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modelling studies7. As predicted by the law 
of outlet spacing2,3 the number of outlets 
increased on the drier side of the range. But 
the process by which the number of outlets 
increased was unexpected: the migration of 
the drainage divide caused the river channels 
themselves to split, a mechanism that 
Bonnet has termed drainage splitting. The 
split channels then form networks draining 
smaller, more numerous drainage basins, 
keeping the expected relationship between 
the drainage divide–mountain front distance 
and the number of drainage outlets (Fig. 1a).

Bonnet’s work not only newly identifies 
this mechanism of drainage reorganization, it 
also highlights key diagnostic morphological 
and sedimentological features associated 
with drainage splitting: unusual channel 
configurations, sediment perched on ridges 
and changes in fan sedimentation (Fig. 1) 
can document changes in the shape of 
mountain ranges. They may also be used to 
infer whether changes in climate, tectonics 
or rock type caused the modification of the 
mountain range. 

The model does, of course, have 
limitations: the position of the front of the 
range is pinned and the rainfall gradient is 
smooth, whereas deformation fronts can 
usually migrate and changes in precipitation 
rate are usually sharp over natural drainage 
divides6,9. Nevertheless, Bonnet has 

recognized some of his key diagnostic features 
of drainage reorganization along the dry side 
of the Sierra Aconquija range of Argentina. 
The presence of these features in a natural 
environment thus supports the mechanisms 
revealed by the model. This agreement led 
Bonnet to suggest that the rainfall gradient 
over the range, which was previously shown 
to have developed as the mountains rose10, led 
to a shift in the location of the drainage divide 
and subsequent drainage splitting.

The implications of this drainage splitting 
mechanism and the subsequent increase in 
the number of outlets at the range front are 
important. Sediment from more proximal 
sources will be deposited in smaller 
but more numerous fans closer to the 
mountain front, modifying the architecture 
of the sedimentary basin (Fig. 1a). More 
importantly, this mechanism will strongly 
modify the distribution of mass in the 
zone of mountain building (Fig. 1). The 
steepening of the mountain slope means that 
the bulk of the range will get closer to the 
front of the range on its dry side; however, 
the increase in drainage density at the front 
will reduce the height of the ridges and 
thus unload the front itself (Fig. 1b). In the 
sedimentary basin, the sediment load will be 
focused in a narrower zone close to the front 
of the range. Such load redistribution can 
potentially affect the location of the zones 

of active deformation, faulting and seismic 
activity within the mountain range11,12.

In his study, Bonnet4 shows that river 
channels can split in response to a shift in 
the drainage divide towards the mountain 
front. The identification of this mechanism 
of drainage splitting lays ground for 
further investigations that will illuminate 
feedbacks between climate, fluvial network 
development, rock and sediment mass 
distribution and mountain building. ❐
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More than half of the human population, 
around 3.3 billion people, now live in urban 
areas. And around 5 billion people are 
expected to be living in towns and cities 
by 2030. The colossal growth of urban 
centres across the globe is associated with 
a whole host of social and environmental 
problems, not least of which is the intensive 
outpouring of human waste.

Urban wastewater has been wreaking 
havoc with marine and freshwater 
ecosystems for decades. When these 
nitrogen- and phosphorus-rich waters 
leak into streams, rivers and oceans, they 
stimulate the growth of tiny algae that strip 
the ecosystems of oxygen and light. The 
result is dead, toxic water that is bereft of 
all but the most ravenous and aggressive 
forms of life.

Unfortunately, the problem is set to get 
worse. G. Van Drecht, of the Netherlands 
Environmental Assessment Agency, and 
colleagues conclude that urban wastewater 
emissions of nitrogen and phosphorus will 
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increase by around two- to threefold globally 
by the middle of the century, compared with 
levels in 2000 (Glob. Biogeochem. Cycles 23, 
GB0A03; 2009). Their calculations are based 
on estimates of population and economic 
growth, urbanization, and the development of 
sewers and wastewater treatment systems. 

According to their country-specific 
projections, nitrogen and phosphorus 
emissions will increase in North America, 
but will decline in Europe and North Asia, 

owing in part to the removal of nutrients 
from wastewater and population declines. 
Developing countries, on the other hand, 
are likely to show a uniform increase in 
nitrogen and phosphorus emissions through 
wastewater disposal. The problem will be 
most severe in South Asia, an area that has 
undergone a massive population explosion 
in the past few decades. Here, urban 
wastewater emissions are predicted to 
increase by up to four- to fivefold by 2050.

Under the most optimistic development 
scenarios assumed by the researchers, 
societies adopt a proactive approach to the 
management of ecosystems, and significant 
quantities of waste nitrogen and phosphorus 
are recycled. But even in these best-case 
scenarios, urban discharge of nitrogen and 
phosphorus is unlikely to decline before 
the middle of the century. The outlook 
for aquatic ecosystems, particularly in 
developing countries, is not good. 
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