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Oe< I'IlEi\OLOGICAL DEV[:.op~t[·}n

t';O!v',/EDIS, C('nttr fur :':r:vii-lHlr-:1L'qtal A~s{'ssnwnl S.-r\,jl't·~l

Cl,1}Ur:,;'iil. ::i-';<ll~lri

\"'ht'(1t yi":':'1d r;,odt.:l \..',-~s dt.·vL"lt"\p~d for h:lrJ

rint: \..'ht·at In ~~orth UJk,>t~, u~i[lg lli~t()rlc;11
f~lr crU;l l··_'portin~; districts ill COI,jU~lC-

itn mct:t.'ol'('1(1t~jc;!1 prcdiclur \''-lrlaLI\·~;
Iln wCt:kl~,,' (j'll:l. Tilt' f:H·tL'nrologl('al data
'~P'c,;:lt~'d ,h'cl.)rdill~ tu il:::svrv(·d rh~,'n,_)l\-;gj-

J,',I. 3. A ~,imi };-11' l::tldt"'l \·:_i'~ dt'v(·IUpt·.j I-UI~

,-,.1 \..'ir,L r \.:h!·clt il: r:~:IL'-~~iS.

In bnlh tllL"~l' :iil1iJl'l~; '.'. lL·rcinill'1' t:,,· t t"l'il,_i (II

in'c!"l':iSt' d\ll:' [p tVCI111l11t1(,il. ,j! ill~ll~\:,l[ i,~:; 'I ·••.• 1';

<J('cn:-;-:r·J ishvd hI{ {ittinf, .In (':-:p~)nl'nti,ll 1\)'1, I i(lll

t u t h \,' vie 1J J;1 t.J h Y 1 (-, t S t ~;(~.lcl r l':-:' • i:, -'r ;: J I t r v :1d
for cnJp distr il-ts ill }\,J:l~:l~; ;j flilt ~(.·ni;l,-' ,j till.'

curVl: at 197K \o,'a~~ furt:l<d ;-:lIlJ thL: i:l;-lt~l'r ielll (h1int

thar rrodlh'£·J till' s~.l.:1l1est sLtJld,Jrd l'll\vi,Jt in:) \.~,l:~

tL(':1 dl'tL·rminL·J. In :~urrh !),lk,\t:1 .1 ;-,1 f.::1L ·-,..idi-
: jC~jti\ln We!:") liSL';.! illr t·~.( i,;I~jt illt'o l r"c;;.: ~.' Cfii.-·

crllr cJistril,ts. l'il,: Cl't.'nd \....,j~~ ,:j c,;"~·i!~_!1 i,Ii'~ l)f .•
1 jl1l".J.f t"lilict i\J!1 llll',:U:':1 l(.'·~() ;l:ld t':·~.'.'~ll'l1l ii! I
f t1 n ....· t i ()1'1 in t Ih' ft '\ IlL ",,:i i1;~ :" '.- <_IL-; '..J i t L ii, Ire' l d
1UllCtUft.' (it 19-:').

\~. the ~'J::rt1~ [l,lkOlrt r:h':-del tht' rL'portl>d
!' flC~!l ~;ldt:'~'::';'.-h'l-t) :;r:-,'_l(lt.)'l'd to dt'tL·n::ine

di~l:1 ',d~L' t(Jr L'iCit :-";:.; (, in L~ach ct-ofJ

3. ~!uDEl. FiH~'l

Int~ (~i~;tric!. (l_~f:~)).
1 e f Cl! 'i !;d r tic ~:; ~-l~.

'I iI\."' :'!~:'.l~l)rol(lt:i.('i!l
S[di~~' ',-:,1;-; till'll \-,'I.·i::!ltl:G

..' thrl.l' \....,_:(-;.~ pL'ri"d c'-'nt':r-;l~t-: (l!l tL\...' ~""_''-'k
:.Jlf c{ Lh,_~ l:rop rL'':'J,,:lll'd tIJdt st,J~~('. rhat

·'t~··C~-'jVr.·,J t'...;iCl .:..1~ ~riuch \..'vi;'::lt ,~1~~t.'dL'!J of

\',. J

Ii.

~ + ~YR + i1.j. + ~ ~
i~] Ii

lng, t.'!.,,-'il-~l-Il:'£·, .je\inti['jg~ L'ading, tLri'fllg,
;~H!D~j, c\ ,~'i:-:~~.J, ~i-(ld ;::waLL~_.j.

It)I!) .• \ tut:11 nl jCi ,-;l,tlillllS ',·:l·ft.· lI:;vJ

:·th n.J~~ol,j. ~-fl'L('(ir~)l'-lr,ical \·<triablt!s C()t1-

J fur tLc ;lcrtj} lL:kClt,J r;,oJL'] icclud{·,i:
'il~1~_iu:l, !I:dxi:~lu;':1 tV"lll'raturt.', r;:inil:_lJi~i tt'lil-

,jrt'l IT1_1:~i:·~~tJ:;ill'\~:IJ('r.I[lJr\.' :d~,1\,1.~ lJ'jl'i' nr

, Ldni!:\l,.! tl·:'!;)t'rat111-t' li.·s·~ r.h.11l ':'lJ;'F ur

:r,[,Y.,dn~', d~t'r'_'l' U<l\'."-;. s()il l,:\.li:-;ttlrl', d,\d

\..:hL'rc j v:1rics fer l.·.lcll Ll'llP Ji:~t.t'ict, Ii i..; tht."
nu:::bc-r of h'L-,fthvr tl'fi;::";, .~ -i i~~ ~_!!l' tr'L'lld f ~r;:lp
cistrjct i, !'J, is tilt· '.'t~:lr-, an_l "'.']1 i~ tht' i~i\

••••••L'.i t lil' r v J i" in1-·1 i.' fur l' r l'P d 1:--:~ r J [ I.

~-:()rk ()11.1 nHl;Jt·l f(ir ti,i:-j .lrl·,l 1_--'; )'rl'\.:L'vd~"I" ,.It

prVsl',j t •

K:dl :,1'; tilat :~:i~ Il, r hLl.';l !",--~;q-,i T!;l: L·;i:-->l,'rJ)

rfii(l1 df r:;l:l'; lei •.;~_"-.,,." ••; ;3 ,~;rl~'r~'l~! r, 'j-l~;l

Ail rhl' crlJII dl~;t r !lct.-~ in ~~,-"rL-:-:D.:I~~c't~l 1".1.·'(","

used ill [I sir,;-:] c r:-·~)dt'l t:1L i:1~'1 L-,:;:-)lil~'. rh •.. !:l:~~ ~)l'r

(; t' (~~)~ L' rV:1 t i0II ~J f n J' l' ,.;t i ,t i ': ~' .: Il' ~ :- . \"-'Il :II I !)

'h::,"· t\·; WLL'ks.

"ter (1')/3) d.'v,»opc.J thp v:lrLlbl l''; for ti,e'
!1)(\dL~l. In r:dl~S:l:--; !,7 ~;Ll t: iClns \·./L'r(" l1St'd

lVl' tlit., b.:J.~~i(' l-,lL'l'kly d:1LL Data \.h:rL'

~ ll·.•.•('r rt'F,n-tt·J P:ll'!1\Jln:c,i..:'al t-;l;lg<:S. Tili?

,)gic,'ll. ~;t.'l~~L':::, l"l'j10rl,lJ \..,1,'rl" (Jleillt ill:--;,

,l'i-'" 11C.Jdir:g. tL;f~";i:l:~ .• ri!'l'i~i:l~;, .1;1:1 hdr-
The j(jjn~il1~; (;att: \..:.15 :~:i~·<~in:.!, fnr l;jthc~l uf

I:nplc so ht'aeJill['. ,latt' r;liILJ·~ ~1 d,J\'~ \",1.:iS

Prt>dL,tor~~ t·:-:;I:l·jlh·J for lLL~ !:lndl'l ill~:ll\ih·d
'! Illh'in~~ vari:lhlL's '''~L'fin\;;J (\\'l'r Sl'!l'ctL'J
)~~icdl st.Jt'Y~~: SClil rloi~;turt.·, rIllll--;tllrl'

rat io, lL1.xin:d;;~ tl'rl:;H:r:--1tL:rt~ b('t\·Jvt.'n4~:,,-,lF
)"F, mt..:'Hl tL'''q\E:LJturl-' hl.,tl.,iCL'[~ 68uF dnd
• r\axi~·:t!:il II L:l'l'r~i[l~r\.' ~rL',lt('r th,JI~ ::~r'.:ci-
hrvshold \'.,llil', p:inirnL:':l tt>Lij)er:Jtul't.' lL'sS
~~'_·4'ifii.·d tttr{'~;L{)ld \':lltlE', dl1J prv\_ipit<t-
rL'~:t("r th:l~l ;1 ~1IJL'cifivd thrL's!ll)lJ \",)]'lLc•

TrunC:ltt:'d :~h)J·,'ls ~1t. l:i;-ft'~L'nt l;;lll\-}l~;I:ical
Sr'--I~>'S ••.•'l..:rt" .11.'--1ll dl'v('lllj",·d. jll'-"-," .-11:')' ...' 11.1::'

c>.;ti:-:-':ltl·S of filLll ,,'i,'ld l':lrl jl,,'l' i:'I tL~' ·;(''..:inj~

S~'r:S\)t; '.•••} tlkJlJl r:ukin:...; ;L~:,IL~,'JLjlill~'; :1~Hl;ll !"li: 1;(L'

Wt';lt!JL'r. A St'P;d-,i!f' ~'l·t i.11 l~dt.·: 1 Jl ll':l!...,.j in
S:';'L· i.a-->L'S dj~ lvr,·;-:r vciri:i:\lt::; :lfL' '.J~~L'\.' i: thl.'
t.~,jr}il:r truncdtll):l:,.

rilL' prl"Jictlirs includ~',! i,l l~i(> mi,\;,_l for the-
fine'll truncal :r'l1 ,it tll'_' 1~1: lk dlnl~~h <-;[.I,\'l' i~l,JtlJ('
Uit' ttllll1wing \'':Iri:lbl\'<-; t ••.•itL ,"'l,ffiLil'r:t l....;ti-
l;::lll's ,1:1~ SLlfldard d~" .•.'i_lt [,-'11" It',"';:h'\.'li\'t';' in

pdlt·nt:tl""1l"s: trt'ltJ (.H~, .(:(~); Vt.-:lt" (. iil, .d~);

rl:Jxil:,u; [t:rip, r~t~1.:r,' ,ll !ll:t~l{ irH'. (,(1-', .C \' ~ l,~j;;-

inlll\:; tt·;T:jJt·rdtl:rl,;-d j\1i,d i!h~ (-.2 j, .U',):, 1l111ni"r
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at days thl' maXi~lUr.'l tl':~ipl't;ltt\rl' is t')re;\t~~r tllan

90°F at jointing (-l.H, .29); IHlrch·r of dn!,,,
the precipitation is f.re.lt.>r th:ln .2 inche;; ii'

jointing (1.13, .29); nll",:'l'1' "f lh::" thc' to:l:dnulO

templ'ratlll'l:' is t:r('at,,1' th"n QocT at lll'alii"
(-1.42, .24), ",a:d:::\l11) t' ....l'l·I'.:1t\lrc al ni 1k d""f~h
(-.53, .(7); r.dnim\\irJ t<"cp"ro1tnrv ilt milk ,ioClI·.l,
(.23, .09). Tht' vzniahlL's for ('i1/']i"r tnmc.ltions
w{~re the sane \""'it11 the r:il111::qm txnpc-L1turt' ,-It
cmergC'l1cC' Ctlh] tl\~-> IllPllbcr nl day~ v:1Ltl prl'cip~t.:.l-
tion f>rtO~lt("r ti1<1~1 .1 incI,' <.' ~-~t: 1'1-li\~ t '"'.1', \11~~c'
includt'd for the r:~lldcl at I )ll1t"ill,::.

lQ~:l rc~;u] ts fot the t~(lrth D~lk{\t,l F,l)C~t'1 f ...:,r
the final truncation arc sho','n in Fi~llr0 1.

growrh of th(· Ctop hic;wse of (h·L1y,'d pL:1nting.
The modr'l did Wi'] I in ass0ssinr. the impact of t

"'eathvr. Tl1<' mnl!el for ('stic1:\t ing the wintt't ,.
viL'ld may not sh~)\..' ~;'.l('h dr:1r"iz-1t ic ('(lp.:1bi 1 i ties
lH'catlsl' (,f t!lt: fact th"t wintl,!, whvat phenolo;: .•
lwt ic:paCl('d as dr,l'71.:1tica]lv bv th.' weather. I
is mure timv to plant in the fall and dcve!"pffi'
then tL~nds 1.1 ~dlO\o.1 1e~-;s \'~lr l;lt ion in thl' later
stag<,s. Any ahrupt ch.1n;.::'E' i,l tC'chnulof,v due' t'~,

such thir;;.::~~ t'1~..;ch,'ll1f:.es in the [:inn pn1,'_r~Hn, or
l':·i('('/co',~- con'~ldt~Llr--1,:~:1.S- \...>51] nffcct t-ht~ 1('",1[')

\'i(1~\ 0.'~ \'<t i':I,~lt('r.l hv lr~p trl_'lld functi,"n. T111'
i",t'\~l-l (:(H'~~ 11.1l \:,'\\"l-' t\~.- c,1t"d.ility of ;!;-;:;I'~;~;i;-,

tl,li::.~. At~(l lht~ ir.r~;1l't of S.l'\"l'r •..' di~-:f'c1S(, proh]l

or tn~cct infestiltionc on yiclJ will he missed.

Thl' par1y 1950's Wl'rp ;1n jll.jI_'Pl'i;r1~'nt tc:~t-.
Tbey \.:('r(~ not \\~~c'd in dt'tl'rr-ll'.il':,~ \"lrl:lt)lc~) fClr
thp r,ode] or in ('~~ti~'l<1t in,~ C(1cf fiei l'~-It:c; h~'(.:1U(~l~

tht' phenological d'-lla \.Jlr •.. l:trclv r, ',)'.~rt('(i, if
:"'~"t~;~~~'::\.~'It all. To psl i1:' 1: I' the ph,->n!J]c,,~ic;ll
data nl'CCSSLlTY fn}' t i'~~l ili~:thl' 1",l,d •..'1 ) rc'port ,-:,
from the ~'iL'C~b~_:,~_l~'1."_\(:'..r_ '-11_I_J_.Cr1ll) F,'.lll in V'I'! (,
used. lh[,~:~l' pst ir:iJtcd lC~t ('C~ (11"" 1; kt to ['l in
error. The latpr test YC{ll-:" Indic':ilt'U as t!:i'

buotstrnp tco't in th,' fi,"Jr", ,,'nit lh1\ ",',ll' i,,\J
all latt'r Y("lr~:; wll(ln L'stin;t!j~1,', the' (")i.'fficit'l1LS.

Ih0se e,;tinatL'S folIo'" the rlctl\:ll~ fll\ct\latil'''~
very \.}('] 1.

Th •• inJvpc'nc!vnt tFSt \'L.lre; l(1)·',-lglf, "'"n' n.'\
used in f"lllH.'r thl~ S"]l'Clil_'U elf V;lrr,Jhli'~; f(~r t\l;'

model or in est ip~:\t iC'll t)f th,' CDl,ff ic it.'ut ~~. Thf'
model l'stir>',ltt·~ :lrp in tll'~' ('orreet dirl'ctilltl
<:llthouf,h tlll' C'sl in;l[c for 1(/7:"') i:~ .'t1-)(·qt l.q l~~l~~h-
pIs per [1('[(' tnl.) hi;.::.h. rhl' r'~.:;,ti;~.it i_'~~ fr"l:l tl\i-'

t~~lrjil'r truncati(';l~~ in ltjl-~ \..'l'rl' hir.ill'r t!i,jl) l~,,-\
final cst lfjl,-Ite so Liter c:;t ir.ltc:~ \..Tr~t' [::0\.'111)', in
the prop"r direclio". T11<' ]971. ,'jrl<! Wi1~; 10·.J
and th(' mou('] p,.;t imatpd t11 i~; Vl'r\' ",,,II. A,; in
197~)t l'dr1 i.cY" tr\llh'<.lt iUll~ I,..·(·rl' hi:,',l1"r, start inf',

at 28.3 {,,,s!\(']s pI' I' ;11'1"" ["I' t1,,' ""ticl.\ll· ""in',:
just lrl'nd ,1nd (h'cr,_';\sinp, ~tt';Hiilv tI1rl.~tl',,~hi~ut till.:"
~'.ro\,'ing ~~...';l~(ln to ;l, fin,',l l':-;t i~;hltl' (If :;0.7 \·:Lt'n

tht' ilctuu] was 20.).

Fddy, A .• 1~)77. Cnllclr:11ng 1)l'\'~>1llpm{'nt ('If Sec,
C(\lH-r:ll il'lJ Yield ~';\.)(~l·1~-.:.. Fin.ll Rt'~"drt on
Fvdoi\l r.rant-l";iiC (:;ll.\A) (]!.7-1,)S-' •.',()()O.

l>nt.'r, E. J., 1(177. C1i",.\t,·jYi,·!,1 R,·1.\til'n~\1i
fl)r t::ln:~,l'; \~intl'r f",'hl':lt. t-~.1~-;l0r's- Thesis,
Ih·partr.~{'nt uf !'It:'tl'~-)rolng\' _ l'niv0rsi ty of
Ok 1 rihp\y\.-l, NOrmd[).

J\~l (.f thr'~;(' Sll'~l~~ take t(,Sf'urc<s, e~':'p('l'idl
\...1; \ (, \l t l';-; L 1 t,;: t h (' f'}' t' r n +_ 1()n Ci f t iH? ~1;~')UC 1 s • T lH~

1 ;1 r ,',' ' ~',t c ('\'--:l \<;ll U 1d :~~-. i~l t L c' In -i t i alL' s t ,: b 1 1
(' f t l;l' ~'y:;.;,t t~-:I, tIll' Iu,:..: i '::..." c(~:·,:,u tcr, t rilnsn i ::-;--.;i l-'~'

:!nJ p:-()t-~rdf; ,-' t(t r;-I,1kl \.'per.ll ior. of these m,I..1~·l.··
aut ,it-i(: ,'1'. P;).";~:;iblt-'. OnCt' cst,11-,lislHCld t})(-',-.:;

\o..'("\l)~ rCCi',lllt' nu1y t',,1~tlt.f'nanrl' and h~1ndl ing t.,f

o. CONCLUSIONS

If r"_'::t'l~' of thi~~ t:';-'~" ,lrt' to provide ir::('l

t it'n. th~lr iilfe't:;1dt iOIl !::u_~~t he' nil lr-:prnVi::n, :IL

\,'h:lt i:-~ I'[ t' -,('lH Iv <1\',1 i \;1':>1.,. \';i1',':1 :lSS[':-~~~ic;',

i~r:pr\1\'c-l:~ Tl, S("'('ral ;;-'t...'cts ;1rL' r\'lcvdnt· '.'-
('~:;'~i II lrl' ;\('("ur;Jtt"? Art' (·~_t17;1tc~; !'~lUrc I-

\','l:lt for ;:n';!~; t-hc :~i?(' ['If crojl dl~~tricts? C-1~\

(>sLir_~:1t('~; bl' prov_idl.-d ~(Il)n C'Ih)\l{~h and- at ~ii-';"t~l'll"

atl' t:il'~':'~~~ Thl' rL':~ull'~ thus f<l( indicate f';CH'\.~

in f ..1 r n1..1 t - '---'q \ ••.':i n h(, p r (' '~-j r1, ~'d, b \ I t f u i t h(' r tv s t- i ',.
i~·~ n"-'{~l'S::; lrv ;,cf<lrf' t':~t i::l':'llt'<:; fror1! this tyP(' ii,,'

Zlrf' ()pcr.-ll j,H1Ltlly pr,y.~id~'d.

This typf' of f!lL~d,-,lhas .1d\'antdgps {1Ild disa{l
V;1Ilt;l5~PS. TIll' nu;--:,h'T I,f ~tat iuns rcquirc(l to
pr(~vid~' r~(-lf"~i()l;'ll',il.-,i.l d'-ltd ,1t tl1(> d(,\1~:;it:v \.lS('l:

{-:_,'\'(L-\pini~ tll': "Ivl~.; 1:--:' )".It';ltl'r tL:\n thl' lHltil')1

\..'hich \'t'l'~'_('iILly rcpl.)rt in ;1 rl',11-i::il'1t~ 1~\fJdl'. C\
It:·C'tinL!, thi d:1t~1 to pfl)vidt, '~)rl'ratii"n:tl l'stj:1"<-ll

fl\.li:, the' t\~\.\~!\..'ls thus \ltce~~sil.'\t(:::, L'ithcr intln'
l;ttion of thOSl' st:lti,_-'lL-; bl'ii;~', rt"'ct.'iVl'd or cul-
l('cLl~;n c,f d.:lla fnifT': r~,.1cr-. statinlls. Tht! fonill't

jncur~~ CTI{lr :!nu th!' l-"'l:ter t;d(l'~; pl.:Jnning, 1:1\,

cr.rlti{)l1, £1nd r.I'C'!\:"Jrt'L··~' at s['\,('r:11 1evels inc-lul.1
nb:;l-'r\'i\1.1',. trL!1i:;i~:ittil'\:'~, co11vctinp" (pL11it ....
cllr:.troil ~L::;, dlid tl~-dni', t!\l.' d~lt;L ThL' ph(,tlolo1~"
st,IL',' r>u~l ':'l1~~~) h(l ('It)Lt.:r\vJ l\[ C'~;ti:;\:ttecJ.

•. "".1 t \'. ~ t •• \

,.

"
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~..
" "
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~

'O~Q

r1€,urc L

11)(' ~"j(Jl·l ror K"",;,,,~ j,; ';l i 1\ \>.'il1" ch('ck,·d
and tf·,;t l·d and ",i 11 "t' \,1'('s"l1t ,·d \.;11"11 "l'rk is
comp 1 l't l·d.

5. RESliLTS

R(,:-;\ltt~; ('In tlil' North f),lk"ta Iti()(lt'l 1(\(lk f,lll1d
(>~:;pt'ci;lll\' for th(, lq7/~ l')[lJl vil'ld \,'hi('11 {'xpl,t'i-
('11('1'11 1·!)11·;i(\1.'r;11~\I' \!l'vi.lt if'l11 fl·l'~·1 tl\,' 11,11':11.·11
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