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his Briefing Note and the accompanying web map service and data

sets, developed by the Center for International Earth Science Infor-
mation Network (CIESIN) of Columbia University, provide a preliminary
assessment of the risk to coastal wetlands designated as Wetlands of
International Importance (Ramsar Sites) under the Ramsar Convention
on Wetlands from rising sea levels due to climate change. Two scenarios
are evaluated, 0-1 meter sea level rise (SLR), which is close to what the
Intergovernmental Panel on Climate Change (IPCC) predicts for this cen-
tury, and 0-2 meter SLR, which is an upper bound for SLR in this century
if land-based ice sheets respond faster than expected to temperature
changes (AMAP 2011, Pfeffer et al. 2008). It has to be recognized that
sea level rise will not be consistent globally, but is affected by coastal
bathymetry and local topography and tides, while the extent of areas
periodically submerged will also be affected by storm surges (Strauss et
al. 2012, Tebaldi et al. 2012). There will also be many secondary impacts
of sea level rise, such as the displacement of human populations and ag-
ricultural activities, which could have additional consequences for wet-
land and biodiversity loss (e.g., Wetzel et al. 2012). Time and resources
did not permit this level of analysis globally, so this report represents a
first-order risk assessment.

Key messages and recommendations

e This global approach provides a first-order assessment of the relative risk
of Ramsar Sites to sea level rise, and likely impediments to their landward
migration.

e Analyses of this kind can alert decision makers to possible wetland losses
and assist in priority setting for localized, more detailed studies.

e Local adaptation plans and assessments will still need to be conducted at
the site level, preferably using LIDAR data, accurate global positioning sat-
ellite (GPS) units, and/or aerial photography to assess local topography.
These assessments can also incorporate more accurate spatial data and lo-
cal knowledge of impediments to site migration.

e For further global assessments, it could be useful to assess Ramsar Site
vulnerability through a composite score covering a broader range of risks,
and incorporating the size of the site, population data, urban extent, slope
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or elevation behind the site, and possibly other fac-
tors like poverty or government capacity.

e The analysis underscores the importance of having
accurate geospatial data on boundary locations of
all Ramsar Sites (as called for in Ramsar Resolutions
X.26 and XI.8) for use in spatial analyses that can
contribute to inter alia site management planning
and monitoring and climate change adaptation
measures.

Introduction

In this analysis the risk of wetland loss is first assessed
by evaluating proximity to the coast and elevation of
Ramsar Sites to see what percentage of a Site’s area
that is currently not inundated is at risk of inundation
under different sea level rise scenarios. The second
step in this assessment is evaluating a Site’s ability to
migrate inland given human populations and activities
in and around a Site, which are considered to be the
primary impediments to landward migration (topo-
graphical barriers were not directly considered here).
The variables included in this analysis were population
density and population growth within the Site and in
areas surrounding the Site, and the degree of urbaniza-
tion within the Site and in a buffer zone around it.

Suncheon Bay Ramsar Site, Republic of Korea ©Suncheon-si

It is important to emphasize that this work was con-
strained by the spatial accuracy limitations of globally
available data sets, so there remain uncertainties that
would need to be resolved by local-level assessments.
For example, current mean sea level as defined by the
Shuttle Radar Topography Mission (SRTM) has a verti-
cal accuracy in low slope areas of approximately +/- 4-5
meters (Gorokhovich and Voustianiouk 2006) and can-
not depict sea level at different tide states. The prima-

1 See also Ramsar Technical Report No. 5 (2011) A Frame-
work for assessing the vulnerability of wetlands to climate
change, on: http://www.ramsar.org/pdf/lib/lib_rtr05.pdf
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ry value of this assessment is its comparative nature.
What this report and its associated data sets provide
is a first-order assessment of Ramsar Sites at risk from
sea level rise that can alert decision makers to possible
wetland losses and assist in priority setting for further
localized study.

Data and Methods

CIESIN utilized the best available Ramsar Sites data,
building on the official site boundaries from the Ram-
sar Sites Information Service (RSIS) (http://ramsar.wet-
lands.org/) accessed in October 2010, and adding to
these additional sites for which boundary data is avail-
able from the 2010 World Database on Protected Areas
(WDPA). This yielded 466 official boundaries from the
RSIS, and 557 unofficial boundaries from the WDPA. A
further seven boundary delineations were added from
Bermuda’s Department of Conservation Services, and
113 from Mexico’s Comisién Nacional de Areas Natu-
rales Protegidas (CONANP). In total, 1,143 Ramsar
Sites had delineated boundaries. Of the 1,882 Ramsar
Sites with latitude and longitude coordinates available
from the RSIS (downloaded in October 2010), 739 did
not have geospatial boundaries. Thus, approximately
60% of the 1,882 Sites used in our analysis had geospa-
tial boundaries. For the 739 Sites without geospatial
boundaries available, we estimated boundaries based
on centroids (latitude-longitude coordinates) by creat-
ing buffers equivalent to the site area. But since their
levels of risk can only be approximated, we calculated
and reported statistics on these Sites separately.

Ramsar Sites were treated as coastal sites if the bounda-
ry polygon intersected with the coastal zone, which was
defined as the zone from the coastline up to and includ-
ing 5 meters above mean sea level (AMSL). Coastal ele-
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vation data was derived from Shuttle Radar Topographic
Mission (SRTM) remote sensing data processed to a glo-
bal 90m grid by ISciences LLC, and a coastal boundary
using a Landsat-derived coastline product developed by
ISciences LLC.? The coastal subset of Ramsar Sites used
in this analysis contained 613 sites with boundary data
and 251 sites with estimated boundaries.

The population density and urban extent data sets used
in this analysis are from the NASA SEDAC Global Rural-
Urban Mapping Project (GRUMPv1) (CIESIN 2011a and
2011b). Note that population density for 2000 was
based on census data observations, whereas the popu-
lation density for 2010 is based on projections of the
GRUMP population density grids using the History Da-
tabase of the Global Environment (HYDE) population
distribution for 2010 (Klein Goldewijk 2010). The HYDE
data are extrapolations on trends and are not based on
circa 2010 census data.

All geospatial analyses were conducted using ArcGIS 10.
The first measure of exposure was to calculate land area
at risk from sea level rise. SRTM coastlines were used
to demarcate what portion of coastal sites are already
inundated and to determine those portions of the sites
that are either tidal or above the high tide mark, and
are therefore considered at risk of sea level rise. Risk
increases with a higher proportion of the Site area in
both the 0-1 meter and the 0-2 meter band. These pro-
portions were calculated by intersecting Ramsar Sites
with a Om, 1m and 2m elevation band and calculating
the area of each intersection in square kilometers.

The second type of risk assessed was the ability of a
Ramsar Site to migrate inland in response to rising sea
levels. Population density was evaluated within and
around a Ramsar Site by using zonal statistics, along
with the proportion of the area in and around a site that
is urbanized.

Results

Sites with and without delineated boundaries were
analyzed separately. In the first phase, we ranked wet-
land sites with boundaries by percent land area at risk,
and then looked at a subset of the sites most at risk to
assess impediments to landward migration using the
population data and satellite images from Google Earth
to understand the pattern and extent of built infrastruc-
ture in the vicinity of the wetland (see Figures 1-6 in
Annex 1). It is noteworthy that many Sites also have

2 Available from http://www.terraviva.net/spotlight/spot-
light_global_coastline.html.

Areas already inundated can also be affected
by sea level rise

“Deeper coastal waters will have a multitude of ef-
fects on seagrasses. Deeper water will reduce sunlight
penetration to the seafloor, change tidal variation,

and result in increased seawater flooding of rivers and
estuaries. These changes will alter seagrass distribution
and reduce the quality of a variety of seagrass habitats”
(quoted from the Pacific Islands Climate Change Virtual
Library).

population settlements, roads, and agricultural activi-
ties within their boundaries.

For the coastal Ramsar Sites with boundaries, we found
that while 85% will be affected in some way by a 0-1
meter rise in sea level, only 28% of all such Sites would
have greater than 50% of their area at risk, and only
9% have greater than 90% of their area at risk.? The
numbers for 0-2 meter sea level rise are similar: 88%
of these coastal Ramsar Sites would be affected, with
37% of such Sites having greater than 50% of their area
at risk and 13% of Sites with greater than 90% of their
area at risk. The percent of the total area at risk across
all coastal Ramsar Sites as a result of 0-1 meter sea level
rise would be about 3.5% of their total land area. The
total area at risk as a result of 0-2 meter sea level rise is
about 4.7% of their total land area.

The statistics generated for Ramsar Sites without
boundaries (251 sites), for which we created buffered
points, suggest that fewer of these Sites are at risk from
sea level rise. We found that 80% of these estimated
Sites will be affected by a 0-1 meter rise in sea level.
Only 4% of these would have greater than 50% of their
area at risk, while only 1 Site would have over 90% of
its area threatened. The numbers increase slightly for a
0-2 meter rise in sea level, where we found 85% of Sites
would be exposed, 6% would suffer at least 50% of their
area at risk, and still only 1 Site would have over 90% of
its area threatened. The percent of the total area at risk
across all those coastal Ramsar Sites without bounda-
ries would be about 4% total area from 0-1 meter seal
level rise, and 6% for 0-2 meter sea level rise. However,
these lower figures probably reflect error inherent in
the estimated boundaries, rather than a real significant-
ly lower risk.

3 Note that some Sites are already below sea level according
to the SRTM data. These sites are reported in Table 7 of
Annex 1.
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For Sites with boundaries, we assessed the ability to
migrate inland using population density, population
growth, and urban extent data. Population density and
population growth were evaluated within a 1km and a
5km buffer around each site to look at the density of
settlement and the change from 2000-2010. Mean,
minimum and maximum population density statistics
within the buffer zones were generated. Urban extent
was evaluated in a 1km buffer around each site, with
each site assigned a percent buffer area classified as
urban. For each part of the world, we report the top
10 sites in terms of level of exposure to a 0-1m SLR in
Tables 1-6 of Annex 1.

Figures 7-9 provide regional views of the relative risk
of Ramsar Sites to SLR in Mexico, northwestern Europe
(from the Netherlands to Scandinavia and the Baltic),
and the Black Sea and the eastern Mediterranean. In
Mexico (Figure 7), Sites on the Yucatan Peninsula face
considerable risks, together with Sites surrounding the
Gulf of California and many smaller Sites along the Pa-
cific coast. Figure 8 shows that the Netherlands, Ger-
many, and Denmark have many Sites at risk, although
Sites in the Netherlands are generally behind seawalls
and therefore are not technically in immediate inunda-
tion danger. The Baltic and Scandinavian countries (Fig-
ure 8) have a large number of Sites with greater than
71% of their areas at risk. For the Black Sea and eastern
Mediterranean (Figure 9), there are few Sites at risk, but
some of them are large, such as the Danube Delta (see
also Figure 3), which has 80% of its area at risk to a 0-1m
SLR.

Limitations

The biggest limitation for this study has been the lack
of boundary data for the complete set of Ramsar Sites.
The Sites with complete boundary data tend to be locat-
ed in developed countries, with disproportionately few
Sites with boundary data from developing countries.
The Ramsar Sites with estimated boundaries based on
buffered points have large uncertainties in terms of
their level of exposure to sea level rise, since Ramsar
Sites along the coast often tend to be elongated or of
irregular shape.

A second issue is that in many cases the Sites may be
tidal or partially submerged, and therefore the assess-
ment of percent area at risk to SLR actually included ar-
eas of Sites that are already fully or partially submerged.
In Table 7 we provide a list of Sites that are, according to
the SRTM data, already wholly below Om in elevation.
As noted in the introduction, tides and storm surge will

The importance of digital boundary
information

Ramsar Contracting Parties have been encouraged to
provide digital boundary information for existing Ramsar
Sites (e.g., Resolution X.26, paragraph 24), but for many
Sites this information is still currently not available. For
the Ramsar Site Information Sheet (RIS) — 2012 revision
adopted by Resolution XI.8, which comes into force in
January 2015, digital boundary information will become
a required element of the information provided when
designating a new Ramsar Site or updating information
on previously designated Sites. This is important because
of the increasing analytical constraints that the lack of
this information is causing and will further cause, making
it more to ensure wide access to clear, reliable informa-
tion for all stakeholders about the location of Ramsar
Sites, including through other mechanisms such as the
World Database on Protected Areas (WDPA).

affect that amount of area inundated under various SLR
scenarios, and that would need to be taken into account
in any local assessment.

A third issue is the inaccuracies in the SRTM data (see
Introduction) and the quality of the SRTM elevation
data, particularly in mangrove or other heavily forest-
ed coastal areas. As Table 7 indicates, the reported (in
Ramsar Information Sheets) maximum elevation above
sea-level of some of those Ramsar Sites identified by
the SRTM data as being wholly below Om elevation is
higher than the +/- 4-5m SRTM accuracy. Currently, all
satellite-derived (SRTM and ASTER) global digital eleva-
tion models generally capture the elevation of the cano-
py cover and not the ground level, thereby overestimat-
ing the elevation in these zones and underestimating
the exposure of sites in those areas to SLR.
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Vulnerability to sea level rise: fishermen's homes on the island of Burano in the Venice Lagoon. Photo: Tobias Salathé, Ramsar.
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Annex 1
Figures and Tables

Figure 1. Sea level rise risk and impediments to Ramsar Site migration: Yangcheng National Reserve,
China (Ramsar Site 1156)

Yancheng National Reserve, China:
% area at risk from O - 1 meter sea level rise

Impediments to Wetland Migration

Population Density
People/Sq Km

- High : 872074

Low: 0

[ skm Butfer

Population Growth
1990 - 2000

High : 11.855
. Hoh
[ PN

[ skm Buiter

Urban Extent

1 Rural
I Urban
[ 1m Bufer

Elevation Center for International Earth
I 0 meters I 2 meters Science Information Network
B 1 mster No data EARTH INSTITUTE | COLUMBIA UNIVERSTTY

Figure 2. Population density and Google Earth images: Yangcheng National Reserve, China
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Figure 3. Sea level rise risk and impediments to Ramsar Site migration: Danube Delta, Romania
(Ramsar Site 521)
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Figure 4. Population density and Google Earth images: Danube Delta, Romania
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Figure 5. Sea level rise risk and impediments to Ramsar Site migration: Anlo-Keta Lagoon Complex,
Ghana (Ramsar Site 567)
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Figure 6. Population density and Google Earth images: Anlo-Keta Lagoon Complex, Ghana
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Figure 7. Relative risk of coastal Ramsar Sites in Mexico from a 0-1m sea level rise
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Figure 8. Relative risk of coastal Ramsar Sites in northern Europe from a 0-1m sea level rise
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Figure 9. Relative risk of coastal Ramsar Sites around the Black Sea and north-eastern

Mediterranean from a 0-1m sea level rise

& . g+ - - - Ww = = =
- - r g g - 1 4 - - - -
- - L 3
SRR A -~ = :
| = 5 2 ¥ pl.’i:-'l
- - ¥ BEwmanid i ‘_' - - -y .
- iy = . : I -3 k- 5 = : ..I - B
L R - r bl —_—
- . " . - - L e i
» -
- by . " -. £ o -
L o 1t apdMantegegra o e - W ""\‘
= z s - = - - - P
- - Buighra argia
- . -* e . 2 ’
- - = _‘ L 2 xoe ‘
- . - . =
.F.Snc‘rf."lq.l.n‘ : '“'i- . A - ' - . *‘- Py
Jb' = - . S - rﬁl - ) ol L
D -, - - — . =2l pl 5
e “ e e S © - ol e AT :
s Gragoed - 2 " - = r, qae e - -
" * 5 = . C
- e - e ’ \ y we W - ® -
B ey = - = 5 - - . = -
& - - - - -
A5 o Sas .
‘* o ¥ 1*_1. VELEST 2ot <Gt
s J ke Il L ! - i ul L ‘._
¥ L ; j \ - - = o .
i w : 1o - "
I : . y
Land area at risk  Population Density 2010 s
.y Paigoii pai kin®
Hagh 100,000
B - ™~
- s - 30% Law -0
- IR . T Cianmer Il.'u'_lmul:u_.uum_.il I:_-n_h
— . Scirmde [nfnemation Merwodi Kal
T . J I Bas 1y 0l | "
n.-.. i r’.} Jargdarn




(]
(%)
=
d
>
i
©
(5}
(%]
©
(9}
O
>
©
£
(O]
(sTo]
C
©
d=
(S)
Q
)
©
£
©
IS
[
(%]
Q
=
(%]
—
©
(%]
£
©
o
o
+—
=
(%]
=
(O]
=
=)
oo
c
5
©
Iu
@©
>
(¥H]

L€ (0%
0 0
T T
LTT 0T
98 T4
66¢ [435
C C
T T
T¢ [44
[4er4 08
Jyngq  Jaynq
wnjs unjt
000¢
Misuaq dod Say
LE6 €06
86°9vC  L¥'S9C
L0°0 900
oT'LE€C V6'IVL
69t S6'T
€€'88  0/°00T
00 00
€9'T 80°C
0T'0 900
[44ls) 9T°SS

(zw) s (zuny) aus (zw}) s Y¥IS WZ-0

ulyEm UM

Sy 8y 15
0 0 0
z z z
9vT 871 68
z01 33 91
L9€ L¥9 16T
€ € 0
z z z
e vz 9z
6T¢ L8 (8
J94nq JPynq
wyg wnjT aus

0102 AMisuaq dod a8esany

19°6 91 ¢6'0T
¢6'T6E Al S6'TT
T 6CET Syl
€€°STC vi'Le T€9T
SeET VAA Y 0961
7,097 8r'vL £9°SS
800 TT°eL €79
0L°L¢ ¢6'69 15799
ov'c GE'E8 SC°08
000 €E°L8 6698
1S Wt-0

UIYHM WO} S }B WOy SH Je

Baly WZ ealy WT ealy WQ eale pue| 9 eaJe pue|y

TS TS TS
0 0 0
4 [4 [4
60€T SYTT S0TT
T196¢€ 696 6EV
7099 Sevs Sevs
€ € 0
4 [4 [4
17443 9¢€T €l
/0T L8 L8
Jaynqg Jaynqg
wys wyT aus

010z AMsuag dod wnwixeAl

60tV £9°0LT €6'66¢C
L8ES S6°00SS L6'VC6TT
911 L9°8 186
89'T¢ LT°06T¢C LL°S0CE
S9'69 (891 vC'SS
LLTE 19697 L5869
60°06 9T'0 6S'T
000 8L'vY 8L'vY
6566 LO'E TE6VL
000 v €9 v €9
(zwy)dusjo  (zwm)
pajepunu] ease pagiow IS Jeswey
9}SJ09%  -qns-UON  JO eaue [e}oL

000
000
000
S0°0
€10
LT°0
000
000

000
000
Jaynq
wjT

000
000
000
000
000
S00
000
000

000
000

als

uequn si Jeyy eale puej %

SLS
0S¢
e
88¢
86¢
L9S
819
60¢

1443
€T¢C

‘ou
91IS Jeswey

eauino
eluelIne|A|
BOl44V YInos
|eSauas
BOl44V Yinos
eueYyD
eauino

0J220J0A

B2}V YInos
eisiuny

Anyunoy

(41S) s1y |[9n97 €3S 4919 T — 0 01 24NS0dXd JO SWI] Ul HYSII 18 Jsow
B2LIJY Ul SIS Jeswey 0T 9y Jo} sonsuels uonendod uewny pue 3si [9A3] BIS WO HSII 1B BaJe ‘DoudSIawigns JO JUIIXd JUdLINI pajewns] ‘T djqeL

24n0XUOY]

uindiy,p oueg np jeuonep died
(A1enisa sauSuiunaly) puoy 2@
wnojes np ejaq

ueeqasue

x3]dwod uooSe| e3ay-ojuy
ayoue|g 9|

ssyluyy ap sleq

puej

-e8uo] Jo sjaay |e1o)/saydeag ajny
Yol

awep aus Jeswey

24n0XUOY

uindiy,p oueg np jeuonep died
(A1enisa sauulunay) puoy 2@
wnojes np ejaq

ueeqasue

x3|dwod uooSe| e3ay-ojuy
ayoue|g 9|

ssyiuy] ap aleg

puej

-e3uo] jo sja9y |e1o)/saydeag ajny
Inanyol

awep 9§ Jeswey

11

r.org/BN/

.ramsa

Download PDFs of all Briefing Notes at www



99 99 9 a9 9 9 9 9 000 000 uoo3e] uelehyy

Aeg
GE€C8 veie T/88 €0€E 8T€EE vL0EE 8TEE 8TEE 090 oo daaq Jauuj pue saysiel od e\l
9L€ 90¢€ (0[0)7 143 ¥9¢ 06%S LT8T LT8T 800 ¢0°0 9AJ9s3Y 4NN |euoneN Suayduep
66 €L 0TT 18 8 €498 8 4] 000 000 (1seaa@ yewujizty) eaja@ yewanjizty
S8T ¢9¢ 191 8¢¢ SL 96507 9507 9507 910 00 nay|joy [esua)
6 6 (0] (0] (0] (0] 0T 0T 000 000 puejs| Jenpasys
09§ 708 LSY 999 8TL 7801 7801 7801 £L8°0 TL°0 9)eq jjes eoeuseq
068 S?9 786 069 [4%3 8TCT 80¢T 80¢T S0 €C0 e}aqg nsjoo
99 99 9 [4°] [4°] [4°] [4°) [4°) 000 000 suooseT yjljeunwin)
989 [4%3 ¢SL ve 78 L80¢C £L80¢C L80¢C [AN0] T0°0 €}3a zIp@d
Jaynq Jynq Jaynq Jaynq Jaynq Jaynq Jynq
ws wyt unjg unjt 9MS unjg unj|g 9MS un|t aMs dWeN dMS Jeswey
000z Ausuaq dod Say 0102 AMisuaq dod a8esany 0102 AMisuaqg dod wnwixel puej ueqin %
0C'1T 9¢'8T €86 99°'0S [44cls 69°CS LS LL L6°E9T 1743 ADIENL uooseq uejehyy
ONOM Aeg
[AN0] 9€0 S6°0 8L'8Y 6C°6€ €E'TS €E'E €89 0SL SNOH daaq Jauuj pue saysiel od e\l
VASK {0)4 L9°EVS €7°989 SL°09 TL'SY 759 LO0'T69C 6C'6/8C 9STT VNIHD  9A13s3y ainjeN |euoneN Suayduep
e 86°€C VA NAY 8C'CC 18179 0g'8Y 6v'cE 1Z44" ST'STC [4743) ADYNL  (1sea2@ New.|iziy) e3a@ sewanjiziy
= 9ty 06'1S 868 0€'99 ¢6°0S LETT €LVLT 0S°€ETE €68 VIO403I9 nay|joy [esua)
Hrm ST'0 €€0 ST'0 66°/9 €T'¢S 879 60 85°C S101 NVl puejs| Jenpasys
W LY0 LS0 0z's 96'9S TL'CS 000 S6°0T S6°0T 180T SNYdAD 9)eq 3jes edeuseq
.m 60°0¢ 89°'6¢C ov'LT €18 T0°LS 9Tty 09'¢8 [4: 444" LS9 ADIENL e}aqg nsjoo
m VL1C 0TS¢ 8L°9¢ 6078 €009 .66V S'66 9/°86T 6191 ADIENL suoo3eT yjljennwin
.m 9’9 LEOT C¢T'LS 06'88 €118 19°'SY 8T'€8 76'CST Sv6 ADIENL €}aa zIp?o
M (zum) (zum) (zws))  ¥ISWZ-0 ¥1s eale  (guny) aus
B YIS UIYMM  3}S UIYUM  dMS UIYHM W04y SId 18 WT-0 WO Sid palep pasiawgqns Jeswey Jo ‘ou S
.m ealy wg ealy wf edly WQ eale pue|y 1eedlepue|y -unu|dISJ09Y%  -UON  eady |ejol Jeswey Asuno) dwe s Jeswey
(%]
m (41S) @s1y [9n97 ©3S 4919 T — 0 01 24nS0dXDd JO SWIA] Ul HSII Je Jsow eisy pue adoin]
8 uJd31Sed ul SAS Jeswey QT 9y 10} sonsnels uonendod uewny pue asi [9AS] BIS WOJS ) SI 1B BaJe ‘DoudSiawigns JO JUIIXd JuUdLINI pajewns] "¢ djqel

2



13

6L L L8 6L 8L orT 44 r4n 000 000 0iq3 |2p e32Q
LY6T 182¢ €61 €97 9THT 9T¥T 9THe 91¥T 00'T 00'T Y07 Ja813quajyniy
olydxnyewo)
06 60T €6 an 3 665 665 665 LT0 710 Ip oliosua1dwiod [3p anpisal IjjeA
44 ST LTT o1 o1 LEL 91 91 000 000 ejeuene) aj[en
98 VL 98 vL 85 €1€ €T€ €1€ 910 L0°0 $lopuianQ - Snnjuleg ‘aq|a19paIN
0z 0 0z 0 0T 1C 0 0z 000 000 lauuoy aipIoN
oSt LSE vy 9/€ 143 0€S 0€S 0€S 0.0 650 1318\ UOpABIg
9 3 19 15 8T €59 8L€E 8L€ 800 200 e)aq ueqny
744 L8 veT 16 16 €79 16 16 000 000 01IaNY 3]|eA :eizauap Ip eunge]
06 €8 6 L8 67 1447 1A% 6T¢C vE0 620 €|]91S 0]|p 1904 :ouese| Ip eunse]
Jagn Jaynq Jaynq Jaynq Jaynq Jayng Jayng
q wnjg wyT wnjg wyjT aus wjg wjT aus wyjT aus awep as Jeswey

000z Ausuaq dod Say 010 AMisuaq dod aSesany 010 Aisuaqg dod wnwixelpl ueq.n S| Jey) ease pue| %

(]
(%)
=
d
>
i
©
(5}
(%]
©
(9}
O
>
©
=
(V)
(sTo]
C
©
d=
(S)
Q
)
©
£
©
IS
[
(%]
Q
=
(%]
—
©
(%]
£
©
o
o
+—
=
(%]
=
()
=
=)
oo
c
5
©
S
@©
>
(¥H]

ve0 760 99'9T €986 v.'96 79's LT8T 97'6T €69 NIVdS 0iq3 |3p e3j2Q

1T°0 610 8L €786 v0'L6 000 6L'L 6L°L 195 ANVIANYID Yoo Jassaquajynin

O_suumEOU

950 791 YSYTT 1816 ov'L6 000 ST6IT ST6IT Y44 ATVLI Ip ouosuaidwod [ap anpisal Ijjep

¥0'0 L00 sty 7766 0£'86 TT°E €97 8Ly 69T ATVLI ejeuene) djjep

9¢€'0 vLe ze'sL 9/°86 1€'86 L8°0¢ ov'6L ¥€°00T €8 ANVIANID  HopuianQ - Snnjuieg ‘aq[a1apaiN

000 L00 970 00°00T S9°'86 58'86 v€'0 S8'6¢ i NYVINNIA Jauuoy aipioN

NOQ
€00 6€°0 0C'TT v0'66 1186 000 €LTT €LTT 128 -ONIY d3LINN J191e/\\ UOpASIg
v.9 NOILVY3

vT's 8.°0C 95°68LT 0,66 1°66 ST'S IT'TZ8T  v0'0T6T PuBS/9  -a3d NVISSNY e3jaq ueqny|

100 z00 a4 00°00T LV'66 810 8T 8Y'T 47 ATVLI OLIBNY 3||BA :BIZ3URA Ip eungeT

100 ¥0'0 €Sy 10°00T 88'66 11°S8 8P €1°0€ 06T ATVLI e[|21S O[|3p 1204 :ouelel\ Ip eunse
(zw») (zw») (zw) YIS we-0 y1s (zwny) aus Jo (zwny) aus

9}Is r__r_u._>> 9})Is :_e_u_>> 9})IS :_r_u_>> EO.;. v_m_._ je wt-0 F_O.:. v_w_h _uwum_u:::_ eale _uwm._wr: Jeswey mo ‘ou
eaJy Wg eaJy WT ealy w(Q ealepue|y leealepue|y DNISJ0%  -qNs-UON  eaay [e10] 3§ Jeswiey Anuno) awep 9us Jeswey

(1x21 93s) Sunjuel S1Y3 WoJLy PIPNJIXD dJe SPUBIDYIDN dYI Ul SOUS,
(41S) @s1y [9na7 ©3S 41BN T — 0 01 24NS0dXD JO SWIA] Ul YSI Je 3sow ,2doun3 uid1sam pue
uJaylIou Ul SIS Jeswey OT 9Y3 10} soisiels uonejndod uewny pue 3si [9A3] BAS WI0JJ ) SH 1B BaJE ‘@3uasiawgns JO JUXS JU3LINI palewns] "€ 3|qel

r.org/BN/

.ramsa

Download PDFs of all Briefing Notes at www



=2
00
c
€=
[T}
=
fa)
‘©
Q
c
<
]
T
©
c
©
(8)
=
5
c
Q
o
n
—
©
(%]
€
O
o

00¢
914

0

Jaynq

unjg

98¢
9¢

0

Jaynq
un|g

000z Ausuaq Sny

8T°0

[459]
00

LT0T9

100

ST'6T

ST0
000
000
000

(zw»y) aus
uIyIm
ealy wig

€00

0€'8
100

TO'C6ET

€00
vv0L
900
€CE9E
000
80V

(zw»)

ealy wy

(01333
vS

[4"
0
0¢
0

Jaynq
unjg

ST€
ov

[
0
(0]
0

Jaynq
wt

17433
6¢

[4"

0T

NS

010¢ Asuaq dod a8esany

870

8L
090
S0'0SS
0T'0
000
66'8
000
000
000

(zw»)

81°8L

<L'18
€59°€9
(8'€8
90°TL
S€E8

1L
00°00T
00'00T
¢0'00T

y1s we-0

81'8S

68°09
9G°'19
8L°€9
S8°€9
69°99

vcoL
00°00T
00°00T
¢0'00T

1S WT-0

SvS
LTS

€1

0
01T

0

Jaynq
unjg

81¢
oce

€1
0
(0]
0

Jaynq
unt

1433
oce

€1

(0]

S

010z Misuag dod wnwixe

L6°66

76°06

€6'86
100

0T'€8
000

100
68°LC
66
VLv6

9US JO %

L80

05°9¢
660
68'770¢€
1C0
v /[0T

68°CT

€7 €9¢€
000
80"

(zw»)

91IS JO eale (zwy) dUS
9MS UIYMM 3}IS UIYUM WoJ) HSH 18 WOy S 1B palepunu] pasSiawqgns Jeswey Jo ‘ou 3us
ealy wQ eaJe pue| y eale pue| %

-UoN

PeEESEE

8€'C6C
8E'C6
6¢'S0¢€
(4"
v /[0T

68'CT
¢L°€0S
9¢0
6S°LL

ealy |ejo] Jeswey

000

000
9€0
S00
000
000

000
000
000
000

Jaynqg

wy|T

0¢8T

1681
EveT
€L
8rET
8¥¢

S¢8T
T6E
0S€ET
8¢

000

000
8T°0
100
000
000
000
000
000
000

9MSs

uequn s jey) eale pue| %

OJIX3N

OJIX3IN
O2JIX3IN
OJIX3IN
O2JIX3IN
VAvNVYO

O2JIX3N
ANVINIIYD
O2JIX3N
AAVIANIA

Asjunoy

SaueJde|Y 94199.1Y |euoldeN anbied

Jeeawo)
01101119} |3 SO43)S3 A OjjluIayu| |ap [eue)

SO|3JO|Al 0143Nd dp 312844y |euoldeN anbaed
e]3Ud) 9p souejued eiajsolg e| AP eAIISAY
uejyuay) esdonsniio) eAeld

JOAIY []2UUODINI

oueywJ3
|13 - @|n@ en8y ounienis3 Jeunse] ewajlsis

uaIni
o||inbixa\ esan8nyi0] eAe|d

(pue|f3 auuoun) un3uunssisiy]

SWwieN 9MS Jeswey

saueJoe|y 9j193.1y [euoen anbied

Jeeswo)
011031449} |[9p SO431S3 A Ofjluiayuy| |ap |eue)

SO|3J0|A 0}aNd 3p 3123y [euoidey anbuied
B[3Ud) 9p SouejUE{ BJI3JSOIg B| AP BAIDSIY
ueyuay) esdansnyio) eAeld

JAALY []2UUOIN

oueywug
I3 - 92|n@ enSy oulienis3 Jeunse] ewWIISIS

usIi
ojjinbixay esan8nyio] eAeld
(puejf3 sauuoan) unBuunssisi|

awep 9§ Jeswey

(47S) @s1Y |9Aa7 €3S 41BN T — 0 03 24NSOAX3 JO SWII) Ul YSI J& }SOW PUB|UIIID) pue BILIBWY
YMON Ul S3MIS Jeswey T Y3 4104 sousies uonendod uewny pue asia [9A3] B3S WO HSK 1 BaJe ‘90UaSIaWgns JO JUIIXD JULIND pajewysy “y d|qel

4



(]
(%)
=
d
>
i
©
(5}
(%]
©
(9}
O
>
©
£
(O]
[sTo]
C
©
d=
(S)
Q
)
©
£
©
IS
o
fut
[
(%]
Q
=
(%]
—
©
(%]
£
©
o
o
+—
=
(%]
=
(O]
=
=)
oo
c
5
©
Iu
@©
>
(¥H]

69 ¥s L9 19 144 699 (43} (4} [4AN0) 100 110d uidisam
0 0 0 0 0 0 0 0 000 000 utejdpooyj JaA1Y pIO
Hoq|v
14 14 14 14 L 8T 8T 8T 100 00 pue euLipuexa]y sayeq ‘8uoio0) ayL
14 14 S 14 14 S S S 000 000 1djuj JdUI0)
0 0 0 0 0 0 0 0 000 000 SAJI9S3Y 3injeN |euonieN jo9y dJowysy
Jaynq Jaynq Jaynq Jaynq Jaynq Jaynq Jaynq
unjg wyt o wit 9US o un|t QNS unjt 21 SweN 3)S Jeswey
0002
Asuaq dod Say 010 Misuaq dod aSesany 010 Aisuaqg dod wnwixelp ueq.n S| Jey) ease pue| %
or's 96°'T 817'C or'v 66T 8€'69 TT€TC L8'8TL L9C vIvalsny 10d u4d1sa
¢9'ST veen 440 69°L Sq'Y 0T'0T L8'L6Y 06°€SS LLY vIveLsny utejdpooyj JaA1Y pIO
Haqlv
SE'TE SO'TT SETT 9L°€T 06'6 8C'8L 0€°9¢¢ 96'T¥0T TCE VITVYLISNY  je| pue eulipuexs]y sayeq ‘Suoloo) ayl
6161 8101 7501 86'7C L6°CT 6€9L LL'6ST 78949 T9¢ vIvye1sny 19ju] Jdui0) m
(4% L8'T 780 9L°6€ LL'ST 0896 LTLT 9T’LES ocet vIvaLsny 9AI9S3Y diNjeN |euonieN jI9Yy aJo0wysy =
(zw»y) -
(zw») aus (zuny) aus  (zwny) yiswzg-0  ¥Iswi-0 3Ms Jo ease (zwy) aus >
UIYHM  UIYHM  3)S UIYHM WOJJ ) S 1B W04 ) S Je palepunu] pagisawqns Jeswey jo ‘ou 5
B3y Wg EBaly W Ealy W(Q Eale pue|y eale pue|dy S JO % -UON  Ealy |el0l SMS Jeswey Anuno) swep 3MS Jeswey .W
3
(41S) @s1y |9n97 ©3S 4919 T — 0 01 24nS0dXd JO SWI) Ul YSHI Je Jsow m
elueadQ ul SIS Jeswiey dAY 9Y3 404 sonsiiels uonejndod uewny pue asi [9A3] BOS WIO4J Y SI 1€ BAJE ‘DIUdS49WgNS JO JUIXD JULINI palewns] G djqel m




=2
00
c
€=
[T}
=
fa)
‘©
Q
c
<
]
T
©
c
©
(8)
=
5
c
Q
o
n
—
©
(%]
€
O
o

adnoj@

89¢ 60¢€ [40) 74 LEE 8LC ¢79¢ 9601 9601 S8°0 €590 -peny e| ap ule Ies-ap-|n) puein
143 €€ S€ 13 1% 0€L 817¢ S€9 900 900 elsineuang
eliny
99 LS 99 89 €C 6€L 6€L 6€L 900 100 ap 0331) 3p 3ON |3p |epawnH ueln
14 [44) 9T LET 90T 808 808 808 ST0 170 Arenjaues ua1puemuy soje)
€9 1S 18 (44 6 €00¢ 786 6¢ 700 000 ainuny) sasejsuey
LE L€ [47 [47 [474 [474 [474 [47 0 €v0 eas Juadelpe pue puejs| aireuog uid|y
9 L 9 8 14 LSE LSE LSE 00 000 e19)50) efueud A 31s3 |ap sopeueg
14" 9T 9T 8T 81 0€ 0€ 0€ 000 000 ax1ad op eose]
[4) 4! [45 [4) 14 14 14 T 000 000 Aange)-owixe o1y |epawnH
T€ C LE € C SG€E 91 C 000 000 SOMIAI|Q SO 9p eSeual)
Jaynq FEITI] Jaynq Jaynq FEITI] Jaynq Jaynq
wsg wiT unjg wt 1Y unjg wt 3MS wyt CAT sweN 3MS Jeswey
000z Ausuaq Say 010Z Aisuaq dod aSesany 010z Ausuag dod wnwixel ueq.n s| 1ey) eae pue| %
adnojo
60T [44l0) 80 66'6 887 06'68 VE'TC 9C'TT¢ 9 (¥4) 3dN013AVND  -penn e| ap ulel Ies-ap-|n) pueln
LS'TL ce9t 89'1S 0z'ST LS'L SC0L €1'8€6 TL'CSTE €ecT vand ejsineuang
ejiny
T0'6S €v'ce 6C'TS OT'€T 89°L 999 9€'680T 90'¥TS¢C sect vand ap 0331) ap 910N |9p |epawny uelg
68'T¢C 0S'T 9LV €q'EY 89'6 000 L9'V9 L9'V9 [444 JTIHD Atenpues 1a1puemuy sojie)
LO'ST veLe ot'LT LY'ST €Ter 000 1S°0SY 15°0SY ¢0S ¥0avno3 a1nuny) sasejsuen
(IN)
99T 8€0 6€0 L8'EY T0VT 9€’€T 19°S 0T’L T0¢C SITILNV "HLIN eas juadelpe pue puejs| aireuog uia|y
9T'LVe 79°0¢ T1°S60T €8'7¢E 1G9°8¢ €6'T SO'€T6E ¢C'066¢€ 06¢ AVNONYN e19150) efueud A 3153 [9p sopeueg
VLTt LO'6T S¥'S9 ST'Cy €9°9¢ €10 ¢L0€e TO'TET €09 11Zv4d ax1ad op eo3deq
Tv'LT L6°8T 70Ty 68°LS ¥0'Sv 90°0% Sy'SeET S6°SCC LETT vdand Aan3ed-owixe ory [epawiny
€G9'ST S¥'8T 96°CLT v€9L 19°0L 896 80°TLC ¥1°00€ 6G8 V13INZ3IN3IA SOMIAI|Q SO 9p eSeual)
(zw») (zwny)
aus (zw»1) (zw»y) 1S wz-0 y1s ausjoease  (zwy)
UIYHM  DMS UIYHM DUS UIYHM W04y ) S 1B WT-0 WOJj YS1 pajepunu] padiawqns dMS Jeswey ‘ou a)s
BaJy WZ EaJy WT EB3Jy W(Q EB3JE pue| % 1e eale pue|y 1S JO % -UON  jO eaJy |el0] Jeswey Anuno) awieN 9MS Jeswey

asiy |27 3G 43BN T — 0 O3 94nS0dXa JO SWI} Ul YSM Je 3sow (uoiSaa S1y3 Ul S3LI0NII3) Seassano Suipnpoui) sdido.y
-03 3y} Ul SAUS Jeswey QT Y} 404 sonsyels uoyejndod uewny pue s [9A3] BIS WO YSM Je Bale ‘9ouaSIawqgns JO JUIIXS JUILINI pajewns]y *g ajqel

16



[}
R%)
©
>
2
©
(]
(%]
©
(]
()
=}
gel
=
&
= w - 01 8- 12019 62T adoun3 spuelJayianN JaauwdieN
S w0 8€'T/ 8//T edlIaWY YloN 02IX3IN ow|nd oge) |euoidep anbied
(O]
® ouez
M wQ 6.'v7S ovET edlIaWY YoN 02IX3IN -nJoeI3/ |B}19944y BW)SIS [euoldeN anbued
m w0 97°0 0SET edlaWY YlioN 02IX3N ojjinbixa\ esan8nyio] eAeld
2 (lepuuaiul) w o 6EV 6T0T adoung wopsuly payun 15e0) elquINYLION
.m w Qg+ 010 69°€CC S adoun3 puejuly osejadiyduy 13eN-1eys|1usis
,m (w 0> 31s0wW) W £+ XeN| vy TSt €GET edlIaWY YloN 02IX3IN 0410yduly) odueg eidjsoig e| dp BAISSIY
m w ¢- 01 9- 0t°'080T et adoung SpuelayiaN 193wiass(|
©
DM wQ010¢- 91988 6LCT adoun3 SpueliaylaN B1|9P400A
o) (uon
-2 -BA9|9 "Xew ou) w Q Ul 1€'6VL e RTINS e21JJY Yinos puejeSuo] jo s}99Y |el0)/sayoeag 93Nt
m ealy uon
L w QT+ Xe LYV T6Y 608 adoung AemuopN -2910.d adeaspue pue 9ISy dJnleN ueou
.m w QT+ Xe TveT 6vvT edlIaWY YoN 02IX3IN |awinzo) ap 9j199.4y |euolden anbaed
m w €+ 010 yEegee 0781 edlaWY YlIoN 02IX3IN saueJde|y 9419944y [euoldeN anbied
Ll
wg8+010 o TLS esly eauiny zenesjy 3|
uonpewJojul oN 79°€T 065 edlIaWY YoN S931e1S paNuN 98nyay aI|p|I/M [euoleN pue|s| uedijad
PELEIR:-ENN 67°CS Y43 adoung wnig|ag udyueg aswee|p m
W €T+ -0 9T°¥0¢ € adoung puejui4 o3ejadiyday uaioue] pue Jeysidpos nm
Wi+ 0} m
dning ‘lepugns AjsoN  28°£00T 010t elsy saulddijiyd JJed suliel [euoneN sja9y eyeleqqny o
(%]
(s1a) £
199YS uonewJoju| 1es (zw) .W
-wey ul 3Sues uonens|y eauy |eroL *ou 3)IS Jeswey jusaunuo) Anuno) swepN 3
c
3
uoneAd|d sia1aw 0 Mmo|aq Ajjoym aJe diedlipul eyeq INILYS Yo1Yym sals Jeswey */ ajgel m




Ramsar Scientific and Technical Briefing Note no. 5

Livelihoods in the coastal zone, Venezuela. Photo: Julio Montes de Oca

Briefing Notes series

This series is prepared by the Ramsar Convention’s Scientific and Technical Review Panel (STRP) in order to share rel-
evant, credible and interesting scientific and technical information on wetlands with a broad audience. Briefing Notes are
reviewed internally by STRP members and a small internal editorial panel, comprised of the STRP Chair and the respon-
sible Thematic Work Area lead or task lead, assisted by the Convention’s Deputy Secretary General and Scientific and
Technical Support Officer.

Briefing Notes are published by the Ramsar Convention Secretariat in English in electronic (PDF) format. When resources
permit, they will be published in French and Spanish as well (the other official languages of the Ramsar Convention) and
in printed form.

A full list of current Briefing Notes can be found at www.ramsar.org/BN. Information about the STRP can be found at:
www.ramsar.org/STRP-main/. For more information about Briefing Notes or to
request information on how to correspond with their authors, please contact the The Convention on Wetlands
Ramsar Secretariat at strp@ramsar.org. Design & layout: Dwight Peck. (Ramsar, Iran, 1971) — called
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