






























































































3. Significance of parameters in mathemati­
cal modele. It was found that the number oC para­
meters of models play an important role in the appli­
cability of a model. Model III has two parameters and 
fits better the computed conditional probabilities than 
do Models I, Il a nd IV. Model n. which has one para­
meter, fits better than Model l. Special cases of any 
model with two parameters are models with only one 
or no parameter. F or instance. Model ill becomes 
Model I when the parameter t!ij is equal to Pi' Model 

II becomes Model l when the parameters \j is very 
large. 
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Parameters Aij of Model II has a high 

range oC values. The range of Aij is shown in fig , 

36 a , For a great difference of F (x
o

) and F (x) the 

values are usually between 0 , 002 and 0.020, For 
small differences of F (xo) and F (Xl the range is 

large and in the neighborhood of 0, 0 I 0 to 3, 000. For 

Aij 0 , 010 Model II becomes approrimately the 

same as Model I. 
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Fig. 36 Parameters of the (our mathematical models as a (unction of F(xo) and F(x): (a) Model II , ).ij; 

(b) Model 01. a ij ; (c) ModelllI, tl ij ; (d) Model m. v ij; and (e) Model IV. l'Jij' 
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Parameter a .. , measured in miles, of 
.J 

Model III is shown in fig . 36 b; and is appr oximately 

800 miles for most cases. This means t hat at a dis ­

tance of approximately 800 miles the con ditional pro­

babilities oC occurrences oC wet and dry years between 

two stations are probabilities of independent jOint diS ­

tributions . Parameter .aij 
oC Model m is given in 

fig, 36 c , It shows a variation from 0.2 to 0.4. 

Parameter II iJ of Model ill, which is a combination 

oC parameters aij 
and ,9ij of this model, represents 

the slope of the linear mathematical model. The 

values of II .. are given in fig. 36 d. When II . . is 
~ ~ 

small, from 0,000002 to 0.000026, Mo del ill is equi­

valent to Model I . These results confirm the con­

cluSions inferred Crom the investiga tion of Model I. 

Parameter 'I1ij of ModelJV is given in 

fig. 36 e. It has a high range of values, from 0, 0 10to 

100. The large values, 600 to 700, are in thE" center 

of the graph and are not presented in fig. 36 e , An 

exception to the foregoing stat ement occurs when 

two categories of year s are the two extremes , In 

this situation the values of II .. range from 0, 001 to 
.J 

0.010. Model IV becomes Model I when II 1j is 

greater than O. 0 10, 
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4. Comparison of mathematical mode ls . A 

comparison of mathematical Models I. II, ill a nd IV 

is based on the values of the standard error of esti­

mate. For instance , a t the standard error of esti­

mate less o r e qual to 0.04 the conditional probabilities 

of having a normal year, given a dry year, can be 

described by either Model ill or Model IV, The condi ­

tions dictating the use of these mathematical m odels 

depend upon the two categories of year s which fo r m s 

the conditional probability. This section discusses 

the conditions unde r which these four models may be 

a pplied. However, the gene r al comparison of these 

models is illustrated in fig . 37 a for Sij 5 0. 04 and 

fig. 37 b fo r Sij ~ 0.06 . 

Figure 38 illustrates the mathematical 

model best suited to each of the twenty - five discrete 

cases of the combinations of F(x
o

) and F(x). Model 

I, or Fix) is independent of F (xo). and is not re ­

commended for a ny case, Modelll is well applicable 

for five cases . Model ill is applicable lor fourteen 

cases, and Model IV is applicable fo r six cases . 

A summary of recommended models , their goodness 

of fit, and their parameters are presented in fig. 38. 

Five examples o f goodness of fit are given in fig. 39. 
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CHAPTER V 

CONCLUSIONS 

This study was conducted to find the condi ­
tional probability mathe matical functions to describe 
the occurrence of wet and dry year s over an area for 
any gi ven year. T wo diffe r e nt methods of investiga­
tion of mathematical models were used. First, aver­
age annual precipitation of the sub-areas were ob­
tained, and these average or represe ntative values of 
s ub-areas were used in computing conditional pro­
babilities of a given type of year occurr ing at a sub­
area of k unit distance from a central sub- area given 
a type o f year at this central sub - area. This investi ­
gation is designated as the first method. Second, the 
annual precipitation on the individual stations were 
used as the basic data in computing the conditional 
probabilities . The conditional probabilities for a 
given type of year, occurring at the stations which 
are at a distance k miles from a cent r al station, 
given a type of year at the central s tation, were 
computed for a total of 1141 precipitation stations, 
and their conditional probabilities were averaged. 
This approach is designated as the second method of 
investigation. 

The following conclusions were drawn from 
the results: 

1. Mathematical Model I, being the inde­
pendence model, with the hypothesis that the occur­
rences of wet and dry years over the sub-areas or 
stations are independent, i8 rejected fo r the applica­
tion. 

Z. Mathematical Model II, being the ex­
ponential dependence model, Is based on the hypothe­
sis that the probability of occurrence of a wet or a 
dr y year in one sub-area or at one station is depend­
ent upon the occurrence of a wet or a dry year in the 
adjacent sub- areas or stations , respectively. The 
degree of dependence decreases as the distance be­
tween the sub - areas or s tations increases . This de ­
pende nce asymptotically converges to the independent 
case with the distance . The conditional probabilities 
of wet and dry years as a function of distance are de­
scribed in this model by the exponential function. The 
model was fou n d to be the best applied to five cases 
out of the twent y -five. 

3. Mathematical Model IU is the linear de­
pendence for th e occurrence of a wet or a dry year at 
t wo sub-areas or stations . ModellU is considered to 
be the bes t mathe mati cal model to describe the occur­
rence of wet and dry years over an area, but especial­
ly for fourteen cases out of t he twenty - five . 

4. Mathematical Model IV is a hyperbolic de ­
pendence model. This mathematical function was in­
terred by a graphical fit 01 the hyperbolic function to 
observed data. Model IV is recommended whe n the 
two categories of years of the two sub-areas or two 
s tations are very dUfe rent but not oppoSite, su c h as 
normal and either very dry or very wet, or vice ver ­
sa. This model was found to be the best applied to 
s ix cases out of the twenty-five. 
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APPENDIX A 

GRlD SYSTEM USED FOR COMPUTATION OF COND{TIONAL PROBABIUTlES AS 
A FUNCTION OF DISTANCE BY USE OF THE FIRST METHOD 

I. Grid system. Let Zo and Yo be re­

spectively the longitude and latitude of the center 
of a central sub - area. A circular grid system 
is superimposed on the synoptic maps of wet and dry 
years. The center of the grid system is at the center 
of the central sub-area as shown in fig. 40, The cir ­
cular area around the central sub-area with a radius 
ro is called the "sub-area under consideration" hav-

ing Xj' The area around this sub-area under con­

sideration, which is bounded by the radius r I' is 

called the " I - unit - distance area, " Similar ly, the 
area bounded by the radii r l and r Z is called the 

lIZ - unit - distance area," The "k - unit - distance 
area" is the area bounded by the radii r

k
_

1 
and r

k
• 

If r k - t is given, r k is determined so that the k - unit 

distance area is divided equally into N sub-areas Ao 

with the increment of the radial distance, denoted by 
6r, being approximately constant. 

Z. Centroid of a sub-area. From the defini­
tion of the terms used in the grid system and the 
method of dividing the k - unit - distance area into 
equal sub-areas , the follOwing equations are derived: 

r J::ro+Ar 

rk - ro+kt>r 

LATlTUOE 

Fig , 40 Circular grid system used for computation 
of conditional probabilities of wet and dry 
years as a function of distance, by the use 

of the Cirst method. 
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And 

., <r1t. - r~_I)· AoN. (Z4) 

Substituting r k and r k _J in eq. (Z4) , 

•• c ( ) N" ~ Zr + Zk Ar-Ar. 
o 0 

(ZS) 

In £inding the exact value of r k, eq. (Z4) gives 

(26) 

where N is an integer computed from eq. (ZS). 

The controid of the i-th a r ea Ao is ~ 

and 6ki as shown in fig. 40 . Rk is the distance 

from the central sub-area to Ao and 0kl is the 

angle measured counter- clockwise from the horizon­
tal axis. By approximation ~ is 

and 

r
k 

+ r
k

_
1 

l 

l. • N N 

where i-I, Z, .•.• N. 

(27) 

(lS) 

tn thiS study, the central sub-area has a 
radius r o of SO miles, a sub-area is ZOOO s quare 

miles, and the inc rem ents of the radial distance are 
approximately 50 miles. 

The computation of longitude and latitude 
of the i-th area Ao is as follows: Let 0 be the 

center of a ce ntral sub-area with longitude Zo and 

latitude Yo' S is the center of a s ub-area Ao at 

the distance ~ from 0 and the angle oC direction 

a
ki

, as shown in fig. 40. For comparatively short 

distances, not greater than 1000 miles , the triangle 
SOA (in fig. 40) can be considered as a plane triangle. 
The degree of error introduced by this approximation 
is much less than the inaccuracies in the data used and 
the method o r finding the areal distribution of wet and 
dry years . Kells and others (1942, p. 61) conceived 
a m ethod for converting the distances along latitudinal 
line s to differences in longitude by the following ex­
pressions: 

(19) 



and where Y ki and Zki are respectively the latitude 

and longitude of the controid of sub-area at k-unit 
distance from the central sub-area. 

APPENDIX B 

GRID SYSTEM USED FOR COMPUTATION OF CONIXTIONAL PROBABILITIES 
AS A FUNCTION OF DISTANCE BY USE OF THE SECOND METHOD 

1. Grid system. Let Zo and Yo be the 

longitude and latitude of the central station, respec­
tively. The method of computing the conditional pro­
babilities oC having a wet or a dry year at the distance 
k Crom the central station, given a wet or a dry year 
at this station is as follows: A circular grid system 
is superimposed on the area with its center located at 
the central station (as shown in fig. 41). The area of 
distance k is defined as the area of the ring between 
two circles which have a radius of R t and Rz' one 

Consider the i - th station whose longitude 
and latitude are Zi and Yi , respectively . The dis­

tance between the central station and the i-th s t ation 
was computed by the following expressions : 

Ri Sin 8i 
Y i .. Yo + 60 (3Z) 

aod 

Zi % Zo - -to Ri Cos 9t Sec ~ (Yo + YI.) (33) 

of which encloses the other. where By solving eqs. (3Z) and (33) 

k· 

Fig. 4 1 

(3t) 

and 

-, 
9 • tan 

R .• , 
...... _ .. _-

[
(Yi-YO)Sec m(Yo+Yi)] 

z - z. o , 

Y. - Y ) 60 
, 0 

Circular grid system used for computation of conditional probabilities 
of wet and dry years as a lunction of distance, by the use of the second 

method. 

APPENDIX C 

TABLES 

(see following pages) 
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