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Eutrophication is a shared problem
We could share solutions, too

Lake Erie

Copyright: NASA

Chesapeake Bay

Baltic Sea
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Lake Erie, Total P loading 1967-2013 – We’re doing great! 
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Lake Erie, it’s re-eutrophying – We’re doing miserably! 
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What has happened? No-till & Conservation Tillage up

P-balances have been plummeting
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Soil Conserving Tillage Systems Tend to Elevate

Dissolved Reactive P (DRP)  loading

Change from
ploughing

DRP PP

Stubble over winter +93% -2%

Shallow autumn
tillage

+28% +9%

No-till +209% -54%

Uusitalo et al 2017
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Why? Gradual Enrichment of P in Top Soil

when Undistrubed. 

0-2.5cm

2.5-5cm

5-10cm

10-20 cm

Erosion; PP
DRP

Erosion; PP
DRP
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Vertical 
stratification 
increases DRP

Ploughing 

increases PP

Striking Balance Between two Evils
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Plot Twist: DRP is (much) More Potent than PP in 

Promoting Algae Growth ! 

PP

DRP 100%

Estimates:10%-60%
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DRP= 0.4 
kg/ha

TP

Example: Measure ALPHA (α) on One Hectare of Agricultural Land. 

Initial
TP= 

2kg/ha

Consists of

DRP= 0.2 
kg/ha

TP
PP=1.8
kg/ha

Measure α

PP=1.4
kg/ha

Final
TP= 

1.8 kg/ha 
→

TP 
Reduced
by 0.2kg

TP
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Doing ALPHA  Costs 10€.

Unit Abatemen Costs: 10€/0.2kg(TP) = 50 €/kg(TP) 

50€/kg

Alternative
measure in 
agriculture

100€/kg

Alternative
measures in 
large point

sources
200€/kg
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55%:
500€/kg

50%:

ERROR!
ERROR!
ERROR!

EP 
increase

!!
EP

Increase
!!

Define Abatement Cost for 

Eutrophying P. How bioavailable is 

PP?  

100%:
50€/kg

Alternative
measure in 
agriculture

100€/kg

Alternative
measures in 
large point

sources
200€/kg

60%:
250€/kg
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With PP-DRP Trade-offs Revising the Metric is a Game-Changer



14

What Gets Measured Gets Done! Mimic CO2-equivalents

TP=PP+DRP EP=βPP+DRP

Where
β=Long-term bioavailability of PP



15

Cannot determine the right β!!

Uncertainty! Morphology! Source area soils! Time!

GWP of methane and Nitrous oxide 
 as indicated by  IPCC rapports 

Time horizon 

20 100 500 

Carbon  dioxide   1 1 1 

Methane  (1990)  63 21 9 
Methane  (1995) 56 21 6.5 
Methane (2001) 62 23 7 
Methane (2007) 72 25 7.6 
Methane (2013) 84-86 28-34  

Nitrous  oxide  (1990) 270 290 190 
Nitrous  oxide  (1995) 280 310 170 
Nitrous  oxide  (2001) 275 296 156 
Nitrous  oxide  (2007) 289 298 153 
Nitrous  oxide  (2013) 264-268 265-298  
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Introduce in BSAP?  1. The Lake Erie way (revised plan 2019)
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Introduce in BSAP?  2. The Chesapeake Bay Way (STAC 

proposal 2020 

https://www.chesapeake.org/stac/publications/workshop-

publications/)

The CBP should move to set program goals and 
assessing progress through “eutrophying units” that 
characterize algal and hypoxia effects, as soon as 
feasibly possible. 

https://www.chesapeake.org/stac/publications/workshop-publications/
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A measure that

increases DRP load

Introduce in BSAP?  3. The Baby Step Way
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Not possible! 

We cannot measure all agricultural DRP/PP sources!
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Choice Between Keeping the Certainly Wrong Metric and

Starting to Develop an Unbiased One


