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A 8'fUDY OP QUANTITATIVE PRECIPITATION 
FORECASTING I N  THE TVA BASIN 

fntr oduc t ion 

In recent years thel'e ha8 been an increased demand f o r  quant i ta t ive 
forecasts  of precipi ta t ion for cer ta in  areas f o r  periods ranging up 
t o  several  days iIi advmce. 
problem of estimating f u t u r e  re t infal l  amounts is more d i f f i c u l t  than 
predicting r a i n f a l l  occurrence, and very l i t t l e  progress has been 
made t o  date i n  developing quant i ta t ive precipi ta t ion forecast ing 
methods. 
f a l l  were outlined by Showalter', but t h e  pr inciples  and formulas 
he presented a re  suggested methods or guides ra ther  than r i g i d  
techniques or spec i f ic  forecasting procedures. 

Et l e  generally recognized t h a t  the  

Techniques f o r  eetimatlng the  probable magnitude of r a i n -  

In  response t o  t h e  demand t h a t  fur ther  research i n  quant i ta t ive 
precipi ta t ion forecast ing be conducted, a p i l o t  project  was i n i t i -  
a ted i n  1945, having t h e  following objectives : 

a. To develop adequate methods of summarizing r a i n f a l l  
and other meteorological data  f o r  use i n  fur ther  de- 
velopment of quant i ta t ive forecast ing methods. 

b. To assemble and organize methods of treatment of these 
data, insofar as such methods had already been developed 
by research i n  various places. 

c. To mske use of t h e  r e s u l t s  of previous research and t o  
car ry  out new research in  developing specif ic  objec- 
t i v e  methods and c r i t e r i a  f o r  forecasting quantita- 
t i v e  precipi ta t ion f o r  par t icular  drainage basins. 

d. To ver i fy  forecas ts  made by such techniques and t o  
develop ver i f ica t ion  methods which would provide 
adequate check on current forecasts  and indicate  
fur ther  research needs. 

This report  on t h e  progress of t h e  project out l ines  a method of 
a t tack  and describes some s t a t i s t i c a l  techniques t h a t  might be 
usefu l  t o  others approaching similar problems. 
an objective forecast ing technique is given along k i t h  a c t u a l  
examples of forecasts  made by use of it. 

A descr ipt ion of 

~ -~ 

'A. K. Showalter, "An Approach t o  Quantit&ve Forecasting of 
Precipitation",  Bul le t in  of t h e  American Meteorological Society. 
April-September 1944. 
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The Pr ob l e m  Selected 

The area selected f o r  t h i s  study was t h e  eas t -cent ra l  sect ion of t h e  
TVA drainage basin, chosen because (1) 24- and 36-hour quant i ta t ive 
r a i n f a l l  forecas ts  had been made f o r  it f o r  severa l  years and (2) pre- 
c i p i t a t i o n  records and da ta ' for  t h e  area were most near ly  adequate 
f o r  t h e  purpose. 
section, about 12,000 square miles, which is primarily a va l ley  
opening t o  t h e  southwest of t h e  basin, bounded by two ranges of 
mountains which gradually converge t o  the northeast .  
of the  invest igat ion was t o  study t h e  re la t ionship  between t h e  
amount of prec ip i ta t ion  occurring i n  t h i s  area during a 24-hour 
period beginning at 0730 EST and the meteorological conditions im- 
mediately preceding t h a t  time. The winter months of December, 
January, and February were chosen f o r  t h e  first par t  of t h e  study. 

Figure 1 shows t h e  location of t h e  eas t -cent ra l  

The object  

Prec ip i ta t ion  da ta  

A network of 60 s t a t i o n s  i n ' t h e  a rea  was selected from those l i s ted  
i n  t h e  following issues of "Precipitation i n  Tennessee River Basin"': 

January 1940- 1944 
February 1943- 1944 
Dec ember 1939- 1943 

In order t o  get a rough idea of the  sampling r e l i a b i l i t y  of t h i s  and 
smaller networks, a sample of the d a t a  w&s taken, and t h e  60 s t a t i o n s  
were divided i n t o  two groups of 30 s t a t i o n s  each, as shown i n  Figure 2. 
Average 24-hour prec ip i ta t ion  amounts were then computed separately f o r  
each group by adding the  amounts recorded f o r  each s t a U o n  and dividing 
the  t o t a l  by 30, as shown i n  Table 1. 
period, with t h e  r e s u l t s  indicated i n  Table 2. 
values f o r  t h e  s t a t i o n s  of Group 1 plot ted against  t h e  values f o r  t h e  
s t a t i o n s  of Group 2. On t h e  basis  of the  high cor re la t ion  indicated 
by t h i s  diagram, it was decided t o  work up t h e  remaining prec ip i ta t ion  
data  on the Pample of anly 30 s t a t i o n s  (Group 1). 
estimate of t h e  24-hour amount f a l l i n g  over t h e  area would be obtained 
by using 60 s t a t i o n s  and giving d i f f e r e n t  weights t o  each, but it was 
believed such addi t iona l  expenditure of e f f o r t  was not j u a t i f  ied at 
t h i s  t i m e .  
stationslof Group 1 f o r  t h e  whole period of record studied. 
s ign (+) means t h a t  a measurable amount w a s  observed at  one or more 
stations but t h a t  t h e  average f o r  t h e  area w a s  less than 0.006 inch. 
If t h e  average w a s  as high as 0.006 inch, t h e  value was rounded t o  
0.01 inch. 

This was done f o r  a 4-month 
Figure 3 shows t h e  

A more accurate 

Table 3 presents t h e  average prec ip i ta t ion  values f o r  
A plus 

?Published by t h e  Tennessee Valley Authority Hydraulic Data Division 
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Figure 4 is B frequency d is t r ibu t ion  of t h e  values l i s t e d  i n  Table 3. 
It Qhould be noted t h a t  average amounts of 0.01 inch or more occurred 
on about 50 percent of t h e  days; amounts grea te r  than 1.25 inches 
were ra re ,  occurring lees  than 2 percent of t h e  time. 

The Meteorological Variables 

Prec ip i ta t ion  amounts f o r  24-hour periods were r e l a t e d  t o  a number of 
independent meteorological variable?, se lec ted  on t h e  basis  of previous 
reeewch and forecast ing experience . For a par t icu lar  24-hour period, 
no d a t a  taken from observations later than 0730 EST on t h e  forecas t  
day were used as independent variables.  Data from t h e  last avai lable  
10,000-ft. char t ,  2300 EST, were used as w e l l  as d a t a  from t h e  1930 
EST surface map. 

In t h i s  par t  of the study a t o t a l  of 270 cases was  used, from t h e  
winter$ of 1941-42, 1942-43, and 1943-44. Maps representing these  
270 cases were then s t r a t i f i e d  i n t o  two classes ,  C or C by t h e  1 2' following procedure : 

Making use of' t h e  2300 EST 10,000-ft. map? t h e  isobar passing 
througb Knoxville was t raced on t h e  following- 0730 EST surface weather 
map. This Isobar was followed upstream no f a r t h e r  tkan 100" W. long. 
If It intersected an area of prec ip i ta t ion  on t h e  0730 surface map 
where amounts grea te r  than 0.01 h c h  had occurred i n  t h e  previous 
6 hours, t h e  map wag c l a s s i f i e d  as C 
'C2 if prec ip i ta t ion  we8 uccurring a t  0730 EST at any one of t h e  
three "key s t a t i o n s "  of Vicksburg, Miss., Meridian, M i s s . ,  or  Mont- 
gomery, A l a .  
prec ip i ta t ion  area a8 defined above ,and no prec ip i ta t ion  w a s  f a l l i n g  
a t  any one of t h e  three "key s ta t ions" ,  t h e  map was  c l a s s i f i e d  as C 
Figures 5 m d  6 i l l u s t r a t e  t h e  method of c l a s s i f i c a t i o n  by giving 
examples of both C 

In  a few cases t h i s  c l a s s i f i c a t i o n  could not  be made r e a d i l y  because 
Knoxville was near t h e  center  of a closed low a t  10,000 f e e t .  These 
cases were t r e a t e d  separately and grouped i n  a t h i r d  c lass ,  

The ef'#ectiveness of t h i s  s t r a t i f  i c a t l o n  is indicated by the  fre- 
quency d is t r ibu t ions  shown i n  Flgura 7. Of the  182 maps t h a t  were 
c l a a s l f i e d  $8 C1, 71) percent showed no prec ip i ta t ion  or less than 
0.01 inch, and only 7 -percent of t h e  amounts were g r e a t e r  than 0.25 
inch. Of the  83 casea i n  t h e  C' group, only 17 percent showed less 
than 0.01 inch, and 43 percent of t h e  amounts were g r e a t e r  than 0.25 
inch. 

A map w a s  a l s o  c l a s s i f i e d  as 
2' 

In  cases where t h e  10,000-ft. isobar did not cross  a 

1' 
and C2 maps. 1 

. 
c3 

2 

'A. K Showalter, former head of t h e  JIydrometeorological Section of 
t h e  U. S. Weather Bureau, and T W. Kleinsasser, forecas te r  at  t h e  
Weather Bureau Sta t ion  at Knoxville, Tenn., gave valuable ass i s tance  
on t h i s  phase of the  project.  
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For each c l a s s  of maps, 13 independent variables were used In 
r e l a t i n g  precipi ta t ion amounta t o  th6 previous meteorQlogica1 CQp-  

d i t lons .  These variables were labeled and defined as follows : ' 

X1 = Memphis sea  leve l  pressure at 1930 EST, 12 hours 
before the beginning of the  24-hour period. 

X2 = Memphis sea  l e v e l  pressure a t  0730 EST, t h e  be- 
ginning of t h e  24-hour period. 

Xg = Chattanooga s e a  l e v e l  pressure minus the Memphis 
sea l e v e l  pressure at 0730 EST. 

X4 = Tallahassee sea  l e v e l  pressure minus the  New Orleans 
sea l e v e l  pressure at 0730 EST. 

X5 = Shreveport dew point at 0730 EST. 

'6 
Y4 = Size of the  prec ip i ta t ion  zone on the 0730 EST map 

I 

= St .  Louis dew point at  0730 EST. 

i n  the  area bounded by the 83d and 95th IIleridians and 
the  31st and 37th ,para l le l s .  
i n t o  18 squares, as shown i n  Figure 8, and the  var i -  
ab le  Y4 then took values ranging from 0 t o  J8. 
On Figure 8, t h e  value oP Y4 was estimated as 1. 

Ys = Direction of representative 0730 EST surface wlnds in  
the  eas t -cent ra l  area, as determined from the  KnOX-. 
v i l l e  and Chattanooga observations and the  surface 
isobars. I n  cases where the winds over the  area were 
l i g h t  and/or var iable  under the influence of a near- 
by high or low pressure center,  the  observations 
were c l a s s i f i e d  i n t o  group H ( for  hi&) and group 
L ( for  l o w ) .  

This area was divided 

Y6 = Direction of the  10,000-ft. wind at Khoxville as de- 
termined from the  2300 EST map. 

1 
Y7 = Minimum l a t i t u d e  reached by following t h e  10,000-ft. 

isobar upwind through Knoxville no f a r t h e r  than 100" W. 
long. 
Knoxville between Knoxville and 100" W. long., Y7-is 
defined as t h e  l a t i t u d e  where t h e  isobar crosses 
100" W. long. In  Figure 8, the value of Y7 used was 
35. 

In cases where t h i s  isobar did not go south of 

'The contour l ines  on the  700-mb. constant pressure map may be 
used in  place of t h e  isobars on the  10,000-ft. map. 
height difference of 100 f e e t  on the 700-mb. constant pressure 
map may be considered as approximately equivalent t o  a pressure 
difference of 2 mb. on the 10,000-ft. map. 

Also, a 
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Ya 
m g i t u d e  8f the  f i r a t  10,000-ft. trough t o  t h e  w e s t  
of &6xirilkif the trough being defined a8 t h e  point 
of l6west ljresdure almg t h e  p a r a l l e l  running through 
Ihbxv11le. In  Figure 8 the  value of Y w a s  determined 
as 894 8 

U3 = Chattm9ogd pressure minus L i t t l e  Rock pressure from 

u4 = 7 where Dl is t h e  Memphis dew point and D2 

t h e  10,OdO-ft. chaf t  of 2300 EST. 
Bl + D2 

2 
is t h e  Montgomery dew point a t  0730lEST. 

These independent variables and t h e  subsequent prec ip i ta t ion  
amounts were l i s t e d  f o r  each day of period as shown i n  Table 4. 
For a par t icu lar  date, t h e  valtred of X2, X3, X4, X5, x6, Y4, Yg, 
and u4 a r e  from t h e  0730 EST surface map. The values of Ys, Y7, 
Y89 and U3 are from the  previoua 2300 EST 10,000-ft. map, and 
t h e  value X is from t h e  prev?-oim 1930 EST surface map. The pre- 1 
c i p i t a t i o n  amount i n  t h e  last column i S  f o r  the  24-'hou- perloci 
beginning a t  0730 EST f o r  the  da te  indicated. 

Figure 9 is an out l ine  of t h e  method used i r ?  combining t h e  I3 
independent variables i n t o  one parameter, W. The general  pro- 
cedure was t o  work with the  variables In pai rs  and t o  determine 

etc .  by graphical methods. functions Y1, 
as shown i n  Figure 10, the  dependence of prec ip i ta t ion  on vari- 
ables X 

and X2 values as ordinates. This graph was then divided i n t o  
c e l l a  containing about 10 observations each, and t h e  f r a c t i o n  
p/n was plot ted i n  each c e l l ,  where p was t h e  number of observa- 
t ions  of 0.01 inchcprec ip i ta t ion  or more and n was t h e  t o t a l  num- 
ber of case8 i n  the  group. 
f i t t e d  t o  these data  by drawing l ines  of equal percent, keeping 
these l inea as smooth as possible. Figure 11 shows the  s c a t t e r  
diagram f o r  X3 and X4, and Figures I3 and 14 show t h e  probabi l i ty  
l ines  t h a t  were drawn f o r  these two charts.  

For example, y2 

and X2 was investigated by p lo t t ing  t h e  obser7ed pre- 
c i p i t a t  2 on amounts on a graph with X1 values as t h e  abscissae 

A "probabili ty" surface was then 

A function, Y1 = f l  (XI , Xz> is thus given by t h e  l i n e s  shown in  
Figure 13. 
X2 = 1,014 mb., the  value of Y is approximately 68. Likewise, if 
X3 = 9 mb. and X4 = 1 mb., t h e  value of Y2 is 40,- as shown i n  Fig- 
ure 14. 

For example, i f  t h e  value of X1 = 1,020 mb. and 

1 

The function, Z1 = f4 (Yl, Y ) w a s  determined by p lo t t ing  Y 

Yz, BR s h m  i n  Figure 12, and using t h e  same graphical  technique. 
Figure 15 shows the  percentage contour l i n e s  t h a t  were determined 

against  
2 1 
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from t h e  data. Figure0 18 t o  24 ehow t h e  charts  tliat Pesi4lted 
by f o l l m i n g  the out l ine shown i n  Figure 9. 
of the  numerical values of Y1, Y2, etc ,  

After the  values of W were obtained, the data W6Fe IW&iafi&@d i n  
Table 6, which shows how the p r 8 O i p i t R % i O A  tBl6ldSi aPQ re ia ted  t o  
W. In  general, low values of w are tzairocdiated v f t h  %era t j ~  smali 
precipi ta t ion amounts, and hi$h Values of W ape hsddcihbeh with 
the  larger precipi ta t ion mounts. Table 7 pFes6fltl the  data  from 
t h e  previous t a b l e  in terms of cumulative f%%~U@?i@i8i4 #ihd percents. 
For example, in the  26 cases where 9/26 (36 p@FUgnk) Sf t h e  dases 
had precipi ta t ion amount8 o f  zero OY leee thm 0661 ineh, 20/26 
(77 percent) had precipi ta t ion amounts of Oa09 inch or  lees. 
precentage f igures  were then plot ted t o  show how t h e  probabili ty 
of obtaining a specif ied precipi ta t ion amount, or less, varied as 
a function of W. 
points, as shown in Figure 25. 

T a b h  5 8h&8 8 saifipls 

These 

Smooth curves were dF&m t h o u g h  t h e  plot ted 

Table 8 was constructed by realng  the  t&llaes fronl the  curves shown 
In Figure 25. 
amount w i l l  f a l l  within a epeolfied rmge when a par t icular  value 
of W ha6 been observed. For examgle, %hen W = 35, the  curves i n  
Figure 25 indicate  t h a t  the  rshtiVe frequency of occurrence of no 
measurable precipi ta t ion if3 91 percmt .  The r e l a t i v e  frequency of 
occurrence of less than 0.09 inch is 92 percent, so the  difference 
(92 - 7 1  = 2 1  percent) is the  r e l a t i v e  frequency of occurrence f o r  
amounts ranging from 0.01 t o  0.09 inch, inclusive. 

This t a b l e  shows t h e  p'robabillty that, a precipi ta t ion 

Charta and tables  similar t o  those worked up f o r  t h e  C group were 
worked up for  t h e  C 2  and C 3 
26 t o  39 and Tables 9 t o  11. The "probability" contours on these 
char t s  were based on t h e  percent of occurrence of amounts greater  
than 0.25 inch. 
them t o  make experimental forecasts  for t h e  winter of 1945-46. 

I 1 groups and are presented i n  -Figures 

These charts  and tab les  were then tes ted  by using 

Ex per imental For ec as ts 

The method of making the experimental forecasts  of 24-hour precipi- 
t a t i o n  over the  east-central  sect ion is i l l u s t r a t e d  by taking as 
an example the  forecast  f o r  December 13, 1945. 
were selected from the  weather maps: 

The following data  

X1 = 1,019 mil l ibars ,  t h e  sea l e v e l  pressure a t  Memphis a t  
1930 EST, December 12. 

X2 = 1,012 mi l l ibars ,  t h e  ses level  pressure a t  Memphis a t  
0730 EST, December 13. 
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Xg F 10, Gh~t%seeogs m i m e  Memphis sea  leve l  pressure at 
8730 EST, bec ember 13. 

X4 = 5, Tallahaseee minus New Orleans aea l eve l  pressure at  

X, = 49, ShrevepQrt dew point a t  0730 EST, December 13. 

Xq P 27, St, b u i a  dew point at  0730 EST, Cecember 13. 

l4 Decmber l3. 

0730 EST, December W. 

I 25, s i z e  of precipi ta t ion area on the  0730 EST map, 

Y5 = 2, d i rect ion of surfwe wind at 0730 EST, December 13. 

Y = $3, cllresticm of 10,000-ft. wind at  Knoxville, 2300 EST, 
- Pwabsr I 3 9  

Y7 z %Is Pcwest latitude reached by 10,000-ft. isobar passing 
%krou@ Knoxville at 2300 EST, December 13. 

e 13-2, longitude of lowest pressure at  10,000 f e e t  w e s t  of 
Knoxville at 2300 EST, December W. 

U3 = 0, Chattanooga pressure minus L i t t l e  Rock pressure at  
$os QBQ f e e t  a& 2300 EST, December 13. 

U4 I Ma rrvareQe of Montgomery and Memphie dew points at  
0738 EST, December 13. 

S h o e  the  map was c la s s i f i eQ  i n  Group C 
t he  functions of the independent variables were determined from 
Fiswee ZG ta  37': 

t he  following values of 
2' 

= 70 from Figure 26 
Y2 = 80 from Figure 27 
Z1 = 72 from Figure $8 

Y3 = 35 frqJp Figure 29 
Z2 = 76 from Figure 30 
Ul = 87 from Figure 3 1  

Z3 = 50 from Figure 32 
Z4 = 30 from Figure 33 
U2 = 40 from Figure 34 
V = 75 from Figure 35 
R = 56 from Figure 36 
W = 50 from Figure 3 7  

Reference t o  Table 11 or Figure 38 indicated the  following s t a t e -  
ments would be appropriate f o r  t he  24-hour period beginning at 
0730 m T ,  December 13: 

1. The chance of no r a i n  occurring is qui te  negligible.  
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2. There are about 22 ohmces out of 100 that  the  observed 
amount w i l l  be i n  the  C ~ W I E  i n t e r v a l  of 0,91=0.09 inch; 
and s i m i l a r  chances t h a t  it w i l l .  be ip the chaw Jptfjr- 
V a l  of 0.10-0.24 inch. 

3. The most l i k e l y  class i n t e r v a l  f o r  t h e  preCipitaticn 
amount is  from 0.25 t o  0.74 inch, inclusive, t h e  chances 
being s l i g h t l y  l e s s  than 1 i n  5, 

4. There I s  a reasonably good chance;2?S In 190, t h a t  t h e  
prec ip i ta t ion  amount w i l l  be greater  than Q,75 Inch but 
l e s s  than 1.25 inches. 

5. There is very l i t t l e  chance th& t h e  precipi ta t ion amount 
w i l l  equal or exceed 1.25 inches. 

The observed mount i n  t h i s  case proved t o  be 0.38 inch. 
made i n  a similar manner f o r  each day of t h e  period Prom December 1, 
1945, t o  February 28, 1946, a r e  shown i n  Table 12. A contlnigengy 
table summarizing t h e  verification is presented i n  Table 13. The 
cor re la t ion  between t h e  forecas t  and obeorved amount w a s  0.69, a 
highly s igni f icant  value, s ince there  is leea tkm one chance i n  a 
thousand t h a t  a coef f ic ien t  t h a t  lapge or 1aqpr woalh be obtaiped 
as a r e s u l t  of random sampling from a population with gero correla- 
t ion.  Two-thirds of t h e  forecast  amounts were within 0.lQ lnch 
of t h e  observed amounts and one half were within 2 0.05 ineh ~f 
ob8 erved amount. 

Forecaets 

Disc use ion 

It should be noted t h a t  frequeney d is t r ibu t ions  of precipitaticm 
amounts a r e  usual ly  skew, so that the  mean of the  d i s t r i b u t i o n  w i l l  
not i n  general  correspond t o ’ t h e  mode. This CQnsideratIon as well  a8 
others r a i s e s  the  question as t o  whether it makenr mwh eense t o  fore- 
c a s t  p rec ip i ta t ion  amounts by only s t a t i n g  a single figure such as 
a mean or expected value. Furthermore, there  does not 61em t o  be 
much j u s t i f i c a t i o n  ( i n  p r a c t i c a l  forecast ing)  i n  attempting t g  =e- 
d i c t  r a i n f a l l  amounts t o  t h e  nearest  hundredth of rn inch, s i p c &  
nei ther  t h e  accuracy of the forecasts  nor of the  precipl ta t ion 
observations j u s t i f  i e s  such refinement. The a l te rna t ive  eue@eated 
here is t o  make quant i ta t ive  preaipi ta t ion forecasts  by estimating 
the  probabi l i ty  t h a t  the  prec ip i ta t ion  a o u n t  w i l l  f a l l  within a 
specif ied range or  ranges. 

It is planned t h a t  t h i s  proJect w i l l  be continued with p ~ ~ L m y  em- 
phasis placed on determining addi t ional  f ac t o r s  or  parammere’ which 
can be used t o  improve t h e  accuracy of the forecasts.  
w i l l  be c lose ly  coordinated with t h e  project which makes d a i l y  pre- 
c i p i t a t i o n  forecas ts  f o r  t h e  TVA basin, and copies ef, the  preliminary 
char t s  shown here have been given’to the  forecaster6’to use. It is 

This phase 
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expected t h a t  it w i l l  be possible f o r  them t o  s w g e s t  modifications 
and addi t ional  fac tors  t ha t  should be considered. 
the addi t ional  variables t h a t  give indications of improving the  
correlat ions a re  those based upon the  following: 

Among aome of 

1. Posit ion and direct ion of movement of t h e  surface lm 
pressure center. 

2. Curvature of the  surface and 10,000-ft. isobars over 
southeastern United States .  

3. Distribution of moisture at the  5,000- and 10,000-ft. 
levels.  

4. Upper air s t a b i l i t y  indices and measurements. 

Some d i f f i c u l t y  is expected i n  studying the  fac tors  based upon upper 
air humidity measurements, s ince there is no large supply of such 
data located in the important region immediately t o  t h e  south and 
w e s t  of t he  TVA basin. 
the upper air moisture d is t r ibu t ion  w i l l  be confined ch ief ly  t o  the  
past  two or three winters. 

For t h i s  reason t h e  study of the  e f fec t  of 

I 
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Table 1.--Example of computation of average 24-hour p r e c i p i t a t i o n  amount 
over t h e  e a s t - c e n t r a l  s e c t i o n  .. December 19, 1944 

Group 1 Group 2 
NO . Stat ion  Pimount S t a t  ion Amount 

1 .......... 
2 .......... 
3 .......... 
4 .......... 
5 .......... 
6 .......... 
7 .......... 
8 .......... 
9 .......... 
10 ......... 
11 ......... 
12 ......... 
13 ......... 
14 ......... 
15 ......... 
16 ......... 
17 ......... 
18 ......... 
19 ......... 
20 ......... 
2 1  ......... 
22 ......... 
23 ......... 
24 ......... 
25 ......... 
26 ......... 
27 ......... 
28 ......... 
30 ......... 29 .. 4 .  

208 
434 
156 
209 
17 0 
207 
16 7 
159 
166 
32 1 
325 
340 
33 1 
335 
33 7 
34% 
290 
34 6 
29 1 
34 7 

94 
97 

116 
174 
175 
176 
2 12 
215 
2 16 
220 

Cat le t  t s burg 
Eas t  land 
Breedenton 
G a t  l inburg  
Loudon 
Knoxville 
Pe t ros  
He l b e t  a burg 
C onc or  d 
Norr is  
La fo le t t e r  
Pennington Gap 
Big Barren 
Taz ewe11 
Sneedvi l l e  
C l inchpor t , 

Morr is t own 
F l a t  Gap ' 

Roger sv  i l l e  
L i t t l e  War Gap 
Georgetown 
Ric ev i l l e  
Columbus 
Tel l ico P la ins  
Mint 
Calderwood 
White Pine  
Jearoldstawn 
L i t t l e  Chucky 
Ehbr e ev i l l e  

0.98 . 55 . 20 . 16 . 55 . 26 . 42 

. 35 . 50 . 15 . 25 . 45 . 49 . 50 . 35 . 37 

. 46 . 35 . 43 . 31 . 30 . 83 . 47 . 69 . 40 . 38 . 65 . 50 
Total  12.30 

12.30 ... Average = = . 91 
30 

39 1 
92 

15 7 
205 
15 8 
16 0 
164 
163 
16 9 
323 
333 
33 8 
33 9 
34 1 

33 6 
289 
292 
93 
99 

119 
17 1 
173 
17  7 
211 
213 
2 14 
2 18 
2 19 
24 2 

$27 

Chattanooga 
Morgan Springs 
Roddy 
Alcoa 
Kings t o n  
P i l o t  Mountain 
C lockrange 
Crossv i l l e  
TVA Nursery 
Norr is  Dam 
Arthur 
Rose H i l l  
Jones v i l l e  
Olinger 
White Hollow 
B i g  Sycamore 
JoPPa 
Stoney Point  
B i g  Spring 
P a r k m i  l l e  
S e r v i l l a  
McGhee 
. K i t t i e  
Cadets .Cove 
Dandr idge 
B u l l ' s  Gap 
Lick Creek 
Camp Creek Bald 
Limes tone  
Cosby 

T o t a l  

= . 39 11.59 
30 

Average = 

0.28 
.13 
.50 
.64 
.38 

.17 

.75 

.43 

.39 

.45 

.33 

.31 

.28 

.58 

.83 

.34 

.30 

.25 

.42 

.51 

.33 

.62 

.57 

.31 

.43 . 40 

.66 
11.59 
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Table 2.--Comparison of 24-hour average p r e c i p i t a t i o n  amounts f o r  two 
groups of stat Ions 

February 1940 December 1940 February 1942 December 1944 
Day Grp . 1 Grp . 2 Grp . 1 Grp . 2 Grp . 1 Grp . 2 Grp . 1 Grp . 2 

1 ..... + 
2 ..... + 
3 ..... 
4 ..... 
5 ..... . 06 
6 ..... . 23 
7 ..... . 05 
8 ..... + 
9 ..... + 
10 .... . 72 
11 .... . 09 
12  .... 
13.. .. + 
14 .... . 7 1  
15 .... + 
16 .... 
1 7  .... . 05 
18 .... . 62 
19 .... . 25 
20 .... . 22 
2 1  .... 0 02 
22 .... . 04 
23 .... 02 
24 .... 
25 .... . 20 
26 .... 
27 .... + 
28 .... . 97 
29 .... . 05 
30 .... 
31 .... 

+ . 32 . 40 . 01 
+ . 02 . 01 + 

01 I . 10 . 01 . 02 . 34 . 26 + + . 36 . 08 . 05 . 04 . 57 
+ . 13 . 11 . 04 
+ + . 02 . 82 + + . 03 . 10 . 02 

+ . 43 . 44 . 76 . 33 . 29 . 05 . 08 . 10 . 07 . 09 . 09 . 05 . 02 . 03 1.26 . 7 1  . 01 . 31 + + 01 . 17 + + . 02 . 01 + . 02 . 04 
+ + + . 49 . 24 . 04 -05 e 3 1  
+ . 08 . 0 1  . 01 . 03 a06 a 0 5  . 92 . 22 . 29 . 02 . 07 . 89 . 76 . l3 . 14 

+ + 

+ + 

+ + + 

. 01 . 01 
+ 

+ .01 

. 35 . 40 . 64 . 03 

. 03 . 03 
4- 
+ 

+ . 09 
1.35 
+ 
+ 

. 35 . 37 

. 07 . 03 

+ 

. 16 . 51 . 02 

. 19 . 24 

. 02 . 04 

. 04 . 4 1  

. l a  
+ . 01 . 16 . 30 . 10 . 53 . 70 . 41 . 17 

.13 

.61 

.02 

.E 

.25 . 01 

.01 
+ 
+ 
.05 
.39 
+ 
.19 

.02 

.09 

.40 

.08 

+ 
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Table 3.--Averqe 24-hour precipi ta t ion mounts for the eas t -cent ra l  
sect ion based on Group 1 atat ions - - 

DeY 

l.... 
2..., 
3.... 
4.... 
5.... 
6.... 
7.... 
8.... 
9.... 
10.0, 
11.. . 
12.. . 
w... 
ls... 
16.. 
17. e .  

18.. . 
19. .. 
20.. . 
21.0 . 
22.. . 
23.. . 
24.. . 
25.. . 
26.. . 
27.. . 
28.. . 
29.. . 
30. 
31.. r 

- 

140 

- 

- - 
Dee . 
193 9 

.ll 

.24 

.03 

- 

+ 

.08 

.35 

.05 

+ 
.01 

.63 

04 
.a9 
.02 
.01 
.53 
.03 
.02 
+ 
- 

- - 
ran. 
1940 

.07 

.01 

- 

+ 
.02 

.03 
16 
.02 

.04 

.23 

.02 

.56 
12 

.07 
+ 

.11 

.60 

.05 
01 - 

- - 
?eb . 
L94C - 
+ 
+ 

06 
.23 
.05 
+ 
+ 
.72 
.09 

+ 
.71 
t 

05 
.62 
.25 
.22 
.02 
04 

0 02 

0 20 

+ 
.97 
.05 

- - 
)ec . 
L94C 

.3i . 02 
- 

.O1 

. OE 

.I2 

+ 

+ 
+ 

+ 
.45 
.32 . Of 
0 07 
02 

+ 
+ 
.01 

+ 
.04 

03 
22 
.89 
.l3 

. oa 

+ - 

- - 
Jan. 
194 1 - 
.44 
.09 
.I3 

+ 

-04 
.40 
.04 

+ 

.23 

.14 

.54 

.06 
21 

.04 - 

- - 
? e t ,  
194 - 
. 0: . 0: 

+ . 0: 

.41 

.@ 

0: 
+ 

+ 
.04 . oi 
.1€ . 12 

- - 
lee . 
L94 1 - 
+ 
.Ol 
.24 
.3e 
.31 
+ 

.76 

.06 

.01 

.48 

.56 

.Ol 

.10 

.01 - 

Jan. 
1942 

.55 

.4c 

.32 

- 

+ 
+ 
. 12 
+ 
+ 

.75 

.02 

+ 
+ 

.91 

.03 

.46 - 

- 
Feb 
194 : 
.o 
- 
+ 
+ 
.3: 
.3r 
.5: 
.OI 

. 0: . 0: 
+ 

. 0' 
I. 2: 
.o: . 0: 

.41 

.3( 

. OE . oi 

- 
I e C  . 
1942 

.24 
1. 2E 

.44 

1.01 
.04 
.24 
.03 

- 

+ 

+ 

+ 
+ 
.02 
.02 

.42 

.01 

.04 

.06 

.01 

.52 

.04 

.02 
.. 14 
.a 68 .. 39 
.04 

oa 

- 

- 
Jan. 
1942 - 

+ 
+ 
.O1 

1i . 02 
.05 
+ 

.os 
+ 
+ 
.4c 
.07 

+ 
.02 
t . ae 
.76 
.24 
.02 
.01 
+ - 

- 
Feb 
194: 

.o 

.o  
1. 1( 

- 

. 71 
-51 
.01 

. 71 
+ . 1: . 0: 
+ 
+ 

.2! . 1d 

. 0: 

- 
lee . 
1945 - 
.O1 . OE 
.1E 

. OE 

.2f . 05 . 0: . OE 

.4f 

+ 

.03 
+ 

. i a  

.92 

.07 

.04 

.35 
+ 
- 

- 
Jan 
1944 

.o 

.x 
1. 14 
.01 

.o 

.o . b 

- 

+ 

.4! . l! 

+ 
+ 
+ 

+ . 1( . oi 

- - 
Dee . 
1944 

.02 

.05 

.02 

.48 

.01 

.03 
1.31 
.08 
.30 
.06 
+ 
.23 
.40 

.91 
1.44 

.23 

.14 

.23 

.54 

.03 
1.19 
.6R 
.13 
.R4 

- 

+ 

+ 



Table 4. --Tabulation of independent va r i ab le s  and p r e c i p i t a t i o n  amount 13 

1 Map 
Date Type '1 '2 '3 '4 '5 '6 '4 '5 '6 '7 '8 '3 '4 

~ 

2 1  20 3 2 50  45 0 H 12 32 95 1 55 .01  
18 18 3 0 57 44 2 I, 10 33 92 1 5 7  -24 

1941 12-le.. -- 
2... c2 

5 = 0 0  c1 

3... c2 19 20 1 0 54 47 0 16 10 30 90 1 53 038 
4... c2 18 14 0 -1 50 51 6 3 9 25 94 5 56 -31 

0 

10 11 4 0 59 43 0 11 12 33 100 0 51 + 
2 1  29 -7  -7  35 22 0 15 11 36 88 -1 35 0 6... C 

7... c1 30 28 -2  -1 30  2 1  0 1 16 42 105 -5 24 0 
1 

14 10 7 2 62 50  4 10 13 14 113 1 62 1.19 
7 8 3 5 64 45 3 9 11 30  100 5 62 .68 

c2 
c1 

c2 

1944 2-25.. . -- 
26.. . 
27... C1 11 18 -1 2 57 30 1 12 10 26 117 3 57 13 

28... C2 17 11 4 5 65 32 6 1 11 29 120 1 54 .84 
29.. . 10 24 -9  -6 39  22 1 14 11 36 90 0 36 0 

Table 5.--Sample l i s t i n g  of values of func t ions  Y1, Y2 ............ W. 

R W  A 
'1 y2 y3 z1 z2 z3 z4 '1 '2 Date 

1941 12-l.. . . .  46 50  55 46 5 0  25 60 .55 35 51 78 52 - 0 1  
2 ..... 32 50  62 32 62 70 3 0  53 5 0  55 . 79 62 .24 
3..... 26 33 62 26 50  40 40 40 30 3 2  75 47 .38 
4..... 53 23 63 54 76 55 70 76 60 78 86 80 -31  
S..... 68 3 7 -  60 50  55 45 60 60 53 6 1  7 1  6 1  + 
6..... 14 10 30 1.12 20 25 20 8 15 8 43 8 0 
7..... 20 35 24 27 14 15 30  l3 l5 10 34 10 0 

- 

1944 2-25.... 68 72 68 70 76 30 60 89 30 73 84 75 1.19 
26.... 75 63 63 69 89 65 70 90 80 93 9 1  95 068 
27.0.. 40 52 54 46 60 50 66 6 1  65 68 83 75 
28.... 70 50  60 70-'74 42 20 88 20 67 76 64 -84 
29 5 5 2 7  2 1 3 1 0  5 3 4 2 5 6  5 0 

- 



,4 Table 6.--Frequency t a b l e  of p r e c i p i t a t i o n  amounts as a func t ion  of W f o r  
Group C1 

w Total A P r e c i p i t a t i o n  Class 

0 1 2 3 4 5  Cases 

0- 5 24 1 
6- 10 26 2 

11- 25 * 25 . 2  3 
26-40 19 7 1 
41-50 19 9 
5 1- 65 9 1 1  1 5  
66- 80 4 4 2 1 3  
86- 95 1 1 2  

25 
28 
30 
27 .02 
28 .Ol 
26 .09 
14 .23 
4 .33 

C lass Amount - 
0 Less than .01" 

1 .01" t o  .09" T o t a l  p r e c i p i t a t i o n  

3 .25" t o  .74" 
2 .lo" t o  .24" ii= 

No. of cases  

4 .75" t o  1.24" 
5 1.25" and more 

1 Table 7.--Cumulative frequency t a b l e  f o r  Group C 

W 0 1 or  2 or  3 o r  4 o r  5 o r  
less 

--A 
l ea  8 less les 8 less 

6-10. ........ 26 
93% 

11-25. . . 25 
83% 

26-40 ......... 19. 
7 6  

41-50.. ....... 19 
68% 

51-65......... 9 
' 35% 

66- 80. ........ 4 
29% 

86-95 ......... 0 

25 
lo@ 

lo@ 

90% 

96% 

lo@ 

77% 

5 7% 

25Q 

28 

27 

26 

28 

20 

8 

1 

25 25 

28 28 

30 30 

27 27 

2 8  28 

26 26 
1 0 6  

11 14 
79% 106 

4 4 
1 0 6  

25 

28 

30 

27 

28 

26 

14 

4 



Table 8.--Relation between W and the  probabili ty tha t  t h e  precipi ta t ion 
amount will fall within a specified range -- Group C1 

15 

<.Ol .01- .lo- .25- .75-21.25 7 
.09 .24 .74 1.24 W 

0 97 3 
1 97 3 
2 96 4 
3 96 4 
4 96 4 
5 95 4 1 
6 95 4 1 
7 94 5 1 
8 93 6 1 
9 93 6 1 
10 92 7 1 1 
11 91 7 2 1 
12 90 8 2 1 
l3 90 8 2 1 
14 89 9 2 1 
15 88 10 2 1 
16 87 10 3 1 
17 86 11 3 1 
18 86 11 3 1 
19 85 12 2 1 1 
20 84 13 2 1 1 
21 83 l3 3 1 1 
22 82 14 3 1 1 
23 82 14 3 1 1 
24 81 , 15 3 1 1 
25 80 15 4 1 1 
26 79 16 3 2 1 
27 78 17 3 2 I 
28 77 17 4 2 . I  
29 76 18 4 2 1 
30 76 18 4 2 1 
31 75 18 4 3 1 
32 74 19 4 3 I 
33 73 20 4 3 1 
34 72 20 5 3 1 
35 71 21 5 3 1 
36 70 22 5 3 1 
37 69 22 5 4 1 
38. 68 23 5 3 1 1 
39 67 23 5 4 1 1 
40 66 24 5 4 1 1 
41 65 25 5 4 1 1 
42 63 26 5 5 1 2 
43 62 27 5 4 2 2 
44 61 27 5 5 2 2 
45 60 27 6 5 2 .-- 2 
46 59 28 5 6 2 2 
47 57 29 6 6 2 4 
48 56 29 6 6 3 . 2  
49 55 30 6 6 3 3 
50 53 31 6 7 3 ' -  3 

<.Ol .01- .lo- .25- .75-a.25 A 
.09 .24 .74 1.24 W 

52 5i 
53 49 
54 48 
55 46 
56 45 
57 43 
58 42 
59 40 
60 39 
61 38 
62 36 
63 35 
64 34 
65 32 
66 31 
67 30 
68 28 
69 27 
70 26 
71 24 
72 23 
73 22 
74 20 
75 19 
76 18 
77 17 
78 15 
79 14 
80 13 
81 12 
82 11 
83 10 
84 9 
85 8 
86 6 
87 5 
88 4 
89 3 
90 2 
91 2 
92 1 
93 1 
94 
95 
96 
97 . 
98 
99 
100 

31 
31 
32 
32 
33 
33 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
33 
34 
34 
33 
33 
34 
33 
33 
33 
33 
32 
32 
32 
32 
32 
31 
31 
31 
30 
30 
29 
29 
28 
28 
27 
27 
26 
26 

7 
7 
7 
8 
8 
8 
8 
8 
9 
9 
9 
10 
11 
11 
11 
11 
11 
12 
12 
12 
l3 
12 
l3 
l3 
l3 
l3 
l3 
l3 
14 
14 
14 
14 
15 
15 
15 
15 
16 
16 
16 
17 

* 17 
17 
17 
18 .' 

18 
' 17 
17 
17 
17 
17 - 

7 3 
7 4 
8 4 
7 5 
8 5 
8 6 
9 6 
10 6 
10 7 
10 8 
11 8 
12 8 
11 - 9 
12 9 
l3 10 
14 10 
14 11 
14 12 
E 12 
16 12 
16 13 
17 14 
18 14 
18 15 
18 16 
20 16 
20 17 
20 18 
20 19 
21 19 
21 20 
21 21 
21 22 
21 23 
21 24 
22 25 
21 26 
23 26 
23 27 
22 28 
21 30 
21 31 
**21 32 
20 33 
21 33 
21 34 
21 35 
21 35 
21 36 
21 36 

4 
5 
6 
7 
7 
8 
9 
9 
10 

12 
12 
13 
14 
14 
15 
16 
16 
17 
18 
18. 
19 
20 
21 
21 
22 
23 
24 
25 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3.6 
37 
39 
40 
41 
42 
44 
45 
46 
48 

11' 

\ 



16 Table 9.--Frequency t ab le  of precipi ta t ion amounts as a function of W f o r  
Group c2 

‘i Prec i p i t  at ion C lass Total  
0 1 2 3 4 5  Cases W 

0- 6 6 2  8 
7- 15 2 7 2  11 .04 

16-30 3 5 3 4 1  16 .21 
3 1-50 5 6 2 2  15 .25 

. 51-70 1 3  1 8 5 1  19 .55 
7 1- a5 1 4 1 6  12 . 91  
90- 96 1 1  2 .85 

2 Table lO.--Cumulative frequency t ab le  fo r  Group C 

W 0 1 or 2 or  3 or 4 or 5 or 
less less less less less 

a 
100% 

8 8 8 8 

7-15... ...... 2 
18% 

9 
82% 

11 11 11 11 
100% 

16-30.. ....... 3 
19% 

8 
50% 

11 
69% 

15 
93% 

16 
100% 

16 

31-50.. ........ 0 5 
338 

11 
73k 

13 
878 

15 

51-70.. ....... 1 
574 

4 
2174 

5 
2674 

13 
6 8% 

18 
95% 

19 
1 0 6  

71-85.. ....... 0 1 
8% 

5 
42$ 

6 
5 8  

12 
1 0 6  

0 0 1 
5 6  

2 
1 0 6  

2 



<.01 .01- .lo- -25- -75-21.25 3 
W .09 .24 .74 1.24 

1 0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  

- 22 
23 
24 
25 
26 
27 
28 
29 
30  
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 
49 

w <.01 -01- -10- .25- - 7 5 - a - 2 5  
.09 .24 .74 1.24 

~~ 

84 15 
0 
0 
0 
1 
2 
2 
3 
3 
4 
5 
6 
6 
7 
8 
9 
9 

10 
11 
12 
12 
13 
14 
15 
16 
17 
18 
19 
20 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30  
3 1  
3 1  
32 
33 
34 
35 
36 
37 
38  

1 39 

83 16 
81 17  
79 19 
76 2 1  
72 24 
68 26 
62 3 0  
56 34 
50 38  
44 4 1  
38 44 
34 46 
30 46 
26 47 
23 47 
20 46 
19 45 
17 45 
16 43 
l5 4 1  
14 40 
l3 39 
12 39 
12 37 
11 37 
11 35 
10 35 
10 33 
9 33 
8 33 
8 32 
7 32 
7 3 1  
6 30 
6 29 
6 28 
5 28 
5 27 
5 27 
4 27 
4 26 
4 25 
4 24 
3 25 
3 24 
3 23 
3 23 
3 22 
2 22 

5 1  
52 
53 
54 
55 
56 
57 
58 
59 
60 
6 1  
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1  
72 
73 
74 
75 
76 

'77 
78 
79 
80 
8 1  
82 
83 
84 
85 
86 
87 
88 
89 
90 
9 1  
92 
93 
94 
95 
96 
97 
98 
99 

I 

1 
2 
2 
3 
4 
6 
7 
8 

10 
12 
14 
15 
18 
19 
2 1  
24 
25 
26 
28 
30  
30  
3 1  
3 1  
32 
32 
32 
32 
33 
32 
32 
32 
3 1  
3 1  
32 
3 1  
3 1  
3 1  
30 
29 
29 
28 
28 
28 
26 
25 
25 
24 
23 
23 

1 
2 
2 
3 
3 
4 
5 
6 
7 
8 
9 
9 

10 
10 
12 
13 
13 
14 
14 
16 
17 
17 
19 
19 
20 
2 1  
2 1  
22 
23 
23 
24 
25 
25 
26 
27 
27 
27 
28 
29 
29 
29 
30  
30 

1 
1 
1 
2 
2 
2 
2 
3 
3 
4 
4 
4 
5 
5 
6 
6 
6 
7 
7 
8 
8 
9 

10 
10 
11 
12 
12 
13 
14 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
I1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 1  
2 1  
20 
20 
19 
19 
18 
18 
17 
17 
16 
16 
16 
15 
14 
l5 
14 
14 
I3 
l3 
12 
12 
11 
11 
10 
10 
9 
9 
8 
8 
7 
7 
6 
6 
5 
4 
4 
3 
3 
2 
3 
3 
2 
2 
2 
2 
1 
1 
1 
1 

2 1  
20 
19 
18 
18 
17 
16 
14 
14 
I3 
12 
10 
9 
9 
9 
8 
7 
6 
6 
6 
6 
5 
5 
4 
4 
3 
3 
2 
3 
2 
2 
2 
2 

'2 
2 
3 
2 
3 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
1 
1 

3 1  
3 1  
32 
32 
3 1  
3 1  
32 
33 
33 
33 
34 
34 
34 
54 
34 
34 
35 
35 
35 
34 
34 
34 
34 
34 
34 
34 
34 
34 
33 
33 
33 
32 
33 
32 
32 
3 1  
32 
3 1  
32 
32 
3 1  
30 
3 1  
3 1  
30  
3 1  
3 1  
30  
3 1  

24 
25 
25 
26 
28 
28 
29 
29 
30 
29 
28 
28 
27 
26 
24 
22 
2 1  
20 
18 
16 
15 
14 
I3 
12 
11 
11 
11 
11 
10 
10 
10 
11 
10 
10 
10 
10 
10 
10 
9 

10 
10 
10 
10 
9 
9 
9 
8 
8 
8 
7 

1 42 
1 43 
2 44 
2 46 
2 47 
3 49 
3 50  
4 52 
4 53 
6 55 
8 57 

10 59 
12 6 1  
14 63 
17 65 
20 67 
22 69 
24 70 
27 72 
30 34 
32 76 
34 77 
36 78 
38 80 
40 8 1  
4 1  82 
42 83 
43 84 
45 85 
46 86 
47 87 
47 88 
48 89 
49 89 
50 90 
5 1  9 1  
5 1  9 1  
52 92 
53 93 
53 93 
54 94 
55 95 
55 94 
56 96 
57 96 
57 96 
5% 97 
59 97 
59 97 

50  2 22 22 3 0  23 1 40[100 I I 3 1  69 98 



18 Table  12.--ObJective forecasts of 24-hour p r e c i p i t a t i o n  amount8 f o r  the 
TVA east-central  section ..Winter 1945-46 

P r o b a b i l i t y  ?&I ge 24-hour amount 

Date <.01 -01- -10- -25- -75- 21.25 F o r e c a s t  Observed . 09 . 24 . 74 1.24 Amount Amount 

1945 

Dee. 1 ..... 
2 ..... 
3 ..... 
4 ..... 
5 ..... 
6 ..... 
7 ..... 
8 ..... 
9 ..... 
10 .... 
11 .... 
12 .... 
13 .... 
14 .... 
15 .... 
16 .... 
17 . . . 
18 .... 
19 .... 
20 .... 
2 1  .... 
22 .... 
23 .... 
24 .... 
25 .... 
26 .... 
27 .... 
28 .... 
29 .... 
30 .... 
31 ...; 

1946 
J a n  . 1 ..... 

2 ..... 
3 ..... 
4 ..... 
5 ..... 
6 ..... 
7 ..... 
8 ..... 
9 ..... 
10 .... 
11 .... 
12 .... 
13 .... 

. 

- 

. 76 . 18 . 04 . 02 . 3 9  . 34 . 09 . 10 . 08 . 07 . 32 . 31 . 2 1  . 09 . 01 . 09 . 03 . 34 . 11 . 42 . 30 . 46 . 18 . 05 . 0 1  . 26 . 47 . 19 . 06 . 02 . 38 . 34 . 09 . 11 . 08 . 63 . 26 .OS . 05 . 01 . 32 . 34 . 11 . 13 . 10 . 23 . 47 . 2 1  . 07 . 02 . 96 . 04 . 74 . 19 . 04 . 03 . 02 . 22 . 22 . 30 . 2 3  . 01 . 48 . 32 . 08 . 07 . 05 . 7 1  . 2 1  . 04 . 04 . 95 . 04 . 01 . 96 . 04 . 03 . 25 . 26 . 28 . 18 . 56 . 34 . 08 . 02 . 93 . 06 . 0 1  . 79 . 19 . 02 . 62 . 27 . 05 . 04 . 02 . 07 . 32 . 31 . 2 1  . 09 . 16 . 09 . 34 . 27 . 12 . 2 1  . 20 . 31 . 25 . 01 . 76 . 18 . 04 . 02 . 23 . 47 . 2 1  . 07 . 02 . 07 . 31 . 31 . 2 1  . 10 . 53 . 31 . 06 . 07 . 03 . 51 . 31 . 07 . 07 . 04 . 72 . 24 . 04 

. 72 . 24 . 04 
e 9 3  e06 -01 . 05 . 27 . 29 . 25 . 14 . 34 . 34 . 11 . 12 . 09 . 0 1  . 03 . 03 . 31 . 10 *.52 . 01 . 03 . 02 . 32 . 09 . 53 . 01 . 05 . 02 . 32 . 10 . 50 . 02 . 3 1  . 17 . 22 . 28 
0 . 28 . 18 . 2 1  . 33 
-56 . 29 . 06 . 06 . 03 . 01 . 14 . 06 . 35 . 20 . 24 . 49 . 32 . 07 . 08 . 04 . 79 . 16 . 03 . 02 

. 0 1  . 11 . 23 . 83 . 07 . 08 . 12 . 02 . 14 . 09 . 00 . 01 . 40 . 07 
01 
0 
0 . 34 . 03 
0 
0 

202 . 23 . 6 1  . 43 . 01 . 09' . 24 . 03 . 05 . 02 

. 02 
0 . 30 

-14 . 92 . 93 . 90 . 35 . 4 1  . 02 . 70 . 06 . 01  

0 
.03 
1-01 
1.29 
.01 

0 
.01 
.75 
.03 . 

.14 

.38 

.03 
0 . 04 

.27 . 0 1  
0 
0 

.04 

.32 

.42 

.02 

.10 

.02 

.02 

.48 

.06 

+ 

+ 

+ 

+ 

+ 
.02 
.06 
.05 
.58 

1.01 
2.65 

.15 

.03 

.17  

.96 

0 
+ 
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Probabi l i ty  &lj t @e 24-how amok t  

Date <mol -01- e 1  0. .25.. .7 5. h l . 2 5  For eca8 t Observed 
Amount A m o u n t  . 09 . 24 . 74 1.24 

. 
Jan . 14 .... . 82 . 14 . 03 . 01 

15 .... . 02 . 22 . 22 . 30 . 23 . 01 
16 .... . 23 . 47 . 2 1  . 07 . 02 
17 .... . 72 . 24 . 02 
18 .... . 95 . 04 . 01 
19 .... . 30 . 46 . 18 . 05 . 0 1  
20 .... . 22 . 33 . 13 . 18 . 14 
2 1  .... . 44 . 4 1  . 12 . 03 
22 .... . 84 . 13 . 02 . 01 
23 .... ' . 7 7  . 17 . 04 . 02 . 
24 .... . 10 . 33 . 33 . 17 . 07 
E 5  .... . 44 . 4 1  . 12 . 03 
26 .... . 20 . 46 . 24 . oa . 02 

2a .... . 96 . 04 
29 .... . 48 . 32 . 08 . 07 . 05 
30 .... . 01 . 11 . 05 . 34 . 13 . 36 
31 .... . 17 . 45 . 26 . 09 . 03 

27 .... . 96 :04 

Feb . 1 ..... . 96 . 04 
2 ..... . 94 . 05 . 01 
3 ..... . 82 . 14 . 03 . 01 
4 ..... . 03 . 25 . 26 . 28 . 18 
5 ..... . 01 . 10 . 03 . 34 . 11 . 4 1  
6 ..... . 04 . 27 . 29 . 26 . 14 
7 ..... . 84 . 13 . 02 . 31 
8 ..... . 32 . 34 . 11 . 13 . 10 
9 ..... . 01 . 11 . 05 . 34 . l3 . 36 
10 .... . 02 . 22 . 23 . 30 . 22 . 01 
11 .... . 95 . 04 . 01 
12 .... . 51 . 31 . 07 . 07 . 04 
13 .... . 01 . 07 . 02 . 33 . 10 . 47 
14 .... . 63 . 26 . 05 . 05 . 01 
15 .... . 96 . 04 e 

16 .... . 65 . 25 . 05 . 04 . 01 
17 .... . 48 . 32 . 08 . 07 . 05 
18 .... . 44 . 4 1  . 12 . 03 
19 .... . 01 . 06 . 02 . 32 . 10 . 49 
20 .... . 96 . 04 
2 1  ..... . 95 . 04 . 0 1  
22 .... . 48 . 3? . 08 . 07 . 05 . 
23 ..... . 57 . 29 . 06 . 06 . 02 
24 .... . 93 . 06 . 01 
26 .... . 22 . 33 . 13 . 18 . 14 
27 .... . 31 . 34 . 11 . 14 . 10 
2a .... . 56 . 34 . 08 . 02 

25 .... e78 - 1 7  e03 - 0 2  

. 01 . 4 0  

. 09 

. 02 
0 

.O 7. 

. 20 . 05 . 01  . 01 . 20 . 05 . 09 
0 
0 . 07 . 78 . 11 

.10 

.07 

.22 

.01 
0 

.01  

.18 

.02 

.01 

.01 

.05 

.01  

.11 

.02 

. 6 1  

.75 

.02 

+ 

0 0 
0 0 . 0 1  .07 . 34 .34 . 82 .45 . 31 .29 . 0 1  0 . 14 .52 . 78 1.38 . 39 .35 
0 + . 05 0 . 87 .38 . 02 .02 
0 0 . 0 1  0 . 07 0 . 05 .23 . 89 .22 
0 0 
0 0 . 07 0 . 02 .01 . 02 .01 . 27 0 . 20 .54 . 15 .29 . 03 0 
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Table 13.--Verification of experimental forecasts  f o r  TVA east- 
cen t r a l  section -- Winter 1945-46 

For ec a8 t Amount -- - 
<.01 .01- .lo- .25- .75- 231.25 Total 

.09 .24 .74 1.25 

Observed < -01 13 12 1 1 

,01-.09 3 17 5 4 
Amount 

27 

29 

-10- 24 7 1 1 1 10 

.25- 74 2 4 6 3 15 

-75- 1.24 ' 2  1 2 5 

2 1.25 3 3 

Total  16 38 W W 9 
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Figure 2 
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Figure 5 

Figure 6 
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T.V.A.-EAST CENTRAL-WINTER 

Figure 7 

Figure 8 
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9 2  ‘x3,x4 

4 

’ ( u , u ) = v  
10 1 2 

f (V, R) = W 
12 

Thua, ie a function of ‘the original variablee X1, X2, X3, X4, X5, 

Figure 9.--Chart ahawing outline of method ueed to combine the 13 Inde- 
pendent variablee into one parameter, - W. 
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Figure 16 
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Figure 23 
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Figure 24 
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Figure  26 
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Figure 29 
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Figure 32 

Figure 33 
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