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00:00

Hello. So I’m going to start out by giving just a little bit of introduction. You guys have seen this picture before. This is an image made by a satellite and put together by a computer. It shows the northern hemisphere of the world using a ‘false color image’. You can see that sometimes it is greener, and sometimes it is a little bluer in this slide (image) here. This is the seasonal cycle of this part of the world. So for example the time now is summer.

00:30

The time now is winter. You can see on the land like over here in North America is green…if I slide my cursor over a little bit of it here…in the winter time. In summer time it’s green up here on the land, and it’s also green at this time in the ocean. That’s because the plants are growing in the ocean as well as the land. So that’s the North Atlantic bloom up here. We are going to talk about how we measured this

01:00

in this North Atlantic Bloom Experiment in the webinar today. So there are a lot of issues that we had to deal with during the North Atlantic Bloom Experiment. I am going to focus specifically on two of them. [Audio Problem] First of all on the scale that you want to measure it, how deep are you looking at stuff? And then what it is you want to measure, and how you do that. So let’s think a little about scale (1:25). So this is another satellite image. It shows ‘false color’.
01:30

Now zoom in here a little bit. The dark blue [colors] are where there is low chlorophyll or  low plant concentration -  low phytoplankton concentration, and the bright red [colors]-  like over here - are where there is a much higher concentration. On this scale here -  about 100 km, it is a much smaller scale than we used before. There is a bit of the edge of Iceland up there. What you can see is it’s really variable.

02:00

Here it [phytoplankton community] is sort of making 2 milligrams per meter cubed (2mg/m3) of chlorophyll. Over there, not very far away,  maybe 20 kms away, its half or a third of that. So if you think you were to measure this, you would have your point there, there, there, there, there, and there (moving cursor around map), and you say hey look, I have measured a half a dozen points, and it sort of “blue” [average color range].. Or I measure there, there, there, there, there (moving cursor around map), and there, and I say it’s sort of “red” [average color range].  [Audio Problem] So we have the issue that there is a lot of spatial variability. How do you deal with that?
02:30

There is also an issue about the variability in time. So if you take the same area, same place [Audio problem] by the satellite and look a week later [Audio problem]…what you see a week later is the picture doesn’t look quite the same. Particularly, if you look down here in a place that is common to the [2:50-2:53 unintelligable]…clouds. So if we flip back and forth between there and there and there, you’ll see this spot down here is not exactly the same.
03:00

because it is changing in time as well as space. That’s a fundamental challenge on how you measure things. To put that in another context, let’s look at time again. Let’s go back to the concept map. This is a plot now - measured from an instrument called a moored sensor. That means we take something that is floating, like a big float on the surface, and you take a nice hefty steel cable, and you attached it to a great big pile of railroad wheels, and you throw them to the bottom of the ocean. Now you have something
03:30

that is stuck in the water, and it is all in the same place, you hope! You attach to that a chlorophyll sensor. It’s been around for quite a long time – this is data from 1991.  This is the record you get in the area south of Iceland for phytoplankton starting in early May and going to the middle of the year in July. So you can see that there is a lot of fluctuation – it is varying a whole lot - even on small time scales – even over the course of one day. You can imagine that if you came along, and you were just taking a few

04:00

measurements. You have a measurement there, there, there, there, and there, you say, “Ah, look, there it is increasing linearly.” Or if I made a measurement there, there, there, there, there, I would say,  “It is decreasing linearly”. So you have to measure a lot to take care of all those fluctuations. That’s the fundamental challenge of how you make these sort of measurements. So the answer is stay there for a long time and measure fast.  [Audio Problems 4:27-42] the similar  variability […]
04:30

in satellite images. These and other variabilities[?] measurement of chlorophyll and temperature made from a ship […] 1991 data. This is 100 km. You have a low value of chlorophyll. There’s a high value of chlorophyll. There’s a sharp fluctuation with a very sharp change in between them. You say, “Well, maybe it’s something to do with the temperature.” It’s not obvious that it is warmer there, colder there, so you look at the time series. [Audio Problems 4:59-5:01]
05:00

So those are fundamental challenges about space and time [5:08…]. The only real solution to that is to resolve them. In other words make a lot of measurements in lots of places so you can see what’s happening over space and time. So that’s the first experimental challenge. The second experimental challenge is what are you going to measure. So, just to step back for a little bit. We are measuring an ecosystem. That ecosystem includes everything from 

05:30

viruses to bacteria to various sizes of plankton, from small phytoplankton to big phytoplankton, to the animals that eat them, to the fish, to the whales, and to the people. Those are all aspects of an ecosystem. You can’t measure all of that separately. You have to measure some sensible  subset of that. Ideally, and what you can actually do is get a different [5:53…unintelligible.]. So here’s one way of thinking about it, zooming in a little bit on that problem. The North Atlantic bloom is a big increase in

06:00

phytoplankton concentration in the North Atlantic in the spring time. Let’s focus on phytoplankton, as one of the key variables that we are going to measure [6:13..unintelligible]. What types of things would you like to know about the phytoplankton [?]. Well, “How many are there?” is a good question. How fast are they growing? What different kinds are there? What is the light and nutrient level? We know that phytoplankton require light and nutrients among other things

06:30

for them to grow. We like to know what those are, and whose eating them and how fast? There’s lots of things to do. For the purpose of this talk, to a large extent of the measurements we made, I’m going to focus on nutrient levels and phytoplankton. That’s 2 things to talk about [6:48-6:50…unintelligible] so let’s zoom in on that again, and talk about measuring how many phytoplankton are there. So how would you

07:00

figure that out. [Audio Echo 7:00-7:14] You could capture some phytoplankton, take them in a net, take them in a bottle, filter them out, and then look at them with a microscope, and then you would identify and count them. It’s a fairly obvious and good thing to do. The background of this slide shows you the type of thing you might see. You could do that with a microscope. You could hire a lot of students to do it. Or a more modern way today would be to use a video system and you take pictures in a microscope. Then train the computer on how to identify them, and you can get a lot more counts.

07:30

That’s a perfectly legitimate good way to do it. But, you got a whole lot of numbers. For one slide and one sample you might get hundreds of thousands of numbers for all the different ways of doing it. So there’s more bulk ways of doing it that are a little simpler to understand. You could do this genomically also. You might measure chlorophyll. This is one of the oldest things in ways we been talking about before. In other words, you capture your plankton. You put them in some acetone. You extract

08:00

the chlorophyll. You measure how much chlorophyll there is. And that’s just one number out of your sample, which is a little easier to deal with than thousands of numbers. But one of the troubles with chlorophyll is, although it is unique to plants, and therefore unique to phytoplankton of all the different types of organisms in the ocean, it’s not very well related to other things you might want. In particular, since one of the big reasons we care about the North Atlantic bloom, is because the phytoplankton pull CO2 [carbon dioxide] out of the air. Some of that CO2 stays in the ocean.

08:30

It’s a way of sequestering CO2 out of the atmosphere and into the ocean, which is important. The appropriate measurement for that--that we have focused on--is particulate organic carbon. In other words, you take your sample of phytoplankton – of phytoplankton in the water. You filter it on a filter of some sort. Then you burn it. Then you measure how much CO2 there is, and that’s how much carbon there is. That way you can relate the phytoplankton population in a carbon sense rather than counting sense

09:00

or a chlorophyll sense. So those are some different ways of doing  that. Nutrients. You can do a similar exercise. What are the important nutrients for phytoplankton in the North Atlantic bloom. It turns out to be nitrate, silicate, and iron. We’ll get back to those in a bit here. So that’s what  [Audio Problems]. Those are some things you might want to measure. There obviously more, but those are the things we are going to focus on here. So now how do you measure them? Well there is the classical way of measuring things. That is you take the water,

09:30

you go to your laboratory, and you measure it in the laboratory by standard chemical analysis techniques. You can actually do that. Here is a picture of laboratory that’s been put on a ship. In this case it’s putting one of those big vans (cargo container), and the van is put on a ship.  Then off it goes. You can do that, and you can make measurements. That’s certainly the gold standard of the best measurements, because that’s how we know how to do stuff—mostly from the laboratory. But, if you are going to take a laboratory to sea,

10:00

you have to put it on a ship. There’s a lot of things that happen once you go down that route of ships, which is the traditional way to do oceanography. So let me talk a little about ships. This is a picture of the Icelandic research vessel, or half of the Icelandic research and fisheries vessel being Bjarni Saemundssonm leaving Iceland off on the North Atlantic bloom cruise. This is from our 2nd cruise, which was on the

10:30

U.S. research vessel Knorr. You can see there are about 25 people here. All of them went on the ship. It’s a pretty big deal. There is lots of steel. You can stretch out. It’s a big operation. That’s really the point. Sometimes the weather can be pretty bad in the North Atlantic. It’s one of the stormiest oceans. One of the things about research vessels, is that - although they are designed to survive in bad weather- when the weather gets particularly bad they don’t work that well. The people in particular don’t work very well.

11:00

So you might have a good lab, but it may be pretty difficult to do some measurements because of all the motion. Now the standard way of doing oceanography is using what’s called a CTD. This is a picture of a CTD. In fact I’m going to skip to the 2nd picture. This stands for Conductivity, Temperature, and Depth, which is the instrument that is usually down here at the bottom of the CTD, which is an electronic  instrument that measures those quantities: salinity, temperature, and depth. Salinity from conductivity.

11:30

Then on the top of the instrument usually is a bunch of water bottles, which are in a holder called a Rosette, and usually in some sort of steel frame, so when the thing hits the side of the boat, it doesn’t break. If you look carefully at these bottles—you can’t see it very well—you’ll see there’s a little top bent off to the sides. What there is is a big rubber band connecting these 2 stoppers through the middle of the bottle, and a mechanism so that you can control electronically when the CTD is at different depths in the water. You can control

12:00

when you close each of these bottles. You send the thing down into the water, and you bring it back. This is what it looked like when it’s coming back. You can see the bottles are closed. This is an important part of the scheme. You need somebody to handle it when it comes down and you bring it onto the boat. Sometimes it is easier than others. Then there is a big rush, and everybody rushes over to the instrument, and they all pour water out of the bottles. Here is an example of that happening. They take it off to their respective laboratories, and do

12:30

good things with it. Now other things come with that operation. This guy and all the other people need all sorts of stuff. For instance, on a big ship, there is typically a library, and places to relax. There is a galley. There’s bathrooms. There’s a system to deal with the stuff that comes out of the bathrooms. There’s food. There’s all sorts of stuff like that. It’s a seriously big deal. Because of that ships are quite expensive—tens of thousands of dollars a day to operate. They can only go out for

13:00

a relatively short period of time—relative to things that happen in the ocean. 3 weeks is a typical cruise. 2 months would be a really, really long cruise. That’s about the outer limit. Most importantly, a ship can only be at one place at one time. When it’s there it can do a lot of great things.  It makes it very difficult with a ship to address these issues of space and time variability, because you are only in one place at one time. The whole essence of measuring spatial time and variability is to be in lots of places

13:30

for a long time. To overcome that, you have to look to other technologies. One, which you have been seeing quite a bit about, are these satellite images. This has been a wonderful technology. It’s revolutionized the study of phytoplankton in the ocean, because you can look in all sorts of places where you couldn’t look before. As you’ve seen, this is a typical picture you get out, and it’s great. There are some things that are clearly not in this picture, and it shows the difficulties.

14:00

First of all there is a lot of white here, and that’s clouds. The North Atlantic is a very cloudy place _ cloudy, stormy place. So typically even though the satellite goes over every day, you typically get one picture that sort of looks like this in a region of this size per week, which isn’t very good coverage.  Often you don’t get a full coverage. The other thing is you can only look at certain things. You can only look at things you can only see from space at the surface of the ocean.  For biology

14:30

that’s basically chlorophyll, and some other color aspects at the surface. You can’t measure ocean salinity. There are things happening on that front, but that’s a different story. You can’t measure anything very much that is happening below the surface. Though it is a wonderful technology, there’s lots of things you can’t measure. You can’t measure nutrients for example. So, one of the things that we did in this experiment, which I think made it very innovative, is we tried to use in a comprehensive and

15:00

sensible way a new set of technology, which is our autonomous vehicles with electronic sensors to measure things in the ocean. What these are are underwater robots that  benefit from the same technology that allows all the other robots and computers that inhabit your life to exist, using that to make measurements for us in the ocean while we are not there. So, you don’t have to bring the people along. I am going to talk about 2 types of autonomous vehicles. There are more

15:30

types than this. These are floats and gliders. These are the two types we used in the North Atlantic bloom experiment. I am first going to talk about floats. This is a picture of one of the graduate students involved in the North Atlantic bloom experiment. These are the top quarters of—maybe we can get a little bit more—top thirds of two of the floats that we used in the North Atlantic bloom experiment. You get some feeling for the general scale of them. There’s an aluminum tube.

16:00

There’s one of the sensors. That was a light measuring sensor. They’re about “people size”, and they weigh about 50 kg. There’s a bunch of satellite antennas here that allow it to communicate with us on shore.  There’s a big flag so you can see it on the surface. A little light that flashes happens to be on here. That gives you a general idea of their size and shape. Here’s an example of one of these floats being deployed into the ocean.

16:30

See it’s not that difficult to handle. A few people can handle it. A crane makes it easier, but it can go over the side really easily. It’s a lot smaller deal with than a ship. Here’s a picture, just to put the whole thing in perspective. Look carefully, can you see the float? Well, I’ll give you a hint. The float’s right there. That’s a little flag. There’s a little float, and a very big ocean. Of course we’re pretty close to it here. So how do these things work? Here’s another graduate student from another project,

17:00

standing next to a float. The float fundamentally consists of an aluminum tube that’s full of air, and a piston that is pushed in and out the bottom of the float by a motor. If we imagine that the piston is pushed all the way out, like in this picture that makes the float more buoyant, because it has more volume and the same mass. Therefore it would rise up. If you arrange it so it will rise up , if you pull the piston all the way in,

17:30

then the float will sink. Then if you take the piston just to the right place, and it’s a tricky thing to do as well, the float can just hover—just hover like a balloon—and go only where the water goes. Just hang there in the water. That’s an odd thing to do—not want to do anything. The reason you want to do that is because a neutrally buoyant float hanging in the water behaves just like an enormous phytoplankton. Well, phytoplankton is just sitting there in the water.

18:00

Some of them swim, but not very much. It’s not moving anywhere, except where the water pushes it. So if you measure the world from that point of view, from the point of view of just sitting in the water and floating around with the water, we measure the environment in the same way that phytoplankton experiences the environment. That’s a good coordinate system to look at, if what you’re trying to do is understand what phytoplankton are doing. That’s the idea

18:30

of a float.  The idea of a glider is similar to that of a float, except it has wings and can move around. Here’s a schematic of a how a glider works at the bottom of this page _ I believe _ it’s not here yet. Anyway, there was a video [Carla Companion – COSEE-OS speaks: It is actually in the little “movie icon” to the left, under the picture icon]. If you click on this and look at it on your own, not now

19:00

because it’s about an 8 minute movie, you’ll see a lovely explanation of how this works. This is the basic idea. You take a glider. It doesn’t have a piston. It has a pump that pumps up oil, but it is the same idea. You make it heavy. It falls down. Now it’s actually like a little fiber glider, or like a glider you’d fly around over mountains in. It sinks. It has wings, and it can steer itself in different directions. It sinks until it gets too deep, or as deep as you want it to go. Then it pumps the oil in the other direction and it comes up.

19:30

When it’s coming up you can steer it, and go in different directions. When it hits the surface, it sticks an antenna out of the surface, talks to a satellite, sends you some of its data, gets some instructions, and then off it goes again - with that latter part being common to floats and gliders. There’s a glider being readied to be deployed in the North Atlantic bloom experiment. There’s a glider in the ocean, and you can see it’s got a little antenna that sticks up. It has a satellite antenna on it so it can communicate with us. 

20:00

Here, for both floats and gliders, is how you drive them. You sit at any place in the world that has an Internet connection, and you talk to them through your computer. This happens to be on the ship. In this case, Craig Lee who is in this picture here, is a speaker I believe in two weeks [Webinar 5], and he is controlling a glider through the ship’s Internet connection, back to land, back by a  satellite, then back to a glider by an Internet connection.  He can look at the data; he can control it. He can control many gliders at once in that way.

20:30

That’s the basic way the technology works. We have been working on this for a decade, and it is pretty mature technology at this point. The gliders, some commercial. There are species of floats that are also commercial. So we have a platform that can go out on the ocean for months at a time. It can be controlled. You can move it in different ways. That’s half the story. Now we have a substitute for a ship. We have a platform. But you also need to be able to measure things.

21:00

In order to measure things you need electronic sensors that can measure the thing you are interested in. That’s been the other thing which has made this technology possible, is the ability to have sensors that can measure oceanographically relevant quantities. So the question is not, “What do you want?”, it’s “What can you get?”. What can you measure now from floats and gliders in these categories of  nutrients and phytoplankton that we’re going to focus on for this talk. So I identified the three important nutrients 

21:30

as nitrate, silicate, and iron. Nitrate? There is a nitrate sensor, and that has been very important for this work. The way the nitrate sensor works, is it’s a spectrophotometer. In other words it sends out ultraviolet light, and measures how much of that ultraviolet light at a bunch of different wavelengths is absorbed by seawater. It turns out that nitrate in the water has a strong absorption in the ultraviolet [wavelengths], and so you can detect that and measure
22:00

how much nitrate there is. Unfortunately there is no silicate sensor yet, there is no iron sensor yet, but I expect over the next couple of decades there will be sensors for these things. We just got this now. So what about phytoplankton?  Remember I said one way to measure phytoplankton is to identify and count them. That can be done away from a ship, but the equipment is big, heavy, and power hungry, so it’s not practical—at least yet—to put that on a float or glider.

22:30

Chlorophyll you can measure. That was the first real autonomous biological sensor. So we can do that. The third thing that we can do is measure particulate organic carbon by a rather different method than you might think, by the measurement of light attenuation. What you do, is you have a sensor, and you put it on the float or glider. You have an LED [light emitting diode], which sends out some light. It has a photodiode [light detector] which the LED is aimed at. If there is not that much stuff in the water, and the water is very clean,

23:00

then almost all the light from the LED gets to the photodiode, and you have a high reading. If the water is dirtier, and has lots of stuff in it, then less light gets there. By doing that you can measure the particulate organic carbon, as it turns out. In other words if you go to the ocean, and you take a CTD, and you put a Beam-C meter which is what is called a transmissometer, and you put it on your CTD; 

23:30

you lower your CTD down to the water; you write down the numbers from the transmissometer. You also fire some bottles, those Niskin bottles I was showing you. Then bring it up, take the water out of the Niskin bottle, analyze it for particulate organic carbon, and then correlate that with the amount of light attenuation in the water, you’ll get a curve that looks like this, which shows there is a correlation. Now it’s far from a perfect correlation. There’s a lot of scatter here. Nevertheless, it shows that light attenuation is a useful measure of particulate organic carbon.

24:00

That means measurements from a float or glider can be used to measure carbon in the ocean. Therefore measurements that are made in that way address issues about carbon dioxide uptake, and things like that. Now we have most of the components of the North Atlantic bloom experiment. We have floats and gliders carrying sensors that measure interesting things. The floats can drift along

24:30

in a single spot and measure time fluctuations. The gliders can swim around and measure space fluctuations. We can supplement that with satellite color images when we have them. We can bring ships out there to make other measurements, to deploy these guys, and also to check out that their sensors are working right. So for the remainder of this talk I am going to talk about what we actually saw with this system, and what our basic scheme was.

25:00

Here’s the ultimate experimental design slide. Here we have Iceland. We have a region around Iceland which was our experimental region.  We made a decision to deploy in roughly this  region. That was mostly because it’s close to Iceland, it is relatively easy to get to, and because this was the site of a 1991 experiment about the North Atlantic bloom, which means that we know quite a bit about what’s going on. It’s really helpful when

25:30

you’re designing an experiment to have some idea of what is going to happen, and to build on the previous work. In early April we went out—we, I wasn’t there—on the RV Bjarni Saemundssonm, an Icelandic research vessel in pretty nasty weather out here and deployed the floats and the gliders. There was 2 floats and 4 gliders _ made a bunch of measurements from the Bjarni Saemundssonm, went back home. Then the float drifted along as this red curve, and the gliders went round and round and round

26:00

the float as best they could. It wasn’t always so easy to do that--measuring the region around the float. The float drifted off this way and this way, and sometime about here, the R/V Knorr came out of Iceland, with a much larger scientific crew, and made detailed measurements around the floats and the gliders, as it was in this finely little executed, little s-shaped, little circular pattern here. The Knorr went home. The float died after a while. We rescued it with the RV Bjarni Saemundssonm, and then the gliders stayed around 

26:30

for another month and a half. The net result of that all was 4 cruises, about 70 float days of data, and about 340 float days of data _ over a year of measurement time because of all the autonomous platforms we had. When we had those autonomous platforms running, we were getting something like 100 channels of data, real-time over the satellite link. That gives you a feeling for the sort of data management and control issues we had.

27:00

Of course this whole thing was set up so that the floats, and the gliders, and the ships were all tightly working together. The ships spent a lot of time going close to floats and gliders, and calibrating them, and making other measurements in the same area as they were, so we could put together a coherent picture. I’ll try to talk a little bit about what that coherent picture turned out to be. One of the things that we made sure of was that all the different platforms could measure some things in common, even if they couldn’t

27:30

measure anything in common. This is an example of one of the things in common, one of the things  I’ve been talking about, which is chlorophyll—on a log axis. You might notice some values here are 2, and values here are .2. There’s a larger range than it really looks like on a linear scale. This is time starting in early April and going to the end of June. 

28:00

There’s lots of curves on this. They all show chlorophyll. One thing you notice is they all sort of do the same thing, which is the general pattern of the North Atlantic bloom, which is that in the winter time the chlorophyll levels are low, significantly less than one. Then they increase rapidly—that’s the “blooming”. Then maybe they decrease a little bit, and hang around at a relatively high level throughout  the summer, at least certainly ‘till the end of the measurements that we made. Now there’s different colors in here: the gray stuff is measured from satellite.

28:30

The green dots are measured from ships. The blue ones [lines] are measured by sea gliders. In particular, the red one [line] is made by the float, which is the most relevant - actual “pure” time series. What you can see is that the float increases like most of the others. Right up here—I’ll show you this in a little while—there’s a particularly high level of the float [data point values] relative to everything else. That’s one of those ‘hot spots’

29:00

that you were seeing in the satellite. I’ll show you that in a bit. We are going to look now in detail at the float. Because this is a complicated figure I am going to blow it up. There might be some discontinuity that happens  here. OK. One second. One last try before I give up. 

29:30

There we go. OK. Good. This is now a pretty complicated figure that shows time running in this axis from winter to mid-summer, depth running in this axis, and the color being the amount of chlorophyll. With these blues and purples being low chlorophyll, we start out at  low chlorophyll in the winter. As we move along we go up to reds being high chlorophyll in the summer. There’s a general trend as I showed in the previous picture.

30:00

There’s no big surprise.  As you go from the winter to the spring bloom you get more phytoplankton. So we saw a spring bloom. That’s not too surprising. What you also have is evolution in depth, which gives you additional information. Let me just run through the story of how the North Atlantic bloom evolved as seen by the float. We start out in the wintertime –here- with pretty low levels, well below one, sometimes significantly below one. These little gray lines in the background, like there, are contours of

30:30

the density of the water. If you remember from Amala’s talk last week (Webinar 2), in the wintertime the upper ocean is very well mixed. These lines are vertical. There’s no change in density as you go from this depth to this depth. So the phytoplankton are being mixed very deeply, and they don’t get a lot of light, also because there is not very much light in the wintertime. As you move along into the spring – into mid-April, you start to see these lines becoming horizontal, like there, and there, and there, and there,

31:00

and certainly here. That’s the beginning of the stratification that Amala was talking about last week, where the heavy water slides under the light water. It makes it so that the phytoplankton now can stay near the surface, and get some of the light that is coming with the increased sunshine in the spring. Right away you start to see as we get into late April it going from blues to light blues and even into green. That’s the phytoplankton growing in the upper ocean.

31:30

Here we had a storm that mixed it back down again, but that rapidly recovered. So by the time we get to the end of May we have a peak in the bloom here. It’s shallow up near the surface because the stratification by this period has gotten quite strong as the sun started to shine strongly. Then all of a sudden something interesting happens. Something changes right at that point there. 32:12 video,  What’s changed is that when we were out there with the ship we could see

32:00

what these phytoplankton were, not just that there was chlorophyll, but what type of phytoplankton they were. This is by looking at them with a microscope. What you see is these were diatom, mostly Chaetoceros. These use silicate, and there isn’t much silicate in the North Atlantic. At this point here—we know this because there was a ship measuring silicate--the silicate ran out, and the all the diatoms died—almost all of them died. They sank.

32:30

So their carbon which came out of the atmosphere by photosynthesis sank off into the deep ocean. So this is a carbon export event. There is still phytoplankton, but they’re not diatoms. They are another community as we measured on the ship, and it continues into the mid-summer.  So this is the growth and the death of the North Atlantic springtime bloom.  Just a second here. 

33:00

 OK. That talks about the time evolution, but we also have to look at the space evolution. This is a picture that addresses that. This is one of those satellite images, now zoomed into the area that we were measuring. You can see one of these patches of hot colors and high chlorophyll which is being tracked by the float. This is the trajectory of the float with one dot each day.
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That spot there where that float is right on top of this chlorophyll patch is more or less the peak of the bloom as we saw it in the previous image. We can see now that we are measuring right in the area of one of these ‘hot spots’ of high productivity and eventually high carbon export. This is from satellites. So when you get one of those pictures.  But we can also make a picture from the floats and gliders. This is a little cartoon of four days starting here
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when the float is at that spot, going to here which is at the spot which is the very height of the bloom. Going to two days later - just two days later - and it’s just about gone. In between when the float and the water, because the float is moving along with the water we’re at this spot. When they are at this spot, all that red stuff [color on map] which is a measure, in this case, of a map of particulate organic carbon made from the floats, and the gliders, and the ship, this big ‘glob’ of carbon
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disappeared and sank into the ocean. It sank right in this region right here. So there was a locally spatially located in space and time carbon export event which terminated the North Atlantic bloom. So I’m basically done. Just to review very quickly with this experimental design we need to sample both in space and time. We need to sample
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a good set of stuff. We need to do that both in ships because we can do it really well and in enough places and time to satisfy this; so we have these autonomous robots which measure things better than that. We make this all together a coherent design, and we get a good picture of how the bloom evolved. I’m ready to take questions!


