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Hurrlcane Harvey Rainfall, Did It Exceed PMP
and What Are the Impllcatlons
L'ouragan Harvey a-t-il depasse le PMP et
quelles en ont éte les consequences?

Bill Kappel, Applied Weather Associates




Harvey's Path to Texas
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Radar Loop Harvey's Rainfall Approaching Texas
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ropical Storms Used for PMP In
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Harvey’'s Rainfall Accumulation
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SPAS 1667 Storm Center Mass Curve Zone 1

August 25 (0700UTC) to August 31 (1800UTC), 2017
Lat: 29.965 Lon: -93.915
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y's Rainfall Accumulation

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

Duration (hours)

-2

Area (mi’) 1 2 3 4 5 6 12 18 24 36 48 72 96 120 Total
0.4 5.80 1147 | 1456 | 17.08 | 18.76 | 19.93 | 2392 | 2816 | 3452 | 3739 | 4095 | 5184 | 5862 | 6025 | 61.11
1 5.64 1118 | 1438 | 1694 | 1863 | 1976 | 2367 | 27.88 | 3419 | 3704 | 4061 | 5148 | 5823 | 5978 | 6062
10 5.40 1004 | 1325 | 1648 | 1828 | 1898 | 2268 | 26.86 | 3272 | 3534 | 3907 | 4943 | 5591 | 5753 | 5836
25 5.07 9.37 1268 | 1599 | 1803 | 1885 | 2211 | 2619 | 3160 | 3418 | 3764 | 4720 | 5309 | 5515 | 56.06
50 4.90 8.84 1227 | 1546 | 1768 | 1847 | 2137 | 2535 | 3062 | 3317 | 3649 | 4549 | 5116 | 5337 | 54.31
100 4.65 8.25 1171 | 1464 | 17.01 | 1779 | 2029 | 2400 | 2898 | 3140 | 3593 | 4368 | 4920 | 5166 | 52.67
150 4.45 7.92 1120 | 1398 | 1634 | 1713 | 1964 | 2356 | 2745 | 2050 | 3519 | 4285 | 4801 | 5068 | 51.73
200 4.28 7.67 1077 | 1346 | 1573 | 1658 | 1912 | 2306 | 2681 | 2897 | 3457 | 4227 | 47.04 | 4983 | 51.01
300 4.03 7.24 1009 | 1264 | 1474 | 1567 | 1835 | 2222 | 2581 | 2813 | 3354 | 4128 | 4590 | 4866 | 49.86
400 3.81 6.95 9.54 1194 | 13.99 | 14.91 1771 | 2152 | 2498 | 2755 | 3275 | 4047 | 4510 | 4775 | 49.06
500 363 6.61 9.08 1139 | 1327 | 1422 | 1714 | 2088 | 2418 | 2707 | 3215 | 39.80 | 4450 | 47.01 | 4834
1000 2.96 5.40 7.36 9.23 1076 | 11.88 | 1542 | 1881 | 2134 | 2541 | 3024 | 3757 | 4227 | 4473 | 46.03
2000 2.30 4.00 5.87 7.24 8.55 9.57 1340 | 16553 | 1870 | 2335 | 2798 | 3495 | 3966 | 4223 | 43.44
3500 1.84 3.25 4.73 5.87 6.89 7.81 1157 | 1443 | 1690 | 2131 | 2592 | 3249 | 3711 | 39084 | 4082
5000 1.57 2.82 4.03 5.06 5.98 6.82 1033 | 1310 | 1565 | 1987 | 2452 | 3054 | 3504 | 3773 | 38.71
7500 1.30 2.33 3.34 4.22 5.02 5.76 9.10 1162 | 1417 | 1823 | 2277 | 2804 | 3238 | 3500 | 3594
10000 1.14 2.04 2.92 3.71 4.43 5.08 8.23 1059 | 13.06 | 1701 | 2137 | 2628 | 3036 | 32.83 | 33.77
15000 0.88 1.67 2.39 3.10 3.73 4.26 7.04 9.18 1145 | 1526 | 1919 | 2353 | 2720 | 2079 | 3056
20000 0.73 1.37 1.99 2.59 3.15 3.63 6.13 8.16 1029 | 1390 | 1759 | 2162 | 2500 | 2736 | 28.23
35000 0.51 0.93 1.37 1.80 2.21 2.56 4.57 6.21 7.76 1076 | 13.74 | 17.48 | 2044 | 2250 | 2354
50000 0.39 0.70 1.03 1.37 1.68 1.96 3.52 4.94 6.28 8.93 1131 | 1462 | 1714 | 1933 | 2046
75000 0.26 0.52 0.74 1.02 1.28 1.45 2.65 3.65 4.60 6.68 8.58 1165 | 1375 | 1553 | 16.60
100000 | 0.20 0.40 0.59 0.81 0.99 117 2.17 2.95 3.70 5.36 6.85 9.34 11.03 | 1243 | 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 1077 | 1165
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*.4 Heavy Tropical Storm Rainfall in Texas
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Harvey’'s Was Unique
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Houston’s Ten Wettest Days on Record ®

.3 National Weather Service Houste

Two of the 5 wettest days on record in Houston
occurred with Harvey (16.07” and 8.37”).

Houston, Texas
Ten Wettest Calendar Days on Record |Inches), 1892-2017
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AWA PMP Projects-Texas Completed in earl
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%4 Harvey’'s Path to Texas
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48-hour Probable Maximum Precipitation - Tropical Storm - 20,000 mi? 72-hour Probable Maximum Precipitation - Tropical Storm - 20,000 mi®
Impact on PMP Due to Hurricane Harvey (SPAS 1667) Preliminary Analysis Impact on PMP Due to Hurricane Harvey (SPAS 1667) Preliminary Analysis
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=4 Harvey’'s Path to Texas

96-hour Probable Maximum Precipitation - Tropical Storm - 20,000 mi?
Impact on PMP Due to Hurricane Harvey (SPAS 1667) Preliminary Analysis
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120-hour Probable Maximum Precipitation - Tropical Storm - 20,000 mi>
Impact on PMP Due to Preliminary Hurricane Harvey (SPAS 1667) Analysis
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Harvey’s Relationship to PMP

#of Grid Points Average Tropical PMP  Average Tropical PMP  Average % | Average General PMP  Average % Increase | Average HMR51  Average % Increase
Controlled by Harvey (post-Harvey) (pre-Harvey) Increase (pre-Harvey) over General PMP PMP fromHMR51
5,000-sqmi 48-hour 485 25.8" 25.4" 1.6% 37" No Increase
5,000-sqmi 72-hour 4,566 30.1" 27.4" 9.9% 35.3" No Increase 311" No Increase
10,000-sqmi 48-hour 1,668 22.0" 21.1" 4.0% 24.7" No Increase 22.9" No Increase
10,000-sqmi 72-hour 4,736 25.9" 23.4" 10.7% 29.1" No Increase 26.8" No Increase
10,000-sqmi 96-hour 9,785 21.3" 23.6" 15.7% 28.2" No Increase N/A N/A
10,000-sqmi 120-hour 9,785 29.5" 23.8" 24.0% 28.4" No Increase N/A N/A
20,000-sqmi 48-hour 4,009 17.4" 16.2" 7.3% 20.6" No Increase 22.8" No Increase
20,000-sqmi 72-hour 6,167 20.8" 18.4" 12.5% 22.0" No Increase 26.8" No Increase
20,000-sqmi 96-hour 1,714 23.4" 20.6" 13.8% 23.1" 1.5% N/A N/A
20,000-sqmi 120-hour 9,566 24.7" 20.7" 18.9% 22.8" 8.4% N/A N/A
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Harvey on the World Curve

Maximum observed point rainfall as a function of duration
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Florence-Another Harvey?
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Hurricane Florence Current information: ®  Forecast positions: Hurricane Florence Current information: ®  Forecast positions:
Tuesday September 11, 2018 Center location 28.0 N 67.9 W @ Tropical Cyclone Q Post/Potential TC Thursday September 13, 2018 Center location 34.0 N 76.8 W @ Tropical Cyclone Q Post/Potential TC
8 PM AST Intermediate Advisory 50A Maximum sustained wind 140 mph  Sustained winds: D <39 mph 11 PM EDT Advisory 59 Maximum sustained wind 90 mph Sustained winds: D <39 mph
NWS National Hurricane Center Movement WNW at 17 mph S 39-73 mph H 74-110 mph M > 110 mph NWS National Hurricane Center Movement NW at 6 mph S 39-73 mph H 74-110 mph M > 110 mph
Potential track area: Watches: Warnings: Potential track area: Watches: Warnings:
Day 1-3 Day 4-5 Hurricane Trop Storm I Hurricane Il Trop Storm & Day 1-3 Day 4-5 Hurricane Trop Storm Il Hurricane Il Trop Storm
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Storm 1720 - September 13 (1200 UTC) - September 18 (1100 UTC), 2018

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

2
Area (mi) = 2 3 4 5 6 12 18 24 36 48 72 96 120 | Total
0.4 688 | 1004 | 1160 | 12656 | 1333 | 1381 | 1694 | 2086 | 2512 | 29.06 | 3742 | 4310 | 4388 | 4395 | 43.95
1 682 | 994 | 1151 | 1251 | 1347 | 1363 | 1679 | 2074 | 2497 | 2888 | 3720 | 4281 | 4361 | 4372 | 4372
10 656 | 951 | 1115 | 1197 | 1224 | 1265 | 1623 | 2042 | 2460 | 2844 | 3666 | 4211 | 4299 | 4314 | 4314
25 58 | 841 | 1007 | 1080 | 11.00 | 1157 | 1584 | 2020 | 2435 | 2827 | 3645 | 4187 | 4275 | 4292 | 42.92
50 490 | 697 | 863 | 923 | 98 | 11.05 | 1531 | 1975 | 2380 | 2800 | 36.03 | 4169 | 4257 | 4274 | 42.74
100 397 | 571 715 | 778 | 916 | 1035 | 1437 | 1862 | 2280 | 2734 | 3517 | 4100 | 4238 | 4257 | 4257
150 350 | 503 | 636 | 733 | 866 | 985 | 1367 | 1772 | 2212 | 2688 | 3448 | 4068 | 41.96 | 4216 | 42.16
200 320 | 461 58 | 698 | 824 | 937 | 1314 | 1703 | 2158 | 2653 | 3400 | 4039 | 4166 | 4185 | 4185
300 28 | 414 | 5220 | 644 | 748 | 853 | 1274 | 1618 | 2079 | 2603 | 3330 | 3008 | 4125 | 4142 | 4142
400 259 | 38 | 481 600 | 699 | 793 | 1238 | 1583 | 2016 | 2550 | 3276 | 3951 | 4091 | 4110 | 41.10
500 243 | 350 | 454 | 562 | 658 | 765 | 1206 | 1560 | 1962 | 2503 | 3235 | 3912 | 4049 | 4067 | 4067
1,000 | 199 | 302 | 38 | 48 | 58 | 68 | 1089 | 1452 | 1767 | 2341 | 3042 | 3741 | 3885 | 3001 | 39.01
2000 | 162 | 255 | 343 | 4220 | 507 | 58 | 979 | 1295 | 1582 | 2145 | 2787 | 3450 | 3627 | 3640 | 3640
3500 | 130 | 228 | 300 | 379 | 456 | 514 | 863 | 1153 | 1445 | 1964 | 2555 | 3195 | 3384 | 3399 | 3399
5000 | 126 | 210 | 28 | 355 | 421 477 | 791 | 1064 | 1352 | 1837 | 2387 | 3030 | 3211 | 3228 | 3228
7500 | 110 | 186 | 260 | 318 | 384 | 435 | 728 | 990 | 1253 | 1696 | 2193 | 2810 | 2984 | 3006 | 30.06
10,000 | 098 | 1.71 237 | 294 | 351 402 | 679 | 936 | 1172 | 1589 | 2056 | 2635 | 2822 | 2846 | 2846
15000 | 082 | 144 | 205 | 255 | 308 | 350 | 605 | 843 | 1057 | 1425 | 1835 | 2362 | 2546 | 2572 | 2572
20000 | 072 | 126 | 179 | 226 | 270 | 311 552 | 772 | 962 | 1297 | 1650 | 2138 | 2320 | 2354 | 2354
35000 | 050 | 09 | 130 | 168 | 200 | 236 | 420 | 606 | 756 | 1005 | 1284 | 1693 | 1878 | 19.01 | 19.01
50,000 | 030 | o070 | 100 | 125 | 154 | 177 | 320 | 477 | 597 | 825 | 1043 | 1380 | 1564 | 1580 | 15.89
75000 | 026 | 040 | o071 0.91 1143 | 129 | 237 | 341 425 | 590 | 767 | 1057 | 1225 | 1257 | 1257
96,675 | 021 038 | 055 | o071 088 | 103 | 187 | 273 | 343 | 48 | 620 | 875 | 1016 | 1044 | 1044

38°N

37N

36°N

35°N

34°N

32°N

80°W 79°W 78°W 77N
Total 120-hour Rainfall (inches)
09/13/2018 1200 UTC - 09/18/2018 1100 UTC

Gauges SPAS-NEXRAD 1720
® Daily
= Hourly i
= Hourly Pseudo o 30 a0 120
© Supplemental
) 65 130 250

Precipitation (inches)

M ooo0-200 []10.01-12.00 []20.01-2200 [ 30.01 -32.00 ] 40.01-42.00
201-400 []12.01-14.00 []22.01-24.00 [l 32.01 - 34.00 [_] 42.01 - 44.00
[401-600 []14.01-18.00 [ ]24.01-26.00 [l 34.01 -36.00

[[le01-8.00 []16.01-18.00 [7] 26.01 - 28.00 [l 36.01 - 38.00

[]8.01-10.00 [[] 18.01 - 20.00 [} 28.01 - 30.00 [_] 38.01 - 40.00
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72 - Hour Tropical Storm PMP (5000 mi?) - Percent DifTerence from Original
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-Another Harvey?

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.
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%9 Harvey's Summary for PMP

* Harvey is considered a PMP event

* Confirmed the process 1s working as intended
* No high hazard dams failed
* Very important for further research and understanding

Questions

Bill Kappel
719-488-4311
billkappel@appliedweatherassociates.com
www.appliedweatherassociates.com
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=.4d Harve

y's Rainfall Compared to Previous Storms

Duration: 48 h

Duration: 72 h

Duration: 120 h

Average (in) Amount (mrd) % over previous record
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Average (in) Amount (mrd) % over previous record

Area: 1000 sq mi Area: 1000 sq mi Area: 1000 sq mi

Event Average (in) Amount (mrd) % over previous record Event Average (in) Amount (mrd) % over previous record Event

LA Aug 1940 29.53 13 -0.6% Harvey 2017 37.56 1l 16% Harvey 2017 43.29
Harvey 2017 29.36 1.3 Harvey rel to HMR 51 LA Aug 1940 32151 15 Harvey rel to HMR 51 LA Aug 1940 32.64
TXJun 1899 27.63 133 -22% TX Jun 1899 31.10 1.4 -9% TXJun 1899 31.91
Danny 1997 25.69 1l 7) Harvey rel to AWA zone Danny 1997 27.10 1.2 Harvey rel to AWA zone Claudette 1979 27.78
Claudette 1979 23.97 154! -17% Alice 1954 26.93 1.2 -9% Beulah 1967 27.20
Area: 5000 sq mi Area: 5000 sq mi Area: 5000 sq mi

Event Average (in) Amount (mrd) % over previous record Event Average (in) Amount (mrd) % over previous record Event

Harvey 2017 23.54 5i5 11% Harvey 2017 29.40 71 22% Harvey 2017 36.34
LA Aug 1940 20515 4.8 Harvey rel to HMR 51 TXJun 1899 24.19 DI Harvey rel to HMR 51  TXJun 1899 25.60
TX Jun 1899 20.01 4.5 -12% LA Aug 1940 23.63 5.4 -4% LA Aug 1940 23.93
TX Oct 1994 18.60 4.2 Harvey rel to AWA zone Beulah 1967 20.70 4.7 Harvey rel to AWA zone Beulah 1967 22.40
Georges 1998 18.33 4.2 -11% TX Oct 1994 20.15 4.6 -1% TX Oct 1994 20.86
Area: 10000 sq mi Area: 10000 sq mi Area: 10000 sq mi

Event Average (in) Amount (mrd) % over previous record Event Average (in) Amount (mrd) % over previous record Event

Harvey 2017 20.81 9.7 25% 'Harvey 2017 25.35 12.2 27% | Harvey 2017 31.84
Georges 1998 16.62 7/ Harvey rel to HMR 51 TXJun 1899 19.97 9.1 Harvey relto HMR 51  TXJun 1899 21.39
LA Aug 1940 16.16 i7:3 -8% Beulah 1967 18.50 8.4 -4% Beulah 1967 20.50
TX Jun 1899 16.02 7.3 Harvey rel to AWA zone LA Aug 1940 17.94 8.1 Harvey rel to AWA zone LA Aug 1940 18.37
TX Oct 1994 16.00 7.3 -5% TX Oct 1994 17.45 79 5% TX Oct 1994 18.06
l_Area: 20000 sq mi Area: 20000 sq mi Area: 20000 sq mi

Event Average (in) Amount (mrd) % over previous record Event Average (in) Amount (mrd) % over previous record Event

Harvey 2017 17.04 160  17% Harvey 2017  21.03 197  [29% | Harvey 2017 26.68
Georges 1998 14.58 13.2 Harvey rel to HMR 51  Beulah 1967 16.30 14.8 Harvey rel to HMR 51  Beulah 1967 18.70
Beulah 1967 13.00 11.8 -5% TXJun 1899 15.29 13.9 -4% TXJun 1899 17.02
TX Oct 1994 12.46 11.3 Harvey rel to AWA zone Georges 1998 14.58 13.2 Harvey rel to AWA zone Georges 1998 1yl
Floyd 1999 12.05 10.9 -5% TX Oct 1994 13.92 12.6 13% NC Sep 2010 14.83

25.6
17.0
15.4
14.3
13.4
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