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Abstract

The complex coastline of the Earth is over 400 000 km long and about 40 % of the
world’s population lives within 100 km of the sea. Past characterizations of the global
coastline were constructed either from a continental perspective through an analy-
sis of watershed river basin properties (COSCAT: Coastal Segmentation and related5

CATchments) or from an oceanic perspective, through a regionalization of the proximal
and distal continental margins (LME: Large Marine Ecosystems). Here, we present a
global-scale coastal segmentation, composed of three consistent levels, that includes
the whole aquatic continuum with its riverine, estuarine and shelf sea components. Our
work delineates comprehensive ensembles which retain the most important physical10

characteristics of both the land and shelf areas. The proposed multi-scale segmenta-
tion results in a distribution of global exorheic watersheds, estuaries and continental
shelf seas among 45 major zones (MARCATS: MARgins and CATchments Segmen-
tation) and 149 sub-units (COSCATS). Geographic and hydrologic parameters such
as the surface area, volume and fresh water residence time are calculated for each15

coastal unit as well as different hypsometric profiles. Our analysis provides detailed
insights into the distributions of coastal and continental shelf areas and how they con-
nect with incoming riverine fluxes. These results can be used for regional analyses
and combined with various typologies for upscaling and biogeochemical budgets. In
addition, the three levels segmentation can be used for application in Earth System20

analysis.

1 Introduction

The coastal zone is one of the most complex constituents of the biosphere and is a par-
ticularly active interface due to contrasting terrestrial and marine influences (Gattuso
et al., 1998; Mackenzie et al., 1998). Inputs of terrestrial material such as sediment25

loads and nutrient fluxes through rivers and groundwater discharge are – to a varying
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degree – filtered and recycled in coastal areas. Coastal currents and major oceanic fea-
tures, e.g. in upwelling areas, further re-shape this exchange and lead to major trans-
formations of energy and matter before, ultimately, the open ocean is reached (Alongi
1998; Jahnke, 1996; Mackenzie et al., 2002, 2005; Slomp and Van Cappellen, 2004;
Wollast, 1998). Depending on the interplay between the geomorphological settings,5

shapes and hypsometric profiles, together with climatic and hydrodynamic influences,
key processes and transformations of many global biogeochemical cycles are played
out in coastal waters (Arndt et al., 2011; Cai et al., 2011; Laruelle et al., 2009; Liu,
2010; Mackenzie, 1981; Smith and Hollibaugh, 1993; Wollast, 1983). 18 % of the ma-
rine primary production takes place in the continental shelf seas (Biscaye et al., 1994)10

and is sustained by both the nutrient delivery from continents via the rivers (Seitzinger
et al., 2005) as well as coastal upwelling (Longhurst et al., 1998). The relative shal-
lowness of coastal waters, compared to the open ocean is also responsible for intense
coupling between pelagic and benthic processes (Crossland et al., 2005; Mackenzie
et al., 1998). They also are the siege of important carbon and nutrient burial within15

aquatic sediments (DeMaster et al., 2002; Rabouille et al., 2001; Seiter et al., 2005).
Yet, definitions of the coastal zone and its geographical extent often vary from one

study to another, largely depending on the background of the observer and the purpose
of the research. Oceanographers and marine scientists often neglect near-shore fea-
tures such as estuaries and regularly use the term of coastal zone when referring to the20

continental shelf as a whole (Crossland et al., 2005; Smith and Hollibaugh, 1993). In
terms of material fluxes at the land-ocean interface and from a marine perspective, the
continental shelves act as a filter between inland waters and the open ocean. They are,
in fact, a succession of nested filters for water and associated material transported by
rivers or groundwater, the first one being estuaries (Elliott and Mc Lusky, 2002; Wood-25

well et al., 1973) and the last one being large regional seas (Meybeck et al., 2007).
However, the location of the limit between rivers and estuaries is not always easy to
determine and the entire aquatic cycle can be considered a continuous system. In
fact, rivers, estuaries and continental shelves seas can be viewed as a succession of
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tightly connected systems where individual boundaries are blurred by the strong spatial
gradients and high temporal variability in temperature, salinity, and chemical elements
concentrations.

Nevertheless, segmentation is a critical step when making budgets of water and bio-
active elements for coastal systems (Dürr et al., 2011; Laruelle, 2009; Laruelle et al.,5

2010; Meybeck et al., 2006). For instance, global segmentations of coastal regions
have been developed for purposes as diverse as benthic carbon budgeting (Seiter at
al., 2005) or fish resource management (Large Marine Ecosystems, LME; Sherman
et al., 1989; Sherman, 1991). In the LME segmentation, the outer boundaries can
stretch well beyond the geographical limit of the continental shelf and the boundaries10

used to delineate their regional oceanic provinces are determined using a fisheries
management or other political perspective rather than using a set of consistent nat-
ural criteria such as geomorphological features or currents. Another approach came
with the LOICZ program which compiled information from the contributing terrestrial
area to the coast and beyond the continental margins. The LOICZ approach does not,15

however, propose a spatially-explicit segmentation in geographical units. For instance,
the COSCAT approach (Coastal Segmentation and related CATchments) created by
Meybeck et al. (2006) distinguishes different segments of the global coastline based
on a combination of terrestrial watershed characteristics. In the recent synthesis by Liu
(2010), the coastal ocean has been segmented using large scale coastal currents and20

climatic zones and Dürr et al. (2011) proposed a distinction of estuaries along criteria
relating their shape to the filtering function for riverine material.

However, at global scale, a spatially-explicit segmentation that incorporates consis-
tently the main features of both the land and the ocean realms remains to be performed.
A major difficulty in this context consists in accounting for the difference in spatial scales25

between the linked aquatic and costal systems. For instance, estuaries are a funda-
mental component of the land-ocean continuum because of their filtering capacity with
respect to carbon, nutrients and sediment (Arndt et al., 2007, 2009; Laruelle, 2009;
Laruelle et al., 2009; Nixon et al., 1996; Regnier, 1999; Vanderbrought, 2002, 2007).
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Yet, with typical length and width scales of 10 to 100 km and 1 to 10 km, respectively,
they are much smaller entities than large scale coastal oceanic currents such as the
Gulf Stream or the California current which flow along continents over thousands of
kilometers (Longhurst, 1998). Thus, a multi-scale approach is required to capture the
complexity of the Land-Ocean continuum.5

In this study, we present a harmonized multi-scale segmentation for global continen-
tal waters which updates and combines existing approaches, including the complete
suite of connected systems from the watershed to the outer limit of the continental shelf.
It is based on three levels of increasing spatial resolution. The first level (0.5◦ resolution)
involves the main riverine watersheds and identifies the dominant type of estuarine fil-10

ter. Following the typology of Dürr et al. (2011), estuarine types follow a nomenclature
distinguishing between small deltas, tidal systems, lagoons and fjords. The second
level is based on an updated version of the COSCAT segmentation (Meybeck et al.,
2006). This is then extended to include the adjacent continental shelves. The highest
level in the hierarchy is termed MARCATS (for MARgins and CATchment Segmenta-15

tion) and consists of aggregated COSCAT units according to the main climatological,
morphological and oceanographic characteristics of the coastal zone. The two highest
levels of our segmentation are used to calculate surface areas and volumes for the
entire coastal ocean along hypsometric profiles for different isobaths. Within each seg-
ment, fresh water flow (i.e. river discharge) is used to calculate fresh water residence20

times as well as the partitioning of fresh water discharges between the different types
of estuarine ecosystems.

2 Segmentation: limits and definitions

The present study describes a segmentation of continental waters based on three lev-
els of increasing aggregation. The finest segmentation corresponding to the lowest25

level of aggregation (level I) resolves the 0.5◦ river network of Vörösmarty et al. (2000a,
b). It includes all inland waters and is used here as a canvas for a coarser aggregation
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which consists in a grouping of riverine watersheds on the continental side and the de-
lineation of contiguous continental shelf segments on the oceanic side (Fig. 1). This
intermediate level of aggregation is based on an updated version of the COSCAT
segmentation developed by Meybeck et al. (2006), (level II). Finally, the merging of
COSCATs units into larger entities called MARCATS provides the coarsest segmenta-5

tion (level III).

2.1 COSCAT segmentation and GIS calculations

The COSCATs are homogeneous geographical units which are independent of admin-
istrative borders. They primarily rely on lithological, morphological, climatic and hydro-
logical parameters to partition the global coastline into segments with similar proper-10

ties. The total number of COSCAT units amount to 149 for an average coastline length
of 3000 km. Meta-watersheds attributed to each coastal segment are constituted of all
the individual watersheds whose rivers discharge within the corresponding COSCAT.
Following Laruelle et al. (2010), each COSCAT is also associated with a section of
the continental shelf adjacent to the coastline. The lateral boundaries of a specific15

shelf unit are defined by perpendicularly extrapolating the limits of the corresponding
coastal segment from the shoreline to the 1000 m isobaths, extracted from 1’ resolu-
tion global bathymetries (see below). Where the limit between two COSCATs on the
shelf corresponds to a major topographic feature such as a submarine ridge or the
connection between two oceanic basins, this feature is used as boundary instead. For20

the purpose of the study, a number of minor modifications were applied to the original
COSCAT boundaries, to account for stretches of coasts with similar estuarine charac-
teristics (Dürr et al., 2011) or the profile of some continental shelves. The COSCAT 401
running from the Gibraltar strait to the Atlantic border between France and Spain was
split into two segments (COSCATs 401 and 419) corresponding to the Northern and25

Western Iberic coasts, respectively. The COSCATs 414 and 1302, corresponding to the
European and Asiatic coasts of the Aegean Sea were merged. The boundary between
COSCATs 1111 and 1112, at the Southern edge of South America in the Pacific was
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moved northward to account for the change in estuarine types from fjords to arheic
(Dürr et al., 2011). In addition, all endorheic watersheds were excluded from the study.
This concerns the four COSCATs segments flowing into the Aral and Caspian Seas
(410, 1304–1306). The Antarctic continent, on the other hand, was included here us-
ing five new COSCATs (1501 to 1505). A map of all the COSCAT segments and their5

updated limits is provided as supplementary material.
The isobaths on continental shelves were extracted from 1’ resolution global

bathymetries. The version 9.1 of the bathymetry of Smith and Sandwell (1997, up-
dated in 2007, http://topex.ucsd.edu/marine topo) was preferably used as it generally
better represents very near shore coastal features (Dürr et al., 2011). However, its10

geographical coverage does not extend past 80◦ North and South. Beyond this limit,
the isolines were then extracted from the ETOPO 2 bathymetry (US Department of
Commerce, National Oceanic and Atmospheric Administration, National Geophysical
Data Center 2006, http://www.ngdc.noaa.gov/mgg/fliers/06mgg01.html). In the North-
ern Hemisphere, this concerns the Northern part of the Canadian archipelagos and15

Greenland as well as the Russian Arctic shelves. In the Southern Hemisphere, it only
affects Antarctica. Ten isobaths were extracted for each COSCAT: 20 m, 50 m, 80 m,
120 m, 150 m, 200 m, 350 m, 500 m, 750 m and 1000 m. After a conversion from grid
data to vector polygons using GIS, the surface area and average water depth was
calculated for each polygon. The aggregation of polygons for each COSCAT provides20

the surface area and the volume of a shelf segment comprised between two isobaths.
Table 1 provides the globally integrated surface areas and volumes of the continental
shelves for the succession of depth intervals.

For each COSCAT, the depth at which the shelf breaks was estimated by calculating
the slope of the sea floor. The outer limit of the shelf was defined as the isobath for25

which the increase in slope is the maximum over the 0–1000 m interval, yet still inferior
to 2 %. This value was selected as a compromise between the average slope and the
upper continental slope of 0.5 and 3 %, respectively, although the latter varies between
1 % and 10 % (Gross, 1972; Pinet, 1996). Locally, some very irregular topographic
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features smaller than the spatial resolution of our bathymetric grid induced artifacts
which required manual corrections based on geographic atlases (New York Times,
1992).

2.2 MARCATS segmentation

The coarsest segmentation (level III) aggregates COSCAT units into larger geograph-5

ical boundaries whose limit account for oceanic features such as coastal currents or
the pursue of marginal seas. The resulting 45 units (Fig. 2), named here MARCATS,
are an aggregation of 3–4 COSCATs on average. Some MARCATS, however, corre-
spond to one COSCAT only when they represent a well defined coastal feature like the
Leeuwin current (MARCATS 33, LEE) which flows Southward off the coast of Australia10

and differs in nature from adjacent COSCATs (Pearce, 1997). On the other hand, some
MARCATS are an aggregation of up to 10 COSCATs in the case of a large marginal
sea like the Mediterranean Sea (MARCATS 20, MED). Each MARCATS was attributed
a type following Liu’s classification of continental shelf seas (Liu et al., 2010). The dif-
ferent classes are: Eastern Boundary Current (EBC, 1), Western Boundary Current15

(WBC, 2), Sub-polar Margins (3), Polar Margins (4), Monsoon influenced Margins (5),
Marginal Seas (6), Tropical Margins (7).

Eastern and Western Boundary currents (1 and 2) are generated by large oceanic
gyres when they flow parallel to the continents. The lateral water flow created by Ek-
man’s current perpendicular to the boundary current induces upwelling of deeper wa-20

ters which sustain primary production where the upwelling flux is large enough (Atkin-
son et al., 2005). Monsoon dominated margins (3) regroup all Indian Ocean’s coasts
where the hydrodynamics are strongly driven by the seasonal wind patterns of the
Monsoon (Nag, 2010). Sub-polar margins (4) are characterized by cool temperate wa-
ters located on latitudes higher than 50◦ North and lower than 30◦ South approximately.25

These limits are used to differentiate them from the Polar margins (5) which explicitly
refer to coastal waters surrounding the Arctic and Antarctic oceans. Marginal seas (6)
refer to interior seas constituted of shallow waters belonging to the continental shelf
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(Hudson Bay, Baltic Sea, Persian Gulf) or wider entities including deep waters (Gulf of
Mexico, Mediterranean Sea, Sea of Japan. . . ). In this case, the MARCATS only rep-
resent the generally narrow shelves surrounding the main regional sea. An important
characteristic of such marginal systems is a generally longer renewal rate of water
compared to other systems directly connected to the open ocean (Meybeck and Dürr,5

2009). Last, tropical margins (7) are typically warm coastal waters located in the trop-
ics and forming an equatorial belt around the Earth. The average temperature in such
areas is high (> 18 ◦C) all year long regardless of seasonality. Note that some coastal
regions present characteristics corresponding to several classes. For instance, the Red
Sea could arguably be defined as a marginal sea influenced by the Monsoon. In such10

cases, a hierarchy of criteria was used to identify the dominant characteristic. The first
criterion is the occurrence or absence of EBC or WBC. Next, the presence of a Marginal
Sea is used and, finally, monsoonal influence is applied. There is no overlap between
the three remaining classes (Tropical, Polar and Sub-Polar).

3 Results and discussion15

3.1 MARCATS classification of continental shelves

Figure 2 presents the location and surface area of the 45 MARCATS units. Table 2 lists
all the MARCATS and their constitutive COSCATs for which the shelf break depth is
also given. The limits of the individual COSCATs are also represented by black lines
in Fig. 2. The color code corresponds to the MARCATS classification, the continental20

shelves being highlighted in slightly darker colors. Note that the geographic projection
used for this map over-represents the surface area of high latitude regions – this has
been corrected for in the surface area and volume calculations. EBC and WBC (in or-
ange and yellow, respectively) border most continents at the mid latitudes and account
for a cumulative coastline of over 70 000 km. The major upwelling regions (California,25

Morocco, Canary, Humboldt and so forth. . . ) are driven by EBC or WBC; yet these
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currents generally follow the continents over much larger distances than those cor-
responding to the area where upwelling is intense (Longhurst, 1995, Xie and Hsieh,
1975). In the Pacific, the MARCATS 2 (CAL) and 4 (HUM) exemplify this feature. They
comprise five and three COSCATs, respectively, while in reality, only one COSCAT
covers the high intensity upwelling area (COSCAT 805 for the Californian Current and5

COSCAT 1114 for the Humboldt Current, Table 2). The Californian current, for instance,
is a part of the North Pacific Gyre which extends up to the latitude corresponding to
British Columbia in Canada (Karl, 1999; Mann and Lazier, 2006) although the upwelling
is induced along the South Western coast of the United States. In the Atlantic, North-
ern Hemisphere EBCs are located is the zone along Senegal to the Iberian Peninsula,10

and producing the Morocco (MARCATS 22, MOR) and Portugal upwellings (MARCATS
19, IBE). In the Southern Hemisphere, the EBC is located off the coast of Namibia
(Benguela Current, MARCATS 24, SWA). The only EBC in the Indian Ocean is the
Leeuwin current, located along the Western border of Australia (MARCATS 33, LEE).
The distribution of WBCs essentially mirrors that of EBCs on the opposite side of the15

oceans. In the Pacific ocean, South East Asia is bordered by a WBC in the North
(MARCATS 39, CSK) and the South (MARCATS 35, EAC), respectively. In the Atlantic,
the Brazilian (MARCATS 6, BRA) and the Florida currents (MARCATS 10, FLO) are
the pair of WBCs, one per hemisphere. Finally, in the Indian Ocean, the Southern tip
of Africa is associated with the Agulhas current which flows from Madagascar to Cape20

Town (MARCATS 25, AGU).
Margins under monsoonal influence (green) account for about half of the length of

the shelves in the Indian Ocean, forming a 20 000 km long arc running from the coast
of Somalia (MARCATS 27, WAS) to the Bay of Bengal (MARCATS 31, BEN) which
also includes all the coast of India (MARCATS 30, EAS). The main characteristic of25

this region is the seasonal inversion of wind patterns, affecting the climate as well as
the direction and strength of coastal currents. As a consequence, the coast of Somalia
is an area of upwelling in the summer (Longhurst, 1998) as this region is influenced by
a seasonal boundary current which disappears during winter time.

11328

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/9/11319/2012/hessd-9-11319-2012-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/9/11319/2012/hessd-9-11319-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
9, 11319–11361, 2012

Global multi-scale
segmentation of
continental and
coastal waters

G. G. Laruelle et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Subpolar margins (light blue) are found on all continents but Africa. They are located
at relatively high latitudes (above 40–50◦) in regions where EBCs and WBCs fade out
or drift away from the coasts. In the North Pacific, the subpolar margins lie along the
Western coast of Canada and South Alaska (MARCATS 1, NEP) and on the Eastern
face of Russia (MARCATS 42, NWP). The Southern portion of South America is also5

considered sub-polar and extends from the northernmost fjords of Chile on the Pacific
side to the Rio de la Plata on the Atlantic side (MARCATS 5, SAM). A large fraction of
the North Atlantic is bordered by sub-polar shelves including the Labrador Sea (MAR-
CATS 11, LAB), Southern Greenland (MARCATS 15, SGR) and North Western Europe
(MARCATS 17, NEA). The latter comprises Southern Iceland, as well as the Irish, Celtic10

and North Seas. On the antipodes, Southern Australia (MARCATS 34, SAU) and New
Zealand (MARCATS 36, NWZ) complete the world distribution of subpolar margins.

Polar margins (deep blue) are located at very high latitudes of the Northern Hemi-
sphere and include the Canadian archipelagos (MARCATS 13, CAN), Northern Green-
land (MARCATS 14, NGR), the Norwegian basin (MARCATS 16, NOR) and the Rus-15

sian Arctic Ocean (MARCATS 43, SIB and 44, BKS). In the Southern Hemisphere, the
Antarctic continent is bordered by the polar MARCATS 45 (ANT).

In our classification, Marginal seas (purple) include all enclosed and semi-enclosed
shelves. All of them are located in the Northern Hemisphere and they can be subdi-
vided into two broad categories. The first category consists of the shelves bordering20

large deep oceanic basins such as the Gulf of Mexico (MARCATS 9, MEX), the Sea
of Japan (MARCATS 40, JAP) and the Okhotsk Sea (MARCATS 41, OKH). The Black
Sea (MARCATS 21, BLA), the Mediterranean Sea (MARCATS 20, MED) and the Red
Sea (MARCATS 28, RED) also consist of narrow shelves surrounding deeper waters
but, in addition, they are characterized by a very limited connection to the ocean. In25

spite of being defined as a marginal sea, the influence of monsoon wind patterns can
be observed in the hydrodynamics of the Southern Red Sea (Al-Barakati et al., 2002).
The other category of Marginal Seas consists of inner continental bodies of relatively
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shallow waters such as the Hudson Bay (MARCATS 12, HUD), the Baltic Sea (MAR-
CATS 18, BAL) and the Persian Gulf (MARCATS 29, PER).

The remaining margins are located between both tropics (red). They are aligned in
a sort of Equatorial belt around the Earth and include the Pacific and Atlantic coasts
of Central America (MARCATS 3, TEP and MARCATS 7, TWA), the Caribbean Sea5

(MARCATS 8, CAR), the Atlantic and Indian coasts of Central Africa (MARCATS 23,
TEA, and 26, TWI) as well as a large section of Oceania running from the North of
Australia to the South of China and comprising most of Indonesia and the Philippines
(MARCATS 37, NAU).

3.2 Global importance of the continental margins10

Table 1 provides global values for sea surface areas and water volumes between the
different isobaths used in this study. The global surface area of 26×106 km2 between
the coastline and the 200 m isobath (the commonly used outer limit for the coastal
ocean in global studies, Walsh, 1988; Borges et al., 2005) is similar to that of Laruelle
et al. (2010). Yet, the distribution of this area among depth intervals indicates that15

the portion shallower than 80 m contributes to 17×106 km2. A significant fraction of
the continental margins thus corresponds to shallow coastal waters such as the wide
North Sea (COSCAT 404), the Patagonian and Arctic continental shelves. The latter
two exhibit highly extended shallow surface areas (< 200m) followed by a gentle slope
and a deep shelf break.20

Most coastal ocean surface area evaluations yield values in the range 25–30×
106 km2 (Laruelle et al., 2010; Walsh et al., 1988; Cai et al., 2006; Chen and Borges,
2005), which corresponds to 8 % of the world’s ocean (Rabouille et al., 2005). Nonethe-
less, the common definition of a single proper limit for the outer edge of the continental
shelf is still a matter of debate in the literature (Borges et al., 2005; Laruelle et al.,25

2010; Liu, 2010). The choice of this limit depends on various sedimentological and
morphological criteria but also, to some degree, on convenience of use. Convenience
is the main reason why the 200 m isobath has often been selected as it provides a
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consistent limit which is easy to manipulate and allows for inter-comparability between
studies. Liu et al. (2010) proposed a definition based on the increase in slope of the
continental shelf as an alternative. This definition is also used here (see Sect. 2.1)
and although our estimate of 30×106 km2 falls within the range of previously reported
values, the method allows for a more rigorous regional analysis of the shelf area dis-5

tribution around the globe. The shelf break depths for each COSCAT are provided in
Table 2. Furthermore, the surface areas and volumes between the calculated isobaths
for all COSCAT segments are available as supplementary material. In particular, this
allows for comparisons between studies relying on different definitions for the boundary
of the coastal ocean.10

The integrated volume of all continental shelves, from the shore to the shelf break,
is 3860×103 km3 (for a surface area of 30×106 km2). Most continental shelves break
at water depths between 150 m and 350 m (Fig. 3). The deeper shelves are found in
polar and sub-polar regions and their integrated volume accounts for more than half of
the world’s total volume of the coastal ocean. This includes the shelves of Antarctica15

which are very deep and extend down to 1000 m. Such particularity is a result of the
downwarping caused by the weight of the ice sheet on the continent, glacial erosion
and the lack of sedimentation from fluvial discharge (Anderson, 1999). It also includes
the very wide Arctic shelves. Tropical shelves are generally shallower whereas shelves
in contact with EBCs and WBCs do not exhibit a clear trend. Regions under monsoonal20

influence all have a shelf limit between 150 m and 350 m. Internal marginal seas such
as Hudson Bay, the Baltic Sea and the Persian Gulf (HUD, BAL and PER) are relatively
shallow and are entirely comprised within the continental platform. Therefore, they do
not break and are not included in the accounting of COSCATs in Fig. 3a. In Fig. 3b,
HUD, BAL and PER were assigned to the range corresponding to their maximum water25

depth, excluding any highly localized deep features (< 5% of surface area). The bulk
of this distribution consists of relatively deep shelves. This is explained, in part, by the
significant contribution of the deep Arctic shelves which amount to 5×106 km2 alone.
It also indicates that many shallow shelves are relatively narrow. This is particularly
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striking for EBC which only represent a total surface area of 1.2×106 km2 and, to
a lesser extent, WBC with a total surface area of 2.9×106 km2.

3.3 Connecting MARCATS with the continents

Table 3 summarizes the surface areas of watersheds, estuaries and continental shelves
for every MARCATS. The surface areas of estuarine systems are based on a spatially5

explicit typology consisting of four different types of active estuarine filters and three
types where estuarine filtering is absent (Dürr et al., 2011). Type I consists of small
deltas and miscellaneous secondary streams or transitional systems which exhibit very
limited filtering capacities. Type II regroups all estuaries and embayments dominated
by tidal forcing. This includes all macro-tidal estuaries and bays but also most rias and10

many meso-tidal systems like those found in Southern Atlantic America and Siberia.
Type III represents lagoons and enclosed estuaries, relatively protected from tidal in-
fluence (Schwartz, 2005). Type IV comprises fjords, fjaerds and other miscellaneous
high latitudes systems generally characterized by deep waters and very long fresh
water residence time. Large rivers (Type V) often produce an estuarine plume that pro-15

trudes past the conventional geographical limits of estuaries and, sometimes, even of
continental shelves (McKee et al., 2004). To attribute a surface area to each estuarine
type within each MARCATS, the respective length of each estuarine class is multiplied
by an average ratio of estuarine surface per km of coastline following the procedure of
Dürr et al. (2011). The distribution of estuarine types varies widely amongst the differ-20

ent classes of MARCATS. The Polar margins in the Northern Hemisphere contribute
31 % to the estuarine surface areas (106 km2). These estuaries are heavily dominated
by fjords (Fig. 4a). Antarctica does not have any estuary according to this calculation
because the few rivers are essentially meltwater streams (Anderson, 1999; Jacobs
et al., 1992).25

The world’s exorheic watershed surface totals 113×106 km2, which is 4 times larger
than that of continental shelves and more than 100 times that of estuaries (Fig. 4b).
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Naturally, the ratio between these surfaces significantly varies from one region to an-
other as well as the estuarine distribution along the coast. The spatial distribution of
estuarine systems is indicated in Fig. 5a–f. Generally, EBCs and WBCs are charac-
terized by narrow shelves that are connected to much larger watersheds (Fig. 4b).
Moreover, it can be observed that many EBCs and WBCs present relatively narrow5

watersheds too, in particular in the Pacific (CAL and HUM, Fig. 5a, b). The cumula-
tive surface area of shelves under influence of boundary currents is 4.4×106 km2 only
(14 % of the world’s total). The regional contributions vary widely from the very wide
China Sea (CSK) on the one hand to the very narrow coastal ribbon following South
America in the Southern Pacific on the other hand (HUM). In the Atlantic, the coasts10

of Morocco (MOR) and Portugal (IBE) are also very narrow, while those of the Eastern
US (FLO), Brazil (BRA) and Namibia (SWA) extend over several tens of kilometers.

Margins under monsoonal influence are essentially located between the equator and
the tropic of Cancer (23◦ N). A large section of this coastline is dominated by arid re-
gions, on the Western side (WAS, Fig. 5d). The cumulative estuarine surface area in15

these regions is only 43×103 km2, consisting mostly of small deltas located on the
Indian sub-continent (EAS, Fig. 5d). The shelves are generally narrow while several
watersheds are very large, in particular those flowing into the Bay of Bengal (BEN,
Fig. 5e) like those of the Ganges-Brahmaputra, Godavari and Krishna rivers.

Sub-polar margins present a wide diversity of profiles with extended shallow20

shelves (North Sea, NEA, Patagonian shelf, SAM) as well as fragmented archipela-
gos (Labrador Sea). Their cumulative watershed area amounts to 9.5×106 km2 and
the ratio of watershed to shelf surface varies from 1 in New Zealand (NWZ) to 8 in the
Labrador Sea (LAB) with an average value of 2.4. Estuaries in sub-polar regions es-
sentially consist of tidal systems and fjords at the highest latitudes (NWP, NEP, Fig. 5a).25

Polar margins are very wide as well as deep and account for over 50 % of the volume
of the coastal ocean and 29 % of its surface area (Fig. 4). Although these systems in-
clude watersheds of several very large Russian rivers (Ob, Yenisei, Lena, Amur. . . ), the
average watershed to shelf ratio is only 2, the lowest amongst the classes of margins.
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Most of the fjords of the world are located in Polar Regions and, while they represent
40 % of the world’s estuarine surface area (Fig. 6), their cumulative contribution re-
mains fairly small compared to the very wide arctic shelves. Locally, however, they may
contribute significantly to the surface area, as in the case of Norway where some of the
largest and deepest fjords are located and where the shelf breaks only a few kilometers5

offshore. Here, fjords account for a surface area as high as 10 % to that of the shelf.
Marginal seas, like sub-polar margins, do not exhibit a clear geomorphological pat-

tern. 28×106 km2 of watershed are connected to marginal seas, which amounts to 21 %
of the surface of the continents. Shallow internal seas (HUD, BAL, PER) have a very
large surface area while most other marginal seas consist of narrow shelves collecting10

very large watersheds. This includes the Mississippi, the Nile and the Danube rivers,
which discharge into the Gulf of Mexico (MEX), the Mediterranean Sea (MED) and
the Black Sea (BLA), respectively. The Sea of Okhotsk (OKH) is an exception as it is
characterized by a wide shelf (106 km2) connected to a relatively modest watershed of
2.4×106 km2.15

Tropical margins are generally very narrow along the coasts of Africa (TEA and
TWI) and America (TEP and TWA) and connected to some of the widest watersheds
in the world (Amazon, Congo River, Niger). Their cumulative shelf surface area is
1.3×106 km2 for a cumulative watershed surface of 19.4×106 km2. Tropical margins in
Oceania (TEI, NAU and SEA) display an opposite trend. The cumulative surface areas20

for shelves and watershed in this region are 4.9×106 km2 and 7.4×106 km2, respec-
tively, yielding a ratio of 1.5. This is an order of magnitude lower than that of the other
tropical margins and the average ratio is thus on the order of 4. Generally, the tropical
MARCATS do not exhibit very large estuaries because their coastline is either domi-
nated by small deltas or wide arheic regions (Dürr et al., 2011) where rivers do not flow25

constantly and occasional rain events create wadies rather than permanent estuaries.
The latter is characteristic of regions such as, for example, the western coast of the
Arabic Sea (WAS, Atroosh and Moustafa, 2012).
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The cumulative surface area of MARCATS shelves integrated to the 350 m isobaths
is shown in small panels on Fig. 5. The most common distribution displays a rapid
increase in cumulative surface area up to isobaths 100–150 m. At this depth, 80 %
of the total shelf area is accounted for and the increase is then more progressive.
However, some MARCATS possess distinct features with a slope that increases linearly5

with depth. They belong mainly to the polar and sub-polar classes (NOR, LAB, NWZ)
or to boundary currents (FLO, HUM, TEA). The peculiar profile of MARCATS 23 (TEA)
is strongly influenced by the deep coastal canyon created by the Congo River (Droz
et al., 1996). Other significant exceptions to the typical hypsometric profile include the
Baltic Sea (BAL), the Black Sea (BLA) and the Persian Gulf (PER). All are shallow10

marginal seas which do not exhibit a real shelf break.

3.4 Water flows

The annually averaged freshwater discharges into the coastal ocean were calculated
for each COSCAT and MARCATS (Table 3). The data set used is GlobalNEWS2 (May-
orga et al., 2010) from an original compilation of Fekete et al. (2002). Within each MAR-15

CATS, the discharge flowing through each estuarine type is also calculated (Fig. 5). The
well-known hotspots for fresh water discharge are easily identified: the Amazon region
(TWA), the Congo Region (TEA), the Bengal Bay fueled by the Ganges-Brahmaputra
River (BEN) and South East Asia/Oceania (TEI, NAU and SEA). All these regions are
located in the tropics and their segment is thus listed as tropical in Liu’s classification20

except for BEN which is under monsoon influence. Polar and sub-polar regions do not
provide as much fresh water, with the exception of MARCATS 44 (BKS) which collects
the discharge of the Ob River. The Gulf of Mexico (MEX) is the only marginal sea that
receives more than 1000×103 km3 yr−1 of fresh water, and to a large extent, this is due
to the Mississippi River (Table 3). Together, the nine marginal systems contribute to25

13 % of the world’s river discharge.
In most segments fed by at least one large river, the fresh water input is largely dom-

inated by its discharge (CAN, MEX, CAL, TWA, TEA, AGU, SIB, BEN, TEI). Similarly,
11335

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/9/11319/2012/hessd-9-11319-2012-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/9/11319/2012/hessd-9-11319-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/


HESSD
9, 11319–11361, 2012

Global multi-scale
segmentation of
continental and
coastal waters

G. G. Laruelle et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

regions where tidal estuaries are present tend to be dominated by these systems. This
concerns, in particular, the Atlantic coast of the USA (LAB and FLO), the Brazilian
current (BRA), Western Europe (NEA and IBE), The Barent and Kara Seas (BKS),
the Okhotsk Sea (OKH), the Eastern China Sea (CSK) and Northern Australia (NAU).
Fjords are exclusively found at high latitudes (NEP, SAM, CAN, HUD, LAB, NGR, SGR,5

NEA, NOR, BAL, BKS, NWZ) and, although their integrated surface area is important,
their fresh water flow is quite modest (∼ 7% of the world total). Lagoons are found on
most continents and all latitudes (Fig. 4) but, in terms of fresh water inputs, are only
marginal contributors except in the Caribbeans (CAR) and along the Gulf of Mexico
(MEX) where they can be found along stretches of the coastline and intercept ∼ 40%10

of the riverine water discharge. Small deltas, on the other hand, can locally be the main
estuarine type through which significant water flow is transported. They are mainly lo-
cated in tropical and sub-tropical areas and contribute very actively to highly rheic
regions like the South East Asia and Oceania (SEA, TEI, NAU).

The residence time of fresh water in the continental shelf seas was calculated15

for each COSCAT and MARCATS by dividing each shelf volume by the correspond-
ing riverine discharge (Fig. 5a–f). The global volume of continental shelf seas is
3860×103 km3, compared to the 39×103 km3 yr−1 of annual fresh water input into
the ocean. This thus gives an average residence time of ∼ 100yr for fresh waters in
continental shelf seas. However, this residence time is somewhat skewed by the very20

large contribution of Antarctic shelves to the total. If they are excluded from the calcu-
lation, the residence time drops to ∼ 55yr. This value is nonetheless higher than the
average residence time of ∼ 8–10 yr calculated on the basis of the exchange with the
open ocean through upwelling fluxes (Brink et al., 1995; Rabouille et al., 2001; Ver,
1998). These estimates are based on globally averaged box-models and it should be25

remembered that the intensity of upwelling processes varies greatly in space and time
and the water can locally be renewed in just weeks (Gruber et al., 2011). These cal-
culations do not account either for lateral transport through coastal currents but the
general scheme suggests that the renewal of continental shelf waters is 1 to 2 orders
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of magnitude slower through riverine fresh water inputs than through upwelling fluxes.
17 of the 149 COSCATs have fresh water residence times shorter than 10 yr and 11 out
of the 41 large rivers (Type V) flow into these segments. The cumulative annual fresh
water input of these 17 COSCAT segment amounts to 16×103 km3, which is 41 % of
the global water flux. Because many of the largest rivers in the world reach the ocean5

at low latitudes, the fresh water residence time on tropical shelves is generally < 100yr.
Due to their narrow shelves, most of the African coast have low fresh water residence
times (< 40yr) as have most Pacific coasts.

4 Conclusions and outlook

In this study, a three level segmentation of the land-ocean continuum extending from10

the watersheds to the shelf break has been proposed. Levels II and III are used to con-
struct large regional entities which retain the most important climatic, morphological
and hydrological characteristics of continental waters and the coastal ocean. The re-
sulting number of units (149 COSCATs and 45 MARCATS) can easily be manipulated
and allows for comparison with existing segmentations for selected compartments of15

the land-ocean-continuum. The segments are well-constrained geographically and pro-
vide globally consistent estimates of hypsometric profiles, surface areas and volumes.
A spatially resolved representation of the hydrological cycle from the river networks to
the coastal ocean is also achievable as well as a qualitative treatment of the water flow
routing through the different estuarine types.20

The 0.5◦ resolution of our level I compares to the highest resolution globally available
for global hydrological models and watershed GIS models. At this resolution, the vast
majority of river networks are properly represented (Beusen et al., 2005). In addition,
important global data bases cluster information the same resolution of 0.5–1◦ (World
Ocean Atlas; Da Silva, 1994; Hexacoral), making combination and meta-analysis be-25

tween data sets relatively easy. This is true for both the land and ocean compartments
of the land-ocean-continuum (LOICZ, Crossland et al., 2005). Recent coastal analyses
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and typologies (Dürr et al., 2011) have also been performed using average properties
calculated at similar resolution.

The multi-scale segmentation of the Land-Ocean-continuum provides an appropriate
support for the progressive integration of global databases for carbon, nutrients and
green house gas characteristics into lateral land-ocean matter flux budgets (Cai, 2011;5

Chen et al., 2012; Crossland et al., 2005; Gordon et al., 1996; Laruelle et al., 2010;
Nixon et al., 1996) and, thus, to carry robust regional and global budgets of relevance
to environmental and climatic research. In addition the dataset provided can be used
to integrate the still missing recognition of lateral biogeochemical matter fluxes into
Earth System Models of high resolution and better understand their influence on global10

biogeochemical cycles.

Supplementary material related to this article is available online at:
http://www.hydrol-earth-syst-sci-discuss.net/9/11319/2012/
hessd-9-11319-2012-supplement.zip.
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Table 1. Global surface areas and volumes of coastal seas between various isobaths. The
integrated values between the shore and the deepest isobaths are also provided.

Depth (m) Surface (106 km2) Cumulative Volume (106 km3) Cumulative

0–20 4.969 0.053
20–50 7.413 12.379 0.260 0.312
50–80 5.100 17.480 0.330 0.643
80–120 4.306 21.786 0.428 1.070
120–150 2.124 23.909 0.287 1.358
150–200 2.476 26.386 0.434 1.792
200–350 4.550 30.937 1.234 3.026
350–500 3.083 34.020 1.307 4.333
500–750 3.401 37.421 2.098 6.432
750–1000 2.417 39.838 2.113 8.545

Total 39.838 8.545
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Table 2. List of the modified COSCAT segments with the depth of the outer limit of their con-
tinental shelves and the residence time of fresh water. COSCATs followed by a star (∗) have
been defined or modified for the purpose of the present work.

MARCATS COSCAT Shelf limit (m) Fresh Water MARCATS COSCAT Shelf limit (m) Fresh Water
Residence time Residence time

(yr) (yr)

1-NEP 0809 350 29.6 9-MEX 0832 150 40.6
0810 350 87.2 0833 200 74.0
0811 500 1552.1 0834 120 11.6

2-CAL 0804 150 42.2 10-FLO 0826 150 261.2
0805 200 428.1 0827 150 75.2
0806 200 4340.1 0828 120 41.9
0807 200 33.7 11-LAB 0821 500 164.4
0808 350 12.5 0822 120 57.3

3-TEP 0801 150 34.6 0824 120 14.7
0802 350 89.3 0825 150 12.9
0803 80 4.9 12-HUD 0817 – 226.9
1115 150 33.6 0818 – 8.6
1116 150 5.7 0819 – 375.8

4-HUM 1112∗ 350 43.5 0820 – 531.6
1113 200 239.8 13-CAN 0814 150 2055.4
1114 500 1044.3 0815 120 24.6

5-SAM 1109 350 367.5 0816 500 2596.8
1110 350 3502.1 0823 80 –
1111∗ 500 142.8 14-NGR 0501 500 2808.0

6-BRA 1106 120 18.5 0502 500 1960.0
1107 350 130.2 0505 500 1367.9
1108 350 9.8 15-SGR 0503 500 1369.9

7-TWA 1103 150 2.8 0504 500 166.7
1104 200 1.8 16-NOR 0407 200 92.4
1105 120 21.3 17-NEA 0402 350 371.8

8-CAR 0830 120 9.3 0403 200 113.0
0831 120 12.1 18-BAL 0404 – 110.1
1101 150 3.4 0405 – 40.1
1102 350 155.1 0406 – 9.1
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Table 2. Continued.

MARCATS COSCAT Shelf limit (m) Fresh Water MARCATS COSCAT Shelf limit (m) Fresh Water
Residence time Residence time

(yr) (yr)

19-IBE 0401 350 172.4 27-WIB 0005 120 1409.9
0419∗ 350 62.1 0006 150 97.4

20-MED 0001 200 234.4 1341 150 3678.4
0002 150 3525.9 28-RED 0004 150 762.0
0003 150 8.3 1344 150 41071.0
0414∗ 150 162.0 29-PER 1342 – 135.6
0415 200 232.8 30-EIB 1338 150 48.8
0416 350 76.7 1339 200 64.3
0417 200 389.2 1340 200 86.1
0418 200 69.6 31-BEN 1336 350 6.8
1301∗ 150 40.3 1337 150 13.4

21-BLA 0411 – 13.0 32-TEI 1334 150 29.7
0412 350 19.4 1335 200 18.6
0413 350 593.0 1414 200 620.8
1103 150 2.8 33-LEE 1413 350 848.5

22-MOR 0019 150 24.5 34-SAU 1411 350 261.1
0020 150 11722.1 1412 350 2163.1
0021 200 743.5 35-EAC 1410 350 181.8

23-TEA 0014 150 162.0 36-NWZ 1406 200 87.8
0015 200 232.8 1407 350 282.7
0016 350 76.7 1408 350 43.7
0017 200 389.2 1409 350 81.1
0018 200 69.6 37-NAU 1330 150 35.2

24-SWA 0013 750 5613.6 1333 200 52.5
25-AGU 0009 150 10.9 1401 200 7.7

0010 120 15.8 1402 150 14.1
0011 120 4.8 1403 500 88.7
0012 350 421.0 1415 350 252.4

26-TWI 0007 120 3.1 1416 150 31.7
0008 150 11.2 38-SEA 1328 200 40.2
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Table 2. Continued.

MARCATS COSCAT Shelf limit (m) Fresh Water MARCATS COSCAT Shelf limit (m) Fresh Water
Residence time Residence time

(yr) (yr)

38-SEA (Cont.) 1329 200 46.9 43-SIB 1309 150 13.7
1331 150 23.1 1310∗ 150 261.0
1332 350 98.6 1311∗ 500 352.4

39-CSK 1322 500 192.5 1312∗ 150 1563.2
1323 150 24.4 1313 500 1697.0
1324 – 517.5 44-BKS 0408 200 196.9
1325 – 42.8 0409 200 3477.7
1326 350 35.4 1307 500 97.6

40-JAP 1320 350 89.8 1308 500 61.0
1321 500 223.8 45-ANT 1501∗ 1000 –

41-OKH 1317 750 1360.0 1502∗ 750 –
1318 500 84.7 1503∗ 1000 –
1319 500 569.5 1504∗ 1000 –

42-NWP 0812 350 321.8 1505∗ 1000 –
1314 350 518.3
1315 350 195.5
1316 500 108.0
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Table 3. List of the MARCATS segments with their type, the surface area of their various com-
ponents, the fresh water discharge and the volume of their continental shelves.

Fresh
Estuarine Watershed Shelf Water Shelf

Surface Surface Surface Discharge Volume
Number System Name Symbol Class (103 km2) (103 km2) (103 km2) (km3 yr−1) (km3)

1 North Eastern Pacific NEP Subpolar 33.9 919 461 785 58 932
2 Californian Current CAL EBC 8.9 1781 214 428 16 668
3 Tropical Eastern Pacific TEP Tropical 6.2 638 198 586 15 777
4 Peruvian Upwelling Current HUM EBC 4.2 725 143 120 19 769
5 Southern America SAM Subpolar 22.0 1917 1230 289 141 652
6 Brazilian Current BRA WBC 26.3 4624 521 1117 36 214
7 Tropical Western Atlantic TWA Tropical 13.4 9242 517 8981 20 691
8 Caribbean Sea CAR Tropical 26.2 1109 344 941 15 721
9 Gulf of Mexico MEX Marginal Sea 31.9 5411 544 1085 22 432
10 Florida Upwelling FLO WBC 34.0 1130 858 531 50 522
11 Sea of Labrador LAB Subpolar 36.1 2351 395 1080 43 178
12 Hudson Bay HUD Margial Sea 39.0 3601 1064 666 105 267
13 Canadian Archipelagos CAN Polar 163.7 3725 1177 382 157 543
14 Northern Groenland NGR Polar 24.1 373 614 82 139 337
15 Southern Groenland SGR Polar 8.8 101 270 108 60 538
16 Norwegian Basin NOR Polar 17.0 219 171 183 16 915
17 North Eastern Atlantic NEA Marginal Sea 37.6 1089 1112 498 101 984
18 Baltic Sea BAL Marginal Sea 26.3 1619 383 376 20 165
19 Iberian Upwelling IBE EBC 12.7 818 283 202 26 640
20 Mediterranean Sea MED Marginal Sea 15.1 8168 580 674 42 224
21 Black Sea BLA Marginal Sea 10.3 2411 172 360 8246
22 Moroccan Upwelling MOR EBC 5.6 3637 225 125 11 520
23 Tropical Eastern Atlantic TEA Tropical 26.6 8394 284 2762 14 786
24 Southern Western Africa SWA EBC 1.7 1293 308 14 76 289
25 Agulhas Current AGU WBC 28.4 3038 254 657 19 607
26 Tropical Western Indian TWI Tropical 5.8 1022 72 328 2039
27 Western Arabian Sea WAS Indian Margins 2.0 1723 102 26 5234
28 Rea Sea RED Marginal Sea 0 771 190 6 8101
29 Persian Gulf PER Marginal Sea 2.3 2466 233 61 8296
30 Eastern Arabian Sea EAS Indian Margins 14.5 1847 342 293 18 823
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Table 3. Continued.

Fresh
Estuarine Watershed Shelf Water Shelf

Surface Surface Surface Discharge Volume
Number System Name Symbol Class (103 km2) (103 km2) (103 km2) (km3 yr−1) (km3)

31 Bay of Bengal BEN Indian Margins 10.1 2934 230 1640 12 888
32 Tropical Eastern Indian TEI Indian Margins 16.2 2060 809 1324 48 634
33 Leeuwin Current LEE EBC 0.6 471 118 11 9707
34 Southern Australia SAU Subpolar 13.1 2249 452 66 38 307
35 Eastern Australian Current EAC WBC 7.9 290 139 67 12 149
36 New Zealand NWZ Subpolar 7.3 265 283 340 36 833
37 Northern Australia NAU Tropical 40.5 3010 2463 2548 145 236
38 South East Asia SEA Tropical 45.6 3343 2318 2872 155 848
39 China Sea and Kuroshio CSK WBC 27.8 4401 1299 1594 125 364
40 Sea of Japan JAP Marginal Sea 6.7 418 277 252 40 760
41 Sea of Okhotsk OKH Marginal Sea 19.7 2472 992 539 199 588
42 North Western Pacific NWP Subpolar 22.3 1783 1082 363 82 323
43 Siberian Shelves SIB Polar 37.8 5041 1918 801 123 368
44 Barent and Kara Seas BKS Polar 72.2 7940 1727 1585 181 707
45 Antarctic Shelves ANT Polar – – 2952 – 1 362 298
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Fig. 1. Map of equatorial South America displaying the 3 layers of the segmentation and their
boundaries (1- watersheds, 2- COSCATs, 3- MARCATS).
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Fig. 2. Geographic limits of MARCATS and COSCAT segments with the typology or MARCATS.
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Fig. 3. Repartition of the depth at which the shelf breaks for each COSCAT segment (a) and
integrated surface area continental shelves (b). The colour code represents the type of MAR-
CATS and the continental margins are highlighted by darker shades.
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Fig. 4. Integrated surface areas for each MARCATS class of the different estuarine types
(a) and watersheds, estuaries and continental shelf (b).
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Fig. 5. Caption on p. 11360.
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Fig. 5. Caption on p. 11360.
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Fig. 5. Caption on p. 11360.
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Fig. 5. Caption on p. 11360.
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Fig. 5. Caption on p. 11360.
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Fig. 5. Map representing the COSCAT segments (bold lines) and their corresponding conti-
nental shelf. The colour of the shelf indicates the fresh water residence time and the grey area
represents the geographic extent of the upper slope (from the shelf break until the −1000m iso-
baths). Within each COSCAT the limits of all watersheds are indicated at a 0.5◦ resolution and
the colour code indicate the type of estuarine filter at the interface between the river and the
shelf. The limits of the MARCATS segments are indicated by the grey lines and, for each one,
a pie chart represents the total fresh water discharge from rivers and its distribution amongst
the different estuarine types. The size of the pie is proportional to the total water discharge for
a given MARCATS. The panel provides the integrated surface area of the shelf with respect to
the depth of its outer limit for each MARCATS segment.
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Fig. 6. Contribution of each MARCATS class to the global watershed surface area, estuarine
surface area, continental shelf surface area and continental shelf volume.
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