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PART 2 - Intense Precipitation Climatology Over The Conterminous U.S.

; : . . . Regions with disproportionate changes in intense
Annulal Surface Air Temperature Anomalies Global warming manifests itself at glons - P hp e g e : : : : : . . . —
08 , > precipitation during the past decades compared to the Terminol din or ntation Example of intense Nationwide climatology of various Regional climatology of various characteristics
oa | least at the continental scale change in the annual and/or seasonal precipitation Our analyses are based upon hou rly € INOIOgY uUsed In presentatio precipitation statistics for characteristics of hourly intense precipitation of hourly intense precipitation as a function of
02 - . Th,ene < Freacon to look for'l%rge'seale. and da||y precipitation data over 5 - - 5519 7 » Southeast for 1948-2007 based on as a function of daily precipitation totals in the daily precipitation totals in the days with
o2 ( Thanges in extremes = we are looking for™ th t U it d Stat ay With Intense precipitation >1le./mm ._ 220 HPD gauges, per station s —days with-intense precipitation —— intense precipitation
0. | | | ' | ' | | | | \chan d ch t tics of e con ermlnous nite ales Multi-d int ti t ted f Precipitation Annual Decadal Annual Average Peak B Precinitat -
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 ges in area-averaged characteris ICS, uiti-aay Intense event IS constructed rrom eventrange, rainfall, numberof number of intensity, Duration, intensity 300 Precipitation, mm
- - . . . . . ’ ’ . . ’ ’ ’ i
* TNorthern Hemisphere extrem'e-ev-en.ts_ ———— consequtive intense precipitation days o mm ey reinhours mm/h. - hours - mm/h . : ﬁ'\ﬁﬁi‘iflil"lfl?fr:,l"hﬂi
Mean centenary rate of , . *P . : Lo 12.7-25.4 329 187 73 4.6 3.9 8.9 200 |
change of the annual : Another option would be to search for Moderately heavy precipitation 12.7<P < 25.4 mm d!
?\jgfratf;‘]eeah'lf;ft?g;ratu'fe ;: 1955 ‘_':J' smaller-scale cha anges in extremes related to H e g b 769 » ( ¥ 27.9-50.8 250 66 40 61 61 168 150 |
. : . : iy eav recipitation A4<P< 2 mmd - ormm (event) 53.3-76.2 93.5 15 12 7.9 8.1 25.2
:Igr;lé?1h3%r;r-|;2-os3 04 5 Vs & .:'-“‘:' : Q‘e_glgngl inﬂ I-(-) caI factojs>(e 8, land use Two station networks used in our analyses of hourly and vP i 78.7 - 101.6 36 4 4 9.1 9.9 30.7 "
. , = V. oty o\ ° ~ ° P H i i - . . . . |
(Luginaetal. 2007, 0.0 ° 'i.“ A IO m_‘.‘;‘.. . Change and/or water Wlthdrawal) Easterlin Loztla" updated-from Groismanet al. 2005, Zhai et al——= daily precipitation Very hea\ly prECIpltatlon 76.2 <P < 154.9 mm dtor mm (event)? 50
updated; for2010 the .4 % & N %° > ¢ — 2005, ?ioy and Balling 2004, Aguilar et al. 2005, Brunetti et al. 2004, and PR T 1 . 104.1-126  16.5 1.4 1.6 102 112  35.6 o _ _
data are Jan-Nov. o’ : Cavazos 2008, ZoI|na etal. 2010 Thresholds used to define “heavy” and “very Blue dots on the maps show distribution of 3076 long-term Extreme precipitation P> 154.9 mm d! or mm (event) 129.5-151.4 7 0.5 0.6 1.2 12.6 39.9 127.254  279.508 $33.762 787.10L6 1041.126 1295.1514 1549 _ _ =k _
average) B S S hasadl asaninitating o buiananan and saninn hourly (HPD; left) and 5885 daily stations (COOP; right) ' : . . . . y | aead 2190508 333-762 7BT-IOL6 A0 29> - 151. ' Mean point annual intense precipitation, mm; mean point decadal number
’ ’ >154.9 3.3 0.4 0.6 13.8 14.5 48.0 Mean pointannualintense precipitation, mm; mean point decadal number of days and mean point annual number of hours with intense precipitation
] EARLLULL . . . . . . of days and mean point annual number of hours with intense precipitation
ghean U.S. Corn Belt States with the areas (% of total land area)
i Annual number of days with very heavy precipitation occupied by corn (red) and soybean (blue) fields in last three Changes between 1979-2009 and 1948-1978 periods,
[ 5N e n ST
A defined as an upper 0.3% of daily precipitation . l .decades T ~—jnecrease by % . . . .
: : : L N SCONE RN 4 . . . i - : : toti : : : : Nationwide climatology of various
events over the central U.S. (dark blue in the insert) Y o | T i tl9/124 L fx,., Area of harvested Nationwide climatology of various Regional climatology of various characteristics of Nationwide climatology of various " carict EFoury tgy o
"Te 5/1_055 1 B %1/62 25/3?/7\"" corn for grain (red) Core Midwest (lA, IL, and IN) States. Areas characteristics of hourly intense precipitation hourly intense precipitation as a function of daily characteristics of hourly intense precipitation c a;ac etf's |csfo If:.u;y n :nse preuPlf ;?n
8 . ini i i ith i . . . e . dS d TUNcCtion or muliti-aay intense precipitation
Q . . . « o . . -
0.8 — and soybeans (blue) with corn and soybeans harvested, %, and as a function of daily precipitation totals in the precipitation totals in the days with intense as a function of multi-day intense precipitation event totals
. Id I- ) I d h I . . . . . precipitation event totals 0
06 — vield (liter m~?) related to the total states area days with intense precipitation 5o o Averase intencit & mm/ b
for thel1970-2010 -2 0 -2 0 50 o X | "L " . a5 | verage intensity per event, mm/ h.
0.4 - period in Trax 1! m COrn 4{{) I m Soybeans A’ 45 | M Average intensity, 3 300 o 40 | MW Peak event intensity, mm/h.
4 Flﬂ_%ﬂ 10 d(Percent of area )/dt = 7.1%/63yr; R? =.D.52 2 |m‘-!z d(Percent of area )/dt = 22%/63yr; R? = 0.90 2 4 - mm/h, B ﬁlr 250 ¥ Precipitation, mm . B B m Mean event duration, hours
o 159/1 1 2 Py ot " - o 35 | W Peakintensit /h ﬂ B Decadal number of rain events 30
0.2 - _"" - T 2126 5 8 % !; :._‘.:q'- 30 ' 'qf ] B eakintensity, mm/h. T ———— 200 B Annual number of rain hours ]
— SV d i =" = 1.2 .- . 21
0 _Hydrological years ; X N Tk e % , J_,J:" “_:,"‘::? 3 2> m Duration, hours
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 l’ Total yield of corn : : ‘#‘,.‘\g ""' j: ' «‘.L’b ;‘!’; "
Linear trend estimates for the 18932010 and 1948—2010 periods. are s e Ty . el 7
equal to 2.6% (10 yr)! and 7.4% (10 yr)-, respectively, and are statistically Dark green is dense production, lighter le ut still importapgf (red) and soybeans T ) 0 Vield/dt =9.7 |iter/sqma/ 63y, B = 0861 6 Yield/dt = 1.1 liter/sq.m/63yr; R = 0.95 10 50 - I 5
significant at the 0.01 level or higher (Groisman et al. 2005, updated). T http:/fen.wikipedia.ora/wiki/Corn_Belt—""" . (blue) | 1990 1950 1960 1970 1980 1990 2000 2010 2020 S > ‘ 0 l H = N | 0
- ) 0 1_1.\ J ) 12.7-254 27.9-508 533-762 78.7-1016 104.1-126 129.5-1514 5154.9 12.7-254 279-50.8 533-76.2 78.7-101.6 104.1-126 129.5-1514 >154.9
: E‘ S— 12.7-254 279-508 533-76.2 78.7-101.6 104.1-126 129.5-1514 >154.9 . o ] ] .
he S .-?._ " _ S _ Mean daily and peak precipitation intensity mm h-'; and mean Mean point annual intense precipitation, mm; mean point decadal number Mean daily and peak precipitation intensity mm h-1; and mean
" ol H Mean_dally an(_j peak |:_)r<::-0|p_>|tat|on intensity mm h-'; and mean duration of daily precipitation events, hours. of events and mean pointannual number of hours with intense precip. duration of daily precipitation events, hours.
r A P » r - al< , e ~ P ‘ duration of daily precipitation events, hours.
A S S eNdNgeESH NI NTENSERIEEL Jll
r T~ o b J — J\-
Observed Increases in Very Heavy Precipitation Methods of assessing changes in SouthezstomUS, associated it tropicalcyclones (TG for the 31 yers Changes of the fraction of moderately - -
during the 1958 to 2010 period (USGCRP 2009) . « e e of warmest and coldest Northern Hemisphere temperatures during the heavy precipitation with time, past three - a n - re a I O n S I S
intense prEC|p|tat|0n 1948-2009 period (top) and other not-associated with TC intense rainfall d d . iod m aX m | n
) . . : : during the June-N b bott
Percent increases in Assessing the 1948-2009 period, we compared 160 Iurmg. _e U.me ovember season {battom) ecades versus previous perio ° °
comanligin |~ o s 3 et nc e 3 s ol . " with the frequency of heavy precipa-
ory heavy rain sample from HPD and COOP networks “ fh o ]
events defined as - the warmest 31 years and the coolest 31 years 10 |- M Hours with rainia
the heaviest 1 (using as guidance the mean annual surface air 100 - 4 -
- temperature of the Norther Hemisphere (TNH), or - 1oN 1IN the warim season r-uc
percent of all daily , , 80 -
reg|0na| (eg, Over the Central and Cont|guous US) 12.7-25.4 27.9-50.8 53.3-76.2 78.7-101.6 104.1- 126 129.5-151.4 >154.9
events from 1958 to . . . . 00 -
2010 for each reaion - intense precipitation derived from tropical cyclones I 0 I I I I 0
oreach regio (TC) in the hurricane season (June through s v s s e o change
Percentage Change in Very Heavy Precipitation - ‘~itati ‘i S S S o ' C ' - I L ®
rer Ig: g- rv- v- P i November) and intense precipitation that originated Estimates of precipitation characteristics for these 31.yr periods BB -Decroase Summer (JJA) surface air temperature _Long term mean number of days C n I n
T s o i s N A st nak e without direct TC |mpact, and were averaged and their ratios (in percent per station) are shown |inear trends 1950-2010 Wlth heavy ralnfall (above 25.4 mm) O C u S I o S
_ _ o o - various combinations of the above. sorted by day rainfall intensity ranges (in mm, x - axes) Fraction of “moderately intense” precipitation within the intense /
Cha"gizénotrhﬁisﬁ‘::ﬁ:\‘“::';r“’;tg“*’:r"‘:ﬁ;";::a‘:‘t;:::g?:{ tf}'gg_':'f:\’,‘;l at the precipitation spectra is decreasing over most of the contiguous U.S. Maximum temperature Mmlmum temperature _—Rpril-October
U pper 1% of the summer rainfall > . nggra::;snc;r;%frgn:iepr;faeii%rnelertla::c(algsv:)z(lgtpsgirvlz:;?: gLonttsr)a?rl‘fSrT‘:;:l' Comparison of mean and peak intensity and : gy & R e gt X | e I s « We documented a significant increase in very heavy and Among possible causes of observed changes in the
totals. mm. Northeastern U.S Central United States 1979-2009 and 1948-1978 periods sorted by day/event intensities (in mm) duration of hourly precipitation for intense S0 e KT A extreme precipitation during the past several decades over Central United States can be:
) ® ode 160 « ey se . . the Central U.S. (which comprises more than 35% of the « Global factors associated with changes of global/hemispheric
80 O th 70(y Of ann aI prec.p.tat.on faIIs B Total Precipitation ORain days ®Hours with rainfall | Total Precipitation O Raindays prECIPItatlon days (IEft) and mUItl'day Intense contiguous U S ) t t g g p
_ D2 _ * On average, more than 6 u ipitati o e et . . a7 iy S -9 emperatures:
g dP/dt=2.3 mm/10yr; R*=0.10 - during ~25% of days with intense precipitation E precipitation events (right) over ﬂ:‘e Central U.S. for T B * There are invariants in the current intense precipitation * Increase in the atmospheric water holding capacity
® ) e, i 1979-2009 and 1948-1978 periods sorted by 010005 005 010 ’ changes over all regions of conterminous United States « Large scale changes in atmospheric circulation
60 * About half of intense precipitation totals comes from . ez Trend (‘G decade) : . . - . .
® d Iv h h . h 09 100 1 day/event Intensities (|n mm) (e.g., maximum hourly rainfall intensity did not change * Local factors associated with land use and water
50 o ° rT;O "e;ate y .tehayytevents t .at.fotr.nprlse more than 70% I_| 160 Temperature data were bias-adjusted (Menne et al. 2009) with increase of the frequency of intense rain events) management:
ora ays Wi Intense prECIpl ation . . ,::- S ———————— B . EDaily Intensity BDuration BPeak intensity BEventintensity B Eventduration BPeakintensity e We observe a3 Statistica"y Signiﬁcant redistribution among * |ntensification of agriculture in the region
30 *.° o0 * Inthe Ia.St three decades. only O']i% Oz Inte.nse rain days 0 e : Correlation of in the warm season Correlation of in the warm season T .. with D, the intense precipita.tion days'and muIti-daY events over * lrrigation WeSth.ﬂrd of the Cen’fral Un.'tEd Sta.tes (Great Plains)
30 o® o @g . were 6-inchers and they brought ~0.8% of intense : g . the number of days with heavy precipitation most of the conterminous Unite States: while moderately * All of these factors; many of which being collinear
* s s — —0— ~ ~ precipitation in the last decades (but 40 years ago they o 1 " o] temperatures with D, the number of days intense precipitation events (in the range from 12.7 mm .
20 _eg-—®g ~%¥e o (R o. ° o b ht only ~0.6%) “ﬁ.ﬁ with heavv precipitation >25.4 mm (>25.4 mm), after the removal of the T, _, 0 25.4 mm per day or per multi-day event) did - We do not see among possible causes of observed
@ rou only ~0. 100 - s . . . . - . .
o ©® ® '. o ¢ '. ® o & _ y ° o _ P74 mams 93702 TG o1 ESA D T34 Bo.ms | 9372 T Gur.um ms-ie s YPp P impact (partial correlatlon) appreciably change , the fraction of very heavy and changes in the Central United States:
10 _4._&. @ ¢ A" trends In Very heavy preCIpltatlon durlng the paSt 119 30-1:.1.:5.4 T T Ol e e MaXimum temperature Minimum temperature ';:;3 L\ﬁ 5 "”L"‘”‘EL_;-—‘L /’ extreme reci itati(;n da S and events increases ® Changes in regional temperatures
years are ascribed to the 1948-2010 period and the . e - . Estimates of precipitation characteristics for these 31-yr LN | Tz, P . | E | 028 ™ 0.57 o8 7 Y preap y ' * Changesin hurricane intensity/frequency
0 . . . . . . i . . . . ) . . . Estimates of precipitation characteristics for these 31-yr periods were iod d d thei ti . t e T I Y /3 [ o0 003 kﬂjﬂ {7 _Iu;;{(l { | )4{ ) 5—0 26
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 second half of this period is responsible for most of them averaged and their ratios (in percent per station) are shown for HPD periods were averaged and thelr ratios (in percent per — y—f’_hc’f»"”?"j" C | 5 L : | | et
(left) and COOP (right) networks. station) are shown OB 4 g AN gooe [T ;/:g” T | 038
S < 074 .\g—*:ff e \'” ' ﬁ\( . }.' _0.06 _I'__#:':;
-Significant ,,-"\ ‘('_/" — *\ - Significant - 2
On the interannual time scale, D is negatlvely correlated e ) 084 | 0.70 « Prior to blannine for adabtati d mitizati . .
& . o o with T,,, over most of the contiguous U.S. except the Great Significant \"'\ i,/’\ffhﬂ“’\\ riorto planning for adaptation and mitigation Regions where dry episode frequency
- max " " \ measures for detrimental consequences of these = = . -
_ 1 oy oy e . - i
e'feppile h values of the Convective Available Potential Ene rgy Lakes and Northeast where it s positively corelated with R o s, e Gtan sy observed changes, the causes of this increase should AU CERG R P LT RAA L D RO LE
T s e min 8)- Zﬁ:f;g::lzfc;r;e!z;iluw‘;;}; t'j“:; number of days with heavy rainfall be carefully investigated USing a suite of models :
C . United S Spri = e oy e T * Projections of future changes critically depend upon i
1 T . anges in the number of days with heavy rainftall in the . irioni i
Southwestern US’ Summer g, nw, ur, & co) Number of days with maximum daily Convective v;garm season over the nort8 eastern quadrant of the U.S. + Onan interannual time scale, D, the number of days with heavy and/or regional factors responsible for ongoing AT KR Lo
] . . . . : ' : : ! db/dt=1.0 d/53yr; R==0.1 o e . il TS e
30 Number of days with Convective Available 20 -N&H%b&FGf—dﬁVS—Wi%h@BHV&EHVQ—AV&H&bJ-E - . . : o Available Potential Energy (CAPE) above 1500 ) kgl — .,. t'. . : y. : : [ precipitation, are negatively correlated with seasonal T,,., except the changes | 7 O B, S R
Potential Energy (CAPE) above 1500 ] kg* Potential Energy (CAPE) above 15001J kgt _ ) = A i '*"'-""'" &% ——dppde=13a7sIyr Re=pe 8 Great Lakes and Northeastregions where they are positively * Changes in intense precipitation over the contiguous Ny LU
25 - Potential Energy (CAPE) above 1500 J kg[! . ol ¢ . S-Sl correlated with Thin : : L 60 and ARoveig.y | e
16 4 gY . 8 27 ——— N1 6 _ . , United States during the past four decades coincide davs in d ’ . :
—+00Z = 127 16 e .,:u.-.,p-ﬂ._..“:_ - . | : % _,-__c-;. - ,..,.'_' o | i » Afterremoval of the T, impact, D are positively correlated with T, . . o ays 1n dr ofisodes (20 f
- At 00Z, an increase by 55% pei 30 years, R? = 0.4 +00Z =127 —Linear (002) o EFLR G R ots : everywhere across the contiguous U.S. (CONUS) with (or are a part of) general changes in precipitation episodes \ o Sg “«S((jl Or
/\ / \ - \/ M\ / A 12 —AeIZ anincrease i Tikperdlyeors. 2= [;;2 K ' > At 00Z, a decrease by 70% per 30 years; R* = 0.18 I z | | E * The northeastern quadrant of CONUS is the only region where spectra over the region, in particular with an increase \ T anada)
15 - \/ W .. \ / \ . \\ At 127, a decrqase by 55% per 30 years: R2= 0.09 12 ® . b 4 : 4 e St on 2 ..,.',..“_,...E ..'-'-. 1 heavy rain events became more frequent during the warm season. in the frequency of the prolonged no-rain periods in
1007 ‘= 127 —Lmear(lZZ) / " A \ A . ;,L,J,’ic' e . ° o ® o o Y .'_ % So®ey 7 100 1950 1960 1970 1580 1990 2000 2010 2020 Amongother U.S. regions this quadrant is also characterized by the warm season over most of the nation (cf., last slide) But. this is
. [ m \ A /\ 3 & e, 9 —o — —ﬂf'._‘___ el f-.a'.'-.::, .---%.-'-, o I3 — significant correlations between D and T, (Great Lakes and ’ _
20 1 W B v = o o3~ == = """ " o " ® ®e 22 dD,dt 13d/53yr R?=018 Northeast) and another topic... Groisman and Knight 2007, 2008
4 2 B SRR 3 S VA i wers 4 o et .o 2 S, B — anintensification of land use (Midwest and Great Lakes)
5 e ) X 0 ' . r -~ 2w ¥ 20 = Zorat e e 3 No increase in T, in the central U.S. during the 1950-2010 period can
At 12Z,a nationwideincrease by 22% per 30 years; R* = 0.1¢ ) e = e - 1975 1980 1985 1990 1995 2000 2005 2010 " Increase by 30% per 30 years; R* = 0.14 o Lo 1“;3" G be attributed to droughts of the 1950s (South) and a significant
0 . : : : : . | | | | ' ' | ' ' | Biue dote: hanafd TR W | Ry O —— land use change (Midwest, cf. Part 1). Over Midwest during the
1975 1980 1985 1990 1995 2000 2005 2010 1978 980 1845 A0 1935 200 2005 =dib 1975 1980 1985 1990 1995 2000 2005 2010 Reuded;; n:l;;nn :;azon?:sm':;imua:nvt;:r:mtzrz ?:pi;cmbe'gm growing season (May-Sep) and the early growing season (May-July),
Archive of the North American Regional Reanalysis (NARR) Archive of the North American Regional Reanalysis (NARR) Archive of the North American Regional Reanalysis (NARR) Archive of the North American Regional Reanalysis (NARR) ' D has no relationship with T,,;, and increases by 25%/ 63yr.

Nov. 2011



