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Tee/mien' Bulletin No. 819 • April 1942 

Drought in the United States 
Analyzed by Means of the Theory 

of Prohability 1 2 

By GEOJU1B BI,t:'~JEXS'l'OCK, ,In., J /lnior 80il Conservationist, ClimatIc and Physio
graphic j)ivision, O.tlicr oj Ne,~e(/.rch • .soil Conservation Service 3 

C():'\TEi\TS

• ~~ ~H 
IUlnJdu('lil)Il I TIIl,()rt'LiI"ll .listrihlltioll of droll~ht for nllullul 
l'rt1lmUUi.lry nrully};is of th\' prohlt:,'lJI .1 or J.!~·ul·rnl tim(' iUll'n"nls a2 

'(<'thud !If ('oll(l('lintl uwl orJ.!"ulI11.ntioIl (If ('ulclllnLioll of til,' uUIIuul prohabi!iLl' 
oh~t.'r\"(\tl tlrrJll~UL dISlflhllii(}ll~ 5: : ('Un'l' _. ~ • . .~_:U 

l-:XtlUllI1Ut ion of tlw droug:ht datil G ' I'~(lrmultl (or eXp('clNI Ol'('Urrenl't' of 
IInslr fL"-'UllIIHI<JI)$ la f droug-ht O\·(.'f n g('11t.1rnl tiIllt, inll'n·al.,", ;ji 

TI1('or<,(I<:'11 distribuLions for monthly lillie , Estimntin~ lht' staUllnrd (Irror in Os as 
lI1H'rvuh~ _ I J Thrunnunlt·xpt.1('ll-.d droll~llldlStribution ah 

Cn!(ouilltiou or drnuJ:hl prnbnhility J.I Clllrlllatioll of proh.lhiliLl' of future droll~hL 
Cnktllnlion Oft~XP('llt(l(1 (li!{trihulinU I;'i oc('urn,ln('(' 40 
:'[(\Ulud of (~olllpuring OhSl'r\'NI find \'x- llrOIl!(ht probabilities for sh'Jft lime 

pt'Ned dlstributious 1I1, ill(rr\'llls 4:1 
Tb~on'tiCilI distributioJl ofdrouJ:ht for SI'IISO'''l1 J)r()u~ht l.rohnbBities for inll\ruwdinl,: 

Uuw inWr\"tlls 22 i timi.' intl'n·flls 4i 
('ukulatinll of dWIlj:Il! prohability 2:1 '. llroll!:ht prohabiliLies for Ilnnual or gl'll' 
Tb~ sNlSOnul eXJl~N,'d dislribUi Inn (I( 1 ('rnl linlt' [nll'f\'tlls -Is-! 

droll~llL 23 Il""':W$ timl po~sihll\ l'xWnsions of th(' probahility 
:-;tnlldnrd ,'rror in thl' eX[l,'NNI ,Jistrihu· Illltllysis of dr()lI~hL _ SO 

lion . 2:1 ::lIfIlUmr\' Iii 
CompariSOJl of t,\XP(·{'tNi und oh~(·rn·d li1:o LilPrnlUC(l riwd U2 

trihlltlnus 1,- ,\imh£llllolieni symhol$ 1't1.~dd(\ back eO\'f'r 

I \TIWIHCTIO\ 

• 'I'll(' ability to fOI'PC'nst \\'('nth!'1' ('ol1ditiollS not only 1 01' 2 days but 
I1lso wPt'ks, inollths, 01' ('n'n .\'(,III'S ill 1Ic!\'IU1Cl' is of Inel'l'llsing Impor
[an('(' in our lllor!c'!'l1 ('c'onomie lif('. 'I'll(' farmor is intel'l·sted.in knowing 
whdhp/, riirnlltic conditions will ennbl!' him to produc(' a good crop 
clurin~ tllp (,olllill~ SPIlSOll. 'rh(' h.Y(lrologist, C'oJ1ccrned with the 
construct ion nnd OI)('l'H tion of e111 illS or l'('s('l'voirs, is in tel'ested in 
dptnil('ll knowlpdg(· of the rninfnll conditions expeC'ted in tht' years to 
('0111(' in 0['(1('1' thnt 1](' lllfl.,Y illtplligc'ntly gagp the' npC'l'SSll!T strength 
or cllpueit.,Y of his struellll·PS. .8eonornists, soil conservationists, and 
1l1l111'y othel' sei('n tists fin' dirt'ctl.v cOIH'('rned with problems npcessitllt
illg thp ('xnlllinntion find nnillysis of riimatic data. 

Through Uw lIS(, of synoptic W('lltlteI' mnps it is now possible to 
mnkp \\'PHth('1' fOl'('ensts on(' to ;;('vprnl dnys in nclvnnce. But the 

':-;lIhmlur<1 for publiClltion July 101. HI·II, 
, As.'istlllll·" in thl' pn'purlilioll or II",~,.' dulll wns fUrl/isilt'd by t1w PHSOlllI('1 Of \\'ork~ ProJ:rcss Adminis· 

tration OtIh\i~II Projt.'£'ts :\0. 7H;)~··I~--:I·1O nnd :\'0. fi.1~2-·12-2S:!. 
"rbl'sludy WIL' pr~Jla,,'d uud,'r till' din.'NiOll o( 1'. W. 'I'hort.U.wuill" C'hi!'f, ('lirnntirnud Physiogrllpbk 

DiVision, Ofl1('i' of Hl'searth. ::::ofl Consl'r\'utioll St'r\'i('(', nnllilud{\ is u150 expres.'icd to \\\ G. ('ochmD, 
~lnli$tfrnl LnhoraltJry. lown Htuj(' C·(JlIl'~(~. for n·yil\\\·in~ till' .IUUllU$('ripl nnd otTering suggcstions and 
t'ritit'is(ll$. nnd to Paul Kusl'r, projt'N ~lIpl'n'l~or, \\'"orks Progre.,,, Administration, lor supef\'isin~ the tabuln· 
Llnu IIllrl l"IlIPlIllilioll or till' Stlllistil,,1 cintn. 

1 
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HCCUl'HCY of tlw£:(' prpt\i('lioHs dirninisill's flS tlw rHng!:' of thl' forecast •lcngtht'l1s. At pn'sc'n t sue-C'Pssful nppliell tion of synoplic lpchniqu('s in 
ron~C'astin~ dot's not ('x[pnd mueh hl'.Y<md ;) days. 

'I his dol's not 1I1(,:ln, II()\\"('V('I", thllt lIothill!! is known about thl' 
wentl!l'r lllOSt likply to O(,('Ul" 10, 20, or ('\'('1\ 20n dnys in llw futUl"('. 
Though \\"('ntlwl" conditiolJs \"In'.\' f("(JllI du.,' to dll." 1Ilid frolf] \\'('(,k to 
\\'l'('k, ('('rtnin ('o(Hliti(llis In'(' mOl"(' Iike'h' tltun oth('l"s, tll\' likt'lihood 
of til{' (l('('lll"n'(l('(, of nil ('\'PII[ dpP('ll<li(ig upon til!' lll('lIlJ Pllttl'l"1I of 
at!llosplH'rlc l'ireululion Hnd llll' nll"LUliuns whie-II O("("lIl" ailuut that 
111('1111, Th(';;(' YIIl"inliolis :n'(' 1'('111'('[('<1 in climati(' dn(1I eull('c'[('d nl 
;':('\'(,l"HI [hom-mild ;':(lItton;.: ill th(, l"nitl'd StHt('S [01" Iwl"iods of II f('w 
Yl'nl';; to nlallY lil'c':ld!';;. Vmll1 s(lIlislienJ tlwd.n;is of such datH, tlH' 
eli IIlntolog-isl llllly tIpt ('rllli (11' IIt!' IIlu;;1 likl'l.\' wc'nllll'1" ('ondi liolls for 
tW." pc'rind of lilll!' withill til<' .\'('nl', 1"I'('q(I('!l('Y lind probahll' O('('UJ"

rl (\('1' of such illl[JOI'UlIlt CIillllltic fll('lo!";; as (,X('('SSI\'(, millCnl1 illll'llsili('s, 
drolll!hl, OJ' Itig-It nlld low 1('1111>('1'111 (11'(' ('X[)"PIll(>'; Ctlil 1)(> OiJ[UilH'd with 
II dp(l'("(11ill('d dl'gT!'(, of 1l('('lIl·HC'Y. Lil thi,; phasl' of :';tntisticHl 11I('t('Ol' 

olng" Drob/jilili ly II 1I11lysis i,; p:ll't i(,lIlar1." ntllla hlP. 
Applicnlioll of prohnbility tlw()l',\" to climatic dutll hnd ils Iwg-in

nings, ho\\ (,\"Pl", only in n'('Plli ,\'.'11('". Tltis i;-; jn PI1I"[ dill' to til£' fuel •
thut I"l'sults of tltl'OI'l'ti(':II"('s(':m'h illto slWI! pll('nollll'nH. liS nJ"l'tli nne! 
{('lllporal pp(";;isl!'(l('p 01' [h(' 1":1lUjOitl U(,('UIT(,IH'P of l'C'qU('Il(,('S of silllilar 
01' diRsimiln(' (,\'l'lltS in (jJllp R('l'il's 1t:1SI' 1)('('11 unlilnlJll' 0111\' J"1'(,(llIth' in 
suC'h work a;; lhnt ur Hnrtl'ls I,hl or ~Iood 1//). An ('x;ullpll' 0(t1l(' 
Itpplielltioll of pmlwbilily II]('o("r in tht, fid<l of climntology is the 
iIl\'psligntioll of Ihl' ap]lIlI'('llt P(:,."ist(·(l("l' of (J)1(' typ<, or \\'(':llIH'r by 
Cold Ci") and ('o('lil"lln (.~l. 

~lv~t Rtlldil'l' dl':ding- with tIl(' fl'(,CPIl'(!('Y of O('(,lIlT('(l('P of elilJ1:1ti(' 
('\'pn (S IIII \'p ('()lJsi~t('d prilllH ('il.\' of I'snlll inillg nnl iln blp Ill!'ll'Orolol!iC'ni 
dutn for n station 01' group of s(ntion,; nlld ('XIH'l's;:ing till'. l"l'suits of tIll' 

('xnrninatioll in :l ('oMis(' :Ind rpaciil.\' lI:::lblp forlll. 1,'oJ" ('sllmpl!', 
('bnl"tR nntl lIlUpS of till' l'nitl'd ~tllt('S indicating pH:"! fl'l'qUPllC,Y of 
\'nrious ('X(I'('II1<';: ill I'ni II r:tll intl'f1si[\' C/(), /fil. dl"nll~ht ()('(,(IJTl'Jl('(',~' 
nne! ('lilllHt it- 'YP(' t/; \ hlWl' bt'l'll pr;'pnTl'd. TllI'''1' (:Imrts lind mnp" 
orr{'1" :I dl':ll" pi('[ui"(' or pll,,[ OC'C'lIITt'II(,(' :lilt! tiw1"('fo("(' slippl.\' \'nlwli>11' 
lintn for fUl'l\wr Hllalysis such :I:' (,OlT('latinll with [Iood dnmHl!\\ OJ' 
('rop failirl'(' during (Ill' sanw ."purs of I"I'(,Ol"l1. TIt!',,1' <lnt:l, IIO\\'('\'PI", 

11I'(' not so \'ulllahl!' wlwil lIsl'd ill 1)I'pdiet ill!! ftltul"{' ('Iimatie (,OIH\itiOlls, • 
"im'p no ('l'lllIiqll[, IHis hp('n dl'\'I'\op(·d for l'nl!unting lhl' sampling
l'tT(\1" ° ill til(' 1"(';:\11(". ~\I11\(' douht III \1,,( (1l('l'pfor(' ('xisl ('Olll'('ming tlw 
:)('('ul"nc,\' of (")(l;:i<il'f"ing" litp,:(' nil";l'n'pd rn'qlll'lIl'i('': ns n'pr('s('ntlltin' 
of lnl<' proilHI,ilili(';-;. 

III ('Slimlllilll; 11](' likl'liitol)(j of I'Sln'lIll' ('\illlllli(' ('\'l'lll::: ('utlH'r than 
tlip lik!'lillOlld of [\tOS(' Iltnl III 0::: t [n'qlll'lltl.\' Ol'(,lll". tlll' o\)';('l'V('d 
fn'qll('(ll'i!'R 1)(,(,()Illl' itil.!ldy lI11("(,[j,lhl(', 'I'll(' primal'.\' rPll;:OIl for this is 
tit!' 1:11'12:(' slanclHl'd plTIII" ill till' OI)SI'I'\I'd frl'q(Il'JlI'il's, \\"ilie'h rt'slilt.;; 
from thl' 1':1('( titat tltl' f("('l[lI{'I1('Y 1ll<'l\Sl(l'pnH'nIR :11'1' bns('d only upon n 

t rtnlil~ nlJmllt'r~ In furt'urht.''>t,''i rt·ft'r' til Litt'rjturt' CH('d, p. 02. 
'- BluJJl(ln~t(wk. l).:nid l. ll}{()I"iiJIT gXpl-:rTX\rll~~ ,'\ 1'lIl'. t·'\tTfo~ll.sTATES AS llEl.ATF.n TO Fi()II, .\XU ~IOIS"

TI'U': CO"S~·lll'.\TIO~. 11'Il(luhlf~I,(,'t.l 
1$ Th., lrJ'IJt '·~lunpUnJ.l' \'rr'Jr''' hll'; tlt'(IJI u... p,) ht'f(' 10 iwllc'nlt t tlI1l'ontruJlnhl£· or dlml('(\ ntrintion nnd dOl'~ 


riot hup)" IIIlst'tkj'~ tn 1Jw nil:-t'fvatioli. ('Cllll'('ti,\u. f.Uld WIHJIUlfll1l oI thl' dntn, ~11(>l\sun\I1t('nt of n ('iirnntic 

fa("ttJr III jl C'i\ ('11 -slmton for 1 YNlr «,ulr \\ Huld yil·ld 11 tl'r~' l.llll'f'liabl(ll·",iWHlt· or tJw ll!('tul ('olldhiollS nt tli(l 

<[lIttoU. "hnilnrh" ohs('p'nt\"n ,"W:I lUI)g(·f pl'rl"d nCI iJJlI' \I ill ~ It,\.l 1\ tlll'nSllrrllll'n[ thut \, still only nn 

(H~timnH' of tlw ttl-lit tnl'!111 of thl' p:ln~n' popul~llfl'u fit the !'t~lliOll. Thl~ dHIl'rrl1('.fl bc-rWl"(>U un oh~t"n~(ld 

~'unJllp ruut tlw Jlur('of population i~ ':UUphllf.l ,'rrnr, In j!l·lh'r.lI. 1.ht' ]arJ.!(lr un IJllblH...:;(..t Sluupltt is, lho 

mUr\t nccurtH(\ly it will n.'-I\H'!:'Nlt llH'- Ih\n'llt l)Hi'tllnt {un, 
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DROUGH'r ANALYZMD BY .MEANS OF THEORY OF PHOBABlJJ11'Y 

few obst'I'vll,tiolls nnd disl'C'gn.rd tht' mal'(1 fl'('(1 ul'lll, I('ss (lxtl'ellll' ()tCUI' 

(,('IH'l'S. '1'0 tnkp II. simpl(' ('xnmph., it is fiS if tll(' fn'qllenl'Y of If, run of 
1() OJ' 1110l'P Itends in tossing 1I.t. L'n.ndom it.n unhinsed coin were rstimn,t(·d 
by tlt(' lllunbt'1' of tillws slieh runs W('I'(, obs('l'vpcj ill iL limited. number 
oj' ('ons('('utin tosses. The fl'l'<IUellC',Y oblllinl'd by sueh nn iLpproxi
lniLlion Illighl <lill'l'1' ('onsidpl'Il.bly f!'Olll t:ll(' lI'lIl' II pI'iOl'i frequent'.y. 
As n 1IlI'nSUI'(, of lil\('lilloo<l, til(' II priol'i j'I'('quP!le), cllkulated on til(' 
busis of pl'obabil.il,Y would pI'(wid(' n. ll1udl 11101'(' rplinbl(1 nl('nSlIr(' thnn 
nsimp\t' il postel'iol'i j'J'('qU('IH',Y ('ount. 

\\'11('1'(\ n priori prollllhilitil's Ill'{, ullkll(lWn, it mny 1)(' possibll' to 
fOl'mulni.l' n ''In.w of ()('('ll1Tl'lH'l'" of n I'n'III1('11I'), distribution Oil tltI' 
busis of obs('l'\'pd dnlll. Ilowl'\-('I', ill ::;0 dOing, tll(' (,lIlil'(' disll'ibuliOIl 
I)lusl \)(' eolitiitiPI'('(I, lind lI(iI nlly r{'stril'l('d PHl't 1I1l'],('oi'. [f n. salis
fl1dol'Y law of ()('('\\l'I'('Il('l' ('1111 bl' rh'dlll'l'd, tltis Inw e:111 tilPIl \)(' IIsl'd ill 

('nll'ul;1 lillg (:'('<1 1I1'1ll'i('S oj' ('xtl'PIIl!' ('\'1'11 (S. :-)11('iI ('n 1('lIlat ('d [1'('(IU('I1
eil'S, witlr tileir dpfilll'd ('ollnd('II('(' lilliits, \l'ill ofl'p1' 1110],(' SUtbll' IIIld 
1l.I00'P ynlllnhiLo I11('HSIII'{'I1\('III:-; of Iikl'liilood, 

Tlris rae! ilu;;, of ('0 1I1':W , IOllg 1)('1'11 1'(':1lizpd hy slnlisti('inns dl'nling 
witlr rl'I'<[II('IIt'i('H. It Iru:-; iJl'PIl I'('('oglliz(,d Ilrnt so IOllg as 011(' hilS no 
knowl('dg;(' of till' Ill\\" or O('('UITl'II(,(, or :\ ('Iilllati(' rnl'lor, 110 d('{illilll 
"tn(l'!1Il,!;t ('lill iJ(, Illll<il' ('ollt'{'rllillg till' jJl'O!>lIbility of til;' O('('UlT('II(,(, 

of futun' ('\'/,II{':-;. Ih' "llI\\' nr (j('('UIT('II<'p" is !1I('lIlI\ nn (,XllC't lind 
l'pstrielingrllk, hull'nlltl'" ,I slnt('llle'lIt of tIl(' III(,UlI ('ondilions i\.lId 

lire IIlHIII1l'r ill \I'llieh \'Urilltioll frolll till' 111('1\11 (j('C'lIl'S, Thus, in 
tossing ('oills, til(' 111(':111 ('on<iitillll is llrllt oll('-Irnlf of til(' IOSH('S slrnll he 
"PHds alld oll('-h:1lf tllil", \'lIl'inlioll fl'olll lhi::; flll'nll ngn'('s with thp 
t1WOl'Y of 1'1111<10111 ::;n 111 pIing, lIsslllllillg JlO billS ill U;(' ('xlwrinH'llt, 
Ioi:IH)\,ing III!' nll'nll ('olltiitillll 11Ilcl till' \':Irilll\('(', 0111' (':111 sd liP Pl'Obtl
hiliti(ls for :lily {,\'Pill. III ti('tdillg with elilllati(' dntll, if nnalogolls 
"laws" could h(' d!'lIloll::;(nltl'd, pl'ollllilililit':=; could 1)(' (,lIi<-lIll1.tNl. 

Littll' 11Il::; il('('11 dOIH' to dl't('l'IllilJ(' l\r(, c/r:lmd('r of ('Iimulic Il1w::; of 
O('('lIrn'IH'P . .'\{'\'(,l'tll('I('::;s, thnt clilllllti(' ('\'l'lIt" ()('('IIi' ill 1I(,('OI'<ll1l1C(\ 

with SOIl1P lnw lias bp('11 !llIpli('itly l\('('ppt[,d hy :111,\' JlullIllPr of il1\'('sti
gntnl'S. Thus, for ('~nnl[JI(', ill 1lI:IIIY lipids of clillintic l'('s(,lIl'ch, lin 
{'Hort htl" \)(,{,II llilldl' !o dp\'plop :t "t,q)(' (,11]'\'(''' npplienbll' to :t gi\'cn 
l'iilllllli(' fJ'('qll('IICY distl'ihutioll. Sinc(' thl' ('onstants of tllC' ('\lI'n' nrc 
dl'l'iY('(\ fl'om till' obs('l'nd dntll at till' Hl:Llioll to whieh it is applied, 
til(' tnw (,U['\'I' b('('o!IIl'S IIWI'('I.\' n Sl11ootlH'ri l'l'pn'E'.'nUllion of the 
fr('((u(,I1<'." distrihution at tlta! stntion. Tlw sl'fll'C'h fol' t,."p(' ('urves 
illdi(,flt('S t!tu.l t IH' illY(lstigntol's 1)('li(l\'(', though tll<'Y seldom (lxpliritly 
mnkP (\1(' statl'll({'nt, lhnf till' l'iimntiC' fHeln!' ll\l'\' :))'(' stll(h'inO' is 
gO\'('l'IIl'd b~\' S()nH' cOlllplf'x lu\\' or ()('('IIIT(,lI('P, \\'itiel; (ends to i;lSll~(, !l 

hilsie sirnil:ll'it,\' 1)('(w(,(,11 fl'('qul'Il(,." distributions fit \\iciely ::wpnrnlec! 
fHations, although fhf' rOlrs(nnts c\(ls('I'ibing th(' distrihutiom; ma.y ynry 
from nl'(,n to t1 ('('fl. 

~r\l('h work has 1>('('11 doni' ill (/C'nloping t.Yl)(' ('·tlrVt's. In thC' field 
of hnlrologv, ('llit,rlps W. Slwnnn 11 (1 S), ) r(,t'l'illl\L BemaI'd (3), il.nd 
othrrs bnvp' SHe('(O\"'",' in ohtnining n Lypp rllryp for rninfn,lI init:lIsiLy
frrqu('l1cy c\istriilu'.lolls thflt, nlt1lough still 0PNl tomoC\ifkation, s('cms 
to 1)(' hnsif'nlh- n.dl'(junt(', Pr('lirnilllllT lo till' illVC'stiglLtioTi summar
l,wt\ ill Ow followill).'· Piti!<'S, tll(, HlI(1l01' t\(,\-plop('d n tyP(' (,Ul'Y(, for 
drought fn'qllf'lIt',\', Hnwnrd H.o::;s TollPy hllB shown tltn.t. t.yp('
fr('qUI'IH',\' ('UI'\'('::; ('fill b(' Sf't IIJl for tl'l1ll1('l'n t II\'(' l'xtn'lli('S n.ne! fol' 
\'\'rtnin olhel' climatic phenol\\\'na (Iii). 'rll"st' tyP(' CUl'n~s throw no 
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renl light 011 thc' In.ws of tll(' frf'ql)('Il(,Y distl'iiJutiolls they I'('pn'sent; 
lwyond indicating tllll.t slIehln,ws Illlly h(' opel'ntiv('. 'I'ht' UR(' or I\, • 
typl' CUI;V(' doc's not, ins\H'l' gl'Nl.tl'l' :l('\'\ll'ueyin l'stimn,ling tit!' lik('li
hood of climu.tie (\Vents; such gn'n,Lt't' IleeUl'tl.ey will CClIlll' Oil I~T liS a 
rcsult of fllrtllC'l' knowleclgr of tlH' eharnet('r of til(' distributiolls 
tilcms(,]Yl!s, 

All il11pOl'ttwL qUt'stion, th('J'1' fo I't'. is ,vltdll('1' pl'ogl't'ss 1':1.11 1)(, 11111,(/1' 

towl\l'd this (\n<l. Gl'H,llting Olll' (1\1'01')' that for U.II,Y gin'll ('limn,ti(' 
pitl'IlOIlll'nOIl, such itS dl'oll~h( 01' I't\,illfnll, tlll'l'l' is n, lit\\' of o(TUl'l'PIWl', 
it shollld Iw possiblC' to milke' nClpllst SClInl' pl'ogl'('SS towill'd ddc'I'mill
iug its ehll.l'ndl'l' through ('ollvrntiolml stn.listi('nl pl'o('('duI'N;' '1'11(' 
usuul Illl'thod is to sr(. liP CI'I'Ln.ill millimurn Hssumptiolls ('OII('('I'flillg 
til(' pl'ohn,bilil)" of 0('('111'1'1'11('(' of tlll' (,vpnts to \ll' nnnly;r.p(l. 'rhpol,(,ti
cal disll'ihlltiollRiU'(' t!\('ll d(l('i,'('d nnd tllP:.\l' di"(l'iblltioll:.\UI'(' ('\Hllpn,(,l'd 

\\-ith til(' data ob:.\(,I'\'('d O"!'I':l p('rind of ,,'P:lI'R, By su('h ('ornpal'isolls. 
('ollc:iusions ('II'! I 1)(' dl'lI.wlI l'OIl(,!'l'Ilill!! the' ,"nlidit)c or th/I Ol'i!!illHI 
asslImpt,iolls, '1'11('11, if 1l"('('SSIlIT. ndjustllH'lIts CHII he' Hwd!' ill tJl(' 
assumptions, nnd thl' lpchniqll<' 'rl']ll'nlC'd, 

.Ann.lyses of this ("'P(' tin' not iI('\\, in stn,tisli(,lIt literatlll'p, To 
citr II wpll-known ('x:lrnplt', ..\[ajOf' (;I'('('IIWOod fwd 0, Pliny Yuil' 
,n'I'p IIhle to sd up th('ol,l'ti('ni distl'ilJlltiollR thnt \\'('1'(' !lnsl'd 011 n • 
(h('ol','" of Ynrin,hIP pl'Ohnhilit.,- and n(\('(jufLtl'h" I'l'PI'('s('llil'd fl'(,C/ll('Il(,,Y 
distrihutions of OH' O(,ClIl'I'('Il('(, of I'l'!wtiliolls 01' lIlultiplp ("\"pnls (8), 
This WilP, dOl\t' b~' imposill}! ('{'l'(II,in spt'cifi('d limitatiollR On I'llndol1l
npss of (W('UI'l'PII('(', 'I'll<' IlSSlllllptions Itwd(' \\'('f'(' lop:ind aud Wl'L'(1 
CHl'pfllll.\" dlos(,11 to fit th(' pl'ohl!,/ll athnnd, TiL(' Il1nthl'llwli('nl 
cll'l'i,"n.tion of tll(' tlll'ol'dieal distl'ihutioll follow(,d r/ir('dly 1'1'0111 thl's(' 
IIssllmptions, 'I'll(' Ii II ttl st('P was to ('0 III pn 1'1' thl' tll(:ol'l'li(':d and 
ohsCIYl'd distl'ibutionR and 10 d"lllonR[l'lIll' (hl'il' ::;imil:lI'i(y, 

It is impOl'lUllt to noll' till' difrl'l'l'IH'l'S hl'tw('pn alltLl,n;is by prolm
bilit.) l/u'ol','" alld iI,'- silllpl" fl'('(llI('I](','" d('[('I'millnlioll, 111 (,8tillln.tilJ~ 
till' likelihood of fllllll'" 0('('111'1'(111('(' Oil til(' 11lI::;is of ObS('IT('d fr('qlll'IIC'Y . 
Wl' ('/11l 1l11'1'l'l," SlI.,'" tImt II particllinr '":Iiiit' ;o;('(,1I1S (olJ(' most lik('I,'-' 
hut tltis "11,1\1(' l1lH'" Ill' gr\'l\.tly ill ('ITOI' sill('p i( I::; hllR\'r! 011 Oil'" II I'l'\\' 
I'xtl'('Il1(' ('n~ws. O'n [Ill: otll('[' halld, if \\'1' ('all lliR('O\"vl' H law til' lI('('\U'

('(')1('(1 (!tn,1 ('1111 h(' !H'I'Pp(I,d as npplil'Hhl(, [0 the diR[I'ihllliolls, I>1'0h:l
hiljti('s II lid ('Ollli(\"Il('I' limits can hl' S('\ lip fol' all,'" pl'obll'lll w]mts(h'\'('I', 

Probubili(," :llInl,,'-sis ('all I'I'Hdil,'" III' appli('d to climatic pJ'l)hh'Il1R, •In il s\u(b' of l'linmti(' d:dll il iR nllo!!;l'llll'l' lik('l, L1ml our origillnl 
nSSI!1l1plio'ns, ("'('ll though ('al'l'fllll~' ehtisl'lI, ",ill hI: ('olltpl('x and'ma,\' 
pron' innd('qlllLlp to it ('0111[11('(" ('xpi:tllll.lioll of [Ill' 1'1'('((11('11('.'" distl'ibu
tions Ob8('I'\'(,(1. rImn'\'('r, llcijllslnwlIls ill tlw IISSll1l1ptiollS CfIll Ill' 
ml1(\(' and lIt!" dat:1 rdpsl('d, 

This hulll'lin I'Ppn'Sl'llts IIll altl'l1Ipl to n.ppl,'· prohnhili(~' tlWO.l',\' to n 
P!ll'ti(~ldtll' l'limlltil' fr('qu(,II('Y distribution, Fill' lhis purpmw, fl'('
qU(~IHT of OC(,III'I'PII('(' of dl'otl~lll 11tt;; h(.'1'1I ('1108('11, prim:!l'il)' 1)(,(,:!llS(' nt 
the tinH' Uris study WIIS IIllci('rlakl'll an ('Xhn,llsti,-p t:!/)IIin.lioll and 
annlvsis of pnsl dl:Ollglrt O(,(,IIl'l'I'nC(' WIIS ill1'('!Hlr in j1r(lg'l'(,ss! TIl!' 
study hns h('l'll !livi(lPd. into six main s{'C'liolls, till' first fOlll' of whieh 
{lI'{\. cQn('C'I'l\NI pl'inrn.l'ily with thr. df'l'iyMioll of U\('ol':,til'al distl'ihutions 
hnsed UpOIl IlSS11I11ptioIlS ('onc('I'liing tJlrllntul'(' of drought O(,('lILT('It<'l'S. 
The d('\'(llopc([ distributions IH'l' thl'n ('omjll1l'pd witll observed data, 
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DHOUGH~I: ANALYZI<JD BY l\U::ANS OF'I'HEORY OJ<' PROBABILITY 

find thC' fippliefibilit,~· of til!' fisRumptions thoreby t('stcd. Sillc(' the 
('onstflllts of th(, th('orptieil,1 formulas nrC' ohtfiinNI froll1 Ow Rt1.lne 
dntn with which til(' tilPOl"('tit'u.l distL"iblltioll~ 111'(' litter eompal"eci, 
this dol'S not ('ollstitu tl' n,1l n, priOl'i approach. A.llowallcc has been 
Jl1ndp for this fad in inL(\l'pr('till~ till' r('sults. 

PRELIM (NAIrY ANALYSIS OF THE PHOHLEM 

M gTIIOJ) (II' COLLECTION ANn OHG,\NIZA'I'WN (W OmmHVED 

DHOUGII.'I' DISTHIBUTIONS 

This p!"obnbilily 11,mLiysis or dJ"()lI~ht rlw[ul'neips \\TUS Illadl' in con
Iwelioll with B,nd liS n, ('oJ'()II:tI"Y 10 1I. ddttiled study of drought OCCIll'-

1'{'ll('P ill lil(' ('olllillt'IlI11,1 l'lli!pd StaIN;. Drough! dnLa for oyur 2,000 
statiolls w('rt' ('o111pill'd lI.ml tll,htlI:Ll('d by til(' Works Pl"OgJ"(lss Adminis
trn.lioll 1'0 I" lh(, ('I illlll.tie :\.11(1 \'itYRiogrn.ph it' Di \'isioll, Olfi('(' of R('s(,lLl"ch, 
Soil ('0I1S(\I·\·:l.tioll Sl'l"yiel'. This ("olllpilatioll madp IloYnilnblP for 
11l1nlysiR n lal"ge' Iltlllliwl" of drotlght frN[u(,llcy distrihutions. Not nil 
tl1(,:>.(' dlda 1fH,\'(' b('(,11 utili)l('{1 h!'}"(,. i:io\\'(,Y('I", ill ('olldll('.Lillg this 
sLud~', tilt' allthOJ" hnd nl his dispmlnl a \'usl 1'('i'lPl"voir of datil. thn,t 
('oldd Ill' ! nppl,d al will. 'J'h(' ill i lialin\"pstign.tiolls 011 d mught 
[ll"obn.hil ily wt'n' 1l1ll.dt' with It. small 11 urn b('I' of stations eitosl'll for 
("()ntrnMillg din1:LlolngiC' c1mrneL('l"isties. A In,rg(' l1lunlwr of stations 
wn::: 1I0t eOllsi(kl"t'd until til(' 1l'l'hlliqu(1 of till' ILlln.lysis fillnll~T lIsNI had 
bl'('11 dl'y('lop<'C1 nnd had dt'1l10l1stl"ntt'd it", n,d('f[uH,('.y 1'01" thl' mow 
limil('d sn.mple. 'L'I}(, ("('('ol"ds of 210 statiolls Wl'I'(' wholly 01' 11Itrtly 
n.JlitIY)I('d. TIl('sP sln,1 iOllR n,I"P wieldv scn.Ltt'L"('d OYt'r th(1 Unitwl Statps 
Hnd 'i11duti(' n.ll ('linmlie nl"t'lls. . 

hI tnhuln.ling lit!' dMn, a drotlght WIlS ('ollsid('l"l'd tnL"lllinatt'd by tiw 
1l('C1I1TPIl('(' or :l minimtlm of n.IO inch or pJ"('eipilntion ill 48 hOllrs 01" 
I(,ss. \\"P:l.t\l('!" 1311l·PIl.ll I"t'('ol"{ls for till' YPHI"S [8HS--19;37 Wt'I'(' senmwd, 
lind fOI" (,Y(,IT slalioll til(' If'nglh of !'a('h dr/HIght ill days was I"('('orded. 
FI"!'C[ut'n('y tahl('s Wl'f"(' lIl/'ll' [)J"(~pn.n'd tlmt ~It\"(' tit:' 'totnl 1l11ll1iwl" of 
()('('IIlTl'Ilt't'S of d 1"0 ugh { or ('Il,('h R(lt'('ifi(,d I('ngtil fl"Onl ii, singl(' dny to til(' 
1l1ltxillllllll lUIIll\)t'1" or days nbs('I·\·('d.s Stich distl"ibtltiOllS W('I"(' prp
pltl"l'd 1'01' mOll th Iy, S('I\SOIl HI. and all111l11.1 ill tpn·als. \\'1)('11 ill tt'l'vals 
of 11 mOllth 01" 1\ Sl'flSOIl Wt'I'(' Illlde'1" ('ollsid(,l·aliOll. droughts W(,I"I' ('on
sid('n'd 1('J"Illillfl,ll'd Itt lhl' IlllLl"ginR of til!' giY('ll lim(' inll'lyal, iITt'SP('C
I iyl' or whl'th('1" tll(, roIlO\\'illg ()J" [J1'('('l'dillg day ('Oil tilllJ(,d til(' sl'qllPnel' 
Orl'OllS('('lllin' dn.~·s()rdrollghli)('YOlld tilt' lill1l.tRof th(' mOlltit ()1·S('ItSOll. 

TIlt' fl'(,([III'Il('Y disll"ihllliolls tillls cltll'ul:l,ll'd \\"('1"(' til(' bnsi(" form of 
PI't'sPllln,! iOIl of I h(, d I"OlIgh t d:tta. Two add ilioll:d sds of datil, W('l"(, 

('Ol1l pu {(It!. IH)\\'P \'('1". Tilt, ('IIIllllln.tiy(' d isll"iillllions W('J"(' obtn,im,d 
diJ"('I·t1~· rl'!J II I till' ol"igillal rl"l'l[lIl'111'Y distl"iblltiolls :lnd indicn.tNI the 
11111111>('1" or obsl'I"\·(,t! tH'('IIIT('IlC't'S or It <Il"ollght of Il. gin'll Ilumbel" of 
dnys 01' nH)I"!'. Th(' 1l11':1I1 rl"(,([III'I1("il's \\'(,I"t' ("oll1ptll(,d ns till' mLio of 
tI\(' Illll11lwl" or Y('I1.I·S of J"t'('Ol"d 10 lht' Illuniwr of O('('UIT('llC('S in til(' 
l'tllllld:1,li \'1' d istl"ibll t. iom;, lind h('ll("(' l'ppn'SI'I1 t('d tlw n,yprngl' tiolt.' 
inl<'rvn.1 I)('l W(I('1l O('('lIITt'Il('('S of I). d I"ollgh I of II. gin'll minimum 
Imgth.1l Tllbl<, I gi n's lUI ('xll.mpl(, of till' ml'thod of IH'PSC'1l Ling thesl' 
d isl ri III I liolls. . 

~ Thj~ It'TIII "th·ulIJ.:ht" hH~ hC'{'1I WHld to lllrludc' li1l1(l itlltlrvnl!4.l1$ ~h()rt n~ n ~ing,I(\ <Inr. 
IOn" ur (Iw pUrpf"!:(l'1 of Uw prolmhiJity nllnl~'si~ of flip drought t!~un Wit":; to obtain S!HIIl' mCUSllrP of the 

nt't,'urury with whic'h tlll' IIlPHIl (n1qu,'11(."h·s ('ollld b(1 llS .. t1 ill (f)rPtllSlllll! drought hu?nrd. tl'h(l rcslJlt~ or th., 
foU(lII in~ allall'sis hll\'(' lJ('('1I ",('d for this IJllrI\()S(' hy Dllvid I. Blulllenstock. (S,,~ footnol<' 5.) 
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In analyzing the cln.tn. thl'ougll the usc of probability thcory Ill! 

ILttcmpt WO.S first l11n.ci(' to denJ directly with tlH' llWILll frequencies, 
This approach WitS S0011 u.bnnciolll'Cl, ltowpvcr, u,nd tho basic frequency 
distributions worC' consicioreci ill iLl! further work. ' 

TAnL~] 1.-0bsel'ved frequency of drollgfl/, occurrence, North Head, 'Wash" for the 
Ulonth of AlIgIIst, for the 34 years o/1'ecol'll between 1898 and 1,937 , ' 

• 
KX,\))11'I'ATION (W TilE I)BOl1GIf'l' D,\'),,\ 

In pI'opnTillg till' Ln.bulai('d d('ought dntn in finnl fornI, graphs W('l'C' 
mud(' of thp nwnn fn'<fIH'Il('iPH, It WllH ObH('I'\'('d tlwt Wh('ll tIl(' nwnn 
fl'C'qllcne,Y wns plotLpd 109':tritlllni('nlly :IS LIlt, abs('issa and th(' h'ng-th 
of drought WllH ploUt'd :tH LII(' ordillntt', n (,UI'V(' ItPP1'oximilting a 
straight lilH' was obtaillPd, 1 ( WIIS ol}H('l'\'('d, furthpl', that thl' closp
IH'SS' with which lb' ploltt'd poinls IlPIll'ouel]('d I.l straight lil1(, 011 
sf'milog:ll'ithlllic papPI' (thai is. nn PXpoIH'l1Linl ('111'\'(' on Hrithllll'tie 
pftfH'r) WllS ftppan'ntly ('ongllly Pl'OPOl'( ionnl to tltt.' ('OI1StHl1C'Y of 
drought hnzard at Lhp station und('1' eonsid('mtio11, Llo\\'(' \'('1', bt'
eftllH~' llw Slullpl(, (mill illdi\'idllnl slnliWHi \\'lIS small, in't'gulnl'itil's ill 
tlt(' dnl:l llludt' it difli('ull 10 dm\\' nln' d('fillit(' ('onelllsiOlJs COI1- • 
('('ming til(' l'plnlio11ship bt'lw('('ll (ll('sP t,\\:o factors, 

'1'0 ('s[nhlish 11101'1' ::;i,nbll' ('UI'I'('H, gmllps of I() closdy spoc('(1 stn,tions 
Wt'1'(, Ln.kl'n in 8('\'('1'nl dirrl'l'l'nl ciilllati(' :In'HS, ~l('nn fl'l'qllt'llci('g 
for IUlIIultl linl(' intt'l'Ylds \I'{,I'(' ('olllpnt('d for t.h(' an'raw' 0[' till' 10 
RllI.liollS in (,H('h al'pII, alld Itl'itilllll'[il' g'I'npll;.; \\'('1'(' pl'l'pnl'l'd, It WIlS 
fOlilld L11:1( tilt' dalll. llll18 oblnill(,d ('olrld Ill' l'losl'ly litlpd by It eUI'vP 

of tilt' g('IIl'I'lti iyP(' " 
!I (/,I'l b log ,I' 1 C, 

Figul'(' I :;ho\\'s Ill(' llb~WI'\'('d 1111'1111 fl'l'qU(,IH'il'S nlld tilt, ritl('(1 
(,IIl'V('S 1'01' foul' wid!'ly H{,PI1L'lItl'd nn'l1s,ll1 TIll' ('uryp;.; tihown wel't' 

it Vollowing: iG.lliiH of t,lH'~lnlt{)n" IlgNl in ()htl~jlljllJ: t!1(I·l S<'I" Ilf flnlu (11 I~nsll·rn Ohio nnd I{('ntucky--
Jroll ton IIOrf.Slllotllh, '1Ilt! \\~!\nlrIYt ohh,: R('oU, ~[oIlIlL St('r1inl!, F~lrllH'r:-;. 1~(·,=il1~tnJl, li'rflllkfort, ~'I nYS\'iIlll, 
nlld \\'flllulJIstO\,·n. K\'.: (2) 'loUlht'rn LollfsinJln~Unlllllll, Ahl,,·\'jlhl, (,o\"illt~ton, Orlllld ('Oll'ntl, L·nkc
ellltrll's J.~l\lIhlt.!"$1 :4('hl:h l \'\'I\ I )ollul.I":nllYllll', :'\(-W Orl('llIl~.l1.ll11 fJllfnY(lttp; tal pust,oro Knns!l..r,; ~CoIH'ordiH, 
:\t1wlm{. Hurliu/-tloJl. l~ntJltIrfn. \\,i('hiln, tj'/,rnllj'o, I·'ort ~l'oll; Norwi{'h. BUrr Unk, alld Atchison; (4) S!lll 
Jonql1in nlld Rm'rlllll('IIW \",,11(1),$, ('nUr.-·SlockluII, Nt\\\'IlIIU1, J.\icrcl,·d, Fr(\Sllo, Utmrort.l, Visnlill, Port~r· 
vlllu, I)IIkl'rstldd, Sal'rt\llll'ntu, !llId ,\llIr)'svlllll, 

• 
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• 	 fitted to the plotted points b,Y 1('HsC squn,'J'('S, Binet' the Illugnitude of 
the consbwl; (L is pl'opol'LioIln.l to ttH' (,lIl'Vl1tUI'l' of the' C'qwlLioll plotted 
on semilogl1l'ithlllie papl'l', we would exped, Ilnd, indeed, can observe 

225'''1-'--'-'-'--'-'-'-'--'-'-''-''1--''-.l'-I,--r-I~'-I'I~I 
y. _4.96~x ,165.68710gx j 93495 
 -
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MEAN FREQUENCY (YEARS) 
53383 


FIOUHr; J.···C\lr\'l·s fittt·d by 1\'111;( ~qlllll'e;; to (UlilUfil lileall-frequency drought 
rlll\;a fIJI' fom Un'IlH in til(' l'llill'ci Statl'~, 

that (I \'ILl'i('H illn'I'HPlv IIH ('Ii" HI'II HO 1111 I ('OIlHtnnt'\' or drollght hU7.l1rd 

fol' tl1l' nI'I':1H, , " 


TIll' two POill(H to Iw PlllpilnHi7.(·d wi( II J'\·SIH·(·t to til!' llll'llll-[n'quency 

• 
ClIl'\'('S Il,l'(~ (J) (;]1(' Ilppr()~illlntioJ) of L]l(' dn'{n 1.0 fill l'xpOI)(~ntin,l cm'vl' 
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and (2) the illcrensing departure [rom exneL ('XPOIlPl1 tial ehul'll.etel' with 
the intl'oduGLion of v!trinbility ill d1'ou~ht hnzHnl within tlll' tim(' • 
intervnl eonsidered, Botill tht'sc' eonditions would obtain if O(,('UlTl'IWl' 
of drought WCI'C' rnndolll with n'spect' to n. "{triabl(' daily pl'obability 
of drou~hLF'ortlHmtel'y, 11 1'ou~h t.pst of til(' ('Ol'l'('('.tlH'SS of this 
llssllmptil)11 is imllwdiately H.\'n.ilablP, lL is possibk, wiLh littl(' diffi
culty, to dpri n' n. th('ol'eti('al 1'01'111 ull!. [01' 11 IIll'Hn fl'NIUPIH'Y eUI'''(' 
based upon til(' assumption of n (,Ol1stllnt dnil,Y drought probability, 
{n nn m'e!t \\'h('l'(, dl'ou~ht ha7.lll'd doC's not yary ('xtl'llsi \'('1", with til(' 
SNlson, su('h n. em'Y(' should b(' n. ('.1 os (. flPPl'oxil11l1,tion to til(' obse1'\, ('(I
datn, .' 

Jt ('fill Iw shown thn.! wlwl'(' Ji if; !;II(' pl'Obu,bilit.,Y of n, dny of dl'ought, 
!'tnd \\'h(,1'(, p is Iwld ('onstunt O\'PI' thp obsPI'\'pd ppl'iod of Af ,Ypars, 
tlll' llUlllb(,l' of pXIH'etl'd Oeelll'l'l'IH'(,S of IL dl'OIWhl of I! Or mol'(' dnys 
(0,\,) ma.'y 1)(, wl'i tll'n: " . 

ONc-,cSp"-l, 

whe1'(' 8 is til!' llull1bl'l' of drollghts in th(' Jf ,Yl'nrs. Lpl g Iw till' 
Il1rnn frNIIH'IH'Y, 'T'1H'n, • 

h' .\1 
'(],~ 

or, Sl(bslituting alld <lpn,loping, 

( ~~_ ..~!-IOg Ji

II 

log /1 


Note tim! this forI II II Ill. is of t Iw forlll 

!I blog.r'c, 

whp/'t'ns tlH' liltl,d ('.111'\'!' \\'Uf; of th(' 1'01'111 

'!J=a,r+b log J'+c, 

Dl'yilltion from simpl(' l'XpoIH'lIli1l1 ('hurnel!'l' would be ('11llspd b,Y 
errol' in assuming ('onslunl drought probability, H('n('(' WI' would. 
('xl)('et \'il.rilllion ill dl'ought hUZH.l'd [mill iwnson to 1'>1'111'>011 to 1'l'quin' 
til(' IIdual fitl!'d C'UIT(' to 1)(' lllOl'P ('ompll'x, 'I'll(' illlrodul'liOll of til!' 
t!'rm (l.r into til<' (,(JlmUon of thl' fittpd ('UI,\,l'S lind till' obs('l'\'pd 
ill('.I'l'nsp in >(1.' with \'ltrillbililN of drought hllzlLrd would S('('ll1 to 
v('rify this ('Xlwetlttioll, ' . 

In th(' forllluln for th(' ('.Ul'\'(' bUSl'd upon I'll n<loll I O(,('UIT('fl('(, the 
l'onslllnts "'I Ilnd _,,' 11.('(' obln.ilH'd dir(,(,.tk frolll till' obs!'l'\'('(1 dn.b1. 
13('[01'(' calculatillg' till' ('Xp!'ctNI distrihutil)nf;, Ill)\I'!'\'l'r, it will 1)(' 11('(' 

l'SSIU'Y 1..0 obtain 1\.11 l'stilllntilln of p, ,Julius UIIIlIl UJ, 1', J, p, as) 
has slIggl'stl'd that sueh 11. probn,hilit,Y Slllllrld Iw tllken 11S thl' rntio 
D/7', wher!' D if; (:h(' toud Ilumb!'l' or dllYs or dl'oughl and T is til!' tout! 
numbel' of clays ('Xfllllilll'd,l1 I.f this aPPl'OxillllLtion is llsC'd, th!' dis
tributioll ('xpp!'ll'd Oil til(' bnsis of H. l'IIlldom IH'CUITI'II('(' of drought 
cnn [)(' ddl'J'llIilll'd, 

H JluJln dl'nl~ clirN'll~' with ruillfuJl pJ'l}h:lhilitil'~ 111111 SIIJ.:l!"-.h th,· rHtlU i r ,/1; 'r 1~ til(' probabilil.y of fi 
dnr of rnill. rl'hil't is tlll\ l'qnh·!lhmt.. or \~IHJr.,.·. of H prohnhillis or /);1' (urzl d'l)' of droll,!.!ht. 

• 
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Figtll'e' 2 shows the' l'e'Stilts oblninNI for till' lwpragc of 10 stations 
in ('ilstC'l'n Co II 11 ('e tiell l; find Rho<iC' Is1n1l(1 Y For these' 1Q stu,Lions 
tlH'l'(' w('rt' IQ,ORii dllYs of dJ'otIg'ht o bfH'l'\' ('(I in 1:3,(\i) 1 days of record; 
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----Random dlSlrlbutlon assumrng
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Flnl'!!Ii: 2. Db~('J'v('(1 dntH flnci I:hl' (')(peutf'd 1111<1 fitted curvt'''; [or till' annulll 
nH'HII fn'qllPIl('Y of dmll!-\"hl foJ' 10 I'ltalionH ill pastern Cnllll('cticut und Rhode 
Islund. 

h(ll\('<' JI WHS lnkplJ liS I O,OH5/ I ;{,!i51, OJ' O. 7:~.s8. I.t is obyiolls from 
illSppclioll or fi~tJ/'(1 2 lhllt the/'(' is n gl'tlllt disparity betwl'on tlll' curvp 
1'I'PI'(,Sl'l1tifl~ till' I'XIH'('[pd 0('('111'1'('1]('(' lind tlH' obsprv('(/ dtttll. 'I'his 
('ompitl'islJl1 is typi(,nl of th(' l'(ISlllts "blninpd; in nO ('nsp did til!' theo

:; 'I'he '<IHIIOllllt Ilprlll~Il"ld, ,\IIISS., j, lllrlud,'d ill lhis gml'I' 'hl"(' It is r~pn's~lIlntin' Qr tlw "US(('I'II
r'oul1t'("lJf.'ut ... Bhmh·ls1uml un-n, 'l'lw01 hl1r Jlln/lsintiollf·wn': ('0 C)W~H'l" 1l1lrtfor(i, New llnven. New Lnn
don, N ~ C1l"(lSvl'lWr Dale·, Hlld ~ll)rrS. COlU).; Khl~~:UOI1. Pro\'ld(lut~\~, lluJ Block Island. H. I. 
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' ,',.reticnl clistl'ibu Lion cnlculfttf'C1 in th is llml1l11'1' adeq ull,tely l'npl'cscnt 

thr obsorvC'd ml'iUl-(req UPIlCY dn.t.n" 
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---- Random dlstrlbulion, where 

p = ttr [p =7388] \
O,:a 

---- Random distribution, where 

p. (/- SjO) 
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OF DROUGHT 
5-3383 

I?wultl,: 8. Ob,;en'p.<! datn :tilt! PXIl\'\'(l'd 11I11Iuni droll!{hl fr('\IlIel1e), distributions 
fol' Hlnliolls ill e!l!<lpl'll ('ol)lI\'('ti\'1I1 Illid Rhod\' IHland ui)tltinpcl lJy two difl'llrcnl. 
upproximation;, of 7). . 

In ('olllillllillg Lll(' nl1ld~'sis, lHW or t.b(1 l11l'nn rr('(llIPIl('Y will be nbnn
dOIH'd ftnd l'd('l'etl('(' mnd" <lil'N'tl,\' to tilt' bnsj(' rl'Nlltel1CY distribu
tions, which l'OlllPIU'(' nUllIlwl' or O('ClIl'l'('IlC'l'S with c~nct drought lellgth. 
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These distributions are more l'cpl'cscntn.tivc in tlmt they CO\TC1' the 
entire runge of drought occmI'onee and do .Dot give unduo cmphnsis to 
droughts of excessive' length. Figul'e 3 'shows the drought-frequency 
distl'ibu Lion for till' sume. 10 stations represented in figure 2, 'L'hc 
scnle 01' ol'dinn.1 PS hns been plotted logarithmically, Tho hellvy line 
n'pl'('scnLs tiI(' rxponential nm'Y(' expected from random oeClll'I'enellrj> 
for whieh tIl(' probability, 1), hos again I)(,l'll btken ns constant n,t ])/1', 
01' 0,7388, Ttl(' formula for thl' nlunbl'l' of l'xJ)('('.tl'doeClll'I'CnCes of 
droughts exaetLy n days in length (0))) hns Iwell tn,kcn as: 

wht'l'(', ns befol'(', 8 is Lh(' numbel' of obs(,l'\"l'd droughts in t,he i\1yeal's 
of 1'('('01'{1 n.ne!. I) is till' ('onsLallL pl'o!lIl.bility oJ drought. It is ob\'ious, 
P\'l'll from 11 su[wl'(jeinl ('XlttllillHJion of Llll' graph, not ani,\' thnt the 
(it or this ('XIH'('(:('d distributiOIl is [,11' [I'OI!l sillisfae(()l'," but n'\so tlmt 
thorl' dol'S l'xisl Sonl(' olhl'l' y,dlH' of J! Lhll! will yipld a mueh mol'O 
fldNIUHtt' lit, us is inciicutl'd by (ill' dotll'd (,UITe, 'rho l'CllSOn for t,he 
illudl'q lIney of usi n~ p -;.~ f)/,r.lll liSt. bl' found by consi(lol'ing tl)(~ nssump
tions implieit in this ('qulllity, 

Lll consi<il'l'ing ()('Clll'I'{'IIC'(' of dl'()u~ht tw() ind(lJwndeut clisLdbutions 
IU'(' ([('lLlI with--the' distribution or dny>; (\1' d1'ought, with whieh wo 
Ill'(' primilrily (,OI)('(,l'll(,(/, Illld LlH' distribution of days of minfn'!!. 
(!I'lllltin~ thl' hY[lollwsis tl1ll.( till' [ol'n1('1' it' I':ltltiOIl1 ill ()('('.ul'renel' with 
l'('sl)('('[; to SOll1(, JlI'olmbilit)', p, it dOl'S not imllw<iin.tely follow thitt 
thl' Iu.ttpl' is 1'Illldotll in O('(:\lI')'('II('l' wilh I'PSI)('('( to 1-- p, In fnet, it is 
Itllo~('lll('l' l'(,llSOllllbll' thu t Llll' O(,(,IIl'1'l'U(,P of dnys of l'ninfn.lL would 
"ill"':. II1Hl'kl'dly [rom such '1'1I1l(lollllH'~S. " 

til tabIl1Ilti~lg' tlll' dl'oug-ht data, illp tinll' unit hns b('('I1 rl'stl'ietcd to 
1 <lny, al1d 1'n in hus I)('('n dplil1l'd Il~ till' O('(,IIl'l't'IJ('l' oJ 0.10 ineh or 
11101'(: or [l1'(,l'ipilll.fion ill 41{ houI's OJ' I<,ss, ThIlS, for ('xnmple, if n 
l'll.in of O.;jO il1('11 slnrt<,d lit nooll of OIl(' clll" lind Illsl('d until noon of 
tIll' fllllo\\'ing dn,'" both du."s would 1w ('(;l1sidpl'rd days of l'ninfall, 
(,,'('11 thOlll!h t.ilP tilll(' itltpI'"n.l of P"l'eipitnt.iotl ,\'us I(,ss tltHll 24 hoUl's, 
This ll1l'tbod of lItblllnlion hns undouilll'dly 1('d to n "elllstl'l'ing" of 
dnys or I'llinfilll illl'Xl'l'SS or Lhn.t whi<-h would Ill' ('xp(,(,t('(1 from random 
o('('u1')'oncp wi t h )'('slwcl (0 1 p, Sonw l'ognillom'l' 111 ust be takcn of 
1 his in tlw lll1id \'sis, 

In nddition, I~sid(' from tl](' pfrf'l'l nf J'Hillfnll occurring "o.cross" two 
or mort' dnys, it is plI",sibll' f IlIll 1'111'111('1' ('!tlslt'I'ing of cloys of rninfall 
mn \' Ol'CUl' bf'(,H USl', Its is WI'II known f)'ont ObSl'I'\'1l Lion, milny types of 
Rtol'ms lIHualV {'x(I'IHl on'l' Illll)'1' thall 1 dn,\', Gin'll n singh' 'dny of 
1'ainfall, llH'j'(' mlly Iw au iUl'J'('asC' ill chp pl'obubility thnt the following 
dnT will bl' a dllY ofl'llin, Such ,'uI'inlion in Lh(' probability of l'ttin
fnll [rom drlY to <lny ('Ollie! not b(' dp({'I'rnilwd unll'ss a sC'jJaratl' study 
\\'C1'(, mudr of till' disLI'ihulioJ1 of l'Ilillfnll Sl'qlll'l1G(,S, This is outside 
the scope.' of this pnpPT, How!'\'!')', in onalyzing drought, unwarrflnted 
nssllmptions eOJ1C't't'nillg thl' (~ltnl'lleL!'1' or distJ'ibution of dnys of rain
fnll m.llsL llOt Iw mndt', 

On tltl' nssurnptioll thul til{' O('('.lI1'J'('IH'O of dJ'ollg'hL is random it ,vill 
be 1ll'('f'SSII.J',Y to lIlilk{, Som{' Itdjllstl1ll'llt fll)' the' Ilonrnndom cluRtcring 
of dnys ol'millfnll. . III l'frl'l't, (l!i~ gr{luping hilS l'C'SUltl'<l in n decl'cnse 
in till' lluml.)('I' 0(' ind(']wIHIl'nt oiJs{'n'lIlionsiJldl'l)('n<il'nt days ob
served, Hence, we must set l1=-..... D/'J'" whefe '1'c is a COl1strmt to be 
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calculated aud where (1' - Tc) iR n III ('ta,uJ"(' of tiJl' ('xtPIl t to which 
minfnlI dn.ys nn' groll[)NI in (~X(,('RS or sueh /2:rollpin/2: as would normaLly
be oxpeetcd, 

It is imprueticnl to cniculll.lc thl' vn.Lup or 1'< dil'eeLly, I-Iow('\'('1', it 
llU:st Iw kept in mind thn,L th(' Lotal mllllhl'r of illdpl)t'ncl(~nL dn.ys of 
/'('col'd is netunliy To nnd not T, III obtfLining til(' nLlul' of p, 1'('[l'I'
('ncp 11111st be mnde only to LIlt' distl'ibutioJl or drought Sf'(llI(,lH~('S, 
It is ('ompttm.Liyely simplp to l'nllllI1Ll' 11 [01' Il11Hunl distl'ibuLiollR, It 
hns b('on RhoWll that. rOI' Ruch distributions Lll(' nUlnlwl' or f'xpl'eted 
droughts of exactly n days ill length is .• 

On=6'(l-p)JI"- I , 

'~:hen" ngltlll, p is IIssumed 1.0 t'pmnill l'onstnnt thl'(Hlf.dlOlit Lh(' ,Vent'.
Smcp. 

/) 

(). '2211 (J," 
11=1 

wc may wri to 
/) 

Dc, '22nS(! jllp"-I. 
11~1 • 

Summing, Rl1cl soh'ing rot' .S', 

But D will nlwnys 1)(' YPI'y inl'g(', IIlId /1 will 1I1wnys hp less thlLn 1. 
Thel'p[on', pD=O, lWIt l'ly , alit! 

]fl'Oll1 \\'hiC'h \\'(, ma.y obL/I,ill 
.t.,'

P=l-iT 

This "Ill'l/(l of J! 1lI1l,\' il(' (,!lsily ('ompllied sill('(' boUt l) nnd 8 lU'l' • : 
kllown /'1'0111 111t' UlHWIT('(1 Sltlllpjp,la hI ligul'f' 3 tlt(' dOlled lint' is the 
expcC'ted C'lU'\'\' oiJtaillt'd b~' USill/2: Litis I'('\'is('d IlPPl'oximnt iOll ()f p, 
1'h(' fit is nppnl'('ntiy gond, 111Yl'slign,Lioll of' till' distl'ii>lItillllS 1'01' n 

lJ [tC1i1I hI' rellclll;- shown thllt this \'lIh",o[ I' iSlllso 1!1I'Sllllisti<' o[ IIlIl~illlllllllikelihoo", For,lIllllliplyinl(
thC' logarithm or thl' Jlumber of ("x-p(lctpll Ol'cUrn'll('t'S In pnch ('Ins~ hy till' l1umhrr obsl'rn'lti, ;lIId :mUlrnillg
[or nil cluss(l.S, wo hu \'0 

() 

((P) = '22log !SjJ""'(I-p)](oh$on'NI 0,). 
n=) 

whiCh rcduces to 
(",=8 log 8+D log 1'-8101( p'h': log (I-PI, 

DllTerclitlating with respect to p, anti selling ('({II 1''111111 (011, 

/) S ,r.,'
0-- -----, 

{J " I-p 

Irom which I! (ollows thlll/(p) is II IIInXllnll/ll wllCII 
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number of ocll('I' nl'l'nR indicntc's thnt distributions cnJcnlntcd from 
this I'P"iSNI Pl'oiJlI,\)ilily 1\,1'(' ~l'enLly PI'pj'PI'ablt, to distribut,ions cal
culltt('d fl'om the' hY(loLl\('Hi..; 1)= DIT, TIH' fit is nppn.J'ently adequat(' 
fol' Lhos(' nn'llR ('xhihi t.illg'1l0 gl'(\H,t SPHSOlllll V!l.J'iILtion in drought 
hU7. ILl'd; !to\\'C'n'J', 1'01' slldl nl'(,HS IIR 1:11(, Sn,n .Joaquin Valley, Oalif., 
the fit of L!IC' 1'('yiEwel ('.UI'Y{I is not good Il(IemlsP (;11(1 ObS("l'ypd £1'('

qllPllei('s nll'it'd fl'om n simpl(' (lxponf'llt.il1ll'l'lILLion, 
:I t bl'('om(,R npplLl't'll t, Lh('I'('/'ol'(" thll,t 1'01' longer J)(,I'iods t1H' simplo 

l'Olll'('pt of II ('mlstn,nl daily dl'Ollgirl pl'obu,hilit~, iR inndequn.tl', How
('\'('1', lirp ('(1'('('( of Yal'in,hility of d l'oug111 hl17.lu'd {'Illl IH' minimi7.od 01' 

IwoidC'cl by (,()llsi(kl'illg' P ('ollsLILIlt. 0,'('1' onl,,' "Ny short inLel'vals, 
This I'lwl is of pHI'( i(,trilll' utility ill df"'iRing IL 1I10l'P lLdoqUCLt(' test of 
LI\l' 1'1lnd()lJIlWSS of d I'oug'ir I o('eUI'I'Pllt:t', 

In tli(' fUltil(,I' ('ondllet of Lh!' pl'ollll."ility II.llulysiR Lhl'e(' bnsie assump
tions 111'(' 1I1I1d(,: 

1, 'l'hn I 1'01' ('neh stu.(.ioll ('Y(,I'Y dny or tli(' ,\'('111' ('nil bp nssigned n 
"Ilhlt, !lIlLI will I'Pjll'('fll'll( th(, U"(,I'IIg'l' Yl'lu'-lo-,Yl'nl' pl'obn.bility of 
Ihn! plI.l'li('ulltl' dn~' b('ing II dllY of dI'Ollg'llt. 

2, 'I'huJ sill(,(' 110 Rig'l1i(i(,IIIl( IOIlg'-t(II'1Il tl'('I1(I, ('~·d(', 01' oLh(,I' ILlll1lllll 

dlllllgt' ill dl'Ougld (l('(',UI'I'l'IWl' hnR \)('('11 pl'O\"l'd, til(' pl'Olmbilty \'n.11lt's 
nssigl1l'cI will ill' Y(lllsid('I'pd Il. pl'iol'i ns bpi!lg ('qUidly Itpplienbh' to ItIly 
,\'('111' 01.' gl'ou (l 01 'y<'III'S. 

;3. TIUll ulthough tIl(' dllily pl'Obltbilily ndU('R mit)' ,'ul'y widely 
fl'om H('nSOlI to S(,IIS01l, \,11(' "ldIlI'S fol' tIll' dn,Ys of Llw yen.!', plotted 
(,OllSl'('.u(in,ly, fOl'lIl II slIlooth CUITC', 

It iH (0 Ill' 1lo(('d Ihnl tIl(' Ulil'd IlSSlillIp( ion clOt,S not sl}(lcify in Il,ny 
111111111('1' thl' lle(lInllllllgllitudl' 01' dlnl'lIc(l'l' (If (·Il<' dULllg'(' in dl'ought 
prohll.iJili(," 1'1'0111 S('UROII (0 S('US01!. 'I'll(' gl'('n( difli('ulty of dpl1lillg' 
lIlntllC'1I1ntit'a lJ .v with n ('olllpkx prollll bili(." ('.UIT(' lllllk-PS .it ucl"isl1,bk 
to intl'o<lu('(' npPl'Oxilllld,jolls of dl'Ough( "lI.l'inLion thll,t will allow mOl'e 
sill~pl(' (1'(,lItlll('l1(. ALthoug11 til('s(' n,PPl'Oximations will intl'oduc(' It 
('PI'tnin I1Il1OUII( or ('ITOI', i( is fl'LL Ihlll ol'clilHtl'ily th(' orl'OI' will be too 
slIlnll (0 Il('('('ssilll\(' 1lI0l'P 1I(,('.lU'ltt(\ handling of the data. Two 
elilr('I't'll! npp!'oxililll(.iOlIS of "H.l'in! iOIl ill d,l'ough! pl'obability I1I'l' used: 

1. Fol' (i1l1(' ill(C'ITnls liS sllO!'( ns n mOllLh, (.h(, dltily pl'obability of 
dl'01I!.dll is ('ol1sid('I'('(1 ('om;(nllt, 

~2, '11'01' lilliI' ill'(l'ITnls su('1r ns II S(,1180n, 1;11(, dl1ily pl'obn.bility of 
dl'ough (. is ('oIlRidl'I'!'d ns "Iu'yillg Iill('ariy, 

Both of tlll'S(' II.PPI'OXilllH,Liolls IlIny 1)(' jURtifiNI shltisticnlJy, It 
CIlI! \)p d<'lllllllsll'n.i.!'d lllllt "lLl'inLiml or probn,bility fl'Ol1l n eOlH';tltllL 
ntlup 01' fl'om lilH'HI' dlllllg(' wOlild hn.,'l' to 1)(' gl'(~n.t bnfOJ'(i the distri 
Imtioll of dl'ough ( ()(,(~UI'I'('II('(' l'xpl'dC'd [I'om n. random samplp would 
ill' mn{('l'iully nf1'pcu,d. I~XIUlliIlILLi()1I of (.11(' drought-prohl1hility 
dllta indi('ILlf's t.hal such "III'iu! iOIl would 1)(' Lltt, ('XC('ptiOll mtlwr tlllW 
lh(' I'lril', 'I'nking' into ('Ollsidt'l'n,(.ioll til(' f'wl that Llu's(' appl'Oximn
Liolls \\'t'I'(' spl up 1'01' I11flSS lIS(' (LImt is, 1'01' IlpplicfLLioll to It lILl'g(' UU1l1
bpI' of slntiolls) il '\'iLl h(l l'('ILli7.NI Lhn,L thp IWI: ('fIpet of c'x('optiollal 
('IlSt'S ,\'ill 1)(' S1IlB II. If Lll!' ill n'sLign.tol' is ('mH~Urll('d with only one 
station, 110\1'("'('1', it migh( 1)(' n(h-is;!."l(, 10 ('xlLmiIlP t;lw dl'ought' dntn 

'. 
11101'(' ('losC'I"T to d('( ('1'111 illt' wlwtllt'I' II SS U1l\ pLioll of n eOllstnll I monthly 
drought pl'Obll,bili(j' 01' II lill('IU' S(~IISollltl elinng'l' ill drought j}rob
n.bility is suitnbl(', 
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Wht)Ilcver tinw intervals longer than It senson are considered, the 
assumption of lillt'HI' Chllllgt' ill (Jl'ohnhilily is n'j('cteci. [n ncidition, 
the nppl'oximutiolls I'cin.Ling to both monlhl)' n.llr1 S('IIS()llll\ probn.bility 
will be checked by comparing the oiJs(,IT('d freqll(,llcy dntn with ('x
pected c1istl'ilHlliol1s derivcd fj'Oll1 lind bnst,d 011 tllt' npproxinlations. 
If it Inrgl' elTor is illtroduced, it ,,"ill hp('Oll)(' l'villl'lIt 11S n r('sult of 
inndequney of fit of tiw tlwon'lielll disll·iilulions. Derivlltioll or til(' 
theoreticnl distribuLiollS is showll ill 111l' I'ollowing sN,tioll, 

THEORETICAL DlSTIUBlJTiONS FOR MOr\THLY 

TI.MI~ INTEHVAI,S 


In considrring drought. OC('tIlTC'nCl' within Il tim(' inten'llllimitrd to 
1 month, it iR nssul1H'd HuLl, 1Ill' prohnbility of 1m}' cln.y within this 
time inl('rvnl I)('illg II. dny or dl"Ougld· is SOl11(' constant vnllle, p. 
Proecedilll! fl'lllll this nssumptioll il1111S hl'l'll possihll' (J) to de\'~'rmlllc 
tlulipproximntioTl of l' fl"Olll tIll' o\)sC'l"\'l'ci dntn; (2) from this approxi
mation to cult-ulnt\' Illl l'Xl)t'('tl,(l distrihlllioll, Hssllming random 
OC('UlTPllC(, of cirotl(!:ill; imd (:1) by ('ompnrillg n, In.rg(· lllllnh('r of 
l'xpl'd.ec\ disirilnllimls with the ObS{'I"YN! dntn, to deLermilli' wh('tll{'l" 
nssumptioll of nmdorn o(,('.u IT('I\('(' Hlld ('ollstnn t probn bil ity will 
permit u.de<\II\I[l' des(:l"iplioll uf Jl1(lllthly dl"Ought oe<'ll ITt'll(,1' , 

CALCULA'I'ION OF 1)"oUGII'I' PHOIlABlUTY 

Befort, cil'riying th(· forllluin for the' ('x(l('('[l'd dislrii>lIliOlI,it will h(' 
necC'ssnry to ublnin SOllll' n/('IlSIII'(' of fJ from lhp obsl'rn,d daln, As 
ill th(' (,IlS(' or thl' nlllllwi tlllt.Il, /"(,f('n'Jl('(' 1l1llSl 1)(, lll:ldl' (Hll\r to 
thl' distrihutioll or drollgll1 O('l'IIIT('IlC('. 1.\,,' llliR lJ1irpOSl',' liLl' 
nuulll('r of drollglllR ubR('n'l'ti ill th(, .If y<'lIrR or 1"<'(,Ol"d will ngnin 
f01'1ll n (,OllV('lli(,lll 1I)('I1SIIl'(" 1.;('1 11/l' lllf'1l1l llIllllbl'r of intil'pl'll(kllt 
days of /"('('ord ill IIll,V lll(mlh 1)(, j\'c' Til('n, 

The errOr \\'ill not 1)(\ npflr('C'inhl(' ir Ulis llWflll \'Illtl(, is ('()Jlsidrrf'd to 
IIpply [0 (,IWIt of llll' Jl.\'PIlI"R, 

Thl' YHIII(, or S, [11(' I1l1ll11)('I' nr t\1"01Ig-1l! Rl'qlll'Il('('R ubs('l"n'd, ('1111 

l\llsily 1)(, (':dl'ulul(,d ill Il'I.'IIlR of .1[, iV". Hlld I), \\'l' \\'Ollld t'X 1)('(' l 
i\1.p dl'lHI~hls tll sll1l'l Oil lill' [il"RI day or llll' lim(' illl('IT:d. AIKO, Wl' 

would ('Xlwet Jfjlq drollg-lilR 10 slnl"l 011 ('H('II RlIi>S('qlll'llt day, \\'Il('/"{, 
q= (l-p). ~illl'(' lll('I'(' tin' N" illtil'P(,lld(,l1[. dnys or l"('C'ord ill ('Ileil 
month, it. follows th:1{ 

By using- Ih(' 1"!'IIlI,ioIJRllips .\',." TJJ! Hlld fJ~--d)/,J'cJ lllis l"('dll('('8 to 

8 /J nIl-I"!,)'!, 
from which 

• 
. 

• 

• 
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f\('I'P f), S, nile! JI'ill'(\ knowlI rl'om Ul!' oil,wl'\C'd datIL, and hence p 
CI111 b(' l'llsily l'\'llluIILl'd, l\JSt) , it ('UII he SitOWll llult 

TltiR \'UlllP willg-in' liS II 1l1('IISlIl'I' or llll' II('('\II'H(',\' witit \dtiell th(, veul's 
oj' !'l'col'd!'d da.tll dPH('J'ihC' til(' 11('1\.1111 citIlI'lH'(pl'iHti('s or 1\ gi\'C'11 Rlnt:iol1 
lIlol1th, 

(;\I,Clll,.\'I'IOi\ OF ":;l.I'I';C'I'1-;1l I)IHTIlIIII "1'10;-; 

It will be OUI' IWX!. lllsk 10 dr'ri\'(' II !o!;('Ilt'r:d rOl'lllllln ror til!' disll'ibu
(ion or dl'uligh ( S('q lIl'II('l'S bns(,d II POI', I'lllldolll OC('lI'IT('l1l'(' or dI'oll~h l 
!lud lll .. ('OI1S(UIl( !ll'lllmlJilily, /1. Bdol'!' doiug- so, 11C1W('\'l'I, it will 
bl' IH'('l'SS:!!',I' to I1lnk!' ('l'I'(nil1 nlodili(':!(iOIlH ill [11(' pl'o('('dul'(l olillil1('d 
nho\'(', In U\)(:!lllillg- fl, I( WIIS most ('011 \'1'111('11 ( (0 ('ol18ldl'l' thll 
11llll1lwl' or ,\'(I:11'S ('OnS(:1111 a( ,If, tlild (h(, nllllll)(,1' oril1ti"(l(,I1<il'ul duys 
of I'('('ord ill ollcll (1IIIl' il1ll'I'\'111 llS (it(, nll'an \'nlut', Sr' 111 cOllsidoring 
O('CUITl'IH'(, or dmll!o!;itlH or \':lriolls I C'lI!o!;tl I , 11(l\\"('\'PI', \1'(' lllll\' \'(,1'\' Il'dl 
I)(' in[l'rt'sll'd ill S(~qlll'II('('S or d:tys 1)1' dl'ollg-h( IOllg-('r th;ul '\~r but, 
of (,OllrSI', ('«unl (0 OJ' Ipss tll:l1I X, ('oIlSI'(PI(,lllly, i[ will 110 longc]' 
IH' [H)SHibl!' to l'ollsitil'J' olily X, ill dl'()('J)dpll( dn~'s of l'('('O['(1 in l'Heh 
Illon lh, 

Tht' Il('('dl'd ndjllstllll'll! ('nil Ill' 111:1dl' hy ('ullsi<il'rlllg- {'neh Ill()nlhl~' 
lilll(' intl'l'\'nl to ('ollsis( or .\ 1'1111 illdl'[H'lIdl'1l1 days or !'('col'd find by 
reducing [hI' 11'"11\'1']' or illtil'(l£'IIII!'llt yl'Ill'S of I'('('ord [0 .If" so (hut 

Thl' ('ITO]' illtrocill(,l'd by [his adjllstlll('1l1 will \)(' l'light. 
r~;illg- thp symbols [l[,(II'iollsly pn's('llll'd, it will iJ(' possibll' to derive 

thl' (orllluill 1'01' til(' ('xjw('(l,d distributioll, ('oJ)sidl'I':1 dl'OIlp:h( or n 
days, II is dllsil'l'd to ('nkulatl' Ut(' IIUIlIi>pl' of O('(""Tl'lH'('S, 0,,) 
"XPN'I('(1. Tllis 1IH1,\' hI' dOlI(' as rollows; 

1. Thl' pl'o!Jllhilily lila! n dl'oup:llt or ('xlI!'tl.\' II dnys \\"ill Iwgin on 
[lip firs( dn,l' of (11(' {illl(' inlPrntl is pl/f], 1I'[l('l'!' It· . •\', UPIll'(" ill -'Ie 
ypuI's of [,('('0 I'd , ,\ldl"g droug-lI[s Will 1)(' l'xpp('ll'd to slurt 011 UI(' first 
tinY,

2, TIll' pl'obabili!y IIIH<. II drollgll( of ('x:1('(ly II dnys will Iwgin on 
:tlly pnl'liclllal' <In,\' frolll till' s('('olld 10 till' tX·· Ii HII tiny of llt(' [imp 
illt!'rnti, illelllsin', is qjl"q, !JrOl'idpd, agnlll, lh:)[ /I' .,.\', H('llc(', th(' 
lotnl nUllIb!'r of drollgh(s or ('xudly /I dn,n; {'xpel'lt'd to Ill'gin Iwtw('('n 
(hI' H<'('olld nnt! (J\'"~ n)th <I aI' or (hl' tim(' int('J'\'nl "'ill 1)(, 
,\rr(l\'--/l-~ I )p"gt, , 

a, 'I'll(' pm!Jilbilit," [llIlt n dl'OlIghl or ('xnl'tl.l' /I du.l':-; will begin on 
tlit' (X-·'/I-' 1 \st dny of thl' tilll(' ill('rnd is (1/)", wltt'I'(' I/-<X, Benc(" 
ill JIr ,n'flrs of ['('('Ol'll. -'!,IIP" drougltts of II dnys will Ill' l'xlWelrd to 
h('~ill 011 th(, (X· /I' Ils( dill',

:1. ~() dr()IIg-Iils or 1/ da)::-; ('illl possibly Ill'g-ill OIl or lifter tlt(' 
(iV-"1I ~ 2)nd day or th(, [illlP illl('I'\'1I1. 



to 'l'ECIL.'\lCAL BULLE'lTK SIn, L', l:i, DEPT, OF AGIUCULT1!HE 

Summing tlH' I\bo\'(' oxp('ctpc/ amounts, 

whieh reduces to 14 

This formula is IIpplicnbll' 1'01' nil yalul'f; or II, ('xc't'pt 1/ X, \\,11<'11 
n=tY, It similllr ('vnlulltioll will tlho\\' tlllIl 

Tlws(' (,\\'0 forrnulns IIII\'(' h(,(,11 lIHPd ill (':ti('lIlatillg t'sl)('('I('d distl'ihu
tions 1'01' compal'isoll \\'ith th!' o/)tl('I'\'('d dllln, I" th!'s!' (,:licllllltioIlS /' 
hus b('('n Illlwll Ill' its 1l10S! lik('ly nillll' :llld lhp S(:llldl'l'd ('ITOI' of /1 
hus Iwell disl'('gHl'dpd, "\11 ill('I'!'lIsed ('OIT(,SPOIlc/('IJ('(' 1)(,(\\'('(,11 lltc' 
('XlwdNI lind obsl'l'\'('d distl'ihuliolls Ilia," lh(,I'(,I'OI'(' Ill' (,S(l('ct('d, 
This fact will, of ('OIll'SI', 1)(' Inkt'll illlo ('()llsid(,l'lllioll ill lhl' n1111 h·sis. • 
T11(' stUlldlll'd ('ITOI' of /1 will 1)1' ('Ollsidc'l'l'ci 111 t ('I' ill tllP calculllti(;1l of 
1ikplihood of d I'ough t O('(',II'I'l'IH'P, 

Tnbh' 2 giy('s 1111 (,XlIlllpl(, of II ctll(,lrla!!'c1 distl'ihutioll alld sho",s 
abo lh(, ohs!'r\'C'd data. As ('1111 1)(' S(,('11 h)' ('OlllPHl'illg til(' distl'i
butiolls, llw I',:qwe!l'd distl'ilJllliol1 ('losl'ly IIpproxilllnll's I,ll(' ohsC'I'\'('(L 
III Illll.killg II slalisli(,H.l ('OIlIPIIl'isOIl 1'01' II llll',~(' IlIl11tl)(,1' of IIlOlllhs, 
hOW('\,!'I', it will Iw 1I('('(,S8111'), to t'lIlplo)' SOlllf' 1I('('III'1I1t' II\('IISIII'(' oj' 
goOdllPSS of fit sUt'h :IS X ~, 

'l'.\IIJ,t: 2,-I~.t:II('cl('rl enui (lim!',.,."" tlrlll/ghl diNlrillll1 [OUR /111' Sorlh lI('(ul, Jl'll,~It., t"rIh,' /III/I/fh 11/ .t/lf/llst 

>:tlUPlIlllUlntiY4' ('omuhll\t ~')I1t·tIllllllulin ('11111111:,11\"distriittltiOJI di~lrjhtltitlnI.('"~lh or IJj$lriioIlUO(1 <Iisrrihulion1"'''"liI ..rdrollght dl'Olll!hl 
(d 11)'5 ! I·;,. Oh.. ldn~ ~",.. 01,. E,. Oh. ~;\. OJ...IWI'II'd .s(~r\'t'd 1"('11'<1 ~I·n\·d jll'c,tt'd !'-t'rn'd ~t'rn~dJ,,'rh'<I •

I Til:! II ,". no HJ IT L~·I 2 I". Iii 162 'i. ao :-'0 li~ ..... 0 I" t n: I IlL 323 Ii ;u "Ii ia. as -., H.- HI 1. td n H.li5 l;jfi O!! r. fill- Ii,' Iii. :!II., 1 :I' 1 1:/ 1·1 laIi I}{f a tj(J.fiti " III 21 L2,ri n II ,Ii 12Ii 5,0;- ·1 riTt (lH nh 22 I 1.1 I III '.1 12.. ·1 fi:l :1 .J!1. U!l .i:! 2:1 1 m II U. :ii' IIs ·t, 2;{ 2 ·15. :1. ,HI :'!·I !I;t :10 3.IKI '. !II II"'.11 17 :!:; ,I 2 ,·11 SIII a r.a T, ~{i. !!·I .I!! :!ti ,71, I Ii. 57 IiLI ;t 22 Ii ;\:1 7' ~i5 :!i .ml II ;i ..... 1 ft12 :I un '1 ao .1\1 jU :!..... . Ii:! 1 .:', 12 ;,13 2 ill :1 :!; .1-1 :15 :.W • ~1fi (I .1. NI .JH 2. ·1·1 r 21. s·r 22 :m .;il 0 :1,114 ·115 222 2 22 ·lfl :ll a. ·1:1 4 3 ~:l ·116 2 U2 (I ~(I 1~ Hi " 

'1.'11(' X~ (pst will IIllt h.. IIsc'd ('xcllisin'ly, 'I'llis tpHt \'('qUil'C'S tlmt 
thl' IIUlllb('I' or O('(""'I'(,II('('S ('xpC'('(l'd ill (,1Il'it <'inss illt('rn" hI' ('llOligh to 

H The SUlIlc- ((trllllllu WH..'\ ()bltHH~id by \\" .. 0 .. ("twhwlt, btu \\ n:-. al'plit~rl (rl a ,IHfl'rL>ut tYPl1 flf lnn\~lh:n~
tionm, 
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allow tJH' itssumption of 11, normal disll'ibuti()]I of sampling f'lTOr 
flbou t tlt(' l'xp('('ll'd \,11.11 lI'S , 1t is tIH'rt'i'nJ'(' f['('qll('n (I), n('('('ssary to 
group s('vI'ral t('rminal C'lllssNi, In th(, I)!'Ps('n t ;.;1 lid)' , Ih is would 
ndunlly J1ll'lm grouping [o).!nth('r :I IlIl'g(' 11111111)('1' of th!' IIIOI'!, I('nglhy 
drought 8t'qUI'I1('I'S, alld 8111('(, 1I1l'S(' :tl'!' (h(' S('<[II('II\'('S ill which WI' aI'!' 
pal'ticllInriy intpl'l'sll'(1. such grolipiligS would 1)(· ('x('(·('dingly Illldl'sir
nblp, Aithollgh L11(, X 1 te·s! \\'ill be· uliliz{·d ill dd('I'lllillillg \\'hdllt'r 
thl' lIUlllill'1' of lOll!!; dl'ollghts o\)sl'I'\'(·d is t'.:\('l'ssi\"(', SOli\(, otll<'r 
ll'ehniql\(' is 1I('('('8Sll;'~' In n:\'Ptll Wlrl'lbl'I' drollgilts Df ('('rtain sppcifi('d 
1(,l1g'lhs 1\.1'(' Inon' 01' Il.'ss prni>nbl!' thnll WI' wOlild p:\.pp('[ th!'111 to Iw 
n;.; n ('on;';('(I\I('II('(' of somp IlS ~'I'{ ulId!'fin(,d llll'lI'OI'()logic (,:lIlS(', 

• 

'I'll<' IIlPLllod IIsl'd ill IIlllkillg' lUI original I'OlIgh ('oillpn,rj"on of th(, 
Ul<'()l'dical and lilt, obs('I'\'('d <I.nla is IJnsl'd npoll eairlll:tliOIl of lhp 
pl'obnhl(' ('I,{,OI' nbout {h!' ('xpP('[l'd \'nlll('S O",IS III lhis ('011 11 t'l'l iOIl , 
nor:lllHl distribution o[ samplillg' ('IT(lI' aboul ()n 11tl:; 1)('('11 nsstllll('d only 
for til<' shortt'r, mol'l' fn'<flll'lIt dl'tlllghts, \rh('IH'Y!'!' IOllgt'I', I('s;; 
fl"'<[UPlll dr()lI~hls an' ulIcI!'r ('(Jllsid('I'lllio1l il is assul11('d that til!' 
disll'iilutioll Il.holl( ()" is n Poissoll rath!'!" thaI! n. Ilorlllni distrihlltioll, 

For tll(, shortpr S('(ll1l'/1('I'S. thl' fll'Obnill(' ('1'1'01' ('Itll Ill' ('xprpssl'd us 
lUii' .j.j ,f),I[,'1'., wht'i'(' fl, is tht' 111(':111 pm!Jnhility of ohln.illi1lg II 

tlrlll1,!.:ht of IIII' l'I'qllirl'd ll'lIg!lr: (j. is til(' [ll'Obahilil~' of I'nillll'l', 01' 

j I }Is'; IIlld 7'. i" tilt, 11lll11b('r of tria,ls of' th!' I'Y('lIl. Till' I1l1mb('r of 
tl'ial,;, '1'•• CIIIl h(, 1'\'lillI:l.lt,d :I;; til(' 1l1l1l11H'r of illc!('pl'lId('n[ <IILYS 011 

which n. 111'\\' ril'ollg'ht Sl'qllt'lIC't' ('(Il1ld pos;.;ihly slll,r!. H('llcl', 

(T.) n .\ f c ~ J frill .Y ll', 

wItI'l'(' 1'1'..1" is til<' 1l11llliJl'I',lf (rinl" or II Sl'qlll'I)('1' of Ii dnys, 
FI'O II 1 thi" l'l'llilitlllslrip, 7),. ('all h(' (1I'lt'l'lllill('c1 ns till' simpl!' rntio of 

Un Hlld ('1',',,; :tlld h!'!H'!' 'is Illsl) (':Ill h(, round,lo SlI\):;titlitilig tIll'S(' 

\'ldlil'S ill tilt> 1'01'111111;1 1'01' thl' fl!'olmhl!' ('1'1'01', \\'P lilld 

iJ" )
IT,I" ' 

• WIII'I'I' lhl' l'lllio of On to \ T,l" is ~I'l':I[('1' lImll O.O:{, this ('<Illation, 
Ims(·t\lIpOIi 1101'111111 dlsll'ii>1I1 ill II of' s:lllljllillg ('1'1'01', is lIsl'd, \\'11('1'(' til\' 
I'lltio is II'S;; thall O,():l. hp\\(,\ PI', It is Ill'('('SSI\,I'Y to dt't('I.'llIill(' Pl'Obllbll' 
{,ITor fl'tlill tubl!'s or /'oissoll's (·xpol1('lltiullilllit. :-;ill(,,' w(' :In' dl'sirous 
or Oilt:lIllillg tIl!' pm!>ahilily tIrnl :l gi\'('11 ObSI'IT:ttioll will full with ill 
or wit!rollt lIlt, jln,[>:thll' 1'1'1'01', l1. 11lt'IIrlld lIlust Ill' dl'"isl'd to ~i\'(' 1111 
nVPI'OXillllttioH Df thi;; yuillI', 

FI'tlIll tItbit's of l'ois;;{)Il's I'XPOlIPllti:ll ilillOllli:tI. limit (12, PfJ. 1UJ 
121 I it is po;;siblt' to t\(·tl'l'lilillt' fOl' Illly \111111', ()", till' Jll'Oh:lbility of 
UPPI':ll':UH'I' of n, 1, ~, :llld high('I' 111I11I!>!'I'S of O('('lIIT!'Jl('P:;, From 
th(\~(' "Itill!'!'>, tilt' .""tl','I111' ~:i Jl('l'c.'111 1I1I ('ilhl'l' ..;ieI(· or (ht' ('I'llt('!' hn.~ 
b('I'Il SI'Plll':lt..,1. 1I11t! Ihl''';(' III II !').!ill:! I P('I'('l'lItngps 111't' ('ol!si(\t'I'l,d as 

$ [ "-t' _If tlu 11fnha}.lt ,rt1'f 111 tiw f'e ,!~p:ln".nn" \\ 111111' nfndtht,oual \ tilth' tn thut It wl11l'l1:thh· Us to (1St:.. 
HUlk tlit· rdlnl,diJ) tit 1111' llrn)t3hll' ilrfOr n~IU"')~ hy rotnj)flrlU''! tlw rl'~lJll" tJbttlJ1lt'~I (r.Hu 5U£I:\ un mUllysis
\\ nh Ow TtI:;.uI,..; frotH a ...nb!"l't[lIl'ut 'X"' It"t. Prnbahh' "fror ," 11'..t'~1 rtnh..r th:lU ~w,Jld:\rd \'rnH ~iJ1('t~ it wn.... 
nHplo)'Ni in th«urunnal pn'parrdtHft /If till' .Iata. :)ud llw'Huwuut of rq:a.'.'ubh m nt"("',-;,nn tn ('hnn~l' t1ar 
t,lhulnlinll '''mill t"' l,rolllhiliH' • 

"' .:\rtuany~ tlw prohahihtJ ftr'lllllunUl~ "1tJrHlJeht ofrlw n'qturpt! kll~lh WI!~ lll't n·utam ('Oll$fnnt through.
nUl tht· Nlttnl. IUoutb~ :!'oin('I' th .. 'prnbtihlh!\ d oht;uuim.:. u drf)u~lll dr t1 ;lay:-. hl.\l-t'lUnil1g on tlw nrst day of 
thfi thut> intt'rvnJ is: '~:n~m('r than thM I,t 'JhtmulIJlo! 1\ rJrou~ht ut th~1t It'n~th ht~?inllin~ on nny- "lll'('t)Nlil1~
.Iny 1I0w('\'('r, tIll' .. U("'I of tlll< Yllrillllon will Iw llt'g:llgibl,', 

4!!7G2:i ·l:! !~ 

~. 
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falling: without t./)(' pl'Obllbll' (,[TOt', To tnkp ;1 ~irnpl(' l'xlI.mplt', wlwl'P 
0.,. is: ~,Z, till' t\lllowing an' til(' pt'obahilitil';: of tIll' ql.riolll; possibk • 
l1umlwl of O('e1Il'I'\'IW(';'; of :1 ;;('([IH't)('P of II dny", 

Pmbllhility tllIlt :I S('qU(,IlCI' of 1/ diLYS of dl'OlIg:Ill will ()('(,Ul' 0 to 8 or 

mon' lilllPs: 

IL Il. 	 lillS !,i O.O,l70


2,13:-.: n 
 • () l70J 
. 2Hx-l : f . .005,) 

!Otili Is ur tU<lr<· 0020 
. IO,sZ 

Tht'St, pl'Oi>n hil i lil's Ill!\ t' h"I'l! !'l'lUTll1lf!l'd in 111 t h (' folio\\' itl~ t.thuJa lioll 
Pl'ohnbility lIllll n s('qlll'rl('p of II day,; of (ll'ondtl will O('{,UI' () to :-

nr mo['(' tilllPS t'ltt:,silil'd hl'low, withill, tllld nIm\'(' pl'otmblt' ('lTOt': 


Bf'IIlW pmbnhh· "I'mI': Ahll\!' prllb:tbj" 1'1'1'111': 

n. 11. 11 OS :l o,onn:l

L I:W2 I 
 • lU.s2\\'ithin probable (',WI': 	 :. · G-l71i
I 	 lOW I, 	

•
, ()17·~


2 21iSI I 
 .OOi:ia 	 l27:{ .... Ill' tlllJr<· .0020 

Il will Iw lit'\'ll [l'OIll nil \':\lllllillll.tiOll of til!".;" fi~l1I'\'''; that wll('I'(' J10 

O(,(,lllTt'Il('(, or (om' OJ' lllOl"l' OCCIll'!'!'J"'('''; .1.1'(' fOlin!! ill tlJ(' Ob";('IT(,(/ 

(btH tll('s!' points will li!' Plltil'l,ly Willillllt thl' l':lllg'P 01 tll(· prohablt' 
(,ITor. mId \\'!rpI'P two O('CUIT!'II('P"; :tn' found, thl' point will \.it' ('l1tin'ly 
within thl' probnbl!' ('I'I'llI'. \\lIl'I'P ('ith(,1' on!' or tlll'('1' O('('lllTl'!H'('S tU'" 

obs(,I'y('d thp points nJtl.y lit' ('itbl't' willlin Ol' without til!' pro!Ja.bl., 
('['['01" Hnd COl' th('~(' Iltlmill'l's. \\(' will I'XPl'I':'-S til!' point ItS Iwill!,! parlly 
within and fHU·t!y wilholll, in a\'\'ordalH'l' with rltt' probai>ililip:" Fo!' 
('x:l.mpit'. Will'I'l' thl'l't' l)('('IIJTl'llC'!,S :lI'P O\)St'ITt'd. th!' () bSprYHt iOIl \I'ill \)(' 
('ollsidl'l't'd to fall n.127;3 !l.1 \Hili, 01' tl.ll·l;;;, within th!' prohable (,1'I'0r. 

and O.OI)!J:30,1 nGo, 01' 1l.:3i3:! abo\'!' tltp prohnbl!' ('ITOI', Similarh', 
\\'h(ll'(' (l/lp O('ClIlTC'Il(,(, i,.; oiJst'l'vt'd, tIll' [loint would bl' ('olllputt'd ;\,; 
OA2fl withill t/H' prohnbll' 1'1'/'01', tlnd n..)7 I b('lo\\' tllP pl'llbahl{. ('1'1'01', 

Tllbll's of lhl's!' ntlllp,; (or nIt Htllnlwl'R \tp to I i)JlO W('I'(' PI'!'Pll;'l'd ~t1ld 
ltl'(, lls{'d in till' n.ll:tly;-;i", will'\'!' tIll' I':\\io (\f ()~ to 1 '/'.,)" IS twlo\\' O.O:~. 

rt i;; lo hI' nUlI'd thnt ltltllOtli!h Iwith!'!' 1l11'\hOlt of !'Y:1111:ltill~ ])l'Ob
ablt' ('nor {'iLl1 bt' ('ollsid!'l'('d l'Xtlct ill nny (jJl(, CllSt',I; til!' dill\'j'('llcP. 
"hould ('olllfH'tlsal!', TIt(, PI'()('P<iUI'(' Wl' "lin]] follow j,.; til (,tlIeui:tt(· for 
('Hell slll.tion month (lIt' di~trihllti()n ('xpl'(,tt'd frolll II I'llll(/Olll si!.lIlplp 
Hlld t/w [)l'Obabl(, (,lTIll' ubout thl' \'n.1I/(1S ill lhl' distribution. TIlt's\' 
nllul's :):1'1' (,OIHfHU'l'd with tlll' obs!'I'\'I'd datn fot' ('ndl Un fro 111 II = I 
ltnd up. and it is d(·t('l'l1lilwd wlH'thl'l' ('\leI! ohs(,I'Y!,d 1I\lmb!'!' of O('ell/'-
J'('IICl'S (:tlts wi thin, ahovl'. 01' Iwlo\\' t hI' j)l'Olmhil' l'lTO!,. CompllrisOlls 
1l.1'(' mutil' for nil ()"l'f]II:t1 to 01' ,gT('ntl'l' than fUlL or till' total'lumlwl' 
of obs(,J','n.tiolls of On, ~J /lU!'{'PIlI \\ould lw t'xpp('t!·d tn full .thoy!' t!r(, 
pl'Obnbll' ('ITOI.'; 50 !lpn'l'll! within: nlHl 2;') ]It'r(,Pllt Iwhm. ('ollsidpr
ing tlwt drought dj,.;tJ·iblltion~ Wt'J't' uJlnlyz\,d fOI'l~ months ~.l ('.tell of 
,W 5tn,tiOlls !l.nd thut til!' ·l.I{O station IlHlIlllts yil'!d on'l' i.Loon nbS('I'Yil
lions of On, thl' 1:~: 1 proportion shollid hold with n high d\'gn'(' of 
;J{'{,lIrn{'v. 

I.t Imist ll):min Ill' ]lnintpd out. lIOW('\,('I', th:lt llt:lll)' of tltl' \':llllPS of 
0" for \Ollg:t'l', II'S"; probabll' drollght,.; (wit('n' PI is Ipss tlwn ll.(3) :1!'1' 

('onsid('l'l'd liS Ill!' 1l1l':U1S of PO;';';OIl !Jistl'ihuliolls II.nel tllil,t ('01'1'('  .i 
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sponding obscrYILtiol1s iU'P SOl1wtinH's eonsiciNC'C1 as bpillg partly above 
and partly within, 01' partly witlti11 iLne! lwlo,," thp probil,bh' PITor, 
This fnel should etl,ww til(' lotn,ls of poil1ts aboY(', within, lind below 
tit(' probablc ('ITOI' to l'OIT('sp()Ild 1111)rp dwwly to :1 1 :2: I n'Llio tlllLIl 
might otirPlwis!' Iw ('xj)('d('d. AS:I l'('sult, tlip probnbll' l'[TOr ll'st will 
hn'll', n,l 1)(,8l, only n Ill'g:!.liy(' ndu(', ThaI is, :t!though it is nllo
gl'thPl' lik('ly that 'HllY ninrkl'd (jpyjaliol1 of til!' obs('J'\';'d dltLa from 
I'Illldo11l11('SS will 1)('('ol11l' ol}\'iol1s, it dews not follow tllllf good I'('sults 
from tltl' probnbl(· (,ITOI' tpst (cloSI' ('0 ITI'SPOlld l'1l ('(' to :1 ":2:1 mlio) 
n('l'l's:mrily 1l1(':11l L1mt L1I1' :ISSlIl1lplio1t or rHlldolll O(,('UI'I'I'Il('" is (,Ot'l'(·cl. 

Tabl(· a shows tltt, r!'sttils ohlnillt'd fol' a tollt! of ·lKO SIH,lion months, 
Out of 1I11' '·I.·lt\[ oh"('I'\'(,d 0" \':tllll''', ;~,{\\l2.fin, or 2;i.ri:~'ll)rC()nt, fdl 
nhoyt' th(' prohahl!' (,I'I'()I': 'i ,O'i;),n:>,. or ,IS.\l;~ pl'rel'lll. fl'1I within; and 
g,1i!12.'i \, Ill' 2;i,,)·1 P!'I'('l'llt [I'll hl'lo\\. AItIHlII~h thl'HI' proportions ar(' 
(,Io'-'!' to til!' I'xjll'('[(·d I ::2: I I':llio titP ,,1I111ph' is lal'~('. und it i~ dpsimblr 

x 2 

• 

III II',,! wlll'lll<'1' 11.11' dil\'I'I'I'Il!'PS 111'1' Si~l1in('nlll. l'('~tilJg- by th!' 

1!1(·tllod, \\'1' lind lltnl \' j" (Lti·' for t wo dp~I'('('" of fl'()('d 0 111 , ilnd p= 

(J.().\. I [pm'(' till' dl·,·jtllioll;.. ["1'0111 II I :~: \' proj)orLiol1 :11'(' t'yidf'ntly 

"il!ll i fi (' :111 t. 


r \III,E:I. ,\'''JIII//'" (If (I" o/I"'ol'(llio"" .iI/lift/a IIlml'(', within, (llld belou' the probable 
amY a/If!lll [iii ",f]" ('/"l //follIM'1 ./i.<lrih'lliIJIlS /1lI' ;,,11 stniio/l 1l101lth" (II .lO stations 

.\hO\1 II'BInu B.'I'\\ Abovp \rUhin Brllo\\ 
()h";t'r~ oh"'4-r"prtlt ~ I'r~·llj.., J1fi,t- L • .,..'111,,( \.rd.. proit.. prnh1"'nllt1l"r \'i\H(\n~ ranon... 

t!"'I11!~~t ~dn)-"'" nNI' ub1. nl,1< ·JrHuuht \I1T'-" nlll·' nbl. nhlt'
HrOI\ I'f ('".'rr·,r ' rr f ,'"' j"rtllr t'rr·lr I'rror l'rrOr 

I ('I' :..!t, " '''':, 11'1 ';'t; I· t- h" 1r:. "~I ~1ii, Ii!! ltt>.-il 
2 t;I)."" :.!L\, rIll I~L l;! ·(,u 1'..'2 m :!.37, :11 l~n.tll1 

·' ....0 ;up t,·, t,)·, 11 11:1,;)\1,1".1 1 1(" :.!'"l :n:{ ." 211'" 1"0 24150 
,t~, .. n~I~,' !t. .!:!~ ~ ,'i.!- to" :.!! -17'1 117 'I' 23,. 123,12'" .,J:!:i l~ ~-::.; hti l.!.~ ~.: li~ tl4.1l\. :!:l:l.lr.1 l:!.... S:!"I' ~j1' 2'2'; I" ! I:, I" :!:, 17'" \21..i·1 ~H7. 2t1 l!l~. 211 

,[.... r '11 ",,; :,,":,1, l~ I:,.!>t..: ~I 1-'J- 1'.?~.23 227, ;~J7 I ttl. 20 '" 
I' ., !.27 "1 ilp -:',1 t;o 12-.., 11~ ?.?i' tin II:! '-I!I'" .' 
I." 1", :,., 2'1: 1Jl III .~ " :.'1: ,lit,,, II""" :!JII rh' 117 40 

• 
, . ,V'l I:.,'" , : ,- -lit! 1~7, a2 :!~7, U2 107. fit)'"I" ;'!l' "II I:,; 71 2- t.'i" l:!ij ,,1 ·.!1~. ,)1 112. nt1 

I", :;,! " I.' ~17 " n~ or, .!'I ,r- IINI, :17 :.!12.·tu 105,1-1 
t'I' 1,1' ~i,w; :.!n f , ,", 1,il1 7h 'ill III Ill, .>\1 '..~)2 IlU 1!Xl.:!:! 
hI' ~ 1~ -:, .!~.:\ "" 1"', It .\1 :!fil 712.1 13.",9, :i;J,7!) 
ht' ~ t !: ; 211 .::, ;:11 

,,1'( :t"'; .!r:, 11\ l:?:~, .~~-; Tu}.ll'" 11.,\<\1 ·t I;~r! fir. ,;, 117;' rk~ :I. 1192... I'''i l 

I'! l:..~f lip ;!',.!t 12 l~' !I" 

To ([';..t wlwlll!'l' till''')' d!'YlllI inll,.. 1ll11)" 1)(> at tl'illlltl'd to IIny paniculal' 
drnl1e:ht Ir'll;!tlt,.., th!' \' I,'S! IlHl) 1)(' applit'd to lht' dill'(,1'1'1I1 dl'OlIj:!'ht 
1t'Il!.;'t h~ as <'iI''''''!'''' 'I'll!' \'lllul' of " for till d!'gl','j'" of I'r!'pdnlll \\:1$ 

'2:;.i.!ll Tltt, llt'Ohnbjlit~ lit (lb!nillillg' thi~ lnr~1' fI X' by rhun('(' i,; 
lli glif!ibli'. f1il\\I'\'('I', b~ far tht·llll!.;'!'!' ptU't o[ til!' totnl Ie; ('llllll'iblll<·d 
ill tIll' low('1" S!'Cjlll'lll'PS. 'I'll(' x" \ 11111(, for n:::C'l it' lU11. II . or almost 
half till' total. 1"lIl'lIH'I' l'xll.miu!Llion of tabl(' ;3 wiU indirnt() thn.l 
th!'l'(' ii:< n Inr!..((· t'xc!'ss or points abo\'[' tlH' probllbh, ('ITOI' for dl"OlldltS 
of 1 to .~ tiny" lind an (,x(,ps:'; of points lwlo\\' thr pl'Obahlp PITOI' fol' 
nwdilll1l dl'lllt;.!hts. Ii to [6 days. BC'yoncl thaI point tIll' 1:2: 1 rntio 
nppll 1'('11 tl~' holds. ConsidPrillg only YflltH'S of 11 rqnn.! to or gl'cn.ter 
thall lti. x2=~b.l:l 1'01' :.\0 cl(·j:!'l'I'(·g of frp('dom. This ('oIT('sponds to a, 
v:llu(> of F grl'illl'l' thllll O.!).'). This is. as WI' would (lXI)(,Cl. all ilb
Ilol"mlill~' hig.b yulut', Ilnd probahly /'(,(]. ('I" til!' ('n'pcl of cli';,iding single 
ObsclTl'LLions IwtW('('l\ l w() or l'Y()1l tlH'(>l' classes. 
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It ('m! 1)(' S(,(,l1 til!1,( nlthollgb thl' I"('Slilts ohln.illl'd :U'PPIIJ"(']Y lH'gn.tivl', 
t1\(\y arl', Ilc'Y('rtiwl(,ss. or Yldll('. ThpJ'(' is :I possihility that dl'Oughts •
of lU tln,ys Or 11101'(' Illny hl' m.lldo.1ll ill O('('IIITI'I1(,t'. hili shorkr dl'OlighlR 
enlll10t 1)(' eOl1si<if'rl'c1 1'/1,11110111. 1I' rall(\OI1lIlI'SS of O(,('IIIT\'IH'l' is l'('lnlt'd 
10 lC'ngth of drought. it I'PI1IILillS to ('xpln.il1 by SOI1W I1wt('orologieH.1 
thl'OIT why this should ht' lruf'. 

011(' tlll'()J'Y ill1J111'dil!.tl'ly sllgg!'sls itsl'lI', Ex('('ss of short dL'Oughls, 
parti.(,lIlnriy ~ 111';) dnys, 11111~' Ill' dill' prilll/1.ril)' to till' inll'rYfd IwtW(,l'll 
1)I'('('ipiIHtiol1 [1'0111 S\l('('(lssh'I' 1'1'011111,1 syslC'l11s. Although th(' 111(':J.l1 
I illH' illll'IT:r1 Ill'l \\'1'1'11 SI/('('('SSiH fl'Ol1tS would 1I10st likdv 1)(' 4 10 G 
dnvs, this would 1)1' disgllis('d by Ill(' 11111.11111'1' hI whiell till' dn,tn. ll.l'r 
tuillllnl(·d. Prl'cipitnlio'l) of o.lil illf'11 01' 11101'(, ill 4,'; bours hfls hl'('11 
(\I'filll'd ns (I'rlllilllllill).!: II druught, 111'11('1', for I'xIJ.lIlpl!', n, sl'qlll'lIcr 
of Ii dill'S ill which n"l!, tJ.()·I, 0, (), lUI I, :l1Id !l.l!) ill('h O('('.III'I'('d would 
Iw 1:lbilln.tl'd liS :J ~-dH) drought a!1 hOllgh thl' 11('111111 lilllP 1)('(\\'('('11 
[mnt;; llIigh! \\(,11 h(, ,I fIlii days. Thl' gl'l'Ht 1'X('PSS of siJlgl(' dn.ys of 
drollghl;; mil)" lli' dill' to (h[· 1':lJld!l1l1 ()['I'III'J'(,lIl'I' of S('/I,t t(,I'(,d 1>1'('_ Illid 
posl-fl'olltai sho\\"PI't', wlti(,1t would t['lId tll 1'[,dl\('I' II dnlllgitl of :~ 01' 
-I dn\'~ to two silol'l!'I' dl'olldlls. 

I(tltis illtl'l'jll'plntioll is (:on'('CI, W(' l\'Il\r1d 1''xp('('1 to fi1ld n('CUIT('II(,1' 
of 11 ;;ill(.!:l(' tlliY of dl'(lll(.!:ht 10 (\('\'ia.t{' n 11In'xillllllll nll1()lIlll fl'oll1 tit!' 
l''xI)(I('t('il fig'III'~' dlll'illg ill<' SIIIIIIlII'I' mOlltlts, wil['11 ;;('nttl'l'('d shO\I'C'I'S, 
SUjlPl'illJJ)osPcI 011111'1'0111111 pa([1'1'I1. aJ'(' lIlost 1'['('«\1('11[. This is obsl'['\' 
:l.bll' ill thl' dllla, \)ul'ing lilt' tlll'('l' SIlIlII1)('1' lI!olltill:' 11.11 Il\'Pl'n(.!:(' of 
;'j·(.X \ll'IT!'Jlt of (It[' 0" ohs{,I'I':Itioll;; (\I"ilPJ'(' /I "",.. II filii nbo\,\, till' pmhablP 
I'ITO['. This ('OlllJlll.l'l'S with nil n\','l'ag(l Ill' ()Ill~' ,I:j,ti IH'I'CPIl! 1'01' I~
ilion til;;, 

Thl' S/I,III(' 11t!'ll1'Y of ['I'('IIITl'lIt /'1'0111111 pnS":;llgl' ih IIdl'qllH.tl' to ('xpln.iJl 
till' dil\'I'I'l'lll'{' bl'l \\1'1'11 Ihl' ol>;;{'['n'd alld I'XPl'('[('d O('CUITi'll('(' of 
llll'tiilllll-ll'll(.!:th dJ'l)l\l.(hts, til 1l10;;t n.l'l'HS ill til(' l·llitl'd State'S it 
\I'olrlcl bi' l'atlll'l' IIllu~lIal fOI'l \II' 11101'1' dnys til go b~" without PIlSSllg(' 
of I\, frollt. Tlilit Il1pdilllll-ll'I[!.!;th dl'llllghts III'(' Ips;; fl'l'qlll'lIt tlml\ 
would b(' !'XIH'('[('d ('1\11 Ihl'l'('/'ol'(' ltiHO 1>1' I'xplnilll'd by !II!' nSH()('intioll 
Iwtw('('11 [ll'l'('ipitatioll nlld 1'1'011 tal al'lioll , III addition, O('('lIIT('.Il('P 
of long dl'ollg'hts II\)Ollt 10 !l1I;--'S 01' Illl)!'!' wOllld indienll' l'itlli'1' tlmt 
SOIll!' 1I1111suni 111('\ 1'0 I'Olo(.!:il'HI ('olHlitiol1 causl'd H hl'('nk-dowl\ ill til(' 
IIslInl pn.tll'l'l\ of n'(,IIIT!'I;t fl'onlnl jll'('cipitntinll or tll:!.t tIl!' station ill 
QIlI'Stioll is ill nil II.J'I'II ill whit'll pl'('l'ipilatiolli;; infl'('(lul'nt 01' nol 
!!PIIC'l'nlh' :lss(J('illtl'd witll fJ'()lltlil PIIS;';II!.!;I', III pitlll'l' ('\'1'1l1 thl' rf\'(,('[ 
;')f til(' I';'('III')'('IJ('(' of fmll(" would hI' ('llllIill:lll'<I IIn<l WI' would ('XI)('(' I 
thl' 1l1l1111wJ' of IOllg dl'OlIgir(s O\)SI'I'\"['<I tn appl'I)xillln.lp rlos(lly th(,
pXjwd('d nd\\!·s. 

lnlpl'IH'p(ing lIll's(' llll't('ol'ologi('lli ('olltiitiollS statisticnlly, \l"r SP(' 
tlt:lt tiH'Y nc!pq\lll,t ('I~' I'xpln.in t hI.' nppn n'lIt d is(,I'PPilJlcil's Iwt\I'('l'n thr 
obsPI'V(,(j fLlld ('~pl'('t!'d dlllll, Titl' qUl'stion J'('l1utinH, ho\\,('\"rl', 
wlH,tlll'l' O('('\II'I'('I)C[' of dl'()u(!itts OY(,I' IU to 2() days ill Il'ngth is Hctuu.llY 
I'I111d0l11 , To t(lsl litis pOSSibility mOI'I.' aCl'ul'at(:ly, it wiill}p nl'('('ssal'~. 
to I'PSOl't to I ('('l.ll'iqll(·S otlH'I' tlinn till' IIS(' oj' till' pl'obnblp ('1'1'01', 

In ('ontinuil1!! thl' I1nlliY'lis tilr x2 test is usrd, primnl'ily to detcl'I1Iill1' 
wh{'(iIf'1' t h(' Illlmh!'1' of loop: dro\lghts obsl'1'\"('d i;; in 1I('('o\'(lnlll'(' with 
thl' th('ol',\' of rlilldOlll 0('('111'1'1'11('(,. How!'\"(,!" it is hOIWd lhn! thl' ('o.n
clusions lllJt:lill!'d nho\'(' ('1111 lliso bi' "t'l'ifif'd In' ;';11('h 1111 (\XlIlllillntiol1. 
'I'll(' distrihlll illl\s IIJ'(' S('I lip III ilwillcll' fin' 1'111;;;;'1';;, ill which thl' 1111l111)('1' 
of dn,ys oj' dl'()lI~ht :11'(' 1 to.j, ;j to 0, 1() to 1;1, l;,) to 19, lind 20 to 31. 

• 


} 

• 


•l
i 
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:. 	 In nddiLion, th(' dislrii>lI.tiolls for thp 1.2 months of til(' yrur wert' eom
hinrd for cneh statioll to Illn.k(' (,p('lnin that tlll' nUl1li)(~l' of l'xpectNI 
Oeelll'l'('l1r('s in cneh dnBs would ('x('('('(1 It minimlllll of G, Table 4 
shows tltt· l'Psults ohLnill(,(l. rrlH' x2 foJ' the distrihution at el1('h stil
tion is shown in til(' his! eolllmn, Sin<'(' til(' ('onsUlnt, p, WlIS c/l'tl'I' 
ll1illl'd from tht' ohs('I'vl'd dllln, nol frOll1 II priori l'(lIlsir/(,l':ltion, tit(' 

x2Illllnllt'l' llf dl'gr('('s 01' fl'('pdolll fllr ('ncb ntill(' IllUSt })(' lnkl'n itS 4, 
rlltlwl' lhun ;),lS 

TAIII,~: ,\.- \~ ,for 1//(1111 ill!I tirOl/liM rI i,~ll'illlll inus, RIIOI/'illf/ fO'll1 I'ilml ion oj 1'I1ch clnsil 
illlr'n'allo II/(' lolal 

1.('lIJ.!lh of {lroll~ht 

~tnt1on 

1~-1~1 dn)'s 1 ~~} t11ll'~I {I II tlnys 1-1 t111Y~ I i 
i 

xt 
1 ·1,hIY' 111 11I1d ()\O('r 

t 

• 
.\lUI ,\rbu" ~Iirh (I, iH L U{, :2. :.!;{ " 11(1 IJ.O:, 4.12 
Billln~~, :\II"li [i. Iii I II I. ~"1.:;;' 1-1 10,00 
Hishl'f.), ..\ rit. t. ';1;' I. i~I :!.:il :r; 

, 
l.IiS 11.;19 

n01~'f Itlnho ,: II 1 I ·1:1 ·I;{ ali · (J2 II. ~5 
Uvttuwuu, 'So ll11k IT I. fl.' 1. I~ j · ·10 fi.l~.) ,"' 

S.I~Bro\vn",\·m\·~ '\\\\, :\\1\ '2, ~;~ I l'~ .'\2 .llt 
{'Iucu, ('nlil I·' (I~ li'.11 :l. ~jl .f.j :\·\2 :1I.2O 
('flh'rndu ~prjlll.t~, ('010 iii 0;- .;";,'" (IS , 1.:)·1 2,&> 
!lalhon, 'I"'X IiI .1111 :!7 tIl Ull : 2.05 
Ihlllt!s, ,]"" li:t :.?~ {II . II:! lJU 1.3:l 
!lulltth, :\lilll1 !? ....i . 'I:! 0/1 ,t:! lit) :Ui(} 
~:s!':\nn1m..\ Iielr .1:.llti it; 19 ••1,) .0;' O. S:I 
Fun,k", ('ahf 1-.; 7r. W ~ll . ;"Il~ :\.1\\ " f\S :1:1. :\5 
l'r:\II,hn, 1,,, ~II III 112 HI :!.52 :l.W 
Fr.'sJlu, c:tlir .'"1 Gl ~.:!;I I tl3 l.IH \ :!:i 12.19 
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,\,,\\ 11:1Yl'lJ. ('nnu ·In };, .",(! Hi 1~' 11.'(.\ 
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• 
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1:1 7·\ I ~r; I I, ~.\ 21•. \1\""ll Die!!", ('·,hf 	 .). " 
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\YinJH'l1lIh'("n. :--.:,'\ !L:l~ .(II ~. til 

t ~)' .1.11·1!>d ,< 7:{ ... 1 .\~ t~. 201) 

'J'nwl 	 I.'I! -:!~ 11<' tl.i 1;- H. ,.1 ;'(1 ~s -....; :)·1:1.06 

I'~xuminn( ion of In.h}(l ·1 indicall':-; that "tll'inl ion fl'olll I':lndOlllIH'SS 
(/t'finil(·I\' dl)!,S ('xi:-;L 1'\)1'·1 c/1'l!I'Pt':-; Ill' fl'l'{'dolll. I)-'(),Oil \dINt' 

X2 " OAH1-\, I ( i:-; to hI' IIcJ{!'d thill' 1·1 of (/ll' ·Ill xt ·:-; ('x('('I,d thi:-; lirnit. 
III Ildditioll, ill tIt{, 1'1l1il'p lablt" x2 :3·I:LtHi r()t' l(jO d(,!!l'l'l':-; of fl't'<'<iolll. 
TIll' Jikt'lihood [}Ill! lhis t/('\'.inLinn ('ould IIn\'(1 O('('lII'J'l'd }n' ('l1nn('(' is 
lll'g-Jig-ihl(', ' 

\..: lL.A ¥i~l\\'r In\'4 pUlnh'd HUl (f;. 1)/1. "t!", :PfH Iht\t wlwr,-~ an ~uHn~h\t*' pammf..t~·r to; d~t~\rUliucd (rou\ 
tlwob~lrYl~d d:ltl' .. It ('OlT('~JHlIlililH!alljllstn)('u( most Iw IIludt' rn apphH11!" 1]1(' \." I(,"-t. ::'iJH'P 111(' lnlnl IiIJJII· 
her ot ~NIII('JH'(,S h~l" Utlt IWl'n lwld till' 'nuu' in lIlP (l~pl.·l'I(*ll :lut! 01J~l~r\'t'lt di~lrihtltimis. tlw uUlIlht'r of 
th'~rt"'$ of rn'Pllom wnnltl lw "Xli(ltl~ l\(tlJal til thi' JllJlIltwr or da~";t·'" if p Wt·rt· Ilplt'fl11lrwd n priori. Riu('l'}J 
WI\sllotsudl'jt~'rll\lJlt"d. how(,\"t'r, IIW-llIlIJiht'fU( d'\J.tft'l·SOr (rt't'dom IIlU~t hi' wJ.a-IlHsOfw ll·~" tllnn (.111' numtwr 
of riuSS(1s. j\s lIH..'r~ .un' n\'l~ ('Inss inlt,'r\·uIS, tilt' uuullwr or tll.'J.!n'('s or (n'pdom is ((Jllr., 

j 

\ 
, 
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It is importanl to nolt',howev(,I', that lil!'g-rl'tlt('l' pftrt of tit.' x 2 totnl of 
343,On is incillti(,d ill th(' fir::;! 111ld ~('('()J\(l ('olulllns, In this (abl(', it is 
not f('llsiblP to Sl'[lnTaU' tltt' contributions mnd(' by th., indh'idllnl 
ckgt:pps or frc,t'llom, 11o\\'('\'pl'. it lIIlI\' JlP no[pd that fl'!' 1no <I{'grpt'::; 
or' fl'l't'dom. P w(lllid ('()llnl tl,t)r). wli{,I'!' x: \\'Ih 1!Hl,:?4, Tltt" [olHI 
distriblltt,d (\\'l'nly b{lt\\'('{'1l tlrp fh (' ('OIUlllll!" would g[,'(' nppl'o:-:i
IlIlttl'h' ~~.():i foJ' lhl' [Ollt! nl' Pilch ('Ius-';, III tabl!' -I, ollh' {,ItI:'S ;i, 
t1J'\)\l~bs or \In'!' :W dny", do,·" Hot ,'XI'I'l'd t hi,.; linli!. . 

Till' [,(,Slllts ohtnilwd 'Cmlll titP \" [Pst, till-Il, np]JtU'l'lItly t'OI'l'ul){)l'tl.tc' 
tit!' t'!)(l('llI~i(l!ls ['t':ll'lwel (Iln)U!,dl IIS(' of t hI' Pl'ol!tI hI!' !'1'I'ol'. f)J'(JU,!!'hIS 
\111<11'1' II) to ~o dny" Ih·fjnirdy dll llnt flllltl\\ tit" I'xllI·t'tf'd cli';II'ibtltioll; 
1)(',\'ol1d thll! poillt. til" l'.'\jll·{,{pd distrilJ'Il:'I. Ill' dt'Ol)~.d11 Illn)' ,l<lt.
qunl('IYI't'lll'P':Pllt ()/),;pn'pd ()('{'III'I'('I\l'('_ .\lthll:l!!lt it WOldt! b!' p()~sibl!' 
to ('olltin\l(' with fmt hl'l' 11,1\l\IYsi". it i.... rl·ll 1hat SI1('11 illYP,;tiglllioll 
would llol lli' proiitllhll' with tit!' Jll{)llthly dlltn, If \\'P udmit nlnt thr 
O(,(,UI'l'('IH'(' of tl!'llll~dlh of II''''' tlttlll :.!(J rltl\'.; j..; not I'Hndolll, (l!JSPI'\'II

tiotml iltl('1'\'nle: limi!('" to 0111\- :{O or ;q l'IIlY" urI' too short to Ill' of 
Si!.!llill('lllltnt\u!', III lh .. {\~Jl()\\-ill!.!' ';I'(·ti;)ll, th,' iIlHstig-uti()lt j,; 
I'xtl'lldt'd to 11 11l!!('1' ppriml-; of tjlll!' Tlt"l'l'hy, tlt(· 1111mb!'!' of long 
drotlgh ls 1\ \'11 ilnhlf' foJ' t'omp:ll'ison wit 11 ('XP{'t'll,d dist 1'1h\l lions 1,; 
incI'l'lls!'d ,!!I'PHtly, • 

TIII';()J{I':TJ<;'\I. I)JSTl{IBl TI()\ OF [)IWU:IIT (-'OJ< 

SI·;\S()\\./. TJ \11', I \Tt-:H\, '\/.S 


It hll~ IWl'1I ShOWll in tlip jlr'l,yilllls S('(,(joll (lwl titl' IlY'[lotlll'sis of 
l'lllldot11 ocelll'I'I'Il(,(' Ill' dl'ollg-Iu is 1101 1':\:1<'1 h· ('on'p('(, IloWI'\'('I', it Iwe: 
iliso h\'\,1l d('l1wllst rn t .'d llllll I hI> h;qllJt h ..~i" IIW,\' hI' ynlit! for longPl' 
c!mugltt il1(('I'n1l'i, To illn·sti!!:IIt,· thi.,. ql/l',;{iol!, tli!' tlll'or.\" of mndom 
OPCIUTI'IICf' j" ('x(pnt!pt! to lilll" ill(p!,\;t!" or mort· thull I lllllllth. Fell' 
t1ws(' long-PI' illtl'r\'nk thl' hu'!!:(' dili'"rt'l1t·p" 1)('\\\"1'1'11 lllt',\11 probnhiEt,\" 
,'nllll's nblniw·d for "1I('I"'""i\[' IlHlI1t1I'i III Ill:lll\' slatiolls ineli('n(p tlllli 
it is IlP('!'S,.;tll',\' 10 <1i"('/ll'd tllP id('n (If n ('onstan! dJ'OlJglit pmbnhilit,\', 

In tltt· pllg-I·... thllt rtll1O\." 111\ I'XIW('\I'd Ilroll)!hl distribution fn!' ';1'0
sonnl (ill\!' illtl'l'Y<t1" i" dl'rind, Hnlldolll O(,ClIl'l'l'IlC'1' i, nsslIIllC'd, 
Y:u'inlioll ill dl'OlI!.!ht !ll'Ohnhility is nppl'oXillltll!'d Ib liw-nl', On!' 
fllrtilPI' approxiuwtlllll i..; Il1nd!', Tn enlclII:tlill!! thi' mOl\llll,\' JlJ'Obn- • 
bili[ip~, th,' \'111111' .If, \\11 ... ol>lnilll'd fol' ('11('[1 llWlltll, 'I'llis \'nllll' 
1'('}ll'(''';('III:-; [lit' JlllIllhf'l' of illtil'pI'J](it'lll ,\'(,lIi'~ of l'l'('ol'd n,t II !!iY('1l stn
lioll, Tlrl' \'Ullll' .If, nt!'it·" Crt/Ill lllOn(h to mOlltll !lO! onl\' 1H'(,IlIlt"I' of 
difl'l'l'l'Il(,P!' ill tIll' 11'11!!;tit of ['('('ol'd of tht' months hUI alsl~ bl'C'Il11:-;(' of 
difl'l'J'l'IlI'PS in fill' {'xtl'llt of 1'IIinflili pl'l'sistl'lJcl', III on/!'!' to ..;illlplil'" 
('nlclli/Ilioll of H'u,;ollnl dj';[I'illilliou,,;,ll\(, t\\'I'W!!1' nlitw or J!c roJ' (IiI' 
llllllllhs of II S('tl:'OJI lIJldl'/' c'ollsid!'['utioll is tnkl'll n,: ,tJlplying 0\'1'1' thc' 
t'n I i l't' :-;t'nson. 

Thl' 11('( !'11't'c( of thl''i!' Itp(ll'Oxillltl (iolls will IIndoubll'dt,\' 1)(' to 
incl'PHs(I till' d ill'l'I'I·IIl'{,'" bt·( w!'('u t1](, 1 Iwo/'I-t i('11 I nlld obsl'J'\'('d d i,;t I'i
b\ltioJls, 1l0WI'Yl'I', t hi' ('1'1'\)1'" illtJ'(ldl!{'l'd ",illllOl in gl'lll'l'al bt' slIfli
(,[£lilt to irnpnir tl1(' !'('PI"'sI'J!l:lth'l'llt':-;'; of tl\(' ('nklll:u(~d dislriIJlltioll':. 
In dt,tl'l'llliJlillg tlit' s!'lls()lIal dis(rihu(io!ls, it \rill lw I'XPl'<iiPllt to 
culeultt(· til\' (,unnrlnti\,11 ralht'!' \lmn (ht' Illl1H'1lIllulntivt' ('X}l!'('tpd 
distrj!,lllliOIl. Tlm[ is, t1H' I'xjll'('[Pc/ 11 II ml)(\l' of O('('tIlT('Il('I'S of n 
dJ'OlJt:11t of n day::; 01' mon', Os, will bl' o/)lu,iIH'(1. Thl's(' {'lJlIHtlU,ti\'p 

• 
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\'nitll's 111'(' mOI'C' simpl,\' ('vltilllttl'C1 undo in Ilddition. ,u'p of ~I'CfLter 
utility in pstill1!1.tinp: futul'p lilwlillClod of dl'Ou~ht. 

Expl'(,t('d S('!lsonn.l distributions [I.I'P I'\',dultlpd for 8 Hlnlions: 
i\ ('w lin n'tl, Conn,; (:I'ppnsIH)I'O, ;\, (',; :-'ll1l'pngo. Ill.: BMt ill("1.tl, 
i\. nn.k.; Ihllllll't. Tl'x,; Bphw, Idltiw; 1·','psllo, Calif.; IIlld YullW, Ariz. 
CUlIluln.ti\'l'nliu('s W('l'(l ('II.ll'ullltpd COl' /I plJulIl to I,.i, 10, I;), 2(), 2ii. ao, 
ail. ,10, ·Hi, .'ill, no, i'D, alld XO. nnd hy laking first dil1'pn'IH'ps II sc'l'ips of 
nOIl('\I11I\llnth'p p:I'oupings \\('1'(' ohtltilw(l. ny using- n lilllitpci 1l1l1lliJ('1' 

of wid!'l.\' s!'pnl'llt!'d stlltiollS lilp 111'('111 dp(l"IICII'IH'p 1>1'(\\'(,PI1 staliolls hns 
hl'Pll I'pdu('"d 01' ('lilllill:lI('(1. ('nl'dtll ('xllllti'lIltion of dl'llul.!:ltt ()('('Ul'

l'('I\('(, Ilt 111('s(' ,,! stntiolls will nl1'ol'd it fail' b:tsis 1'01' P\'tl.IUll.Lin~ lite 
ynlidit,\' of (HII' :ISSlIlllptiollS. 

C \I,C! L \TIIl' OF ()HOl(;1I'1' I'HOII \1111.1'1') 

• 
To d('I'iH lit!' fOl'lIltilll for tllf' P,\/>('('(l·d distl'ibutioll it will. Ill' 11('(',(,;;

Slll'y tll d('rilH' Illlttill'llllltit'lIlly till' nsslllll(·d lilll'l1l' nlriutillll of drought 
probnbililY. SI'Il-;llllld lillll' il1(I'I'\'llI" Itl'!' dl'filll'd to itwlu<i!':{ 1])()l1lhs, 
LI'I }It, IJ~, :lnd }I, hI' (I\(' obsPI'\pt! IIlolltld,\' til'ollght prohnbilitil('s fol' 
lltt':{ lIIfllltll.., j,n It ;!i\(,U "I'IlS01l 'I'llI'll lil[' Iilll'UI' nll'ililioll ()f drought 
probnbilil,Y for I it I' SI'Il Sll I I will hI' dl'liw·d liS ill(' ..,tl'ltight lill!' (itlt'd by 
It'lls( "qllIU'!'S 10 (h('-;(, (ill'PI' \U,III!'S, ('ollsitil'l'illg' lhl' IIlOllthl.v drought 
prohnbilitil'''' 11'" ('('IlIl'I'(,(1 \\ililill (Iwil' l'I'''I>I'('li\(' lIlolllh", 

('llHsidl'r th.· [ll'flhni>ilil,Y. y, n" n flllH'l)on Ill' litlll', J(J'!, ,.;u('11 lhn,t 
J' () is t hI' l't'IlII')' of Ill!' S[':lSOII. Th(, lIItil'lll'lIt1t'1l I Yllriahll', J', will 
t111'11 \'Itl'\' from X:.? (0 X:!, Wlll'I'1 X j.; 1111' lo(n] 1I11111iJt'I' of d!l\'~ in 
till' sl'U,",';IL ( 'Olhidpri II!.!' I hI' 1l111ll b"I' (l r";)\'" ill II 01011.1 h to Ill' ('0 ust HIl L 
1I1 :lll, Illl' poillt jI! will Ilwll Il<' Ihl' tlh~('I'\I't! uti III' of fl.r', \\'Ill're 
,I' :W: 1111' poillt f1~ will 1)(' 1111' oh';!')'\I'" nIhil' llf lu',. ,,11I1 I'!' J'-CCO; 
Hlld lh.. poilll /1,\ \\ ill hI' ,I ... 01hl'r\l'd \:Ilth' of f.r . wlll'l'l' ,1'=:30. 
Fittllll.!: ,It,·..;,· }luIUl..; h.\ II'll";! sqllllrt',.; yi"lds 1Ill' [input' l'l(u:nioll 

1" . /1. ' fi /1 1'1
!1 

,) 
.. , tiO J', 

• }' 

and 

I"~ fil
111 

tiO 

!/ jI' Jlf'/', 

'I'hl' ('Ollstu,nts j'HIL (If ('Olll''';(" 1)1' I'pndi,,· ('vldllall'd [mill tlw kllown 
prohability \llIIIP" fol' tlll':l lIHlllths, '1'111' ('nllslnlll, /I, l'I'PI'PSl'llls till' 
m('ltIl dl'llllg-ht probnhilit.v fo)' titl' Sl'n~on: III indil'ntl's Iii" slop!', or 
rntp o[ chllllgl'. of pl'obability from dny to dn.\" within t itt' SI'IlS0ll. 

Ll'l Pr Il!' till' Jll'Olmhility pC ndt'ollg-ht (If tt dnys 01' lll(ll'(' IH'ginning 
on III!' !lny 'J' • 11. Tlll·I\. ill .\/" illdl'jll'lHh'l1t Y('HI'S lIf 1'1'('(H'd. \\l' would 
l'XIH'et .\f"jlr dl'!Jllgltls of u <IllYS or tlIo]'t' to stlll'l on tlH' diLY (.1.'..;...1) .. 

http:ill("1.tl


24 'l'ECHNICAL lWl~LEtl'l'N' l> 1n. C, ~" DEPT, OJ.' AGHICULTUHE 

NoLp thllt thp "/litH'S MeP •• ,lId)" ' , " J.lr]!r, ' . , fOl'm n L('xis dis
trihution l\nd lIm( tl\l' (otHI Iltllnl)!'!' of droughls, Os, p::qwetN! in the 
Hnll! iutpl'\'ul of :\' cln,rs will h(,tlc(' Ill' 

.\' 
"£.~ It 

~ON .11, >" lIr' 
.\ 

1 I-
To p,n\lllllto this Stllll, ('ol1si(\('1' two illd('pl'nd('nt CI1SVS; Wb('I'(' 1 

.r>1-(.\'2) ,I] and 11'11('('(' ,I' 1 (.\"21 I], On!," W"Pl'I' , 

j','[ (.\'!2\· IJ IS il llot llP('('SSIlI'Y III IlSSlIl1lditp ('olldilioll of It <lilY 
of' I'ninf,,!! P('('('('<iing' th(' dl'Ought intl'n'll!. 

WhpJ'P ,1',/ • (:\'(~) I, 

II 

fir II JV)jll/(.{'+ i),
i ,I 

01' 
I, 

II ((,/, , i)· II 
" 

((.1' • i). e,• f I ~It 

nllt th!' ('I,(,OI'S IIl111w \'t'I',\' :;111111111lld \\'ill n!n]():;t (\xl\dl,l' ('nlllllf'nsull' if 
WI' wriLp 

!l" ((.r, i) [(V' \). Jv~ Ill]",
'J 

Ilnd .' ! 

[l(,I') . tv : 1I1J"'I,II tl.l' . ; 1 
,) 

I 

f1'0 III \\'ilic'h " • 
/(,J'l '.It J " /I 'J"'I,pr [ :J 

HO\\"('\'!'I', Sill('l' III will n!\\,11\'8 Ill' ,'('1'\ sllIa!!. /(.1'1 J(.t'. \ l, ulmost, 
nnd till' PITOI' \l'ill h(' ';IIl1tll if \\'(' II'l'il!' ' . 

lir [liJ" I) ~.I()" I/l]"_{f(.t'j I) ;.ILr' 11]'h'I, e 
'1'0 lolll! till' tlllllllH'1' of dl'oughl" Dr /1 or llHlJ'(' dnys p,:qw('lt'd to 

Iwgin 011 (II' :If[!'I' I hi' H('('OIHI dlly or th(' till\(' illlpl'\':t!, WI' lIlay Ilpprox
ill1:lll' h,'" s(,( ting 

,\ ,\! 
':i 'II :! 11 :! 

ftJ".r ([fl.r . I 1 ; /t.r ' IIIJ" 
[ 

II'
.) 
fer. 1I1J"+I)

d.r. ~ 
.\ J 

:- ., '.! :!. 

(C.r) fI .! mx, 
we h/l,ve 

f(:r+ I) '.11.1" II· '211. 2m./,. 1/1." 1iIIl, 

• 
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ie Hnd substit.util1g', simplifying', nlld il1tl'g-J'llting, 

'Ill 'JII'll 111 J"+2 
[ 11+ ~(K-Il) [ jI + .~ (X-- 11)_ 

III.tllt II m(lI"'- ~) 

J"4 1 [ /),111(\".). 1/ I '~~ (.\' 
11/ (II ) II + 11/(/1'; 

1/), 

Il.lld 

111. 

• .:!\' It 
~1I1 I 7.1/ I ~ \ '., • I , \ ',,+2

:8 /i, 
\ III r II f I) ,- 11/ (II : :2' - /Ill II ' I J +- 1/11 /I ;'~)' 

Hy II silllillll.· 1111't11(ld of nppruxill1:1lioll. il 1'1111 bl' showl1 Umt 

II I 'II, 
( :;- l) 

\\'hl'l'(' I' is (Itt' pl'Oilnllili(y of II dl'Olighl IlI'g'innill).!' on UII' fir..;!
( .~' I) 

tllI\' of tlH' tilllP ill I I'l'\'n I. 'y,l"


i IPIli'I' 


.I f.[ \'", l( ~, + \'. \+7.II'1( I 7. )J11/ \II ' I) 1/1 (// , :: I) , JIll II 1)-11/(1/ ,.ij , 

This f(ll'fIlUIIi is USl'tI ill (,1I1(,tdn[illg [I\tl I'x]>('('('(\ ('ul111dnlin' distl'ibu
(ioJl of dl'()lI~ht S('qU!'I1('('", 1'01' "'('11,.,011111 til11P illtt'r\'ll.ls, First difTI'I'e 1'11I'('S 111'(' (ilkI'll to ,,!llnill Ill(' 1l0IH'UlllullIti\'(' disll'iiJulioll. 

In eOlllplll'il1g lht' 1H'IIS0nnl ('xlH'1'll'd dl'ought dislributions with LIl(' 
Ob'H'I'\'('t! dntu, it is surIil'il'l1l III USt' I IH' A~ Ipsl (lnly, '1'<'Hling by nwnns 
of lhl' 811111(]:1I'<I or pl'UlmlJll' (,ITIlI' would Ill' of li1lJt. ntill(' sill('!' tllP1'<' 
Ill'(' 11 lillli{('d numb!'1' of ('UlllPIIJ'istlIlS 1\\'nilnl>lt' (ollly :~2 di~lJ'illlltinn~ 
liS IIgnilltil .IX() ill til!' PI'('\'i()\I~ s('('liol1l, Ilowl'Y!'J', {II!' stnlldllnl ('IT()r~ 
in titl' {'xl}('('(Pc/ di~tl'ihllli()ll~ e1U(1 to ~lIl1Jplin;:: ~it(lllid hI' ('Hiellillil'd liS 

n 1ll1'I1RlIl'{' or (III' I'('liallil i l \' of (it" n\~IIII;.;. 
In UiJtn.illillg' till' HIlIlld;lJ'd ('1'1'01' of lhp l'xpl'ct!'d lig\ll'('~, lISC' 11m}' 

IIgnill lw 11111([(' of' lil(' 1'11(,( (itllt lll(' nilll!'s Jf../II), Jf~l)l" , , • JJ~JI%) 

ho T~Il~ HpprO\lIl1'.Utou itHrol.luli(I" n ~lfg:ht ..'rror. which is tilwny'i opposite in $ign to tla' error introduccd 
II) wrltin~ f(r+11 (u, IiI '. "hQ\"!', 

.. t.!iU:'!:I l!.!--.-.I 
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, form it Lpxis distribution, 'l'h\1 slnn(\m'd c\('vin.Liol1, Urn of • 

the n.bovp s(ll'irs (~n,n imnwdin.t(I\Y lw ('XPl'(Isst'd liS 


wltt'l'l'. liS Iwfol'(', fi. is (h(' lllPtlll pt'Obllbility of 11 drought of /I 0'1' 11101'(' 
dn,Yfl, 01' 

;\'-11 

I I"'Pi' 
II' L..J 

hlJ 

But tIl(' stnncinl'd <'ITOI' or t 1](' 111('1111 of' thll !'('xis (listl'ibuLion i" 
0'), 

\ .\' II +1 
Hem'C' it follows (hnl LIt(1 

S, !~, of ON O'r.(\"-II '! •Thl' \')l!tH' of (Jr. cOl/ld Ill' oi>(lIillt'<i Ilild slIhstit.lIt(·d ill (,IH' IlI)()Yl' 

t'Xpl'pssioll, Ilnw('yl'l', t hl' 1'0 rJ 11 \I In for (Jr. is too 11llWil'ldy 1'01' prfl.(,ticnl 
lIS(', llnd IH'I\('l' it is <it'Sil'llhlt' to H.ppl'Oximtl(' [.iI(' s\.lIl1dtll'd OlTOI' by 
some ot\wI' J\1('tll(ld, 

'1'1)(' q IH'sL iOIl LIlli ( illlllll'ci in.t ply Ill'is('s is wltd ill'I' ('ollsidl'mtioll of 
tll(' 5(,l'i('s 'Jlr/i), A','JI~l ' , " ']'c}i.n . , , 1t::4 n simpl\' B(II'llol/lI.i dist.I'ibu
lioll would illyol\'(' s(,l'ioU::4 ('ITOI', This would 1)(' <'q IIi \-n 1('111., of 
eoul'SP, to Sl'ttilll!: m ('qulIl to 0, so t'hn! 'P, 'C"" !i2' )13 C' , , ,=P:r:c~, , ,=PS'C 

The stn,lIciilrd ('ITO!' iliON wouLd 1I11'1l I'('du('l' l(l 

whieh it mny ('I\sily \)(' BllowJ) is th(' l'quinliPllt of l'nllllnLillg the 
stul\<innl (,I'n)I' I\S ' 

L' \' I' () / ,. Ox ( (}~" .)
>J, ",Os '\/ [1,1,,(,1')" 1-,,/,) , 

if /I \:t 1l • 
Wit!"I'(' (T.,)" is t.hp 11(11111)('1' or [I'inls or II S('(/II('I1('(' or 1/ 01' ,no!'/' dnys, 
nlld ('1'.;\ n 1J111'y, Hir11ill, Ill' o\>ttl.illl'd 1'1'0111 [Ill' I'l'inliollsilip 

No 1.£' lhllt lhp IH'I'(')'I/tng<' ('1'1'0/' illll'o(/uC'l'd ill tl1(1 ntluC' of the 
standn 1'(1 ('I'I'DI' by ('ollsid (,I'j ng dru\1gh \ prll bn,bi Ii ly ('ollsUm t is 

No simpit' rOl'lllul1! ('1111 \w d('l'i\'('d 1'01' dl'tt'I'll1illillg tll(, mnxilllum of 
this ('XPI'I'SSIOIl. 110\\('\'1'1', 1'('I)I'HIl'd t'ynlun\ioll or till' J'nlio under thl' 
tlIOst un[H\'mnbl(, ('ollditiollS S('(l11I8 to illdit'Il!l' LlIH,! ill no {,HS<' would 
[,he eITO!' b(, gl'PttlpI' LItn.1I 10 11('1'('('11 ( il.lld Lhat llSllltlly th(' (,!TOr would 

• 

.4 



~. 

• 


• 
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lw considembly less. As n. I'pstill, i L is eOllsiciet'cd nccumte e:l1ough 
liO set the stn,neln.rel 01'1'01' (~q lInl I () 

~()·~(;=~(~t} 
This fonnuln should be lIsl~d Whl'lll'V(,1' tlH' I,'n.lio ON/CT.,)" is greater 

Lhnn 0.0:3, Whpll tbl' I'II,tiO rnlh; belo\\' tbis \'!litH', it Rhould n,gain be 
ilSSlllllCd tlwJ lill' SIUllplillP: erl'ol' Iwi-; II Poissoll distribution, and I'Cfct'
('1\(;(' should bc l11aclr to ll1bles or tLll' PoissOll ('xpononLinl binominJ 
limit.20 

COMI'AltrSON 01' EXI'BC'I'gl) AN/) O/lSgH"gn DISTIUIIU'I'IONS 

In eompm'illg- Lht, tlH'OI'('Lil'lti nud ObSl'I"'l'd dntn by Lht' X ~ test, 
l'pfl'l'('11('(' if:; lllfldr Oil h' 10 LiH' IlOlll'lll llub li\'(' e! i.,t I'ibuliolls io eliminnll' 
dl'Pl'IHll'lH'l' l)(,[\\'l'l'tl 'slIC'('('ssi \'(' g-rollps. Thil·ty-I \\'0 dist l'ibuLions art' 
untilnblt, 1'01' nllul.n;is. Wilhill l'1I(dl dis( I'ibut iOIl dlOlIg-hts 1t1'C' g-I'Olll)('d 
togl'lll('l' ill class IIlL(\l'\'nls or fj dllYS lip 10 II ,iO, hl'.,'oIHI which Lill' 
dass inll'l'\'n I is I'ni~w<l (,0 10. Thl' fil'sl q u(lsl iOIl Lbn t uris('s is wlH'Lhol' 
till' tIuJn ns n ",I\(llt' en II possi!>I.,' bl' ('ollsidc'I'l'd random in oeeurl'encl'. 
III Ol'tiC'1' 10 milk!, II first rough l('st. tllp :~:! 1l00U'lllllulnti,'(' distributions 
lI'illbc' g-rolllH'tI togl'l.hl'l· lIlId Lt\(, XC tt'sl ppli('d to dl'lt'l'lllilH' wlH'Liwl' 
t11(' g('Ill'rnl 1.1t('ort't.il'nl distrihlltion or c!l'ollg-lIt is atll'qun.te. Tn,bll';i 
~lt()\I'S llll' nti.ul's nh(nillPd hy t Ids groupillg'. '1'1\(, I'ltlu(' of x~ 
nhlllil1l'ti, ·Li.(i:! for I;{ t!t'!..(TI'('S of frl'l'dolU, illtli('IIIt's Lbnl LL\(, ('.banel' of 
(1Il' t.lll'OI'P( iclll dis(ribll Lion lll'illg'I'('pl'!'sl'lIlti (j \""(' of till' obs('J'I'eci c1n,ttl 
is nt'g-ligibll', 11011'('\""('1', it is to bl' Iwll'e! til:! I Ilip Inrgl'l' part. of this 
lolal of 4;j.(,:! is lI('('UlIlllhlt('d ill (Ill' lirst rOl/l' groups. Far loo many 
"('1'," short droughls lind (00 few l\ll'dilllll~ltotlgLh dl'oug-hts 111'(' obsClTcd, 
This is (lntirl'iy ill H('eord. wiLh Llll' l'l,.,ulls illtli('atl'c1 ill tlH' preccding 
Sl'l'l iOJl. 

'1'.\111.1-: ii, ,!'o/Ili OCClln'('lIrr of drollllill /01' .'12 .~r(l8on.~ (1/ 8 selected S/(lNOTUl 

IJroll~hl "islrlhlltiOIl~ : 
(..I -Ill' 
'-~'-B-

..\ Il, 
: (oils"rwd 1 ([',p('~tt'[\) , 

i 
H . ii,31,1' Ij,O'IS.~-I i "-IH.on 'I~ 
non i 2, 032 2, 721). (J·I I 3.85 
10 II 1,12h'I."'.0I\ J. 58 . 
lr~.. l!I . ·lUl ,,1>0. 10 I S, Ii.> '1t---- ,",,'-,----,,-, 
Hli i 0, 5li5 n. ·lmJ. ·18 I " , O. 4~ 
~hJ-!!·t .' :1lI~ :lo'.ali .01 i .01 
2;" :!tl I J03. IS,5'!!;1 2.6R 1 2.68 
:;11 :11 , 1-10 : 121.34; 2,87; 2.87 
:~.~ ";\U I c,'i : S5. :l61" 3, 051 3.05
-1\1 II , i 5S G3. 21 .43 , 4:1 
4;;-·1\1 , ." ....... _/ ~O 47.00 1.21 1.21 
Sl) ·f)9 ,. '. ,0 G;'W 2.07 2.07 
GU,G(I , , "".'.. _I ,IS ,la.O:l .3S .38I70-jU. . , ,..... • .. ,,' .... ' . 37 28.75 i 2.37! 2.37 
SO HUt! OVl.~r .. ~ ,,. ... ' """"""''''" 100 87.S5 ,___1._0_8i___1_,6_8 

Totti! I 10,006! 10,537,35 1 ,15.62 ! 18. 10 
I 

01'011 pill~ tOg'l'thel' fill cLroug'h Ls of 19 clnys 01' undol' rcduces the value 
fol' x2 to Hun 1'0], 10 <1('£(,]'('('8 of [n'l'clOlll, The corrcsponding vnlne of 

'I:' .For [I mor(l (,Olllllicte OXplllllUlloll, refer to {l. l7. 

http:1,12h'I."'.0I
http:atll'qun.te
http:limit.20


28 'rECFll'lLCAL HULLillTIN S LB, Li. ~, DEPT, OF AGLUCUUl'URE 

P is slightly above Fisher's suggesLed "limit of sigllificl1nt deviation" 
of 0.05 (6). H('nc{'. it; would seem. that, then' is :t definite' cllnne{' thnt 
OCCU1Tl'n('p of droughts of 1lI0l"(\ thU,1l 19 lhtys is rHndofll. OcrLailll}" 
1110l'C' detnilcd (\x:uninn.tioll of thp problelll is ill order. 

In continuing the invpstigation, individuaL x 2 tests willlw madl' of 
Pilch of the :32 seasollal distributiolls. '1'0 group til(' dntn. so that t1l(' 
Illlllllwr of ('xp('ekd O('('InT('nel'S .in (,H.ch class is above' 5.00 it will 
fl'l'qul'lltly 1)(' Il('CPssllry to rOllsolidut(' s('v(,I':1l (,jnss('s of lOllgcl' 
droughts. AJl drought,s of I('ss LlHlII 20 days will 1)(, g'rolllwd tog('tlll'l' . 
•\boV(· that vnltH" ('aeh grouping will \)(' ('xp:ll1<ipd upward until it 
illl'lllcil's mol't' LIlli Il i>.OO /,xp('('(,NI 0('(' lIJ'I'('Il(,(,S. IJ th is prc)('(,c/ Ul'(' 

1l'!I,\"('s n fillnl group of less thllll b.OO this tPl"JlIinul group will be 
tln·own in with the pl'pe('ding elnss. 21 

'1'uble 6 shows t1H' l'l'sldtillg ('xpl'ctl'd ulld obs('r\'pc/ distributions for 
('Hch of t1l(\ ;~2 St'HSOIlS. For Pllcll 8('118011 X 2 IllIs /)('1'11 ('v:duat('d unci 
P hns beell o\)Lailwd, tilt' llllllll)('l' of dq~n'(ls of t'1'('Nlom lls('d Iwing 1. 
I(,ss thnn (1)(' Illlllllwr of elns!-'l's. ~.[ost of lll(, \'uLu('s of Pill'\, rcasoll
ably high; how('v('1', n fp\\' (notably thn! for Bois(', Jdnho, SUIlUlH'1.' 

sl't\son) Iln' PXCt'ssi \'('Iy low, II is dl'sin,d to dekrmilw wil('lIl('l' tlws(' 
('xtr('mciy low V:tllll'S ;lI' J) ('nil b(' t,l'uc'('(1 to SOInl' de1'('(>t in tilt' t1H'ol'l'Li

eHI distrihutions. 

T.\nJ~~: (i.,-l~;cp('('tl'll and olist'l"lIcd S('0.801l1l1 i/I'oughl Ili.,triillliions for eight seleried 
stalions 

IJ '\ 1.lfl It'!'. TleX. 

Splint! ;;UlllIIll'!' ..\lItUtJIll \I'inlN 

l,rngth "r llrOlll!hl 


(duys) 

HU \S:!.4t1 It'i '.!.H'.I.Oil :l()!l 12:t ia I:\f, 6~. 70 6fi 
20-2,' la. g" II 11. i\J, !I , I J.!iH 17 10.00 /I 
2f1-2f1 II.:I:! , :, 7.HI S S.IO 2 
30-:)0\ II. :13 ;,. 4~ X 6.53 9 
:i[J-~m n,25 7 , H.02 Ii 't 0,:15
·\0-1·\ iJ11. Sli S } 7.Ul
~.HU .~ 

0.:1150 nnd QV('r 
i} 12. III 17

9:97"---' .. x' LOX I: iii fi.22 

p .~U2 ,551 , :IS6 .125 


l-W ,tUn, un 0171\ ;'2·1,:10 Z\:l7 ·\a5,51 HI , ~H7. 7~{ :~55 
20-2·J S. ~fi 10 , 13.03 14 
25-2U 11. 00 ~ ~ H7 1).7.; 3fl. 30ao uud o\'('r 

S i} s Ii. 51 fi1 --'~2-:-28~,l 2.18 n.lo 0,71' 

p .H\ . j:,)l\ .701 .51/1 


BOIS!':, [[)AlfO 

l-lU 3~l.a<l :m \I0.~~ I/S , 200,01 213 3(1Q, 63 I 381 
20-24 13,3U 1:1 11.1111 7 17, ,0 IS 10.00 13 

w25-Zl. ~ 7.01 ! 1I I 9,2·1 I ! 12,28 S 
ao-:!! . i. IU 8,0.1 8 I 
3.S-30.. , , 5.00 

7 
7 I 5.00 3 '\ 

-10-10 ! 7. !i0 \ U 8.01 (\ 0, (II 6 
7.39 I50-59 • 5.01 5 5,00

tlO lind Q'·cr J 7. _ ~J2 
... 

IS t 7 J .. _-.-.-~- ~ 

~2~YC~ --4:7"2 T.3Q- 
p .-137 OOOr.:JU • 57f) .522 

,.-.-....,-.-~ ,~ .. -- .,-..-,~- .....--.--.-","""-- - -_.- --. 

,\., 2,\ Sfl 

~- .~~~ 
" In 3 distributiuns tl", ~rou)lin~ (t)~I'tlil'r (If nil dr/)lI~lits of I to III dllY~ "'ft It tilllli ~r(lu)l of Il'SS thlll1 ii.OO. 

ill tlteS<) dIstribut.lqns. In onll'r to r(,lni,l nt 1,'nSI 1tic~rel' offn'l'tiolU hlltll' dIslrlhmlml, the 2 classes hn,'" been 
nllowt'\l to slnntl. Uowe""r, tho ('rrOr inlrotlllt'l't1 will 1101 h,' si)(niti"llnL In 2 Ollt octhe a instoners tilt' 

• 

•. 

• 


nnmiwr of ,"pl'cled oecnm'nccs ill 1111' ("rlllinni )(rollpis grenter thull 4.00, ultholl{!h less than 5.00; in the 
thIrd, tho llIuuiJer or c.,pcclutl occurrCIWtJs is 2.98. 

• 
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TA£lL~; (j,·-/?xJ!('('/('r/ (/'lid n/"'I'I'VI'" ~('asun{/l drought tli,~lri/Hil-iOIl.' .for ('ighl se/pcled 
.~l(/I iOlls,-'--( 'Oil till \I('d 

sprru~ ~tllllmt~r Anttlmn \\·inh,'r
L"Jl~lh ur dr()lIl:ht 

fdllYS) , 
I !"JH'~·t('d: ()I'~l'I'n'(f E~(l('!'t('(1 oh~l'f\'f\d ";\Pt,<,tt'd: ()h~('n'<,<1 E~IWt'tl'(11 

j 

()hs('r\'cd 

HU '!).Ir ~tl r.a2 ;i55.11 fir,:! ail. iii :lilx HI •. '>1 5U.;
~'O-2·1 II :?tf 1:1 

!?5-~'U S.S~ ,.2·1 ;, ~t; [, -t.till
.., 
:to ~lI1d oV('r It l);, ;~ 

x' (1.,11 11.111 I H II.IHP rl~fl 7nl1 .11:1 .:H:! 
. ".~. ---~-- .-~ 

1,' I! E~:-:(), (' \ LIF, 

I-III HI{I Sri IS7 n.:iIl fi511;{ SII :!UH ~;. 2t')!!
:!11-24 n.li\! 12 " 1111·1 J!i 1!i.hS 232.'i-2U \l Ii' II .". ~J;, H S. !I.1 4:1I1-:\4 0.·1\1 II , 1:1 II:l;I"t-·aU 7. ·tIi :1 

Ii 6.0, Ii·I\H·I } 7. 7~ S 1II.:m 
I;)'~·H' 0115 " 
;~I"IU )11 H , JO~ 77 16I)1',(1-6\1 n. liS If! •. ;J:l [,
7i)-7tl .~ ;',0[, r. 

~n tUld u,'l'r al, ,7 ati ."i n:{ :\ 

,,: 1·1. Iii :!.I1t1 17. ;,0 K53

I' .(Iln .2fil .IIIH ,1):U.i 


.--~ -
\'1'\1.\, .\ HIZ 

IU' ar,o ~l(l ~n !,!ft J I :Ui JU,:!" ·Ii' 7\.J.Hti 76 
" ·1 12••~5 10:!\1·2·1 ;) Sli I:. [, ';', ~Il 


:!:~~~,-I 
 I 11. !!j la !I,hH Ii ,,"" (I 10.50 12 
4

\I:111·:\·1 Ii. un ~ ~. ·11
a;F:l9 :} '1.),\ fi ~1. iii fi :'.a:. :! IU,I 5·IIH·I !i. is ~ 
I:~·'H. \ ;.:-. .."fj7.~2 H,!!tl 
nO-Ii\! , (1'1 [, {} 2,1 
flU,.';tl f II H J n ,'\1 , .} III. lin 10 

;07!J } [I ~Il 1~ ·1 
7. -II ;, ,l Ill.-'O 12 

~u "0<1 ""rr la.511 II I:, 71) 1-1 } 1·1. [,2 I~ I 
.\:;! 17. Iii , liH ".m, ·!.II~
l' ,011,.1 !!i[1 .,121 ,mm 

"-~~---

~I';\\" 11.\ \' I';:\', (' ():\':\'. 

--~-

HI) 5Jiti. ~I-I 57~ 1)5·1. .Jii [.511 ·171i :!Ii ·P,:I !lU2.hH 58\1 
~,(l aud O\"l'r I. ~H fi ;; :i"i " 11. 22 II 2. Us :! 
.\ ~ 11.5:1 I. :J2 n 11\ II. nin
I' 170 . :!52 iiifi ,;;SO 

1\ ()'I''l'1 :\' 1';.\ I'. X. IJ,\ K. 

I'lli !!.'i:i.iJ!J :.!5;~ Hf•. O; ,150 21U.71 :!tJti 1:1:l.W 141 
~~f·21 l~.l)tl Ifl 1·1.-,,5 21 15,51 16:!:;·:!u I~ Ifi II ~.S.j ~ s 11.~ 10;!II:l·1 7.Hn h i fo.I:1 ! II ;.s,2-1 III,S'I;t5,,~nl fI.otl :1 ! I!! ,J (i,O:l 411\...1\1 "'i.a~ I,'IS I.10,. ,il II 4
fIn LUld uVl'r I .,1)3 1.1 
,l 2.0... . ;,1 tJ. 2(\ IiI. 20
I' .S:I.1 . :tuf, .1155 .116 

...-... ~~----

O'l(' of till' plul'<'s \\'IIl'I'(' ('ITOI' mig-lit 1)(' illll'o<iIIC'NI in obtaining' tlw 
('XIH'et,pd dislrihution is ill tltp IISSUlliplillll of II lil1(,:t1' ellnllg'(' in drought 
probability, If (it(' S(,1l8011 in q\l('~tioll is ('1'111£'1'('\1 lIi>out nil ('lIlphntie 
IllftximUIII or minimullI ill till' drought probability CUI'\,l', the stmighL 



ao 'l'ECHXIC:\I~ BVLLI-:TIX S I. U, l , ~, fJ1~I~'r. (W AGHlCUW'UHE 

line fitted (0 (hp tlm'r YI1I11('::; would ob~('IJI"(' th(, [rut' ('hnt'nrt!'I' of til(' 
chnng(' ill drought pl'ohnbilit,r, :-:ill(,l' III \l'ould Ill' ['quill OJ' IlJllI()~t (,(Jlllll • 
to o. 'rhr fit of thp stl'nigitllill(' \lollid bt' innci('qlltli!' lllHthl'1l111ticl111y 
Illle! rlimatologil':Jlly, llo\l'p\'PJ', ill IIJlprai~ill!.!: thl' Ild<'qllll(,Y of tll(' 
fit it ::;Illluld hI' I'Plll('llti)('J'(,d Lhut H dilr('!'('IW(, of, SnY, OJ)] rOl' H low 
\'nl\l(' of /I would 1)(' lllll<'h 11':-::-: illlf!OI'llllll tllnll :t :-:i'nrillll' ('ITOI' fot' II 

high ntilll' of p. sill(,!' tht' st:tlldal'C1 1'I'I'Or of JI i~. in g(,I1('1'l\1, gn'11ipr 
for low ntlu(ls. 

To OhlHill SOlIl(' llllltlll'lllllti<,:d IlH'n:-:IlJ'(' (If [h" ;(1\"q\1:l(',\' of lil of tll(' 
"tl'll.ight lilH'fln, thl' Ylt\U(':-' of r .JIJ.J,n., 1l1ldJ .JIJ" {'()Jrl':-'polldillg 
to thl' IIl\ll\thl~' Jil' j!!, Hlld ji;l' hll\(' 1)('('/1 nl>t:till!·d Ilod tht' SIIIll (If th(' 
5QllHl'I':-: Ilf tIll' dl'\'int illns llf \ hl"';(' lit! ('11 \ :1111<"- rrn1ll \ Ill' oiJst'!'Yl'(\ 
prohnhililil's 11:1\'(' hl'l'll ('HI('lrlnlpd ill {PI'Ill" 0]' IIII' sllllldard (,J'I'nI'S of 
Ih, Pl, lind /13 liS \11)11:-:., [<'01' Illu,.;t SPll~nll'" I Ill' IiI is f:lirl,\' dos\" Ilnw
('\'('1.', it i" lIoluhl!' lhnl rnl' Bn;"I', Idnh(1, ~"lllllml';' "('I1S0Il, [h!' SI11ll of 
tIlt' t\t,yi!lliolls sqllHI'NJ 1:-:. h,l ;1, hy rill' lht, lIb:!!p,..\ \'nll1\' ohluilH,d, 
This ll1('Il11~. of ('\1 1I I':-:P , thlll 1111' iiI of lhl' -:[mig-hl lilH' is iIlIHl('(lllll\t' 
tllHl thtll 11;-; 1\ 1'('SUlt Ih,·thl'ol"l'til'n! disll'ihllti.ullllHlst :11";0 \WI'l'I'(JIlPOIlf',,2~ 
Fo1' (,\"PI'\' ";('11";01\ but two ,)'IIlI'PlIgo, [11., :-:I/l I IJIH'I', IIlld (;I'('PIIShol'o, 

;\, ('., ~Htll~1;WI'1 n \'PI',', !lOOt-[iIlPlU' fit was l\('('0ll1P1Uli(,d hy il Inw \'nlu(' 
(If]l, For 1h(''';I' S('IlS011S, thl' 11)('1- of ('(I1Tl'latioll is ()h\'i(Jll~ly <Ill(' to 
titl' (aet thnt butLt uf th!' :-:1'IIS(llt~ 1ll'P lUllUi(l. Thl'l'(' lll'(' (l1Ih- two 
clllsf',('''; ill tilt' di,.;tl'ihuliolls: DrOll!!llts of 1 to Ul (I:I\'S Illld dl'(l1l(~htf', of 
:?O Ol' Jllore' days. II (,W'P, ill holl; tilt' poor liJIl'Hl' {i'l is ('llltlplll';~ll\'('ly 
llllimpol'tlllll. 

In fUl'thl'1' tlllHh'~i:-: of thl' <li:-:(l'il)(11 JOIl';, nlJ SI';I~(JlIS 1U'(' dis(,llrt\(,d I'M 
whidl tl)(, SlIlll ()f IIlP :-:qUHl'I''; oj' lit!' dl'\i:ltillllo.; (If lit [(,<I pl'IllJllbilili£':: 
rrolll ohs('l'\'('d [ll'ohuhilitil':-: j:-; ~I'I'Ht('I' tlulIl .i,{H). Tlti;; Il('(,l's;;illtlp:-: 
disl'('!!'llI'<lillg fiv(' ~(,II:-;()IlS, II" 111(/i('III('<I ill lnhl!' I, T1H'J't' is It ('llIlSid
('!'lIb!'!' bn':lk bpI \\~(,1'1\ thl' 11<1(,<[11:1(,." of 1i1l1'111' fit for lhl'H' ,j R(':ISOI)'; 

Hnd for t\t(' OUlI'l' ~/. ThC' :;ixlh higlll'-<1 \!lII1(' rOl' thl' SlIlIl of lli(' 
Sqllnr('s of til(' d('\'i:t I ill 11:-: is.I,;'j·l, r(\"I~l1i~(·, Id1dl(l,;;prillg~(':lSOIl, This 
l'('pr('Sl'llt~ II ('ollsill('raill!' drop f!'Olll S.!li'l. Thpl'!' o.;P!'Ill:-: t() \>(' flO sig-
fliliellilt ('Ol'l'!'lnlioll 1t('\\\I'('11 thl' lit llf (II<' ;;ll'ltighl lillI'S alld till' \'ltilll'S 
uf I) fill' tIl(' j'('lllllillillg :.!i' :-:t'ao.;oll';, . 

·L\lII.~) 7, The ,fit" ,<nll/(JI/S /or wlucl, tJiI "11111 ,f 11/1 sql/un,' of till ,1< /'ildions 0/ ]ii/I'd 
pr()II!lIJlli'il',~ Irolll oh"I/"/'u/ mllf,." 11'(/,< yuul .. ,. '''fill .';,1111, "h""'11 with 1I.~,~(}ciflli'd 
t'aiUfS of I) 

~ut!t·(ft
.";p;),or.. I' 

~qual'"i's 

!lois",lllllll/) ~nl11l1lfr 1" I;, 11.000;. 
.\I.IlCl'llg0. III do [O·b .7.iti 
Fr,'sllo, t':lhC ~p(Hl)! ~I ;,~; 1111; 
n r\'\!l\so(\ru, ~, (' 'nnUlwr U .\1 .-::;ti 
I)llihurt, '1'," \\'jJll!'r '" !I ... ,12;' 

Tubl(, ::i pl'l''''(,lIl~ th!" nt!I/(,:-; ui>llliil('d COl' j' by :O:lnti(l1[ 1111(1 Sf'II';1lIl. 

'1:1\('8(' fig-HI'!''; III'!' !'Olllllilll'd fot' flll'tltl'!' llll:d)·,;j,.;, In blbll' ~, tlll' \nsl 
12 '['hust for BOj"H~. ~unUl!('r ~('H!-on. fur ton rH'U.)· P\(r"PlUph long drfllH:ht~ \-\t'ft' i)h~t'nj'jl :wd Wo (Il\,' 

.. 

• 


• 


rm.l<UUnl~l~·IlAth drmmht .... :.!H \H ~;u day:" 'l!th 1.';\1\ 11\' dirH:1\~ trHf1,~1 to 1<rr~j{U'HU"" n:-'~\1lf.lllh'h Hi l1l~.';nr 
rhnngt' in '!rollJ.!hl probahlhO. I'~or Iltt........'''l;.ou.l1.. , first flf lit(-1111"1'1' mo,-tlit) ql"t'n'pil PfobuhllJlU's ·W::1-'; 
low nnd \\:1~ followed b) lwu (lxtn'mph- hr;'h llf••ha' \;1:' 0.; 'J lIP slr:l1','hl IIIlt' Ltt,qi til t1lf'~l' thn'(' \,:lltu~:
htltl n (l£t'ilti\'P slope but did HoI 1'(111('h a ~t~'ni!H··j·':.lJ~ i!ldl \;ilw' HIHil tilt' hth'f ,,;u't uf thp !'ol'a:-'OlJ. wlwn. or 
CQurst\ il nNunJl.r b\.ll't.mt·PVtlU hig-Iwr ih!JU tt•• ,I'''f'l'\1 d J' \ tllll" JklU'P. tlu' dl:-lll,hutUUl ,':t!"ulnlt'd (rom
th(l ll$Sumc-d luwnr fit nULurllllr SIHf\\('d tUfr It>\\ \'«'n j(·uJ.."th,\" dWl.l~lll~ Hud ton Ulany JUl-uiuft1 ..1cng:th 
droughts, $ira',,1l1l' probubiliU,'s ILqSlIlIl,'" for ll ... la(ft'r·'ja)·R of !Ill' .NI.OI\ ""'N abuormally high, • 
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column ill<iirulp:; th(' proi>lIbilit,\· for ('ueh ~tllti()ll lhal Lil!' difl'el'cnc('s 
bt'twN'1I til(' I'xp!'('lpd !tlld o1!:;('/'rt'd d iMl'ihllt ion;; is 110 gn'ntt'I' thlln 
('QuId IIn\'(' uri:'!'11 frolll slllllplillg ('1'J'or. 'rhl's(' proilnbilitit's weI'(' 
ohlnilH'd by comhining 111!' SI'Il"ol1nl rllll1[,s of /) in the' ('oJ)vrntionnl 
1Il1l1l1Je'1'?:' 'Th.. figllJ'!':" ill !Il(' I III I \0111 l'!l\l iJldi('ut<, till' probnbiliry 
thn! lhp fin' !o ph.dl! di~ll'ihllti01ls for ('adl S(,HSOII ('ould IIn"p bp('11 
oh! uilJ('d hy cllIlll!'(:, " 

'1',\111.1-: x, l'o/lI('ol I' fo)'!; Rt'IlRlllwl drlmahf rii.'/l'ilwliOIlR 

("()IJlhlnl~d 

-:O:UlllUH'r \UIUIIIIl I\'in((', I'whn}.iJily 
for 

~1."tr()11 

\ltm·n~o. III 
;':llhllrt, '1'", 
rl1'1011.'. ('alII 
y HIII~l~ ,\ III 
nll;.,.".1I1a11O 
tt!'.'t'W...1U)fO. X~ (' 
,~.'\" Tla\Nt. Cnnll 
lI .. ltIl1l'''U, ;\' link 

fllH 
.\'l: H :',;,~ 
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,I~' '.!ill 

:\0 Ulldl!!' ulJ'ill('ioll frllrn s[lIlioll [0 :-.[ntillll 01' fmlll ";(':\";011 to S(,II"Oll 

"1\11 bl' Oh-'I'J'\('11. ('lIl1dlillillg nil :27 /' \Hlll!'s \\'ititout l'l'fl'{'('lll'P to 
",I'W-Oll or s[lIliol1 yiplds :1 pJ'oilllilility of 0,1:2\1 111tl( (It!' <lill'(,I'I'II('(';:; 
lH't\\(,(,1l [II(' \'''I)('!'[l'd Wid o]Js('nf'd disll'illlilioll"; ('III1Id 1111\'(' U('C'lll'rpd 
hy t'llllll('(', ('olllhilliw.!' !III' ('igil! \ :lill('" for tll(' ::;1 al iOll";, F'·dl.l;~.J.. 
nml ('ollll,illillg !itl' rOllI' \:tilll':-' fol' litl' SI':I";OIlS. /' (l,U);), Each of 
tllP:;1' \'ldlll''' i:, dpfilli(l'iy ill ('.'\('I'S,", of l"jKit!'I""; :'llgg(';;('d "Iimil of 
,.;jgJlili<':tlll ((('\'illlioJl" of (l,Il;, If;" 111'111'1', [lipJ'(' is, npplll'(,lltiy. 110 

r('U-.(l1l fill' di"('III'dillg titl' itY(lotIH·,.;js (lillt (l('('IlI'I'PIH'P of n !1J'Ougitt of 
IItlll'!' tllllli :2() d:l,~'" is I'nlldlllll. ill 1j('('lIrd:lIl!'(' with (h(' n,,;;II111ptioIlS 
origin"ll.\' slatl,d, 

I·:lllpitn,.;js 1ll1I,\' \tt'l'P h(, plll('('d OJi thl' Ilppl'oxill1nlioll"; r!'sol,tl'd 10 ill 
obtaiuillg til<' ("llI'('tt'd di:4trih\l!ioll:;, "\";:;lllllplioll of lill('nr ehnllgp 
ill droll·.!;IJ! jll'llilltlrili!y is ('('I'lailllYllo( si I'iclly 1l('('ul'1l11', nnd this 
i1l 11(,('11 1'11(',\ • !()~(.t1]('1' \\'i[1I til!' upprnxillllltiollH 1l11lti(' ill dl'l'i\'illg' lilt, 
fOl'lllul1l fol' lhl' ('."Iw(·!(,d <ii:;! I'ibu! iOIl:;, 1111:; proi>llbly 1l'lldpd to d(,(,I'(,118(' 

til<' l'!'pn's l'lltuliYI'IlP","; or th(, thl'()j'('li(,111 di";ll'ibll!i(lllH, 1.1 i:; IIltogptlH'1' 
lik!'l\' thlll if (,lIl'yiJilll'1l1' dl'oll~h! ntl'intioll WI'/'(' asslIllll'd I1nd 11101'1' 

IH'('111'1I11' r(Jl'lllltin:; Il(lplil'd lhi· !hl'ol'PticHI di:;(l'iblllioll:4 would \'HI',\' 

1'\,('11 1(':;,.; frotll Ill(' ob"PI'\'l'd dnt:1. IIOllt"'!'!', it is ('lltir!'I,\' qu('sl ill 11
111,1(' \\'itpllll'l' lh!' (ju!n wlln'tllIl SIH'h dl·tltil(,d t('citJliqIlP";, Till' llH'thnd 
(,lllploYl'd 11IIS ('llIlhll,d ('Ilkllintioll of Ih('ol'l'lil':d di;;tl'ihilliom.; lhllt Ill'(' 
kJl/l\\'1l to 1111 "" fairly g:ood ('{)[TPSP!lIlliplI('\' \\'illt ob:4(,I'Yl'd fll('t, 1I11d 
hl'lli'P tILe' 1I11·thod hilS :41'1'\-('<1 il::: PIU'I){lS(' alld ('1111 1)(' pill to \'H11I111J1p 
ll:'l'. '1'0 Sllllllliuriz!', it ('1111 Ill' fnir!,\' ,;(ntl'd 111/11 \\,111'11 1ll'l~uIllPli()1l of 
ItnI'll I' ('hHllg!' ill dl'llllglI! prollHhility \\ i!ltill n :;('USll!1 .is lint oin'iollsly 
erJ'OJlI'OllH, till' !IIf'(lI'Pli('nl di;;lrilJlllillll of dl'tlllgitl ,.;('qll('I1('!.'''; of 1ll01'\' 
thllll :!() dn,n" bll~('d Ilpllil !h!' n",..lIlllptillJ1 o[ [';tll<imll occurrencp, 
itdl'qllll!P1y I'I'pr(,!'I'Il!s lit!' obsPI'\'I'd dula, 

''rIlIH Is, n,' tl·~( JII" l""'1l nppll." (It Ill!' <Ji'ltlblltlOlt u! 11" m"" t<lull /' va/Ill", hlls,'!1 UPOIl till' fnct. 
Pl~U UH' .limn of n I1uluhN IIf v:11ul"· H( \- b tt ....df til'"iniJllh..1 tn tJIt' \~ dl~lnhlltl0Jl HtHl thnt Io!!. P=-h.xl 
('I(:! .Il.'gn'f's of fn'("'tllHll. For fUfll ..." ')(,,"\('l"Ipllon of 1111":; rIIl'l 11m} , "'I'll H•.\ J·~blh'r (I:. l'fJ. III"; -10m. 
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THEOHETICAL IHSTIUBlTIO\ OF DHOl'GliT FOIl ANNUAL 
OR GEi\EUAL TI~IE 1.i\TEHYALS 

In till' two Pl'(I('(lding ~I'(,ti()ns, II I'\nlgh [PS( has 1}('('\1 mad/' of till' 
hypOtlH'sis thnt ()('('lll'l'(IIl('(1 of dl'ollg-htis 1'lIlHloll1 with /'(':> P('(' ( (0 1\ 

\'tlriabl(, PL'Ollllbilil~', B('C'HUS(I of thll dini('ult~, of <!(,Idillg dil'I'(~tl~· 
with It C'ul'\'ilill(,HI' nll'inbll', simpl(' IlPPI'IlXillllltitlllS of dl'ollghl ]>1'01>-
IIbilit\, hnn' 1l('(11l dp\'isl'd [01' liIn(' iut('tTnls lilllitt'd to OIlt' S('IlSOn or 
kss.. The I'x(>(,(, I ('d disl I'i hll t iOllS (':11('11111 I (,d by usillg- I h('s(' II ppl'llxi
mutiolls hll\'(1 1)('(111 SIIOWII to ('('pn's(,lIt oi>s('t'\'('d drought (1('('UITl'It('(, 
ndl'C)lIntd,\' 1'01' dl'Ollgll(s ill (,X('PSS of ~o <IIlYS, Siw'(' it is kll(lWIl that 
till' IlSSlIlllptioll (If II dl'OlI(.dll probnhilil,\' (,Olls(nllt 0\"('[' It month 01' 

\'lIl'ving lill('llrly O\'PI' Il sPllson e:nlllot Il(' ('Xllet"· ('OI'I'('et, thl' nd('
(lIlii('il'~ of th(1 '(,X[HI('It'd distributions ('lIleulllted frolll thl's(' :II'SUmp
(iOlls will b(' (ilkI'll 11:4 ('yid('ll('p of till' IId('lfllllC',\' /If our ol'igilllli hYPlI
tlH'sis uf I'lllldom ()('('III'I'I'II('P wilh 1'(,S[lP('t (0 n <II'(lllght (ll'o!Jllhilil" 
Ihllt nlri(,:4 in SOli\(I ('ol11pl('x :llId III' YI'I ullsp('('ifi\'d 1I1:1l11lC'I', III 
this s('C'tioll IIllllunl (,lIl'dlilll'III' nll'in[ioll ill drought [ll'obability is 
<1(·(111('(1 nR :I /llfltIH'IlI:l(i(,:I1 I'll IlctiOIl, and til(' liS!, of th(1 tl1l1lllal ClIIT(' 
in th(' nllnl,YRis of drCltlgl1t O('('IIJ'I'('Il('P [OJ' nil.'" lilll<' ill[('l'ytll i" illuslrntpd, • 

III ('stinl:ltillg: fl'(l<[II(,Il('.r of O('CIII'J'('I](,(, or drought, OIlC' is s('ldOl11 
In (('I'('st('(I in 1\ liTll(' ill(,I'\'I1I ('xlletly tl. 1l10lllit or n S(':lson ill 1('I)[rth. 
:'\o\'(' ofl('II, II plll'[ Ill' all or til(' gl'il\I'illg "PllSOIl of n pnl't.iculn/' ('J'0Jl 

will IH' (If "pP('i:d i11«'I'('sl. WIt('11 "uch [illl<' illle/'nds n/,(' sho/'t. it 
11111~' \w sulli('iPllt to Hppl~' Ihp md1iods (\<'I'('lopI,d Oil ll\(· pJ'('( (,dillg 
png-I'I', FI'pqll(,II(I,'" ItOIl'C"'('I', lilll(l illl('/'\·:tls of " /Ilollths OJ' Illtll'l' 
will IH' 1111<1('1' ('Ol1sicll'I':lt i!lll , IIlld il \l'ill lli('rl'f()J'(' 1)(, 11 ('('('SS:I1'\' (0 

d!'v!'l(lp SOIlII' IIP\I' lIIPllllld of lIiltaillillg: [h(,ol'{>( i('nl distrilJlIlioll'; 
fnr \ h(,sl' t':'\t ('lHkd ]H'rinds. 

(hiP l11l'thod litllt illlll1!'di:ll('I\' "'I'~!:!:(':4ts ils<'lr is 10 ('ollsid('1' Ihl' 
('nli,'(' }w/,jod n:-; l'll1llposl'd of t,,'() nr't'hn·p "lInrl!'!', 1\I'I'I'lnppillg- lilll(' 
ill l ('I'\' 1\ I", TilliS. for 1');:lllljll(', if it is d('sin'cI to kllOIl' tl\(· Il1111lbl'I' of 
O('('UITl'Il('P:< of II droll1!hl of :~() 01' llH)I'l' dU,YR I'x})('('\('d 1)('11\'\'('11 ~\IlI'('h 
1 Hilt! S<'I'(,I11I)(,1' :W. it wllu.ld IJ(' po:-;;.;iIJI(' til di\'icll' thl' lottd [in1<' illlt'I'
I'HI illln \111'('(' pHrl::;: :-'\fll'{'1I 1 to :'Iln,,';~ 1, ;\lll~' 1 to ,}\II~' ;)1, nlld .1\\lyl 
[0 S('plt'lIlbpl' :Hl. ny Ils:4l1l1lilJg: 1illl'III' \':I!'ililioll ill drought pI'o/)n
hili(~', til<' 1\\l1111wl' of <"Pl'l't('d drOll}!"!" of :.H1 or mo\'(' <lny::; ('()\lld 1)(' • 
('oll1jllJlpd [O/' 1'11(,1, ur (l1('S(, lilll(' illl(,I'\':1ls I1l1d thl' lo[nl lIumlwl' of 
;:Ue!l drullgll!S ('XI)('('\('([ frolll ;\ltllTh 1 (0 Sl'plPllllwl' :{I) ('0111<1 tlH'1I lw 
nhtlliu<'t/ h,\' Ilddi[ioll, I1fl('/' illll'odlll'illg II si!llpl!' ('Ol'n'('( iUIl tn nllow 
for 11 dl'OlIf!;itt of ;~() or III01'(' days 1l('I'O:'S [\\'(1 (11' til(' lilll\' .il\l(II'\'nls. 

~(I\'('1'I11 ~)bj('('jinIlH lun}" Il(' nii:4('d ngnillsi thi::; lIl<'thod. hO\l'p\'['I', 
1.1I ('onRidt'I'ill~ dntl! fl'om II ;.;illgk s(nl ion tlwl'(1 is Il distinct possibility 
Ihnt nn HI'Slllllplioll of lill('ar nll'illiioll ill dl'()ll~h[ pl'obnbiliry !lin," Ill' 
1I11WllITilll tl'ri , I.t !til!' })('('l\ shuwlI thllt 11'11('11 lhl' lill(,:l1' lit i:-; poor, lh(' 
(I.'\}>('('(('(I disl!'ihll (ious ('('r! II i Illy dll lIot nd.NjllIIll·I,\' rppJ'!'Sl'1I t oiJS('I'\'l,d 
()('('lll'l'('IIl'P, H('II('(' PI'('('lIllt i()l1~ "hOllld 1)(, ltlk('11 1lg:llin"t ilidis(,I'im
illfl\(' w;(, of thp Ilss11ll1plioll of li/lPIII'ity, III Ilddilioll, il will hl' roulld 
thnl I1pplicatioll of UI(' sugg(,~(l'd 111('\110<1 would h:l\'(' [h(' ('frl '('! of 
IIlnkillg f'1'<'I'~' (,!licuillt iUl) of d/,(JII~.d)l 0('('111'1'('11('(' It ('(llIIpi!'I('I," Ill'\\' 
pl'Ohlplll, Thus, ill Ih!' (,SHIlI!>I(' t'itpd :ti)()\'!·, l'l'dIlC[ioll of Lll(' d('~i\'(.d 
dl'OlI!!ll( kll~fll III 2:i (I/' IIlO\'(' <lIIV;'; would 1I('('('ssilnl(' II 11('\1' ;,;('Ipelion 
of nil' (,()III/)Oll!'!lt (iwl' illlpl'nd,,: :\('\\' lill t")/' IiI's would !tll\'!' to /w 
oblllill!'d, 11<'\1 ('ni<-,dnl iOllS IIlnd,., 11('\1 ('UITP('[ioIlS illll'\)du('('li. L{llpid 

• 
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solulion of II pl'ohl(,111 would he impossible, nncl he11('(' ('xt(,l1sin' illvpsti
~lItion of dl'ou~ht O(,CllITefl('(' would hI' prohibitive. tn d('yising n 
I1\l,thod of en leul II til1~ ('xpectL'd dl'ol1gh t Ol'C'l1lT('l1('P fol' lon~('(" tinl(' 
ill(,I'YII18, it is l'ssl'nlilll thnl \\'l' nftempt tu Hyoid th('sl' dillicultil's. 

Thl' llIt'thod foll()\\"('d hen'in will Ill' to lit III I 1ll1l1uni dl'ought PJ'O\)il
hility ('Ul"\'(', .fl,r) , to thl' pnl'lI111Ptl'I"S /I!o J!2, •• 1112 (thl' lIl()nthl~r'J 

dl"oug-ht pl"ohnhilil;,'s), This (,UI'n' will th('n Ill' ut ili7.(,d in obtllining 
tlip I"l'qni!"!'d l"('slIlts. 'I'h(, solution wil! hi' graphic m[hPl" thnn idgf'
hl"lIil', \\'hil(, II g-l'llPI'1l1 Illgl'iJl'Ilie sllllltioll is p(lssibl(, IIl1d hilS, illdp('d, 
hl'l'l1 dl'l"i\'I'd, till' formuills lin' too Il'll~th.\' lind 1Illwil'ldy for pl"lIelil'ul 
WH', lind Ill"(' lIot JlI'(,SPlIll'd h{'I"('. 

(;,\LCl'LYI"IO;X OF 'l'IIE A~"TAI, 1'1I01\\1I11,I'I'Y CUIlYE 

• 
III fittillg lil!' ILIIIlUIiI dl'ought pl'lIlmbilil.\' ('un't' it \\'illll!' suflieil'ntly 

It('('umtl' to (,lIllsi<it'l" till' yt':l.1" :1,S di\'id('d intll l~ I'qual lIll!lltils of ao 
dlL.\·S (';I('h. l'Sillg- till' dll.:\' as til(' ullit 1'01" till' abs('iss:t. till' pmhll'll1 
\\'ill h(' to l'Xjll"{'SS droug-ht pl'Oh:Lhilit.\,. !I, ill ({,J'lIIS of tilll!', ,I', \\,hPI'l' 
tht' ill<i('IWnd('lll Yltl"inhl(', .1', \'lui('s fro 11 I I to :~tl() (thl' llllJllIH'r of 
dlL."~ ill tht' Yl'H.r\' Also. it lllllSl Ill' sllPl'iril'd tlm( J (:~(i()) (,lJuals 

.flO\ Ihnt is, drollght (lmb:thilit.\' 1I111sl hI' til<' S:tlll{' at thl' ('11l1 of I 
Y('lLI' Il.l1d th!' b!'g-illllilJg ,)f till' 11I'Xt. 

.\ jlf'riodi(' functiol1 will 1)(' tll(' oh\,jous l'iwi('(' for J(.rl. ('ollsi<iPI' 
till' ('qlllltion, 

r 

. . 'I_7i. '1)_Ti. 
11/, ; ((I, Sill :~(j()I,r. fI, (·os :~n()"1' .~ 

j ~I 

If w(' allow ('n('it IlH)IIt.ld.\' dJ'flllgll! jll'OllII.hility to ill' (,{'llt('J'('d wititin 
it~ 111(\llth, tilt' ('011"1:1,1\[.,, (If titis i'OI'lIlIIi:I, ",IH'll fit(('d to titP d:t.in. by 
i!':tst SqU:1I'I'S, \\'ill Ilt' . 

• 
 I) . 

"'-1, 


12 

~ "\' ~7r(~i . 
l~L/' ('os' 2.1 ,j~l 

1'01' pllrpo"ps III' :tllll.ly"is, il will bt' t':l.:;I\.'r to I'('\\'('i[(' lht' a.nllual 
dl'ollght pl'Ohnhilit,\ ('111'\'(' 

and 

i 

i 

http:IlH)IIt.ld


34 TECffi\'lCAL BULLE'rlN ~H9, U. 5. Dl!}PT. OF AGRlCUL'l'URE 

• 
. J 

• 


I 

I -,r 
\ 

j•
iI 

10

1 •-, . 
II , I . ., ,

, J •• 0 N 0r~!"~'!W..L"~~ 
J"".600- 60 no- I9fJ 0<' " ... 1~ < ,14,. 360JOO 

OI'GllffS " Of(,RE f~. 

Fl(l(lIlI~·1. Anllunl dwtlldlt-prullltiJilil,\' ('11"\(,." fol' I'ighl ,,('1('('1('<1 "lations fitt.C'cl 
by lellst iKlwu'('" to oil",'I'\'pcl 1lI111I1hl.\' pI'Ilhn]Jilili(>:-, 1\ol'lll lIt'ad, Wmlh., 
lI""O.R01\ HI.l1 ~ l'in\l'-r ~ii:l' ,i OJ)~·1 "in\~.ri :\.1\\' ·\·O.OOi> :-lint3,r +3:lRQ); Salt 
Lnk(' ('it.", ['(Hili 1I,O.NXO-Hl.OiiO "iJl(.r+2~X • .,.0.(01) "in(:?r +-9li~)-H)'OI5 
sin(3rt3:l,i"!; ."!tll Dipgo, Calif .. !i,·().!15()·HJ.();iO sinl;)' +-2-11"1+0.007 ,;;.in 
(2x-,-181") HI.O()(i sinlar t .J:!"!: Palla,., Tl'x .. ii' . ().XH·l +O.O:W :<in(x+ 101°) + 
0.OlOsin(2x, ·1.')") IO.007,.,i"I:3.t·\ 2ii5"/;[,(' illa!'s, Town,!1 O.H7!J-Hl.073sin(x+ 
94°)+0.01 1 sin\2.tt·:12:r ,,-0.11 \,2 "inla.r-H!II"I; Lal(p Plneid, ~. Y., 11',0.736 
+0.033 :;inlx+ 2:30"i-Hl.n2:~ "in l~,I'l 251") ,O.OOii "iJI!3.n 135"'); l\ingston, 
Ky., !l,'"O.71):J Hl.!).I(i "inlXt 1,-;:3'"\ Hl.027 sin (2.1' • ~:HJc. ·0.017 "jllt3.!' r3;j2"); 
Kl'Y Wl':;(, Flu., !/,:O.SiiHf-{I.OIH ;:iuV'+·ll u lI-O.02!l :;illt2.l'i'173")+O.019 sin 
(3x+ 20·Jo). 

• 
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a6 ~l'ECHNICAIJ UULL~~(l'IK I) Ill, li, ~, DIWT, (W AllHICUL'I'UUg 

Note that in this l'(lllll.tiOIl (Lo is th!.' mean drought probability for tho 
year, ('t is th(' nlliplitlld{' of titp sine wnNe of i cycl(·s to thl' )'em', and • 
at is tht, phasl' or till' sine WI1.\"~, In ("'aluiLting thf' CIII"'(" i will be 
tnkl~n su('('.('ssiyt'ly ns I, 2, , , " r, nnd l' will 1)(' ChOSNI ItS lltl'~e as 
np('('ssM," to nhtn.in tLd{'C)utl.h' fit, In gl'IH'I'ld, taking,. as:1 is slIfIieicnt, 
\\rh('I'I' 1'",,- fl, till' Ii t 1)('('ol11(,s l'xnet. Figul'l'.J sh()ws til(' ILnnuul dI'ought 
pl'Ohnbility l'UI'nS I'M l'i~lrI st;:LtiollS, Th(· mflllthl,\- pl'obnbility 
,'nilles UI'I' indic'al(,d, !tlld thl' sbtlHlnnl ('I'I'OI'S or till'S(, ndu('s n.re 
shown as Y(,I'li('nl lill('s abollt th(, Oh8('1','('<1 points, As ('lLlI Iw seen, 
till' fit of thl' ('IIITI'S is ~ood, 

Fol' llIosl 1)1I1'POS('S ('.III'\'('8 !iU('d in this mlllll1('1' will b(, sufli('ipntly 
IH'(,IIl'ull', IloWl'\'I'I', it mnv sOIlIf'lin1l' 1)(' (\!'sil'nbl(· to nlllkC' mo1'C 
('xnet liS!' of til!' J1I1I'Unll'tl'I'S 'Jlh P2, , , , ,Jil~' i\ot(' thn,l th('s(' \'I1.lll('S 
nl'l' 11('lulI.!ly 111\' 1l1!'11Il pJ'()i>IIi>ililil's 1'01' I'I1('h I1wnlh, 111'11('1" to be 
sll'idly ('OIT!'!'!, lIl(',\' (':lllllol Ill' ('ollsid('I'l'd tlS poinls ('('Il[('I'(,d within 
thpil' 1'('SI)('('ll\'(' 1ll1ll1t11~. hill 1I111S1 Ill' inl!'I'pl'I,tl'd us IIl1'Ull \'Il1u!'s of the 
o)'<iillnlt', /(.1'), 0\'('1' :1 ~1\'('11 111'(':1, Ttl 1)(' RI)('('ili(', it lllust b(, eOIl

Ridt'),pd litn,l for )-"-1. ~, . , , . l2 

:JOj 

Jl} ;{'O .r /(J' Id,l'. • 
:lIIiJ· LI 

l'sil1~ 111I'st' ),I'IHlioIlSitip~, it ('1111 1)(' showll tlln.l thl' ('(HI"I:!lIls III lite 
(' lln'(' 

. I *~ (/" ~ I') ~ II" 
-; 1 

, 1 I') ') ,
7r I ..;' (.) -I·· I.)I 
~ II , 7r. h L _'J') , ........JJ!1 ('os _7r ")1 • 
 •

sllll ~I 

\\'11('1'1" ngnill. [hI' ('(jll:llioll is fill\'d hy II':!sl SqUlll'('S, 

l\olp [h:ll (,:I('it of lhl' ('OllstnltiR, witit lh" I'x('\'ptioll of av , is 
[7ril}[I~ Rill !7ri I:!)] till!!'s lhl' ('()ITl'~pOlldil1g ('oll::-ll:!lll in till' ('lll'\'(, 

lined to thl' \':t!lH'S II, I'Plll!'I'I'(\ wi(itill 1I11'il' I'l'SIH'('lin' III 0 II I its, Till' 
III'W fUIII'lioll ('1111, or ('OIIl'S(', :1lso h(' Wl'ittl'1l ill til!' form: 

((,rI 

",hpJ'(' <'t Ilnd (l; 11111." hI' o\)lnlll!'(\ rJ'()l11 tht' nl'\\' lit 11Ild b1, 

'rill' 1ll11lllni dI'Olilritl-pJ'Olmi>ilil \' ('U1TI' fol' Dullns, 'l'('x., hns bN'1l 

I'('('nl('ullll('d ill lhi; 1I1111llWI' and' is silowlI ill li~uJ'(' ii, By l:!kill~ 



:. 

• 


• 
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,. liS 6,12 constnnts (leTt.' obtnilled, find till' lit is mlle/(' (>xneL. 2-t Note tlu.' 
e1os£' similnl'itv b(>t.\\'('('n till' eU!'\'l'S Iii lpd by Lite' (,wo nwthods. VlliplIS 
(If thl' ('Onstlll'llS n!'(' nlll1of;( till' Slllll!' for' iCC" I, 2, and a. Till' 11IOI'£' 
dl'tnil('d eul'Yl' for DIiTlIlS is lIsNI ns Olll' SII III pI<, ill tlH' work thn.1 follows. 

FOH.\lULA FOil EXI'ECTlm OCCUIIIIENCE OF 1)1I0UGII'I' (hEll A (:ENEHAI. 
TI.'U; IN'I'EIIVAL 

L('! f(J') 1)(' lIH' fOl'lllllln, fol' tll(, anllllni dl'llUg-11l pl'olllLhilily. Sup
pm;!' i( is dl'sirl'd to kllow UI(' IlllIlll)('1' of ('xpl'\'ll'd O('('III'I'('I1('('S, (0",), 
of II. dl'ollg-ill of 11 01' 11101'1' dnys IH'lw('1'1l tl.t, lillll' int('l'y:lIs a nnd b, 

,"1 . li···r-r··! 
6 9)-----+--,,+~___.·_ .~ ~ .<-">, i" * 1'''''---
::> • j

o 

L.---+:---.-.- · tt·
..L1.1 ..... , j ,

<" 30 6(' 90 12'0 ,80 ...., M., 2'0 

'0,Jon 

DEGREES 

03443 

FHH'ln: 5. AIIIIlIlII dl'ollgh(-prolJU\)ili(,I' ('UI'\'(' for DIIlIn:<, Tl'x" liupcl by 1('11:'1 
;.qulln':< (0 111'1'11;'; 1111(\('1' (iiI' ('111'\'1'. II O.i-liH:2 'O.O:W:' ..,illu· ;·11l1' )",0,0107 
;.;ill'2r ,·Iii'" t O'()(]7!l ~ill ta,!' t :2,),) 'h n.OO·lii .~ifll·I~'+ ',10"1 ,O.OOX!l sill(;)J:+ 
3(i~' t n.DO·II ,;illlO.l't ISO"l, 

IA'l til!' 1'lI,(io .lIe Jr h(' ('ollsi<ll'l't'd H~ II nl.l'ill,hll' fUllctioll, ft'u'J. Tid" 
function will l'I'pn'RI'1I t till' <"IIIIIH'(' of ILIIY ~i\'1'1I dn,y Iwillg- all in<ip
pl'ndl'1I1 <Ill)' of l'C'(,OI'd. '1'1.(' yalll(, of F(.)') (':1n 1)(1 !'stilL1fllPd for nlly ,/' 
il)' illsp<'ctioJ) of till' lIlontitly ynlUI'R of XIc J[ (tahtl' I I). 'l'ht'll it will 
Ill' p(),;,;ihlp to wl'ilt, 

JI j ,*_···11 ..... 1 11-/
(),\' Jrrull II/W+ il i .\1 ::s 1"(.1')[1 /t,I'" II] II hI' ; i). 

, " i.:!li 

If tllp (illl!' illlt'J'\':d 1/ (0 Ii i~ tUI'j.!(I, littl(, :'1'1'01' will hI' intl'Odll(,Ni hy 
1'1'\\'I'it ill~ 

" 11 t<l It 1 

J[ .f' F(.I')[ 1 /(.1') J II /(.r . i ul,l' , 
("') 

Ilnd if W(' fLppl'oximalt', IIR in pn,yiow.; PlI[;P;;, 

n-I . [I'+}I Inf1/V. i) ~ .r/(:::,(/:: , 
idO n 1 

-;'AI;j;i~,~iti'iy": t h~n\ Urt1 l.{ (·on~I.HJIl~ In t1l(I (;qlJnli(Jn~ bllt 11olt' Ilmt wh(lrl\ t is fl, 

b,= )7; I ~\/I "II" ["(")' I.J,
.. "Ill"" .2..-J ' ., 

~ J I -
Sill"£» l'tt$ (1 .... 21t21 111~1I f(lI" nl1ll1tc~nll \'nJIJI..'~ of j, It fullows b4'~O, Hmllhl'r(l Hrl' tU'lUllll) fUlly l~ l'Qn .. 

SIIIlILS In tho HUIlI "'1lU1Ltull. 
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till' cq un.lion fol' ON 1)(>(,OIll(If; 
I, .",+1 Ix+n In • 

ON J1 l' Ji'(J'l[ 1 f(.1'11 [ l' f(:: lff:: d,r' 
. It " 

Ir,"hi'll l' [(::Iri:J"' 
, [ /1, 

Then 
J.,. It ... I 

ON-: .If l' ¢lInd;', 
·1 

But <pV) ('1111 h,· ~l'fLllhi('nll~' (\pl('l'lllilll'd witb n higb dpgl'P(, of n(,(,,1ll'aey 
b,' obUtinillg' llll' \'IIII1{' or lllP fUllction 1'01' Illlumbl'1' of ndul's of ,t nnd 
('(mll('('lill~ lhl' point::; wilh n. :-lIlIOOUl ('IIITI', Tlw\'rdup of Ox I'OJ' Af 
yen,l'S nr ll\);;PI'Yll.lioll willlhl'll Ill' (\pll'l'llIitW(\ n::;.H (in1l';; till' 1).I'P:1 und!'!' 
;P(.r) "l't\\'('PI1 till' lilllill',I'· (/ II.lld ,I' 11-1/+·1, 

A rlimil), of ('lln'pl' ('11.\1 bl' 11I'('Plu'pcI ill this Illllnll!'[' fof' nll'iollS YIl.lU('S 

of 71 a.lId ('nil lw PI'f'::;(\IlI{,d gntpllit'l\.lly, l<'i\1;lIl'1' Ii sllows till' ('UI',,\,;; 

<pl,r) rOt' Dlilln::;, '\'('X" fOl' /I ,'qulll til I. ;i. ](l, Li. ~(J, ~ii, an, :~i1, and 40, 
Th{'sp ('Ut'\'!';; ('1\11 Ill' ('un\'l'rti!'lllly IIS(,(\ in obtailling' I'xpI,ct!'d di::;- .• 
tri\J\I[inll;; fm /I.llY [illl(' il1(("I'\"I>1. Tit!' Itl'l'l\ \IIH\{'J' llH' ('\11'\'(' ('nn Ill' 
l1l('usllt'('d wi t It sli flielt'll I lH'l'IIl'lI{'Y b)' :llIY lltllll bpJ' of IIll'lllOc1s of iLP
proximatio1l, 'I'lli::; g'l'ILphic IIlPI\ltld oj' Hnll1:llillg 0,\' is slIhj('('[ In 
"slimntiol\ l'l't'\ll~, lloWI'\,PI" if till' \\Ol'k is ('nlldll<'lt'd ",ith l'vnsut\ublt
I'ttrt" stich (,ITO),::; ('Ill I ht' lilJlitl'd to II ll111xilllllllJ or 1 OJ' ~ PI'l'l'1'1l1 1'01' 

Ill!' lligll!'I' \'It\UI'S or II, Thi;; is Ipss thnll 111(' likl'ly Hlll1lpliltg {'!'l'O!' lind 
hl'ttc(' wiLL hI' ign(l(,Nl. 

ES'l'''1 \,1""1(: '1"11': :-'.'1 \ ,n \IW \':HIIOII 0': Os 

For shol'lI'I' clrollghl II'll I! I its. ,dll'l'1' tlH' 1I\'('l'ngp (ll'(lbllbiiit," of 0('
('111'1"('11('(, of It c1I'Oll!!;llt or U OJ' mOI'I' <1/1\'::; is gl'Plltt'1' thl\l1 (J,lla, tltp 
sllllltlUl'd {'ITOI' of' (),' ('1111 bC' ('sl imHtt't! ill I Ill' SlllllP 1ll1l!UH'I' liS in 
P!'PViOllS '4pp\ iOlls. Wit!'I'P}' is thI' lllPH]1 ]lJ'llIIlI hili!)' Df n singlt' <in)' 
(\1' drollghl IIl1d .If, i;; Iltt' 1111'1111 11 II lll\l I' I' of iml!'(l('lldl'lIt ypHI'S of I'('t'ol'd, 

We mil)' ('slimn,ll' 
( 1',:, J f, . J f,ll (.\' II) , 

nnd ",!trl'!.' 

Ott 
P,"" ,.1\}" 

8, E. of O. '()lJiC:~~i, 

1\11('11 p. is Ipss thltn O.O;{, thl' di::;(rihutioll of tbt' sampling ('ITOI' will 
b(' ('onsith'l'Pt! P()i~s\Jll, 

TUJ; A:"\:\l.U, KXl'ECTtW OHOUGUT DISTHIlH."I'ION 

Estimatill!!: tIt!' Itreas un(\pl' til!' CUl'\'PS ill figul'(' (l l'11l1blt's ns to set 
up II eumuintin' distJ'ilJllti(}l1 fOl' drought oeCUn'P!}('p Itt Dnllns, Tex" 
fol' 1111 annulll tinH' il!lp!'\'uI.J;J By Lakin!!: first dilTI'I'l'llCeS, it nOI1

cumulntiv{' l!:l'o\lpiug mil'" 1)(> oi>tlliJH'd, Droughts of 1 to 10 days 
wilt 1l!!:lIin 1)(' groujled tllg(,tlwl', Tn\Jlp \l giyps thp tln'ol't'licnl dis

4~ Tlw !\fNh \'.{'ft.' ('~hmt\t{\\11w !\.\'t'r:UHU'j! ttw \"~~lu,<o,: ~ ;, ;:~ :X fur 1;1 dt'Cf\'\' Illh'r\al~uu l\w·'axi~ pi -uh¥:\·issa:;\. 
1'hl,' :.H \~~hH'~ Ihu~ ~ununi'd Wt'rt, Iho,,>,' 1I'4~! JlI I,I',lt!U1! tIll' I.!ral,hs. Th~' uwan vnhu-.. of tJw ~1 ordiunh·S 
WJL':i tnk('ll n~ llw 1Hf'!lU 11nhu!\t1' (ur IJIf' I'utlr.' "HI'" ;llld W;b lUll tiplinl hr :{I~"', (lIlt' IHlmlwr of tlnys in tlU\ 
yt!nr't nud llJeIl 11,,)' ~·m.tJ Hia- nH'rngl' uumUt\( ~,)f )f~llr"'l-llf n'{'Ofl)) ~tI ohwm 0" fur t.'uch \'nltw of 'fl. • 
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),t'ur lJl'il1~ Il tilL) of pr"('ipittLl iou fullu\\"pd b} n or mort' days of drought. 
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lribulioll thus obtn.illpd Illle! th!' O!lSt'fTPc! dislf'iblll ion 1'01' Itppl'oxi .i
mllt\\l~' 4() -"PilI'S of I'N'ol'd. 

'J'Anl.t; 9. [)isirilmliO/l o! I!lf ollsrrvpd fllld lhe eJ;peCll~d OI'/,urrelll'(' o! annunl drill/ullt 
for /)(ll/us, '['/>:.r., 18.98 /0 1937 

.-.\'~'.'~' 

EXj1i'('h'd Uh!'!('C\\,tl I I 1':XPN'lPtl : Oh",'r\>t·tIIA'lI~lh <I( dftlu~ht (III),· :t/o,whlllj.,n dwtribution: Lt'nglh ul (rOIl~ It l<lny,> di,lrihllli"n di,lrlhlllj,," 

l·W 1. 2!IL 27 I. ~;I;" au .i·1 HI. II!! 

~'121 lill ,~,~I 10. ~fl
~~ ail;W 

'!:)o',N ;\4 IH ;\0: .n.)"
Hl titHl U\'flr" 

.\ppllf'Pllll,\', II,,· ll,\'p<dll('si;; of 1'lIlHIOIIl 0('('111'1'('11<'(' PI' df'lluglll IS 
nel('qullt!', '!'hp dil1'PI'I'!l('P hptw('('11 lIlI' tWII disll'ihllli()l)~is ~I'('lll ill 
\lnly 111(' Iwo gf'C'Up;; :~,) :H1 aIle!·1O !lilt! O\'('J'. II mhdlt S('('111 i'1'!11l1 /I 

('UI'SOI'\' ";\'lllllinnlioll (If 1111>1(, \J 111n.1 Illl'I't, lIIllY he II "i~llifi('IIIlt (,Xl'pHS 
or Yl'I',"lllllg dl'(lught;; ill tIll' uln';('l'ypd diHII·ibulioll. I" tIl' 111 I' I' ill\'!'stigll
lion 1'('\'PIIls, hO\\'!'\'I'I', Ihnl this is flot Irlll', ..\('lunllr, ill thr obsl'I'\'l'd 
distributiul\, l~ "flit!' :!:3 dl'oughts or -I() nl' 1l10l'P ;III,"s OCClIl' ill lhp 
40·~14 gl'Pllp, Th!' flllllllH'f' ur I'Xp('('[('<I IIlld Oh:-;('IT<,d dl'ougills of 4.> • 
Ol' 1l101'I' dnys \\'0111tl, Ihl'l'(,["I'I', ('omfwl'l' ('\ost'I.'". APPHI'l'1l t I,'" tilt' 011(' 

Illlljol' d ifi'l'I'I'Il('(' bpI \\'('('11 Ihl' Iw() d isll'i hu t iOlls is I hIlt ill th!' 40-·~·1 
<lny illll.'J'Yal ·1 01' i'i IlHln' dl'llughls \\'1'1'(' obsl'1'\'(,d thnn ,,"PI'P ('xI}(Icl l'd 
lIud in (hI' :Hj-:~\J intl'f'nd ,I OJ' ,) Il'ss, It KIndel h(, difli('ult tn bpIi('n' 
t hnt this \'o\lld lH' ('I\\1sl'd 11,' SOIl\l' llll'tl'ol'llln!!i(' 1'11('(1'1' rnUwJ' thl111 by 
Stllllplillg 1'1'1'01'. III Ildditi(;n, I I'sl ing [Ill' 1\\';) disl l'iiJutiolls b~' till.' x1 

\(lS\ yil'lds Il x' of (LOX for ii dl'l!I't,l's of I' I'l'\'dorn, '1'11(, probability of 
Ill'luillillg II d('\,illl iun of this IIwp:llitudl' by ('linl\('p is O.:!4fi, I I nlll,\' 

Ill' snid, (IWH, tJIIl! litl' (itl'\\I't'tie:ti di:;tl'ihul.ioll <'Ilkulntpd from [hI' 
llYJlollil'sis of f'UIHlo11\ O('('UI'I'l'IlCI' Hdl'<tUlltd.y l'I'I>I'('5(,l1ls lli(' oiJsl'l'\'('d 
datn, 

:\ similn.f' distributioll could h(, wOl'kl'd out froln till' SI1Ill<' Hl'I of 
('III'\'I'S rO/'IU1Y tillH' illlt'!'\'ltl W!llllSOl'\'t'J'. ll.('l\('!' tlH' fU,Inily of ('Uf'\'!'S is 
II ('ll'lll' 11IId (:(III(';SI' W:1y of 11I'l'sPlIlillg distl'ibutioll of (/!'()ugllt. It is 
1I0t tlillkuit to fll'l'PIII'I' gl'l1pllS ()f this l'hiU'II('Ll'l', ilnd in lit\' fulun' it 
will hI' flo:;:;ibl[· 10 pJ'('sl'IlI ill simil:II' 1'01'111 pl'obn.bilily dn,tll fol' :t IlUtll
Iwl' of statiolls I it I'OU(.dlOU I till' L"lIitl'd SlnU·s. As will Il(' showll ill 
t iiI' follow iw! spct iUIl. tlll'se graphs mlly bl' ul il iZ<'d :HIYllnll1g'l'ously • 
in obtaining likl'Uitolld or ruluJ'P df'ought I1.S w('11 H~ ill d('s(,t'ibin~ pnst 
(ll'Ctll'I'('IIC!'S. Ilplll'(' th('y will 1)[· or Ytllup ill l'Stillll1.lillg dl'OlIf,dtt 
hnzlll'd. 

C,\ LClLATIO\ OF PIWIH HI LlTY OF FTTlUE DROn;JIT 
()CCl HHE\CI,: 

III pn'('pdilll! s!'('lions th('o/'('Ii['nl dl'OlIgitl distl'ibuliolls han' b['C'l1 
pl'('s!'ntl'd th:11 IIIlIY bl' ('ollsit!I'I'l't! n'pI'Psl'lltllti\'(' or ObSl'IT('(/ drought 
dutn fot' tli[· ,,':II'S J.'-I!lS to 1!l;{'i, Thl' n('('tll'a('Y with whieh llll' t('('Ii 
niqu('" dl'\('lilJll'd fIlny la' 1Is('d ill ('Stilllll.tillg. rutuJ'C' likl'lillOO(/ of 
dl'otl!!ht Wil/Ill)\\" Ill' ('ol1s;e/I'I'pd. It must 1)(' I't'mpmbl'f'l'd tIUtt nil\, 
thl'o;'('I11 1>1I';I·d UJlllll ILIl Obli('I'\'p(/ s!l.1l1pl(', no nmlll'l' how IfLl'g'l', tll.ll
110t h· wwd \rilb Ilh"ollIll' ('I'I'tllilll), :IS II 1l1l'flSlIf'l' of' futul'l' pl'obn.bil
it)'. YP( it is ('ollsisl. I'll I wi! h Ih!' sc il'll Iiii (' II,pp f'OIl ('II to lISSlllJ1(' thn.l sud 1 

11 thl'of'ern IS t'ol'l'I'('l till Iil fuilll'P ('''Pills Pl'll\'(' il oUH'lwis('. bl til\' 

• 



• 


• 


• 


• 
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1111nlysis of drougbt dnta 011CI' the It)'j)()th(~sis of random OCCUI'J'Cll(,1' 


of long dl'Oughts hl),s bep11 p:n1ntl'd, IWy fuLuI'p drought Pl'OblLbilit,y 

eiLtl b(' t'l'n.<iily ('ompuLed, 

, To cl11(;\ll,n.ll' dl'Ought pmhn.bilitil's al n, gi\'f'll stu,Li?ll for /lny Litlll' 


llItl'I'Yn.l. It IS n('(~l'SSI1I':V 1.0 know only 24 constants: I'bl' 12 month'" 

d I'ongh t pl'obn,biliLil's ~tlld tIl(' 12 yn:ltlPs t \tn,! jll<iicaL(' til(' 1H'I'sisll'll(:(' 

oJ t'n.infl1l1, Thl' lu,tLel' gTOUp mil)' b l , ('\'aluall'd liS (il;fr!ll:f)r -tim! is, 

lilt' l'aLin of tiH' tlumlwr of in<i('p(,tHknt Yl'ILl'S of I'('('ol'd to tlil' u,eLuu.1 

tlumlwl' of Yl'ars of I'('('ord 1'01' (!H('h of 12 lllOIl ths (i= 1. 2. ' , , . 12), 

This ratio J'('])r('sl'nts UlI' n1('n,1) chl\.lll'p 1,\1:1 t n dny withill till' slweifi('(1 

111011 th will b(, all illdl'pf'lHlpll t <lU)' of I'P(,OI'lI. 


111 enkuln,lillg d rough t pl'obn,bil i I ips, i I \\'il11w 1lI'Cl'SSn,I'Y to consiliPl' 
till' f'll'(,ct of (,1'1'01' ill til(' JlII.I'H.IlH'Ll'l's 11) alld (J[r/~"nj' It is not pos
sibh, \0 ddl'I'mill(' Lhl' II'u(, \'n,lu('s or Ihl'sl' jllHnrndl'l's fl'o!)) II limitf'c\ 
slImph-, I I OWl'Yl'I' , f·ltl' most likl'ly \'II.\II(,S (,1I·11 IH' ddl'l'lllilll~d, llS \\'pU 

II.S till' sl!1.1Hhtrd l'ITlH'S or t.hl'S,' \'II\.U(,S. It hits 1)('l'll shown 011 j)l'l\eeding 
pH~('S that 

f) 

alld it ('all 1I,lso Iw dl'IIlOllSll'Il.Ll'd Ih:l.I 

JI.. 
~f[ 

'nil' l'1J'l'd or ('ollsiti('rillg 1·Ill'sP st:Illc\lIl'd ('ITOI'S will 1)(' to introduce 
flll lIlll'PI'lnillty IIboul lhl' ('x:[('III(':-;s or Ih(, (,lIlelllnLl,d nlLups or 0,\' 
(l'xj)('cl('d llUlltlWl' or (J('('lIl'l'!'II('{'S of n dl'ougltt of 1/ 01' 11101'(' days 
withill nllY dpfilll'd lin\(' illll'I'\':t\I. II \\'ill bl' ('lln'pet to \l'l'it(, the 
('XI)('('t(>(\ ilul1lhl'1.' of (I('('ltITl'I)('('S ns ()x~t 11" \l'bt'I'l' r:T, is LlIl' Slll.lldal'c\ 
('ITOI' of Os 1l.1Id \'al'ivs :IS LiI(' Il1l1glliLu(\l' of tIl(' statldu,l'd ('I'I'OI'S of jJj 

ntl d U I rf J [) /' 
\Y1I('11 0,\' is ,;tllltli (ns it will Lt8u:t1ly l)(', sillcl' w(' will h(, primarily 

inl.l'r('sl('(\ ill t iI(' likPlilwoc! of IOllg' droughts) L1w probn.bilily of 
o\Jsl'rying' 0, I, :2, , ' , (H'CUI'l'l'IIC'l'S of 11 drought of Il 01' mol'l' dnys 
n.pproxilllll.tl'S n Poisso]) distributioll, TIll' mo\'(' H(,(,Ul'lltl'l,\' thl' LI'Ul' 

Os call 1)(' c\pll'I'lltiIH'd, ltlu)( is, II\(, smnllPl' tllt' ('ITOI' fHClOt' ill tilt' 
Plll'lll1H'tt'l'S Jl i nhc! (,\feIM),l till' dos!'!' Lh(' nppl'oximnliol1 willlwCOl)lC', 
lJ r:T, 0, til(' ('XI)(,('\(,d \'ni.tIC' or Ox \\'Ollld ('xnelly ('{plnl (In' tl'tH' yn,lul', 
m. nnd I.IH' pl'obnbilil,Y oi' Oi>Sl'I'yillg' 0, t, 2, ' , '. 1', ' , , (It'('ut'I'('n('Ps of 
n <it'ollglll of II 01' IllOl'P <l11,\'S would ('oml' \'pry clOSt' Lo being the 
sueet'ssi \'l' tl't't1IS of tI\l' ,wl'it's 

WIl('t'l' u,;.f n, i l \\'ill Ill' (\Psi 1'lI.b\t' to <ll'( ('1'111 iI\(' \\'Iwt hPl' substiitut,ion 
of O,y 1'01' 111 in (his sl't'i{'s will ,\'ll'lti Lill' Iwsl llWUSUI'(' of till' succpssiyl' 
Ll'I'Ins, 

Assumillg' (11111 obsPI'\'('d 0,\' will Ill' nOl'mldly disLI',ilHILf'(\ ILbout the. 
tl'lll' '\-Idul" In. wiLh sLnllc\1l1'(1 (\('\'iaLioll of O"l iL follows tbn,t 
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• 

Integrl1ting by illlillitp s{'rips Illld d('v{'Jopillg, this r{'(llIC(,s to 

() , - 0,' c - (1It.,::i') [ r( , I)
Ivfenll vH1111' of ---.:." c. : "" --'_ ..... -.. (m- CT,2)' +-~=------CT 2(1fI_ 0,2),-2 

/'! I'! '2" 

+:'(/~!US~:.n~'=;r) CT,\(m _CT,2)'-\+ . , , .J 
wht,l'l' 1'1= I 1'01' 1':;-,,,,,0 and thl' ~l'l'i\'s wit.hill llll' hl'uekds COlltilHll'S 1'01' 

(r+ l)/'2 terlllS ",hl'l'I' l' li:-i odd, ami [or (1'+2)/2 Let"lns when' r is 
even, Thlls: 

e '~ ON -. 1'- (1It-~l)... . 
' , 

1\11'111\ \'nlll(, oJ 

i\[eiUt vnlu{' or • 
TIl(' l(,I'IIlS cOlllilllll' ill a silllilnr IIlllllllC'r. It is obvious [rom tlit'sl' 
exp1'essiom; UtilI :111 ndjllsllll('Jd should b{' mild\' ill lh(' \'UItH' Ox ill 
evalunt.illg tl1(' ('rIllS of l,hl' Poissoll s(,1'i('s, H eall lH' n'udily showlI 
from llll'i:-il' l'du\ illllships that thl' i>l'st 1l11'ilSUl'l'S of till' Hl'st Un'l'p 
terms will be: 

m2e-m I" (0",+0';") 
- 2/"-' [(0.,.-1, O',2?+ 0',2j":rr:"" approxinlH-Lely. 

In deriving (h('sl' forllllllas it IllIs be(-,11 im plici ely nssuJl1(-'d that, a 
large lwmbel' of ObS('lTN] O('('lllTI't1CeS of n drought of n or mOl'(1 dity::; 
is possible, Titus, if 0.20 ocelllT('I1Cl'S or II. drought 01' 40 days an' to • 
bp l'xpl'eLed bpLWl'l'1l ,JUrll' ( alld Sl'ptl'lllbel' 15, it hns b(,ml nssull1l:'d 
tllltt nclllilUy 0, I, 2, ;~, ... sudt, droughts could OC(,lII'. In reality, it 
is impossibh' for JllOI'\, tllHIl (\\"0 40-day drollghts (0 fnll within this 
(;i III l' intervnl, :1l1d, in udditiol1, UIC' O('CUITNIC(' of n siligII' drought of 
mo1'\' thnn 40 da.ys will gn'aLly pl'l',illdi('1' Ow dI:IIIC'P 01' n s('('on<l (h:ought 
being obsCl'Y('(1. Ill'lH'p it is ('(,l'tninly not stl'ietly (,OIT('ct to HSSUllJ(' 

the distribution to 1)(' Poisson. Itis lik('Iy tlnll H. distribution simiIftl' 
to 011(' d(welop('(/ by (lI'P('l1wood nnd YlIJp would npply ltN'(' (8). 
How('ver, tll(-'sP distributions npPI'OHc/t thl' Sllnl(' lin)i! as ON !lJlpro:lclH's 
o. Usunlly primary int('l'{'s( is ('c'lILpl'(·d ill in\'l'sligating p1'obnbl(' 
OCCUl'l'ence of 101lg- drough ts, lIJJd h('IIl'C' ON for :tny Oll(' yl'HI' will llsllnlly 
be c.onsidl'rnbly It'ss thnn .1.00, 'fIll' (,LTOI' in eonsickl'ing til(' s(-'rieR to 
be Poisson ",iit 1)(' l\(,gIigible in ('valuating tltc' pl'obabi'litil's for 1'=0 
I1nd 7'=1. IDITol'in til(' p1'obnbilitil'i-; for 1'~2 will 1)(, eonsidt,l'n hl(' wl1('n 
{'xprc'sscd liS fl. pl'rcC'ntngC', but C1ic' IIcltwl Illllgllitudl' will ill' smull. 
Thus, in tile example of t.h\'. 40-d/Lj' dl'oug1lt, wl)(!J'c 0"''''',0.20, t1ip 

• 
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chMI('(' of obsm'ving two 0]' JlI01'(' oC'etll'l'ell('('S in 11 Poisson distribution 
is less thnn 0.02, . l~viduat('d III0]'(' nCl'urntely, this IigUI'(' would be' 
lll'llI'('r 0.01, but it would dl'tillilpl,'- noL bl' wo],th whil(' in intl'oduc(' 
ndditionnl compiexiJit's to con'pct fo]' such II slllHlI ditT('I'('I](,(', 

It is HOW possihl(, to (,ill(~ullllp sa.mple prohabilitil's. Tlw v111u(,8 
and stnndlll'd (,lTOI'S of thl' PH],IIlIll'lpl's Pj IIlld (J!c/JI), for 40 selected 
HtHtions /In' ::;ilowll ill lab/(Os 10 nile! II r!'spt'eliVl'ly, Til('Sl' bIbles nrt' 
l'd'c'rn'd io in til(' (,Xlllllpl('s Il<'lo\\'. 'l'hn'l' ('xnlllplps lin,," b('l'll ehosen: 
(J) Fo]' II siloJ'1 lilllP illl('I'\':i1, wlwl'('in probabilit.y of' drought hus 
i>l'l'll eonsidl'l'pd ('ollsl:1l1t; (2) for a slightl), IOllgl''J' tilll(' interval, 
Whl'l'l'in probabiliLy of drought hns b('('11 ('ollsi<l(,I'P(\ 10 ,'ary linl'i1,dy; 
nnd (:3) for nil II1lllUld llll\(' ill [l'I'\<:11, \\'II('I'('il1 probability of drought 
hHS bt'PII ('onsid('I'(l1i 10 nIL',)' ('\l1,,·ilill('nl'ly. 

DIIOUGIIT PIIOIIA III 1,1'1'1 ES FOB SIIOH'I' TnlE I NTEII VALS 

\nlt-II the time in\,l'l'Lfll uildN ('om,i<in'ntion is Hilo!'t, drollght prob
ability IIlHY 1)(' ('OllHicif'I'pd ('OnHlnlll within til(' 1)(,l'iod, nnd for OIlP 

enkndnr ,\'('111' till' rollowill~ rOl'lIlU1H~ ('an Iw tisI'd: 

() ,\1e 1':\ T ( )]\'"'·c J\I.. ~.~ I) 1/ (L\ - - 1/ +I ) - ""~II 1)." 

~,=·,i[q~,~~~J+[~J/cI.11 c) (.~;:.:\ I)J' 
,\\,11('1'(', flS h('[on" ~. is till' s[Hlldal'd ('1'1'01' or Ox, J'('::;ldtillg rrom ('!Tors in 
till' pHnlllll'll'I.'~; \\'hpl'c' ~/I is til(' slnll(illl'li ('ITClI' or lill' ('onstllllt drought 
probnhilil,,', nll<l cr."","f is llll' MUlldnl'd ('lTOr of till' rnlio .lIe/J!. Till' 
"Hlul':-> of Os lIlld ~, ellll h,' UtiI'd to d('t(,l'l11il1<' till' probabilit~- of 0, 
I, . , , Ol'('UI'I'(,II('(,S of U drought of the' I'('<luil'('d hongth, 

Le't us eonsidl'l' t\l(' problelll of drollghl hnzurd with r('~pl'et to till' 
gl'o\\'illg of spl'ing \\'11!'at ill l\ol'til Dakola. Uu,'is Hlld Pnllt'$l'nhnVl' 
shown that for this {'rop adl'<]LHll(' l':1infnll is 1I10St n('('('~$lu'y during 
the' :W to 40 tlnys fll'('{'('ding .Iuly 10, til(' Hn'l'nge dUll' of lll'nding (5). 
A dl'l1ughl of 20 dllYs u t t.his timp would ('('rinill]}, 11lLn' il d{,triml'ntnl 
(,(I'l'cl Oil Ill(' hm'\'{'sl, pal'lil'ulnrly Silll'P \\,p hn,n' dpfinl'd dl'oughl tiS 
Iwillg lr'l'lIlillnlPd hy n lllillilllUlI1 of n,lO !lIeil of IJI'l'eipitntiol1 within 
.~~ hours. l.t is dl'~il'('d, lilC'I'Pi'orl" to dl'I(,l'Il1in(' Ih(' fll'Ohnbilit), or 
til(' O(,(,lIl'1'l'll('(, of :1 dl'ouglll of 2() <iu"s or morp l)('t\\'('('11 ,Tunl' l illld 
•III I)' 10. Bottin('nll, 1\, 'f)nk" lllls \);'t'll ::;pll'l'lt'd ns 11 l'('pn'Sl'ntativ(' 
stalioll, 

Hdprring 10 lnbll' 10, it ('nn 1)(' ,,('{'ll tilnl tlI(, probability of dn)ugbt 
fOl' .JUIIl' is O,/XUI ±(l.OI4/, alld for ,July it is O,X:2S2±O.0130. By 
\\'l'lghting thl's(' \'nlll('s lind eOlllbinillg, til<' ('onsialll probl1bility for 
til{' lilllP inti'I'Y1l1 rTUllt' 1 10 ,Iuh' JO is (/('tl'l'lllilll'd to Iw O.70G6±O,016,,). 
TIl(' stnll<inl'd ('ITOI' 0\'1'1' Ih(' (:ol1liJinl'd inll'l'nt\ is onl," slighlly large!' 
tlHln lbnt 1'01' ('ilil('1' IllOnlh, Rinl'l' WI' do not know wlH't.ht'1' till' signs 
of till' Illollthly ~IHlldnnl ('ITOI'S agl'P!', Sinlilnrly. rl'i'I'ITing to tnbl(,'j I, 
till' 1'lltio (,lIeiJ!) foJ' ,lUll<' is fOlllld to Ill' o.nooX±O,Ol(ii nnd for 
,JlIly, O.l1:);'i(i:Hl.OI4X. By inlt'l'pllllllillg, Hnd (,OI11hillillg wl·ighkd 
stnlldlll'd l'lTOI'S, the' Yllluf' foJ' [hI' LillI!' illt('ITnl .11111<' I to ,Iuly 10 is 
dctl'l'lJIillcd to be O.9095±O.OU';/. ' 
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'l'ABI,r; 10, .llt-II'/I /11lm/h'!! prohabilit!l {~r (I dll!l (~r drouuht 11'11,/ Ils.~lIci(l/(·d ,~Imula.rd 
rrr(lr.~ lor ·1() ,~/'l! c/cli sial iun,~ • 

~lHtion ru- ~llIr('h April :-11I~' .1 u lit' Ju" 
nry 

.\nll .\rhor, :\11('h.: 
J1n,h:lhiUt). n. S:m:I'O. S2H. II "13, II '''!IIll' 7'JII II '11111 ,Ill;'" ,m II "t:\;; II ,j:I' n S~H n. ,Ill" 
~tuJ1t1t-trd \'rror 0121 ,()]~~I l!l;ll fill: 111111 111"'-. 1111" "l~:l III:!:! 11122 IlI!!'-' Ill:!!' 

l)illill~~, ~luIIL' 
I'ruhabllit~ · !Iaaii ~I;,jia 'It ~.I .....~:;l "ali; ".",:,(1 ~!tl211 ')1; t ,,:171 ~Jt 11 H!!ti:i. H:~f)~
Sinlulnnl,-'rroc .00SI1 min..., 110'·:1 IItn;; Ilt:ia IJt~··, ItIJ~f'" OIt~1I 11m:. nOWi IJ(I~II IHlf~ 

Illsl)t'~, Am.' 

I'r(lbfihilit~ • ~';l.l:i !1l:U till j 1j;Oh '''''iiI . ttt..:t I ;;fr! ';1i2~ !lIhU tl;·,tt!! ~';Js.'i ,!j~!fit' 

~lundnnl t.;rrul" ,om,;1 111111 tit,;:, 1I0~t~" {jUJU O!lli;i IIUI': flu:n Illtll .11(1(;;. OOs:J ()O~H 


lJoi~,', Idllhn: 

I'rohuhllit) · \·w~ . ,,,nn:. 'i;'~l'j ~Ii~q !12W: ~J:);t "'...,no ~1;j!1 !I,M.·W !'~~II 'V2·' ~1l7('

~tandHnl t'rror .UJ:!' .tII:!,"} 1I1111 ,UI1I 110.....:. ,fill;:', II.HII t!llla _nOti·1 no;; .ultn (1111


1l0tlhWlltI, ~. ilnk.: 

I'whub!1ity · tJ5(1~ . u,'j~la 11:1:" .IJ~I:; ''ii' j ...q ':!-":! .....'ill(l ,,'.... 1 ~I~t! _Ha~n tH(ltI 

~talldurd l'rrnc 01111;' .lInli:! 1111,:"(1 .tlIl~(l (1101 HII': IlUIl UlI' IlllU lllJ~tl U07, .n07:t 


BrOWIIS\'ii!", ']"'\.:

I'ruhnhili ty • ~Jl.ll !Ia,f; 'IlI.1 !I;{(i! ",IO!J(; ...··.l~ '1:!l" ~1;.!f;1 ....:!:,O H(W; . !IO::2 tlU:H 

BWlldnrd t=rror .0101 .1l0~!' U{l;~ 110.... 1 ItllI .. f~~;~ 1/11'31'. f10~t1 111[,11 1110: olila ()l(Ifi


('hit"" ('uUf.. 
Prohahllity ~a·lj . "i·In:! .,'l:l tJ!,; . ~r;~r !f:.:!1i ;I'~l:! q!'~I~ !1";S;'i . 'It~~! ~'·I·I ."'["W 
~tsndHnll'rror .1H:!h .Ul;;'{ plOt O{/....; .tlO;" 1I1l1 ... 1:00'1 HOml IIUt:l IHI'i ..... 1Il02 UIl7 

(~uhlr:ltl(l Spl"ll1J!~. l 'olu : 
I'n,hal)Jlitr .1)775' ,!lIH~1 ~111" !IO!I(I ;o..h~~t .... :.~'I, .. ~ r." ",:{;"!I ~1:!(;'1 U 1·1' . !lH:lj {li7ji
::tnutlllni ['rror tU)·I[' Oflno 1I0;;{ flllt; litl7 I,IIIt. "'lll~ Ill:!'" mr"'(i on7"~1 . on;;·" .OJ)1.~

DIIlh,..!. '1',,\.: •
l'r"hnhllilr · tj';s;i !I'::\o,:! 1'.".:,0 ~It:.!;, ';'¥". "'iit'.! '7!I!f. ~1i;2 ~iHi!1 ~#l:!;'. mlS,~ . ~I,"',~41o. 

~U\JIdartlll.rror ,tltHI.i, 11071 Uti';' 1 IIlO" 1111; HI:.:!, illl~ .1l123 11101 Ilottlo. 00;;-1 OOtl' 


Palh;, 'r,'\.' 

Pr'llmliililY ,SH~:· '-;~fI .... ';·1'-1 ,;t;:" ....:llf:~ ~"'I; ,:q 1 :110 1 ....~I.I(I. !II':"~I ,un:u .1101'1 

:-:t:lwlar"t t:rrnr OotH BIl'.... mn; 1I1:!h Ill:!:! II:O:.! IKM, nOSH. t10Wi III\tJ(I ,O'lt}!! IUU#:! 


\)11111111, \lillll.: 

I'r .h!lhility · HO';" ~II:.!P "'Iif;:.! "I(~,~':.! ,';, ,;",,,;;!: ;'I'Jl 'I t:! . :-...Ht; ..,t.]2. ~n5G ,~t(I\IU 

~!an~lurd (lrfOr OO\I(! !llIin 'I[l" lIi~:.! IIJ.n tlllt" fiLiI IIl:!"'- .1I1:1;{ Hit! OOUH OO~I.:! 


K'ranal.a, :-Ilrh.: 

['rol1!1hilitv ....tiO!1 "'711 "'I~I. "11.~ .."o:m :~I"ll :-"'11 .... 11:t 'U'~hi ~1I1:i 10155'-1, '-If;;;

~t:lnclnrd '~rrur .1I11~ ifIll HI;' ttl:? I ttl·." lIi.~" ulll 1I1~"" OL.~ III:.!T lilt:, ow' 


f:un·h ... (',I!jf : 
l'r.,llllhility · 7'f~"" ;;liJ .... n·~ ,t,~:tf, ."ll;: '.1"':: 'tlt;'1 11\'11 !IIU ~K";I: ,,,:">!I(l ;!J.j~' 
~I~ulfbrd ('rror .IJI'~,~, Ill;:.! 1111.~ tlt!l. OU\l!1 l}4lft~j t111:!~ oll:Jn l1l17:! Ol)~.;i on, tIl:,.'<I

Frnnklin. La : 
Proll'tltihty ":m~1 ....:!t... 'Hit ....;tI(i ""hi! 
~t ~Ui' I~lrd t~rror .U1:!t on:! Ill?..: IIhf. 'PI.{ 

Fn'~nn. ('aHi 
Plnl.;ll'llity - ~~la'.l ' ....~I... \"",'",1 1Cl'~ 'MI! !1!I:U !~I~il . Hut':! (I!r:.~ '1700. 9t5V !,II~~I:!
'Lul.l:1nl,'rror .IIO'!; 1l1O~· HlIt:! l\lI/l;' jkl~,tl 011 I;!:.! til II:! nou; Ptl:!~ no:,,) OOfi; l}(htl 

(;n·t'n~hf'rt,. \h. 
l'rohtl.l,iHt ~ ,"'O;'() ;'I~':\ ;~IIII "I!I.... ....H~I. ,:? ... , . ,;"'i:'!; . "'If::, ...."";{~ "I'I:ili .-...ifi:) . 77~U 
~t;lnd!ird ,'rror .1Jl!?H Ill"; lll.:!'.1 111:...Ioi 

t .HI:.!:! .lIl.!t lill:! .01~1 ilWI oml.' .O]I~ .IJl3; 
Jlnthr:l'f;o.:, C.: 

J'r,,";\hlIH~ ;!Jl:! "'d,', ,""11 ..,0-;.; "":!! t ...·.!1 ~ ;""" 7",~j.!1 't,",;{ ,"If~;i'-l ';':,.i . i!17j 
~r'\nd:1r;l "rrnr OIH nil.: HIlt HL1~ .lIi:!'; lif:.!'1 .!llll nlla (lll~' lilt:! .1111'; .Ht·I' 

IIn~'" (~it\. K::m .... , 
I'rolllh:!n ~ ViI:! ~I':";'I :111" , .... }': ':!t:i "':.!11 ·"11 .....·' ":ilj;~ ....!~.H !t;~l:-i 'l.i!lO. !Hi:.!1 
~t!u\,hrd "rr'lf PH.".} 11' ..... " WI;"; 1110" m:it; IlH~j n111 012"1 01011 on... t U{l.....O OOfMI •

IUtl"Jtt"rhtl'tH'l'. C·..IHf." 
I·rtllmhthl). ~''',7(1 ":"il ~1l;1I 'j .... ,!~ ~ ....;;; ~ .. '1~1 ~'!I(I·( ~l:-.II:.! !I"{ ~r,j" 1i....0.*, !1H:H 
~t:m·brll t'rrOf nw::! ,tot"" nO:,1; 1111 " 11'1;:; UII:!; U(~{tT 1I11·1:! _OU:{;i IJlJl:t. 110.10 no:.; 

K,·~ WI''', Fill 
l'rt'h.ll~Jllt) !IU;'. ~iHlIl !':..'I~' ":';Ii( .... ;I;j 'Jill I ;~I:~;· ;;.;a 7t;;:i- ':t11~U !1I.Hi !;(J~!I
:'ltlU,tard ('rror Ol)!);.! Jilt't;.! l'n...ll Oil;~' 'JIllI. 01.)1, Hl;~r ,III:,;, lI}h' ~Illtl no'..... Dotft.! 

K"lHt'''!III1. Tenn.: 
"r..h·,H\J!v 77h : .~·lfl ~ 121 7fj:.!;" ~'!i(,;~ ;;,VI ;;...-; ;~lli;-, "';d7 "'=-li:"l ,i~l; iliHU 

...~ lwl:lrd t:nnr III Cf 01,...... 1lJ:..i III h~ 111;~fi itl L~, HI Jl Ul,)fi 1111 t HttU ue~)(J UHti 


],,,.. 1'll!chL :--. Y.' 
r"r··ll:)llllJI\ 1i:1;' ;11.~~1 ;:{;.'I ;Jl1 ;t"I;~ ;;l,.h ;;"U} ;;!Il ;1',""1 ;;41.:, 'i~I(l ;;1111 
~t t!lfhrd t:rnlr tl21tl tI.!11 Ift'l! i}l~l:.! lit"':! OJ~':! . tlj .. 1 iH;1l 1'}71 HlI~... lI:!ol III~q

i..t' \br"'. 10\\:1. 
Pnih:lhmty Ida..... 'J:.!~"I ''(1-...1) "\.'i"I'" 711I:! 7!Iot ·...:So;{ ""ali:! ..... t"....., 'IlU ~I:tlln !I:JtJi 
H ;lu, l,lrd l'rror Hur;; 1lh.....' l>t ..... ' HUt ,.l.{.~ III t: '1):.!1i 1I1:!:i 1l1l; t}n~~1 .om.1t n07t1 

L« \UlC'toU. K~_. 
Pr"I':lhlIiIV 711-,: ;-;la ;,.1,,", ';'Ii:, ~o;;- ~""':!fl ....1 til \.,U:N '1";'";; ....;1.'4 "H7H ,',\-1:0
~f:uulttpl ,;rrur nUll HIt,:: nt.",; II! "",I UI;tWI filii IIt:H Hl,n lrl:!1 1I11:! OIW 111.1-1 

1
.\lHnn~n. Jlt. 

1n ,h;,1'lh!y ""~:1 ';1'" "'~,;n ':!~~I ~I'-IJ -;-;II~ "tt,j ....,illil "'1~1:i ......·n ;-.(j!'; ..... ; .... 1 
,:-;tautlanll'rmr OWl UII:! !Ill" Il'~!, Ill'll It; I~ [lIb If!l:m (ll~; OIW 11110 "!III 

.\ltl"k{l~'fl't . nt,,]a 
Pr. ,h.!l'lht.\ , ....;: ..........tt ,:-.u;s "n I!I :~II;:f ""1~1~1 , .....,'.; ';fii, .... ;-;1 '-,:;111 ......Btl. tlotM 
;-;tnu(lnrd \'ITHf IJJUl tlW:-, '*121 IIj:U I1Lili tll.!1 11111,", j)J(ljj Hill-. 1110'-.. UHI:! nlli~I' 

http:Imula.rd


• '1'.\" I,~; 10. .1/((//1 II/on/hly prouability of II rilL!! ol drought (lJ/t! llswcia/l'd sla ndard 
I'rl'(l/,,~ lot' jO ",,/t'('/I'r/ slation,' ('oltlilllll'd 

I'll- ,\lan'h .Ipnl ',\ltI~· .1 II Ill' July 

x,'\\ fIU\l'U. (~unJJ. 

l'mhallllll\ (I, ;--;ifi:l \1 771"1 
 II 7ti:!:11l :- ....."ifi \I 1o.,00HI II. 7U22 II. ;";U"I n. ,Uj', (1 ':!!Ia H. ,·t!tf II J.;H~ O. it)~1
~tatltlanl t;rn'r 111:,0 ,til.".:! 1111' HI·I' 11]:11 ,Ill,l' 11111 1II:l2 1l1~1 1111' llI:l:l, (JIH'''rlh 11.,,,.1. \\",ll 

l'r"lq}Jlht\ ; tr~ ;;;q; 
 ,;":~!lfi ';"!I,...; ..... 1.. ';!I:! ~)-UII ~u~ l ',",0; ~1:!!1 7;411 .liHt:,
~lat,·tlrd I:rror It!l. 1f:.!:!I, n:':11 1Il7i ill.)11 1112:;/ 1"1;-' IItht OJ20 IIlfiO 0215 . n:!;~

:\lIrth Pht ~I'_ :\"hr 

l'rd}.ahJ1n \ ~lIi:I" ~I ~~~, 
 't:fI; , .... ;!,. "',~\o,~' ,,:.!";~ .... U:.! ,.~,:t! ~1J77 . ~e~,;,,:! ,H;,tl7 , \1.~lfi" 
~tawlard ~ rrlll' IlIr,(1 1111';'; 1111;; nltll~ 01:'::) HI:!; II{ h UlJH t11l~1 11071 • nO.;l1 Oflli:! 

I; 

I)Ulaha~ :\,·br.' 


['r'lt):,hthl~ ',I;),U 'fll~11 ':,01 -:'11;.... 'It.!1 ....);..'" .... ':,·1 ,I~' (lOW
;-:;t~Ulthrti f1rrnr no;:. lImlH 1Il!7 l1!.h, !II.n 'l, •.'h 1111 ... ill~l OOV2l~lt'rn • ~ 11.1J.. 

!'r"J,aI>Jht\ 'IIi!)' tI·J:tf 
 \I[il;:! . !117:!::r ;uitlard I:rrllf !lOtiO Of),;-

UOti2 onlis 
Proh;lbiht \ -;:)Ijj' ;It,~ 

I'..r!l:lwl. \1 airl<' 
:';":: ; .... ti!-. ..... :!nl - ... ,,- ",m.+' 'll-' "'17.~1. ~(I:.!i' . sO:!.~. 7H,....a

~t:uHhrd l~rr<!r Iil:C -!llill HlP, IJII:! HI~; 1111: ,l! n ul~"" 11):0 .Ol:l:.! nl~{fl .nlH 

• 
l'H rt O\ft'rd. I In'!..' 


Pr,~h:lhli:1 \ 
 .17" ;:11·', ;;2'1 '!'" .... ,:..' '11.('... ;'~I" '1::!li ~"'I';', , ...u:, IoiJn(] 717tJ~LlUd:lrd ,:rror tI:!t; 1 1I:.!.·\~1 -li.!W; I'i:'j 'Il'""l Ul L~ 'l{11.:.! IImi:! IIH~, ol.lIi tI~HI, 1I.~j'(j
H"'l·hJn~·h:lm.:"; (~ 

!'r..h,,!lll:tl "'21i1; ,;11 1 ....rr,t: ... .!i.: "':!.-): ; ..... ,l:~ --.)- ';172 ""HO ......!I:!il , ..... \I~; ....:.!,fS
"'lllIhlnl,:rruf un:! '1"'~ HUll nUt; iil:!'1 'II 11. '11,~,.; IIl('l 0115 001,; Otl~j'; !lla2

'1 	 \ll1!UstUh. Fh 

I'rnbal '!ht \ ,.,"",," ... ;."" 
 "~.Id ....... ·u ''''111~ "',n'" ;;... t :"':!f1 .... Ii.... ..,H:! ~lfl.i" . ",IfiO
~b!hlapi .:rrnf 011", P·';I lin 1 1)1\1/. HJlll 1~:lf f1r-,J ttl II tlJ-1a. 1ll:!1 OIl~11 'lll~ 

... ii! L.;'''I ("11 \. 1 l:Ih 

I'r ~h'lbllH'~ 1,,111;, ,a;" 
 ..... ).10 '(';1 "~I·+:! 'H:,!' :Ih' ~(!...~, ~l;i.-;:!. '!l';'!i ,:--, ... \iI. "';\I,.l{, 
:0--' u~lhr'l i'rfl'f uti:.; II!..!' ,il:!· 1}1.:!I 1l!l~j~, 11l'''~ nO;ll 00;, on;.... OIl'-.: 11J1\1l HI L6 

..... ,it! I)ll"t!o~ (':IL! 

!'~·l1h,;lh.j;ltt\ 
 ;' 11 J.I ~ "1"1,·' ".~~~I '1,', .... - 'J;,.., ~1(1i,' . '~j"t~ f!!Uifi !ljq,~ !IIW..... !J.t~1I . til;,
:--'hwlar,i f:rrl\f l}(I!'fl (fOlIC. '~III' I I'I! i' I Ihlll IMt!f ~h,:" .tII!I'~ no:!! 00:111 (j,lfi7 11010\,

1I1l'arw':lrl•.' '1.,\, 

i r",h:ll>iht\. :1;.-1' !II,:,~, 


'VMI *10:- {oiIld '~I,{~ "f' ..... 'j'l 'il~/" !!;~;!f WI;-, ,1.la~:""tan.f:Jr.l,tr-·r o,,,",,! llllf;:.! 11111,: tIll;'. tNNt 'ilIff ". T:: ~lta1 1J1}fIJ IIIhJ tlP'j, IIn;t
\\-:I~iWnUlt't"I. :\t \ 


l'r..b:lltll:!\ 'JO,W,1 . _'~I·\; 
 'I:!ll:': .,:!.... ~ ',,;·,'1 :("it, !'..... I I ""':!:..! ·I·~I." ~,:,,~Ii ~12.i;-. ~IH'"
~t;utd'lr'I t:rrt'r Hn~l:! II.1OU HU.... :. nO':Ii 111'1; ~ omit "ft,)'1 .110.)'1 O().'J!f OOl,:!" ,,,.,....~ 00S7'tim." .\ru 
PrHh;tb:ht \ "fib ~lh;"'l~ '1;1: . ~i"':'" '.. "( 'JIIII! 'hll t!! ,-.I t q;....~~ !I~)U '1,"'11 . 'r7n:~ 
.... Llutl:lf·l':rru r Iltt;ll~ 1I0,~d IlllJll HII", On};.! nUll.', no,:I', OH,"tl nuri tlfX\,{ UHlil nO:;l 

TIBI.t; II, .1/1111< 1IH1l1lhh 1I/III,"It' '(pll";"ltItCI '('I'IlIII/l1li .11. Jl. (llldcl."soclI1/r(/ 

• 
j'rp
s!aut/ald t f'J'Or.~ ~(J _"tlttlff/ :{latnnl.~ 


I.", 

fIt \1 HI" \: t~! 

,r, ''''' Jun.. .1111, 

.\!Uf -\rllUt'. \l1dJ 
P(·r~l~h·!lt'l' It ...!I:,·II, ;I:!~i,", "'''HI 0 ..... t!l (1 .... .t,';'I) U !Io:i" ~I:.!I' (J ~'~;;J I) HtI:!C{" 'I! ! ..... n -,,9t;{ II ...Ofia 
.... !tull,a" j'rrof H}:l,~, 'JnC! H14U Ilt:~.. , 01;,11 11!;;1 IIl~~' ,,],ill tlj,;"" 1ti.t", II: {r, .J32 

JhllmJ!~•.\1 nUl 

P('r~l:-;h'nl'I' ~:i,"P. ~J;'j1 ~/./',;1 IHi2 "'7'(~' .... :-~,o ~ti":!~1 !J·W;{ . ~Iil.il !)Jfii 0231 (}i}.JI 
~tru.'l·Iard I1rr...t 00.... 1 UO;! II0ih iI!lIh un... 41::!' ;Ii~{ IJtJUti IUlh onmt ()O:H n()~l

RIshel', Anz 
Pt'rsJ'-.lP.fJ(..... • ~'W:- ''1;'2 '1.~)l.JI ~C!t; 1 1",1 11 tl'";.;;:, ;"7!1 .... .u-..., H217 Ul)f1t. 05'\{ gUt)
~t~l11dard prr"f II.,....'. HlO';' l}(I:1 1 tJH;,:- uo;·m Hllh:! i;H~" IIh,'": IlHU HOli7 .(Xh.J O(1"9

/lOI>~, Idab" 
l't:r~ll'tf·n('t' :"":!:!t: "':,r~i "7·1 VII":! Ul';:! ll.~~l1 ,~hH U....;2 ~.i.5:! 9·1(i~. ",()OO . ,103 
~tan.f:lrd prro ~ IIn~~ il123 . H1l4 0111 UII",) uu;~ tJ!H:! ntH:! !lOti:.! 0077 0110, OlIf)

DUt!UW:iU. X. llah. 
Pf~r;$i:;rt.'n('\· :I~:!'1 ~''''i 079:1 ~I,"j:{i Uf{;~ UOO7'\ !tartt, !(Hti tlll.'\ U5Z2 9614 064~M 

~landurd tlrr·,r t)Oh~ HOiH ItU;:"). ilih:.? uIl..... JJ!t.; 1114' Ili;~ lJl1:l. tKJt-(j .lXh:l ~OO;5
Brow:)" Ill<', '1 V\ 

Per~i~wn('(' UW') ~J:Jt~J t~r.t; !ll~"i U3u;t !H,;t: 1ll~ih tJ;it~' ~:!i1:i. tIll!~ 959{, ti91~ 
~tllnd3ftl (Irfnr HI)l:J' tl(N.! O(l;'h un~; tlto.J hIlT, HdtH HInt Ill:"':-J nmu (lJ 11 UW!)

1'lllCH,I'lll,! 

Pt'r!'tilh'ln't" ~.2hl ~2.... ~ " .. [, ~I,'jl~ ~I.")f~' H';n ~1~J;,"t !rJ';'.*\ -u"·n: ilr':-J,'i. t)WtJ "'t1;0 
:-:laIidard {'(for Ill.:!, Hl::..... "Hki O(l .... t HII;; 1)11:)(1 I~on: 000; oot:! fHlti.~ 111,)7 01 HI 

(~Ol(lnldu ~flrJU~~. ( hI 
[)\·r~i~1<'ut't· 1h.!f; H!i7J V~'.~I ~11\';" .... ;:j;~ tHfA~ '''9..... 'V,'i; !.*i)lJ: ~..'Il..,n. H7f,() • V;,9 
~liuldnnl (\rrur IXH!) uo:m 00;,. llUfJ5 III h. Ill!:! ol~~l HIJi 0(1"" ()l)7~i . O()..:;:~ ~ 0042 

http:1.~)l.JI
http:Pt'rsJ'-.lP.fJ


\ 


46 'rECH~ICAlJ BllLLET1K S I H. c. is. Dlll"L OF AGHlCULTURE 

TARLE 11. .Ilca1/, '/IIofllhl!llllCll~!I)"(' 0/ 1)('l"si$/e'l/ce oj rain/all (i1I(J.lI) and a.swcialed 
. ,~la/lcl/lrd ('I"rors lor ,jO selected slali(m~ ('ontinller! • 

I'ebJuno>stlltio.) ru
UIlQ' 

Uf!t 

Palhtlrt, 'I't'X,: 
Pt.·r~istclltl\ . 'II. 003:111. UVf>O J). PG.O O. 9039 0. OJ J3 0. OIS·1 0.9:3.15 (I (lO!I' Ii. 91f>Oin 00700. 07:170. !I';!)" 
~t3mlnrd ('rror U~" .0(l1O .007r. .0071 .OllO .nI2~ .llla·l .Oll' .!Il2l1 .000,' OOOS .007:1' .011111 

Oa1185, T,·x.: 
Pt.lrsisll'Jl('(' 92115 . {1I:13 . I1ti~.' . UOOS 0(11;; O·'SS. 0171; o:l,a (jl"~ . 0115 .0373 . i/:l:lii 
~tHnt1urtll'rror •nonn . 11115 011'.01:1,. nl;1lI : Oil); 0102 noon f))02 11001 .1~JjN . l~m'l 

llulu(h, "lilll].'
P(·rsi-steuc.·(\ . .OWO .0:111' . U2Mi 00(,1 ..'(\~iJ . S·ISO . .,UO' 00;13 . Mn5 . sS51 . ~~Iln . '('i' 

~tnndnrd l'rtOr . (JOOo oo!)n .11111\ 011(\ .IIJ:W 111[,9 11119 OI:lI 0131 0117 .ooml now. 


£x~lI!lnbll, :lI\(oh . 
Pl'r:$i:;tt~tH'P . 9<H.... ~}nrl.... mHn ~hj'!!, ~'j'~, )"91'" ~s~r~ lJ:.iCla S~Z\ ,'S~:~ ~91~n ~HI.,~ 

~fUl1dnrd l'rrnr ,I)J17 tlilti tIl'2H fll!h III·j/i 0111 1I1f1~1 1111;; OJ·HI Ol2V 1l1~1I 11111 
~:un'k", I ',lllr . 

!'t\rSlst('U('!' n:,W:1 fi;";1o. 'i Inr, !n IU !lfi.~{l H~n.' ~II:{~ ';lll,"; i';~ ....II. hlilr.,,1(1.,. S(}!l,'i 
~fn1l'Jn.nl ('rtor fH:tl Ilf;if .u:1.... IJl:.!l I)Il{lH OHlin AII):?:.! Ilo:m flo;oa nfl{ltl OJ!!:.! .III!!;" 

frmll;\i!;, LlI. 
J't':'::\IStl'l)('lt HI:!," tI~\;' '-Ii h !17",;'·1 ,\)02f, \o:;:!;~ ii"'; i",oa ."~:t!tI tit;" .H31'\ .HOI' 
!'-itanclunl ('rfOf tJl:l." OH7 lJl);{ fIIl~ ,(U2;{ lilA:' O:!21 1 O:.!ll 'lIfi:i, .0101 .1111,' filii:! 

Fn'sltu t CnhL" 
1)j.lrsi~tt'l~(·jI tllO:{ 1HH:! ·....:;'0 !tr,ltI. U7fJa . tHI'..;j !1m!:! ml~l, !15fi:. U71f. U";!iii ~1t~t1 
~t.o.t\dm'tll,'rrllr .O(lj<\,H (1101 0:10U I\{Uil .UOftll no!'!:.! HO!:! 0{)1I7 (10::-; .Ot1f1H 1Ii)t~7 no..,:! 

(;n>t·Il~h(lr(l. c'\ In. 
I kprs~stt'Jl('ll 
~(al1'lnrd ('rror •

Il~UerJl'. " c: 
l'fr..;to;V'W'l' :I()."'( ,-,II .... "~, 'Hili ~';nll ""'Ii;. Io."i:!ti ...,;Jl!i ~q,1)(1 ,SR,; Ullif; ·""~W 
:-:,nrH~nrd l'rror n)I~; 01 .... :1 .oHt~ 1111H nfl:! .(d;l~1 1H.~lJ .tllrlfl .Ul~1I OUt, m:!; IIIHI 

1I1\~''\ r·lt~. "Ull" 
l'f'r~i"ll'lll'f' l. H·\~\l . Ult.\'; ,:r;1\ ~1:.nH ,"'n(\ ~J(n:, ~t;~,;> .lJ:!:\';' . ~l~(H llho(l. nn,:1 .Q7'tl 
.:-:tawlnnlll rror no:~t Uti!)!! IH}jjlj till I ttlL' HL';·' 1111'~ .IIIH ow:; .On~l otr·..·,·' .rll'lh2 

In!\"lll'nd,·!l(·e. ('nhL 
l)t·f'·l~l,·nl·t' n,lil';' ~I.j';''''' tl~'P,J. Ij., .... ; 'hPJI' ~1~Jll on:!:.! !j!Hfi !hft.'" !J.....1s 1 1l1!J..t . !r;7" 

;: U1Ili lUl'l ('r(01 _nOli;! uon" 00.-;;" i~J ;t; II'I'N JlI):!';'" OO:!"-I J)()JO . IltJ1:i nUJ2 o().1:! nll;;7 


1,\'y \\"" ... " FIn. 
HlO,"I w,un n711 ft,l: ... ,-;" !<.,nll:'-. ,~n ... :{;{, 7.-,110 "I()2(i t1!?:~1) ~n!I;; 


~tmldt\rd ('rrur nm,,", IKJflU OO;!I 00":. 0;0.... liJ,tl HI!:." 11170 (lIt~" IIl-Hl OtIUH. ,:OIH 

l\.im~.::ton, Tttun. 


PI~r~i~tf'JJ('(' 


J'(·r"i~ll·n('t~ 

s;n, UuH " .... ,;. ~I:!........ .... .... :itl 1o.,~1;,;1 !tn~'11 ,-'-I!I(I {l:-I"'O !12.•~~" ~I:!jll. ,;';,ia 

~u\ntLnrtl ('rrot .Illt~:i til" ut""t lit;, 1I!~.ll IIIn.' 1111.1 til;..... fl1~~""i fill 1 OJ:~,..... olt.U 


Lnk.. Pl:u-i,l. :\. Y 

I)['r~i'tNH'i' "':tHI ''20; "o\" .... titi.l ,"'t, ''';I~i !.II ....'. I I:! L, 1IIlii . !,{):ifi ~270, ....2(..' 

~lmltll\fll ('rrOr n'.!,,~, n2;~\ Il~H 1l:!..~1 1l.!!1~ n:nn 1}'1~~. lK.!{\H '\:!H:-~ BW9 021' .l\',Htt 


Lt· .\JUf!'. InW!1: 

Pl'r~lst('Ut't~ OOt;O It;;!1 HH"i:! !l1I:~7 '~I:.- ",,,"'I.' !J 170 !I.\j:;. ...;11:1 !'100 n·"I". !J7·I:i 

"':(andurd ,'rror on;'{ I~IIIII IItl!lI; II!:')..! IlL'",,; tiP.;! lin..... I)(;VI O!:!O (IOU,=) IIH'1 tK)i;i 


1.(·,lnl:lol1. K~.' 
l"'l~r~i~t('IH"'t~ "'~11"\ ''';'~ ';"-;:, ....:;... ....t~,... ...tH:. '-.7\\1 . ~....(I!I . ",l.l~t 'HUll 'U:1.i ':1';5 

~lHwlnftll'rror 
 ,Hhjfi 111";·( 111t.; lfJ"q 111-10 m:l:j Iq III flJ.t~1 fit!!; 11117 oI:.!ti flUifi 


.;\ hUt'ugll. Ill.. 

l'('r'll.sf('nC'1' !1!I!ih ~I:!';; 111"',1 ,":!'" "'H tti !I02J ~)~I.~f ~I.",n m 1..;;1 HlJa 1t117 !)f;21 

"';t~ulllar.t ('rtnr 111 H 1I11'i flUt tlt:tc... 011" IIJh~1 111'111 nf(Itl.. O~H .11)2·1 UJ l~ 01 H
+ 

~\u~kl)l:\·\'. Okll\. 
1;('r.sJ..tl·n(·I~ II:!"" 'l:'fl:1 'Ill;' 'I:tt t t'l t~1 .....,':.! ~1~7;' ~1:!:t£1 . 'J!Z'i !JO!-ii H:i~n (IOhO 

~tundard prcor uto;, 011:1 01 tn 01.",; Ill:,"" Ill:':; nHl~1 "Jl~ 011-1 1JI14 own .non!! 
 •

:"(~W I £/IV(,[l, Coun,' 

Pl'r~i!'trI1f'r
 "fI,", ......Ii.{ :-.. ...rft "'~'J:!(f ....·,·IH qUH;') ' .....{' ...I ..........;s !Ioua . OlOb ·~llfl5 ,p{)ao 

~tl\n(lllr(l ('rror OUt. tll~l IIl::'iI 1I11j;t -H I.", ilL,... tllliO HI It') f11:ls UIZH 01.,:1 IIHm 


;-.'orlh TI~lItl. \\'II~h 

P~'rs.lc;t(lnN"' _ 

~t.nllflanl ('rroc


:-;orth Plntte. ;';,·!.r 

l'(1r:::.i:;;(t'l!('P 
 !Ih!l..: ~lliL"· !n~IJ 'W,;! . ....ii:e. ... .... "'I..'i IIO~.~ ~f(I"':j. !).I)S !I;i;O {liO," ,051.:; 

-:'lllJl l!ltd flrrot 
 1l000'.l1 HBi"; • (It 1';'"; tI)ll;' IIj:!l, "l;IJ 1I:~q Ill:!,: ,111WtI . tK)7·1 OOIil . flOla 


Omnltn. ;-';rllr.: 

Pr-rst.\otttl'N\ . (112..... ~., H, IJ:!.)' 'JnH~ ....;H.\ "'....t,J:. '.(·Ht:\ 'll 1.;7 "'U71! Ht~ !laOfi ~ U52:{ 

~t!lnt1nf(l (lrrllr. IX.;; tllIl /;; I)(I~" IJ12:i IUtill ,1141 .lIlail 012; 1)l:!!1 OO{J·, ,oo.'a (j(J';'7 


1'1C'rr('t ~, j)nk.: 

P(1rsistrl1ct' 
 t121:! 'Ii~{~' ~!l;!1 rnH!l "'!I~~ \o,HhI m,:, HU:, U133 Hf'H.; Hr,l~ • ntir~\ 


':innrlntd rrror IMU;l m,'; ,n"" "111 Il)~;, IIJ3l' tl12r. filii;, IlQ.,; 110;, 0062. oor,y 

Portbud, ~I\lill\': 


P(1fSist,lll(,(, . , _ . 1HZ! !n III "~~I ';0' ""In ,'i,;' ''',.' nnU:l "U'I' omn ..,Sllo. !;oS.' 
~tflndur41 ('rror. H170 HI~lt illlit~ f1Uitl .1Jl:i:, ,IILfiH OL-I') II],!;"! ot.;", .,1J62 .01132 0169 


Port OXfQrd. ()n'~ 

Pvr:dslrUNt 
 ,,.':::-; ;211 ;";:i ",;.j\ '.f"ln~ 


~":'to.ntltln t ~rror . 
 HI;. tit!' • ..., Otll H!l:! OHlil1 


l(ockI11gIl0111. :-:. (' 

P('rsi~,t (\JH'P !I~IU ~I:H J 'H~;' ~1~1.; ~H2:!. \H3\I ,""'71 !1t)tJl {l2'2; . V5~' ~ Hf,.W ~ti2.jl 


Standard t,.'rror 
 UHf. ()l~i 'Il~~ 111;,·1 uHf>. lUll. Ul71! tlI~G 
+ 

.\ll2·\ .!lIlH' ,()ll\5 ,()HU 

• 

I 

http:1l000'.l1
http:1;('r.sJ
http:fn1l'Jn.nl
http:0.9:3.15
http:i1I(J.lI


--------
• 


I!I: 

I' 

;~. 

• 


'. 


DHOUGH',' A~M..Y:.lgD BY }.mA~R OF 'I'H'~OHY OF PHOBABII..l'fY 47 

TABI,~; II.· ,111'(11/ IIWlllhlYIIU'(/SIIJ'1' of pcrsis/e'llce (Jf rail/fall I ;1/,:ll1) (lnd associated 
sl"fI(l,,!'tll'I·I'(lI'.~ /IJI' ill siler/cd sta/ioll,' ('UllliI1I1Pd 

Fl'h· ~~'p .. Xu .. Dc,.bll· • \11' Ill·to~~UlUOll fll:· ~Inn'h ~\ !II'II ~lny JIlIIf' July (,'lit· \'t'll\ cern..lI"r~' nry gust lwrlwr hur ber 

"'t. Augusllml '''In .. • 

r\'rsi~ll~l)(,t' 0. U!![',;" {I U2 t~ U. UII. I n U~~15 (I, K.'OS fl. ;,(I72 1I 'IUK> n .'1141 0 ~n95 O. S,W:I n. 0552 O. OliOO 
~tnn{!tlnll'n'nf 1112,) 111·11 UI2'~ IJIIll .(111).1 01 a!!: "II~I OlfiU . til ,I:! .11l21 .OO9S ,01:11"Ull Lllk" t'lly, 1",,11 
Pt\rSI"I;\'Ul'i' "'I~,S7 !loan '~[tU .'1110 ""II !Inll ~Iitltl .llla, , U:i7U ,IIV·11l , <)105 !J·H5:-;taUtiar·II'rror III If. lI1:;S III:!:! 1112;' Ilnv; .0(1;0 u(r;u IK);S nOi7 ,IXIS; .0102 llla~'un l)jt'j.!CI. (';llfC .. 

t·Pt~1c;tP1H~· "-~"';I HOH:-! H·m:, !J77(I
. ''',Ui< !'\It~1 U9Ut. HilS,,,, .mia, . UtisO . !/[':Ia , sS(la 
.'f'Uldul'fll'rwr 11111111 IKI!!:l IKIIiI IKII;! lItH,", 1l1lHi Ikll,; 11111[, \1022 • (lOW , (H)lh~ .OOS,>

'l'lJ('UlIlI'"n. :\ .\1,,\ 
P('r"I"\ll'Ut't' 1.0.11;:, I OHln ,IIIHla ~ '...1:"..... ~rtm U3~1 V~·I~I (lliOO .9f.i:?7 ,\lIan ,968:1 
~ t:md~'n Il'rror Iltl:.l IKlli, ""HOIlill tlOi!1 OO!} 1 1Il1!i 111211 1111;; IKIII·I .001'0 , OO{,~ . (lO,1

\\"inuNUU\'{'Il. S\\\, 
I it~r:--l'.. t t Lj!('t' !KU;' ~llhO !JOU.If !IIH Wi!!:! !lfil~1 !J:".J;i U7itl .05110 un. .O:loo ,05111;-.:.ttwdard ('l'ror' U(l1l1 UBI:! 1X1;,:1 uo,:! ou;·; (ltlt,,"", mi:l7 ,00:17 ,Iltlill .IIOtil .lXIS2 ,OOS5

YUill", .\1'11: 
P.'rM"ittttH'1' I.I~M' ~J';.tH !IOn·1 UI\~:i J O:!HO HH!},; n'T;' .11';:10 U:I:\O 1 O:!{I~ .\lSSS ,PHS ... t:uvlutf{ (trror .\lIII~1 . \Kl;)'\ IKII7 m;H \lU,·.! I~I:\; oor,:\ ,IK)13 . \~):11 .1~H2 .0051I~K); 

Tltl';'\' \"/1111('>' 11111.\" 110\\ II(' 1I;;('d ill ubl:liuillg 0.\ IIl1d <l,. ~lIbslitllt-
illg ill tIl!' illdjt'lIt('d ('qlllltioliS Hlld ;;lIh'in!!, 11(' filld 0" O.()·H) lind <l,'

(l.{) 17. '1'11('" 1'0b:1 bi Ii ty {) r0 b;;t'n' iIIg 110 ()(TIII'I'{'lIt·(, 0 f H ~O-d fl." d rough t 
lWt\\{,I'1I ,lUll(' I IIlId ./1I1y l(llit Bottill(':llI, .\. Dnk., i",: 

:-;oh'ill(!:. \It' find till' prolJJllJilit,\' oi' IlO (\('('UIT(,Il('(, [0 hI' I'(,IT !l('III'l\ 
1I,!!i>, I!PIl(,(' till'l'\' i;; nbout II I i It ~() ('Iinll"I' t lint n dI'ollg-'h t of io 
dB\,,, \\ ill lw oh~\·I'\"{'(1. 

It i~ to hI' IHlt('d tliat tll(' intl'll<iIH'[ioll of tlil' [('1'111 <l, Iins Ilot ('hang-c,d 
th(· Ii 1111 I jll'ol>lIl l ilily liglli'l' til lilly ,.;ignilil'ant d('gn'(', 'I'hi,; is '(.h(' 
IIRtI:II l'otHlitioll \I'llI'll tll\' pnm\.ll\'l\'rs II allt! L\[,..'J[I :11'(' b:1SPti uponJ 
lIlI IId<'qtllJ!(' n'I'ol'd. IltllI!'\'('I" it i,., \\ (,II to (':liclIlnL(' cr, ,,0 as to h(' 
lIlll(, (0 oh(JliJ) 1111 it!I':l or fill' pl'OlllIIJI(, llC'('lIl'lI(',I' of lh\, (,1l1(,lIl:Il('d Os. 
III tlll'l!in'll (,,xltlllpl,, l\ dl'ougltt or ~o 01' IlIOl'(' tlnyR would lw (',x!}Pd(~d 
(ll (JtTII!' Itt Ho[(illl':llI 11('[\\'('('11 ,IlIlIt' J Hilt! ./uk J () !1IH'(' ('I'('IT 20 
l'I'III'S, IIlId it ('1111 i'Ul'llil'I' Iw Raid, ",itll II rnil' dl'g-I'('(' of (,()l1fid~'Il(,t', 
'(hll( till' (1'11(' I1ll':ll1 i'I'('qlll'III'Y lil';; !l1'(\\'l'P!\ Ollt'l' '{,\'PI'Y Iii lind Otw\' 

1>1l()t:GIIT "1l01IABIUTII-:S FOil J"·I'I~IOtl.;u1 \.Tl'; Tnu: l'l'TEH\'ALS 

\\'lwll tlh' [illlt' ill((,l'l'Id \llld(,1' ('oIlRidl'l'llliolt is ;~ months or less, 
dl'OlIgli( PI'Oh:lliili(y ('lilt fn'lIl1l'1ltly 1)(, ('ollRidpl'(,d to \'llI'}' .iilt('nrLy, 
.\ ;.;( I'lli).!ht lill!', J(.I'I, iR littpd to (h(, Illolltldy pl'ohniJilitil's, nile! the 
('O/lstHItI:-; jJ Iml'lIJ1 dl'OlIglil prohnhilit,\') nltd 11/ (;.;Iope of the fitted 
1111('1 ill'!.' uiJlailll'd. TiI('ll. lI'iI(,1'1' 

\ ' lII. y}I I) t; Itl' 

Ilnd 

/1/ \'/- /11-
:; 

(
L 

Ii) , 



'l'gCHX]CM, Bl'IA.lnIX S I 0, l'. :-:, I)J~PT, UF AGIlICULTURl<J 

it Clln i>p shown !IUd 1'01' onl' ('HIC'Il(/HI' ."('111' • 
Z \J 

II 1111/1'-21)_ 

.\\so, til!' slnndurd ('ITOI'S of /1 nnd /11 C'lIlI 1)(' 1'\'nlu:lll'ci f!'Olll til!' 
;:;tllntinl'<i (,ITOI'S of til" 1111l11lhly pl'oil/liliii!i!'s, \<'01' I'XlIIHpit" whpl"(' 
;1 rl111 IlIOllt ils III"(' il1('hldc,rI, ' 

1111(1 

H /. IT., ,'" 
(T u' 

\ (ill 

1"1'0111 whil·1t it follolls t IIII! • 
fT, 

'I'll!' slalldllni l'ITIlI' of d/, ,Ill hIlS hl'pn i)!llOl'l,d. Sill(,1' (,XPl'I'IPIl(,P 11IIs 
dl'JII()llstmt('(i liwt this ('1'1'01' is 1I111':1\'S Ilt,!:lkibi(, in I'pl/ni,)!! Lo th(' 
"IIHt(lttrd I'(TIlI'S of /) lllld ilt. ' 

T:lking- Plll'tilll riPl'i\':lti\'(';-- with I'I'''pl','1 to !Iund Iii, tlllt! silllplifyin(!; 

.% 1'1/1 I I', 
a/. [.%"\ I + II \'" lJ;~ 

III 

.\i ,%. \ ' 
0" 

[.%"\ I ,. I"'· ,\' Ii
fT, .1/ .J

/1/ 

•.\", (l, \ " 
J: I'" ., IIJ 

/II 

This mlhl'l' ('ulllpl!'.\. fOWL ('Ult b(' J'('du('l'd II illi n nlinill1111ll of difliclIilr, 
51nl'(' Inost or till' l'ollstant;; npJll':Il'ing' in til!' fOl'lillll:l 1lI'I' I'I'IWIlI('d 

fronl tIl(' ol,jg-iJllll ('xpl'l'ssiol1 of 0.,. 
Ld us I:lkl' liS 11lI ,':X/lInp}" tilt' dl'OlI!!lIt h:ll.:tl'd durin!! thl' g'l'Owil1(! 

S('IlSOJ1 or ('Ol'n in I/liuui", I ):I\'is alld i'nlll'sl'li 11II.\'p shu\I'll lllnt 
ndl'«(llatl' rninfnll i,., IIIO,.,! 1I1'(,,';;,.,nl'y III I Ill' ('I'Il]l dut'ing' tIll' ·10 tinys 
1)I'(,(,('dillg' Hiltl tht, :!() !IllY;; rollollillg' ,.;ilkiJlg- 1.11. In till' \'i('illit,\' of 
~lllJ'(,II)!(l, III., plnnlillg' (ill)!' is tillrill,!! III!' fir;;t 1\l'I'f.; in .\!ny t/), 
~iikillg' OP('III'S IIt'll I' .llIly ~,-), ,\ dnlllg-ht 1ll'IWI'('1l .IUI\(· I;; !lilt! .\ugus\ 
!fi would, tit('J'(lfoj'!', 1)(' pnr1il'1Ilarly (Jr.trilJl(llltnl \() thl' it:lI'I'!'St, I\lId 
:20 ('nIlS('('lItiYI' dill'S with IIIl PI'('('ipillilillll or tun illt'll 01' n\()I'(' wititin 
·IX h,llll's wtlldd jll:nbnhl)' IlIa!l'rinlly :tfr(·\,\ \I\(· \'1'0\1, 1.\1\ liS enlntiatl' 
tlttl Pl'OlllliJility (1/' Sill'" II droll,!!!I!' 

TIt(l IIloll1ith' dI'IlII!.dl! pl'OlJ:lllilili('S rill' .1UIH', .lull', and .\lIg'lIsl rnr 
~tfi\'('n~o, IlL: lin' (l."o~: ltO)·l,. (]';';·I 1(i-l:O,Ol il'l. lInd 0',8;300 7 
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0,0090, r(,sJ)(>din~ly,~6 Consid<:'r thl's(' points el'ntl'rpd at ,r.= -ao, 
.(",,,,0, lind ,t ::lO, tlnd w('i~ht tlWlll I:2:1 in proportion to tlH' IIl1ml)('r 
of dn"vs from Pilch mOllth in thl' rl'quirpd timp inll'ITul. '('hell p=' 
0,8208 ± O,OO,sii and 11/0,00 I OO:!:: O,0002\l, 'I'IH' Ilwnn \'uitH' of 
(Jfri.'{j is found to hI' n,D2,sI, 'l'IIPSl' nti\l('s in tlw g-i\'l'1l formllins 
yipld 1Ill' solutions ON ,,0.142 IIlld ([,O,02:L From tiW,H' dltta it ('lUi 
j'l'ndily I)(' nst'l'rlnin('d t hILt (II(' pro!Ja"ilit,\' of II 20-dll,Y dr()u~hl at 
~lnri'I\~(), lll"I)('t\\'('('1l ,JIII1(' I.) II lid :\IIg'US( I;j is \'PIT ('losl' to ().I:~:L 

It sliPLIld "(' poilltl'd out (hilt ntl"I;lalioll of dro'lI~hl pl'Olm.hilitil's 
ill illdi\"idulll PI'O"I('IIIS is IH'('('sSlIl'il)" I), I'allwl' ('ompl(,x Illld 1(,II~thy 
t:lsk if lilw:lI' \"al'inliull in dl'Oll~hl pl'o":lbilily is lIssu1I1l'd, It hns b('!'n 
fu II 11e1 , hp\\'!'\'!'I', Ihnl :I ~o()d (l1l1'1 or Ihl' work lips ill spltillg- up til(' 
prohll'lll, liltillg- H sll'aig-hl lilll' to tilt· 11l(lllthl~' pm":I"ility fi~ul'l's, Illld 
()bt:lillill~ II nlld 11/. 'l'hllS, il' pl'u"ullilit iI'S lIl'" dl'si"l'd 1'01' n InIW' 
nllll1l)('1' or ntlul's of 1/ 1'01' thl' Salll(' tillll' illtl'l'\"al. thp pl'Ol>l('11\ is not 
~I'l'llll,\' ('oillpli('all'd. FOl'lIIs hH\'(' hl'l'1l st'I up thnt (,llabl" ('olilputn
lion or prob:lhilitil'S hy wOl'k('I.'s ",110 p()S~l'SS 110 11101'(, 111:lIl:t kllowledgp 
of till' 1'11'1I11'lIt:lI'Y lISI' or IO~:ll'i[hlus :tlld ~illlpll' nl'itlillH'ti(', 

ll1 ('(lllsid('l'ill~ IiiI' lik('liliood or dI'tJlI~"t wi(liiIlIOI1g; lilll(' in(('ITltI" 
or withill shol't;,1' illll'l'Yllls 1'01' ,,"hidl it 'i~ lIot pl'd(,l'nl~ll' 10 :tpply 011(' 

or tlH' IIl!'lho(\s PI'P\'iOlli:lly tHlllilH'd, it ",ill il(' 11('('('S::;III',\' to (,:tl('trllll(' II 

[alllil,\' of :tllllllld dl"<'lI:.!111 prolHlhilily (,\II'\'('S 1'01' n ,,(HI iOIl ill IIll' 1ll'l'lI 

!IIH"'I' ('olisitil'l'ntioll, "\ fHlllil\' Ill' SUt'l1 ('urn's 1'01' Dnlln::;, T('x" lins 
1)('1'11 showli ill li!!;lIl'l' Ii. ' 

L(,t liS tllk!' :11\ !'\alllpl!' of [hp lISl' of th!'s(' ('111'\"('::; ill ('nll'lIl:lting 
likdihood of dl'(IlI:.!h!. SliPPOSI' I Ilat 0111' dt'::;il'l'~ to kllo\\' tli(' pl'ubabil
it \' of oils('n'iII!!; :t dl'oll!!;ld III (',\(,(,S::; of.jO tI:t \'S :It \):lII:ls, '1'(':\" ill'! \\'('('11 
F;.bl'UIII'\' ( :11;<1 \)1"'I'I'lIil('1' (0. To oblaill' ()" it is olll\' 1It'('('SSUI'\' to 
oblHin dll' IIwali ol'!lilllllt, till th!' ('lin"!' for 1/ ' ·10 l)('t\\'l:"11 F(,hl'IIIl'IT I 
:lItd .\'U\'Plllb('I' I (,10 tlnys pl't'\"io\l~ to DI'('PllliJ('1' 10) :md I11l1ltipl:\,'by 
:?,:L Ih(' !llIllIhl'l' or !I:I\'S ill th(, sliOl't,,1' 11111(' illlpl'\":d, l'"ill~ till' 
tI:tlll 1'1'0111 wlii('11 lh(, ('U'I'\,(' 1'01' II ,10 \\':lS plott(,d, th,' 1I1(':ln ordillal,' 
(':III 1)(' psI illl:.Il!,t! liS \'Pry 1I(':lI'I,\" (I. (}[)O!ll-l, :llId Os tl,:?(j:-l, 

Till' ndu(' of u, ('olrld Ill' oilt:tilll'd 1)\' (':d('trl:lllll!!; :111(\ l'Olllbillill!! 
(Ii(, sl:llIdHl'd ,'ITOI'S ill I.Ii(' pltltll'd ('111'\'(' {Ol':t IItllllht'l: of ('\'l'nly sP:H'('{1 
ntlllP"; (If ,J'. 110\\"('\'(,1', lliis ill\'oh-pdpl'l)('('::;s dol'S not S('('1I1 II('('('S::;:\I',\" 
ill \'h'\\" (II' tlil' rll('t, ,,1i()\\'1l ill PI'('(,pdill:.! (,X:lll1pll'S, llinl ('ol1::;i<iPl'lltion 
or u, do('s Ilot lI1:1t'\l'i:lIl~" ('ltlln:.!!' (It(· probnbrlity, tt will hI' n('(,lIl'uU' 
!'11(wg-h in :.!!'IH'I':i1 to ('ollsi<i1'1' tht' prolmbilil,\" of\:tl'k or a PIH'lIl'lIII('P of II 

droll~lll of ·10 dll\'~ Itl Ill' ("1m" or :lh(lll! (l,lli, 11('111'" till' l'i1H1]('P of 
,;t I(' It , 1\ dl'ou~ltt Il'PIll':tl'ill:.! bp( \\('1'11 F!'iJl'lIlu'y I lind D('('('llliH'r (0 will 
h(,lIi>olll I ill .t. 

I I ClIll bl' Sl'(,11 tlllll !Ii!' 1':llIlil,\' of a 1111 wil dl'Ou~lrt probahility l'II1T('f; 
('1\11 It!' I'p:ldih" us<"d ill oltlllil1ill~ liktolilruod of drnlltTltt. 'I'lri;; III('tilod 
is 1>1I1'(1('lrllIl'l," nppli(,lIhl(' ill tltn', it I'('qui'!'('s II lIlinil~lIl1l1 of ('n\eulntioll 
IIlId ('1111 iHl I'lIlploYl·d by :Ill Ullt l':,illl'tI \\"lJl'kl'l', F:llllili('s of ('lilT!'" Hr'!' 

III pn'plIl':ltioli 1'01':1 I:lr~(' IIUllth(,I' ol'st:llioll" ill 11\1' l'lIil('d Slatl's, and 
tllt'S(' ('urn's will Iw :l\'nil:thll' to ('lilll:llolug-is(;; f()I'(,;;tillllltin!!;
pl'Oilnl)ilitll's of drought. ' . 

:6 :\('ttJtlllr. 11 luwar HI .... nnl "In· ('h)~i' It \\oultl prllh:thh lit ,10., 'H{·Itrah', :Hlrt Jt'~... UI \"01 \,l'd. In ohtalH 
tht- proh!lhilH~ [rOUI ')lIOlln.1 d[llllIlhl prol,ahIHl~ (·IIJ'\f'..... 
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USES Ai\'D POSSIBLE EXTENSIONS 01" TIlE PI{()BAIllL1TY 

ANALYSIS OF DROUGHT 


In nppnlising- t1H' n.pplien.biliLy of probllbility tlH'ory to drought 
O("CUlT('rH'(', .it should 1)(' l'l'lIlii:pd thnt th(' lHl'tllod of umtiysis ('iln 1)(' 
ulilii:NI in mun.,' wllys in nddition to thl' calculation 'of dl'ought 
probability n.t n. singh' stlltion liS intiicatpd 01.1 pn'\'ious Jhlg('l:i. Thus, 
by tnking till' JlH'I\lI dl'Ougllt probability [01' lin 111'('It, dl'oug'ht hHi:lIl'd 
within that an'lI ('Ill I bp llll'!lsurl'd for any drought Il'ngtll or til11(1 
in(prnll d('sil'l'd. Ahm, n" will hp lute·l' :lllown, thl' drought probn.hilily 
figurE'S ('nn bl' r·('or(]I'('(·d ill slleh II lIlIUlIl!'!' thnt tlll'.\' will 1)(' of V!lltH' ill 
n \'nricLy of fiplds r('ln uld tll f'linl1ltolofrY Hnd l1ll'tt'orol<w\'. 

Figure. 8 pn':l('nts thl' IllPllll rll()lItIJ~' drought pl'Obl01ilit.y for 216 
splrct(lcl statiOlls (fig. I) in tIl(' L'nitl·d StM('s. Yulu('s from thf'sl' 
l1lttpS mny 1)(' lIsl:d in Itpproxilnaling lik!'lihood of drought within nn 
Iln'H. Till' llH'tln mon t hly drollg'.h t pl'Obll.bili ty fOl' II ny d('signal('d 
month ('nn 1)(' Toughl,\' ohtlliH('d by illsp(·('ting th(· map for thnt lllOHth 
Hnd Inking [lip il\'('I'Ug"P (If tilt· drought pn1bttbilitipH for' thl' "t;ltiollS 
within tIl!' dl'sjJ'('d nl'('II, ThiH drought probability ('an 1)(' dir'('('tly 
uspd in !'Htinltl.tillg drought hni::ll'd, silll'(' thl' likeJihood of any numbrr 
of <lIlYS of dl'oug-Ilt will'lw IlPlrroxilllnll'l.y pqunl to til(' I1H'Hri drought •
probability rl1i"pd to thnt pO\\"l'r. It is to bl' l1ot('d thilt wh(']'(' topo
g-mphie l'('lil'f i::; Hot g-1'('llt, till' monthl,\" probnbiJity nllups exhibit only 
slig-ht nll'in.tioll from :;lutiou to :-1tntioll. TIl(' IUllOUllt of '"nrintloll is 
proportional, of ('0 II1'S(' , to lhl' nlrinbility of drought hazard withiu 
til(' Ill'PII. 
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FIGURE 7.-Index list of 216 selected stations: Washington: 1, 'L'atoosh Islllnd; 
2, Clellrbrook; 3, Conconully; 4, Olympia; 5, Wcnatchee; 0, Odessa; 7, North 
Hend; 8, Centmlitt; 9, Sunnyside; 10, Dayton. Orcp;on: 11. l!matillll; 12, 
Corvallis; 13, Coudon; 14, Port Orford; Ui, Jacksonville; 16, Riverside. Cal
ifornia: 1.7, Eureka; 18, Cedarville; 19, Willows; 20, Chico; 21, l{ocklin; 22, 
Point Reyes; 23, San Fr,; dsco; 24, San ,Jose; 25, Salinas; 26, Fresno; 27, 
Independence; 28, Sania Harbara; 29, Los Angeles; 30, XeecHes; 31, San Diego. 
Idaho: 32, Kellogg' 33, Boise; 3'1, Twin Palls; 35, Blackfoot. Nevada: 36, 
Winnemucca; 37, Beowawe; 38, Tonopnh. Montuna: 39, Jt'ortine; '10, Cut 
Bank; ,n, Havre; 42, Circle; 43, Bozcman; 44, Billings; ·Ui, Miles City. Wyom
iI!g: 46, Shoshone Canyon Dam; ·1,7, Bufralo; 48, Saratoga. Ptuh: 49, Salt 
Lake City; 50, Park City; 51, Fort Duchesne; li2, Levan; 53, Castle Dale; ,54, 
i\\odcnll; 55, Blunding. Arizonn: :36, Tnba Cily; 57, .Jerome; 58, Phoenix; 59, 
YUlllll; 60, Bisbce. Colol'IlClo: 61, Grand Junction; 62, Boulder; G3, Burlinp;ton; 
G·l, Silverton; 05, Colorado Springs; 00, LIlI; AnilllIlS; 07, Trinidad. New Mexico: 
fiS, Chnnllt; (i0, Springer; 70, Tuclilllcari; 71, i'vlap;dlllcnu; 72, Forl Bayarcl; 73, 
('Ioudcrofl; 7·1, Lovington. North I )akolu: 7:), Boi tinl'IUI; 70, Granville; 77, 
Cancio; 78, LarinlOre; 79, Beltch: 80, Liillion. South ))akoLtt: 81, Spearfish; 
82, Pierre: 83, Dl'SIIH'l; 8·1, Acadcnl.\·. :\el)l'l\i;klt: 85, Kimball; 86, North 
Pintle; 87, Brokl'n Boll'; 88, Ul'broll; SO, Olllahll. l"ansIlS: 00, Hays City; 91, 
Lukin: 02, i\[cPhersun; 03, Ilnrlillp;lon; 0·1, Ashland. Okillhollln: 05, l\:enton; 
!)(l, Mnlllnl; 07, Wnnkomi:;;; OS, lVInskop;l'('; !lO, Chattall()op;n; 1.00, Dnrant. 
Tpxus; 101, Dalhurt; H)2, CaiIlP,will('; lOa, Albany; 10·' Dallas; 105, Forl 
Du,\'is: lOG, LHmpa8lls; 107, Uunlsdlll'; lOS, Lulinp;; 100, (1ul\'e810n; 110, Fort 
~l('lllt()sh; 111, Bru\\·llIwiIl('. i\linll('f;ottl: 112, Hn':Wiw; 113, Duluth; ll.t, 
Beardsll'Y: 115. FOI'l Hipll'Y; I Hi, WillIll'bnp;o. Iowa: 117, Le Mars; 118, 
IIJ(I('p('ll(len('('; lin, Indinnoln. ~\ il<~llllri: 120, Kirks\'illc': 121, HlliTisol1\'iIIe; 
122, S1. LOlli,,; [23, Lt'\)unon; 12·1, AI'('lldia. Arknll~tI:;;: 125, Dntton; 126, 
Andi.\'. LouisiHlln: 127, Umnel ('Ulll'; [2S, Franklin. \Yis('ollsin: 120, Down
iug:; I:30, ~\ inoc'qull; 131, \run Pile-It; I :32, Port \rnshinp;lon. [llinois: 133, 
~\IlI'(,IIP;(); 13·1, Lil1('olll; l:i5, Moullt \·('1'I10ll. 1\('ntll('[{Y: 130, Blundville; 137, 
Bo\\"linp; (1n'(,II: I:1S, L('xinP;t()l1. T('llll('S~(,(': 13n, Holwnll"ald: 1·10, Kingston. 
~lississi]lpi: [,II. en'l'II\'iII\,: 1·12, Ill"Ookhlln'n: 1.la, Pl'arlinp;ton. Alabuma: 
14·1, Dpcail11"; .1·15, Tlllluti('p;n: 1 IIi, (;n'l'lI~IJ!lro: 1·1.7, Omrk. ~1ichi~an: 148, 
('nitlllll'(; [,19, ~\ lIlIising': l.iO, \Yhit('fiHIt Poill1; I Ii I, ";St'u11tt!m; 1 52, Tml"erse 
City; 153. l:Inrrisl'illp: l.,i·l, Big Hupid:-;: I,i5, (1rnlld I!IW('Il; 15!). Harbor Beach; 
Ui7, Anu Arhor: 15S, ('!'Iltprvilll'. Indiana: 1M), j)('lphi: HiO, Grecncastle; 
WI. :\\ndisoll. Ohio: Hi2, Filldltty; l!i;j, (,Il'\'planti; [(j·I, \\'a.\'lIcsl'illp; IG5, 
Philo. :\l'\\' York: HHi, AlIg;\'IiC"u.; Hi7, :-:ltortsl"iIIl': ](is. Lowville; 100, Luke 
Plne-iel: 170, X01'\\it'h: 171, \\\':-:1 Bprnt'. PPlllls.I'l\·ullia: 172, [';rie: 173, SUlIler
set; 17,1, Hlillti11p;ton: 175, ~rflll(~h ('hllllk: 17(i. I·;phrlltn. Xl'\\' .Iersey: [77, 
Ashury Park; 17S, Indian ~\iII:;: 170. ('nih' :\lay City. \\'l'fit \'irp;initl: [80, 
B(·ekll'Y. l\\llryltll1d: 1St, ('nlllilriclg('. \'irp;illia: 182, Ashlnncl; IS3, Wythe
vill(': 18-1, Clllrks\'illp: 185, :\orfnlk. :\llrth Carolina: ISn, l\\uriollj 187, 
l{orkillp;hlll11; ISS. SI0I111: ISH, IInl !('rn:;. Gl'orldn: I~O, [)llhllll1l'ga; 191, 
i\larsh:llh'ill!'; 102, Louis\'illt': I \l3, (luitllllln: H)·!, HrulI:;;wiek. ROllth Carolina: 
195, (,1(,IIIHUIi ('Olll'P;<'; I!Hi, :-:Pll1'lllll!Jurp;: 107, ('hnriP:;to11. Florida: 108, 
Pt'lIsH('oln: 190, ('nrrllflt'II('; 2nO, (,('dal' I\('-,"s; 2lll, U:lil1l's\'iIlp: 202, St. AIIp;us
tim': 20:3, TiIIlS\'iIIl'; 2()·1, IIrlld(·It(oll; 20;), Hypoluxo. ~llIill(': 2()!i, \'1l11 Burell; 
207, l\\lldi~tlll: 2()S. l~lIslporl; 20D, I'or(lallcl, \'('rmun1: 210, BloulI1fipld; 211! 
t'hl'lscll. :\l'\\' Illlillpshil'l': 2[2, :'\a~hlla. ('nllll('('(i('lIl: 213. {'n'HIIl Hill; 
21·1, :\('W Hlll'l'lI. [{hod!' [sllllld: 215. \'rol"icil'Il('('. ~1i1ssn('huSNtS: 21G,
j'rlJ\"illel'lIJWII • 
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FIOUHE 8.·~ ~1()l1th\.r droll!!!It-pl'Obllhility maps for 216 $('\ceied stations in the 
l"lli{!'ti 1'itntps. 
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FI(HJm" S,- ~Ionthly dr()lI~hl-prohlLhilit.y maps for 216 selected stntions in the 
l'lIit('d ~tlLt'.'H -Colltinued, 
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FIGunE S.-·.Mullthly tlrullP:hl-probuhilll,y mnps for 216 selected stutions in the 
l'llill'd ::;lal\:s-C'olltillued, 
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FTGURE 8.--Molltlily drought-problLbility mILps for 210 selected stations in the 
United StILLcHo. ·Colltinued. 
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!,'JaUIU; S.- --.Monthly drOlll-(ilt-pn/lmiJili{,.\· maps for 2]{j selected statiolls in the 
l;nited 'Hlatt's- Continllcd. 
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1'h(' d rough t,,,,pl"obnbili t~· figlll'ps C'nn be' used in anotIH'J" way, TIl!' 
family oJ ll:nnl1nJ. drol1ghl ...probnhilil~" ('\11"V(,5 shown in figurp 6 eml Ill' 
llIodifi(·d find puf illlo:l /I!'\\" forJll thnl will be il,l h'nst ('qunll,\T vn.lllilhlp, 
In figu1"<~ (> till' C'III"V(,S silo\\' tll(' cilHll("P of n, dl'Otl~dlt of "II d:],~rs 01" 1I101"t' 

IwgilH11llg on !tHy specifipd dny, By l'stinH1ting till' ill"Pf\. undl'1" till' 

(,HITP 1)('(\\"('('11 any two tilll(' lilllitl'. thl' nlll11b('1' of dl'ou/.;hts of'll dny,; 
()l" 11101'(' p;,q)('ett'd within till' dl'sir('d tinl(' illtPITH.l call 1)(' obtll,ilWd, 
:wd til!' probnhilit,y of obs('l"ving 0, 1. 2, , , , such dl"Oll~dlt:.<; cnn Iw 
l'1I\eulnt('(1. HOW(·Yf·I', till' ('11("\"('5 11.1.'(' of Iilll it('(1 ,T:t.lU(' in that Il.Il'· 

sin::dl' orriillH.tp hilS lilt\<' TH'neti('n.! ll1!':t.ning, The ol"dinnt('s do not 
(urn ish It Ul('fU:HU'l\ of drou(dll hllZfll'd sill(,\' llll'." sjH'cify I'll ill fnH imnwdi... 
llt('ly pn·('('dill/.; thl' dn,y plo((pr/ on til(' ahs('issn.. HI'Il(,(' the' formula 
fOl' thp ('lltTPS in('llldn~ til(' fll(,tol' 1- p, which H.pprondl(·s 0 liS pap... 
pl'o!lclws l. 1f th!' ('ur\"(':; art' to 1)(' n, uspful IlH'HSUl'P of clroll~Ltt 
!lozftl'd, titis fn.e(oJ' IllUSt 1)(' I'limillHtp<l. 

'fbi:; can Iw dOll(' hy rl'lllo"ing tl,(, l'l'strictioJl thn.t t1lr drought of 
11 01' mOl'p dll.YR must stal'l Oil tit!' !lILY indicntC'(\ on tll(' abscissa, Th(' 
('lIl'Yt'S "'ill tiH'n l'<'pl'!'sPIlI til!' dlilll('l' of 1/ 01' mOL'!, c!n.ys of dr()lI~Jlt 
i1Tt'SIW('livl' of wl'll,lhl'l' <'olldiliolls prl'('cding tlH' 11 dn.y~, Sneh 11 
fn,mily of (,UI'YC'~ for DulIng, 'i'px, , showll ill [igut'(, 0, r<'IlI'PS('Htl' tlw 
\'nril1tiOll of Ill('n.n (lI'olH-rllI ('onditiolls with Sf'flSOIl. ('UI'\"('S of thi~ 
[\'PI' will Iw of vlllllt, in '1Ilnking find Y(,l'iJ'yilig s,"lloptic w('ll.th!'I' fol'(" 
CllMs It!',,; will nlso Iw usdul ,.;il]('(' OW," Rhow in sill1pk, utilizahl(' form 
tlH' tilll(' intf'rYllls within 1hl' ,"PIl,1' WIWll S!'qIH'II('(>S of dl~' 01' rnip 
dn,Y:; tn'\' 1l10S( I ikl·h" 10 0('('111', 

Su ppOS(' t11ll t OJl ',lui)' I :I. d1'0 ugh t is ill P1'0/.;I'p,,;S nt Dallns, nnd thnt 
synoptic rOI'Pcllsting indk:1.(·s thn.1 pn'ripit:ttiol1 i!': u.lllik('l~" to O(,CUI' 
within tit(' lH'X.t :2 01' 3 dll,n:., It will hp important to lw H,bl<, to i'sti 
matl' stntislif':llh" the 111I1nl>('1' of l1.dditional d:lVS o( dl'Oll£!ilt wllich 
nm,\' 1)(' ('XjwC'tP('1. EXlIlllillntioll of li/.;lll'l' \) sitC)WS !I11l.t w',d('J' IJ1NLlI 

conditions t!tp drought would Inst (i tllOl'P dttys. Th(· dlt1.lICPS ILl'(' I 
ill 10 thnt it willll1s1 2() mol'(' day!':, :l.lId about 1 ill :iO thnt it willinst 
30 !Har'(' <Inys. A~stllnillg titn,t' 0('('11 IT(,11 ('('0 of drought is mndolll, 
th('S(' odds {"ill 1I0! 1)(' ldr('('LPd br lIl!' 1I111ldH'1' of dllVS of dl'Ought 
pn'('{'(lin!!' tJ,P dnll' of ohs('l'\'n,OOll: .Jul," 1.2; It is not' !':uggpstrd: of 
('OllI;::P, tim!. ::;tntisli!'nl ll.nnl)'si::: ('ml h<' sl1h!':titntpd for S,\Tlloptic fOI'p

(,flS1iI1lg ; I !tOWPVPI', Iwo",lpdg<, of Ill\(, lik(I'lill~)()d of ('li/mlltfiC' (·"ents. 
b:1S('( so ply UpOI1 pH•.,t l'(,COte,l enll )(' of \"II UP III dny-t(j-( n'"T o('('cHsting 
liS ,wI! as in IOIl~-r:llIg(' ('Iimati(' Hllldysps, 

'I'll(' fnlllily of ('UI'\'('I' in fi!!ul'<' n ('1111 all'o b<' mwd i.n otll('r wn.vs, 
SUPPORt' tiJ:l.t i1 ('oIlS('n'ntiml in'o~I'1I1ll hilS b('('11 outlin('d that I'PCiuiJ'PS 
til(' pI lin till~ of ('x\pl\siy(' HI'PHS of gl'Hss\all(l. If tilt' ~rass is to 1)('('011)(' 
pstablislH'd it will b(' II (>('('s,;n IT t1111.1 no l('thal d I'ougltt O('(,lIl' imnH'di
n.h'ly nftel' plnntinp:, By ohtll'ining tht' H,bseISSH. fOl' ~dlich tlw drought
probn.bility (,Ul"'{'S 11.'1'(, u. millimum it willlw possihh' to dl'tprminr tht' 
n.PflI'oximlLt(' dat!' following' ",lIieh n killing dl'Ollght is !enst likely, 
At Dlllln5, i1 LO-dny c\l'OlIght is I('ust Iikp\y ill tilt' IO-dll.y period begin
Iling n.bout April 25, and it :!6-dtt,y drought is It'Hsl likely in the peL'iod 
Iwginni1lg abollt April I~, If tll(' (jlll(, I'('quired fOl's('(>d gt'l'rninntion 
und inililLl growth of t1IP plnllt is know1l, the' datl' most likely to bp 
fn.vonlblp for planling ('nil bp ttl'll'l'lHilll'(L 
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• 

• 

" AlthllU\:h 'K'l'UrrN1L~' 'If short ,h"u~ht IIII~ beNI sho\\ n to b,' not siril'tly random, 1h~ eTTor ill taking the 
l'ur\~esas n.tIH'l'S(·nwth·l~or Jllean (XllHJH fou.$! (or s.wnlJ us well t1..<Ij IUl'gp \·olu('s of 11 will, ill prnctiCt" be too $111811 
10 00 of signlflCtlllt'tJ, 
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F'IOUlu; n, Cun'l'x for 1>:11111", '1'1''''' XllOl\'ill~ thl' prol):liJilil;y Ull t'ueh day of the 
year of n or IllOre day;; of drollg-ht . 
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In this {,XlLlllpll' it \\'IlR I'('quin,d to kno\\' till' dnll' 011 whi('h drought 
is it'ust likl'ly. TIll' tilllt' :It whieh dl'OlIghl iR fllost likply mlLy also be • 
I"Nluil'!'d :tlld limy hI' llhLllilll'd [rom till' (,UI'Yl'S, l\'SSUIlW tluLt it iR 
dl'('idl'cI to ulld!'I'lak(, 11, progrH.1I1 of Il'rrHl'illg during II, dry S('HSOIl l() 
avoid ('xtl'lIsiyl' 1'J'()sioll ilt th(, ('OIIRtl'lJ('lioll or t('[Tal'PS, '1'11(' drou!.!ht
probability ('urns \\'ill illdiJ'atl' Ill!' lilllt' of )'1'11.1' lIt wllidl this dm\w',' 
is at II Illiltillillfll. At Dall:ls, '1'1':\" t('ITiJ,~'iflg \\'ol'k J'('qUil'illg 20 dnys 
for ('olllpll'lioll should Ill' hl'glll) ahout Allgllst ,j ill ord('r to Ill' Il'llst 
lill.blp 10 iJlII'I'L'J'('II('P 1)\' r:lill, 

lit nil thl'SI' ('XHmp!'(,S, thl' tel'lIl "drollght" has bl'('11 appli('d to 
SI'qUI'It('('S of days \\'III'I'('ill 110 lJloJ'(' thall D,I () ilwh of PI'('clpilatioll 1'('11 
in nlly 2-dlty Iwriod, That has 1>('('11 thl' dl'fillitioll of drought ndopt('d 
ill fluddllg till' prolwi>ilil,\' allalysis of drollght O('I'IUTf'IH'I', IloWl'vl')', 
it \\'ill IJI' foulld tllat for fllallY 1))'a('li('al IWI'POS('S lIlis dl'fillitioll of 
drought is inaPPl'Opl'lall' Hlld titllt n ('II:llIg(' of dpfillitioll would bl' 
dl'sirllhll', Thl'I'p is 110 a PPIII'PIl I fll('l ('oJ'()logi!'H I rPHSOIl wily si III i lar 
llllnlvs('s bmH,d (III 0(111'1' lftofilliLiollS should Ilot "il'ld similar r('slills 01' 
\\'h/ (l('('IIlT('III'(' or drlllll-(ht sllould lIol :ll-(uili (J 1';) "l' to hI' Ruhst:lllli:llly 
I'ilndolll. III SUl'l1 studil'S, (it(' lllOlIlIily drought pl'O":llJility WOld", 
of ('OIlI'S!', ill('J'l'IIS(' \\'illl :III iIH'I'l'lIs{' ill (III' UIIIOUII( of pl'('('ipitntioll •('oflsidpl'l'd 1l('('('SSIlI)' (0 [('l'IlIilla[1' :I dl'ou~itL III :lddi(ioll. it is pOR
"ibll' tllnt tll(' IIlillillllllll dl'Ou~h[ 11'1If!,'1I1 :lbo\'!' wlii('1i I'ulldom 0('('111'_ 
!'l'IH'l' oi' dl'\)u~itt Illny hI' nssullll'd \\,illl'llllllgl" I I' I':lillf:lll :lIlIOIIlI!S of' 
I Of' 2 ill('lll's nl'l' l'('lJuin'd [0 tl'l'IlIillal(':J dl'()ught. it is IHlssiiJll' that (1)(' 

O('('UIT('IH'!' of {'\'('Il til!' sitOI't.('st dl'ollf!,'hts 1I1lly i>l' I':llltiolll. Sill(,l' tlil' 
I'fJl'(,t of pl'('I'ipillllioll fl'olll SII('('('ssin' fl'(lll(ni pnssllg('S will hu\'1' iJ('('11 
Inl'!.!l'h'!'lilllil1ull'd, 

rl'II("sl' qUl'stiolls nl'(' UpI'll (0 1'111'111('1' st udy, Titl'lIU~it p],obahility 
ltl1fllysis Ill' dl'ougit[ ()(,('UI'I'l'Il('(' I'llI' 0111<'1' dl'filli[iolls i[ Ill:l," b(, possibll' 
to dl'tl'l'lllill(' tlil' ('ltllllgl' ill drollglll (Jl'obnlJililY \I'itit ('liallgl' ill d('filli 
lioll."' D1'0 IIgli[ ()('('IIITI'IH'(' ('oldd [111'11 h,' d('s(,l'ihl'd :IS a f'llIli'tioll of' 
L111'1'!' \'nl'inhl(,s: S('IIS011 oj' the' ,'(':11', IIlillillllllll 1('Il~[1i oj' d],()lI~hl. nlld 
nllWllJlt or pn'('ipi[1I1i o ll 11I'('l'~snI'Y to 1('['llIillut(: [hl' dl'ollglit. :\,1
tlWIlf!,'1t it 1lI11,\' I)J'O\'(' iIlIJlI':ll'lil'lIl 10 spt lip :lll nlgl'l)l'nic solutioll (If' thl' 
"<'lIpl'nl pl'ohl('III, :I ~1':JJlhi(' solutioll \rollid ('('I't:lillly 1)(' 1'1':1;,1 "Ip, A 
~(']'i('s of flllllilips of :JIIIIU:l1 dl'Oughl J)l'ob:lbility ('un'('s 1'01' nrl'iOllS 
d('fillitiolls ('ould Ill' PI'('IHlI'('tI, IIlld ('Oldd Ill' uSl'd to SO"'(' 1Il:llly proh
Ipllls ('OIl('l'l'lIillg till' likpliltood of O('('IIl'l'PIl('(' of dl'ougli( 01' 1':1 ill 1':111. •

'I'll(' p]'ollHlJilily nlllil,,'sis :IS Hpplil'ti to cil'ollght ()('('IIJ'I'(,II('(' ill this 
stlllll' 111:1\' w('11 hI' of' nillll' ill tli(' ('XHllIilln(ion of ollll'l' ('lill1:1ti(' dnla, 
slll'h' liS ;'11 ill I'll II int('llsi(," alld fl'l'lJll('II(,," of' ('X(I'l'IIll' tl'I11I>('l'a(ul'('S, 
~l.lIl1," (If' till' pl'llhll'lIlS ('II('oulllpl'('d ill slI('h Hllldysl's pllnillt'l JJI'ubll'Ills 
III till' S(IIe1,' of dJ'OII!.!lit. \rith SllllH' IIIOdifi('lItiollS nnd lIitpl':ltiollS 
lhl' pl'uhni>ilily nllal,\~sis d(,\'('lol)('d 11('1'(' \\'ill PI'O\'(' IIppli(,Hhl(· 10 Il 
\'lIl'i('I," of l'Iilllllti(' dn(:I, 'l'ln'()uglt tll(' ('on(illll('d IIppli(,lltioll of tltis 
tl,,'hlliqIIP flll'llH'I' pl'ogl'l'ss ('Hil hI' lIIad(, ill Illltfl'rstandillg and statisti 
('lilly d('s('I'iiling Ill't'ld lind tl'llll)(H'ld I'lll'in(ilJlI ill l'Iil1latp, 

:~ I'n·ljmiuun Ul\(I~tll!ntton~. ('undtH'lt'd (or·1., tlt·lIlIi/iOlt-. of dl'ulIJ,!hl Tor \rnshinj.:lOl1. D. l'., ~how tlml 
n ('un"- or tlll\ form 

10l,t(.t /1' I 
,,~ "k; log I' ' kJloJ! I) 

1\ts tllt' oh~l'n'('(1 Jlrflhuhililij'~: "~try c,ItJ.t..:(·l). IIt'n' I' h th~' flu'all JJli.HlIhb tfroug-111 pruhnhilit~" d is tht' 
dt'Jini{tIlIJ /)rdrou~tH~ 1·\.prl'S~I·d 111 huudn·d!lI ... prall well ufJlrt'('il'It'llhlJllJ('('t'ss~lr~ 10 t('flUirllilC',11 drought,
tH1d kit 4:1 and /.', un' l'tlU~I1tI1I". If tlll:'-. I t'l:tt lI'H!'-IIIP Itllld,. tJ)ilJ't· would JII':l IlJlpnr n·lnlionS)lIp betwct'lJ 
d and 11 IIJlilliJlHIUI Il'II.,:lh Clrdroll~ht III dnj~' wllt,'JI {J.\ IS hpld t·UIlS(Ullt.. 
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Sl'M;\IAHY 

This bllllrlin drv('lops n slnlisliC'ul llH'thod for the dC'sC'ription of 
OC'\'lIlTPIH'P of dl'ou~hl :llId shows how drought hnzlll'd can 1)(' l"XI)\'{lss('d 
in tprlUs of probllbility 01' ('h:1I]('('. DI'fHlghl O(,C'lIl'l'(ln('(~ WlI>; tahulnlNI 
for II IlIl'gp 111111i1)(,1' (]f stllliollS ill th(' l'lIitpd SUItt'S 1'01' Lhl' illt(,I'V1I1 
IR\lR 1. O:ri , L(,II~th of PII('h dl'oughl WlI>; ('xPI'psspd ill dnys. lind 
fl'l'quPIH'," dislributiolls W('I'P PI'(,PIII'{'<I sh()will~ till' II UIll IH'I' of O(,CUI'
I.'(,II('(,S of dl'()u~hLs of ntl'inus 1I'II~th. Fol' LIIl' IHII'POS('S of this stud,", 
druu~h( \l'IlS (,OIIHid('r('d I f'l'lllill:lll·d by 0.1 () illl'h 01' 11101'(, of I))'p('ipi 
t:lliUIl ill ,I;"; hOlll'S UI' Il'ss, 

Th!' tlll'OI'\" of I'IIIlS \\'IIS IISI't! to ddl'l'lllill(' lhl' 1I1l1l11:t! distl'ihutioll 
of dl'llu~h( to hI' l'Xpl'(,(pd 1'1'0111 :I 1':111<10111 1l1'l'lIllg('IIIl'llt of dl'Y :llld 
rllin,' dll \·s. I r O('('UIT('IlI'!, ur :I d:l \' of dl'Olll,dl1 W('J'(' I':IlldU11l wi(11 
I'P",)(·('( to II ('OIIS(tllll prolJ:lbilily, 'till' fl'('ql/(:Il('Y of til'ol/gllt wOl/ld 
\'111',' liS all ('xpulIl'1I1i:t1 rUIl<'lioll of Il'll~th, Distl'iblltiolls Hpproxi
IIllltin~ slIl'll. ('XPOIII'II(illl ('111','(".; \I'!'f'[' oi>sPl'\'('d, It WII" llotN!. how
("1'1', 111:11 1'01' dil]'I'I'!'111 ('Iilllll.lic 1I1'!'IIS thl' <'Im'I'IIPsS with \\'hiclt th!' 
oh~(,l'q·tI distl'ihu(iolls IIJ1PI'OXilll:ll('d 1111 !'XPOIJ('lltilil ('\11'\'(' \\':lS, ill 
g"l'lll'l'IIl. JlI'uJI()I'ti0111d 10 till' IIIlil'ol'lllity or dl'Ou~lt( Itnz:ll'd 1','0111 >'lP:lSOIl 
til "pU":OIl. 

To :Ipply lit!' tltl'OI'Y of l'IliiS IId('lJ1I:ttl'iy, i( \\'lIS 1l('('('ssal'Y (0 aSSlllll!' 
(It:lt <l1'01I~h( pl'olml,ili(y ":I1'il'd 1'1'0111 dllY (0 dllY, It was lISSlIllI!'d, 
flll'thl'l', tlwl till' nl,I'ill(ioll ill tin)IIg"It! pl'Ohllhilit\' withill till' :nl1.1' 
('()lIld 1)(, I'XPI'('SSl'tI :IS II l'ollli'IlIOU;': rUll<'lioll, (""Tililll'al' vn,l'ialioll 
ill dr(lll~h( Jll'ollllhility Wllh 1111"11 nppl'Oxilllntl'd hy ('OlllJlIltillg" :I IIll'HlI 
pmhllhility or it tiny of dl'OIl.!,dtl fill" 1'11<'1t 111011111, :lSSUlllillg:l ('(lIISl:1 II I 
jlm!Jahility (1II'oug"IIIIU( (Ill' IIItlIl tit , .\ p(,I'io<iic fUIl('(illll W:lS uS(ld (0 

li( till' I~ ll1l'all dmllg"ilt Jll'ohnhililip;,: tltliS llht:lill!'d, 
AIl:lI)'si,., of dl'O\I~ltt hy lhl' lil!'ol'Y of 1'1111;'; 1'01' 1I11111(ltly, SI'IIS0Ilnl. 

IIl1d IU111l1:t! tillll' illll'ITlt!S il1<1i(':lll'd tltnt obs('n'l'd dI'OIIJ,,dJt dif]'!'I'l'd 
[rolll I':llJdolll O('('UI'I'I'I1('(' ill t "OU \\ IIYS: 

(II I I \\11;" foulld (Iwl tI:I,'S or (;";';"I'\'('d 1':l.illf:t!1 (('11<1(·<1 to e1W;(!'I' 
mol'(' (h:ll! IIlidl! 1)(' ('.\IH'(, I (,;1 1'1'0 II ! :I l':llltillill :l.I'I':UIg"l·I1l('lIl of <11')' :llId 
I'l\.ill\' dll)'''', TIIi;.; Illi1,\' hn\'(' hl'.'11 :l.n(i('ipnll'<I, :\lulIY (YJll'S of SlOl'lllS 
({,lid (0 l:1s! IOIl!!:I'I' tll:l.11 :l "ill!!:II' d:IY, III ntidilillll, sill(,(, ~,~-hnul' 
IlIlIOllllh WI'I'(' lI~pd ill ('oIllJllltil;~ <!nll"I-,dll, ('\'{,II :1 shol't S(O!'1ll Illig"ht 
r"I'qlll'lllly 1'(''':ltll in (ht' !nIJltla[ioll 01':2 day;.; or 1':1 ill , sill(,(' till' ;;Iorrll 
IIli!!ht pasi'" IH'('llr H('ro":": lIll' :ll'hitl'tll'Y lilll!' limil diddill~ two d:IYS, 

Tilt' I'iIISi('I'illg' or dll.)'~ or rainfall <1;)(''': not III'p('lndl' tll!~ pllssibil'it,\' 
111111 Ol)!'!' II dl'\ ppriod 11:1": b('\!:llIl nddili(lllal tlnys of dl'oug"lit 0('('111' 
Ht I'tl.lldolll. This l'OIl('I'p! \\';lS I'ptailll'd. alld drol/~It( pm!>n hilit,\' \\':\S 
dl'fhl,'d ill (prill;': of IlllIl")I'r of dl'ough!s :tlld (olnl 1IIII11b(,1' of c1:1Ys of 
dl'llu~r1I( o iJs., I'\,('d, withoul 1'l'~Ilf'(1 [0 til!' distributioll of dnys of rain
fall.' I~y tI('rillill~ d\'flll~dll JlI:ollHhilily in tltis 1Jl:11111('r, til!: fit of till' 
tlwol'C'lic:l1 distributions \\'IIS ;.!I'(':ttly illlpl'o\'('(1. 

(:2) III fUl'th\'I' ('OIiIPIll'illg" litf' tll(,of'('! i(,:l1 a.nd til(' oilsl"I'\'('(1 drought 
distl'ibutio'lls, it '\'as found tlmt t1H'I'P \l'as an ('X('pSS of obs('r"l'd short 
"dl'Ough!s" (I to i') or 0 days ill II'ng-th) and :I dpfi('iPIH'\' of long('r 
dl'OUfdl!S, Iln\\'("'('I', lil(' d('[i('il'IH'Y 1'I°lpidly disnpIH'lIl'I'd w'ith hlC'l'('11SP 
ill dr()lI~llt I ('ltg-li I , :tile! 1'01' droughts IOIlg-('1' thnn I(i to 20 dn,ys th(' 
l'xjl('('(pd distriblliions IIdi'qlllt.l{'I~· l'('pl'l'sl'n('d 01>5(,I','(,d ('onditions. 

Tlws(' l'l'SltltS lllay :lIs!) Ill' ('XP(,(,tl'd 1ll1'\('ol'ologi('aIly, In mallY 
IIn'1l8 fl'ontal pr('cipilll,tion o('('urs /1.( irl'('~ulllJ' ill\PI'\'a.ls, n.n'l'Ilging 401' 
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ij tllI.ys nplll'L 'l'og(l{lipr with prl'frollllllllild p()~lrl'()lItlll ~1i\J\\'("'~ til!'fH' 
l"P('UITl'nI fnmlni HlOl'lllR would 11'1)(1 \0 IIm!;.1' Rhol'l droughts IllO/'(' 
lik('ly tllllll I't1llrlO/ll ()('('lIrr("'H'(, would illdi(,II.!l'. l'lldt'1' ~ueh ('ondi
liollS, df'(lIl!..dll~ of Illod(·/':I.l(' Ipll~lh I;> 0" (j to HI 10 ~o du.ys) wOllld h(, 
0\)8("''1'('(1 It:SR rn'qll\llItl~' Lhnll f;lIli('ipnl<'d, !loW"Y\'r, i,; til(' (·us\' of 
long\'/' droll),!!lls ((WI'" I(i 10 20 days) til(' I'nC'lor of ,'C'etllTl' II ( f/,()/ltnl 
pllssugl' \l'ould hC' IlII III lllizl'd, sill('l' II drought of t1li~ 1('llgtll \l'otlld 
il\di('u\1' {'itlt('1' thll.! sonw lIltllRllill IIH't('()l'ologi('n.l ('on<iilioll ('ILIls('(1 a 

1)f'(lltk-do\\'1I ill thl' tlsuld pat (('I'll of I'P('I/lT:'II( 1'1'01ltn.1 prC'cipilH.lioli. 
01' lhill t11{'stntioJl \\'/I.~ ill IlIllIl'!'1L ill whidl p"('('ipilll!ioll wus ill 1'1'('<1111'11 ! 
or not j.!(,(\!'l,ttlly Il~s(l('in('d with fl'olllnl pnssngl', 

Sin('p obsl'l'\,l'd ()('('tl/TI'IJ<'(' of IOllg dl'oll!.dlts \l'US IId('qultt('I~' I'('PI'I'
sPll\('d by L111' tlJ('ol'l'ticlIl distrihutiolls, thl'Sl' distrihutiolls \\'PI'(' tls(>d 
in l'stimil,lillg fllttll'(' drollght II:tzurli. III ('slilllll[illg drought likpli
hood it \\'n~ '11('('P;;;;III'\,, O('OUI'S(>, to ["k(' illlo ('OIISi(I('rnfio;l [iIp fllc( 
tllllt till' pnrnmp\pr:-;' ll;;('ci ill ('ollstnH'lil1g: till' dr()lI~iI\ prnbnhili\y 
('un'('s II'P)'!, 1I0[ kIlO\\1111 prilll·i. hilI \\'('1'1' oiJlnil)(·d 1'/'(1/11 oll;;('",'pd dalll, 

Through til!' II~(, of Ihp (I'('hlliqlll'~ d!'\·p(n(ll·d, it has iJl'('1I SIIO\\'1I ho\\' 
drought llfl,zlll'll ('nil b(, npproxitnnll'd whl'n' tlH' Illinimum ll'ngth of till' 
required drought lind till' lim(' inll"'\'ld within which it mll!;l ()('C'l/l'w('rp 
n<ijusll'ci HI \\'ill. :\1'\('\'(Itl'Il'~~. th(, hulll'lill i;; pl'illl:l)'ily a IlIdho<lo
lo(!ie study, Onl\' 1l1l\' llPlillifioll or drought hn;; h('1'1i us(·d, alld fo/' 
tI;II,1 d('liltlli()11 tlli· dlllll IIIIYI' \)('1'11 PI'P;;('/lll,d ill til" IIlOS! u;;l'fu( fmlll 
rOl'ollly /I Sl1l1lpll·sllllioll. IS!'(, fig,li.l IlllW('\'l'I'.Il!(,I'p i;; 110 appal'('llt 
['1'1\';;01\ why thl' ['I';;ults n!,;;!'l'\'I't! ill (IIi" ;;\\ldy "IIollld 110\ Iw 1'I'Ill'a\('d 
with II ('hllllg(' ill dl'fillilioll, If til!' (IPfilliLinll ('1111 1>(' ('hnngtld. n s('rips 
of flllllili('s of ('\I/'\'\'S sililillll' tll rIg-UI'(' n ('lin 1)(' pn'plI/'(,d rol' nn.Y slatioll 
or fl{,Pll, Th('s(' (,Un'PH \\'ould tnnk(' po;;sibll' tlll' ('sliuHltiotl o( dt'o!l~hl 
hmwrd wlt(I/'(' till' dl"(jl1it.ioll of drought nlso ('HIl 1)(' ('hos('11 to fit thl' 
problC'll1 n,l hlllld, 

('OltS t I'll!' t iOIl () r flU II il iI'S II rslll'h ('II I'\'I'~ 1'0), II Itl I'!'!;!' 11\1111 bl' I' of S (n t iOlls 
i;; /lO\\, ill Jl"()~/'(';':;;' Th!';;\' (·t/l'I'PS \\'ill bl' of i;igni'fi(,lll1t \':tll/I' (0 ('liI1Hl
t()It)~jsts. soil (·OIlSI'IT/lliol1ish. tt~I'01I!Hllist;.:. IIl1d nt!II'I' seil'lltis\;.: 
wilo' a)'!' ('()Il('('I'Jwd wilh tht' (':ltlSI'S 'or I'f],['!'\s of drought. 

\,\TE\{\Tl'\{\-: (;\TED 
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(i) GOI.D, ).;. 

l!)2!). ~O'l'\o: ON 'l'IIJo: 1·'lmQ\·I·:N('Y !lJo' !l('f'\'/lIl"XC·I·: OJ' RI~Q\'I~X(,ES IX ,I 
HI·;nlJo:S m' \';\,hXTH <n' TWO 'I'rl'l';'" H()~. ~1C't. Hol', [Londonl 
(~II:Hl. .10111' . .'it): ani aDo. . 

(8) 	 C:l!I;:r;XWOOD, .\1.1.1011, alld \'11.1';, (;, l'usy. 
1!120. AS IX(lrIltY ISTtJ '1'1110; S.\1TIlI·; (IV Vllf;l/I'I·;sn' flIS'I'HI1I1"I'I()X~ 

l!l' II I"X, 

InOx 

10, .\111\11 

II):Hl. 

II .\1 ()Ol), 

Iml.'HI·;~I'XTA'J'I\· J-; of .11 I 1:1'11'1.1'; 11.1 I'I'I';S I "I;,.. \IiI h I'AIITII'\'I.AH 
III:Jo'L1tI';!'.(·I·. I,) Tin. (wet HItI·.,(·I·. of III I.TII'I.h In I('n" lH' 
lJ I ,,1' •. 1,.,1.. IlH III· Ilhl'l·.ITI·;1> It'('IIII, I.... 110.1', ~Itlli,.,. ~O('. ,lUll 1'. 
x:3: 12.'i.)1 2i!L 

,11'1.11 s. 
II. 	II.I,\IIITII d(,1' h.1.I\LI'i'UUJ(ln:. ['Illt.:t'lll'b, II. 1'1'1'111. Alltl. 8, 
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