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The Nitrogen Problem: Why Global Warming Is
Making It Worse
New research shows that increases in rainfall and extreme weather
because of climate change will increase the amount of nitrogen polluting
rivers and other waterways. The findings underscore the urgency of
reforming agriculture to dramatically reduce the use of nitrogen fertilizers.
An algae bloom in Lake St. Clair in July 2015. The lake is
bordered by Detroit, Michigan to the west and Canadian farmland
to the east. NASA/NOAA

It is a painful lesson of our time that the
things we depend on to make our lives more
comfortable can also kill us. Our addiction to
fossils fuels is the obvious example, as we
come to terms with the slow motion
catastrophe of climate change. But we are
addicted to PKVTQIGP, too, in the HGTVKNK\GTU that
feed us, and it now appears that the
combination of climate change and nitrogen
pollution is multiplying the possibilities for wrecking the world around us.
A new study in 5EKGPEG projects that climate change will increase the amount of nitrogen ending up in
U.S. rivers and other waterways by 19 percent on average over the remainder of the century — and
much more in hard-hit areas, notably the Mississippi-Atchafalaya River Basin (up 24 percent) and the
Northeast (up 28 percent). That’s not counting likely increases in nitrogen inputs from more intensive
agriculture, or from increased human population.
Instead, 5VCPHQTF7PKXGTUKV[researcher Eva Sinha and her co-authors simply took historical records of
nitrogen runoff as a result of rainstorms over the past few decades, recorded by the 75 )GQNQIKECN
5WTXG[. Then, assuming for the sake of argument that there will be no change in the amount of
nitrogen being added to the environment, they calculated how much additional nitrogen would be
leached out of farm fields and washed down rivers solely because of extreme weather events and
increased total rainfall predicted in most climate change scenarios. The bottom line:

ň#PVKEKRCVGF EJCPIGU KP HWVWTG RTGEKRKVCVKQP RCVVGTPU CNQPG YKNN NGCF VQ NCTIG CPF TQDWUV
KPETGCUGUKPYCVGTUJGFUECNGPKVTQIGPHNWZGUD[VJGGPFQHVJG EGPVWT[HQTVJGDWUKPGUUCU
WUWCNUEGPCTKQŉb

Lakes and other freshwater bodies now routinely face toxic blue-green algae blooms

that are fueled by nitrogen pollution.
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But the business-as-usual scenario is of course already in trouble, even without climate change.
Headlines have tended to fixate on the Gulf of Mexico ňFGCF\QPGŉ produced by nitrogen flushed down
the Mississippi River from the cornfields of the upper Midwest. (This year’s ňFGCF\QPGŉ is the largest
ever, the 0CVKQPCN 1EGCPKE CPF #VOQURJGTKE #FOKPKUVTCVKQP 01## announced last week.) But the
problem is already much broader than that, says senior author Anna M. Michalak, also of Stanford,
citing a series of recent incidents caused by nitrogen pollution. Last summer, for instance, a 33square-mile algae bloom caused Florida to declare a four-county state of emergency. Another closed
the Dungeness crab fishery along half of the Washington State coast last year and affected other
fisheries as far south as Mexico.
The combined effect of climate change and nitrogen pollution is also evident on inland waterways,
according to Hans Paerl, an aquatic ecologist at the 7PKXGTUKV[ QH 0QTVJ %CTQNKPCņU +PUVKVWVG QH /CTKPG
5EKGPEGU. In the past, cleanup efforts on lakes and other freshwater bodies could achieve major
improvements just by targeting phosphorous pollution, also from fertilizer. But now they routinely face
toxic blue-green algae (or E[CPQDCEVGTKC) blooms, fueled by nitrogen pollution. That problem is being
exacerbated, Paerl and his co-authors argued in a study last year, by warmer temperatures and
increased rainfall associated with climate change. Efforts by water quality managers to protect the
water supply may not work in the future, they wrote, because climate change introduces so many
new uncertainties about hydrology, stratification, and nutrient dynamics.
Workers navigate their way through an algae bloom in Lake Taihu, China's third largest
freshwater lake, in June 2007. LIU JIN/AFP/Getty Images

These toxic algae blooms have become alarmingly widespread in
recent decades, according to Paerl. One such bloom in the
western end of Lake Erie forced Toledo, Ohio, to cut off the water
supply temporarily to 500,000 residents in 2014. The same thing
happened in China’s Lake Taihu in 2007, leaving 2.3 million people
without water. The threat to human health was not hypothetical.
Blue-green algae toxins in the drinking water at a dialysis center in Brazil caused 76 deaths from
acute liver failure in a 1996 incident. Those toxins have also caused liver damage in children drinking
from China’s Three Gorges Reservoir. In the United States, a 2015 study found evidence of bluegreen algae blooms in 62 percent of the 3,100 U.S. counties surveyed and concluded that these
blooms were ňUKIPKHKECPVN[TGNCVGFVQVJGTKUMQHPQPCNEQJQNKENKXGTFKUGCUGFGCVJŉ
The problem with nitrogen is evident, finally, even on land. Atmospheric nitrogen – from intensive
farming and livestock operations, power plants, road traffic, and other sources – now gets deposited
everywhere, making soils more fertile. That has the paradoxical effect of reducing plant diversity by
displacing native species adapted to nutrient-poor soils. A study last year in 2TQEGGFKPIUQH VJG0CVKQPCN
#ECFGO[ QH 5EKGPEGU 20#5 examined more than 15,000 forest, woodland, grassland, and shrubland
sites across the United States and found that a quarter of them have already exceeded the nitrogen
levels associated with species loss. Researchers don’t know yet how nitrogen and climate change
together will affect plant diversity. But in an experiment in an arid southern California habitat, added
nitrogen together with changing rainfall patterns caused a community of native shrubs to shift to nonnative grasses.
Farmers are acutely aware of their leading role in this unfolding disaster. In Europe, they have
managed to reduce nitrogen use substantially without any decrease in productivity over the past
quarter century because of mandatory European Union limits. The United States has so far relied on
a voluntary approach, with mixed results. But when the city of Des Moines, Iowa sued upstream farm
counties two years ago for the cost of equipment to remove nitrogen runoff from its drinking water
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supply, many farmers heard alarm bells. (A federal court ultimately dismissed the lawsuit early this
year.)

ň+JCXGPņVUGGPCYKNNKPIPGUUVQGPICIGKP CEQPUGTXCVKQP RTQITCONKMGVJKUKP O[NKHGVKOGŉ
UC[U0KEM)QGUGTCUQKNUEKGPVKUVCPFFKTGEVQTQHVJG5QKN*GCNVJ2CTVPGTUJKR
The issue resonates with farmers in part because CRRN[KPI PKVTQIGP HGTVKNK\GT CEEQWPVU HQT WR VQJCNH
VJG EQUV QH TWPPKPI C HCTO, and they would naturally prefer the expenditure to pay off in increased
yield rather than have it wash away down the river.

6JG[ TGEQIPK\G VJCV PKVTQIGP TWPQHH KU EQPVCOKPCVKPI VJGKT QYP FTKPMKPI YCVGT UC[U
)QGUGTCPFVJG[JCXGCNUQPQVKEGFVJGGHHGEVUQHENKOCVGEJCPIGQPVJGKTETQRU
Water flows off a farm in Tennessee following a storm. Scientists project climate-fueled
rain events could increase runoff nitrogen in U.S. waterways by 19 percent. Tim McCabe/
USDA

The 5QKN *GCNVJ 2CTVPGTUJKR, which combines agribusiness funding
with technical advice from the 'PXKTQPOGPVCN &GHGPUG (WPF CPF VJG
0CVWTG %QPUGTXCPE[, works to scale up three solutions to the
nitrogen problem
❐ use of off-season cover crops to reduce the runoff that
inevitably occurs when fields remain bare through the winter,
❐ low- or no-till farming,
❐ and “advanced nutrient management,” or what Goeser describes as ňURQQPHGGFKPIŉ nitrogen in the
precise amount and time that the plant needs it.
None of that is as simple as it may sound. For instance, use of cover crops

ňOCMGU CP KPETGFKDNG FKHHGTGPEG YKVJ C  RGTEGPV KORTQXGOGPV KP TWPQHHŉ UC[U
)QGUGT
It’s expensive, however, and could actually decrease corn or soybean yield the following year if the
farmer does it wrong. It only starts to improve resilience to extreme weather events like flooding or
drought, and thus yield, after three to five years.

$WV KP VJG /KFYGUV UC[U )QGUGT RGTEGPV QHVJG CETGCIG KU QRGTCVGF QP C QPG[GCT
TGPVCNDCUKU OGCPKPI HCTOGTU JCXG PQ KPEGPVKXG VQ KPXGUV KP VJG NQPIVGTO JGCNVJ QH VJG
NCPF(GYGTVJCPRGTEGPVQHVJGORNCPVEQXGTETQRU
Advanced nutrient management means switching from applying fertilizer in the fall to the spring, and
not all at once in the spring, but in small doses throughout the season, with sensors indicating exactly
how much nitrogen a specific section of field actually needs. But the 10-foot-high equipment to work
with a growing crop is expensive.
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Among the long-term solutions being proposed are genetically-engineered cereals that fix

nitrogen from the atmosphere and lab-cultured meat.

The combined threat of climate change and nitrogen pollution could soon mandate far more dramatic
changes in agriculture. Among the long-term solutions put forward by University of Victoria
researchers in a companion piece to the new study in 5EKGPEG: Genetically-engineered cereals to fix
nitrogen from the atmosphere, and laboratory cultured meat, to reduce the global herd from 1.5 billion
head of cattle to a population of just 30,000 that will be used as stem-cell donors. Climate change
means that it will be necessary, the co-authors note, to cut agricultural nitrogen use in the Mississippi
River Valley not by 32 percent, as the 75 'PXKTQPOGPVCN 2TQVGEVKQP #IGPE[ now proposes, but by
almost double that amount.
The challenge will be far greater in the developing world, particularly Asia. The Stanford-led research
team identified three risk factors that make an area more vulnerable to the compounding effects of
nitrogen pollution and climate change: heavy nitrogen inputs (mostly for agriculture), a high current
rate of precipitation, and a large projected increase in precipitation because of climate change.
East, South, and Southeast Asia face the greatest peril, with India especially vulnerable

ňDGECWUG KV GZJKDKVUCNNVJTGG TKUM HCEVQTUCETQUU OQTG VJCP VYQVJKTFUQHKVU CTGC Ŏ CPF
JCUQPGQHVJGHCUVGUVITQYKPIRQRWNCVKQPUŉ
People throughout the region

ňCTGJGCXKN[FGRGPFGPVQPUWTHCEGYCVGTUWRRNKGUŉVJGTGUGCTEJGTUPQVG
But as climate change multiplies the rate of nitrogen runoff, they may increasingly find their water
undrinkable.
Correction, August 8, 2017: An earlier version of this article incorrectly attributed to Nick Goeser the statement that
farmers recognize that nitrogen runoff is poisoning their drinking water. Goeser did not use the word poisoning.
Richard Conniff is a National Magazine Award-winning writer whose articles have appeared in 6JG
0GY;QTM6KOGU5OKVJUQPKCP6JG#VNCPVKE0CVKQPCN)GQITCRJKE, and other publications. His latest book is
*QWUGQH.QUV9QTNFU&KPQUCWTU&[PCUVKGUCPFVJG5VQT[QH.KHGQP'CTVJ He is a frequent contributor to
;CNG'PXKTQPOGPV. More about Richard Conniff

ALSO ON E360
➤ How Europe is successfully cutting back on fertilizers and other sources of nitrogen that
cause serious environmental harm.
➤ A Q&A with researcher Rick Haney on why it's time to stop punishing our soils with fertilizers.

4

