








































































Washington-Oregan-Idaho area and the Missouri­
Eastern Kansas area. The areal distribution of r I 

for these two regions is shown in fig. 19. The fre ­
quency distribution of r

l 
is different for the two re-

iions as can be seen in fig. 20, with the Missouri -

Kansas 'area experiencing smaller values of r
l 

than 

the Washington-Idaho-Oregon area, A plot of the co ­
efficients r

1 
on normal probability paper, in fig. 21, 

s hows that both distributions may be approximated by 
normal functions. From the probability plots, the mean 
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Areal distribution of the first co rrelation coefficient of the series Zt 
for monthly river flows 
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Fig. 2:0 Frequency distribution of the first correla­
tion coefficient of the standardizcd series 
Zt for the runoff stations in the two areas 

indicated 

for the Washington-Idaho - Oregon area, r l , is 0.54 

with a standard deviation of O. 16, while the mean for 
the Missouri-Kansas area, r l , is O. 38 with a standard 

deviation of O. 09. The maximum value of r 1 in both 

areas i s 0.8 and there is no occurren ce of r 1 le s s 
than zero. 
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Figures 19 through 21 show that the time de­
pendence of the stochastic component of the monthly 
time series , m e asured by the first serial correlation 
coefficient, r I' is very large and much larger than 

i n the case of stochas tic c",!!!ponents of m£nthly pre ­
cipitation. The two values r I '" 0. 54 and r 1 = O. 38 

are much gre ater than r I • O. 05 for monthly prec ipi­

tation. The average first se r ial correlation coefficient 
of annual flows for very large number of stations have 
been give n in Hydrology Paper No. 4 [9), as r l • 

O. 175 for the sample of 140 stations from many parts 
of the world (with the average lcngth of annual values 
per station of 55). and as r l " O. 197 for the sample 

of 44 6 stations in Western North America (wit h the 
average length of annual values per station of 37) . 
The refore , these two values give r l " 0.18 - 0.20 

and are mu ch smalle r than the above value s r l " 0.54 

and r
t 

= 0.38 for the stochastic component of 

, 

monthly flows . The water carryover in river bas in 
from month to month is much greater than the water 
carryover from year to year. It is an intuitive 
assumption that the smaller time s erie s meas ure of 
a hydrologiC continuous time series (with time 
measures usually used in hydrology, t2-month, 3-
month, m onth, 15 days . 5 - days and) -day. or s imilar 
units), the g r eater is the dependence in the stochastic 
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F ig. 2:1 Probability distribution of the first correlation coefficient of the standard series Zt for 
the runoff stations in the two areas indicated 
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component. T he Fl - values increase with a decrease 

o f the time series meas ure. The water carryover 
from one time unit to the other. becau s e of the water 
storage in river basins in va rious forms. the snow 
and ice a ccumulation and melting included. is rela­
lively greater for the small time units than for the 
large time units. 

3. Skewness coefficient of stochastic components 
of monthly preciBitatiOn. The areal distribution ot 
the skewness coiUcient for the standardiz ed series , 
Zt ' or of the stochastic com ponent of monthly preci-

pitation. is plotted in fig. n. It can be observed that 

• 
• • • 

I 

C
s 

is greater on the California coast and that its 

magnitude decreases as one progresses inland. In 
the interior portion of the country. Cs is positive and 

varies between 0, 80 and I. 90. The general analysis 
of results in fig. ZZ shows that the Zt stochastic 

components of m onthly precipitation have highly 
skewed distributions. This is the case with monthly 
precipitation, in general. and with its stochastic 
component in particula r. It is a known fact that the 
positive values of Zt have smaller frequency densi -

ties than the negative values. 

, j ' .. . ,~ 

'. ! .,., " J""~' 1 '.- V \ 
! 1 ++,.I.L __ .' 

• f--._- --;-- t i • 
U: _ _ .j IO", ~ 0"o,. +_-'1;-

o 0 ' ,. ; .. . !'+-,~ To ._ .. , '. 
- -"'--1 ~/ \ .", . \' '-'- ), 

... ... , . . • ~\~ (o.L __ '--i"1 

_~o \ '0'" J~ 
-:\"_'- -:"1 \'" 

"('''' • c,-.. +--
.. • "'-. .. ./J \ 

• ! .. .. : ... "', 1\ 
J " ) ."'" 

---,",- . . 
-/:"'-,. k !-:'i'y 

·~ )~ C 

U· . ~.,. t" ~ I--. ( _" ·-+1 • .. ...... .... ..:1_",. . . . " 

"'" ",.'.oo 
'0 • • • .., 

Fig. Z2 Areal distribution of the s kewness coefficient of the standardized series Zt 
for the precipitation stations tested 



4. 

independent stochastic component, £t' 

runoff, as produ ced by fitting the Markov 1 Log Model 
A to the dependent stochastic component of monthly 

/ 

"f" 

flows, is shown in fig. 23, Because of the use of 
logarithms of flows instead of their original values, 
the skewness coe ffi cients are much smaller for "t 

than they are for 2 t of monthly precipitation. 

Finally, the C s variation of COt is very high, as 

sho wn in fig. 23, and can also be negative. 

•• ,' '0, ' ... " . .. . . ... . 

Fig . 23 Are a l distribution of the skewness coefficient of the series I:
t

, produced by fitting 
Markov 1 Log Model A to the runoff s t ations 
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CHAPTER V 

CONCLUSIONS 

The results and discussion of the analysis of struc ­
ture for time series of monthly precipitation and 
monthly river flows, as given in previous chapters, 
may be summarized in the following conclusions: 

(1) The monthly precipitation series is composed 
of a deterministic component of periodic movement 
and a nearly independent stochastic com ponent. 

(l) The periodic component in monthly precipita­
tion series may be described by Fourier series, with 
the 1l- month cycle and its harmonics. 

(3) To avoid too many parameters in Fourier 
series approach in describing the periodic component, 
the Fourier Ck coefficient of the cycle and it s 

successive harmonics may be approximated by a de­
creasing function of the order k of harmonics. 

(4) The ratio of variance explained by the periodic 
component to the total variance of monthly precipita­
tion, varies highly, across a large continental region, 
som ewhere between 0 and 0.60. 

(5) The ave r age first serial correlation coefficient 
for the stochastic component of a large number of sta­
tions (lt9) of monthly precipitation is very small, 
approximately O. 05. Therefore, this stochastic com ­
ponent is very close to being independent. 

(6) The time dependence of the stochastic com­
ponent of month ly precipitation series is approximate­
ly the same as the time dependence of the an'lual pre ­
cipitation series. It seems that the same factors 
which create a very small time dependence in annual 
precipitation series a r e responsible for the small 
time dependence of stochastic component of monthly 
precipitation series. 

(7) The skewness coefficients of stochastic com ­
ponent of monthly precipitation are very high, ranging 
from about 0.80 to 3. 50. 

(8) The monthly runoff se r ies is composed of a 
deterministic component of periodic movement and a 
highly time dependent stochastic cor.lponent. The 
time dependence of the stochastic component can be 
described in most cases by a Markov first-order 
chain. 

(9) The periodIc component i~ month.ly run?ff 
series may be tlescribed by FO~rter se :-les, WIth 
il~month cycle and its harmoOlCS. ThIS component 
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usually requires more harmonics fo r its description 
than is the case with the same component in monthly 
precipitation series. 

( 10) Because the periodic component in monthly 
runoff series requires more harmonics for its des ­
cription, the titting of a decreasing function to C k 
Fourier coefficient (coefficient decreasing with the k 
of higher order harmonics) reduces the number of 
parameters necessary for the description of this 
deterministic component . 

(I I ) The ratio of variance, explained by the 
periodic component in monthly runo ff series, to the 
total variance of monthly runoff varies highly across 
a continental region; but, on the average, it is much 
greater than the same ratio for the monthly precipita ­
tion. The ratio for monthly runoff ranges for two 
areas in Western North Amet'ica between 0 and 0.90, 
while it ranges, for monthly precipitation, between 0 
and 0.60. Because of the periodic movements in eva­
poration and in snow a nd ice .storage and me~ting a.nd 
the storage effect in attenuatmg the stoc.ha~tlc va.rla­
tions, in river basins, the seasonal pertodlc varla~ 
tions are greater in monthly runoff than in monthly 
precipitation. 

(I Z) The average first serial correlation coeffi­
cient of the stochastic components for a large number 
of stations (137) of monthly runoff is very high, around 
0 .45 - O. 48. For the Northwest part of the region, it 
is 0.54 and ror the Southeast part of the region it is 
0.38. The water carryover from month to month 
makes the time dependence in the stochastic component 
of monthly runoff much greater (Z to Z.5 times greater) 
than the average fi r st serial correlation coefficient o! 
annual runoff series. The water carryover in river 
basins from month to month is mainly responsible for 
a large difference in 71 between the stochastic com-

ponents of monthly runoff a nd monthly precipitation. 

(13) Both the correlograms and variance spectra 
of monthly precipitation and monthly runoff are useful 
and should be used simultaneously. While the correlo­
gram shows the phySical cycles detectable in these 
series, the variance spectra show the number and 
significance of various harmonics to be used in 
Fourier series description of periodic component of 
time series. Both of these techniques show well the 
types of dependence of stochastic components of these 
twO variables. 
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