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Background 
This document is intended as a technical background for discussion on different approaches to pragmatic 

solutions of following the development towards MAI and CART fulfillment.  

It describes the challenges to follow up on Contracting Parties national reduction commitments on water- 
and airborne nutrient inputs, proposes ways to quantify waterborne transboundary nutrients inputs 
including how to take into account retention on these inputs, and how to quantify Contracting Parties’ 
waterborne inputs exonerated for transboundary components. It also describes how to calculate national 
input ceilings on inputs. Further it raises questions related to how to proceed if the waterborne 
transboundary inputs at the border are not quantified/reported, and how to quantify retention and 
evaluate if there are annual changes in retention to be taken into account. Further questions to discuss 
relate to evaluation of whether the statistical methods to evaluate fulfillment of reductions targets (the 
traffic light system) need to be revised/adjusted/extended.  

 

Action required 
The Meeting is invited to scrutinize, discuss and give advice on the proposed methodology and raised 
questions.  
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Monitoring progress towards reaching MAI and CART 
 

BNI and LOAD chair 

March 7, 2014 

 

Background 
There are several practical and principal issues involved in how to follow up the progress of implementing 

and reaching the input targets agreed in the Copenhagen ministerial declaration. There are two primary 

objectives of the follow up: 

1. Follow up the pressure of nutrient inputs to the Baltic Sea sub-basins (MAI) 

2. Follow up of the National reduction commitments (CART) 

Excessive nutrient input is the primary pressure in causing eutrophication problems in the Baltic Sea. 

Maximum Allowable Inputs (MAI) is defined so that Good environmental status (GES) should be obtained 

eventually and as an average over a considerable time-interval. The latter implies that single years can be 

evaluated to not meet the GES boundary due to the natural variability. Further, in the calculation of MAI it 

was assumed that inputs have annual cycles, but no interannual variation, but in reality inputs must be 

allowed to temporarily exceed MAI as long as average supply over some time-interval does not.  

Two reflections on this are: 

1. Measures to curb anthropogenic nutrient inputs cause results in lowering of short- and/or long-

term average supply 

2. Lasting natural or anthropogenic changes in the physical drivers of nutrient inputs, e.g., river 

discharge, atmospheric circulation patterns etc., may cause secondary trends in nutrient inputs 

The part of variability that is associated with discharge variations can be removed from the input data, i.e., 

flow normalization. A similar procedure can be used to remove the variability in atmospheric nitrogen 

deposition due to variability in the atmospheric weather patters between years. The resulting time-series 

should thereafter be a clearer representation of the trends of the long-term development due to, e.g., 

management actions as reflected in point 1 above.  

On the other hand, when following and understanding the development of the status of the Baltic Sea 

interannual variations in nutrient inputs are of significance, especially in vicinity of the major rivers and 

enclosed coastal areas, but possibly also on larger scales if consecutive anomalous years occur. Point 2 

above, could be regarded as a special case of that. For sufficiently long assessment periods, averages of 

flow-normalized and real inputs converge. However, flow normalization might be obscured by large 

changes, e.g., by removal of point sources discharging directly into the rivers.  

Follow up of nutrient input pressure on the Baltic Sea 
The straightforward approach is to follow the actual annual air- and waterborne inputs entering the Baltic 

Sea sub-basins, i.e., without normalization. This is readily done by monitoring and modeling of nutrient 

inputs from rivers, direct discharging coastal point sources and atmospheric wet and dry deposition as 

performed within the PLC project(s), with the reservation that data of good quality and full catchment 

coverage are timely delivered from the CPs. The nutrient input time-series are useful to analyze, interpret 

and model the development of the status in the Baltic Sea up to present. The disadvantage is that the 

progress towards reaching the MAI is difficult to detect because of the large interannual variability in the 
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non-normalized time-series. Typically, the standard deviation on annual inputs of basin-wise riverine inputs 

due to interannual variability are about 20% of the mean.  

 

Figure 1: Illustration of the difference between non-normalized and normalized total nutrient inputs to the 

Baltic Proper. Phosphorus inputs are shown in the left panel and nitrogen in the right. 

 

Follow up of National reduction commitments (CART) 
The CARTs comprise of a set of reductions per country and sub-basin, and the commitments are that the 

countries shall reduce their inputs to Baltic Sea sub-basins, but in a way that the country finds most 

feasible. The catchments shared between several countries represent a major challenge for the monitoring 

and assessment system.  

Definitions 
The contribution NLc,n from a specific country, c, to a specific sub-basin, n, comprise of the following 

components, 

                  ∑(               )

   

   

 

were NWc,n is the waterborne inputs as measured at the river mouths of the country c, and NAc,n is the 

airborne inputs emerging from emissions in country c.  NTa,b,n is the transboundary waterborne inputs 

contribution to sub-basin n from country a via country b taking into account retention.  

The CARTc,n is defined as the reduction of NLc,n in comparison with the reference period (as defined by the 

PLC 5.5 data set) necessary to obtain MAI for all sub-basins. The nutrient input ceiling for a given country 

and basin may be defined as 

           
   

         

were      
   

 is the country by basin normalized input in the reference period (1997-2003). 

In the background calculations to determine CART for BSAP 2013, the transboundary inputs were estimated 

for the reference period from data sets of the nutrient transports at the borders between countries, 

       
   

, with a correction for the downstream retention in the rivers,     
   

(a factor between 0 and 1). Thus, 

       
   

 (      
   

)       
   

 



LOAD 7-2014, 3-5 
 

 

Page 4 of 8 
 

The retention factor was estimated per country and basin, and for a few cases like Russian contribution to 

Gulf of Riga, retention in two countries were taken into account to obtain the estimate of inputs to the sea.  

The part of the CART attributed to upstream transboundary countries (u) to country c and sub-basin n are 

calculated as 

         
             

       
       

   

     
   

     
   

     
   

        
       

       
   

     
   

 

were        
        is the CART that is obtained if the whole reduction burden is put on the downstream 

country bordering to the Baltic Sea. Summation is in some cases complicated by the fact that a country can 

both receive and give away transboundary loads.  

Thus, the final CART for the country, c, is given by 

               
        ∑         

     

 

 ∑         
     

 

 

were the first summation is over the downstream countries, d, relative to country c and the second over 

the upstream countries, u. This equation can be used generally for all countries. 

Follow up of CART 
The difference between actual national input and the nutrient emission ceiling gives the remaining 

reduction for the period of the evaluation: 

                  

Thus, a complete data set that enables evaluation of       is necessary for the evaluation period. In 

addition, the length of the evaluation period, natural variability and accuracy of the input data need to be 

considered in a determination if a country truly fulfilled the reduction requirements, but these aspects are 

left out from this document.   

As pointed out above the waterborne inputs to the Baltic Sea, NWc,n, is readily monitored and reported 

through the PLC assessments and the airborne inputs, NAc,n, is regularly modeled by EMEP with generally 

accepted methods and accuracy, while the major complication arise from the transboundary waterborne 

inputs. To follow the development of the transboundary contributions one need accurate monitoring at the 

borders as well as accepted methods to estimate the retention and possible changes in that.  

There are three levels of possibilities to estimate the transboundary waterborne contributions for an 

evaluation period pending availability of data for the period. 

Case 1: No data at all on transboundary waterborne inputs 

In this case         can be estimated assuming that it has changed since the reference period (1997-2003) 

in proportion to the change of waterborne inputs to the Baltic Sea (      . Thus, 

               
        

       
   

 

Case 2: Data available on border inputs 

In this case an estimate of transboundary input can be made using the retention factor used for the 

reference period, i.e.,  

        (      
   

)        
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Case 3: Data available on both border inputs and retention 

In this case the transboundary contributions are readily calculated from 

        (      )        

Practical implications 

New estimates of retention,     
   

, and also improvements in monitoring of the nutrient loads across 

country borders are anticipated. This may cause inconsistencies with the reference data set that in some 

cases may be critical.  

Examples 
New estimates of retention factors are not likely to become available in the near future, so one has 

probably to reside, in best case, on new estimates on the border inputs,        
   

, and in some cases only on 

new estimates on inputs to the sea. 

If no updated information on the border inputs is available, one can assume that the change of the inputs 

to the sea should be distributed between upstream countries in proportion to their contribution in the 

reference period as described above as Case 1. A few examples are given below using this approach. 

Example 1: Gulf of Riga – Phosphorus 

This is a good example because it includes all complications of transboundary waterborne inputs. The 

situation according to the reference data set is shown in Figure 1 and Table 1. 

 

Figure 1: Phosphorus inputs to Gulf of Riga. In the left panel it is indicated that 93 t/yr is received from the 

atmosphere and 2235 t/yr from waterborne inputs. Of the waterborne input at the river mouth, 277 t/yr 

enters from Estonia and 1959 t/yr from the Latvia. However, the Latvian contribution is not only caused by 

Latvian sources but also comprise of transboundary inputs from Russia, Belarus and Lithuania. The 

rightmost pie chart illustrates the estimate on how large these contributions to the inputs to the sea are.  

 

 NW NA NB R Sum NT NL CART NC 

EE 277     277 38 239 

LV 1959    -1332 627 86 541 

LT   282 0.32 192 192 26 166 

RU   734 0.71 215 215 30 185 

BY   1360 0.32 925 925 128 797 

Other  93    93  93 

 Table 1: Summary of various terms in the phosphorus inputs to the Gulf of Riga in the reference period 

1997-2003. 
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According to PLC5.5 data set (BSEP no. 141), the average normalized waterborne inputs to the sea during 

2008-2010 were 220 t/yr from EE and 2397 t/yr through LV. The atmospheric input is assumed unchanged 

compared with the reference period. Assuming the same distribution of inputs between the upstream 

countries as in the reference period, the input to Gulf of Riga through LV can be split and compared with 

the nutrient ceiling for those countries. In this case nutrient inputs increased in the period while EE seems 

to have had inputs lower than their input ceiling. 

 

 NW NA NB R Sum NT NL NC Remaining 
reduction 

EE 220     220 239 -19 

LV 2397    -16301 767 541 226 

LT   3452 0.32 2351 235 166 69 

RU   9072 0.71 2631 263 185 78 

BY   16642 0.32 11321 1132 797 335 

Other  93    93 93 0 

Table 2: The estimated evaluation of fulfillment of phosphorus CART to Gulf of Riga based on normalized 

inputs 2008-2010. Nutrient ceilings (NC) are obtained from Table 1. 1Estimate assuming the same 

percentage distribution of the inputs as in the reference period. 2Estimated from the retention factor. 

 

Example 2: Nitrogen to Baltic proper 

This example includes the complications of atmospheric inputs as well as multiple shared catchments. 

The situation in the reference period is summarized in Table 3 and in Table 4 are the transboundary 

contributions summarized as were estimated in preparation of the Copenhagen 2013 declaration. 

In the case that no new information on border loads or retention is available, it is reasonable to distribute 

the changes of the inputs to the Baltic proper to the upstream countries in proportion to their contribution 

to the total waterborne inputs (see Table 5). In mathematical terms using the definitions above the fraction 

is 
       

     
. Using these fractions and the flow normalized average waterborne input data for 2008-2010, one 

arrives at the estimated national inputs, NL, indicated in Table 6, which then can be compared to the 

emission ceilings calculated in Table 3. The airborne inputs from Baltic Sea shipping and other non-HELCOM 

sources are calculated directly from the EMEP modeling results. 
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 NW NA Sum NT NL CART NC 

DK 1864 8182  10046 2136 7910 

EE 1134 661  1795 382 1413 

FI  1993  1993 424 1569 

DE 6847 25708 2337 34892 7419 27473 

LV 10134 967 -3365 7736 1645 6091 

LT 42536 2384 -2891 42028 8935 33093 

PL 192832 19655 -8194 204293 43436 160857 

RU 10950 3881 -3080 11751 2498 9253 

SE 31382 7916  39298 8356 30942 

Other  47727  47727 14725 33002 

BAS  7169  7169 5735 1434 

BY   9299 9299 1977 7322 

CZ   3420 3420 727 2693 

UA   2474 2474 526 1948 

Sum 297679 126243 0 423922 98921 325001 

Table 3: the various components of the normalized nitrogen inputs to the Baltic proper in the reference 

period 1997-2003.  

 

NT LV LT PL RU Sum 

DE   2337  2337 

LT 3365    3365 

PL    3080 3080 

BY  6256 3043  9299 

CZ   3420  3420 

UA   2474  2474 

Sum -3365 -6256 -11274 -3080  

Table 4: Estimates of waterborne inputs to the Baltic proper through transboundary waterborne inputs in 

the reference period. The rows indicate contributions to other countries and columns are deduction due to 

upstream contributions. For example, of the waterborne input to the Baltic proper from Russia, 3080 t/yr 

originate from Poland.  

 

Fraction 
of load 

LV LT PL RU 

DE   0.0121  

LT 0.33    

PL    0.28 

BY  0.147 0.0158  

CZ   0.0177  

UA   0.0128  

Table 5: The fraction of the receiving country’s waterborne inputs that is derived from the upstream 

countries based on the data for the reference period 1997-2003. 
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2008-2010 NW NA Sum NT NL NC Remaining 
reduction 

DK 1531 6023  7554 7910 -357 

EE 841 623  1464 1413 51 

FI  1584  1584 1569 15 

DE 6680 21121 21861 29987 27473 2515 

LV 12072 1015 -40081 9079 6091 2988 

LT 38423 1938 -16431 38718 33093 5625 

PL 180382 17088 -74661 190004 160857 29147 

RU 10950 5627 -30801 13497 9253 4244 

SE 27245 6612  33858 30942 2915 

Other  39029  39029 33002 6027 

BAS  8210  8210 1434 6776 

BY   84971 8497 7322 1176 

CZ   31991 3199 2693 506 

UA   23151 2315 1948 366 

Sum 278125 108868 0 386994 325000 61993 

Table 6: Evaluation of the countries fulfillment of the reduction requirement using the average 2008-2010 

normalized data from PLC 5.5. 1The transboundary waterborne contributions are estimated using the 

fractions in Table 5. 

 

Deviations from basic principles 
A. In the ministerial declaration Germany and Finland have their transboundary inputs clearly 

indicated by separate numbers. Thus, it is not totally clear whether they should meet separately 

the reduction targets on transboundary inputs or whether they too can freely choose how to meet 

to total reduction requirement. 

B. It was stated that “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”. There is so far no agreed scheme on how this should be monitored, but it is 

anticipated that countries in question need to convincingly demonstrate that the effect can be 

reached. Examples of how calculations can be done will be provided in the technical background 

report on the MAI-CART calculations. 

 

 

 


