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Evaluating the risk to Ramsar Sites from 
climate change induced sea level rise

This 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

• 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. 

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

• 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.

• 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

Background information

CIESIN, through its NASA-
supported Socioeconomic 
Data and Applications Center 
(SEDAC), conducted a glo-
bal analysis of Ramsar Sites 
and developed this report in 
response to a request by the 
Ramsar Convention’s Scientific 
and Technical Review Panel 
(STRP), as part of its wetlands 
and climate change work area, 
for “information for wetland 
managers and decision-makers 
on the extent of land use and 
population in the vicinity of 
wetlands in specific areas, e.g., 
deltas, and current and likely 
impacts.”

To access the map client or to 
download the spreadsheet and 
shapefile that includes assess-
ment results, visit http://www.
ciesin.columbia.edu/data/
ramsar-slr/

http://www.ciesin.columbia.edu/data/ramsar-slr/
http://www.ciesin.columbia.edu/data/ramsar-slr/
http://www.ciesin.columbia.edu/data/ramsar-slr/
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or elevation behind the site, and possibly other fac-
tors like poverty or government capacity1.

• 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. 

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 

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 Comisión Nacional de Áreas 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-

RELATED DOCUMENTS

1)  Center for International Earth Science Information 
Network (CIESIN)/Columbia University. 2012. Low 
Elevation Coastal Zone: Urban-Rural Population and 
Land Area Estimates. Palisades, NY: NASA Socioeco-
nomic Data and Applications Center (SEDAC). http://
www.ciesin.columbia.edu/data/lecz-urban-rural-
population-land-area-estimates/ 

2)  Strauss, B., Ziemlinski, R., Weiss, J., Overpeck, J. 
2012 Tidally-adjusted estimates of topographic 
vulnerability to sea level rise and flooding for the 
contiguous United States. Environmental Research 
Letters 7 014033. http://dx.doi.org/10.1088/1748-
9326/7/1/014033
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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.2 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 0m, 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. 

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.3 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.

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).

http://www.terraviva.net/spotlight/spotlight_global_coastline.html
http://www.terraviva.net/spotlight/spotlight_global_coastline.html
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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 0m in elevation. 
As noted in the introduction, tides and storm surge will 

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 0m 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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Annex 1

Figures and Tables

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

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)

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)

Figure 6. Population density and Google Earth images: Anlo-Keta Lagoon Complex, Ghana



Download PDFs of all Briefing Notes at www.ramsar.org/BN/ 9

Evaluating the risk to Ramsar Sites from climate change induced sea level rise

Figure 7. Relative risk of coastal Ramsar Sites in Mexico from a 0-1m sea level rise

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
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The Convention on Wetlands 
(Ramsar, Iran, 1971) –  called 
the Ramsar Convention – is an 
intergovernmental treaty that 
embodies the commitments of 
its member countries to main-
tain the ecological character of 
their Wetlands of International 
Importance and to plan for the 
"wise use", or sustainable use, 
of all of the wetlands in their 
territories.
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