Guiding tool for incorporating Climate Change and Ocean Acidification elements in OSPAR assessments

This guiding tool has been created and distributed by the OSPAR Working Group on a Changing Ocean Climate and Ocean Acidification (WG COCOA). Please read the information below carefully before using the guiding tool.

Why this guiding tool?
We are all aware that Climate Change and Ocean Acidification present a suite of relevant emerging pressures on the marine environment that interact with other (existing) pressures. Climate Change and Ocean Acidification have therefore been taken up in OSPAR’s North East Atlantic Environment Strategy as prominent areas of concern (see Strategic Objectives 10, 11 and 12).

In relation to assessments, operational objective S10.O2 reads: By 2023 OSPAR will develop assessments of ocean acidification and climate change and will take the impacts of ocean acidification and climate change into account in relevant OSPAR indicators and assessments. This sets a clear expectation to assessment leads. As part of its remit, WG COCOA aims to support the various OSPAR EGs, ICGs, WGs and Committees responsible for the assessments to deliver on this operational objective, help OSPAR ensure: 

· that experts working on each assessment take a wide scope of Climate Change and Ocean Acidification aspects into account;
· that there is a coherence in the way Climate Change and Ocean Acidification are considered across the OSPAR assessments;
· that there is coherence in the messaging around climate-related impacts across the OSPAR assessments;
· that the information gathered while using the tool can be collated in the Climate Change and Ocean Acidification assessment for a comprehensive overview.  

We hope that this tool helps you to organize your thinking around the Climate Change and Ocean Acidification theme. If you have further feedback on using the tool, WG COCOA would welcome your input. 

Using the guiding tool
Below are detailed instructions, but in general, please also note the following. 

· The guiding tool is asking for both your expert opinion and the latest knowledge from literature. We suggest that you gather input from a wide group of experts in your field, possibly even in your network outside the OSPAR context. Obviously, literature references (incl. relevant reports, grey literature) should be provided where possible.
· The table itself, once filled out, is not meant for publication. It is an organization tool for you and your colleagues and a communication tool to WG COCOA. The completed table (and sorted thoughts) should inspire a few paragraphs (1-3) in the discussion part of your assessment, which is for publication.
· The guiding tool is asking for direct impacts on the element/aspect of the marine environment that your indicator assesses. In certain cases, indirect effects can be equally or even more important. Still, we ask you to focus initially on direct impacts. Because, as noted above, the table itself is not meant for publication, you are free to add columns for indirect effects, if you feel that is appropriate for your element of the marine environment.  
· Don’t focus too much on filling it out perfectly. Use it as a starting point that you share with all the other OSPAR assessors and make it work for you and the specificities of your element of the marine environment.
· If it works best for you to fill the table out with specific (broad) habitats in mind, that is okay. Please modify the table as you see fit (but try to maintain the structure with pressure type and (un)certainty levels). The same goes for adding a variable that is of specific interest to your element, such as air temperature.

WG COCOA would like to receive the output you generate with this tool to synthesize into a collective insight from the OSPAR expert community on the topic of impacts of Climate Change and Ocean Acidification. 
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Detailed instructions
The guiding tool asks you to consider the impact on your element of the marine environment from 1) 15 specific climate pressures (see Appendix 1) in 2) each of the 5 OSPAR regions and 3) provide an indication of the confidence of this information. If your indicator is not assessed in a specific OSPAR region, you can fill out the “not assessed” option.

Confidence – combining amount of evidence and consensus
We would like to understand the confidence OSPAR’s experts have on these considerations. We would like you to work with three levels of confidence: Low (yellow in Figure below, score 1-4 in Table 1 further down), Medium (blue in Figure below, score 5-8 in Table 1 further down) and High (green in Figure below, score 9-12 in Table 1 further below). Confidence is a combination of the level of agreement/consensus in the evidence and the amount of evidence. These two axes combine according to the figure below:
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Impact of climate change and ocean acidification
We also propose four classes of impact:
1. Impact unlikely/non-existent
2. Impact likely minor (lower than most other stressors)
3. Impact likely significant (comparable to other stressors)
4. Impact likely severe (exceeding most other stressors)


Combined scoring
Combining confidence level and impact class means that there are 14 possible scores: 

Table 1:
	0
	
	Unknown, unsure, unclear

	1
	Low evidence and/or consensus
	Impact unlikely/nonexistent

	2
	
	Impact likely minor (in comparison to to other stressors)

	3
	
	Impact likely significant (comparable to other stressors)

	4
	
	Impact likely severe (exceeding most other stressors)

	5
	Medium evidence and/or consensus
	Impact unlikely/nonexistent

	6
	
	Impact likely minor (in comparison to to other stressors)

	7
	
	Impact likely significant (comparable to other stressors)

	8
	
	Impact likely severe (exceeding most other stressors)

	9
	High evidence and consensus
	Impact unlikely/nonexistent

	10
	
	Impact likely minor (in comparison to to other stressors)

	11
	
	Impact likely significant (comparable to other stressors)

	12
	
	Impact likely severe (exceeding most other stressors)

	13
	
	Not assessed



Steps to completing the guiding tool and using its outputs
The following steps are to generate information for WG COCOA and inform the content of your own assessment.

Step 1: Assign scores (0-13) to the interactions between climate variables and the subject of your indicator for each of the regions in which your indicator was assessed. The numbers represent both the degree of direct impact (if any) of a certain climate-related variable and the confidence of this statement (see Table 1). The colour of the cell will change automatically based on the score you assign. If you need help to calculate the score, there is a score calculator tool on a separate sheet in the Excel file. [If you add rows/columns, please ensure you also copy the formatting of the cells to ensure the automatic colouring.]

Step 2: Summarize in column H briefly the mechanism behind the impact(s) you considered and the associated direction of impact (some may be positive!).

Step 3: In column I, note the literature references that go with the info you provided in column H (if any), or any other relevant sources of information.

Step 4: Share the content you generated under steps 1 to 3 as soon as it is finished with WG COCOA via the OSPAR secretariat, so WG COCOA can use the information in the OSPAR Climate Change and Ocean Acidification assessment 2029.

The following steps are to generate the content for the climate discussion in your assessment.

Step 5: Focus on the darkest shaded (yellow, blue and green) cells. These represent the climate variables with the strongest direct impact on your indicator (but with varying levels of confidence). With the information collected in column H and I, build a narrative (1-3 paragraphs) that summarizes climate impacts and risks (with references where possible/appropriate).

Step 6: Focus on the white and yellow cells. These are potential knowledge gaps. If any of these interactions may have a high potential for impact in your view, consider adding these to the OSPAR Science Agenda.

Step 7: Incorporate the content you generated under steps 4 and 5 into your assessment product.

Appendix 1. Short description of the climate pressures for consideration.

The table below gives a short description for each of the 15 climate pressures to be considered.  The Climate Change Thematic Assessment (QSR2023) can also provide further details of these, including information on observed and likely future change. 

	Climate-related Pressure
	Short Descriptions

	Increasing sea temperatures
	Sea temperatures are increasing due to climate change because approximately 90% of the additional heat retained within the Earth's atmosphere due to the increased concentrations of greenhouse gases has been taken up by the ocean.  There can be considerable regional variation in the rate of warming, see for example von Schuckmann et al. (2024) https://doi.org/10.5194/sp-4-osr8-1-2024 

	Reducing sea ice
	Extent, thickness and duration of sea ice cover are reducing due to global warming. This is particularly relevant for OSPAR Region I. 

	Increasing freshwater input
	Global warming causes an intensification and related changes to the water cycle. For some regions, in a warmer climate, the amount and intensity of rainfall events will increase and therefore freshwater inputs from precipitation and river run-off will increase. Other regions may experience reduced rainfall and drought episodes. The melting of land-based ice (e.g. Greenland ice sheet and glaciers) will also increase freshwater input to the marine environment.

	Changing salinity
	Global warming is causing an intensification of the Earth's water cycle.  This means that regions of higher salinity and evaporation (the tropics and subtropics) will become saltier, whereas regions of low salinity and greater precipitation will trend fresher.

	Changing ocean circulation
	The ocean’s circulation and its transport of heat, salt and other properties are critical components of the Earth’s climate system. Long-term changes in the movement, strength and patterns of ocean currents (at the surface and the deep ocean) may develop due to changes in the temperature-salinity structure, changes in the wind patterns, and increases in stratification. 

	Changing seasonal stratification
	Stratification gives an indication of the layers of different density (temperature and/or salinity) that occur in the coastal seas and ocean. Warming temperatures and changing salinities may alter the density layers.  In the upper ocean and shelf regions, such stratification is seasonal. Models project an increase in strength and seasonal duration of shelf sea stratification.

	Changing permanent stratification
	In the open ocean, a more permanent stratification exists between the surface layers and the deep ocean.  This is generally defined as the density contrast across the bottom of the surface mixed layer (the layer homogeneous during wintertime) and the depth of the surface mixed layer. Warming temperatures and changing salinities may alter the ocean structure in the open ocean.  

	Increasing storms and waves
	Storms are strongly affected by the prevailing atmospheric circulation. The North Atlantic Storm track is a prominent feature for the OSPAR Maritime Area. Atmospheric and oceanic conditions will likely change in future, with subsequent changes to the frequency and intensity of storms and the wave climate. Considerable uncertainty remains on this, but many studies suggest a northward migration of the storm track. 

	Sea level rise
	Global mean sea-level rise has three main causes: (1) warmer ocean temperatures cause the ocean to expand; (2) land-based ice will bring additional water to the ocean as it melts; and (3) there can be changes to how much water is stored “on land” (in lakes, as ground water, in soil, or man-made reservoirs). Due to factors such as vertical land motion, ocean circulation and water density changes, different regional patterns in local sea-level rise will occur around the OSPAR Maritime Area’s coastline. 

	Changing uptake of CO2
	The ocean mitigates climate change by taking up anthropogenic CO2. Multiple factors influence ocean CO2 uptake rates, including sea surface temperature (SST) and carbonate chemistry, biological CO2 utilization, and ocean circulation and ventilation patterns. 

	Acidification (changing carbonate chemistry)
	The ocean’s uptake of approximately one quarter of the CO2 released to the atmosphere by human activities each year results in a chemical reaction that reduces pH and carbonate ion concentration (e.g. aragonite/calcite saturation state), also called ocean acidification. The rate of acidification is highly variable, with differences both between and within regions.

	Changing nutrient availability
	Global climate change will likely result in higher water temperatures and stronger stratification, reducing the mixing of nutrients from deeper waters. Increased inflows of freshwater and nutrients to coastal waters may increase the inputs of nutrients to the marine and coastal environment, with consequences for eutrophication and marine biota.

	Reducing dissolved oxygen
	Ocean warming reduces the amount of oxygen that can be dissolved in sea water, and ocean stratification limits the oxygen concentration in deeper layers through preventing surface oxygen from mixing into deeper layers. 

	Changing upwelling intensity
	Prevailing wind patterns parallel to the coastline can initiate an ocean circulation response where surface ocean currents are directed away from the coastline, resulting in an upward circulation bringing waters from deeper depths to the ocean surface close to the coast - a process called upwelling. Changes to the atmospheric circulation may change spatial extent of upwelling regions, intensity, and the duration and frequency of upwelling events where upwelling is an intermittent feature.

	Marine heat waves (and cold spells)
	Marine heatwaves are defined as periods of extreme high sea temperature relative to the long-term mean seasonal cycle (Hobday et al., 2016, https://doi.org/10.1016/j.pocean.2015.12.014). Similarly, marine cold spells are those periods of temperatures significantly cooler than the long-term mean for a period of time. 
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