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HELCOM in collaboration with Baltic Earth asked me to review the fact sheets for primary 

and secondary parameters on the impact of climate change on the Baltic Sea. I reviewed the 

documents and found quiet substantial overlaps and inconsistencies between the fact 

sheets. Therefore, I suggest that the editors should ensure standard quality on the English 

language. I would also suggest that the authors of distinct fact sheets should correspond to 

each other to ensure consistent statements in the fact sheets. The editors should also secure 

a uniform format of the text of these spread sheets, e.g. the formats of citations differ 

between documents. Also, the listing of references in the different fact sheets is different 

and rages from alphabetical order to the sequence of occurrence in the text, some 

references have a somewhat chaotic order. 

In the following I will give comments on each of the fact sheets, first for the primary 

parameters and then for secondary parameters. In addition, and as a guidance for the 

editors only, I will attach the fact sheets with my remarks and comments along the text in 

word track change. These remarks, however, are very brief so that questions may arrive that 

the editors can address to me.  

Primary Parameters 

Changes in carbonate chemistry (incl. air-sea exchange of CO2 and 

acidification) 

The fact sheets have a standard outline, including headings for different sections. In this fact 

sheet however, the second section “potential response” has a new subtitle “extreme”. This 

is unique in comparison to other fact sheets. In addition, the authors define very high 

organic matter production in the Odra river as the only extreme. Why not considering other 

extremes like rain falls and related impact in fresh water or alkalinity? In the faction 

“knowledge gaps” the authors state that future CO2 emissions are unknown. This is not 

entirely true as future CO2 scenarios exists, e. g. from the IPCC reports.  

Large-scale atmospheric circulation 

The section “polity relevance” does not refer to political actions but rather give scientific 

arguments. The concept for the section should be clear and followed in all fact sheets in a 

similar way. For this spread sheet large scale “atmospheric circulation” the authors could 

consider to highlight the importance of northern hemisphere, atmospheric processes for 

political action.  

Oxygen concentration and hypoxia 

In the fact sheet “oxygen concentration” we find inconsistencies. The first reference starts 

with the citation number 3 instead of number 1, so the order of references is confusing. 

Although in the section “description” the heading to “other parameters” is missing. In this 

section the authors state that hypoxia is defined below a fresh hold volume such as 2 O2 ml 

l-1. To my knowledge this value is fixed and not dynamic, so the word “such” is somewhat 

misleading. In the section “other drivers” only 2 drivers are listed. I would also consider 
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inflow events into the Baltic Sea, plankton bloom dynamics, wind mixing and similar drivers 

of importance for the oxygen concentration in the water. In section 5 the first paragraph list 

knowledge gaps very generally. Such a paragraph could occur for many parameters (fact 

sheets). I would suggest to concentrate here on knowledge gaps, specific for oxygen. In 

section 6 only nutrient loads are considered for policy relevance. What is missing in this 

section is general political action important for oxygen concentration in the Baltic, e. g. 

climate action.  

Precipitation and extreme events 

This fact sheet has a large overlap with the fact sheet “runoff and extreme events”. I suggest 

that the team of authors should correspond. In section 1 the authors states that there is 

more precipitation in summer than in winter. This is true for only parts of the Baltic Sea 

regions, but for other large parts the reverse is observed. The same confusion applies to a 

statement in section 2 where the author states that changes in the Southern parts is not 

significant. To my knowledge at least in the last decade the Southern Baltic region have seen 

dryer summers and wet winters. In section 5 strong climate change mitigation actions is 

requested by the author. Here, I would recommend to provide some examples for possible 

actions. The reference list is rather short (1 self-citation) and probably does not include all 

important references for this parameter.  

Riverine nutrient loads and atmospheric deposition 

This fact sheet has large overlaps with the document “runoff and extreme events”. In section 

3 of this fact sheet the last sentence needs some explanations where increasing ammonia 

evaporation might occur. In section 4 I do not understand the first sentence. This sentence 

should be reformulated.  

Runoff and Extreme events 

This fact sheet has large overlaps with “precipitation and extreme events”. In section 2 this 

become very visible and the statements about extremes seem to be in contradiction with 

the previous document. 

Salinity and saltwater inflows 

I found this fact sheet nice to read. I am only concerned about the reference list. This list 

seems to be in alphabetical order but has no reference to the text of this document (links are 

missing). 

Sea ice and extreme events 

The description of this parameter in the first section returns to common school knowledge. I 

would recommend to include a more detailed description about sea ice in the Baltic, e. g. 

changes in the last decades; north-south patterns; impact on gas exchange, including 

methane, halogens; sea ice as a habitat; changes in sea ice structure due in water salinity; 

brine channel structure; sea ice as damping factor during storms. The author also state that 
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sea ice formation is determined by air temperature; the author is missing salinity as an 

important factor. The author could be a bit more specific in section 2 about the changes of 

the occurrence of ice winters. The description of the extremes of ice winters is although very 

vague. I have provided comments along the text as reference for clarifications.  

Sea level and sea level extremes, e.g. storm surges 

In the description part I was missing the mentioning of seiches. In the section about future 

scenarios values are given for sea level changes in the future. Without reading the 

references it remains unclear if these values include both, the sea level increase and the 

upward and downward movement of the land, respectively. This fact sheet contains an 

extremely long list (48) of references, compared to the other documents.  

Sediment transportation 

I do not have any comments to improve this document.  

Solar radiation and cloudiness 

The second sentence of the section “what is already happening” is not clear because a verb 

is missing. Why did the author not include extremes in this document? I would expect that 

changes in cloud cover might occur with changes in large scale atmospheric circulation and 

this in turn might affect solar radiation to the sea surface. Also, when discussing future 

scenarios, extremes are not included in this description. If the occurrence of low pressure 

and high pressure systems over the Baltic might change in the future this should have an 

impact on the parameter discussed in this document. The last section about policy relevance 

is rather short and does not comment on policy actions. Political action to reduce partical 

intrusion into the Baltic might be a point of consideration.  

Stratification and ocean circulation 

The document on “stratification and ocean circulation” focusses on stratification only. Basin 

wight circulation pattern and mesoscales circulations are not considered in the text. The 

authors state knowledge gaps about the conveyor belt system in the Baltic without 

introducing this system. In the policy section, scientific interactions are described instead of 

political relevance. The authors could discuss national regulations on inflow systems (river 

management) into the Baltic in general considering impact on various national Baltic regions. 

Temperature (air) and heatwaves 

I do not have any comments on the text for air temperature. 

Temperature (sea) and heatwaves 

The fact sheet about “sea temperature and heatwaves” does not include information about 

heatwaves. In the description to other parameters the link to biological parameters is very 

long in contrast to other fact sheets. The editors should consider that nearly all physical and 

chemical parameters have an impact to biology and human activities. I would recommend to 
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align links to other parameters in all fact sheets accordingly. In the section about ongoing 

processes, a reference year is needed for example the year 2020. The document may last for 

several years as HELCOM reference so that the warmest year might change in the future. 

The section “knowledge gaps” has no text. This might be an editorial error, otherwise a 

statement like “no-knowledge gaps exist” might clarify the text. 

Waves and extreme events 

In the section what might expected to happen, the authors state that wave climate has a 

high uncertainty. This statement should be faced against the document of “storm frequency” 

and be checked about consistency because more storms might induce higher waves.  

Wind and wind extremes (storms) 

The documents and especially the outlook into the future should be checked against the 

document about “wave high developments”. In the knowledge gap section I`m missing a 

discussion about wind impact on circulation patterns in the Baltic.  
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Secondary Parameters 

Aquaculture and climate changes in the Baltic basin catchment area 
The text of this fact sheet is not very precise; Each sentence should contain a complete 

information about its specific meaning. In the description section, the following sentence is 

unclear: “This has significantly reduced local farm impacts associated with accumulated bottom 

sediment”. Do the authors mean sediment eutrophication, or the accumulation of pure 

sediments only? I would recommend to include more links to other parameters, like 

nutrients, eutrophication, Blooms. Also the following sentence is such an example: 

“Increased nutrient run off with changed precipitation patterns could be a factor”. What do 

the authors mean; a factor for what?  

In the section “what is already happening”, a comment might be useful on additional effects, 

such as “Effect of mussel faming on water transparency, particle binding, local anoxia?” This 

should also be considered in the next section about future scenarios.  

In the section knowledge gaps, I would recommend to consider the following aspects 
(underlined): “.   New farming technologies offering an economically feasible solution for particle 

recapture and deep-water use must also be further developed and evaluated. Also new recycling 
technology, and semi-closed systems using animals and plants need to be found. Credible 
environmental assessment of both sediment and total nutrient budgets of offshore farms using Baltic 
feed sources are also needed.  
Alternative and new species, also on the lower trophic levels, and the acceptance by the 

consumers.is not well investigated.”. 

The reference list is rather short compared to the other fact sheets. 

Benthic habitats 
This fact sheet generally is not so specific compared to the others, and does not provide the 

detailed information necessary. In detail, I will provide suggestions below for the different 

sections: 

The description refers to invertebrates and fish; why not including other vertebrates also 

that might affect the benthos like diving bird? Also, the Authors state a loss in biodiversity… 

Why not consider change in biodiversity, to also account on the fact of substitution by new 

species which might in some cases increase biodiversity? 

In the section ongoing changes, “temperature and fluctuations in salinity and oxygen” are 

considered as driving forces for change. In the literature more stressors are discussed being 

important such as pollution (pharmaceuticals, plastics, UV products, pesticides, etc.), human 

activities etc. 

In the section future changes, the co-influence between stressors is not mentioned, which I 

consider to be important. And only DOC is mentioned as important to influence benthic 

primary production (see above) in the future. 

I also recommend to re-work on the section other drivers, to become more inclusive. 
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The section knowledge gaps could be much more detailed, naming the unknowns: Dissolved 

and particulate anthropogenic induced chemicals, mechanical effects like trawling, exchange 

processes with inland, ground water and run offs, air born impact of e.g. chemicals; 

increased tourism, underwater constructions, wind parks, navy activities including leaking 

ammunition, only to mention a few. 

The section political actions should relate to a newly written paragraph on knowledge gaps. 

The policy action could be named much more specific, including a new strategy for marine 

protecting areas, environmental control, multiple use strategies, only to mention a few.  

The list of references is rather long and thus should provide the information recently missing 

in the text. 

 

Blue carbon storage capacity 
The information about ongoing changes is very general and not specific to the Baltic area. To 

what extend has the Baltic Sea the potential for BC-storage? This also refers to the section 

dealing with the future. It remains unclear whether the Baltic Sea has some potential for 

blue carbon storage, as the literature cited do not include the Baltic. 

In the section about other drivers, it is stated that the Baltic has BC systems. Which are 

those, and where is the carbon stored on long range. If the Baltic deep basins are potential 

storage sites; what about inflow events, that recirculate the C to the upper ocean layers? I 

would like to see more information about potential carbon sequestration and -sink options 

in the Baltic especially in the section knowledge gaps. 

Marine and coastal ecosystem services 
The text very often refers to a specific report that is not clearly named; also it is not helpful 

for the readers to find a list like this (key messages 4-6, 4-8 and 4-12) without providing at 

least some key words. Else the fact sheet could be much shorter stating e.g. “Please read the 

following literature (reference 1 to n) and consider the key messages 1 to m).”  

In the section other drivers, the author provides insight on only negative, suppressing 

drivers; what about positive drivers? In the section knowledge gaps, the text states “aquatic 

ecosystems”. As the Baltic is rather limnic in the northern part, this could be true to include 

limnic systems as well, but here it is also misleading, as aquatic systems include fresh water 

lakes and rivers. Is this intended in the text? The author also refers to 4 regions around the 

world. Which 4 regions are this, and are they relevant to the Baltic Sea? 

Coastal protection and offshore structures 
The fact sheet does not really consider the offshore structures. So either delete in the 

heading or add the appropriate text.  
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The 1st section description to the sediment transport fact sheet listed under 1st parameter. 

However, the text about sediment transport in this sheet coastal protection is much butter 

formulated. 

The 2nd section highlights ongoing changes, and focuses on offshore wind farms as 

construction; are these the only constructions that need to be considered?  

Coastal and Migratory Fish 
The document focusses very much on temperature. Other stressors/drivers might also be 

influenced by climate change and might have indirect effects on fish populations; e.g. 

changing tourism and fishing activities in a warmer North-Germany.  

ICES is an important international organization – the links are missing in the text especially in 

the political section.  

Pelagic and demersal Fish, key messages 
The document focusses very much on temperature. Is climate change considered only on 

this parameter? Change because of fishing pressure and other indirect anthropogenic effects 

are not mentioned here. Not only feeding areas, but also food quality and quantity might 

change and thus are important factors to consider. 

In general, the wording should be more precise. 

The reference list is rather long. 

Ecosystem function(ing) 
I do not have any comments on the text for Ecosystem function.  

Fisheries key messages 
Three documents exist on fish and fisheries with large overlap. The editors should consider 

to link these documents or even merge them.  

In this spread sheet, I am missing the consideration of the very important recreational 

fisheries as major drivers. Climate change possible will influence this effect, as warming 

might increase human activities and prolong them throughout the seasons. 

Marine mammals key messages 
The document mentions harbor porpoises? In the knowledge gap section, however, gaps for 

this species are identified only for the foraging distribution. No other gaps are for harbor 

porpoises? What about policy reactions to public perception of changes? 

A list of references is missing. 

Marine Protected Areas 
The authors state that marine protected areas (MPA´s) in the Baltic are already influenced by 

ocean acidification. acidification is not really effective in the Baltic and much weaker (if at 
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all) compared to the global ocean. I would also recommend to change the land-based 

statement to the phrase “land-originated”, as the effects do not remain on land (based) but 

the influence is at the ocean. The authors also postulate that “Effectively managed MPAs can 

mitigate climate change mitigation” and refer to the global ocean. Is this statement also 

valid for Baltic Sea MPA´s? I rather would substitute mitigation to effects, as mitigation 

would mean: available to additionally store CO2. 

Microbial community and processes 
This document should make clear which microbial communities are considered. It remains 

unclear if this leaflet focus on bacterioplankton as described in section 1 or also includes 

benthic bacteria communities. In the reference list most publications refer to 

bacterioplankton. The text is not precise in this respect. In section 2, the first sentence refers 

to marine bacteria, and again it is unclear if all marine habitats (deep biosphere?) are 

considered. In the “future” section the authors refer to an extension of the growth season. 

The definition of that season unclear: is it the plant growth season or bacteria growth 

season? 

Key message for Non-indigenous species 
The authors define non-indigenous species, NIS, as species non-native to a geographic region 

transferred by humans means. Not included in this definition are transport mechanisms e.g. 

by migrating animals, species specific own migration behavior. Those patterns might change 

in a new climate scenario. So why are species transferred by “natural” means excluded here? 

In future scenarios the authors also speculate that calcium carbonate becomes under-

saturated in the Baltic Sea. The current knowledge however indicates, that this will be not an 

important mechanism in the Baltic, in contrast to other oceans worldwide. The cited 

literature should be checked about Baltic relevance in this respect, as an example for others 

also.  

Nutrient concentrations and eutrophication  
This fact sheet is nicely written. I do so quite a large overlap however with 1st parameter 

documents, e.g. “Hypoxia”, “Riverine nutrients”.  

Shipping 
I do not have any comments on the text for “Shipping”.  

Tourism  
This fact sheet is missing literature quotations and thus, a reference list.  

Waterbirds 
The document about “water birds” uses a citation format that differs from all other 

documents and hence, should be corrected. I am also missing more detailed information 

about climate change induced changes in marine food webs, i.e. food quality and quantity 

for birds. Also, the effects of political restrictions in hunting season or the allowance to hunt 
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special species might be different between countries around the Baltic and thus, could have 

contradicting affects. 

 

 

 


