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Background 
In the 2013 HELCOM Ministerial Declaration the Contracting Parties agreed that extra reductions can be 
accounted for, in proportion to the effect on a neighboring basin with reduction targets, by the countries in 
reaching their Country Allocated Reduction Targets. 

HOD 49-2015 requested PRESSURE 4-2016 to consider the reference contained in the Copenhagen 
Ministerial Declaration regarding an extra reduction in basins where reduction targets have already been 
fulfilled, to be accounted for in other basins.  
This document contains a suggestion by BNI on the methodology based on considerations within the RedCore 
Drafting Group. 
 

Action requested 
The Meeting is invited to discuss the suggested approach and agree on its possible use to follow up the 
progress towards the reduction targets. 
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Accounting for extra reductions 
Bo Gustafsson, Baltic Nest Institute, Stockholm University, Sweden, (March 28, 2016) 

Background 
As a part of the nutrient reduction scheme in the 2013 HELCOM Ministerial Declaration, the following 
principle was approved: 

RECOGNIZING that reductions in nutrient inputs in sub-basins may have wide-spread effects, WE AGREE that 
extra reductions can be accounted for, in proportion to the effect on a neighboring basin with reduction 
targets, by the countries in reaching their Country Allocated Reduction Targets 

The rationale behind this statement is that MAI was calculated focusing on offshore major basins and with 
the optimization of aiming for a maximal total nutrient input, which in principle would be the most cost 
efficient solution. The necessary reductions to meet MAI were allocated country-wise within each basin. Due 
to lack of detailed information of reduction potential (or/and costs of measures) in the different countries 
one had resided on simple principles for this allocation, i.e., countries have to reduce in proportion to their 
emissions. However, one have to acknowledge that the reduction targets calculated in this way do not 
necessarily match national plans or be the most cost-efficient solution for individual countries. Several 
countries implement and/or have implemented measures because of other policies than BSAP (e.g. WFD, 
Nitrates Directive, Gothenburg Protocol) that results in reductions in basins without reduction requirements 
or with a magnitude that significantly exceeds the reduction requirements. Thus, inputs to some basins may 
become significantly lower than MAI leading to winter nutrient concentrations decreasing below the 
environmental targets. That effect will to some extent spread to adjacent basins, and as a consequence the 
environmental targets can be reached with somewhat higher inputs than MAI to these “downstream” basins. 
Thus, under these conditions, making overall larger reductions than required by MAI may be the most cost 
effective and should be accounted for if it can be shown that the environmental targets are met everywhere. 

The paragraph above is somewhat vaguely formulated in the Ministerial Declaration and the following 
clarifications based on the groundwork for the Declaration can be made:  

• The paragraph was clearly developed in the spirit that this accounting would be done for countries 
individually, (for example, Sweden could take into account some of extra reductions done in the 
Bothnian Sea in their bookkeeping of reductions to Baltic proper), and not shared between all 
countries.  

• Any relocation of measures should lead to the same environmental improvement as if CART were 
implemented. 
 

To illustrate the potential of this principle in preparation of the Ministerial Declaration, BNI quantified how 
much reduction needs to be done in one basin to get the same environmental effect in a “downstream” 
basin. However, the mechanisms on how to estimate expected effects or how to evaluate compliance were 
not discussed in the groundwork for the Ministerial Declaration. This ambiguity has lead to some confusion 
as to how to plan and implement the programs of measures to obtain the goals of the BSAP nutrient reduction 
scheme in this respect. The aim of this paper is to bring some clarity to the open questions and provide a 
brief overview BNIs work and viewpoints on the matter. 

Understanding extra reductions 

Definitions: 
Extra reduction is the margin to CART (or input ceiling) including the statistical uncertainty for a given country 
and basin combination. 
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Equivalent reduction is input reduction to basin A that leads to the equivalent environmental benefit in basin 
B as 1 ton reduction to basin B. NB! that prerequisite is that all other basins fulfill MAI and Missing reduction 
to basin leads to environmental cost in the adjacent basins. 

Effective reduction is the apparent input reduction in a basin resulting from extra reductions in another 
basin, in practice: the extra reduction divided by equivalent reduction. NB! Missing reductions will lead to 
“negative” effective reductions because lateral nutrient transports were taken into account when MAI-CART 
was calculated.  

Equivalent reductions 
The BALTSEM model was used to find the combination of inputs (MAI) that would eventually lead to the good 
environmental status as quantified by the eutrophication status targets. The same model was used to 
estimate the equivalent reductions for different extra reductions.  

The methodology was to take the starting point from the state obtained when MAI is achieved and GES is 
reached, i.e., the model is run with inputs as given by MAI for a very long time.  From this state, a series of 
model experiments where performed where N and P inputs were systematically perturbed from MAI, 
different N and P input combinations for one basin at a time. In total about 160 simulations were performed 
providing a large data set on how the state change in the Baltic basins depending on a nutrient input change 
to one basin.  

To simplify the further analysis, a few assumptions were made: 

1. assume that deviation from MAI is relatively small so that linear response can be expected 
2. assume the analysis can be done separately for a single nutrient and basin input deviation 

 
It would be straightforward to evaluate single cases that violate the two assumptions, but presenting the 
results in an easily understandable way would be difficult. Details of the calculations are given in an annex to 
this document. Given the assumptions the equivalent reductions are presented in tables 1 and 2. All values 
above 10 are considered insignificant.  

Table 1: Equivalent reductions on phosphorus. The table should be read so that each row 
provides the necessary input reduction to the basins to the left to provide the equivalent environmental 
effect in the basins in the top row, e.g. 1.5 ton reduction to BS gives the same effect in the BP as 1 ton 
reduction directly to BP. NB! That the factors are valid on single basin pairs under condition that all other 
basins fulfill MAI. 

   KT DS BP BS BB GR GF 
KT 1 4.0 − − − − − 
DS 0.8 1 3.2 − − − − 
BP 2.4 2.8 1 3.3 7.7 − 3.8 
BS 3.8 4.6 1.5 1 2.6 − 5.8 
BB − − 9.0 8.3 1 − − 
GR 3.6 4.3 1.6 4.8 − 1 6.5 
GF 3.6 4.2 1.3 4.1 − − 1 

 

Table 2: Equivalent reductions on nitrogen. The table should be read so that each row 
provides the necessary input reduction to the basins to the left to provide the equivalent environmental 
effect in the basins in the top row, e.g. 1.3 ton reduction to GR gives the same effect in the BP as 1 ton 
reduction directly to BP. NB! That the factors are valid on single basin pairs under condition that all other 
basins fulfill MAI. 

   KT DS BP BS BB GR GF 
KT 1 7.3 − − − − − 
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DS 1.7 1 4.6 − − − − 
BP − − 1 − − − − 
BS − − − 1 7.8 − − 
BB − − − 1.1 1 − − 
GR − − 1.3 − − 1 − 
GF − − 4.0 − − − 1 

How to use the equivalent reductions tables 
Below in Annex B to this document there is an example on how one can use Tables 1 and 2 to calculate the 
achieved effective reductions from extra reductions published in the CART follow-up1 in the case of follow-
up. Exactly the same calculation should be used when relocating measures in developments of programs of 
measures, but it may be on future expected extra reductions rather than achieved reduction.  

It should be noted that not fulfilling CART in one basin leads to that other basins may not reach GES as defined 
by the environmental targets because of the same reasons behind the equivalent reduction calculation. This 
implies that one cannot necessarily use the extra reduction to one basin to compensate for missing reduction 
in several basins. Thus calculation is quite straightforward when analyzing single pairs of basins, one with 
extra reduction and one taking benefit of the effective reduction. In more general terms, it quickly becomes 
more complicated. 

If desirable, one could in each follow-up assessment directly take into account the extra reductions when 
evaluating progress towards achieving CART following the approach outlined in Annex B. 

BNI’s views as points for discussion 
1. Using equivalent reduction from extra reduction should be done on single country basis, i.e., the 

equivalent reduction should not be shared between all countries. 
2. Although MAI is exceeded it would be fair that a country that has extra reductions made could 

make use of this for deducting equivalent reduction in another basin.  
3. Evaluation of extra reductions should be made using a common approach and not by individual 

national studies. 
4. For the upcoming assessment, Tables 1 and 2 should be used and a complete analysis for all 

affected countries should be made. However, it may be that several options will be described and 
they may not confirm with national plans. 

 

  

1 http://www.helcom.fi/baltic-sea-action-plan/progress-towards-reduction-targets/in-depth-
information/data-on-fulfillment-of-nutrient-input-ceilings/ 
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Annex A: Calculation of equivalent reduction 
Given the two assumptions, we could analyze the model results in the terms of a linear response so that 
the environmental change in basin j (denoted ∆𝐸𝐸𝑛𝑛,𝑗𝑗) due to a given input change in basin i (denoted ∆𝐼𝐼𝑖𝑖) 
can be described by the following equation: 

∆𝐸𝐸𝑖𝑖,𝑗𝑗 = 𝑘𝑘𝑖𝑖,𝑗𝑗∆𝐼𝐼𝑖𝑖      (1) 

We now want to analyze how much do we need to decrease the input in the basin with extra reduction (say 
basin n) to get the same change in the environment in another basin (say basin m) as a given reduction in 
that basin (which then is given by ∆𝐼𝐼𝑚𝑚).  

The effect in basin m from load reduction in basin m is 

∆𝐸𝐸𝑚𝑚,𝑚𝑚 = 𝑘𝑘𝑚𝑚,𝑚𝑚∆𝐼𝐼𝑚𝑚      (2) 

and the effect from the extra reduction in basin n on the environment in basin m is by the expression 
above, i.e., 

∆𝐸𝐸𝑛𝑛,𝑚𝑚 = 𝑘𝑘𝑛𝑛,𝑚𝑚∆𝐼𝐼𝑛𝑛.      (3) 

When it is required that the environmental change ∆𝐸𝐸𝑛𝑛,𝑚𝑚 is equal to ∆𝐸𝐸𝑚𝑚,𝑚𝑚, the relationship between the 
input reduction is given by 

∆𝐼𝐼𝑛𝑛 = 𝑘𝑘𝑚𝑚,𝑚𝑚
𝑘𝑘𝑛𝑛,𝑚𝑚

∆𝐼𝐼𝑚𝑚 = 𝑓𝑓𝑛𝑛,𝑚𝑚∆𝐼𝐼𝑚𝑚.     (4) 

Thus, an input reduction in basin n needs to be a factor of fn,m higher than if made on the inputs directly to 
basin m. This is exactly what we defined above as equivalent reduction although expressed without 
dimension. 

The factors, fn,m, were calculated from the model results for nitrogen and phosphorus separately, using 
winter nutrient concentration as indication for environmental change. It is done by first calculating the 

coefficients, km,m and kn,m, and get fn,m from the ratio (𝑘𝑘𝑚𝑚,𝑚𝑚
𝑘𝑘𝑛𝑛,𝑚𝑚

). In many cases the effect of the extra reduction 

is very small, resulting in a small kn,m (and consequently large fn,m). These cases are quite uncertain in that a 
small error in kn,m leads to a major change in fn,m, and should therefore not be used.  A formal quantification 
of uncertainty is not done, but in the results fn,m > 10 are not shown in the results.  
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Annex B: Example of follow-up calculation 
As mentioned above, extra reductions were calculated and presented in the CART follow-up1. Here we use 
the example of the extra reductions and missing reductions presented for Sweden. In Table 3, the extra and 
missing reductions of phosphorus for Sweden are summarized based on the results of table 5k in the CART 
follow-up1. Sweden has available extra reductions of 176 and 16 ton phosphorus to the Bothnian Sea and 
Danish Straits, respectively. To calculate what the effective reductions from the Bothnian Sea are in the other 
basins, we divide by the values on the Bothnian Sea row in Table 1, see Table 4. The effective reductions from 
the extra reduction available to the Danish Straits (16 ton) is calculated in the same way, see Table 5. 

If we just consider a single pair of basins, for example, how much less do Sweden need to reduce to Baltic 
Proper when taking into account the extra reduction to Bothnian Sea the calculation is straightforward and 
the number 117 ton can be used directly (leaving 313 ton remaining). Similarly, Sweden could deduct 20 tons 
on the missing reduction to Kattegat (leaving 47 ton remaining) from the extra reduction to Danish Straits.  

However, one cannot simply use 117 tons to Baltic Proper and then in addition 46 tons to Kattegat, because 
the effect of 46 tons to Kattegat depends on that the full reduction is done in Baltic Proper. One can do the 
full calculation on how much is remaining to reduce to the different basins, but the calculations involves 
analyzing also how missing reductions spread between basins. Further, it mathematical problem is not fully 
determined so there exists multiple solutions. Nevertheless one example of results from a full calculation of 
remaining reductions for Sweden is presented in Table 6. The starting point of this calculation was to use the 
117 ton from Bothnian Sea on Baltic Proper and we see that for Kattegat the remaining reduction is quite 
close to what is given by the missing reduction minus the effective reduction from the Danish Straits as 
expected. We see that because reductions are less in Baltic Proper, the full effective reduction to Bothnian 
Bay from the extra reduction in Bothnian Sea cannot be accounted.  

Table 3: The extra and missing reductions of phosphorus from Sweden according to the latest CART 
assessment. Sweden has no reduction requirements on phosphorus to Gulf of Riga and Gulf of Finland. 

Basin Extra reduction Missing reduction 
KT  67 
DS 16  
BP  430 
BS 176  
BB  100 

 
Table 4: Calculation of effective reductions for the extra reduction from Sweden to Bothnian Sea. 

Basin Equivalent reduction  Calculation Effective reduction 
KT 3.8 176/3.8 46 
DS 4.6 176/4.6 38 
BP 1.5 176/1.5 117 
BB 2.6 176/2.6 68 

 
Table 5: Calculation of effective reductions for the extra reduction from Sweden to Bothnian Sea. 

Basin Equivalent factor Calculation Effective reduction 
KT 0.8 16/0.8 20 
BP 3.2 16/3.2 5 
BS - - - 
BB - - - 
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Table 6: The extra and remaining reductions of phosphorus from Sweden in relation to the estimates in the 
last CART assessment. In the calculation of remaining reductions the extra reductions are taken into 
account. 

Basin Extra reduction Remaining reduction 
KT  49 
DS 16  
BP  313 
BS 176  
BB  48 
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