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Climate Change and PMP-Background

« 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







Harvey — Total Storm Isohyetal and DAD

Storm 1667 - August 25 (0700 UTC) - August 31 (1800 UTC), 2017
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
> Duration (hours)
£ (i) 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 0.99 117 217 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
7w 96°W 95'W 94" 93"W
Gauges Total Storm (156-hr) Precipitation (inches)
o Daly 8/25/2017 0700 UTC - 8/31/2017 1800 UTC
« Hourly SPAS-NEXRAD 1667
= Hourly Est. Pseudo
= Hourly Pseude h - - m!"vw“
©  Supplemental
0 55 10 220

Precipitation (inches)
Wooo-200 [[]10.01-12.00 [[]20.01-22.00 [[] 30.01 - 32.00 [ 40.01 - 45.00
W zo01-200 [ ]12.01-14.00 [ ]22.01-24.00 [l 32.01 - 24.00 ] 45.01 - 50.00
[H401-6.00 []14.01-16.00 []24.01-26.00 [l 34.01 - 36.00 [] 50.01 - 55.00
[T]601-800 [ ]16.01-18.00 [ ]26.01-28.00 [l 36.01 -38.00[ |55.01-60.00
["]8.01-10.00 [ ] 18.01 - 20.00 [ ] 28.01 - 30.00 [}l 38.01 - 40.00 [_] 60.01 - 62.00
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Harvey Comparison to Previous PMP

Average Tropical PMP | Average PMP Average % Change of | Average HMR51 Average % Increase

(post-Harvey) (pre-Harvey) PMP PMP from HMR51

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-sgmi 120-hour 24.7" 22.8" 8.4% N/A N/A




Hurricane Florence Track

Note: The cone contains the probable path of the storm center but does not show ) Note: The cone contains the probable path of the storm center but does not show
the size of the storm. Hazardous conditions can occur outside of the cone. the size of the storm. Hazardous conditions can occur outside of the cone.
—_ it : . -

Hurricane Florence Current information: ®  Forecast positions:

Thursday September 13, 2018 i . ] Tropical Cyclone O Post/Potential TC | ane Florence Current information: ® Forecast positions: '
1 th E{JT :dvisory 59 ?Ai?(tl‘r:d?nczﬂ‘;?a?:eg 2.:3 govgnpn s.us.aised wir{ds: 8< 39 mph Septembef 11, 201.8 Cen!er location 28.0 N 67.9 W .Trqplcal chlone Q Post/Potential TC
NWS National Hurricane Center Movement NW at 6 mph $39-73 mph H 74-110 mph M > 110 mph T Intermediate Advisory 50A Maximum sustained wind 140 mph  Sustained winds: D <39 mph

ional Hurricane Center Movement WNW at 17 mph S 39-73 mph H 74-110 mph M > 110 mph
Watches:

Hurmoene ) ial track area: Watches: Warnings:
)ay 1-3 Day 4-5 Hurricane Trop Storm IlHurricane [l Trop Storm

1

400
Nautical Miles

75°'W 70°W 65°W 60°W 55°W 50°W 45°W




Hurricane Florence Radar Loop
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Hurricane Florence DAD and Total Storm Isohyetal

azw a1 w a0 oW 8w W ] Storm 1720 - September 13 (1200 UTC) - September 18 (1100 UTC), 2018
28N MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
2 Duration (hours)
Area (mi')— 2 3 4 5 6 12 18 24 36 48 72 96 120 | Total
s 0.4 688 | 1004 | 1160 | 1265 | 1333 | 13.81 | 1694 | 2086 | 2512 | 29.06 | 3742 | 43.10 | 4388 | 4395 | 43.95
1 6.82 994 | 1151 | 1251 | 1317 | 1363 | 1679 | 2074 | 2497 | 2888 | 3720 | 4281 | 4361 | 4372 | 43.72
10 6.56 951 | 1115 | 1197 | 1224 | 1265 | 1623 | 2042 | 2460 | 2844 | 3666 | 4211 | 4299 | 4314 | 4314
25 585 841 | 1007 | 1080 | 11.09 | 1157 | 1584 | 2020 | 2435 | 2827 | 3645 | 4187 | 4275 | 4292 | 4292
W 50 4.90 6.97 8.63 923 986 | 1105 | 1531 | 1975 | 2380 | 28.00 | 36.03 | 4169 | 4257 | 4274 | 42.74
100 3.97 571 7.15 7.78 916 | 1035 | 1437 | 1862 | 2280 | 2734 | 3517 | 4100 | 4238 | 4257 | 4257
150 3.50 503 6.36 7.33 .66 985 | 1367 | 17.72 | 2212 | 2688 | 3448 | 4068 | 4196 | 4216 | 42.16
- 200 3.20 461 5.86 6.98 8.24 937 | 1314 | 17.03 | 2158 | 2653 | 34.00 | 4039 | 4166 | 41.85 | 41.85
300 2.82 414 522 6.44 7.48 853 | 1274 | 1618 | 2079 | 2603 | 3330 | 39.98 | 4125 | 4142 | 41.42
400 2.59 3.86 481 6.00 6.99 793 | 1238 | 1583 | 2016 | 2550 | 3276 | 3951 | 4091 | 4110 | 41.10
) 500 2.43 3.59 454 5.62 6.58 765 | 1206 | 1560 | 1962 | 2503 | 3235 | 39.12 | 4049 | 4067 | 4067
= 1,000 1.99 3.02 3.85 483 5.89 6.86 | 1089 | 1452 | 1767 | 2341 | 3042 | 3741 | 3885 | 39.01 | 39.01
2,000 1.62 255 343 422 5.07 5.88 979 | 1295 | 1582 | 2145 | 2787 | 3459 | 3627 | 3640 | 36.40
3,500 1.39 228 3.09 3.79 456 5.14 863 | 1153 | 1445 | 1964 | 2555 | 3195 | 33.84 | 3399 | 33.99
s 5,000 1.26 2.10 2.86 3.53 421 477 7.91 1064 | 1352 | 1837 | 2387 | 3030 | 3211 | 3228 | 3228
7,500 1.10 1.86 2.60 3.18 3.84 435 7.28 990 | 1253 | 1696 | 2193 | 2810 | 2984 | 30.06 | 30.06
10,000 | 098 1.71 237 2.94 3.51 4.02 6.79 936 | 1172 | 1580 | 2056 | 2635 | 2822 | 2846 | 28.46
15,000 | 082 1.44 205 255 3.08 3.50 6.05 843 | 1057 | 1425 | 1835 | 2362 | 2546 | 2572 | 2572
2 20,000 | 072 1.26 1.79 226 2.70 311 552 772 962 | 1297 | 1659 | 2138 | 2329 | 2354 | 2354
35,000 | 050 0.90 1.30 1.68 2.00 236 4.29 6.06 756 | 1005 | 12.84 | 1693 | 1878 | 19.01 | 19.01
- . , . . , 50,000 | 0.39 0.70 1.00 1.25 1.54 1.77 3.29 477 597 825 | 1043 | 1380 | 1564 | 1589 | 15.89
ez e “;';tal 1 ngh":,ur Ralﬁf\;ll (in ch::; 75,000 | 026 0.49 071 0.91 113 1.29 237 3.41 4.5 509 767 | 1057 | 1225 | 1257 | 1257
09/13/2018 1200 UTC - 09/18/2018 1100 UTC __ 96,675 | 021 0.38 0.55 0.71 0.88 1.03 1.87 273 3.43 4.89 6.29 875 | 1016 | 1044 | 1044
Sms SPAS-NEXRAD 1720
= Hourly
= Hourly Pseudo v w ) -EFI“
< Supslemantal

a &5 130 260
Precipitation (inches)
M 0.00-200 [ ]10.07-12.00 [7] 20.01 - 22,00 [l 30.01 - 32.00 [ ] 40.01 - 42.00
Wl 201-400 [ |12.01-1400 [ |22.01-22.00 ] 32.01 -32.00[ | 22,01 -42.00
[ 201-600 []14.01-1600 [] 2401 -26.00 [l 34 01 -36.00
[1601-800 [ |16.01-13.00 []26.01 -23.00 [ 38.01 - 38.00
[Jao1- 1000 18.01 -20.00 [l 28.01 - 20.00 ] 38.01 - 40.00
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Where Does Florence Control PMP?

72-Hour Tropical Storm Probable Maximum Precipitation ( 1000 Illi:) - Contributing Storms
I =
PCI]I]S_\"I\‘&II]IZI Statewide PMP !\llil]_\"SiS
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AWA Probable Maximum Precipitation Projects

Projects (by Regulatory Agency)
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torm Analysis Locations
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Are Storm Changing? Is PMP More Frequent/Intense?

 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

Contiguous U.S., Average Temperature, January-December

=== Avg Temperature = 1901-2000 Mean: 52.02"F = 1895-2018 Trend +0.15"F/Decade
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US Precipitation Trend 1895-2019

Contiguous U.S., Precipitation, January-December

== Precip = 1901-2000 Mean: 29.94" — 1895-2018 Trend +0.18"/Decade = LOESS
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US Temperature and Precip Trends 1895-2019

Contiguous U.S., Average Temperature, January-December

== Avg Temperature = 1901-2000 Mean: 52.02"F = 1895-2018 Trend +0.15"F/Decade
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Contiguous U.S., Precipitation, January-December

== Precip = 1901-2000 Mean: 29.94" = 1895-2018 Trend 40.18"/Decade  — LOESS
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Controlling Storms Per Decade

Number of Controlling Storms per Decade
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Controlling Storms Per Decade-Local Storms

LOCAL STORMS
Number of Controlling Storms per Decade
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Controlling Storms-Local Storms

Locations of Contributing PMP Storms - Local Storm
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Controlling Storms Per Decade-General Storms
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Controlling Storms-General Storms

Locations of Contributing PMP Storms - General Storm
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Controlling Storms Per Decade-Tropical Storms
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Controlling Storms-Tropical Storms

Locations of Contributing PMP Storms - Tropical Storm
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* Storms controlling PMP are a mix of old and new
* Climate change 1s 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
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PMP Can and Does Happen-Hawaii April 15

POSSIBLE NEW NATIONAL RECORD 24-HOUR RAINFALL FROM KAUAI
132 PM HST WED APR 25 2018

PRELIMINARY DATA DOWNLOADED FROM A REMOTE RAIN GAGE IN NORTH KAUAI
INDICATE THAT RAINFALL DURING THE FLASH FLOOD EVENT ON APRIL

14-15, 2018 BROKE THE U.S. 24-HOUR RAINFALL RECORD. THE RAIN

GAGE, LOCATED IN WAIPA ABOUT ONE MILE WEST OF HANALEI, RECORDED
49.69 INCHES OF RAINFALL DURING THE 24-HOUR PERIOD ENDING AT 12:45

PM HST APRIL 15. THIS TOTAL, IF CERTIFIED, WILL BREAK THE CURRENT

U.S. 24-HOUR RECORD OF 43 INCHES AT ALVIN, TX ON JULY 25-26,

1979, AND THE STATE OF HAWAII RECORD OF 38 INCHES AT KILAUEA

(KAUAI) ON JANUARY 24-25, 1956.




PMP Can and Does Happen

Here is a list of other top 24-hour-rainfall records, all of which were related to a tropical storm

or hurricane except for Waipa:

71.85 inches — Foc-Foc, La Reunion (Jan. 7-8, 1966)
66.49 inches — Belouve, La Reunion (Feb. 27-28, 1964)
64.33 inches — Isla Mujeres, Mexico (Oct. 21-22, 2005)
62.33 inches — Aurere, La Reunion (April 7-8, 1958)
55.20 inches — Weiliaoshan, Taiwan (Aug. 8, 2009)

55.04 inches — Commerson, La Reunion (Feb. 25, 2007)
51.85 inches — Kaikawa, Tokushima, Japan (Aug. 1, 2004)
49.69 inches — Waipa, Hawaii (April 14-15, 2018)*




HMR 39 24-hour PMP Depths
GA




ecord Rainfall Location

159°45°W 158°30W 159%45W 159°30W

159°35W 159°30W . e ——
USGS - DS680
500-year 24-hour USGS - DS680
100-year 24-hour
Gages o 228 as e — —
Gauges o 2z as )
h 45 i T

Precipitation (mches)
W751-300 []1601-1600 []2201- 2600 [l 30.01- 200 | 3®01-40.00
Woot-1000 [ ]15.01-10.00 []2401-25.00 [l 22.01- 2400 |4001- 4200
H1eot-200 [J1w01-m00 TJ201-2800 [ll3201- 300
[1z01- 400 [J2001-2z00 W 201 - 3000 [ 3601- B00

Precipitation (Inches)
Wsze-500 []10.01-1200 [0 1601- 1800 [J22.01- 2400 [ 2201- 2000
Meo1-0.00 | |1201-1400| | 16.01-20.00 [l 24.01-25.00| |30.01- 200
[Heot- 1000 []12.01- 18.00 [[] 2001- 2200 [ 25.01-28.00[ | 2201- 2400
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