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Flood discharge 1s the COnSequence or many contributing 

hydrologic events whiCh may be presumed to occur fortuitous~ and 

independently' such th., t the probability or a given flood is the pro­

duct 0: the probability of each independent contributing event. Ot the 

m.:my factors that lead to a flood, the two most prominent are (1) stona 

rainfall and (2) the 11 antecedent conditions 11 (e.g. 1 conditions of the 

soil encountered by the rainstorm). 

If adequate experience tables can be prepared for each ot these · 

factors, and physical relations between t hem determined, then they can 

be corrbined so as to construct a nood-frequency table of great length. 

1-'or -: lunple, suppose there are twenty events of phE:nolll!non A ard twenty 

events of phenorrenon B. Phenomena A and B are related so as to produce 

phenomenon C. Then each event A can be coni> ined with each event B to 

produce 20 x 20 combinations, corregponding to 400 events of phenomenon 

C. The application has its greatest usefulness wher·e sufficient rainfall 

records are available for a period significantlY longer than the record 

of flood discharges. 

A study oC the application or this scheme to flood peaks was 

rnade using data for Sepulga River near J.tcKenzie, Alabama. This stream 

drains a 470 square-mile area of the coastal plain of Alabama. It was 
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chosen for thb study because ?4-hour rainfall and discharge data would 

be suitable a11d snow melt is not involved. 'fhe record began in October 

1937, so that 13 year~ of flooo record was available at the time this 

stuey \o~as made. Uainfall records were available for a 46-year period. 

Base data: The base data for this stuey included each storm 

with one or more inches of rainfa~l, for which data are listed in table 

1. The first data column lists the total rainfall expressed in inches. 

The depth of rainfall i s \·migh tt~d average of that reported at Greenville., 

which is in the ba9in ~ Evergreen sonewhat to the South. The d'Jration 

in days is listed in the second column. 1'he duration in days is the 

number of days in l'thich 85 percent of the volume of the rain fell. 

The equivalent 1-day rainfall, listed in colu~n J, was computed 

by application of a dis tribution graph (a variant of the unit hydrograph) 

to the daily rainfall during a storm perio:l. The peak day so computed 

was divided by the maxiraum ratio of the di3tribution graph (in this case 

0.29) in order to obtain an equivalent depth of rainfall such that if it 

fell in 24 hours it would produce a }.Cak equal to that produced by the 

given rainstorm. 

24-hour distribution ~raph and unit hydrograph, Sepulga River 

near J.tcKcnzie, Alabarra: 

Days fo llm'l lng rain Percent Unit hvdrograEh 
(cfs) 

0 e 1,000 
1 25 3,150 
2 29 3,700 
3 20 2,500 
4 10 1,250 
5 5 625 
6 J 380 

Total 100 

The fourth column of table 1 l.ist.s the: rr.axirnum daily discharges 
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.:.n cubic f eet per second. 'fhe hydrographs or this stream are fairly 

flat and t.he maxi1nwn daily discharges average only about 10 percent 

less than the discharge at the flood crest. 

The re 1a tionship betwe~n rainfall am the observed peaks is 

conditioned chiefly by antecedent conditions. There are various measures 

of antecedent conditions. One might perhaps take the ratio of the observed 

peak to the rainfall as an expre::sion of. the antecedent conditions. Thus 

a low ratio might be indicative of dry soil conditions, and a high ratio 

might be indicative of a sodden soil. A frequency distribution of these 

ratios might be pre pared and used in combination with the rainfall-

frequency distribution, so as to synthesize a flood-peak frequency dis­

tribution. The technique here is simple 1 but has the rather important 

disadvantage that the ratio is not independent of the magnitude of rain- · 

fall, or stated in another way, there is not a simple proportional 

relation between rainfall and runoff. The fact lldght be accorded proper 

consideration by treating rainfall depths in specific ranges. Thus the 

frequency of flood ratios for rainfall in the 2 to 3-inch range could be 

determined, similarly for rainfalls in the 3 to 4-inch range and so on. 

However, with increasing rainfall the available experience decreases, so 

that for storrn rainfalls over 7 inches there maybe only one or two events, 

wholly inadequate on which to base a frequency distribution. This difficulty 

can be surmounted by using a correlating _paraneter that is nearly independ­

ent of the depth of storm rainfall. One such parameter sometimes used in 

flood forecasting, is the antecedent base flow; the base or ground-water 

component or stream flow from rainfall prior to a given rainstorm. 

Thus column 5 lists the antecedent base flow in cfs, detennined 

by extending the initial hasc flow by n~ans of. a depletion curve to the 
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day of the peak. Antececi~nt base floo~~ and daily precipitation were cor­

related graphically with the obserVE!d rna.xinnun discharges. Over two 

hundred points were available to define the graph on figure 1. The 

standard error of estimate is 0.?0 loglO units (roughly 50 percent), 

and the coefficient. of correlation is 0.91.. It is believed that the 

residual errors may be attributed in greater. part to inadequate definition 

of rainfall than to deficiencies in the technique. Although there is a 

very marked seasonal variation in base flow, no seasonal effect was 

evident in the residual errors of the correlation. Apparently the 

antecedent base-floo~~ index is without bias in this respect. Insofar as 

the rainfall-discharge graph is without bias, it appears suitable tor the 

purposes of the study. 

Synthesis of extended flood frequency graph: The following 

lists the maximum peak daily discharge in each water year 1938-50, together 

with the concurrent equivalent 1-day rainfall and antecedent base t low. 

There are 13 events in this table, and if the rainfall and antecedent 

ba:=Je flow are mutually independent there are 169 possible combinations. 

The concurrence of the maxirn\Un rainfall (7. 78 inches) and tne maximum 

antecedent base flow (5,700 cfs) according to figure 1 would produce a 

peak daily discharge of about 36,000 cfs. Its recurrence interval is · 

169 years. A table of all 169 combinations !",ho,.,s 5 peaks of 30,000 cfs 

or more and 34 peaks of 201 000 cfs or more. These correspond to recurrence 

intervals respectively of JJ and 5 years. The median flood corresponding 

to 5 combilMtions or a 2-year anhual flood is 10,000 cfs. These points 

are shown on figur'~ /. together with the observed annual fla.~s. 
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·~XUlUN WATER Yr;AR t'IJJODS 

\'later Year Peak daily Equivalent Antecedent 
discharge 1-day rainfall hase flow 

(cfs) (inches) (crs) 

1938 2.3,500 7.25 140 
19.39 13,000 7.05 30 
1940 8,840 .3.64 .390 
1941 4,030 2.16 310 
1942 6,690 5.71 67 
194.3 18,000 5.55 1,500 
1944 18,800 6.05 1,200 
1945 2,860 2 • .33 540 
1946 18,500 7.78 670 
1947 9,000 2.95 1,560 
1948 1.3,000 6.16 420 
1949 19,800 6.37 5,700 
1950 2,7')0 2.72 145 

The procedure is ~specially useful as a hydrologic method or extrapolating 

a short flood record, or in assigning a recurrence interval to B major 

flood that my have occurred during a short period or record. However, 

another pertinent problem is to devise a method that is adapted to the 

use or a long-term precipitation reco~d in combination with the short­

term record of antecedent base flow, assuming that the latter is suffi­

ciently representative of the stre.w. This application can be better 

carried out by ~ans or separate frequency graphs of rainfall and ante-

cedent base flow as follows: 

The next step in the analysis was therefore to prepare frequency 

sraphs or equivalent 1-da.y rainfall based on the period or discharge 

records arxl on the whole length ot available rainfall records which in 

this example covers 45 years. See figure .). The partial duration 

aeriel'J method is used. 

A frequency table or antecedent bas.e flaw is also prep1red 
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using the record presented in table 1. Sea figure 4. ~/c arc now ready 

to synthesize a frequency table of flood-peak discharges. For example, 

a 5,000 crs flood peak may occur \'.'i.th the following different con&binations: 

Equivalmt. 
1-day rainfall 

(inches) 

7.0 
6.0 
5.0 
4.0 
3.5 
3.0 
2.0 
1.0 

Antecedent 
base flow 

(cfs) 

8 
25 

100 
250 
350 
500 

1,300 
4,000 

If we deal first .-tit.h the rainft.•.ll frequencies for the period 

1938-50 that is contemporaneous with the stream-flow records, according 

to figure 2, a 7-inch equiv:1lent 1-day rainfall occurs 0.2 times . per y~;ar 

on the average. An antecedmt base flo'll of 8 cfs is equalled or exceeded 

100 percent of the tirr.e. Hence every 7-inch equivalent 1-day rainfall 

will produce a flood peak of 5, 000 cfs or more • 

The rainfall frequency graph (figure 3) shows that a 6-inch or 

more equivalent 1-day rainfall occurs 0.53 tin1es per year on the average. 

However since 0.2 of these have been accounted for, there are 0.33 events 

per year in the 6-7 inch interval. Fieure 4 shmHJ that an antecedent 

base flow of 25 cfs or ntore occurs in 98 percent of the cases. Therefore, 

of the 0.33 times in a year that a rainfall in the 6-7 inch interval 

occurs, 0.99 x 0.33 will produce a flood peak·of 5,000 cfs or more. 
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This computation is continued for each of the combinations. 

The complete tabulation is given below: 

Equivalent 1-day rainfall Antecedent base flow Discharge 
frequency 

' Average Average (no. per year) 
(inches) frequency cfs frequency 

(no. per year) (percent of cases) 

7.0 0.20 8 100 0.20 
6.0 .53 25 98 .327 
5.0 1.05 100 65 .420 
4.0 1.8 250 39 .390 
3.5 2.5 350 30 .238 
3.0 3.5 500 20 .250 
2.0 7.0 1.300 3 .385 
1.0 12.0 4000 0.1 .oro 

2.290 

It is thus computed that a peak discharge of 5,000 cts occurs 

2.29 tims in a year on the average. The reciprocal ot this frequency 

corresponds to a 0.435 year recurrence interval. This point is shown 

plotted as a circle on fieure 5, where it agrees very well with flood 

experience. However, this point falls well \'lithin the ma.in boiy of the 

graph. Major interest centers in tt1 r~ upper or extended portions of the 

gra}Xl. 

The sane procedure applied to a peak of 25,000 cfs, which is at 

the limit of definition of the rainfall-disch~ge relation on figure 1, 

leads to the following: 
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Equivalent 1-c!ay rainfall ~ntcc~dent base flo~ 

Discharge 
Average Average frequency 

(inches) frequency cfs frequency (no. per year) 
(no. per year) (percent of cas~s) 

9.0 0.025 .. ~ 30 % 0.0245 . 
8.5 .OJ6ie 110 63 .0087 
8.0 .os 450 22 .0059 
7.5 .10 650 13 .0120 \ 
7.0 .20 1100 5 .0090 
6.5 .33 1600 2 .0040 
6.0 .53 2400 1 .0030 
5.0 1.05 5000 0.5 a00J2 

.0710 
*Based on extrapolated graphS. 

The calculations indicate a recurrence interval or 1 • 14 o.otio 
years for a flood of 25,000 cfs. This point :Is also plotted on figure 5 

falling generally on the trend indicated by the flood record. However, 

it will be noted that to con~truct the above table 1 it l'ras ne9essary to 

extrapolate rainfall frequeP~;,· <.Lbove the 13-year experience. This portion 

of the tahle accounts for nearly 50 percent of the total calculated 

frequency of the 25,000 cfs flood. This point, (fig. 5) is just at the 

upper limit of flood experience, and serves to define this portion of the 

flood-frequency gr-c1ph. The frequency of a higher flood, say a 50,000-

cfs flood, could only be calculated provided liberal extrapolation were 

permitted not only on the rainfall-frequency graph, figure 3, but on the 

rainfall-dischar1~e graph, figure 1, as well. 

Appli.r. at:i.on to low:;-tm·m rainfall record: Our objective has 

been to verify the method of synt.hesizing a flood frequency graph from 

rainfall data. 'l'hc need for extrapolating rainfall frequency can be 

10 
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lessened and a ~ore representative rainfall graph obtained by use or 
longer period or rainfall records such · as are available in this basin. 

Jtepetition of the sarne steps as before using, however 1 the rainfall 

graph for the period 1904-50, provides the points denoted by triangles 

on figure 5. No extrapolatioQS are involved in this example up to the 

25,000 cfs flood, the limit or the available experience to define the 

rainfall-discharge relationship. However, a rainfoll-dischargP graph can 

be extrapolated generally more safely than can a rainfall or a flood fre­

quency graph. The rainfall-discharge graph expresses a physical relation­

ship that is subject to somewhat definite controls. For example, the 

slopes or the upper ends of these graphs for Sepulg~ River can not exceed 

about 4,000 cfs per inch or rainfall, because that is the amount or peak 

daily discharge that can be produced even when all of the rainfall is con­

verted into runoff. 

The frequency of a 35,000 cfs flood, an event beyond actual flood 

experience, is calculated as follows: 

Equivalent 1-day rainfall Antecedent base flow Discharge 
frequency 

Average Average (no. per year) 

(inches) frequency cfs frequency 
(no. per year) (percent of cases) 

10 ·o.o2 20 99.5 0.02 
9.5 .OJ 200 46 .0078 
9.0 .05 1,100 10 .0056 
8.5 .rn 2,000 1.5 .0010 
8.0 .09 .3 ,.300 1.0 .0002 
7.5 .12 5,000 0.5 .o 
7.0 .18 7,000 o.o .o 

.0.346 
29 years 
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Althoudn no extrapolation or rainfall frequency is required, 

the calculation leans heavily on an extension of the rainfall-discharge 

relationship. 

It may be observed that the calculated curve ot peak discharge 

based on the long-term rainfall record on figure 5 crosses that defined 

t-:r the available observed flood record 19.37 to 1950. The relative 

positions of these seriP.s of points are quite similar to the relative 

positions of the graph or long-term rainfall frequency on figure 3 to 

that or the rainfall frequency observed during a period contemporaneous 

with the stream gaging. The per~entage deviations between the rainfall 

gr-c;~.phs are not greatly different from that between the respective flood 

graphs at corresponding levels. To the extent. that this is general~ 

vali~, and it should be for small deviations, a graph could be prepared 

bP.tween storm rainfall and flood peaks for con-esponding recurrence intervals 

each based on a concurre~t record. This graph, extended as necessar.y, 

could then be ~pplied to the storm ·rainfalls or known recurrence interval 

during the long-term record to read orr corresponding nood discharges. 

The slope of the extension must not exceed the limiting increment in peak 

discharge per inch or raintal·l, 4,000 cfs in this example. Applicable 

within limits this method can reduce greatly the amount of work in using 

rainfall da.ta to modify nood rr_equen:y graphs·. 

Correlation with nt•arby stream-fla-~ record: ~·Jhr,n available, a 

nearby long-term flood record provides another and simpler method or 

extending a short-tenn record. The basin of Sepulga Hivcr is about .30 

miles to the west or the Con~cuh iUver abovA Andalusia .,,here a streamflow 

record is available sinee 1904, ~xcept tor a 9-ycar gap from 1920 to 1.928. 

The correlation of flood peaks at the t'tlo stations rturinl~ the 14-ycar pcrit:~d 
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of contempol•<meous recot·ds, although in."ldequate for est.imatior. of the 

discharges for discrete flood peakn, is sufficient to define the general 

flood behavior over periods of several yt·~ars as is considered in this 

problem. 'l'he relationship is such that peaks on St:pul.ga River a i.. McKenzie 

are 70 percer.t of those at Andalusia. By this rneans the flood discharges 

at Andalusia were converted into e-quivalent discharges at NcKm?.ie. Tho 

flood frequencies so computed are showm on figure 6 together with the flood 
\ 

frequencies compttted from rainfall data. 1!.\rcn though the ~riods ~~re not 

identical, the conformance is good. 

Relative advant.a.ges of us i~ rainfall or streamflow data: The 

relative advantage of rcdnfal.l or strea1nflQot data for e.T.tending flood 

records, rests in part upon lengths of records available in each ~ase. 

Rainfall data in general pre-date tJtreamflow data. Figure 7 illustrat.es 

the situation in Alabama. The mediHn length of record in each case is 

about 15 years, but for the longer pe~ riods the distribution is heavily 

loaded in favor of rainfo.ll data . llm·1ever, more than one rain gage 

station is generally needed for extending a nood 1·ccord. Altho1J8h rain 

gage recor(ls will ab·mys remain lonz,cr, the relative advantage will 

decrease in the future. 

It. is evident that the t1se of rainfall records in extending 

flood-fre::quency graphs should be particullirly ·useful, \'/here long-term, 

well-defined rainfall-frequency data at-e available 1 together \'lith 

sufficient flood ex~rknce to define a rainfall-runoff relationship 

through a wide ~angc. The chance occurence of an extraordinary flood 

in a short record., for e;.:a:nple, lliit;ht serve to define the rain{all-nmoff 

relationship throu01 a ~ride ranee. nal.nfa.ll duta urust he available for 
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intervals not l onger than the lag of the drainage basin. Jo'or basins in 

the 10 to 250 square-mile range this requires hourly rainfall data. 

\'lhere the pr~cipitation interval must be reduced to a short period (less 

than a day) 1 the advantage of having long-term precipitation records will 

become sharp~ curtailed in many areas. Long-term recording gage records 

of rainfall arc generally not plentiful. 

The ;mrpose of this study is to demonstrate the physical 

validity of the use of rainfall data to extend a flood frequency graph 

in those areas where stream-flow records are relatively short 81¥1 dailY 

discharges are of practical value. A need for short-period rainfall data 

or a great deal of snowfall will limit the usefulness of the procedure. 

Strengthening the stre~-gaging network should also tend to lessen future 

needs for using r~ ::tall data in this way. 

AcknO\'Iledgm~nts are due J.trs. E. ~1. Coffay and R. W. Carter 

for their assistance in the pre~~ration of this report. 
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Table 1.- Jform ro1n/OII ond flood peQk.F 

on Jepul9o Rwer nearl1cKenz1e,;Aio. 
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f'IQ.-INJ 1·19 l /.6ltl l,/90 .JIJO 
1'1«/I·Jl f.IJ l ' ·10 I.IJO 140 
Ay.$·8 4./tl 2 3-94 4,J90 41S 
H•y I / .JJ I 7-JJ ~.840 /03 
tf.y/6-J. /.84 z 1-11 l.Uo IEoO 

, /0·12 .S.f7 z s.ss 
'llfiO·Il /.10 z /.9S' 

I'/Ofl#·l6 J.T4 .J ~16 
~/l•lf 4 .0J s l-41. 
~,.,11-16 t.n J /.01 
Jtp. n-Il. ~.,, .J /oiJfll 
No•.1·11 , .lit. I ,.lit. ,,.,,.. J.'jO J J,f,J 4,0.)0 uo ~./4·/S 1·7Z I 1·1l 

fll~l$-&. J.J. z I·ZS" 441 170 
J.-;,-XJ /./J3 z /.f$ Bf.t 111 

~C.2J·l9 3.lS 2 J.oz 
1944 

, .. lyl•l ,,, 3 l .U 4,6}0 J/0 
Aut J J./f. I ,,. SttJ Zoo 
AutiO -II ,.se I f.$tJ ''1 ISO 
J<,.lf-IJ ,.,, I ,,,,. /04 II. 
IJw.ltNi. /.84 z ,,,, 104. Jl 
DK./l·'l ,.,~ J J.14 J,<J40 4o 

Ike. II·" 1·14 s 1·0'- 1,780 lr.o 
1941 

Rm11·11 l-88 3 l.4S J,4&J loo 

Jo, l /.Js I /.IS 
Jan.JJ-1 1·'8 l. ~ff) 
rd.I4·ZS '·'" " .1.44 
114~ 11-10 J,oJ J 2..$8 
/1tlrl1·1J 4.S9 ~S9 

r.IT·JO ,,S/ ,.os 
A. .10·11 /.09 /.D/ 

l.lS ,.zs 
l.o1 3.4~ 

FdU '·09 I J.oo I,ZlO J7o .s:o 

tti,OJO 370 
I,J90 .JIO 
ST4 .JS 
Uo 90 ,,, 110 

'*1l /JO 
1,~00 /10 

l'JIJ JJ 
.JIJ Js 

C.,&,o "'1 

4,210 S/0 
880 110 

4,780 zso 
~140 1,000 
4,DJO 400 
$.1'0 1Jo 
t,SIJo 1,/00 
S,l60 JlS 
1.780 88 

481 16D 
S84 9J 
.$/I //6 
till 9J 
.SS'O 7J 
.J&o 94 
7hJ J8 

I,ODO 110 

l.ZIIo 170 
J, 760 Z80 
1,6lD 1.40 
/,660 19S 
~s.so .STO 
8.'TD 44S 

14000 /,SOO 
4Sl Til 

I, 400 ,, 
.J :Jl. S! 

1.940 87 
.370 ll 

~sao 1S 
,,0 /10 

l,.SJO 160 

I, 170 .S90 
4,110 4JS 
,0/0 Jlo 
S,080 J&S' 

4900 /,JOO 

11,600 1,100 
1,480 .StO 

~l/0 8Jo 
~JlJO 900 

I 4oo 1.400 
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Table I - Conftnved 

~~ ift I~ 
Cfl"ttt DtJ,{y 

Anf~c. 

Dale '(rl,,fJI l· dz. ptol htlJ~ 
r.r.w Flo~ 

lf.wc.+of't) (dots) (t«lrsJ kF.sJ tds 

'· ~ft'Wo jAnf«. 

Oof~ = ,._ 
/~do'( 

Da,/y 
bas' 

MI/W/1 prt11r /Ioiii 
(fllt.~J} (dtl-p} (...eM•) (tf.sl (cfl) 

1944 1947 
Moyt8· ~49 3 2./Z .J.tiO 140 
~u91J·IS 1-9S I /.9S 69l. ~ 

i!~P·1·tJ 4 .66 2 4.J, /,l90 71 
~ep.19·J~ /.J6 l. /.Z, zpo 118 
~or.zs·~ 4.5l 2 4.20 ,,,l.O "z 
lpec. 7·8 '·'9 I 1-'9 tBtO ~10 

MofiS· ,.,.s z /.$3 ~S9D 910 

"'•rzt- ·91 I -97 /.140 ,.() 
7 ... 1tr '·'' I '·~· 194. 9q, 
T~•· /.4'- 3 /.09 ss• nl· 
Nly1N9 1·11 J I·J' u• .. 
A"'ID-11 

,,,., I. /.SO 91 .J6 
fq,2l·lJ /.:JI, I /.3~ I,S,O l70 At,,,, ·~7 I .41 188 11 
f1ot ll /.48 I 1.415 99S 200 

Apr:1· 6 t.t7 z J.oz. I,JJO liO 

t-17·18 I ·S'f 1. 1.4. /, Z80 llO 
'f"ti·JO /,JJ I /.J) /,860 .S40 

'gufy J·ll J.l6 s 1·9J Jzo Jo 

1~,.,.,1 1·10 ' 1-lD 81 ID 
k,,,.~ ·SJ z .4, 78 ,, 
()JttJ ·91 I ·97 
Not~I·J /.eo z '·'7 7J Jo 
N'•fl''' 1.10 I l·lO 99 JS 

Iu"f/J·/6 S.91 3 S.OI. .Jos '3 
7ulfll·l4 /.40 J 1·89 /J6 19 

No~ If. II J.z .. z :J.ot 7.96 so 
H•-lf"' /.Jo I l oJO 61o lSD 

~. 3 .S.l7 4- J-90 /,9JO Sl 
Nf.IJ·" /.so I 1.so 249 .SJ 
.kP,lO·ll 1./4 l. f,OfJ /08 78 
ot:f.tus l . O/ z 1.87 119 IB 

/IW.II· '·"· J 1.1'- 9Z4 160 
I«. I· '·'*1 ' J . .,. 4,Z60 IDZ 
II JIB 
.r •• ,,. ·"" I .9& 991 l41 

NrN.lf·ll J .09 2. 1-87 I,JOO 400 I.-rn· l.os 3 '·77 Z.J9o szs 
~. IJ-15 l.4J z 1·1' 1,490 loo Feb.9· /.IS 4- 1.$9 l,S50 sos 
()« .14~ /.8J I /.BJ .-roo 4oo F~bll- /.18 I I.Z8 1,/ZO I.ZD 

194& "'-':l-1 8 .J3 4 6.16 1!, -' ) 410 
hn.S·IZ 8 .31 z 1·78 18,$()0 'To 
Jot~. IS· /7 1·21 z. 1./8 .J,IlO 9Jo 

~~J ·" I .I& l,$60 940 
Mtt, .JI· /. IS l. / .07 l,loo ~10 

fon.li.J /.IZ. I 1•12. 1,770 /,too 
l'd.JIJ-1'1 1-18 I /.78 J,S40 S40 
Mar.1~9 J . JS' ,J l .8S J,J70 .Joo 

Apr. 9 ·9D I .90 1,030 tillS 

MorJ·T 1.01 z /.00 210 n 
Jv,u. /.S6 l 1. 4$ 149 .. u 

Ma~/4·16 t .9J 2. /.72. .(490 740 
No,z6·zt11 J . 81 z .3.S4 ,,400 400 

run,~o .s, I .s" 416 liS 

7wt•» I·Z1 I I.Z1 24Z .54 
Iun~ I ·Z 4 ·9Z.. I 4.91. ,,960 .Joo 7u't9-/0 /.8€. z 2.66 119 41 
Moyt'J~ , . .so 4 .s.so 10,600 lfJO J,;ft/J-11 3.l~ .J /.7S 4ZZ. 91 
Tu,e z,. ,3.~ · . 6 J.4J I, Zoo 130 

Tuly1D·I7 3.68 1 .J J.t.3 4,110 140 
lultiD·q / .01 .J '·71 1,730 lJo 
!lug 4 · 7 ,f,ZJ# J .J.6o 10,100 7DO 

Julyl9- /.34 I 1·,4 IZ8 Sif 
""'tJ·S /.OJ l . 9f, 
I~pA~ /.87 z 1.74 12 Z4 
Od.INZ 1.93 I I . 93 109 44 

Stf.l$-17 / .oz. 2 1-88 96() 91 
Iep.tl-24 '-97 .,J s.gz. ~eeo /.JD 
(kf. 11-IZ. "·'" I .8. JZ8 I.S7 

No.-.S·7 J.3Z 2 J.09 so' .3Z 
Mw. f1.ll <f,ZJ .J J.'o I, 1ZO IZ~ 

~ll-11 ~,, .J .J.S6 6,800 700 
litw.l{,·ll 1·07 z 1.oo .szs I .SO ,.2,·29 7·49 .J t....S7 19,80() S',700 
/{tllf,/9-12 4 .1J z J.93 '· 900 /00 /Jtc,,., . IZ I . 8Z 1,980 100 
Noi/.IS·l? '·"3 2. /oJl 1,6911 160 D«.lf./9 us 2 /.00 '· 6l0 .SIS 
D«Jo~ J.lO .s , .,s 1.710 16S 

1947 
/Jftt.lf1D J,<fz I J.~ ~JOO 6lo 
1949 

Ton 14·18 ,,,, 2 1·18 J,TPo .Sf() 71111 • ./· ' / . .17 3 /.ZS ~3«> B.fD 
fOn.lf·lo ,,,, z /.19 1.110 I,JOO 
lfcJn . .JI 1·42. I / .41. I, biD 4lo 

7•.•JI /.00 z .9J 1,800 6os 
I'~& 9-ID /.(}4 z /.BD JJoo 6DO 

IJriiN.S·8 J.6l. .J J.tJB ~460 liD F•blf'lO /.S4 2 /.43 J,Oto l.7D 
Mtlr 14 1.7/J I '·18 J.S4D 1.6oo ,.,.,.zo ,fO I .,o l,o7D I ,SSo 

m.n ,_,, I l.ol 1,940 S90 
Htlr/1- /.ll I /.Z/ l,lbO .soo 

rJ!fr. -'-•J I I.ST I . /.Sf l.~oo 410 
Apr.z 1.95' I I ·JS' 9,000 I,SBtJ 

'!~!·~'·" /.18 J l.J6 4,110 I. ODD 
Mov I·Z /,1, ~ ,,,4 l,sro 4Do 

/1.,-IHJ /.&z. I 1.6z ],l3D 4so 
/1DI'l8· .JJ I ·93 1,,10 14D 
, JO- /.78 I /.14 4-,4eo 1#4DtJ 
AP'-11-IZ /.JO z /.21 /,SOD 47() 

ftloy IS ·9Z I .92 I, O(IO ID3 
il'fo_y lti·'D /.;/1 I 1.11 1,940 183 

AI"II·ZJ .s4 I . S4 890 29$ 
4-: 28· .S . .f6 J 4, (,4 s.uo Z4S 

/8 



Table 1- Conftnved 

~wmg~ Eqt~IV. Dotly 1/nlec. 
Oun:tlto/1 bose 

.Dafe rt/lllfoll 1-doy peal( (low rotnfo/1 
(tnclr~s) (doys} I (tnclte.s) (tfS) t~;rs J 

1949 
11oyZ4 /.6h I /.611 44S 81 
May/9 /.08 2 f,OO 4J6 165 
J"un~ 9- 2.86 2. 2.hh srz. "' Yl/ntlo- 2.o~ 3 /. 7.3 !56 IZt;, 

7ulyl-4 /.40 z t.23 'lB 7Z 
7ultii·IZ • 91 I . 91 /,/60 IZ2. 
July/4 /.41 I /.47 1,940 840 
Tuly/t-lj J./S 2. 2.93 S,080 . /,ZOO 

fivJI-S J.zr z J. /8 t,sso ISO 
Avjll,- J.S6 I /.Sb . !io3 J6s-
llu919- /.IS 2 /.or SJO 1o7 
1/utjJI .h8 I .6~ "zo 112. 

J)ec./4- !.40 2 2.23 386 11 
19SO 

1tln4-7 /.// z /.OJ 181 7J 
MorJ-8 2.S1 4- /.90 J,J80 811 

-- /f(Jr./.5-16 /./I I /./1 1,580 loo 
MtJ,., 28 .as I .as 990 tso 
Apr.J .. .> /. 89 2 1·76 1,11/.~0 200 
1/pr.IB /.Z4 I /,Z4 j2o /~· 3 

MtJylB- 2./4 .3 /.BZ /,I:Jto 118 
fu/yJ-7 .58 z .S4 88 II 
"h/y!O-/d S.os s J.o8 /,J40 h~ 

Ju/'(lf.- t.93 2. z.7z 2,790 14S 
Hv,zs .. .hz · 2 .S8 toB 3t> 
Auj 3o J.BZ z. J.ss 1,4oo ~z 
.S,p.7- 9 /.39 I 1·39 44S IZZ 

Ocl./7- /.0/ 2 -94 5Z 21 
Oec.?-4 /.24 I /.Z4 .133 43 
Oec./3- /.45 2 / . JS' /62 .SI 
I!Jt!C. 21,- /.22 I /.22 138 "~ 
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