
Methods 

We distinguished three N emission routes: direct emission to 
freshwater, diffusive emission to soil, and erosion. FFs are 
site-dependent indicators, and governed by N removal pro-
cesses: advection, retention, and water consumption. The N 
removal processes of advection and retention were modeled 
on a worldwide scale by IMAGE-GNM (Beusen et al., 
2015) for 0.5°× 0.5° grids (Figure 1), while N water con-
sumption removal was derived from Pfister & Bayer (2014)  
and Flörke & Eisner, 2011) . 

Results &Discussion 

• World-wide, global cumulative 
FFs of direct N emissions to 
freshwater have the 5th percen-
tile of 0.4 days and the 95th 
percentile of 159.2 days 
(Figure 2). Aggregated FFs for 
administrative units range from 
0.1 days to 202.6 days (Figure 
3). The hotspots of cumulative 
FFs scatters in the upstream of 
large reservoirs or lakes.  

• Advection is the dominant N 
removal process (68.1%), fol-
lowed by retention (30.7%), 
and water consumption (1.2%), 
as shown in Figure 4. Advec-
tion favors high-discharge re-
gions (average discharge = 
842.3 m3/s) , high residence 
time contributes to retention-
dominated areas (average resi-
dence time = 90.5 days), while 
water consumption tends to 
dominate water-scarce zones.  

• High discharge is the typical 
hydrological feature of large 
rivers, thus the grid cells con-
trolled by advection are mainly 
distributed in the basin of large 
rivers. Retention controls the N 
removal process in lakes, reser-
voirs, and the upper reaches of 
rivers, which are characterized 
by high residence times. 

Figure 2 Cumulative FFs for N emission to freshwater for 0.5°× 0.5° 

grid cells. (a) diffusive sources excluding erosion, (b) erosion on natural 

land, and (c) direct emissions to freshwater. For erosion of arable land 

and grassland, FFs are 45.3 and 2.4 times of natural land respectively.  

Figure 1 Model structure and spatial relation between the 

model grid cells.        ,       , and        indicate N removal rates 

of advection, retention, and water consumption respectively. 

Figure 3 Regionalized FFs of different emission routes are dif-

ferentiated into direct emission to freshwater, diffusive sources, 

and erosion. This figure presents cumulative FFs of direct 

emission to freshwater over geographic regions.  

Figure 4 Dominant processes of net removal rate for cumula-

tive FFs.  

Background  

Excessive nitrogen (N) use in agriculture, together with industry and household waste, is releasing N throughout the environment, causing eutrophication in both freshwater and coastal areas. To contextual-
ize the environmental impacts of N-induced eutrophication with other environmental impacts, improvements in the measures of N fate factors (FF) are required. Here, we present a method to estimate grid-
ded FFs based on the IMAGE-GNM model to provide eutrophication indicators for global manufacturing, trade, and consumption in life cycle assessments (LCAs).  
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Conclusions 

• Our study shows the importance of spatially explicit information to assess eutrophication impacts, 
as it characterizes N emissions from anthropogenic sources at high spatial resolution in contrast to 
currently available site-generic models.  

• Introducing inland N complements existing P-related studies to improve eutrophication indica-
tors.  

• Our study revealed that FFs show conspicuous spatial heterogeneity because of differences in hy-
drological conditions and provided regionalized FFs which can help LCA practitioners choose 
more sustainable production sites or suppliers.  


