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Overview
Global NEWS (Global Nutrient Export from Watersheds) is an international,
interdisciplinary scientific task-force with the goal of developing and implementing the next
generation of global river nutrient-export models. Global NEWS was initiated in the Spring of
2002 as an Intergovernmental Oceanographic Commission (IOC-UNESCO) workgroup (with
co-sponsorship by UNEP-MAP, US-National Oceanic and Atmospheric Administration
(NOAA), and US National Science Foundation (NSF)). Global NEWS is headed by Dr. Sybil
Seitzinger, and is currently comprised of individuals from over 15 institutions in 8 countries (See
Appendix A for participants.).
Since its inception just over a year ago, Global NEWS has made substantial progress. In
this time, we have identified project participants, held two major workshops, hired personnel,
taken on students, started database accumulation, moved forward with model formulation, and
begun development of strategic partnerships with other institutions with parallel goals.
In order to better understand how global approaches can be applied to regional problems,
we have also developed a specific focus on the Mediterranean (Global NEWS-Med), supported
by the UNEP-MAP program. In the following report, we describe the Global NEWS and Global
NEWS-Med projects, present some preliminary findings, and discuss our recent
accomplishments and future goals.
Background
Humans have dramatically altered the earth’s nitrogen (N), phosphorus (P), silica (Si),
and carbon (C) cycles, resulting in considerable environmental degradation. For example,
nitrogen inputs to terrestrial ecosystems have more than doubled since pre-industrial times due to
the fixation of N2 gas into synthetic fertilizers and to the combustion of fossil fuels. A portion of
this excess N applied/deposited in terrestrial ecosystems enters rivers and is transported to
downstream coastal ecosystems. As a result, coastal ecosystems worldwide are receiving
increased nutrient inputs originating from human activities. This nutrient enrichment in coastal
ecosystems contributes to a host of environmental problems including increased algal growth,
alteration and loss of seagrass habitats, increase in extent and duration of anoxic and hypoxic
water, harmful algal blooms, and coral reef degradation, among other effects.
Nutrient inputs to coastal ecosystems are not evenly distributed globally (Fig. 1). The
uneven spatial pattern is the result of the global distribution of human population and the
activities associated with the production of food and energy.
Human population is predicted to increase markedly over the next 50 years in certain
world regions, notably Southern and Eastern Asia, South America, and Africa. Industrialization
is also predicted to increase in many of these same regions. Growing food to feed the expanding
world population will require increased use of nitrogen and phosphorus fertilizers. Increased
industrialization, with the associated combustion of fossil fuels and NOy production, will result
in increased atmospheric deposition of N. All of these activities will lead to increased export of
N and P to coastal ecosystems, resulting in water quality degradation, unless policy and/or
technological advances reverse current trends.
For example, past modeling efforts have suggested that inorganic N export to coastal
systems is predicted to increase 3-fold by the year 2050 from Africa and South America (Fig. 2).
Substantial increases are also predicted for Europe and N. America. Alarmingly large absolute
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increases are predicted for eastern and southern Asia; almost half of the total global increased N
export is predicted for those regions alone.
DIN Export from Watersheds to Coastal Systems
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Figure 1. Nitrogen (inorganic N) export from watersheds to coastal systems. units: kg N km
-1
watershed y . Figure from S.P. Seitzinger and C. Kroeze (1998). Global distribution of nitrous oxide
production and N inputs in freshwater and coastal marine ecosystems. Global Biogeochemical Cycles
12(1): 93-113.

Figure 2. Predicted increases in N export to coastal systems by the year 2050 according to a
Business As Usual (BAU) projection. Model predictions from C. Kroeze and S. P. Seitzinger.
(1998).

Current and future impacts of increased nutrient mobilization on human and
environmental well-being warrant further development of spatially explicit global models to
hindcast, nowcast and forecast the export of N, P, Si, and C to coastal ecosystems as a function
of land-use, human activities and natural processes in watersheds.
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Goals of Global NEWS
• Develop the next generation of spatially explicit, multi-element (N, P, Si, and C), multiform (particulate and dissolved, organic and inorganic) models to predict nutrient
transport to coastal systems as a function of natural processes and human activities in
watersheds
• Use new models to advance understanding of the relationships between human activities
and natural processes in watersheds and nutrient inputs to coastal systems
• Analyze past, current and hypothetical future scenarios
• Disseminate results through peer-reviewed publications, through the internet via the IOC
website, and through direct interaction and ties with other programs and the governments
of developing nations
• Career development for postdoctoral fellows and training for undergraduate and graduate
students
Possible Applications for Global NEWS Model Output
• Identification of sources of nutrient enrichment within watersheds
• Quantification of the relative importance of human activities as sources of coastal
nutrient enrichment
• Identification of areas prone to nutrient over-enrichment
• Quantification of the types of nutrients likely to impact particular regions
• Prediction of effects of coastal nutrient enrichment (e.g. harmful algal blooms, anoxia
and hypoxia leading to fish kills, and changes in ecosystem function)
• Interaction with social/policy/economic modeling efforts under consideration by other
groups
Mediterranean Context
Eutrophication due to nutrient inputs from land-based pollution sources is a major
environmental problem in the Mediterranean. The stated goals of UNEP-Mediterranean Action
Plan (MAP) are to curb pollution, safeguard natural and cultural resources, manage coastal areas,
and integrate environment with development. Achieving these goals will require knowledge of
current and future rates of nutrient inputs to the coastal zone, as well as an understanding of the
sources of those nutrients from various regions/subregions within the Mediterranean basin
watershed. To help provide this understanding, we have recently developed Global NEWS-Med,
a sub-project within Global NEWS, focused on understanding regional nutrient export to the
Mediterranean Sea. The following is a brief summary of our progress to date as well as our
goals for the future.
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Global NEWS-Med Accomplishments 2002-2003
1. Workshops and Accumulation of Databases
Since Global NEWS was started in the spring of 2002, we have held two major,
international workshops. At these workshops, we discussed the relevance of global nutrient
export models to the regional-scale planning effort occurring in the Mediterranean. We have
also made crucial decisions about model formulations, spatial and temporal resolution of input
datasets and modeling efforts, and the eventual aims of the Global NEWS project.
At these meetings and during intervening months, we have also made substantial progress
in attaining databases relevant to river nutrient export in the Mediterranean region (Table 1). We
are currently looking for additional river nutrient concentration and discharge data to use for
model validation. The Land Ocean Interactions in the Coastal Zone (LOICZ) and the European
Environmental Agency (EEA) are promising potential sources of these datasets. Also, Global
NEWS-Med would benefit from access to higher resolution land-use and hydrology data sets and
models.
Dataset
GEMS-GLORI
MedHycos
STN30-p
DDM30
0.5 degree gridded human population density
0.5 degree gridded N and P fertilizer application
1 degree gridded NHx and NOy deposition
0.5 degree gridded manure production
0.5 degree gridded slope
Large Dams (>15m height)
0.5 degree gridded water runoff

Brief Description
Nutrient and discharge data for ~34 Mediterranean rivers
Discharge data for ~25 Mediterranean rivers
0.5 degree map of drainage networks worldwide
0.5 degree map of drainage networks worldwide
Population density by decade (1700-1990)
Fertilizer application by crop type for 1995
NHx and NOy deposition by decade (1860-2000) and projected N
deposition (2025 and 2050)
Manure application by land-use type for 1995
Average % slope for each
ICOLD database processed by Vorosmarty et al. contains 600+ of
the largest reservoirs globally
Monthly and annual modeled mean runoff

Table 1. Some of the datasets that Global NEWS-Med has accumulated for use in analysis of
nutrient export in the Mediterranean.
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2. Reconfiguration of Global Model as Regional-scale Model
In order to model nutrient export from individual basins within the Mediterranean region,
we first had to define watersheds for the region. Using a topography-generated map of water
drainage, we defined 244 individual basins feeding directly into the Mediterranean Sea (Figure
3).

Figure 3. The drainage basins and potential networks of rivers flowing into the Mediterranean Sea as
delineated by STN30-p, one of the elevation-based drainage distribution maps we are using in our
Global NEWS-Med study.
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3. Preliminary Hydrology Model
We calculated mean annual discharge for each basin draining into the Mediterranean (Figure 4)
according to the global hydrology model described in detail in Fekete et al. (2002). Preliminary
comparisons between measured and modeled discharge are promising (Excluding the Nile, r2 = 0.95,
slope = 1.05 by simple regression) (Figure 5). However, our model overestimates discharge in the Nile
by about two orders of magnitude, a fact that must be considered when interpreting nutrient export
estimates. This overestimate of Nile discharge is most likely due to the fact that STN30-p currently
excludes water-loss due to large reservoirs and inter-basin transfers.
Highest mean basin runoff occurs in the central region of the Northern Mediterranean Coast. The
high model-predicted mean runoff in the Nile river basin is an overestimate of actual runoff (See Figure
5) and most likely an artifact of the fact that the STN30-p hydrology model doesn’t yet account for the
effect of dams, a situation we intend to rectify in future iterations of our model. Also, the large watershed
area of the Nile is somewhat misleading as most of the nutrient inputs in the Nile, and other arid basins,
result from activities occurring close to the river.

Figure 5. Measured and modeled river
discharge for several Mediterranean rivers
3
(km -Water/year).

Figure 4. Modeled mean annual runoff in mm/yr for
Mediterranean river basins is shown in varying shades of
blue, with darker blue representing higher runoff values.
STN30-p drainage networks are also shown, as are the
locations of large (>15 m) dams.
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4. Preliminary Nitrogen Export Model
We have recently reformulated an existing global DIN model, described in detail in Seitzinger &
Kroeze (1998) and Appendix B, for application at the regional scale. Using recent data on population
density, fertilizer inputs, atmospheric nitrogen deposition and model-based runoff estimates, we have
calculated dissolved inorganic nitrogen (DIN) export for each basin draining into the Mediterranean
(Figure 6), as well as the relative contribution of each DIN source by region (Figure 7). Preliminary
comparisons between measured and modeled DIN export are promising (R2=0.86, slope = 1.39, See
Figure 8). The Rhone and Po rivers basins demonstrate some of the highest N-export values, which is
consistent with their high population densities and high levels of agricultural activity. Fertilizer nitrogen
appears to be the dominant source of river N in most of the Mediterranean, followed by N deposition, and
then urban point sources (Figure 7). Northern Mediterranean regions appear to contribute significantly
more DIN to coastal zones than Southern Mediterranean regions, particularly when our overestimate of
Nile discharge is considered (Figures 6 and 7).

Figure 6. Model predicted dissolved inorganic
nitrogen (DIN) export values for Mediterranean
river basins are shown in red (kg-N/basin/year),
with deeper shades of red representing higher DIN
fluxes.

Figure 7. Model-derived dissolved inorganic
nitrogen (DIN) sources by region of the
Mediterranean. Bars represent the amount (kgN) of exported DIN derived from various sources
in five Mediterranean regions.

Figure 8. Measured and modeled river dissolved inorganic nitrogen export for several Mediterranean rivers
(kg-N/basin/year). Modeled estimates of DIN export compare
quite favorably with measured estimates:
7
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R =0.86, slope = 1.39

5. Preliminary Phosphorus Export Model
Using current data on population density, fertilizer inputs, manure inputs, and model-based runoff
estimates, we calculated dissolved inorganic phosphorus (DIP) export for each basin draining into the
Mediterranean (Figure 9), as well as the relative contribution of each DIP source by region (Figure 10).
We used a model similar to that described in Caraco (1995) (Appendix B). Preliminary comparisons
between measured and modeled DIP export are promising (Figure 11). The DIP model included here
represents the first-ever attempt to model P export at the global scale. As with DIN, regions with high
population densities, and high levels of agricultural activity such as the Rhine and Po basin demonstrate
some of the highest rates of DIP export. Northern Mediterranean regions appear to be larger sources of
DIP to the coastal zone than Southern Mediterranean regions, particularly when our overestimation of
Nile discharge is taken into consideration.

Figure 9. Model-predicted dissolved inorganic
phosphorus (DIP) export for Mediterranean
river basins is shown in purple (kgN/basin/year), with deeper shades representing
higher DIP fluxes.

Figure 10. Model-derived DIP sources by region of
the Mediterranean. Bars represent the amount (kgP) of exported DIP derived from various sources in
five Mediterranean regions.

Figure 11. Measured and modeled river phosphorus export for several Mediterranean rivers (kg-P/year). Note the
log-log scale.
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Summary of Achievements to Date:
Over the past year, the Global NEWS and Global NEWS-Med projects have made
substantial progress. We have identified project participants, held two major workshops, and
started establishing cooperative interactions with other projects and institutions sharing similar
spheres of interest. We have hired a postdoc and identified several graduate students who will be
associated with the Global NEWS project. We have begun accumulating databases necessary for
model formulation (Table 1), and started developing global nutrient export models for several
nutrients and forms. In this report we have presented preliminary output from two of the submodels (DIN and DIP sub-models) currently in development. We are currently moving ahead
with improvements to existing DIN and DIP export models as well as with development of
models to predict river export of silica, particulates, and dissolved organic matter.
Funding-contingent Goals for Global NEWS (Year 2 and beyond):
• Compile more river data for use in model validation: Though it is a good start, the
GEMS-GLORI database only allows us to compare our model output with data from a
few of the larger rivers in the Mediterranean. Further collaboration with groups such as
the IGBP Land Ocean Interactions in the Coastal Zone (LOICZ) project, the European
Environmental Agency (EEA), and others should help us to test and further refine our
models.
• Run higher spatial resolution version of the model: The highest resolution dataset that we
are currently using is a 0.5 degree grid, or ~50 km x 50 km. Though these datasets allow
us to see some of the more distinct patterns in land use at the regional scale, access to
finer-scale land-use, population, and topographic data would greatly enhance our ability
to model nutrient transfer at the regional scale.
• Continued model development: Priorities include 1) the incorporation of human impacts
such as inter-basin water transfers and large dams on hydrological and biogeochemical
processes, 2) improved representation of the source location-river export relationship, 3)
incorporation of a soil-type-phosphorus-export relationship, and 4) incorporation of a
manure source into the DIN export model.
• Expand model simulations to look at C and Si as well as different forms of N (dissolved
and particulate, organic and inorganic) and P (dissolved and particulate): Dissolved
inorganic nitrogen and dissolved inorganic phosphorus, though important, are only part
of the story. Other forms of nitrogen and phosphorus, such as organic and particulate
forms, can also have important impacts on coastal ecosystems. Other nutrients such as
carbon and silica may also significantly alter coastal environmental quality and
ecosystem function. For these reasons, we would like to broaden our analysis of river
export to include other elements and other forms of nitrogen and phosphorus.
• Run nutrient export models using different regional global change scenarios (e.g. climate
change, population growth, fertilizer use): Successfully managing the Mediterranean
coastal zone will require an understanding of how nutrient inputs are likely to respond to
future climatic, social, and economic development conditions. To this end, we intend to
run our models with a number of different scenario inputs.
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Appendix A: Global NEWS participants and their respective institutions
Project Co-chairs
Sybil Seitzinger, Rutgers University, USA
Lex Bouwman, RIVM, Netherlands
Nina Caraco, Institute Ecosystem Studies, USA
Daniel Conley, National Envir. Res. Inst., Denmark
Josette Garnier, UMR Sisyphe, France
John Harrison, Rutgers University, USA
Carolien Kroeze, Univ. Wageningen, Netherlands
Wolfgang Ludwig, Univ. Perpignan, France
Other Participants
Arthur Beusen RIVM, The Netherlands
Gilles Billen UMR Sisyphe (CNRS-UPMC), France
Frank Dentener JRC, Ispra, Italy
Petra Döll Univ. Kassell, Germany
James Galloway Univ. Virginia, USA
Pamela Green Univ. New Hampshire, USA
Venu Ittekkot Ctr. Mar. Trop. Ecology, Germany
Fred Mackenzie Univ. Hawaii, USA
Michel Meybeck UMR Sisyphe, France
William Moomaw Tufts Univ., USA
Scott Ollinger Univ. New Hampshire, USA
Charles Vörösmarty Univ. New Hampshire, USA
Weijin Yan Chinese Academy Sciences, China
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Appendix B: Nutrient Model Equations
DIN Model
DINexpriv = 1.19* ECriv * [Psources+ECws * (Pptws + Fertws)] * WS
where
ECriv

River export coefficient (fraction N inputs to river that is exported to estuary as
nitrate;

DINexpriv
Fertws

sum of natural and anthropogenic DIN export by river to estuary (kg N per
watershed yr-1);
fertilizer N use (kg Nkm-2 of watershed yr-1);

Psources

point source sewage loading rates (kg N km-2 of watershed yr-1);

Pptws

total atmospheric NOy deposition (kg N km-2 of watershed yr-1);

ECws

watershed export coefficient (fraction that is not retained);

WS

Watershed area (km2)

DIP Model
DIPexpriv = E * POPurb + (Pnat + 0.03 * (Pfert + Pman) * RO0.65
where
E

amount of P excreted per individual (kg person-1 yr-1);

POPurb

urban population density (individuals km-2);

Pnat

Background or “natural” phosphorus weathering (kg P km-2 yr-1);

Pfert

P fertilizer application (kg P km-2 yr-1);

Pman

P manure excretion (kg P km-2 yr-1);

RO

Runoff (m yr-1)
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