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STRAC 

A chaatic aod 1 11 propoa d for th evolution f clowJ cover. 

In tbi1 • od l ch of the four obaerv bl 1tate1 (clear, partially cloudy, 

cloudy, and ov rca t) is aaeum d to be tbe image under eome function of 

two t t of an i ht ata Harl ov chain. l1ti tea ar given of tran•-

ition probabilitie in th ob• rvabl four tat proce •· Table• which 

allow a 8 I nt of th accuracy of t e1tlmate1 and of th aoodn •• of 

fit f the mod l ar al o provided. 
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, 
1. Introduction. Th purpoae of the inv atigation under tbia cont­

ract ha• been to propoae and t at th fit of atochaatic. aodela t ·or the 

b \,viour of cloud cov r. Severa) IIOd la, diacu•••d in atatua report•. 

fail d to fit . data. >n th baais of vor done by Pos (2) a aodel· vaa 

propo ed io vhict, th ob rvable. atochaatic procea la aoae function f of 

a ~rkov ch in. In th ob rvabl pt'oc ••• each atat i aaauaed to be th 

lug und r f of two atat • ta th Markov ch in. Po~'& work h be n genera-

11& d by Dharaadhikari (1) and, h nee, will not b publiahed. Th at te1 

in the ob• rvabl proc I r : 

1. Cl ar 

2. Parti llr cloudy 

J. Cloudy 

4. 0v rca t 

A pr liainary goodnea of fit teat va carri d out baaed on aix hourly 

data for loaton for January. n e computat.ional llethod va1 propo1 d by Rubin 

and appear• in (4) in an iaprov d and generali1ed fona. Th pr li■lnary 

goodnea of fit. te ta indicat d a ocid fit and work vaa undertaken on teat­

log the ·110del for t r inder of the y ar • a till u ing lo1ton data. 'nle 

follovin pa ea rear p rt on the outcom of th e computation■• 

One oth r line of iv 1ti ation v I initiated by Fox (3). H propo1 d 

a 110d 1 for tbe b haviour of th fair veath r cuaulu1 coaponent of cloud 

cov r. T 1tia, of tr. model r quire■ data of a type not pre• ntly avallabl. 

Pox ntion refinemeut ■ in hie od l which app ar n ded if th re 11 to b 

any hope of a r aaonabl f i.t. 

S ction 2 contain t le of at 

each of the four stat•• for 8 ston t 

ted conditional probabilitie1 of 

• 1ix ud t lve hour■ after the 

tr cot obaervation li"•o the tat• at th ao■t rec nt obaervatioo and 

al& or twelve hour■ previou ly. Spart table• are iven for acb 1DODth 



and :for the moat recent ob■ervation ■ 't (l) aidnlabt 1 (11) ,6 ,A. f. ,, (ili) noon, 

and (lv) 6 P .M.. S ction 3 contain• a d cu•a,loa of tbe. ·reltabilltJ' of th••• 

eatimat~•. Section 4 i a di. cueaion of further i:•-rcb •u 1• 1ted by 

reaulta obtained und r th'il co tract .. 
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2. The conditional probabilitie. Let X b the 1tate obaerv d at 
D 

tlM n. 

( ) 

(111) 

of ay. 

P r any 1tate of {X let p ( 
n 

B) b th conditional probability 

giv n that th pr 1ent 1tat 1• • that h paat va1 lo the• t A aed the 

futur vill b in th tat . It follow froa (111) that p (A I) d pen.di 

on th pr Int ac,ntb and ti of day. 

Let A1 •... A• b It f pa ta and B1 •... 8
0 

• a ta of futur 1. It 

follow• froa (1) and (11) th t. for each 1, j, ve hav 

(2 .1) 

for 1011 nonnegative function• a1• o2 , 81, s2. Dence the utris 

• 

p(Amc B
1

) .•. p(A c B
0

) 

11 of rank at mo t 2. Dhan.adhikari' 1 vork hove th t a111ain thi1 Mtrix •• • 

11 of rank 2 impli•• (1), (ii), and (111),abov. lf { X } ver 
n 

lar ovi n, 

thi• utrix would be of r n 1. W 

of p 

ve consider d the following .ght 1et1 

A1: Cler ■ix hour• a o; 

A2: P rti lly cloudy six hours o ; 

A3: loudy six hour a o; 

A4: 0v re at au hour• ago ; 

A5: Clear twelve hour• ago ; 

A6: Partially cloudy tw lv our o; 



A-,: Cloudy t lve hour a .o; 

A
8

: 0v rca1t tv lve hour• o· 

and th 1 ht t of futur 

11~ Clear aix hour in the futur • 

12. Partially cloudy ix houri in th future · 

. ' 3 . Cloudy ix. hour in the futur 

0v r,a1t ix hour in the futut 

B5: C.lear tw lve hour in the futur 

1
6

: Partially cloudy tv lv hour• in th .future · 

B
7

: Cloudy tw lv hour in th future.; 

B : 0v rca t twelv hour• in th . future. 

Fo·r br vity l t p1j•p(A1 Bj) and let nij be the nuaber of t.1 • 

v oba rve at tbia hour in thi1 mouth th etat , prec d d by•• qu nee 

of tat in A1 and follow d by a• qu nee of atat•• in Bj. We eatiute 

the. pij by th thod of maxiaua lik libood. Th t 11, aubject to (2 .1) 

w maximize 

8 
(2.2) TT 

The coaput tiona v re perforaad on th CDC 3600 at Micbi1an State 

Univeraity. vton' • thod vaa uaed. Thi• re.quire• 1etting an initial 

approxiution to the eolution and it ratively improvin1 upon it. Thi• ••t 

be don for each 110nth, time of day (midoi ht, 6A. '. ., noon, 6P.M.) and each 

of th four 1tate1 conaidered a1 the 1 nt 1tate. The iteratiOll8 are 

cont.inu d until tvo succ 11ive 1.terati na yield the • anavera. 

Having ~;ci t d th pij we nov viah to e1tiut the conditional 

probability that t.h future. will b in Bj iven that t paat vaa in A.i 

and th pr 1ent 1 ince B1, ., B3 B4 are autually exclu ive 

-, -



4 

ad ahauatl"• qi • t pij 
j•l 

t prob bility that the pr aat atat• 

la c ad tha paat atate vaa in A1 . , nc p
1
j/q

1 
1• the c0Dd1t1oul prob-

abtltty that th future vtll be lo j 1 n tle preaent state 11 and 

the put v lo A1 . U1to1 th eutiaatc1 of th pij yi ld atiutea of 

the ccaditi al probabiliti •· 

Th data ua d ar for Bot for l rch 1945 to NOY r, 1961. . 
Tabl • 2.1 to 2.48 glv the d aired 1tlaat a of condlticmal prob-

ab111t1ea. s parate table• ar given for • ch nth and tille of day. 

The atatea ar n\Dber d a• follova : 

Stat 1: Clear 

State 2: Part.ially cloudy 

State 3: Cloudy 

Stat 4: 0v r:caat 

Ro e1tiaat re glv n of on i tional probab111t1 • for July iven 

atat 4 at nooo d ■ tat l 1ix hour• rli r . Such 1tiut • cannot b 

1ven sine th condit n nev r occur in Do too during a July in 

the period covered by the data. 

W nav conai er ex•pl • to ahov llov t table may be ,, d. Suppo e 

tt 1• January and the 1101t r cent obaenatioa v a at lllidoigbt. At that 

tiae ••• th aky vaa partially clcudy and that aix hour• earlier the 

aky vaa cloudy. lefer to th upper half of Talil• i.1. l:.nt ring th 

table vtth Preaent State 2 aDd State 3 Six Hour• Ear ier ve r d i .n th 

fir t four atat • at 6A.M. follovtng froa th firat four co~ ~. Th • 

re: 

Stat 

1 

2 

3 

4 - -

iatlut d PTobabilitJ 

.326 

.24 

.129 

.300 



If, inat ad, viah th••• eatiut•• for noon followi.D& w read froa 

the lut four colwms •• follova: 

State 

1 

2 

3 

4 

latillated Proba illty 

.258 

.216 

.lSO 

.376 

If " do not know the atate ab boura earlie.r but do kDov it twln 

houri• rlier (preceding noon) ve ua the bottca half of Table 2.1. 

Suppo• it wae partially cloudy at aidntpt and cl ar the preceedlog DOOD. 

Tb atiut • for the 6A. 1. followin1 are : 

State Eatiuted Probability 

.181 

2 .176 

J .212 

4 .431 

aod for the noon foll iDg are: 

Stat l:.atiaat.. Proba ilitJ 

l .121 

2 .105 

3 .070 

4 .704 

The ••lu•• of the functtoo• a1• a2, 81 , and a2 are esaplified in 

Table 2.49. na • lu•• given are for January, preaent etate 1. the 

Yalu•• of s1 and s2 are not1Ulla d 10 ae to b the conditional prob-

abilltle1 oft e 1tated future th ob• rvable proce11 1tnn, that 

th pre1ent atate of tb Marko¥ chain 11, re1pectiw.ly, a1 and a2. Ber• 

61 and a2 ar1e th tvo t te1 vhoae illaR under th• function f 1• the 

■tat 1 of the ob••rvabl• proc•••· The f'unctlona a1 and ca2 ar tbeo, 

the cooditiooal prob bllltltl tlwt the Mark.oY chain~- 1D atate a1 and a2 , 
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re1p cti:v y, 1vea th, atat paet and t at t • pr ent 11 in atat 1. 

It l ould: b note.d tha.t th v lu · . i v n :la table 2. 49 are not 

untqu . It ia po 1b to fin oth r valu v i ch aa.t.iafy (2 .1), ar 

oonnegatlv , nd. ar no , l z d a ■tated in the prec ding pa.ragraph. 

T.. f ollovi I cti,o inuicat o on 1 h t 6 u t Teli bility 

oft e t t . T bl er rovi.cl. t o a . t bi pos i b l . 

. l to . f lo . 

8 



Tl, 1 2.1 

o ·: Jen.uary 

r nt ta.te . x hours 1 t: r t t 12 bour1 1 ter 
t t,e 

l 2 J 4 1 2 J 4 
1 . s 9 .1 .144 • . 211 • 29;5 .1 5 • 336, 
1 • 61 • 1.20 • l 7 • • 59 .1 28 .1 5.5 • 2.5 

3 1 . 5() 6 .l • ◄ 22 .l :Sl .1 .ss . 21,0 

• 1 . ss .l .1 71 . 47 • 1 1 . .1 S . 2ss 
1 . 2s 1 . 21 .172 • 67 .1 .1 60 .110 • 542 

2 . 27.5 • 3 . 24.2 • 317 . 264 .1 s . 234 
3 2 • . 24.5 • 29 • 00 . 258 . 216 . 150 . 376 
4 2 • 32.6 . O· 2 .145 . 4·1 .S •. 3 2 . 242 • 1001 

1 J .1 3 .1 6 .137 • 4 .108 .133 • l 2,6 ,.633 
2 ] .1 J .l 4 .1 28 . s s . 084 .151 . 097 .668 
3 J .143 .l 67 .14., .5◄5 .129 .117 .1 .51 .603 

3 .143 .1 1 .1 56 • 20 .1 .5 7 .097 .183 . 563 
1 4 . 088 . o,Js .10, . ·769 .1 2.5 .140 .149 . .586 
2 4 . ~4 1 . o 0 . 077 • 752 .Ill .181 . 2s2 .436 
J 4 . oto, . os2 .15 21 • 796 .11. 6 . 082 .ooo . 802 
◄ 4 • 6'1 .041. .l.1 6 .776 .123 .1 2, .11 0 . 64 

tate r en t 
12 hours tatr 
arl ler 

l l . S90 .1 54 .150 .1 06 . 26 . 258 .1 , 1 • 319 
2 l . s 4 .146 .15.5 .11:S • . 310 . 229 .1 .56 • 30.5 
3 1 .sas .148 .154 .113 . 298 . 237 .1 57 • 308 
4 1 .569 .130 .164 .137 . 402 .l,66 .1. 56 ·• 76 

1 2 .181 .176 . 212 •◄ 31 .1 21 .10, .o 0 .704 
2 2 .. 318 . 2,41 .134 • 307 • 251 .21 0 .146 • 393 
3 2 •◄98 • 326 . 031 .145 .415 .342 . 243 .000 
4 2 . 442 . JOO . 063 .195 .364 • 301 . 213 .1.22 
l 3 .144 .1.05 . 099 • 52 . ooo . 213 .ooo . 787 
2 J .141 . 261 • 21.5 .383 . 288 . ooo .337 • 315 
3 3 .14 3 .1 9 .1.62 .506 ,.l 71 .087 .1,99 . S43 
4 3 .143 .147 .1·,1 . 579 .091. .146 .106 . 657 
l 4 .04:S . 045 .1 28 .782. .120 .110 •. 072 • 98 
2, 4 . 054 . 043 .1 23 • 780 .1 21 .11 6 • 088 . 67:S 

3 4 .113 . o 4 . o 2 • 761 .1 2 .1 59 .19 . 517 
4 ,4 . 010 . 04.1 •. .11 • 774 .1 23 .121 .115 . 63.S 



1 . 2 

n .h: J nu r 

i X • • 

r nt t e ho r 1 t r t t 12 ho r 1 t r 
: ' '= t t 
r . l 1 -

1 1 • ") • • • .1 • 
1 • ... • .1 C .1 • 
1 • . l • .1 • 
1 • 5 • . 1 . l 

1 2 • c- l . :~1 . 2 • .1 
2 . 2 • • 7 
2 . 250 • 1 . 21s • ◄ 5 4 

4 . 1 71 • . 21 
l J • .l • s • 1 
2 .1oe . 8 1 • . 770 

.1 44 . sso . l • 4 

• . 191 • • • 11 5 
l . 171 • 7 • • • 21 
2 • o • 105 • .o .l • 093 • 
4 • .1 . 1 • 

t te r nt 
12 ho r t te 

rl r 
1 1 • • • .1 

1 • • • .1 
1 

4 1 • • 
1 • 
2 2 • 

• • 
4 • 446 
l • • .1 • 

.111 .l 
3 • 079 • .1 • 

. 20s .11 5 .1 53 
l 4 .1 • .1 
2 • 11 • • 
3 4 • 11 0 • 
4 • • • 
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Mont ·: January 

Ti I oon 

n t t . i x oura later t t• 12 hour, lat r 

t' l 2 3 l. 2 3 4 

1 .713 .o ,7 .091 .514 .14S .063 .278 
l •. 586 .102 .142 .43 .11 7 .100 .347 

) l .798 .017 .o 7 . 566 . lf.i4 .039 .231 
4 l .s 3 .lOS . 51 . 21 .11.2 .107 .360 
l 2 . 505 . 73 .l • .510 . 102 .015 .313 
2 2 . 21 . 094 • 3 ' . ) , . 2.42 .on • .136 .548 
3 2 .554 . 1 6 .104 .156 .551 .107 .065 . 277 
4 l .466 . 162 . 161 . 211 .476 .099 .082 .J4,J 

1 3 . 32 .284 . 132 .261 .. 3 0 . . 21 .'169 .330 
2 l .1 35 .178 .139 .548 . l 2 .,ose .094 .666 
3 3 . 223 . 2 .136 .413 .2 l .089 .132 .498 
4 ) • 12 .27 .133 . 277 .370 : 11.a .165 .317 . 
l 4 • 105, .169 .190 .536 .2 9 . 035 .047 .629 
2 4 .080 .094 .126 .700 .2 2 .061 .Ot2 .63S 
3 4 .097 .144 .169 .590 .264 .044 .061 .631 
4 4 .070 .064 . 099 . 767 .1.81 . .072 .110 .63'7 

State Present 
12 .10ur1 St t 
•arllar 

l l .632 .097 ., 123 .148 .464 .127 .087 .322 
2 l .939 . 061 .ooo .ooo .649 .194 .000 .157 

~ I .939 .061 .000 .ooo .649 .194 .ooo • 57 
~ 1 .656 .094 .114 .136 .479 .133 .080 .308 

2 .378 .l.39 .218 .265 .398 .091 .100 .411 
2 2 .365 .135 .22 7 .273 .387 .089 .103 .421 
3 2 .163 .081 .JS .lN .194 .069 .147 .590 
4 2 .623 .205 .059 .113 .608 . llJ, .052 .227 
1 3 .279 .259 .134 .328 .338 .108 .. 153 .401 
2 3 .ooo .101 .145 • 754 .ooo, .001 .026 .973 
J 3 .2 82 .261 .134 .323 .341 .109 .154 .396 
4 3 .326 : 386 .132 .256 .l 3 .122 .170 .32.5 
1 4 .. 102 .159 . 1 2 .557 .279 .039 .053 .629 
2 4 .o 3 .103 .133 .681 .221 .059 .086 .634 
3 4 .077 .. o .116 .723 .201 .065 . ;098 .6361 
4 4 .069 . o .o . .769 .l 0 .. 073 .110 .637 
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th: J nu ry 

X P •• 

t te Pr ent t te ix hour l t r t t l hour 1 t r 
6 b ur tate 
e rl r l 4 l 2 4 

1 1 . 61 .470 .1 56 .l • 2 
2 .l • .1 4 .1 . 215 
3 1 • . 150 .1 37 • 47 
4 .1 • .o • s • 1 
1 2 • • 254 • • • 7 

2 7 . 223 • • l • • 9 
J 2 0 .1 6 • • .1 • . 443 
4 • • 47 • .17 • 24 
1 3 • . 2s2 • .1 06 • • 
2 3 • • • 13 • .11 2 .499 
·3 3 .ooo • .52 .400 .4 8 
4 J • 331 .17 .1 75 . 316 • .510 
l 4 .1 6 . ooo .ooo • 4 .o .490 

4 • 120 . 049 . 0,2 • 779 .1 20 . 647 
] 4 . 090 . o 0 .086 .744 .196 . ooo • 746 
4 .111 . 0.58 . 062 • 769 .1 3 .1 20 .671 

tate r nt 
1 2 hour t te 
e rli r 

l 1 .1 5 . OS6 .1 59 .1 4 .147 . 216 

2 1 . ooo .15] .ll . 09 • 6 • 36.5 

3 1 • .o . 010 • . 202 .17 .1 28 

4 1 • .1 0s . 2 . 4.57 .1 30 .121 . 292 

1 2 • . 087 • 52 . 2 4 .114 . 099 . s,J 

2 2 • .1 2 • 8 . 298 .142 .11 3 • 47 
J 2 • • 33 .1 72 .4 .56 . 210 .148 .1 86 

4 2 • • . 212 • 26 3 • 2 .1 61 .122 • 75 

1 • • 25 • 71 • 231 .11 0 .1 6 .49 6 

3 • • S2 . 400 .1 85 .1 06 . 221 .488 

3 3 . 251 • 00 .185 .106 . 2 0 .489 
4 J • • 2 • 24 .310 .118 . 508 

1 4 • 798 . 080 . 064 . S94 

2 4 .1 05 . 06 • 627 

J 4 .1 7 • 0 • • 69 
4 4 .1 • • 149 • 0 • s 

- 12 -



Ta I .5 

on :P' ru • 

T n t 

s t :p t X h ur l t r t l our l t r 
our s t 

.r r 3 4 l 2 4 
1 l .15 .15 .o . 31 . .• 195 . l 6 .307 

1 . 197 .1 9 .. o . 275 • 215 . 209 . 301 
3 1 .30 .087 . 17 ,.26 I . 271 . 2 l 

l .200 . 199 .o • 27.2. .216 . 211 .301 
1 . .2 0 .350 . 2 0 • 23 • . 219 .2 5 

.2 . .2 6 . 7 • s . 2.47 • 59 .340 
3 . . . 07 . 3 3 . 2 9 .2:JJ . .208 .270 

2 . 3 • .1 31 . 227 .472 .213 . l 9 .176 
3 .000 .ooo .3.55 . 4S .099 .123 .157 .621 
3 . 293 . . 2 .230 . 249 • OJ .229 .2 5 . ,283 

3 l . 3 . 302 .1 9 .1 21 .239 .267 .330 .164 
4 3 • 1 . 03 • .292 .191 .217 . ·10 .322 
1 4 .ooo .o 6 .1 105 • 9 .025 .lJ,l .229 .61S 
2 4 .00 .06 }' .105 .826 . 028 .tlO . 22 7 ·.615 
3 4 .l .o .o . 10 • 40 .034 .104 • 22 

4 .04'7 .073 .103 . 777 . 095 .099 .. 188 .6 18 

Stat Pr ,nt 

l our St t 
arl r 

\ l .64 .131 . 135 .086 .328, . I 6 .. 176 .310 
2 l .60 .155 . 157 . 0 6 .30'9 .196 . 188 .307 
3 1 .504 . 205 .2.04 .o 7 . 6 .2 ·19 .214 .299 
4 l ~400 . 260 .253 .o 7 • 225 .,242 241 .2 92 
1 .ooo .141 .341 .Sl .ooo . 263 .318 .419 
2 2 .2 9 . 230 .l 2 .299 .347 .. 227 .186 .240 
3 2 . 201 .202 .2 31 .366 .235 .238 .229 .298 
4 2 . 3 5 . 246 '152 • 2S7 .419 .. 219 .159 .20·3 

.1 74 . l 5 .2 l .410 .1S9 .1 ,8,4 . 231 .426 
2 3 .154 . 0 . 2 9 .437 .1S.2 .177 . 222 .449 

3 • 7 ·• 2 .239 . 277 .195 .221 .27S .309 
4 3 • l .203 .2 l ·•· 93 .191 .:n .210 .323 
1 .o 3 .. o 0 .1.01 • 726 .164 .068 .148 .620 
2 .000 .o .105 • 29 .02 . 131 .229 .615 
J .07, · .07 7 .l.02 .747 .lJS .081 .165 .619 

.o 9 . 073 . 103 • 775 .097 .098 .187 .61 
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T 1 • 

on : F bruar 

T A. • 

s t Pr n s · t X our l t . r t l , our l r 

t 
l 2 4 

l • . .15 . 0 • . 
• • J:5 • 00 • • .oo 

3 1 . • • 51 . 09 . • so .203 .10 

\ . .257 .o 9 ,. •· s ·• 0 .101 

2 • • . 303 • 0 . 33S .101 .17 .39 

2 2 • .3 l .ooo . l . 04 . 157 

3 2 .336 • .309 . 11.9 . 390 .169 .23 

4 . . . 13 .o 0 . .204 • . 1s 

1 3 . . .344 .344 • 6 .159 .os .543 

2 3 • . . l 3 .4.5 . 0 .177 .l 5 • .378-

3 3 .19 .42 • .172 . l • 24 
• . 

4 3 . 104 • . 09 .477 . .l .20 .3S0 

l .101 . 174 .147 .57 • .159 .lll . 35 

4 . . l . 144 . 56 . . . 310 .1.57 105 .4.2 

3 • .o . 70 . 704 . 17 . 174 .15S . 499 

. .17 . 727 . 1 9 .177 .l .511 

t t re nt 
12 hours 't t 

rl 
1 t .11 7 • .1 • 91 

2 l • 70 . 2, .o 
l • 2 2 • • . 2ss . 09 

4 1 . 239 .11 0 . 440 • 244 .125 

1 2 • • • • 3 7 . 312 . 011 . 459 

2 2 .1 79 • 75 • 1 S • 79 

3 • .12s • 388 .1 7 • 41 

4 2 • • . 01 . •◄ Ol .l 3 . 212 . 204 

1 3 .146 • 34 , • 46 .160 • 05 . 53 

2 . 1 .•H 8 . 255 .1 71 .1 3 • ] 

J 3 .1 • • 0 . 253 .1 68 .1 1 • 5 

4 3 .108 • .11 1 .467 . 2 1 .178 .196 . 365 

l 4 . 07 .1 5 • 40 . 23.5 .1 67 .1 2 .4 6 

2 4 7 • .1 . 696 . 179 .1 74 .1 s2 . 495 

] 4 .1 71 • 714• .1 .1 . 1 ' . s 
• 4 4 . 172 • 715 . 161 .1 76 .1 )9 • 
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t te nt t " 
6 houra 
arli r 1 

1 1 .624 
1 • 2 
1 • 0 

4 l .640 
1 2 •◄ JJ 

2 ..... 
) 2 .479 
◄ 2 • 5 
1 3 . 274 
2 • 1 

• 3 
4 • 301 
1 4 .079 

4 . 079 
3 4 .079 
4 ◄ . 079 

t te r ent 
1 hour tate 
e rli r 

l 1 • 630 
2 1 .6 ' J l .6 9 
4 1 .6 7 
1 2 • 28 
2 2 ... 9 
J 2 .47 .. 2 •◄ 67 

l 3 .227 
2 3 • 302 
J 3 • 6 
4 J . 295 
1 4 . 079 
2 4 • 
J 4 • 0 
4 4 . 079 

Ta 1 

ontb: 

T . . 

bruar 

oon 

ix hour, 1 t r 

J .. 
0 .1 . .. .04 
2 .1 07 • 04 

• 1 . ooo .0,9 
.ooo • s 
.209 .1• 
.1, .17 

. 2 4 .ooo . 257 

. 2 0 • 6 • 6 
.242 .197 . 287 
• 3 . 20◄ .277 
. 277 .139 • 371 
.227 . 2 3 . 249 
• 63 .158 .1 
.060 .157 • 704 
. o,o .1,, • 71 
.140 .174 • 07 

.243 . 079 .048 
• 13 .119 • ] 

. 242 .081 .048 

.225 .10] .045 
.206 . 231 .llS 
.26◄ .ooo .257 
.26◄ .ooo .257 
• 49 . ose .226 
• 268 • 1.53 • 3.52 
. 226 .22◄ . 248 
• 13 .246 .21 .s 
. 230 .217 .2,a 

.149 • 749 

.1 6 ., . 

.1 J • 554 

.172 • 1 

- 15 • 

tate 1 our lat r 

1 2 3 4 
.61◄ .04, .233 

• J .090 • 
• 76 .ooo 

• 5 • 376 .09 .ooo 
.l .1 9 .117 .423 
.J .12, .oe, •◄06 ., • 11..5 .ooo .360 
• 36 .122 .o.sJ • 9 
• 39◄ .099 .164 .303 
• ◄14 .1 • .112 .3.10 
.217 .047 .100 .6 6 
.473 .121 .193 .213 
.136 .11• .060 .690 
.131 .11, .061 .69] 
.11, .119 .062 • 704 
. 2.,J .084 .0.51 .612 

.s • .165 .103 .148 

.611 .0,1 .108 .224 

• ' .161 .103 .1,1 
.600 .100 .106 .194 
• 311 .130 .129 •◄ JO 
.,z., .11, .ooo .360 
.,2, .115 .ooo • 360 
.471 .119 .o 2 .378 
.257 .0.59 .114 .,10 
.476 .122 .194 .208 
.J45 .1 J .219 .093 ..,, .1.16 .186 . 243 
.07.5 .129 .065 • 731 

• 6 .060 .044 .,.so 
• 20 .067 .046 • 67 
.239 .018 .0,2 .621. 



Tab 2. 

onth: February 

T : lx P; • 

s~ te Pre, nt tat llx our t r t te 12 our, later 
6 our Stat 
arl r l 3 2 J 4 

1 l .6 5 .07 .120 .155 .175 .230 
2 l . so . 079 .1S2 .14 .114 ." 71 
3 l . 7 .07 .o 5 • .1 6 .240 . \ 
- 1 .709 .07 .097 • 19 .l 2 .217 .20 
l 2 .307 • 50 .232 .o 7 .14 .21 0 . 575 
2 2 .s .o .ooo .375 .436 .122 .160 • 2 
J • . 55 .15 .2 5 .217 .138 • 90 ;455 
4 2 .1 .071 .334 .341 .129 .17 .3S7 
l 3 .000 .352 .3 7 .3 5 .196 .161 . s 
2 3 • 9 .194 .127 .390 .253 .216 . l 7 .344 
3 • 5 .107 .22 .3 0 .311 .207 .176 .JO 

- l .302 .ooo .404 .1 l .22 .201 • 90 
l 4 .044 .o 7 • 9 .os, .O l .o 9 . 8 
2 .. 045 .o • 9 .o 0 .085 .064 .771 
3 4 .04 .071 .709 . l .103 .194 .519 
4 4 .046 .o 9 . 796 .118 .092 .112 .67 

tate Pree nt 
12 our, t te 
earller 

l l .646 .119 .079 .156 .47 .145 .106 .276 
2 1 .:6 0 .11 .079 .143 ;460 .149 .132 .259 
3 l .675 .ll .078 . 129 .448 .1S3 .158 .241 
4 l .779 .113 .071 .031 .360 .1 l .341 .118 
l 2 .41 .14 .14 .294 .239 .136 .187 .438 
2 2 .374 .172 .l 5 .269 .173 .141 .196 .490 
3 2 .141 .132 .299 .253 .135 .185 .427 
4 2 .109 .079 .329 .329 .130 .175 .366 
1 3 .130 • 00 .3 3 .295 .210 .179 .316 
2 3 .2 .155 .172 .385 .279 .212 .182 .327 
l 3 .294· .302 .000 .404 . 81 .228 .201 .390 
4 J .292 .236 .077 .395 .224 .221 .193 .362 
l 4 .027 . .o .861 .072 .084 .053 .791 
2 4 . l 2 .04 .071 .739 .161 .!>99 .165 .575 
J 4 .ooo .044 .067 . ' 9 .052 .081 ~029 .838 

- 4 .123 .047 .070 .760 .145 .096 .145 .614 
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Table 2.9 

Kont s Marc 

T I Mldnlg t 

State Pre,ent tate lx our• lat r t te 12 our later 
State . our 

earl r l 2 3 4 l 2 J .. 
l l .540 .207 .l 7 .o 6 .416 .183 .164 .237 
2 l .430 .175 .221 .174 .270 .2~ .231 20S 
J 1 .S36 . 20 .1 9 .089 .411 .1 7 16 .236 
4 l .51 .201 .17 .103 .38 .204 .177 .231 
1 2 .211 . ) 10 .1.5s .36~ .123 .33f' .111 .~12 
2 2 .461 .295 .132 .112 .220 ;248 .355 .177 
3 .15 .l43 .282 .4l9 .164 .356 .1 l .339 
4 2 . 325 .227 .199 .249 .194 .298 .255 .253 
l l .249 .151 .166 .4346 .149 .109 .217 .52S 
2 3 .ooo .153 .347 .soo .000 .068 .15- .778 
3 3 .159 .152 .231 .458 .097 .095 .196 .612 
4 J .478 .149 .000 .323 .267 .143 .267 .323 
l 4 .071 .129 .l~ .656 .102 .050 .234 .614 
2 4 .057 .ooo .059 .8816 .072 .163 .119 .646 
l 4 .o 7 .o 7 .116 .730 .092 .088 .195 .625 
4 ,. .067 .093 .120 .72(J .093 .083 .200 .6216 

St t Pre ent 
12 our• Stat 
arller 

l 1 .465 .18S .204 .1466 .316 .259 .210 .215 
2 1 .516 .200 .179 .105 .384 .207 .179 .230 
J 1 .568 .215 .153 .064 .4.5 .155 .146 .245 
4 l .526 .203 .174 .097 .398 .197 .172 .233 
l 2 .150 .140 .285 .425 .163 .358 ·.137 .342 
2 2 .171 .150 .275 .404 .166 .351 .151 .332 
l 2 .272 .201 .225 .302 .184 .317 .218 .281 
4 2 .361 .246 .181 .212 .201 .285 .281 .233 
1 J .044 .153 .llS .488 .028 .075 .166 .731 
2 3 .086 .153 .284 .477 .054 .083 .177 . 86 
3 J .110 .152 .267 .471 .069 .087 .183 .661 .. 3 .391 .150 .063 .396 .224 . 30 .250 .l96 
l 4 .011 .181 .179 .563 .1'15 .ooo .284 .601 
2 4 .o 7 .000 .059 . 84 .072 .163 .119 .646 
3 4 .o 9 .10 .130 .693 .097 .069 .214 .620 
4 4 .066 .o 1 .116 .731 .092 .o 8 .195 .625 
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t t Ir n·t t t 
6 bo r t at 

rl r 
1 1 

1 • 
l • 
l 

l 2 
2 

2 
4 
1 3 
2 

3 
4 3 
1 
2 • 

. 010 
4 . o 2 

't t r nt 
l ho t t 

r 1 i r 
1 1 • .517 

1 . 4 ... 
1 • Sl 

4 1 • 356 
1 2 • 2 

• 41 
• 230 

4 • 4 

l .1 s 
2 .11 6 
3 3 .1 2 

3 • 201 
l 4 .1 8 

4 . oo 
4 . 03 
4 . 018 

.1 0 

on th : rch 

b 

2 

• 

• 
• 

.1 97 

• 02 
.170 
. 216 
. 024 
.081 
. 011 
. 071 

• 2 S 

• 
• 
.1 76 

• 

• 
• 

• • X 

r 1 

• 

• 35 
• s 

. 2 

. 264 
.14 
.1 71 
. 1 
.1 

• 2 S 
.1 31 
.1 71 
.1 
.l 6 

• • 

t r 

4 
. o 
.1 37 

• 
• 

• . ooo 
• 1 
. ·J 2 
• 714 
. 7 
• 74.5 
• 741 

• 
• 

• 

• 

• 

. 7 

t t 12 ho r 1 t r 

1 

• • 
• • 15 
• • 15 • 

• 4 

• . 147 

• .1 0 

• .1 0 
. 2s1 

• 
. 2 
.1 70 
.1 01 

.10 . 1 7 • 

.o . 11 • 6 1 

.444 

• 
• 

• 
• 

• • 
• • 

. 000 

.l • 
• . 2 • 
• . 200 • • 
.1 0 .1 01 
. 09 .119 
.100 .111 



Table 2.11 

ont I rch 

T111 s Noon 

St t Pr nt St t •lx \OUr later State 2 o•ir• later 
6 , our• St at 
• rl r 2 J 4 1 2 3 4 

l l .559 .220 .144 .077 .546 .098 .144 .212 
2 1 .611 . 213 .117 .059 .6«.2 .0168 .121 .169 
3 1 . 600 . 214 .123 .063 .63S .059 .127 .179 
4 l .354 . 24 .252 . 148 .186 .254 .215 .34S 
l 2 . 376 . 279 .129 .216 • 92 .027 .172 .309 
2 . 3 2 .26 .126 .214 .489 .oso .158 .303 
3 2 .513 .1 5 .106 .196 .469 .223 .050 .25 
4 2 . 3S 7 .292 .132 .219 .495 .ooo .189 .316 
1 3 .1 .174 .346 .292 .329 .110 .125 .436 
2 3 .198 .166 .34 .2 8 .341 .121 .122 .416 
l 3 .1 .176 .346 .294 .325 .107 .126 .442 
4 3 .252 .12 .355 .265 .405 .175 .l~ .316 
1 4 . 20 .000 .113 .679 .179 .12s .238 .458 
2 4 .132 .110 .137 .721 .132 .092 .094 .6 2 
3 4 .136 .045 .1 23 .696 .160 .112 .180 .k8 
4 4 .034 .109 .137 .720 .133 .092 .096 .679 

t t Pr ent 
12 ura Stat 
e rll r 

l l .538 .22 .156 .o• .502 .117 .153 .228 
2 l .592 .215 .127 .066 .618 .067 .130 • 185 
3 l .438 .235 .20 .119 ]17 .197 .189 .297 
4 1 .656 .207 .093 .044 .772 .ooo .100 .128 
1 2 .40S .259 .124 .212 .4 7 .070 .145 .298 
2 2 .357 .292 .132 .219 .495 .ooo .189 .316 
3 2 .570 .146 .097 .187 .460 .303 .000 .237 

" 2 .357 .292 .132 .219 .495 .000 .189 .316 
l 3 .163 .191 . 343 .303 .301 .086 .133 .480 
2 l .133 .212 .339 .31 .266 .057 .142 .53 
3 3 .342 .064 .367 .227 .512 .266 .074 .14'8 
4 3 . 22 7 .146 .351 .276 .375 .150 .112 .363 
l 4 .103 .066 .127 . 704 .151 105 .153 .590 
2 4 .000 .130 .141 .729 .123 .086 .067 .724 
3 4 .057 .094 .134 .715 .139 .097 .115 .649 
4 4 .046 .102 .135 .717 .136 .094 .106 .664 
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Month:. Hare 

T lme: Six P •. -s . 

Stat Pree nt Stat alx hour, l .t r State 12 h ura lat r 
6 our State 
earl :l r l 2 J 4 1 3 4 

l 1 .778 .o 2 .092 .06 ·• l . 194 .. 205 
2 1 .7 6 .o • 4 .09 . 31 .19 • 5 
3 1 . 727 . 072 .o . 105 • 37 .190 .173 
4 l . 457 .1 . 112 .307 .s 3 .l g .ooo 
l 2 .353 . l 7 .179 • 0 . 144 • .193 ,.447 
2: 2 .45,5 .o 3 .139 .3 .3 9 . l 9 .40 
J 2 . 3 2 .144 .1 7 . 307 . 20 l .4 '4 
4 .2 .439 . 09 ·~ 5 20 .309 . 1 s .409 • • . 
l 3 . 117 . l 2 . 242 .,4S9 . 13 . 0 95 . 51 .441. 
2 3 . 147 . l ,2 . . 227 .444 .101 • 47 .436 
3 3 . 356 . l . 1 4 • .142 .222 .397 
4 3 .17 .l 2 • 12 • .107 . 2 3 • 30 
l 4 • 01 . 075 .116 . .000 . 07 .714 
2 4 .201 •. 0 175 .1 1 .ooo, . 07 .714 
3 4 .o 9 .071 . lOS • • . 185 • l 
4 4 .071 .071 • 0 . 75 . 133 • 2 

St te Pr nt 
12 our tat 
lat r 

l 1 .77 .o 3 .. 0 .10 
2 l . 760 . .09 .193 
3 l . 7 • 016 . 097 . l 8 
4 l • 3 .o 9 .101 . 17 • .l 3 
l. 2 .439 .09 .1.45 ·• 0 . 3,l 0 . l . 156 • 
2 2 .4 0 . 062: . l g . 3 9 . l .o 3 .13 .391 
J 2 . 322 3 .l l . 294 .o 3 .249 . 207 .461 
4 2 . 390 7 .1 . 309 . 216 .1 77 . 177 .430 
I • J . 099 . 50 .. 9 .212 .091 . 253 .444 
2 l . l59 . 122 .3 35, . 2,39 . 143 . 2 2 .3 '96 
3 l • 01 . l.51 . 3 s . 233 . l l . 229 • 07 
4 l • 44 . • 79 .3 . 6 . 120 • • l 
l 4 .154 .074 . 112 . 1 9 . 9 • 0 
2 4: .ooo .o . 100 .10 • 202 . 574 
3 4 .1 66 . 074 . 13 • 9S .037 .6 
4 4 .061 . 070 . 105 • 3 . 1 J . 615 
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Tabl 2 .. 13 

ont h: .A pr 11 

T : • . ldni. ,ht 

tate r nt State I , JC hour,a later State lJ our■ la·ter 
6 our Stat 
arli •[' l 2 l 4 1 2 J 4 

1, 1 .395 .2'6S .2,46 .094 .211 .194 .J4.5 .2.40 
2 l .47'4 .161 . 1·07 • 5 .3 l .177 .231 .265 
3 l .50i9 .llS .046, .l,30 .]6 .110 .l91 275 
4 l .349 .3, s .326 .ooo .l o, .:z~ .4,ll .• 225 
l 2 .ooo •· '0.2 .439 . J,59 •1000 .294 . 2.20 ... 6 

.23.2 .:n 7 • 04 .2·47 .2'16 .167 .2,1 .360 
J .2 .2S6 .330 .179 .235 .23'9' .154 .260 .347 

2 .3,04 .]53 .131 • l.2 .281 .l.29 . 2,67 • :J23 
1 ) .l ,9 • · 4 .39] .215 .190 .2'1.5 .421 .174 
2 3 . 256 • 

1075 .2,61 . .40 .123 .201 .247 .429 
3 .251 .074 .2160 .409 .ll3 .200 .246 .4Sl 
4 3 .216 .156 .3'5 .276 .169 .2 l l . .. 365 .25S 
l 4 .11'3 .• 164 • · 85 .418 .195 .240 .l 5, .380 
2 4 .,ooo .000 .0161 .939 .000 .. 000 • :162 . 83,8 

4 . l O·ll .o,a ,l.l4 .665 .123, .151 .1,76 .550 
4 4 .064 .• 06,0 . 06 .770 .079 .096 .1 71 .6'S 

tat Pr nt 
12 our Stat, 

rli ·r 
l, l .44,7 .197 . l:5,5 .201 .. 2 1 .1,83 .274 .2,56 
2 l 4 5 .226 .193, . 1 6 .260 .1 8 . 30! .249 
J l .480 • l:5.3 .097 • 70 .l .'176 . ;ug . 26 :7 
4 l .419 . '3] .20) .145 .2S2 . 189 . . Jll .2:48 
1 2 .o .244 .,354 .31 .o 0 .2:~7 • 34 .439 
2 2 . tl,3 .26 .. 304, . 2,'95 .127 .220 .. 241 .412 
J 2 • 3,Q,1 .3,:5 .134 .21 . 278: .,'130 .267 .3 5 
4 2. .316 .360 .118 . 206 . 292 .122 .269 .311 
I 3 .26,l .066 .2, .421 .ll8 .:zoo .2JS .44,7 
2 J • 1919 .l9 .3 191 . .2l7 .18'9• .. 21 5 .419 .17'7 
3 J . . 2,62 .063 .248 .421 .117 .li9 .229 .Ji:55 
4 3 . 217 .155 . 350 .278 .168 .211 .l61 .258 
l 4 .087 .oa .l.23, .70 .1,os .129 . l 11• .592 
2 4 .04·0 •103 .0189 .833 .oso .061 .168 . ·121 

" . ,01a .07 .116 .732 .095 .'117 .17] .615 
4 4 .07,4 .070 .114 • 742 .091 .Ill . 172: .626 
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Tabl · 2 .14 

nt h : Ap l 

ate PT a nt St t alx . our l t r s at 12 our ■ lat r 
6 our State 
arli r l J 1 2 3 4 

1 l .406 .173 .131 .2 1 .2 . l . 240 
2 l . 63 .o .15 .340 .419 .1 19 .l 
l l . 1 9 . 26 .27 •· . 2 ' 
4 l .27 .. . 19 . 11 .17 • . .5 
1 .. 302 . l .282 • • 42 .171 . . J 3 
2 l 15 .39 .211 . 21 .10· .317 . J 4 
3 2 .355 .10 • 07 . .251 .197 . 45 .307 
4 • 91 .197 •· 77 • 0 .lb6 • .32 
1 .047 .132 .51 .o 0 .167 . .33 
2 3 .o .1 • 1 . 110 .159 • .355 
3 ] ·• 0 2 .136 .304 . 0, .1 6 • .J · 9 
4 J .170 . 3 .J l . l 5, .140 • . 01 
l 4 . o .103 • . SO · .073 .167 . . 19 
2 4 .o .057 . 714 .o . l 9 . .619' 

4 . o 2 .o . 301. .S43 . 07 .1 0 . • 7 
4 4 .039 .. 045 • • 7 .o 7 .120 • ,605 

St te n 
1 o .r 

.rl r 
l l • 15 .43 • 0 .130 
2 ,. 55 • .3 9 
3 l • 72 • • .31 • 0 
4 l • 7 . . .2 3 ·• 0 
l .2 1 •· .13,3 . 93 .345 
2 .191 • . . .2~ .119 . 0 . 5 
l 2 . 60 . .26 .235 ,.151 . 279 .JJS 
4 2 . 32 . . 94 .247 .l . SJ+ 315 
1 3 .051 . .509 .o 1 6 • l .JJ9 
2 J .ooo . ..622 .o .2 .176 .46 .314 
] 3 • 22 . .133 • 31 .129 . 11 .4 g 

4 3 .074 .1s • 59 . 10 .161 .3 7 .350 
l 4 .054 .01 • 5,0 ·070 .. 14 .138 • 46 
2 . 051 .07 • 22 . 070 .140 .15 · . 37 
3 .o 7 .o 3 .2 . o .134 .171 .6 6 
4 .041 .049 .162 .• 748 .o . l :: 2 .201 • 09 



Table 2 15 

on , = Apr l 

T : on 

St t , e n t t OU.rl la r Sta l oura leter 
1 our 

at. rl r 2 4 l 
1 l • . 70 .13 . 152 l ,7 

l .3l d . S7 . . l l .199 .144 • 
3 l . 3 . l . 1. 6 .111 ..150 • so 
4 1 4 I 9 .133 . 155 .. 146 .267 • •· 
l . 2 '1 • 2, 8 .. 200 .0:2 7 ., 131 , . 17 

·• l . • . 200 . ooo .130 .3'74 
.3 • 2 78 . • 80 .201 • 0 .235 . 139 .406 

2 . 279 •· ·• 5 . 00 . 71 . 192 .137 .400 
l .142 • • 00 .355 . 33 .177 . 1 s .405 

3 . s • .169 .459 .253 .000 .. 160 . S87 
3 .o g . .38 .2 6 .2 l 2 .200 . 299 

4 3 .1,14 • .. J33 .329 . 22 .217 .191 . 364 
l 4 . 034 .,09] .165 .70 .174 .oss .097 ,.644 
2 4 .o a .079 ,.221 .672 •

1091 .125 .130 . 54 
4 . Ol l, .o s .195 .689 • l.3O .106 .115 .649 

4 4 .o ' .096 . l .55 .714 .l .07 .092 .642 

St .at nt 
l hour 

rl r 
l 1 . 2, 6 .. C.l .32 . 151 . 302 . 254 .304, 
2 • 37' • 2.66 . 2, 1 : 1 6 . ,l ,& • Ut7 . l 6 .271 

l . 56 .276 .239 .1 9 .462 .132 .l ,8 .. 258 
l ,.427 .310 .155 .10 . 6 6 .ooo • S6 .20 

1 2 1 •. 273 . 200 .46 • 0,29 . l l . 378 
.2 2 .262 • 2.5 7 • 00 .496 .ooo .1 .. 0 .374, 
l . 117 .404 . 201 .164 .283 .l 0 .4,13 
4 . 2 • ll .309 . 200 .382 .098- .1.33 .387 
l. 3 .159 .190 .2 , 0 .371 .236 .151 .. 1 2 .431 
2 .l~ . 202 . 2'98 .356 .233 .174 ,. 185 .40 
3 J . 07 1 .2S1 .J .2 . 222 .2 77 .200 .301 

.1 21 • l.9 • . 336 . 230 . 206 .189 .375 
'l 4 .025 .072 . 655 . 050 .145 .146 .6.S9 

. 031 .o .6 9 .132 .10S .114 • 649 • 
• 6 . 1, S .785 .34,7 .ooo .. 030 .623 
. 034, .094, .710 .180 .o 2 .095 .643 
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T bl 2. 1 6 

~o n th. : ,.. r il 

• • 

't t i .0 1 :r l ho r l r 

l 
1 • 
1 
1 • • 
l 1 • 

1 • • • 
• • 

2 • • . 1 
. I 

1 • . 1 . so1 
• . 11 7 . 259 • 

• • 
• • 

1 
2 . os • 

• . 1 • . 1 • 171 
. o . • . 121 . 11 7 • 

t r s nt 
l ho r "" t t 

rl r 
l l • • . 1 • • 

.1 • • • 1 • • • • 
1 • . 1 • • 
1 • • • 

1 2 • • • 
• • • 

2 • • • 
• • • • 

l • 
• • • 

. 1 • 
• 1 85 •· 

l • . l 
.1 27 . 1 • 0 

• • . 1 . 1 . • soo 
4 . 770 • 11 . 11 . l • 5 
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T 2. 17 

on h: 

, 1 n ht 

nt t x hour 1 t r t t l hour l t r 

1 4 2 4 
l • • • 11 0 • . 2 . 1 44 
l • • . 211 • 
l • . 1 

4 1 • . 1 1 • 
1 2 •· • • • • 001 
2 • • • • 

• • • 
2 • • 

1 • • • 
2 • S41 

• • 40 

• • 41 • 
l • • 54 • 

4 . 1 s • 
• • 1 • ◄ 76 

• 1 . 05 9 . 642 

t t nt 
l ho C 

rl i r 
1 1 • • .l 9 . 210 • . 213 

l • 7 • . 174 • • • 1 4 . .. 
l . 456 • • • • . 201 

4 l . 424 . 204 . 1 . 196 • . 2 6 
1 2 . 1 • 67 ., 9 • o 5 • • 3 
2 . 130 • 4 • 23 .429 .409 

• s • ""17 • . 140 . 306 . 244 
.,146 • 2 • • 1.1 • .421 . 398 

l .1 0 . 201 .1 29 • 534 • .1 • 5 1 
2 • 2 • 02 • 4 • 120 • 2.55 .4 61 

. 176 • 8 . 076 . 211 .497 
4 • 6 • 544 • . 19◄ . :331 • 99 
1 • .1 26 • 7 • .l J . 251 . 467 

• . 1 3 • 715 • .1 . 227 • ~ 

. 1 . 721 . 162 . 225 . s 
4 4 • . 11 S • 0 .11 . 171 • 54 
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T bl . 1 

I n t: ; 

t t .r :nt t t ix ouc 1 t r t t 2 ho rs 1 t r 
6 ho [ t . 

rli r 2 4 1 3 4 

1 1 • S1 • 15 . 017 • 4 . 202 • 
1 ·•· 01 • 2 • 02 . 219 • 
1 • • 9 • 21 • 025 • 2·4 • 

4 l . 28S • 20 .o . 2 1 • • 
1 . 2 9 • '07 . 157 . 241 • • 
2 • 1 s • 71 • .o • 

. 20s •· • . 1 • • 
4 • 06. • • .1 • • 
1 .102 • • 
2 . 1 .l • • 
3 . 1 09 .14•7 • • • • 
4 . 114 . 1S6 . 4Sl • • 
1 • o .1 • 

• 1 5 • 1 54 
• 04.5 .149 • 

4 • o 3 . 1 s1 . l 

t t Pr- nt 
l hour t t 

.rl .r 
1 1 • 521 . 17 • . ooo • . 1!57 • 

l • 311 . , 2 • .o • • 4 

3 1 • . 292 • 2.5 • . 222 • 
4 1 • s . 23 • 
l .1 . o 
2 . 17 . 117 

J 2 . 2s • . 246 
4 2 • 7 . 051 • 4 

l • • 2 . 1. .o • 
2 • • 40 , 141 . ooo 

• 9 . 112 • 
4 • 02 .11 .1 90 

1 • .,1 7 • . s 
2 • . 073 . s 

• , 207 . 1 . s 
• .o 2 . 179 . ::; 

- 26 -



bl 2.1 9 

onth. y 

T l on 

t t r nt tate X h ur 1 t r ta t e· 12 h r · 11.t e r 
hou.r tat 

t" rli :r 2 l 4 2 3 4 
l l • . 199 • 0 .114 • 11 J 

l .1 9 • l • • . 117 .1 16 • 
3 I . J 3 . 20 • l • . 1 . 1 J .. l . • 537 . 1 7 . 155 . 1.11 .104 . 099 
1 • 07 . 276 . 280 .11,6 . 1 J 
2 • 077 • . 11 4 • 352 • r&. 7 . 1.22 . ooo . ,s1 
3 • 9 • SJ . 24 6 • 3 9 .114 . 2, .s . 2◄2 
4 ,2 . 2 7◄ • 61. . 243 • l . • l 0 .114 ·• 61. . 2J, 
1 • 045: . 216 • 317 •. 42 . 2 6 .188 . 1,, • 371. 
2 . o 4 . 2 1, • 31 . 4 7 . 210 .1.97 .1. .s • 373 
3 .177 .158 • llO . 35S . 369 . 082 . 203 . 346 
4 J . l. 49 . 170 • Jl l . :'1 . . u • 1.os .193 . 351 . 
1 4 . 021 • 4 . 211 • 78 .179 .103 .17 • .54 3 
2 4 . 023 • 4 . 26 · • 620 • 21 1 . . 14fl . 2,. 387 
3 4 . O,Jl . 076 .1 71 . 1·22 . 1 52 . 06J .1 oa • 677 
4 4 . 031. . 077 . 176 . 71 .1 57 . 069 . 11 7 • ,1 

t a t e •r n t 
12 hour• t ·te 
ar l i r 

1 l . 563 • . 196 .121 .• 120 • 99 . 091 • 9 • . 21, 
2 1 . 1 6 . 215 . s 9 . ooo . ·000 . 229 . 262 . , :)9 

l .t24 • J • 29 7 . 076 .416 . 137 .142 • 05 
4 1 • 392 • 2 ., • .065 • 368 . 148 • .1 56 • 28 
1 2 . 170 . 229 • 301. • 300 . 360 . 118 .1 ,, . ]87 
2 .160 . 21 7 • JO . 317 ; 35 7 .118 .• 122 • ◄Ol 

3 2 . 280 . 368 . 2◄ 0 .11 • 392 .114 . 2 8 . 226 
4 2 . zs, • 37 . 254 .154 • 385 . l .15 . 240 . 260 
.1. .1 1 .1 0 • 13 . J 0 • 338 .122 .1 85 • 35:5 
2 J . ooo . 236 . 320 .444 . 259 . 224 . 138 • 379 
] , 3 • 0 . l .96 • 15 . l 9 • 1 5: . 152 .171, . 362 
4 .160 . u,.s • 311 • 64 • J.58, . 096 •. 1 ~7 - ~ 9 
1 ◄ . 021 • 89 • 237 . 649 .1 95 .126 . 21 , . 464 

◄ • 3·7 .06J .11 2 • 788 .11 0 . ooo . ooo . 890 

• 7 • ' . 21 . 674 .18.l • 05 .180 . ., .. 
4 4 . ·031 . 075 .• 1. 69 • 725 .151 .061. .1 04 . ·68◄ 

- 27 -



o hi 

. . 1 . • • 

Pr e t t e 0 1 t r t e 12 ho s 1 t r 
ho r t t 
rli r 1. 1 

1 l • . 12 • . l 
2 l .• 121 • • .15 1 

l • . 107 
1 • . l 0 

1 2 • .ooo • 
• . 1 .l • 
• .1 95 . 1 • 

. 1 9 . 11 5 • • 
1 . 1 1 • • • • 
2 . oso ·• 

• • 

l • 
2 . 1 • • 

. 1 • • 
• OS? • 05[ • 

·r . n·t 
t t e 

l • • l . 21 . is · • s 
l • 121 .1 s 1 
1 • . 121 • .1 57 
l • • • • 

1 • 
2 • 
2 • 

4 2 • . 114 • 
l . 2S6 • • 1 • • 

. 2 4 • 2 • 
• 241 • 211 

4 • . 22 • . 1 • 
l .110 .1 0 . 1 
2 .111 .11 . 1 • • 

. 1 s . o .1 . 7 . 1 • 

.1 0s . 00 10 . 1 2 • 1·00 • 

- 2 -



Tabl 2.21 

onth June 

r . : M.idn1 ht 

t t Pr s nt t tc a X hours lat r tat 1.2 houra lat 1 

6 h ur tate 
rli r 1 3 4 1 2 3 4 

l l • .1 .1 2 .164 • 3 (" .112 
2 1 • • .1 7 .14.5 .1 0 . 376 • .112 

1 • • .1 9 • • 09 • 3 4 • so 
4 1 • .163 . ooo • 36.S • 337 
1 2 . 093 • • 1 • 2 .296 
2 2 . 200 . 214 .11 . 2 0 • . 2,e 

2 .06 . 232 • 2 5 • 33 .1 2 .304 
4 2 • 02 .187 . o 0 .17.5 . s10 .17.S 
1 . 061 .336 .129 .045 .481 • 1 .1 0 
2 • • 18 . 269 .4 8 . 039 . 282 • 1 • 382 

. 026 .200 • 60 . 514 .038 • .54 • 7 .421 
4 J .1 56 .160 . 2 2 .402 .040 . 321 • 2 .327 
1 • 4 • ooo . 21 • 744 .054 .1 09 .597 
2 4 . Ol9 .042 .1 6 • 72 • 056 .121 . , 9 

. 02 .172 .1.44 • 1 . 061 .160 .4 0 
4 • 0 • 035 .19 .7 7 • 0.SS .119 • . s, 

t te Pr nt 
12 how- t te 

rl r 
1 l • .1 3 .12.5 .376 • 333 .166 
2 1 .1 3 .1 2 .J 0 .344 .114 
3 1 • .144 .123 • 376 • 333 .16 
4 1 .371 • .01 .24.5 • 387 .368 .ooo 
1 2 .466 • 42 . 2,0 • 367 • 057 • 3l6 
2 2 • • • 13 .17 .278 .296 .2.56 
3 2 • ◄ os .16 . 219 9 .298 .241 .21 
4 2 • 1 . 211 • 04 .242 .J 1. .228 
l • 6 • 00 • 10 • • 376 • 32 .250 
2 J .137 • 7 • 19 .040 311 .J .341 
3 3 .13.S • 78 • 21 .040 • 310 .3 .342 
4 3 .09 .1 • 71 .457 .o 9 .218 • :> OO .373 
1 4 • 4 . ooo • 12 • 744 . 054 .109 . 240 • .597 
2 • 032 . 098 .l 73 • 9 '7 . 058 .1 • 319 • s 
J 4 • o 4 . 082 .180 .1 . 0,1 .133 .306 • .504 
4 4 . 037 . o 0 .18 .7l • .56 .1 27 .2 • 29 

- .... , .. 



lo th: J n 

nt t t x hour 1 t r l [ 1 r 
ho r 
rl r 1 4 

1 1 • • . 14 
1 • • 
1 • • • 
1 • • 

1 • • • 
2 • • • 

2 • • • 
2 • • 

l • . 1 -) • • • . l 
3 • • • • 0 

• . 079 • 
l • • 

4 • • • • 
• l S • • 

4 4 • o 0 • • • • 

t te r nt 
l hour t a 

rl1 r 
l 1 • . l Sl 
2 l • • 0 

l • • . 1 
l • • • • 211 

l • . 1 
2 • • • 

• . l • . 2so 
.172 • 

l • • 
2 • • • • 

• . 271 • 
. 2so • • 

1 4 • 15 • 
2 4 . 1 • • 

• . oas • • 
4 . 1 0 • • 

- -



1 1 2. 23 

ontb: J 

oon 

P.r nt t t X o r 1 t r t te 12 hours later 
ho r t 
rl i r 1 2 4 1 2 3 4 
1 l . 280 • . 422 • 30 . 1.55 . 09 3 

l • . 19 . 14 . 174 • 2 
l • • 7 • 37 . l .50 . ooo 
1 • • 76 • 374 . 1 0 . ooo 

1 2 . 501 . 13 . 2 . 1 60 
2 ') 

• • . s6 .o . 2 .1,1 
2 . 11 2 • . 233 . 1 . 16 

. 11 • 3)3 • 13 . 1 . 167 
1 . 224 • 02 . 156 . 224 • 318 
2 3 • 01 . 174 • 31 . 1so . 2 6 • 313 

. 1 S • 3 3 . 2 . 16 . 262 . JJO 
3 • . 139 • • 0 . 170 . 1 3 304 • 343 

1 • • 0 31 • . 82.5 . 013 • . 1 1 • 56 
2 • • 7 • 30 • 346 . 163 . 261 

. 036 • 700 • 3 . 11 3 . 142 . 662 

. o 7 • . 174 . 101 . 079 . 1 7 .141 . 673 

t t nt 
l ho r 

rli r 
l 1 • . 4 • 15 .1 56 . 1 S 

1 • • 30 • s . 1 3 . 2s2 
1 • 14 • • • . 012 . ooo .1 0 • 798 

4 1 • 31 . 090 • 21 • 329 . 15.5 . 095 
1 . 2 7 • • . 1 0 • .S.51 • 2 . 209 . 1.58 
2 2 . 2 3 • . 1 . 4.56 . 1 J . l.99 . 162 

2 . 296 . 119 . 331 • 31.5 . 1 7 . 1 7 
4 2 . 270 .11 0 • 31 . 209 . 197 . 1 J 
1 3 . 11 • 1 • 92 . 1 5 . 230 . 320 

. 14 • 44 . 14 . 19 . 310 
• • ◄ 24 . 1 . 1 0 . 294 • 40 

4 • • • 0 . 2 . 1 76 . 2 2 • 336 
1 4 . 1 . 2 5 . 1.s . 4 6 

4 . 102 . 1 3 . 144 • t> l l 
• • 7 . 1 4 .144 • 62.5 

4 . 011 . 102 . 141 . 680 

- 31. -



I 1 e 24 

h. J 

. 
• • • 

t t r nt t t 0 1 t r t 1? ho ra l t r 
6 ho r t t 
arl r l 

1 1 • • . 1 
l • • • • . 127 
l • • . 1 4 • 
l • • 

1 2 • • • • • 
2 2 • 

• • • 
4 • • • 22 7 • 
1 • • • 
2 • • • 

• • 
4 • 
1 4 • • • 
2 • • • 6 
3 4 . 072 . 21 s . 11 1 . 571 
4 4 • • • l l . 7 . 1 J • 54 

t t re n t 
12 hour t t 

arli r 
l 1 • 55 . o • s . 201 

l • 105 • • 07 • • 2 . 11 7 
l • 40 • 001 • • 239 

4 l . ooo • 7 • 09.5 
1 • 157 
2 . 159 • • 

• • 
• • • l 1 • 

1. • 
2 • • • 

• • • 
4 • • • 
1 • • 

• • • • 
4 • • • • • 
4 • • • • • 

- 2 -



al 2. 25 

onth: J 1 

a n ht 

r nt t ho r 1 t r t l u at r 
t 

1 4 l 4 
l • • .1 0 
1 • • • .1 5 
1 • • • .1 71 
1 • • • 407 .1 

l 2 • • • .117 • . 071 

• • • • • 0 • 
• 227 • 07 • 397 

4 • • • • 03 . ooo • 
1 .17 • • 7 • 354 • 
2 • 140 • • • 1 .52 • 

• 1 ◄ 7 .1 • • 1 • 7 
4 .171 .1 1 • • • • .174 
l . ooo . o 4 • • .620 

. 02 .104 .1 Y5 . s 5 
4 . 02 .114 • 9 • • .s10 

4 4 . 013 • 7 .11 2 • • . 51 

r nt 
r t t 
r 

l • . o • . 221 • 
2 1 • 4 .1 .444 .1 .s 

l . 277 • 1 • •• .147 
l • 4 .1 . 011 • 323 . .... .1 7 

l • . 2 .1 • 4 • 393 • 373 .1 ◄0 

2 .1 97 • . 313 . 0,1 . 212 • 25.S 
2 • 24 . 271 • 1 .s • 2 • 35 .17 

4 .1 7 . 2 • 41 • o 2 .25.S • 71 
l • 2.51 .15 • 4 • , 2 .001 
2 .1 . 275 .476 .11 0 • 28 

.1 • 4 • ◄ 60 • .1.90 . 273 
4 .1 .194 .41 5 • .11 
1 . ooo • !l .93 • • 20 

4 .051 • s • 3 1 • .19 -419 
3 .. • 20 .. 174 • 707 . 2 0 • 545 

4 • . o 7 • l . 246 • l 

- JJ -



T bl • 

nth: J 1 

• • 

nt t 0 r l a r .l o r 1 t r 
ho r 
rl r 2 1 2 4 

1 1 • 
1 • • • • 
1 • .15S • • • 

◄ 1 . 001 
1 • 
2 2 • • • • 

• • • • . 217 
4 2 • 
1 • • • 
2 • • • • 

• • • 
4 • • • • • • 
1 • • 

• • • 
4 .1 7 • • • 
4 .100 • 

t t r nt 
12 hours t 
1 t r 

1 .1 0 • • 00 • • • • 1 .5 
2 l • 14 • • . 000 .1 • .1 54 

1 .144 • . ooo .177 • • .1 5.S 
4 1 .17 . sos • . ooo • 57 • • .14 
l 2 6 • .1 0 • 1 • .1 7 
2 2 7 • • • 6 • .176 
J 2 • • • • 7 • .1 
4 2 • • • . 4 .117 
l • . ooo 
2 • . l l • • 
3 • .1 7 • 

• • .11 6 • • 
l • • • • • 
2 • • • • 

4 • • • 2.72 • 
4 4 • • . 2 • .505 

- 34 -



• 7 

ont : J 

n 

t n t t o r 1, t r 12 'h r lat r 

1 ◄ 

l • • • • • , . 
1 • 
1 • • 

4 1 • 
l • • . 174 

• • • 
• • 1 • .1 91 

• 11 . 177 • • 0 • 
l • 1. • 6 • 

3 • 101 • 7 . 24.! 
• o 1 • • 0 • .so 

4 J . o • 1 • • • 7 • 
l 4 ·--- --- ---- ~--- --

4 • .4 • .o ·2 • 7 
. 646 • 3 .199 • 02 

4 4 • 4 . 22 6 •. ,2.0 . so1 

t t [ nt 
12 hour t .,e 

rl r 
1 1 • 0 .101 • 4 .2◄1 • • 7 
2 1 .1 51' • . S ' ..526, • . ooo . 091 

l • . 11 • •◄ 4 . 2 34 . 01 
4 1 . s .190 • .• s, • 0 l 
l 2 • 220 .160 ·• s . 235 

• 3 • 1 • • .157 • 
2 .41'0 • 3 .1 1 .1 57 

. 22-0, • 311 • .1 60 • 232 
l . ,09 • • 41 .26 • . 2 l • 
2 ·• 4 ,. l l • 11 . 27 

J . 094 .1 1 • • 1 7 . 2 . 0 
4 • l 0 .311 • . 236 
1 4 . 019 .106 • . 07' J .. .o .1 0 . .13-7 • 

.1 0 • • 112 
4 4 • 096 • • 9 • 

- :u -



a I • 3 

ontb= J l 

X • • 

.r nt tat ho rs l t r t 1 ho r 1 t r 
t t 

r 1 1 
l • 1 •· • • • 
1. • 5 
l •· l • • • • 
l • 1 • • • • 

1 2 • s • • 
2 2 • • 

.1 • • 
◄ 2 . 2 • ,. 
1 • . 2 ·• .1 4 • 1 ]51 

• • 1,4 .1 21 .1 6 • 0 
J, • . 234 . 235 . 2 .5 .173 • .. 10 . 279 .l .l I • • • • 

l 4 • . 54(} • .117 . 1 . 001 
·• ·• 1 • 4 • . 1 • • 72 

4 .1.11 . 246 • .52 . 089 • .s 
4 .1 7 • 04.l .1 7 • • 49 ,.o l . 6 0 

t t e Pr nt 
1.2 hour t:ate 
e rl .r 

l l .1 .1 • • 37 .1 7.5 .267 .l l 
2 1 . , 04 . ,197 • • l . 229 . 20 .14 7 
J 1 .4 • 1 . 271 • • 2 . J 6 . 06 . 212 
4, 1 ·• :so . 20, . 2 . OJ9 •. 41 10 • 245 .1 1 .1 5◄ 

1 2 .441 • so .123 . o 6 • 241 . 212 • 11 
2 2 •· 7 • 47 . 1 ◄ .160 . 2 ·31 • 215 . 373 
l 2 •· 49 • 212 .1 :53 .l 6 . 227 • 216 • 
4 2 • 0 .1 56 .1 9 • 22, . 21 • 
1 • J, .1 59 • 3 l .1 0 • 
2 • s • • .1 2 . 272 • 

• • 2 . 200 • • 
◄ . 2 . ,269 .1 • 
1 4 .1 .1 27 • .51 • . 142 • 

4 .1 . 2 0 • 51 • .142 
3 .11 0 • 249 • .51 .1.41 
4 4 .lJS • .1 1 • J6 .1 1 

- .. 



Tl 1 • 2 

onth A 1u t 

C t x h r 1 t r tat 12 o ra lat r 
ho t t 
cl r 1 2 1 2 3 .. 

l 1 • • • • 52 • .. • .o.s 
1 • . 215 • 3S.S • 257 .17 
1 • 9 .100 

4 1 • .17 . 2 l •◄ 91 

1 2 • . 2◄ .1 ◄ 7 • 1 • 057 
. 27 • .s .1 2 

• • .5 • 1 
2 • . 071 

1 • • • 7 
2 • • • • • 4J 

• • • • 73 

• • • 39 
1 • • • 2 
2 4 • .o,, •◄ 76 

• • • 0.5'1 .474 
4 4 • 043 .o • 2 • 21 • ◄ 46 

' tat nt 
l our1 
1r li r 

1 •◄ 91 • 301 .11 • • 4 .3 0 • 01 .071 
l • .1 • . 20 • 46 .242 .209 

J l .1 2.1 • . 2 1 • 36.5 • 74 .134 .. 1 • .1 5 • 11 2 • 27 • 36◄ .274 .13.5 
1 .111, • .10, • 328 .376 .191 
2 • 2 .s • .124 • 311 , 41-' .150 

. 25◄ • .102 • 330 .370 .198 
4 . 264 .1 6 • .109 • 324 • 3 .s .182 
1 • 79 .125 .1 68 . 2◄1 .179 .-112 

J • 06 .ooo .207 .526 .267 
. 2s◄ • .102 . 228 .ll.S • Js, .. • 316 ... oo .134 .235 .2◄8 .283 

1 4 • • 742 .037 .190 .318 ... ,., 
2 4 • 1.54 . 079 .122 .046 .1 .52 • 336 •◄66 

4 • 0.56 . 086 • 15 • 71.S . oso .1 9 .3◄ 2 •◄ 69 .. 4 .042 • JS .161 .76 . 027 • 27 .301 ..... ., 

- 7 -



• 0 

t te fr nt t t ho .r 1 , t r t l ho t 1 t r 
6 t t 
,t 4 4 

1 • • • 
1 
l .1 7 • • • 

4 l ·• ., 4 
l 2 .17 • .193 

• ooo ·• • .1 • . 2 2 

• 91 • . ooo .1.11 
. ooo • •· . 242 

1 3 . 1 • . 1 • • 75 
• 075 • • . 1 • •· 9 
. o s . 1 • . 2 71 

4 • 01 • . 157 • • 9 
l 4 • 015 • . 124 • • ◄ 

◄ . o ,. . . • • 7 
. ooo, . 52 4, 

4 4 . o • .. . SOJ 

t t .r nt 
12 hour t t 

rl i r 
1. 1 • 17 • • • 

l • 41 • 47 • • • 
1 s • • 

◄ 1 • 7 . ooo • • 
1 2 0 • • • • 
2 2 . 1 1 • • 

.1 20 • • • • • . 21 0 
4 2 . ooo . 441 . 242 
1 J • 7 • • .1 S • • • 
2 J . 2,1 .1 56 

3 • . 2 7 .1 5 
4 3 • . 2 62 . 1 57 
1 4 . 079 • .1 4 • Jll 
2 4 ,. ooo .11 9 . 524 
3 4 . ooo . 2 77 .120 .1.9 • .5 2 
4 4 . 01 • .1 2 .1 7 . 2: 7 • 2 



2. l 

onth t 

r n t t ho r l r ' t 12 b slat r 
t t 

4 
l 1 • .l 
2 1 • • • • .1 • • 

1 • • • .111 .192 .1 l 
1 • • .6 • • . 244 

l • • .4 56 .136 • 4S 
2 • J l • .1 07 • 41. 

• • • . 2 5 • 9 .234 

• • .497 • .1 55 • 48 
l • • 47 • • • l 

• 1.52 • • 2 l • • 32.5 

• 1 .177 • • )17 

• • 4.5 • 23 • ◄ 1 

1 • 510 .104 • 0 3 

• • • 243 • 7 • 15 
• 7 • 094 • .l • 39 

• .1 .ss • .1 1 • 2 .1 5 .622 

[ ent 
t a t 

r 
l • . o 7 • .1 76 
l • • • 050 • • . 244 
1 • • 1.9 ... • • 1.51 

4 1 • . o 0 .6 . 096 .ooo .2 4 
1 • .11a .41l .229 .116 . 243 

• .1 .4 7 .11 6 • 47 
.11 0 • 36 . 2 9 • • 40 

• .116 • 2 . 24◄ .242 
l .1 • • 3 • 362 . 228 • • )44 

.1.53 • • 1 • 302 • 7 .180 • 19 

.1 .S.5 • 293 • Jl 7 .18] .1 6.5 .34 • Jll 
◄ .1 50 • • 35, • J2 . 214 .130 • 
l • 6 • 6 • 4 • J .16S .4 

• .u 6 • 92 . 091 .160 .4.57 
. os1 .101. 0 .170 • J .147 • 00 

4 4 .056 .l .5 .159 • 2 .1 6 .61] 

-



• 

n h: t 

• • 

r n t 1 r 1 r 12 ho l 

t t 
l l 

1 • • • 
• • • • 

1 • 
l • • • 

l 2 • • 
• • • • 
• • • • • • 

• • • • 
1 • • 

• • 
• 

• • • • 
l 4 • • • 

• • • • ooo • 
• • 71 . 1 • • 
• • 71 5 . 1 0 • • 

t 
r 

• . 1 • . 1 7 

l • .1 • • . 19 

1 • . l • . l 5 

4 l • • • 
l 2 • • • 

• • • 
• • • 

4 
1 • • • • 
2 3 • • • • 
3 • • • . 21 • 

• • • 2 

l • • . 11 . 1 

• • . 051 . 1 • 
• • . 1 

4 • 0 2 . 1 • 

0 -



t t 

1 
1 
1 
1 
1 

1 2 • 
• 271 

• 
• 

1 

• 

1 • 

• 

t nt 
h 

r 
l 
l • 
1 

◄ 1 
1 • 

• 
4 
1 

1 4 

• 
4 • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
• 

i 

i 

. 
•· 

1 • 

n'i ht 

r 1 

. 121 • 

• 

• 
• 
• 
• 

• 
• • 
• 
• 

• 
• 

. 1 1 • 
• 
• 

• 
• 

• • 
• 

• • 

• 

• 

• 

1 -

r 

r t t 12 0 r 1 t .r 

1 4 

• 
• • • 
• • 
• • 

• • 

• 
• 

• 0 

• • 211 

• ,1 2 • 
• 
• 210 
.1 7 • 
• 01 

• 
• 

• • 

• 9 

• • ◄ 67 

• 11 
.1 .5 8 • 11 9 ..... 
.129 
. 173 • 
. 146 • 
• • 0 
• 11 ·4 

• 2 
. 107 



bl . 3 

on h: r 

i • • 

l l' t l our 1 r 

l l 
l • • • • 

2 l • 7 • 
1 . 110 • • • • 
1 • • • • 

l 2 • • 
2 • • • • 
2 • . 1 • • • 

• • • . ooo • • • 
l • • • { • 

• • • • 
• • . • 

• • • • s • 
l • • 52 
2 • . 101 

• ooo • • 719 . ooo • 
4 . o 2 • • S l . 1 . s6 

t nt 
l 

l • . ooo . 154 . 101 

• • • • . 1 97 . 097 

- 1 . 1 7 10 . • • • 
l • • • • l 

1 • . 21 

• . 270 • 
3 • • • • 
4 • • • • • • 
1 • 

• • 
3 • • • 

• 7 • • 
l 4 • • 1 01 • 

• . 011 • • 
4 . o • • . s 
4 • . o 0 • • . s 



T • 

nt pt r 

oon 

t n t hour 1 It t hour l t r 

3 4 1 2 4 
1 • . 011 • so .111 
1 • .o . soo • 3 
1 • • • 9 • 3 
1 . 01 • 711 . 1 2 • 

1 2 • • • 071 . s 2 .1 6 . 092 
2 • 70 .128 • 

• .1 2 • 
• • • .1 .1 28 

1 • 141 . 21s . 172 • 65 • 
3 • • • • 24 • 1 

• . 097 • 354 
4 • • 342 
l • . 010 • 

4 • • • .1 .1 9 • 5 8 
4 • .1 76 • 79 .14 6 .. 1 6 . 652 

.l96 • 741 .159 .1 57 . 6 J 

.r nt 
r t t 
r 

1 • .1 1 • 1.1 0 . 6 .154 .1 07 .111 
l • . s .19 . 099 .11 9 
1 . ooo •◄ • 353 . 06 .1 54 
1 • . 59 .184 .101 .117 

l 2 • • .542 • .1 7 .1 25 
2 • . 520 . 189 .1 7 .164 

• • 400 .102 .l 9 • 9 
4 • • • . 465 .149 .12 . 2, 
1 • 215 • .1 9 . J • 73 
2 J • l .S • . os1 • ◄ OJ . 28 

• 17 • 351 • 9 . 23.5 
◄ • 1 ◄ 3 . 299 . 273 
1 • .1 1 .131 . 542 

• • .1 .57 .122 • 1 
4 . 01 • • 7 .1 69 .662 
4 • • 7 0 . 062 .1S6 • 62 2 



1 • 

on n: )c t r 

r : i • • 

t t nt ' t 
. 
1 0 r l r t 1 0 r l t 

hour 
rl r 1 

l l • • • .. • 
l • • • • • 
l • . , • 
1, • 

1 2 • 

• 
◄ 2 . 210 • 
l • • 
2 • , . 
3 .1 •· 
4 .1 . 110 • 
1 4 . 012 . 297 .11 7 • • 

4 • 6, • .s1 • .1 • 
2 • • 0 • 94 .11 , • 

4, 4 • 9 .1 4 .1 4 .1 1 . 6.S l 

t t Pr s nt 
12 hour t ·t 

rl i , r 
l l • 20 . 1 • 7 

l .4 65 .1 07 2 

1 • 3 4 .111 • 1 • 
4 l • 20 • 1 2 7 

1 2 • 31 7 • 4 • •· 
2 2 . 159 . , 

2 
4 2 • • 
1 • 
2 • 

0 • • 
4 3 • 
1 • • • •· 

4 • • ◄ 5? 

• 027 • . 570 

4 4 • .o • 70 
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l • 9 

h c t o r 

i oon 

nt 0 l at r t t 1 h r lat r 

1 l 
1 • • 
1 • • • 
l • • • 
l • • • 

1 • • • • 
2 • 
2 • • 

4 • • • 
l • • • 

• • • 
• • 

• • • .110 • 
1 • • 

• • • 
◄ • • • .572 

4 . o .727 • 97 

t tc Pr nt 
1 ho r t 

rl r 
1 1 • .1 7 • • . 1 

l • .1 77 .1 • 
l • • .141 

4 l • • • .14 7 
1 • • • .1 

.1 7 • 
• • • 117 .1 4 • 

4 • • 73 .l .1 .56 
l .1 9 .1 72 • 

• • .1 . 15 • 
3 • .2 • • 

◄ • 150 • • • • • 
l 4 • • . 513 • • 

• • s • . l • 
• • s • . l l .1 s1 . 511 

4 • • 76 .162 .104 .110 .6 
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2. 0 

on h: t o r 

• • 

r nt t t 0 r l t r l o r 1 t r 
hour t 
rl r l 4 

l 1 • • • 
1 • 
l • " 

4 1 . 11 • • 
l • . 150 . 2.S l • • 

• • 
• • 

4 • • • • 
l • • • 

• • 
3 • • • 
4 • • • 
1 • • 
2 . 100 • 

4 • • • • 
4 4 • • • 

t t nt 
12 u 

r l i r 
.l 1 • • 
2 1 • • 
J 1 • • • • • 
4 1 • • 
l • • • • • 

• • • • • • 
3 . 2.S 6 • • 
4 2 • • • • 1 • • 
1 J • • • 0 
2 • • • • 0 • 
J • • . 2ss • . 411 

• 151 • • 
1 . 01 

• • 251 • • 
• o . 1 . 171 • 

• • 1 • • . 1 l . 093 • 
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• 
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r 

t 
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• • • • 
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• 2 

onth: o r 

• • 

n t ho r l r 1 hour l t r 
ho 
rl1 r 1 1 

l l • • 
• • • 1 9 • • 

3 1 • • • 075 
4 1 . os • • • 
1 • • 

2 • • • 
• • • • ., . , • • • 

l. • • • • • • 
2 • • • 
3 3 • • • 
4 • • • l 4 • .1 

• • .1 • 
1 .1 • 
4 • . 1 

t 

r 
1 • • . oss • 
1 • • • • • 

• • • • • 
4 l • • • • 
1 • • 
2 • • .1 • 

2 • • • • 
4 .190 • • .s • • 21.S 
l .1 . 277 • 5 
2 .1 61 • l • 2 
3 . 010 • • .119 .411 .. .1 0 • .191 • 
1 4 • 61 .1 0 • 
2 4 . o.s • l • • 
3 4 . os1 .11 .s • 666 • 
4 .. • 0.5 • 042 . 765 • 

- s -



2. J 

nth: o r 

: oon 

r ent t r l t r t 12 hour later 
t 

◄ 4 
1 1 • .172 .1 . 07 • .192 

1 .1 75 .1 22 • .17 
1 • .1 • .1 3 

4 1 .1 71 .1 • • .19 
1 • • 2 l .1 • • • • 72 

• 170 .1 • 225 • 
• • 21 .119 • . 075 • 

4 • 1 .1 77 • 1 .144 . 090 • )32 
l .147 • • • .1 • 61 • 7 

.179 • • • ell .137 .38, 

.171 • • .118 .169 .370 
4 • • 8 .064 •◄19 
l 4 • • .549 • • 4 .189 •◄ 63 

4 • ., • • 4 .192 .•sa 
◄ • • • 7 9 • .011 .079 .6.19 

• .1 • 691 .079 .101 .579 

' t t' t · 
l 

l • .17 • . 5 2 .o .189 .179 
l .1 7 . ooo . s s .061 . 231 .173 
1 .110 • .1 .6 7 .1 6 • .201 

4 l .1 72 . 063 . 5 7 .109 .12 .188 
1 • ◄ 34 .13 .091 .342 
2 • .1 ◄0 .090 .336 

2 • .141 .090 .335 
4 • . 22 . 079 .257 
l • .1 ,01 . 2 0 • 319 
2 3 • • .124 .113 .396 
3 • .1 .12, .094 • o, 
4 • .1 .J .130 .053 .424 
1 4 • s .1 J .652 • 0 .130 .546 
2 4 . 074 .17 • 61 . 083 .181 •◄7 
3 4 .1 0 • 01 • . 212 . 075 .042 .671 
4 4 .1 .100 .1 2, • 39 .079 .117 .56.5 

• l • 



T bl 2. 4 

• • 

r nt 0 r 1 r 2 ho 1 t r 
ho r t t 
rl r 2 3 1 4 

1 • • .l 5 . 090 • . 2 .17 
2 l • • 1 • • . 27 . 1 

1 .127 . 257 • .1 77 
4 l • .141. • • • .1. 
1 • . 2s • • . 2 !-
2 • . 0,72 • • . soo 

2 • • . 2 0 • . 221 . 210 
2 ,. . 2.ss • • • 

1 . 2.54 • 
• 27 .11 • • 
. 257 . 110 • I • • • 
• 2 . 1 07 • . 2 

l .l90 • • 5 . 057 • 
• 1 • • .1 2 . 6 
.1 .107 .11 2 • 646 
.1 . 10 . 111 • 64~ 

t t r nt 
1 hour ,t 

.r li, r 
l 1 • • .1 • • . 2,.s . 176 
2 l • . 100 • . 2 2 .1 7 
3 1 • . o • • • 72 
4 l .1 27 • • • 7 • 
1 2 . 1 . 1 7 • .1 21 
2 . 422 .1 .1 2 .1 40 • 

. 2SJ . 2 • . , • 249 • 
4 •· 2 • l .l 
1 . 110 • . l . 20, . 2 • 
2 3 • . 011 .11 2 .45 
3 • • . 127 • 4 

4 • 17 
1 4 . 7 . 62 6 

4 . 6 ,. • 49 
4 • 751 .1 • 0 

4 4, • • 0.S 1 . 7 .114 .11 • 67 ) 
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l 2. 4.5 

onth c a r 

·: N .dn t 

r nt t t X 0 • 1 t r t t 12 0 s lat r 
h our t t 
rli r l 3 
1 l . 1 9 • • .1 6 
2 1 . 1.s1 • .l .S • 

1 • . 1 • • • .1 23 • .. 1 • .1 51 • • • 
l 2 • • . 079 
2 • • • . 2 

2 • 14 • • • 
4 2 • . 147 • . 2 
l • • • • 49 

• • • . 2 • 9 
3 . ooo • o • . 100 
◄ 3 • 0 • • . 2 • .345 
l 4 . 21 • .1 01 .1 . 056 . 646 

4 .114 . 079 . 1 .1 . 199 • .524 
J 4 .14 • 7 .1 • .1 ,1 .1 26 .1 55 • 62 
4 4 • 79 . o 9 .1 07 .126 • 144 • 49 ... 1 

tat r nt 
l hours t t~ 

rli r 
1 l .1 .127 . 21 .1 00 . 330 
2 1 .1 9 • 3 .198 • 91 
J 1 • . 1 1 • 05 • .52 • 49 
4 l • .149 • . 2.57 • 77 • .59 
1 • 9 . 1 4 . o.s◄ • 219 • ◄ 54 
2 :? • 40 • 1S .1 , • .ooo • 06 .490 
3 2 • .1 1 .1 40 • 76 .1 60 . 247 • 
4 2 .147 . ooo • 9 • 56 . 212 • 16 
l . 3 . 2s1 .173 .414 .1 .57 . 207 . 525 
2 3 • 92 . ooo • . 290 .1 57 • 9 

3 1 . 409 .1 7 . 201 .499 
4 • 0 • • • . 24.S .174 . J?S 
1 4 .1 S . 617 .1 5 .1 ◄ .5 . ,10 

4 . 064 .1 .11 .148 . 211 • ◄ 63 
J 4 .1.so • .140 . 622 .1 .l 9 • .566 .. 4 • ' 2 . 07 .11 • 7 3 .1 l • 31 .497 

- ' -



·th1 D· ce r 

i :; 

t t re en t t t · x 0 I l t r t t 1 hour 1 t r 
6, hour t 

rl r 1 2 1 2 
1 l • 25 • 19 .1.11 .1 :5 .4 09 .1 .1 50 
2 1 • 71 .1 70 • 2 • 6 . o 
3 l • . 510 .1 l 
4 1 • 1 .119 
1 • • • • 70 • 
2 . 2s1 .ooo • • 

• . 2.so • • 
4 • • .1 • 
l • .1 ·• 
2 • . 07·9 .,,4 

• • • • 0 • 51 .. • .12 7 • 2 
l 4 • • • • • 0 
2 4 . 077 • • • • 1 
l 4 • • . 206 . s 64 
4 4 • 0 .1 .1 • • 7 

t te Pr nt 
12 hours t t 
earl i r 

1 1 • 7 . 264 .11 .1 81 .4 5 .1 21 • 1. 4 . 260 
2 1 . 44 3 .4'77 .11 0 .1 25 
3 1 .4 7 • 7 . 072 0 • 
4 1 • 1.4 • .14 .1 
l • 0 • 67 • l 
2 2 • 215 • • 11 . 214 

2 . 2 ' • 24 
4 2 • 211 • • J 
1 • 1 .5 • • • • • 
2 .11 8 .. 145 
3 • • 
4 
1 4 • . , 

2 4 . ,01 2 
J 4 • . 65 7 . 099 
4, 4 • . s J .1. 2 

- -



bl . 47 

ont D C r 

T 00 

r n t t ho r 1 t 1 ho r 1 t r 
t t 

1 4 .. 
l l • • • • 9 

l • .111 • 
1 • • • • 
1 • . 517 

1 2 • l • • • 
• • 
. 540 • • 

4 . 1 • 11 0 • 
1 • 100 • .1 

• • .1 • 
• 214 • .1 • • 

• .1 • • 
l • • 711 • 071 .1 • 

• • 7 .1 03 • 
• • 7 7 • • .111 • 

4 • • 71 • .10 

t t Pr nt 
l h ur ... t t 

rli r 
1 l .l · .102 •◄ .1 92 • 
2 l .1 • 1 . 451 .1 0 

1 • . ooo • ooo • 17 .1 
4 l .111 • • .so .190 • 
1 .11 5 .1 9 • 571 . 075 • 

.10s .150 . 5 7 • o 9 . 037 
2 . o • ◄ .ooo . ooo • 

4 • .1 6.S .1 54 • 6 
1 • • • • .1 3 • 

• ooo . 5 .. • .1 .55 • 
.1 52 .141 • .1 4 . 094 • 

4 3 .1 • 9 • .1 2 . 093 
1 4 • . 72 • • 74 l 

4 • .1 • 717 • . 01 .1 
3 • . 1 • 71 • . 01 .1 
4 4 • .1 . 71 . 012 .1 . 614 
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1 • 

r 

P. • 

tat nt t t 0 l r t 12 ho r l t r 
our 

rl r 1 1 
l 1 • • . 1 
2 1 • .1 
3 1 • . 1 . l • 
4 1 . ooo • . o • 
1 2 • • . 1 • 

• • • • . 111 • 
2 • . l • • 

4 2 • . 177 • 
l J • • 17 • • 547 

3 • • l • . 1 
3 • . 156 .1 07 • 

4 . 175 • • .107 
1 4 • • .1 7 . 129 • 
2 4 • • .is . 21 7 

4 .174 . 11 • 
4 4 • • .1 79 • • 

t a t e nt 
12 h r t t 

rli r 
l l . 1 • • 0 . 1 2 . 212 
2 l • . 1 0 .125 

1 • s .1.so 
4 l • 7 s 
l 2 . 1s1 • • 

2 • . ooo • • 
2 • • • 

4 2 • • 
l 3 • • 
2 3 • • 
3 • • • 109 • 
4 3 • • .107 
1 4 .1 .1 7 • 
2 . 195 • ooo • 77 

4 • • 1 0 .o 7 . 629 
4 4 . 077 . 1 S .175 .117 • . 61 3 
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T bl 2.49 

. 1u of th f ctio s 

1' ll ' 1' ,C, 

fo, J 
Pr n.t t ·t 1 

t t 
ho hour 
tl 

l 
1 t i: P1 13 

1 1.000 . ooo 1 .599 . .s 9 .. 3 .9 7 2 .164 .118 
3 .1 7 • 13 3 .144 .1.71 

. ooo 1 .o 0 4 . 093 .152 

t t ·t ·te 
l h ur 12 hour • 

rll r 
1 2 

1 t r '31 ~2 

1 • 7 7 .213 1 .211 • 470 
. 6l 7 • 3 2 .29.5 .121 
. 665 • ' s J .lS,8 .1.54 

4 . 260 • 74 4 . 336 .2ss 
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3. Reliability of tle e timatee. ~e reliability of the eetiaat•• 

of eonditional probabilities given in Section 2 depends ou two fa~tor1: 

1. The quality of t h fit of the aodel fo th date; 

2. Then ber of ob rvations. 

Tb quality of the fit oft model to the dat ie mea ured by th 

valu of 

wher • r value• of pij which m1niaize 

th expre sion in (2.2) 1ubject to (2. 1). Co sider th 64 c lle given 

by a pa t (ooe of the A1) and a future (on of th Bj). • ch time th 

fixed obs tv tion occur t iv n fix d tie and month , that obaer-

vation is placed in four of t h 64 c 111 accordin to t he two pasta Ai 

and futures Bj vhich occured. 

count• in these cells. 

e 8 x 8 matrix (n1j) ia the utrix of 

If th signm nt of observations to cells were such that each 

obeervation were plac din a sin le cell, th ini.J'JWD value of would 

have, if · were large ad the 110del is correct, pproximately a 

dietribution. The fact that each observation fall• in f our cell• affecta 

the quality of t hi1 approximation. Also, th appropriate number of 

d greea of fre dom wi 1 be sl ightly affected. Since thi1 aff ct ie not 

precisely known, we will ignore it. 

The numb r of degrees of freedom ia given by m • a - b - c wher 

a 11th number of c lls, bi the nuaber of 1 ependent linear re trictiona 

aaong the nij' and c ia the numb r of linearly independent parameter• in 

the aodel. Now a• 64. The nij aati fy 

• 58 -



4 8 
(J.l) I '"'i j • I 

j•l j • 5 1j (1 • 1, ... ,8) 

and 

4 8 
(3.2) t n1j - I D1j 

1•1 1•5 
(j • 1 •...• a> 

R strict1on (3.l) follow from the fatt t t A1 .A2,A3.A4 are mutually 

u cl uaive and xhauativ a t of pa ts•• are A5 • 6 ,A7,A8. A aillilar 

obs rvation for th Bj yi ld (3 .2). Of t h•• 16 qu tions, any one 

can b d ri.v d from t he oth r 15 b • 15 . The param tr of the 

mod l are t h ( 
1

, c) and k(Bj , c) in ( 2. 1) fork• 1, 2; 

i • •••. ,8; nd j • 1, ... , 8. Thus there are 32 par t~:-,. The 

(A1, c) ar probab1litie aati tying 

(3.3) 

• 

and the S (Bj • ) are conditional probabilitiea •• i1fy1D1 

4 
(J.4) t 8k (Bj, E) • 1 ( • 1,2) 

j •l 

and 

8 
t Bk ( j , t:) • 1 (k • 1,2) 

j•5 

Tleae are 5 linearly independent restrictions ao c • 27. Thua finallJ, 

• • 22. 
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lf th od l ii .ot corr ct, t 1 Ji ibut on o t e ini vale 

of 
., x .. would ot h V 2 i tribut ion, I v lue would t nd 

to b lar er t n typic 1 .for vari ole 2 i s tribution . 

lar value o t .• 1.ui elative t o t u er of d r of d 

11 lndicativ of a poor f t oft l tot da.t u· 11 l 

od rte valu i' di t ooci fit. h ar . t va u 

2 .4 J fort C S of stat\! 4 ·ad 1 ht i .r, ebru ry. S DC (;. ov r 

lf of ll tio fro 2 a tri ution i of 

fre dom ar t t t l l r r Oil \ OU d thi vi nc t h t 

t • od l fit 11. I p c t o 0 .l to 3.12 show t t 0 t 

of t valu r co i r ly mal r t t h 

A y fit 11, but t <.t. t y t o p r t o pr ov 

accur t ti t oft par t r • I our ca • t h e t i t f 

pij p h vily 0 . ni d to al ser xt nt on t ~ouots i ot 

c lla. 

Accur cy oft c t t , requires l r numb r• of o rvation 

nd, it 
4 

art1 ~u1 r, 1 r , value oft ~ij" 
j •l 

4 4 

T tot l .• b r of 

obi rv•tion i t t nij" 
i•l j 1 

Tl 1 fol .' ow by th a reasoning t aat 

yi lda (J.1) 

(2.2) aubj ct 

pr sent t t 

tw lve , our 

2.48. 

4 

nd (J.2). T bl J.l to J.l~ ive th v lues oft n1j 
j•l 

to (2. 1). - C I t bl i nt rd wit the pr s nt ti. 
4 

, and, for th values of t n1j ith t C. It t e ix or 
j • l 

11 r. T stat are number •int 1 2. to 

r tur to t x plea of t on 1. tJe ob rve t 1~ ky 

, 

to b p rtia l y c o y t mini tit Jaoua In table 3.1 w refer 

~ 
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to the col for a e t i e., t . \1 9 t n t th x2 valu is 
, 

90 t . f t is V ry gooJ. tlo , ... v r , u to small nuc· ers of 

0 S 1."V tio th ot t s I' ::.ot r li l . The itu tion is much 

tt r for t ca f ~ 1 r a t ni ht. 

·r l e 3.1 t o J.l to fo. lo , . 
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Table l.l 

ontb: J nuary 

tate 6 ht State t idnigbt I e at six A.M. 
earlier l 2 4 1 2 J 4 

1 5 l ·10 'Z7 93 23 2.5 19 
2 27 7 12 16 15 11 5 12 
3 22 6 13 22 1 8 7 27 
4 26 12 14 179 1.7 10 28 189 

t t 12 hr 
earl i .r 

l 48 14 29 63 22 20 35 
2 37 1 7 27 9 8 26 
3 22 7 10 30 17 7 31 
4 53 15 24 l S 33 14 29 155 

2 
. 94 • 06 9. 14 X 15. 5 9.241 6.772 2.839 lD.664 

tate 6 hr St t at noo tat at ix P.M. 
Brli r l 2 3 4 l 2 3 4 

l S6 37 20 19 69 9 10 12 
2 7 13 11 11 7 13 14 1 

15 9 10 1 l 17 9 23 
4 12 23 26 1 6 19 21 29 178 

tate 12 hr \ 

earlit!r 
1 52 s 25 48 67 20 18 27 
2 12 10 7 14 14 1 9 22 
3 6 6 7 30 21 9 8 27 
4 JO 31 28 15.5 41 24 27 lS.5 

11.459 7.366 15. 412 13. 919 • 201 6. 49 11.266 10. 742 
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Table 3.2 

onth: f bruar , 

t t 6 hrs Stat at idnigbt State at 6 A .. M. 
earli r 1 2 3 4 1 2 , 4 

1 93 16 10 15 88 30 30 14 
2 32 11 9 26 11 10 .10 16 
3 20 12 8 25 9 7 10 13 
4 17 8 12 13 10 15 21 1.58 

State 12 hrs 
rli r 

1 SJ 11 9 16 61 20 24 29 
2 32 10 s 31 20 11 14 33 
3 s 7 14 30 15 lS 13 22 
4 42 19 11 127 22 16 20 117 

2 
7. 886 5. 569 6. 600 20.483 10.175 8.141 8.572 8.1.59 

t t e 6 hrs St te at noon c; tate at 6 P.,M. 
earl! r 1 2 3 4 1 2 3 .. 

1 52 24 22 20 54 20 8 4 
2 16 15 19 12 33 17 9 14 
3 9 17 16 29 25 22 18 26 

4 9 17 34 141 16 23 34 129 

t te 12 hrs 
earlier 

l 46 34 33 49 52 26 17 23 
2 13 11 10 13 23 9 12 18 
3 7 8 10 14 18 12 9 32 
4 ~o 20 38 126 35 JS 31 100 

2 
11.792 7. 512 4.837 9.449 13.468 11. 671 12.w lJ.106 



Table 3. 3 

Month: March 

t te 6 hrl t teat idni ht t te at 6 A.M. 

earlier 1 2 3 4 1 2 3 4 

1 88 9 12 l 8.S 33 JO 18 

2 38 10 14 26 1.S 11 12 16 

3 2 18 16 38 1.S 10 12 29 

4 20 17 24 163 16 21 28 17.5 

tate 12 hr 
e rlier 

l 56 10 15 22 .S4 24 22 22 

2 38 .s 11 22 23 13 16 36 

3 38 16 13 40 19 11 21 41 

4 34 23 27 156 35 27 23 139 

2 
6.351 10.040 16.291 12.797 1 • 272 5.526 10.209 6. 71.S 

tate 6 br tate at DOD tate at 6 P.M. 

earlier 1 2 3 4 1 2 3 4 

1 64 33 22 12 59 23 15 8 

2 18 14 21 22 32 21 10 17 

3 16 17 21 29 22 16 36 29 

4 7 16 39 176 13 23 32 171 

t te 12 hrs 
earlier 

1 63 35 30 38 55 24 22 30 

2 10 17 12 15 21 17 18 19 

3 9 7 14 36 27 14 11 31 

4 23 21 47 150 23 28 42 145 

2 10. 718 11. 061 8.595 1. 379 9.231 8.654 7.881 10. 381 
X 



Table 3.4 

onths April 

State :6 hrs State at midnight State at 6 A.M. 
earlier 1 2 3 4 1 2 J 4 

l 47 6 12 7 .57 27 22 24 
2 41 19 13 12 1.5 20 12 1.5 
3 27 16 23 ;S 16 8 21 23 
4 15 21 20 176 18 17 28 187 

State 12 hrs 
earlier 

1 35 12 12 21 21 21 18 12 
2 29 7 11 29 26 11 14 34 
3 25 22 22 44 30 13 22 56 
4 41 21 23 156 29 27 29 147 

2 
8.772 7.141 8.361 10.184 6.18.5 J. 747 3.609 8.748 

tate 6 tu-a State at noon State at 6 P.M. 
e rli.er 1 2 J 4 l 2 3 4 

J 1 44 JO 18 14 28 22 21 11 
2 19 17 19 17 21 16 23 1.5 
3 8 14 34 27 15 25 37 40 
4 1 14 46 178 8 22 39 167 

tate 12 hra 
Cll'lier 

1 36 2•4 37 33 28 29 24 25 
2 14 10 16 22 17 11 20 24 
3 10 14 2l 23 10 13 30 30 
4 22 27 43 1.58 17 32 46 1.54 
x2 6. SS.5 7.098 7.865 13.088 10.112 J.669 6.770 10.043 
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Table 3 • .5 

Month: y 

C,tate 6 br . ta te • t midni ht t te at 6 A.M. 

earlier 1 2 3 4 1 a 3 4 

1 63 4 2 7 69 34 9 21 

2 31 16 20 11 12 18 11 14 

J 30 14 29 50 6 13 1.5 40 

4 29 21 23 177 14 11 29 191 

State 12 hr 
earlier 

1 38 10 9 20 32 16 11 17 

2 33 9 14 29 16 24 16 22 

3 44 19 22 so 26 16 2l 60 

◄ 38 17 29 146 27 20 36 167 

'X.2 7.104 7 • .584 10. 46.5 4.006 l 3•.S.59 11.509 11.876 4.426 

State 6 hrs State at noon St tc at 6 P.M. 

earlier 1 2 3 4 1 2 3 4 

1 40 27 32 2 36 15 17 7 

2 16 19 2.5 16 18 24 24 20 

3 9 12 37 26 1.5 2.5 42 52 

4 10 28 40 188 1 18 42 16.5 

State 12 hrs 
earlier 

l 42 32 46 33 24 21 31 2.5 

2 4 11 21 19 12 13 24 27 

3 12 9 19 34 10 13 2.5 36 

4 17 34 48 146 30 3.5 45 156 

2 
7.949 13. 939 3.377 14.037 2.962 0.026 

'X. 7 • 67.5 7.267 
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Table J. 6 

Month: June 

State 6 hrs State at midni ht t ■ te at 6 .N. 
e rlier 1 2 3 4 1 a 3 4 

l 46 18 10 4 .50 41 24 17 
2 42 21 19 1.5 33 17 1.S 18 
3 33 26 38 48 13 17 28 43 
4 11 18 34 127 7 13 36 131 

St te 12 hrs 
earli r 

l 19 14 7 11 30 22 11 1.S 
2 60 22 28 21 :26 16 26 29 
3 38 25 41 46 24 38 27 .56 
4 15 22 25 116 23 12 39 116 
2 

8.127 9.141 13.272 11.215 9 • .576 10.126 4.196 12.55.5 

State 6 hrs ~tate at noon tate at 6 .M. 
earli r 1 3 4 1 2 3 4 

1 23 46 32 2 20 12 12 6 
2 lS 32 27 14 34 4.5 37 14 
3 8 25 41 29 16 26 63 .50 
4 4 27 .5.5 130 6 16 33 120 

t te 12 hrs 
earlier 

1 20 50 45 17 28 27 34 14 
2 1$ 24 22 22 12 28 29 19 
3 4 31 31 3.5 19 1.S 31 38 
4 11 2.5 .5? 101 17 29 51 119 
x2 10.511 6., 313 7. 312 4.389 10. 48.S 1.1,1 6.627 8.213 
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Tl 1 3.7 

onth: July 

State 6 bra tate at midn ht State at 6 A.M. 
earlier 1 2 3 1 2 3 4 

1 44 16 16 3 .56 44 33 2.5 
2 51 29 18 19 22 J 24 22 
J 44 29 44 45 18 18 27 51 
4 19 13 36 101 3 16 26 123 

t te 12 hrs 
euli r 

l 18 8 8 J 31 21 15 12 
2 50 33 30 31 26 21 26 44 
3 52 34 46 ss 29 31 42 60 
4 38 12 JO 79 13 24 27 10.5 

2 .75.5 13.477 10.982 ,.131 8.379 8.754 11. 247 4. 302 

State 6 bra tat at noon tat t 6 P.M. 
earlier 1 2 3 4 1 2 3 4 

1 16 49 4 0 20 8 8 l 
2 12 42 32 11 37 45 39 22 
3 5 22 .53 30 18 42 7.5 .51 
4 4 30 67 20 3 17 38 103 

State 12 hrs 
e-:rlier 

1 14 57 64 23 22 32 JO 1.5 
2 6 27 3.5 19 29 27 26 15 
3 11 29 48 26 12 16 41 41 

•2 6 3 39 93 15 37 63 106 
X s.986 (>. 351 9.702 11.s 1 10.256 7.696 7.409 11.862 



Tabl 3.8 

~ontb: Au uat 

State 6 br a ta te at rnidni ht State at 6 A.M. 

earlier 1 2 3 4 1 2 J 4 

l 63 18 13 J 79 .53 22 20 

2 58 31 16 21 24 17 a, 24 

3 39 26 30 46 20 8 21 30 

4 14 15 20 114 9 11 28 136 

St te 12 hrs 
earlier 

1 33 9 11 11 37 27 1.5 18 

2 60 32 16 35 36 32 2.5 33 

3 50 36 28 5.5 38 19 26 58 
4 31 13 24 83 21 11 30 101 

x2 14.604 9.859 8.044 7.987 4.363 13.291 ,.464 11.703 

tate 6 hr1 ta t e at noon State at 6 P.M. 

e rlier 1 2 ~ 4 1 2 J 4 

1 40 .55 l9 8 28 26 8 2 

2 13 36 33 7 37 49 41 17 

3 8 2.5 40 23 2.5 38 57 46 

4 3 28 64 11.5 9 16 34 94 

t te 12 hr1 
e rlie 

1 39 63 47 25 40 43 36 13 

2 10 29 35 16 18 30 23 18 

3 8 18 2.5 28 1.5 21 34 26 

4 7 34 .59 84 26 3.5 47 102 

2 9.201 8 • .590 13.858 8.023 a.209 19. 666 , • .505 14.248 
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Tabl 3.Q 

ontha S pt ember 

tate 6 hrs State at midnight State t 6 A.M. 
arli .. r 1 2 3 4 1 2 3 4 

1 101 14 14 1 110 39 24 17 
2 4 26 16 l 20 14 17 21 
3 26 24 29 33 12 19 26 27 
4 20 8 25 106 10 8 24 122 

ate 12 hrs 
earli r 

1 71 22 11 15 72 23 19 22 
2 s 20 l 19 37 22 17 27 
3 37 21 35 3 23 17 27 45 
4 26 9 22 92 20 l 28 93 

2 10.828 l 3.526 7.454 10. 40 l J. 329 ·. 903 12.750 11.626 

State 6 hrs tat at noon State t 6 P.M. 
e, rlier 1 2 3 4 l 2 3 4 

1 63 26 8 75 25 18 1 

' 30 18 25 7 39 39 17 1.5 
3 17 21 26 27 18 28 4.5 J9 
4 9 16 53 109 s 7 31 108 

tate 12 hrs 
rli r 

1 77 .58 36 19 71 39 27 1.5 
2 12 19 23 18 25 19 22 14 
3 13 11 23 37 19 18 26 28 

17 22 4 77 22 23 36 106 
2 2.716 4. 763 20.116 8.709 4.835 8.492 7.421 15.537 
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Tabl 3.10 

Month: ctober 

State 6 brs tate at midni ht tate at 6 A.M. 
earlier 1 2 4 1 2 3 4 

1 147 17 17 12 11:S 56 34 20 
2 33 1.5 20 10 13 8 32 1 
3 26 14 1.5 26 10 7 24 27 
4 17 21 16 121 8 11 19 131 

t te 12 hrs 
e clier 

1 89 18 1.5 14 82 49 3.5 27 
2 .55 10 12 16 20 9 26 23 
J 44 1.5 17 JS 19 8 21 33 
4 35 24 24 104 23 16 27 l'Y.' 

2 
X 1 10.830 4.823 12.815 10.044 1 .977 s.002 10.001 11. :t29 

tate 6 hra tat at noon State at 6 P.N. 
earlier 1 2 3 4 1 2 3 4 

1 80 43 1.5 6 97 25 9 5 
2 29 26 17 10 47 20 16 11 
3 16 20 37 36 30 22 29 29 
4 11 s 41 13.5 16 14 i9 128 

tate 12 hrs 
earlier 

1 9.5 54 42 32 91 27 21 ' 2 19 11 16 21 39 15 1.5 13 
8 11 21 28 35 13 19 ◄2 

4 14 18 31 106 25 26 28 113 
x2 10.893 12.260 10. 778 4.155 9.383 4.68.S 14.911 11.180 

7 -



Ta le 3.11 

Month: ov r 

St t 6 brs tate at i ht tate at 6 A. • 
-lie r 1 2 4 1 2 3 4 

l 94 l 15 13 6 47 3 17 
2 26 14 1 15 11 14 15 14 
J l 9 19 6 15 17 26 
4 2 13 14 1.su 10 20 8 162 

+ 12 hra 
.:. .L.r 

1 44 8 13 15 44 38 33 25 
2 37 15 9 31 2 11 15 24 
J 36 14 17 42 14 17 20 34 
4 53 17 27 132 23 23 JO 136 

2 4.757 • 15 10. 654 9.033 11.171 ,.~54 6.921 8.304 

t te 6 hrs tate at noon tate at 6 P. • 
rlier 1 2 4 l 2 3 4 

l 37 2 29 8 .54 14 9 4 
2 19 23 24 23 38 16 17 21 
J 13 23 23 39 32 19 28 30 
4 12 17 33 157 22 23 28 154 

tate 12 hrs 
e rlier 

1 41 39 43 47 42 18 21 22 
2 10 1.5 1.5 14 36 12 16 2.5 
3 10 11 18 26 29 12 18 39 
4 20 27 33 140 39 30 27 123 

2 ,. 2.51 .5.176 3,249 9. 66 4.766 10.47.5 12.028 11. 0.5 X 

- 7 -



T bl 3.12 

Month: Dec ber 

. a . 6 hr t•te t i ni ht State at 6 A.M. 
J . ~ r l 2 3 4 l 2 3 4 

1 111 22 13 22 99 29 27 24 
2 30 10 7 1.S 22 11 10 15 
3 17 1 2 11 s 11 13 .5 19 
4 21 14 17 149 22 16 25 216 

.,. . 2 he 

l 48 21 10 26 78 31 24 3.5 
2 so s 27 28 8 4 90 

41 13 10 33 1.5 8 18 24 
4 40 16 23 12.S 33 22 21 12.5 

2 10.401 8.928 6.756 6.432 .5.087 s. 305 6.9.S◄ 7.124 X 

6 hrs tat e at noon t1te at 6 PeM• 
i r 1 2 J 4 1 2 3 4 

1 67 41 18 28 69 15 12 9 
2 15 18 1.5 21 47 17 11 13 
3 11 ·7 19 30 ]3 14 1.5 ]4 
4 12 22 44 128 1.5 17 27 158 

te 12 hrs 
lie r 

1 s.s 41 28 .5.5 7.5 19 21 39 
2 13 8 14 23 20 1.5 10 24 
3 8 10 9 21 24 7 7 29 
4 29 29 ◄S 1.08 4j 22 27 112 
x2 11.842 a.09s 6.344 2.27.5 10.003 lS.213 9.0.50 6.16a 
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4. , •or . . t . r re., g t by t :, 

r sult of t h s contr ct f 1 into ori t 

by wor r or': 1 r 1 t l t u r r port pr viou y 

y Fox. ··e sl 11 di cu t l 0 r 1 t. 

Th r od 1 "' r ly or. of 0 V r 1 S\. f" tee; t onl .., 

n • C prov d b l tr ct bl n ,ooJ fi f t .i ClOd 

giv n phy,. ic 1 b i d p 1 8 h t OU d obt in d nt o t i 

c;a ani m by ~,1c· cloud cov r volv n p' ysi~ 1 t on " 1 l C 

to ide t fy l e -·l t t ea o t . r ov C S {Y } . nu 0 

C y al roe Al t at r \I ic t . r i natur 1 

p X • (Y) . . } 1 3 t l our !i t clou COV r i:, roc -· n 

and fo h t t 0 {X }, t r X t tat 1 and 2 f {Y with 
n n 

(( ) f( ) - f "' n V ob rv on 0 {Y w an n tt . t 
l 2 

to fit . 
El t ov :1 n 3 e i lti ~ ti t s of tr ton 

prob bi 1 1 r con i t t t ,0 iv I r . 

i p s t:10 e o rv t o of ill b com 

V b e C t tion ltould b t din or er to i -,,r ov 

r lia i ity of t,\O ti at w· ic r a Ot u b r ~ of 

0 rvati.on. or ob ' tV V i 1 t h u :1 r 

of s t d fu ur can b incrc . I 'C to dou 1 t h L_r 

of C 11 r d u u V to h V t l a t ui ny 

ob rv t o • t' ntly V 1 bl . 
0 t tl w 11 for Bo to ta . ould it fit w 11 for 

ot r l oc 11 i o t fo·r our r u d. t 0 1 

fit. w 11 fr hourly d t ti? \ co ut io s ould 

e t d d 1 f or t of r ir w lu 

cl u d o ~y i c lly . o•m ct . od l a oul be 1 rov d 

~ 7 -



a indic c d i [ 3] . I I ditio • o el for t ll vo ution. of oth r 

ty of clou l.ould i.> v lop d . 9 od l hould 

r P. t into ov r 11 0 1 or t ;.e volution of cloud cov r. 

s. t s . rour in . for t he CCI putation wa don 

by ic rd p. H y • : ob rt Li , n Jon .• lcClo y . Conv r tion 

.11th Irvin I. Grin ort 0 Cam ri rch L bor t ori w r V 1-

u 1 n ovi i n B t i t o t hi pr obl m. 
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