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We analyze possible future trends in dissolved
inorganic nitrogen (DIN) export by world rivers and
associated emissions of nitrous oxide (N2O). Our
scenarios either assume that current trends con-
tinue or that nitrogen (N) inputs to aquatic sys-
tems are reduced as a result of changes in agri-
culture practices and fuel combustion technolo-
gies. The results indicate that moderate changes
in the human diet in North America and Europe,
reducing worldwide fertilizer use by only 16%,
relative to Business-as-Usual (BAU) levels, may
reduce DIN export rates to the North Atlantic and
European Seas by about one third and associated
N2O emissions by 36 to 77%. We furthermore cal-
culate that relatively large reductions in NOy depo-
sition rates in Europe (of about 80%) may reduce
DIN export by rivers by a moderate 8% or less,
relative to BAU levels. The potential effect of re-
duced NOy deposition on riverine DIN export is
moderate, because most N in European rivers
stems from agriculture, and not from fuel com-
bustion. Nevertheless, the calculated 9% reduc-
tion (relative to BAU) in DIN inputs to the North
Sea as a potential side effect of air pollution con-
trol may help achieve the international policy tar-
gets for reduced N inputs to the North Sea.
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DESCRIPTION OF THE N-MODEL
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TABLE 1
Worldwide Totals for N-Model Inputs of Population, Fertilizer Use, and NOy

Deposition Rates in Exoreic Watersheds. Calculated DIN Export Rates by Rivers
and Associated N2O Emissions in Rivers and Estuaries, for the Year 1990 and Two
Scenarios For 2050 (Units: Tg N/Year Unless Mentioned Otherwise)

Population Fertilizer NOy DIN N2O
(billion) Use Deposition Export Emissions

1990a 4.9 74 23 21 1.3

2050 BAUb 8.5 182 39 47 4.2

2050 DIET 8.5 152 39 43 3.7

a From Seitzinger and Kroeze[3].
b From Kroeze and Seitzinger[5].
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TABLE 2
N-Model Inputs of Population, Fertilizer Use, and NOy Deposition Rates in Exoreic

Watersheds, Summarized by Oceanic Region. Calculated DIN Export Rates by Rivers
and Associated N2O Emissions in Rivers and Estuaries, for Two Scenarios for 2050

DIET Scenario

BAU Scenariob

Reduction

BAU and DIET Scenariob DIN in River Reduction

Export N2O DIN in N2O

Watershed Fertilizer NOy by Rivers + Fertilizer NOy Export Emissions

Oceanic Area Population Use Deposition Rivers Estuaries Use Deposition (% relative (% relative

Regiona (1000 km2) (millions) (Gg N/year) (Gg N/year) (Gg N/year) (Gg N/year) (Gg N/year) (Gg N/year)  to BAU) to BAU)

Arctic 20730 70 2610 3101 533 7 2342 3101 4 4

N-Atlantic West 16612 557 20317 6483 4519 254 9421 6483 26 36

N-Atlantic East 7131 841 11445 2128 3262 280 6437 2128 31 54

S-Atlantic West 13670 354 3888 3621 1774 48 3888 3621 0 0

S-Atlantic East 5744 318 1628 2227 629 15 1628 2227 0 0

N-Pacific West 11661 1876 50516 5838 12427 1358 49941 5838 2 1

N-Pacific East 6001 185 4205 1045 1275 97 3554 1045 10 2

S-Pacific West 8924 456 6277 807 3352 303 5963 807 1 0

S-Pacific East 1167 37 938 159 459 6 938 159 0 0

Indian Ocean 17195 2960 48698 6892 14497 1612 46355 6892 2 2

Baltic Sea 2084 92 3568 1104 730 26 1904 1104 33 77

Black Sea 2524 191 9687 1651 1453 138 6238 1651 35 67

Caspian Sea 2881 102 4358 1282 530 7 3594 1282 12 12

Mediterranean 5609 454 13601 2198 1736 37 9768 2198 26 42

Total 121933 8493 181736 38536 47176 4187 151972 38536 9 10

aDefinition of regions as in Seitzinger and Kroeze[3].
bFrom Kroeze and Seitzinger[5].
cSee text for scenario description.
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TABLE 4
Results for Selected Rivers in Europe. N-Model Inputs of Watershed

Area, Population, Fertilizer Use, and NOy Deposition Rates. Calculated
DIN Export Rates for a BAU Scenario and NDEP Scenario for 2050.

Based on Domingues[14]; See Text for Scenario Description

NDEP Scenario
BAU Scenario

BAU and NDEP Scenario  Reduction Reduction
DIN in NOy River DIN

Watershed Fertilizer NOy Export by Depositionc Export
Area Population Use Depositionb Rivers (% relative (% relative

Rivera (km2) (millions) (Gg N/year) (Gg N/year) (Gg N/year) to BAU) to BAU)

Elbe 138872 22 992 123 201 82 8

Garonne 96654 8 414 36 94 84 6

Loire 109297 9 757 50 125 83 5

Rhine 200949 37 1068 215 392 84 12

Neva 268390 8 174 80 42 80 20

Oder 121859 17 398 83 51 81 10

Vistula 213335 24 684 125 90 80 10

Zapadnaya Dvina 117209 4 209 45 29 78 13

Danube 757896 76 3562 371 752 80 7

Dnepr 525095 39 1826 120 130 68 3

Dnestr 107073 9 333 28 44 73 5

Don 428072 13 1585 57 67 56 2

Ebro 101354 5 160 33 36 85 14

Rhone 103301 11 488 69 148 84 10

a Rivers as in Kroeze and Seitzinger[17].
b Linearly extrapolated from no-control scenario 1990 to 2010 from RAINS.
c Based on maximum feasible reduction scenario from RAINS for 2010 (see text).

TABLE 3
Inputs to N-Model (Watershed Area, Population, Fertilizer Use, and NOy Deposition Rates)

and Calculated DIN Export Rates for European Rivers for a BAU Scenario and
NDEP Scenario for 2050. Based on Domingues (2001)[14]; See Text for Scenario Description

NDEP
DIN Reduction

BAU DIN Export in NDEP
Watershed Fertilizer BAU NOy Export by NDEP NOy by (% of BAU)

Oceanic Area Population Use Depositiond Rivers Depositione Rivers
Regiona (1000 km2) (millions) (Gg N/year) (Gg N/year) (Gg N/year) (Gg N/year) (Gg N/year) NOy DIN

N-Atlantic Eastb 1741 194 8103 1061 2207 163 2006 85 9

Baltic Sea 2084 92 3568 721 674 137 595 81 12

Black Sea 2524 191 9687 651 1349 183 1284 72 5

Mediterraneanc 2873 193 7845 661 1155 141 1090 79 6

Total 9222 670 29202 3093 5385 624 4975 80 8

a Definition of regions based on Kroeze and Seitzinger[17].
b European rivers draining into N-Atlantic East, excluding Iceland, updated model results.
c Excluding Nile.
d Linearly extrapolated from no control scenario 1990–2010 from RAINS; may therefore differ from Table 2.
e Based on maximum feasible reduction scenario from RAINS for 2010 (see text).
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