VKHOOȴVK�� ZDWHUIRZO�� ZDWHUELUGV�� DQG�
raptors, and rare plants and invertebrates. The 
HVWXDU\�LV�RQH�RI�WKH�WRS����PLJUDWRU\�ELUG�ORFDWLRQV�
in the United States and Cowpens Island within 
the bay has been designated as a bird sanctuary 
DQG� KHURQ� URRNHU\�� 6L[W\�VHYHQ� VSHFLHV� RI� ȴVK�
ZHUH� LGHQWLȴHG�E\� WKH�1DWLRQDO� )LVK� DQG�:LOGOLIH�
6HUYLFH�LQ�D�RQH�\HDU�LQYHQWRU\�RI�WKH�HVWXDU\�WKH�

GREAT EGG HARBOR ESTUARY

The Great Egg Harbor Estuary is located in 
VRXWKHUQ�1HZ�-HUVH\ȇV�$WODQWLF�&RDVWDO�3ODLQ�DFURVV�
$WODQWLF� DQG� &DSH� 0D\� &RXQWLHV�� DSSUR[LPDWHO\�
���PLOHV�VRXWKZHVW�RI�$WODQWLF�&LW\�DQG�����PLOHV�
VRXWK�RI�1HZ�<RUN�&LW\�1 The U.S. Census Bureau 
HVWLPDWHG�LQ������WKDW�WKH�SRSXODWLRQ�RI�$WODQWLF�
&RXQW\� LV����������:LWKLQ�$WODQWLF�&RXQW\�����RI�
WKH�SRSXODWLRQ�LV�ZKLWH������LV�+LVSDQLF�RU�/DWLQR��
����LV�%ODFN�RU�$IULFDQ�$PHULFDQ��DQG����LV�$VLDQ��
7KH�SRSXODWLRQ�HVWLPDWH� IRU�&DSH�0D\�&RXQW\� LV�
������� ZLWK� ���� RI� WKH� SRSXODWLRQ� EHLQJ� ZKLWH��
��� RI� WKH� SRSXODWLRQ� +LVSDQLF� RU� /DWLQR�� DQG�
��� LV� %ODFN� RU� $IULFDQ� $PHULFDQ�� 7KH� FRPELQHG�
SRSXODWLRQ�IRU�WKH�HVWXDU\�UHJLRQ�LV���������2

Great Egg Harbor Estuary encompasses the entire 
Great Egg Harbor River, which drains a 338 square 
PLOH� DUHD�ZLWKLQ� WKH�1HZ� -HUVH\�3LQHODQGV�� IURP�
LWV� KHDGZDWHU� VWUHDPV� WR� LWV� LQWHUIDFH�ZLWK�RSHQ�
ZDWHUV�RI�WKH�1HZ�<RUN�%LJKW�YLD�*UHDW�(JJ�+DUERU�
Inlet.3�ΖW�LV�DOVR�IHG�E\�WKH�7XFNDKRH�5LYHU��3DWFRQJ�
Creek, and Cedar Swamp Creek. The estuary 
LQFOXGHV�DOO�ZHWODQGV�DQG�RSHQ�ZDWHU�RI�WKH�*UHDW�
Egg Harbor River and its tributaries as well as the 
open water and islands within Great Egg Harbor 
DQG� 3HFN� %D\V� DQG� WKH� DGMDFHQW� VDOWPDUVK� DQG�
sandy shoreline habitat.4� ΖW� LV� SDUW� RI� WKH� 1HZ�
-HUVH\� EDFN�EDUULHU� ODJRRQ� V\VWHP� DQG� LV� RIWHQ�
UHIHUHQFHG�DV�SDUW�RI�WKH�1HZ�-HUVH\�3LQHODQGV�RU�
&DSH�0D\� 3HQLQVXOD� KDELWDW� FRPSOH[�� The bays 

VI. Case Study 1:
Great Egg Harbor, New Jersey

Figure VI-1. Protected Wetlands. Cape May, New Jersey.
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PRVW�DEXQGDQW�RI�ZKLFK�ZHUH�$WODQWLF�VLOYHUVLGHV��
$WODQWLF�PHQKDGHQ��WKH�ED\�DQFKRY\��ZKLWH�SHUFK��
DQG� ZLQWHU� ȵRXQGHU��� Benthic invertebrates 
include oysters, mussels, barnacles and crabs and 
WKH� %D\� SURYLGHV� EUHHGLQJ� JURXQGV� IRU� R\VWHUV�
and clams.11�7KH�1DWLRQDO�)LVK�DQG�:LOGOLIH�6HUYLFH�
DOVR� UHSRUWHG� DYHUDJH� RI� ������� ZDWHUIRZO� RQ�
PLGZLQWHU�DHULDO�VXUYH\V�DQG�IRXQG�WKDW�$PHULFDQ�
black duck, greater and lesser scaup, brand, 
mallard, and Canada geese were most prevalent.12

The greatest environmental threats to Great Egg 
+DUERU� (VWXDU\� DUH�QXWULHQW� DQG� VHGLPHQW� LQȵX[�
IURP� ZDVWHZDWHU� DQG� VHZDJH� WUHDWPHQW� SODQWV��
VWRUPZDWHU� UXQR�� VHSWLF� V\VWHP� OHDFKLQJ�� DQG�
DJULFXOWXUDO�UXQR�13 Stormwater drains in Ocean 
&LW\�IHHG�LQWR�*UHDW�(JJ�+DUERU��DQG�ZDWHU�TXDOLW\�
issues are exacerbated by residential development 
LQ� WKH� ZDWHUVKHG� ZKLFK� UHVXOWV� LQ� VLJQLȴFDQW�
habitat loss.14 There is also concern that sand and 
gravel mining operations are contaminating the 
groundwater.�� Sea level rise threatens the marshy 
islands within the Bay which are eroding at a rate 
RI���PP�SHU�\HDU�16

Environmental Policies
7KHUH�DUH�����VSHFLHV�RI�VSHFLDO�HPSKDVLV� LQ�WKH�
*UHDW�(JJ�+DUERU�(VWXDU\�LQFOXGLQJ����VSHFLHV�RI�
ȴVK�DQG����VSHFLHV�RI�ELUGV�LQFOXGLQJ�VL[�IHGHUDOO\�
OLVWHG�VSHFLHV�DQG����VWDWH�OLVWHG�VSHFLHV��$PRQJ�
WKHVH� DUH� WKH� IHGHUDOO\� HQGDQJHUHG� SHUHJULQH�
IDOFRQ�� DQG� WKH� IHGHUDOO\� WKUHDWHQHG� EDOG� HDJOH�
and piping plover.17�6SHFLHV�RI�FRQFHUQ�LQFOXGH�WKH�
northern diamond terrapin, eastern oyster, blue 
FUDE��KRUVHVKRH�FUDE��DQG�$WODQWLF�PHQKDGHQ�18

1HZ�-HUVH\�ZHWODQGV�DUH�UHJXODWHG�XQGHU�VHYHUDO�
VWDWH� ODZV� LQFOXGLQJ� WKH� :HWODQGV� $FW� RI� ������
WKH� )UHVKZDWHU� 3URWHFWLRQ� $FW�� DQG� WKH� 1HZ�
-HUVH\� 6WDWH� &RDVWDO� $UHD� )DFLOLWLHV� 5HYLHZ�$FW� LQ�
FRRUGLQDWLRQ�ZLWK�WKH�IHGHUDO�5LYHUV�DQG�+DUERUV�
$FW�RI������DQG�WKH�&OHDQ�:DWHU�$FW�RI������19 The 
XQGHUZDWHU�ODQGV�RI�*UHDW�(JJ�+DUERU�(VWXDU\�DUH�
RZQHG�DQG�PDQDJHG�E\�WKH�6WDWH�RI�1HZ�-HUVH\��
7KH�1HZ�-HUVH\�'LYLVLRQ�RI�)LVK��*DPH��DQG�:LOGOLIH�
RYHUVHHV� D� ODUJH� :LOGOLIH� 0DQDJHPHQW� $UHD�
HQFRPSDVVLQJ� ������� DFUHV� RI� VDOW� PDUVK��� The 
PDMRULW\�RI�WKH�ZDWHUVKHG�IDOOV�ZLWKLQ�WKH�3LQHODQGV�
0DQDJHPHQW�$UHD��������3ULRULW\�ELRGLYHUVLW\�VLWHV�
with particular emphasis on rare plant species and 
ecological communities within the estuary have 

EHHQ�LGHQWLȴHG�E\�WKH�1HZ�-HUVH\�1DWXUDO�+HULWDJH�
3URJUDP�21�$GGLWLRQDOO\��D�VLJQLȴFDQW�SRUWLRQ�RI�WKH�
Great Egg Harbor River and tributaries have been 
GHVLJQDWHG�DV�1DWLRQDO�:LOG�DQG�6FHQLF�5LYHUV�� D�
system created by Congress in 1968 to preserve 
rivers that have outstanding natural, cultural, and 
recreational characters and manage their use 
and development.22�$V�SDUW�RI� WKLV�GHVLJQDWLRQ�D�
river management plan was developed in 1994 
IRU� WKH� *UHDW� (JJ� +DUERU� 5LYHU� WR� HQDEOH� ORFDO�
governments within the estuary to manage the 
river resources using local controls.23� 7KH� 1HZ�
-HUVH\� 'HSDUWPHQW� RI� (QYLURQPHQWDO� 3URWHFWLRQ�
DOVR� GHVLJQDWHG� ZDWHUV� ZLWKLQ� WKH� 3LQHODQGV�
DV� 2XWVWDQGLQJ� 1DWXUDO� 5HVRXUFH� :DWHUV�� D�
FODVVLȴFDWLRQ� XQGHU� WKH� &OHDQ� :DWHU� $FW� ZKLFK�
VHWV� DVLGH� WKHVH�ZDWHUV� IRU� SRVWHULW\� EHFDXVH� RI�
WKHLU� XQLTXH� HFRORJLFDO� VLJQLȴFDQFH�� 8QGHU� WKLV�
GHVLJQDWLRQ� WKH\� DUH� SURWHFWHG� IURP� PDQPDGH�
wastewater discharges and any activity that 
PD\� GHJUDGH� VXUIDFH� ZDWHU� TXDOLW\�24 While this 
designation provides protections to the upstream 
UHDFKHV�RI�WKH�*UHDW�(JJ�+DUERU�5LYHU��WKH�HVWXDU\�
is still at risk. The Great Egg Harbor Watershed 
(RUW� ODXQFKHG� LQ� ����� WR� SUHVHUYH� DQG� SURWHFW�
WKH�HVWXDU\��$IWHU�WKH�SURJUDP�ORVW�IXQGLQJ�IURP�
WKH� 'HSDUWPHQW� RI� (QYLURQPHQWDO� 3URWHFWLRQ� LQ�
������$WODQWLF�&RXQW\�DQG�WKH�'(3�DXWKRUL]HG�WKH�
UHDOORFDWLRQ�RI�IXQGV�WR�VWDUW�D�ZDWHU�FRQVHUYDWLRQ�
campaign called “Water- Use it Wisely” to engage 
citizens in water conservation and increase public 
DZDUHQHVV�RI�ZDWHU�FRQVXPSWLRQ���

&RPPHUFLDO� ȴVKLQJ� KDV� KLVWRULF� VLJQLȴFDQFH� WR�
$WODQWLF� DQG� &DSH� 0D\� &RXQWLHV� GDWLQJ� EDFN� WR�
WKH�ODWH�����V�26�&RPPHUFLDO�ȴVKLQJ�LV�WKH�VHFRQG�
ODUJHVW�LQGXVWU\�LQ�&DSH�0D\�&RXQW\�ZKLFK�LV�DOVR�
WKH�FHQWHU�RI�ȴVK�SURFHVVLQJ�DQG�IUHH]LQJ�LQ�1HZ�
-HUVH\�27� ΖQ� ����� FRPPHUFLDO� ODQGLQJV� ZHUH� ���
PLOOLRQ� SRXQGV� YDOXLQJ� ���� PLOOLRQ�28 Top target 
species within the counties include scallops, 
EXWWHUȴVK��VXPPHU�ȵRXQGHU��VFXS��DOVR�NQRZQ�DV�
SRUJ\���EODFN�VHD�EDVV��VXUI�FODPV��RFHDQ�TXDKRJ��
OREVWHU�� KHUULQJ�� DQG� PRQNȴVK�� DOWKRXJK� PDQ\�
RI� WKHVH� VSHFLHV� DUH� IRXQG� RXWVLGH� RI� HVWXDULQH�
waters.29 Charter boats and private recreational 
ȴVKLQJ� DFWLYLWLHV� DOVR� RSHUDWH� ZLWKLQ� WKH� WZR�
FRXQWLHV�� 6XPPHU� ȵRXQGHU�� VFXS� �SRUJ\��� EODFN�
VHD�EDVV��DQG�EOXHȴVK�DUH�NH\�UHFUHDWLRQDO�VSHFLHV�
WDUJHWHG�� ZLWK� PDFNHUHO� IRUPLQJ� D� VPDOO� EXW 
LPSRUWDQW�QLFKH�ȴVKHU\�IRU�DQJOHUV��� 
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VALUE OF NATURAL INFRASTRUCTURE 
IN THE GREAT EGG HARBOR ESTUARY

12$$� GHȴQHV� QDWXUDO� LQIUDVWUXFWXUH� DV� ȊKHDOWK\�
HFRV\VWHPV�� LQFOXGLQJ� IRUHVWV�� ZHWODQGV��
ȵRRGSODLQV��GXQH�V\VWHPV��DQG�UHHIV��ZKLFK�SURYLGH�
PXOWLSOH�EHQHȴWV�WR�FRPPXQLWLHV��LQFOXGLQJ�VWRUP�
SURWHFWLRQ� WKURXJK� ZDYH� DWWHQXDWLRQ� RU� ȵRRG�
storage capacity and enhanced water services 
and security.”31� $Q� HVWXDU\ȇV� FDSDFLW\� WR� SURWHFW�
VKRUHOLQH�SURSHUW\�IURP�FOLPDWH�KD]DUGV�DQG�ȵRRG�
risk is an important ecosystem service. 

7KH� PHDVXUHPHQW� RI� WKLV� VHUYLFH� LV�� KRZHYHU��
FRPSOH[�� 7KH� YDOXH� GHSHQGV� RQ� KRZ� RIWHQ� DQG�
KRZ�VHYHUH�ȵRRGV�ZLOO�EH��ΖW�GHSHQGV�RQ�WKH�YDOXH�
RI� WKH� HFRQRPLF� DVVHWV� YXOQHUDEOH� WR� ȵRRGV� RI�
GLHUHQW� VL]HV�DQG� W\SHV��$QG� LW�GHSHQGV�RQ� WKH�
H[WHQW� RI� ORVW� HFRQRPLF� DFWLYLW\�� DV� ZHOO� DV� WKH�
LVVXH� RI� GLVSURSRUWLRQDWH� HHFWV� RQ� SRSXODWLRQV�
ZKLFK�PD\�QRW�KDYH�WKH�FDSDFLW\�WR�UHFRYHU�IURP�
ȵRRG�HYHQWV��

The analysis in this section uses a method that 
IRFXVHV� RQ� GDPDJHV� WR� UHDO� SURSHUW\� IURP�
ȵRRGLQJ� WKDW�PLJKW� EH� UHGXFHG�E\� WKH� SUHVHQFH�
RI� HVWXDULQH� ZHWODQGV� DGMDFHQW� WR� WKH� SURSHUW\��
ΖW�LV�D�YHU\�VLPSOLȴHG�SHUVSHFWLYH�WKDW�LV�GHVLJQHG�
WR� UDLVH� DZDUHQHVV� RI� QDWXUDO� LQIUDVWUXFWXUH�
EHQHȴWV�DV�D�SUHOXGH�WR�LQFRUSRUDWLQJ�WKHVH�YDOXHV�
LQWR� SODQQLQJ� IRU� WKH� IXWXUH� RI� HVWXDULHV� XVLQJ�
PRUH� FRPSOHWH� LQIRUPDWLRQ�� 0RUH� GHWDLO� RQ� WKH�
PHWKRGRORJ\�LV�DYDLODEOH�LQ�6HFWLRQ�Ζ9�RI�WKH�PDLQ�
report. 

Area (Ha) of 
Estuarine and 

Marine Wetlands 
2HULQJ�3URWHFWLYH�

%HQHȴWV

Number of 
wetlands-

DGMDFHQW�SDUFHOV�
in 100 Year 
Flood Zone

Values 
at Risk 

(Millions)

���$QQXDO�3UREDELOLW\�
6WRUP�%HQHȴWV��0LOOLRQV�

���$QQXDO�3UREDELOLW\�
6WRUP�%HQHȴWV�

(Millions)
Wetland 
(HFW

/RZ������

Wetland 
(HFW

+LJK������

Wetland 
(HFW

/RZ������

Wetland 
(HFW

+LJK������
����� ������ ���������� $34.41 $76.81 $68.27 �������

&OLPDWH� FKDQJH�PD\� GRXEOH� WKH� ULVN� RI� D� VHYHUH�
ȵRRG� RFFXUULQJ�� LQ� ZKLFK� FDVH� EHQHȴWV� ZRXOG�
LQFUHDVH� WR� EHWZHHQ� ������ PLOOLRQ� DQG� �������
PLOOLRQ��7DEOH�9Ζ�����7KHVH�YDOXHV�DUH�IRU�GDPDJHV�
WR� SURSHUW\� H[SRVHG� WR� ȵRRGLQJ� DQG� GR� QRW�
LQFOXGH� 7KH� DQDO\VLV� IRU� WKH� *UHDW� (JJ� +DUERU�
HVWXDU\�VKRZV�WKDW�WKHVH�EHQHȴWV�FDQ�UDQJH�IURP�
������PLOOLRQ�WR�������PLOOLRQ�RYHU�D����\HDU�SHULRG�
IRU� D� ȵRRG� WKDW� KLVWRULFDOO\� ZRXOG� RFFXU� RQFH�
LQ� ���� \HDUV�� WKH� GDPDJHV� WR� EXVLQHVV� VDOHV� RU�
HPSOR\PHQW��QRU�WKH�YDOXH�RI�SRVVLEOH�ORVVHV�IURP�
HHFWV�RQ�KXPDQ�KHDOWK��7KHVH�GDPDJH�HVWLPDWHV�
should thus be considered conservative, that is, 
likely to be lower than actual total values.

)RU� *UHDW� (JJ� +DUERU� WKH� EHQHȴWV� DUHD� FDQ� EH�
IRXQG� WKURXJKRXW� WKH�GHYHORSHG�SRUWLRQV�RI� WKH�
Harbor and River, particularly on the barrier island 
ZKHUH�2FHDQ� &LW\� LV� ORFDWHG� DQG� LQ� WKH� DUHDV� RI�
%HHVOH\�3RLQW��LQ�WKH�VRXWKHUQ�SDUW�RI�WKH�ED\��DQG�
6RPHUV� 3RLQW� �LQ� WKH� QRUWKHUQ� SDUW� RI� WKH� ED\���
)LJXUH� 9Ζ��� VKRZV� WKHVH� DUHDV� LQ� WKH� OHIW� SDQHO��
ΖQ�WKH�ULJKW�SDQHO��WKH�SDUFHOV�ORFDWHG�LQ�WKH�����
\HDU� ȵRRG� ]RQH� DQG� DGMDFHQW� WR� ZHWODQGV� DUH�
added to the map. This spatial analysis results in 
WKH� LGHQWLȴFDWLRQ� RI� ������ KHFWDUHV� ������� DFUHV��
RI�ZHWODQGV�RHULQJ�SURWHFWLRQ�WR��������SDUFHOV�
which intersect with the selected wetlands. The 
SDUFHO�GDWD�ZDV�GUDZQ�IURP�&DSH�0D\�DQG�$WODQWLF�
&RXQW\�7D[�$VVHVVRUVȇ�GDWDEDVHV�

7DEOH�9Ζ����6XPPDU\�RI�)LQGLQJV��*UHDW�(JJ�+DUERU�(VWXDU\�1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV
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RI� VXFK� VHYHULW\� WKDW� LW� RQO\� KDV� D� ��� FKDQFH� RI�
RFFXUULQJ�HDFK�\HDU��)RU�WKLV�DQDO\VLV��DQ�DOWHUQDWH�
VFHQDULR� LV�XVHG�WR�H[DPLQH�WKH�SRWHQWLDO�HHFWV�
RI�FOLPDWH�FKDQJH��RQH�RI�ZKLFK�LV�DQ�LQFUHDVH�LQ�
WKH� IUHTXHQF\�RI� VHYHUH� VWRUP�HYHQWV�� 7R� UHȵHFW�
HVWLPDWLRQ� RI� EHQHȴWV� UHODWHG� WR� D� FKDQJLQJ�
FOLPDWH��ZH�DVVXPHG�WKH�����\HDU�VWRUP�EHFRPHV�
WKH� ���\HDU� VWRUP�� ZKLFK� PHDQV� WKH� DQQXDO�
SUREDELOLW\�RI�D�VWRUP�DW�OHDVW�WKLV�VHYHUH�GRXEOHV�
IURP����WR������

7R� FDOFXODWH� WKH� EHQHȴWV� RI� ZHWODQGV� WKH� WRWDO�
OLNHO\�GDPDJHV�WR�SURSHUW\�IURP�D�����\HDU�ȵRRG�
ȴUVW��7KHVH�GDPDJHV�ZHUH�HVWLPDWHG�E\�DSSO\LQJ�
ȵRRG�GDPDJH�IDFWRUV�IRU�ODQG�DQG�EXLOGLQJV�WR�WKH�
DVVHVVHG� YDOXHV� RI� WKH� SURSHUW\�� EXLOGLQJV� ZHUH�
DVVXPHG� WR� EH� VXEMHFW� WR� WZLFH� WKH� GDPDJHV� RI�
land. These estimated damages were multiplied 
E\�WKH�SUREDELOLW\�RI�D�ȵRRG�RFFXUULQJ�RYHU�D����
\HDU� SHULRG�� )RU� WKH� ��� DQQXDO� SUREDELOLW\�� WKH�
cumulative�SUREDELOLW\�RI�D�ȵRRG�RYHU����\HDUV� LV�
�����)RU�WKH����DQQXDO�SUREDELOLW\�WKH�FXPXODWLYH�
SUREDELOLW\�LV������7KH�UHVXOW�LV�WKH�WRWDO�H[SHFWHG�
ȵRRG� GDPDJH� RYHU� ��� \HDUV�� 6LQFH� DQ\� ȵRRG�
GDPDJHV�ZLOO�RFFXU�LQ�WKH�IXWXUH��WKH�YDOXH�RI�WKH�

:HWODQGV�FDQ�UHGXFH�WKH�GDPDJH�IURP�FRDVWDO�RU�
ULYHU� ȵRRGLQJ� E\� DEVRUELQJ� DQG� VORZLQJ� UXQR��
stabilizing riverbanks and coastlines, dissipating 
wave energy, and serving as a physical barrier. 
7KH� EHQHȴWV� FDQ� EH�PHDVXUHG� DV� WKH� UHGXFWLRQ�
LQ�ȵRRG�GDPDJHV�UHVXOWLQJ� IURP�WKH�SUHVHQFH�RI�
WKH�ZHWODQGV�DQG� LV�D� IXQFWLRQ�RI� WKH� ORFDWLRQ�RI�
YXOQHUDEOH� HFRQRPLF� DVVHWV� �H�J��� EXLOGLQJV� DQG�
ODQG���WKH�IUHTXHQF\�DQG�VHYHULW\�RI�ȵRRGV��WKH�OLNHO\�
H[WHQW� RI� GDPDJHV�� DQG� WKH� SRVVLEOH� UHGXFWLRQV�
LQ� WKRVH� GDPDJHV� UHVXOWLQJ� IURP� WKH� SUHVHQFH�
RI�WKH�ZHWODQGV��7KH�H[DFW�H[WHQW�RI�WKH�GDPDJH�
WKDW� GHWHUPLQHV� EHQHȴWV� FDQQRW�� RI� FRXUVH�� EH�
known with precision in advance so estimates and 
assumptions must be used. These assumptions 
DQG� WKH� FDOFXODWLRQV� XVHG� WR� HVWLPDWH� EHQHȴWV�
DUH�H[SODLQHG� LQ� 6HFWLRQ� Ζ9�RI� WKH�DFFRPSDQ\LQJ�
technical report. 

)ORRG�GDPDJH�UHGXFWLRQV�GHSHQG�RQ�WKH�IUHTXHQF\�
DQG�VHYHULW\�RI�ȵRRGLQJ��$�PHDVXUH�WKDW�FRPELQHV�
IUHTXHQF\�DQG�VHYHULW\�LV�WKH�����\HDU�ȵRRG�]RQH�
GHVLJQDWHG�E\�)(0$�IRU�SXUSRVHV�RI�DGPLQLVWHULQJ�
WKH�1DWLRQDO�)ORRG�ΖQVXUDQFH�3URJUDP��7KLV�]RQH�
LGHQWLȴHV�DUHDV� OLNHO\� WR�EH� LQXQGDWHG�E\�D�ȵRRG�

)LJXUH�9Ζ����*UHDW�(JJ�+DUERU�HVWXDULQH�ZHWODQGV�DQG�ȵRRG]RQH
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7KH�HVWLPDWHG�QDWXUDO� LQIUDVWUXFWXUH�EHQHȴWV� IRU�
WKH�����\HDU�VWRUP�UDQJH�LQ�WRWDO�IURP������PLOOLRQ�
WR� ������PLOOLRQ� LQ� $WODQWLF� &RXQW\� DQG� EHWZHHQ�
������ PLOOLRQ� DQG� ������� PLOOLRQ� LQ� &DSH� 0D\�
&RXQW\��7KLV�LV�WKH�SUHVHQW�YDOXH�RI�SRWHQWLDO�ȵRRG�
GDPDJHV� RYHU� D� ���\HDU� SHULRG�33 These would 
LQFUHDVH�WR�������WR�������IRU�$WODQWLF�&RXQW\�DQG�
WR�EHWZHHQ�������DQG��������LQ�&DSH�0D\�&RXQW\�
LI�WKH�IUHTXHQF\�RI�ȵRRGLQJ�GRXEOHV�

 VALUE OF COASTAL BLUE CARBON 
IN GREAT EGG HARBOR ESTUARY

Over the past decades, as the relationship 
between greenhouse gases and climate change 
EHFDPH� FOHDU�� WKH� VFRSH� RI� DQDO\VHV� IRU� HVWXDU\�
conservation opportunities expanded to consider 
WKH�UROH�RI�FRDVWDO�ZHWODQGV� LQ� WKH�JOREDO�FDUERQ�
cycle. Coastal wetlands sequester vast amounts 
RI�WKH�JUHHQKRXVH�JDV�FDUERQ�GLR[LGH��DQG�VWRUH�
that carbon in their soils. The carbon sequestered 
and stored in coastal estuaries is called coastal 
blue carbon.34 Conserving and restoring estuaries 
rich in coastal blue carbon mitigates the impacts 
RI� FOLPDWH� FKDQJH���,36 and provides additional 
EHQHȴWV� WKDW�VXSSRUW� ORFDO�FRPPXQLWLHV�DQG�FDQ�
EROVWHU� ORFDO� HFRQRPLHV�� 7KHVH� EHQHȴWV� LQFOXGH�

H[SHFWHG�GDPDJHV�LV�GLVFRXQWHG�RYHU�WKH����\HDU�
WLPH�SHULRG�DQG�WKH�UHVXOWV�DUH�SUHVHQWHG�LQ��������
or the present value. These expected damages are 
WKH� EDVLV� IRU� FDOFXODWLQJ� WKH� UHGXFWLRQV� LQ� ȵRRG�
damages that may be attributable to wetlands as 
described above.

7KH� H[WHQW� WR� ZKLFK� ZHWODQGV� FDQ� UHGXFH� ȵRRG�
damages is highly variable depending greatly 
RQ� WKH� W\SH�DQG�H[WHQW�RI�ZHWODQGV�DW�DQ\�JLYHQ�
ORFDWLRQ�� )RU� SXUSRVHV� RI� WKLV� DQDO\VLV� WKH�
ȊZHWODQGV� HHFWȋ� LV� WKH� UHGXFWLRQ� LQ� WKH� GROODU�
YDOXH�RI�OLNHO\�GDPDJHV�IURP�D�����\HDU�VWRUP�WKDW�
PD\�EH�DWWULEXWDEOH� WR� WKH�SUHVHQFH�RI�ZHWODQGV�
H[SUHVVHG�DV�D�SHUFHQWDJH�RI�GDPDJHV��$�UDQJH�RI�
����WR�����UHGXFWLRQ�LV�XVHG�EDVHG�RQ�D�VWXG\�RI�
ZHWODQGV�GDPDJH�UHGXFWLRQV�IURP�DQ�DFWXDO�VWRUP�
RQ�WKH�$WODQWLF�FRDVW�32

7DEOH� 9Ζ��� SURYLGHV� WKH� UHVXOWV� RI� WKH� DQDO\VLV�
IRU� WKH� FRXQWLHV� DHFWHG�� 7KH� WDEOH� VKRZV� WKH�
PDUNHW�YDOXHV�RI�ODQG�DQG�EXLOGLQJV�SOXV�WKH�WRWDO�
market value by parcel as estimated by the county 
DVVHVVRUV�� 7KH� PDMRULW\� ������ RI� WKH� SDUFHOV�
H[DPLQHG� DQG� WKH� YDOXH� DW� ULVN� ������ LV� LQ� &DSH�
0D\�&RXQW\��LQ�WKH�VRXWKHUQ�SDUW�RI�WKH�%D\��7KH�
vulnerable property values are primarily land in 
$WODQWLF� &RXQW\� DQG� SULPDULO\� EXLOGLQJV� LQ� &DSH�
0D\�&RXQW\���

b
&RXQW\

b
3DUFHOV

b
%XLOGLQJV�

Value
(Millions)

b
Land 
Value

(Millions)

b
Total 
Value

(Millions)

1% Annual 
3UREDELOLW\�6WRUP�
%HQHȴWV��0LOOLRQV�

2% Annual 
3UREDELOLW\�6WRUP�
%HQHȴWV��0LOOLRQV�

Wetland 
(HFW
Low
�����

Wetland 
(HFW
High
�����

Wetland 
(HFW
Low
�����

Wetland 
(HFW
High
�����

$WODQWLF� ����� ������ �������� �������� ���� $11.9 ����� $23.8

&DSH�0D\� ������ �������� $3,394.4 $11,639.7 $28.9 $64.9 ����� $129.8

TOTAL 20,240 $8,950.4 $4,897.40 $13,847.8 $34.4 $ 76.8 $ 68.3 $ 153.6

7DEOH�9Ζ����*UHDW�(JJ�+DUERU�1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV�E\�&RXQW\
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Carbon Pro!le
ΖQ�������WKH�*UHDW�(JJ�+DUERU�VWXG\�DUHD�FRQWDLQHG�
������� KHFWDUHV� �PRUH� WKDQ� ������� DFUHV�� RI�
HVWXDULQH� HPHUJHQW� YHJHWDWLRQ� �VDOWPDUVK��
VHH� )LJXUH� 9Ζ����� 7KH� &RDVWDO� &DUERQ� 5HVHDUFK�
&RRUGLQDWLRQ�1HWZRUN� �5&1��GDWDEDVH� FRQWDLQHG�
GDWD� IURP� �� FRUHV� VDPSOLQJ� WKH� VRLO� EHQHDWK�
estuarine emergent vegetation, with values 
UDQJLQJ�IURP����WR�����PHWULF�WRQV�RI�FDUERQ�SHU�
KHFWDUH� LQ� WKH�VRLO��ZLWK�DQ�DYHUDJH�YDOXH�RI�����
PHWULF�WRQV�SHU�KHFWDUH��7KH�GHSWK�RI�FRUH�VDPSOHV�
UDQJHV� IURP� ��� WR� ��� FHQWLPHWHUV�� DYHUDJLQJ� ���
centimeters.

Figure VI-3. Map of vegetation types in the Great Egg Harbor Estuary

SURYLGLQJ�QXUVHU\�KDELWDW� IRU�ȴVK�37 reducing the 
LPSDFW�RI�VWRUP�VXUJH�38,39,�� and improving water 
quality.41,42,43 Researchers estimating global coastal 
blue carbon emissions have observed the rapid 
GLVDSSHDUDQFH�RI�FRDVWDO�ZHWODQGV�GXH�WR�KXPDQ�
DFWLYLW\�� GHVSLWH� IHGHUDO� DQG� UHJLRQDO� ZHWODQG�
protection and planning.44

In this case study, coastal blue carbon values are 
HVWLPDWHG� E\� PXOWLSO\LQJ� WKH� VWRFN� RI� FDUERQ� LQ�
WKH�ȊHPHUJHQW�HVWXDULQHȋ�ODQG�FRYHU�FODVV�RI�HDFK�
HVWXDU\�E\�HVWLPDWHV�RI� WKH�VRFLDO�FRVW�RI�FDUERQ�
�6&&��SXEOLVKHG�E\�WKH�ΖQWHUDJHQF\�:RUNLQJ�*URXS�
RQ�6RFLDO�&RVW�RI�*UHHQKRXVH�*DVHV� LQ�)HEUXDU\�
�������

6&&� LV� ȊD� PHDVXUH�� LQ� GROODUV�� RI� WKH� ORQJ�WHUP�
GDPDJH� GRQH� E\� D� WRQ� RI� FDUERQ� GLR[LGH� �&22��
emissions in a given year.”46 SCC can also represent 
WKH� YDOXH� RI� GDPDJHV� DYRLGHG� IRU� HPLVVLRQ�
UHGXFWLRQV� �L�H��� WKH� EHQHȴW� RI� D� &22� UHGXFWLRQ���
:KHWKHU�XVHG� WR�PHDVXUH�FRVWV�RU�EHQHȴWV��6&&�
YDOXHV�LQFOXGH�VXFK�ZLGH�UDQJLQJ�HHFWV�DV�JOREDO�
changes in economic output, human health, 
SURSHUW\�GDPDJHV�IURP�LQFUHDVHG�ȵRRG�ULVN��DQG�
WKH�YDOXH�RI�HFRV\VWHP�VHUYLFHV��

7KH� HFRQRPLF� HHFWV� RI� UHOHDVLQJ� FDUERQ� LQWR�
WKH� DWPRVSKHUH� FRQWLQXH� ORQJ� LQWR� WKH� IXWXUH�
DQG� LQFUHDVH� DV� WKH� WRWDO� FRQFHQWUDWLRQ� RI�
DWPRVSKHULF�FDUERQ�LQFUHDVHV��$QQXDO�6&&�YDOXHV�
IRU�WKLV�VWXG\ȇV�WZHQW\�\HDU�SHULRG�RI�DQDO\VLV�ZHUH�
GLVFRXQWHG� WR�VKRZ�WKHLU�YDOXH� LQ� WRGD\ȇV�GROODUV�
�SUHVHQW�YDOXH���9DOXHV�ZHUH�FDOFXODWHG�IRU�HDFK�RI�
IRXU�6&&�VFHQDULRV�XVLQJ�GLHUHQW�GLVFRXQW�UDWHV��
The “high” and “low” coastal blue carbon values 
presented in this summary correspond to the use 
RI� D� ���� SHUFHQW� DQG� ���� SHUFHQW� GLVFRXQW� UDWH��
respectively.

Land cover in the Great Egg Harbor estuary is 
GLYHUVH�� ZLWK� ODUJH� DUHDV� RI� GHFLGXRXV� IRUHVW��
FXOWLYDWHG�ODQG��DQG�XUEDQ�ODQG�XVH��6HH�)LJXUH�9Ζ�����
/DUJH�H[SDQVHV�RI�HVWXDULQH�HPHUJHQW�ZHWODQG�OLH�
EHWZHHQ�WKH�*DUGHQ�6WDWH�3DUNZD\�DQG�WKH�FRDVW�
DQG�LQ�WKH�7XFNDKRH�:LOGOLIH�0DQDJHPHQW�$UHD�
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YDU\� VLJQLȴFDQWO\� DPRQJ� VLWHV�� HYHQ� ZLWKLQ� WKH�
VDPH� FODVV� RI� YHJHWDWLRQ�49� 5HOLDEOH�� VLWH�VSHFLȴF�
HVWLPDWHV� RI� FDUERQ� VHTXHVWUDWLRQ� UDWHV� DQG�
WKH�DPRXQW�RI�FDUERQ�VWRUHG� LQ�ELRPDVV�DUH�QRW�
DYDLODEOH�IRU�WKH�*UHDW�(JJ�+DUERU�(VWXDU\�RU�WKH�
DUHDV� WKDW� DUH� WKH� VXEMHFW� RI� WKH�RWKHU� ȴYH� FDVH�
VWXGLHV��)RU�WKLV�UHDVRQ��QR�DWWHPSW�ZDV�PDGH�WR�
estimate these values.

7KH� YDOXH� RI� UHVWRULQJ� HVWXDULQH� HPHUJHQW�
ZHWODQG� DULVHV� IURP� WKH� UHVWRUDWLRQ� RI� FDUERQ�
sequestration, which increases over time as the 
marsh matures. The data limitations described 
SUHYHQW�WKH�HVWLPDWLRQ�RI�WKHVH�YDOXHV��

$Q� H[SRQHQWLDO� GHFD\� IXQFWLRQ�ZLWK� D� KDOI�OLIH� RI�
����\HDUV�\LHOGV�ZDV�XVHG�WR�HVWLPDWH�WKH�DQQXDO�
PHWULF� WRQV� RI� FDUERQ� WKDW� ZRXOG� EH� UHOHDVHG�
IURP�VRLO�ZKHQ�RQH�KHFWDUH�RI�HVWXDULQH�HPHUJHQW�
wetland is converted to another use.�� The results 
RI�WKLV�DQDO\VLV�DUH�VKRZQ�LQ�7DEOH�9Ζ����ΖQ�\HDU�����
RQO\� �� SHUFHQW�� RU� �����PHWULF� WRQV� RI� WKH� LQLWLDO�
VWRUH�RI�����WRQV�RI�&22H�UHPDLQ�LQ�WKH�KHFWDUH�RI�
disturbed wetland soil.

6&&� YDOXHV� DUH� SURMHFWHG� LQFUHDVH� RYHU� WLPH�
FRUUHVSRQGLQJ�WR�LQFUHDVHV�LQ�WKH�FRQFHQWUDWLRQ�RI�
DWPRVSKHULF� JUHHQKRXVH� JDVHV�� )RU� SXUSRVHV� RI�
this computation, it was assumed that the wetland 
ZDV� FRQYHUWHG� LQ� ������ 7KH� LQLWLDO� FDUERQ� VWRFN�
�<HDU������� LV�����PHWULF�WRQV�SHU�KHFWDUH��7DEOH�
9Ζ���VKRZV�WKDW��LQ�WKH�ȴUVW�\HDU�DIWHU�FRQYHUVLRQ��
�����PHWULF�WRQV�RI�FDUERQ�ZRXOG�EH�UHOHDVHG�������
metric tons would be released in the second year, 
HWF��7KH�6&&V�IRU�������VHH�7DEOH�9Ζ����ZHUH�DSSOLHG�
WR� FDUERQ� UHOHDVHV� GXULQJ� <HDU� �� �DVVXPLQJ� WKH�
ZHWODQG� ZDV� FRQYHUWHG� LQ� ������� 6&&� YDOXHV� IRU�
�����ZRXOG�EH�DSSOLHG�WR�FDUERQ�UHOHDVHG�GXULQJ�
<HDU����HWF��7KLV�\LHOGV�WKH�DQQXDO�VRFLDO�FRVW�RI�WKH�
FDUERQ�WKDW�ZRXOG�EH�UHOHDVHG�LI�WKH�PDUVK�ZHUH�
converted.

Figure VI-4. Estuarine Emergent Wetlands in the Great Egg Harbor 
Estuary

7KHVH�ȴJXUHV�VXJJHVW� WKDW�PRUH� WKDQ�����PLOOLRQ�
WRQV�RI�&22e

47 are stored in the soil beneath the 
VWXG\�DUHDȇV��������KHFWDUHV�RI�HVWXDULQH�HPHUJHQW�
vegetation. This is approximately equivalent to the 
DQQXDO� HPLVVLRQV� RI� DSSUR[LPDWHO\� ���� PLOOLRQ�
cars.48

The Value of Coastal Blue Carbon 
Stock Stored in Soil

$OWKRXJK� FDUERQ� LV� DOVR� VWRUHG� LQ� WKH� ELRPDVV�
RI� WKH� SODQWV� DQG� FRQWLQXHV� WR� EH� VHTXHVWHUHG�
over time, data limitations allow only an analysis 
RI� WKH� YDOXH�RI� FDUERQ� WKDW� LV� VWRUHG� LQ� VRLO�� 7KH�
YDOXH�RI� WKH�FRDVWDO�EOXH�FDUERQ�VWRFN� LQ�WKH�VRLO�
RI� WKH� *UHDW� (JJ� +DUERUȇV� HVWXDULQH� HPHUJHQW�
wetland is estimated as the cost to society that 
ZRXOG� EH� LQFXUUHG� LI� WKH� ZHWODQGV� XSSHU� OD\HUV�
were disturbed or developed, and the carbon 
was released. These computations are described 
EHORZ�� $� PRUH� FRPSUHKHQVLYH� DVVHVVPHQW� RI�
WKH� HHFWV� RI� ZHWODQG� ORVV� �DQG�� WKXV�� WKH� YDOXH�
RI� FRQVHUYDWLRQ�� ZRXOG� LQFOXGH� WKH� FHVVDWLRQ� RI�
FDUERQ�VHTXHVWUDWLRQ�DQG�WKH�HPLVVLRQ�RI�FDUERQ�
stored in the biomass. However, sequestration 
UDWHV�DQG�WKH�DPRXQW�RI�FDUERQ�VWRUHG�LQ�ELRPDVV�
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Table VI-4. Market Price of Carbon Credits and Interim (2021) Values 
of the Social Cost of Carbon (SCC) with Discount Rates

Year �����'ROODUV�3HU�7RQ�RI�&22e
RGGI WCI SCC, 

5%
SCC, 
3%

SCC, 
2.5%

SCC, 
+LJK�

ΖPSDFW
2020 $17 $6 $14 ��� $76 ����
2025 $17 $6 $17 ��� $83 $169
2030 $17 $6 $19 $62 $89 $187
2035 $17 $6 $22 $67 $96 ����
2040 $17 $6 ��� $73 ���� ����
2045 $17 $6 $28 $79 ���� $242
2050 $17 $6 $32 ��� $116 ����

7KLV�FRPSXWDWLRQ�ZDV�SHUIRUPHG�IRU�HDFK�RI�WKH�
IRXU�VHWV�RI�SXEOLVKHG�6&&�YDOXHV�DQG�HDFK�VWUHDP�
RI� DQQXDO� FRVWV� ZDV� GLVFRXQWHG� WR� FDOFXODWH� LWV�
SUHVHQW�YDOXH��7KUHH�RI�WKH�IRXU�VHWV�RI�SXEOLVKHG�
6&&�YDOXHV�GLHU�RQO\�ZLWK�UHVSHFW�WR�WKH�GLVFRXQW�
UDWHV�WKDW�DUH�DSSOLHG�WR�IXWXUH�HFRQRPLF�YDOXHV��
in Table VI-4, these values are shown in columns 
ODEHOHG� Ȋ6&&�� ���ȋ� Ȋ6&&�� ���ȋ� DQG� Ȋ6&&�� ����ȋ��� 
3UHVHQW� YDOXH� FRPSXWDWLRQV� IRU� WKHVH� HVWLPDWHV�
RI� WKH� 6&&� XVH� WKH� GLVFRXQW� UDWH� XSRQ� ZKLFK�
each estimate was based. These present values 
UDQJH�IURP��������KHFWDUH�WR���������KHFWDUH�RI�
HVWXDULQH�HPHUJHQW�PDUVK��ZLWK�WKH�WRWDO�YDOXH�IRU�
WKH� ������� KHFWDUHV� LQ� WKH� HVWXDU\� UDQJLQJ� IURP�
������PLOOLRQ�WR��������PLOOLRQ�b

7KH� IRXUWK� VHW� RI� SXEOLVKHG� 6&&� YDOXHV� GLHUV�
VLJQLȴFDQWO\� IURP� WKH� RWKHU� WKUHH�� 7KHVH� YDOXHV�
FDSWXUH� WKH� SRWHQWLDO� IRU� ORZ�SUREDELOLW\�� KLJK�
LPSDFW� RXWFRPHV� IURP� FOLPDWH� FKDQJH� DQG�
FRUUHVSRQG�WR�WKH���WK�SHUFHQWLOH�RI�WKH�IUHTXHQF\�
GLVWULEXWLRQ� RI� 6&&� HVWLPDWHV� XVLQJ� D� �� SHUFHQW�
discount rate. The present value associated with 
WKLV� VHW� RI� 6&&� YDOXHV� LV� ��������KHFWDUH� ZLWK� D�
WRWDO� YDOXH� IRU� WKH� HVWXDULHV� ������� KHFWDUHV� RI�
$729.1 million.

The broad range in these present value estimates 
LV�LQ�SDUW�GXH�WR�XQFHUWDLQW\�DERXW�IXWXUH�HFRQRPLF�
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW� UDWHV��
DQG� WKH� DSSURSULDWH� OHYHO� RI� ULVN�WDNLQJ� ZLWK�
UHJDUG� WR� FOLPDWH� SROLF\� �UHȵHFWHG� LQ� WKH� VHW� RI�
SCC values associated with low-probability, high-
LPSDFW�RXWFRPHV��

Table VI-3. Annual Carbon Released from the Soil of Converted 
Estuarine Emergent Wetlands (metric tons per hectare)

Year Carbon in Soil
&XPXODWLYH�

Carbon 
Release

Annual 
Carbon 
Release

2020 ����� ��� ���
2021 ����� 19.9 19.9
2022 ����� ���� 18.1
2023 171.4 ���� ����
2024 ����� 69.7 ����
2025 142.6 83.4 13.8
2026 ����� ���� ����
2027 118.6 ����� 11.4
2028 ����� 117.8 ����
2029 98.6 127.4 ���
2030 ���� ����� 8.7
2031 ���� ����� 7.9
2032 74.8 ����� 7.2
2033 68.2 ����� 6.6
2034 62.2 163.8 ���
2035 ���� 169.2 ���
2036 ���� 174.2 ���
2037 47.2 178.8 4.6
2038 43.1 182.9 4.2
2039 39.3 186.7 3.8
2040 ���� ����� ���
2041 32.7 193.3 3.2
2042 29.8 196.2 2.9
2043 27.2 198.8 2.6
2044 24.8 ����� 2.4
2045 22.6 ����� 2.2
2046 ���� ����� ���
2047 18.8 ����� 1.8
2048 17.1 ����� 1.7
2049 ���� ����� ���
2050 14.3 211.7 1.4
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3ULFHV�IURP�WKH�5HJLRQDO�*UHHQKRXVH�*DV�ΖQLWLDWLYH�
�5**Ζ��DQG�:HVWHUQ�&OLPDWH�ΖQLWLDWLYH��:&Ζ��FDUERQ�
PDUNHWV�ZHUH�DOVR�DSSOLHG��ZLWK�D����GLVFRXQW�UDWH��
WR�WKH�IXWXUH�VWUHDP�RI�FDUERQ�UHOHDVHV�DVVRFLDWHG�
ZLWK�WKH�ORVV�RI�RQH�KHFWDUH�RI�VDOWPDUVK�LQ�*UHDW�
(JJ� +DUERU�� ΖQ� DOPRVW� DOO� VFHQDULRV�� WKH� FRVW� RI�
SXUFKDVLQJ� WKH� ULJKW� WR� UHOHDVH� WKLV� VWUHDP� RI�
FDUERQ� LV� PXFK� OHVV� WKDQ� WKH� VRFLDO� FRVW� RI� WKH�
released carbon.

 
Annual 
Value

Carbon 
Released (t 
CO2H��KD�

Value of Released Carbon
RGGI WCI SCC, 5% SCC, 3% SCC, 2.5% 6&&��+LJK�ΖPSDFW

2020 19.9 ������� $339.69 $278.43 ��������� ��������� ���������
2021 18.1 ������� ������� ������� $943.17 ��������� $2,811.37
2022 ���� ������� ������� $248.13 $876.71 ��������� ���������
2023 ���� ������ ������� $241.38 ������� ��������� $2,443.94
2024 13.8 ������ $234.99 ������� ������� ��������� $2,283.91
2025 ���� $76.16 $214.32 $213.31 ������� ��������� ���������
2026 11.4 $69.46 ������� ������� ������� $961.26 $1,979.73
2027 ���� ������ $178.26 $187.86 ������� ������� $1,836.82
2028 ��� ������ ������� $171.33 ������� ������� $1,713.26
2029 8.7 ������ $148.26 $164.93 ������� $763.88 ���������
2030 7.9 ������ ������� ������� ������� ������� ���������
2031 7.2 $43.83 $123.32 ������� ������� ������� ���������
2032 6.6 $39.97 $112.46 $138.28 $421.41 ������� $1,277.41
2033 ��� ������ ������� $126.11 ������� ������� ���������
2034 ��� $33.24 ������ ������� $361.46 ������� ���������
2035 ��� ������ ������ ������� ������� ������� ���������
2036 4.6 ������ ������ ������� $314.31 $446.41 �������
2037 4.2 ������ ������ ������ ������� $411.28 $884.88
2038 3.8 ������ $64.71 ������ ������� $378.88 $822.16
2039 ��� ������ ������ $86.38 $248.79 ������� $763.63
2040 3.2 $19.13 ������ $78.78 ������� ������� �������
2041 2.9 ������ ������ $74.72 $212.67 $298.89 �������
2042 2.6 ������ $44.77 ������ ������� $277.83 �������
2043 2.4 ������ ������ ������ ������� ������� �������
2044 2.2 $13.23 $37.24 ������ ������� ������� �������
2045 ��� ������ $33.96 ������ ������� ������� �������
2046 1.8 ������ ������ ������ ������� ������� �������
2047 1.7 ������ $28.24 $49.61 ������� ������� $411.77
2048 ��� ����� ������ ������ $123.67 $171.93 �������
2049 1.4 ����� $23.49 $42.64 ������� ������� �������

$FKLHYLQJ�D�VRFLDOO\�RSWLPDO�VROXWLRQ�UHTXLUHV�WKDW�
emission caps be set at a level where the market 
SULFH�RI�FDUERQ�HTXDOV�WKH�6&&��3ULFHV�IURP�WKHVH�
two carbon markets result in values that range 
IURP� ������� SHU� KHFWDUH� WR� ������� SHU� KHFWDUH�
ZLWK� WRWDOV� IRU� WKH��������KHFWDUHV�RI� VDOW�PDUVK�
LQ� WKH� VWXG\� DUHD� UDQJLQJ� IURP� ������ PLOOLRQ� WR�
������PLOOLRQ�� 7KH� UHVXOWV� RI� WKHVH� FRPSXWDWLRQV�
DUH�VKRZQ�LQ�7DEOH�9Ζ���

Table VI-5. Coastal Blue Carbon Values for Great Egg Harbor Estuary 2020-2049 (Nominal/Net Present Value)
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'LVFRXQWHG�9DOXH 0.03 0.03 0.05 0.03 0.025 0.03
2020 ������� $339.69 $278.43 ��������� ��������� ���������
2021 ������� ������� ������� ������� ��������� $2,729.48
2022 $94.64 $266.31 ������� $826.38 $1,243.83 ���������
2023 ������ ������� ������� ������� ��������� ���������
2024 ������ ������� $181.11 $672.33 ��������� ���������
2025 ������ $184.87 $167.14 ������� ������� $1,829.22
2026 ������ $163.69 ������� ������� $828.89 ���������
2027 ������ $144.94 ������� ������� ������� ���������
2028 ������ $128.33 ������� ������� $679.64 ���������
2029 ������ $113.63 ������� ������� $611.66 $1,217.48
2030 ������ ������� $92.34 ������� ������� ���������
2031 $31.66 ������ $84.43 ������� ������� $996.23
2032 ������ $78.88 ������ ������� ������� �������
2033 $24.82 $69.84 $66.88 ������� ������� �������
2034 $21.98 $61.84 ������ $238.97 $368.22 $731.39
2035 $19.46 ������ ������ ������� ������� �������
2036 $17.23 $48.48 ������ ������� ������� �������
2037 ������ $42.93 $41.69 ������� ������� �������
2038 ������ ������ $37.78 ������� $242.92 $482.93
2039 $11.96 $33.66 $34.19 $141.88 ������� �������
2040 ������ ������ $29.69 $127.37 ������� �������
2041 $9.38 $26.39 $26.82 $114.32 $177.96 �������
2042 ����� $23.36 ������ ������� $161.38 $317.36
2043 ����� ������ ������ $93.26 ������� $284.63
2044 ����� $18.32 $18.93 ������ ������� �������
2045 ����� $16.22 $16.44 ������ $117.97 �������
2046 ����� $14.36 $14.79 $67.26 ������� �������
2047 ����� $12.72 $13.29 ������ ������ �������
2048 ����� $11.26 ������ ������ $86.12 $166.77
2049 ����� $9.97 ������ ������ $77.29 $149.42
3UHVHQW�9DOXH�����

\HDUV
$1,026.36 $2,888.02 $2,602.48 $9,891.46 $15,013.81 $29,834.48

Table VI-5. Coastal Blue Carbon Values for Great Egg Harbor Estuary 2020-2049 (Nominal/Net Present Value) (cont'd)
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Natural Infrastructure and Coastal 
Blue Carbon Bene!ts 

7KH�HVWLPDWHG�ZHWODQGV�EHQHȴWV�IRU�WKH�����\HDU�
VWRUP� UDQJH� LQ� WRWDO� IURP� ����� PLOOLRQ� WR� ������
PLOOLRQ� LQ� $WODQWLF� &RXQW\� DQG� EHWZHHQ� ������
PLOOLRQ� DQG� ������ PLOOLRQ� LQ� &DSH� 0D\� &RXQW\��
Including both counties together, the values range 
IURP� ������ PLOOLRQ� WR� ������ PLOOLRQ�� 7KLV� LV� WKH�
SUHVHQW� YDOXH�RI�SRWHQWLDO� ȵRRG�GDPDJHV�RYHU�D�
���\HDU�SHULRG����7KHVH�LQFUHDVH�WR�������PLOOLRQ�WR�
������PLOOLRQ�IRU�$WODQWLF�&RXQW\�DQG�WR�EHWZHHQ�
������ PLOOLRQ� DQG� ������� PLOOLRQ� LQ� &DSH� 0D\�
&RXQW\�LI�WKH�IUHTXHQF\�RI�ȵRRGLQJ�GRXEOHV�

7KH� YDOXH� RI� UHWDLQLQJ� FRDVWDO� EOXH� FDUERQ� LQ�
ZHWODQG� VRLOV� UDQJHV� IURP� �������KHFWDUH� WR�
��������KHFWDUH�XVLQJ�YDULRXV�GLVFRXQW�UDWHV��7KH�
WRWDO�YDOXH�IRU�WKH��������KHFWDUHV�LQ�WKH�HVWXDU\�
under the three more likely SCC scenarios ranges 
IURP� ������ PLOOLRQ� WR� ������� PLOOLRQ�b 7KH� ORZ�
probability, high-impact climate outcome scenario 
UHVXOWHG�LQ�D�FRDVWDO�EOXH�FDUERQ�YDOXH�RI��������
million.

7KH�EURDG�UDQJH�LQ�WKHVH�EHQHȴW�HVWLPDWHV�LV�GXH�
WR�VHYHUDO�IDFWRUV�

• YDULDWLRQ�LQ�WKH�ȊZHWODQGV�DHFWȋ�DULVLQJ�
IURP�GLHUHQFHV�LQ�WKH�SUHFLVH�ORFDWLRQ��
DQG�TXDQWLW\�RI�ZHWODQGV�EHWZHHQ�WKH�
valued assets and the water,

• XQFHUWDLQW\�DERXW�IXWXUH�HFRQRPLF�
FRQGLWLRQV��UHȵHFWHG�LQ�GLHULQJ�GLVFRXQW�
UDWHV�LQ�WKH�FRDVWDO�EOXH�FDUERQ�DQDO\VLV���
and 

• assumptions about the increasing severity 
RI�VWRUPV�GXH�WR�FOLPDWH�FKDQJH�

%RXQGHG�QRUWK�DQG�VRXWK�E\�WKH�FLWLHV�RI�6RPHUV�
3RLQW� DQG�2FHDQ�&LW\�� DQG� HDVW� DQG�ZHVW� E\� WKH�
3RUN� ΖVODQG��0DOLEX�%HDFK�� DQG� 7XFNDKRH�&RUELQ�
&LW\�)LVK�DQG�:LOGOLIH�0DQDJHPHQW�DUHDV�WKH�*UHDW�
(JJ�+DUERU�UHJLRQ� LV�D�ZHOO�GHYHORSHG�DUHD�IURP�
an economic and population perspective, and also 
is rich in natural resources. 

ESTUARY SUMMARY

Restoration Efforts
)RXUWHHQ� SURMHFWV� DUH� UHSRUWHG� LQ� WKH�*UHDW� (JJ�
+DUERU�EHWZHHQ�WKH�12$$�5HVWRUDWLRQ�$WODV�DQG�
D�UHSRUW�IURP�WKH�$UP\�&RUSV�RI�(QJLQHHUV����6HH�
)LJXUH� 9Ζ����� 'DWD� IURP� WKH� 12$$� 5HVWRUDWLRQ�
$WODV�DQG�WKH�$UP\�&RUSV�RI�(QJLQHHUV�1HZ�-HUVH\�
%DFN� %D\V�(QJLQHHULQJ� ZLWK� 1DWXUH� SURJUDP�
VKRZV�IRXUWHHQ�UHVWRUDWLRQ�SURMHFWV�FRYHULQJ�����
KHFWDUHV� ����� DFUHV��� DOWKRXJK� RQH� ȴVK� SDVVDJH�
SURMHFW�DFFRXQWHG�IRU�����KHFWDUHV������DFUHV��RI�
this total.  
 
Table VI-6 Restoration Projects in Great Egg Harbor

b Number of 
3URMHFWV

'HEULV�5HPRYDO 2
Dune Restoration 3
Habitat 2
Island Creation 3
/HYHH 2
2\VWHU�5HVWRUDWLRQ 1
Wetland Creation 1
Grand Total 14

5HVWRUDWLRQ� SURMHFWV� LQ� WKH� *UHDW� (JJ� +DUERU�
region tend to be located in the back bays behind 
the barrier beach regions, but there are three 
GXQH� UHVWRUDWLRQ� SURMHFWV�� 7KH� ORFDWLRQ� RI� WKH�
UHVWRUDWLRQ�SURMHFWV�ZLOO�WHQG�WR�LQFUHDVH�ERWK�WKH�
FRDVWDO� EOXH� FDUERQ� DQG� QDWXUDO� LQIUDVWUXFWXUH�
EHQHȴWV�IRU�WKH�DUHD�

Figure VI-5 Restoration Projects in Great Egg Harbor Area
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PLWLJDWLRQ� IRU� FOLPDWH� FKDQJH�� $V� SDUW� RI� DQ�
H[DPLQDWLRQ�RI� HVWXDULHV� DFURVV� WKH�QDWLRQ�� WKH\�
DUH�QRW� LQWHQGHG�WR�JXLGH�SURMHFW�OHYHO�GHFLVLRQV��
or replace more localized “deep dives” that have 
been conducted in these estuaries. There are 
still many unknowns that require much more 
HODERUDWH�HVWLPDWLRQ�SURFHGXUHV�IRU�ERWK�QDWXUDO�
LQIUDVWUXFWXUH� DQG� FRDVWDO� EOXH� FDUERQ��:KHWKHU�
WKH�DFWXDO�EHQHȴWV�LQ�WKH�IXWXUH�ZLOO�WHQG�WRZDUGV�
WKH� ORZHU� RU� KLJKHU� HQG� RI� WKHVH� HVWLPDWHV�
will require continued research and ongoing 
DVVHVVPHQW��%XW�LW�LV�FHUWDLQ�WKDW�WKH�UHDOL]DWLRQ�RI�
WKHVH�EHQHȴWV�ZLOO�GHSHQG�ȴUVW�RQ�FRQVHUYLQJ�WKH�
wetlands that exist and then on the restoration 
RI� ZHWODQGV� WKDW� FRXOG� LQFUHDVH� WKHVH� EHQHȴWV��

*UHDW�(JJ�+DUERU 7RWDO�KHFWDUHV�
LQ�DQDO\VLV

(VWLPDWHG�EHQHȴWV�SHU�
KHFWDUH�RI�ZHWODQGV�

��7KRXVDQGV�

7RWDO�(VWLPDWHG�%HQHȴWV���0LOOLRQV�

Low estimate High estimate Low estimate High Estimate
Natural 

ΖQIUDVWUXFWXUH�
����� $9.6 $42.7 $34.1 �������

Coastal Blue 
Carbon54 

24,439 $2.6 ����� $63.6 $366.9

Total $97.7 ������

7DEOH� 9Ζ��� VXPPDUL]HV� WKH� UDQJH� RI� EHQHȴWV�
IURP� QDWXUDO� LQIUDVWUXFWXUH� DQG� FRDVWDO� EOXH�
carbon determined by this analysis. The table also 
LQFOXGHV� WKH� FRPELQDWLRQ� RI� WKH� WZR� HFRV\VWHP�
service values that were analyzed in this report. 
7KH�DQDO\VLV�LQFOXGHV�DOO�DUHDV�RI�ZHWODQGV�ZLWKLQ�
the study area that provide one service or the 
other, as well as areas that provide both services. 
%HFDXVH�WKH�WZR�EHQHȴWV�SURYLGH�FRPSOHPHQWDU\�
services, presenting a total value is appropriate. 
&RPELQHG��WKH�QDWXUDO� LQIUDVWUXFWXUH�DQG�FRDVWDO�
EOXH�FDUERQ�EHQHȴWV�UDQJH�IURP�������WR��������
PLOOLRQ��ΖQ�WHUPV�RI�WRWDO�YDOXH��FRDVWDO�EOXH�FDUERQ�
values in Great Egg Harbor are greater than 
WKRVH� SURYLGHG� E\� QDWXUDO� LQIUDVWUXFWXUH�� 7KRVH�
values exist now, and should be recognized and 
PDLQWDLQHG��+RZHYHU��LQ�WHUPV�RI�LQFUHDVLQJ�YDOXH�
LQ�WKH�HVWXDU\�RYHU�WLPH��WKH�EHQHȴWV�SHU�KHFWDUH�
LV�KLJKHU�IRU�QDWXUDO�LQIUDVWUXFWXUH��DQG�FRQVHUYLQJ�
or restoring wetlands to continue to increase 
QDWXUDO� LQIUDVWUXFWXUH� EHQHȴWV� ZLOO� SURYLGH� WKH�
greatest addition to the existing value.
 
These estimates must be considered very 
SUHOLPLQDU\� DQG� DUH� LQWHQGHG� WR� EH� KHOSIXO�
LQ� VKDSLQJ� RYHUDOO� VWUDWHJLHV� IRU� WKH� IXWXUH�
PDQDJHPHQW� RI� WKH� ZHWODQGV� UHVRXUFHV� RI� WKH�
Great Egg Harbor Estuary, strategies that account 
IRU�ERWK�ORFDO�JRDOV�RI�D�KHDOWK\�HVWXDU\�DQG�JOREDO�
JRDOV� RI� PLWLJDWLRQ� RI� FOLPDWH� FKDQJH�� 7KH\� DUH�
SDUW�RI�D�EURDGHU�DWWHPSW�WR�EHJLQ�WR�FKDUDFWHUL]H�
JHQHUDO�HVWXDU\�FKDUDFWHULVWLFV�WKDW�RHU�GLHUHQW�
VRXUFHV�RI�HFRQRPLF�YDOXH� WR� ORFDO�FRPPXQLWLHV��
VXFK� DV� SURWHFWLRQ� IURP� VWRUPV� DQG� ȵRRGLQJ��
and help meet broader societal goals, such as 

7DEOH�9Ζ����1DWXUDO�ΖQIUDVWUXFWXUH�DQG�&RDVWDO�%OXH�&DUERQ�%HQHȴWV�6XPPDU\
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VII. Case Study 2: 
Pamlico Sound, NC

PAMLICO SOUND 
Pamlico Sound is the largest sound, or saltwater 
lagoon, on the East Coast of North America.1 
Fed by the waters of the Tar-Pamlico and Neuse 
watersheds and bordered by Albemarle Sound in 
the North, Pamlico Sound extends 80 miles long 
and 15-20 miles wide from the southern borders 
of Manteo and Dare County, North Carolina to the 
Cape Lookout National Seashore. Its eastern edge 
encompasses most of the Outer Banks.2 It is one 
of several interconnected estuaries known as the 
Albemarle-Pamlico sound system which includes 
Albemarle Sound, Currituck Sound, Croatan Sound, 
Bogue Sound, Core, Sound, and Roanoke Sound 
(See Figure VII-1). Together the Albemarle-Pamlico 
system stands as the second largest estuary in the 
United States, spanning over 3,000 square miles 
of water.  Pamlico Sound comprises the southern 
part of the Albemarle-Pamlico system, and is 
separated from the Atlantic Ocean by a large 
unique series of barrier islands known as the Outer 
Banks which includes several national preserves 
and refuges including Pea Island National Wildlife 
Refuge, Cape Hatteras National Seashore, Cape 
Lookout National Seashore, and Swanquarter 

National Wildlife Refuge.3 The average depth (5-6 
feet) is relatively shallow throughout the Sound.4 
This feature makes Pamlico Sound particularly 
susceptible to wind and barometric pressure-
GULYHQ�WLGDO�ȵXFWXDWLRQV��DQG�KLVWRULFDOO\�KXUULFDQHV�
KDYH� FDXVHG� VLJQLȴFDQW� ȵRRGLQJ� GDPDJH� LQ� WKH�
region.5

The unique ecological and geographic features of 
Pamlico Sound attract a great variety of wildlife. 
Waterfowl include swans, geese, ducks, blue 
herons, white ibises and snowy egrets, rare white 
pelicans, and occasionally American Bald Eagles.6,7 
5HFUHDWLRQDO�DQG�FRPPHUFLDO�ȴVKHULHV�WDUJHW�EOXH�
crabs, mullet, spot, croaker, and sheepshead. 8,9 
The region is renowned for its oyster beds, which 
are open to commercial and public harvest, and 
extensive clamming grounds.10 The submerged 
aquatic vegetation (SAV), rich oyster beds, and 
primary nursery areas provide expansive juvenile 
ȴVK�KDELWDW��VRPH�RI�WKH�PRVW�VLJQLȴFDQW�DORQJ�WKH�
eastern coast of the United States.11,12 In addition, 
wetlands, oyster reefs, and SAV improve water 
quality by reducing erosion and wave activity, 
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SURWHFWLQJ� FRDVWDO� ȴVK� KDELWDWV�� LGHQWLI\LQJ� DQG�
delineating strategic coastal habitats, enhancing 
and protecting habitats from adverse physical 
impacts (particularly estuarine shoreline), and 
enhancing and protecting water quality.21 The 
Department of Environmental Quality is the lead 
steward for preservation and protection of North 
Carolina’s natural resources and oversees the 
CHHP. They work in close coordination with the 
Albemarle-Pamlico National Estuary Partnership 
�$31(3���WKH�2ɝFH�RI�/DQG�DQG�:DWHU�6WHZDUGVKLS��
the Wildlife Resources Commission, and the 
Division of State and Water Conservation. 

5HFHQW� HRUWV� UHODWHG� WR� FOLPDWH� UHVLOLHQFH�
in response to Executive Order 80, signed by 
Governor Cooper in 2018, focus on the integration 
of climate adaptation and resilience planning 
into cabinet agency policies, programs, and 
operations22. The APNEP 10-year Comprehensive 
&RQVHUYDWLRQ� DQG� 0DQDJHPHQW� 3ODQ� LGHQWLȴHV�
QXWULHQW�SROOXWLRQ�IURP�VWRUPZDWHU�UXQR�DQG�DLU�
sources, threats to commercial and recreational 
ȴVK� KDELWDW�� DQG� JOREDO� FOLPDWH� FKDQJH� DQG� VHD�
level rise as three key stressors facing the sound23. 
Coastal stakeholders participating in the climate 
resilience workshops sponsored by the state 
QRWHG� WKDW� QXWULHQW� UXQR� IURP� VWRUPZDWHU��
agriculture, wastewater treatment, and industrial 
facilities is a long-term coast-wide problem that 
is expected to be exacerbated by prolonged 
ȵRRGLQJ� DQG� VDOW� ZDWHU� LQWUXVLRQ24. Another key 
challenge included threats to built infrastructure. 
Wastewater systems, sewer systems, stormwater 
management, and transportation systems are 
expected to be impacted by salt-water intrusion, 
PRUH� VHYHUH� DQG�SURORQJHG�ȵRRGLQJ�� DQG� VWRUP�
surge.25 

Socioeconomic/Cultural Status
Pamlico Sound is named after the Pamlico Indians 
of the Algonquian tribe who inhabited the region 
along the Pamlico River. The tribe was devastated 
by an outbreak of smallpox in 1696 and following 
the loss of tribal lands their presence in the region 
largely disappeared.26 As Europeans colonized the 
region Pamlico Sound provided shipping channels 
for European colonists to acquire goods and 
supplies thus spurring a line of settlements and 
villages along the Outer Banks.27 The Intracoastal 

DQG� ȴOWHULQJ� ZDWHU�13 Seagrass meadows are 
considered some of the most important natural 
carbon sinks in marine environments.14 The North 
Carolina Division of Marine Fisheries oversees 
FRPPHUFLDO� DQG� UHFUHDWLRQDO� ȴVKLQJ� LQGXVWULHV�
within state waters.15

Figure VII-1. The Albemarle–Pamlico Estuarine System16. 

Environmental Policies
In 1974, the North Carolina Coastal Area 
Management Act declared North Carolina’s 
coastal area to be “amongst the most valuable and 
biologically productive regions of the state.”17 The 
Albemarle-Pamlico Estuary was named an estuary 
RI�QDWLRQDO�VLJQLȴFDQFH�E\�&RQJUHVV�LQ������DQG�WKH�
Albemarle-Pamlico National Estuary Partnership 
was a charter member of the National Estuary 
Program initiated in the same year.18 Concerns 
RYHU� GHFOLQLQJ� VWDWH� ȴVKHULHV� LQ� ����� VWLPXODWHG�
the North Carolina General Assembly to pass the 
)LVKHULHV� 5HIRUP� $FW� ZKLFK� DGGUHVVHV� ȴVKHULHV�
management, habitat loss, and water quality 
degradation.19 In response, the North Carolina 
Coastal Habitat Protection Plan (CHPP, 2004) was 
adopted by the Coastal Resources, Environmental 
Management, and Marine Fisheries Commissions 
LQ�������ΖQ�������WKH�&+33�LGHQWLȴHG�IRXU�SULRULW\�
habitat issues as the focus of implementation 
plans: oyster restoration, living shorelines, 
sedimentation, and metrics to assess habitat 
WUHQGV� DQG� PDQDJHPHQW� HHFWLYHQHVV�20 The 
2016 amended CHHP recommended improving 
HHFWLYHQHVV� RI� H[LVWLQJ� UXOHV� DQG� SURJUDPV�
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VALUE OF NATURAL 
INFRASTRUCTURE IN

PAMLICO SOUND

12$$� GHȴQHV� QDWXUDO� LQIUDVWUXFWXUH� DV� ȊKHDOWK\�
ecosystems, including forests, wetlands, 
ȵRRGSODLQV��GXQH�V\VWHPV��DQG�UHHIV��ZKLFK�SURYLGH�
PXOWLSOH�EHQHȴWV�WR�FRPPXQLWLHV��LQFOXGLQJ�VWRUP�
SURWHFWLRQ�� WKURXJK� ZDYH� DWWHQXDWLRQ� RU� ȵRRG�
storage capacity and enhanced water services 
and security.35 An estuary’s capacity to protect 
VKRUHOLQH�SURSHUW\�IURP�FOLPDWH�KD]DUGV�DQG�ȵRRG�
risk is an important ecosystem service.

The measurement of this service is, however, 
complex. The value depends on how often and 
KRZ�VHYHUH�ȵRRGV�ZLOO�EH��ΖW�GHSHQGV�RQ�WKH�YDOXH�
RI� WKH� HFRQRPLF� DVVHWV� YXOQHUDEOH� WR� ȵRRGV� RI�
GLHUHQW� VL]HV�DQG� W\SHV��$QG� LW�GHSHQGV�RQ� WKH�
extent of lost economic activity, as well as the 
LVVXH� RI� GLVSURSRUWLRQDWH� HHFWV� RQ� SRSXODWLRQV�
which may not have the capacity to recover from 
ȵRRG�HYHQWV��

The analysis in this section uses a method that 
focuses on damages to real property from 
ȵRRGLQJ� WKDW�PLJKW� EH� UHGXFHG�E\� WKH� SUHVHQFH�
of estuarine wetlands adjacent to the property. 
ΖW�LV�D�YHU\�VLPSOLȴHG�SHUVSHFWLYH�WKDW�LV�GHVLJQHG�

Waterway, which spans 214 miles of the Albemarle-
Pamlico Sound, is still critical for shipping today.28 
5HFUHDWLRQDO� DQG� FRPPHUFLDO� ȴVKHULHV� DUH� ERWK�
economically and socially important to Pamlico 
Sound and provide employment, income, food, 
and recreation for residents and tourists. In 2016, 
UHFUHDWLRQDO� ȴVKHULHV� KDG� D� ��� ELOOLRQ� LPSDFW� RQ�
1RUWK� &DUROLQDȇV� HFRQRP\�� FRPPHUFLDO� ȴVKHULHV�
KDG� D� ����� PLOOLRQ� LPSDFW� RQ� 1RUWK� &DUROLQDȇV�
HFRQRP\�� DQG� VDOWZDWHU� ȴVKLQJ� FUHDWHG� DOPRVW�
17,000 jobs.29� ΖQ� ������ FRPPHUFLDO� ȴVKHUPHQ�
landed more than 10 million lbs. of seafood valued 
DW�PRUH�WKDQ�����PLOOLRQ30 in and around Pamlico 
Sound. Oysters have historically been a large and 
SURȴWDEOH� ȴVKHU\� LQ� 3DPOLFR� 6RXQG�� DOWKRXJK�
harvest have plummeted due to habitat loss, 
GLVHDVH��RYHUȴVKLQJ��DQG�SROOXWLRQ�31 The industry 
LV�QRZ�ODUJHO\�D�ȊSXW�DQG�WDNHȋ�ȴVKHU\�ZKHUH�R\VWHU�
reefs are built and populated, then harvested a 
few years later when oysters reach mature size, 
WKXV�PDQ\� UHVWRUDWLRQ�HRUWV� IRFXV�RQ� UHVWRULQJ�
and protecting the native oyster populations.32

Tourism is also critical to the region and Pamlico 
Sound is renowned for recreational watersports 
LQFOXGLQJ� ZLQGVXUȴQJ�� NLWHERDUGLQJ�� ND\DNLQJ��
and paddle boarding.33 The economic impact of 
tourism in 2012 by the Albemarle-Pamlico’s four 
oceanside counties—Dare, Carteret, Currituck, 
DQG�+\GHȃH[FHHGHG�������ELOOLRQ�34

Area (Ha) of Estuarine 
and Marine Wetlands 
2HULQJ�3URWHFWLYH�

%HQHȴWV

Number of wetlands-
DGMDFHQW�SDUFHOV�LQ�
100 Year Flood Zone

Values at Risk 
(Millions)

1% Annual 
3UREDELOLW\�6WRUP�
%HQHȴWV��0LOOLRQV�

2% Annual 
3UREDELOLW\�6WRUP�
%HQHȴWV��0LOOLRQV�

Wetland 
(HFW�
(Low) 
-10%

Wetland 
(HFW�
(High) 
-20%

Wetland 
(HFW�
(Low) 
-10%

Wetland 
(HFW�
(High) 
-20%

62,153 13,747 $17,072 $48.84 $109.88 $97.67 $219.76

7DEOH�9ΖΖ����6XPPDU\�RI�)LQGLQJV��3DPOLFR�6RXQG�(VWXDU\�1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV
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WKH� IUHTXHQF\� DQG� VHYHULW\� RI� ȵRRGV�� WKH� OLNHO\�
extent of damages, and the possible reductions 
in those damages resulting from the presence 
of the wetlands. The exact extent of the damage 
WKDW� GHWHUPLQHV� EHQHȴWV� FDQQRW�� RI� FRXUVH�� EH�
known with precision in advance so estimates and 
assumptions must be used. These assumptions 
DQG� WKH� FDOFXODWLRQV� XVHG� WR� HVWLPDWH� EHQHȴWV�
are explained in Section III of the accompanying 
technical report.

Figure VII-2 Pamlico Sound Wetlands and Flood Zones

Flood damage reductions depend on the frequency 
DQG�VHYHULW\�RI�ȵRRGLQJ�DV�GHȴQHG�E\�WKH�VHYHULW\�RI�
ȵRRGLQJ��$�PHDVXUH�WKDW�FRPELQHV�IUHTXHQF\�DQG�
VHYHULW\�LV�WKH�����\HDU�ȵRRG�]RQH�GHVLJQDWHG�E\�
FEMA for purposes of administering the National 
)ORRG�ΖQVXUDQFH�3URJUDP��7KLV�]RQH�LGHQWLȴHV�DQ�
DUHD�DHFWHG�E\�D�ȵRRG�RI�VXFK�VHYHULW\�WKDW�LW�RQO\�
has a 1% chance of occurring each year. For this 
analysis, an alternate scenario is used to examine 
WKH� SRWHQWLDO� HHFWV� RI� FOLPDWH� FKDQJH�� RQH� RI�
which is an increase in the frequency of severe 
VWRUP� HYHQWV�� 7R� UHȵHFW� HVWLPDWLRQ� RI� EHQHȴWV�
related to a changing climate, we assumed the 
100-year storm becomes the 50-year storm, which 
means the annual probability of a storm at least 
this severe doubles from 1% to 2%. 

to raise awareness of natural infrastructure 
EHQHȴWV�DV�D�SUHOXGH�WR�LQFRUSRUDWLQJ�WKHVH�YDOXHV�
into planning for the future of estuaries using 
more complete information. More detail on the 
methodology is available in Section IV of the main 
report.  
  
)RU�3DPOLFR�6RXQG�WKHVH�EHQHȴWV�FDQ�UDQJH�IURP�
������ PLOOLRQ� WR� ������� PLOOLRQ� RYHU� D� ���\HDU�
SHULRG� IRU� D� ȵRRG� WKDW� KLVWRULFDOO\� ZRXOG� RFFXU�
once in 100 years. Climate change may double 
WKH�ULVN�RI�D�VHYHUH�ȵRRG�RFFXUULQJ��LQ�ZKLFK�FDVH�
EHQHȴWV�ZRXOG�LQFUHDVH�WR�EHWZHHQ�������PLOOLRQ�
DQG��������PLOOLRQ��7DEOH�9ΖΖ�����7KHVH�YDOXHV�DUH�
IRU�GDPDJHV�WR�SURSHUW\�H[SRVHG�WR�ȵRRGLQJ�DQG�
do not include the damages to business sales or 
employment, nor the value of possible losses from 
HHFWV�RQ�KXPDQ�KHDOWK��7KHVH�GDPDJH�HVWLPDWHV�
should thus be considered as only partial.

7KH� QDWXUDO� LQIUDVWUXFWXUH� EHQHȴWV� LQ� 3DPOLFR�
6RXQG�DUH�WR�EH�IRXQG�WKURXJKRXW�WKH�DUHD�GHȴQHG�
as the portions of four counties bordering the 
Sound (Carteret, Craven, Hyde, Pamlico) located 
within the Lower Neuse and Pamlico Hydrologic 
Units.36 Parcels from the county tax records were 
selected based on their location within the 100-year 
ȵRRG� ]RQH37 and adjacent to estuarine wetlands 
DV�GHȴQHG�E\� WKH�1DWLRQDO�:HWODQGV� ΖQYHQWRU\�38 
Figure VII-2, shows the location of the estuarine 
wetlands as indicated by the National Wetlands 
Inventory from the U.S. Fish & Wildlife Service 
together39 with the FEMA-designated 100- year 
ȵRRG�]RQH��WKDW�LV�WKH�DUHD�ZKLFK�KDV�D�KLVWRULFDO�
SUREDELOLW\�RI�EHLQJ�ȵRRGHG�RI����HDFK�\HDU�40 In 
Figure VII-3, the parcels located in the 100-year 
ȵRRG� ]RQH� DUH� DGGHG� WR� WKH� PDS�� 7KLV� VSDWLDO�
DQDO\VLV� UHVXOWV� LQ� WKH� LGHQWLȴFDWLRQ� RI� �������
KHFWDUHV� ��������� DFUHV�� RI� ZHWODQGV� RHULQJ�
protection to 35,429 parcels which intersect with 
the selected wetlands. The parcel data was drawn 
from the assessors’ databases of each county.

Wetlands can reduce the damage from coastal or 
ULYHU� ȵRRGLQJ� E\� DEVRUELQJ� DQG� VORZLQJ� UXQR��
stabilizing riverbanks and coastlines, dissipating 
wave energy, and serving as a physical barrier. 
7KH� EHQHȴWV� FDQ� EH�PHDVXUHG� DV� WKH� UHGXFWLRQ�
LQ�ȵRRG�GDPDJHV�UHVXOWLQJ� IURP�WKH�SUHVHQFH�RI�
the wetlands and is a function of the location of 
vulnerable economic assets (buildings and land), 
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6LQFH�DQ\�ȵRRG�GDPDJHV�ZLOO�RFFXU�LQ�WKH�IXWXUH��
the value of the expected damages is discounted 
over the 30-year time period and the results are 
SUHVHQWHG� LQ� ������� RU� WKH�SUHVHQW� YDOXH�� 7KHVH�
expected damages are the basis for calculating 
WKH� UHGXFWLRQV� LQ� ȵRRG� GDPDJHV� WKDW� PD\� EH�
attributable to wetlands as described above.

7KH� H[WHQW� WR� ZKLFK� ZHWODQGV� FDQ� UHGXFH� ȵRRG�
damages is highly variable depending greatly 
on the type and extent of wetlands at any given 
location. For purposes of this analysis the 
ȊZHWODQGV� HHFWȋ� LV� WKH� UHGXFWLRQ� LQ� WKH� GROODU�
YDOXH�RI�OLNHO\�GDPDJHV�IURP�D�����\HDU�ȵRRG�WKDW�
may be attributable to the presence of wetlands—
expressed as a percentage of damages. A range of 
10% to 20% reduction is used based on a study of 
wetlands damage reductions from an actual storm 
in the Atlantic.41 

Table VII-2 provides the results of the analysis 
for the area as a whole and for the portion of the 
counties located within the relevant hydrologic 
XQLW�DQG�YXOQHUDEOH� WR�ȵRRGLQJ��7KH� WDEOH�VKRZV�
the assessed values of land and buildings plus the 
total market value by parcel as estimated by the 
assessor of each county. Carteret County has the 
largest number of parcels and the majority of both 
the value at risk and the natural infrastructure 
EHQHȴWV�� DFFRXQWLQJ� IRU� DERXW� ���� RI� WKH� YDOXH�
DQG�EHQHȴWV��

Figure VII-3 Pamlico Sound Wetlands and Parcels

7R� FDOFXODWH� WKH� SURWHFWLYH� EHQHȴWV� RI� ZHWODQGV��
we estimated the total likely damages to property 
IURP�D�����\HDU�ȵRRG�ȴUVW��7KHVH�GDPDJHV�ZHUH�
HVWLPDWHG� E\� DSSO\LQJ� ȵRRG� GDPDJH� IDFWRUV� IRU�
land and buildings to the assessed values of the 
property; buildings were assumed to be subject 
to twice the damages of land. These estimated 
damages were multiplied by the probability of a 
ȵRRG�RFFXUULQJ�RYHU�D����\HDU�SHULRG��)RU�WKH����
annual probability, the cumulative probability of 
D�ȵRRG�RYHU����\HDUV� LV������ )RU� WKH����DQQXDO�
probability the cumulative probability is 45%. The 
UHVXOW�LV�WKH�WRWDO�H[SHFWHG�ȵRRG�GDPDJH�RYHU����
years. 

b b b b b 1% Annual 
3UREDELOLW\�6WRUP�
%HQHȴWV��0LOOLRQV�

2% Annual 
3UREDELOLW\�6WRUP�
%HQHȴWV��0LOOLRQV�

&RXQW\�
Area

Parcels Buildings 
Value 

(Millions)

Land Value 
(Millions)

Total Value 
(Millions)

Wetland 
(HFW�
(Low) 
-10%

Wetland 
(HFW�
(High) 
-20%

Wetland 
(HFW�
(Low) 
-10%

Wetland 
(HFW�
(High) 
-20%

Carteret 8,760 ��������� ��������� ��������� ������ ������ ������ ������
&UDYHQb 913 ��������� ������� ��������� ������ ������ ������ ������
+\GH 1143 ������ ��������� ��������� ������ ������ ������ ������

3DPOLFR 2,931 ������� ������� ������� ����� ����� ����� �����
TOTAL 13,747 $3,449.46 $13,548.17 $16,997.63 $48.84 $109.88 $97.68 $219.76

7DEOH�9ΖΖ����3DPOLFR�6RXQG�1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV�E\�&RXQW\�$UHD�LQ�3DPOLFR�DQG�/RZHU�1HXVH�+\GURORJLF�8QLWV
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discounted to show their value in today’s dollars 
(present value). Values were calculated for each of 
IRXU�6&&�VFHQDULRV�XVLQJ�GLHUHQW�GLVFRXQW�UDWHV��
The “high” and “low” coastal blue carbon values 
presented in this summary correspond to the use 
of a 2.5 percent and 5.0 percent discount rate, 
respectively.

Land cover in the Pamlico Sound is dominated 
by palustrine and estuarine wetlands, including 
forested, scrub/shrub, and emergent (See Figure 
VII-4). Estuarine emergent wetland dominates the 
inland shoreline of the sound, with large expanses 
on Piney Island and the Cedar Island National 
Wildlife Refuge at the mouth of the Neuse River. 
In addition, a narrow band of estuarine emergent 
salt marsh extends almost the entire length of the 
inland shore of the Outer Banks.

Carbon Pro!le
In 2016, the Pamlico Sound study area contained 
37,000 hectares (more than 90,000 acres) of 
estuarine emergent vegetation (saltmarsh, 
see Figure VII-5). The Coastal Carbon Research 
Coordination Network (RCN) database contained 
data from 6 cores sampling the soil beneath 
estuarine emergent vegetation, with values ranging 
from 16 to 623 metric tons of carbon per hectare in 
the soil and averaging 293 metric tons per hectare. 
The depth of core samples ranges from 57 to 125 
centimeters, averaging 86 centimeters.

7KHVH�ȴJXUHV�VXJJHVW�WKDW�PRUH�WKDQ������PLOOLRQ�
tons of carbon dioxide equivalent (CO2e

55) are 
stored in the soil beneath the study area’s 37,000 
hectares of estuarine emergent vegetation. 
This is equivalent to the annual emissions of 
approximately 2 million cars.56

The Value of the Coastal Carbon 
Stock Stored in Soil

Although carbon is also stored in the biomass 
of the plants and continues to be sequestered 
over time, data limitations allow only an analysis 
of the value of carbon that is stored in soil. The 
value of the blue carbon stock stored in the soil 
of Pamlico Sound’s estuarine emergent wetland 
areas is estimated as the cost to society that 
would be incurred if the wetlands’ upper layers 

VALUE OF COASTAL BLUE 
CARBON IN PAMLICO SOUND

Over the past decades, as the relationship 
between greenhouse gases and climate change 
became clear, the scope of analyses for estuary 
conservation opportunities expanded to consider 
the role of coastal wetlands in the global carbon 
cycle. Coastal wetlands sequester vast amounts 
of the greenhouse gas carbon dioxide, and store 
that carbon in their soils. The carbon sequestered 
and stored in coastal estuaries is called coastal 
blue carbon.42 Conserving and restoring estuaries 
rich in coastal blue carbon mitigates the impacts 
of climate change43,44 and provides additional 
EHQHȴWV� WKDW�VXSSRUW� ORFDO�FRPPXQLWLHV�DQG�FDQ�
EROVWHU� ORFDO� HFRQRPLHV�� 7KHVH� EHQHȴWV� LQFOXGH�
SURYLGLQJ� QXUVHU\� KDELWDW� IRU� ȴVK45, reducing 
the impact of storm surge,46,47,48 and improving 
water quality.49,50,51 Researchers estimating global 
coastal blue carbon emissions have observed 
the rapid disappearance of coastal wetlands due 
to human activity, despite federal and regional 
wetland protection and planning.52

In this case study, coastal blue carbon values are 
estimated by multiplying the stock of carbon in 
the “emergent estuarine” land cover class of each 
estuary by estimates of the social cost of carbon 
(SCC) published by the Interagency Working Group 
on Social Cost of Greenhouse Gases in February 
2021.53 

SCC is “a measure, in dollars, of the long-term 
damage done by a ton of carbon dioxide (CO2) 
emissions in a given year”.54 SCC can also represent 
the value of damages avoided for emission 
UHGXFWLRQV� �L�H��� WKH� EHQHȴW� RI� D� &22 reduction). 
:KHWKHU�XVHG� WR�PHDVXUH�FRVWV�RU�EHQHȴWV��6&&�
YDOXHV�LQFOXGH�VXFK�ZLGH�UDQJLQJ�HHFWV�DV�JOREDO�
changes in economic output, human health, 
SURSHUW\�GDPDJHV�IURP�LQFUHDVHG�ȵRRG�ULVN��DQG�
the value of ecosystem services. 

7KH� HFRQRPLF� HHFWV� RI� UHOHDVLQJ� FDUERQ� LQWR�
the atmosphere continue long into the future 
and increase as the total concentration of 
atmospheric carbon increases. Annual SCC values 
for this study’s twenty-year period of analysis were 
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Figure VII-5. Estuarine Emergent Wetlands in the Pamlico Sound

An exponential decay function with a half-life of 
7.5 years was used to estimate the annual metric 
tons of carbon that would be released from soil 
when one hectare of estuarine emergent wetland 
is converted to another use.58 The results of this 
analysis are shown in the table below. In year 30, 
only 6 percent, or 18.5 metric tons of the initial 
store of 293 tons of CO2e remain in each hectare 
of disturbed wetland soil.

SCC values are projected to increase over time 
corresponding to increases in the concentration 
of greenhouse gases. For purposes of this 
computation, it was assumed that the wetland 
was converted in 2020. The initial carbon stock 
(Year 2020) is 293 metric tons per hectare. Table 
9ΖΖ���VKRZV�WKDW��LQ�WKH�ȴUVW�\HDU�DIWHU�FRQYHUVLRQ��
25.8 metric tons of carbon would be released, 
23.5 metric tons would be released in the second 
year, etc. The SCCs for 2020 (See Table VII-4) were 
applied to carbon releases during Year 1 (assuming 
the wetland was converted in 2020). SCC values for 
2021 would be applied to carbon released during 
Year 2, etc. This yields the annual social costs of 
carbon that would be released if the marsh were 
converted. 
 

were disturbed or developed, and the carbon 
was released. These computations are described 
below. A more comprehensive assessment of 
WKH� HHFWV� RI� ZHWODQG� ORVV� �DQG�� WKXV�� WKH� YDOXH�
of conservation) would include the cessation of 
carbon sequestration and the emission of carbon 
stored in the biomass. However, sequestration 
rates and the amount of carbon stored in biomass 
YDU\� VLJQLȴFDQWO\� DPRQJ� VLWHV�� HYHQ� ZLWKLQ� WKH�
same class of vegetation.57� 5HOLDEOH�� VLWH�VSHFLȴF�
estimates of carbon sequestration rates and 
the amount of carbon stored in biomass are not 
available for Pamlico Sound or the areas that are 
WKH�VXEMHFW�RI�WKH�RWKHU�ȴYH�FDVH�VWXGLHV��)RU�WKLV�
reason, no attempt was made to estimate these 
values.

Figure VII-4. Map of vegetation types in Pamlico Sound

The value of restoring estuarine emergent 
wetland arises from the restoration of carbon 
sequestration, which increases over time as the 
salt marsh matures. The data limitations described 
prevent the estimation of these values. 
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7DEOH�9ΖΖ����$QQXDO�&DUERQ�5HOHDVHG�IURP�WKH�6RLO�RI�&RQYHUWHG�(VWXDULQH�(PHUJHQW�:HWODQGV��PHWULF�WRQV�SHU�KHFWDUH�

Year &DUERQ�LQ�6RLO &XPXODWLYH�&DUERQ�5HOHDVH Annual Carbon Release

2020 293.0 0.0 0.0

2021 267.2 25.8 25.8

2022 243.7 49.3 23.5

2023 222.3 70.7 21.4

2024 202.7 90.3 19.6

2025 184.9 108.1 17.8

2026 168.6 124.4 16.3

2027 153.8 139.2 14.8

2028 140.2 152.8 13.5

2029 127.9 165.1 12.3

2030 116.6 176.4 11.3

2031 106.4 186.6 10.3

2032 97.0 196.0 9.4

2033 88.5 204.5 8.5

2034 80.7 212.3 7.8

2035 73.6 219.4 7.1

2036 67.1 225.9 6.5

2037 61.2 231.8 5.9

2038 55.8 237.2 5.4

2039 50.9 242.1 4.9

2040 46.4 246.6 4.5

2041 42.3 250.7 4.1

2042 38.6 254.4 3.7

2043 35.2 257.8 3.4

2044 32.1 260.9 3.1

2045 29.3 263.7 2.8

2046 26.7 266.3 2.6

2047 24.4 268.6 2.4

2048 22.2 270.8 2.1

2049 20.3 272.7 2.0

2050 18.5 274.5 1.8
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Prices from the Regional Greenhouse Gas Initiative 
(RGGI) and Western Climate Initiative (WCI) carbon 
markets were also applied (with a 3% discount rate) 
to the future stream of carbon releases associated 
with the loss of one hectare of saltmarsh in 
Pamlico Sound. In almost all scenarios, the cost 
of purchasing the right to release this stream of 
carbon is much less than the social cost of the 
released carbon. Achieving a socially optimal 
solution requires that emission caps be set at a 
level where the market price of carbon equals the 
SCC. Prices from these two carbon markets result 
LQ� YDOXHV� WKDW� UDQJH� IURP� ������� SHU� KHFWDUH� WR�
������� SHU� KHFWDUH� ZLWK� WRWDOV� IRU� WKH� �������
hectares of salt marsh in the study area ranging 
IURP�������PLOOLRQ�WR��������PLOOLRQ��7KH�UHVXOWV�RI�
these computations are shown in Table VII-5.

Year �����'ROODUV�3HU�7RQ�RI�&22e
RGGI WCI 6&&���� 6&&���� 6&&������ 6&&��+LJK�ΖPSDFW

2020 ��� �� ��� ��� ��� ����
2025 ��� �� ��� ��� ��� ����
2030 ��� �� ��� ��� ��� ����
2035 ��� �� ��� ��� ��� ����
2040 ��� �� ��� ��� ���� ����
2045 ��� �� ��� ��� ���� ����
2050 ��� �� ��� ��� ���� ����

This computation was performed for each of the 
four sets of published SCC values and each stream 
of annual costs was discounted to calculate its 
present value. Three of the four sets of published 
6&&�YDOXHV�GLHU�RQO\�ZLWK�UHVSHFW�WR�WKH�GLVFRXQW�
rates that are applied to future economic values; 
in Table VII-4, these values are shown in columns 
labeled “SCC, 5%,” “SCC, 3%,” and “SCC, 2.5%”.59 
Present value computations for these estimates 
of the SCC use the discount rate upon which 
each estimate was based. These present values 
UDQJH�IURP��������KHFWDUH�WR���������KHFWDUH�RI�
estuarine emergent marsh, with the total value for 
the 37,000 hectares in the estuary ranging from 
�������PLOOLRQ�WR��������PLOOLRQ�b

7KH� IRXUWK� VHW� RI� SXEOLVKHG� 6&&� YDOXHV� GLHUV�
VLJQLȴFDQWO\� IURP� WKH� RWKHU� WKUHH�� 7KHVH� YDOXHV�
capture the potential for low-probability, high-
impact outcomes from climate change and 
correspond to the 95th percentile of the frequency 
distribution of SCC estimates using a 3 percent 
discount rate. The present value associated with 
WKLV� VHW� RI� 6&&� YDOXHV� LV� ��������KHFWDUH� ZLWK� D�
total value for the estuary’s 37,000 hectares of 
�����ELOOLRQ�

The broad range in these present value estimates 
is in part due to uncertainty about future economic 
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW� UDWHV��
and the appropriate level of risk-taking with 
UHJDUG� WR� FOLPDWH� SROLF\� �UHȵHFWHG� LQ� WKH� VHW� RI�
SCC values associated with low-probability, high-
impact outcomes).

7DEOH�9ΖΖ����0DUNHW�3ULFH�RI�&DUERQ�&UHGLWV�DQG�ΖQWHULP��������9DOXHV�RI�WKH�6RFLDO�&RVW�RI�&DUERQ��6&&��ZLWK�'LVFRXQW�5DWHV
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Annual 
Value

Carbon 
Released

(t CO2H��KD�

Value of Released Carbon
RGGI WCI 6&&���� 6&&���� 6&&������ 6&&��+LJK�ΖPSDFW

2020 25.8 ������� ������� ������� ��������� ��������� ���������
2021 23.5 ������� ������� ������� ��������� ��������� ���������
2022 21.4 ������� ������� ������� ��������� ��������� ���������
2023 19.6 ������� ������� ������� ��������� ��������� ���������
2024 17.8 ������� ������� ������� ������� ��������� ���������
2025 16.3 ������ ������� ������� ������� ��������� ���������
2026 14.8 ������ ������� ������� ������� ��������� ���������
2027 13.5 ������ ������� ������� ������� ��������� ���������
2028 12.3 ������ ������� ������� ������� ��������� ���������
2029 11.3 ������ ������� ������� ������� ������� ���������
2030 10.3 ������ ������� ������� ������� ������� ���������
2031 9.4 ������ ������� ������� ������� ������� ���������
2032 8.5 ������ ������� ������� ������� ������� ���������
2033 7.8 ������ ������� ������� ������� ������� ���������
2034 7.1 ������ ������� ������� ������� ������� ���������
2035 6.5 ������ ������� ������� ������� ������� ���������
2036 5.9 ������ ������� ������� ������� ������� ���������
2037 5.4 ������ ������ ������� ������� ������� ���������
2038 4.9 ������ ������ ������� ������� ������� ���������
2039 4.5 ������ ������ ������� ������� ������� �������
2040 4.1 ������ ������ ������� ������� ������� �������
2041 3.7 ������ ������ ������ ������� ������� �������
2042 3.4 ������ ������ ������ ������� ������� �������
2043 3.1 ������ ������ ������ ������� ������� �������
2044 2.8 ������ ������ ������ ������� ������� �������
2045 2.6 ������ ������ ������ ������� ������� �������
2046 2.4 ������ ������ ������ ������� ������� �������
2047 2.1 ������ ������ ������ ������� ������� �������
2048 2.0 ������ ������ ������ ������� ������� �������
2049 1.8 ������ ������ ������ ������� ������� �������

Table VII-5. Blue Carbon Values for Pamlico Sound 2020-2049 (Nominal/Net Present Value)
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'LVFRXQWHG�9DOXH 0.03 0.03 0.05 0.03 0.025 0.03
2020 ������� ������� ������� ��������� ��������� ���������
2021 ������� ������� ������� ��������� ��������� ���������
2022 ������� ������� ������� ��������� ��������� ���������
2023 ������� ������� ������� ������� ��������� ���������
2024 ������ ������� ������� ������� ��������� ���������
2025 ������ ������� ������� ������� ��������� ���������
2026 ������ ������� ������� ������� ��������� ���������
2027 ������ ������� ������� ������� ������� ���������
2028 ������ ������� ������� ������� ������� ���������
2029 ������ ������� ������� ������� ������� ���������
2030 ������ ������� ������� ������� ������� ���������
2031 ������ ������� ������� ������� ������� ���������
2032 ������ ������� ������ ������� ������� ���������
2033 ������ ������ ������ ������� ������� ���������
2034 ������ ������ ������ ������� ������� �������
2035 ������ ������ ������ ������� ������� �������
2036 ������ ������ ������ ������� ������� �������
2037 ������ ������ ������ ������� ������� �������
2038 ������ ������ ������ ������� ������� �������
2039 ������ ������ ������ ������� ������� �������
2040 ������ ������ ������ ������� ������� �������
2041 ������ ������ ������ ������� ������� �������
2042 ������ ������ ������ ������� ������� �������
2043 ����� ������ ������ ������� ������� �������
2044 ����� ������ ������ ������� ������� �������
2045 ����� ������ ������ ������ ������� �������
2046 ����� ������ ������ ������ ������� �������
2047 ����� ������ ������ ������ ������� �������
2048 ����� ������ ������ ������ ������� �������
2049 ����� ������ ������ ������ ������� �������
1HW�3UHVHQW�9DOXH�����

\HDUV
$1,330.64 $3,744.20 $3,374.01 $12,823.88 $19,464.81 $38,679.22

Table VII-5. Blue Carbon Values for Pamlico Sound 2020-2049 (Nominal/Net Present Value) (cont'd)
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7DEOH� 9ΖΖ���� 12$$� 5HVWRUDWLRQ� &HQWHU� 3URMHFWV� LQ� 3DPOLFR�/RZHU�
1HXVH�5LYHU

b Number of 
3URMHFWV

Dike/Berm 2
%XONKHDG�5HPRYDO 2
Erosion 7
3ODQWLQJ 19
+\GURORJLFDO�&RQQHFWLRQ 3
2\VWHU�5HVWRUDWLRQ 16
Habitat 2

Natural Infrastructure and Coastal 
Blue Carbon Bene!ts 

7KH�HVWLPDWHG�QDWXUDO� LQIUDVWUXFWXUH�EHQHȴWV� IRU�
3DPOLFR�6RXQG�UDQJH�IURP�������PLOOLRQ�WR��������
PLOOLRQ� RYHU� D� ���\HDU� SHULRG� IRU� D� ȵRRG� WKDW�
historically would occur once in 100 years. This is 
WKH�SUHVHQW�YDOXH�RI�SRWHQWLDO�ȵRRG�GDPDJHV�RYHU�
a 30-year period.61 Climate change may double 
WKH�ULVN�RI�D�VHYHUH�ȵRRG�RFFXUULQJ��LQ�ZKLFK�FDVH�
EHQHȴWV�ZRXOG�LQFUHDVH�WR�EHWZHHQ�������PLOOLRQ�
DQG��������PLOOLRQ��7KHVH�YDOXHV�DUH�IRU�GDPDJHV�
WR�SURSHUW\�H[SRVHG�WR�ȵRRGLQJ�DQG�GR�QRW�LQFOXGH�
the damages to business sales or employment, 
tourism, and recreation, nor the value of possible 
ORVVHV�IURP�HHFWV�RQ�KXPDQ�KHDOWK��These damage 
estimates should thus be considered conservative, 
that is they are likely to be low.

7KH� YDOXH� RI� FRDVWDO� EOXH� FDUERQ� EHQHȴWV� UDQJH�
IURP� �������KHFWDUH� WR� ��������KHFWDUH� XVLQJ�
various discount rates. The total value for the 
37,000 hectares in the estuary under the three 
6&&� VFHQDULRV� UDQJHV� IURP� ������� PLOOLRQ� WR�
������� PLOOLRQ�b 7KH� ORZ�SUREDELOLW\�� KLJK�LPSDFW�
climate outcome scenario resulted in a coastal 
EOXH�FDUERQ�YDOXH�RI������ELOOLRQ�

ESTUARY SUMMARY

Restoration Efforts

)LJXUH�9ΖΖ���:HWODQGV�5HVWRUDWLRQ�3URMHFWV�LQ�3DPOLFR�6RXQ

Wetlands restoration projects from the NOAA 
Restoration Atlas located in the Pamlico and 
Lower Neuse Hydrographic Units are shown in 
Figure VII-6. Most of these projects are located 
in Carteret County in the southwestern part of 
the region, outside of the study area. These are 
LQ� WKH�DUHD�ZKHUH�QDWXUDO� LQIUDVWUXFWXUH�EHQHȴWV�
are highest. There were 11 projects listed in the 
NOAA Restoration Atlas restoring 8.3 hectares 
(20.6 acres). These are small projects averaging 
0.7 hectares (1.9 acres) and overlap in location 
on Figure VII-6. Restoration projects emphasize 
erosion control and oyster reef construction. It 
should be noted that restoration in the area has 
been concentrated to a large extent in the White 
Oak Hydrographic Unit to the southwest of the 
study area where more than 30 projects have 
been undertaken.

In coordination with NOAA’s Community Based 
Restoration Program, the North Carolina Coastal 
Federation also initiated construction on living 
shorelines in 2001. Recently with support from 
NOAA’s coastal resilience grant program, the 
North Carolina Coastal Federation created a new 
400-foot living shoreline in North Pamlico Sound 
WR� RVHW� UDSLG� VDOW� PDUVK� ORVV� DW� ������ VTXDUH�
feet per year. A 2015 NOAA study, Blue Carbon 
Potential of Living Shorelines, demonstrated that 
living shorelines provide both erosion control and 
sequester carbon bolstering coastal resilience.60
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Sound also contains large swaths of coastal blue 
carbon-rich estuary, and in terms of increasing 
YDOXH� LQ� WKH� HVWXDU\� RYHU� WLPH�� WKH� EHQHȴWV� SHU�
hectare is larger for blue carbon. Conserving or 
restoring wetlands to continue to increase blue 
FDUERQ�EHQHȴWV�ZLOO�SURYLGH�WKH�JUHDWHVW�DGGLWLRQ�
to the existing value. 

These estimates must be considered very 
preliminary and are intended to be helpful 
in shaping overall strategies for the future 
management of the wetlands resources of 
Pamlico Sound, strategies that account for both 
local goals of a healthy estuary and global goals 
of mitigation of climate change. They are part of a 
broader attempt to begin to characterize general 
HVWXDU\�FKDUDFWHULVWLFV�WKDW�RHU�GLHUHQW�VRXUFHV�
of economic value to local communities, such as 
SURWHFWLRQ� IURP� VWRUPV� DQG� ȵRRGLQJ�� DQG� KHOS�
meet broader societal goals, such as mitigation 
for climate change. As part of an examination of 
estuaries across the nation, they are not intended 
to guide project-level decisions, or replace more 
localized “deep dives” that have been conducted 
in these estuaries. There are still many unknowns 
that require much more elaborate estimation 
procedures for both natural infrastructure and 
FRDVWDO�EOXH�FDUERQ��:KHWKHU� WKH�DFWXDO�EHQHȴWV�
in the future will tend towards the lower or higher 
end of these estimates will require continued 
research and ongoing assessment. But it is certain 
WKDW� WKH�UHDOL]DWLRQ�RI� WKHVH�EHQHȴWV�ZLOO�GHSHQG�
ȴUVW� RQ� FRQVHUYLQJ� WKH� ZHWODQGV� WKDW� H[LVW� DQG�
then on the restoration of wetlands that could 
LQFUHDVH�WKHVH�EHQHȴWV���

3DPOLFR�6RXQG� 7RWDO�KHFWDUHV�
LQ�DQDO\VLV

(VWLPDWHG�EHQHȴWV�SHU�KHFWDUH�
RI�ZHWODQGV���7KRXVDQGV�

7RWDO�(VWLPDWHG�%HQHȴWV�
($Millions)

Low 
estimate

High estimate Low 
estimate

High 
Estimate

1DWXUDO�ΖQIUDVWUXFWXUH� 62,153 ����� ����� ������ �������
Coastal Blue Carbon62 37,000 ���� ����� ������ ������

Total $173.6 $940.0

7KH�EURDG�UDQJH�LQ�WKHVH�EHQHȴW�HVWLPDWHV�LV�GXH�
to several factors:

• YDULDWLRQ� LQ� WKH� ȊZHWODQGV� HHFWȋ� DULVLQJ�
IURP� GLHUHQFHV� LQ� WKH� SUHFLVH� ORFDWLRQ��
and quantity of wetlands between the 
valued assets and the water,

• uncertainty about future economic 
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW�
rates in the coastal blue carbon analysis), 
and 

• assumptions about the increasing severity 
of storms due to climate change.

Pamlico Sound is a largely undeveloped estuary, 
with a small acreage of low-intensity developed land 
parcels and even less medium-intensity developed 
acres (See Figure VII-4). Table VII-7 summarizes the 
UDQJH�RI�EHQHȴWV�IURP�QDWXUDO�LQIUDVWUXFWXUH�DQG�
coastal blue carbon determined by this analysis. 
The table also includes the combination of the 
two ecosystem service values that were analyzed 
in this report. The analysis includes all areas of 
wetlands within the study area that provide one 
service or the other, as well as areas that provide 
ERWK� VHUYLFHV�� %HFDXVH� WKH� WZR� EHQHȴWV� SURYLGH�
complementary services, presenting a total value is 
appropriate. Combined, the natural infrastructure 
DQG� FRDVWDO� EOXH� FDUERQ� EHQHȴWV� UDQJH� IURP�
������� WR� �������PLOOLRQ�� 7KH� YDOXH� RI� HFRQRPLF�
assets is relatively low compared to other estuaries 
assessed in this series of case studies, and the 
QDWXUDO�LQIUDVWUXFWXUH�ȵRRG�UHVLOLHQFH�EHQHȴWV�DUH��
correspondingly, several times lower than the blue 
FDUERQ� EHQHȴWV�� +RZHYHU�� WKHVH� ȵRRG� UHVLOLHQFH�
EHQHȴWV�DUH�VWLOO�VXEVWDQWLDO�DW�DERXW������PLOOLRQ��
largely because of the extent of the wetlands, and 
should be recognized and maintained. Pamlico 

7DEOH�9ΖΖ����1DWXUDO�ΖQIUDVWUXFWXUH�DQG�&RDVWDO�%OXH�&DUERQ�%HQHȴWV�6XPPDU\
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)LJXUH�9ΖΖΖ���5HG�PDQJURYHV��5KL]RSKRUD�PDQJOH��UHȵHFWHG�LQ�WKH�ZDWHU�

VIII. Case Study 3: 
Tampa Bay, Florida

TAMPA BAY ESTUARY

Tampa Bay, located on Florida’s Gulf Coast, is an 
estuary system vital to both the marine life that 
inhabits the estuary’s waters and shores and the 
millions of people that reside in the region. The es-
tuary’s various habitats support a broad diversity 
of resident and migratory wildlife. This rich biodi-
versity of the Bay has heavily shaped the region’s 
community and economy throughout its history. 
Residents of the Tampa metropolitan area rely on 
jobs dependent on the health of the Bay, including 
ȴVKLQJ��ERDWLQJ��HFRORJLFDO�UHVHDUFK��DQG�VKLSSLQJ�
to and from the region’s ports.1

The Tampa Bay Estuary covers just over 103,000 
hectares (256,000 acres) from the Hillsborough 
River to Anna Maria Island on the western-central 
peninsula of Florida and drains 2,200 square miles 
across the six counties it spans.2 The estuary is 
extremely shallow throughout its range with an 
average depth of 11 feet and a maximum depth of 
43 feet in the main shipping channel.3 

The area supports two of the largest cities in 
Florida, St. Petersburg and Tampa, and hosts a 
population of approximately 2.8 million people.4 

The population in the Tampa Bay watershed 
has more than doubled since the 1950s when 
HQYLURQPHQWDO� LVVXHV� ȴUVW� FDPH� WR� OLJKW� LQ� WKH�
estuary, with urban development accounting for 
39% of the land use in the watershed followed 
by agriculture (20%), wetlands (17%), forested/
vegetated Land (12%), mining (8%), and water 
(3%).5 Rapid population growth combined with 
inadequate sewage treatment systems yielded 
major declines in the estuary’s water quality in 
the 1960s and 1970s.6 However, a collaborative 
%D\�ZLGH� PDQDJHPHQW� HRUW� RYHU� WKH� SDVW�
forty years has turned Tampa Bay estuary into 
a great restoration success story. In 2014, these 
FROODERUDWLYH�HRUWV�DFKLHYHG�WKH�JRDO�RI�UHVWRULQJ�
Tampa Bay’s seagrass populations to 1950’s levels 
(15,380 acres).7 At the same time, innovative 
DQG�HHFWLYH�QXWULHQW� UHGXFWLRQ�HRUWV�DLPHG�DW�
reducing eutrophication in the Bay have resulted 
in meeting water quality goals in each segment of 
the bay since 2005.8 Since the early 2000’s oyster 
restoration projects have helped to improve water 
quality and to provide protective services to the 
urban shorelines.9
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decimation of seagrass beds.20 Seagrass bed cover 
was reduced by approximately 50% during the 
1970s and 1980s, with particularly high reductions 
in areas adjacent to development.21 Researchers 
estimated that the nitrogen load between the 
period from 1950-1980 was 500% higher than 
levels prior to 1950.22 Development also destroyed 
critical habitat including salt marshes and 
mangroves resulting in the loss of approximately 
44% of historic emergent coastal wetlands and 81% 
of historic seagrass cover by 1981.23 Approximately 
half of the marsh and mangrove habitat was lost 
and half of the natural shoreline was developed, 
leading to 40% of underwater seagrasses being 
decimated.24 

7RGD\�� VWRUPZDWHU� UXQR� IURP� XUEDQ� DQG�
residential areas is the greatest source of nitrogen 
pollution in Tampa Bay accounting for more than 
KDOI�WKH�QLWURJHQ�LQȵX[�LQWR�WKH�HVWXDU\�25 Although 
wastewater discharge was historically a major 
LVVXH�� UHPHGLDWLRQ� LQ� WKH�����V�UHGXFHG�HɞXHQW�
discharge by more than 90%.26 Urban development 
is currently a major threat to the estuary. Future 
development and a projected doubling of the 
current population by 2050 have the potential 
to jeopardize the environmental quality and 
economic stability of the region.27 Fortunately 
Tampa Bay has a history of restoration success 
and community engagement that positions the 
region to manage this growth and expansion. 

Environmental Policies
In 1990 Congress designated Tampa Bay an 
ȊHVWXDU\� RI� QDWLRQDO� VLJQLȴFDQFHȋ� XQGHU� WKH�
National Estuary Program administered by the 
Environmental Protection Agency under the 
Clean Water Act.28 In response the Tampa Bay 
Estuary Program was formed in 1991 to “build 
partnerships to restore and protect Tampa Bay 
WKURXJK�LPSOHPHQWDWLRQ�RI�D�VFLHQWLȴFDOO\�VRXQG��
FRPPXQLW\�EDVHG� PDQDJHPHQW� SODQ�ȋ29 The 
Comprehensive Conservation and Management 
3ODQ� �&&03�� IRU� 7DPSD� %D\� LGHQWLȴHV� ���
management actions within three key priority 
areas needed to sustain restoration progress: 
Clean Waters and Sediments; Thriving Habitats 
and Abundant Wildlife; and an Informed, Engaged 
and Responsible Community.30,31 

7KHUH�DUH�IRXU�PDMRU�ULYHUV�WKDW�ȵRZ�LQWR�7DPSD�
%D\�� WKH�+LOOVERURXJK��$ODȴD��0DQDWHH��DQG�/LWWOH�
Manatee. In total these rivers push approximately 
525 billion gallons of water into the Bay every 
year.10� 7KLV� LQȵX[� RI� IUHVK� ZDWHU� FUHDWHV� WKH�
unique estuarine environment allowing mangrove 
forests, salt marshes, and seagrass beds to 
ȵRXULVK�� 0DQJURYH� IRUHVWV�� FRPSULVHG� RI� UHG��
black, and white mangroves, are the dominant 
wetland vegetation in the Tampa Bay watershed.11 
0DQJURYHV� WUDS� DQG� F\FOH� SROOXWDQWV� LQȴOWUDWLQJ�
the water and act as shelter and nursery habitat 
IRU� ȴVK�� FUXVWDFHDQV�� DQG� VKHOOȴVK� DQG� DOORZ� D�
EURDG� GLYHUVLW\� RI� PDULQH� VSHFLHV� WR� ȵRXULVK�12 
Additionally, they stabilize the shoreline and help 
SURWHFW� LW� IURP� VWRUP� UXQR� DQG� ȵRRGLQJ�� 6DOW�
marshes comprised of rushes, sedges, and grasses 
provide refuge from predation for wildlife and 
UHGXFH�QXWULHQW� LQȵX[� WR� WKH�HVWXDU\�13 In Tampa 
Bay Spartina patens and 6SDUWLQD� DOWHUQLȵRUD are 
the dominant salt marsh species.14 Three types 
of seagrasses (shoal, turtle, and manatee) also 
provide shelter and nursery habitat for marine 
OLIH�LQ�DGGLWLRQ�WR�ȴOWHULQJ�DQG�VWDELOL]LQJ�VHGLPHQW�
improving water clarity in the estuary.15 

The Tampa Bay estuary supports a wide variety of 
fauna within its mangrove forests, seagrass beds, 
oyster reefs, and salt marshes. One quarter of 
the Gulf Coast’s population of manatees winter in 
the area, over 25 species of shore birds come to 
nest, and important commercial and recreational 
ȴVK�VSHFLHV�ȴQG�KDELWDW�WKHUH�\HDU�URXQG�16 Over 
����VSHFLHV�RI�ȴVK� UHVLGH� LQ�7DPSD�%D\�DQG� WKH�
HVWXDU\� LV� DEXQGDQW� LQ� VPDOO� EDLW� ȴVK�� 5HGȴVK��
mullet, sheepshead, snook, and spotted seatrout 
are prime targets for recreational and commercial 
ȴVKLQJ� LQ� WKH� UHJLRQ�17  More than 25 species of 
waterbirds nest in the estuary including white ibis, 
great blue heron, and the reddish egret, a species 
of special concern in Florida and the rarest egret 
in the U.S.18

Rapid population growth and correlated declining 
water quality triggered Tampa Bay’s environmental 
decline from the 1950s to 1960s.19 Concentrated 
population growth and construction of municipal 
VHZDJH� GLVFKDUJHV�� VWRUPZDWHU� UXQR�� DQG�
industrial discharge from manufacturing plants 
near shorelines stimulated excessive nitrogen 
LQȵX[� LQWR�WKH�HVWXDU\�FDXVLQJ�DOJDH�EORRPV�DQG�
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Socioeconomic/Cultural Signi!cance
Tampa Bay has supported a robust coastal 
FRPPXQLW\�VLQFH�WKH�����V��GHȴQHG�PRUH�UHFHQWO\�
by rapid population growth and development.43 
The region is economically dependent on several 
LQGXVWULHV�LQFOXGLQJ�VKLSSLQJ��FRPPHUFLDO�ȴVKLQJ��
DQG�VFLHQWLȴF�UHVHDUFK��2FHDQ�GHSHQGHQW�LQGXVWULHV�
in Tampa Bay’s three counties (Hillsborough, 
Pinellas, and Manatee) contributed $5.3 billion 
dollars to the region’s GDP in 2018.44 However, 
tourism is perhaps the most important industry in 
Tampa Bay contributing $3.6 billion to the regional 
economy in 2018, and employing nearly 80,000 
people.45 The tourism industry draws international 
and domestic visitors to experience water-
based activities such as, snorkeling and diving, 
UHFUHDWLRQDO�ȴVKLQJ��ERDWLQJ��ND\DNLQJ��DQG�ZLOGOLIH�
observation. The industry draws approximately 5 
million visitors every year to experience what the 
7DPSD�%D\�UHJLRQ�KDV�WR�RHU��7KHVH�DFWLYLWLHV�DOO�
rely on a healthy Bay. 

The local economy is also heavily dependent on 
the shipping business hosting three major ports, 
Port Tampa Bay, Port St. Pete, and Port Manatee. 
These three ports support an estimated 130,000 
jobs in the region and connect the Bay area to 
the rest of the Gulf Coast, areas of inland Florida, 
DQG� WKH� ZRUOG�b 7KH� WZR� PHWURSROLWDQ� DUHDVȃ
7DPSD�DQG�6W��3HWHUVEXUJȃ�DOVR� LQFOXGH�VHYHUDO�
prominent research institutions including the 
University of South Florida and the University of 
Tampa. Additionally, the area hosts MacDill Air 
Force Base and the U.S. Coast Guard Air Station 
Clearwater.46 This combination has driven medical 
and technological research throughout the region, 
and shaped another important job sector in the 
Tampa Bay Estuary. 

6HDJUDVV�DFUHDJH�KDV�EHHQ�LGHQWLȴHG�DV�D�FULWLFDO�
indicator of estuarine health in Tampa Bay and in 
1996 the Tampa Bay Estuary Program developed a 
multi-step strategy to restore seagrass acreage to 
1950’s levels preceding rapid population growth.32, 
33 As seagrass is dependent upon sunlight and 
water clarity, the strategy focused on reducing 
nitrogen loads and algae blooms to improve water 
TXDOLW\�WR�D�OHYHO�WKDW�DOORZHG�VXɝFLHQW�VXQOLJKW�IRU�
seagrass proliferation.34 The program was hugely 
successful and involved collaboration from public 
and private sectors and the implementation of over 
450 projects focusing on wastewater upgrades, 
stormwater improvement, habitat restoration, and 
public education.35 Water clarity has been restored 
to historic levels, seagrass restoration goals were 
exceeded increasing by more than 65% since the 
1980s, and nutrient loading was cut in half as a 
result of the program. 36,37

Coastal habitats, including mangroves, 
seagrasses, and tidal marshes, have been 
LGHQWLȴHG� DV� H[WUHPHO\� SURGXFWLYH� HFRV\VWHPV�
that act as carbon sinks in the global carbon 
cycle.38�0DQDJHPHQW�RI�WKLV�ȊFRDVWDO�EOXH�FDUERQȋ�
focuses on preserving marshes, mangroves, and 
seagrasses to protect sequestered atmospheric 
carbon dioxide in the marine system.39 The Tampa 
Bay Blue Carbon Assessment, published in 2016 
by Restore America’s Estuaries, projected past and 
IXWXUH�FOLPDWH�PLWLJDWLRQ�EHQHȴWV�RI�RQJRLQJ�DQG�
SRWHQWLDO�QHZ�UHVWRUDWLRQ�HRUWV�LQ�WKH�7DPSD�%D\�
Estuary. Their models predict that coastal habitat 
in Tampa Bay will remove between 73,415,000 
and 74,317,000 tons of carbon dioxide from 
the atmosphere by 2100, which equates to the 
removal of 15.5 million fossil-fueled vehicles from 
roads.40,41 The study estimates that restoration 
projects conducted in the estuary removed 
217,000 tons of carbon dioxide between 2006 and 
2015.42 Although this is a fraction of the potential 
carbon sequestration within the habitats of Tampa 
Bay, these restoration activities set the stage for 
targeting and implementing expanded restoration 
projects in the future to mitigate declining wetland 
habitat and maximize carbon sequestration. 
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The analysis in this section uses a method that 
focuses on damages to real property from 
ȵRRGLQJ� WKDW�PLJKW� EH� UHGXFHG�E\� WKH� SUHVHQFH�
of estuarine wetlands adjacent to the property. 
ΖW�LV�D�YHU\�VLPSOLȴHG�SHUVSHFWLYH�WKDW�LV�GHVLJQHG�
to raise awareness of natural infrastructure 
EHQHȴWV�DV�D�SUHOXGH�WR�LQFRUSRUDWLQJ�WKHVH�YDOXHV�
into planning for the future of estuaries using 
more complete information. More detail on the 
methodology is available in Section IV of the main 
report.  

Tampa Bay is the eighteenth largest metropolitan 
area in the U.S. by population, and the second 
largest in Florida after Miami-Dade. There are 
nearly 38,083 parcels of land within the 100-year 
ȵRRG� ]RQH� DQG� DGMDFHQW� WR� ZHWODQGV�� WRJHWKHU�
worth over $148 million at current assessed 
YDOXHV��7KH�QDWXUDO�LQIUDVWUXFWXUH�EHQHȴWV�LQ�WHUPV�
RI�ȵRRG�UHGXFWLRQ�FDQ�UDQJH�IURP������PLOOLRQ�WR�
�������PLOOLRQ� RYHU� D� ���\HDU� SHULRG� IRU� D� ȵRRG�
that historically would occur once in 100 years. 
Climate change may double the risk of a severe 
ȵRRG� RFFXUULQJ�� LQ� ZKLFK� FDVH� EHQHȴWV� ZRXOG�
increase to between $1,804 million and $2,705 
million (See Table VIII-1).

VALUE OF NATURAL 
INFRASTRUCTURE IN
TAMPA BAY ESTUARY

12$$� GHȴQHV� QDWXUDO� LQIUDVWUXFWXUH� DV� ȊKHDOWK\�
ecosystems, including forests, wetlands, 
ȵRRGSODLQV��GXQH�V\VWHPV��DQG�UHHIV��ZKLFK�SURYLGH�
PXOWLSOH�EHQHȴWV�WR�FRPPXQLWLHV��LQFOXGLQJ�VWRUP�
SURWHFWLRQ� WKURXJK� ZDYH� DWWHQXDWLRQ� RU� ȵRRG�
storage capacity and enhanced water services 
DQG� VHFXULW\�ȋ47 An estuary’s capacity to protect 
shoreline property from climate hazards and 
ȵRRG�ULVN� LV�DQ� LPSRUWDQW�HFRV\VWHP�VHUYLFH�WKDW�
LV�XVXDOO\�PHDVXUHG�E\�DVVHVVLQJ� WKH�EHQHȴWV�RI�
coastal natural infrastructure resulting from the 
ability of wetlands to reduce possible damages 
IURP� ȵRRGV�� LQFOXGLQJ� ȵRRGLQJ� LQ� WKH� ULYHU�� ED\��
and ocean areas within an estuary. 

The measurement of this service is, however, 
complex. The value depends on how often and 
KRZ�VHYHUH�ȵRRGV�ZLOO�EH��ΖW�GHSHQGV�RQ�WKH�YDOXH�
RI� WKH� HFRQRPLF� DVVHWV� YXOQHUDEOH� WR� ȵRRGV� RI�
GLHUHQW� VL]HV�DQG� W\SHV��$QG� LW�GHSHQGV�RQ� WKH�
extent of lost economic activity, as well as the 
LVVXH� RI� GLVSURSRUWLRQDWH� HHFWV� RQ� SRSXODWLRQV�
which may not have the capacity to recover from 
ȵRRG�HYHQWV��

b :HWODQGV�(HFW�RQ�)ORRG�'DPDJHV

1% Annual Probability 
6WRUP�%HQHȴWV�

(Millions)

2% Annual Probability 
6WRUP�%HQHȴWV�

(Millions)

b Parcels Buildings 
Value 

(Millions)

Land Value 
(Millions)

Total Value 
(Millions)

Low 
Estuarine 
Wetlands 
(HFW

High 
Estuarine 
Wetlands 
(HFW

Low 
Estuarine 
Wetlands 
(HFW

High 
Estuarine 
Wetlands 
(HFW

Estuarine 
Wetlands

28,653 $65,986.28 $31,365.38 $97,351.66 $360.43 $810.98 $720.87 $1,621.96 

0DQJURYHV� 9,430.00 $32,797.41 $18,027.78 $50,825.19 $541.54 $1,083.09 

7RWDO 38,083 $98,783.69 $49,393.17 $148,176.85 $901.97 $1,352.52 $1,803.96 $2,705.05 

7DEOH�9ΖΖΖ����6XPPDU\�RI�)LQGLQJV��7DPSD�%D\�(VWXDU\�1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV
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WKH� IUHTXHQF\� DQG� VHYHULW\� RI� ȵRRGV�� WKH� OLNHO\�
extent of damages, and the possible reductions 
in those damages resulting from the presence 
of the wetlands. The exact extent of the damage 
WKDW� GHWHUPLQHV� EHQHȴWV� FDQQRW�� RI� FRXUVH�� EH�
known with precision in advance so estimates and 
assumptions must be used. 

Flood damage reductions depend on the frequency 
DQG�VHYHULW\�RI�ȵRRGLQJ��GHȴQHG�E\�WKH�����\HDU�
ȵRRG�SODLQ��ZKLFK�GHȴQHV�D�ȵRRG�RI�VXFK�VHYHULW\�
that it only has a 1% chance of occurring each year. 
For this analysis, an alternate scenario is used to 
H[DPLQH� WKH� SRWHQWLDO� HHFWV� RI� FOLPDWH� FKDQJH��
one of which is an increase in the frequency of 
VHYHUH� VWRUP� HYHQWV�� 7R� UHȵHFW� HVWLPDWLRQ� RI�
EHQHȴWV�UHODWHG�WR�D�FKDQJLQJ�FOLPDWH��ZH�DVVXPHG�
the 100-year storm becomes the 50-year storm, 
which means the annual probability of a storm at 
least this severe doubles from 1% to 2%.  

)LJXUH�9ΖΖΖ����7DPSD�%D\�(VWXDULQH�:HWODQGV�DQG�)ORRG�=RQH

These values are for damages to property exposed 
WR� ȵRRGLQJ� DQG� GR� QRW� LQFOXGH� WKH� GDPDJHV� WR�
business sales or employment, nor the value of 
SRVVLEOH� ORVVHV� IURP� HHFWV� RQ� KXPDQ� KHDOWK��
These damage estimates should thus be 
considered conservative, that is, likely to be low.

Three counties surround Tampa Bay, and there is 
SRWHQWLDO� IRU�QDWXUDO� LQIUDVWUXFWXUH�EHQHȴWV� LQ�DOO�
of the counties (See Figure VIII-2). But there is a 
distinct feature in Tampa Bay. Unlike most other 
estuaries in the U.S., in which the predominant 
wetland is salt marsh of one type or another, about 
20% of the wetlands in Tampa Bay are mangroves, 
ZKLFK�KDYH�D�PXFK�KLJKHU�ȵRRG�SURWHFWLRQ�HHFW�
than salt marsh and freshwater marshlands. 
%HFDXVH�RI�WKH�GLHUHQFHV�LQ�HHFWV�RQ�ȵRRGLQJ��
separate estimates are made for estuarine and 
mangrove wetlands.  

Both types of wetlands along with the FEMA-
GHVLJQDWHG������ \HDU�ȵRRG�]RQH� �WKH�DUHD�ZKLFK�
KDV�D�KLVWRULFDO�SUREDELOLW\�RI�EHLQJ�ȵRRGHG�RI����
each year) are shown in Figure VIII-2. In Figure 
9ΖΖΖ���� WKH� SDUFHOV� ORFDWHG� LQ� WKH� ����\HDU� ȵRRG�
zone are added to the map. This spatial analysis 
UHVXOWV� LQ� WKH� LGHQWLȴFDWLRQ� RI� ������� KHFWDUHV�
(84,965 acres) of wetlands. Of this total, 27,049 
hectares (66,854 acres) were in estuarine and 
marine wetlands, while 7,328 hectares (18,112 
acres) were mangroves. Together, these wetland 
DUHDV� RHU� SURWHFWLRQ� WR� ������� SDUFHOV� ZKLFK�
intersect with the selected wetlands across the 
three counties. Ninety-four percent of the parcels 
are adjacent to estuarine and marine wetlands, 
while 6% are adjacent to mangroves. The parcel 
data, including both location and valuation, was 
drawn from the assessor’s databases in Pinellas, 
Hillsborough, and Manatee counties.

7KH�QDWXUDO�LQIUDVWUXFWXUH�EHQHȴWV�RI�WKH�ZHWODQGV�
in Tampa Bay are created because wetlands can 
UHGXFH� WKH�GDPDJH� IURP�FRDVWDO� ȵRRGLQJ�GULYHQ�
E\�WLGHV��ZLQG��DQG�VWRUP�VXUJH�RU�ULYHU�ȵRRGLQJ��
7KH� EHQHȴWV� FDQ� EH�PHDVXUHG� DV� WKH� UHGXFWLRQ�
LQ�ȵRRG�GDPDJHV�UHVXOWLQJ� IURP�WKH�SUHVHQFH�RI�
the wetlands and is a function of the location of 
vulnerable economic assets (buildings and land), 
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location. For purposes of this analysis the 
ȊZHWODQGV� HHFWȋ� LV� WKH� UHGXFWLRQ� LQ� WKH� GROODU�
YDOXH�RI�OLNHO\�GDPDJHV�IURP�D�����\HDU�ȵRRG�WKDW�
PD\�EH�DWWULEXWDEOH�WR�WKH�SUHVHQFH�RI�ZHWODQGVȃ
expressed as a percentage of damages. For the 
estuarine and marine wetlands, a range of 10% 
to 20% reduction is used based on studies of 
wetlands damage reductions from an actual storm 
on the Atlantic Coast.48 For those areas protected 
E\� PDQJURYHV�� DQ� HHFW� RI� D� ���� UHGXFWLRQ� LQ�
damages is used based on a study similar to 
that for estuarine wetlands but conducted on 
mangroves in Collier County, Florida.49 It should 
be noted that are a several locations in the three 
counties where mangroves and estuarine-marine 
wetlands are located together; in these cases the 
KLJKHU�PDQJURYH�ZHWODQGV�HHFW�LV�XVHG�

Table VIII-2 provides the results of the analysis for 
WKH�DUHD�DV�D�ZKROH�DQG�IRU�WKH�FRXQWLHV�DHFWHG��
The table shows the market values of land and 
buildings plus the total market value by parcel 
as estimated by the county assessor. The largest 
QXPEHU�RI�SDUFHOV�DHFWHG�LV�LQ�WKH�QRUWKHUQPRVW�
county of Pinellas, followed by Hillsborough and 
the Manatee. But Manatee County has the largest 
value at risk. Table VIII-2 also shows the change 
LQ� WKH� OHYHO� RI� ȵRRG� EHQHȴWV� LI� VHYHUH� ȵRRGLQJ�
becomes more frequent, as explained above.

As a largely urban region, the total real estate 
YDOXHV� YXOQHUDEOH� WR� ȵRRGLQJ� DUH� VXEVWDQWLDO��
The estimated value of the 157,000 parcels 
YXOQHUDEOH� WR� ȵRRGLQJ� DQG� DGMDFHQW� WR�ZHWODQGV�
is in excess of $232 billion. Natural infrastructure 
EHQHȴWV�DV�GHȴQHG�DERYH�UDQJH�IURP������ELOOLRQ�
to nearly $4.2 billion depending on the extent of 
WKH�ZHWODQGV�HHFW�DQG�RQ�WKH�DVVXPSWLRQ�DERXW�
storm severity. As shown in Figure VIII-4, Pinellas 
County, on the northern shore of Tampa Bay has 
the largest proportion of the parcels potentially 
EHQHȴWWLQJ� IURP� QDWXUDO� LQIUDVWUXFWXUH�� KDV�
the highest proportion of the estuarine-marine 
wetlands (57%) and second highest proportion 
of mangroves (44%) within the shoreline areas of 
Tampa Bay. But Manatee County on the southern 
shore has the highest share of real estate value, 
DQG�VR�WKH�KLJKHVW�QDWXUDO�LQIUDVWUXFWXUH�EHQHȴWV��
The larger percentage of mangroves in Manatee 
County makes that county’s share of natural 
LQIUDVWUXFWXUH�EHQHȴWV�DVVRFLDWHG�ZLWK�PDQJURYHV�
the highest. 

)LJXUH�9ΖΖΖ����7DPSD�%D\�:HWODQGV�DQG�3DUFHOV

7R� FDOFXODWH� WKH� SURWHFWLYH� EHQHȴWV� RI� ZHWODQGV��
ZH� ȴUVW� HVWLPDWHG� WKH� WRWDO� OLNHO\� GDPDJHV� WR�
SURSHUW\� IURP� D� ����\HDU� ���� DQQXDO�� ȵRRG��
7KHVH�GDPDJHV�ZHUH�HVWLPDWHG�E\�DSSO\LQJ�ȵRRG�
damage factors for land and buildings to the 
assessed values of the property; buildings were 
assumed to be subject to twice the damages of 
land. These estimated damages were multiplied 
E\�WKH�SUREDELOLW\�RI�D�ȵRRG�RFFXUULQJ�RYHU�D����
year period. For the 1% annual probability, the 
cumulative�SUREDELOLW\�RI�D�ȵRRG�RYHU����\HDUV� LV�
26%. For the 2% annual probability the cumulative 
probability is 45%. The result is the total expected 
ȵRRG� GDPDJH� RYHU� ��� \HDUV�� 6LQFH� DQ\� ȵRRG�
damages will occur in the future, the value of the 
expected damages is discounted over the 30-
year. These expected damages are the basis for 
FDOFXODWLQJ� WKH� UHGXFWLRQV� LQ�ȵRRG�GDPDJHV� WKDW�
may be attributable to wetlands as describe above.
7KH� H[WHQW� WR� ZKLFK� ZHWODQGV� FDQ� UHGXFH� ȵRRG�
damages is highly variable depending greatly 
on the type and extent of wetlands at any given 
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7DEOH�9ΖΖΖ����7DPSD�%D\�1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV�E\�&RXQW\

&RXQW\ Wetland 
7\SH

3DUFHOV %XLOGLQJV�
Value 

�0LOOLRQV�

Land 
Value 

�0LOOLRQV�

7RWDO�9DOXH�
�0LOOLRQV�

1% Annual 
3UREDELOLW\�6WRUP�
%HQHȴWV��0LOOLRQV�

2% Annual 
3UREDELOLW\�6WRUP�
%HQHȴWV��0LOOLRQV�

Estuarine 
Wetland 
%HQHȴWV�
/RZ������

Estuarine 
Wetland 
%HQHȴWV�

+LJK������

Estuarine 
Wetland 
%HQHȴWV�
/RZ������

Estuarine 
Wetland 
%HQHȴWV�

+LJK������

+LOOVERURXJK Estuarine 
Wetlands

1,136 $1,157.14 $984.20 $2,141.34 $8.30 $18.68 $16.60 $37.35 

0DQJURYHV� 598 $862.90 $684.80 $1,547.70 $18.40 $36.90 

7RWDO 1,734 $2,020.04 $1,669.00 $3,689.04 $26.70 $37.08 $53.50 $74.25 

Manatee Estuarine 
Wetlands

11,748 $62,265.58 $26,212.16 $88,477.74 $329.22 $740.75 $658.45 $1,481.51 

0DQJURYHV� 4,661 $31,008.30 $16,991.20 $47,999.50 $505.60 $1,011.20 

7RWDO 16,409 $93,273.88 $43,203.36 $136,477.24 $834.82 $1,246.35 $1,064.70 $2,492.71 

Pinellas Estuarine 
Wetlands

15,769 $2,563.56 $4,339.80 $6,903.36 $22.91 $51.55 $45.82 $103.10 

0DQJURYHV� 4,171 $926.20 $351.80 $1,278.00 $17.50 $35.00 

7RWDO 19,940 $3,489.76 $4,691.60 $8,181.36 $40.41 $69.05 $80.82 $138.10 

7RWDO Estuarine 
Wetlands

28,653 $65,986.28 $31,536.16 $97,522.44 $360.43 $810.98 $720.87 $1,621.96 

0DQJURYHV� 9,430 $32,797.40 $18,027.80 $50,825.20 $541.50 $1,083.10 

7RWDO 38,083 $98,783.68 $49,563.96 $148,347.64 $901.93 $2,090.10 $1,803.97 $2,705.06 

)LJXUH�9ΖΖΖ����&RXQW\�6KDUHV�RI�3DUFHOV��$VVHVVHG�9DOXHV��1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV
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discounted to show their value in today’s dollars 
(present value). Values were calculated for each of 
IRXU�6&&�VFHQDULRV�XVLQJ�GLHUHQW�GLVFRXQW�UDWHV��
7KH� ȊKLJKȋ� DQG� ȊORZȋ� FRDVWDO� EOXH� FDUERQ� YDOXHV�
presented in this summary correspond to the use 
of a 2.5 percent and 5.0 percent discount rate, 
respectively.

Land cover in Tampa Bay is dominated by urban 
land cover (See Figure VIII-5, black and gray 
shading). Relatively little estuarine emergent 
wetland is found in the estuary (less than 2,000 
hectares); instead, mangrove is the dominant 
vegetation in Tampa Bay’s wetlands. Mangrove 
dominates the shoreline of Tampa Bay, with large 
expanses on the southeast shore of the bay from 
Terra Ceia to Apollo Beach and in the interior of the 
bay between the Weedon Island Preserve and the 
St. Petersburg-Clearwater International Airport. 

 Carbon Pro!le
In 2016, the Tampa Bay study area contained 6,652 
hectares (more than 16,000 acres) of mangrove 
(see Figure VIII-6). The Coastal Carbon Research 
Coordination Network (RCN) database contained 
data from 8 cores sampling the soil beneath 
mangrove cover, with values ranging from 80 to 
130 metric tons of carbon per hectare in the soil 
and averaging 100 metric tons per hectare. All core 
samples were limited to a depth of 30 centimeters; 
WKLV�LV�VLJQLȴFDQWO\�VKDOORZHU�WKDQ�FDUERQ�VDPSOHV�
in other sites, which ranged in average depth 
from 51 to 86 centimeters. However, the average 
soil carbon value of 100 metric tons per hectare 
is consistent with the values for mangrove found 
in the Tampa Bay Blue Carbon Assessment63 
(144.9 +/- 49.5 metric tons per hectare) funded 
by Restore America’s Estuaries. The depth of soil 
beneath mangroves in Tampa Bay rarely exceeds 
30 centimeters and carbon storage in Tampa Bay’s 
mangroves are much lower than global averages 
“due to Tampa Bay’s location near the northern 
limit of mangrove habitat, sandy soil, young age 
of the restored wetlands, presence of mosquito 
ditches, and recent habitat conversion from salt 
PDUVKHV�WR�PDQJURYHV�ȋ64

VALUE OF COASTAL BLUE CARBON 
IN THE TAMPA BAY ESTUARY

Over the past decades, as the relationship 
between greenhouse gases and climate change 
became clear, the scope of analyses for estuary 
conservation opportunities expanded to consider 
the role of coastal wetlands in the global carbon 
cycle. Coastal wetlands sequester vast amounts 
of the greenhouse gas carbon dioxide, and store 
that carbon in their soils. The carbon sequestered 
and stored in coastal estuaries is called coastal 
blue carbon.50 Conserving and restoring estuaries 
rich in coastal blue carbon mitigates the impacts 
of climate change51,52 and provides additional 
EHQHȴWV� WKDW�VXSSRUW� ORFDO�FRPPXQLWLHV�DQG�FDQ�
EROVWHU� ORFDO� HFRQRPLHV�� 7KHVH� EHQHȴWV� LQFOXGH�
SURYLGLQJ�QXUVHU\�KDELWDW� IRU�ȴVK�53 reducing the 
impact of storm surge,54,55,56 and improving water 
quality.57,58,59 Researchers estimating global coastal 
blue carbon emissions have observed the rapid 
disappearance of coastal wetlands due to human 
activity, despite federal and regional wetland 
protection and planning.60

In this case study, coastal blue carbon values are 
estimated by multiplying the stock of carbon in 
WKH�ȊHPHUJHQW�HVWXDULQHȋ�ODQG�FRYHU�FODVV�RI�HDFK�
estuary by estimates of the social cost of carbon 
(SCC) published by the Interagency Working Group 
on Social Cost of Greenhouse Gases in February 
2021.61 

SCC is “a measure, in dollars, of the long-term 
damage done by a ton of carbon dioxide (CO2) 
HPLVVLRQV�LQ�D�JLYHQ�\HDUȋ�62 SCC can also represent 
the value of damages avoided for emission 
UHGXFWLRQV� �L�H��� WKH� EHQHȴW� RI� D� &22 reduction). 
:KHWKHU�XVHG� WR�PHDVXUH�FRVWV�RU�EHQHȴWV��6&&�
YDOXHV�LQFOXGH�VXFK�ZLGH�UDQJLQJ�HHFWV�DV�JOREDO�
changes in economic output, human health, 
SURSHUW\�GDPDJHV�IURP�LQFUHDVHG�ȵRRG�ULVN��DQG�
the value of ecosystem services. 

7KH� HFRQRPLF� HHFWV� RI� UHOHDVLQJ� FDUERQ� LQWR�
the atmosphere continue long into the future 
and increase as the total concentration of 
atmospheric carbon increases. Annual SCC values 
for this study’s twenty-year period of analysis were 
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)LJXUH�9ΖΖΖ����0DQJURYH�:HWODQGV�LQ�WKH�7DPSD�%D\�(VWXDU\

 The Value of Coastal Blue Carbon 
 Stock Stored in Soil
Although carbon is also stored in the biomass 
of the plants and continues to be sequestered 
over time, data limitations allow only an analysis 
of the value of carbon that is stored in soil. The 
value of the coastal blue carbon stock stored in 
the soil of Tampa Bay’s mangrove wetland areas 
is estimated as the cost to society that would 
be incurred if the wetlands upper layers were 
disturbed or developed, and the carbon was 
released. These computations are described 
below. A more comprehensive assessment of 
WKH� HHFWV� RI� ZHWODQG� ORVV� �DQG�� WKXV�� WKH� YDOXH�
of conservation) would include the cessation of 
carbon sequestration and the emission of carbon 
stored in the biomass. However, sequestration 
rates and the amount of carbon stored in biomass 
YDU\� VLJQLȴFDQWO\� DPRQJ� VLWHV�� HYHQ� ZLWKLQ� WKH�
same class of vegetation.69� 5HOLDEOH�� VLWH�VSHFLȴF�
estimates of carbon sequestration rates and 
the amount of carbon stored in biomass are not 
available for the Tampa Bay estuary or the areas 
WKDW�DUH�WKH�VXEMHFW�RI�WKH�RWKHU�ȴYH�FDVH�VWXGLHV��
For this reason, no attempt was made to estimate 
these values.

It is important to note that the focus of this 
VWXG\�RQ�VRLO�FDUERQ�VLJQLȴFDQWO\�XQGHUVWDWHV�WKH�
amount of carbon that would be emitted with the 
conversion of mangrove forest. In Tampa Bay, 
about 70 percent of the carbon stored by mangrove 
is located below ground.65 This is consistent with 
global studies of mangrove showing that 50 to 
90 percent of the total carbon stock is in the soil 
carbon pool.66

7KH� ȴJXUHV� XVHG� LQ� WKLV� DQDO\VLV� VXJJHVW� WKDW�
more than 665,000 tons of carbon dioxide 
equivalent (CO2e

67) are stored in the soil beneath 
the study area’s 6,652 hectares of mangrove. 
This is equivalent to the annual emissions of 
approximately 145,000 cars.68

)LJXUH�9ΖΖΖ����0DS�RI�YHJHWDWLRQ�W\SHV�LQ�WKH�7DPSD�%D\�(VWXDU\
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7DEOH� 9ΖΖΖ���� $QQXDO� &DUERQ� 5HOHDVHG� IURP� WKH� 6RLO� RI� &RQYHUWHG�
0DQJURYH�+DELWDW��PHWULF�WRQV�SHU�KHFWDUH�

Year &DUERQ�LQ�
6RLO

&XPXODWLYH�
&DUERQ�
Release

Annual 
&DUERQ�
Release

2020 100.0 0.0

2021 91.2 8.8 8.8

2022 83.2 16.8 8.0

2023 75.9 24.1 7.3

2024 69.2 30.8 6.7

2025 63.1 36.9 6.1

2026 57.5 42.5 5.6

2027 52.5 47.5 5.1

2028 47.9 52.1 4.6

2029 43.6 56.4 4.2

2030 39.8 60.2 3.8

2031 36.3 63.7 3.5

2032 33.1 66.9 3.2

2033 30.2 69.8 2.9

2034 27.5 72.5 2.7

2035 25.1 74.9 2.4

2036 22.9 77.1 2.2

2037 20.9 79.1 2.0

2038 19.1 80.9 1.8

2039 17.4 82.6 1.7

2040 15.8 84.2 1.5

2041 14.5 85.5 1.4

2042 13.2 86.8 1.3

2043 12.0 88.0 1.2

2044 11.0 89.0 1.1

2045 10.0 90.0 1.0

2046 9.1 90.9 0.9

2047 8.3 91.7 0.8

2048 7.6 92.4 0.7

2049 6.9 93.1 0.7

2050 6.3 93.7 0.6

The value of restoring mangrove wetland arises 
from the restoration of carbon sequestration, 
which increases over time as the marsh matures. 
The data limitations described prevent the 
estimation of these values. 

An exponential decay function with a half-life of 
7.5 years was used to estimate the annual metric 
tons of carbon that would be released from soil 
when one hectare of estuarine emergent wetland 
is converted to another use.70 The results of this 
analysis are shown in Table VIII-3. In year 30, only 
6 percent, or 6.3 metric tons, of the initial store 
of 100 tons of CO2e remain in each hectare of 
disturbed wetland soil.

SCC values are projected to increase over time 
corresponding to increases in the concentration 
of atmospheric greenhouse gases. Annual SCC 
($/metric ton) values in Table VIII-4 were applied 
to annual carbon release values (metric tons) to 
calculate the annual social cost of the carbon that 
is released. For purposes of this computation, it 
was assumed that the wetland was converted in 
2020. The initial carbon stock (Year 2020) is 100 
metric tons per hectare. Table VIII-3 shows that, in 
WKH�ȴUVW�\HDU�DIWHU�FRQYHUVLRQ������PHWULF�WRQV�RI�
carbon would be released, 8.1 metric tons would 
be released in the second year, etc. The SCCs for 
2020 (See Table VIII-4) were applied to carbon 
releases during Year 1 (assuming the wetland was 
converted in 2020), SCC values for 2021 would be 
applied to carbon released during Year 2, etc. This 
yields the annual social cost of the carbon that 
would be released if the marsh were converted. 
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SCC values associated with low-probability, high-
impact outcomes).

Prices from the Regional Greenhouse Gas 
Initiative (RGGI) and Western Climate Initiative 
(WCI) carbon markets were also applied (with a 
3% discount rate) to the future stream of carbon 
releases associated with the loss of one hectare 
of mangrove in the Tampa Bay estuary. In almost 
all scenarios, the cost of purchasing the right to 
release this stream of carbon is much less than 
the social cost of the released carbon. Achieving 
a socially optimal solution requires that emission 
caps be set at a level where the market price of 
carbon equals the SCC. Prices from these two 
carbon markets result in values that range from 
$454 per hectare to $1,278 per hectare with totals 
for the 6,652 hectares of mangroves in the study 
area ranging from $3.0 million to $8.5 million. The 
results of these computations are shown in Table 
VIII-5.

7DEOH� 9ΖΖΖ���� 0DUNHW� 3ULFH� RI� &DUERQ� &UHGLWV� DQG� ΖQWHULP� �������
9DOXHV� RI� WKH� 6RFLDO� &RVW� RI� &DUERQ� �6&&�� ZLWK� 'LVFRXQW� 5DWHV�
�VHOHFWHG�\HDUV�

Year �����'ROODUV�3HU�7RQ�RI�&22e
RGGI WCI 6&&��

5%
6&&��
3%

6&&��
2.5%

6&&��
+LJK�

ΖPSDFW
2020 $17 $6 $14.00 $51.00 $76.00 $152.00

2025 $17 $6 $15.00 $52.00 $78.00 $155.00

2030 $17 $6 $15.00 $53.00 $79.00 $159.00

2035 $17 $6 $16.00 $54.00 $80.00 $162.00

2040 $17 $6 $16.00 $55.00 $82.00 $166.00

2045 $17 $6 $17.00 $56.00 $83.00 $169.00

2050 $17 $6 $17.00 $57.00 $84.00 $173.00

This computation was performed for each of the 
four sets of published SCC values and each stream 
of annual costs was discounted to calculate its 
present value. Three of the four sets of published 
6&&�YDOXHV�GLHU�RQO\�ZLWK�UHVSHFW�WR�WKH�GLVFRXQW�
rates that are applied to future economic values; 
in Table VIII-4. Market Price of Carbon Credits 
and Interim (2021) Values of the Social Cost of 
Carbon (SCC) with Discount Rates (selected years), 
these values are shown in columns labeled “SCC, 
���ȋ� Ȋ6&&�� ���ȋ� DQG� Ȋ6&&�� ����ȋ�71 Present value 
computations for these estimates of the SCC use 
the discount rate upon which each estimate was 
based. These present values range from $1,152/
hectare to $6,643/hectare, with the total value for 
the 6,652 hectares in the estuary ranging from 
�����PLOOLRQ�WR�������PLOOLRQ�b

7KH� IRXUWK� VHW� RI� SXEOLVKHG� 6&&� YDOXHV� GLHUV�
VLJQLȴFDQWO\� IURP� WKH� RWKHU� WKUHH�� 7KHVH� YDOXHV�
capture the potential for low-probability, high-
impact outcomes from climate change and 
correspond to the 95th percentile of the frequency 
distribution of SCC estimates using a 3 percent 
discount rate. The present value associated with 
this set of SCC values is $13,201/hectare with 
a total value for the estuary’s 6,652 hectares of 
$87.8 million.

The broad range in these present value estimates 
is in part due to uncertainty about future economic 
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW� UDWHV��
and the appropriate level of risk-taking with 
UHJDUG� WR� FOLPDWH� SROLF\� �UHȵHFWHG� LQ� WKH� VHW� RI�
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7DEOH�9ΖΖΖ����&RDVWDO�%OXH�&DUERQ�9DOXHV�IRU�7DPSD�%D\�(VWXDU\������������1RPLQDO�1HW�3UHVHQW�9DOXH�

Annual 
Value

&DUERQ�
Released (t 
&22H�KD�

9DOXH�RI�5HOHDVHG�&DUERQ
RGGI WCI 6&&���� 6&&���� 6&&������ 6&&��+LJK�

ΖPSDFW
2020 8.8 $53.42 $150.30 $123.20 $448.80 $668.80 $1,337.60
2021 8.0 $48.72 $137.08 $120.38 $417.33 $626.00 $1,243.97
2022 7.3 $44.43 $125.01 $109.79 $387.93 $578.23 $1,163.78
2023 6.7 $40.52 $114.01 $106.80 $360.46 $534.02 $1,081.39
2024 6.1 $36.95 $103.98 $97.41 $334.83 $499.20 $1,010.58
2025 5.6 $33.70 $94.83 $94.39 $310.92 $460.82 $938.30
2026 5.1 $30.74 $86.48 $86.08 $288.62 $425.33 $875.99
2027 4.6 $28.03 $78.87 $83.12 $272.46 $397.14 $812.75
2028 4.2 $25.56 $71.93 $75.81 $252.69 $366.40 $758.08
2029 3.8 $23.31 $65.60 $72.98 $234.30 $338.00 $702.89
2030 3.5 $21.26 $59.83 $66.56 $217.18 $311.76 $655.05
2031 3.2 $19.39 $54.56 $63.89 $201.26 $290.71 $610.18
2032 2.9 $17.69 $49.76 $61.18 $186.47 $268.05 $565.23
2033 2.7 $16.13 $45.38 $55.80 $172.71 $249.77 $526.12
2034 2.4 $14.71 $41.39 $53.31 $159.94 $230.22 $489.51
2035 2.2 $13.42 $37.75 $48.62 $148.07 $212.17 $455.27
2036 2.0 $12.23 $34.43 $46.36 $139.08 $197.53 $423.27
2037 1.8 $11.16 $31.40 $42.28 $128.67 $181.98 $391.54
2038 1.7 $10.18 $28.63 $40.23 $119.03 $167.64 $363.79
2039 1.5 $9.28 $26.11 $38.22 $110.08 $155.95 $337.89
2040 1.4 $8.46 $23.82 $34.86 $101.79 $143.62 $313.73
2041 1.3 $7.72 $21.72 $33.06 $94.10 $132.25 $289.94
2042 1.2 $7.04 $19.81 $30.15 $86.98 $122.93 $269.06
2043 1.1 $6.42 $18.07 $28.56 $81.44 $113.17 $248.56
2044 1.0 $5.86 $16.48 $27.01 $75.24 $104.18 $230.55
2045 0.9 $5.34 $15.03 $24.63 $69.50 $96.77 $212.90
2046 0.8 $4.87 $13.70 $23.27 $64.19 $89.06 $197.37
2047 0.7 $4.44 $12.50 $21.95 $59.27 $81.95 $182.20
2048 0.7 $4.05 $11.40 $20.02 $54.72 $76.08 $168.83
2049 0.6 $3.69 $10.39 $18.87 $51.12 $69.99 $155.80
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'LVFRXQWHG�9DOXH 0.03 0.03 0.05 0.03 0.025 0.03
2020 $53.42 $150.30 $123.20 $448.80 $668.80 $1,337.60
2021 $47.30 $133.08 $114.65 $405.18 $610.73 $1,207.74
2022 $41.88 $117.84 $99.58 $365.66 $550.37 $1,096.97
2023 $37.08 $104.34 $92.26 $329.87 $495.89 $989.62
2024 $32.83 $92.38 $80.14 $297.49 $452.25 $897.89
2025 $29.07 $81.80 $73.95 $268.20 $407.30 $809.39
2026 $25.74 $72.43 $64.23 $241.71 $366.76 $733.63
2027 $22.79 $64.13 $59.07 $221.53 $334.10 $660.84
2028 $20.18 $56.78 $51.31 $199.48 $300.73 $598.43
2029 $17.87 $50.28 $47.04 $179.57 $270.65 $538.71
2030 $15.82 $44.52 $40.86 $161.60 $243.55 $487.42
2031 $14.01 $39.42 $37.36 $145.40 $221.57 $440.81
2032 $12.40 $34.90 $34.07 $130.78 $199.31 $396.44
2033 $10.98 $30.90 $29.59 $117.61 $181.19 $358.26
2034 $9.72 $27.36 $26.93 $105.74 $162.93 $323.62
2035 $8.61 $24.23 $23.39 $95.04 $146.49 $292.22
2036 $7.62 $21.45 $21.24 $86.67 $133.06 $263.77
2037 $6.75 $19.00 $18.45 $77.85 $119.60 $236.89
2038 $5.98 $16.82 $16.72 $69.92 $107.49 $213.69
2039 $5.29 $14.89 $15.13 $62.78 $97.55 $192.69
2040 $4.69 $13.19 $13.14 $56.36 $87.65 $173.71
2041 $4.15 $11.68 $11.87 $50.59 $78.74 $155.86
2042 $3.67 $10.34 $10.31 $45.40 $71.41 $140.42
2043 $3.25 $9.15 $9.30 $41.27 $64.14 $125.94
2044 $2.88 $8.11 $8.37 $37.01 $57.60 $113.41
2045 $2.55 $7.18 $7.27 $33.19 $52.20 $101.68
2046 $2.26 $6.35 $6.54 $29.76 $46.87 $91.52
2047 $2.00 $5.63 $5.88 $26.68 $42.07 $82.02
2048 $1.77 $4.98 $5.11 $23.92 $38.10 $73.79
2049 $1.57 $4.41 $4.58 $21.69 $34.20 $66.11

Net Present Value, 30 
\HDUV

$454.14 $1,277.88 $1,151.54 $4,376.75 $6,643.28 $13,201.10

7DEOH�9ΖΖΖ����&RDVWDO�%OXH�&DUERQ�9DOXHV�IRU�7DPSD�%D\�(VWXDU\������������1RPLQDO�1HW�3UHVHQW�9DOXH���FRQW
G�
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)LJXUH�9ΖΖΖ����12$$�5HVWRUDWLRQ�3URMHFWV�7DPSD�%D\

Natural Infrastructure and Coastal 
Blue Carbon Bene!ts 

Tampa Bay is the eighteenth largest metropolitan 
area in the U.S. by population, and the second 
largest in Florida after Miami-Dade. There are 
nearly 38,083 parcels of land within the 100-year 
ȵRRG� ]RQH�� ZRUWK� RYHU� ����� PLOOLRQ� DW� FXUUHQW�
DVVHVVHG�YDOXHV��7KH�QDWXUDO�LQIUDVWUXFWXUH�EHQHȴWV�
LQ�WHUPV�RI�ȵRRG�UHGXFWLRQ�FDQ�UDQJH�IURP��������
million to $1,352.5 million over a 30-year period 
IRU� D� ȵRRG� WKDW� KLVWRULFDOO\� ZRXOG� RFFXU� RQFH� LQ�
100 years. Climate change may double the risk of 
D� VHYHUH� ȵRRG� RFFXUULQJ�� LQ� ZKLFK� FDVH� EHQHȴWV�
would increase to between $1,804.0 million and 
$2,705.1 million

&RDVWDO�EOXH�FDUERQ�EHQHȴWV� UDQJH� IURP��������
hectare to $6,643/hectare using various discount 
rates. The total value for the 6,652 hectares in the 
estuary under the three more likely SCC scenarios 
ranges from $7.7 million to $44.2 million. The low-
probability, high-impact climate outcome scenario 
resulted in a total coastal blue carbon value of 
$87.8 million.

ESTUARY SUMMARY

Restoration Efforts 
Tampa Bay has been recognized internationally 
as a success story of restoration since it was 
SURQRXQFHG�ȊGHDGȋ�LQ�WKH�ODWH�����V�72 

Table VIII-6 shows the NOAA funded restoration 
projects in Tampa Bay. There are 144 projects 
shown covering 264 hectares (652 acres) in all 
parts of the Bay. The projects are generally very 
small, covering 1.8 hectares (4.5 acres). The largest 
number of projects (53 or 37%) were projects that 
featured replanting of vegetation to replace non-
native species or lost vegetation. These projects 
accounted for 233 hectares, about 89% of all 
the restored area. The next most common were 
oyster reefs (26 projects covering 5 hectares or 
12.5 acres). The wide distribution of restoration 
projects throughout the Bay and the focus on 
planting projects has most likely increased the 
QDWXUDO�LQIUDVWUXFWXUH�EHQHȴWV�LQ�WKH�ED\��*LYHQ�WKH�
long period during restoration has been underway 
PRVW�RI�WKHVH�EHQHȴWV�DUH�DOUHDG\�LQFRUSRUDWHG�LQ�
the estimates presented here; other projects may 
KDYH�HHFWV�LQ�WKH�IXWXUH�

7DEOH�9ΖΖΖ����5HVWRUDWLRQ�3URMHFWV�LQ�7DPSD�%D\

b +HFWDUHV 3URMHFWV
$UWLȴFLDO�5HHI 0.0 2

%HUP�'LNH�0RGLȴFDWLRQ 1.2 2
%LUG�+DELWDW 7.9 8
&RUDO�5HHI 0.0 1

'HEULV�5HPRYDO 16.2 6
(GXFDWLRQ 0.0 6

1RW�6SHFLȴHG 0.0 32
2\VWHU�5HHI 5.0 26
3ODQWLQJ 233.6 53

5HFUHDWLRQ 0.0 1
5HVHDUFK 0.0 3

6SHFLHV�(QKDQFHPHQW 0.0 1
6WUHDP�&KDQQHO 0.0 1

�EODQN� 0.0 2
*UDQG�7RWDO 263.9 144
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Tampa Bay is an urban estuary, and has a dense 
concentration of economic assets that are 
protected by its mangroves and marshlands. 
$V� H[SHFWHG�� WKH� QDWXUDO� LQIUDVWUXFWXUH� EHQHȴWV�
are larger by an order of magnitude than any 
of the other estuaries assessed in this study. 
Though currently relatively low, as the restored 
mangrove systems mature, their coastal blue 
carbon values can also be expected to increase. 
This study also does not account for the value of 
coastal blue carbon contained in other ecosystem 
types, such as salt marshes and sea grass beds. 
)XWXUH� UHVWRUDWLRQ� HRUWV� VKRXOG� FRQVLGHU� KRZ�
to maximize both the natural infrastructure and 
FRDVWDO�EOXH�FDUERQ�EHQHȴWV�LQ�7DPSD�%D\���

7DEOH� 9ΖΖΖ��� VXPPDUL]HV� WKH� UDQJH� RI� EHQHȴWV�
from natural infrastructure and coastal blue 
carbon determined by this analysis. The table also 
includes the combination of the two ecosystem 
service values that were analyzed in this report. 
The analysis includes all areas of wetlands within 
the study area that provide one service or the 
other, as well as areas that provide both services. 
%HFDXVH�WKH�WZR�EHQHȴWV�SURYLGH�FRPSOHPHQWDU\�
services, presenting a total value is appropriate. 
Combined, the natural infrastructure and 
FRDVWDO� EOXH� FDUERQ� EHQHȴWV� UDQJH� IURP� �����
to $2.7 billion. In terms of total value, natural 
infrastructure values in Tampa Bay far exceed the 
blue carbon values provided by mangroves. Those 
values exist now and should be recognized and 
maintained. However, in terms of increasing value 
LQ�WKH�HVWXDU\�RYHU�WLPH��WKH�EHQHȴWV�SHU�KHFWDUH�
is higher for natural infrastructure, and conserving 
or restoring wetlands to continue to increase 

7DPSD�%D\ 7RWDO�KHFWDUHV�
LQ�DQDO\VLV

(VWLPDWHG�EHQHȴWV�SHU�KHFWDUH�
RI�ZHWODQGV���7KRXVDQGV�

7RWDO�(VWLPDWHG�%HQHȴWV���0LOOLRQV�

Low 
estimate

High estimate Low 
estimate

High Estimate

Natural 
ΖQIUDVWUXFWXUH�

34,377 $26.2 $78.7 $902.0 $2,705.1 

&RDVWDO�%OXH�
&DUERQ73

24,439 $1.2 $6.6 $7.7 $44.2

7RWDO� $909.7 $2,749.3

7KH�EURDG�UDQJH�LQ�WKHVH�EHQHȴW�HVWLPDWHV�LV�GXH�
to several factors:

• YDULDWLRQ� LQ� WKH� ȊZHWODQGV� DHFWȋ� DULVLQJ�
IURP� GLHUHQFHV� LQ� WKH� SUHFLVH� ORFDWLRQ��
and quantity of wetlands between the 
valued assets and the water,

• uncertainty about future economic 
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW�
rates in the coastal blue carbon analysis), 
and 

• assumptions about the increasing severity 
of storms due to climate change.

Tampa Bay Estuary was unique in that it was 
the only estuary where mangrove habitats were 
H[DPLQHG��*OREDOO\��PDQJURYH�V\VWHPV�RHU�VRPH�
of the best opportunities for shoreline protection 
and the storage of carbon, and generally that 
would indicate values leaning towards the high 
end of the value ranges for natural infrastructure 
and coastal blue carbon. However, it is notable 
that the level of coastal blue carbon found in the 
Tampa Bay soil samples was the lowest of the six 
U.S. estuaries that were studied (100 tons CO2/
hectare). All core samples were limited to a depth 
RI� ��� FHQWLPHWHUV�� VLJQLȴFDQWO\� VKDOORZHU� WKDQ�
carbon samples in other estuaries. The depth 
of soil beneath mangroves in Tampa Bay rarely 
exceeds 30 centimeters and carbon storage in 
Tampa Bay’s mangroves are much lower than 
global averages “due to Tampa Bay’s location near 
the northern limit of mangrove habitat, sandy soil, 
young age of the restored wetlands, presence of 
mosquito ditches, and recent habitat conversion 
IURP�VDOW�PDUVKHV�WR�PDQJURYHV�ȋ74

7DEOH�9ΖΖΖ����1DWXUDO�ΖQIUDVWUXFWXUH�DQG�&RDVWDO�%OXH�&DUERQ�%HQHȴWV�6XPPDU\
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QDWXUDO� LQIUDVWUXFWXUH� EHQHȴWV� ZLOO� SURYLGH� WKH�
greatest addition to the existing value. 

These estimates must be considered very 
preliminary and are intended to be helpful 
in shaping overall strategies for the future 
management of the wetlands resources of the 
Tampa Bay, strategies that account for both local 
goals of a healthy estuary and global goals of 
mitigation of climate change. They are part of a 
broader attempt to begin to characterize general 
HVWXDU\�FKDUDFWHULVWLFV�WKDW�RHU�GLHUHQW�VRXUFHV�
of economic value to local communities, such as 
SURWHFWLRQ� IURP� VWRUPV� DQG� ȵRRGLQJ�� DQG� KHOS�
meet broader societal goals, such as mitigation 
for climate change. As part of an examination of 
estuaries across the nation, they are not intended 
to guide project-level decisions, or replace more 
ORFDOL]HG�ȊGHHS�GLYHVȋ�WKDW�KDYH�EHHQ�FRQGXFWHG�LQ�
these estuaries such as the 2016 Tampa Bay Blue 
Carbon Assessment. There are still many unknowns 
that require much more elaborate estimation 
procedures for both natural infrastructure and 
FRDVWDO�EOXH�FDUERQ��:KHWKHU� WKH�DFWXDO�EHQHȴWV�
in the future will tend towards the lower or higher 
end of these estimates will require continued 
research and ongoing assessment. But it is certain 
WKDW� WKH�UHDOL]DWLRQ�RI� WKHVH�EHQHȴWV�ZLOO�GHSHQG�
ȴUVW� RQ� FRQVHUYLQJ� WKH� ZHWODQGV� WKDW� H[LVW� DQG�
then on the restoration of wetlands that could 
LQFUHDVH�WKHVH�EHQHȴWV��
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IX. Case Study 4: 
Terrebonne Basin, Louisiana

TERREBONNE BASIN ESTUARY

The Barataria-Terrebonne estuary spans 6,500 
square miles and encompasses a wedge-shaped 
region bounded on the west by the Atchafalaya 
River and the Bayou Lafourche on the east.1  As 
the Mississippi River changes its course over time, 
it has often crossed over the northern boundary 
of the estuary.2  The region encompasses two 
GLHUHQW�HVWXDULHV��WKH�%DUDWDULD�DQG�7HUUHERQQH��
separated by the Bayou Lafourche, which sit 
between the Atchafalaya and Mississippi Rivers. 
This region is considered the fastest disappearing 
land mass on earth and is estimated to lose a 
IRRWEDOO� ȴHOG� RI� ZHWODQGV� WR� ZDWHU� HYHU\� KRXU��
ODUJHO\� GXH� WR� K\GURORJLFDO� PRGLȴFDWLRQ� RI� WKH�
estuary.3�7KLV�DQDO\VLV�LV�VSHFLȴF�WR�WKH�7HUUHERQQH�
Basin estuary, though the Terrebonne Basin is 
most often considered as a part of the larger 
Barataria-Terrebonne estuary. Terrebonne Parish, 
the largest of seven parishes in the Terrebonne 
Basin, is known for its rich Cajun culture, feasts, 
and southern hospitality.  Its population of 
approximately 111,860 live primarily in the 
northeastern part of the parish, in and near the 
city of Houma which was founded in 1882 and 
named after the Houma Native American tribe.4 
The region was colonized by Spanish, British, 
and French colonists from Europe, but the Cajun 
culture evolved from French colonists from Nova 
Scotia following the Seven Years’ War.5  Today the 
parish is predominantly white (74%), and more 

Figure IX-1. Barataria and Terrebonne Basins. 

than 10% of the residents speak French.6  Black 
Americans comprise 17.8% of the population, and 
Native Americans 5.3% of the population with 
$VLDQ��3DFLȴF�ΖVODQGHU��DQG�2WKHU�UDFHV�FRPSRVLQJ�
the remaining 2.9% of the population.7

The Barataria-Terrebonne estuary hosts a great 
diversity of highly fertile habitats including forests, 
swamps, marshes, islands, bays, bayous, and man-
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substances.17  Ultimately the management goals 
are to sustain the estuary’s public water quality, 
VKHOOȴVK��ȴVK��DQG�ZLOGOLIH�KDELWDW�DQG�SRSXODWLRQV��
recreational and commercial opportunities, and 
cultural heritage.18

+\GURORJLF�PRGLȴFDWLRQ�LV�FRQVLGHUHG�WKH�FUX[�RI�
environmental issues in Barataria-Terrebonne.19  
The marsh landscape has been drastically 
changed through the dredging of canals, 
construction of levees, and cutting natural ridges. 
These changes have made the marsh more saline 
and jeopardize the stability and integrity of the 
estuary.20  Navigation canals created by the oil 
DQG�JDV� LQGXVWU\�KDYH�DOVR�VLJQLȴFDQWO\�PRGLȴHG�
the hydrology of the estuary.  Canals allow higher 
salinity water to enter the marsh, encroaching on 
and altering wildlife habitat and forcing native 
plants to adapt to new conditions.21  Canals also 
increase erosion and convert more marsh to 
open water while the dredged material alters 
QXWULHQW� DQG� VHGLPHQW� ȵRZ� LQ� WKH�ZDWHU�22  This 
sets the stage for the rapid land loss seen in the 
region and jeopardizes natural resources in the 
HVWXDU\��SDUWLFXODUO\�ȴVKHULHV��ZLOGOLIH��DQG�DTXDWLF�
vegetation.  Louisiana has lost 30% of its wetlands 
since the 1930s23, and sea-level rise and loss of 
sediment threatens what is left.  Therefore, the 
PDMRULW\�RI�UHVWRUDWLRQ�HRUWV�IRFXV�RQ�EDODQFLQJ�
VHGLPHQWDWLRQ�� UHGXFLQJ� VDOW� ZDWHU� ȵRZ� LQWR� WKH�
estuary, and expanding existing marsh habitat 
through redistribution of sediment. 

Socioeconomic/Cultural Status
The Terrebonne Basin provides a wealth of 
economic resources to Louisiana and the 
QDWLRQ� LQFOXGLQJ� DQ� R\VWHU�� VKULPS�� DQG� ȴQȴVK�
ȴVKHU\�� WUDQVSRUWDWLRQ� SRUWV�� DQG� RLO� DQG� JDV�24  
Southern Louisiana infrastructure supports 90% 
of the nation’s outer continental shelf oil and gas 
production, 23% of U.S. waterborne commerce, and 
����RI�WKH�YROXPH�RI�FRPPHUFLDO�ȴVKHULHV�ODQGLQJV�
in the continental United States.25  Louisiana is 
the leading provider of oysters in the nation, and 
oysters account for $67 million dockside sales 
each year.26  In 2017, Louisiana shrimpers landed 
nearly 100 million pounds of shrimp valued at 
over $130 million27. The industry dates back to the 
17th century with the Creoles and Arcadians, and 
PDQ\� RI� WKH� SUHVHQW� GD\� ȵHHW� KDV� EHHQ� SDVVHG�

made levees, which yield a rich species composition 
in the region.8� �2YHU�����VSHFLHV�RI�ELUGV��ȴQȴVK��
VKHOOȴVK��UHSWLOHV��DPSKLELDQV��DQG�PDPPDOV�KDYH�
been documented within the estuary.  Several 
threatened and endangered birds of concern use 
the estuary including piping plover, least tern, 
black skimmer, American oystercatcher, and 
brown pelican.9  The system also supports millions 
of migrating geese and ducks and a commercial 
ȴVKHU\�WKDW�ODQGV�RYHU�����PLOOLRQ�SRXQGV�RI�ȴVK�
DQG� VKHOOȴVK� DQQXDOO\�10 The Mandalay National 
Wildlife Refuge was established in 1996 to conserve 
and protect 1,787 hectares (ha) (4,416 acres) of 
freshwater marsh and pond habitat in the western 
Terrebonne Parish in conjunction with the North 
American Waterfowl Management Plan due to the 
importance of the region for waterfowl using the 
Mississippi Flyway.11

2\VWHUV�DUH�WKH�RQO\�UHHI�EXLOGLQJ�RUJDQLVP�ZLWKLQ�
the estuary.  They provide shoreline protection 
from erosion, improve water quality through 
ȴOWUDWLRQ�� DQG� KDYH� VLJQLȴFDQW� HFRQRPLF� DQG�
cultural importance in the Terrebonne estuary.12 

Environmental Policies
In 1987 Congress established the National Estuary 
Program through section 320 of the Clean Water 
Act.  The Barataria-Terrebonne estuary complex 
was designated one of 28 National Estuaries in 
�����LQ�UHFRJQLWLRQ�RI�WKH�QDWLRQDO�VLJQLȴFDQFH�RI�
this estuary system.  A cooperative partnership of 
LQGXVWU\�DQG�EXVLQHVV��ȴVKHULHV�� IDUPLQJ��RLO�DQG�
gas, government agencies, civic organizations, 
academics, environmentalist, urban planners, and 
interested stakeholders formed a Management 
Conference to address concerns over habitat loss, 
living resource depletion, and water quality.13,14  
Their focus is on collaborative, science-based, 
stakeholder led, and consensus-driven planning 
to accomplish these goals.15

7KH� 0DQDJHPHQW� &RQIHUHQFH� LGHQWLȴHG� VHYHQ�
priority threats to the estuary that contribute 
WR� ODQG� ORVV�� KDELWDW� PRGLȴFDWLRQ�� VSHFLHV�
reductions, and human and wildlife heath issues 
stemming from water quality.16  The seven 
SULRULW\� SUREOHPV� DUH�� K\GURORJLF� PRGLȴFDWLRQ��
sediment reduction, habitat loss, changes in living 
resources, eutrophication, pathogens, and toxic 
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unit, generally quite distant from the developed 
areas around the cities of Houma and Morgan 
City.  (Figure IX-2)

Figure IX-2  West Central Louisiana Hydrologic Unit Estuarine 
Wetlands

As a result of this distribution of wetlands 
relative to developed areas, there are only 
scattered properties located throughout the area 
analyzed in this study.  Because there is so little 
development in this southern area and most of it 
is wetlands, FEMA does not designate a 100-year 
ȵRRG�]RQH�LGHQWLȴHG�LQ�WKH�UHJLRQ�FRYHUHG�E\�WKH�
ZHWODQGV��ΖQ�7HUUHERQQH�3DULVK��WKH�ȵRRG�KD]DUG�
is only designated in the northeast part of the 
parish around Houma.  Thus, it is not possible to 
HVWLPDWH�WKH�YDOXH�RI�QDWXUDO�LQIUDVWUXFWXUH�ȵRRG�
resilience for this case study in the same manner 
as the other cases.

down generationally since that time.28  Within the 
industry there are several subsectors – shrimpers, 
dockside dealers, and processors providing a range 
of employment within the industry.29  Shrimpers’ 
distinctive food and culture also contribute to the 
tourism industry.30 The region supports a strong 
WRXULVP�LQGXVWU\�FHQWHUHG�RQ�UHFUHDWLRQDO�ȴVKLQJ�
and boating, swamp tours, and water sports.

7KH� 6WDWH� RI� /RXLVLDQD�PDLQWDLQV� ȴYH� RI� WKH� WRS�
12 ports by cargo volume in the United States.31  
The Houma Navigation Canal hosts the Port of 
Terrebonne, approximately a half mile from the 
Gulf Intracoastal Waterway which is a maritime 
commerce thoroughfare that links the economies 
of the Gulf States together.  The Port of Terrebonne 
LV� VWUDWHJLFDOO\�SODFHG� WR�DEVRUE�VLJQLȴFDQW� FDUJR�
ȵRZ� DQG� PDULQH� WUDɝF� IURP� ERWK� ZDWHUZD\V�32  
Port Fourchon is also located within Terrebonne 
DQG� VXSSRUWV� D� VLJQLȴFDQW� SRUWLRQ� RI� WKH� DUHDȇV�
SHWUROHXP� LQGXVWU\� WUDɝF� IURP� RVKRUH� *XOI� RI�
0H[LFR�RLO�ULJV�DQG�WKH�/RXLVLDQD�2VKRUH�2LO�3RUW�
pipeline which provides over 90% of the Gulf of 
Mexico’s deep water oil production contributing to 
16-18% of the total United States oil supply.33 

Agriculture is another important economic sector 
in Terrebonne. The northern parish landscape is 
dominated by agricultural uses with sugar cane 
EHLQJ� WKH�GRPLQDQW�FDVK�FURS�� �2WKHU� LPSRUWDQW�
crops include soybeans, pecans, wheat, and corn, 
and the region supports a strong cattle industry.34 

VALUE OF NATURAL 
INFRASTRUCUTRE IN
TERREBONNE BASIN

The study area is the West Central Louisiana 
Hydrologic Unit, which lies to the south and 
ZHVW� RI� WKH�1HZ�2UOHDQV�PHWURSROLWDQ� DUHD� DQG�
VLJQLȴFDQWO\�RYHUODSV� WKH�7HUUHERQQH� �� �7KH�DUHD�
LV�GRPLQDWHG�E\�ZHWODQGV���2YHU�RQH�KDOI�������RI�
the area of this unit, which is comprised primarily 
of Terrebonne and Assumption parishes but 
WRXFKHV�SDUWV�RI�ȴYH�RWKHU�SDULVKHV�� LV�ZHWODQGV��
WRWDOLQJ���������KD������������DFUHV����2I�WKDW�DUHD��
119,382 ha (296,111 acres), or 28% of the total, is 
estuarine wetlands.  The estuarine wetlands are 
located in the southern portion of the hydrologic 
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hurricanes, which are frequent, if irregular, visitors 
to the area.  As Figure IX-3 shows, Port Fourchon 
is surrounded by wetlands, and those wetlands 
form part of the defense against hurricane-related 
ȵRRGLQJ���7KH\�DEVRUE�UDLQ�VR�WKHUH�LV�OLWWOH�UXQR��
and the barrier island, on which the gas processing 
plant is located, provides some protection against 
storm surge.  Surge nevertheless does come up 
%D\RX� /DIRXUFKH� DQG� WKUHDWHQ� ȵRRG� GDPDJH�
to the immediate shoreside facilities.  But Port 
Fourchon was built with hurricanes in mind, so the 
facility is hardened against damages.  With modern 
forecasts, there is usually time to relocate service 
boats, divert aircraft, and adjust structures before 
hurricanes arrive.  Though far from immune to 
GDPDJH�� 3RUW� )RXUFKRQ� KDV� VLJQLȴFDQWO\� JUHDWHU�
ȵRRG� GHIHQVHV� WKDQ� PRVW� RI� WKH� SURSHUWLHV�
examined in the other case studies, where the 
wetlands are often the only defense available.

There is one component of Port Fourchon where 
ZHWODQGV�GR�SOD\�D�PRUH�LPSRUWDQW�ȵRRG�GHIHQVH�
role, although one that also cannot be estimated 
with the same methods as the other cases.  This is 
Louisiana Highway 1, which connects Grand Isle, 
a densely developed barrier island to the east of 
Port Fourchon, with U.S. Highway 90 just east of 
Houma. It is also the only road in or out of Port 
Fourchon.  Through much of its north-south length, 
Highway 1 sits less than two feet above sea level 
and lacks the levees (earthen walls that provide 
ȵRRG�SURWHFWLRQ�� FRPPRQ� LQ�PXFK�RI� /RXLVLDQD���
Wind driven waves overtop the highway with 
some regularity, while storms can make the route 
impassable for extended periods.  Raising Highway 
��WR�UHGXFH�ȵRRG�ULVNV�IURP�D�����\HDU�ȵRRG�ZRXOG�
require elevating the highway on piles to a height 
of 22 feet above water level.  This would protect 
the highway and reestablish water connections 
GLVUXSWHG�E\�WKH�KLJKZD\ȇV�FRQVWUXFWLRQ�RQ�ȴOO�36

VALUE OF COSTAL BLUE CARBON 
IN TERREBONNE BASIN

2YHU� WKH� SDVW� GHFDGHV�� DV� WKH� UHODWLRQVKLS�
between greenhouse gases and climate change 
became clear, the scope of analyses for estuary 
conservation opportunities expanded to consider 
the role of coastal wetlands in the global carbon 

Figure IX-3 Port Fourchon

Although an estimate of the monetary value of 
natural infrastructure cannot be done, it is worth 
QRWLQJ�WKH�VSHFLȴF�QDWXUDO�LQIUDVWUXFWXUH�HHFWV�DW�
Port Fourchon, which is located just inside the East 
Central Louisiana Hydrographic Unit across Bayou 
Lafourche from the area of the case study region.  
Begun in 1960 as a port facility at the mouth of 
Bayou Lafourche to divert the banana import 
WUDGH� IURP� 1HZ� 2UOHDQV�� 3RUW� )RXUFKRQ� WRGD\�
is one of the most important port facilities for 
petroleum in the U.S.  The port is carved out of the 
wetlands adjacent to Bayou Lafourche.  It is a base 
for around 400 service boats attending the oil and 
JDV� SURGXFWLRQ� IDFLOLWLHV� RVKRUH� /RXLVLDQD� DQG�
hosts an airport, primarily for helicopters ferrying 
crew out to oil rigs.  It is also the land terminus 
for a number of pipelines, the largest of which 
DUH� FRQQHFWHG� WR� /223�� WKH� /RXLVLDQD� 2VKRUH�
2LO� 3RUW�� D� GHHS�ZDWHU� SRUW� ORFDWHG� ��� PLOHV� WR�
southwest of Port Fourchon in 110 feet of water.  
/223� LV� GHVLJQHG� WR� WUDQVIHU�RLO� IURP�YHU\� ODUJH�
and ultra large oil tankers, most of which are too 
large for near shore ports, to pipelines and thence 
RQ�WR�UHȴQHULHV���7KHUH�LV�DOVR�D�SURFHVVLQJ�SODQW�DW�
Port Fourchon for natural gas piped ashore from 
RVKRUH�ZHOOV�35

%\�IDU�WKH�PRVW�LPSRUWDQW�ȵRRG�WKUHDW�FRPHV�IURP�
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forested, scrub/shrub, and emergent (See Figure 
IX-4). Estuarine emergent wetland covers nearly 
all but the northernmost portions of land south of 
U.S. Highway 90. 

Carbon Pro!le
In 2016, the Terrebonne study area contained 
133,462 ha (329,792 acres) of estuarine emergent 
vegetation (saltmarsh, see Figure IX-5). The Coastal 
Carbon Research Coordination Network (RCN) 
database contained data from 11 cores sampling 
the soil beneath estuarine emergent vegetation, 
with values ranging from 67 to 1,930 metric tons 
of carbon per hectare in the soil, with an average 
value of 280 metric tons per hectare. 

Figure IX-4. Map of vegetation types in the Terrebonne Basin

cycle.   Coastal wetlands sequester vast amounts 
of the greenhouse gas carbon dioxide, and store 
that carbon in their soils. The carbon sequestered 
and stored in coastal estuaries is called coastal 
blue carbon.37  Conserving and restoring estuaries 
rich in coastal blue carbon mitigates the impacts 
of climate change38,39 and provides additional 
EHQHȴWV� WKDW�VXSSRUW� ORFDO�FRPPXQLWLHV�DQG�FDQ�
EROVWHU� ORFDO� HFRQRPLHV�� 7KHVH� EHQHȴWV� LQFOXGH�
SURYLGLQJ� QXUVHU\� KDELWDW� IRU� ȴVK40, reducing 
the impact of storm surge,41,42,43 and improving 
water quality.44,45,46 Researchers estimating global 
coastal blue carbon emissions have observed 
the rapid disappearance of coastal wetlands due 
to human activity, despite federal and regional 
wetland protection and planning.47

In this case study, coastal blue carbon values are 
estimated by multiplying the stock of carbon in 
the “emergent estuarine” land cover class of each 
estuary by estimates of the social cost of carbon 
(SCC) published by the Interagency Working Group 
on Social Cost of Greenhouse Gases in February 
2021.48 

SCC is “a measure, in dollars, of the long-term 
GDPDJH� GRQH� E\� D� WRQ� RI� FDUERQ� GLR[LGH� �&22) 
emissions in a given year”.49  SCC can also represent 
the value of damages avoided for emission 
UHGXFWLRQV� �L�H��� WKH� EHQHȴW� RI� D� &22 reduction).  
:KHWKHU�XVHG� WR�PHDVXUH�FRVWV�RU�EHQHȴWV��6&&�
YDOXHV�LQFOXGH�VXFK�ZLGH�UDQJLQJ�HHFWV�DV�JOREDO�
changes in economic output, human health, 
SURSHUW\�GDPDJHV�IURP�LQFUHDVHG�ȵRRG�ULVN��DQG�
the value of ecosystem services.  

7KH� HFRQRPLF� HHFWV� RI� UHOHDVLQJ� FDUERQ� LQWR�
the atmosphere continue long into the future 
and increase as the total concentration of 
atmospheric carbon increases. Annual SCC values 
for this study’s twenty-year period of analysis were 
discounted to show their value in today’s dollars 
(present value). Values were calculated for each of 
IRXU�6&&�VFHQDULRV�XVLQJ�GLHUHQW�GLVFRXQW�UDWHV��
The “high” and “low” coastal blue carbon values 
presented in this summary correspond to the use 
of a 2.5 percent and 5.0 percent discount rate, 
respectively.

Land cover in the Terrebonne Basin is dominated 
by palustrine and estuarine wetlands, including 
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The Value of Coastal Blue Carbon 
Stock Stored in Soil

Although carbon is also stored in the biomass 
of the plants and continues to be sequestered 
over time, data limitations allow only an analysis 
of the value of carbon that is stored in soil. The 
value of the blue carbon stock stored in the soil 
of the Terrebonne Basin’s estuarine emergent 
wetland area is estimated as the cost to society 
that would be incurred upon the wetland’s 
loss as carbon is emitted into the atmosphere 
due to the disturbance of the upper layers of 
soil. These computations are described below. 
A more comprehensive assessment of the 
HHFWV� RI� ZHWODQG� ORVV� �DQG�� WKXV�� WKH� YDOXH� RI�
conservation) would include the cessation of 
carbon sequestration and the emission of carbon 
stored in the biomass. However, sequestration 
rates and the amount of carbon stored in biomass 
YDU\� VLJQLȴFDQWO\� DPRQJ� VLWHV�� HYHQ� ZLWKLQ� WKH�
same class of vegetation.53� 5HOLDEOH�� VLWH�VSHFLȴF�
estimates of carbon sequestration rates and 
the amount of carbon stored in biomass are not 
available for the Terrebonne Basin or the areas 
WKDW�DUH�WKH�VXEMHFW�RI�WKH�RWKHU�ȴYH�FDVH�VWXGLHV��
For this reason, no attempt was made to estimate 
these values.

The value of restoring estuarine emergent 
wetland arises from the restoration of carbon 
sequestration, which increases over time as the 
marsh matures. The data limitations described 
prevent the estimation of these values. 

An exponential decay function with a half-life of 
7.5 years yields was used to estimate the annual 
metric tons of carbon that would be released 
from soil when one hectare of estuarine emergent 
wetland is converted to another use.54 The results 
of this analysis are shown in Table IX-3. In year 30, 
only 6 percent, or 17.7 metric tons of the initial 
VWRUH�RI�����WRQV�RI�&2�H�UHPDLQ�LQ�WKH�KHFWDUH�RI�
disturbed wetland soil.

Figure IX-5. Estuarine Emergent Wetlands vegetation type in the 
Terrebonne Basin

The RCN data for this area had more variance 
than in most other case study areas. The two most 
extreme values (67 and 1,930 tons per hectare) are 
PXFK�GLHUHQW�WKDQ�RWKHUV�LQ�WKH�VWXG\�DUHD��ZKLFK�
range from 106 to 143 metric tons per hectare. 
Analysts carefully studied these data points 
DQG�DUH�FRQȴGHQW� WKH�VDPSOHV�DUH�YDOLG�� IRU� WKLV�
reason, we chose to include them in this analysis. 
Furthermore, the core depth for the extreme high 
value was 125 cm and this study assumes that 
only the top meter of soil is disturbed during the 
conversion of salt marsh to another use. Further, 
research50 indicates that carbon is concentrated in 
the top layers of soil so no adjustment was made 
to this value.

7KHVH� ȴJXUHV� VXJJHVW� WKDW� ����� PLOOLRQ� WRQV� RI�
FDUERQ� GLR[LGH� HTXLYDOHQW� �&22e

51) are stored in 
the soil beneath the study area’s 133,462 ha of 
estuarine emergent vegetation. This is equivalent 
to the annual emissions of approximately 8.1 
million cars.52
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wetland was converted in 2020.  The initial carbon 
stock (Year 2020) is 280 metric tons per hectare. 
7DEOH� Ζ;��� VKRZV� WKDW�� LQ� WKH� ȴUVW� \HDU� DIWHU�
conversion, 24.6 metric tons of carbon would be 
released, 22.5 metric tons would be released in 
the second year, etc. The SCCs for 2020 (see Table 
IX-2) were applied to carbon releases during Year 
1 (assuming the wetland was converted in 2020). 
SCC values for 2021 would be applied to carbon 
released during Year 2, etc.  This yields the annual 
social cost of the carbon that would be released if 
the marsh were converted.

This computation was performed for each of the 
four sets of published SCC values and each stream 
of annual costs was discounted to calculate its 
present value. Three of the four sets of published 
6&&�YDOXHV�GLHU�RQO\�ZLWK�UHVSHFW�WR�WKH�GLVFRXQW�
UDWHV�WKDW�DUH�DSSOLHG�WR�IXWXUH�HFRQRPLF�YDOXHV��
in Table IX-2 Market Price of Carbon Credits and 
Interim (2021) Values of the Social Cost of Carbon 
(SCC) with Discount Rates, these values are shown 
in columns labeled “SCC, 5%,” “SCC, 3%,” and “SCC, 
2.5%”.55  Present value computations for these 
estimates of the SCC use the discount rate upon 
which each estimate was based. These present 
values range from $3,224/hectare to $18,601/
hectare. The total value for the 133,462 ha in the 
HVWXDU\�UDQJHV�IURP������PLOOLRQ�WR������ELOOLRQ�b

Table IX-2 Market Price of Carbon Credits and Interim (2021) Values 
of the Social Cost of Carbon (SCC) with Discount Rates

Year 2020 Dollars Per Ton of CO2e
RGGI WCI SCC, 

5%
SCC, 
3%

SCC, 
2.5%

SCC, 
High 

Impact
2020 $17 $6 $14 $51 $76 $152
2025 $17 $6 $17 $56 $83 $169
2030 $17 $6 $19 $62 $89 $187
2035 $17 $6 $22 $67 $96 $206
2040 $17 $6 $25 $73 $103 $225
2045 $17 $6 $28 $79 $110 $242
2050 $17 $6 $32 $85 $116 $260

7KH� IRXUWK� VHW� RI� 6&&� SXEOLVKHG� YDOXHV� GLHUV�
VLJQLȴFDQWO\� IURP� WKH� RWKHU� WKUHH�� 7KHVH� YDOXHV�
capture the potential for low-probability, high-
impact outcomes from climate change and 
correspond to the 95th percentile of the frequency 

Table IX-1 Annual Carbon Released from the Soil of Converted 
Estuarine Emergent Wetlands (metric tons per hectare)

Year Carbon in 
Soil

Cumulative 
Carbon 
Release

Annual 
Carbon 
Release

2020 280.0 0.0

2021 255.4 24.6 24.6

2022 232.9 47.1 22.5

2023 212.4 67.6 20.5

2024 193.7 86.3 18.7

2025 176.7 103.3 17.0

2026 161.1 118.9 15.5

2027 146.9 133.1 14.2

2028 134.0 146.0 12.9

2029 122.2 157.8 11.8

2030 111.5 168.5 10.8

2031 101.6 178.4 9.8

2032 92.7 187.3 8.9

2033 84.5 195.5 8.2

2034 77.1 202.9 7.4

2035 70.3 209.7 6.8

2036 64.1 215.9 6.2

2037 58.5 221.5 5.6

2038 53.3 226.7 5.1

2039 48.6 231.4 4.7

2040 44.4 235.6 4.3

2041 40.5 239.5 3.9

2042 36.9 243.1 3.6

2043 33.7 246.3 3.2

2044 30.7 249.3 3.0

2045 28.0 252.0 2.7

2046 25.5 254.5 2.5

2047 23.3 256.7 2.2

2048 21.2 258.8 2.0

2049 19.4 260.6 1.9

2050 17.7 262.3 1.7

SCC values are projected to increase over time, 
corresponding to increases in the concentration of 
atmospheric greenhouse gases. For the purposes 
of this computation, it was assumed that the 
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distribution of SCC estimates using a 3 percent 
discount rate. The present value associated with 
this set of SCC values is $36,963/hectare with a 
total value for the estuary’s 133,462 ha of $4.9 
billion.

The broad range in these present value estimates 
is in part due to uncertainty about future economic 
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW� UDWHV��
and the appropriate level of risk-taking with 
UHJDUG� WR� FOLPDWH� SROLF\� �UHȵHFWHG� LQ� WKH� VHW� RI�
SCC values associated with low-probability, high-
impact outcomes).

Prices from the Regional Greenhouse Gas Initiative 
(RGGI) and Western Climate Initiative (WCI) carbon 
markets were also applied (with a 3% discount rate) 
to the future stream of carbon releases associated 
with the loss of one hectare of saltmarsh in the 
Terrebonne Basin. In almost all scenarios, the cost 
of purchasing the right to release this stream of 
carbon is much less than the social cost of the 
released carbon. Achieving a socially optimal 
solution requires that emission caps be set at a 
level where the market price of carbon equals the 
SCC. Prices from these two carbon markets result 
in values that range from $1,272 per hectare to 
$3,578 per hectare with totals for the 133,462 
ha of salt marsh in the study area ranging from 
$170 million to $448 million.  The results of these 
computations are shown in Table IX-3.
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Annual 
Value

Carbon 
Released (t 
CO2e/ ha)

Value of Released Carbon
RGGI WCI SCC, 5% SCC, 3% SCC, 2.5% SCC, High 

Impact
2020 24.6 $149.56 $420.85 $365.67 $1,279.83 $1,889.28 $3,748.08
2021 22.5 $136.40 $383.82 $333.49 $1,167.21 $1,750.81 $3,501.62
2022 20.5 $124.40 $350.04 $329.49 $1,089.84 $1,622.09 $3,269.52
2023 18.7 $113.45 $319.24 $300.49 $1,017.05 $1,502.46 $3,051.14
2024 17.0 $103.47 $291.14 $274.05 $948.63 $1,391.32 $2,845.88
2025 15.5 $94.36 $265.52 $269.16 $884.37 $1,307.34 $2,653.12
2026 14.2 $86.06 $242.16 $245.47 $824.08 $1,209.82 $2,472.25
2027 12.9 $78.49 $220.85 $239.86 $767.55 $1,119.35 $2,286.67
2028 11.8 $71.58 $201.41 $218.75 $714.59 $1,035.43 $2,129.20
2029 10.8 $65.28 $183.69 $199.50 $651.71 $957.61 $1,981.73
2030 9.8 $59.54 $167.52 $194.08 $606.49 $885.47 $1,843.72
2031 8.9 $54.30 $152.78 $177.00 $564.18 $818.61 $1,714.66
2032 8.2 $49.52 $139.34 $171.51 $524.62 $756.66 $1,594.04
2033 7.4 $45.16 $127.08 $156.42 $487.66 $699.28 $1,481.37
2034 6.8 $41.19 $115.89 $151.04 $453.13 $646.13 $1,376.18
2035 6.2 $37.56 $105.69 $137.75 $420.91 $596.93 $1,285.69
2036 5.6 $34.26 $96.39 $132.61 $390.85 $551.38 $1,193.49
2037 5.1 $31.24 $87.91 $120.94 $362.82 $515.59 $1,107.56
2038 4.7 $28.49 $80.17 $116.10 $336.70 $476.02 $1,027.51
2039 4.3 $25.99 $73.12 $107.02 $308.23 $436.66 $946.10
2040 3.9 $23.70 $66.68 $97.61 $285.01 $402.14 $878.46
2041 3.6 $21.61 $60.82 $92.58 $263.49 $370.31 $811.83
2042 3.2 $19.71 $55.46 $84.43 $243.55 $344.22 $753.38
2043 3.0 $17.98 $50.58 $79.96 $228.04 $316.89 $695.97
2044 2.7 $16.39 $46.13 $75.63 $210.67 $291.70 $645.53
2045 2.5 $14.95 $42.07 $68.97 $194.60 $270.96 $596.11
2046 2.2 $13.64 $38.37 $65.15 $179.72 $249.36 $552.64
2047 2.0 $12.44 $34.99 $61.46 $165.95 $229.47 $510.15
2048 1.9 $11.34 $31.91 $56.06 $153.22 $213.01 $472.73
2049 1.7 $10.34 $29.11 $52.83 $143.14 $195.97 $436.25

Table IX-3 Blue Carbon Values for Terrebonne Basin 2020-2049 (Nominal/Net Present Value)
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Discounted Value 0.03 0.03 0.05 0.03 0.025 0.03
2020 $149.56 $420.85 $344.96 $1,256.64 $1,872.64 $3,745.28

2021 $132.43 $372.64 $321.02 $1,134.49 $1,710.04 $3,381.66

2022 $117.26 $329.95 $278.83 $1,023.84 $1,541.03 $3,071.52

2023 $103.83 $292.15 $258.33 $923.65 $1,388.49 $2,770.95

2024 $91.93 $258.68 $224.38 $832.98 $1,266.31 $2,514.08

2025 $81.40 $229.04 $207.07 $750.96 $1,140.44 $2,266.29

2026 $72.07 $202.80 $179.86 $676.80 $1,026.94 $2,054.15

2027 $63.82 $179.57 $165.41 $620.29 $935.48 $1,850.36

2028 $56.51 $159.00 $143.67 $558.54 $842.03 $1,675.61

2029 $50.03 $140.78 $131.72 $502.79 $757.81 $1,508.38

2030 $44.30 $124.65 $114.41 $452.49 $681.93 $1,364.77

2031 $39.23 $110.37 $104.60 $407.11 $620.39 $1,234.26

2032 $34.73 $97.73 $95.40 $366.19 $558.06 $1,110.03

2033 $30.75 $86.53 $82.86 $329.31 $507.33 $1,003.12

2034 $27.23 $76.62 $75.39 $296.07 $456.20 $906.15

2035 $24.11 $67.84 $65.49 $266.12 $410.18 $818.22

2036 $21.35 $60.07 $59.46 $242.67 $372.57 $738.55

2037 $18.90 $53.19 $51.65 $217.98 $334.87 $663.28

2038 $16.74 $47.09 $46.81 $195.77 $300.97 $598.33

2039 $14.82 $41.70 $42.35 $175.78 $273.14 $539.54

2040 $13.12 $36.92 $36.79 $157.80 $245.41 $486.38

2041 $11.62 $32.69 $33.23 $141.64 $220.48 $436.40

2042 $10.29 $28.95 $28.86 $127.11 $199.94 $393.18

2043 $9.11 $25.63 $26.03 $115.55 $179.58 $352.64

2044 $8.07 $22.69 $23.45 $103.64 $161.28 $317.56

2045 $7.14 $20.09 $20.37 $92.94 $146.15 $284.71

2046 $6.32 $17.79 $18.32 $83.34 $131.22 $256.26

2047 $5.60 $15.75 $16.46 $74.71 $117.81 $229.67

2048 $4.96 $13.95 $14.30 $66.97 $106.69 $206.62

2049 $4.39 $12.35 $12.83 $60.74 $95.76 $185.12

Present Value, 30 years $1,271.60 $3,578.07 $3,224.31 $12,254.90 $18,601.18 $36,963.08

Table IX-3 Blue Carbon Values for Terrebonne Basin 2020-2049 (Nominal/Net Present Value) (cont'd)
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Table IX-4 CWPPRA Restoration Projects by Type and Location as of 
2021

b Terrebonne Terrebonne 
& Others

Grand 
Total

Barrier Island 
Restoration

9 b 9

Demonstration 5 4 9
Freshwater 
Diversion

1 1 2

Herbivory 
Control

b 1 1

Hydrologic 
Restoration

6 1 7

Invasives 
Control

b 1 1

Marsh Creation 11 b 11
Monitoring b 1 1

Water Diversion 1 b 1
(blank) 1 b 1
Total 34 9 43

 

Table IX-5  Acreage of CWPPRA Restoration Projects by Type and 
Location

b Terrebonne Terrebonne 
& Others

Grand 
Total

Barrier Island 
Restoration

            
2,199 

b           
2,199 

Demonstration b b b
Freshwater 
Diversion

               
202 

             988           
1,190 

Herbivory 
Control

b         14,963         
14,963 

Hydrologic 
Restoration

            
2,175 

             199           
2,374 

Invasives 
Control

b                26                
26 

Marsh Creation             
3,502 

b           
3,502 

Monitoring b b b
Water 

Diversion
               

266 
b              

266 
(blank)                  64 b                

64 
Total             

8,408 
        16,176         

24,584 

ESTUARY SUMMARY

 Restoration Efforts 
The Terrebonne Basin is part of the vast complex 
of wetlands in the lower Mississippi River, that is 
both one of the largest wetland complexes in the 
world and one of the most threatened.  The loss 
of wetland areas has been underway for decades 
driven by sediment starvation, channelization, and 
conversion.56  The response to these losses has 
EHHQ� D� PDMRU� FRPELQHG� HRUW� IURP� WKH� IHGHUDO�
and state governments to combine funding from 
multiple sources to restore or protect over 19,263 
ha (47,600 acres) of wetlands and 60 miles of 
barrier islands57 (See Figure IX-6).  

Figure IX-6 Terrebonne Region Restoration Projects

The largest of the wetland restoration programs 
is the federal Coastal Wetlands Resource Planning 
Protection and Restoration Act, enacted by 
Congress in 1990.  This program has supported 
over 40 projects either within Terrebonne Parish 
or in multiple parishes including Terrebonne (See 
Table IX-4). Terrebonne parish alone was the 
location of thirty-four of these projects.  About half 
of the projects were for marsh and barrier island 
restoration.  These projects restored over 9,914 ha 
(24,500 acres) of wetland (See Table IX-5).  About 
half of the projects by type are for vegetative 
(herbivory) control and marsh creation, although 
PDQ\�SURMHFWV�KDYH�PXOWLSOH�HHFWV�
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that in other estuaries would be located along 
the shore, have moved inland.  Those that remain 
near the shore have adapted to these conditions.  
)RU� LQVWDQFH�� 3RUW� )RXUFKRQ� KDV� VLJQLȴFDQWO\�
JUHDWHU�ȵRRG�GHIHQVHV�WKDQ�PRVW�RI�WKH�SURSHUWLHV�
examined in the other case studies.  
The expansive range of salt marshes provide an 
environment rich in coastal blue carbon values, 
the largest of any found in the six estuaries 
studied in this project.  Much of that value is due 
to the sheer amount of wetlands, 133,462 ha (over 
300,000 acres).  Though the level of coastal blue 
carbon found in the Terrebonne soil samples was 
WKH�VHFRQG�KLJKHVW��DW�����WRQV�&22/hectare.  The 
value of this coastal blue carbon ranges from 
$3,224/hectare to $18,601/hectare. The total value 
for the 133,462 ha under the three SCC scenarios 
in the estuary ranges from $430 million to $2.5 
ELOOLRQ�b 7KH� ORZ�SUREDELOLW\�� KLJK�LPSDFW� FOLPDWH�
outcome scenario resulted in a total coastal blue 
carbon value of $4.9 billion.  

7KH�EURDG�UDQJH�LQ�WKHVH�EHQHȴW�HVWLPDWHV�LV�GXH�
to multiple factors:

%� uncertainty about future economic 
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW�
rates in the coastal blue carbon analysis), 
and 

%� and the appropriate level of risk-taking 
with regard to climate policy and the range 
of potential future impacts from climate 
change (choice of scenarios).

While Terrebonne Basin is far from an urban 
estuary, it is still a “working” estuary, supporting 
marine transportation, and oil and gas production, 
DV� ZHOO� DV� R\VWHU�� VKULPS�� DQG� ȴQȴVK� ȴVKHULHV�
that rely on the health of the ecosystem for their 
FRQWLQXHG� H[LVWHQFH�� � 5HVWRUDWLRQ� HRUWV� WKDW�
continue to improve the health and stability of the 
fragile Gulf ecosystems through diversions and 
marsh creation will continue to add valuable blue 
FDUERQ� WR� WKH� OLVW� RI� HFRQRPLF� EHQHȴWV� WKDW� WKH�
estuary provides to the community.    

Terrebonne is also one of the focal areas of the 
'HHSZDWHU� +RUL]RQ� 2LO� 6SLOO� 5HVWRUDWLRQ� 3ODQV�
in Louisiana (See Figure IX-7).58 The Deepwater 
Horizon mobile drilling unit exploded in April of 
2010 releasing approximately 134 million gallons 
RI�RLO�� �7KH�/RXLVLDQD�'HHSZDWHU�+RUL]RQ�2LO�6SLOO�
Restoration Plans identify projects in this estuary 
WR� UHVSRQG� WR� WKH� HHFWV� RI� WKH� RLO� VSLOO�� � 7KHVH�
projects include a nutrient reduction project, a 
marsh creation project, an oyster restoration 
project, two dune and island restoration projects, 
WKUHH� DUWLȴFLDO� UHHI� SURMHFWV�� DQG� WKUHH� RWKHU�
projects related to recreation enhancements 
within the Terrebonne Basin59 (See Figure IX-7).  

Figure IX-7 Planned and Completed Deepwater Horizon-Related 
Projects in Terrebonne Basin

Natural Infrastructure and Coastal 
Blue Carbon Bene!ts 

The Terrebonne Basin estuary is rich in 
contradictions.  It has large swaths of sparsely 
populated wetlands along with the highest rate of 
land loss in Louisiana, increasing the urgency for 
UHVWRUDWLRQ� HRUWV�� � +DYLQJ� DGDSWHG� ORQJ�DJR� WR�
WKH� IUHTXHQW�VWRUPV��ȵRRGLQJ��DQG� ODQG�ORVV� WKDW�
characterize the region, most economic assets, 

Legend
Purple marker: Nutrient Reduction 
*UHHQ�0DUNHU��(QKDQFH�5HFUHDWLRQDO�2SSRUWXQLWLHV
Yellow Marker: Restoration 
Dark Blue Marker: Marsh Creation
/LJKW�%OXH�0DUNHU��2\VWHU�5HVWRUDWLRQ
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X. Case Study 5: 
San Pablo Bay, CA

SAN PABLO BAY

San Pablo Bay is a tidal estuary and sub-embayment 
of North San Francisco Bay in Northern California.1 
It spans an area of approximately 90 sq mi. and is 
nestled within the San Francisco Bay metropolitan 
area, home to over 7 million people.2 The population 
is ethnically very diverse; approximately half of the 
residents are Hispanic, Asian, African American, or 
3DFLȴF�ΖVODQGHU�3

San Pablo Bay is comprised of a channel-shoal 
system which is characteristically shallow but 
dissected by a single deep-water channel through 
the middle of the Bay allowing ships access 
to the ports of Sacramento, Stockton, Benicia, 
and Martinez.4b ΖW� LV� IHG� E\� IRXU� WULEXWDULHV�� WKH�
Sacramento, San Joaquin, Petaluma, and Napa 
Rivers, and its undeveloped shore lands are 
GHȴQHG�E\� ODUJH� LQWHUWLGDO�PXGȵDWV� LQWHUVSHUVHG�
with salt marshes.5, 6�:LQG�ZDYHV�SOD\�D�VLJQLȴFDQW�
UROH� LQ� VKDSLQJ� WKHVH�PXGȵDWV� E\� UHVXVSHQGLQJ�
sediment and increasing suspended sediment 
within the water column.7 Sediment type varies by 
KDELWDW�W\SH�ZLWK�ȴQH��PXG�VHGLPHQW�GRPLQDWLQJ�

the shoals and sandy sediment collecting in and 
around deep channels.8  More than 90% of the 
VKDOORZ� WLGDO� ȵDWV� DUH� FRYHUHG� LQ� PXG� DQG� WKLV�
mud will occasionally cover sandy channels as 
well.9� 7KH�PXGȵDWV� DUH� LQXQGDWHG�E\� WLGHV� WZLFH�
daily saturating the Bay with nutrients supporting 
a large community of marine invertebrates.10

The wetlands surrounding San Pablo Bay were once 
one of the largest tidal marsh complexes on the 
3DFLȴF�&RDVW�RI�1RUWK�$PHULFD�EXW�DSSUR[LPDWHO\�
85% of San Pablo Bay’s tidal marshes have been 
VLJQLȴFDQWO\� DOWHUHG� E\� DQWKURSRJHQLF� DFWLYLWLHV�
including hydraulic mining, salt production, diking, 
GUDLQLQJ�� ȴOOLQJ�� DJULFXOWXUH�� DQG� GHYHORSPHQW��
Hydraulic mining operations coinciding with the 
California gold rush in the 1850s injected large 
amounts of sediment into the San Francisco Bay 
Estuary and into the mid-1900s the marshes were 
GLNHG�� ȴOOHG�� DQG�GUDLQHG� WR� VXSSRUW� FRPPHUFLDO�
development.11 Construction of a reservoir and 
land reclamation projects from 1910 to 1975 
decimated tidal marsh in the area, decreasing 
WKH� %D\ȇV� VHGLPHQW� WUDSSLQJ� HɝFLHQF\� DQG�

Figure X-1. Wetlands at Sunset. San Pablo Bay, Vallejo, CA.
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throughout the summer and fall.  Although it used 
to be a working port for the southern squid purse 
VHLQHUV�� WKH� ȵHHW�PRYHG� QRUWK� LQ� UHVSRQVH� WR� D�
severe El Nino event in 2016.23 The commercial 
ȴVKLQJ�ȵHHW�GRHV�QRW�W\SLFDOO\�RSHUDWH�RXW�RI�6DQ�
Pablo Bay. One exception is herring spawns. Large 
DJJUHJDWLRQV� RI� 3DFLȴF� KHUULQJ� �Clupea harengus 
pallasi) spawning at China Camp and Point 
Richmond once supported a modest commercial 
ȵHHW��DQG�UHFUHDWLRQDO�ȴVKLQJ�R�WKH�SLHUV� LQ�WKH�
Bay.24 However, a long downward trend, starting 
in the late 1980s, with a few notable spikes in 
biomass in 1995, 2005, and 2010, has diminished 
VXEVWDQWLDOO\�� ZLWK� WKH� ȵHHW� FXUUHQWO\� FDWFKLQJ� D�
few hundred tons each year.25  

Environmental Policies  
6LJQLȴFDQW� ORVV� RI� WLGDO� ZHWODQGV� ODXQFKHG�
FROODERUDWLYH�FRQVHUYDWLRQ�HRUWV�LQ�WKH�����V�E\�
QRQ�SURȴW�RUJDQL]DWLRQV�� ORFDO�JUDVVURRWV�JURXSV��
and government entities.26 In 1999, the Baylands 
Ecosystem Habitat Goals set a goal of achieving 
and maintaining 100,000 acres of tidal marsh. 
Following this, the San Francisco Bay Conservation 
and Development Commission adopted a goal 
RI� UHVWRULQJ� ������� KD� �������� DFUHV�� RI� GLNHG�
land.27 As of 2015, approximately 12,500 acres 
had been restored with an additional 30,000 
acres of restoration underway.28 The larger San 
)UDQFLVFR� %D\� UHJLRQ� LV� LGHQWLȴHG� DV� RQH� RI� WKH�
Waterfowl Habitat Areas of Major Concern under 
the North American Waterfowl Management 
Plan.29 The US Fish and Wildlife Service and the 
California Department of Fish and Game jointly 
oversee the northern marshes of the Bay.  The 
Nature Conservancy and California State Coastal 
Conservancy have been instrumental in acquiring 
additional wetland units for conservation. In 1974 
WKH� 6DQ� 3DEOR� %D\� 1DWLRQDO� :LOGOLIHb 5HIXJH� ZDV�
established which encompasses much of the 
QRUWKHUQ� VKRUH� RI� WKH� %D\�� DQG� LWb LV� RZQHG� DQG�
managed by the U.S. Fish and Wildlife Service 
for the purpose of conserving, restoring, and 
protecting the wetlands for endangered species 
and migratory bird habitat.30b 7KH� 5HIXJH� QRZ�
encompasses 19,965 acres of wetlands in northern 
San Pablo Bay. It allows waterfowl hunting per its 
2018 Waterfowl Hunting Plan which allows ducks, 
geese, and coots to be hunted on the refuge during 

VLJQLȴFDQWO\�DOWHULQJ� WKH�VHGLPHQW�EDODQFH� LQ� WKH�
estuary.12, 13  Modern forecasting indicates that 
while some mature salt marshes may be able to 
WUDS�VHGLPHQW�HURGLQJ�IURP�PXGȵDWV��\RXQJ�VDOW�
marshes will likely drown due to sea level rise 
DQG� LQWHUWLGDO�PXGȵDW�PLJUDWLRQ�PDNLQJ� WKH�%D\�
YXOQHUDEOH� WR� VLJQLȴFDQW� KDELWDW� DOWHUDWLRQ�14 Sea 
level rise is one of the greatest threats to coastal 
areas across the globe, and particularly impacts 
estuarine environments.15 Predictive modeling 
of sea level rise in San Pablo Bay demonstrates 
that sea level rise will slowly drown the estuarine 
environment as it exceeds the accretion rate of 
PXGȵDWV�16 Therefore, salt marsh conservation 
and restoration is critical to keeping sedimentation 
and habitat stability in balance in San Pablo Bay.  

Rapid development starting in the mid-1800’s 
transformed the landscape but today, San Pablo 
Bay still contains a variety of habitat including 
RSHQ�ED\�ZDWHUV��VDOW�PDUVKHV��LQWHUWLGDO�PXGȵDWV��
upland habitats, and restored wetlands.17 Over 
300 species of wildlife can be found in the greater 
San Francisco Bay estuary encompassing San 
Pablo Bay.18 Many of these species visit the Bay as 
D� VWRSSLQJ� SRLQW� GXULQJ� WKHLU� 3DFLȴF�PLJUDWLRQ�19 
San Pablo Bay is a primary wintering ground for 
the canvasback duck and a renowned location 
where thousands of canvasbacks congregate each 
year.20 San Pablo also hosts a migratory staging 
ground for many species of waterfowl. Several 
resident faunal species are included on the federal 
Endangered Species List including California 
brown pelicans, California clapper rail, and the salt 
marsh harvest mouse. In fact, the region hosts the 
largest remaining continuous patch of pickleweed-
GRPLQDWHG� WLGDO�PDUVK� �6DUFRFRUQLD� SDFLȴFD��� WKH�
primary habitat of the endangered salt marsh 
harvest mouse.21  

5HFUHDWLRQDO�ȴVKLQJ� LV�SRSXODU� LQ�6DQ�3DEOR�%D\��
Within the San Pablo Bay watershed there are 
��� UHFRJQL]HG� QDWLYH� ȴVK� VSHFLHV�22 Striped bass 
�QRQ�QDWLYH�LQYDVLYH�VSHFLHV���VXUISHUFK��VWXUJHRQ��
DQG�VWDUU\�ȵRXQGHU�DUH�VRPH�RI�WKH�SULPH�WDUJHW�
VSHFLHV� IRU� UHFUHDWLRQDO� ȴVKHUPHQ�� 7KH� ZLQWHU�
VHDVRQ�LV�NQRZQ�IRU�SULPH�ZKLWH�VWXUJHRQ�ȴVKLQJ��
SDUWLFXODUO\�LQ�WKH�QRUWK�%D\���&RPPHUFLDO�ȴVKHULHV�
are located primarily in the larger San Francisco 
%D\��ZKLFK�KRVWV�D�ODUJH�RVKRUH�'XQJHQHVV�FUDE�
ȵHHW� LQ� WKH� IDOO� VHDVRQ�DV�ZHOO�DV�VDOPRQ� WUROOHUV�
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Richmond, have median household incomes that 
DUH�DERXW�KDOI�RI�WKRVH�LQ�6DQ�)UDQFLVFR����������
DQG���������LQ������UHVSHFWLYHO\41���7KH�QRUWKHUQ�
and western boundaries of the bay are comprised 
primarily of open-space, agricultural land, parks, 
and wildlife and wetlands reserves, including the 
San Pablo Bay National Wildlife Refuge, China 
Camp State Park, and the San Francisco Bay 
National Estuarine Research Reserve.

VALUE OF NATURAL 
INFRASTRUCTURE IN

SAN PABLO BAY

12$$� GHȴQHV� QDWXUDO� LQIUDVWUXFWXUH� DV� ȊKHDOWK\�
ecosystems, including forests, wetlands, 
ȵRRGSODLQV��GXQH�V\VWHPV��DQG�UHHIV��ZKLFK�SURYLGH�
PXOWLSOH�EHQHȴWV�WR�FRPPXQLWLHV��LQFOXGLQJ�VWRUP�
SURWHFWLRQ� WKURXJK� ZDYH� DWWHQXDWLRQ� RU� ȵRRG�
storage capacity and enhanced water services 
and security.”42 An estuary’s capacity to protect 
shoreline property from climate hazards and 
ȵRRG�ULVN�LV�DQ�LPSRUWDQW�HFRV\VWHP�VHUYLFH��7KH�
measure of this service is, however, complex. 
The value depends on how often and how severe 
ȵRRGV� ZLOO� EH�� � ΖW� GHSHQGV� RQ� WKH� YDOXH� RI� WKH�
HFRQRPLF�DVVHWV�YXOQHUDEOH�WR�ȵRRGV�RI�GLHUHQW�
sizes and types. And it depends on the extent 
of lost economic activity, as well as the issue of 
GLVSURSRUWLRQDWH� HHFWV� RQ� SRSXODWLRQV� ZKLFK�
may or may not have the capacity to recover from 
ȵRRG�HYHQWV���

The analysis in this section uses a method that 
focuses on damages to real property from 
ȵRRGLQJ� WKDW�PLJKW� EH� UHGXFHG�E\� WKH� SUHVHQFH�
of estuarine wetlands adjacent to the property.  It 
LV�D�YHU\�VLPSOLȴHG�SHUVSHFWLYH�WKDW�LV�GHVLJQHG�WR�
UDLVH�DZDUHQHVV�RI�QDWXUDO�LQIUDVWUXFWXUH�EHQHȴWV�
as a prelude to incorporating these values into 
planning for the future of estuaries using more 
complete information.   
 
San Pablo Bay lies at the point where the San 
Francisco Bay transitions between bay and the 
lower part of the Sacramento/San Joaquin River 
complex. The area studied for natural infrastructure 
is comprised of areas within seven counties that 
are located within the San Pablo Hydrographic Unit 

WKH� VHDVRQ�� 5HFUHDWLRQDO� ȴVKHULHV� DUH� PDQDJHG�
under the San Pablo Bay National Wildlife Refuge 
Recreational Sport Fishing Plan.31 Ten species are 
monitored under this plan including the white 
sturgeon, two species of surfperch, and the invasive 
striped bass.32 The Napa-Sonoma Marshes Wildlife 
Area managed by the California Department of 
Fish and Game also protects part of the San Pablo 
Bay estuary within its 15,200 acres of baylands, 
tidal sloughs, and wetland habitat.33 The wildlife 
area restricts development and manages usage 
WR�UHFUHDWLRQDO�DFWLYLWLHV�LQFOXGLQJ�KXQWLQJ��ȴVKLQJ��
bird watching, and hiking.34

Socioeconomic/Cultural Status 
Historically, Ohlone, Miwok, and Patwin Native 
American tribes inhabited the San Pablo Bay and 
larger San Francisco region until the watershed was 
colonized by Spanish settlers in the late 1700s.35, 

36  Disease, cultural assimilation, and imposed 
substandard living conditions decimated the Native 
American population in the region. However, 
native populations declined precipitously after the 
Gold Rush and Mexican War because of violent 
FRQȵLFWV� ZLWK� WKH� UDSLGO\� LQFUHDVLQJ� $PHULFDQ�
population.37 Today the population surrounding 
San Pablo Bay mirrors the ethnic diversity of the 
larger San Francisco Bay area. Economically, the 
San Francisco Bay area has become very strong 
due to its large presence of some of the nation’s 
biggest technology companies. The median San 
)UDQFLVFR�KRXVHKROG� LQFRPH� LV� ��������SHU� \HDU�
which nearly doubles the national household 
income according to the U.S. census bureau.38 That 
wealth is also present in many of the communities 
that border the eastern shores of the Bay such as 
Pinole, Hercules, and Rodeo. However, remnants 
of wartime industries dominate the communities 
on the southern shore of San Pablo Bay including 
Richmond/North Richmond, as the city was home 
to four Kaiser shipyards that housed the most 
productive wartime shipbuilding operations 
during World War II.39 Mare Island Naval Shipyard 
dominates the shoreline in Vallejo. The southern 
shore of San Pablo Bay still hosts heavy-industry 
including Chevron, Shell, and Phillips 66 oil 
UHȴQHULHV�� PDQXIDFWXULQJ�� FRPPHUFLDO� VKLSSLQJ��
and rail transportation.40 Communities near these 
heavy industries, such as San Pablo and North 
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7KH�QDWXUDO�LQIUDVWUXFWXUH�EHQHȴWV�RI�WKH�ZHWODQGV�
in San Pablo Bay are created because wetlands 
FDQ� UHGXFH� WKH� GDPDJH� IURP� ȵRRGLQJ�� ZKHWKHU�
IURP� FRDVWDO� ȵRRGLQJ� GULYHQ� E\� WLGHV�� ZLQG�� DQG�
VWRUP� VXUJH� RU� ULYHU� ȵRRGLQJ�� 7KH� EHQHȴWV� FDQ�
EH�PHDVXUHG�DV� WKH� UHGXFWLRQ� LQ�ȵRRG�GDPDJHV�
resulting from the presence of the wetlands and is 
a function of the location of vulnerable economic 
DVVHWV� �EXLOGLQJV� DQG� ODQG��� WKH� IUHTXHQF\� DQG�
VHYHULW\� RI� ȵRRGV�� WKH� OLNHO\� H[WHQW� RI� GDPDJHV��
and the possible reductions in those damages 
resulting from the presence of the wetlands. 
The exact extent of the damage that determines 
EHQHȴWV�FDQQRW��RI�FRXUVH��EH�NQRZQ�ZLWK�SUHFLVLRQ�
in advance so estimates and assumptions must 
be used. These assumptions and the calculations 
XVHG�WR�HVWLPDWH�EHQHȴWV�DUH�H[SODLQHG�LQ�6HFWLRQ�
III of the accompanying technical report. 

Flood damage reductions depend on the 
IUHTXHQF\�DQG�VHYHULW\�RI�ȵRRGLQJ��GHȴQHG�E\�WKH�
����\HDU�ȵRRG�SODLQ��ZKLFK�GHȴQHV�D�ȵRRG�RI�VXFK�
severity that it only has a 1% chance of occurring 
each year. For this analysis, an alternate scenario 
LV�XVHG�WR�H[DPLQH�WKH�HHFWV�RI�FOLPDWH�FKDQJH��
one of which is to increase the frequency of severe 
VWRUP� HYHQWV�� 7R� UHȵHFW� HVWLPDWLRQ� RI� EHQHȴWV�
related to a changing climate, we assumed the 
100-year storm becomes the 50-year storm, which 
means the annual probability of a storm at least 
this severe doubles from 1% to 2%.    

DV�GHȴQHG�E\�WKH�8�6��*HRORJLFDO�6XUYH\�43 Parcels 
from the county tax records were selected based 
RQ�WKHLU�ORFDWLRQ�ZLWKLQ�WKH�����\HDU�ȵRRG�]RQH44 
DQG�DGMDFHQW�WR�HVWXDULQH�ZHWODQGV�DV�GHȴQHG�E\�
the National Wetlands Inventory45.  

There are over 2,800 parcels of land meeting this 
FRQGLWLRQ��ZRUWK�MXVW�XQGHU������ELOOLRQ�DW�FXUUHQW�
assessed values. The natural infrastructure 
EHQHȴWV� LQ� WHUPV� RI� ȵRRG� UHGXFWLRQ� FDQ� UDQJH�
IURP�������PLOOLRQ�WR�������PLOOLRQ�RYHU�D����\HDU�
SHULRG� IRU� D� ȵRRG� WKDW� KLVWRULFDOO\�ZRXOG� KDYH� D�
1% chance of occurring each year. Climate change 
PD\�GRXEOH� WKH� ULVN�RI� D� VHYHUH�ȵRRG�RFFXUULQJ��
LQ�ZKLFK�FDVH�EHQHȴWV�ZRXOG�LQFUHDVH�WR�EHWZHHQ�
������PLOOLRQ�DQG�������PLOOLRQ��6HH�7DEOH�;����

These values are for damages to property 
H[SRVHG� WR� ȵRRGLQJ� DQG� GR� QRW� LQFOXGH� WKH�
damages to business sales or employment, 
QRU� WKH� YDOXH� RI� SRVVLEOH� ORVVHV� IURP� HHFWV� RQ�
human health.  These damage estimates should 
thus be considered conservative, that is likely to 
be low relative to the actual full economic costs of 
ȵRRGLQJ�

7KH� QDWXUDO� LQIUDVWUXFWXUH� EHQHȴWV� LQ� 6DQ� 3DEOR�
Bay are to be found in all counties surrounding 
the Bay except for San Francisco, where the fully 
developed shoreline has only small amounts of 
ZHWODQG��6HH�)LJXUH�;�����3DUFHOV�RQ�WKH�VKRUHOLQH�
ORFDWHG� ZLWKLQ� WKH� ȵRRG� ]RQH� DQG� DGMDFHQW� WR�
HVWXDULQH�ZHWODQGV�DUH� VKRZQ� LQ� )LJXUH�;���� 7KH�
parcels in the northeastern part of San Pablo Bay 
in Napa and Solano counties are located within 
the San Pablo Bay National Wildlife Refuge, and 
thus are owned by the federal government, and 
have no recorded values and so are excluded from 
WKH�EHQHȴW�HVWLPDWHV�SUHVHQWHG�KHUH�

b  b 1% Annual 
Probability Storm 
%HQHȴWV��0LOOLRQV�

2% Annual Probability 
6WRUP�%HQHȴWV��0LOOLRQV�

(VWXDULQH�
DQG�0DLQH�
:HWODQGV�
$UHD��+D�

Number of wetlands-
adjacent parcels in 

100 Year Flood Zone

Values 
at Risk 

�0LOOLRQV�

Wetland 
(HFW�
�/RZ��
-10%

Wetland 
(HFW�
�+LJK��
-20%

Wetland 
(HFW��/RZ��

-10%

Wetland 
(HFW��+LJK��

-20%

        29,872                            2,862 $3,298.71 $15.40 $34.41 $30.00 $68.71

7DEOH�;����6XPPDU\�RI�)LQGLQJV��6DQ�3DEOR�%D\�(VWXDU\�1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV
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7R� FDOFXODWH� WKH� SURWHFWLYH� EHQHȴWV� RI� ZHWODQGV��
we estimated the total likely damages to property 
IURP�D�����\HDU�ȵRRG�ȴUVW��7KHVH�GDPDJHV�ZHUH�
HVWLPDWHG� E\� DSSO\LQJ� ȵRRG� GDPDJH� IDFWRUV� IRU�
land and buildings to the assessed values of the 
property; buildings were assumed to be subject 
to twice the damages of land.  These estimated 
damages were multiplied by the probability of a 
ȵRRG�RFFXUULQJ�RYHU�D����\HDU�SHULRG���)RU�WKH����
annual probability, the cumulative probability of 
D�ȵRRG�RYHU����\HDUV� LV������ �)RU�WKH����DQQXDO�
probability the cumulative probability is 45%. The 
UHVXOW� LV� WKH� WRWDO� H[SHFWHG� ȵRRG� GDPDJH� RYHU�
��� \HDUV�� � 6LQFH�DQ\�ȵRRG�GDPDJHV�ZLOO� RFFXU� LQ�
the future, the value of the expected damages is 
discounted over the 30-year time period and the 
UHVXOWV� DUH� SUHVHQWHG� LQ� ������� RU� WKH� SUHVHQW�
value. These expected damages are the basis for 
FDOFXODWLQJ� WKH� UHGXFWLRQV� LQ�ȵRRG�GDPDJHV� WKDW�
may be attributable to wetlands as described 
above.

7KH� H[WHQW� WR� ZKLFK� ZHWODQGV� FDQ� UHGXFH� ȵRRG�
damages is highly variable depending greatly 
on the type and extent of wetlands at any given 
location. For purposes of this analysis the 
ȊZHWODQGV� HHFWȋ� LV� WKH� UHGXFWLRQ� LQ� WKH� GROODU�
YDOXH�RI�OLNHO\�GDPDJHV�IURP�D�����\HDU�ȵRRG�WKDW�
may be attributable to the presence of wetlands—
expressed as a percentage of damages.  A range of 
10% to 20% reduction is used based on a study of 
wetlands damage reductions from an actual storm 
on the Atlantic coast.46  It should be noted that this 
estimate was derived from an analysis of a storm 
ZLWK�D�VWURQJ�VXUJH�EDVHG�ȵRRG��

Figure X-2. San Pablo Bay Estuarine Wetlands and FEMA Flood 
Zones

Figure X-3. San Pablo Bay Estuarine Wetlands and Adjacent Parcels

b b b b b 1% Annual Probability 
6WRUP�%HQHȴWV�

�0LOOLRQV�

2% Annual Probability 
6WRUP�%HQHȴWV��0LOOLRQV�

b&RXQW\ Parcels Buildings 
Value

Land 
Value

Total 
Value

Wetland 
(HFW
Low
-10%

Wetland 
(HFW
High
-20%

Wetland 
(HFW
Low
-10%

:HWODQG�(HFW
High
-20%�0LOOLRQV� �0LOOLRQV� �0LOOLRQV�

Alameda 690 ������ ������ ������ ���� ���� ���� �����
&RQWUD�
&RVWD

245 �������� ������ �������� ���� ����� ����� �����

0DULQ 1,546 ������ ������ �������� ���� ���� ���� �����
Napa 154 ����� ����� ����� ���� ���� ���� ����

7DEOH�;����6DQ�3DEOR�%D\�1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV�E\�&RXQW\
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6&&� LV� ȊD� PHDVXUH�� LQ� GROODUV�� RI� WKH� ORQJ�WHUP�
GDPDJH� GRQH� E\� D� WRQ� RI� FDUERQ� GLR[LGH� �&2

2
��

emissions in a given year”.60 SCC can also represent 
the value of damages avoided for emission 
UHGXFWLRQV� �L�H��� WKH� EHQHȴW� RI� D� &2

2
� UHGXFWLRQ���

:KHWKHU�XVHG� WR�PHDVXUH�FRVWV�RU�EHQHȴWV��6&&�
YDOXHV�LQFOXGH�VXFK�ZLGH�UDQJLQJ�HHFWV�DV�JOREDO�
changes in economic output, human health, 
SURSHUW\�GDPDJHV�IURP�LQFUHDVHG�ȵRRG�ULVN��DQG�
the value of ecosystem services.  

7KH� HFRQRPLF� HHFWV� RI� UHOHDVLQJ� FDUERQ� LQWR�
the atmosphere continue long into the future 
and increase as the total concentration of 
atmospheric carbon increases. Annual SCC values 
for this study’s twenty-year period of analysis were 
discounted to show their value in today’s dollars 
�SUHVHQW�YDOXH���9DOXHV�ZHUH�FDOFXODWHG�IRU�HDFK�RI�
IRXU�6&&�VFHQDULRV�XVLQJ�GLHUHQW�GLVFRXQW�UDWHV��
7KH� ȊKLJKȋ� DQG� ȊORZȋ� FRDVWDO� EOXH� FDUERQ� YDOXHV�
presented in this summary correspond to the use 
of a 2.5 percent and 5.0 percent discount rate, 
respectively.

Land cover in the San Pablo Bay estuary is 
dominated by evergreen and deciduous forest 
�6HH� )LJXUH� ;����� (VWXDULQH� HPHUJHQW� ZHWODQG�
is nearly continuous surrounding the bay with 
one notable exception; it is almost completely 
absent along the heavily developed southeastern 
shoreline extending from the Point Pinole Regional 
Shoreline to the city of Vallejo. Large expanses of 
estuarine emergent wetland also extend about 10 
miles inland along the Petaluma River and about 
���PLOHV�LQODQG�DORQJ�WKH�1DSD�5LYHU��LQFOXGLQJ�WKH�
1DSD�6ORXJK��

Carbon Pro"le
In 2016, the San Pablo Bay study area contained 
������ KHFWDUHV� �PRUH� WKDQ� ������� DFUHV�� RI�
HVWXDULQH� HPHUJHQW� YHJHWDWLRQ� �VDOWPDUVK��
VHH� )LJXUH� ;����� 7KH� &RDVWDO� &DUERQ� 5HVHDUFK�
&RRUGLQDWLRQ�1HWZRUN� �5&1��GDWDEDVH� FRQWDLQHG�
data from 10 cores sampling the soil beneath 
estuarine emergent vegetation, with values 
ranging from 85 to 274 metric tons of carbon per 
hectare in the soil, with an average value of 163 
metric tons per hectare. The depth of core samples 
ranges from 55 to 125 centimeters, averaging 85 
centimeters.

Such a storm is much less likely in a location such 
DV�6DQ�3DEOR�%D\��VR�WKH�QDWXUDO�EHQHȴWV�WKHUH�DUH�
likely to be towards the low end of the estimated 
values.  

7DEOH�;���SURYLGHV� WKH�UHVXOWV�RI� WKH�DQDO\VLV� IRU�
the area as a whole and for the portions of the 
counties within the San Pablo Hydrographic Units 
that are also adjacent to wetlands.47 The largest 
QXPEHU� RI� SDUFHOV� DHFWHG� LV� LQ� 0DULQ� &RXQW\��
EXW� KLJKHVW� YDOXHV� DQG� KLJKHVW� ȵRRG� GDPDJH�
UHGXFWLRQ�EHQHȴWV�RFFXU�RQ�WKH�VRXWKHUQ�VKRUH�RI�
San Pablo Bay in Contra Costa County. Most of the 
YDOXH�DW�ULVN�LQ�WKLV�FRXQW\�LV�LQ�EXLOGLQJV��7KH�ȵRRG�
EHQHȴWV�LQ�WKH�FRXQWLHV�ZLWK�WKH�VPDOOHVW�QXPEHU�
RI�SDUFHOV��1DSD��6RQRPD��DQG�6RODQR��DUH�ODUJHU�
for land than buildings.

VALUE OF COASTAL BLUE CARBON 
IN SAN PABLO BAY

Over the past decades, as the relationship 
between greenhouse gases and climate change 
became clear, the scope of analyses for estuary 
conservation opportunities expanded to consider 
the role of coastal wetlands in the global carbon 
cycle.   Coastal wetlands sequester vast amounts 
of the greenhouse gas carbon dioxide, and store 
that carbon in their soils. The carbon sequestered 
and stored in coastal estuaries is called coastal 
blue carbon.48 Conserving and restoring estuaries 
rich in coastal blue carbon mitigates the impacts 
of climate change4950 and provides additional 
EHQHȴWV� WKDW�VXSSRUW� ORFDO�FRPPXQLWLHV�DQG�FDQ�
EROVWHU� ORFDO� HFRQRPLHV�� 7KHVH� EHQHȴWV� LQFOXGH�
SURYLGLQJ�QXUVHU\�KDELWDW� IRU�ȴVK51, reducing the 
impact of storm surge,525354 and improving water 
quality.555657 Researchers estimating global coastal 
blue carbon emissions have observed the rapid 
disappearance of coastal wetlands due to human 
activity, despite federal and regional wetland 
protection and planning.58

In this case study, coastal blue carbon values are 
estimated by multiplying the stock of carbon in 
WKH�ȊHPHUJHQW�HVWXDULQHȋ�ODQG�FRYHU�FODVV�RI�HDFK�
estuary by estimates of the social cost of carbon 
�6&&��SXEOLVKHG�E\�WKH�ΖQWHUDJHQF\�:RUNLQJ�*URXS�
on Social Cost of Greenhouse Gases in February 
2021.59 
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Figure X-4. Map of vegetation types in the San Pablo Bay Estuary

Figure X-5. Estuarine Emergent Wetlands in the San Pablo Bay 
Estuary

7KHVH�ȴJXUHV�VXJJHVW� WKDW�PRUH� WKDQ�����PLOOLRQ�
WRQV� RI� FDUERQ� GLR[LGH� HTXLYDOHQW� �&2

2
e61�� DUH�

stored in the soil beneath the study area’s 8,451 
hectares of estuarine emergent vegetation. 
This is equivalent to the annual emissions of 
approximately 300,000 cars.62

The Value of Coastal Blue Carbon 
Stock Stored in Soil

Although carbon is also stored in the biomass 
of the plants and continues to be sequestered 
over time, data limitations allow only an analysis 
of the value of carbon that is stored in soil. The 
value of the blue carbon stock stored in the soil 
of San Pablo Bay’s estuarine emergent wetland 
areas is estimated as the cost to society that 
would be incurred if the wetlands upper layers 
were disturbed or developed, and the carbon 
was released. These computations are described 
below. A more comprehensive assessment of 
WKH� HHFWV� RI� ZHWODQG� ORVV� �DQG�� WKXV�� WKH� YDOXH�
RI� FRQVHUYDWLRQ�� ZRXOG� LQFOXGH� WKH� FHVVDWLRQ� RI�
carbon sequestration and the emission of carbon 
stored in the biomass. However, sequestration 
rates and the amount of carbon stored in biomass 
YDU\� VLJQLȴFDQWO\� DPRQJ� VLWHV�� HYHQ� ZLWKLQ� WKH�
same class of vegetation.63� 5HOLDEOH�� VLWH�VSHFLȴF�
estimates of carbon sequestration rates and 
the amount of carbon stored in biomass are not 
available for the San Pablo Bay estuary or the 
DUHDV� WKDW� DUH� WKH� VXEMHFW� RI� WKH�RWKHU� ȴYH� FDVH�
studies. For this reason, no attempt was made to 
estimate these values.
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Table X-3. Annual Carbon Released from the Soil of Converted 
Estuarine Emergent Wetlands (metric tons per hectare)

Year &DUERQ�LQ�
Soil

&XPXODWLYH�
&DUERQ�
5HOHDVH

Annual 
&DUERQ�
5HOHDVH

2020 163.0 0.0

2021 148.7 14.3 14.3

2022 135.6 27.4 13.1

2023 123.6 39.4 11.9

2024 112.8 50.2 10.9

2025 102.8 60.2 9.9

2026 93.8 69.2 9.0

2027 85.5 77.5 8.3

2028 78.0 85.0 7.5

2029 71.1 91.9 6.9

2030 64.9 98.1 6.3

2031 59.2 103.8 5.7

2032 54.0 109.0 5.2

2033 49.2 113.8 4.7

2034 44.9 118.1 4.3

2035 40.9 122.1 4.0

2036 37.3 125.7 3.6

2037 34.0 129.0 3.3

2038 31.1 131.9 3.0

2039 28.3 134.7 2.7

2040 25.8 137.2 2.5

2041 23.6 139.4 2.3

2042 21.5 141.5 2.1

2043 19.6 143.4 1.9

2044 17.9 145.1 1.7

2045 16.3 146.7 1.6

2046 14.9 148.1 1.4

2047 13.6 149.4 1.3

2048 12.4 150.6 1.2

2049 11.3 151.7 1.1

2050 10.3 152.7 1.0

The value of restoring estuarine emergent 
wetland arises from the restoration of carbon 
sequestration, which increases over time as the 
marsh matures. The data limitations described 
prevent the estimation of these values. 

An exponential decay function with a half-life of 
7.5 years was used to estimate the annual metric 
tons of carbon that would be released from soil 
when one hectare of estuarine emergent wetland 
is converted to another use.64 The results of this 
DQDO\VLV�DUH� VKRZQ� LQ�7DEOH�;���� ΖQ� \HDU�����RQO\�
6 percent, or 10.3 metric tons of the initial store 
of 163 tons of CO

2
e remain in each hectare of 

disturbed wetland soil.

SCC values are projected to increase over time 
corresponding to increases in the concentration 
of atmospheric greenhouse gases. For the 
purposes of this computation, it was assumed 
that the wetland was converted in 2020. The initial 
FDUERQ� VWRFN� �<HDU� ������ LV� ����PHWULF� WRQV� SHU�
KHFWDUH��7DEOH�;���VKRZV�WKDW��LQ�WKH�ȴUVW�\HDU�DIWHU�
conversion, 14.3 metric tons of carbon would be 
released, 13.1 metric tons would be released in 
WKH�VHFRQG�\HDU��HWF��7KH�6&&V�IRU�������6HH�7DEOH�
;����ZHUH�DSSOLHG�WR�FDUERQ�UHOHDVHV�GXULQJ�<HDU�
���DVVXPLQJ�WKH�ZHWODQG�ZDV�FRQYHUWHG�LQ��������
SCC values for 2021 would be applied to carbon 
released during Year 2, etc. This yields the annual 
social costs of the carbon that would be released if 
the marsh were converted. 
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Prices from the Regional Greenhouse Gas Initiative 
�5**Ζ��DQG�:HVWHUQ�&OLPDWH�ΖQLWLDWLYH��:&Ζ��FDUERQ�
PDUNHWV�ZHUH�DOVR�DSSOLHG��ZLWK�D����GLVFRXQW�UDWH��
to the future stream of carbon releases associated 
with the loss of one hectare of saltmarsh in the 
San Pablo Bay estuary. In almost all scenarios, the 
cost of purchasing the right to release this stream 
of carbon is much less than the social cost of 
the released carbon. Achieving a socially optimal 
solution requires that emission caps be set at 
a level where the market price of carbon equals 
the SCC. Prices from these two carbon markets 
UHVXOW�LQ�YDOXHV�WKDW�UDQJH�IURP������SHU�KHFWDUH�
WR� ������� SHU� KHFWDUH� ZLWK� WRWDOV� IRU� WKH� ������
hectares of salt marsh in the study area ranging 
IURP������PLOOLRQ� WR�������PLOOLRQ��7KH� UHVXOWV�RI�
WKHVH�FRPSXWDWLRQV�DUH�VKRZQ�LQ�7DEOH�;����

Table X-4. Market Price of Carbon Credits and Interim (2021) Values 
of the Social Cost of Carbon (SCC) with Discount Rates

Year �����'ROODUV�3HU�7RQ�RI�&22e
RGGI :&Ζ 6&&��

5%
6&&��
3%

6&&��
2.5%

6&&��+LJK�
Impact

2020 ��� �� ��� ��� ��� ����
2025 ��� �� ��� ��� ��� ����
2030 ��� �� ��� ��� ��� ����
2035 ��� �� ��� ��� ��� ����
2040 ��� �� ��� ��� ���� ����
2045 ��� �� ��� ��� ���� ����
2050 ��� �� ��� ��� ���� ����

This computation was performed for each of the 
four sets of published SCC values and each stream 
of annual costs was discounted to calculate its 
present value. Three of the four sets of published 
6&&�YDOXHV�GLHU�RQO\�ZLWK�UHVSHFW�WR�WKH�GLVFRXQW�
rates that are applied to future economic values; 
LQ�7DEOH�;����0DUNHW�3ULFH�RI�&DUERQ�&UHGLWV�DQG�
ΖQWHULP��������9DOXHV�RI�WKH�6RFLDO�&RVW�RI�&DUERQ�
�6&&��ZLWK�'LVFRXQW�5DWHV��WKHVH�YDOXHV�DUH�VKRZQ�
LQ�FROXPQV�ODEHOHG�Ȋ6&&�����ȋ�Ȋ6&&�����ȋ�DQG�Ȋ6&&��
2.5%”.65 Present value computations for these 
estimates of the SCC use the discount rate upon 
which each estimate was based. These present 
YDOXHV� UDQJH� IURP� �������KHFWDUH� WR� ��������
hectare of estuarine emergent marsh, with the 
total value for the 8,451 hectares in the estuary 
UDQJLQJ�IURP�������PLOOLRQ�WR�������PLOOLRQ�b

7KH� IRXUWK� VHW� RI� SXEOLVKHG� 6&&� YDOXHV� GLHUV�
VLJQLȴFDQWO\� IURP� WKH� RWKHU� WKUHH�� 7KHVH� YDOXHV�
capture the potential for low-probability, high-
impact outcomes from climate change and 
correspond to the 95th percentile of the frequency 
distribution of SCC estimates using a 3 percent 
discount rate. The present value associated with 
WKLV� VHW� RI� 6&&� YDOXHV� LV� ��������KHFWDUH� ZLWK�
a total value for the estuary’s 8,451 hectares of 
�������PLOOLRQ�

The broad range in these present value estimates 
is in part due to uncertainty about future economic 
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW� UDWHV��
and the appropriate level of risk-taking with 
UHJDUG� WR� FOLPDWH� SROLF\� �UHȵHFWHG� LQ� WKH� VHW� RI�
SCC values associated with low-probability, high-
LPSDFW�RXWFRPHV��
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Table X-5. Blue Carbon Values for San Pablo Bay Estuary 2020-2049 (Nominal/Net Present Value)

Annual 
Value

&DUERQ�
5HOHDVHG��W�
&22H�KD�

9DOXH�RI�5HOHDVHG�&DUERQ
RGGI :&Ζ 6&&���� 6&&���� 6&&������ 6&&��+LJK�

Impact
2020 14.3 ������ ������� ������� ������� ��������� ���������
2021 13.1 ������ ������� ������� ������� ��������� ���������
2022 11.9 ������ ������� ������� ������� ������� ���������
2023 10.9 ������ ������� ������� ������� ������� ���������
2024 9.9 ������ ������� ������� ������� ������� ���������
2025 9.0 ������ ������� ������� ������� ������� ���������
2026 8.3 ������ ������� ������� ������� ������� ���������
2027 7.5 ������ ������� ������� ������� ������� ���������
2028 6.9 ������ ������� ������� ������� ������� ���������
2029 6.3 ������ ������� ������� ������� ������� ���������
2030 5.7 ������ ������ ������� ������� ������� ���������
2031 5.2 ������ ������ ������� ������� ������� �������
2032 4.7 ������ ������ ������ ������� ������� �������
2033 4.3 ������ ������ ������ ������� ������� �������
2034 4.0 ������ ������ ������ ������� ������� �������
2035 3.6 ������ ������ ������ ������� ������� �������
2036 3.3 ������ ������ ������ ������� ������� �������
2037 3.0 ������ ������ ������ ������� ������� �������
2038 2.7 ������ ������ ������ ������� ������� �������
2039 2.5 ������ ������ ������ ������� ������� �������
2040 2.3 ������ ������ ������ ������� ������� �������
2041 2.1 ������ ������ ������ ������� ������� �������
2042 1.9 ������ ������ ������ ������� ������� �������
2043 1.7 ������ ������ ������ ������� ������� �������
2044 1.6 ����� ������ ������ ������� ������� �������
2045 1.4 ����� ������ ������ ������� ������� �������
2046 1.3 ����� ������ ������ ������� ������� �������
2047 1.2 ����� ������ ������ ������ ������� �������
2048 1.1 ����� ������ ������ ������ ������� �������
2049 1.0 ����� ������ ������ ������ ������� �������
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'LVFRXQWHG�9DOXH 0.03 0.03 0.05 0.03 0.025 0.03
2020 ������ ������� ������� ������� ��������� ���������
2021 ������ ������� ������� ������� ������� ���������
2022 ������ ������� ������� ������� ������� ���������
2023 ������ ������� ������� ������� ������� ���������
2024 ������ ������� ������� ������� ������� ���������
2025 ������ ������� ������� ������� ������� ���������
2026 ������ ������� ������� ������� ������� ���������
2027 ������ ������� ������ ������� ������� ���������
2028 ������ ������ ������ ������� ������� �������
2029 ������ ������ ������ ������� ������� �������
2030 ������ ������ ������ ������� ������� �������
2031 ������ ������ ������ ������� ������� �������
2032 ������ ������ ������ ������� ������� �������
2033 ������ ������ ������ ������� ������� �������
2034 ������ ������ ������ ������� ������� �������
2035 ������ ������ ������ ������� ������� �������
2036 ������ ������ ������ ������� ������� �������
2037 ������ ������ ������ ������� ������� �������
2038 ����� ������ ������ ������� ������� �������
2039 ����� ������ ������ ������� ������� �������
2040 ����� ������ ������ ������ ������� �������
2041 ����� ������ ������ ������ ������� �������
2042 ����� ������ ������ ������ ������� �������
2043 ����� ������ ������ ������ ������� �������
2044 ����� ������ ������ ������ ������ �������
2045 ����� ������ ������ ������ ������ �������
2046 ����� ������ ������ ������ ������ �������
2047 ����� ����� ����� ������ ������ �������
2048 ����� ����� ����� ������ ������ �������
2049 ����� ����� ����� ������ ������ �������

Present Value, 30 years $740.25 $2,082.95 $1,877.01 $7,134.10 $10,828.55 $21,517.79

Table X-5. Blue Carbon Values for San Pablo Bay Estuary 2020-2049 (Nominal/Net Present Value) (cont'd)
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Table X-6 NOAA Restoration Projects in San Pablo Bay

b Number 
RI�

3URMHFWV

+HFWDUHV

%HDFK 1 0

%HDFK��5RFN\�6KRUHOLQH��7LGDO�
Wetland

1 0.0

%HDFK��7LGDO�:HWODQG 1 4.5

Dune 1 8.9

)UHVKZDWHU�:HWODQG 1 0.0

)UHVKZDWHU�:HWODQG��8SODQG 1 37.2

In-Stream 4 2.3

In-Stream, Riparian Zone 
�1RQ�:HWODQG�

1 0.6

2\VWHU�5HHI�6KHOO�%RWWRP 3 0.0

2\VWHU�5HHI�6KHOO�%RWWRP��
6RIWERWWRP�0XG�6DQG

1 0.8

2\VWHU�5HHI�6KHOO�%RWWRP��
6XEPHUJHG�$TXDWLF�

9HJHWDWLRQ

2 16.6

2\VWHU�5HHI�6KHOO�%RWWRP��
7LGDO�:HWODQG

1 16.6

2\VWHU�5HHI�6KHOO�%RWWRP��
7LGDO�:HWODQG��:DWHU�&ROXPQ

1 2.4

5LSDULDQ�=RQH��1RQ�:HWODQG� 2 2.1

5RFN\�6KRUHOLQH 1 0.0

6RIWERWWRP�0XG�6DQG��
6XEPHUJHG�$TXDWLF�

9HJHWDWLRQ

1 2.4

6XEPHUJHG�$TXDWLF�
9HJHWDWLRQ

4 3.9

7HPS����6DPH�$V�3UHYLRXV�
+DELWDW���7LGDO�:HWODQG

1 0.0

7LGDO�:HWODQG 18 1675.1

8SODQG 1 1.5

1RW�$YDLODEOH 5 0.0

7RWDO 52 1775.0

ESTUARY SUMMARY

Restoration Efforts
The area around San Pablo Bay is the site of multiple 
restoration projects. The NOAA Restoration 
Atlas notes 52 completed projects through early 
������ FRYHULQJ� ������ KHFWDUHV� ������� DFUHV��� 7KH�
California EcoAtlas notes 103 completed projects. 
These projects are located throughout the San 
Pablo Bay on both the northern and southern 
shores, including that portion of Marin County in 
WKH�ORZHU�6DQ�3DEOR�+\GURORJLF�8QLW����)LJXUH�;���

Figure X-6. Restoration Projects in San Pablo Bay

The projects listed in the NOAA Restoration Atlas 
include a variety of restoration approaches; 
projects related to tidal wetlands comprise 40% 
����SURMHFWV�RI�WKH�WRWDO��EXW�DOPRVW�����RI�WKH�DUHD�
RI�WKH�UHVWRUDWLRQ�SURMHFWV��6HH�7DEOH�;�����6LPLODU�
detail is not available for the projects listed in the 
California Eco Atlas. But this source does show 
that in addition to the 103 completed restoration 
projects, there are 70 projects underway in April 
2021, two in the permitting phase, and 124 either 
proposed or in the planning phase. This makes for 
nearly 300 restoration projects in the San Pablo 
Bay area.
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&RPSDULQJ� WKH� QDWXUDO� LQIUDVWUXFWXUH� EHQHȴWV�
ZLWK� WKH� FRDVWDO� EOXH� FDUERQ� EHQHȴWV� UHVXOWV� LQ�
some interesting observations. San Pablo Bay is 
essentially an urban estuary, surrounded by one 
of the largest metropolitan areas in the country. 
Relatively small areas of remaining wetlands 
provide somewhat similar infrastructure and 
FRDVWDO�EOXH�FDUERQ�EHQHȴWV��DV�PHDVXUHG�E\�WKLV�
analysis. The values of urban assets protected 
by coastal habitats can be large if the assets are 
fronted by wetlands. In San Pablo Bay, however, 
much of the economic assets are located right 
along the shoreline, and the wetlands are mostly 
located in areas that do not front development 
�6HH�)LJXUH�;�����6DQ�3DEOR�%D\�KRVWV�RQO\�������KD�
�������DFUHV��RI�VDOWPDUVK��ZKLFK�UHVXOWV� LQ� ORZHU�
blue carbon values than other estuaries studied 
in this series of assessments, though expansive 
QRQ�WLGDO�ZHWODQGV�DGG�DGGLWLRQDO�FDUERQ�EHQHȴWV���
Maintaining and protecting those values is an 
important consideration in the planning and siting 
of future restoration projects.  

7DEOH�;���VXPPDUL]HV�WKH�UDQJH�RI�EHQHȴWV�IURP�
natural infrastructure and coastal blue carbon 
determined by this analysis. The table also 
includes the combination of the two ecosystem 
service values that were analyzed in this report. 
The analysis includes all areas of wetlands within 
the study area that provide one service or the 
other, as well as areas that provide both services. 
%HFDXVH�WKH�WZR�EHQHȴWV�SURYLGH�FRPSOHPHQWDU\�
services, presenting a total value is appropriate. 
Combined, the natural infrastructure and coastal 
EOXH�FDUERQ�EHQHȴWV�UDQJH�IURP�������WR��������
million. In terms of total value, blue carbon values 
in San Pablo Bay are greater than those provided 
by natural infrastructure, likely due to the large 
expanses of conserved and restored wetlands on 
the northern and western shores. 

Natural Infrastructure and Coastal 
Blue Carbon Bene"ts 

7KH�QDWXUDO� LQIUDVWUXFWXUH�EHQHȴWV� IRU�6DQ�3DEOR�
%D\� LQ� WHUPV� RI� ȵRRG� UHGXFWLRQ� FDQ� UDQJH� IURP�
������ PLOOLRQ� WR� ������ PLOOLRQ� RYHU� D� ���\HDU�
period66� IRU� D� ȵRRG� WKDW� KLVWRULFDOO\�ZRXOG� RFFXU�
once in 100 years. Climate change may double 
WKH�ULVN�RI�D�VHYHUH�ȵRRG�RFFXUULQJ��LQ�ZKLFK�FDVH�
EHQHȴWV�ZRXOG�LQFUHDVH�WR�EHWZHHQ�������PLOOLRQ�
DQG�������PLOOLRQ��7KHVH�YDOXHV�DUH�IRU�GDPDJHV�WR�
SURSHUW\�H[SRVHG�WR�ȵRRGLQJ�DQG�GR�QRW� LQFOXGH�
the damages to business sales or employment, 
QRU� WKH� YDOXH� RI� SRVVLEOH� ORVVHV� IURP� HHFWV� RQ�
human health. These damage estimates should 
thus be considered conservative, that is likely to 
be low.

7KH�YDOXH�RI�FRDVWDO�EOXH�FDUERQ�EHQHȴWV�UDQJHV�
IURP� �������KHFWDUH� WR� ��������KHFWDUH� XVLQJ�
various discount rates. The total value for the 8,451 
hectares in the estuary under the three more likely 
6&&�VFHQDULRV�UDQJHV�IURP�������PLOOLRQ�WR�������
PLOOLRQ�b 7KH� ORZ�SUREDELOLW\�� KLJK�LPSDFW� FOLPDWH�
outcome scenario resulted in a coastal blue carbon 
YDOXH�RI��������PLOOLRQ�

7KH�EURDG�UDQJH�LQ�WKHVH�EHQHȴW�HVWLPDWHV�LV�GXH�
WR�VHYHUDO�IDFWRUV�

• YDULDWLRQ� LQ� WKH� ȊZHWODQGV� HHFWȋ� DULVLQJ�
IURP� GLHUHQFHV� LQ� WKH� SUHFLVH� ORFDWLRQ��
and quantity of wetlands between the 
valued assets and the water,

• uncertainty about future economic 
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW�
UDWHV� LQ� WKH� FRDVWDO� EOXH� FDUERQ�DQDO\VLV���
and 

• assumptions about the increasing severity 
of storms due to climate change.

San Pablo Bay 7RWDO�KHFWDUHV�
LQ�DQDO\VLV

(VWLPDWHG�EHQHȴWV�SHU�KHFWDUH�RI�
ZHWODQGV����7KRXVDQGV�

7RWDO�(VWLPDWHG�%HQHȴWV�
��0LOOLRQV�

Low 
estimate

High estimate Low 
estimate

High 
Estimate

Natural 
ΖQIUDVWUXFWXUH�

29,872 ���� ����� ������ ������

&RDVWDO�%OXH�
&DUERQ67

8,451 ���� ����� ����� �����

7RWDO� $31.3 $160.2

7DEOH�;����1DWXUDO�ΖQIUDVWUXFWXUH�DQG�&RDVWDO�%OXH�&DUERQ�%HQHȴWV�6XPPDU\
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Those values exist now, and should be recognized 
and maintained. In terms of increasing value in 
WKH�HVWXDU\�RYHU�WLPH��WKH�EHQHȴWV�SHU�KHFWDUH�LV�
highest for coastal blue carbon, and conserving or 
restoring wetlands to continue to increase these 
EHQHȴWV�ZLOO�SURYLGH� WKH�JUHDWHVW�DGGLWLRQ� WR� WKH�
existing value.  

These estimates must be considered very 
preliminary and are intended to be helpful 
in shaping overall strategies for the future 
management of the wetlands resources of San 
Pablo Bay, strategies that account for both local 
goals of a healthy estuary and global goals of 
mitigation of climate change. They are part of a 
broader attempt to begin to characterize general 
HVWXDU\�FKDUDFWHULVWLFV�WKDW�RHU�GLHUHQW�VRXUFHV�
of economic value to local communities, such as 
SURWHFWLRQ� IURP� VWRUPV� DQG� ȵRRGLQJ�� DQG� KHOS�
meet broader societal goals, such as mitigation 
for climate change. As part of an examination of 
estuaries across the nation, they are not intended 
to guide project-level decisions, or replace more 
ORFDOL]HG� ȊGHHS�GLYHVȋ� WKDW�KDYH�EHHQ�FRQGXFWHG�
in these estuaries. There are still many unknowns 
that require much more elaborate estimation 
procedures for both natural infrastructure and 
FRDVWDO�EOXH�FDUERQ���:KHWKHU�WKH�DFWXDO�EHQHȴWV�
in the future will tend towards the lower or higher 
end of these estimates will require continued 
research and ongoing assessment. But it is certain 
WKDW� WKH�UHDOL]DWLRQ�RI� WKHVH�EHQHȴWV�ZLOO�GHSHQG�
ȴUVW� RQ� FRQVHUYLQJ� WKH� ZHWODQGV� WKDW� H[LVW� DQG�
then on the restoration of wetlands that could 
LQFUHDVH�WKHVH�EHQHȴWV���
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XI. Case Study 6: 
Snohomish, WA

THE SNOHOMISH ESTUARY

Snohomish County is the 3rd largest county in 
Washington, with a population of 822,000. It lies 
on the eastern shore of Puget Sound and is just 
QRUWK�RI�6HDWWOH�DQG�.LQJ�&RXQW\�b7KH�ODUJHVW�FLW\�LV�
Everett, with a population of 111,000. Most of the 
FRXQW\�LV�ZLWKLQ�WKH�6HDWWOH�PHWURSROLWDQ�DUHD�b7KH�
shoreline bordering Puget Sound extends 
approximately 70 km (43 miles). 

7KH� 6QRKRPLVK� (VWXDU\� OLHV� QHDU� (YHUHWW��
:DVKLQJWRQ�MXVW�QRUWK�RI�6HDWWOH�DW�WKH�FRQȵXHQFH�
of the Snohomish River and Possession Sound 
�6HH� )LJXUH� ;Ζ����� 7KH� 6QRKRPLVK�� 6N\NRPLVK��
and Snoqualmie Rivers and their tributaries 
conjoin to form the Snohomish basin and span 
approximately 1,856 square miles, forming the 
second largest estuary in Puget Sound. Historically, 
the estuary consisted of a suite of forested 
wetlands, scrub-shrub wetlands, and emergent 
tidal wetland.1b+RZHYHU��KXPDQ�GHYHORSPHQW��DQG�
associated clearing and draining of these wetland 
habitats, drastically changed the landscape 
RYHU� WLPH�b 7KH� PRGHUQ� 6QRKRPLVK� (VWXDU\�
LQFOXGHV�VLJQLȴFDQW�DJULFXOWXUDO� ODQGV��FRPSULVLQJ�
approximately 5% of the basin and dominating the 
ȵRRGSODLQV�RI�WKH�6QRKRPLVK��DV�ZHOO�DVbSDOXVWULQH�
wetlands, and a small area of planted forest.2,3 
It also encompasses some remnant emergent 

and forested wetlands, large-scale regenerating 
wetlands (Smith Island and Ebey Island), and 
drained wetland regions.4 

7KH� 6QRKRPLVK� (VWXDU\� SURYLGHV� FULWLFDOO\�
important spawning and rearing habitat for 
salmon, steelhead, and trout and is one of the 
PRVW�SURGXFWLYH�V\VWHPV�LQ�3XJHW�6RXQG�b(HOJUDVV�
beds in the Snohomish Estuary are some of the 
most extensive in Puget Sound and provide critical 
KDELWDW� IRU� ZDWHUIRZO�� D� IRRG�EDVH� IRU� ȴVK� DQG�
VKHOOȴVK��DQG�VKHOWHU�IRU�PDULQH�ZLOGOLIH�LQFOXGLQJ�
salmon5�b7KH�UHJLRQ�LV�ELRORJLFDOO\�GLYHUVH�ZLWK�WKH�
DUHD�SURYLGLQJ�KDELWDW�WR�RYHU�����GLHUHQW�VSHFLHV�
RI�ELUGV��PDPPDOV��SODQWV��DQG�ȴVK�LQFOXGLQJ�EOXH�
heron, eagles, and osprey. Nine species of 
salmonids depend on the river system: Chinook, 
coho, chum, sockeye, pink, steelhead, and 
cutthroat, rainbow, and bull trout all utilize the 
estuary at some point in their life cycle.6 Chinook 
salmon was listed as threatened on the Endangered 
6SHFLHV�$FW� �(6$�� LQ������E\�12$$�b WKH�8�6��)LVK�
and Wildlife Service added bull trout to the list as 
threatened in the same year, and coho salmon 
have since been listed as a species of concern 
under the ESA.7 

7KHVH� OLVWLQJV� SURPSWHG� WKH� GHYHORSPHQW� RI� D�

Figure XI 1. Snohomish Estuary
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Stretching north and east from Everett are large 
agricultural areas covering the river plains leading 
up to the mountains and forests that make up 
WKH�HDVWHUQ�RQH�WKLUG�RI�WKH�FRXQW\��7KH�QRUWKHUQ�
part of the county is primarily agricultural land 
with the small city of Stanwood at the mouth of 
the Stillaguamish acting as a service center for the 
Port Susan Bay area and a connection to Camano 
ΖVODQG�DQG�ΖVODQG�&RXQW\��ΖQ�������WKH�8�6��&HQVXV�
Bureau reported a population of 822,083 people 
for Snohomish County,12 an increase of 18% since 
�����b2I� WKDW� SRSXODWLRQ�� ����RI� WKH�SRSXODWLRQ�
was white, 12% Asian, 10.6% Latino, 3.8% Black, 
and 1.6% Native American or Alaskan Native.13�7KH�
median household income is $82,751 and 7.5% of 
the population is estimated to be in poverty.14

7KHUH� DUH� WKUHH� IHGHUDOO\� UHFRJQL]HG� 1DWLYH�
American tribes in Snohomish County: the Sauk-
6XLDWWOH�� WKH� 6WLOODJXDPLVK�� DQG� WKH� 7XODOLS�15� 7KH�
7XODOLS� 7ULEH�� LQ� SDUWLFXODU�� SOD\V� DQ� LPSRUWDQW�
role in the resource use and management of the 
6QRKRPLVK�(VWXDU\�bΖQ�������WKH�7XODOLS�7ULEH�DQG�
Snohomish County adopted a Memorandum of 
8QGHUVWDQGLQJ�WR�DJUHH�WR�FRRUGLQDWHG�ORQJ�UDQJH�
planning and information sharing.16b $V� VXFK�� WKH�
7XODOLS�7ULEH�FR�PDQDJH�VDOPRQ��DQG�RWKHU�ZLOGOLIH�
resources, within the Snohomish Estuary.17 

Industrialization was rapid in nearby Everett 
from the late 1800s through the 1900s. By 1912 
the city claimed 10 sawmills, 12 shingle mills, a 
smelter, an arsenic plant, and 95 manufacturing 
plants.18 Diking began in the Snohomish Estuary in 
the 1860’s as the forestry and farming industries 
expanded into the region.19�7KH�FUHDWLRQ�RI�GLNHV�
and levees, deforestation, and urbanization of the 
land around the estuary dramatically changed 
how the ecosystem functioned and disconnected 
approximately 90% of the estuary from tidal 
LQȵXHQFH��(653���������(DUO\�LQGXVWULDOL]DWLRQ�DOVR�
EURXJKW�VLJQLȴFDQW�SROOXWLRQ�WR�WKH�HVWXDU\�ZKLFK�
has persisted to this day. Byproducts of pulp and 
paper mills infused carcinogens and sediments 
into the water. Over thirty years of environmental 
monitoring started in the 1980’s revealed high 
levels of metals (arsenic, mercury, zinc, copper, 
lead), polycyclic aromatic hydrocarbons (PAHs), 
semivolatile organic compounds (SVOCs) including 
phenol, total polychlorinated biphenyls (PCBs), 
and Polybrominated diphenyl ethers (PBDEs) in 

regional recovery plan and the Ecological Analysis 
IRU� 6DOPRQLG� &RQVHUYDWLRQ� ������� LGHQWLȴHG�
Chinook salmon (Oncorhynchus tshawytscha), bull 
trout char (6DOYHOLQXV�FRQȵXHQWXV), and coho salmon 
(Oncorhynchus kisutch) as indicator species to 
represent the status of all anadromous salmonids 
in the Snohomish River Basin based on their 
diverse habitat requirements and occupation of 
WKH�IXOO�JHRJUDSKLF�UDQJH�RI�WKH�EDVLQ��7ZR�GLVWLQFW��
naturally spawning Chinook salmon populations 
co-exist in the Snohomish Estuary, the Skykomish 
Chinook and the Snoqualmie Chinook, and both 
populations are estimated at less than 10% of 
their historic population size.8b 7KLV� GHFOLQH� KDV�
been attributed to loss and destruction of salmon 
rearing habitat along main streams, within the 
estuary, and the nearshore environment.9 While 
WKH�6QRKRPLVK�(VWXDU\�KDV�VXɝFLHQW�KLJK�TXDOLW\�
spawning habitat to support returning adults, 
MXYHQLOH� UHDULQJ� KDELWDW� KDV� EHHQ� VLJQLȴFDQWO\�
OLPLWHG�E\�GLVFRQQHFWHG�ȵRRGSODLQ�KDELWDW�10b6LQFH�
the mid-1800s, early European settlers harvested 
timber, ditched tributaries, diked, and drained 
thousands of acres of delta habitat. Restoring 
habitat connectivity has been a major focus of 
FRQVHUYDWLRQ� HRUWV�� DQG� LQ� UHFHQW� \HDUV� WKH�
salmon population has been slowly increasing in 
QXPEHUV� GXH� WR� UHVWRUDWLRQ� HRUWV� IRFXVLQJ� RQ�
OHYHH�UHPRYDO�b

Socioeconomic/Cultural Status
Snohomish County has three major geographic 
DQG� HFRQRPLF� DUHDV�� 7KH� FLW\� RI� (YHUHWW� DQG� LWV�
suburbs is the largest part of the county economy, 
with the Boeing fabrication facilities for larger 
DLUFUDIW� ORFDWHG� LQ� WKH�FLW\��7KHUH�DUH�PDQ\�ȴUPV�
supplying goods and services to Boeing in the 
(YHUHWW� DUHD�� 7KH� HFRQRPLF� DFWLYLW\� DORQJ� WKH�
shorelines of Everett makes up nearly one third 
of the county economy, but only two percent 
of population and housing. Snohomish County 
KRVWV� WKH�ȴIWK� ODUJHVW�SRUW�RQ� WKH�:HVW�&RDVW� LQ�
export value, the highest percentage of jobs tied 
to international trade which comprise 60% of the 
workforce, and a manufacturing hub with the 
ODUJHVW�FRQFHQWUDWLRQ�RI�MREV�LQ�WKH�ZHVWHUQ�8QLWHG�
States.11 As is typical of much of the urban coast 
RI�WKH�8�6��HPSOR\PHQW�LV�FRQFHQWUDWHG�QHDU�WKH�
VKRUHOLQH�DQG�SRSXODWLRQ�VSUHDGV�RXW�LQODQG��7KH�
upper parts of the Snohomish watershed are an 
evolving mix of suburbs, agriculture, and forests.
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VALUE OF NATURAL 
INFRASTRUCTURE IN THE 

SNOHOMISH ESTUARY

12$$� GHȴQHV� QDWXUDO� LQIUDVWUXFWXUH� DV� ȊKHDOWK\�
ecosystems, including forests, wetlands, 
ȵRRGSODLQV��GXQH�V\VWHPV��DQG�UHHIV��ZKLFK�SURYLGH�
PXOWLSOH�EHQHȴWV�WR�FRPPXQLWLHV��LQFOXGLQJ�VWRUP�
SURWHFWLRQ� WKURXJK� ZDYH� DWWHQXDWLRQ� RU� ȵRRG�
storage capacity and enhanced water services 
and security.”25 An estuary’s capacity to protect 
shoreline property from climate hazards and 
ȵRRG�ULVN�LV�DQ�LPSRUWDQW�HFRV\VWHP�VHUYLFH��7KH�
measurement of this service is, however, complex. 
7KH�YDOXH�GHSHQGV�RQ�KRZ�RIWHQ�DQG�KRZ�VHYHUH�
ȵRRGV� ZLOO� EH�� ΖW� GHSHQGV� RQ� WKH� YDOXH� RI� WKH�
HFRQRPLF�DVVHWV�YXOQHUDEOH�WR�ȵRRGV�RI�GLHUHQW�
sizes and types. And it depends on the extent 
of lost economic activity, as well as the issue of 
GLVSURSRUWLRQDWH� HHFWV� RQ� SRSXODWLRQV� ZKLFK�
PD\�QRW�KDYH�WKH�FDSDFLW\� WR�UHFRYHU� IURP�ȵRRG�
events. 

7KH� DQDO\VLV� LQ� WKLV� VHFWLRQ� XVHV� D� PHWKRG� WKDW�
focuses on damages to real property from 
ȵRRGLQJ� WKDW�PLJKW� EH� UHGXFHG�E\� WKH� SUHVHQFH�
of estuarine wetlands adjacent to the property. 
ΖW�LV�D�YHU\�VLPSOLȴHG�SHUVSHFWLYH�WKDW�LV�GHVLJQHG�
to raise awareness of natural infrastructure 
EHQHȴWV�DV�D�SUHOXGH�WR�LQFRUSRUDWLQJ�WKHVH�YDOXHV�
into planning for the future of estuaries using 
more complete information. More detail on the 
methodology is available in Section IV of the main 
report.   

7KH� DQDO\VLV� IRU� WKH� 6QRKRPLVK� (VWXDU\� VKRZV�
WKDW� WKHVH� EHQHȴWV� FDQ� UDQJH� IURP� ����� PLOOLRQ�
WR� �����PLOOLRQ�RYHU� D� ���\HDU�SHULRG� IRU� D� ȵRRG�
that historically would occur once in 100 years. 
Climate change may double the risk of a severe 
ȵRRG� RFFXUULQJ�� LQ� ZKLFK� FDVH� EHQHȴWV� ZRXOG�
increase to between $1.5 million and $3.4 million 
�7DEOH� ;Ζ����� 7KHVH� YDOXHV� DUH� IRU� GDPDJHV� WR�
SURSHUW\�H[SRVHG�WR�ȵRRGLQJ�DQG�GR�QRW� LQFOXGH�
the damages to business sales or employment, 
QRU� WKH� YDOXH� RI� SRVVLEOH� ORVVHV� IURP� HHFWV� RQ�
KXPDQ� KHDOWK�� 7KHVH� GDPDJH� HVWLPDWHV� VKRXOG�
thus be considered conservative, that is likely to 
be lower than actual values.

WKH� ZDWHU� ZKLFK� GHSUHVV� ȴVK� UHSURGXFWLRQ� DQG�
transfer to other organisms through the trophic 
cycle.20b $GGLWLRQDOO\�� EDFWHULDO� FRQWDPLQDQWV�
leaking from faulty septic systems, pet waste, 
DJULFXOWXUDO� DQG� VWRUP� ZDWHU� UXQR� FRPSRXQG�
the water quality issues in the estuary.21

In addition to local anthropogenic impacts, 
global climate change also threatens the 
6QRKRPLVK� (VWXDU\�b 7KH� 6WDWH� RI� WKH� .QRZOHGJH�
of Climate Change in Puget Sound (2015) report22 
LGHQWLȴHG� WKH� IROORZLQJ�PDMRU� ORFDO� LPSDFWV� DQG�
vulnerabilities from climate change: Dramatic 
decreases in snowpack will completely alter the 
hydrologic regime of the region. Changes to river 
ȵRZ�WLPLQJ�DQG�PDJQLWXGH�WKUHDWHQV�VDOPRQ�UXQV�
DQG�DJULFXOWXUDO�YLDELOLW\�bΖQFUHDVHG�DYHUDJH�DQQXDO�
WHPSHUDWXUHV�ZLOO� LPSDFW�WKH�HFRQRP\�DQG�ȵRRG�
production through elevated stream temperatures, 
introduction of new plant diseases and pests, and 
UHGXFHG�ZDWHU�ȵRZV�IRU�LUULJDWLRQ��PXQLFLSDO�XVH��
DQG�VDOPRQ�SRSXODWLRQV�b6HD�OHYHO�ULVH�DQG�RFHDQ�
DFLGLȴFDWLRQ� DUH� UHDGLO\� LPSDFWLQJ� WLGDO�PDUVKHV��
ȵRRGSODLQV�� JURXQGZDWHU� OHYHOV�� DQG� ZHOOV� WKDW�
supply water to some neighborhoods.23b)ORRGLQJ��
high sediment loads, and increasing water 
WHPSHUDWXUHV�DOVR�VSHFLȴFDOO\�WKUHDWHQ�WKH�VDOPRQ�
populations in the Snohomish Estuary.24 
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RI�WKH�ZHWODQGV��7KH�H[DFW�H[WHQW�RI�WKH�GDPDJH�
WKDW� GHWHUPLQHV� EHQHȴWV� FDQQRW�� RI� FRXUVH�� EH�
known with precision in advance so estimates and 
DVVXPSWLRQV� PXVW� EH� XVHG�� 7KHVH� DVVXPSWLRQV�
DQG�WKH�FDOFXODWLRQV�XVHG�WR�HVWLPDWH�EHQHȴWV�DUH�
explained in the accompanying technical report.

Figure XI-2. Snohomish Estuarine Wetlands and Flood Zone Parcels

Flood damage reductions depend on the frequency 
DQG�VHYHULW\�RI�ȵRRGLQJ��$�PHDVXUH�WKDW�FRPELQHV�
IUHTXHQF\�DQG�VHYHULW\�LV�WKH�����\HDU�ȵRRG�]RQH�
designated by FEMA for purposes of administering 
WKH�1DWLRQDO�)ORRG�ΖQVXUDQFH�3URJUDP��7KLV�]RQH�
LGHQWLȴHV� WKH� DUHD� DHFWHG� E\� D� ȵRRG� WKDW� KDV�
a 1% chance of occurring each year. For this 
analysis, an alternate scenario is used to examine 
WKH�HHFWV�RI�FOLPDWH�FKDQJH��RQH�RI�ZKLFK� LV�DQ�
LQFUHDVH�WKH�IUHTXHQF\�RI�VHYHUH�VWRUP�HYHQWV��7R�
UHȵHFW�HVWLPDWLRQ�RI�EHQHȴWV�UHODWHG�WR�D�FKDQJLQJ�
climate, we assumed the 100-year storm becomes 
the 50-year storm, which means the annual 
probability of a storm at least this severe doubles 
from 1% to 2%. 

b  b 1% Annual Probability 
6WRUP�%HQHȴWV�

�0LOOLRQV�

2% Annual Probability 
6WRUP�%HQHȴWV�

�0LOOLRQV�
$UHD��+D��RI�
(VWXDULQH�DQG�

0DULQH�:HWODQGV�
2HULQJ�

Protective 
%HQHȴWV�

Number of wetlands-
adjacent parcels in 

100 Year Flood Zone

Values 
at Risk 

(Millions)

Wetland 
(HFW
Low

(10%)

Wetland 
(HFW
High
(20%)

Wetland 
(HFW
Low

(10%)

Wetland 
(HFW
High 
(20%)

      906         243 $132.4 $0.7 $1.7 $1.5 $3.4

7KH� QDWXUDO� LQIUDVWUXFWXUH� EHQHȴWV� LQ� WKH�
Snohomish Estuary are to be found primarily in 
the lower part of the estuary near the mouth of 
WKH�ULYHU��7KHUH�HVWXDULQH�DQG�PDULQH�ZHWODQGV�OLH�
adjacent to parts of the cities of Everett, Marysville, 
DQG� WKH� 7XODOLS� 5HVHUYDWLRQ�� 7KLV� DUHD� LV� VKRZQ�
in Figure XI-2, which shows the location of the 
estuarine wetlands as indicated by the National 
:HWODQGV� ΖQYHQWRU\� IURP� WKH�8�6�� )LVK�	�:LOGOLIH�
Service.26� 7KLV� FODVV� RI� ZHWODQGV� DQG� WKH� )(0$�
GHVLJQDWHG������\HDU�ȵRRG�]RQH��WKDW� LV� WKH�DUHD�
ZKLFK�KDV�D�KLVWRULFDO�SUREDELOLW\�RI�EHLQJ�ȵRRGHG�
of 1% each year are shown in Figure XI-2. In Figure 
;Ζ����WKH�SDUFHOV�ORFDWHG�LQ�WKH�����\HDU�ȵRRG�]RQH�
are added to the map. Parcels from the county 
tax records were selected based on their location 
ZLWKLQ� WKH�����\HDU�ȵRRG�]RQH27 and adjacent to 
HVWXDULQH� ZHWODQGV� DV� GHȴQHG� E\� WKH� 1DWLRQDO�
Wetlands Inventory.28�7KLV�VSDWLDO�DQDO\VLV�UHVXOWV�
LQ�WKH�LGHQWLȴFDWLRQ�RI�����KHFWDUHV��������DFUHV��RI�
ZHWODQGV�RHULQJ�SURWHFWLRQ�WR�����SDUFHOV�ZKLFK�
LQWHUVHFW� ZLWK� WKH� VHOHFWHG� ZHWODQGV�� 7KH� SDUFHO�
data was drawn from the Snohomish County 
Assessor’s database.

Wetlands can reduce the damage from coastal or 
ULYHU� ȵRRGLQJ� E\� DEVRUELQJ� DQG� VORZLQJ� UXQR��
stabilizing riverbanks and coastlines, dissipating 
wave energy, and serving as a physical barrier. 
7KH� EHQHȴWV� FDQ� EH�PHDVXUHG� DV� WKH� UHGXFWLRQ�
LQ�ȵRRG�GDPDJHV�UHVXOWLQJ� IURP�WKH�SUHVHQFH�RI�
the wetlands and is a function of the location of 
vulnerable economic assets (e.g., buildings and 
ODQG���WKH�IUHTXHQF\�DQG�VHYHULW\�RI�ȵRRGV��WKH�OLNHO\�
extent of damages, and the possible reductions 
in those damages resulting from the presence 

7DEOH�;Ζ���6XPPDU\�RI�)LQGLQJV��6QRKRPLVK�(VWXDU\�1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV
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7KH� H[WHQW� WR� ZKLFK� ZHWODQGV� FDQ� UHGXFH� ȵRRG�
damages is highly variable depending greatly 
on the type and extent of wetlands at any given 
location. For purposes of this analysis the 
ȊZHWODQGV� HHFWȋ� LV� WKH� UHGXFWLRQ� LQ� WKH� GROODU�
YDOXH�RI�OLNHO\�GDPDJHV�IURP�D�����\HDU�ȵRRG�WKDW�
may be attributable to the presence of wetlands—
expressed as a percentage of damages. A range of 
10% to 20% reduction is used based on studies of 
wetlands damage reductions from an actual storm 
on the Atlantic coast.29�7KLV�HVWLPDWH�RI�WKH�SRVVLEOH�
HHFWV�RI�ZHWODQG�RQ�UHGXFLQJ�ȵRRG�GDPDJHV�ZDV�
made using a storm with a level of storm surge-
LQGXFHG� ȵRRGLQJ� WKDW� LV� XQOLNHO\� WR� RFFXU� ZLWKLQ�
3XJHW� 6RXQG�� 7KHUHIRUH�� WKH�PRVW� OLNHO\� EHQHȴWV�
will be at the lower end of the range estimated. 

7DEOH�;Ζ���SURYLGHV�WKH�UHVXOWV�RI�WKH�DQDO\VLV�IRU�
the area as a whole and for the municipalities 
DHFWHG�30� 7KH� WDEOH� VKRZV� WKH�PDUNHW� YDOXHV�RI�
land and buildings plus the total market value by 
parcel as estimated by the Assessor. Across the 
area examined, the bulk of the assessed values 
DUH�LQ�ODQG�UDWKHU�WKDQ�EXLOGLQJV��7ZHQW\�SHUFHQW�
of the parcels are vacant land; the rest have 
LPSURYHPHQWV��EXLOGLQJV���7KH�ODUJH�SURSRUWLRQ�RI�
ODQG�YDOXH�UHȵHFWV�WKH�IDFW�WKDW�DOO�WKH�SDUFHOV�DUH��
E\�GHȴQLWLRQ��DGMDFHQW�WR�WKH�VKRUHOLQH��7KH�ODUJHVW�
QXPEHU� RI� SDUFHOV� DHFWHG� LV� LQ�0DU\VYLOOH��ZLWK�
127 parcels.

7R� FDOFXODWH� WKH� SURWHFWLYH� EHQHȴWV� RI� ZHWODQGV��
we estimated the total likely damages to property 
IURP�D�����\HDU�ȵRRG�ȴUVW��7KHVH�GDPDJHV�ZHUH�
HVWLPDWHG� E\� DSSO\LQJ� ȵRRG� GDPDJH� IDFWRUV� IRU�
land and buildings to the assessed values of the 
property; buildings were assumed to be subject 
WR� WZLFH� WKH� GDPDJHV� RI� ODQG�� 7KHVH� HVWLPDWHG�
damages were multiplied by the probability of a 
ȵRRG�RFFXUULQJ�RYHU�D����\HDU�SHULRG��)RU�WKH����
annual probability, the cumulative probability of 
D�ȵRRG�RYHU����\HDUV� LV������ )RU� WKH����DQQXDO�
SUREDELOLW\�WKH�FXPXODWLYH�SUREDELOLW\�LV������7KH�
UHVXOW� LV� WKH� WRWDO� H[SHFWHG� ȵRRG� GDPDJH� RYHU�
��� \HDUV�� 6LQFH� DQ\� ȵRRG� GDPDJHV� ZLOO� RFFXU� LQ�
the future, the value of the expected damages is 
discounted over the 30-year time period and the 
results are presented in $2020, or the present 
YDOXH��7KHVH�H[SHFWHG�GDPDJHV�DUH�WKH�EDVLV�IRU�
FDOFXODWLQJ� WKH� UHGXFWLRQV� LQ�ȵRRG�GDPDJHV� WKDW�
may be attributable to wetlands as described 
above.

Figure XI-3. Snohomish Estuary Wetlands and Adjacent Parcels 

b b b b b 1% Annual 
Probability Storm 
%HQHȴWV��0LOOLRQV�

2% Annual 
Probability Storm 
%HQHȴWV��0LOOLRQV�

Municipality Parcels Buildings 
Value

(Millions)

Land 
Value

(Millions)

7RWDO�
Value

(Millions)

Wetland 
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Low 

(10%)

Wetland 
(HFW
High
(20%)

Wetland 
(HFW
Low

(10%)

Wetland 
(HFW
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Everett 10 $7.81 $35.97 $43.79 $0.26 $0.58 $0.52 $1.16
0DU\VYLOOH 127 $9.39 $12.93 $22.33 $0.17 $0.38 $0.34 $0.76

Tulalip 18 $0.39 $35.41 $35.80 $0.17 $0.38 $0.34 $0.76
Unknown 88 $0.90 $29.55 $30.45 $0.15 $0.33 $0.30 $0.67

TOTAL 243 $18.50 $113.86 $113.86 $0.74 $1.68 $1.49 $3.35

7DEOH�;Ζ���6QRKRPLVK�(VWXDU\�1DWXUDO�ΖQIUDVWUXFWXUH�%HQHȴWV�E\�0XQLFLSDOLW\
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activity, despite federal and regional wetland 
protection and planning.42

In this case study, coastal blue carbon values are 
estimated by multiplying the stock of carbon in 
WKH�ȊHPHUJHQW�HVWXDULQHȋ�ODQG�FRYHU�FODVV�RI�HDFK�
estuary by estimates of the social cost of carbon 
(SCC) published by the Interagency Working Group 
on Social Cost of Greenhouse Gases in February 
2021.43 

6&&� LV� ȊD� PHDVXUH�� LQ� GROODUV�� RI� WKH� ORQJ�WHUP�
damage done by a ton of carbon dioxide (CO2) 
emissions in a given year”.44 SCC can also represent 
the value of damages avoided for emission 
UHGXFWLRQV� �L�H��� WKH� EHQHȴW� RI� D� &22 reduction). 
:KHWKHU�XVHG� WR�PHDVXUH�FRVWV�RU�EHQHȴWV��6&&�
YDOXHV�LQFOXGH�VXFK�ZLGH�UDQJLQJ�HHFWV�DV�JOREDO�
changes in economic output, human health, 
SURSHUW\�GDPDJHV�IURP�LQFUHDVHG�ȵRRG�ULVN��DQG�
the value of ecosystem services. 

7KH� HFRQRPLF� HHFWV� RI� UHOHDVLQJ� FDUERQ� LQWR�
the atmosphere continue long into the future 
and increase as the total concentration of 
atmospheric carbon increases. Annual SCC values 
for this study’s twenty-year period of analysis were 
discounted to show their value in today’s dollars 
(present value). Values were calculated for each of 
IRXU�6&&�VFHQDULRV�XVLQJ�GLHUHQW�GLVFRXQW�UDWHV��
7KH� ȊKLJKȋ� DQG� ȊORZȋ� FRDVWDO� EOXH� FDUERQ� YDOXHV�
presented in this summary correspond to the use 
of a 2.5 percent and 5.0 percent discount rate, 
respectively.

Land cover in the Snohomish Estuary is diverse, 
with the western portion of the watershed 
dominated by urban land cover classes and large 
expanses of evergreen forest in the east (See 
Figure XI-4). Wetland classes appear along the 
mouth of the Snohomish River, with estuarine 
wetland (forested, scrub/shrub and emergent) 
dominant to the west of I-5 and palustrine wetland 
(forested, scrub/shrub and emergent) dominant 
to the east of I-5, with large areas of palustrine 
emergent wetland. It is worth noting that salinity 
OHYHOV�DUH�XVHG�WR�GLHUHQWLDWH�EHWZHHQ�HVWXDULQH�
and palustrine wetland; increasing salinity and sea 
levels associated with climate change are likely 
WR� UHVXOW� LQ� VLJQLȴFDQW� FKDQJHV� WR� WKH� DPRXQW�
and composition of wetlands in the Snohomish 
Estuary.

7KH�HVWLPDWHG�QDWXUDO� LQIUDVWUXFWXUH�EHQHȴWV� IRU�
the 100-year storm range in total from $0.7 million 
WR������PLOOLRQ��7KLV�LV�WKH�SUHVHQW�YDOXH�RI�SRWHQWLDO�
ȵRRG�GDPDJHV�RYHU�D����\HDU�SHULRG�31�7KH�ODUJHVW�
EHQHȴWV� DFFUXH� WR� WKH� SDUFHOV� LQ� (YHUHWW�� 7KH�
HVWLPDWHG�ZHWODQG�EHQHȴWV�IRU�0DU\VYLOOH�DQG�WKH�
7XODOLS� 5HVHUYDWLRQ� DUH� DSSUR[LPDWHO\� WKH� VDPH��
7KLV� LV� GHVSLWH� WKH� IDFW� WKDW� WKH� EXLOGLQJV� YDOXH�
in Marysville is substantially higher than in the 
DHFWHG� VHFWLRQ� RI� WKH� 7XODOLS� 5HVHUYDWLRQ�� 7KH�
ODQG�YDOXH�LV�PXFK�KLJKHU�LQ�WKH�7XODOLS�SDUFHOV�WKDQ�
those in Marysville. But in this analysis, buildings 
are assumed to be likely to endure much larger 
GDPDJHV�IURP�ȵRRGLQJ�WKDQ�ODQG��VR�WKH�EHQHȴWV�
WR�7XODOLS�DQG�0DU\VYLOOH�UHȵHFW�WKLV�GLHUHQFH�LQ�
assumed damage extents.

7DEOH� ;Ζ��� DOVR� VKRZV� WKH� FKDQJH� LQ� WKH� OHYHO� RI�
ȵRRG� EHQHȴWV� LI� VHYHUH� ȵRRGLQJ� EHFRPHV� PRUH�
IUHTXHQW�� DV� H[SODLQHG� DERYH�� 7KH� GLVWULEXWLRQ�
among the municipalities remains the same, but 
WKH� WRWDO� ZHWODQGV� EHQHȴWV� LQFUHDVH� WR� EHWZHHQ�
$1.5 million and $3.4 million present value over 
���\HDUV��7KLV�PHDQV� WKDW� WKH� UDQJH�RI�ZHWODQGV�
EHQHȴWV�IRU�WKH�6QRKRPLVK�(VWXDU\�UDQJHV�IURP�D�
low of $0.7 million to $3.4 million. 

VALUE OF BLUE CARBON IN 
THE SNOHOMISH ESTUARY

Over the past decades, as the relationship 
between greenhouse gases and climate change 
became clear, the scope of analyses for estuary 
conservation opportunities expanded to consider 
the role of coastal wetlands in the global carbon 
cycle. Coastal wetlands sequester vast amounts 
of the greenhouse gas carbon dioxide, and store 
WKDW�FDUERQ�LQ�WKHLU�VRLOV��7KH�FDUERQ�VHTXHVWHUHG�
and stored in coastal estuaries is called coastal 
blue carbon.32 Conserving and restoring estuaries 
rich in coastal blue carbon mitigates the impacts 
of climate change33,34 and provides additional 
EHQHȴWV� WKDW�VXSSRUW� ORFDO�FRPPXQLWLHV�DQG�FDQ�
EROVWHU� ORFDO� HFRQRPLHV�� 7KHVH� EHQHȴWV� LQFOXGH�
SURYLGLQJ�QXUVHU\�KDELWDW� IRU�ȴVK35, reducing the 
impact of storm surge,36,37,38 and improving water 
quality.39,40,41 Researchers estimating global coastal 
blue carbon emissions have observed the rapid 
disappearance of coastal wetlands due to human 
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below. A more comprehensive assessment of 
WKH� HHFWV� RI� ZHWODQG� ORVV� �DQG�� WKXV�� WKH� YDOXH�
of conservation) would include the cessation of 
carbon sequestration and the emission of carbon 
stored in the biomass. However, sequestration 
rates and the amount of carbon stored in biomass 
YDU\� VLJQLȴFDQWO\� DPRQJ� VLWHV�� HYHQ� ZLWKLQ� WKH�
same class of vegetation.47� 5HOLDEOH�� VLWH�VSHFLȴF�
estimates of carbon sequestration rates and 
the amount of carbon stored in biomass are not 
available for the Snohomish Estuary or the areas 
WKDW�DUH�WKH�VXEMHFW�RI�WKH�RWKHU�ȴYH�FDVH�VWXGLHV��
For this reason, no attempt was made to estimate 
these values.

)LJXUH� ;Ζ���� (VWXDULQH� (PHUJHQW� :HWODQGV� YHJHWDWLRQ� W\SH� LQ� WKH�
Snohomish Estuary

7KH� YDOXH� RI� UHVWRULQJ� HVWXDULQH� HPHUJHQW�
wetland arises from the restoration of carbon 
sequestration, which increases over time as the 
PDUVK� PDWXUHV�� 7KH� GDWD� OLPLWDWLRQV� GHVFULEHG�
prevent the estimation of these values. 

An exponential decay function with a half-life of 
7.5 years was used to estimate the annual metric 
tons of carbon that would be released from soil 
when one hectare of estuarine emergent wetland 
is converted to another use.48�7KH� UHVXOWV�RI� WKLV�
DQDO\VLV�DUH�VKRZQ�LQ�7DEOH�;Ζ���� ΖQ�\HDU�����RQO\�
6 percent, or 7.1 metric tons, of the initial store 
of 113 tons of CO2e remain in the hectare of 
disturbed wetland soil.

Carbon Pro!le
In 2016, the Snohomish study area contained 
189 hectares (467 acres) of estuarine emergent 
YHJHWDWLRQ��VDOWPDUVK��VHH�)LJXUH�;Ζ�����7KH�&RDVWDO�
Carbon Research Coordination Network (RCN) 
database contained data from 10 cores sampling 
the soil beneath estuarine emergent vegetation, 
with values ranging from 77 to 155 metric tons 
of carbon per hectare in the soil, with an average 
YDOXH�RI�����PHWULF�WRQV�SHU�KHFWDUH��7KH�GHSWK�RI�
core samples ranges from 45 to 84 centimeters, 
averaging 62 centimeters.

7KHVH� ȴJXUHV� VXJJHVW� WKDW� PRUH� WKDQ� �������
tons of CO2e

45 are stored in the soil beneath the 
study area’s 189 hectares of estuarine emergent 
YHJHWDWLRQ�� 7KLV� LV� HTXLYDOHQW� WR� WKH� DQQXDO�
emissions of approximately 4,500 cars.46

)LJXUH�;Ζ����0DS�RI�YHJHWDWLRQ�W\SHV�LQ�6QRKRPLVK�(VWXDU\

 The Value of Coastal Blue Carbon  
 Stock Stored in Soil

Although carbon is also stored in the biomass of 
the plants and continues to be sequestered over 
time, data limitations allow only an analysis of the 
YDOXH� RI� FDUERQ� WKDW� LV� VWRUHG� LQ� VRLO�� 7KH� YDOXH�
of the blue carbon stock stored in the soil of the 
Snohomish Estuary’s estuarine emergent wetland 
areas is estimated as the cost to society that 
would be incurred if the wetlands upper layers 
were disturbed or developed, and the carbon 
ZDV�UHOHDVHG��7KHVH�FRPSXWDWLRQV�DUH�GHVFULEHG�
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was assumed that the wetland was converted in 
������ 7KH� LQLWLDO� FDUERQ� VWRFN� �<HDU� ������ LV� ����
PHWULF�WRQV�SHU�KHFWDUH��7DEOH�;Ζ���VKRZV�WKDW��LQ�
WKH�ȴUVW�\HDU�DIWHU�FRQYHUVLRQ������PHWULF�WRQV�RI�
carbon would be released, 9.1 metric tons would 
EH� UHOHDVHG� LQ� WKH� VHFRQG� \HDU�� HWF�� 7KH� 6&&V�
IRU������ �VHH�7DEOH�;Ζ����ZHUH�DSSOLHG� WR� FDUERQ�
releases during Year 1 (assuming the wetland was 
converted in 2020). SCC values for 2021 would be 
DSSOLHG�WR�FDUERQ�UHOHDVHG�GXULQJ�<HDU����HWF��7KLV�
yields the annual social cost of the carbon that 
would be released if the marsh were converted.

7DEOH�;Ζ���0DUNHW�3ULFH�RI�&DUERQ�&UHGLWV�DQG�ΖQWHULP��������9DOXHV�
RI�WKH�6RFLDO�&RVW�RI�&DUERQ��6&&��ZLWK�'LVFRXQW�5DWHV

Year �����'ROODUV�3HU�7RQ�RI�&22e
RGGI :&Ζ 6&&��

5%
6&&��
3%

6&&��
2.5%

6&&��+LJK�
Impact

2020 $17 $6 $14 $51 $76 $152
2025 $17 $6 $17 $56 $83 $169
2030 $17 $6 $19 $62 $89 $187
2035 $17 $6 $22 $67 $96 $206
2040 $17 $6 $25 $73 $103 $225
2045 $17 $6 $28 $79 $110 $242
2050 $17 $6 $32 $85 $116 $260

7KLV�FRPSXWDWLRQ�ZDV�SHUIRUPHG�IRU�HDFK�RI�WKH�
four sets of published SCC values and each stream 
of annual costs was discounted to calculate its 
SUHVHQW�YDOXH��7KUHH�RI�WKH�IRXU�VHWV�RI�SXEOLVKHG�
6&&�YDOXHV�GLHU�RQO\�ZLWK�UHVSHFW�WR�WKH�GLVFRXQW�
rates that are applied to future economic values; 
LQ�7DEOH�;Ζ����WKHVH�YDOXHV�DUH�VKRZQ�LQ�FROXPQV�
ODEHOHG� Ȋ6&&�� ���ȋ� Ȋ6&&�� ���ȋ� DQG� Ȋ6&&�� ����ȋ�49 
Present value computations for these estimates 
of the SCC use the discount rate upon which each 
HVWLPDWH�ZDV�EDVHG��7KHVH�SUHVHQW�YDOXHV� UDQJH�
IURP��������KHFWDUH� WR��������KHFWDUH��7KH� WRWDO�
value for the 189 hectares in the estuary ranges 
IURP����������WR������PLOOLRQ�b

$� IRXUWK� VHW� RI� SXEOLVKHG� 6&&� YDOXHV� GLHUV�
VLJQLȴFDQWO\� IURP� WKH� RWKHU� WKUHH�� 7KHVH� YDOXHV�
capture the potential for low-probability, high-
impact outcomes from climate change and 
correspond to the 95th percentile of the frequency 
distribution of SCC estimates using on a 3 percent 
GLVFRXQW� UDWH�� 7KH�SUHVHQW� YDOXH�DVVRFLDWHG�ZLWK�
this set of SCC values is $14,917/hectare with a 

7DEOH� ;Ζ��� $QQXDO� &DUERQ� 5HOHDVHG� IURP� WKH� 6RLO� RI� &RQYHUWHG�
(VWXDULQH�(PHUJHQW�:HWODQGV��PHWULF�WRQV�SHU�KHFWDUH�

Year &DUERQ�
in Soil

&XPXODWLYH�
&DUERQ�
5HOHDVH

$QQXDO�&DUERQ�
5HOHDVH

2020 113.0 0.0

2021 103.1 9.9 9.9
2022 94.0 19.0 9.1
2023 85.7 27.3 8.3
2024 78.2 34.8 7.5
2025 71.3 41.7 6.9
2026 65.0 48.0 6.3
2027 59.3 53.7 5.7
2028 54.1 58.9 5.2
2029 49.3 63.7 4.8
2030 45.0 68.0 4.3
2031 41.0 72.0 4.0
2032 37.4 75.6 3.6
2033 34.1 78.9 3.3
2034 31.1 81.9 3.0
2035 28.4 84.6 2.7
2036 25.9 87.1 2.5
2037 23.6 89.4 2.3
2038 21.5 91.5 2.1
2039 19.6 93.4 1.9
2040 17.9 95.1 1.7
2041 16.3 96.7 1.6
2042 14.9 98.1 1.4
2043 13.6 99.4 1.3
2044 12.4 100.6 1.2
2045 11.3 101.7 1.1
2046 10.3 102.7 1.0
2047 9.4 103.6 0.9
2048 8.6 104.4 0.8
2049 7.8 105.2 0.8
2050 7.1 105.9 0.7

SCC values are projected to increase over time, 
corresponding to increases in the concentration 
of atmospheric greenhouse gases. Annual SCC 
���PHWULF� WRQ�� YDOXHV� LQ� 7DEOH� ;Ζ��� ZHUH� DSSOLHG�
to annual carbon release values (metric tons) to 
calculate the annual social cost of the carbon that 
is released. For purposes of this computation, it 
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total value for the estuary’s 189 hectares of $2.8 
million.

7KH�EURDG�UDQJH�LQ�WKHVH�SUHVHQW�YDOXH�HVWLPDWHV�
is in part due to uncertainty about future economic 
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW� UDWHV��
and the appropriate level of risk-taking with regard 
WR�FOLPDWH�SROLF\��UHȵHFWHG�LQ�6&&�YDOXHV�DVVRFLDWHG�
with low-probability, high-impact outcomes).

Prices from the Regional Greenhouse Gas 
Initiative (RGGI) and Western Climate Initiative 
(WCI) carbon markets were also applied (with a 
3% discount rate) to the future stream of carbon 
releases associated with the loss of one hectare of 
saltmarsh in Snohomish. In almost all scenarios, 
the cost of purchasing the right to release this 
stream of carbon is much less than the social 
cost of the released carbon. Achieving a socially 
optimal solution requires that emission caps be 
set at a level where the market price of carbon 
equals the SCC. Prices from these two carbon 
markets result in values that range from $513 
per hectare to $1,444 per hectare with totals for 
the 189 hectares of salt marsh in the study area 
UDQJLQJ�IURP���������WR�����������7KH�UHVXOWV�RI�
WKHVH�FRPSXWDWLRQV�DUH�VKRZQ�LQ�7DEOH�;Ζ���
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7DEOH�;Ζ���%OXH�&DUERQ�9DOXHV�IRU�6QRKRPLVK�(VWXDU\������������1RPLQDO�1HW�3UHVHQW�9DOXH�

Annual 
Value

&DUERQ�
5HOHDVHG��W�
&2�H��KD�

9DOXH�RI�5HOHDVHG�&DUERQ
RGGI :&Ζ 6&&���� 6&&���� 6&&������ 6&&��+LJK�

Impact
2020 9.9 $60.36 $169.84 $139.22 $507.14 $755.74 $1,511.49
2021 9.1 $55.05 $154.90 $136.03 $471.58 $707.38 $1,405.68
2022 8.3 $50.20 $141.27 $124.06 $438.36 $653.40 $1,315.07
2023 7.5 $45.79 $128.83 $120.69 $407.32 $603.44 $1,221.97
2024 6.9 $41.76 $117.50 $110.07 $378.36 $564.10 $1,141.95
2025 6.3 $38.08 $107.16 $106.66 $351.34 $520.73 $1,060.28
2026 5.7 $34.73 $97.73 $97.27 $326.14 $480.63 $989.87
2027 5.2 $31.67 $89.13 $93.93 $307.88 $448.77 $918.41
2028 4.8 $28.89 $81.28 $85.66 $285.54 $414.04 $856.63
2029 4.3 $26.35 $74.13 $82.46 $264.76 $381.94 $794.27
2030 4.0 $24.03 $67.61 $75.21 $245.42 $352.29 $740.20
2031 3.6 $21.91 $61.66 $72.20 $227.43 $328.51 $689.51
2032 3.3 $19.98 $56.23 $69.14 $210.71 $302.89 $638.71
2033 3.0 $18.23 $51.28 $63.05 $195.17 $282.24 $594.51
2034 2.7 $16.62 $46.77 $60.24 $180.73 $260.14 $553.15
2035 2.5 $15.16 $42.66 $54.94 $167.32 $239.75 $514.46
2036 2.3 $13.83 $38.90 $52.38 $157.15 $223.21 $478.30
2037 2.1 $12.61 $35.48 $47.78 $145.40 $205.64 $442.44
2038 1.9 $11.50 $32.36 $45.47 $134.50 $189.44 $411.08
2039 1.7 $10.49 $29.51 $43.19 $124.39 $176.22 $381.82
2040 1.6 $9.56 $26.91 $39.39 $115.02 $162.29 $354.52
2041 1.4 $8.72 $24.54 $37.36 $106.34 $149.45 $327.63
2042 1.3 $7.95 $22.38 $34.07 $98.29 $138.92 $304.04
2043 1.2 $7.25 $20.41 $32.27 $92.03 $127.89 $280.87
2044 1.1 $6.62 $18.62 $30.52 $85.02 $117.72 $260.52
2045 1.0 $6.03 $16.98 $27.83 $78.53 $109.35 $240.57
2046 0.9 $5.50 $15.49 $26.29 $72.53 $100.64 $223.03
2047 0.8 $5.02 $14.12 $24.81 $66.97 $92.61 $205.88
2048 0.8 $4.58 $12.88 $22.62 $61.83 $85.96 $190.78
2049 0.7 $4.17 $11.75 $21.32 $57.77 $79.09 $176.06
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'LVFRXQWHG�9DOXH 0.03 0.03 0.05 0.03 0.025 0.03
2020 $60.36 $169.84 $139.22 $507.14 $755.74 $1,511.49
2021 $53.45 $150.39 $129.56 $457.85 $690.12 $1,364.74
2022 $47.32 $133.16 $112.53 $413.19 $621.91 $1,239.58
2023 $41.90 $117.90 $104.26 $372.76 $560.36 $1,118.28
2024 $37.10 $104.39 $90.55 $336.17 $511.04 $1,014.61
2025 $32.85 $92.44 $83.57 $303.07 $460.25 $914.61
2026 $29.09 $81.85 $72.58 $273.14 $414.44 $829.00
2027 $25.75 $72.47 $66.75 $250.33 $377.53 $746.75
2028 $22.80 $64.17 $57.98 $225.41 $339.82 $676.23
2029 $20.19 $56.82 $53.16 $202.91 $305.83 $608.74
2030 $17.88 $50.31 $46.17 $182.61 $275.21 $550.78
2031 $15.83 $44.54 $42.21 $164.30 $250.37 $498.11
2032 $14.02 $39.44 $38.50 $147.79 $225.22 $447.98
2033 $12.41 $34.92 $33.44 $132.90 $204.74 $404.83
2034 $10.99 $30.92 $30.43 $119.48 $184.11 $365.70
2035 $9.73 $27.38 $26.43 $107.40 $165.54 $330.21
2036 $8.62 $24.24 $24.00 $97.93 $150.36 $298.06
2037 $7.63 $21.46 $20.84 $87.97 $135.15 $267.68
2038 $6.75 $19.01 $18.89 $79.01 $121.46 $241.47
2039 $5.98 $16.83 $17.09 $70.94 $110.23 $217.74
2040 $5.30 $14.90 $14.85 $63.68 $99.04 $196.29
2041 $4.69 $13.19 $13.41 $57.16 $88.98 $176.12
2042 $4.15 $11.68 $11.65 $51.30 $80.69 $158.68
2043 $3.68 $10.34 $10.51 $46.63 $72.47 $142.32
2044 $3.25 $9.16 $9.46 $41.83 $65.09 $128.16
2045 $2.88 $8.11 $8.22 $37.51 $58.98 $114.90
2046 $2.55 $7.18 $7.39 $33.63 $52.96 $103.42
2047 $2.26 $6.36 $6.64 $30.15 $47.54 $92.69
2048 $2.00 $5.63 $5.77 $27.03 $43.06 $83.39
2049 $1.77 $4.98 $5.18 $24.51 $38.65 $74.71

3UHVHQW�9DOXH�����\HDUV $513.18 ��������� ��������� ��������� ��������� ����������

7DEOH�;Ζ���%OXH�&DUERQ�9DOXHV�IRU�6QRKRPLVK�(VWXDU\������������1RPLQDO�1HW�3UHVHQW�9DOXH� (cont'd)
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7DEOH�;Ζ���6QRKRPLVK�(VWXDU\�5HVWRUDWLRQ�3URMHFWV

5HVWRUDWLRQ�7\SH 1XPEHU�RI�
3URMHFWV

%HDFK�QRXULVKPHQW 1
%XONKHDG�UHSODFHPHQW 1

'HEULV�5HPRYDO 2
Dike Maintenance 1

Habitat 10
+\GURORJLF�5HFRQQHFWLRQ 33

ΖVODQG�&UHDWLRQ 1
0DUVK�5HVWRUDWLRQ 2

6KRUHOLQH�5HVWRUDWLRQ 1
7LGDO�0DUVK 2
1RW�6SHFLȴHG 21

Total 75

Natural Infrastructure and Coastal 
Blue Carbon Bene!ts 

7KH�QDWXUDO�LQIUDVWUXFWXUH�EHQHȴWV�IRU�6QRKRPLVK�
(VWXDU\� LQ� WHUPV� RI� ȵRRG� UHGXFWLRQ� FDQ� UDQJH�
from $0.7 million to $1.7 million over a 30-year 
period51� IRU� D� ȵRRG� WKDW� KLVWRULFDOO\�ZRXOG� RFFXU�
once in 100 years. Climate change may double 
WKH�ULVN�RI�D�VHYHUH�ȵRRG�RFFXUULQJ��LQ�ZKLFK�FDVH�
EHQHȴWV�ZRXOG� LQFUHDVH� WR� EHWZHHQ� �����PLOOLRQ�
DQG������PLOOLRQ��7KHVH�YDOXHV�DUH�IRU�GDPDJHV�WR�
SURSHUW\�H[SRVHG�WR�ȵRRGLQJ�DQG�GR�QRW� LQFOXGH�
the damages to business sales or employment, 
tourism and recreation, nor the value of possible 
ORVVHV�IURP�HHFWV�RQ�KXPDQ�KHDOWK��These damage 
estimates should thus be considered conservative, 
that is they are likely to be low.

7KH�YDOXH�RI�FRDVWDO�EOXH�FDUERQ�EHQHȴWV�UDQJHV�
from $1,301/hectare to $7,507/hectare using 
YDULRXV� GLVFRXQW� UDWHV�� 7KH� WRWDO� YDOXH� IRU� WKH�
189 hectares in the estuary under the three more 
likely SCC scenarios ranges from $246,000 to $1.4 
PLOOLRQ�b 7KH� ORZ�SUREDELOLW\�� KLJK�LPSDFW� FOLPDWH�
outcome scenario resulted in a coastal blue carbon 
value of $2.8 million.

ESTUARY SUMMARY

Restoration Efforts
Snohomish County and the Snohomish Estuary 
are part of a large network of estuaries that link 
WKH�ULYHUV�ȵRZLQJ�IURP�WKH�2O\PSLF�0RXQWDLQV�WR�
the west and the Cascades to the east to Puget 
Sound. Salmon stocks of various species are a 
GHȴQLQJ�IHDWXUH�RI�WKH�HQYLURQPHQW�DQG�HFRQRP\�
of Puget Sound, a region that was ideally suited for 
DQDGURPRXV�ȴVK��'HFOLQHV�LQ�VDOPRQ�VWRFNV�OHG�WR�
the creation of a state Salmon Recovery Program in 
1999. Estuary restoration in the Snohomish River 
has been a part of this overall recovery program. 
Restoration projects in the Snohomish Estuary 
region are shown in Figure XI-6. 

)LJXUH�;Ζ���5HVWRUDWLRQ�3URMHFWV�LQ�WKH�6QRKRPLVK�(VWXDU\

7KH�12$$�5HVWRUDWLRQ�$WODV�QRWHV�VHYHQ�SURMHFWV��
primarily in the upper parts of the Snohomish River 
and its tributaries. Most projects shown in Figure 
XI-6 are taken from the Salmon Recovery Portal 
administered by the Washington State Recreation 
DQG�&RQVHUYDWLRQ�2ɝFH�50 

Fifty-four restoration projects are listed in the 
6DOPRQ� 5HFRYHU\� 3RUWDO� �7DEOH� ;Ζ����� 2I� WKHVH��
over half (33) are various forms of hydrologic 
reconnection projects designed to restore natural 
ȵRZV� ZLWKLQ� WKH� HVWXDU\� DQG� WR� RSHQ� VSDFH� IRU�
salmon during the parts of their life cycle they 
spend in the estuary. 
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wetlands.”54� 7KLV� VWXG\� ORRNV� DW� D� VLQJOH� SRLQW�
in time, a snapshot, of one vegetation type, 
measures the soil carbon, and puts an economic 
YDOXH�RQ�LW��7KLV�VWXG\�XVHV�WKH�VDPH�FDUERQ�VRLO�
samples as the 2014, but the methodology treats 
WKHP� GLHUHQWO\�� )RU� LQVWDQFH�� WKH� ����� VWXG\�
FRQVLGHUHG�FDUERQ� LQ�RQO\�WKH�ȴUVW����FP�RI�VRLO��
whereas this study considers the carbon in the 
ȴUVW�����FP�RI�VRLO��7KH�EOXH�FDUERQ�PHWKRGV� LQ�
this study were standardized so they could be 
applied in six estuaries across the country. As 
WKH������VWXG\�ZDV�D�ȊȴUVW�DVVHVVPHQW�RI�FDUERQ�
ȵX[HV�RYHU�PXOWLSOH�GHFDGHVȋ��WKLV�VWXG\�LV�DOVR�D�
ȊȴUVW� DVVHVVPHQWȋ� RI� FRDVWDO� EOXH� FDUERQ� YDOXHV�
RYHU�PXOWLSOH�HVWXDULHV�LQ�WKH�8�6���

7DEOH�;Ζ���VXPPDUL]HV�WKH�UDQJH�RI�EHQHȴWV�IURP�
natural infrastructure and coastal blue carbon 
GHWHUPLQHG�E\�WKLV�DQDO\VLV��7KH�WDEOH�DOVR�LQFOXGHV�
the combination of the two ecosystem service 
YDOXHV� WKDW� ZHUH� DQDO\]HG� LQ� WKLV� UHSRUW�� 7KH�
analysis includes all areas of wetlands within the 
study area that provide one service or the other, as 
well as areas that provide both services. Because 
WKH�WZR�EHQHȴWV�SURYLGH�FRPSOHPHQWDU\�VHUYLFHV��
presenting a total value is appropriate. Combined, 
the natural infrastructure and coastal blue carbon 
EHQHȴWV�UDQJH�IURP������PLOOLRQ�WR������PLOOLRQ��ΖQ�
terms of total value, natural infrastructure values 
in Snohomish Estuary are greater than those 
provided by coastal blue carbon, likely due to the 
very small area of emergent estuarine vegetation. 
7KRVH�YDOXHV�H[LVW�QRZ��DQG�VKRXOG�EH�UHFRJQL]HG�
and maintained. In terms of increasing value in 
WKH�HVWXDU\�RYHU�WLPH��WKH�EHQHȴWV�SHU�KHFWDUH�LV�
highest for coastal blue carbon, and conserving or 
restoring wetlands to continue to increase these 

6QRKRPLVK 7RWDO�KHFWDUHV�LQ�
DQDO\VLV

(VWLPDWHG�EHQHȴWV�SHU�
KHFWDUH�RI�ZHWODQGV�

7RWDO�(VWLPDWHG�%HQHȴWV�
��0LOOLRQV�

Low 
estimate

High 
estimate

Low 
estimate

High Estimate

Natural 
ΖQIUDVWUXFWXUH�

906 $773 $3,753 $0.7 $3.4 

&RDVWDO�%OXH�
&DUERQ52

189 $1,301 $7,507 $0.2 $1.4

Total $0.9 $4.8

7KH�EURDG�UDQJH�LQ�WKHVH�EHQHȴW�HVWLPDWHV�LV�GXH�
to several factors:

• YDULDWLRQ� LQ� WKH� ȊZHWODQGV� HHFWȋ� DULVLQJ�
IURP� GLHUHQFHV� LQ� WKH� SUHFLVH� ORFDWLRQ��
and quantity of wetlands between the 
valued assets and the water,

• uncertainty about future economic 
FRQGLWLRQV� �UHȵHFWHG� LQ� GLHULQJ� GLVFRXQW�
rates in the coastal blue carbon analysis), 
and 

• assumptions about the increasing severity 
of storms due to climate change.

7KH�ODQGV�VXUURXQGLQJ�WKH�6QRKRPLVK�(VWXDU\�DUH�
a mix of the more developed cities of Everett and 
Marysville to the South and North respectively, and 
UHVWRUHG� IUHVKZDWHU� DQG� EUDFNLVK� ȵRRGSODLQV� RI�
the Snohomish River to the East (See Figure XI-4), 
and the region has hosted several blue carbon and 
natural infrastructure analyses. In 2014, Restore 
America’s Estuaries (RAE) published Coastal Blue 
Carbon Opportunity Assessment for the Snohomish 
Estuary53, a ȴUVW�RI�LWV�NLQG�DVVHVVPHQW�WR�TXDQWLI\�
WKH�FOLPDWH�PLWLJDWLRQ�EHQHȴWV�RI�UHVWRUDWLRQ�RI�DQ�
estuary. 7KH�WZR�VWXGLHV�XVH�WKH�VDPH�FDUERQ�
FRUHV� WR� DQVZHU� WZR� GLHUHQW� TXHVWLRQV� DQG�
VKRXOG� QRW� EH� FRPSDUHG� WR� RQH� DQRWKHU�� EXW�
UDWKHU� VKRXOG� EH� FRQVLGHUHG� WR� FRPSOHPHQW�
HDFK� RWKHU�� 7KH� ����� 5$(� 6WXG\� PHDVXUHG�
carbon storage and sequestration rates in the 
Snohomish Estuary, incorporated sea-level-rise 
impacts on estuary habitats, and determined the 
FDUERQ�FDSWXUH�EHQHȴW�RI�UHVWRULQJ�WLGDO�ZHWODQGV��
7KH� ������ DQDO\VLV� ORRNHG� DW� FDUERQ� VWRUHV� LQ�
multiple landcover types and represented a 
ȊȴUVW� DVVHVVPHQW� RI� FDUERQ� ȵX[HV� RYHU�PXOWLSOH�
decades for historic drained and future restoring 

7DEOH�;Ζ����1DWXUDO�ΖQIUDVWUXFWXUH�DQG�&RDVWDO�%OXH�&DUERQ�%HQHȴWV�6XPPDU\
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EHQHȴWV�ZLOO�SURYLGH� WKH�JUHDWHVW�DGGLWLRQ� WR� WKH�
existing value. 

7KHVH� HVWLPDWHV� PXVW� EH� FRQVLGHUHG� YHU\�
preliminary and are intended to be helpful 
in shaping overall strategies for the future 
management of the wetlands resources of the 
Snohomish Estuary, strategies that account for 
both local goals of a healthy estuary and global 
JRDOV� RI� PLWLJDWLRQ� RI� FOLPDWH� FKDQJH�� 7KH\� DUH�
part of a broader attempt to begin to characterize 
JHQHUDO�HVWXDU\�FKDUDFWHULVWLFV�WKDW�RHU�GLHUHQW�
sources of economic value to local communities, 
VXFK�DV�SURWHFWLRQ�IURP�VWRUPV�DQG�ȵRRGLQJ��DQG�
help meet broader societal goals, such as mitigation 
for climate change. As part of an examination of 
estuaries across the nation, they are not intended 
to guide project-level decisions, or replace more 
ORFDOL]HG� ȊGHHS�GLYHVȋ� WKDW�KDYH�EHHQ�FRQGXFWHG�
LQ�WKHVH�HVWXDULHV��7KHUH�DUH�VWLOO�PDQ\�XQNQRZQV�
that require much more elaborate estimation 
procedures for both natural infrastructure and 
FRDVWDO�EOXH�FDUERQ��:KHWKHU� WKH�DFWXDO�EHQHȴWV�
in the future will tend towards the lower or higher 
end of these estimates will require continued 
research and ongoing assessment. But it is certain 
WKDW� WKH�UHDOL]DWLRQ�RI� WKHVH�EHQHȴWV�ZLOO�GHSHQG�
ȴUVW� RQ� FRQVHUYLQJ� WKH� ZHWODQGV� WKDW� H[LVW� DQG�
then on the restoration of wetlands that could 
LQFUHDVH�WKHVH�EHQHȴWV��
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XII. Conclusions and Discussion

7KLV� VWXG\�KDG� WZR�PDLQ�SXUSRVHV�� WKH�ȴUVW�ZDV�
to update our understanding of the contribution 
of estuary regions to the economies of the United 
States and of the coastal states in the continental 
U.S. The second was to expand our understanding 
of the economic values of estuarine wetlands by 
H[DPLQLQJ�WKH�YDOXHV�SURYLGHG�E\�UHGXFWLRQ�LQ�ȵRRG�
damages (the natural infrastructure function) and 
by storing carbon dioxide that would exacerbate 
climate change if released to the atmosphere 
�WKH� FRDVWDO� EOXH� FDUERQ� IXQFWLRQ��� 7KH� ȴUVW� WDVN�
was accomplished by examining the economic 
characteristics of twenty-one estuary regions. 
The second was accomplished by examining the 
natural infrastructure and coastal blue carbon 
YDOXHV�LQ�VL[�GLHUHQW�HVWXDULHV�

THE ECONOMIC CONTRIBUTIONS 
OF ESTUARIES TO THE U.S. 

ECONOMY 

The twenty-one regions examined are comprised 
of 380 counties bordering the Atlantic, Gulf of 
0H[LFR�� 3DFLȴF�� DQG� *UHDW� /DNHV�� 7KHVH� UHJLRQV�
together comprised 4% of the land area of the 
U.S. but from that 4% come 47% of the output of 
the U.S. economy ($8.8 trillion in gross domestic 
product), 39% of the employment (59.4 million 
jobs) and 40% of the population (130 million 
people) in 2018. Also, according to 2018 data, eight 
of the ten largest metropolitan areas were located 
in estuary regions. This concentration of economic 
DFWLYLW\�DQG�SRSXODWLRQ�LQ�D�VPDOO�ODQG�DUHD�PDNHV�
estuaries among the most economically valuable 
areas of the country, but that concentration also 
LPSOLHV�WKH�SRWHQWLDO�IRU�VLJQLȴFDQW�VWUHVVHV�RQ�WKH�
environmental quality and ecosystem health of 
estuaries.

Photo Credit: Save the Bay SF
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The size of the regions varies tremendously in 
both land area and economic size. The largest 
estuary region economies are associated with 
WKH� PDMRU� PHWURSROLWDQ� DUHDV� RI� 1HZ� <RUN�� /RV�
Angeles, Chicago, Seattle, and Houston. But when 
adjusted for area, other estuary regions become 
VLJQLȴFDQWO\� PRUH� LPSRUWDQW�� 7KLV� LV� SDUWLFXODUO\�
true of the Delaware River and Gulf of Mexico 
regions.

Economic growth over the period from 2009 
to 2018 in the estuary regions overall followed 
national trends during the expansion period 
following the end of the Great Recession, but 
growth in both the economy and population 
tended to be fastest in the regions of the south 
Atlantic states from North Carolina to Florida, and 
in the Gulf of Mexico. Growth was slowest in the 
*UHDW� /DNHV� UHJLRQ�� SDUWLFXODUO\� LQ� DUHDV� VXFK� DV�
/DNH�6XSHULRU�DQG�/DNH�2QWDULR��DZD\�IURP�PDMRU�
cities. In this, the estuary regions were also similar 
to the U.S. as a whole.

$OO�HFRQRPLF�DFWLYLW\�LQ�HVWXDULHV�KDV�DQ�HHFW�RQ�
HVWXDU\� UHVRXUFHV� OLNH� ZDWHU� TXDOLW\�� EXW� VRPH�
economic activity is more directly related to the 
estuaries and coastal waters such as coastal 
WRXULVP��UHFUHDWLRQ��DQG�FRPPHUFLDO�ȴVKLQJ��7KHVH�
sectors provided 3.1 million jobs in 2018 and 
contributed $301.9 billion to the U.S. economy. As 
with the overall regional economy, these sectors 
tend to be largest in the major urban areas such 
DV�WKH�HVWXDU\�UHJLRQV�RI�WKH�1HZ�<RUN�%LJKW�DQG�
Southern California. But these industries are more 
important to the local economy in less urban 
areas such as the coastal areas of North and South 
Carolina.

The pattern of economic and population growth 
within the estuary regions was also examined. 
)DVWHU�JURZWK�QHDU� WKH�RFHDQ�RU�*UHDW� /DNH� FDQ�
KDYH�JUHDWHU�GLUHFW�HHFWV�RQ�FRDVWDO�DQG�PDULQH�
ecosystems, while faster growth in the upstream 
SDUWV�RI�HVWXDU\�UHJLRQV�KDYH�PRUH�LQGLUHFW�HHFWV�
IURP� LVVXHV� VXFK� DV� UXQR� WKDW�PDJQLI\� DV� WKH\�
travel down the rivers and streams of estuaries. 
Population changes within the regions were 
relatively small over 2009-2018, but Georgia and 
South Carolina saw increased populations in their 
near shore areas and employment shifted towards 
the shore in the Gulf of Mexico regions. But growth 

shifted to inland parts of the estuaries in the major 
XUEDQ�DUHDV�VXFK�DV�1HZ�<RUN��&KLFDJR��DQG�/RV�
Angeles.

The patterns of growth observed from 2009-2018 
should not be assumed to simply continue. Two 
forces have the potential to substantially alter the 
VL]H� DQG� FKDUDFWHULVWLFV� RI� HVWXDU\� UHJLRQV�� 2QH�
IRUFH� ZLOO� EH� WKH� FRPELQHG� HHFWV� RI� WKH� PDQ\�
changes in the technology of jobs, particularly those 
LQ� XUEDQL]HG� DUHDV�� UHVXOWLQJ� IURP� WKH� &29Ζ'����
Pandemic. The large-scale shift of certain types 
RI� ZRUN� DZD\� IURP� FHQWUDOL]HG� ORFDWLRQV� IRU� DQ�
extended period opens a range of possible changes 
LQ� WKH� SDWWHUQ� RI� UHVLGHQFH�ZRUN� DUUDQJHPHQWV�
WKDW� FRXOG� EH� YHU\� GLHUHQW� IURP� WKH� SDVW�� 7KH�
second force is climate change. This includes both 
WKH�ULVNV�WKDW�WKH�FRQVHTXHQFHV�RI�FOLPDWH�FKDQJH��
such as sea level rise, might have for all uses of 
the estuary shorelines and the response to those 
ULVNV�XQGHUWDNHQ�E\�DOO�XVHUV�RI�WKRVH�VKRUHV��7KDW�
WKH�HVWXDU\�UHJLRQV�ZLOO�FRQWLQXH�WR�EH�D�NH\�SDUW�
RI�WKH�8�6��HFRQRP\�LV�KLJKO\�OLNHO\��EXW�DQ�XSGDWH�
to this study at the end of the current decade may 
ȴQG�YHU\�GLHUHQW�HFRQRPLF�FLUFXPVWDQFHV�LQ�WKH�
estuary regions.

This concentration of economic ac-
tivity and population in a small land 
area makes estuaries among the 
most economically valuable areas of 
the country, but that concentration 
also implies the potential for signif-
icant stresses on the environmen-
tal quality and ecosystem health of 
estuaries.
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There are two important features to values of 
QDWXUDO� LQIUDVWUXFWXUH� DQG� EOXH� FDUERQ�� 7KH� ȴUVW�
LV� WKDW� WKHVH� DUH� VWRFNV� RI� YDOXH� GHULYHG� IURP�
the ability of wetlands to avoid future economic 
damages. The value is based on ecosystem 
services produced by the wetlands. This value is a 
form of natural capital, and derived from a future 
ȵRZ�RI�EHQHȴWV�DQG�H[SUHVVHG�DV�D�SUHVHQW�YDOXH�
estimated for a future period in time. Because the 
value is realized in the future, future values are 
adjusted to present values through discount rates. 

Secondly, and most important, the values 
estimated in these case studies are entirely 
GHSHQGHQW� NHHSLQJ� H[LVWLQJ�ZHWODQGV� LQWDFW�� DQG�
thereby preventing or reducing future economic 
ORVVHV��7KH�UHGXFWLRQ�RU�HOLPLQDWLRQ�RI�ȵRRG�ORVVHV�
and the avoided release of carbon stores into the 
atmosphere are what determine the basic values. 
It is worth noting that wetlands both sequester 
carbon, i.e., remove it from the atmosphere, and 
store it in their soils. 

However, this study only assesses the storage 
values of wetlands and does not include 
VHTXHVWUDWLRQ�EHQHȴWV��7KH�UDWH�RI�FDUERQ�VWRUDJH�
DQG�WKH�H[WHQW�RI�IXWXUH�ȵRRGLQJ�DUH�ERWK�KLJKO\�
complex, variable across local areas, and subject to 
variation as a result of climate change. Therefore, 
any estimates of these values contain uncertainty, 

CASE STUDY CONCLUSIONS: 
ECONOMIC BENEFITS OF NATURAL 
INFRASTRUCTURE AND COASTAL 

BLUE CARBON

Climate change presents many challenges to 
estuaries and coastal ecological and economic 
systems. The central challenges today are to 
manage and adapt to the changes that are 
already well underway while preparing for, and 
attempting to prevent future threats. Wetlands in 
HVWXDULHV�FDQ�SOD\�D�NH\�UROH�LQ�PHHWLQJ�ERWK�WKHVH�
challenges, and that role has economic values that 
are only now beginning to be understood. 

To illustrate these values, and to demonstrate how 
preliminary estimates of values can be established, 
WKLV� VWXG\�H[DPLQHG� WKH� UROH�RI� VSHFLȴF� W\SHV�RI�
ZHWODQGV� LQ� UHGXFLQJ� GDPDJHV� IURP� ȵRRGLQJ� LQ�
estuaries and storing carbon in the soils that could 
RVHW�FDUERQ�UHOHDVHV�IURP�RWKHU�VRXUFHV��
This was done through case studies of six estuaries:

• Great Egg Harbor, New Jersey
• 3DPOLFR�6RXQG�DQG�WKH�/RZHU�1HXVH�5LYHU��

North Carolina
• Tampa Bay, Florida
• 7HUUHERQQH�%DVLQ��/RXLVLDQD
• San Pablo Bay, California
• Snohomish River Estuary, Washington

7DEOH�;ΖΖ����6XPPDU\�RI�1DWXUDO�ΖQIUDVWUXFWXUH�DQG�%OXH�&DUERQ�%HQHȴWV�E\�&DVH�6WXG\�Ȃ�7RWDO�9DOXH�LQ��0LOOLRQV

b Wetlands Area (Hectares) Natural 
Infrastructure

Coastal Blue Carbon Total Natural 
Infrastructure and 

Blue Carbon

b Natural 
Infrastructure

Coastal 
Blue Carbon

Lowest 
Estimate

Highest 
Estimate

Lowest 
Estimate

Highest 
Estimate

Lowest 
Estimate

Highest 
Estimate

bb Total ($Millions)

Great Egg Harbor 3,600 24,439 $34.1 $153.6 $63.6 $366.9 $97.7 $520.5

Pamlico Sound 62,153 37,000 $48.8 $219.8 $124.8 $720.2 $173.6 $940.0

Tampa Bay 34,377 6,652 $902.0 $2,705.1 $7.7 $44.2 $909.7 $2,749.3

Terrebonne Basin  N/A2 133,462 N/A N/A $430.0 $2,482.6 $430.0 $2,482.6

San Pablo Bay 29,872 8,451 $15.4 $68.7 $15.9 $91.5 $31.3 $160.2
Snohomish 

Estuary
906 189 $0.7 $3.4 $0.2 $1.4 $0.9 $4.8

TOTAL 130,908 210,193 $1,001.0 $3,150.6 $642.2 $3,706.8 $1,946.0 $8,118.7
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estimate of approximately $1.9 billion to a high 
estimate of approximately $8.0 billion over a 30-
year period. Whether the natural infrastructure or 
blue carbon values are higher varies across the six 
estuaries studied. 

ΖW� LV� LPSRUWDQW� WR� ORRN� DW� ERWK� SHU� KHFWDUH� DQG�
total values for each estuary. Per hectare values 
(high and low) for coastal blue carbon generally 
exceed those for natural infrastructure, except 
for Great Egg Harbor and Tampa Bay.1 But when 
total values are examined, natural infrastructure 
values for both San Pablo and Snohomish become 
greater than coastal blue carbon values because 
there are more wetlands protecting assets than 
storing carbon. Conversely, the total value for 
Great Egg Harbor coastal blue carbon is greater 
than the natural infrastructure value, because 
while the per hectare value is higher for natural 
infrastructure, there are more wetlands storing 
blue carbon than protecting economic assets. 
7KHVH� GLHUHQFHV� DUH� SULPDULO\� GULYHQ� E\� WKH�
extent and location of development within the 
estuaries. Highly developed estuary regions will 
WHQG�WR�KDYH�ODUJHU�ȵRRG�EHQHȴWV�HLWKHU�EHFDXVH�
the value of protected assets is high, as is the 

and can be best expressed as lying with a 
UDQJH� GHȴQHG� E\� WKH� RSWLPLVWLF� DQG� SHVVLPLVWLF�
assumptions about the future. 

Table XII-1 and Table XII-2 summarize the results 
IURP�WKH�VL[�FDVH�VWXGLHV��7KH�GLHUHQFHV�EHWZHHQ�
the low and high estimates in each estuary are 
explained in Chapter III and explored in detail in 
WKH� LQGLYLGXDO� FDVH� VWXGLHV� �&KDSWHUV� 9� WKURXJK�
XI). The value estimates are presented on both 
a total basis (Table XII-1) and adjusted for area 
on a per hectare basis (Table XII-2). All estimates 
are for the eight-digit Hydrological Unit that 
GHȴQHV� ZDWHUVKHG� DV� GHVLJQDWHG� E\� WKH� 8�6��
Geological Survey. Results are shown for natural 
infrastructure and blue carbon values separately 
and combined. Estuaries are listed geographically 
IURP� WKH�1RUWKHDVW�� FORFNZLVH� WR� WKH�1RUWKZHVW��
7KH�UDQN�RUGHULQJ�E\�VL]H�DQG�YDOXH�LV�LQGLFDWHG�E\�
the colors of the cells. 

$OORZLQJ� IRU� WKH� DVVXPSWLRQV� DQG� VLPSOLȴHG�
methods used in the analysis, it is clear that natural 
infrastructure and coastal blue carbon values in 
WKHVH�VL[�HVWXDULHV�DUH�TXLWH�VLJQLȴFDQW��UDQJLQJ�LQ�
total (across all six estuaries studied) from a low  

b Wetlands Area (Hectares) Natural Infrastructure Coastal Blue Carbon

b Natural 
Infrastructure

Coastal Blue 
Carbon

Lowest 
Estimate

Highest 
Estimate

Lowest 
Estimate

Highest 
Estimate

bb Dollars Per Hectare ($Thousands)
Great Egg Harbor 3,600 24,439 $9.6 $42.7 $2.6 $15.0

Pamlico Sound 62,153 37,000 $0.8 $3.5 $3.4 $19.5

Tampa Bay 34,377 6,652 $26.2 $78.7 $1.2 $6.6

Terrebonne Basin N/A 133,462 N/A N/A $3.2 $18.6

San Pablo Bay 29,872 8,451 $0.5 $2.3 $1.9 $10.8

Snohomish 
Estuary

906 189 $0.8 $3.8 $1.3 $7.5

7DEOH�;ΖΖ����6XPPDU\�RI�1DWXUDO�ΖQIUDVWUXFWXUH�DQG�%OXH�&DUERQ�%HQHȴWV�E\�&DVH�6WXG\�Ȃ�9DOXH�SHU�+HFWDUH�LQ��7KRXVDQGV
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CASE STUDY CONCLUSIONS: 
WETLANDS RESTORATION 

PROJECTS IN THE
CASE STUDY AREAS

In addition to estimating the coastal blue carbon 
DQG� QDWXUDO� LQIUDVWUXFWXUH� EHQHȴWV�� HDFK� RI� WKH�
FDVH�VWXGLHV�VXPPDUL]HG�SDVW�HRUWV�DW�UHVWRULQJ�
wetlands. Data was primarily drawn from the 
12$$� 5HVWRUDWLRQ� $WODV�� VXSSOHPHQWHG� E\� ORFDO�
sources of data as detailed in each of the case 
studies. Projects covered the period from 1970 
WR�������2QO\�SURMHFWV�VKRZQ�DV�FRPSOHWHG�ZHUH�
included in the analysis; projects listed in planning 
or in permitting were not included.

Table XII-3 shows the number of projects by case 
study area and the areas (in hectares) that the 
projects restored and/or protected. Many projects 
are intended to accomplish both purposes, but 
the list is restricted to those projects reported 
as restoration. There are additional restoration 
projects discussed in each case study beyond what 
is presented in the tables below. However, those 
projects do not list the area restored, and so are 
not included in Table XII-3 or Table XII-4. See each 
case study for additional detail on restoration data 
and its sources. There are a total of 287 projects 
reported where the area is also reported (See 
Table XII-3). 

case with Tampa Bay, or more economic assets 
located behind wetlands, as is the case with San 
3DEOR� DQG� 6QRKRPLVK�� /HVV� GHYHORSHG� UHJLRQV��
OLNH� 3DPOLFR� 6RXQG� DQG� 7HUUHERQQH� %DVLQ�� WHQG�
to have more functional wetlands sequestering 
and storing carbon, resulting in substantial coastal 
EOXH�FDUERQ�EHQHȴWV��

It is not surprising that large urban areas such as 
Tampa Bay have large natural infrastructure values 
DQG�ODUJH�XQEURNHQ�VWUHWFKHV�RI�VDOW�PDUVK�VXFK�DV�
in Terrebonne will have large coastal blue carbon 
YDOXHV��%XW�WKHUH�DUH�VLJQLȴFDQW�HFRQRPLF�YDOXHV�
even in relatively small estuaries. The Snohomish 
River is the smallest of the estuaries examined at 
906 hectares (2,200 acres) of natural infrastructure 
valued wetlands and only 190 hectares (470 acres) 
of coastal blue carbon wetlands. The Snohomish 
estuary wetlands have combined values ranging 
from approximately $900 thousand to $4.8 million, 
with natural infrastructure accounting for 88% of 
the low estimates and 72% of the high estimates. 
2Q� WKH� RWKHU� HQG� RI� WKH� VSHFWUXP�� 7HUUHERQQH�
Basin is the largest of the estuaries examined at 
133,462 hectares (329,792 acres) of coastal blue 
carbon valued wetlands and zero hectares of 
wetlands that provide natural infrastructure, as 
GHȴQHG� E\� WKH� PHWKRGRORJ\� LQ� WKLV� UHSRUW�� 7KH�
Terrebonne Basin wetlands have values ranging 
from approximately $.4 billion to $2.2 billion, all 
values (100%) from coastal blue carbon. This 
analysis shows that regions with intact wetlands 
DUH�OLNHO\�WR�KDYH�both�EHQHȴWV��DQG�WKDW�WKH�RYHUDOO�
YDOXHV�DUH�VLJQLȴFDQW�DQG�WKH�H[DFW�GLVWULEXWLRQ�LQ�
DQ\�UHJLRQ�UHTXLUHV�UHJLRQ�VSHFLȴF�DVVHVVPHQW��
 

Case Study Projects Hectares 
Restored

Hectares 
Protected

Acres 
Restored

Acres 
Protected

Great Egg Harbor 14 216 �bb 533 �bb
Pamlico Sound 36 238 1 587 2
San Pablo Bay* 52 718 �bb 1,775 �bb
Snohomish** 7 322 166 796 410

Tampa Bay 144 264 315 652 bb���
Terrebonne 34 3,403 �bb 8,408 -

All Case Studies 287 5,160 482 12,751 1,190
b�'RHV�QRW�LQFOXGH�����FRPSOHWHG�RU�XQGHU�ZD\�SURMHFWV�ZLWK�QR�DUHD�GDWD
�'RHV�QRW�LQFOXGH���b6DOPRQ�5HFRYHU\�3URMHFWV�ZLWK�QR�DUHD�GDWD

7DEOH�;ΖΖ����5HVWRUDWLRQ�3URMHFWV�E\�&DVH�6WXG\
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IMPLICATIONS AND LIMITATIONS

The six case studies included as part of this report 
used a consistent methodology to assess the 
YDOXHV� RI� QDWXUDO� LQIUDVWUXFWXUH� ȵRRG� UHVLOLHQFH�
and coastal blue carbon. Using a consistent 
PHWKRGRORJ\�KDV�EHQHȴWV�DQG�SUHVHQWV�FKDOOHQJHV��
%HQHȴWV�LQFOXGH�WKH�DELOLW\�WR�ORRN�DFURVV�WKH�FDVH�
studies and begin to discern similar patterns 
DFURVV� WKH� GLHUHQW� DQDO\VHV�� WKLV� LQIRUPDWLRQ�
can be used to support national strategies for 
the future management of U.S. estuaries. More 
ZRUN� LV� QHHGHG� EHIRUH� WKLV� FDQ� HHFWLYHO\� GULYH�
sustainable policy, as the sample size is too small 
WR�PDNH�DQ\�EURDG�FKDUDFWHUL]DWLRQV��+RZHYHU� LW�
GRHV�SURYLGH�D�EDVLV�WR����VWDUW�WKLQNLQJ�DERXW�ZKDW�
criteria in estuaries needs to be present to drive 
certain types of value, and why measuring and 
monitoring that value is important. Connecting the 
contributions of estuaries to the U.S. economy, as 
GHWDLOHG�LQ�6HFWLRQ�9��DORQJ�ZLWK�WKH�FRQWULEXWLRQV�
HVWXDULHV�PDNH� WR� RXU� KHDOWK� DQG�ZHOOEHLQJȃE\�
providing protection from storms and mitigating 
WKH�HHFWV�RI�FOLPDWH�FKDQJHȃEHJLQV�WR�SURYLGH�D�
sense of the total value of the Nation’s estuaries, 
DQG� EHJLQV� WR� OD\� RXW� WKH� SRWHQWLDO� WUDGHRV�
between the two. An additional, and more practical 
EHQHȴW� RI� WKH� FRQVLVWHQW� PHWKRGRORJ\� LV� WKDW� LW�
allows for multiple estuaries to be assessed within 
a reasonable timeframe and cost. 

The largest number of projects are shown in San 
Pablo Bay, followed by Tampa Bay. Terrebonne 
Basin has, by far, the largest area restored, 
according to sources that provide restoration 
acreage, at 3,403 hectares (8,408 acres). 

7KH� GLHUHQFHV� DPRQJ� WKH� FDVH� VWXG\� HVWXDULHV�
DUH�VLJQLȴFDQWO\�GLPLQLVKHG�ZKHQ�WKH�SURMHFWV�DUH�
adjusted by the average size. Table XII-4 shows 
that the average size of restoration projects varies 
considerably, from a low of 1.8 hectares (4.5 acres) 
in Tampa Bay to a high of 100.1 hectares (247.3 
acres) in Terrebonne. Snohomish River Estuary 
projects also show a higher average size than other 
HVWXDULHV�� EXW� WKLV� ȴJXUH� H[FOXGHV� VWDWH� VDOPRQ�
recovery projects for which area is not reported.

7KH�EHQHȴWV�RI�ZHWODQGV�IRU�QDWXUDO�LQIUDVWUXFWXUH�
and coastal blue carbon were generally not a factor 
in deciding on past projects, though they may have 
EHHQ� FRQVLGHUHG� DV� FR�EHQHȴWV�� )RU� H[DPSOH��
Tampa Bay had 144 restoration projects, but at 
an average size of 1.8 hectares (4.6 acres), so the 
QDWXUDO� LQIUDVWUXFWXUH� EHQHȴWV� RI� WKHVH� SURMHFWV�
DUH�QRW�OLNHO\�WR�EH�ODUJH��7KLV�GLVFUHSDQF\�EHWZHHQ�
past projects and future natural infrastructure and 
FRDVWDO� EOXH� FDUERQ� EHQHȴWV� LV� VLPSO\� D� PDWWHU�
of historical focus on other purposes, primarily 
HQKDQFLQJ� KDELWDW�� IRU� ȴVKHULHV� DQG� RWKHU� W\SHV�
RI�HQYLURQPHQWDO�EHQHȴWV��/RRNLQJ�WR�WKH�IXWXUH��
WKH� H[LVWHQFH� RI� WKH� ODUJH� HFRQRPLF� EHQHȴWV�
associated with natural infrastructure and coastal 
blue carbon suggests a need for expanding the 
scale of restoration through the use of larger 
projects or a larger number of small projects.

Case Study Average Hectares 
Restored

Average Hectares 
Protected

Average Acres 
Restored

Average Acres 
Protected

Great Egg Harbor 15.4 �bb bb���� �bb
Pamlico Sound 6.6 0.0 16.3 0.1
San Pablo Bay 13.8 �bb 34.1 �bb

Snohomish 46.0 23.7 113.7 58.6
Tampa Bay 1.8 b��� 4.5 5.4
Terrebonne 100.1 b�bb 247.3 �bb

All Case Studies 18.0 1.7 44.4 4.1

7DEOH�;ΖΖ����$YHUDJH�6L]H�RI�5HVWRUDWLRQ�DQG�3URWHFWLRQ�3URMHFWV�E\�&DVH�6WXG\
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The challenges with using a consistent methodology 
include limitations on understanding details that 
are needed for project-siting and management 
decisions. This study is not intended to drive on 
the ground, project-level, or siting decisions. 
Several of the estuaries that were selected for 
case studies already have assessments of varying 
GHJUHHV� RI� WKHLU� EHQHȴWV�� GHYHORSHG� DW� D� PXFK�
more local and usable scale. Concerns that the 
H[LVWHQFH�RI�GLHUHQW�YDOXHV�IRU�WKH�VDPH�VHUYLFH�
are warranted, however this project explicitly 
recognizes those concerns, while also recognizing 
there is room and use for both approaches. 

'HFLVLRQPDNHUV� QHHG� D� PRUH� DFFXUDWH� SLFWXUH�
of the economic values connected to America’s 
estuary regions, and how restoration and 
conservation can increase those values. This will 
be particularly critical in the future, as climate 
FKDQJH� FUHDWHV� WKH� SRVVLELOLW\� RI� VLJQLȴFDQW�
changes in the values estimated in this report. 
Increased storm intensities and frequencies due 
WR�FOLPDWH�FKDQJH�ZLOO� OLNHO\�LQFUHDVH�WKH�YDOXH�RI�
QDWXUDO� LQIUDVWUXFWXUH� DQG� ȵRRG� UHVLOLHQFH�� 7KH�
need to greatly increase removal of carbon dioxide 
from the atmosphere will augment the value of 
coastal blue carbon. At the same time, sea level 
rise and other climate-related threats may play 
the opposite role, reducing the value of natural 
LQIUDVWUXFWXUH�DQG�FRDVWDO�EOXH�FDUERQ�EHQHȴWV�E\�
degrading existing wetlands. 

The coastal blue carbon values can provide 
needed context and insights into emerging 
HRUWV�WR�GHYHORS�FDUERQ�PDUNHWV��LQWHJUDWH�EOXH�
carbon values into the Nationally Determined 
Contributions (NDCs) required by the Paris 
Agreement, to which the U.S. has recently become 
a party. While the NDCs require a much more 
VWULQJHQW� DSSURDFK� WR� DVVHVVLQJ� WKH� VWRFNV� RI�
FDUERQ�LQ�FRDVWDO�VRLOV��WKLV�UHSRUW�SURYLGHV�D�ȴUVW�
ORRN�� DQ� LQGLFDWLRQ� RQ� ZKHWKHU� XQGHUWDNLQJ� WKH�
more comprehensive assessment is worthwhile. It 
also sheds insights on the social cost of carbon. In 
every case study, in almost all scenarios, the cost 
of purchasing the right to release the stream of 
carbon by converting wetlands is much less than 
the social cost of the released carbon. Achieving 
a socially optimal solution requires that emission 
FDSV�EH� VHW�DW�D� OHYHO�ZKHUH� WKH�PDUNHW�SULFH�RI�
carbon equals the social cost of carbon.

7KH�FDVH�VWXGLHV�DOVR�VKHG�OLJKW�RQ�ZKHUH�WR�ORRN�
WR� ȴQG� FHUWDLQ� W\SHV� RI� EHQHȴWV� WKDW� HVWXDULHV�
SURYLGH��7KH�QDWXUDO�LQIUDVWUXFWXUH�ȵRRG�UHVLOLHQFH�
EHQHȴWV�DUH�JUHDWHVW�LQ�WKH�DUHDV�WKDW�FRQWDLQ�WKH�
highest levels of economic assets, but placement 
RI�WKH�ZHWODQGV�LV�NH\��7R�PD[LPL]H�WKHVH�YDOXHV��
estuaries between those economic assets and the 
oncoming wind and water must be conserved or 
UHVWRUHG��&RQYHUVHO\��QDWXUDO� LQIUDVWUXFWXUH�ȵRRG�
UHVLOLHQFH�EHQHȴWV�DUH�UHODWLYHO\�ORZ�LQ�WKH�DEVHQFH�
of concentrations of economic assets. Terrebonne 
basin estuary did not have enough potentially 
impacted parcels that bordered buildings or 
homes to measure, yet it was by far the richest 
VRXUFH� RI� EOXH� FDUERQ� EHQHȴWV� LQ� WHUPV� RI� WRWDO�
value, second only to Pamlico Sound in terms of 
EOXH�FDUERQ�EHQHȴWV�SHU�KHFWDUH��

To those experienced in assessing and 
XQGHUVWDQGLQJ�WKH�YDOXH�RI�WKH�EHQHȴWV�SURYLGHG�E\�
FRDVWDO�KDELWDWV�OLNH�HVWXDULHV�WKHVH�FRQFHSWV�PD\�
VHHP�REYLRXV��+RZHYHU��WKH\�DUH�RIWHQ�RYHUORRNHG�
in broader planning and budgeting processes. 
Restoration investment decisions should not be 
driven by the potential for economic return, but 
it should be considered as part of the equation. 
Continued investment in the assessment and 
monitoring of the ecosystem services provided by 
our nation’s estuaries can improve decisions and 
DOORZ�IRU�IXWXUH�SRWHQWLDO�EHQHȴWV�WR�EH�LQFOXGHG�
LQ�FXUUHQW�HRUWV�WR�UHVWRUH�$PHULFDȇV�HVWXDULHV��
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�� KWWSV���ZZZ�SHZUHVHDUFK�RUJ�
VFLHQFH������������WZR�WKLUGV�RI�DPHULFDQV�WKLQN�
JRYHUQPHQW�VKRXOG�GR�PRUH�RQ�FOLPDWH�
�� KWWSV���FRDVW�QRDD�JRY�VWDWHV�IDVW�IDFWV�
KXUULFDQH�FRVWV�KWPO
�� KWWSV���FRDVW�QRDD�JRY�VWDWHV�IDVW�IDFWV�
ZHWODQG�EHQHȴWV�KWPO
�� KWWSV���ZZZ�ODPDU�HGX�BȴOHV�GRFXPHQWV�
UHVLOLHQFH�UHFRYHU\�JUDQW�UHFRYHU\�DQG�UHVLOLHQF\�
KXUULF��SGI
�� KWWSV���ZZZ�SHZWUXVWV�RUJ�HQ�UHVHDUFK�DQG�
DQDO\VLV�DUWLFOHV������������UHSHDWHGO\�ȵRRGHG�
SURSHUWLHV�ZLOO�FRQWLQXH�WR�FRVW�WD[SD\HUV�ELOOLRQV�
RI�GROODUV���7KH�FRVW�RI�ȵRRGLQJ�LQ������DORQH�ZDV�
HVWLPDWHG�WR�EH�EHWZHHQ�����DQG�����ELOOLRQ��KWWSV���
ZZZ�QFGF�QRDD�JRY�ELOOLRQV�VXPPDU\�VWDWV�86�����
��� )RU�WKLV�VWXG\��$ODVND�DQG�+DZDLL�DUH�
H[FOXGHG��
�� 7KLV�UHSRUW�XVHV�WKH�WHUP�ȊFRDVWDO�EOXH�FDUERQȋ�
WR�GLHUHQWLDWH�FDUERQ�VHTXHVWUDWLRQ�DQG�VWRUDJH�LQ�
HVWXDU\�KDELWDWV��LQFOXGLQJ�VDOW�PDUVKHV��PDQJURYHV��
DQG�VHD�JUDVV�EHGV��IURP�WKRVH�LQ�WKH�RSHQ�RFHDQ�
�� %HFDXVH�WKH�HVWXDULQH�ZHWODQGV�DUH�ORFDWHG�
in the southern portion of the hydrologic unit, and 
DUH�JHQHUDOO\�TXLWH�GLVWDQW�IURP�WKH�GHYHORSHG�DUHDV�
DURXQG�WKH�FLWLHV�RI�+RXPD�DQG�0RUJDQ�&LW\��LW�LV�QRW�
SRVVLEOH�WR�HVWLPDWH�WKH�YDOXH�RI�QDWXUDO�LQIUDVWUXFWXUH�
ȵRRG�UHVLOLHQFH�IRU�WKLV�FDVH�VWXG\�LQ�WKH�VDPH�PDQQHU�
DV�WKH�RWKHU�FDVH�VWXGLHV��6HH�6HFWLRQ�Ζ;��7HUUHERQQH�
%DVLQ�&DVH�6WXG\�IRU�PRUH�LQIRUPDWLRQ�
�� $V�GLVFXVVHG�DERYH��QDWXUDO�LQIUDVWUXFWXUH�
EHQHȴWV�ZHUH�QRW�HVWLPDWHG�IRU�7HUUHERQQH�EHFDXVH�
RI�WKH�XQLTXH�IHDWXUHV�RI�WKDW�HVWXDU\�
��� 3HQGOHWRQ��/�+���(G���������7KH�(FRQRPLF�DQG�
0DUNHW�9DOXH�RI�&RDVWV�DQG�(VWXDULHV��:KDWȇV�DW�6WDNH��
5HVWRUH�$PHULFDȇV�(VWXDULHV��$UOLQJWRQ��9$�
11� 8�6��&HQVXV�%XUHDX��������&RDVWDO�$UHDV��
5HWULHYHG�IURP�KWWSV���ZZZ�FHQVXV�JRY�WRSLFV�
SUHSDUHGQHVV�DERXW�FRDVWDO�DUHDV�KWPO
��� 7KLV�UHSRUW�XVHV�WKH�WHUP�ȊFRDVWDO�EOXH�FDUERQȋ�
WR�GLHUHQWLDWH�FDUERQ�VHTXHVWUDWLRQ�DQG�VWRUDJH�LQ�
HVWXDU\�KDELWDWV�IURP�WKRVH�LQ�WKH�RSHQ�RFHDQ�
13� 12$$�$GPLQLVWUDWLYH�2UGHU�����
�����12$$�1DWLRQDO�+DELWDW�3ROLF\��5HWULHYHG�
'HFHPEHU���������IURP�KWWSV���ZZZ�
QRDD�JRY�RUJDQL]DWLRQ�DGPLQLVWUDWLRQ�
QDR��������QRDD�QDWLRQDO�KDELWDW�SROLF\�
��� +DDVH��'�������
��� &KDXVVRQ��$���HW�DO�������

16� KWWSV���ZZZ�ȴVKHULHV�QRDD�JRY�QDWLRQDO�
KDELWDW�FRQVHUYDWLRQ�FRDVWDO�ZHWODQGV�WRR�YDOXDEOH�
ORVH�EHQHȴWV�RI�FRDVWDO�ZHWODQGV
��� 1DUD\DQ��6���HW�DO�������
��� 9DQ�&RSSHQROOH��5��DQG�7HPPHUPDQ��6��������
19 6XQ��)��DQG�&DUVRQ��5�7��������
��� $GDPH��0�)���HW�DO��������
��� 0RVKLUL��*�$���������&RQVWUXFWHG�ZHWODQGV�IRU�
ZDWHU�TXDOLW\�LPSURYHPHQW��&5&�3UHVV�
��� :DQJ��4���HW�DO�������
��� 3HQGOHWRQ��/���HW�DO�������
��� 12$$���������0D\�����12$$�6KRUHOLQH�:HEVLWH��
$�*XLGH�WR�1DWLRQDO�6KRUHOLQH�'DWD�DQG�7HUPV��
5HWULHYHG�IURP�KWWSV���VKRUHOLQH�QRDD�JRY�GDWD�
GDWDVKHHWV�PHGUHV�KWPO
��� 7KH�8QLWHG�6WDWHV�LV�GLYLGHG�DQG�VXE�GLYLGHG�
LQWR�VXFFHVVLYHO\�VPDOOHU�K\GURORJLF�XQLWV�ZKLFK�
DUH�FODVVLȴHG�LQWR�IRXU�OHYHOV��UHJLRQV��VXEUHJLRQV��
DFFRXQWLQJ�XQLWV��DQG�FDWDORJLQJ�XQLWV��7KH�K\GURORJLF�
XQLWV�DUH�DUUDQJHG�RU�QHVWHG�ZLWKLQ�HDFK�RWKHU��IURP�
WKH�ODUJHVW�JHRJUDSKLF�DUHD��UHJLRQV��WR�WKH�VPDOOHVW�
JHRJUDSKLF�DUHD��FDWDORJLQJ�XQLWV���(DFK�K\GURORJLF�
XQLW�LV�LGHQWLȴHG�E\�D�XQLTXH�K\GURORJLF�XQLW�FRGH�
�+8&��FRQVLVWLQJ�RI�WZR�WR�HLJKW�GLJLWV�EDVHG�RQ�WKH�
IRXU�OHYHOV�RI�FODVVLȴFDWLRQ�LQ�WKH�K\GURORJLF�XQLW�
V\VWHP��KWWSV���ZDWHU�XVJV�JRY�*Ζ6�KXF�KWPO
��� 6KHSDUG��&��&���&UDLQ��&��0��	�%HFN��0��:��7KH�
SURWHFWLYH�UROH�RI�FRDVWDO�PDUVKHV��$�V\VWHPDWLF�UHYLHZ�
DQG�PHWD�DQDO\VLV��3/R6�2QH�����������
��� KWWSV���ZZZ�IHPD�JRY�ȵRRG�PDSV�
QDWLRQDO�ȵRRG�KVD]DUG�OD\HU
��� KWWSV���ZZZ�IZV�JRY�ZHWODQGV�
��� 8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDP����������
7KH�LPSRUWDQFH�RI�PDQJURYHV�WR�SHRSOH��$�FDOO�WR�
DFWLRQ��ΖQ�8QLWHG�1DWLRQV�(QYLURQPHQW�3URJUDPPH�
:RUOG�&RQVHUYDWLRQ�0RQLWRULQJ�&HQWUH��8QLWHG�
1DWLRQV�(QYLURQPHQW�3URJUDPPH�:RUOG�&RQVHUYDWLRQ�
0RQLWRULQJ�&HQWUH�
��� 1DUD\DQ��6���%HFN��0�:���:LOVRQ��3��HW�DO��������
7KH�9DOXH�RI�&RDVWDO�:HWODQGV�IRU�)ORRG�'DPDJH�
5HGXFWLRQ�LQ�WKH�1RUWKHDVWHUQ�86$��6FL�5HS����������
KWWSV���GRL�RUJ���������V����������������]
31� %DUELHU��(��%����������7KH�SURWHFWLYH�VHUYLFH�RI�
PDQJURYH�HFRV\VWHPV��$�UHYLHZ�RI�YDOXDWLRQ�PHWKRGV��
0DULQH�3ROOXWLRQ�%XOOHWLQ�������������Ȃ�����KWWSV���GRL�
RUJ���������M�PDUSROEXO������������
��� 1DUD\DQ��6���7KRPDV��&���0DWWKHZPDQ��-���
6KHSDUG��&��&���*HVHOEUDFKW��/���1]HUHP��.���	�%HFN��0��
:����������9DOXLQJ�WKH�)ORRG�5LVN�5HGXFWLRQ�%HQHȴWV�RI�
)ORULGDȇV�0DQJURYHV��ΖQ�������KWWSV���ZZZ�QDWXUH�RUJ�
FRQWHQW�GDP�WQF�QDWXUH�HQ�GRFXPHQWV�0DQJURYHB
5HSRUWBGLJLWDOB)Ζ1$/�SGI�
33� 0XUUD\��%�&���3HQGOHWRQ��/���-HQNLQV��:�$��DQG�
6LȵHHW��6���������*UHHQ�SD\PHQWV�IRU�EOXH�FDUERQ��
HFRQRPLF�LQFHQWLYHV�IRU�SURWHFWLQJ�WKUHDWHQHG�FRDVWDO�
KDELWDWV�
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��� $PXQGVRQ��5�������������6RLO�)RUPDWLRQ��
ΖQ�+HLQULFK�'��+ROODQG�DQG�.DUO�.��7XUHNLDQ��(GV����
7UHDWLVH�RQ�*HRFKHPLVWU\��SS���������(OVHYLHU�
��� ΖELG��
36� 0XUUD\�HW�DO�������
��� 3ULFH��5���7KRUQWRQ��6��DQG�1HOVRQ��6���������7KH�
social cost of carbon and the shadow price of carbon: 
ZKDW�WKH\�DUH��DQG�KRZ�WR�XVH�WKHP�LQ�HFRQRPLF�
DSSUDLVDO�LQ�WKH�8.�
��� ΖQWHUDJHQF\�:RUNLQJ�*URXS�RQ�6RFLDO�&RVW�
RI�*UHHQKRXVH�*DVHV��8QLWHG�6WDWHV�*RYHUQPHQW��
������7HFKQLFDO�6XSSRUW�'RFXPHQW��7HFKQLFDO�8SGDWH�
RI�WKH�6RFLDO�&RVW�RI�&DUERQ�IRU�5HJXODWRU\�ΖPSDFW�
$QDO\VLV�8QGHU�([HFXWLYH�2UGHU��������(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\�
39� ΖQWHUDJHQF\�:RUNLQJ�*URXS�RQ�6RFLDO�&RVW�RI�
*UHHQKRXVH�*DVHV��8QLWHG�6WDWHV�*RYHUQPHQW��������
7HFKQLFDO�6XSSRUW�'RFXPHQW��6RFLDO�&RVW�RI�&DUERQ��
0HWKDQH��DQG�1LWURXV�2[LGH�ΖQWHULP�(VWLPDWHV�XQGHU�
([HFXWLYH�2UGHU��������:KLWH�+RXVH�
��� )RUPHUO\��WKH�ΖQWHUDJHQF\�:RUNLQJ�*URXS�RQ�
WKH�6RFLDO�&RVW�RI�&DUERQ�
��� ΖQWHUDJHQF\�:RUNLQJ�*URXS�RQ�6RFLDO�&RVW�
RI�*UHHQKRXVH�*DVHV��8QLWHG�6WDWHV�*RYHUQPHQW��
������7HFKQLFDO�6XSSRUW�'RFXPHQW��7HFKQLFDO�8SGDWH�
RI�WKH�6RFLDO�&RVW�RI�&DUERQ�IRU�5HJXODWRU\�ΖPSDFW�
$QDO\VLV�8QGHU�([HFXWLYH�2UGHU��������(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\�
��� 7KH�'Ζ&(��'\QDPLF�ΖQWHJUDWHG�&OLPDWH�DQG�
(FRQRP\��PRGHO�E\�:LOOLDP�1RUGKDXV�HYROYHG�IURP�
D�VHULHV�RI�HQHUJ\�PRGHOV�DQG�ZDV�ȴUVW�SUHVHQWHG�LQ�
������1RUGKDXV�DQG�%R\HU�������1RUGKDXV��������
7KH�3$*(��3ROLF\�$QDO\VLV�RI�WKH�*UHHQKRXVH�(HFW��
PRGHO�ZDV�GHYHORSHG�E\�&KULV�+RSH�LQ������IRU�XVH�E\�
(XURSHDQ�GHFLVLRQ�PDNHUV�LQ�DVVHVVLQJ�WKH�PDUJLQDO�
LPSDFW�RI�FDUERQ�HPLVVLRQV��+RSH�������+RSH��������
7KH�)81'��&OLPDWH�)UDPHZRUN�IRU�8QFHUWDLQW\��
1HJRWLDWLRQ��DQG�'LVWULEXWLRQ��PRGHO��GHYHORSHG�E\�
5LFKDUG�7RO�LQ�WKH�HDUO\�����V��RULJLQDOO\�WR�VWXG\�
LQWHUQDWLRQDO�FDSLWDO�WUDQVIHUV�LQ�FOLPDWH�SROLF\��LV�QRZ�
ZLGHO\�XVHG�WR�VWXG\�FOLPDWH�LPSDFWV��H�J���7RO�����D��
7RO�����E��$QWKR�HW�DO��������7RO�������
��� 5HȴQLWLY�&DUERQ�0DUNHW�6XUYH\�������&LWHG�LQ�
&DUERQ�3XOVH��Ȋ:RUOGȇV�FDUERQ�PDUNHWV�JURZ�����LQ�
YDOXH�WR������ELOOLRQ�ȋ�:HEVLWH��KWWSV���FDUERQ�SXOVH�
FRP��������DFFHVVHG�RQ�'HFHPEHU���������
��� 7KH�ȴUVW�FRPSOLDQFH�SHULRG�VWDUWHG�RQ�-DQXDU\�
��������EXW�WKH�IRUPDWLRQ�RI�5**Ζ�GDWHV�WR������
��� )RU�PRUH�LQIRUPDWLRQ��VHH�KWWSV���ZZZ�UJJL�
RUJ�
��� )RU�WKLV�VWXG\��$ODVND�DQG�+DZDLL�DUH�H[FOXGHG�
��� 7KH�JURVV�GRPHVWLF�SURGXFW�PHDVXUH�XVHG�
KHUH�LV�WKH�*'3�6WDWH�PHDVXUH�IURP�WKH�%XUHDX�RI�
(FRQRPLF�$QDO\VLV��ΖW�LV�D�PHDVXUH�RI�YDOXH�DGGHG�RU�
JURVV�VDOHV�PLQXV�H[SHQGLWXUHV�IRU�LQSXWV�
��� &ROJDQ��&��6��7KH�9DOXH�RI�(VWXDULHV�LQ�WKH�

1DWLRQDO�(FRQRP\��LQ�7KH�(FRQRPLF�DQG�0DUNHW�9DOXH�
RI�&RDVWV�DQG�(VWXDULHV��HG��3HQGOHWRQ��/��+����5HVWRUH�
$PHULFDȇV�(VWXDULHV��������
��� KWWSV���VKRUHOLQH�QRDD�JRY�GDWD�GDWDVKHHWV�
PHGUHV�KWPO��7KH�XVH�RI�WKH�VKRUHOLQH�DV�D�GHȴQLQJ�
FULWHULRQ�UHVXOWV�LQ�D�VRPHZKDW�VPDOOHU�DUHD�RI�WKH�
estuary regions than in the preceding study, which 
XVHG�D�VHOHFWLRQ�RI�FRXQWLHV�WKDW�H[WHQGHG�IXUWKHU�
up the watersheds of each coastal region and thus 
LQFOXGHG�OHVV�DFWXDO�HVWXDU\��PL[HG�VDOW�DQG�IUHVK�
ZDWHU��IHDWXUHV�
��� ([FHSW�ZKHUH�QRWHG��DOO�FRXQW\�EDVHG�GDWD�
LV�WDNHQ�IURP�GDWDEDVHV�RI�WKH�&HQWHU�IRU�WKH�%OXH�
(FRQRP\ȇV�1DWLRQDO�2FHDQ�(FRQRPLFV�3URJUDP�DW�
ZZZ�RFHDQHFRQRPLFV�RUJ���6RXUFHV�IRU�WKH�GDWD�PD\�
EH�IRXQG�DW�WKDW�ZHEVLWH�
��� (PSOR\PHQW�LV�GHULYHG�IURP�WKH�%XUHDX�RI�
/DERU�6WDWLVWLFV�4XDUWHUO\�&HQVXV�RI�(PSOR\PHQW�DQG�
:DJHV��LW�PHDVXUHV�WKH�QXPEHU�RI�IXOO�DQG�SDUW�WLPH�
MREV��QRW�WKH�QXPEHU�RI�SHRSOH�HPSOR\HG��
��� 3RSXODWLRQ�LV�PHDVXUHG�IURP������DV�WKH�
$PHULFDQ�&RPPXQLW\�6XUYH\�ZDV�QRW�LPSOHPHQWHG�
XQWLO�DIWHU���������*'3�LV�LQ�FRQVWDQW������GROODUV�
��� 6HH�KWWSV���ZZZ�QEHU�RUJ�QHZV�
EXVLQHVV�F\FOH�GDWLQJ�FRPPLWWHH�DQQRXQFHPHQW�
VHSWHPEHU��������
��� ΖQ�WKLV�VWXG\��WKH�PDULQH�HFRQRP\�LV�GHȴQHG�
DV�EXVLQHVVHV�GHSHQGHQW�RQ�RFHDQ�DQG�*UHDW�/DNHV�
QDWXUDO�UHVRXUFHV�
��� 0RUH�LQIRUPDWLRQ�DERXW�WKH�PDULQH�
HFRQRP\�GDWD�VHW�XVHG�LQ�WKLV�VWXG\�FDQ�EH�IRXQG�
DW�WKH�1DWLRQDO�2FHDQ�(FRQRPLFV�3URJUDP��ZZZ�
RFHDQHFRQRPLFV�RUJ��RI�WKH�&HQWHU�IRU�WKH�%OXH�
(FRQRP\�DW�WKH�(FRQRPLFV�1DWLRQDO�2FHDQ�:DWFK�
�KWWSV���FRDVW�QRDD�JRY�GLJLWDOFRDVW�GDWD�KRPH�KWPO���
RI�WKH�12$$�2ɝFH�IRU�&RDVWDO�0DQDJHPHQW�
��� 6RXUFH��12$$�)LVKHULHV���7KHVH�DUH�VWDWH�WRWDOV���
6WDWHV�VXFK�DV�3HQQV\OYDQLD�DQG�1HZ�<RUN�ZLWK�ERWK�
RFHDQ�HVWXDU\�VKRUHV�DQG�*UHDW�/DNHV�VKRUHV�DUH�
UHSRUWHG�WRJHWKHU��
��� &RPPHUFLDO�ȴVKHULHV�ODQGLQJV�DUH�WKH�ZHLJKW�
RI��RU�UHYHQXH�IURP��ȴVK�WKDW�DUH�FDXJKW��EURXJKW�WR�
VKRUH��SURFHVVHG��DQG�VROG�IRU�SURȴW�
��� ΖW�VKRXOG�EH�QRWHG�WKDW�LQ�DOPRVW�DOO�\HDUV�WKH�
ODUJHVW�ȴVKHULHV�ODQGLQJV�YDOXHV�DUH�LQ�$ODVND��6RPH�RI�
WKH�ȴVK�FDXJKW�R�$ODVND�DUH�ODQGHG�LQ�3XJHW�6RXQG�
��� 'DWD�ZDV�QRW�DYDLODEOH�IRU�/DNH�+XURQ�DQG�
/DNH�2QWDULR�
��� KWWSV���ZZZ�FHQVXV�JRY�SURJUDPV�VXUYH\V�
FES�DERXW�KWPO
61� KWWSV���ZZZ�FHQVXV�JRY�SURJUDPV�VXUYH\V�
JHRJUDSK\�JXLGDQFH�JHR�DUHDV�]FWDV�KWPO
��� 7KH�%XUHDX�RI�/DERU�6WDWLVWLFV�DQQXDO�GDWD�LV�
DQ�DYHUDJH�RI����PRQWKO\�REVHUYDWLRQV�UHSRUWHG�E\�
HPSOR\HUV���=LS�&RGH�%XVLQHVV�3DWWHUQV�PHDVXUHV�
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DV�0DUFK�WHQGV�WR�EH�WKH�PRQWK�FORVHVW�WR�WKH�DQQXDO�
DYHUDJH��WKDW�LV��WKH�OHDVW�GLVWXUEHG�E\�VHDVRQDO�
WUHQGV���
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VWDWH�FOLPDWH�HQHUJ\�SROLFLHV�



Restore America's Estuaries  •  127 

The Economic Value of America’s Estuaries 

Case Study 1:
Great Egg Harbor, New Jersey
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Conclusions and Discussion

1  As discussed above, natural infrastructure 
EHQHȴWV�ZHUH�QRW�HVWLPDWHG�IRU�7HUUHERQQH�EHFDXVH�
of the unique features of that estuary.
2 Because the estuarine wetlands are located 
in the southern portion of the hydrologic unit, and 
are generally quite distant from the developed areas 
around the cities of Houma and Morgan City, it is not 
possible to estimate the value of natural infrastructure 
ȵRRG�UHVLOLHQFH�IRU�WKLV�FDVH�VWXG\�LQ�WKH�VDPH�PDQQHU�
as the other case studies. See Section IX. Terrebonne 
Basin Case Study for more information.
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/DQGVFDSH�$UFKLWHFWXUH�9RO��ΖΖ�1HZ�-HUVH\�%DFN�
%D\V��

/RFDO�5LYHU�0DQDJHPHQW�3ODQ�IRU�WKH�*UHDW�(JJ�+DUERU�
5LYHU�DQG�LWV�7ULEXWDULHV��������3XE��3HWHU�3��
.DUDEDVKLDQ�$VVRFLDWHV��ΖQF���5HWULHYHG�IURP��
KWWSV���GRL�RUJ�GRL���������7��4�7+:

1DUD\DQ��6LGGKDUWK��0LFKDHO�:��%HFN��3DXO�:LOVRQ��
&KULVWRSKHU�7KRPDV��$OH[DQGUD�*XHUUHUR��
&KULVWLQH�6KHSDUG��%RUMD�*��5HJXHUR��
*XLOOHUPR�)UDQFR��&DUWHU�-��ΖQJUDP��DQG�'DQLD�
7UHVSDODFLRV��������Ȋ&RDVWDO�:HWODQGV�DQG�
)ORRG�'DPDJH�5HGXFWLRQ��8VLQJ�5LVN�ΖQGXVWU\�
%DVHG�0RGHOV�WR�$VVHVV�1DWXUDO�'HIHQVHV�LQ�
WKH�1RUWKHDVWHUQ�86$�ȋ�/RQGRQ��KWWSV���GRL�
RUJ�'2Ζ���������9��;��.+

1DWLRQDO�:LOG�DQG�6FHQLF�5LYHUV�6\VWHP��������KWWSV���
ZZZ�ULYHUV�JRY�ZVU�DFW�SKS��$FFHVVHG�-DQXDU\�
���������

1HZ�-HUVH\�'HSDUWPHQW�RI�(QYLURQPHQWDO�
3URWHFWLRQ�%XUHDX�RI�*Ζ6��������1DWXUDO�
+HULWDJH�3ULRULW\�6LWHV�LQ�1HZ�-HUVH\��
KWWSV���ZZZ�DUFJLV�FRP�KRPH�LWHP�
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WKH�1HXVH�5LYHU�DQG�ZHVWHUQ�3DPOLFR�6RXQG�
HFRV\VWHPV��3URFHHGLQJV�RI�WKH�1DWLRQDO�
$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�
$PHULFD����������������5HWULHYHG�IURPbKWWS���
ZZZ�SQDV�RUJ�FRQWHQW�������������IXOO�SG

%ULWDQQLFD��7KH�(GLWRUV�RI�(QF\FORSDHGLD��������
Ȋ3DPOLFRȋ��(QF\FORSHGLD�%ULWDQQLFD��KWWSV���
ZZZ�EULWDQQLFD�FRP�WRSLF�3DPOLFR��$FFHVVHG�
���0DUFK������

%ULWDQQLFD��7KH�(GLWRUV�RI�(QF\FORSDHGLD��������
Ȋ3DPOLFR�6RXQGȋ��(QF\FORSHGLD�%ULWDQQLFD��
KWWSV���ZZZ�EULWDQQLFD�FRP�SODFH�3DPOLFR�
6RXQG��$FFHVVHG����'HFHPEHU������

&RRSHUDWLYH�&RQVHUYDWLRQ�$PHULFD���������7DU�3DPOLFR�
%DVLQ�$JULFXOWXUDO�0DQDJHPHQW�6WUDWHJ\�
5HGXFHV�ΖQVWUHDP�1XWULHQWV��KWWS���ZZZ�
FRRSHUDWLYHFRQVHUYDWLRQ�RUJ�YLHZSURMHFW�
DVS["LG ������$FFHVVHG�'HFHPEHU����������

'DWD86$��3DPOLFR�&RXQW\��1&���������KWWSV���GDWDXVD�
LR�SURȴOH�JHR�SDPOLFR�FRXQW\�QF���$FFHVVHG�
-DQXDU\���������

'DYLV��-��/���&XUULQ��&��$���2ȇ%ULHQ��&���5DHQEXUJ��&���
	�'DYLV��$����������/LYLQJ�6KRUHOLQHV��&RDVWDO�
5HVLOLHQFH�ZLWK�D�%OXH�&DUERQ�%HQHȴW��3OR6�
RQH����������H���������KWWSV���GRL�RUJ���������
MRXUQDO�SRQH��������

'H%OLHX��-��������5HVWRULQJ�WKH�/DQG�DQG�:DWHU�RI�
3DPOLFR�6RXQG����&RDVWDO�5HYLHZ�2QOLQH���
0DUFK����������KWWSV���ZZZ�FRDVWDOUHYLHZ�
RUJ���������UHVWRULQJ�WKH�ODQG�DQG�ZDWHU�RI�
SDPOLFR�VRXQG�

+RSSH��0�.��������3DPOLFR�6RXQG��3DUWQHUV�SURPRWH�
UHHI�UHVWRUDWLRQ�DQG�R\VWHU�VDQFWXDULHV���%D\�
6XUURXQGLQJV���KWWS���ED\VRXQGLQJV�FRP�
OHJDF\�DUFKLYHV�ZLQW���UHVWRUDWLRQ�KWPO 

0LWUD��$���DQG�=DPDQ��6��������%OXH�&DUERQ�LQ�)DXQDO�
&RPPXQLW\���ΖQ�%OXH�&DUERQ�5HVHUYRLU�RI�WKH�
%OXH�3ODQHW��3S�����������6SULQJHU�ΖQGLD�

0XUUD\��%�&���3HQGOHWRQ��/���-HQNLQV��:�$��DQG�6LȵHHW��
6���������*UHHQ�SD\PHQWV�IRU�EOXH�FDUERQ��
HFRQRPLF�LQFHQWLYHV�IRU�SURWHFWLQJ�WKUHDWHQHG�
FRDVWDO�KDELWDWV�

1RUWK�&DUROLQD�&RDVWDO�)HGHUDWLRQ��������6ZDQ�ΖVODQG�
2\VWHU�6DQFWXDU\��KWWSV���ZZZ�QFFRDVW�
RUJ�SURMHFW�VZDQ�LVODQG�R\VWHU�VDQFWXDU\� 
$FFHVVHG�'HFHPEHU�����������

1RUWK�&DUROLQD�'HSDUWPHQW�RI�(QYLURQPHQWDO�
4XDOLW\��������1RUWK�&DUROLQD�&RDVWDO�+DELWDW�
3URWHFWLRQ�3ODQ��0RUHKHDG�&LW\��1&��'LYLVLRQ�RI�
0DULQH�)LVKHULHV����S��

1RUWK�&DUROLQD�'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\��
������1RUWK�&DUROLQD�)LVKHULHV�0DQDJHPHQW��
KWWS���SRUWDO�QFGHQU�RUJ�ZHE�PI�QF�ȴVKHULHV�
PDQDJHPHQW��$FFHVVHG�-DQXDU\���������

1RUWK�&DUROLQD�'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\��
������/LFHQVH�6WDWLVWLFV�$QQXDO�5HSRUW��KWWS���

SRUWDO�QFGHQU�RUJ�ZHE�PI�FRPPHUFLDO�ȴVKLQJ�
annual-reports��$FFHVVHG�0D\�����������

1RUWK�&DUROLQD�'HSDUWPHQW�RI�(QYLURQPHQW�DQG�
1DWXUDO�5HVRXUFHV�'LYLVLRQ�RI�&RDVWDO�
0DQDJHPHQW��������6WDWH�RI�1RUWK�&DUROLQD�
�����&RDVWDO�DQG�(VWXDULQH�/DQG�&RQVHUYDWLRQ�
3URJUDP��&(/&3��3ODQ��KWWSV���ȴOHV�QF�JRY�
QFGHT�&RDVWDO���0DQDJHPHQW�GRFXPHQWV�
3')�1&���&(/&3���3ODQ���)LQDO�2FW������
pdf��$FFHVVHG�0D\����������

1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��
12$$�)LVKHULHV��������1RUWK�&DUROLQD�/LYLQJ�
6KRUHOLQH�3URMHFWV�+HOS�3URWHFW�+DELWDW�DQG�
&RPPXQLWLHV��KWWSV���ZZZ�ȴVKHULHV�QRDD�
JRY�IHDWXUH�VWRU\�QRUWK�FDUROLQD�OLYLQJ�
shoreline-projects-help-protect-habitat-and-
FRPPXQLWLHV���$FFHVVHG�'HFHPEHU����������

2XWHU%DQNV�FRP��3DPOLFR�6RXQG��������KWWSV���ZZZ�
RXWHUEDQNV�FRP�SDPOLFR�VRXQG�KWPO�$FFHVVHG�
-DQXDU\���������

5LFDUW��$�0���<RUN��3�+���%U\DQW��9���5DVKHHG��0�$���
ΖHURGLDFRQRX��'��0DFUHDGLH��3�Ζ��������+LJK�
YDULDELOLW\�RI�%OXH�&DUERQ�VWRUDJH�LQ�VHDJUDVV�
PHDGRZV�DW�WKH�HVWXDU\�VFDOH���6FLHQWLȴF�
5HSRUWV�����������

6HWWODJH��6KDURQ��������7KH�3DPOLFR�6RXQG��)LVKLQJ�
*HP�RI�1RUWK�&DUROLQD���6HD*UDQW�1RUWK�
&DUROLQD�&RDVWZDWFK��KWWSV���QFVHDJUDQW�
QFVX�HGX�FRDVWZDWFK�SUHYLRXV�LVVXHV��������
VXPPHU������WKH�SDPOLFR�VRXQG�ȴVKLQJ�JHP�
RI�QRUWK�FDUROLQD� 

Case Study 3: Tampa Bay, Florida

'DYLV��-��/���&XUULQ��&��$���2ȇ%ULHQ��&���5DHQEXUJ��&���
	�'DYLV��$����������/LYLQJ�6KRUHOLQHV��&RDVWDO�
5HVLOLHQFH�ZLWK�D�%OXH�&DUERQ�%HQHȴW��3OR6�
RQH����������H���������KWWSV���GRL�RUJ���������
MRXUQDO�SRQH��������

(QYLURQPHQWDO�6FLHQFH�$VVRFLDWHV��������7DPSD�%D\�
%OXH�&DUERQ�$VVHVVPHQW��5HYLVHG���$YDLODEOH�
RQOLQH�DW�KWWSV���HVWXDULHV�RUJ�ZS�FRQWHQW�
XSORDGV���������)Ζ1$/B7DPSD�%D\�%OXH�
&DUERQ�$VVHVVPHQW�5HSRUW�XSGDWHG�
FRPSUHVVHG�SGI

)RUEHV��������%HVW�3ODFHV�IRU�%XVLQHVVHV�DQG�
&DUHHUV��7DPSD�6W��3HWHUVEXUJ��)/��KWWSV���
ZZZ�IRUEHV�FRP�SODFHV�ȵ�WDPSD�VW�
SHWHUVEXUJ�"VK ��FH����F��D�$FFHVVHG�
-DQXDU\����������

*UHHQLQJ��+���-DQLFNL��$���6KHUZRRG��(�7��������6HDJUDVV�
5HFRYHU\�LQ�7DPSD�%D\��)ORULGD��86$���7KH�
:HWODQG�%RRN��&�0��)LQOD\VRQ�HW�DO���HGV����
6SULQJHU�6FLHQFH�%XVLQHVV�0HGLD�'RUGUHFKW�

/HZLV��5�*���&ODUN��3�$���)HKULQJ��:�.���*UHHQLQJ��+�6���
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(VWXDU\�3URJUDP��KWWSV���ZZZ�HSD�JRY�QHS�
RYHUYLHZ�QDWLRQDO�HVWXDU\�SURJUDP��$FFHVVHG�
-DQXDU\��������

8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��1H[W�6WHSV�IRU�D�+HDOWK\�
*XOI�RI�0H[LFR�:DWHUVKHG��7DPSD�%D\��

KWWSV���ZZZ�IZV�JRY�VRXWKHDVW�JXOI�UHVWRUDWLRQ�QH[W�
VWHSV�IRFDO�DUHD�WDPSD�ED\���$FFHVVHG�-DQXDU\�
��������

9LVLW�6W��3HWH�&OHDUZDWHU��7DPSD�%D\�1DWLRQDO�(VWXDU\�
3URJUDP��KWWSV���ZZZ�YLVLWVWSHWHFOHDUZDWHU�
FRP�SURȴOH�WDPSD�ED\�QDWLRQDO�HVWXDU\�
SURJUDP�������$FFHVVHG�-DQXDU\���������

<DWHV��.�.���*UHHQLQJ��+���0RUULVRQ��*���HGV��������
ΖQWHJUDWLQJ�6FLHQFH�DQG�5HVRXUFH�0DQDJHPHQW�
LQ�7DPSD�%D\��)ORULGD��8�6��*HRORJLFDO�6XUYH\�
&LUFXODWH�����������S��DYDLODEOH�DW�KWWSV���SXEV�
XVJV�JRY�FLUF��������

Case Study 4: Terrebonne Basin, Louisiana

$XGXERQ��ΖPSRUWDQW�%LUG�$UHDV��%DUDWDULD�7HUUHERQQH��
/RXLVLDQD��KWWSV���ZZZ�DXGXERQ�RUJ�
LPSRUWDQW�ELUG�DUHDV�EDUDWDULD�WHUUHERQQH��
$FFHVVHG�)HEUXDU\���������

%DL��-���=KDQJ��*���=KDR��4���/X��4���-LD��-���&XL��%��DQG�
/LX��;���������'HSWK�GLVWULEXWLRQ�SDWWHUQV�DQG�
control of soil organic carbon in coastal salt 
PDUVKHV�ZLWK�GLHUHQW�SODQW�FRYHUV��6FLHQWLȴF�
UHSRUWV��������SS������

%DUDWDULD�7HUUHERQQH�1DWLRQDO�(VWXDU\�3URJUDP��
(VWXDU\�ΖVVXHV��KWWSV���EWQHS�RUJ�HVWXDU\�
LVVXHV����$FFHVVHG�)HEUXDU\���������

%DUDWDULD�7HUUHERQQH�1DWLRQDO�(VWXDU\�3URJUDP��
������&RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�
0DQDJHPHQW�3ODQ��KWWSV���VWDWLF�EWQHS�RUJ�
ZS�FRQWHQW�XSORDGV�VLWHV������������%71(3�
&&03�$OO�LQ�2QH�'RFXPHQW�����������SGI  
$FFHVVHG�)HEUXDU\����������

&RDVWDO�3URWHFWLRQ�DQG�5HVWRUDWLRQ�$XWKRULW\��������
/RXLVLDQDȇV�&RPSUHKHQVLYH�0DVWHU�3ODQ�IRU�
D�6XVWDLQDEOH�&RDVW��KWWS���FRDVWDO�OD�JRY�
ZS�FRQWHQW�XSORDGV��������������&RDVWDO�
0DVWHU�3ODQB:HE�%RRNB&)LQDO�ZLWK�(HFWLYH�
'DWH����������SGI 

&RDVWDO�3URWHFWLRQ�DQG�5HVWRUDWLRQ�$XWKRULW\��������
/RXLVLDQDȇV������&RDVWDO�0DVWHU�3ODQ��KWWSV���
LVVXX�FRP�FRDVWDOPDVWHUSODQ�GRFV�FRDVWDOB
PDVWHUBSODQ�Y�

(3$��1DWLRQDO�(VWXDU\�3URJUDP��6WDWH�RI�WKH�%D\�
5HSRUW�IRU�%DUDWDULD�7HUUHERQQH�(VWXDU\�
3URJUDP���KWWSV���ZZZ�HSD�JRY�QHS�VWDWH�ED\�
UHSRUW�EDUDWDULD�WHUUHERQQH�HVWXDU\�SURJUDP���
$FFHVVHG�)HEUXDU\���������

(3$���������7KH�6RFLDO�&RVW�RI�&DUERQ���DUFKLYHG�
)LVN��������%3�'XPSHG������0LOOLRQ�%DUUHOV�RI�2LO�LQ�

-RKDQVVRQ��5�2���DQG�5�7��3DXO�������7KH�
5HKDELOLWDWLRQ�RI�WKH�7DPSD�%D\�(VWXDU\��
)ORULGD��86$��DV�DQ�([DPSOH�RI�6XFFHVVIXO�
ΖQWHJUDWHG�&RDVWDO�0DQDJHPHQW��0DULQH�
3ROOXWLRQ�%XOOHWLQ�����������

0RUULVRQ��*��������$�7KULYLQJ�7DPSD�%D\�5HJLRQ�
'HSHQGV�RQ�WKH�+HDOWK�RI�2XU�%D\��6XVWDQ\��
KWWSV���VXVWDQ\�RUJ�D�WKULYLQJ�WDPSD�ED\�
UHJLRQ�GHSHQGV�RQ�WKH�KHDOWK�RI�RXU�ED\���
$FFHVVHG�-DQXDU\����������

0XUUD\��%�&���3HQGOHWRQ��/���-HQNLQV��:�$��DQG�6LȵHHW��
6���������*UHHQ�SD\PHQWV�IRU�EOXH�FDUERQ��
HFRQRPLF�LQFHQWLYHV�IRU�SURWHFWLQJ�WKUHDWHQHG�
FRDVWDO�KDELWDWV�

1DUD\DQ��6LGGKDUWK��0LFKDHO�:��%HFN��3DXO�:LOVRQ��
&KULVWRSKHU�7KRPDV��$OH[DQGUD�*XHUUHUR��
&KULVWLQH�6KHSDUG��%RUMD�*��5HJXHUR��
*XLOOHUPR�)UDQFR��&DUWHU�-��ΖQJUDP��DQG�'DQLD�
7UHVSDODFLRV��������Ȋ&RDVWDO�:HWODQGV�DQG�
)ORRG�'DPDJH�5HGXFWLRQ��8VLQJ�5LVN�ΖQGXVWU\�
%DVHG�0RGHOV�WR�$VVHVV�1DWXUDO�'HIHQVHV�LQ�
WKH�1RUWKHDVWHUQ�86$�ȋ�/RQGRQ��KWWSV���GRL�
RUJ�'2Ζ���������9��;��.+

12$$�$GPLQLVWUDWLYH�2UGHU����������12$$�1DWLRQDO�
+DELWDW�3ROLF\��5HWULHYHG�'HFHPEHU���������
IURP�KWWSV���ZZZ�QRDD�JRY�RUJDQL]DWLRQ�
DGPLQLVWUDWLRQ�QDR��������QRDD�QDWLRQDO�
KDELWDW�SROLF\�

5DGDEDXJK��.�5���0R\HU��5�3���&KDSSHO��$�5���3RZHOO��
&�(���%RFLX��Ζ���&ODUN��%�&��DQG�6PRDN��-�0���������
&RDVWDO�EOXH�FDUERQ�DVVHVVPHQW�RI�PDQJURYHV��
VDOW�PDUVKHV��DQG�VDOW�EDUUHQV�LQ�7DPSD�%D\��
)ORULGD��86$��(VWXDULHV�DQG�&RDVWV���������
SS�����������

5HVWRUH�$PHULFDȇV�(VWXDULHV��������7DPSD�%D\�
%OXH�&DUERQ�$VVHVVPHQW��3UHSDUHG�E\�
(QYLURQPHQWDO�6FLHQFH�$VVRFLDWHV��7DPSD��)/�

6KHHKDQ��/��6KHUZRRG��(�7���0R\HU��5�3���5DGDEDXJK��
.�5���DQG�6LPSVRQ��6��������%OXH�&DUERQ��DQ�
$GGLWLRQDO�'ULYHU�IRU�5HVWRULQJ�DQG�3UHVHUYLQJ�
(FRORJLFDO�6HUYLFHV�RI�&RDVWDO�:HWODQGV�LQ�
7DPSD�%D\��)ORULGD��86$���:HWODQGV����������
�����

6KHUZRRG��(�7���*UHHQLQJ��+�6���-RKDQVVRQ��-�2�5���
.DXIPDQ��.��DQG�5DXOHUVRQ��*�(��������7DPSD�
%D\��)ORULGD��86$���'RFXPHQWLQJ�6HDJUDVV�
5HFRYHU\�VLQFH�WKH����ȇV�DQG�5HYLHZLQJ�WKH�
%HQHȴWV��6RXWKHDVWHUQ�*HRJUDSKHU������������
����

7DPSD�%D\�(VWXDU\�3URJUDP��ZZZ�WEHS�RUJ��$FFHVVHG�
-DQXDU\���������

7DPSD�%D\�(VWXDU\�3URJUDP��������6WDWH�RI�WKH�%D\��
KWWSV���LQGG�DGREH�FRP�YLHZ��G���FFD����H�
�G���DHI��FE�E����F��F��$FFHVVHG�-DQXDU\����
�����

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��1DWLRQDO�



144  •  Restore America's Estuaries

The Economic Value of America’s Estuaries 

/RXLVLDQD�7HUUHERQQH�3DULVK�ΖQGXVWULHV���
$FFHVVHG�)HEUXDU\����������

7HUUHERQQH�(FRQRPLF�'HYHORSPHQW�$XWKRULW\���
7HUUHERQQH�3DULVKȇV�7DUJHW�ΖQGXVWULHV��KWWSV���
ZZZ�WSHGD�RUJ�LQGXVWU\�VHFWRUV���$FFHVVHG�
)HEUXDU\����������

8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��0DQGDOD\�1DWLRQDO�
:LOGOLIH�5HIXJH��/RXLVLDQD��KWWSV���ZZZ�IZV�
JRY�UHIXJH�0DQGDOD\�DERXW�KWPO���$FFHVVHG�
)HEUXDU\����������

:LNLSHGLD��������7HUUHERQQH�3DULVK��/RXLVLDQD���
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�7HUUHERQQHB
3DULVK�B/RXLVLDQD��$FFHVVHG�)HEUXDU\���������

Case Study 5: San Pablo Bay, CA

%DUQDUG��3�/���6FKRHOOKDPHU��'�+���-DH��%�(���/�-��
0F.HH��������6HGLPHQW�WUDQVSRUW�LQ�WKH�6DQ�
)UDQFLVFR�%D\�FRDVWDO�V\VWHP��$Q�RYHUYLHZ��
0DULQH�*HRORJ\������������

%D\�$UHD�(TXLW\�$WODV���ΖQGLJHQRXV�3RSXODWLRQV�LQ�WKH�
%D\�$UHD���KWWSV���ED\DUHDHTXLW\DWODV�RUJ�
DERXW�LQGLJHQRXV�SRSXODWLRQV�LQ�WKH�ED\�DUHD���
$FFHVVHG�-DQXDU\����������

%ODQG��$ODVWDLU��������Ȋ:KHUH�KDYH�DOO�WKH�+HUULQJ�
*RQH"ȋ��6DQ�)UDQFLVFR�(VWXDU\�0DJD]LQH��
0DUFK��������6DQ�)UDQFLVFR�(VWXDU\�
3DUWQHUVKLS��6DQ�)UDQFLVFR��&$�

&DOLIRUQLD�'HSDUWPHQW�RI�)LVK�DQG�:LOGOLIH���1DSD�
6RQRPD�0DUVKHV�:LOGOLIH�$UHD���KWWSV���ZLOGOLIH�
FD�JRY�/DQGV�3ODFHV�WR�9LVLW�1DSD�6RQRPD�
0DUVKHV�:$��$FFHVVHG�-DQXDU\����������

&LW\�DQG�&RXQW\�RI�6DQ�)UDQFLVFR��3RUW�RI�6DQ�
)UDQFLVFR��&RPPHUFLDO�)LVKLQJ��KWWSV���VISRUW�
FRP�FRPPHUFLDO�ȴVKLQJ���$FFHVVHG�-DQXDU\�����
�����

&LW\�RI�5LFKPRQG��&LW\�)DFWV��WWSV���ZZZ�FL�ULFKPRQG�
FD�XV�'RFXPHQW&HQWHU�9LHZ������&25�)DFW�
6KHHW"ELGΖG 

&RQWUD�&RVWD�&RXQW\��������&RQWUD�&RVWD�&RQVHUYDWLRQ�
DQG�'HYHORSPHQW��/DUJHVW�(PSOR\HUV��KWWSV���
ZZZ�FRQWUDFRVWD�FD�JRY������/DUJHVW�
(PSOR\HUV�DFFHVVHG�0D\����������

&ORHUQ��-�(��b6FKUDJD��7�6���1HMDG��(���DQG�0DUWLQ��&��
������1XWULHQW�6WDWXV�RI�6DQ�)UDQFLVFR�%D\�DQG�
ΖWV�0DQDJHPHQW�ΖPSOLFDWLRQV�b�(VWXDULHV�DQG�
&RDVWV���������������b

'DWD�86$��6DQ�3DEOR��&$��KWWSV���GDWDXVD�LR�SURȴOH�
JHR�VDQ�SDEOR�FD��a�WH[W 7KH���ODUJHVW���
LQGXVWULHV���LQ���6DQ�DQG���3XEOLF���
$GPLQLVWUDWLRQ�����������&�������$FFHVVHG�
-DQXDU\����������

'XFNV�8QOLPLWHG��6DQ�3DEOR�%D\�7LGDO�:HWODQG�+DELWDW�
5HVWRUDWLRQ�3URMHFW��KWWSV���ZZZ�GXFNV�RUJ�
FDOLIRUQLD�FDOLIRUQLD�FRQVHUYDWLRQ�SURMHFWV�VDQ�

�����6SLOO��-XGJH�6D\V��)DFHV�0D[LPXP�)LQH�RI�
������%LOOLRQ��%ORRPEHUJ�%XVLQHVV���-DQXDU\�����
�����

+DQGOH\��/��6SHDU��.�$���=DSOHWDO��0���7KDWFKHU��&�$���
-RQHV��:�5���DQG�:LOVRQ��6�$��������%DUDWDULD�
DQG�7HUUHERQQH�%D\V��&KDSWHU�)�LQ�(PHUJHQW�
ZHWODQGV�VWDWXV�DQG�WUHQGV�LQ�WKH�QRUWKHU�*XOI�RI�
0H[LFR�������������

+XPSKULHV��$�7���-RVHSKV��/�Ζ���/D�3H\UH��0�.��+DOO��6��
%HHFK��5�'��������9XOQHUDELOLW\�RI�UHVRXUFH�
XVHUV�LQ�/RXLVLDQDȇV�R\VWHU�ȴVKHU\�WR�
HQYLURQPHQWDO�KD]DUGV��(FRORJ\�DQG�6RFLHW\��
������

.HQQHG\��&DLWO\Q��7KULYLQJ�RQ�D�6LQNLQJ�/DQGVFDSH��
KWWSV���ZZZ�FOLPDWH�JRY�QHZV�IHDWXUHV�
IHDWXUHV�WKULYLQJ�VLQNLQJ�ODQGVFDSH�

/D)OHXU��(��<HDWHV��'���$\VHQ��$��������(VWLPDWLQJ�WKH�
(FRQRPLF�ΖPSDFW�RI�WKH�:LOG�6KULPS��3HQDHXV�
VS���)LVKHU\��$�6WXG\�RI�7HUUHERQQH�3DULVK��
/RXLVLDQD��0DULQH�)LVKHULHV�5HYLHZ��0)5��������

/RXLVLDQD�'HHSZDWHU�+RUL]RQ�2LO�6SLOO��1DWXUDO�
5HVRXUFH�'DPDJH�$VVHVVPHQW�DQG�
5HVWRUDWLRQ��5HVWRUDWLRQ�3ODQV��KWWSV���OD�GZK�
FRP�UHVWRUDWLRQ�SODQV����$FFHVVHG�)HEUXDU\�����
�����

/RXLVLDQD�'HSDUWPHQW�RI�:LOGOLIH�DQG�)LVKHULHV��/':)���
����������Ȃ�����DQQXDO�UHSRUW��/RXLVLDQD�
'HSDUWPHQW�RI�:LOGOLIH�DQG�)LVKHULHV��%DWRQ�
5RXJH��/RXLVLDQD��86$��>RQOLQH@�85/��KWWS���
ZZZ�ZOI�ORXLVLDQD�JRY�VLWHV�GHIDXOW�ȴOHV�
SGI�SXEOLFDWLRQ�����������������DQQXDO�
UHSRUW����������BDQQXDOBUHSRUWBORZ�UHV�SGI

1DWLYH�+HULWDJH�3URMHFW��Ȋ+RXPDV�ΖQGLDQV�RI�
7HUUHERQQH�3DULVK��/RXLVLDQDȋ��KWWSV���
QDWLYHKHULWDJHSURMHFW�FRP������������
KRXPDV�LQGLDQV�RI�WHUUHERQQH�SDULVK�
ORXLVLDQD��$FFHVVHG�-DQXDU\���������

2ɝFH�RI�WKH�*RYHUQRU��������/RXLVLDQD�$SSURYHG�
IRU��������0LOOLRQ�LQ�'HHSZDWHU�+RUL]RQ�2LO�
6SLOO�15'$�)XQGV�IRU�&RDVWDO�5HVWRUDWLRQ�
3URMHFWV��KWWSV���JRY�ORXLVLDQD�JRY�LQGH[�
FIP�QHZVURRP�GHWDLO�������a�WH[W 7KH���
%D\RX���7HUUHERQQH���ΖQFUHPHQW���
RI�%D\RX���7HUUHERQQH��&���VRXWK���
RI���&KDXYLQ��$FFHVVHG�)HEUXDU\����������

3HQGOHWRQ��/��'RQDWR��'���0XUUD\��%�&���&URRNV��6���
-HQNLQV��:�$���6LȵHHW��6���&UDIW��&���)RXUTXHUHDQ��
-�:���.DXUDQ��-�%���0DUED��1���0HJRQLJDO��
3���3LJHRQ��(���+HUU��'���*RUGRQ��'���%DOGHUD��
$O��������(VWLPDWLQJ�JOREDO�ȊEOXH�FDUERQȋ�
HPLVVLRQV�IURP�FRQYHUVLRQ�DQG�GHJUDGDWLRQ�RI�
YHJHWDWHG�FRDVWDO�HFRV\VWHPV��3/R6�21(������

3RUW�RI�7HUUHERQQH��7HUUHERQQHSRUW�FRP��$FFHVVHG�
)HEUXDU\����������

6WDWLVWLFDO�$WODV��ΖQGXVWULHV�LQ�7HUUHERQQH�3DULVK��
/RXLVLDQD��KWWSV���VWDWLVWLFDODWODV�FRP�FRXQW\�
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$SSHQGL[���%�������:DWHUIRZO���
+XQW���3ODQB���63%1:5B�����������SGI��
$FFHVVHG�-DQXDU\����������

8�6��)LVK�DQG�:LOGOLIH�6HUYLFH������E��6DQ�3DEOR�
%D\�1DWLRQDO�:LOGOLIH�5HIXJH�5HFUHDWLRQDO�
6SRUW�)LVKLQJ�3ODQ��KWWSV���ZZZ�IZV�
JRY�XSORDGHG)LOHV�$SSHQGL[���%���
����6SRUW���)LVKLQJ���3ODQB���
63%1:5B�����������SGI���$FFHVVHG�-DQXDU\�����
�����

8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��6DQ�3DEOR�%D\�1DWLRQDO�
:LOGOLIH�5HIXJH��&DOLIRUQLD��KWWSV���ZZZ�IZV�
JRY�UHIXJH�VDQBSDEORBED\� and KWWSV���ZZZ�
IZV�JRY�VIED\UHIXJHV�6DQ3DEOR�6DQ���
3DEOR���*HQ�SGI�$FFHVVHG�-DQXDU\��������

Case Study 6: Snohomish, WA

&URRNV��6O��5\EF]\N��-���2ȇ&RQQHOO��.���'HYLHU��'�/���
3RSSH��.���(PPHWW�0DWWR[��6�������&RDVWDO�
%OXH�&DUERQ�2SSRUWXQLW\�$VVHVVPHQW�IRU�WKH�
6QRKRPLVK�(VWXDU\��7KH�&OLPDWH�%HQHȴWV�RI�
(VWXDU\�5HVWRUDWLRQ���5HSRUW�E\�(QYLURQPHQWDO�
6FLHQFH�$VVRFLDWHV��:HVWHUQ�:DVKLQJWRQ�
8QLYHUVLW\��(DUWK&RUSV��DQG�5HVWRUH�$PHULFDȇV�
(VWXDULHV��)HEUXDU\������

(653��6QRKRPLVK�6DOPRQ�6WRU\�0DS��KWWSV���ZZZ�
DUFJLV�FRP�DSSV�&DVFDGH�LQGH[��KWPO"DSSLG �
�FH�FH�G��F��D�GE��D���������D�H�
�$FFHVVHG�����������

0DXJHU��*�6���-�+��&DVROD��+�$��0RUJDQ��5�/��6WUDXFK��%��
-RQHV��%��&XUU\��7�0��%XVFK�ΖVDNVHQ��/��:KLWHO\�
%LQGHU��0�%��.URVE\��DQG�$�.��6QRYHU��������
6WDWH�RI�.QRZOHGJH��&OLPDWH�&KDQJH�LQ�3XJHW�
6RXQG��5HSRUW�SUHSDUHG�IRU�WKH�3XJHW�6RXQG�
3DUWQHUVKLS�DQG�WKH�1DWLRQDO�2FHDQLF�DQG�
$WPRVSKHULF�$GPLQLVWUDWLRQ��&OLPDWH�ΖPSDFWV�
*URXS��8QLYHUVLW\�RI�:DVKLQJWRQ��6HDWWOH�

0HPRUDQGXP�RI�8QGHUVWDQGLQJ��028��EHWZHHQ�
WKH�7XODOLS�7ULEHV�DQG�6QRKRPLVK�&RXQW\�
establishing process for coordinated long-
UDQJH�SODQQLQJ�	�LQIRUPDWLRQ�VKDULQJ���
�������KWWSV���VQRKRPLVKFRXQW\ZD�JRY�
'RFXPHQW&HQWHU�9LHZ������������7XODOLS�
028"ELGΖG  

1DUD\DQ��6LGGKDUWK��0LFKDHO�:��%HFN��3DXO�:LOVRQ��
&KULVWRSKHU�7KRPDV��$OH[DQGUD�*XHUUHUR��
&KULVWLQH�6KHSDUG��%RUMD�*��5HJXHUR��
*XLOOHUPR�)UDQFR��&DUWHU�-��ΖQJUDP��DQG�'DQLD�
7UHVSDODFLRV��������Ȋ&RDVWDO�:HWODQGV�DQG�
)ORRG�'DPDJH�5HGXFWLRQ��8VLQJ�5LVN�ΖQGXVWU\�
%DVHG�0RGHOV�WR�$VVHVV�1DWXUDO�'HIHQVHV�LQ�
WKH�1RUWKHDVWHUQ�86$�ȋ�/RQGRQ��KWWSV���GRL�
RUJ�'2Ζ���������9��;��.+

pablo-bay-tidal-wetlands-habitat-restoration-
project-overview���$FFHVVHG�-DQXDU\����������

(OPLODG\��+���YDQ�GHU�:HJHQ��0��b5RHOYLQN��'���
DQG�-DH��%��(��������ΖQWHUWLGDO�$UHD�
'LVDSSHDUV�8QGHU�6HD�/HYHO�5LVH������<HDUV�
RIb0RUSKRG\QDPLFb0RGHOLQJ�LQ�6DQ�3DEOR�%D\��
&DOLIRUQLD�b-)5�(DUWK�6XUIDFH���������3S�������b

*DUȴHOG��/���.LHUV]��$��������7KH�6DQ�)UDQFLVFR�%D\�
$UHDȇV�HFRQRP\�LV�GHI\LQJ�JUDYLW\��DQG�LW�
reveals how powerful the tech industry has 
EHFRPH��%XVLQHVV�ΖQVLGHU���

*RDOV�3URMHFW��������7KH�%D\ODQGV�DQG�&OLPDWH�&KDQJH��
:KDW�:H�&DQ�'R��%D\ODQGV�(FRV\VWHP�+DELWDW�
*RDOV�6FLHQFH�8SGDWH������SUHSDUHG�E\�WKH�
6DQ�)UDQFLVFR�%D\�$UHD�:HWODQGV�(FRV\VWHP�
*RDOV�3URMHFW��&DOLIRUQLD�6WDWH�&RDVWDO�
&RQVHUYDQF\��2DNODQG��&$�

+DUW��-��������+LJKZD\�WR�WKH�)O\ZD\��%D\�1DWXUH�
0DJD]LQH��-XO\�6HSWHPEHU������

0HWURSROLWDQ�7UDQVSRUWDWLRQ�&RPPLVVLRQ�DQG�
$VVRFLDWLRQ�RI�%D\�$UHD�*RYHUQPHQWV��07&�
$%$*���������%D\�$UHD�&HQVXV��KWWS���ZZZ�
ED\DUHDFHQVXV�FD�JRY��$FFHVVHG�-DQXDU\�����
������

0LOOHU��&��������1RUWK�%D\ȇV�+LJKZD\����LV�*RLQJ�WR�
%H�D�6HULRXV�&OLPDWH�0HVV��.4('��KWWSV���
ZZZ�NTHG�RUJ�VFLHQFH���������QRUWK�ED\V�
KLJKZD\����LV�JRLQJ�WR�EH�D�VHULRXV�FOLPDWH�
PHVV��$FFHVVHG�-DQXDU\����������

6DQ�)UDQFLVFR�%D\�-RLQW�9HQWXUH��������6HDUV�3RLQW�
:HWODQG�5HVWRUDWLRQ�3URMHFW�RQ�6DQ�3DEOR�
%D\��KWWSV���ZZZ�VIED\MY�RUJ�SURMHFW�VHDUV�
SRLQW�ZHWODQG�UHVWRUDWLRQ�VDQ�SDEOR�ED\�SKS���
$FFHVVHG�-DQXDU\����������

6DQ�)UDQFLVFR�%D\�5HVWRUDWLRQ�$XWKRULW\��6DQ�3DEOR�
%D\ODQGV�&ROODERUDWLYH�3URWHFWLRQ�DQG�
5HVWRUDWLRQ�3URMHFW��&35���'XFNV�8QOLPLWHG��
KWWS���VIED\UHVWRUH�RUJ�SURMHFWV�VDQ�SDEOR�
baylands-collaborative-protection-and-
restoration-project-cpr���$FFHVVHG�-DQXDU\�����
�����

8QLYHUVLW\�RI�&DOLIRUQLD�$JULFXOWXUH�DQG�1DWXUDO�
5HVRXUFHV��&DOLIRUQLD�)LVK�6SHFLHV���)LVK�
6SHFLHV�E\�:DWHUVKHG��6DQ�3DEOR�%D\�
:DWHUVKHG��KWWS���FDOȴVK�XFGDYLV�
HGX�ORFDWLRQ�"FDWFRO ����	FDWHJRU\�
VHDUFK 6DQ���3DEOR���%D\���
:DWHUVKHG	UHSRUWQXPEHU ���	GV ��� 
$FFHVVHG�-DQXDU\����������

8�6��&HQVXV��������$PHULFDQ�&RPPXQLW\�6XUYH\���\HDU�
'DWD��������������KWWSV���ZZZ�FHQVXV�JRY�
GDWD�GHYHORSHUV�GDWD�VHWV�DFV��\HDU�KWPO��
$FFHVVHG�0D\����������

8�6��)LVK�DQG�:LOGOLIH�6HUYLFH������D��6DQ�3DEOR�%D\�
1DWLRQDO�:LOGOLIH�5HIXJH�:DWHUIRZO�+XQW�
3ODQ��KWWSV���ZZZ�IZV�JRY�XSORDGHG)LOHV�
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VQRKRPLVKFRXQW\ZD�JRY�'RFXPHQW&HQWHU�
9LHZ�������6QRKRPLVKB%DVLQBGUDIWB6WDWXVB
DQGB7UHQGVB5HSRUW3')

6QRKRPLVK�&RXQW\�:DVKLQJWRQ��(FRQRPLF�
'HYHORSPHQW�ΖQLWLDWLYH��KWWSV���
VQRKRPLVKFRXQW\ZD�JRY������(FRQRPLF�
'HYHORSPHQW�ΖQLWLDWLYH6HFWRU�$U���$FFHVVHG�
'HFHPEHU���������

6QRKRPLVK�&RXQW\�:DVKLQJWRQ��6PLWK�
ΖVODQG�5HVWRUDWLRQ�3URMHFW��KWWSV���
VQRKRPLVKFRXQW\ZD�JRY������6PLWK�ΖVODQG�
5HVWRUDWLRQ�3URMHFW���$FFHVVHG�'HFHPEHU����
������

6QRKRPLVK�&RXQW\�:DVKLQJWRQ��7ULEDO�3DUWQHUVKLSV��
KWWSV���VQRKRPLVKFRXQW\ZD�JRY������
7ULEDO�3DUWQHUVKLSV��a�WH[W 7KHUH���
DUH���WKUHH���
IHGHUDOO\��'UHFRJQL]HG�7ULEH��&���DQG���
WKH���7XODOLS���7ULEHV��$FFHVVHG�'HFHPEHU�
��������

6QRKRPLVK�5LYHU�%DVLQ�(FRORJLFDO�$QDO\VLV�IRU�
6DOPRQLG�&RQVHUYDWLRQ���0D\��������
6QRKRPLVK�%DVLQ�6DOPRQLG�5HFRYHU\�7HFKQLFDO�
&RPPLWWHH�LQ�&RRSHUDWLRQ�ZLWK�12$$�
)LVKHULHV���

6QRKRPLVK�5LYHU�(VWXDU\��6QRKRPLVK�&RXQW\��
:$��$FFHVVHG�0D\�����������KWWSV���
VQRKRPLVKFRXQW\ZD�JRY�)DFLOLWLHV�)DFLOLW\�
'HWDLOV�6QRKRPLVK�5LYHU�(VWXDU\����

�7%'�(FRQRPLFV��//&���ΖQ�SUHVV���(FRV\VWHP�6HUYLFH�
$VVHVVPHQW�LQ�WKH�6WLOODJXDPLVK�5LYHU�(VWXDU\�

8QLWHG�6WDWHV�&HQVXV�%XUHDX��������
4XLFN)DFWV��5HWULHYHG�IURP��KWWSV���
ZZZ�FHQVXV�JRY�TXLFNIDFWV�IDFW�WDEOH�
sultancitywashington,everettcitywashington, 
HGPRQGVFLW\ZDVKLQJWRQ��
VQRKRPLVKFRXQW\ZDVKLQJWRQ�367������

�:DVKLQJWRQ�'HSDUWPHQW�RI�)LVK�DQG�:LOGOLIH����������
6WDWH�/LVWHG�6SHFLHV��5HWULHYHG�IURP�KWWSV���
ZGIZ�ZD�JRY�VLWHV�GHIDXOW�ȴOHV����������
VWDWHOLVWHGFDQGLGDWHVSHFLHVB���������SGI

:DVKLQJWRQ�6WDWH�5HFUHDWLRQ�DQG�&RQVHUYDWLRQ�2ɝFH��
������6DOPRQ�5HFRYHU\�3RUWDO��KWWSV���VUS�UFR�
ZD�JRY�KRPH

:LQWHUV��&KULV���������$IWHU�OHYHH�EUHDFK��PDULQH�
OLIH�UHWXUQV�WR�4ZXORROW�(VWXDU\���+HUDOG1HW��
(YHUHWW��:$�

1RUWKZHVW�)LVKHULHV�6FLHQFH�&HQWHU��%XOOGR]HUV�
ZHOFRPH�WKH�WLGHV�EDFN�WR�SULPH�VDOPRQ�
KDELWDW�LQ�6QRKRPLVK�5LYHU�(VWXDU\���
1RUWKZHVW�)LVKHULHV�6FLHQFH�&HQWHU��$FFHVVHG�
0D\�����������KWWSV���ZZZ�QZIVF�QRDD�JRY�
QHZV�IHDWXUHV�EXOOGR]HUVBWLGHV�LQGH[�FIP�

3HQGOHWRQ��/���'RQDWR��'���0XUUD\��%�&���&URRNV��6���
-HQNLQV��:�$���6LȵHHW��6���&UDIW��&���)RXUTXHUHDQ��
-�:���.DXUDQ��-�%���0DUED��1���0HJRQLJDO��
3���3LJHRQ��(���+HUU��'���*RUGRQ��'���%DOGHUD��
$O��������(VWLPDWLQJ�JOREDO�ȊEOXH�FDUERQȋ�
HPLVVLRQV�IURP�FRQYHUVLRQ�DQG�GHJUDGDWLRQ�RI�
YHJHWDWHG�FRDVWDO�HFRV\VWHPV��3/R6�21(������

3XJHW�6RXQG�1HDUVKRUH�5HVWRUDWLRQ�3URMHFW�
�36153����������6QRKRPLVK�(VWXDU\�
0DLQVWUHDP�&RQQHFWLYLW\���KWWS���ZZZ�
SXJHWVRXQGQHDUVKRUH�RUJ�IDFWVKHHWV�
6QRKRPLVK0DLQVWHP�SGI�$FFHVVHG��'HFHPEHU�
��������

3XJHW�6RXQG�1HDUVKRUH�5HVWRUDWLRQ�3URMHFW�
�36153����6PLWK�ΖVODQG�(VWXDU\�5HVWRUDWLRQ�
3URJUDP��KWWS���ZZZ�SXJHWVRXQGQHDUVKRUH�
RUJ�IDFWVKHHWV�6PLWKΖVODQG�SGI�$FFHVVHG�
'HFHPEHU���������

3XJHW�6RXQG�3DUWQHUVKLS��������7KH������
�����$FWLRQ�$JHQGD�IRU�3XJHW�6RXQG��
KWWSV���SVSZD�DSS�ER[�FRP�V�
RV[DHTJ��IHY[X�Q�N�[QM\W]NZRO���

3XJHW�6RXQG�3DUWQHUVKLS��������+DELWDW�5HVWRUDWLRQ��
6QRKRPLVK�5LYHU�'HOWD��5HVWRULQJ�7LGDO�
:HWODQGV�WR�6XSSRUW�6DOPRQ��KWWSV���SVSZD�
DSS�ER[�FRP�V��PHWJY�TVUKJH�UOYK��UZXFXN
\PDVE\��

3XJHW�6RXQG�3DUWQHUVKLS��KWWSV���ZZZ�SVS�ZD�JRY�
SXJHW�VRXQG�SDUWQHUVKLS�SKS���$FFHVVHG�
'HFHPEHU���������

4ZXORROW�(VWXDU\��$�3URMHFW�RI�WKH�7XODOLS�7ULEHV��
KWWSV���ZZZ�TZXORROW�RUJ����$FFHVVHG�
'HFHPEHU���������

5LFH��&���&KDPEHUODLQ��-���+DOO��-���=DFNH\��7���6FKLOOLQJ��
-���.XER��-���5XVWD\��0���/HRQHWWL��)��DQG�*��
*XQWHQVSHUJHQ��������0RQLWRULQJ�HFRV\VWHP�
UHVSRQVH�WR�UHVWRUDWLRQ�DQG�FOLPDWH�FKDQJH�LQ�
WKH�6QRKRPLVK�5LYHU�(VWXDU\���5HSRUW�WR�7XODOLS�
7ULEHV��UHVROXWLRQ������������

6QRKRPLVK�%DVLQ�6DOPRQ�5HFRYHU\�)RUXP��-XQH�������
6QRKRPLVK�5LYHU�%DVLQ�6DOPRQ�&RQVHUYDWLRQ�
3ODQ��6QRKRPLVK�&RXQW\�'HSDUWPHQW�RI�3XEOLF�
:RUNV��6XUIDFH�:DWHU�0DQDJHPHQW�'LYLVLRQ��
(YHUHWW��:$�

6QRKRPLVK�(VWXDU\�:HWODQGV�ΖQWHJUDWLRQ�3ODQ��6(:Ζ3��
������&LW\�RI�(YHUHWW�'HSDUWPHQW�RI�3ODQQLQJ�
DQG�&RPPXQLW\�'HYHORSPHQW���(YHUHWW��:$�

6QRKRPLVK�&RXQW\�:DVKLQJWRQ��6QRKRPLVK�
5LYHU�%DVLQ�6DOPRQ�&RQVHUYDWLRQ�3ODQ�
6WDWXV�DQG�7UHQGV���$SULO��������KWWSV���
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DATA TABLES

7DEOH�;ΖΖ����3RSXODWLRQ��(PSOR\PHQW�DQG�*'3�6WDWH�E\�5HJLRQ

State Region Population Percent 
of State Employment Percent 

of State
GDP
($ Millions)

Percent
of State

Alabama Eastern Gulf ������� ����� ������� ����� ���������� �����

California

Estuary 
5HJLRQV ���������� ����� ���������� ����� ������������� �����

&HQWUDO�
1RUWKHUQ�&$ ���������� ����� ��������� ����� ������������� �����

6RXWKHUQ�
&DOLIRUQLD ���������� ����� ��������� ����� ������������� �����

Connecticut 1HZ�<RUN�
Bight ��������� ����� ������� ����� ����������� �����

Delaware 'HODZDUH�
5LYHU ������� ������ ������� ������ ���������� ������

District of 
Columbia

&KHVDSHDNH�
Bay ������� ������ ������� ������ ����������� ������

Florida

Estuary 
5HJLRQV ���������� ����� ��������� ����� ����������� �����

Eastern Gulf ��������� ���� ������� ���� ���������� ����
Florida 
$WODQWLF ��������� ����� ��������� ����� ����������� �����

6RXWKHUQ�*XOI ��������� ����� 1,913,139 ����� ����������� �����
Georgia Georgia ������� ���� ������� ���� ���������� ����
Illinois /DNH�0LFKLJDQ ��������� ����� ��������� ����� ����������� �����
Indiana /DNH�0LFKLJDQ ������� ����� ������� ���� ���������� ����
Louisiana &HQWUDO�*XOI ��������� ����� ��������� ����� ����������� �����
Maine *XOI�RI�0DLQH ��������� ����� ������� ����� ���������� �����

Maryland &KHVDSHDNH�
Bay ��������� ����� ��������� ����� ����������� �����

Massachusetts

Estuary 
5HJLRQV ��������� ����� ��������� ����� ����������� �����

*XOI�RI�0DLQH ��������� ����� ��������� ����� ����������� �����
1HZ�<RUN�
Bight ������� ���� ������� ���� ���������� ����

Michigan

Estuary 
5HJLRQV ��������� ����� ��������� ����� ����������� �����

/DNH�(ULH ��������� ����� ��������� ����� ����������� �����
/DNH�+XURQ ������� ���� ������� ���� ���������� ����
/DNH�0LFKLJDQ ��������� ����� ������� ����� ���������� ����
/DNH�6XSHULRU ������� ���� ������ ���� ��������� ����

Minnesota /DNH�6XSHULRU ������� ���� ������� ���� ���������� ����
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Mississippi &HQWUDO�*XOI ������� ����� ������� ����� ���������� �����
New 
Hampshire *XOI�RI�0DLQH ������� ����� ������� ����� ���������� �����

New Jersey

Estuary 
5HJLRQV ��������� ����� ��������� ����� ����������� �����

'HODZDUH�
5LYHU ��������� ����� ������� ����� ���������� �����

1HZ�<RUN�
Bight ��������� ����� ��������� ����� ����������� �����

New York

Estuary 
5HJLRQV ���������� ����� ��������� ����� ������������� �����

/DNH�(ULH ��������� ���� ������� ���� ���������� ����
/DNH�2QWDULR ��������� ���� ������� ���� ���������� ����
1HZ�<RUN�
Bight ���������� ����� ��������� ����� ������������� �����

North Carolina 1RUWK�
&DUROLQD ��������� ����� ������� ���� ���������� ����

Ohio /DNH�(ULH ��������� ����� ��������� ����� ����������� �����

Oregon 2UHJRQ�
Washington ��������� ����� ������� ����� ���������� �����

Pennsylvania

Estuary 
5HJLRQV ��������� ����� ��������� ����� ����������� �����

'HODZDUH�
5LYHU ��������� ����� ��������� ����� ����������� �����

/DNH�(ULH ������� ���� ������� ���� ���������� ����

Rhode Island 1HZ�<RUN�
Bight ��������� ������ ������� ������ ���������� ������

South Carolina 6RXWK�
&DUROLQD ��������� ����� ������� ����� ���������� �����

Texas

Estuary 
5HJLRQV ��������� ����� ��������� ����� ����������� �����

&HQWUDO�*XOI ������� ���� ������� ���� ���������� ����
Western Gulf ��������� ����� ��������� ����� ����������� �����

Virginia &KHVDSHDNH�
Bay ��������� ����� ��������� ����� ����������� �����

Washington

Estuary 
5HJLRQV ��������� ����� ��������� ����� ����������� �����

2UHJRQ�
Washington ������� ����� ������� ���� ���������� ����

3XJHW�6RXQG ��������� ����� ��������� ����� ����������� �����

Wisconsin

Estuary 
5HJLRQV ��������� ����� ��������� ����� ����������� �����

/DNH�0LFKLJDQ ��������� ����� ������� ����� ����������� �����
/DNH�6XSHULRU ������ ���� ������ ���� ��������� ����
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7DEOH�;ΖΖΖ�����3RSXODWLRQ��(PSOR\PHQW�DQG�*'3�5HJLRQ�E\�6WDWH

Region State Population
Percent 
of 
Region

Employment
Percent 
of 
Region

GDP 
($Millions)

Percent 
of 
Region

Gulf of Maine ��������� ��������� �����������
Gulf of Maine 0DLQH ��������� ����� ������� ����� ���������� �����
Gulf of Maine 0DVVDFKXVHWWV ��������� ����� ��������� ����� ����������� �����

Gulf of Maine 1HZ�
+DPSVKLUH ������� ���� ������� ���� ���������� ����

New York 
Bight ���������� ���������� �������������

New York 
Bight &RQQHFWLFXW ��������� ���� ������� ���� ����������� ����

New York 
Bight 0DVVDFKXVHWWV ������� ���� ������� ���� ���������� ����

New York 
Bight 1HZ�-HUVH\ ��������� ����� ��������� ����� ����������� �����

New York 
Bight 1HZ�<RUN ���������� ����� ��������� ����� ������������� �����

New York 
Bight 5KRGH�ΖVODQG ��������� ���� ������� ���� ���������� ����

Delaware 
River ��������� ��������� �����������

Delaware 
River 'HODZDUH ������� ����� ������� ����� ���������� �����

Delaware 
River 1HZ�-HUVH\ ��������� ����� ������� ����� ���������� �����

Delaware 
River 3HQQV\OYDQLD ��������� ����� ��������� ����� ����������� �����

Chesapeake 
Bay ��������� ��������� �����������

Chesapeake 
Bay

'LVWULFW�RI�
&ROXPELD ������� ���� ������� ����� ����������� �����

Chesapeake 
Bay 0DU\ODQG ��������� ����� ��������� ����� ����������� �����

Chesapeake 
Bay 9LUJLQLD ��������� ����� ��������� ����� ����������� �����

North 
Carolina ��������� ������� ����������

North 
Carolina 1RUWK�&DUROLQD ��������� ���� ������� ���� ���������� ����

South 
Carolina ��������� ������� ����������

South 
Carolina 6RXWK�&DUROLQD ��������� ���� ������� ���� ���������� ����

Georgia ������� ������� ����������
Georgia Georgia ������� ���� ������� ���� ���������� ����
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Florida 
Atlantic ��������� ��������� �����������

Florida 
Atlantic Florida ��������� ���� ��������� ���� ����������� ����

Southern 
Gulf ��������� 1,913,139 �����������

Southern 
Gulf Florida ��������� ���� 1,913,139 ���� ����������� ����

Eastern Gulf ��������� ������� ����������
Eastern Gulf $ODEDPD ������� ����� ������� ����� ���������� �����
Eastern Gulf Florida ��������� ����� ������� ����� ���������� �����
Central Gulf ��������� ��������� �����������
Central Gulf /RXLVLDQD ��������� ����� ��������� ����� ����������� �����
Central Gulf 0LVVLVVLSSL ������� ����� ������� ����� ���������� ����
Central Gulf 7H[DV ������� ���� ������� ���� ���������� ����
Western Gulf ��������� ��������� �����������
Western Gulf 7H[DV ��������� ���� ��������� ���� ����������� ����
Southern 
California ���������� ��������� �������������

Southern 
California &DOLIRUQLD ���������� ���� ��������� ���� ������������� ����

Central 
Northern CA ���������� ��������� �������������

Central 
Northern CA &DOLIRUQLD ���������� ���� ��������� ���� ������������� ����

Oregon 
Washington ��������� ��������� �����������

Oregon 
Washington 2UHJRQ ��������� ����� ������� ����� ���������� �����

Oregon 
Washington Washington ������� ����� ������� ����� ���������� �����

Puget Sound ��������� ��������� �����������
Puget Sound Washington ��������� ���� ��������� ���� ����������� ����
Lake Superior ������� ������� ����������
Lake Superior 0LFKLJDQ ������� ����� ������ ����� ��������� �����
Lake Superior 0LQQHVRWD ������� ����� ������� ����� ���������� �����
Lake Superior Wisconsin ������ ����� ������ ����� ��������� �����
Lake 
Michigan ��������� ��������� �����������

Lake 
Michigan ΖOOLQRLV ��������� ����� ��������� ����� ����������� �����

Lake 
Michigan ΖQGLDQD ������� ���� ������� ���� ���������� ����

Lake 
Michigan 0LFKLJDQ ��������� ����� ������� ���� ���������� ����
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Lake 
Michigan Wisconsin ��������� ����� ������� ����� ����������� �����

Lake Huron ������� ������� ����������
Lake Huron 0LFKLJDQ ������� ���� ������� ���� ���������� ����
Lake Erie ��������� ��������� �����������
Lake Erie 0LFKLJDQ ��������� ��� ��������� ��� ����������� ���
Lake Erie 1HZ�<RUN ��������� ��� ������� ��� ���������� ���
Lake Erie 2KLR ��������� ��� ��������� ��� ����������� ���
Lake Erie 3HQQV\OYDQLD ������� �� ������� �� ���������� ��
Lake Ontario ��������� ������� ����������
Lake Ontario 1HZ�<RUN ��������� ���� ������� ���� ���������� ����
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7DEOH�;ΖΖ����&RXQWLHV�ΖQFOXGHG�LQ�$QDO\VLV�E\�5HJLRQ�DQG�6WDWH

Region State County Name
&XPEHUODQG
+DQFRFN
.HQQHEHF
.QR[

0DLQH /LQFROQ
3HQREVFRW
6DJDGDKRF
Waldo
Washington
<RUN

1HZ�+DPSVKLUH 5RFNLQJKDP
*XOI�RI�0DLQH 6WUDRUG

Barnstable
(VVH[
0LGGOHVH[

0DVVDFKXVHWWV 1RUIRON
3O\PRXWK
6XRON
Bristol
'XNHV
1DQWXFNHW
Bristol
.HQW

5KRGH�ΖVODQG 1HZSRUW
3URYLGHQFH
Washington
)DLUȴHOG

1HZ�<RUN�
Bight &RQQHFWLFXW 0LGGOHVH[

1HZ�+DYHQ
1HZ�/RQGRQ
$OEDQ\
%URQ[

1HZ�<RUN &ROXPELD
'XFKHVV
Greene
.LQJV

1DVVDX
1HZ�<RUN
2UDQJH

1HZ�<RUN 3XWQDP
4XHHQV

1HZ�<RUN�
Bight 5LFKPRQG

5RFNODQG
6XRON
Ulster
Westchester
$WODQWLF
Bergen
(VVH[

1HZ�-HUVH\ 0LGGOHVH[
0RQPRXWK
2FHDQ
3DVVDLF
Union
Burlington
&DPGHQ

1HZ�-HUVH\ &DSH�0D\
&XPEHUODQG
Gloucester
6DOHP

'HODZDUH�
5LYHU .HQW

'HODZDUH 1HZ�&DVWOH
6XVVH[
%XFNV

3HQQV\OYDQLD 'HODZDUH
0RQWJRPHU\
3KLODGHOSKLD
$QQH�$UXQGHO
%DOWLPRUH
&DOYHUW
&DUROLQH

&KHVDSHDNH�
Bay 0DU\ODQG &HFLO

&KDUOHV
'RUFKHVWHU
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6SRWV\OYDQLD
6WDRUG
6XRON

&KHVDSHDNH�
Bay 9LUJLQLD 6XUU\

9LUJLQLD�%HDFK
:HVWPRUHODQG
<RUN
Beaufort
Bertie
%UXQVZLFN
&DPGHQ
&DUWHUHW
&KRZDQ
&UDYHQ
&XUULWXFN
'DUH
Gates

1RUWK�
&DUROLQD 1RUWK�&DUROLQD Hertford

Hyde
-RQHV
0DUWLQ
1HZ�+DQRYHU
2QVORZ
3DPOLFR
3DVTXRWDQN
3HQGHU
3HUTXLPDQV
Tyrrell
Washington
Beaufort
%HUNHOH\

6RXWK�
&DUROLQD 6RXWK�&DUROLQD &KDUOHVWRQ

&ROOHWRQ
Georgetown
Horry
-DVSHU

Bryan
&DPGHQ
&KDWKDP

Georgia Georgia Glynn

Harford
.HQW
3ULQFH�*HRUJHȇV
4XHHQ�$QQHȇV

0DU\ODQG 6RPHUVHW
6W��0DU\ȇV
Talbot
:LFRPLFR
Worcester

'LVWULFW�RI�
&ROXPELD

'LVWULFW�RI�
&ROXPELD

9LUJLQLD $FFRPDFN
$OH[DQGULD
&DUROLQH

&KHVDSHDNH�
Bay &KDUOHV�&LW\

&KHVDSHDNH
&KHVWHUȴHOG
(VVH[
)DLUID[
Gloucester
+DPSWRQ
Hanover
Henrico
Hopewell
ΖVOH�RI�:LJKW
-DPHV�&LW\

9LUJLQLD .LQJ�*HRUJH
.LQJ�:LOOLDP
.LQJ�DQG�4XHHQ
/DQFDVWHU
0DWKHZV
0LGGOHVH[
1HZ�.HQW
1HZSRUW�1HZV
1RUIRON
1RUWKDPSWRQ
1RUWKXPEHUODQG
3RTXRVRQ
3RUWVPRXWK
3ULQFH�*HRUJH
3ULQFH�:LOOLDP
5LFKPRQG
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0RELOH
+DQFRFN

0LVVLVVLSSL Harrison
-DFNVRQ
$FDGLD
$VFHQVLRQ
$VVXPSWLRQ
&DOFDVLHX
&DPHURQ
ΖEHULD
ΖEHUYLOOH
-HHUVRQ
-HHUVRQ�'DYLV
/DID\HWWH
/DIRXUFKH
/LYLQJVWRQ
2UOHDQV

&HQWUDO�*XOI /RXLVLDQD 3ODTXHPLQHV
3RLQWH�&RXSHH
6W��%HUQDUG
6W��&KDUOHV
6W��-DPHV
6W��-RKQ�WKH�
Baptist
6W��0DUWLQ
6W��0DU\
6W��7DPPDQ\
Tangipahoa
Terrebonne
9HUPLOLRQ
West Baton 
5RXJH

7H[DV -HHUVRQ
2UDQJH
$UDQVDV
%UD]RULD
&DOKRXQ

Western Gulf 7H[DV &DPHURQ
&KDPEHUV
Galveston
Harris
-DFNVRQ
.HQHG\

/LEHUW\
/RQJ
0FΖQWRVK
Wayne
Brevard
Broward
&OD\
'XYDO
Flagler
ΖQGLDQ�5LYHU

Florida 
$WODQWLF Florida 0DUWLQ

0LDPL�'DGH
1DVVDX
3DOP�%HDFK
3XWQDP
6W��-RKQV
6W��/XFLH
9ROXVLD
&KDUORWWH
&ROOLHU
Hillsborough

6RXWKHUQ�
Gulf Florida /HH

0DQDWHH
0RQURH
3LQHOODV
6DUDVRWD
Bay
&LWUXV
'L[LH
(VFDPELD
)UDQNOLQ

Eastern Gulf Florida Gulf
Hernando
/HY\
2NDORRVD
3DVFR
6DQWD�5RVD
Taylor

Eastern Gulf Florida :DNXOOD
Walton

$ODEDPD Baldwin
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2UHJRQ�
Washington 7LOODPRRN

&ODOODP
&ODUN
&RZOLW]

Washington Grays Harbor
-HHUVRQ
3DFLȴF
6NDPDQLD
:DKNLDNXP
ΖVODQG
.LQJ
.LWVDS
0DVRQ

3XJHW�6RXQG Washington 3LHUFH
6DQ�-XDQ
6NDJLW
6QRKRPLVK
Thurston
:KDWFRP
&RRN

0LQQHVRWD /DNH
6W��/RXLV
$VKODQG

Wisconsin %D\ȴHOG
'RXJODV
ΖURQ

/DNH�
6XSHULRU $OJHU

Baraga
&KLSSHZD

0LFKLJDQ Gogebic
Houghton
.HZHHQDZ
/XFH
0DUTXHWWH
2QWRQDJRQ
Brown

/DNH�
0LFKLJDQ Wisconsin 'RRU

.HQRVKD

.HZDXQHH
0DQLWRZRF

Western Gulf .OHEHUJ
0DWDJRUGD
1XHFHV
5HIXJLR
6DQ�3DWULFLR
9LFWRULD
Willacy
/RV�$QJHOHV
2UDQJH

6RXWKHUQ�
&DOLIRUQLD &DOLIRUQLD 6DQ�'LHJR

6DQWD�%DUEDUD
9HQWXUD
$ODPHGD
&RQWUD�&RVWD
'HO�1RUWH
+XPEROGW
0DULQ
0HQGRFLQR
0RQWHUH\
1DSD

&HQWUDO�
1RUWKHUQ�&$ &DOLIRUQLD 6DFUDPHQWR

6DQ�)UDQFLVFR
6DQ�-RDTXLQ
6DQ�/XLV�2ELVSR
6DQ�0DWHR
6DQWD�&ODUD
6DQWD�&UX]
6RODQR
6RQRPD
<ROR
&ODWVRS
&ROXPELD
&RRV
&XUU\

2UHJRQ�
Washington 2UHJRQ 'RXJODV

+RRG�5LYHU
-RVHSKLQH
/DQH

2UHJRQ /LQFROQ
0XOWQRPDK
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0LFKLJDQ 0RQURH
2DNODQG
Wayne

$VKWDEXOD
&X\DKRJD

Erie
/DNH�(ULH 2KLR /DNH

/RUDLQ
/XFDV
2WWDZD
Wood

3HQQV\OYDQLD Erie
1HZ�<RUN &KDXWDXTXD

Erie
&D\XJD
-HHUVRQ
0RQURH

/DNH�2QWDULR 1HZ�<RUN 1LDJDUD
2UOHDQV
2VZHJR

6W��/DZUHQFH
Wayne

0DULQHWWH
Wisconsin 0LOZDXNHH

2FRQWR
2]DXNHH
5DFLQH
6KHER\JDQ

ΖOOLQRLV &RRN
/DNH
/D3RUWH

/DNH�
0LFKLJDQ ΖQGLDQD /DNH

3RUWHU
$OOHJDQ
$QWULP
%HQ]LH
Berrien
&KDUOHYRL[
'HOWD
(PPHW

0LFKLJDQ Grand Traverse
/HHODQDX
0DFNLQDF
0DQLVWHH
0DVRQ
0HQRPLQHH
0XVNHJRQ
2FHDQD
2WWDZD
6FKRROFUDIW
9DQ�%XUHQ
$OFRQD
$OSHQD
$UHQDF
Bay
&KHER\JDQ
Huron
ΖRVFR

/DNH�+XURQ 0LFKLJDQ 3UHVTXH�ΖVOH
6DJLQDZ
6DQLODF

/DNH�+XURQ 0LFKLJDQ 6W��&ODLU
Tuscola

0DFRPE


