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Thank-you everybody and welcome. On the behalf of the NAB 08 team, I think we would all like to thank Carla, Christy, and Annette for all their hard work in putting on these wonderful webinars. It’s been a great experience, and a great chance to share the results of this experiment. They’ve done a wonderful job. This has been a good thing. Today what I’d like to do is step back a little bit, scope out, and try to place the NAB 08 experiment in the context of 

00:30

large-scale climate changes, and the types of physics, biogeochemistry and biology of the system. To try to give you an idea of where “it sits” - why we think it was important, and a good and appropriate thing to do, and why we feel that some of the results are exciting and important.  The first question one might ask is: why did we choose the North Atlantic for a study like this? What makes the North Atlantic a particular interesting place to do this?

01:00

The North Atlantic is one of only a handful of areas in the world’s oceans where ‘deep waters’ are formed. Those are formed because we have very very strong outbreaks of cold air that come out over the Labrador Sea which you can see here, and the Greenland Sea and the Irminger Basin. These cold air outbreaks make the water very dense by cooling it. That water sinks. It eventually overturns. It flows south towards the equator. As it does that, it displaces water which then comes
01:30

upward at the equator, and then it flows northwards back to the poles. This generates essentially a north-to-south ‘heat pump’ in the global ocean. This has a strong effect on global climate. So it’s special area for that reason. It also happens to be an area where atmospheric CO2 [carbon dioxide]  is taken into the world’s oceans. This diagram here, if you look at the blue and purple areas -which in the North Atlantic around Greenland and Iceland are quite purple-  

02:00

are places  where atmospheric CO2 is fixed and taken into the ocean. The red area is area where it (ocean) “off gases” [releases CO2 into atmosphere]. So you can see there that the North Atlantic is important place for fixing atmospheric CO2. An important area for carbon, but it’s also an area that is undergoing change. This diagram gives you an idea of the change in CO2 uptake in the North Atlantic. The reds indicate an

02:30

increase in CO2 uptake. The blues indicate a decrease in CO2 uptake. You can see that those very regions that we saw were strongly taking in CO2 also appears to be slowing. Their CO2 uptake appears to be slowing down a bit. One of the questions we might ask is: why is that happening? If the North Atlantic is an important area for the fixing carbon and removing CO2 from the atmosphere, and it’s slowing, we’d like to know what processes are playing an important role here. As you might imagine,

03:00

and you might have heard here through the other webinars, these are very complex problems and complex questions. They’re not really things that one can get at by approaching them through a single discipline. This little diagram gives you an idea of the web of things we worry about when we think about these climate problems. You can see the biological pump which could remove carbon from the atmosphere, and the upper ocean to the deep ocean which has an impact on climate variability. This is the realm of

03:30

. . . biogeochemistry. The climate variability in turn has an effect on ocean/atmosphere circulation. The heat transport feeds back to the physics. So you can see that all these things are very interrelated. That gives you an idea of why we have such a diverse team of people working on this problem, and why we found it such an exciting problem to approach. I’ll come up here and think about ocean/atmosphere circulation for a minute. We talked about why 
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the North Atlantic might be important. These are diagrams you may have seen before or seen some version of these. This is a version of the famous conveyor belt diagram depicting ocean thermohaline circulation. You can see that there are three areas indicated for deep-water formation in the global ocean.  Two of them are in the North Atlantic, in the Labrador, Irminger, and Greenland basins. The other is in the Southern Ocean off of Antarctica. These areas where I said waters are made very very dense

04:30

by intense surface cooling. They sink to great depth. Then they flow southwards at these deep depths. These are indicated by these blue lines you see here: deep currents. So they are moving cold water to the south. They upwell at other areas in the global ocean, then come back towards the poles in the surface layer - transporting heat towards the poles. So cold water towards the equator, warm water towards the poles - the heat pump. This is the thermohaline circulation that we worry about. 

05:00

At the same time that acts as a transport mechanism for carbon. Those very areas where deep waters are formed and surface waters are injected into the ocean’s deep interior. Carbon that is put into the ocean is also injected into the deep interior. This is a way to remove carbon from the upper ocean and take it into the deep ocean. Another reason why we concern ourselves with these regions. 

05:30

Next we are going to talk a little bit about the physical variability, and the effects of climate change on that physical variability. Then we’ll bring it back around to impact on food webs and carbon. One of the primary things that is much in the news when we think about in terms of physical variability is global warming. What’s depicted in these 3 maps are temperature anomalies (temperature differences). The differences are from an average temperature, 

06:00

an average taken between 1951 and 1980. So it is essentially a 30-year average, and the means are the differences from that average. What you see at the start of the 1900s, global temperatures were by and large cooler than that average (1950-1980). At the beginning of that averaging period it’s mixed. There are some areas that are a little cooler, some areas that are a little bit warmer. But taken on average,

06:30

the 1950-1959 period, it looks like the 30-year average. But if we jump forward to 2000-2009, we see that there’s pretty much uniform warming over the entire globe. There is a strong signature of warming that stretches over the entire planet. This has large effects on ocean and atmosphere circulation, weather patterns, sea level, large ecological impacts. One of the things that’s really in the news these days 

07:00

is its effect on the Arctic ice layer. You may have read about the 2007 sea ice minimum where the summer-time sea ice minimum occurs in mid-September typically. It’s one of the ways we measure the ‘ice extent’. These are satellite images of sea ice extent at that minimum period, so mid-September for 1980 and 1990 on the top 2 panels, and 2000 and 2010 on the bottom 2 panels. The deep reds indicate

07:30

100% ice cover. As the colors move towards the yellows, blues, and purples, it indicates decreasing percentage of ice cover. Where there is a small ice fraction, there is more water in those areas. The most apparent thing you see is a fairly decreasing trend of sea ice. From 1980 to 2010 there is a marked decrease in the summer-time sea ice extent. You see that the sea ice moving away from the 

08:00

Pacific inflow at Bering Strait. The Pacific Ocean water is relatively warm as it flows in, and that has been melting out a patch of ice at that inflow area. Another important thing that you see is this decreasing ice concentration along the northern coast of North America, and the Canadian coast there. That’s a region that typically had very thick multi-year ice. We’re seeing less and less of that. Now keep in mind this doesn’t mean that the

08:30

Arctic ice cap is vanishing completely. It means that the summer-time sea ice is going away fairly rapidly. If we were to look at this picture in wintertime you would see very extensive sea ice. The sea ice minimum- that extent- has been decreasing. It’s decreasing at a somewhat faster rate than any of the models are predicting. What’s depicted here in the red line is the observed sea ice extent at the summer-time sea ice minima. In all

09:00

the many fainter color lines, the ensemble of many different model results that predict different rates of decline. The years are plotted across the bottom, so you can see the historical record and the projections going out. The dark black line indicates the average of all those model results. The point here is that the sea ice minima is decreasing faster than any of the models would have originally predicted. This is striking. It is even more striking

09:30

if we were to plot sea ice volume. So the combination would extend the thickness. A lot of the ice that remains is thinner 1st year ice. This is ice that is more subject to destruction. It breaks up 

more easily. It’s easy to move around and flush out of the Arctic. It makes things more highly variable, and makes the system much more changeable. This is important because one of the things that happens with that melting sea ice is

10:00

that it gets put out into the North Atlantic. What you see here is a diagram of larger currents. Here is an important thing to note, the Bering Strait inflow that I talked about. There’s warm water coming in from the North Atlantic. Most importantly all the surface water that leaves the Arctic Ocean primarily flows to the west and the east of Greenland. To the west of Greenland it comes to the Canadian Arctic archipelago through Baffin Bay and Davis Strait into the Labrador Sea region - one of those regions of deep-water formation. To the east, it comes out through Fram and Denmark Strait,
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and empties out into the Irminger and Greenland Seas. These are as I said very important regions because this is where deep water is formed. Now we are putting out a “cap” of freshwater, which sits at the surface. It is fairly light, and it’s fairly buoyant. So what happens with that freshwater? One of the impacts that this can have, is it acts to

11:00

…resist mixing. If we think about water that is weakly stratified where there isn’t that much density contrast -where it’s all roughly the same density- it’s very easy to mix that water mechanically by blowing the wind across the top, or convectionally by cooling the top, and letting it overturn as the surface water gets heavier. If we put a very light layer on top of that, now we have strong stratification. In fact it gets much harder to mix that water down,

11:30

much harder to deepen that mixed layer. This is an illustration of how that works for ‘convective overturning’. Here we’re looking at a situation in a normal winter, say in the Labrador Sea. When you don’t have a freshwater cap, we get very strong cold air outbreaks, strong cold dry winds blowing out over the surface of the Labrador Sea. That removes a lot of heat from the surface layer. It cools it very dramatically, which makes the surface layer heavier. Eventually it gets heavier than the water below it,

12:00

and it sinks and overturns; it mixes with that lower layer. This in fact can extend over hundreds or even thousands of meters. We call that ‘deep convection’. It’s a way of mixing the surface layer down into the deep water and forming this warm water mass. If we then put a buoyant layer on top, and this is the freshwater here that you see. We insert that into the surface ocean now. That surface layer is much less dense,

12:30

much lighter than it had been before. It takes a much larger amount of cooling to bring it down to the point where it’s as dense as the waters below. So it’s harder to drive convective overturning, and it’s harder to drive just simple winter-time mixing, which doesn’t extend as deep as convective overturning, but can be important nonetheless. One of the results is you probably get much shallower overturning, much shallower mixing-- you don’t get deep convection. This is seen in the Labrador Sea. We can see this in this figure here

13:00

which is a record of Labrador Sea salinity: Data from 1000 m in yellow, 200 m is in red, 10 m is in blue. What you can see is that during the 1st part of this record in the early 1960s there weren’t large salinity contrasts between these 2 layers. As you come to the time of the ‘Great Salinity Anomaly’ (GSO) in the late 60s and the 70s, a very fresh ‘surface cap’ comes into the Labrador Sea. You see the surface ‘freshening’. That surface freshening was enough to resist convective overturning

13:30

and greatly dampen deepwater formation in the Labrador Sea. The data exercise that Ivona will present -later in today’s webinar -will be an exercise that will allow you to explore the effects of changing salinity and temperature on that surface layer to see how that stratifies. One thing that happens when you ‘stratify’ that layer, if you slow down the deep convection, you potentially slow down the overturning circulation because you are slowing down ‘the engine’ that drives it. 

14:00

and that causes changes to the global heat transport, and that has an impact on the general ocean/ atmosphere circulation. What I’d like to do now is back up and talk about a climate-scale pattern that we use to explain a lot of the variability we see in this, the North Atlantic oscillation (NAO). Some of you may have heard it before, the NAO is as I said a climate pattern. We describe it by atmospheric pressure contrast 

14:30

between the subpolar region -taken here just off the tip of Greenland -and the subtropical Atlantic -taken here right off the coast of Europe. We say that the index is ‘negative’ or the NAO is in a ‘low phase’ when the highs and lows are not particularly large, so there’s not a strong contrast in atmospheric pressure measured at these two geographic locations. Then we say it’s in the ‘positive phase’ when the NAO index is strong when the low is very deep, and the high is very

15:00

tall. There’s a strong pressure contrast between these 2 centers of activity. One of the things that happens that as you develop a strong contrast, you strengthen the atmospheric circulation around these 2 gyres. The winds get a lot stronger. You get fairly weak and infrequent storms during the low NOA phase, and those build much stronger much more intense storms during a high NOA phase. When the NAO is low storms track to the south, when the NAO is strong the storms track to the north.

15:30

They have impacts on the climate that we see on land as well. During the low phase we get cold winters in Europe, in the eastern US, mild winters in Greenland.  During the high phase we might expect warmer wetter winters in Europe, cold dry winters in Canada and Greenland, and wet weather on the eastern seaboard of the US. We us these climate patterns to explain

16:00

a number of the kinds of variability that we see. To give you an idea of what we’ve been experiencing in the record, this is a plot of the NAO index. It goes back to 1950 at the top here. It extends to the current day at the end of this record. What you can see is that during the 80s extending to about the 1st half of the 90s, we were largely in a high phase of NAO. We had a ‘positive NAO index’ for the most part. 

16:30

Then as we come into the current time, 2000 and beyond, we are dropping into a period of ‘negative NAO’. Remember when I said when the NAO is negative, the atmospheric gyres are weaker in their circulation patterns. That also causes a weakening in the oceanic gyre patterns, since those respond to the contrast in the strengths of winds across that region. What I have here is a figure from a a colleague, 

17:00

Hjalmar Hatun in the Faroe Islands. We’ll see more of his work in a little bit here. What he’s plotting in the left hand panel is the extent of the subpolar gyre during the time of high NAO – high positive NAO. What you see is the subpolar gyre is very strong, the circulation is intense and robust. It essentially blocks the entrance of subtropical water into the northern region. So you have these colder waters that sit in the Atlantic basin.

17:30

Subtropical waters don’t make it very far north at all. They are pushed off the coast of England. But when that air weakens, the subtropical gyre contracts. The gyre gets weaker; the circulation gets weaker. Its extent gets smaller. That allows subtropical waters to enter into subpolar regions. That carries warmer more saline water into the northern regions. That in turn

18:00

has impacts on ecosystems and food webs. When we think of a food web—this is just a simple illustration of the food web for the Bering Sea—we think of it as a complex set of interactions. The physics play a strong role in governing nutrient delivery, light availability by how deep the mixed layer is, practical timing of when things happen in terms of

18:30

when things grow and when they don’t. The phytoplankton provide the base of the web. Zooplankton consume the phytoplankton; fish consume the zooplankton; larger fish consume the fish. All these animals defecate, some of them die. They create aggregates of particles that sink-out and move carbon out of the upper layer and into the interior. But there are some impacts that climate change may be having on the food web. 

19:00

What’s showing here is an “anti-correlation” between surface chlorophyll concentration and surface temperature. When temperatures are high, chlorophyll concentration goes down, and when temperatures are low, chlorophyll concentrations go up. This is taken from regions of the world that we believe to be stratified from remote sensing data. Essentially the argument here is: as temperatures go up 

19:30

the water column stratifies; as the water column stratifies it gets harder to mix—what we’ve been talking about earlier. We rely on that mixing, this vertical exchange that brings nutrients into the upper ocean. Nutrients are what keep the phytoplankton growing [19:47 word?]- phytoplankton generate the chlorophyll. If we restrict the nutrient supply, we restrict the growth of phytoplankton, and those lower chlorophyll concentrations are associated with warming surface temperatures. The case is not always that simple. We’ll see an example in just a moment.

20:00

In general on average-that’s what’s being seen in the data. Another thing that happens, or may happen, is that as atmospheric CO2 increases and the upper ocean warms, and this stratification restricts mixing and availability of nutrients. We’ll see some selectivity about what communities cope well with those changes, and what communities do not. One of the communities that is expected to not cope well with this
20:30

are the large phytoplankton. So there is an expectation that large phytoplankton - like diatoms - may shrink in relative abundance, relative to small phytoplankton, as the surface layer warms, as the CO2 concentration in the atmosphere increases. This is a projection of diatom abundance relative to other phytoplankton populations. You’re projecting that the larger phytoplankton will begin to shrink in importance, or their abundance, relative to the smaller phytoplankton. 

21:00

Just to remind you, we talked about the difference between a strong subpolar gyre and a weak subpolar gyre, and what happens when you get increasing penetration of subtropical water. Now we’ll continue with Hjalmar’s work and show you a little bit, kind of a ‘work example’ in the Atlantic basin of the blue whiting fishery. Blue whiting is a kind of cod that’s  become commercially important in many of the northern nations. It is an important fishery in Iceland. What Hjalmar has plotted here is for this region in the North Atlantic basin, 

21:30

this region in the white box, he’s plotted an index of phytoplankton concentration in the green, and the gyre index in red. Counterintuitively here, the gyre index when it’s hot, when it’s quote unquote “high”, when it’s up on the top part of the graph, indicates the subtropical gyre is weak. When it’s “low” it will be on the bottom part of the graph, indicating the subpolar gyre is strong. What you see is when the subpolar gyre is weak, we get

22:00

increasing penetration of subtropical water into that northern region. We get increasing phytoplankton growth. When the subpolar gyre is strong, it blocks the intrusion of those warmer subtropical waters, and we see lower phytoplankton concentrations. We can move over to the zooplankton represented by Calanus [copepod]. Same kind of graph, again the gyre index is indicated in the red, the index of the Calanus population is indicated in the black.  

22:30

What you see is the Calanus populations track the phytoplankton populations. When the phytoplankton population grows, the Calanus population grows; when they shrink, the zooplankton concentration shrink.  We can take that out to the blue whiting catch. Here we see 2 diagrams of blue whiting catch, where the red indicates large landings of fish, and the blue indicates small landings of fish. 

23:00

The left panel is the period when the subpolar gyre is strong and it’s blocking the intrusion of subtropical water; the right panel is when the subpolar gyre is weak and subtropical water can intrude into the northern region.  When the subtropical water intrudes, the phytoplankton, the zooplankton, the cod all like this warmer water; they thrive on that. So you see increases of cod abundance in these warmer regions, relative to when the

23:30

subpolar gyre is larger, and the subtropical gyre is not intruding. So there’s a marked change in an important fishery driven by these sort of climate-scale changes. I won’t go into this in great detail, but another one that is happening is the changes from cod to shrimp in Greenland. Greenland used to have a very active cod fishery during the period when the waters off of Greenland were warmer. 

24:00

The waters have been replaced by much cooler waters, and the cod fishery has turned into a shrimp fishery. Now there are some signs that the waters off the coast of Greenland may be warming. The cod may be returning, in which case they will have to flip again back from a shrimp fishery to a cod fishery. As you can imagine these changes involve some community disruption and the potential for economic hardship as some societies and communities adapt well to these changes, and others struggle to adapt. Some of the references 

24:30

that are offered up as resources in these concept maps, particularly the papers by Larry Hamilton, will offer a fairly detailed discussion of some of these issues. The phytoplankton form the basis of this marine food web. This is a picture that Mary Jane showed in one of the earlier webinars (Webinar I). Just to remind you that the North Atlantic is an area of this massive spring bloom. It’s one of the major events on the planet, a huge
25:00

explosive growth of phytoplankton, a large sequestration of atmospheric CO2 into the ocean, and export out. This is a figure that Amala showed in her talk (Webinar III). The things that we were worried about in the North Atlantic bloom program is we’re trying to understand the processes that govern the initiation of the bloom, that govern its evolution, and hopefully govern its intensity. We were able to get out there, and look at the start of the bloom, to see this initiation of the bloom as the 

25:30

stratification came in. We were able to distinguish between what we think is a new mechanism for controlling the bloom initiation - this restratification mechanism -by eddy slumping fronts- and introducing stratification into the upper ocean,  in addition to the later global warming stratification in the upper layer. The way the bloom initiates, the timing of how it initiates, and the trajectory it takes

26:00

can all be important because they can help govern what kinds of plankton grow, what kinds of communities develop out of the bloom, and how ‘well’ they do. There is a branch of science that looks at the timing of different events, and whether or not these have an effect. For instance if a phytoplankton population grows up early or late relative to a predator population of zooplankton, they might come out of diapause at a particular time – thinking, “there is going to be something to eat”, and  

26:30

finding either little or nothing to eat, or a lot. It may have an effect on the trajectory and the health of that population. We’re trying to understand some of the processes that govern this bloom so that we might have a better understanding of how these mechanisms propagate through the system. This is a plot from Matthew Alkires’s work in the NAB 08 experiment. Here he’s showing that community production in different phases of the bloom.

27:00

Early in the bloom there was a storm here _ main bloom _ termination_ then after the bloom. This is just to demonstrate one of the things we’re doing is to looking at this primary production, at the size and the timing of it as a function of physical variability that we see. Then we’ll take a look at the export as well. The motivation for looking at this within the context of the bloom experiment

27:30

is the role in the carbon cycle. What role might the bloom play in the carbon cycle? What role might it have in fixing atmospheric CO2 and exporting it into the deep ocean, into the ocean interior? This is a simplified diagram of the carbon cycle, both the terrestrial and the marine components. 

28:00

What you see here in white are the ‘reservoirs’ and the size of the reservoirs. In yellow are the ‘fluxes’, and in red are the ‘anthropogenic components’ of the carbon cycle. You can see the plants represent one of the largest fluxes. Terrestrial plants in particular represent the largest flux component in the carbon cycle. The ocean actually offers the largest reservoir, larger by far than the terrestrial reservoir for carbon.

28:30

Terrestrial plants currently do the bulk of the CO2 uptake. One of the questions is whether or not the oceans will ultimately help absorb anthropogenic CO2. The 2 routes the oceans might absorb that through _ one of those routes is a ‘biological pump’, essentially oceanic plants and phytoplankton fixing CO2 as part of photosynthesis, then exporting that into the deep ocean. The other is what we call a ‘solubility pump’. 

29:00

It’s just the absorption of CO2 gas into the ocean. The solubility pump is interesting in the sense that CO2 is absorbed into seawater. It forms carbonic acid as it’s absorbed. That carbonic acid reacts with the carbonate, and then ultimately these carbon “species” are exported into the deep ocean by the large-scale circulation pattern, that deep water injection of the surface waters  

29:30

into the deep ocean, and then carry it southward (remember that circulation pattern that we talked about earlier). It has another effect though: if we put more CO2 in the ocean, we form more carbonic acid, and it makes the ocean more acidic. This is ‘ocean acidification’, another thing that has been mentioned in the news recently. As the ocean acidifies, it gets harder for organisms to maintain their shells. The increasing acidity acts to dissolve their shells - particularly to make them weaker.

30:00

Another thing that happens is this carbonic acid combines with carbonate; it competes with these organisms, because these organisms need carbonate to form their shells. So as carbonate becomes more scarce, it gets harder for organisms to form their shells. It becomes energetically more expensive for them to do this, and the shells get weaker and thinner. So a couple routes by which the solubility pump actually impacts organisms beyond just the export of CO2. Then there is the ‘biological pump’

30:30

which was perhaps the primary focus of the NAB 08 experiment. This is the pump by which phytoplankton fix CO2; they take up carbon. They eventually die and form aggregates. They also get consumed by zooplankton. The zooplankton defecate, and those particles also form aggregates. Then those particles sink out of the upper layer of the ocean. Not everything that sinks-- that Ivona and Nicole mentioned last week (Webinar IV)--go straight to the bottom
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of the sediment. This is only a very small fraction of what this does. Most of it is remineralized or consumed on its way down. This is a pathway for moving carbon from the atmosphere into the ocean, and then injecting it into the deep ocean. This is something we’ll worry about again. This is the famous Keeling Curve. It shows that the general increase in atmospheric carbon dioxide. You can see this steady
31:30

increase over the course of many decades. There are annual cycles in the plot of this graph, but there’s this fairly relentless increase in the amount of atmospheric CO2. One of the questions for us is, of course: what happens with that CO2 over time? So we’re going to try to [address?] some questions of carbon fixation and sequestration in the North Atlantic. These are some results from the experiment, some of which I think have been shown before,

32:00

some of which may be new here. These are plots showing the difference in the fugacity of CO2 between the atmosphere and the ocean. The fact was this was constantly negative throughout the experiment, [32:14-16 word?] a float during the experiment. The fact that this was constantly negative indicates the ocean was a consistent sink for CO2 throughout the experiment. We also see a continuous drawdown of dissolved inorganic carbon through the course of the experiment,

32:30

which is consistent with that carbon being turned into particulate organic carbon. You see this constant increase in particulate organic carbon along with an increase in oxygen saturation. These are all ‘signs’ that we’re seeing activity in the ocean. One of the results that Matthew Alkires’s analysis was that our original concept was that we would see this growth during the bloom, but very little export during the bloom itself. Then as the bloom terminated, the phytoplankton died back.

33:00

The zooplankton came and consumed them. We would start to see a flux of carbon out of the system. Instead what he find is that there is a steady flux throughout the entire bloom of carbon leaving the system (being exported out of the upper layer), and also a flux associated with the end of the bloom. Nathan Briggs has done this wonderful analysis of spikes and optical backscatter data. He and Mary Jane noticed that

33:30

there were these ‘spikes’. Normally we would expect to see this fairly smooth black line here, but during the bloom and towards the end of the bloom, they started to see these large ‘spikes’ in the data and optical backscatter data. This is a scattering [of light from a sensor] off of large aggregate particles - rather than noise. They realized this, and developed ways to filter the data to isolate the ‘spikes’. By doing that we’re able to identify the ‘horizon’ [event in time] in sinking aggregates. 

34:00

Now this is a measure of ‘spikiness’ of aggregate concentration sinking out of the surface layer during the experiment. You can see the Chaetoceros sinking down out of the surface layer, then more aggregates going all through time. You see this very stark signal of sinking particles that they were able to [determine?]. Again a flux of particulate carbon out of the surface layer and into the interior that was identified by the bloom experiment.

34:30

All this focus on carbon is primarily driven by the fact that CO2 is a greenhouse gas. So we’ve become very interested in how this increase of CO2 in the atmosphere gets ‘dealt with’. Increasing CO2 often results in warmer global temperatures - in trapping of heat. 

35:00

I won’t go into an explanation of this diagram. The primary point here is that CO2, even though it really is only 20% of the greenhouse effect (20% of the greenhouse gases), it really is the controller for global temperature. Water vapor accounts for 50% of it, in fact, but CO2 is the larger controller of temperature. As temperature goes up, you can get increasing water vapor, but ultimately CO2 is the ‘gating gas’. 

35:30

when thinking about it in terms of global climate change and global warming. That is the reason for the  [scientists’] ‘fixation’ on those gases. Now as CO2 builds up in the atmosphere, we get climate warming and we get increasing ice melt. The last piece I want to talk about is the worst example of what happens when you get this ice melt: you get freshwater coming out of the Arctic in large quantities. We have an example taken from the historical records known as the “Great Salinity Anomaly” (GSA). 
36:00

This was a time when we saw large “bolus” of freshwater leaving the Arctic. That happened in the late 1960s just south of Fram Strait. It circulated around the North Atlantic over the period of a decade or more. What I’d like to talk about right now is the effect the GSA had on the area around Iceland, as an example of the impact
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that these sorts of climate changes might have. One of the changes this has, we look at 2 plots. This was the situation before the GSA:  Looking at Iceland - This was the 2-degree Celsius isotherm. You can see that the waters were colder by 2 degrees north of this, and warmer to the south. The grey area here indicates the herring fishing ground, a very important fishery during that period of time for the ice hunters. This is the corresponding 

37:00

situation after the GSA arrives. The GSA is quite fresh and it’s quite cold. It pushes the 2 degree isotherm to the south, and with it pushes the herring fishing grounds further south. Now the extent of the herring fishery has decreased. It’s moved away from Iceland. The herring fishery is greatly impacted by the arrival of the GSA. We scroll down here a little bit. 

37:30

That’s reflected in this plot of salinity (in the dashed line). You can see the drop in salinity here associated with the arrival of the GSA -the large freshening in the [37:46 word?] field around Iceland. Then, the herring catch [is denoted by] the dark line. We see a growing herring catch for this period, so we have [37:54 Phrase?] catching process [..?.. ] during this time. A spike. [38:01? Phrase?]. 
38:00

Then a complete crash of the fishery with the arrival of the GSA. The fishery never really quite recovers to its old level. The impact on humans looks something like this, where at the start of the herring fishery—this is one of the primary herring fishing towns, one that did not fare very well in adapting to changes in the fishery. You see the town growing as the herring fishery grows. It reaches a peak population of around 3000. Then

38:30

after the arrival of the GSA, the population collapses. It basically halves over a period – people were looking for other ways to make a living. This is an obvious impact on humans. Humans in turn are having a large impact on global CO2 levels. These are things that you are probably all aware of.
39:00

The bulk of the CO2 emissions come from fossil fuels-  in fossil fuel combustion. It’s kind of a relentless cycle. You can see the uptake in CO2 associated with the industrial revolution. This comes full circle. We have a human impact of CO2 on the system causing warming and starts completing the ‘circuit’. That gives you a sort of ‘broad brush sense’ of why we 

39:30

thought this was an important problem to study, why we focused on the areas that we did. The bloom program really tried to focus on the processes that control productivity in the North Atlantic during the spring bloom. They control carbon export as a result of that large bloom productivity by the fixation and export of carbon out of the surface layer. We’re worried about understanding these processes, because if we ever want to be able to make predictions, or want to model these processes and understand

40:00

what the true impact of these climate changes that we talked about are, we’re going to need to understand the processes, so that we can implement them properly, or at least parameterize them properly in the models. That way we might be able to make better predictions on the impact of these climate changes on productivity, and how that feeds back into the carbon system. We need this to improved knowledge. It’s a very difficult problem. It’s intellectually difficult, and it spans many different disciplines. That’s why we see such a diverse group of ‘characters’ here.

40:30

That’s part of what brought us all together to collaborate on these problems. It’s fun to do that. That’s another reason for doing it. It just does really require that scope of people. It is technologically challenging. The measurements that we needed are very very difficult to get at. They require long-term persistence, the ability to be out on the ocean for long periods of time, and the ability to sample over a large range of scales, and the ability to add sensors that measure a lot of the different components of the carbon system.

41:00

All these things are hard. It involves a team of technologists -who haven’t been very well represented necessarily in these webinars, but really are the bulk of support that makes all these things happen. It makes all the wonderful ‘widgets’ work, and allows us to make the measurements that we do. With that I’ll stop and take questions. Thank you! 

