Brief Explanation of the 2015 Climate Projections Provided by NASA Goddard Institute of Space Studies – October 2015
Baseline data are for the 1971 to 2000 base period and are from the NOAA National Climatic Data Center (NCDC).  
Projections: 
· The projections are based on 33 Global Climate Models (GCMs) and 2 Representative Concentration Pathways (RCP 8.5 and RCP 4.5) that incorporate assumptions about future greenhouse gas levels. The RCP 8.5 pathway most closely represents Business as Usual and follows a steadily rising trend of greenhouse gas emissions over this century. The RCP 4.5 pathway presumes some decrease in greenhouse gas emissions in the latter part of the century.
· Projections are presented as averages across 30-year future year time periods, known as ‘timeslices,’ and are expressed relative to the baseline period, 1971 to 2000. The timeslices are centered on a given decade. For example, the middle of the 2050s timeslice is 2055; the 2050s timeslice refers to the period from 2040 to 2069. 
Results: 
[image: ]The combination of 33 GCMs and 2 RCPs produces 66 ‘outcomes’ for a given climate variable (temperature, precipitation, etc.). For example there were 66 outputs for mean annual temperature change in the 2050s. These 66 outputs were ordered from low to high. The “Low Estimate” means that 10% of the 66 model outcomes fall below this value - it refers to the 10th percentile of the model-based outcomes. The “High Estimate” means that 90% of the 66 model outcomes fall below this value and refers to the 90th percentile of the model-based outcomes.  See Figure 1 for an illustration of the percentile ranges. In this example from a GISS study for New York City[footnoteRef:1], 35 global climate models were run with 2 RCPS, yielding 70 model outcomes. These outcomes are arranged along a distribution curve. Looking at the pink middle range, about 25 model outcomes projected a 4 – 5 °F rise and about 20 model outcomes projected a 5 – 6 °F rise. [1:  New York City Panel on Climate Change, 2013: Climate Risk Information 2013: Observations, Climate Change Projections, and Maps. C. Rosenzweig and W. Solecki (Editors), NPCC2. Prepared for use by the City of New York Special Initiative on Rebuilding and Resiliency, New York, New York. ] 




In the Average Annual Temperature chart below (data for GRC), the low-estimate (10th percentile) projects a 3.5 °F increase above the 1971-2000 average temperature for the 2050s. The middle range (25th percentile to 75th percentile) projects a 4.4 – 6.3 °F increase, while the high estimate (90th percentile) projects a 7.1 °F increase. With regard to the Average Annual Precipitation chart, the results are reported as percentage changes relative to the current baseline of annual precipitation (negative values represent decreasing precipitation; positive values represent increasing precipitation).
Average Annual Temperature (Data for GRC)
	Baseline (1971– 2000)   49.7°F
	Low Estimate
(10th Percentile)
	Middle Range
(25th to 75th Percentile)
	High Estimate 
(90th Percentile)

	2020s
	+ 1.6 °F
	+ 2.3 to + 3.3 °F
	+ 3.7 °F

	2050s
	+ 3.5 °F
	+ 4.4 to + 6.3 °F
	+ 7.1 °F

	2080s
	+ 4.1 °F
	+ 5.7 to + 9.7 °F
	+ 4.1 °F to + 11.5 °F


Average Annual Precipitation (Data for GRC)
	Baseline (1971 – 2000) 38.71 inches
	Low Estimate
(10th Percentile)
	Middle Range
(25th to 75th Percentile)
	High Estimate 
(90th Percentile)

	2020s
	0 percent
	+ 3 to + 7 percent
	+ 10 percent

	2050s
	+ 2 percent
	+ 4 to + 12 percent
	+ 15 percent

	2080s
	+ 1 percent
	+ 5 to + 13 percent
	+ 20 percent


With regard to Sea Level Rise projections, a similar technique is used to display a range of model outcomes. The example below uses data for SSC.
Sea Level Rise (Data for SSC)
	Baseline (2000 - 2004) 0 inches
	Low Estimate
(10th Percentile)
	Middle Range
(25th to 75th Percentile)
	High Estimate 
(90th Percentile)

	2020s
	2 inches
	3 to 6 inches
	8 inches

	2050s
	6 inches
	9 to 17 inches
	24 inches

	2080s
	10 inches
	15 to 33 inches
	49 inches


For the 2050s, the Middle Range projects a 9 to 17 inch rise above the baseline; the High Estimate projects a 24 inch rise. The projected rise in sea level may be added onto any known reference level to determine potential impacts.  For example, suppose SSC chooses to use the 90th percentile figure (24 inches). If SSC knows the 100-year flood height is 11 feet, that level in the 2050s is projected to be 13 feet (11 feet plus 24 inches). If SSC knows its elevation in reference to Mean Sea Level, the Mean Sea Level in 2050s is projected to be 24 inches higher. The sea levels projected for Centers take global and regional changes into account. For example the figures include a global number relating to thermal expansion and a local number for land subsidence.
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Glenn Research Center (GRC) Mean Annual Changes

a. Temperature 
	Baseline (1971 – 2000) 49.7°F
	10th Percentile
	25th to 75th Percentile
	90th Percentile

	2020s
	+ 1.6 °F
	+ 2.3 to + 3.3 °F
	+ 3.7 °F

	2050s
	+3.5 °F
	+ 4.4 to + 6.3 °F
	+ 7.1°F

	2080s
	+ 4.1°F
	+ 5.7 to + 9.7 °F
	+ 11.5 °F



b. Precipitation 
	 Baseline (1971 – 2000) 38.71 inches
	10th Percentile
	25th to 75th Percentile
	90th Percentile

	2020s
	0 percent
	+ 3 to + 7 percent
	+ 10 percent

	2050s
	+ 2 percent
	+ 4 to + 12 percent
	+ 15 percent

	2080s
	+ 1 percent
	+ 5 to + 13 percent
	+ 20 percent



Based on 33 GCMs and two Representative Concentration Pathways. Baseline data are for the 1971 to 2000 base period for Cleveland, OH and are from the NOAA National Climatic Data Center (NCDC) Shown are the low-estimate (10th percentile), middle range (25th percentile to 75th percentile), and high-estimate (90th percentile). 







Glenn Research Center (GRC) Extreme Events
a. 2020s
	
	Low Estimate (10th Percentile)
	Middle Range (25th to 75th Percentile)
	High Estimate (90th Percentile)

	Number of days per year with maximum temperature at or above over 90°F  
(9 days)
	13
	15 to 20
	26

	Number of days per year with minimum temperature at or below 32°F 
(120 days)
	84
	91 to 100
	106

	Number of days per year with rainfall at or above 1 inch 
(7 days)
	7
	7 to 8
	9

	Number of days per year with rainfall at or above 2 inches 
(0.7 days)
	0.7
	0.8 to 1
	1

	Numbers of heat waves per year 
(0.7 heat waves)
	1
	2 tot 2
	3

	Average heat wave duration (in days)
(4 days)
	4
	4 to 5
	5



Projections for temperature and precipitation are based on 33 GCMs and 2 RCPs. Baseline data (shown in parenthesis) are for the 1971 to 2000 base period for Cleveland, OH and are from the NOAA National Climatic Data Center (NCDC).  Shown are the low-estimate (10th percentile), middle range (25th to 7t5h percentile), and high-estimate (90th percentile) 30-year mean values from model-based outcomes.  Decimal places are shown for values less than 1, although this does not indicate higher precision/certainty. Heat waves are defined as three more consecutive days with maximum temperatures at or above 90 °F.
b. 2050s
	
	Low Estimate (10th Percentile)
	Middle Range (25th to 75th Percentile)
	High Estimate (90th Percentile)

	Number of days per year with maximum temperature at or above over 90°F  
(9 days)
	20
	26 to 41
	54

	Number of days per year with minimum temperature at or below 32°F 
(120 days)
	63
	72 to 84
	95

	Number of days per year with rainfall at or above 1 inch 
(7 days)
	7
	7 to 9
	10

	Number of days per year with rainfall at or above 2 inches 
(0.7 days)
	0.7
	0.8 to 1
	2

	Numbers of heat waves per year 
(0.7 heat waves)
	2
	3 to 6
	7

	Average heat wave duration (in days)
(4 days)
	4
	4 to 5
	5



Projections for temperature and precipitation are based on 33 GCMs and 2 RCPs. Baseline data (shown in parenthesis) are for the 1971 to 2000 base period for Cleveland, OH and are from the NOAA National Climatic Data Center (NCDC).  Shown are the low-estimate (10th percentile), middle range (25th to 7t5h percentile), and high-estimate (90th percentile) 30-year mean values from model-based outcomes.  Decimal places are shown for values less than 1, although this does not indicate higher precision/certainty. Heat waves are defined as three more consecutive days with maximum temperatures at or above 90 °F.

c. 2080s
	
	Low Estimate (10th Percentile)
	Middle Range (25th to 75th Percentile)
	High Estimate (90th Percentile)

	Number of days per year with maximum temperature at or above over 90°F  
(9 days)
	25
	33 to 67
	92

	Number of days per year with minimum temperature at or below 32°F 
(120 days)
	44
	56 to 78
	88

	Number of days per year with rainfall at or above 1 inch 
(7 days)
	7
	7 to 9
	10

	Number of days per year with rainfall at or above 2 inches 
(0.7 days)
	0.7
	0.9 to 1
	2

	Numbers of heat waves per year 
(0.7 heat waves)
	3
	4 to 9
	10

	Average heat wave duration (in days)
(4 days)
	4
	5 to 6
	8



Projections for temperature and precipitation are based on 33 GCMs and 2 RCPs. Baseline data (shown in parenthesis) are for the 1971 to 2000 base period for Cleveland, OH and are from the NOAA National Climatic Data Center (NCDC).  Shown are the low-estimate (10th percentile), middle range (25th to 7t5h percentile), and high-estimate (90th percentile) 30-year mean values from model-based outcomes.  Decimal places are shown for values less than 1, although this does not indicate higher precision/certainty. Heat waves are defined as three more consecutive days with maximum temperatures at or above 90 °F.

Glenn Research Center (GRC) Seasonal Changes 
a. Temperature 
2020s
	
	Low Estimate (10th Percentile)
	Middle Range (25th to 75th Percentile)
	High Estimate (90th Percentile)

	Winter
(28.4°F)
	+ 1.5 °F
	+ 2.2 to + 3.8°F
	+ 4.5°F

	Spring 
(47.9°F)
	+ 1.0 °F
	+ 1.7 to + 2.9°F
	+ 3.7°F

	Summer
(69.9°F)
	+ 1.6 °F
	+ 2.2 to + 3.3°F
	+ 3.7°F

	Fall
(52.4°F)
	+ 1.5 °F
	+ 2.2 to + 3.5°F
	+ 3.9°F



2050s
	
	Low Estimate (10th Percentile)
	Middle Range (25th to 75th Percentile)
	High Estimate (90th Percentile)

	Winter
(28.4°F)
	+ 3.5 °F
	+ 4.5 to + 6.6 °F
	+ 8.2 °F

	Spring 
(47.9°F)
	+ 2.6 °F
	+ 3.5 to + 5.6 °F
	+ 7.0 °F

	Summer
(69.9°F)
	+ 3.1 °F
	+ 4.3 to + 6.7 °F
	+ 7.5 °F

	Fall
(52.4°F)
	+ 3.4 °F
	+ 4.3 to + 6.6 °F
	+ 7.2 °F



2080s
	
	Low Estimate (10th Percentile)
	Middle Range (25th to 75th Percentile)
	High Estimate (90th Percentile)

	Winter
(28.4°F)
	+ 4.7 °F
	+ 6.0 to + 9.9 °F
	+ 12.4 °F

	Spring
(47.9°F)
	+ 3.4 °F
	+ 5.2 to + 8.5 °F
	+ 10.1 °F

	Summer
(69.9°F)
	+ 3.8 °F
	+ 5.3 to + 9.8 °F
	+ 11.8 °F

	Fall
(52.4°F)
	+ 4.1 °F
	+ 5.3 to + 9.8 °F
	+ 12.0 °F



Temperature change by season by 30-year timeslice. Based on 33 GCMs and two Representative Concentration Pathways. Baseline data are for the 1971 to 2000 base period for Cleveland, OH and are from the NOAA National Climatic Data Center (NCDC) Shown are the low-estimate (10th percentile), middle range (25th percentile to 75th percentile), and high-estimate (90th percentile). 

Winter: December – February 
Spring: March – May 
Summer: June – August 
Fall: September – November 
[bookmark: _GoBack]b Precipitation 
2020s
	2020s
	Low Estimate (10th Percentile)
	Middle Range (25th to 75th Percentile)
	High Estimate (90th Percentile)

	Winter
(2.6 inches)
	- 3 percent
	+ 3 to + 14 percent
	+ 21 percent

	Spring
(3.3 inches)
	- 2 percent
	+ 3 to + 13 percent
	+ 17 percent

	Summer
(3.7 inches)
	- 5 percent
	- 2 to + 7 percent
	+ 10 percent

	Fall
(3.3 inches)
	- 6 percent
	- 3 to + 8 percent
	+ 13 percent



2050s
	2050s
	Low Estimate (10th Percentile)
	Middle Range (25th to 75th Percentile)
	High Estimate (90th Percentile)

	Winter
(2.6 inches)
	+ 1 percent
	+ 6 to + 23 percent
	+ 30 percent

	Spring
(3.3 inches)
	+ 3 percent
	+ 8 to + 19 percent
	+ 25 percent

	Summer
(3.7 inches)
	- 10 percent
	- 3 to + 8 percent
	+ 13 percent

	Fall
(3.3 inches)
	- 7 percent
	+ 2 to + 9 percent
	+ 14 percent



2080s
	2080s
	Low Estimate (10th Percentile)
	Middle Range (25th to 75th Percentile)
	High Estimate (90th Percentile)

	Winter
(2.6 inches)
	+ 4 percent
	+ 10 to + 29 percent
	+ 39 percent

	Spring
(3.3 inches)
	+ 4 percent
	+ 8 to + 23 percent
	+ 29 percent

	Summer
(3.7 inches)
	- 16 percent
	- 4 to + 9 percent
	+ 23 percent

	Fall
(3.3 inches)
	- 9 percent
	- 1 to + 11 percent
	+ 14 percent



Precipitation percentage change by season by 30-year timeslice. Based on 33 GCMs and two Representative Concentration Pathways. Baseline data are for the 1971 to 2000 base period for Cleveland, OH and are from the NOAA National Climatic Data Center (NCDC) Shown are the low-estimate (10th percentile), middle range (25th percentile to 75th percentile), and high-estimate (90th percentile). 
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Projections developed by NASA's Climate Adaptation Science Investigator (CASI) Workgroup and NASA's Goddard Institute for Space Studies.
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Figure 1. Model-Based Range of Outcomes for 20505 Annual Temperature Change
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Model-based range of outcomes (distribution) for 20505 temperature change relative to the
1971 - 2000 base period. Based on 35 global climate models and 2 representative concentrations
pathways. The 10th, 25th, 75th, and 90th percentiles of the distribution are presented.




