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Aims & Objectives
extends nutrient load projections for relevant combinations of 
regionally downscaled shared socioeconomic pathways (SSPs) and two 
RCPs (RCP4.5 and RCP8.5) over the period 2010-2100. 

All major sources including agricultural nutrient loading, point source 
loading and the atmospheric deposition are accounted for. 

The scenarios can be used for estimating the additional nutrient 
abatement effort needed to reach the goals of marine protections, 
such as the HELCOM BSAP



Changing climate
RCP4.5 & RCP8.5

Changing society:
SSP1 – Sustainability
SSP2 – Middle of the road
SSP3 – Fragmentation
SSP4 – Inequality
SSP5 – Fossil-fuel dev.

Time frame:
2010 - 2100

Source: Baltic NEST
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Drivers



Source: Fifth Baltic Sea Pollution Load Compilation (PLC-5)

Nutrient loadings



Overall Approach
Societal drivers

- Environmental 
consciousness

- Diet choice

- Population 

- Urbanisation

- Economic growth

- Technological 
development

- Livestock numbers

- Management 
efficiencies

- Investment/ 
maintenance

Sectoral drivers Loading models 
pressures
- Land use (e.g. 

agriculture, 
forestry)

- Atmospheric 
deposition

- Point sources (e.g. 
WWTPs, on-the-
site WWTPs)
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Loading models

• Land use change
• Agriculture and other land use pressures
• Waste water treatment
• Atmospheric deposition

Nutrient loading to the Baltic Sea 2010

Source: PLC5.5 (total loading in 2010-12) and PLC5 (source 
apportionment) 



Agriculture and other land use

Diffuse loading from agriculture is based on scenarios that vary by 
i) agricultural area; 
ii) livestock intensity; and 
iii) efficiency in use of manure

Two driver modules (demand module and land use change module)
Two pressure modules (N loading module and P loading module)

Loading from 117 catchments to 7 sub-basins by 5 SSPs up to end of the century



Shared Socio-economic
Pathway storylines
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Waste water treatment
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Climate Impacts on Run-Off
• Climate scenarios imply increasing precipitation, in particular in the northern catchments 

of the Baltic Sea
• => increase non-point pollution : 20-25% in RCP8.5; 10% in RCP4.5 

Seasonal pattern of total runoff Annual average runoff 

Higher runoff during winter 
compared with present

RCP 8.5 implies higher runoff
than RCP 4.5, which is higher
than present. 



Results - nutrient projections
without any additional policies or measures

With sustained development (SSP1) 
and moderate climate change (RCP4.5), 
• N load targets will be met early on 
• P load targets are met late in the 

century

For fossil fueled world (SSP5) 
and extreme climate change (RCP4.5), 
• the nutrient loads will increase 
• the BSAP is far from reached



End-of-century results

Annual variability in nutrient 
loads to the Baltic Sea 
currently (2010-2030) and at 
the end of the century (2078-
2098) for combinations of 
global sustainability & 
medium climate change (SSP1 
& RCP4.5) and fossil-fueled 
development & high-end 
climate outcome (SSP5 & 
RCP8.5).



External nutrient loads (N / P) in year 2100 relative to loads in 2010



Conclusions
Sustainable society/medium climate: 
• nutrient loading will continue to decrease despite climate change (15-25%).
• Climate alone may lead to nutrient load increases (15-18%)
• BSAP goals for nitrogen could be met early on
• Substantial additional mitigation efforts are needed compared to today in 

order to reach the BSAP goal for phosphorus over the next 20-30 years.

Fossil-fueled future/high-end climate:
• Nutrient loading will increase drastically (65-68%)
• Climate alone would be responsible for a 25-34% increase in loading.
• reaching BSAP goal is realistic only through dramatic structural changes in the 

agricultural sector, adoption of policy instruments directed to steer consumer 
decisions, or new technological leaps in manure handling
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