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It will be decided by the Meeting whether the document can be discussed or is postponed to the next 
meeting. 

Background 
This paper includes a provisional comparison of three methods for assessing the fulfilment of country 
allocated reduction targets (CART), as have been requested by PRESSURE and MAI CART WS 1-2017. In the 
first CART fulfilment assessment published in early 2016 (Svendsen et al, 2015) the evaluation of CART was 
based on the methodology described in the report “Statistical aspects in relation to Baltic Sea Pollution Load 
Compilation” (Larsen and Svendsen, 2013) using a statistical estimated values of net nutrient inputs to a sub-
basin from the latest available year and to that value added an uncertainty on the estimated inputs, both 
estimates using information of the complete time series of nutrient net inputs from each country to each 
Baltic Sea sub-basin.  

Some other methodologies based on latest 3- or 5-years average has been proposed by Contracting Parties 
in PRESSURE discussions on the content of the next CART assessment Policy message, one reason using 
methodology comparable with some Contracting Parties nationally applied methodology in relation to Water 
Framework Directive. Some contracting Parties was in favor of 3-years average other on 5-year average. It 
was agreed that RedCore DG should initiate a scientific evaluation and comparison on the three 
methodologies for the PRESSURE 6-2017 allowing for further discussion and decision on the applied 
methodology. Provisional results of the scientific methods evaluation were presented at the MAI-CART WS 
1-2017 in March 2017, based on 7 examples of total net inputs of nitrogen or phosphorus for countries to 
Baltic Sea sub basins. The results were provisional, as only few Contracting Parties have adopted the national 
data for the PLC-6 assessment dataset.  

It was not clarified before the beginning of April 2017 that further correction of some national PLC-6 data 
have taken place and that all Contracting Parties also have adopted the dataset to be included in the PLC 
assessment dataset. The results presented in this paper is based on a PLC assessment data set from early 
March 2017, were some correction in data have been made afterwards. The complete analysis of CART 
fulfilment including normalization, calculation of net inputs, analysis for break point and performing several 
other statistical analysis requires considerable efforts an also a lot of manual work. Therefore, it has not 
possible and hardly worth to make the effort to make a complete analysis of all country pr. basin net inputs 
and fulfilment of CART. This can be elaborated when the complete PLC-6 assessment dataset have been 
finally adopted and quality assured. Therefore, only some examples have been selected to show a provisional 
comparison between the three methods. An updated analysis based on all country pr. basin net inputs and 
evaluation of CART fulfilment will be provided for PRESSURE 7-2016. 
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The preliminary, draft comparison of the three methodologies for assessing CART fulfilment indicates based 
on 11 examples of time series of normalized annual net inputs of nitrogen or phosphors country pr. Baltic 
Sea sub-basin that: 

• Generally, difference between the assessment methods is: Method 1 use the most recent year (2014) 
for evaluation of CART fulfilment while method 3 using average of 5 years (2010-2014) includes the 
oldest annual inputs. If there is a trend in the annual normalized net inputs method 1 will give an early 
indication of CART fulfilment than method 2, and method 3 will respond on changes in inputs even 
later. As method 1 provides a statistical estimate on the normalized annual inputs either from the trend 
line (when there is a significant trend) or as an average of annual inputs for time series without a trend, 
there is no risk that adding one year inputs to the time series will result in considerable changes in the 
CART assessment evaluation when it is repeated the following year  

• Method 2 and 3 “overestimates” latest year inputs when inputs are decreasing (and would 
underestimates inputs with increasing inputs) while method 1 both can over and underestimate, but 
the estimated input will mostly be close to latest year “true” value. 

• Uncertainties on the estimate inputs has been calculate using the complete time series of normalized 
annual inputs have been used for all method, allowing for a direct comparison of the uncertainties. In 
all 11 examples the lowest uncertainty estimate is obtained using method 1. Method 3 result in the 
highest uncertainty estimates in 8 cases, and method 3 in the remaining 3  

• Method 1 in 8 of the 11 examples assessed the highest extra reduction or lowest missing reduction to 
fulfill CART, the three remaining examples are where there is no trend in the time series or where data 
have been corrected afterwards, and the assessment result are likely to be changed. Method 3 in three 
examples results in the highest extra reduction or lowest missing reduction to fulfil CART. 
 

PRESSURE is not invited to make a final conclusion on methodology before the three methods have been 
assessed on the final, quality assured PLC-6 assessment dataset.  

Action requested 

The Meeting is invited to take note of a provisional comparison of three assessment methodologies for 
evaluation of CART fulfilment taking into account that they are based on provisional PLC-6 assessment data. 

The Meeting is also invited to provide feedback regarding using these methods for the CART assessment, 
bearing in mind that the comparison will be made for all countries and sub-basins using approved national 
datasets and submitted to PRESSURE 7-2017. 
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Comparison of methods to evaluate CART fulfilment  

 

Introduction and background 
The methods used to evaluate fulfilment of the HELCOM 2013 Copenhagen Ministerial Declaration country 
allocated reduction targets CART) have been discussed at HELCOM PRESSURE meetings and recently at the 
MAI CART Workshop 1-2017 (March 2017). When evaluating the fulfillment CART is expressed as a maximal 
net input ceiling of e.g. total air- and waterborne nitrogen input (TNC), and is determined for country (A) to 
sub-basin 1 by simply deducting country A’s CART to sub-basin 1 (CART_TNA1) from the TN input from 
country A to sub-basin 1 in the reference period (TNAref1997-2003): 

TNCA1 = TNAref1997-2003 – CART_TNA1  (1) 

When testing fulfilment of CART (the net input ceiling TNC) we need a normalized net annual input of 
nitrogen and phosphorus country pr. Baltic Sea sub-basin to test upon – called the estimated net input Ie – 
and to this estimate is added an uncertainty on the estimated net input UIe. The value (test value T) that are 
tested against the net input ceiling is and the input value tested against the is: 

T =  Ie + UIe    (2) 

If T is less that the net input ceiling TNC, CART are fulfilled. If T < TNC to a sub-basin the country has an 
“extra reduction” to that basin, but if T>TNC the country has “missing reduction” to fulfill CART o that sub-
basin.  

In the first CART assessment (Svendsen et al., 2015) a statistical estimate value of latest available years net 
nitrogen and phosphorus input was used (method A below, but without testing for breakpoints). This 
methodology was developed and recommended in the report on statistical methodologies produced under 
the PLC-6 project (Larsen and Svendsen, 2013), and is mentioned ads method 1 below. Alternative 
methodologies have also been proposed by RedCore DG and discussed at PRESSURE 4 and 5. A document 
introducing three methodologies was presented for PRESSURE 5-2016 (doc 8-1). This documents includes 
general comment on the three methods to evaluate CART fulfilment, and includes a provisional, draft 
evaluation of the three methods based on 11 examples of net normalized inputs country pr. basin inputs of 
nitrogen or phosphorus. The three methods tested estimate normalized annual net inputs of nitrogen and 
phosphorus country pr. sub-basin are:  

• Method 1: Normalized annual net inputs country pr. basin is obtained statistically from the nutrient 
input time series (at present 1995-2014). If there is a trend in the time series most recent year 
normalized inputs (i.e. 2014) is obtained from the trend line. If there is no trend and average of 
normalized inputs is used. To the estimated input value in 2014 is added the uncertainties on the inputs 
obtained from the entire time series. The analysis takes into account break points if any in the time 
series. This method provides estimate of normalized annual net inputs from the most recent year (e.g. 
2014 in the next CART assessment) and has the advantages to include both information from the time 
series both regarding trends in nutrient inputs and of the uncertainties on nutrient inputs  

• Method 2: Normalized annual net inputs is calculated as the mean of latest 3 years inputs, and adding 
an uncertainty on these inputs. Originally he uncertainty was calculated based on the three years 
included in the average, but in the present test the uncertainty is based on the complete time series og 
input). This method evaluate CART fulfilment based on an average of the latest available three year 
input (i.e. average of 2012-2014 in the next CART assessment), but the method do not include the 
information on any trends in the time input series and further assumes no trend in the latest three-year 
input data.   

• Method 3: Methods is a method 2, but averaging the last 5-year normalized annual net inputs, and 
adding an uncertainty on these inputs in this test based on the complete time series 1995-2014. This 
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method provides an estimate of the status on inputs as the average from the latest five years available, 
(e.g. average 2010-2014 in the next CART assessment). This method doesn’t use the information on any 
trends in the time input series and assumes no trend in the latest five-year input data.   

 

The discussion of methodologies was summarized in PRESSURE 5-2016 Outcome as: 

”8.18 The Meeting considered the suggestions for the contents of the CART assessment policy message and 
the Contracting Parties expressed the views on the contents of the policy message product to be further 
elaborated by RedCore DG and finalized at the MAI/CART workshop:  
• Denmark suggests that the CPs should be able choose individually which of three methods presented in 

the document [doc 8-1] should be used to evaluate CART, and furthermore informs that Denmark is in 
favour of using a 5-year averaging period for the assessment;  

• Sweden is of the opinion that the CART assessment should be based on 3-year average, when 
uncertainty can be calculated by trend analyses. Sweden also expressed a doubt regarding using break 
points in the trend analyses, as three years is a too short period, as 25 yrs is too short a time series if 
there is no prior information explaining the position and reason of the trend break;  

• Russia supports the idea to include into the message an estimation of a period when the CART could be 
achieved by the country;  

• Germany supports including the data on missing reduction into the policy product and also supports 
distinguishing of air- and waterborne input reduction. Germany also suggests to use 5-year average 
period but understands that other compromise approaches are possible. It supports the further use of 
break points in trend analysis, which might enable more accurate future projection;  

• Finland does not object using 3-year assessment period but would be in favour of 5-year period;  
• Poland supported the use of 3-year period but that is not the final position;” 

Discussion on the methodology was directed to the MAI-CART WS, and RedCore DG has been requested to 
present comparison of the methodologies to PRESSURE 6-2017. 

At MAI-CART Workshop 1-2017 the Chair of RedCore DG presented some results comparing the three 
methodologies, based on 8 examples on country to sub-basin inputs on total nitrogen or total phosphorus. 
As the assessment data set was not yet approved by all countries the results where preliminary and should 
be based on a more extensive scientific analysis of all country pr. basin net inputs. The MAI CART WS minutes 
reflected the discussion in the Workshop: 

“Examples on the progress towards CART, evaluated using three different methods, were presented by DCE. 
The methods were based on 3- and 5-year averaging of the input data and statistically adjusted values for 
the latest year. The experts concluded that statistically based evaluation, taking into account break points in 
trends, is the most sensitive method reflecting the recent changes. But this method is also very sensitive to 
erroneous or any other outstanding data and could provide a biased picture. 5-year averaging provides rather 
steady information which does not reflect recent changes. 3-year averaging is more sensitive than 5-year and 
also corresponds to the approach used for the MAI core indicator.”  
 

Comparison of three methods for evaluating CART fulfilment 
 

It has not been clarified before the beginning of April 2017, that further corrections of some national PLC-6 
data have taken place, and that all Contracting Parties have adopted the dataset to be included in the PLC 
assessment dataset. The preliminary results presented in this paper is based on the PLC assessment dataset 
as it was by early March 2017, and some updating and corrections in data have been made afterwards, which 
are not included. The complete analysis of CART fulfilment including normalization, calculation of net inputs 
taken into account transboundary inputs, break point analysis and several other statistical analysis requires 
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considerable efforts an also a lot of manual work. Therefore, it has not possible and hardly worth to make 
the effort making a complete analysis of all country pr. basin net inputs and fulfilment of CART. This can be 
elaborated after the complete PLC-6 assessment dataset have been finally adopted and quality assured. In 
this paper, only some examples have been selected to show a provisional comparison between the three 
methods. An updated analysis of the methods based on all country pr. basin normalized annual net inputs 
and evaluation of CART fulfilment will be provided for PRESSURE 7-2016. 

In figure 1 the selected time series (based on provisional PLC assessment data) of a countries normalized 
annual net inputs of nitrogen (water- and airborne) and/or phosphorus (only waterborne) to Baltic Sea sub-
basin during 1995-2014 are shown. Break point analysis is performed for the eleven time series, and the 
trend line (statistical significant or not) are shown, and break point (if any) in tome series can be seen.   

Results of the testing the CART fulfilment assessment methods on the eleven examples shown in figure 1 are 
in table 1a-k. It should be remarked, that DCE, Aarhus University for method 2 and 3 (3 and 5-years average) 
estimate the uncertainty on the average normalized net annual inputs based on information from the 
complete time series (annual input from 1994-2015), and not only for three 3 or 5 years that the average 
inputs are calculated upon, as have been requested by some Contracting Parties at PRESSURE 5-2016 and 
MAI-CART WS 1-2017. Then the three methods apply the same procedure when calculating the uncertainty 
that are added to the estimated normalized annual net input (se formula (2)) making the assessment result 
of CART fulfilment directly comparable. 
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Figure 1: Normalized annual net nitrogen or phosphorus inputs (tonnes), input ceiling and trend lines for eleven 
countries pr. basin. Break point analysis show break in trends for all examples besides DK-BAP total nitrogen and FI-
GUF total nitrogen. Dotted trend line = trend is not statistical significant. 
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Table 1a-k: Evaluation of methods for assessing CART fulfilment for the eleven examples shown in figure 1 of country 
pr. basin normalized net annual inputs of nitrogen or phosphorus. In column “2014” is results with method A 
(statistical estimate normalized net input in 2014), column”2012-14” is the method using average of net normalized 
input 2012-2014 and column ”2010-14” is the method using average of net normalized input 2010-2014 to evaluate 
CART fulfilment.  A: “Input ceiling” is the net input ceiling calculated as shown in formula (1). B: is the estimated 
normalized input using one of the three assessment methods. C: estimated inputs including uncertainty estimated 
using the complete time series 1995-2014 with annual net inputs – see formula (2). 

Table 1a 

Denmark TN KAT   2014 2012-14 2010-14 
A : Input ceiling   29319 29319 29319 
B: Estimated input   25130 24406 24246 
C: Inputs including uncertainty (test value) 26544 25670 25491 
Extra reduction  (A-C)       2775 3649 3828 
Missing reduction to fulfill CART         

 

Table 1b 

Denmark TN DS   2014 2012-14 2010-14 
A : Input ceiling   30313 30313 30313 
B: Estimated input   22514 21810 21419 
C: Inputs including uncertainty (test value) 24507 24023 23669 
Extra reduction  (A-C)       5806 6290 6644 
Missing reduction to fulfill CART         

 

Table 1c 

Denmark TN BAP   2014 2012-14 2010-14 
A : Input ceiling   7910 7910 7910 
B: Estimated input   7406 7720 7919 
C: Inputs including uncertainty (test value) 7506 8011 8293 
Extra reduction  (A-C)       404     
Missing reduction to fulfill CART     101 383 

 

Table 1d 

Finland TN   GUF   2014 2012-14 2010-14 
A : Input ceiling   20653 20653 20653 
B: Estimated input   23120 21420 21922 
C: Inputs including uncertainty (test value) 23883 24727 25264 
Extra reduction  (A-C)             
Missing reduction to fulfill CART   3230 4074 4611 
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Table 1e 

Germany TN BAP   2014 2012-14 2010-14 
A : Input ceiling   27473 27473 27473 
B: Estimated input   33445 34366 34912 
C: Inputs including uncertainty (test value) 34081 36008 36695 
Extra reduction  (A-C)             
Missing reduction to fulfill CART   6608 8535 9222 

 

Table 1f 

Sweden TN KAT   2014 2012-14 2010-14 
A : Input ceiling   34206 34206 34206 
B: Estimated input   26268 27579 27903 
C: Inputs including uncertainty (test value) 27515 29834 30181 
Extra reduction  (A-C)       6691 4372 4025 
Missing reduction to fulfill CART         

 

Table 1g 

Denmark TP KAT   2014 2012-14 2010-14 
A : Input ceiling   829 829 829 
B: Estimated input   691 701 700 
C: Inputs including uncertainty (test value) 710 743 742 
Extra reduction  (A-C)       119 86 87 
Missing reduction to fulfill CART         

 

Table 1h 

Denmark TP DS   2014 2012-14 2010-14 
A : Input ceiling   1040 1040 1040 
B: Estimated input   1002 1013 1004 
C: Inputs including uncertainty (test value) 1038 1108 1099 
Extra reduction  (A-C)       2     
Missing reduction to fulfill CART     68 59 

 

Table 1i 

Denmark TP BAP   2014 2012-14 2010-14 
A : Input ceiling   21 21 21 
B: Estimated input   67 67 69 
C: Inputs including uncertainty (test value) 70 73 75 
Extra reduction  (A-C)             
Missing reduction to fulfill CART   49 52 54 
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Table 1j 

Lithuania TP BAP   2014 2012-14 2010-14 
A : Input ceiling   831 831 831 
B: Estimated input   1205 1099 1265 
C: Inputs including uncertainty (test value) 1455 1751 1937 
Extra reduction  (A-C)             
Missing reduction to fulfill CART   624 920 1106 

 

Table 1k 

Poland TP   BAP   2014 2012-14 2010-14 
A : Input ceiling   4309 4309 4309 
B: Estimated input   13094 10966 10348 
C: Inputs including uncertainty (test value) 14594 12745 12238 
Extra reduction  (A-C)             
Missing reduction to fulfill CART   10285 8436 7929 

 

Preliminary conclusion 
 
It should be stressed that the comparison of the three methods for assessing CART fulfilment is based on 
preliminary and not adopted PLC-6 assessment data set and that some of the data have been updated 
afterwards. Final conclusion should not be taken before the three methods have been assesses on the final, 
quality assured PLC-6 assessment dataset.  
 
Generally, difference between the assessment methods are: Method 1 use the most recent year (2014) for 
evaluation of CART fulfilment while method 3 using average of 5 years (2010-2014) includes the oldest annual 
inputs. Therefore, if there is a trend in the annual normalized inputs method 1 earlier provide an indication 
of CART fulfilment than method 2, and method 3 will respond on changes in inputs even later. As method 1 
provide a statistical estimate on the normalized annual inputs either from the trend line (when there is a 
significant trend) or as an average of annual inputs for time series without a trend, there is no risk that adding 
one year net inputs to the time series will result in considerable changes in the CART assessment evaluation, 
when it is repeated the following year. Method 2 or 3 make use of the average of the normalized annual 
inputs without taking into account any trends in the data, with the risk of adding one new year and taking 
out another year of input might change the average considerably – see the constructed example below with 
normalized annual net inputs of nitrogen (tonnes/y) from country x to sub-basin y: 
 
2010: 37,000 
2011: 34,000 
2012: 31,000 
2013: 32,000 
2014: 29,000 
2015: 27,000 
 
Method 1: estimates for 2014: 28,800 tonnes/year and for 2015: 27,200 tonnes N/y 
Method 2: Average 2012-2014 is 30,667 tonnes N/y and average 2013-2015 is 29,333 tones/y 
Method 3: Average 2010-2014 is 32,600 tonnes/y and average 2011-2015 is 30,600 tonnes/y 
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Method 2 and 3 “overestimates” inputs when inputs are decreasing (and would underestimates inputs with 
increasing inputs) while method 1 both can over and underestimate, but will often estimate come to latest 
year “true” value. 
 
In the calculation of uncertainties on the estimate inputs in table 1a-k (formula (2)) the complete time series 
of normalized annual inputs have been used for all method, and the uncertainty can be compared directly. 
In all 11 examples the lowest uncertainty estimate is obtained using method 1. Method 2 implies the second 
highest uncertainty estimated for 8 of 11 examples while method 3 for 3 examples (tables 1a, 1h and 1i) 
obtains the second highest uncertainty on the estimated inputs with the remaining 8 obtaining the highest 
uncertainty estimates. Method 3 result in the highest uncertainty estimates in most cases, while method 1 
results in the lowest in all cases.  
 
Method 1 in 8 of the 11 examples assessed the highest extra reduction or lowest missing reduction to fulfill 
CART. Method 3 in three examples results in the highest extra reduction (table 1a and table 1b) or lowest 
missing reduction (table 1k) to fulfil CART. In the examples in tables 1a and 1b there is no significant trend 
for the years after the break point. In example in table 1 k (PL-BAP TP) there has been a significant correction 
sin the data set after the CART assessment, and a new assessment might result in another conclusion for 
Polish total phosphorus inputs to Baltic Proper. Method 2 in 1 of 11 cases (table 1h) assesses the second 
highest extract reduction or second lowest missing reduction and in one case have the same result as method 
3 (table 1g).  
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