Script: Climate Change in the Great Lakes Region

Speaker 1:
Today we are going to talk about the affects of climate change in the Great Lakes region.  The work that we are talking about here was sponsored by the National Oceanic and Atmosphere Administrations support of a climate adaptations center here at the University of Michigan called the Great Lake Integrated Sciences and Assessment Center is also supported by the National Science Foundation grant.  I am going to talk about three things today.  I am going to talk about how the global and the regional climate has changed has already changed.  We are going to talk about how the models are projecting the globe as well as this region is likely to change the climate over time and what we expect the impacts in this region are going to be so we are going to start with the big picture very simple idea of how the climate has changed on a global scale.  
This is a graph showing the change in temperature of the whole globe since the late 1800’s.  You can see it has changed pretty considerably during this time period.  The graphs here are actual observations and how the temperature has changed over time and you see a fair amount of variability and a lot of scatter cross the time but overall the temperature has changed quite dramatically so the globe is warming, we know that, what about the Great Lakes region, what’s happening right here.  
There are two ways important to look at how the climate has changed.  One is temperature and the other is precipitation and within both of those the average have been changing just like we showed on the globe but the extremes are changing as well and how the precipitation and the temperature changes during the season during the years have changed as well so we look at all of those dimensions.  
First the warming trend, this is a graph showing how the average temperature in the State of Michigan has changed since 1900 and you can see there’s a slight cooling period until the 1960’s and then the temperature increased dramatically paralleling the dramatic change at the global scale as well and because of that change in temperature the plant hardening zone.  This is brought to you by the National Arbor Day Foundation.  It’s actually changed the zones and recommendations on when to plant various seeds.  You see that the State of Michigan the zone has changed from zone 5 to zone 6.  The entire zone changed because of this change in temperature, the warming of the state and because of this warming we are losing snow.  
This is a graph showing the number of days of snow during the seasons and you can see in all cases the yellow and the blue and the red near the bottom are actually losing the number of days where we have snow on the ground.  This is days per decade and you can see in some cases we are losing as many as 10 to 15 days of snow in each year each decade going through here so temperature is warming.  It may snow in the winter but we are losing that snow pretty quickly and this is really important for a number of years.  We will get to that in just a second.  
We also look at how the lakes the Great Lakes themselves are changing.  This is a graph on the top showing how the temperature in Lake Superior is increased.  Imagine Lake Superior the massive water body is actually changing temperature.  What’s interesting is that the temperature in the lake is changing twice as fast as temperature in the air so the Great Lakes are warming faster than the air around them which is really interesting because the lakes are warming we are losing ice.  
The bottom graph here shows the decreasing the ice cover on Lake Superior during the same time period so as the lakes warm we are losing ice cover during the winter.  This is little bit of a complicated graph.  What it is showing is how the lakes and rivers across the world in this case are changing the amount of ice that they have over time.  The top part the blue shows that the date where these systems are freezing is getting later and later in the year.  The bottom graph is showing that the breakup of the ice is getting early and early in the year so you are getting less, less ice over time period.  If we just look at those in our region Lake Mendota in Wisconsin, Grand Travers Bay and Lake Michigan are showing the same trend as we are seeing around the world.  We are just simply getting less ice on these water bodies because the system is warmer.  Another way to look at this is just a Grand Travers Bay in Lake Michigan.  These are the years when we have the bay completely frozen over in a decade so you can see it starts around the nine or ten years per decade all the way through until the 1970’s where we had this dramatic decrease in the amount of the number of years where the bay freezes over and that’s just the bay if you take a look at this graph.  I had to squeeze into the right hand side because we only have data from 1970 to current but this is the number of days where 20% are more of the Great Lakes in general ice cover, Great Lakes were covered.  You see this decreased dramatically during the same time period along with Grand Travers Bay and the other systems so in general we are losing ice cover on the Great Lakes and that is important implications that we will talk about later so I want to move from temperature to precipitation, the two sides that we want to look at.  
Here is again this is the averages for the State of Michigan and you can see it’s fairly constant until again the 1940’s, 1950’s and we are starting to get a gradual increase in the amount of precipitation over the state but what’s more important and probably more interesting is that lane is coming to us in more intense storms.  This graph shows from 1900 to 2000 the frequency with which we are getting these heavy storm events.  The bottom graph are seven day events, heavy rain events, on the top graph are 24 hour main events and you can see in both cases we have increase and the frequency of those very intense storms and what’s particularly interesting if you look at the entire continental of United States the bottom graph here, the bottom map here size of each of those circles represents the increase and the frequency of those intense storms and there is something particular about this Great Lakes region is if you look and you pull it out the increase and the frequency of storms is pretty intense around the Great Lakes and again this will have implications that we will talk about near the end of the talk so now I want to take a look at lake levels, Great Lakes lake levels which are really important for this region.  
This is a graph showing Lake Superior, September lake levels from 1920 to the present day.  Do you see there is lots of inter variability in the lake levels but in last decade or two the dramatic decreases in levels approaching that bottom bar which is actually the record low for Lake Superior but interestingly if you superimpose Lake Michigan’s time course on top of this again you see lots and lots of variability over time but it parallels with the Lake Superior decline in the last several decades so the lake levels are declining and have been declining for the last two or three decades so take a second here and summarize what we have been talking about which is the existing trends.  This is what’s been happening, not yet but we expect to happen in the future so what has been happening, the temperature is rising in the globe.  
Temperature is rising in this region especially in winter which makes our winter shorter, spring comes earlier and we are getting less ice cover on the lakes and rivers in general.  The precipitation is changing, we are getting more rain, more of the snow is becoming rain and we are getting much more extreme events and lake levels are declining. 

So where are we heading, first a couple of quick slides on where we are heading globally.  Models are really important way for us to get ideas projecting to the future what we think might happen.  This is just a graph showing the observations that is the actual measurements of the global temperature which is in red and the shaded gray area are the predictions of what has happened in the past so in other words the model does a really good job of reproducing the past trends in climate which gives us some level of confidence that we can take these models and then forward in time to get some ideas what the future might look like.  When you do that you get these kinds of graphs.  These are a bit complicated so let me describe them.  The black line in the shaded area between 1900 and 2000 is what the model says has happened in the past and what has happened so in other words the model does really good job of tracking the last century.  The colored lines going forward are with the model projects the future might look like and there is a whole range of things that could happen.  A lot of it depends on what kind of input you put into the model, if you assume the atmosphere carbon dioxide stays constant during this time period you get this yellow orange one at the bottom, if you assume there is very high growth and therefore very high emissions of CO2 into the atmosphere you get a very different trajectory, that’s the red one at the top and then you can make all kinds of assumptions between those what the future might look like.  The point is that under all conditions of the future assuming low growth, low emissions or high growth and high emissions you get a dramatic increase in temperatures on the global scale, the average range between 3 and 6 degree Fahrenheit for the entire globe.  What’s important to remember there’s always a certain amount of uncertainty in those projections because we don’t really know what the future emissions are going to look like so that is a backdrop where we are heading in the Great Lakes region. 

First start with Great Lakes regional temperature.  This is a graph showing what the model projections are for the future temperature in the mid-west.  There is a bit of explanation here.  The three time periods they are looking at was 2021 to 2050, 2041 to 2070 and 2070 to the end of the century, those are the clusters of data.  Each colored dot represents a different season, winter, spring, summer and fall.  Plus signs are actually the results from many different models that were used to make these projections.  The big circles, the big dots are the averages of the model output so in general all of the models are saying that by the end of the century we are going to have higher temperatures in all three seasons, all four seasons, winter, spring, summer and fall even though there is a lot of variability around what the models say on average, they are all telling us the same thing that it is going to be warmer in this region by as much as 10 degrees Fahrenheit.  That graph talked about the large scale averaging.  This graph showing how that temperature change will vary geographically within this region so the top bar, the top set of graphs are assuming that there is going to be high CO2 emissions.  The bottom panel are for lower emissions and then the right hand side will look like at the end of the century and again it’s showing this 8 degree centigrade potentially increase in this region even at low scenarios we are talking about three to four degree centigrade increases in this region and you can see how the patterns change over the region.  
You can also look at not just averages and averages for the year or averages over the season but what the high temperature is going to look like, what are the extreme temperatures going to look it.  This is now comparing the present period 1971 to 2000 to the projected period of 2041 to 2070 and it’s the increase in days above 95 degrees temperature in this region.  The top half are showing the increase in the number of days and the bottom half is showing the increase in the number of consecutive days of the high temperature and you can see that in some parts of the region we are looking at 15 to 25 to 30 days increase in the number of days of temperatures above 95 degrees and the bottom panel is showing us that we may actually have as many as 10 to 15 consecutive day increase over what we have now temperatures above 95 degrees.  This is very important places in metropolitan areas like Chicago and Detroit where heat wave is going to be very dangerous.  
One of the best graphs sort of feel what this change means is where would you put the State of Michigan in the future to reflect the temperature patterns we are seeing now and what the suggestion here is by the end of the century Michigan the weather in Michigan is going to feel like Louisiana.  The weather in Illinois is going to feel like Southern Texas so it’s a very dramatic change in what we are expecting by the end of the century. 
So I take second now and look at where awe are heading in terms of precipitation within the region.  This is the same kind of graph we looked at with temperature and it’s showing how during the same time period out to the end of the century and within the seasons how we are expecting precipitation to change over this time period.  Not as much changed predicted as in temperature.  It’s also interesting that it’s showing that even starting in 2020 to 2050 but out to the end of the century we are going to see more precipitation in the winter and spring and may be in the fall and less precipitation in the summer.  That’s the top half of this graph and the bottom half of this graph so more of a precipitation is moving out of the summer and into the winter spring time period and again as I said earlier the pattern and the precipitation is going to be really important.  
This is the same graph I showed earlier from 1900 to 2000 about how the frequency of these intense storms has already changed, the models are projecting that it’s going to change even more dramatically by the end of the century may be looking at twice as many heavy rain events and a lot more shifting from the summer into the winter into the spring with these major rain events at the end of the winter and into the spring.  
Let’s take a look at how these precipitation patterns change seasonally and geographically within the mid-west region.  This is again comparing the present day patterns to the ones in the future and the top graph represents we have already seen a slight increase in the precipitation over the time period annually but if you look at the panels below that and notice that the blue represents increases in precipitation, the orange represents decrease in precipitation.  You can see that winter spring and fall we are looking at 10% to 20% increase in the amount of precipitation.  We are expecting in summer we are looking at 5% to 15% decrease in precipitation so we are going to be looking at wetter winter and spring and more drought conditions during the summer so let me summarize where we think the region is going in the future.  
This is now the mid-west and Great Lakes region.  We are expecting temperature increases, winter by on an average 7 degrees Fahrenheit, the model variability suggests it could be somewhere between 5 and 10 degrees.  Summer likely to increase by an average of 9 degrees and we are looking at much more extreme heat conditions occurring more often.  
In precipitation we are going to see more precipitation in the winter spring and fall.  As we saw earlier even that winter precipitation more likely to be rain and snow in the future and seeing decrease summer precipitation leading to drier soils and more drought.  
We are likely to see more extreme events which will cause more storms and floods and the ice cover is likely to continue to decline to the end of the future.  So what does this mean, why we care about this, why does this matter as we talk a bit about some of the potential impacts of those future changes and this is an example of why this sort of this cascade that we are talking about leading up to this part of the presentation matters.  
We talked about changes in temperature and precipitation change and climate and has physical effects.  We are likely to see more storms therefore more pollution from the run off of the land.  They also change the physics of the lakes.  The Great Lakes and even the small lakes so that we are getting more pollution going into the systems and the physics of the systems are changing the way it processes that which could lead to more beach closure, larger algal blooms and more dead zones in the Great Lakes, dead zones being areas where there is little oxygen for the fish, example how this cascades through so let’s look at some of the potential impacts.  
This is a graph showing the projections to the end of the century of snow days by state in this region, the annual number of days with snow.  The dark blue is the current.  The next shade of blue represents model projections if we had lower range of emissions of CO2 and the lightest blue represents projections we had very high emissions and you can see across the board in all the cases we are getting less and less snow.  State of Michigan going from almost 50 snow days per year to less than half to 20 or so, so dramatic changes across the board and this really is important because this region it is snow matters.  
I love this quote from John Magnusson at the University of Wisconsin saying that winter is really part of our sense of place here, we are actually potentially losing the place we once knew, places like Plymouth and Michigan here near Ann Arbor where they have ice sculptures display out in the streets may not happen anymore.  In fact they had to cancel several times in the last few years.  Opportunities for place for things like kites on ice in Madison Wisconsin had to cancel in recent years because there is not enough ice.  The place is changing dramatically because it’s warming and because we are losing snow and ice across the board.  
The warming, the loss of the ice cover of the lakes there are some models that are projecting a decrease continue to decrease in the lakes the Great Lakes levels.  This is model showing the observations in the first half of the graph and the projections out to the end of the century showing as much as 1 ½ foot change in the average depth of the lakes but there are models out there that are looking at from a different perspective using different formulations in the model and this graph is showing that for Lake Michigan again here in the middle panel, that black solid lines where the current levels are during the season.  The previous models consisting with one I just showed before showing this 1 ½ foot decline in lake levels but this new model suggesting that we may actually be increasing lake levels.  
A really good example of the uncertainty in some of these properties we are talking about where we know the lake levels are going to change, we need to prepare for that but we are not quite sure whether they are going to go down or go up, makes adaptation a bit difficult but it’s important to know that there is variability across these models so given those changes projected changes and the physics of the systems snow, ice, lake levels, temperature and that sort of thing, there is a range wide range of potential impacts on a whole series of things that we care about fish, water quality, forest, land use, public health, birds and other wildlife, tourism, recreation.

I am not talking about a number of these as the potential impacts that we need to concerned about.  First one fish, this is a graph on the left side showing the predicted the preferred temperature of different species and you can see that cold water attracts lake trout, salmon, white fish the sorts of fish that are really very, very important here in the Great Lakes right now but as you get warmer and warmer and warmer you are now looking for attracting warm water fish like carp, gold fish, blue gill sun fish and the like so the suggestion is that as the temperature is warm in the lakes, big lakes and small lakes it’s going to start preferring the more warm water fish we may lose some of the preferred cold water fish like white fish and lake trout over time.  
Another way to look at a potential impact on fish is look at their habitat.  This is a map of Lake St. Clair which is between Lake Huron and Lake Erie and it shows what would happen to the nursery habitat for fish if in fact there is a one meter drop in lake levels, very extreme example as I just said. The lake levels may increase but an example what might happen if lake level drops 3 feet this is going to expose over 50,000 acres of what used to be wetlands now will be upland and dry land.  You will lose the wetlands are really important nursery and a lot of the spawning habitats were connected and need to be connected from logical standpoint will be isolated and separated dramatically decreasing almost 60% of the shallow water habitat would be lost, an example of what might happen should the lake levels decline.  
I am going to spend a little bit of time here on water quality.  This is a satellite image of Lake Erie.  The blue is a nice blue water.  The green inside Lake Erie is matter of fact a very massive toxic algal bloom that’s occurring right now in Lake Erie.  We often see these in the western end around Miami Bay and Sandusky Bay, this current toxic bloom is far east as Cleveland right now.  This is a massive, massive bloom and we think this is related to what’s been happening in terms of climate change in the region.  Let me give you a little bit of examples on that.  Step back one second, in addition to this toxic algae in the west base of Lake Erie the famous Lake Erie dead zone, which is in the middle of the central basin, is another area where algae and other organic matter settle to the bottom of the lake decomposing. Use of the oxygen is very long standing problem in Lake Erie and it’s getting worse so what matters the hypoxia to this dead zone in Lake Erie how thick those layers are which is the top line here, also how much organic matters settles to the bottom which is driven by aloe production which is driven by length of the growing season and amount of phosphorus going into the lake and what matters to this toxic bloom in the western part of the lake is again air temperature, wind speed, the length of the season and how much phosphorus gets into the system.

What’s really interesting is that air temperature, the length of the season, the phosphorus supply and the length of the growing season are all increasing because of climate change.  We are getting warmer temperatures, we are getting more growth in the system, we are getting longer growing seasons, we are getting more phosphorus coming into the lake and we are getting thinner bottom layers all because of changes in climate.  There is just one slide here to talk about how this influences the dead zone in Lake Erie.  Each one of these four graphs is representation of Lake Erie.  The upper left hand one shows what is like in the spring when you get this mixing of the top part of the lake separated from the bottom part of the lake because thermo stratification.  If you move to the right hand side as summer progresses that top layer gets deeper and deeper so the bottom layer starts to get thinner, the oxygen starts to decline.  The bottom left hand side where you get late summer you now have a very deep upper layer a thinner bottom layer and then in the fall everything mixes up again and what’s happening and likely to happen more dramatically in the future is if you look at the summer that layer top layer is getting thicker, the bottom layer is getting thinner and we have a very thin bottom layer you are staring out with lot less oxygen than you had in previous years and you can use it up faster so we are going to get bigger dead zones more likely more obvious and more recent more occurrence of the dead zones in the lakes. 

We are getting more phosphorous and interestingly the kinds of phosphorous that drive these blooms increase in Lake Erie and much of that is coming from agricultural lands because that’s where the major sources are right now and if you recall we have been increasingly flashing of the storms up until now we are going to see more flashings in the future and you get this intense storms on agricultural lands you would start having increase and run off into the lake and you get gullies like we are showing upper right hand corner here of what’s happening in the agricultural lands so with this increase this change and the physics of Lake Erie making it more conducive to bigger dead zones and more obvious dead zones and then changes in the precipitation patters delivering more nutrients to the lake exasperating the problems so with these two problems coinciding to cause water quality issues and as I mentioned there is a graph, I haven’t seen this before.  
This is a graph of changes in the date of last frost in the spring, the date of first frost in the autumn and the length of the growing season and you can see from 2000 on we are seeing dramatic increase in the growing season which means more agricultural productivity on land likely more nutrients going into the lake and the longer growing season in the lake allowing more production of algae so you have many things building on each other to lead into this problem.  
Future growing season as much as 1 to 2 months of longer growing season by the end of the century so what does this change in temperature and changing growing season mean to forest in this region, the map on the left hand side shows the recent past up to the 1990’s of the distribution of trees in the region.  You can see in our Great Lakes region is dominated by Maple Beech Birch are complex.  The projections by the end of the century is that they will all migrate out and be replaced by Oak Hickory depending on your preference of trees and depending on the forest associated with that those are pretty big changes changing from Maple Beech Birch community to Oak Hickory.  
This is a bit of a complicated graph.  It is looking again at trees species and how it’s going to change over the region and what it did was it took the current conditions which are the top graphs in both cases and looked at what was going to happen to the species of trees in the future and again in this case at the bottom line is that black walnut, black cherry will move into the region, red and white pine and yellow birch will move out of the region because of the changes in the temperature it will be migrating north and south to adjust to the temperatures. 

As the trees move and as temperature change we are expecting changes and distribution of birds in the region and we are seeing here two examples, on the left hand side we are looking at what is going to happen to the American gold finch, in this particular case we are going to see a negative impact summer tanager on the other side, the right hand side of this graph we are going to see positive impact.  The green represents high abundance.  The yellow represents lower abundance of those species and the red shows in the middle and basically what’s happening is the American gold finch is going to go from high abundance to medium abundance and the summer tanager is going to go from lower abundance to medium abundance.  We have a shift in the species and carve going to become dominate in this region.  
This is another way to look at it more comprehensive across the region and we are looking at here perching birds and more blurs and we are looking at the number of species that exist in the region that are going to be lost which are the blue bars here so we are looking at you know 40 to 50 to 60 species that will be lost to the region because of the changes but new species are going to come in so if you look at the difference between the species that are leaving and the species that are coming in you are still losing species.  We are losing 20 to 30 species net across this time period across this region.  
I had to show this one because it is really interesting use of data.  These are a possum road kills and they actually have shown the graph on the left are the distribution of road kills in 1968 and one on the right are road kills in more recent time period.  The shading shows the increases in winter temperature and you can see that a possum road kill has migrated north so we assume a possum in general are migrating north so species are migrating north in this particular case as well.  
So let’s move from other animals to humans.  I talked earlier about the increase in the number of extreme days that we are expecting to have in this region and part of the analysis they looked at the increase in heat related deaths expected in Chicago where we had some dramatic events here.  This graph shows the observed number of heat related deaths per 6 million people observed in 1975 events and the projections in the middle of the century and end of the century under assumptions of lower emissions and higher emissions and you can see that we could be expecting dramatic increases in the number of heat related deaths in places like Chicago unless we somehow control that change and temperature or prepare and adapt for these increases.  This is what it looks like in Chicago.  This is a graph very similar to that looking to the middle of the century four cities across the country so we are seeing these major cities which we are really prepare for these extreme increases in heat so a bottom line that we all need to be thinking about is are we preparing for this change even if we put in place very dramatic controls on CO2 emissions today, the amount of change that we have been seeing in climate and we expect to see in climate into the future is still going to require us to prepare for those changes.

So are we preparing, are we preparing for more heat stress in our cities, are we preparing for increase nutrient loads from agricultural lands into the Great Lakes, are we preparing for change in tourism and recreation in the region as we lose snow and we lose ice, we have to double down our efforts to try to delay and decrease the amount of climate change in the future but the same time we need to prepare for that inevitable change that we are going to be seeing.

This where our new climate adaptation center comes into play the Great Lake integrated sciences and assessment center one of things that we are doing in this program is connecting decision makers into visual institutions and organizations that have to make decisions in the face of this climate change connecting those individuals to scientists that are understanding how the climate has changed and are making projections about how it’s going to change in the future so we can understand first of all what they need to know about the future so they can make better decisions and then we can make sure that we are providing that kind of information to them over time.  The sustainability of our region, the sustainability of our planet depends tremendously on not only controlling the future in best we can but adapting to the future as well and that’s what we are studying here and that’s what we are hoping to provide better information to individuals, institutions and organizations as we go forward and those of you that are educators whether you are training a young minds or college students this information convey this information in the best way the most understandable way is really the essence of what we need to do to have people adapt to this change in future and to make better choices to create a more sustainable future.
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