
Change in Days Above 95 
1981-2005 Reference Average (Source: ORNL) 
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Presentation Notes
Context: This is an animation showing the change in the number of days where maximum temperatures reach above 95 degrees Fahrenheit in the East Tennessee region. Message: this an animation of nine climate models for the RCP8.5  the previous graph for the red curve between 2011-2050.  It shows the variations in the region, while also a clear increase in the number of these “extreme heat days” as we approach 2050. Additional Information: This animation is similar to similar to the previous graph, but with nine model that the ORNL Climate Change Science Institute believes fits this regional particularly well and uses the high emissions scenario (red line in previous graph) .    It shows the number of increased days from 2011 to 2050 relative to a reference baseline of 1981-2005As the animation runs, you’ll see variability between the years (which reflect reality)…however as we approach 2050 this region will experience 15-20 more of these days which is consistent with the previous graph high emission sceanio.Of particular interest to some audiences may be the clear change in the Great Smoky Mountain National Park (the area shown directly south of Blount and Sevier counties. 



Days With Maximum Temp Above 95oF 
By 2100: Worst Case: ~80 more days (mean)  Best Case: ~20 more days (mean) 

Source: NOAA Climate Explorer (20 models) 
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Presentation Notes
Context: This slide shows forward looking projections of the number of days per year where maximum temperatures will be above 95 degrees in Knox County. Message: This slides shows the number of days above a maximum temperature of 95 degrees Fahrenheit projected between1950 and 2100 by 20 climate models and for two greenhouse gas emissions scenarios for the Knoxville region.  The red line and shading is the projection for an emission scenario called RCP8.5 that has very little restrictions on greenhouse gas emissions (known as “Business as Usual”).  The blue line and shading is for an emission scenario called RCP4.5 that has a significant greenhouse gas emission restrictions.   The red and blue shading is from using 20 climate models in the projections and represents the differences between the models.   The red and blue lines are an average of the 20 models.   RCP8.5 (red) is consistent with current greenhouse gas emissions rates and shows this region will experience on average ~80 more days with a max temperature above 95 degrees (the range due to the different models is ~20 to ~120).  For RCP4.5 (blue), the average will be 20 more days with a range from 0-60 days.  A big issue for Knoxville is the persisents of these days (continuous) and what that would mean for cooling needs, health care, pests, road and rail material performance, etc.   Willl current power plants have sufficient tempeature cooling water available to meet demand or be able to discharge cooling water into streams without violating regulations.   If not, we won’t be able to just “turn up the AC” to deal with this.   Will road materials break down in this persistent heat, and will we violate air quality standards more frequently.  It is important for us to look at this from where we will get reliable energy, water, materials, and food at these differnt temperatures.Additional Information: Relative Humidity.   RH ranges between 50-90% in the Knoxville summer with an average of 76%.  At 95 degrees and 76% RN, the heat index is ~130 (or feels like ~130 degrees and is consider Extremely Dangerous on the HI scale).Graph.  This graph is of Days with Maximum Temperatures above 95 degrees Fahrenheit between 1950 and 2100 for the Knoxville region for the RCP4.5 and RCP8.5 emissions scenarios (see below).  These graphs are available from the NOAA Climate Explorer (http://toolkit.climate.gov/climate-explorer2/)Black Line.  These are the historical days with a maximum temperature above 95 degrees Fahrenheit Red Line. The red line is the average of 20 climate models for the RCP8.5 emission scenario (i.e., current emission rates continuing to the end of the century). RCP8.5 is based on certain assumptions about economic growth rates, fossil fuel use, energy technologies, and very little policy efforts to curb greenhouse gas emissions.   It is many times called “Business as Usual” and is largely consistent with current greenhouse gas emission rates.   The spatial resolution (surface area) of these models is ~12 kilometers.  Each of these models have different assumptions and structures…so it is good to look at many models to see the range of possibilities and uncertainties.   For this scenario, there will be ~20 to ~120 more of these heat days with an average around 80 more days.  These changes are relative to a 1950-2004 reference baseline.  This red line is consistent with current CO2 emission levels.Blue Line.  The blue line is similar but for an emission scenario called RCP4.5 and represents significantly reduced greenhouse gas emissions due to a switch to more renewable energy sources like solar and wind.   Even with RCP4.5, we would see ~0 to +60 more of these heat days with an average around 20 daysRCP definition. Representative Concentration Pathways or RCPs represent greenhouse gas concentrations (not emissions) trajectories adopted by the Intergovernmental Panel on Climate Change (UN sponsored international organization) for its 2014 Fifth Assessment Report.  RCPs also represent radiative forcing in the atmosphere.  Radiative forcing is the difference of energy from sunlight absorbed by the Earth and the energy radiated back to space.  Greenhouse gases can trap more energy and result in further warming or more radiative forcing. RCPs describe possible climate futures, all of which are considered possible depending on how much greenhouse gases are emitted in the years to come.  RCPs reflect the potential radiative forcing by the year 2100 relative to pre-industrial values (+2.6, +4.5, +6.0, and +8.5 more watts per square meter of radiative forcing and reflect assumptions about economic growth, energy technologies, etc.).  RCP8.5 is characterized by increasing greenhouse gas emissions over time, representative of scenarios that lead to high greenhouse gas concentration levels.   RCP8.5 is many times referred to “business as usual” (i.e., no policy changes that might reduce greenhouse gas emissions).  RCP4.5 assumes taking significant policy steps to reduce greenhouse gas emission so that total radiative forcing is stabilized shortly after 2100.   Graph Source: http://toolkit.climate.gov/climate-explorer2/location.php?county=Knox+County&city=Knox+County,%20TN&fips=47093&lat=35.9874629&lon=-83.94197839999998#



Change in Cooling Degree Days 
Energy Demand on Air Conditioning 

Source: NOAA Climate Explorer (33 models) 
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Presentation Notes
Context: This slide shows forward looking projections of the number of “cooling degree days” in Knox County. Cooling degree days is a metric for measuring the need for cooling (typically air conditioning in the case of East TN residents). Message: for two emission scenarios (RCP4.5 and RCP8.5), these twenty climate models show that this region will experience on average ~200 more cooling days (the range due to the different models is ~1400 to ~2600).  We are on the red curve now.  The blue line is if we put significant restrictions on fossil fuel burning. There will be change some may be good and other bad.   A big issue for Knoxville is the persisents of these days (continuous) and what that would mean for cooling needs, health care, pests, etc.   Willl current power plants have sufficient tempeature cooling water available to meet demand or be able to discharge cooling water into streams without violating regulations.   If not, we won’t be able to just “turn up the AC” to deal with this.  It is important for us to look at this from where we will get reliable energy and water at these differnt temperatures.Additional Information: Graph.  This graph is change in cooling days (air condition demand) between 1950 and 2100 for here in the Knoxville region for two emissions scenarios. These graphs are available from the NOAA Climate Explorer (http://toolkit.climate.gov/climate-explorer2/)Black Line.  These are the historical cooling daysRed Line. The red line is the average of 20 climate models for the RCP8.5 emission scenario (i.e., current emission rates continuing to the end of the century).  Model resolution (surface area) is ~12 kilometers.  Each of these models have different assumptions and structures…so it is good to look at many models to see the range of possibilities.   For this scenario, there will be ~1400 to 2600 more cooling days with an average around 2000.  These changes are relative to a 1950-2004 reference baseline.  This red line is consistent with current CO2 emission levels.Blue Line. The blue line is similar but for an emission scenario called RCP4.5 and represents significantly reduced greenhouse gas emissions due to a switch to more renewable energy sources like solar and wind.   Even with these we would see ~200 to ~1400 more of these cooling days with an average around 800RCP definition. Representative Concentration Pathways or RCPs represent greenhouse gas concentrations (not emissions) trajectories adopted by the Intergovernmental Panel on Climate Change (UN sponsored international organization) for its 2014 Fifth Assessment Report.  RCPs also represent radiative forcing in the atmosphere.  Radiative forcing is the difference of energy from sunlight absorbed by the Earth and the energy radiated back to space.  Greenhouse gases can trap more energy and result in further warming or more radiative forcing. RCPs describe possible climate futures, all of which are considered possible depending on how much greenhouse gases are emitted in the years to come.  RCPs reflect the potential radiative forcing by the year 2100 relative to pre-industrial values (+2.6, +4.5, +6.0, and +8.5 more watts per square meter of radiative forcing and reflect assumptions about economic growth, energy technologies, etc.).  RCP8.5 is characterized by increasing greenhouse gas emissions over time, representative of scenarios that lead to high greenhouse gas concentration levels.   RCP8.5 is many times referred to “business as usual” (i.e., no policy changes that might reduce greenhouse gas emissions).  RCP4.5 assumes taking significant policy steps to reduce greenhouse gas emission so that total radiative forcing is stabilized shortly after 2100.Source: http://toolkit.climate.gov/climate-explorer2/location.php?county=Knox+County&city=Knox+County,%20TN&fips=47093&lat=35.9874629&lon=-83.94197839999998#



Days With Minimum Temp Below 32oF 
By 2100: Worst Case: ~55 fewer days (mean)  Best Case: ~30 fewer days (mean) 

Source: NOAA Climate Explorer (20 models) 
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Presentation Notes
Context: This slide shows forward looking projections of the number of days per year where minimum temperature will be below 32o in Knox County. Message: for two emission scenarios (RCP4.5 and RCP8.5), these twenty climate models show that this region will experience on average ~50 fewer days with a min temperature below 32 degrees (the range due to the different models is ~20 to ~70).  We are on the red curve now.  The blue line is if we put significant restrictions on fossil fuel burning.Additional Information: Graph.  This graph is of Days with Minimum Temperatures below 32 degrees Fahrenheit between 1950 and 2100 for here in the Knoxville region for the RCP4.5 and RCP8.5 emissions scenarios (see below). These graphs are available from the NOAA Climate Explorer (http://toolkit.climate.gov/climate-explorer2/)Black Line.  These are the historical min temp days below 32 degrees Fahrenheit Red Line.  The red line is the average of 20 climate models for the RCP8.5 emission scenario (i.e., current emission rates continuing to the end of the century). Model resolution (surface area) is ~12 kilometers.  Each of these models have different assumptions and structures…so it is good to look at many models to see the range of possibilities.   For this scenario, there will be ~20 to ~70 fewer of these freezing days with an average around 50 fewer days. These changes are relative to a 1950-2004 reference baseline.  This red line is consistent with current CO2 emission levels.Blue Line. The blue line is similar but for an emission scenario called RCP4.5 and represents significantly reduced greenhouse gas emissions due to a switch to more renewable energy sources like solar and wind.   Even with these we would see ~5 to ~55 fewer freezing days with an average around 30 daysRCP definition. Representative Concentration Pathways or RCPs represent greenhouse gas concentrations (not emissions) trajectories adopted by the Intergovernmental Panel on Climate Change (UN sponsored international organization) for its 2014 Fifth Assessment Report.  RCPs also represent radiative forcing in the atmosphere.  Radiative forcing is the difference of energy from sunlight absorbed by the Earth and the energy radiated back to space.  Greenhouse gases can trap more energy and result in further warming or more radiative forcing. RCPs describe possible climate futures, all of which are considered possible depending on how much greenhouse gases are emitted in the years to come.  RCPs reflect the potential radiative forcing by the year 2100 relative to pre-industrial values (+2.6, +4.5, +6.0, and +8.5 more watts per square meter of radiative forcing and reflect assumptions about economic growth, energy technologies, etc.).  RCP8.5 is characterized by increasing greenhouse gas emissions over time, representative of scenarios that lead to high greenhouse gas concentration levels.   RCP8.5 is many times referred to “business as usual” (i.e., no policy changes that might reduce greenhouse gas emissions).  RCP4.5 assumes taking significant policy steps to reduce greenhouse gas emission so that total radiative forcing is stabilized shortly after 2100.Source: http://toolkit.climate.gov/climate-explorer2/location.php?county=Knox+County&city=Knox+County,%20TN&fips=47093&lat=35.9874629&lon=-83.94197839999998#



Change in Heating Degree Days 
Energy Demand for Heating 

Source: NOAA Climate Explorer (33 models) 
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Presentation Notes
Context: This slide shows forward looking projections of the number  “heating degree days” in Knox County. Heating degree days is a metric for measuring the need for heating in homes and businesses. Message: For two emission scenarios (RCP4.5 and RCP8.5), these twenty climate models show that this region will experience on average ~1800 fewer hearting days (the range due to the different models is ~800 to ~2400).  We are on the red curve now.  The blue line is if we put significant restrictions on fossil fuel burning.Additional Information: Graph.  This graph is change in heating days (heating demand) between 1950 and 2100 for here in the Knoxville region for two emissions scenarios. These graphs are available from the NOAA Climate Explorer (http://toolkit.climate.gov/climate-explorer2/)Black Line.  These are the historical cooling daysRed Line. The red line is the average of 20 climate models for the RCP8.5 emission scenario (i.e., current emission rates continuing to the end of the century). Model resolution (surface area) is ~12 kilometers.  Each of these models have different assumptions and structures…so it is good to look at many models to see the range of possibilities.   For this scenario, there will be ~800 to ~2400 fewer hearting days with an average around 1800.  These changes are relative to a 1950-2004 reference baseline.  This red line is consistent with current CO2 emission levels.Blue Line. The blue line is similar but for an emission scenario called RCP4.5 and represents significantly reduced greenhouse gas emissions due to a switch to more renewable energy sources like solar and wind.  Even with these we would see ~200 to ~1600 fewer hearting days with an average around 1200Message.   There will be change some may be good and other bad.   A big issue for Knoxville is the persisents of these days (continuous) and what that would mean for cooling needs, health care, pests, etc.   Willl current power plants have sufficient tempeature cooling water available to meet demand or be able to discharge cooling water into streams without violating regulations.   If not, we won’t be able to just “turn up the AC” to deal with this.  It is important for us to look at this from where we will get reliable energy and water at these differnt temperatures.RCP definition. Representative Concentration Pathways or RCPs represent greenhouse gas concentrations (not emissions) trajectories adopted by the Intergovernmental Panel on Climate Change (UN sponsored international organization) for its 2014 Fifth Assessment Report.  RCPs also represent radiative forcing in the atmosphere.  Radiative forcing is the difference of energy from sunlight absorbed by the Earth and the energy radiated back to space.  Greenhouse gases can trap more energy and result in further warming or more radiative forcing. RCPs describe possible climate futures, all of which are considered possible depending on how much greenhouse gases are emitted in the years to come.  RCPs reflect the potential radiative forcing by the year 2100 relative to pre-industrial values (+2.6, +4.5, +6.0, and +8.5 more watts per square meter of radiative forcing and reflect assumptions about economic growth, energy technologies, etc.).  RCP8.5 is characterized by increasing greenhouse gas emissions over time, representative of scenarios that lead to high greenhouse gas concentration levels.   RCP8.5 is many times referred to “business as usual” (i.e., no policy changes that might reduce greenhouse gas emissions).  RCP4.5 assumes taking significant policy steps to reduce greenhouse gas emission so that total radiative forcing is stabilized shortly after 2100.Source: http://toolkit.climate.gov/climate-explorer2/location.php?county=Knox+County&city=Knox+County,%20TN&fips=47093&lat=35.9874629&lon=-83.94197839999998#



Average Annual Maximum 
Number of Consecutive Days 

CCSM4 Mod  

HUC12 watershed 
coverage  

Knox County 

Consecutive Number of Dry Days Consecutive Number of Wet Days 

Presenter
Presentation Notes
The 1km gridded data of daily precipitation totals from the CCSM4 climate model were used in this summary.  The area of coverage is the HUC12 watersheds that intersect Knox County.  The Historical period is 1980-2005 and the Projected period is 2025-2050.A dry day is defined as having < 2.5mm (0.1 inches) of precipitation per day.  A wet day is defined as having > 2.5 mm (0.1 inches) of precipitation per day.  The largest number of consecutive dry days and consecutive wet days per year were found for each raster cell within each period. This results in a raster grid of maximum number of consecutive dry days and a raster grid of maximum number of consecutive wet days, for each period.  The boxplots above were created using all of the raster cell values from the area of coverage for each time period and category.  The median of the raster values is shown as the thick line.  The top and bottom edges of the box are the values of the interquartile range.  The whiskers are 1.5 times the interquartile range, if there are points that exist beyond that range.  Those points would be outliers.  If there are no outlier points the whiskers represent the minimum/maximum value.  



Annual Number of Precipitation 
Days  

CCSM4 Mod  

All Precipitation Days 
(>0.1”/day) 

Heavy Precipitation Days 
(>0.4”/day) 

Very Heavy Precipitation Days 
(>0.8”/day) 

HUC12 watershed 
coverage  

Knox County 

Presenter
Presentation Notes
The 1km gridded data of daily precipitation totals from the CCSM4 climate model were used in this summary.  The area of coverage is the HUC12 watersheds that intersect Knox County.  The Historical period is 1980-2005 and the Projected period is 2025-2050.Precipitation Categories:All Precipitation Days: days with > 2.5 mm (0.1 inches) of precipitation per dayHeavy Precipitation Days: days with > 10 mm (0.4 inches) of precipitation per dayVery Heavy Precipitation Days: days with > 20 mm (0.8 inches) of precipitation per dayFor each individual 1km cell, the total number of annual precipitation days (three categories defined by different thresholds) were found.   The average number of annual precipitation days for the historical (1980-2005) and projected (2025-2050) periods were calculated, again on a cell-by-cell basis.  This results in three raster grids for each period.  The boxplots above were created using all of the raster cell values from the area of coverage for each time period and precipitation category.  The median of the raster values is shown as the thick line.  The top and bottom edges of the box are the values of the interquartile range.  The whiskers are 1.5 times the interquartile range, if there are points that exist beyond that range.  Those points would be outliers.  If there are no outlier points the whiskers represent the minimum/maximum value. 



Warmer and Wetter Summer 
• Heat-related health and infrastructure impacts 
• Increased extreme weather events (floods, tornadoes, etc.). 
• Reduced labor productivity 
• Increased energy use and utility costs 
• Increased allergens and pollutants (including ozone) 
• More frequent days above air quality regulatory levels 
• Increased and new pest populations 
• Unwanted spread of non-native species 
• Reduced agricultural productivity 
 
Warmer and Wetter Winter 
• Increased extreme weather events (ice, floods, etc.) 
• Decreased energy use and utility costs 
• Increased allergens and pollutants (including ozone) 
• Increased and new pest populations 
• Unwanted spread of non-native species 
 

 
 

Climate Change Impacts by Sector 
Positive and Negative 

Presenter
Presentation Notes
Message: These are the expected changes to Eastern Tennessee. The major implications of climate change in East Tennessee is that we will see warmer and wetter summers, as well as warmer and wetter winters.  We expect to see a variety of other impacts that result from this increased warmth and wetness. 
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