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Climate Change and PMP-Background
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• Climate is changing…but it always has changed and always will change
• Are things different now?
• What does it mean for PMP?
• Are changes in climate already captured in PMP development?
• No one knows for sure-different effects for different places
• Context is important

• Clausius-Clapeyron relationship
• Warmer air can hold more moisture than cooler air
• If we are warmer, is this reflected in more PMP?

• Let’s see what the data has to say



Radar Loop of Harvey
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Harvey – Total Storm Isohyetal and DAD
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1 2 3 4 5 6 12 18 24 36 48 72 96 120 Total

0.4 5.80 11.47 14.56 17.08 18.76 19.93 23.92 28.16 34.52 37.39 40.95 51.84 58.62 60.25 61.11
1 5.64 11.18 14.38 16.94 18.63 19.76 23.67 27.88 34.19 37.04 40.61 51.48 58.23 59.78 60.62

10 5.40 10.04 13.25 16.48 18.28 18.98 22.68 26.86 32.72 35.34 39.07 49.43 55.91 57.53 58.36
25 5.07 9.37 12.68 15.99 18.03 18.85 22.11 26.19 31.60 34.18 37.64 47.20 53.09 55.15 56.06
50 4.90 8.84 12.27 15.46 17.68 18.47 21.37 25.35 30.62 33.17 36.49 45.49 51.16 53.37 54.31

100 4.65 8.25 11.71 14.64 17.01 17.79 20.29 24.09 28.98 31.40 35.93 43.68 49.29 51.66 52.67
150 4.45 7.92 11.20 13.98 16.34 17.13 19.64 23.56 27.45 29.59 35.19 42.85 48.01 50.68 51.73
200 4.28 7.67 10.77 13.46 15.73 16.58 19.12 23.06 26.81 28.97 34.57 42.27 47.04 49.83 51.01
300 4.03 7.24 10.09 12.64 14.74 15.67 18.35 22.22 25.81 28.13 33.54 41.28 45.90 48.66 49.86
400 3.81 6.95 9.54 11.94 13.99 14.91 17.71 21.52 24.98 27.55 32.75 40.47 45.10 47.75 49.06
500 3.63 6.61 9.08 11.39 13.27 14.22 17.14 20.88 24.18 27.07 32.15 39.80 44.50 47.01 48.34

1000 2.96 5.40 7.36 9.23 10.76 11.88 15.42 18.81 21.34 25.41 30.24 37.57 42.27 44.73 46.03
2000 2.30 4.00 5.87 7.24 8.55 9.57 13.40 16.53 18.70 23.35 27.98 34.95 39.66 42.23 43.44
3500 1.84 3.25 4.73 5.87 6.89 7.81 11.57 14.43 16.90 21.31 25.92 32.49 37.11 39.84 40.82
5000 1.57 2.82 4.03 5.06 5.98 6.82 10.33 13.10 15.65 19.87 24.52 30.54 35.04 37.73 38.71
7500 1.30 2.33 3.34 4.22 5.02 5.76 9.10 11.62 14.17 18.23 22.77 28.04 32.38 35.09 35.94

10000 1.14 2.04 2.92 3.71 4.43 5.08 8.23 10.59 13.06 17.01 21.37 26.28 30.36 32.83 33.77
15000 0.88 1.67 2.39 3.10 3.73 4.26 7.04 9.18 11.45 15.26 19.19 23.53 27.29 29.79 30.56
20000 0.73 1.37 1.99 2.59 3.15 3.63 6.13 8.16 10.29 13.90 17.59 21.62 25.09 27.36 28.23
35000 0.51 0.93 1.37 1.80 2.21 2.56 4.57 6.21 7.76 10.76 13.74 17.48 20.44 22.59 23.54
50000 0.39 0.70 1.03 1.37 1.68 1.96 3.52 4.94 6.28 8.93 11.31 14.62 17.14 19.33 20.46
75000 0.26 0.52 0.74 1.02 1.28 1.45 2.65 3.65 4.60 6.68 8.58 11.65 13.75 15.53 16.60

100000 0.20 0.40 0.59 0.81 0.99 1.17 2.17 2.95 3.70 5.36 6.85 9.34 11.03 12.43 13.44
120162 0.17 0.34 0.51 0.67 0.83 0.99 1.86 2.56 3.19 4.64 5.94 8.08 9.56 10.77 11.65

Storm 1667 - August 25 (0700 UTC) - August 31 (1800 UTC), 2017
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi2)



Harvey Comparison to Previous PMP
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Average Tropical PMP 
(post-Harvey)

Average PMP 
(pre-Harvey)

Average % Change of 
PMP

Average HMR 51 
PMP

Average % Increase 
from HMR 51

5,000-sqmi 72-hour 30.1" 35.3" No Increase 31.1" No Increase
10,000-sqmi 48-hour 22.0" 24.7" No Increase 22.9" No Increase
10,000-sqmi 72-hour 25.9" 29.1" No Increase 26.8" No Increase
10,000-sqmi 96-hour 27.3" 28.2" No Increase N/A N/A

10,000-sqmi 120-hour 29.5" 28.4" No Increase N/A N/A
20,000-sqmi 48-hour 17.4" 20.6" No Increase 22.8" No Increase
20,000-sqmi 72-hour 20.8" 22.0" No Increase 26.8" No Increase
20,000-sqmi 96-hour 23.4" 23.1" 1.5% N/A N/A

20,000-sqmi 120-hour 24.7" 22.8" 8.4% N/A N/A



Hurricane Florence Track
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Hurricane Florence Radar Loop
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Hurricane Florence DAD and Total Storm Isohyetal
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Where Does Florence Control PMP?
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AWA Probable Maximum Precipitation Projects
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AWA Storm Analysis Locations
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Are Storm Changing?  Is PMP More Frequent/Intense?
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• What are the controlling storms through time
• Harvey and Florence important
• However, many ”old” storm still control
• Varies by area size, duration, location, and storm type

• “Old” PMP storms examples
• Hearne, TX September 1899
• Thrall, TX September 1921
• Cherry Creek, CO May 1935
• Smethport, PA July 1942
• Gibson Dam, MT June 1964
• Hurricane Agnes, June 1972



US Temperature Trend 1895-2019

13NOAA National Centers for Environmental information, Climate at a Glance: National Time Series, published August 2019, retrieved on 
August 27, 2019 from https://www.ncdc.noaa.gov/cag/

https://www.ncdc.noaa.gov/cag/


US Precipitation Trend 1895-2019

14NOAA National Centers for Environmental information, Climate at a Glance: National Time Series, published August 2019, retrieved on 
August 27, 2019 from https://www.ncdc.noaa.gov/cag/

https://www.ncdc.noaa.gov/cag/


US Temperature and Precip Trends 1895-2019
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Controlling Storms Per Decade
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Controlling Storms Per Decade-Local Storms
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Controlling Storms-Local Storms
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Controlling Storms Per Decade-General Storms

19

0

2

4

6

8

10

12

14

1810-1900 1901-1910 1911-1920 1921-1930 1931-1940 1941-1950 1951-1960 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010 2011-2020

GENERAL STORMS
Number of Controlling Storms per Decade



Controlling Storms-General Storms
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Controlling Storms Per Decade-Tropical Storms
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Controlling Storms-Tropical Storms
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Summary
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• Storms controlling PMP are a mix of old and new
• Climate change is involved, but it always has been 

involved and always will be
• PMP doesn’t show a trend either way-they’ve happened 

before and will happen again
• But, given the uncertainty, it’s always good to ”err on the 

side of caution” 
Questions
Bill Kappel
719-488-4311

billkappel@appliedweatherassociates.com
www.appliedweatherassociates.com

mailto:billkappel@appliedweatherassociates.com


PMP Can and Does Happen-Hawaii April 15
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PMP Can and Does Happen
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HMR 39 24-hour PMP Depths
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Record Rainfall Location
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Extra Slides
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