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HC:  Hello and welcome to this Cheltenham Science Festival event. Part of the Cheltenham Science Festival 

at home in association with EDF energy. It's brilliant to be working with Cheltenham festival even though 

we're all stuck at home just like everyone else, and the festival is a not for profit charity that spends a lot of 

time working to inspire the next generation of doctors, engineers and scientists.  If you would like to 

support all that they do have a Crowdfunder at crowdfunder.co.uk/cheltscifestathome. If you can say all 

that you're doing better than me.  With all the preliminary stuff out of the way, let's get going on this event, 

which is about Mosaic, the biggest polar expedition in history. And the top of the world has always been a 

mysterious place the Arctic Ocean and the north pole at its centre, are covered by shifting sea ice that 

makes it incredibly hard to reach, especially the High Arctic, and that's the bit that surrounds the North 

Pole itself. It's isolated and it's a long way away, but it is a critical part of the Earth engine and it matters for 

the climate of our planet.  Right now, a yearlong expedition is taking place, mosaic which is you know, it's a 

great name. It's a long acronym. It stands for Multidisciplinary Drifting Observatory the study of Arctic 

climate.  But hiding behind that very long name there is an enormous ambition. And it is that one ship, the 

German icebreaker, the Polarstern, will drift with the sea ice for an entire year across the top of the world. 

It will be supported by other ships, as scientists and crews switch on and off. There's an enormous range of 

activities going on around that drift, but that is the backbone of this enormous expedition. And it is just 

gigantic. It's possibly the best chance to understand the central Arctic that we'll ever have as it is now.  It's 

led by the Alfred Wegener Institute, but there are hundreds of scientists taking part from 20 countries and 

we are very lucky to have three of them here today to share their science and their experiences. We've got 

Ian Brooks, who is a professor of boundary processes at the University of Leeds. We have Julienne Stroeve, 

who's professor of polar observation and modelling at University College London. And Allison Fong is a 

scientist in polar Biological Oceanography at the Alfred Wegener Institute. So each of you could you say just 

a little bit about your connection to this expedition? Perhaps Ian, could you go first? 
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IB: Sure. So I'm part of the atmospheric science team on the expedition. And the little bit that I'm focusing 

on is atmospheric dynamics, the motion of the air and how that couples the surface in the lower 

atmosphere into the clouds. 

HC: And Alison, how about you? 

AF: I'm the ecosystem coordinator of mosaic and my work covers a broad range of things, but I'm 

particularly interested in understanding how microbes affect the carbon and nitrogen cycle and sea ice and 

the upper ocean. 

HC: Last but not least, Julienne 

JS: Yes, I was part of the ice team on mosaic and the ice team sort of encompasses many different tasks 

from measuring how thick the ice is measuring the snow and in my particular case, We're looking at remote 

sensing of snow and ice, so we deployed many instruments on the ice that are similar to what we have on 

satellites and the whole idea behind our observations was to better understand how changes in the snow 

and the ice could influence what we're seeing with the satellite and maybe do a better job in retrieving 

important parameters from space. 

HC:  Thank you very much. Now this expedition is a big thing to get your head around so to help you set the 

scene we have we're going to show you a short two minute video that shows a little bit of what life on the 

ice is like what the ship is like and some of what the researchers on board will experience. 

HC: Just watching that video is an amazing thing but the drama of it is quite obvious and but let's just get to 

the bottom of what it is we're doing it like a drift expedition is a weird thing. Julienne could you explain 

perhaps how a drift expedition works and context. 

JS:  Well, in this context, basically polar sort of tried to find a flow that they could, hopefully ensure would 

stay around for a full year within the Arctic Ocean. And that's challenging today, because the ice is much 

thinner, it's much more mobile than it used to be. So finding a flow that would be, you know, large enough 

and thick enough to host many different experiments that were happening. And to be able to drift with the 

ice and stay within the ice pack for a full year was a really challenging thing. And one of the things that 

we've already seen from this winter is we had some unusual atmospheric conditions that sort of sped up 

the drift. So the transporter drift stream, that flow was actually a within, was moving quite fast this winter. 

And so at the moment, it's actually not sure that the flow will remain within the central Arctic before the 

end of the experiment. But yeah, this is part of the risk that you take, definitely, you know, 30 years ago, 

that probably wouldn't have been such an issue as it is today 

HC:  One of the things here is that there is this idea that we know enough about the movement of the ice, 

in general that you can park a ship in it in one place, and it will be carried with the ice across.  Ian, do you 

want to say something perhaps about maybe Nansen's original expedition, which followed this model. And 

also, why is this hard because it's a hard thing to do. 

IB:  It is a hard thing to do. Nansen drifted with the ice, the ice drift and was probably rather slower than it 

is now, the ice was much thicker. Certainly, if you see photographs from back in that period, the surface of 
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the ice is much rougher, much thicker than we experienced. And I guess part of the issue with, as Julienne 

said, we've been drifting faster than expected.  So all our ideas of the drift are based on historical 

measurements, we've got satellite measurements going back 30, 40 years and you can use those to see 

where the ice is drifted and you can pick a point and go right if we follow that point over time. Where does 

it go to? And so you can get a probability of where you're going to drift.  But you don't know exactly. 

HC: But what's the point of drifting here, you've got a ship that's got engines. 

IB: Partly the issue is that we want to make measurements that undisturbed by the ship. So if you only work 

on the ship, and it's a big structure, for my stuff measuring atmospheric motions, turbulent motions and 

atmosphere transport, the ships a big obstacle.  It affects the airflow, so we need to get away from it. So 

that means you want to put instruments out on the ice. For a lot of Allison's stuff, she wants to make 

measurement of physical samples. So you want to be able to do that safely. So you want ideally to moor to 

a flow where you can set things up. We have instruments scattered over, out for about a half a kilometre 

from the ship. And we need to run power cables and data cables, we need to be able to go out and access 

them on a daily basis. So you need something fairly stable. And that's becoming a problem. It really wasn't 

that stable. There has been a lot more ice dynamics, even early in the winter with everything sort of 

consolidating and freezing up and we were expecting it to be pretty robust, pretty stable. There was a lot of 

ice dynamics, we got cracks opening up through the ice, we got sections of the ice flow moving with respect 

to the bits along the cracks. So we spent a couple of hours one evening late at night about midnight, 

watching all our stuff slowly drifting past the front of the ship, and it moved about 300, 400 meters in the 

space. 

HC: It's a very dynamic environment.  If you look at those pictures of the Arctic and it looks like it's all, you 

know, peaceful and calm. There's a lot going on. 

IB: Yeah. Sometimes it's peaceful and calm. Sometimes it really, really isn't. 

HC:  And let's move on to. So one thing we should one of the questions that I'm sure is on everyone's minds 

is that, you know, this is a yearlong expedition. That's great. The rest of the world has all been stuck in 

isolation shut down because of COVID-19. And this hasn't stopped the expedition, although it's added a few 

complications, hasn't Allison, why don't you tell us about those? 

AF:  Well, our team that's currently out there has been delayed by approximately by the time they get 

home, they have been delayed by two months of their expected arrival back to shore. It's pretty 

remarkable that we've been able to continue mosaic in spite of what's happening around the globe.   

There's been a push from all of the countries that are involved in the institute's that are involved in mosaic 

to continue and here at the Alfred Wegener Institute in Bremerhaven, our offices and our logistics team 

was able to put together a plan on how to continue. So I'm sitting here in a hotel room about three 

kilometres away from my apartment in Bremerhaven, and I've been here for two weeks exactly. And I will 

be here, hopefully only until Monday morning when we are set to depart. And we're in quarantine. And the 

first five to six days that I was here, I was in solo quarantine, as were the 150 other individuals that will 
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leave on Monday. And we had a test done that first day and another test five or six days later. And when it 

was clear that all of the participants were negative, we were able to go into group quarantine and interact 

with one another with a certain amount of social distancing. So we've been in group quarantine since last 

Thursday. Tomorrow, we'll have the results of our third and final test. And we're all hoping that it's 

negative, and then we will move forward. And we're set to leave here, like I said, early on Monday morning, 

with the Merian and the Sonne carrying all of the crew for Polarstern and the scientific party, which is over 

60 persons. And we will rendezvous with Polarstern in Svalbard. 

HC:  And then you will take social distancing to a whole new level by disappearing off to the top of the 

world.  

AF: Yeah, exactly. 

HC: Well, let's, let's get into the science because obviously, you only do something this big, and it's difficult, 

if there's some really good scientific questions to answer. So I'm going to ask each of you to tell us a little 

bit about your own projects and your interest here. So Allison, let's start with you. Tell us a little bit about 

what your science is all about what you'll be doing out on the ice when you get there? 

AF:  As the ecosystems coordinator, I really want to speak a lot about the total program that we have across 

our team, which is cobbled together from multiple projects by researchers from around the world. And we 

study everything from dissolved compounds in sea water and sea ice all the way up to fish. So that is the 

breadth of the work in the ecosystem team. And mosaic presents a really amazing opportunity for us to do 

some modern-day Arctic ecological research that is pretty much unprecedented in our field. So the access 

to the central Arctic at the time of year when we began the program in Fall, but to actually freeze in in late 

Fall, and then to actually collect winter measurements of ecosystem processes and to understand the 

functions of both small single celled organisms like bacteria, all the way up to multicellular organisms, like 

small shrimp, is an amazing opportunity for us to understand how these biological processes are linked to 

changes in climate and changes in weather.  

HC: I'm just going to interrupt for a second. But just there's something just to pick up on here, which is that 

a lot of people think that the Arctic is, you know, it's basically ice and water and there's nothing else. So just 

set the scene a little bit with what sorts of life are there that you might be looking at? What sort of ecology 

is there? 

AF: Yeah, sure. Let me actually show you if I may. Yeah, so this is really great question. Right. In that video, 

you saw that there was this expansive, ice covered ocean and it's flat with some ridges and things like that, 

but basically, it looks barren. It looks like an Arctic or polar desert. And the reality is, is that it's not barren 

at all. I mean, the Arctic is full of life.  Some of those organisms that live in the ocean and in sea ice include 

things like diatoms. So this image here is the chain of diatoms. That was a photograph taken with a 

microscope just two weeks ago. And so the organisms that live in sea ice and in the water, column are 

present, you can't see them with the naked eye, but they're there and they're very abundant. And this time 

of year is right when those organisms are beginning to grow, because sunlight has returned. And there's an 
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abundance of nutrients. So just like on land where we see trees, sprouting leaves and flowers blooming, the 

same thing is happening right now in the Arctic. So then you wonder, okay, so these guys, I can't see who 

can't, who could I possibly see? Well, there's these others little guys and these are a bit bigger. These are 

cnidaria, and they're really cool. They're a colonial organism.  They've got these amazing spikes and they 

actually contribute to climate by taking carbon up and then sinking to the deep sea. And so this is one way 

in which the oceans biological processes remove carbon that's dissolved and sea water and transport it to 

the deep sea. And that means that it's locked away from being re-respired into the atmosphere for 

thousands of years. And so who eats these guys? Well, we do little net tows and it's not so different from 

your fish nets at home, if you do recreational fishing, the mesh size is just a lot smaller so that we can 

collect these tiny little animals. And here are just some samples of organisms that we collected with the net 

using a remotely operated vehicle that drives directly under the sea ice. And you can see there's this little 

swarms of things. But if we zoom in, you can see that these are really diverse groups of animals. So we have 

some cocoa pods. We have some things that are related to krill, and that picture on the bottom, the guy 

with the big eyeballs, that's an ice amphipod, and he lives upside down on the ice. He Those little diatoms. 

So he's grazing on that sea ice algae. So it looks like this barren land. But it's not. These are just some 

images of some jellyfish; the ocean is full of life and the polar regions are no different. And so part of the 

working ecosystems is trying to understand how are these organisms connected in time and space? How 

does energy and organic matter transfer between these different trophic levels and also, more importantly, 

when it comes to microbes, very abundant, completely invisible to the human eye, but very critical for 

understanding their role in climate relevant gases, like the exchange of carbon dioxide and oxygen between 

the ocean the ice and the atmosphere. 

HC: I like your picture of efficient I do remember though, though, when I was in the high Arctic within Ian a 

couple of years ago, the most exciting thing was that someone saw a fish and it was about this big, nobody 

except the biologists was impressed.  

AF:  Yeah, no, we've seen some impressive things out there. I can't say too much, because some of them 

are like, really big highlights for our colleagues in the ecosystem team. And we do have a project specifically 

on understanding the distribution of fish in the central Arctic throughout the year. And so these are just a 

couple of them. These guys are actually deep-sea fish. So this is one from one of our, our deeper net tows. 

But they're pretty cool. 

JS:  In January, I was watching the hole and all of a sudden seal came up. And then we saw him two weeks 

later with the ROV camera. He was hanging out underneath the ridges underneath the ice. So even in the 

middle of winter at about 88 degrees north we had seals showing up. 

HC:  Which means the stuff for them to eat because you know... 

JS: Exactly. 

AF: Yeah, exactly. Yeah. And so this is like just being able to be out there and to see these things. That 

Julienne has just described. It's remarkable. It's a once in a lifetime opportunity. It's blowing our minds. 
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Basically, every week, we get a report back from our field team. And it's blowing our minds at what they're 

seeing under the microscopes, what they're catching in nets, what they're observing by doing other 

scientific operations, seals coming through holes in the ice, polar bears in the distance, and things like that. 

And so this desert that you see presented in videos on TV, or in movies,  a place that look so barren. It is an 

extremely harsh environment. But there are organisms that have evolved over millennia to adapt and to 

live in this place. And what mosaic is doing is actually giving an opportunity to look at how these organisms 

respond to the rapid change that the Arctic is undergoing. And we can do it in a way that is different from 

our summer expeditions, we're able to actually follow this ice and follow It has a habitat for these 

organisms and the connectivity across the food web over a whole annual cycle. And it's just incredible. And 

there's no data like it. 

HC:  Well, let's move on to some of the environments, at least that the humans will be having to put up 

with, even if everything down in the ocean is nice and warm relatively speaking. Ian perhaps has a little bit 

about your projects up there. 

IB:  So my project is motivated in large part by the fact that while we know the Arctic climate is changing, is 

warming, about twice as fast as that anywhere else in the world. And we want to understand that and one 

of the problems we have in projecting what future climate may be is that the climate models while they 

reproduce this strong warming, they have a much greater uncertainty in the Arctic than they do anywhere 

else in the world. So the range of projections between different models is probably a factor of several 

greater than it is in mid latitudes to the tropics. And the reason for that, why we have these problems and 

indeed on short timescales, just weather forecasts are much poorer in the Arctic than they are anywhere 

else in the world. And that is because the processes that are controlling weather and climate in the models 

are in simplified form, we need to describe them in terms of simple equations.  We can't resolve all these 

small-scale processes, all the stuff I look at is on scales of smaller than about one kilometre. So turbulent 

motions from kilometre down to maybe 10s of centimetres. You can't include that within a model. You 

have to parameterize by it, or put it in there in terms of some simple equation and all of those equations, 

all the physics that goes into the models, is developed from observations. And you go and do most of the 

observations where it's easy and cheap to do it, which is in low latitudes. And so as soon as you move all 

this stuff up into the Arctic, you're basically trying to run under conditions which is outside the range for 

which the model has been calibrated. And so to improve that we have to go and get measurements in the 

conditions that we are trying to model. So that means we need to get up there we need to make detailed 

measurements and the reason mosaic is so important is that almost all the measurements again in the 

Arctic that have been made, this is my mosaics, my sixth Arctic expedition, is generally done when it is 

relatively easy to do that which is during the summer. So I've done five previous expeditions up there, all of 

them during the summer months. And so we're missing the winter conditions from all our studies.  That's a 

strong motivation for mosaic as a whole. The other motivation, while it is it ultimately comes out of this 

desire to understand climate, and it's largely initially driven by the atmospheric science community. But you 
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can't study just one bit of the climate system in isolation, you need to understand all of it. So a big problem 

in the Arctic, actually a big problem everywhere for climate models, is getting clouds represented right. 

They are the main factor controlling how much sunlight reaches the surface. So how much energy is 

absorbed, what is there to provide energy for the ecosystem, what is there to drive the atmospheric 

dynamics and so on.  And the clouds depend upon aerosol particles, tiny little particles floating in the air in 

which water drops or ice crystals can form on to create a cloud. So, we need to understand where the 

aerosol comes from. One of the potential sources is from the ocean. And one of the potential these quite 

significant sources in the Arctic for that is from biological material in the ocean waters, so, we need to 

understand the ecosystem and what is going on in order to understand the aerosol production in order to 

take that through into clouds and dynamics. So that the whole thing is very, very tightly coupled.  And we 

need to understand all these different bits in order to get a picture of the whole and be able to model it for 

making decent future climate projections. That takes a huge investment. And a lot of planning, and it's 

probably worth mentioning that mosaic has been almost 10 years in the planning the first meeting that I 

went to about it, when it was first sort of from just from the atmospheric science community trying to pull 

it together. It was in 2011, a long time ago. 

HC:  I think you had it you had a diagram of how all the bits fit together? 

IB:  So this is just a cartoon diagram of the atmospheric components of mosaic. The bits that I deal with are 

down towards the bottom left, turbulent process, is the thing that's important for transporting material 

between the surface and atmosphere, the transfer of gases, so the absorption or the ecosystem, XX CHECK 

XX the emission of gases back into the atmosphere some of which then undergo chemical processes, 

oxidation processes, that create other forms of aerosol, those that interact with the clouds. The clouds 

control radiation budget, solar radiation during the summer months that comes in, how much is reflected, 

how much reaches the surface. The more that's absorbed at the surface, the more heat is absorbed there 

that will melt ice. And so that's a strong control on the reduction in ice fraction in the Arctic over the years. 

Infrared thermal radiation, again that's emitted by the surface absorbed and re emitted by clouds and by 

various gases, including water vapor and carbon dioxide in the atmosphere. Long range transport is 

important. That's one of the mechanisms that brings moisture and aerosol from lower latitudes up into the 

Arctic. And then on worrying about some of shorter timescales, things like storm systems. storms in the 

Arctic are a somewhat different from those in mid latitudes. They resemble hurricanes almost on a small 

scale more than they do the sort of middle attitude cyclonic storm systems that Western Europe gets. But 

we don't really understand the processes that that trigger those in the Arctic in the same way that we do 

for lower latitudes. Then I just want to show a couple more, more pictures here of the sort of 

instrumentation that we are putting out in order to make these measurements. So I said we needed to get 

away from the ship, we want to get stuff out on the ice. So on the left here we have metrological mass, this 

is about 12 meters tall. It's got measurements of temperature, wind speed, turbulence. under different 

inlets for measuring trace gases, which then go through a long pipe back into a little hut that is about 50 
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meters, maybe from the mass, where there's a lot of chemistry equipment to analyse the gases. That's part 

of looking at this exchange of gases between the surface of the ocean and the atmosphere. There's a taller 

mast in the middle, this is a 30-meter mast, which just tries to get that little bit higher up, away from the 

surface. This is one that that demonstrates or gave us some problems, some of the challenges of measuring 

up here. So that started as a 30-meter mast. And then while I was out there in the fall, we had a crack form 

in the ice between the base of the mast and one set of guidelines, and the ice just opened up by a few 

meters. And we could see this from the ship. I could see the mast was kinking as it gets pulled over, and the 

first night, it sort of kinked, got pulled over. And then the ice closed back up and it was up. The next 

morning, it was straight again, Oh, we got away with it. That's good. And then, because of a larger crack a 

little closer to the ship, we couldn't actually reach the meteorological site that day, we couldn't physically 

get out there because we couldn't get across this bit of open water. And so that evening we were planning 

on what do we do? Is it safe? Are we going to trust it? Or do we bring it back down again. And that evening, 

the crack opened up between the mast and the guidelines again, and just pulled the whole thing over and 

collapsed it.  It's now 23 meters tall, having lost seven of the pipe sections that make it up were too damage 

to us again.  The tripod was repaired by the engineers on the ship and the instruments on the top, were 

bent, but they were still electronically working, so I got them all straightened out and recalibrated. And it's 

been back out there measuring again. 

HC: Let's move on. These pictures are amazing because they're very dramatic. But let's move on perhaps 

just to Oh, yes. And that one, it looks like someone's set it up as a piece of art. Yeah, let's move on, we can 

come back to the pictures, let's move on to the ice that is causing all of the problems because obviously, 

this is this environment is not stationary. And one of the, you know, almost the defining feature of the 

central Arctic is this cover of ice. And, and Julianne, that's your area of expertise. And perhaps you could tell 

us a little bit about your work. 

JS:  CHECK!! Yeah, so I mean, when you go into the field, and I've done quite a few field experiments in the 

Arctic, usually what I'm doing is I'm going in and I'm trying to understand better all the different processes 

that could impact how we try to monitor things using satellites, because while we're all process studies, like 

doing these field studies, they're really useful if we really want to map how sea ice is changing long term 

and on a pan Arctic scale, we have to work with satellite data because we're not in the field everywhere in 

the Arctic. We're not monitoring things, year-around with field campaigns. So we have to do this from 

satellite. So but the challenges, of course, is that what the satellite sees is not exactly the geophysical 

variable that we want to map. So if we want to map how much of the ocean is covered by sea ice, for 

example, we don't actually get that as a return out of a satellite, we get something, depending on what 

frequencies or wavelengths we work with, we might get something that is related to what we call the 

brightness temperature, which is a relationship between temperature of an object and its emissivity, which 

varies between zero and one. And then we try to interpret that observation to tell us how much ice is here 

versus how much open water or if I want to understand how thick the ice is, again, I can't actually measure 
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that exactly from satellite. But what I can do is I could measure maybe the height of the snow plus the ice 

above the ocean surface with laser altimetry. Or I could measure the height of maybe ice floating above the 

ocean surface, if I know how much snow is on top of that ice. And so I think for us in the remote sensing 

community, it's always challenging because we try to develop algorithms that will convert some raw 

satellite measurement that we're getting in, you know, whether it's a visible wavelengths, or thermal 

infrared or microwave wavelengths, and we try to convert that into something meaningful. So, and, you 

know, satellites have been absolutely essential for us to understand how quickly the Arctic Ocean has been 

changing. And we've had over four decades of observations with passive microwave, which basically means 

you're collecting the data emitted in the microwave portion of the electromagnetic spectrum, which is very 

little bits of energy, but it's enough energy that we can tell the difference between where the ice is and 

where the ice isn't, for example. And so with that data, we've been able to say, okay, we've seen ice has 

been shrinking dramatically, mostly in summer, at around 13 to 14% per decade, but also in winter as well. 

So, you know, these datasets have been really valuable, but they have a lot of uncertainties. And they have 

a lot of biases. And there's also key things that we haven't mapped so well from space. So sea ice thickness, 

for example, how much snow is on top of the ice, which are all very important for all of the studies that Ian 

is looking at.  It influences the whole marine ecosystems; it influences exchanges of fluxes between the 

atmosphere and the ocean. And so all of these are tied together. So my part of mosaic was to really deploy 

some instruments that together with other data that we're collecting, so collecting information making 

these detailed snow pit, so we're looking at the snow microstructure, and looking at the density in the grain 

size, how much salinity is in the snowpack, the temperature distribution, things like that, to really help us 

better interpret our satellite data, and maybe improve our model. And how well we can estimate things like 

how thick the ice is or how much snow is on that ice. So we were since I was on leg two. And I was working 

completely in a polar night, all the instruments that I had working on the ice, were all observing things in 

the microwave portion of the electromagnetic spectrum. And this is really useful, because we don't need 

sunlight to see the surface. And we don't care if there's clubs there either, because we penetrate through 

the clouds. And so these instruments have also been really great for monitoring things year around. So we 

had about eight instruments that we had on the ice and we had another three on the ship to do different 

monitoring either in an active mode where we send a radar pulse down to a surface and we measure the 

backscatter return from the surface, or just measuring the passive emitted radiation at these long 

wavelengths. And basically, given the polar winter and the harsh conditions that we were operating, we 

never had all of our instruments working at the same time, I would say we spent most of our time fixing 

instruments.  A lot of these instruments are built to survive in these kinds of conditions. We had some that 

are rotating all the time. And the rotation would break,  cables that are attached and fixed to rotating 

pedestals, they snap in the cold. So it was actually it was a bit of a frustrating field experiment for us, I think 

on leg 2, because things just kept breaking. I brought, an instrument, a brand-new dual frequency Ka band 

radar to Mosaic, which I spent quite a bit of money building, and it lasted until the end of January until it 
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died. But it was the first time it was ever used in these kinds of conditions. And while I had all of my spare 

parts ready in Svalbard to go on the on the flight campaign in mid-March, that was cancelled because of the 

COVID. So now we'll be coming up on the next leg. And hopefully we'll be reinstalled, we'll get some more 

measurements, at least as the snow starts to melt, we can get maybe some characterization of the melt 

onset. Also, depending on where and how long the expedition lasts, I also want to hopefully get the freeze 

up period as well. Because one of the things that the European Space Agency is considering is a dual 

frequency radar mission, such as the instrument that I have built for mosaic. So the data that we're 

collecting during mosaic will actually really be incredibly valuable to ESA as they decide whether or not this 

new mission CRISTAL could maybe go forward. And what extra information can we gain by having two 

different frequencies in the radar wavelengths that can hopefully help us simultaneously retrieve both 

snow depth and ice thickness? And that is that is the overall goal because that has been you know, a big 

unknown like I think we're we've got a pretty good handle on how much of the Arctic Ocean is covered by 

sea ice. And we can map changes in the melt season and changes when the freeze-up happens. But we 

haven't had these really long time series of how thick that ice is, and we have had really limited information 

on how much snow is on the ice. So my work is trying to improve all of that. And being part of the ice team 

and we need all the observations that the ice team collects, we need to know how much snow is there, 

how thick the ice is, what is the salinity in the in the ice cores, the temperature profiles density. So the 

whole ice team on leg two is actually quite large. We had 14 of us doing all different aspects and helping 

each other out with our measurements. 

HC:  One of the problems always worth talking about this expedition, I think is there is so much going on. 

And it is such a complicated system. But I wanted to pick up on something you said towards the end there, 

which is that there is sort of a perception now I think that a lot of scientists, you know, there's this very sort 

of clean, organized picture of science where there's either people in lab coats in very perfect labs, or there's 

data coming on a computer from somewhere. And I think it's very easy to forget that with a lot of this type 

of science, the only way to do it is to go to somewhere really difficult. Really physically challenging. I mean, 

Julienne, you were talking about that, then there being during the polar night that is cold, is it minus 40 

centigrade or something? Ridiculous numbers. And you physically you have this is still necessary in modern 

science. And actually, I would say some of the most important science. And I wondered if each of you could 

just say something about the practicalities of this. You know what, there's all the nice, we're all organized 

scientists to who know what we're doing. But the difficulties in this, Alli, tell me a little bit about the things, 

you know, some of the practical difficulties along the way. 

 

AF:  There are certainly a number of challenges. I think of all the science teams in mosaic ecosystems is 

perhaps the most, how shall we say, hands-on, as in human hands, are necessary to get the science done. 

So we actually have very few things that are automated. It really takes human beings being present in the 

environment to go and physically collect a sample of sea ice or snow and to also operate the 
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instrumentation that we deploy from the side of the ship. So it's extremely physical. I used to tease my 

team in the year leading up to the field campaign to get into mosaic shape, so not ship shape, but mosaic 

shape. And they thought it was a joke, but it's not. I mean, it's, it's extraordinary. I mean, Ian and Julienne 

and I are all been through it putting on our FXR suits, which are our special one piece snow suits with 

flotation built in,  with all the other gear and layers, it's like 15 minutes, 15 or 20 minutes. By the time 

you've done that, you're like sweating, you're exhausted, you could probably use a snack and you haven't 

even started, you haven't even started work. You're just getting dressed. So that's one thing and moving 

across the ice.  Ian said this, and Julienne said this about the measurements that we do on the surface of 

the ice, it's really important that we limit contamination. And so we try to minimize the use of snow 

machines as much as possible. And a lot of our gear is extremely heavy. It's complex, it's sensitive to 

temperature. And so we had to find ways to both protect it from freezing temperatures, while at the same 

time getting it out on the ice and installed, and that includes very fine work with your hands, which you can 

imagine at minus 40 is extremely difficult, in the dark.  My team in the first two and a half legs works with 

trying to minimize light pollution. So we're about a kilometre and a half away from the ship taking ice cores 

and sampling snow and we're operating in red light. So all of our headlamps have the capacity to operate in 

red light, and that's a little bit awkward. For many folks, they're not used to that. So yeah, these are just 

some of those challenges. But you know, we're slugging around hundreds of kilos of ice cores across the ice 

floe in a sled, back up the gangway onto the ship and then parsing that material and adding filtered 

seawater to it and then parsing it some more, and filtering it some more in the lab, in the dark, under red 

light, again, at zero degrees centigrade. 

 

HC: So to pick up on something that you just said there the dark is obviously a major issue.  All of us who 

have been to the Arctic, we know that the first thing anyone thinks about when you go out on the ice is a 

polar bear. Ian can you tell us just a little bit about the practicalities of polar bears and perhaps why you 

might have got a bit more polar bear guarding that you were expecting? 

 

IB: You have to be really careful.  Safety is the big concern working out on the ice. Three big things: cold, 

getting frost bite, that’s really dangerous, you have got to stay warm and dry; not falling in somewhere, 

often you can’t tell if snow has blown over a really thin skin of ice on open water, you can’t tell that it’s not 

solid ice and you can easily go through it.  And polar bears are probably the least probable risk that you are 

likely to come up against, but it’s a very real risk.  We do have polar bears visit a number of times and they 

have done a little bit of damage, pulling things around, and they certainly trashed equipment on other 

expeditions that I have been on.  They did trash remote sites where an autonomous weather station was 

out about 15km from the ship and would go and be services once a month by helicopter. One of those got 

completely taken apart by a polar bear.   
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HC: And how do you see a bear coming in the dark? That sounds like a problem 

 

IB: Sometimes you don’t.  One of my colleagues, who you know, and one of the guys from the NOAH team 

dealing with the remote sensing measurements and the polar bear guard were out at the mess site.  This is 

about 500m or so from the ship, it’s completely dark and on one side it was very rough ice so your visibility 

is very limited and there’s always a polar bear guard out there with you, somebody, it may be one of us, if 

you’re polar bear guard that’s all you do. You can’t go and help with another job because you’ll get 

distracted and you’re not keeping a look out.  So the guard was standing up on a little block of ice, trying to 

get a big of extra view.  In this instance it was one of the professional polar bear guards brought in, who’s 

got a huge amount of experience in the Arctic as a mountain guide for polar expeditions.  He turned around 

and was scanning around and suddenly he saw there was a polar bear 70, 80 metres away from him. 

 

HC: Close 

 

IB: That was the point where it was spotted, it was really close.  We all carry flare guns to let of these flash 

bang flares to try and scare the bears away and the polar bear guard has a rifle in case of absolute last 

resort.  The problem is the polar bears, once they’ve figured out that you let a flare off, if it didn’t hurt, 

then after that they ignore them, ah that didn’t hurt, not bothered.  Fortunately in this case the bear really 

wasn’t interested in the people, it just sort of wandered by, but I think all the ones we saw were pretty well 

fed.  The ones to worry about are when they are hungry. 

 

AF: Ian, they shared the statistics in our general meeting this week and we have had nine encounters, or 

nine sightings on leg 1.  So far we’ve had it the most on leg 1 but I think that’s about to change,   

 

IB: One of the other things, wildlife encounters, which I hadn’t thought about, but which actually caused 

more damage than the polar bear was an Arctic fox.  Foxes tend to follow the polar bears because they 

scavenge on whatever food the polar bear leaves behind.  They’ll chew on anything. One of the instruments 

I had out there is a SODAR which is using acoustic signals to look at the lower atmosphere so it gives you 

wind profiles up to a few hundred metres, and the fox chewed through the data cables of the SODAR, so 

that was then out of action for a week until they could get the cables pulled in. 

 

HC: I don’t know whether the fox could do that without any adverse effect to itself.   

 

IB: It wasn’t a power cable in this instance, it was just data.  If it chewed through a mains cable that might 

hurt.  A lot of the stuff we’re running out there is low voltage. 
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HC:  Let’s get back to the science a little bit, even though we all like hearing about polar bears and foxes.  

Let’s get to some of the really big questions.  Julienne, here’s a question for you.  Why does all of this 

matter? Why have all these countries spent all of this effort and put all of these people in such a dangerous 

place? What is the top line on why this matters? 

 

JS: There are so many different implications.  Of course there are local implications for the Arctic region 

itself. A lot of times people forget that the Arctic is home to a million people that live in these communities 

along the Arctic ocean and they are being massively impacted by climate change and the loss of sea ice in 

particular, as that retreats and exposes these coastal communities now to waves when a storm comes 

through.  Also the loss of the sea ice is helping to warm the region so much faster, so they have a lot of 

issues dealing with permafrost thaw and collapsing of their coastlines.  Of course it’s impacting local 

residents, it impacts the marine ecosystem by having the loss of sea ice.  There’s also of course all the 

reindeer herders up in Siberian Arctic and Finland and those regions of course and they are also getting 

impacted by changes in the snow cover.  Precipitation is starting to change, when you get rain on snow 

events in the winter you have massive die off.  There’s a whole host of local impacts but of course the 

Arctic itself sort of acts as a refrigerator for the rest of the planet, by reflecting most of the sunlight back 

out to space when the Arctic ocean is covered by sea ice, but as you start to lose that reflective ice-cover 

and you allow the oceans to warm up XXX CHECK XXX we are losing that reflective sea ice cover in the 

Arctic.  Whilst losing sea ice doesn’t necessarily raise global sea levels, because it’s like an ice cube in a glass 

of water, warming up the Arctic so much faster you start impacting on Greenland melting so you’re going to 

hasten the amount of melt surface run off that’s happening from Greenland because of the warming that’s 

happening in the Arctic.  But then you also start thinking about how this impacts the broader climate 

system.  Because the differences in the temperatures between the equator and the pole drive a lot of our 

large scale atmospheric and oceanic circulation patterns.  As we warm up the Arctic faster than the rest of 

the planet our large-scale weather systems are likely to start responding to this. There’s a lot of research 

going into right now, if the changes we are seeing in the Arctic today are a driver for extreme mid-latitude 

weather events. If the increase in frequency and duration of some of these events is related to the fact that 

the Arctic is warming up so much faster and large-scale weather patterns are being altered.  We think 

about sea level rise, and changes in precipitation, I think those are some of the big key things that humanity 

is going to have to face as we keep warming up the Arctic a lot more.  How these are going to change in the 

future, there’s a lot of uncertainty, there’s a huge spread in projections for sea level rising. It could be 

anywhere from 1m in a century to maybe 3m.  A massive spread, we don’t know enough about that.  

There’s also a massive spread on how precipitation patterns will change in the future.  A lot of the models 

do suggest that regions that are dry are going to get drier and regions that are wet are going to get wetter.  

This will of course have a lot of impacts on food security around the planet.  It’s always important to 

remember that while what’s happening in the Arctic may feel so detached from the rest of us at lower 
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latitudes it impacts the whole climate system.  It doesn’t just stay in the Arctic, those changes that we’re 

seeing up there.   

 

HC:  Brilliant explanation.  We are coming to the end of the time that we’ve got.  We had a couple of 

questions from twitter.  One for Allison probably, from Chris Fern, have there been any new discoveries of 

life in the ice? 

 

AF:  This is a good question, but also somewhat sensitive.  We’re still processing a lot of our samples, for 

exactly this purpose, the understand the diversity of organisms that are there.  We haven’t yet looked at 

microbial diversity though we have thousands of samples already, that we will look at and I am kind of 

certain that we will discover new types of bacteria and microbes.  There are perhaps not necessarily new 

species that we have discovered but we have identified species in the central Arctic that we did not expect 

to be there.  But that’s the only teaser that I can give at this time, because I have colleagues that are 

holding on to this information as a precious publication in the near future.  But yes, these types of 

discoveries are happening in MOSAiC.  

 

HC:  Science happens slowly, that’s one of the lessons isn’t it, frustratingly slowly. There you go Chris that’s 

the answer to your question.  Right, just before we finish I would just like one very quick line from each of 

you on either the think you’re most excited about in the results you’ve already got or the thing you’re 

looking forward to most in the results.  What are your highlights very quickly? 

 

IB:  I guess seeing the picture of the wintertime cloud processes is the big thing from the atmospheric 

science side that we haven’t had measurements of this for twenty odd years, the last time anything 

comparable to this was tried. 

 

HC:  That is brilliant and it’s why you’re a good atmospheric scientist but the most exciting thing to an 

atmospheric scientist is cloud. 

 

HC:  Brilliant, Julienne how about you? 

 

JS:  You know, I had a lot of disappointment with my instrument failing, but looking at the data that we did 

collect, it is amazing data that we collected.  Some of the things that were seen, the returns that we get, 

even the temperature of the snow pack, if we had minus 30 degrees and we got up to minus 5 degrees 

there’s a huge difference, and now it impacts where we think the sea ice is relative to a satellite for 

example, where we’re trying to measure how thick the ice is.  And so that’s the publication I’m working on 
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right now, the sensitivity of that, if the atmosphere warms up, if we get a winter warming event, in the 

middle of winter which we have sometimes, I find that quite interesting.   

 

HC:  Fabulous, and Allison, how about you? And what highlights have you got coming up, because you’ve 

been, but you’re also going back? 

 

AF:  Yes, I’m going back.  Well I can tell you that our team is really excited of course about polar night 

because this is a time where we have very little data, if any, and observations, and the fact that we already 

have samples that identify that animals are abundant directly under the sea ice and actively feeding and 

potentially reproducing at that time of year is a pretty exciting thing to observe.  We also on this leg three 

team had the opportunity to look at the transition between polar night to polar spring, that’s pretty 

amazing because when sunlight returns we have experiments going on that are looking at Phytoplankton 

and sea ice algae waking up.  This is really unprecedented from the central Arctic, so these are some key 

things that we’re all looking forward to finding out more about.  And up ahead I will be  now on MOSAiC 

until its end, whenever that may be, and we’re coming in to the Arctic summer season and so the onset of 

melt and the continuation of melt is an extremely important at time of year for these coupled processes 

that we’ve discussed today and so we’re really looking forward to watching the evolution of community 

composition and the role of these organisms and biological processes related to the climate processes that 

Ian and Julienne have described.  Our organisms respond to decreases in snow, the greater penetration of 

light, we anticipate more leads to be opening up, we anticipate the beginning of melt pond formation and 

then we will track the evolution of melt ponds and as Ian said, organisms are responsible for producing 

things like aerosols potentially and this has feedbacks for cloud production. 
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