














































































































Missouri

Figures 19 through 21 show that the time de-
pendence of the stochastic component of the monthly
time series, measured by the first serial correlation
coefficient, r,, is very large and much larger than

in the case of stochastic components of monthly pre-
cipitation. The two values r, = 0.54 and r, = 0. 38

are much greater than ?1 = 0. 05 for monthly precipi-

tation. The average first serial correlation coefficient
of annual flows for very large number of stations have
been given in Hydrology Paper No. 4 [9], as r =

P 0. 175 for the sample of 140 stations from many parts

of the world (with the average length of annual values
per station of 55), and as r, = 0. 197 for the sample

of 446 stations in Western North America (with the
average length of annual values per station of 37).

Fig. 20 Frequency distribution of the first correla- Therefore, these two values give ry = 0.18 - 0. 20

tion coefficient of the standardized series
Zt for the runoff stations in the two areas
indicated

for the Washington-Idaho-Oregon area, Fi’ is 0. 54

and are much smaller than the above values F1 = 0,54
and ?1 = 0. 38 for the stochastic component of

monthly flows. The water carryover in river basin
from month to month is much greater than the water

with a standard deviation of 0. 16, while the mean for carryover from year to year. It is an intuitive
the Missouri-Kansas area, T, is 0. 38 with a standard asSsumption that the smaller time series measure of

deviation of 0.08. The maximum value of ry in both

a hydrologic continuous time series (with time
measures usually used in hydrology, 12-month, 3-

areas is 0.8 and there is no occurrence of r; less month, month, 15 days, 5-days and i1-day, or similar
than zero. units), the greater is the dependence in the stochastic
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Fig. 21 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. The ?1 - values increase with a decrease

of the time series measure. The water carryover
from one time unit to the other, because of the water
storage in river basins in various forms, the snow
and ice accumulation and melting included, is rela-
tively greater for the small time units than for the
large time units.

3. Skewness coefficient of stochastic components
of monthly precipitation. The areal distribution of
the skewness coefficient for the standardized series,

Zt’ or of the stochastic component of monthly preci-

pitation, is plotted in fig. 22.

It can be observed that

Cs 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 1. 90. The general analysis

of results in fig. 22 shows that the Z, stochastic

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

ties than the negative values.
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Fig.

22 Areal distribution of the skewness coefficient of the standardized series Zt

for the precipitation stations tested
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4. Skewness coefficients of the independent sto-
chastic components of monthly river flows. The
areal distribution of the skewness coefficient for the
independent stochastic component, €, of monthly

runoff, as produced by fitting the Markov I Log Model
A to the dependent stochastic component of monthly

flows, is shown in fig. 23. Because of the use of
logarithms of flows instead of their original values,
the skewness coefficients are much smaller for €
than they are for Zt of monthly precipitation.
Finally, the Cs variation of €4 is very high, as

shown in fig. 23, and can also be negative.
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Fig. 23 Areal distribution of the skewness coefficient pf the series €41 produced by fitting
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CHAPTER V

CONCLUSIONS

The results and discussion of the analysis of struec-
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 component.

(2) The periodic component in monthly precipita-
tion series may be described by Fourier series, with
the 12-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 its

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,
somewhere between 0 and 0. 60.

(8) The average first serial correlation coefficient
for the stochastic component of a large number of sta-
tions (219) of monthly precipitation is very small,
approximately 0. 05. Therefore, this stochastic com-
ponent is very close to being independent.

(6) The time dependence of the stochastic com-
ponent of monthly precipitation series is approximate-
ly the same as the time dependence of the annual pre-
cipitation series. It seems that the same factors
which create a very small time dependence in annual
precipitation series are 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 series is composed of a
deterministic component of periodic movement and a
highly time dependent stochastic coraponent. The
time dependence of the stochastic component can be
described in most cases by a Markov first-order
chain.

(9) The periodic component in monthly runoff
series may be Hdescribed by Fourier series, with
12-month cycle and its harmonics. This component
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usually requires more harmonics for 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 fitting of a decreasing function to Ck

Fourier coefficient (coefficient decreasing with the k
of higher order harmonics) reduces the number of
parameters necessary for the description of this
deterministic component.

(11) The ratio of variance, explained by the
periodic component in monthly runoff 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 America 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 and ice storage and melting and
the storage effect in attenuating the stochastic varia-
tions, in river basins, the seasonal periodic varia-
tions are greater in monthly runoff than in monthly
precipitation.

(12) The average first serial correlation coeffi-
cient of the stochastic components for a large number
of stations (137) of monthly runoif is very high, around
0.45-0.48, For the Northwest part of the region, it
is 0. 54 and for 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 (2 to 2.5 times greater)
than the average first serial correlation coefficient of
annual runoff series. The water carryover in river
basins from month to month is mainly responsible for
a large difference in T, between the stochastic com-

ponents of monthly runoff and 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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APPENDIX 1
TABLE 1
MONTHLY FPRECIPITATION STATIONS USED FOR THE INVESTIGATIONS

Station Station
Years Code: 0= Years Code: 0=
Se- of Homoge- Se- of Homoge-
quence Station Rec- neous and  quence Station Rec- neous and
No. Ident. Name of Station Latitude Longitude Area ord Consistent No. Ident. Name of Station Latitude Longitude Area ord Consistent
1 2, 1848 Clifton (1908) 33,05 108,28 -0.00 52 0 64 13,2208 Des Moins WE (1878) 41.58 93.62 -0.00 83 0
22,3591 Grand Canyon (1821) 36,05 112,12 -0.00 40 0 City
National Park 65 13,5230 Mason City 3 N (1903)  43.18 93.20 -0.00 38 0
32,5744 Mount Trumball (1931)  36.42 113,33 -0,00 30 0 66 13.6391 Ottumwa (1884) 41,00 82,43 -0.00 68 0
4 2.6320 Payson RS (1927) 34,23 111,33 -0.00 34 0 Years Missing: 1887 to
5  2.6561 Pinal Ranch (1896) 33.35 110.B8 -0.00 65 0 1883 Inclusive, 1908, 1822
6  2.6796 Prescott (1909) 34,55 112,45 -0,00 52 0 67 13,7161 Rockwell City (1888) 42,40 94,62 -0,00 65 0
72,8815 Tueson Univer- (1895) 32,23 110,85 -0.00 &6 o 68 14.1769 Concordia WEB (1886) 38.57 97.67 =-0.00 75 0
sity of Arizona City
8 2,9652 Yuma Citrus (1921) 32,62 114 65 ~-0.00 40 0 6% 14, 1866 Council Grove (1808} 38.67 86,50 -0.00 52 a
Station . 70 14,2459 Ellsworth (1905) 38.73 98,23 -0,00 56 i
93,0234 Arkansas City (1889) 33,62 91,20 -0.00 72 o 71 14.3758 Holton (1913) 39,47 95,73 -0.00 48 0
10 3,0460 Batesville Land (1800) 35,75 91.63 ~0.00 61 0 T2 14.4421 La Cygne (1931) 38.35 94.77 -0.00 30 0
D. No. 1 73 14.5173 Medicine Lodge (1882) 37,27 98.58 -0.00 68 o
11 3.1596 Conway (1BB4) 35.08 92,47 -0.00 77 0 Years Missing: 1807
12 3,2444 Fayettesville (1881) 36,10 94,17 -0.00 70 o 74 14,6374 Phillipsburg  (1882) 38.77 99,32  -0,00 &% 0
Exp. Station 75 14,6427 Plains (1910}  37.27 100.58 -0.00 51 0
13 3.4756 Mena (1911) 34,58 94.25 -0.00 50 o 76 14,6637 Quinter {1931) 38,07 100,23 -0.00 30 ]
14 3.5036 Mountain Home (1817)  36.33 92,38 -0.00 44 o 77  14.7305 Sedan {1885) 37.12 96.17 -0,00 76 i
1 NNW 7B 14,7313 Sedgwick (1817} 37.92 97.43 -0.00 44 0
15 3,5820 Pocahontas (1884) 3627 90.98 ~-0.00 67 o 78 14,8186 Toronto (1887)  37.80 95.95 -0.00 64 o
16 3.6928 Subiaco (1898) 35,30 93.65 -0.00 B3 0 80 16.1411 Calhoun Exp. (1882) 32 52 92,33 -0.00 69 0
17 4,0227 Antioch F. (1880) 38,02 121.77 -0.00 &i 0 Station
Mills 81 16.4700 Jennings (1888 30.23 92.67 =-0.00 &3 o
18 4.0383 Auburn (1900) 38,80 121,07 -0.00 61 o 82 16.6117 Melville (1886) 30.68 91,75 =0,00 74 o
19 4.0755 Big Creek (1916) 37.20 118,25 ~-0.00 45 o Years Missing: 1919
Power House 83 16,6658 New Orleans (1870) 29,95 90,07 =0, 00 8t o
20 4,0790 Big Sur State  (1815) 36.25 121,78 -0.00 48 o WB City
Park B4 16,7344 Plain Dealing (1894) 32,80 93,68 -0,00 67 0
21 4.1700 Chester (1811) 40,30 121,22 -0.00 50 0 85 16,8823 Tallulah Delta (1910) 32,40 91,22 -0,00 43 o
22 4.3161 Fort Bragg (1886) 39.95 123,80 -0.00 61 0 Lah,
Years Missing: 1900, 1801 1902 Years Missing: 1917 to
23 4,3191 Fort Ross (1878) 3B.52 123,25 -0.00 85 1] 1824 Inclusive
24  4,4022 Hollister (1874) 36.85 121.40 -0.00 87 o 86 23.1304 Capringer Mills (1927) 37.80 §3.B0 -0.00 34 0
25  4.5215 Lytle Creek (1906) 34,20 117.45 -0.00 55 o 87 23,1580 Chillicothe 25 (1918) 38.75 93.55 -0,00 43 0
Power House BE 23,2235 Dexter (1924)  36.80 89,97 -0.00 37 0
26 4, 5448 MeCloud (1911} 41,27 122,13 -0.00 50 L] 89 23,2503 Eldon (1891) 38.35 92,58 -0.00 57 0
27 4.6118 Needles (1892) 34.77 114.82 -0.00 &9 1] Years Missing: 1896,
28 4,6175 Newport Beach (1931) 33,60 117,88 -0,00 30 o 1897, 1902 to 1212 Inclusive
Harbor 80 23,2823 Fayette (1885) 39,15 92.68 -0.00 78 a
23 4,6399 Ojal (1805) 34.45 118,25 -0.00 58 0 91 23,3038 Fredericktown (1924) 37,57 90,30 -0.00 36 0
30 4.7740 San Diego WB  (1830) 32,73 117,17 =0.00 114 0 Years Missing: 1930
Apt, 92 23,3783 Hermann (1875) 38,70 91,45 -0.00 86 ]
31 4,7851 San Luis Obispe(1870) 35.30 120,67 -0.00 81 0 93 23,5876 Neosho (1878) 36,87 94,37 -0.00 78 o
Poly Years Missing: 1882 to 1886 Inclusive
32 4.8045 Scotia (1926) 40.48 124.10 -0.00 35 0 4a: 23, T120; ‘SHelbifa (1880) 39.68  92.05 -0.00 67 O
33 4,8353 Sonora (1888) 37.98  120.38 -0.00 73 0 Yf;fgrﬁf::i‘f; 1?22;9
3 408T ;szﬂgslﬁm H3ath 308 TL8;80 ;0.00:30 g 95 23,8712 Werrensburg (1878) 38.77 93,73 -0,00 77 0
i {918 1o 1972 Inclusi
e = to nclusive
g; :' :g;; i::?; hvia GLIZOF 3076 U708 20U & 96 23,8995 Willow Springs (1924) 36,98 91,897 -0.00 37 0
: Hanch (1877) 33.73 117.78 -0.00 84 0 97 24,0364 Augusta (1927) 47.48 112,38 -0,00 34 0
37  4.9105 Twin Lakes (1923) 38.70 120,05 -0.00 38 0 98 24,0432 Ballantine {1920) 45.95 108.13 -0.00 41 0
38 4, 9452 Wasco (1800) 35,60 119,33 -0.00 61 o 99 24.0770 BigSandy  (1924) 48.17 110,12 -0.00 37 0
39 49490 Weaverville RS (1871) 40,73 122,93 -0,00 T1 0 100 24.1044 g:;‘i‘;:” Agri. (1803) 45.67 111,05 -0.00 58 0
Jimes ™ o A Gne el oW ARy
: 1879 _ = = = 2. ¢ -, 2
i [“393; WY L Anv s 103 24,3138 Fortine Inne  (1822) 48.78 114.80 -0.00 38 0
Year Missing: 1821 ’ ’ 104 24,3885 Hamilton (1928) 46.25 114,15 =-0.00 33 0
42 5.1528 Cheesman (1903) 38,22 105.28 -0.00 58 o 105 24,3084 Haugan (1913) 7.38 115,40 =000 48 0
43 5,1564 Cheyenne Wells (1897) 38,82 102.35 -0.00 64 o 106 24,4522 Jordan (1831) 47,32 106,80 -0,00 30 0
44  5.2184 Del Norte (1927) 37.67 106.35 -0,00 34 0 107 24,5285 Lustre 4 NNW (1922) 48.45 105,83 -0.00 39 0
45 5, 2432 Durango (1893 37.28 107.88 =0,00 66 0 108 24,5761 DMoccasin Expt. (1931) 47,05 108.85 -0,00 30 0
46 5.3005 Fort Collins  (1898) 40,58 105,08 -0,00 &3 0 Station
47  5.3038 Fort Morgan (1807} 40.25 103,80 -0.00 54 0 109 247286 Saint Ignatius  (1009) 47.32 114,10 -0.00 52 0
48 5,4413 Julesburg (1912) 41,00 102,25 -0,00 49 o 110 24,8809 West Glacier (1926) 48.50 113.88 -0.00 35 o
4%  5,4834 Las Animas (1867) 38.07 103,22 -0.00 04 o 111 25.0930 Blair (1868) 41,55 B6.13 -0.00 91 o
50  5.5722 Montrose No. 2 (1885) 38.48 107.88 -0,00 70 0 Years Missing: 1894, 1895
Years Missing: 1894 to 112 25,1145 Bridge Port (1888) 41.67 103,10 =-0.00 63 a
1898 Inclusive 113 252020 Crete (1880} 40,62 95.95 =-0,00 81 ]
51  5.7618 Shoshone (1910) 39,57 107.23 -0,00 51 0 114 25,2805 Ewing {1882) 42.25 98.35 =-0,.00 &8 o
52 5,7936 Steamboat {1909) 40,50 106.83 -0.00 51 1) Years Missing: 1922
Springs 115 25.3015 Fort Robinson (1884) 42.67 103,47 -0.00 77 o
Years Missing: 1930 116 25,3185 Genoa (1876) 41,43 97.73 =0.00 85 o
53  5.9295 Yuma (1890) 40,12 102,73 -0.00 71 0 117 25.3630 Hartington (1892) 42,62 7.27 -0.00 6% o
54 10.0010 Aberdeen Expt. (1915) 42.95 112,83 -0.00 48 0 118 25,6970 Purdum (1903) 42,07 100,25 -0.00 358 0
Station 119 25,7040 Ravenna (1878) 41,03 98.92 -0.00 83 0
55 10,0448 Arrowrock Dem{1912) 43,60 115,82 =-0.00 48 4] 120 26. 0046 Adaven (1918} 38,12 115,58 =-0.00 42 Q
56 10,1408 Cambridge {1903) 44.57 116,68 -0.00 58 0 121 26,2573 Elko WE apt. (1870} 40.8% 115.78 -0.00 81 o
57 10.2707 Dubois Expt. (1922} 44,25 112,20 -0.00 38 0 122  26.5168 Ming (1008) 38,38 118,10 -0.00 53 o
Station 123 26,6779 Reno WB Apt. (1871) 38.50 118,78 -0, 00 80 0
58 10.3942 Hailey RS (1909) 43.52 114,32 -0.00 352 o 124 28,1515 Carrizozo (1809) 33,65 105.88 -0.00 52 ]
59 10,5011 Kooskia (1808) 46,15 115.88 -D.00 52 [ 125 29,1813 Cimarron (1904) 36.52 104,92 -0.00 57 0
60 10,6542 Oakley {1894) 42,23 113,88 -0,00 &7 i 126 29.193% Clovis (1812) 34,40 103,20 -0.00 49 0
61 10.8076 Selmon (1923} 45,16 113.88 -0,00 38 0 127 28,2854 Elida (1916) 33,95 103,65 -0.00 45 ]
62 10.8137 sandpount Expt. (1811) 48.28 116.57 =-0.00 50 0 128 29,3265 Fort Bayard (1867) 32.80 108.15 -0,00 90 ]
Station Years Missing: 1876, 1883 to
63 13,0364 Atlantic | NE (1891} 41,42 95,00 -0,00 70 o ' 1885 Inclusive
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TABLE 1 - Continued
Station Station
Years Code: 0= Code: 0=
Se- of Homoge- Se- Homoge-
quence Station Rec- neous and guence Station Ree- pepus and
No. Ident. Name of Station Latitude Longitude Area ord Consistent No. Ident, Name of Station Latitude Longitude Area ord Consistent
129 28,3775 Hachita (1910} 31,62 108,32 =-0,00 35: ] 176 41,3508 George West (1916) 28.35 98.12 =-0,00 45 0
130  29.4736 Lake Avalon (19135) 32,48 104,25 -0,00 46 0 177 41,3734 Greenville 2 5W (1802) 33,12 96.13 ~-0.00 39 0
131 29,6676 Pecos RS (1824) 35.58 105.68 =-0.00 37 0 178 41,4081 Henderson (1908) 3215 94,80 -0,00 52 0
132 29.8535 State Univer- (1852) 32,28 106.75 ~-0.00 100 (] 170 41,4780 Kerrville (1896) 30,03 88,13 -0,00 &5 0
sity 180 41,5018 Lampasas (1895) 31.05 98,18 -0,00 &6 o
Years Missing: 1861 to 181 41,5972 Mission (1921) 26.22 98,32 -0.00 40 0
1865 Inclusive, 1883 to 182 41,5950 Perryton (1907) 36.40 100,82 =000 48 0
1885 Inclusive, 1891 Years Missing: 1918 to
133 29,9897 Zuni FAA AP, (1915) 35,10 108.78 -0.00 48 0 1923 Inclusive
134 32,2188 Dickenson Expt. (1882) 46.88 102,80 -0.00 69 Q 183 41,7208 Post (1917) 33,20 101,37 -0.00 44 0
Station 184 41,7262 Presidio (1831) 28.55 104.40 =-0.00 30 0
135 32,3621 Grand Forks U. (1892) 47.92 97.08 -0.00 &9 0 185 41,7651 Riverside (1904) 30,85 85.40 -0,00 57 o
136 32,4418 Jamestown St. (1893) 46.88 98.68 -0.00 68 0 186 41.8630 Sterling City  (1831) 31,85 100,98 -0.00 30 0
Hospital 187 41,9280 Valley Junction (1903) 30,83 96.63 -0.00 358 0
137 32.5638 Max {1931)  47.82 101,30 -0.00 30 0 188 41,9330 Vega (1931) 35.25 102.43 -0.00 30 9
138 32,6025 Mohall (1894) 48.77 101,52 -0.00 &7 0 188 41,8532 Weatherford (1884) 32,75 97,80 -0,00 &7 0
138 34,3487 Geary (1812} 35.83 88,32 -0.00 49 0 180 42,2101 Dessert (1800) 39.28 112.65 -0.00 61 0
140 34, 445! [dabel (1827) 33.80 94,82 -0.00 34 0 191 42,2986 Fort Duchesne (1B88) 40.28 108,85 -0.00 71 o
141 34, 4766 Kenton (1901) 36.92 102,87 ~-0,00 60 o Years Missing: 1916, 1219
142 34,6926 Pauls Valley (1904) 34,75 97.22 -0.00 57 o 192 42,3896 Hiawatha (1822) 39,48 111,02 -0,00 39 0
143 34,7012 Perry (1831) 36.28  97.28 -0.00 30 0 193 42.4508 Kanab PowerHs(1822) 39,05 112,52 -0.00 39 0
144 34,0445 Webber Falls  (1839) 35.52 95,13 -0,00 62 0 104 42,5148 Loa (1892) 38.40 111,65 -0.00 57 0
145 34,8629 Wichita Mt, {1908) 34,73 98.72 -0.00 45 0 Years Missing: 1510 to
WLR 1821 Inclusive
Years Missing: 1914 to 195 42,5654 Milford WBApt, (1916) 38.43 113,02 -0,00 44 0
1921 Year Missing: 1923
146 35.0197 Antelope 1N (1925) 44,92 120,72 -0.00 3§ ] 196 42,7271 Richmond {1812) 41.90 111,82 -0.00 49 0
147 35,0894 Bend (1811) 44,07 121,32 -0.00 50 0 197 42,8119 Spanish Fork (1911) 40,08 111,60 -0.00 50 o
148 35,1897 Cottage Grove (1917) 43,78 123,07 =-0.00 14 a Power House
15 198 42,8771  Tooele (1887) 40.53 112,30 -0.00 &4 ]
148 35,2135 Danner (1831) 42,93 117.33 -0.00 30 o 198 45,0817 Brooklyn (1931) 46,77 123.52 -0.00 30 0
150 35, 2693 Estachada 2z SE (1809) 45,27 122,32 -0.00 52 i 200 45,1223 Cedar Lake (1803) 47.42 121.95 -0.00 58 0
151 35,3445 Grants Pass  (1888) 42,43 123,32 -D.00 T2 0 201 45,1350 Chelan (1882) 47.83 120,03 -0,00 &9 0
152 35.3827 Heppner (1808) 45,33 119,55 =0,00 55 [i} 202 45.1586 Colfax | NW (1892) 48, 38 117.38 -0.00 g9 o
153 35.4670 Lakeview (1813) 42.18 120,35 -0.00 48 0 203 45.3222 Goldendale {1811) 45.82 120.83 =-0,00 50 0
154 35.5610 Minam 7 NE  (1910) 45,68 117.80 -0.00 51 o 204 45,3546 Hatton § E (1805) 46.77 118,67 -0.00 56 0
155 35,6807 Prospect 2 5W (1508) 42,73 122.52 -0.00 53 0 205 45.4769 Longview (1825) 46.17 122,82 -0.00 36 0
156 35.7250 Hock Creek (1820 44,75 118,08 -0,00 41 0 206 45 5840 Newhalem (1925) 48,88 121,25 -0.00 36 0
157  35.9046 Warm Springs (1831) 43,57 118,20 -0.00 30 0 207 45,7038 Rimrock (1910) 46.65 121.13 -0.00 51 0
Reservoir Teton Dam
158 38.0286 Armour {1898} 43.32 98.35 -0.00 B3 0 208 45.7307 Sedro Wolley (1897) 48,50 122,22 -0.00 G4 0
158 38,1872 Cotton Wood  (1810) 43,97 101,87 -0.00 51 0 1 E
160 38,2797 Eureka (1809) 45.77 99,62 -0.00 52 0 208 45.7584 Shelton {1931) 47.20 123,10 -0.00 30 0
161 38,3832 Highmore I W (1503) 44,52 99.47 -0.00 58 0 210 45.8207 Sunnyside (1885) 48.32 120,00 -0.00 &6 0
162 39,4007 HotSprings (1897) 43.43 103,47 -0.00 57 0 211 45.833%2 Tatoosh (1884) 48,38 124,73 -0.00 77 0
Years Missing: 1901 to Island WB
1907 Inclusive 212 45,9376 Winthrop 1 (1922) 48,47 120.18 -0.00 38 0
163 39,4661 Ladelle 7T NE  (1897) 44,68 98.00 -0.00 G4 0 WSW
164 39,4864 Lemmon (1917) 45.93 102,17 -0.00 44 0 213 48,1175 Buffalo Bill (1913) 44,50 108,18 -0.00 48 0
165 39,5536 Milbank {1830} 43,22 96.63 -0.00 71 0 Dam
166 39,7667 Sioux Falls WB (1891) 43.57 96.73 -0.00 70 0 214 48.2715 Dubois (1907) 43.55 109,62 -0.00 48 a
AP Years Missing: 1919 to
167 39.8552 Vale (1303) 44,62 103.40 -0.00 52 o 1923, Inclusive, 1827
168 39,9442 Wood {1913} 43.50 100,48 -0.00 48 0 215 4B.4065 Green River  (1921) 41,53 109,48 -0,00 40 a
169 41,0120 Albany (1870} 32,73  99.30 -0,00 79 0 216  48.5830 Lusk (1880) 42,77 104.43 -0.00 62 0
Years Missing: 1882 to Years Missing: 1883 to
1881 Inclusive, 1900, 1895 Inclusive, 1300,
1901 1901, 1810, 1811, 1919,
170  41.0498 Balmorhea Exp. (1024) 31.00 103,68 -0.00 37 [ 1920
Station 217 48,7105 Pathfinder (1900) 42,47 106,83 -0.00 8O 0
171 41,0611 Beaumont (1893) 30.08 94,10 -0.00 &8 a Dam
172 41,1138 Brownwood (1889) 31.72 98.98 -0.00 &8 o Years Missing: 1905
Years Missing: 1594, 218  48.8160 Sheridan (1918) 44,85 106,87 -0.00 43 0
1885, 1901, 1902 Field Station
173 41,2019 Corsicana (1886) 32,08 96,47 -0.00 75 0 219 48,9905 Yellowstone (1889) 44,97 110,70 -0.00 72 0
174 41,3183 Flatonia [1908) 29,68 97,10 -0,00 53 0 Park
175 41,3430 Galveston WB  [1872) 29.30 94,83 -0.00 839 0

City
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APPENDIX 2
TABLE 2

MONTHLY RUN OFF STATIONS USED FOR THE INVESTIGA TIONS

39

ST. 1D. STATION JaME LaT. LONG. AREA KO. YRS AECORD
14.003 NORTH FOAK WALLA WALLA RIVER MR MILTON ORE 45.95  11H.28  42.000 30
14.049 STRAWMERRY (REEK A8 SLIDE CREFK NR PR&IRIE CITY OREG 44,33 116.65 T.200 3p
14.059 MIDDLE FORK JOWMN DAY RIVER AT RITTER OREG 44,88 119,13 515,000 31
14.063 NORTH FORA JOHM DAY RIVFR AT MONUMENT OREG 44.82 119.43 252p.000 35
14.064 JOAN D&Y HIVER Al SERVICE CREGK ORFG 44.8p 120.00 50%p-000 31
14.087 JOWN Da¥ RIVER AT MC DONALD FERRY OREG 45.58  120.42 7580.000 55
14.141 LAKE CHEEX wK SI3TERS OREG 44,43 121.73 22.200 45
14.181 KLICKITAT RIVER HR GLENWOOD WASH 46.08 121.27 36p.000 51
14.227 SALMON RIVER NA GOVERWMFNT CAMP QREG 45.27 121.72 B.70n 34
14.244 LITTLE SaNDY RIVER MR BULL RUN OREG 45.42 122.47 22.300 44
14,274 MCKENZIE RIVER N VIDA OREG 44,13 122.47 93p.000 38
14.32¢p S0JTH SANTIAM RIVER AT WATERLOO ORESZ 44,5 122.82 &4p.000 37
14.359 CLACKAMAS RIVER aT BIG ROTTOM OREG 45.p2 121.92 136.000 40
14.363 CLACKAMAS RIVFH WR CAZADERO OREG 45,25  122.27 857.4§04 52
14.382 EaST FOHK LEAIS HIVER WP HEISSON WASH 45.83  122.47 125.000 31
14,39 COWLITZ RIVER AT PACKHOOD WASH 46.62 121.688 287.p000 31
14,419 TouTLe RIVER MR SILVER LAKE WASH 46433 122.73 474.900 31
f4.43R WILSON RIVER Ne TILLAMOOK OREG 45.48 123,72 15%.000 30
14.467 UMPOUA RIVER WP GLKTON OAEG 43.58 123.55 3683.000 55
13.141 TRAPPER CREEK NR OAKLEY 1DAHU 42.47 113.98  32.003 41
13.332 BNISE RIVER NE TWIN SPRINGS IDAHOD 43.67 115.73 83p.000 49
13.518 YaLLEY CREEK AT STANLEY 1D4&HD 44.22 114.93 I7é.009 39
13.549 S0UTH FORK SA_MON HIVER SR KNOX IDAMD 44,65 115.7p 92.000 32
13.581 HURRICANE CREFK HR JOSEPH OREG 45.33 117.30  Fi.000 35
13.593 SELWAY HIVER MR LOWELL IDAHO 46.08 115,52 1919.000 31

. 13.594 LOCHSA RIVER NH LOWELL [DAHO 46.15 115 58 L118(.000 31
13.598 CLEARWATER RIVER AT KAMIAW I[DAHO 46,23 116.02 485g.003 L]
13.6p7 NORTH FORK CLEARWATER RIVER NR AHSAHKA TDAWD 45.52 146,38 244p.809 34
13.6p5 CLEARWATER RIVEW AT SPALDING IDAKD 46,42 116,85 957¢.000 34
iz.001 NASELLE RIVFR NR MASELLE WASH 45,37 123.75 55.300 3t
12.006 NORTH RIVER NR RAYMOND WASH 46.82  123.85 219.p000 33
i7. 040 SATSOP RIVER NR SATSOP WASH 47.00 123.57 29p.000 31
12.047 GUINAULT HIVER AT OUINALULT LAKE WASH 47,47 123.90 264.000 49
12.050 HOK RIVER NR SPRUCE WASH E 47.87  12%.10 2p8.700 34
12.127 CARBON HIVER N4 FAIRFAX WASH 47.03  122.0% 78.%p0 31
12,172 CEDAR RIVER NR LANDSBURG WASH 47.40 121.9% 12%.000 L]
12.198 SOUTH FORK SKYXKOMISH RIVER NR INDEX WASH 47.8p 121.55 355,000 52
i2.261 NORTH FORK STILLAGUAMISH RIVER NAR ARLINGTON HASH 48,27 122.0% 269.7000 32
12,290 CASCADE RIVFH AT MARBLEMOUNT WASH 48.52 121,38 171.000 32
12.297 SaUK RIVER AB WHITECHUCK RIVER NR DARRTNGTUN WASH 48.17 T121.87 152.000 37
12.348 KNOTEWAY RIVER AT NEWGATE RR COLUMBIA 49.02 115.17 7é6g.002 3p
12.353 ROOTENAL RIVER AT LIBEY MONT 45.47  115.55 1p24.000 L1
12.357 BOULDER CREFK NR ILEDNIA IDAHD 48.6p 118,19 53,000 32
12.359 HOYTE RIVER AT EASTPORT TDAHO 49.00 116,18 H7p.on0 31
12.379 SMITH CHREEX MR PURTHILL IDAHD 48.97 116,55 Tg.000 30
12,466 SWaN RIVER NR RIGFORK MONT 48,03 113.98 671.400 38
12.512 PRIEST RIVER NR PRIEST RIVER IDAHO 48,22 116,92 9g2.000 31
12.521 KETTLE RIVER NR FERRY WASH 48,98 118.77 222p.000 32
12.538 CNEUR D ALEKE RIVER NR CATALDD 1DAHO 47.57 116.30 122g.000 40
12.54p ST JOE RIVER AT TALDER TDAHO £7.27 116.48 193p.000 L1
12.541 57T MAHIES RIVER AT LOTUS 1DAHO 47,25 116,63 431,000 40
12.4610 WENATTHEE RIVER AT PLAIN WASH 47.77  120.87 %91.000 50
12. 667 NORTH FORK AHTANUM CREEK NR TAMPICO WASH 46.57 120.92 6B.%00 30

112.001 KERNRIVER 'R KEANVILLE CALIF 35.93 1T6.48 865.f800 48

112.032 NORTH FUHK KAWEAA RIVER AT KAWEAHW CaALIF 36.48 116.92 128.000 49

112.066 MONU CREEX NK VEAMILION VALLEY CALIF 37.37 118,98  92.000 a9

112.112 CHOWCHILLA PIVER AT BUCHANAN DAM STTE CALTF 37.22 II¥. %8 238.000 30
112.120 MERCED KIVER AT HAPPY [SLES BRIDGE WR YOSEMITE CALIF 37.73  119.55 181.000 45

112.137 FALLS CREEK NR HETCH HETCHY CALITF 37.97 11v. 77 45,200 45

112.259 HAT CHEEK NF HAT CREEK CALIF 40.68 121,42 122.000 30

112.304 ML CREEK WR LOS MOLINDS CALIF 40405 [22:02 133.100 32

112.3¢8 THOMES CREEK AT PASKENTA CALIF 39.88 122.55 1B8.p00 dp

112.402 HIDDLE FORK AMERICAN RIVER NR AUSURN TALIF 38.92  121.00 S16.003 49

111.059 HURRIETA CRFEK AT TEMECULA CALIF 33.48  117.15 220.000 L1

111.066 ERROYU TRABUCD NR SAN JUEN CAPTSTRAND CALIF 53.53 117.87 34.900 30

111.083 CaJOW CREEK NR KEENBROOK CALIF 34.27 147.47 49,900 4p

111.153 SANTA ANITA CREEK MR SIERRA MADRE CALIT 3%.20 118,92  1D.%900 "

111.238 ARROYU SECO NR SOLEDAD CaLIF 36.28 121,32 244,000 58

111.393 SALMON RIVER AT SOMESBAR CALTF 41,38 123.47 T4s.g00 37

111.411 SMITH RIVER NR CRESCENT CITY CALIF 41,78 124.05 613.000 Ip
10165 AMERICAN FORK NR AMERTCAN FORK UTAEH 4] .45 111.68 55.000 33
10.275 BIG RUCK CREEX NH VALYERMO CALIF 34,42 147,83 23.000 37
10.278 CONVICT CREFK NR MAMMOTH LAKES CALIF 37.82 1i8.8% I8.700 35
10.387 MARTIN CREEK NR PARADISE VALLEY NEV 41.53 147,43 172.000 39

9.378 ELK RIVER aT CLARK COLO 45,72  1pe.92 ZpE.000 3
9.485 WHITE RIVER NE WATSON UTAH 39.97  1p%.17 402p.000 37
G623 JRIGHT ANGEL CRFEK NR GRAND CANYON ARIT F6.10 112.10 100.003 37
9.624 NORTH FORK VIRGIM RIVER NR SPRINGDALE UTAH 37.22 112.98 J336.900 35
QL5622 GILA RIVER NR GILA NEW MEX 33.07 198.83 187p.100 32
9.764 SALT HIVER NR ROUSEVELT ARIZ 33.62  140.92 431p.000 47
B.0p32 HECHES RIVER NF ROCKLAND TEX 31.63 F4.40 I539.000 57
B.107 BRAZOS RIVEF AT SEYMOUR TEX 33.57 99.27 1449.000 36
B.132 LEON RIVER MR BELTON TEX 31.07 97.45 3543.000 37
B.143 YEGUA CHEEK N® SUMERVILLE TEX 3g.32 96.50 990.000 36
Belad NAVASOTA RIVER WM EASTERLY TEX 31.17 v8,30 9s89.000 38
B.165 SOUTH CONCHU RIVER AT CHRISTOVAL TEX 31.22 100,50 434.900 30
B.166 MIDDLE CONCHD RIVER NR TANKERSLY TEX 31.38  1p0.%2 128p.000 3o
B.212 GUADALUPE RIVER NR SPRING BRANCH TEX 29,87 98,38 1282.000 38
B.217 BLANCO RIVER AT WIMBERLEY TEX 29.98 s8.07 Jsd.po00 32
8.220 PLUM CREEK NH LULING TEX 29.70 97.62 358.000 3
B.517 PECDS RIVER MR PECOS NEW MEX 35.70  109%.68 189.q000 1
F.o006 MERAMEC RIVER NR STEELVILLE MO 38.00 91.37 7B1.009 38
7.012 BIG RIVER aT BYRNESVILLE MO 38.37 90.45 917.370 39
7.015 CaSTOH RIVER AT ZALMA MO 37.15 90.08 #423.000 4
7.023 SOUTH FORK FORKED DEER RIVER AT JACKSON TENN 35.8p BB.82 574,707 31
7.028 WOLF HIVER AT ROSSVILLE TENN 35.05 89.55 Sg3.o00 3¢



TABLE 2

- Continued

5T. 1D. STATION NAME LaT. LONG. AREA NO. YRS RECORD
7.639 ST FRANCIS RIVER NR PATTERSON MO 37.29  90.52 956.000 10
7.067 JAMES HIVER AT GALENA MD 36.8p 53.47 987.000 39
7.072 BUFFALO RIVER WR RUSH ARK 36.12 92.55 1991.000 32
7.091 CURRENT RIVFR MR EMINENCE MO 37.18 91.27 1272.000 39
7.392 CURRENT RIVER AT VAN BUREN MO 3T.00 71.02 1667.000 48
7.098 GREER SPRING AT GREER MO 36.78 91,35 3.000 39
7.108 LITTLE RED RIVER NR HEBER SPRINGS ARX 35,53 92.00 1141.000 33
7.224 LITTLE ARKANSAS HIVER AT VALLEY CENTER KANS 37.83 97.38 1327.000 38
7.22% WALNUT BIVER AT WINFIELD KANS 37.23 97.00 184p.009 19
7.292 NEDSHY RIVER NR PARSANS KANS 37.33 95.10 4817.000 39
7.398 SFRING RIVER MR WACO MO 37.25 94,57 1164.000 38
7.413 PETIT JEAN CHEEK AT DANVILLE ARK 35,07 93.49 741.0090 44
7.520 WASHITA RIVER NR DURWOOD OKLA 34,23 96.97 7202.000 32
7.528 KI&MICHI RIVER NH BELZONI OKLA 34.2p 95.48 1423.000 35
7.533 HOUNTAIN FORK RIVER NR FAGLETOWN OKLA 34.05 S4.62 787,000 31
624155 HLUE CREER NR LEWELLEN NEBR 41.33 102.17 267.000 30
62.367 NISHNABOTNA AIVFR AB HAMBURG [0WA 4063 95.62 280p-000 32
62.377 NOGAKAY RIVER nR BURLINGTON JUNCTION Mu 4,45 95.08 124g.0090 38
62.457 SALIKE RIVER NR HILSON KAMS 38.93 98.53 19p0-000 31
82.4/9 LITTLE BLUE RIVER AT WATERVILLE KANS 39.7p 96.75 X44p.000 32
62.48n 816 BLUE RIVER AT RANDOLPH KANS 39,45 96.72 9100.000 42
62,485 DELAWARE RIVER AT VALLEY FALLS KANS 39.35 9%5.45 922.000 38
62,488 STRANGER CREEK NH TONGANOXIE KANS 39.1p 95.02 4pb.000 31
62.497 GRAND RIVER MR GALLATIN Ha 39.97 93.95 225p.000 39
62.501 THOMPSON RIVER AT TRENTON MO 4g.08 93.65 167g.000 32
B3.5p2 MEDICINE CRFEK MR GALT MO 40.13 93.37 225.000 39
62.5n6 GRAND RIVER NF SUMNER MO 39.63 93.27 &8Bg.ppno 37
az2.511 CHARITOR RIVER NR KEVTESVILLE MO 39.45 92.87 1955.000 32
67.514 LAMINE RIVER 47 CLIFTON CTTY MO 38.75 93.p02 598.000 38
62.524 MERAIS DEY cYGMES RIVER nk JTTAWA KAHS 3B.62 95.25 1260.000 44
52.537 FOMME DE TERRE RIVER AT HERMITAGE M0 37.95 93.32 655.000 19
£2.54% TASCONADE RIVER HR HAZLERREEN MO 37.77 92,45 1250.000 I2
62.550 GASCONADE RIVER MR HWAYNFSVILLE MO 37.87 92.23 16Bg.000 40
62.552 BIG PTHEY RIVER HR BIG PINEY MO 37.87 92.05 56p.-000 39
61.066 GALLATIN RIVER NR GALLATIN GATEWAY MUNT 45.5p0  111.27 B825.p000 35
51.318 YELLOWSTONE RIvER AT YELLOWST LAKE OUTLET YST WAT PARK 24,57 140.38 1010-000 34
£1.324 LAMAR RIVER MR TOWER FALLS RANGER STATION YST NAT PARK 44.93 110.37 d4p.pa0 37
01.582 GRAND AIVER NR WAKPALA SOUTH DAK 45.67  100+63 55104000 37
61.484 WHITE RAIVER NR DACOMA SOUTH DAK 43.73 99.48 102p.000 32
81.722 JAMES RIVER NR SCOTLAND SO0UTH DAK 43,18 97.63 2155.000 3z
61.732 BIG SIOUX RIVER AT AKRON 10WA 42.83 96.57 903g.000 32
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APPENDIX 3
TABLE 3
MAIN 12-MONTH PERIOD, SUB-HARMONICS, AND THE EXPLAINED VARIANCE OF THE
SIGNIFICANT HARMONICS FOR THE MONTHLY PRECIPITATION VARIARLE (Expla.nalions of the columns‘) are given at the
end of the table

Periods used to Periods Explained vari- Total Fit of
define found in Z; ance of periods, % explained stochas- CONSTANTS REQUIRED TOQ DESCRIBE STOCHASTIC MODEL B
S5TD. Fitted Months variance tic model = = =
Station T By series series 12 6 4 3 T A B AJ BI Az Bz . A 3 B3 % E E3 sy Total
21849 12, 6,4 80 &0 -14 16 3 33 R R
12,6 45 33 7%
2,3591 12 tz 12 A A -0.285 0,453 1,257 0.000 0.938 5
NONE S=1,105
2.5744 B B 9 A A 000 0,00 =0.179 0,405 £ OEI 0,000 0,956 3
NONE S=1, 0687
2,6320 6,4 16 3 19 A A 0,00 0, po -0.354 0,B47 0,332 -0.191 1.7}.1 0,000 0,901 T
NONE S=1,623
2,6361 12,6,4 5 13 3 21 A A 0,672 -0,128 0.230 1,064 0. 480 -0, 266 2,0})6 0,006 1.012 14
12,6 68 24 92 0.825 D0.148 =-0.081 0,481 1,759
2, 6796 6,4 17 4 21 A A 0,00 0,00 -0_281 0,924 0. 428 -0,242 1,618 0,00 0, 884 7
NONE 5=1.643
2.8815 12,6, 4 30 B 14§ 23 AR '
NONE
2,8652 NONE o A A 0, 267 Z
NONE 5=0.541
3.0234 12 8 8 A A 0,223 1,152 4. 2152 0,00 0,856 5
NONE 5t= 2.840
3, 0460 NONE 0 A A 4,019 2
NONE 5t= 2, 496
3.1586 12 5 5 R A -0.109 0.81%8 4,093 0.00 0,976 5
NONE 5?.: 2,697
3.2444 12 2 9 A A -1.107 0,082 3,725 0.00 0,054 3
NONE St= 2,600
3.4758 NONE 0 R A 4, 440 2
NONE 5=2 820
3.5036 12 5 5 R A -0.766 0.338 3.8bs 0.00 0.972 5
NONE St= 2. 544
3.5820 NONE 16 o R A 4, 028 2
NONE St= 2.570
3.6928 12 4 4 R A -0.541 0, 438 3.785 o.o00 0,880 5
NONE SL’ 2,432
4,0227 12 12,6, 4, 38 a8 A -
3, 2.4
12 94 94
40383 12 4,3, 45 45 A -
2.4,2
12 98 a8
4. 0755 12 12,6, 4 37 37 ¥ T
12 a3 a3
4,.0780 12 4,3, 44 44 A -
2.4,2
12 96 96
4.1700 12,6 ED 40 1 41 A A 2,145 1,594 0,383 0. 318 2. 539 -0.025 1,153 10
iz a4 a4 1,421 0,862 1.910
4. 35161 12 12,6,4 50 50 A -
12 97 ar
4,3181 12 12,6,4, 41 41 R -
3,2.4
12 a7 a7
4.4022 12 12,6,4, 39 39 A -
3, 2.4
12 95 95
4.5215 12 12,6, 4, 33 33 A -
3,2.4
iz a1 bt A1
4. 5449 12.6 38 1 ki) A A 3,323 2,410 0.565 0,358 3.9%8 -0,014 1_083 10
iz 11 1 96 2.324 1.167 3131
4.6118 NONE o AR
NONE
4 6175 12 12,6, 4, 32 32 Bt
12 3,2.4,2 95 a5
4 6399 12 12, 4,3 30 30 A -
12 92 92
4.7740 12 12,6,4, 31 k3% A -
12 3,2.4 a4 94
4,7851 12 12, 6,4, 36 36 Al
3,2.4,2
12 o8 o8
4,.8045 12 12, 6, 4,
3, 2.4 51 51 A -
12 94 84
4,8353 12 3.8 12, 6,4, 43 43 A -
12 3,2.4,2 98 98
48857 12 6,4, 3 32 32 A -
12 g2 92
4.8035 12,6 ig 2 20 A A 0,273 0.201 0,002 D.121 Q, 327 -0.010 1,048 10
12 13 86 0,260 0,168 0, 447
4,9087 2 12,6,4, 31 31 A -
12 3 a5 1]
4,9105 12,6 43 1 44 A A 2,773 2,730 0,177 0.634 3.674 0,003 1,121 10
12 91 21 1,831 1.353 2,637
4.9452 12,6 34 1 35 R A 0,338 0.477 -0,069 0,081 0, 518 0,002 1.017 10
12 a5 85 0.298 0.330 D.510
4, 9450 12 i2, 6 44 44 A
12 94 94
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TABLE 3 - Continued

Periods used to Periods Explained vari- Total Fit of
define found in Z, ance of periods, %  explained stochasz- CONSTANTS REQUIRED TO DESCRIBE STOCHASTIC MODEL B H
STD. Fitted Months variance tic model = = - j
Station "t %t series series T2 6 4 3 m A B M B Ay B, Ay By X 5 ¥ Sy hotal
4,9699 12 12,6, 4, 37 17 A -
12 3,2.4,2 99 99
5.1294 12 20 20 A A -0.663 -0.138 1,067 =0,013 1,075 10
12,6 711 82 -0,387 -0.138 -0,046 -0.158 0, 856
5,1528 12,4, 3 2.4 30 4 3 37 A A -0.896 -0.241 0328 -0.127 1281 0,003 1,083 14
12,6 71 6 -0.404 -0,.138 0,002 -0,048 Ai-o_ 280 B=0, 093 0,853
5.1564 12 15 34 34 R R 2
12 83 83
5.2184 12 18 18 A A -0,355 -0.291 D 722 0,000 0,903 3
NONE 8 0.758
5.2432 6§ 4 4 B R
NONE
5.3005 12,8 20 5 25 A A -0.836 0,050 -0.040 -0,414 i.241 0,000 0,862 5
NONE 8=1.311
5.3038 12 36 36 AR 4
12 a3 a3
5.4413 12 kX a7 A A -1,267 -0,158 ., 441 0,041 1,093 B8
12 a0 90 -0.686 -0.104 1.022
5.4834 12,3 i Yo | 4,3 27 128 R R
12 82 g2
5.5722 12,4 33 33 4 3 7 R R
NONE
5.7618 NONE 0 R R
NONE
5.7936 12 12 12 A A 0,295 0,430 1,857 0, 00D 0, 940 5
NONE §= 1,078
5.8295 12,6 15 15 37 i ig A A -1,236 -0.132 0,214 -0.032 1,425 0,003 1,013 10
12 893 93 -0.624 -0.090 1.020
10,0010 & 6.9 6.9 5 5 R R
NONE
10,0448 12,6 35 3 38 A A 0,865 0,722 0,311 -0 111 1,557 -0,001 1,008 12
12,8 77 11 88 0,428 0,277 0.t61 -0.101 1,083
10,1408 12,8 31 4 35 A A D0 966 0,645 0,397 -0.038 1.594 -0, 001 1,042 10
12 70 70 0,414 0.211 1.103
10,2707 & 4 4 A A 0,208 -0.083 0. 911 0,000 0,579 3
NONE 570,785
10,3942 12,8 17 3 20 A A 0,548 0,423 0,294 -0.009 1.235 0,006 1,036 12
12,6 58 30 88 0,310 0,208 0, 265 0,038 1,001
10,5011 12,6 7 15 22 A A 0,057 0,489 0.1B6 -0_629 2,022 0,000 0,880 7
NONE 5=1,304
10,6542 12,6 4 4 8 A A -0.128 0,134 0,052 -0.198 0. 855 0,003 1,028 12
12,6 23 33 56 -0.088 -0,008 -0.014 -0,118 0.632
10,8076 12,6 9 6 15 R R
12,6 45 23 G8
10.8137 12,6 10.5 10.5 30 5 35 A A 1.410 0,437 0,494 -0.308 Z, 548 0,002 1,050 10
12 Bz B2 0. 634 -0, 007 1. 461
13,0364 12 33 33 A A -1 664 -0, 882 2,582 -0.001 1.018 8
12 93 a3 -0.816 -0,533 1,645
13,2208 12 28 28 A A -1,541 -0,409 2,626 -0, 007 1.023 8
12 94 a4 -0.784 -0,322 1,659
13,5230 12 2.1 £t 38 A A -1.681 -0.723 2,517 0,010 1,038 8
12 &8 88 -0.798 -0, 387 1. 444
13,6391 12 25 25 A A -1,505 -0,552 2,876 -0, 006 1,041 a
12 82 Bz -0.706 -0.635 1. 756
13,7161 12 33 33 R A -1.832 -0.571 2. 576 0,001 1,025 8
12 87 a7 -0.721 -0.413 1.569
14,1768 12 34 34 A A -1,650 -0,431 2,153 0,012 1,037 k)
12 493 93 -0.912 -0,372 1. 475
14, 1866 12 29 28 A A -1,704 -0,643 2,708 -0,008 1,015 8
i2 04 94 -0, 763 -0, 360 1,850
14, 2458 12 28 28 A A -1.444 -0.374 2. 205 =0,003 1,017 8
12 25 a5 -0, 744 -0, 354 1,537
14,3759 12 30 a0 A A -1,778 -0,843 2,885 -0.0101.027 8
12 82 a9z =0.823 -0.467 1,848
14, 4421 12 22 22 A A -1.814 -0.477 3,265 =0.015 1, 046 8
1z a0 a0 =1.016 -0,7594 2. 247
14,5173 12 23 23 A A -1.378 -0.379 2. 116 -0,012 1,023 8
12 a1 a1 -0, 731 -0.416 1. 661
14,6374 12 k1 36 A A -1.476 -0.385 1. 886 0,006 1,020 8
12 93 93 =0,704 -0, 254 1,323
14, 6427 12 25 25 R A -1.129 -0.350 1. 601 -0.010 1,036 10
12,6 68 14 &2 -0.577 -0.255 0.020 ~-0.280 1,316
14 6637 12 28 28 A A -1.475 -0.175 1.795 0.021 1,038 8
12 31 81 -0,965 -0,293 1,451
14.7305 12,6 z1 ] 23 A A -1.657 -0.440 0,069 -0.573 3.108 0.0031.015 10
iz 87 a7 -0, 814 -0 596 2.141
14,7313 12 25 25 A A -1,527 -0 483 2. 417 -0, 017 1. 018 E:}
i2 a6 ag -0, 887 -0.533 1. 769
14 B1BE 12,6 22 2 24 A A -1.881 -0.389 0,088 -0.553 3. 048 0.0021 017 10
i2 a0 a8 -0.848 -0,304 2,102
16,1411 12 [ g 0,173 0,964 4,216 0,000 0, 969 5
NONE 5{! 2,825
16, 4700 12 12+ i i R R
NONE
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TABLE 3 - Continued

Fericds used to

Periods

Explained vari-

Total

Fit of

deting found in_2Z; ance of periods, ¢ explained stochas- CONSTANTS REQUIRED TQ DESCRIBE STOCHASTIC MODEL B
. m s STD. Fitted Months variance tic model A B N o s =

Station t t series series 12 6 4 3 o, AB 1 1 2 B; Ag By X s, Y Sy Total

16.6117 12 4 4 A A 0,118 0.872 4,850 0.000 0.981 5
NONE $,13,199

16,6658 12 ] 4 4 A A -D,983 -0,050 5.045 0,000 0,976 5
NONE 523247

16,7344 12 3 5 A A =0,036 0,807 4,027 0.000 0.8%73 5
NONE 52,763

16,8923 12 8 8 A A 0417 1.156 4,279 0,000 0,956 5
NONE 5:-2.980

23,1304 12 14 14 A A -1.355 -0.393 3.182 -0.013 1,023 8
12 96 96 -0, 879 -0,708 2.245

23,1580 12 24 24 A A -1,519 -0.660 2.900 -0,018 1.041 10
12,6 73 4 77 -0.648 -0,573 0.063 -0.178 1.870

23,2235 NONE A A 3,986 2
NONE 5=2.652

23,2503 12,6 13 4 17 A A -1,151 -0,448 -0,084 -0.634 3. 269 0.007 1,038 12
12,6 59 11 70 -0.600 -0,421 -0, 093 -0,298 2. 046

23,2823 12,6 20 2 22 A A -1,209 -0,287 -0,031 -0.374 3,063 0.005 1.028 12
12,6 74 6 80 -0.524 -0.343 -0,128 -0.114 1,795

23.3038 12 4 4 A A -0.712 0,189 3, 581 -0.007 1.033 10
12,6 47 8 55 -0.517 0.048 0.122  -0.168 2.332

23,3793 12,6 14 2 16 A A -1,124 -0,176 0,031  -0.485 3,183 0,003 1.048 12
12,6 67 18 H -0,464 -0.248 -0, 036  -0,251 1.933

23,5976 12,6 14 3 17 A A -1,430 -0.196 0.083 -0.652 3,768 0,000 0,912 7
NONE SF2.744

23,7720 12 19 18 A A -1,317 -0.385 3. 064 -0.010 1,018 8
12 94 94 -0, 740 -0.517 1.870

23,8712 12 33 17 17 R R
12,6 64 8 T2

23,8995 12 4 4 A A -0,725 0.081 3.745 0,000 0.978 5
NONE S-2.497

24,0364 12,6 4 23 4 27 A A -0,798 -0,081 0,325 -0,106 1.155 -0,004 1,125 10
12 T4 T4 -0.548 -0,133 0.856

24,0432 12,6, 4,3 22 6 2 34 A A -0,624 -0,030 0,248 ~-0,233 -0,207 -0,168 0.970
NONE AF0.22Bg0. B0 §7:0.936 0.000 0.810 1

24,0770 12,6 4 27 6 13 AR
12 82 B2

24.1044 12,6, 4 18 16 7 26 A R
NONE

24,2604 12,6 4 15 5 20 A A -0,591 -0,064° 0.263 -0.103 1132 0,000 0.897 7
NONE 570.926

24,2680 12 20 12,6 40 40 A -
12 89 89

24,3138 6 6.5 7 7 A A 0.327 -0.132 1,460 0.000 0,966 5
NONL 550,871

24,3885 6,4 7.5 7 5 12 A A 0,250 ~-0,165 -0,205 0,155 0.995 0.000 0,936 7
NONE §,70.796

24,3984 12,6 750 30 3 33 R R
12 85 85

24,4522 12,6 27 4 EF) A A -0.7t1 -0.104 0,285 -0.058 0. 858 -0.011 1.124 10
12 84 84 -0, 497 -0,127 0. 667

24,5285 12 12,6,4 36 36 s -
12 94 94

24,5761 12,6 4 36 7 43 AR
12,6 74 8 82

24,7286 12,6, 4 t3 8 26 A A -0 464 -0.013 0,214 -0.298 -0.180 0.230 1,293 -0.001 1,022 14
12,6 69 15 84 -0.192 -0.121 0,068 -0.083 0,761

24,8809 12,6 9.2 9.2 5 8 17 R R
12 86 86

25,0930 12 34 34 A A -1,617 -0,483 2,333 0.002 1,022 8
12 92 92 -0.755 -0,378 1.527

25.1145 12,6 37 4 44 R R
12 87 a7

25,2020 12 37 37 A A -1.776 -0.528 2. 347 0,007 1.024 8
12 94 04 -0, 789 -0,393 1,536

25.2805 12 40 40 R R
12 96 96

25.3015 12,6 5 30 3 33 A A -1.10t 0,008 0.240 -0,284 1,435 0.032 1,080 12
12,6 73 15 90 -0.6D6 -0,102 0.128 -0,247 1,034

25.3185 12,6 38 2 41 A A -1,713 -0,406 0,310 -0.160 2,151 0,01t 1.028 10
12 93 93 -0, 775 -0, 398 1.372

25.3630 12 35 35 A A -1,570 -0,290 2.209 0.001 1,023 8
12 88 88 -0.684 -0,347 1,380

25.6870 12 37 37 A A -1,387 -0.163 1,785 0.011 1,023 8
12 o1 81 -0.605 -0, 141 1,179

25.7040 12,6 43 1 44 A A -1.645 -0,349 0,291  -0.087 1,974 0.003 1,020 10
12 93 03 -0, 700 -0, 241 1.242

26,0046 NONE i A A 1,024 2z
NONE [ 81,033

26.2573 12 750 Ti00 10 10 R R 2
12,6 76 12 88

26,5168 NONE 0 A A 0,304
NONE 0 51- 046G

26,6779 12,6 17 2 19 AR
12,6 78 13 91

20,1515 12,6 733 733 16 7 23 R R
NONE 0
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TABLE 3 - Continued

Periods used to

Periods

Explained vari-

Total

Fit of

define found in Z{ ance of periods, % explained stochas- CONSTANTS REQUIRED TO DESCRIBE STOCHASTIC MODEL B
) 5 g STD. Fitted Manths variance tic model B A B je - e

Station t t series series 12 B 4 3 T A B 1 1 4 2 Ay By x St ¥ y Tt

29,1813 12,3 28 1 29 A A -0.898 -0,438 A;-U.ZZ& B;-O.\'IE 1.294 0,000 0,838 7
NONE 0 S=1.323

29,1939 12 5.4 24 24 R A -1,080 -0,731 1. 436 0,000 0,870 3
NONE 0 81852

29,2834 12 27 27 A A -0D.839 -0,720 1.230 0.000 0,853 3
NONE [1} St= 1,498

29,3285 12,6, 4 733 Ti3 22 16 3 41 R R
12,6 B1 25 &6

28,3775 12.6,4 18 13 4 35 A A -0,238 -0.621 -0.158 0,356 0,238 -0.233 0,845 0. 007 1,061 14
12,6 33 32 X -0, 102 -0.395 -0,093 0,299 0. 787

29. 4736 12 14 14 A A -0.509 -0, 512 0, 966 0.000 0,028 5
NONE [#] 5,51. 364

29,6676 12,6, 4 28 8 2 38 A A -0.703 -0.617 -0.189 0,477 0. 242 =0.082 1,310 -0, 001 1,045 14
12,6 T3 i1 84 -0.295 -0.246 -0.150 -0, 004 0,888

29,8535 12,6 750 20 g 28 A A -0,22t -0.507 -0.129 0,333 7. 695 0,000 0,847 T
NONE 0 520870

25,9887 12,6,4,3 733 48 9 11 3 2 25 R R £
12,6 30 2% 73

32.2188 12 12,6 36 36 AR
12 ag 88

32,3621 12,8 37 Z ig A A -1.258 -D.515 0.283 0,061 i.652 0,005 1,01% 10
12 a3 9c -0. 668 -0, 387 1,080

32,4481 12,6 EL) 3 41 A A -1,286 -0.343 0,367 0.029 1.578 -0, 002 1,021 10
12 90 a0 -0.661 ~-0.236 1. 043

32,3638 12,8 43 T 30 A A -1.315 -0.340 0,509 0,145 1, 206 -0, 026 1,121 10
i2 a9z 9z =0, 620 -0, 257 0, 368

32,6025 12,6 4 35 3 38 A A -1.143 -0,383 0,360 0,067 1,320 =0.008 1,061 10
12 81 A1 -0.657 -0, 265 0,238

34,3487 12,8 16 4 20 A A -1.199 -0,244 0,063 -0,602 2, 366 0,015 1,054 12
12,6 60 14 T4 -0.654 =-0.351 0,119 -0.338 1. 769

34,4451 12,6 6.8 6.8 [:} 4 10 A A -0,310 0. B69 0,276 -0.714 3,830 0,000 0.3952 7
NONE o St- 2.763

34,4766 12 25 25 R A -1.026 -0,345 1,390 0,000 O, B68 3
NONE o St'— 1,545

34,6926 12,6 i1 5 16 A A -L.215 -0,118 0,115 -0,828 2. 957 0,000 0,914 T
NONE 0 5,=2.579

34,7012 12 17 17 A A -1,405 -0, 18t 2,653 0,000 0,911 3
NONE ] St= 2. 427

34.9445 12,6 4 4 13 R A -1,103 0,083 0,178 -0,700 3,582 0. 0o0 0,936 7
NONE 0 St= 2,653

34,8629 126 4 15 3 20 A A =1_200 -0,194 0,089 -0,6692 2, 466 0. 000 0,896 7
NONE a SL- 2,208

35.0197 12,6 13 8 21 A A 0,382 0,247 0,233 -0, 224 1. 036 0,000 0,889 7
NONE a S‘= 0,855

35,0894 12,6 11 8 18 A A 0411 0,223 0.384 -0, 041 1011 0. 000 0,898 7
NONE [1} St! 0, 883

35,1887 12,6 4% 2 51 A A 2. Bag 1,408 0,546 -0, 458 3,762 0,003 1.071 10
12 84 84 1,282 0, 344 2,057

35,2135 12,6 12 E:} 20 A A 0,202 0,319 0,192 -0, 229 0. 919 0,000 0,892 7
NONE 0 SL- 0. 753

35,2693 12,6 44 3 47 A A 3102 1,316 0,583 -0,730 4,704 0,003 1,051 10
12 85 83 1,348 0, 335 2,405

35,3445 12 12, 6 43 43 A -
12 a1 91

35.3827 1%, 8 10 7 17 A A 0,225 0,287 0,135 -0,274 1,081 0,000 0, 508 7
NONE 0 50803

35,4670 12,6 18 4 22 R R
NONE 0

35.5610 12,6 7100 24 4 28 R R
12,6 53 17 70

35,6907 12,6 42 3 45 A A 2525 1,248 0,647 -0, 389 3,318 0,002 1,064 10
1.2 81 B1 1,256 0. 311 2. 016

35,7250 12,6 21 27 A A 0,820 0,521 0,428 -0,120 1. 691 0,000 0.849 7
NONE 0 Slz 1237

35,9046 12, 6,4 T 5 17 A A 0,120 0,216 0,197 -0.041 -0.148 0,133 0,683 0,000 0. %10 @
NONE a SL— 0, 642

39,0296 12,6 40 1 41 A A -1.442 =-0.329 0,191 -0.09% i,832 0,005 1,023 10
12 97 47 -0.612 -0, 322 1,146

39,1872 12,6 4 34 4 38 A A -1 112 -0,044 0, 286 -0, 211 f.260 0,003 1.057 10
12 92 9z -0, 384 -0.118 0, 944

38,2797 12,8 45 2 47 A A -1,289 -0,387 0,321 0,034 1,402 0,006 1,037 10
12 43 93 -0.555 =-0.241 0,307

39,3832 12,8 38 F4 40 A A -1.240 0,215 0,266 -0,137 1,445 0,001 1,041 10
12 892 92 -0,620 -0.174 0,994

38,4007 12,8 35 3 iz RR
12 40 oo

30,4661 12,6 40 1 41 R A -1,551 -0,455 0,288 -0.08% 1,857 0,006 1.036 10
12 58 a8 -0, 680 -0, 365 1. 235

30,4864 12,8 4 33 4 a7 AR
12,6 69 7 76

38,5538 12 12 12 34 34 R R
12 84 84

39,7667 12 39 39 A A -1.624 -0,387 2,125 0,010 1,023 g
12 34 44 -0.708 -0,281 1,340
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TABLE 3 - Continued

Periods used to

Periods

Explained vari-

Total

Fit of

define _“found 1r Z+ ance of periods, % explained stochas- CONSTANTS REQUIRED TO DESCRIBE STOCHASTIC MODEL B
; - " STD. Fitted Months variance tic model = = —

Station t t series series 12 6 4 32 [ A B Ay B, Ay B, Ay B, X EN ¥ = Teotal

39,8552 12,6 4 30 4 EX] AR
12 a1 a1

34,9442 (2 6,7 34 34 A R
12 a5 85

41 0120 12 50 30 a 9 R R
NONE o

41,0498 12 14 14 A A -0.418 =-0,532 1,064 0,000 0,828 5
NONE 0 51,282

41,0611 NONE 7100, 35 [i] R R
NONE 1]

41, 1138 12,6 a0 4 41 10 R A -0 618 0,014 -0,003 ~-0.724 2. 221 0,000 0,544 7
NONE 0 §-2.047

41,2018 6 6 B A A 0,164 -0.771 3,038 0,000 0971 5
NONE [i] St= 2,340

41,3183 NONE 40 30 ] A A 3,001 2
NONE 0 5.;:2.652

41, 3430 12 36 36 4 4 R R
12 ag 86

41,3508 NONE Q A A 2.228 2
NONE a .':it= 2.235

41,3734 12,6 4 4 i1 A A -0.557 0.463 0.236 -0,754 3.353 0.000 0.958 7
NONE Q .‘Stf 2,668

41,4081 12 4 4 A A 0177 0.714 3,723 0,000 O, 878 3
NONE o ST.. 2. 548

41,4780 12 458 50 4 4 A R
NONE 0

41,5018 6,4 7 2 g R R
4 12 12

41,5972 12,4 3 3 10 A A 0,368 -0,448 -0, 182 -0.561 1,641 0,000 0,951 7
NONE o S;=1.889

41,6950 12 T 30 30 A A -t 234 -0.383 1,702 -0.005 1,038 10
12,6 T4 4 78 b =0.611 =0,267 0,124 =-0.103 1. 248

41,7206 12 36 14 14 A A -0,822 -0,468 1. 584 0,000 0,928 5
NONE a St= 1.803

41,7262 12 16 18 R R
12,6 65 z 67

41,7651 12 2 2 A A -0.026 0.604 3,667 0,000 0,588 5
NONE ] St= 2,724

41, 8630 12 8 8 R A -0.670 =-D.320 1. 625 0,000 0,958 3
NONE 0 SL= 1.821

41,9280 6 a0 50 L] 5 A A 0.225 -0.774 2 871 0,002 1,018 &
[ 78 T8 0,191 -0.578 2,338

41,8330 12 23 23 R A -1,025 -0,454 1. 580 0,000 0,878 3
NONE 0 51,664

41,9532 12,6, 4 [ [ 3 13 A A -0,.758 0,274 0,118 -0,7B3 '0.014 0.528 2 629 0.000 D, 924 k]
NONE 1] St= 2,310

42 2101 6 3 3 A A -0.085 -0.125 0.613 0,000 0,252 5
NONE o 5=0.573

42, 2556 NONE 3.3 0 R R
NONE o

42,3896 6 33 33 3 3 R A -0. 161 0,146 1. 088 0,000 0,986 3
NONE 0 5-0.934

42.4508 B 6 B A A -0,185 0. 284 1.053 0,000 0,870 3
NONE o St= 1. 001

42,5148 12,6 40 40 14 5 18 R A -0 20¢ -0 267 -0,087 0,173 0.822 -0.002 1,041 10
12 77 77 =0.111 -0,190 0.520

42,5654 6,2.4 6.5 1 & 7 A A -0, 082 0,001 .45:0. 122 B5= 0. 156 0, 666 0,000 0,974 7
NONE 0 5,=0, 581

42,7271 12,6 12 B 18 A A D 234 D, 481 -0, 044 -0, 377 1,589 0,000 0,800 T
NONE o 51' 1,070

42,8118 12,6 b = 16 AR
NONE [1}

42 8771 12,6 i0 7 17 A A 0,124 0,422 -0,145 -0, 344 i, 363 0,002 1,014 12
12,86 18 64 82 -0,070 0,081 -0.058 -0.205 0. 880

45,0017 12,6 55 2 57 A A 5173 1,939 0,810 =-0,481 6. 401 0.002 1. 061 10
i2 94 84 2,011 0,520 3,062

45,1223 12,6 43 4 49 A 4 5,474 2,056 1,038 =1.413 B. 663 0.001 1,037 10
12 81 81 1,824 0. 419 4, 047

45,1350 12,6 & 17 B 23 R R
NONE 0

45,1586 12,6 45 45 25 ] kL] R R
NONE 4]

45,3222 12,6 3.8 40 4 44 A A 1.185 0.385 0,422 -0,031 1,396 0,000 1,084 10
12 88 a8 0. 588 0,123 0, 546

45,3546 12,6 33 17 & 23 A A 0 368 0,143 0,186 =-0.141 0,758 0,000 0.878 7
NONE 4] Si= 0, 676

45, 4760 12,6 45 3 48 A A 2,542 0,872 0.557 -0,4135 3,623 0.002 1. 074 10
12 BZ 82 1.013 0, 167 1, 860

45,5840 12,8 33 z 35 A A 5,006 1,123 0,795 -0.635 6,322 0.012 1, 061 10
12 94 94 2,042 0. 365 3.014

45,7038 12 12,6,4 38 38 A -
12 80 a0

45,7507 12,6 37 4 a1 R R

% Explained variance of 2.4 mo. period
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TABLE 3 - Continued

Periods used to Periods Explained vari- Total Fit of
define found in Zi ance of perieds, & explained stochas- CONSTANTS REQUIRED TO DESCRIBE STOCHASTIC MODEL B
STD. Fitted Months variance tic model = — o
Station Tt B Series Series 12 4 3 % A B 1y Bt Az Bz AE BS % Bt * 53' ool
12 81 81
45.7584 12,6 57 2 59 A A 4324 1,653 1,005 -0,186 5.357 06.010 1,086 10
12 ] 3e] 1,864 J. 543 2637
45, 5207 12,6, 4 3.8 12 5 35 18 A A 0 252 0.048 0,151 -0,071 -0.063 0.064 0,536 0,002 1,018 14
6, 4 38 Z1 58 D.078 -0.074 =0,080 0,017 0. 462
45.8332 12,6 7100 7100 54 3 a7 R
12 a9 89
45,9376 12,8 18 10 28 A A 0.635 0,153 0.472 =-0.001 1.133 0,000 0,844 7
NONE o Sl= 1,063
48. 1175 12,8 21 4 25 AR
12 k] ]
48,2715 12 18 18 AR
12 a8 &8
48,4065 12,6 6 £ 10 A A -0.230 -0.023-0.055 -0.171 0.727 0,000 0,947 T
NONE L] St= 0. 648
48, 5830 12,6, 4 33 ] 2 43 A A -0,285 0,045 0.312 -0.360 -0.122 o, 220 1,282 0,001 1,031 12
12 at 81 -0.522 -0.044 0,811
48, 7015 12,6, 4 I8 & Z 26 A A -0.481 -0,080 -0,0068 -0,270 -0,00% 3.163 0,829 =0.001 1,011 12
12 87 a7 -0.358 -0.173 0, 609
48.8160 12,6 6.3 24 g 33 R A -0.836 0,081 0,155 -0,483 1,308 0,000 0.B818 7
NONE a St'- L, 204
48, 9805 12 20-13  20-13 3 3 R R
12,6 16 42 38
Lolitma Explagation
1 Station identification number
2 Periods or harmonics (in months), as obtained from the variance spectrum of Xt and used in the
mathematical model for m‘r
3 Periods or harmonics (in months) obtained from the spectrum of (Xt - mf] # and used in the
mathematical model for 5.
4 Periods (in months) found in Z,, when the variance spectrum was computed for the standardized
series and fitted standardized éeries, respectively.
5-8 Variance of Xt explained by the indicated harmonic
L} Total explained variance of XT' by the harmonics of m_, and of 5. by the harmonics fitted.
10 Results of model fitting of the Stochaste Model A (independent series) and model B (Markov [ Model),
respectively; A means the model was accepted on the 85 per cent level, R means the model was
rejected on the 95 per cent level,
11 -12 For monthly precipitation which are well fitted by Model B, the parameters required to describe
the model are given
21 Total number of constants required to define the Stochastic Model B
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APPENDIX 4

TAELE 4

MAIN 12-MONTH PERIOD, SUB-HARMONICS, AND THE EXPLAINED VARIANCE OF THE
SIGNIFICANT HARMONICS OF THE MONTHLY RUNOFF VARIABLE

(Explanations of the columns are given at the
end of the table)

Periods used

47

Feriods Explained Total Fit of
to found in variance of explain- Markov I
define €L, periods, % ed vari= CONSTANTS REQUIRED TO DESCRIBE MARKOV I LOG MODEL E

Sta- STD. Fitied Months ance N B N B = = =

tion my %y series series iz [ 4 T Log Model 1 1 2 2 As BJ % Bt ¥ sy Py Total

14,003 12,6 &7 11 78 A A -1.506 0,107 -0.300 0,533 3.222 0. 003 0,538 11
12 83 83 -0, 186 -0,008 0. 592 1,018

14.048 12,6, 4 [i¥3 18 1 az A A -0,054 -1.191 -0.63% 0.157 0.156 0,107 1.878 0, 000 0,607 11
NONE 5=1. 086 0,410

14.059 12,6 58 11 78 A R
NONE

14, 063 12,6 70 7 77 A R
12, 6 37 a6 a3

14 064 12,6 &8 ) 77 A A -1,579 -0,388 -0,310 0,512 6,698 0, 000 0,769 8
NONE 5.=1,400 0. 481

14,067 12,6 69 8 77 A R k
i2 2 2

14,141 12,6, 4 i3 B  § 42 R R
NONE

14,181 12,6, 4 14 17 1 3z A A =0,283 -0.435 ~-0.268 0.176 0.074 -p, 005 6.575 =0, 001 0,685 17
12,6, 4 31 56 ) 85 -0, 0530 0,028 =-0.078 -0,013 -0, 028 -D, 008 0. 330 1, 006

14,227 12,6 27 20 47 A A -0,282 -0,243 -0,284 0,136 3,661 0. 000 0.6569 13
12,6 20 TZ a9z 0,010 0,058 -0.113 -0,004 0. 351 1.008

14,241 12,6 55 14 68 A A -0,902 0.48% -0.341 0. 384 4,582 0, 003 0.348 13
i2, 6 43 18 B1 g, 110 9,107 -0.010 0,028 0,524 i. 031

14,278 12,6 51 3 36 A& R
12,6 49 44 93

14,320 12,6 B3 8 73 A A =1,285 0.606 -0.414 0,287 7.386 qd.008 0,422 13
12, 6 k] 37 76 0,107 0.170 =-0,075 0,182 0.592 1,034

14,359 12,6, 4,3 33 10 1 50 A R
12, 6 39 52 91

14,363 12,6 53 ] B2 A A -0,660 0.180 -0.238 0.161 7.69 0. 003 0.506 13
12, 6 40 45 85 -0.035 0.108 -0.113 0,038 0.383 1.012

14.382 12,6 67 T T4 A A -1,135 0,737 -0.333 0, 297 6,092 0,083 0,343 13
12,6 44 i3 77 0,136 0.156 -0,410 0,175 0,538 1. 046

14,390 12,6 23 27 50 A A -0,319 -0,338 -0,488 0,158 T.178 -0, 001 0.528 13
12, 6 54 16 70 0,069 0,161 -0.0839 0,033 0. 456 1,026

14,419 12,6 57 i 68 R A -0,772 0.335 -0.341 0,137 T.331 0, 005 0,482 13
12,6 54 26 80 0,066 0,150 -0,087 0,072 0,415 1. 025

14,438 126 75 4 79 A A -1.142 1,021 -0.272 0,243 6.477 0. 000 0,325 13
NONE 5=1,252 0, 457

14 467 12,6 72 3 75 A R
12, 6 45 46 91

13,141 12,6, 4 3 348 16 z 57 R R
12 89 a9

13,332 12,6, 4 64 19 1 84 R A -0.477 -0.901 -0.393 0,303 0,091 0.047 6.604 0, 000 0.674 15
12,6 46 27 73 -0, 036 -0,088 -0,070 -0, 023 0, 338 1,013

13,518 12,6,4 - 2,4 32 23 2z 71 R R
12,6 71 23 94

13,549 12,6, 4 58 25 3 a6 A R
12,6, 4 36 27 11 74

13,581 12,6, 4 62 18 1 81 A A 0,281 -1,052 -0.575 0,128 0,080 0.135 3 813 0.000 0.660 11
NONE 5[—'0.966 0,427

13.593 12,6, 4 a8 23 1 82 A A -D.656 -0.996 -0,55!¢ 0.498 0,096 0.084 7. 540 0. 000 0.700 15
12,6 37 22 59 -0.002 0,102 -0.077 0.0i4 0, 456 1,019

13.594 12,6,4 58 23 1 80 A A -0,709 -0,918 -0.543 0,503 0.098 0, 08¢ 7.295 0, 000 0.706 135
12, 6 48 25 T4 0,004 0,130 -0,096 0,008 Q. 477 1.013

13,588 12,6, 4 58 22 1 a0 A A -0.878 -0.939 -0.508 0,492 0.085 0.084 B8, 384 0. 000 0.685 15
12, 6 44 30 T4 -0, 000 0.113 -0.083 -0, 018 0, 457 1,011

13,602 12,6, 4 54 19 0.3 73 A A -D,732 -0,659 -0.369 0,457 0,079 -0.013 8 182 0. 000 0,730 15
12,6 58 33 92 =0, 047 0,158 =0.123 -0,005 0, 464 1,001

13,605 12,6 58 18 76 A A =D, BDB -0,756 -0.427 0, 456 9,084 -0, 002 0,708 13
12,8 63 27 a0 -0.025 0,170 -0.111 -0,014 0, 480 1,011

12,001 12,6 T2 3 75 A A -0,8926 1,025 -0.207 0,205 5,526 0, 000 0.300 ¢
NONE 5=1,148 0,483

12,006 12,6 76 4 a0 A A -1,139 1, 0B8 =-0D,257 0.274 6. 25.1 0,014 0,344 13
12, 6 48 40 88 0,104 0,141 0,022 0,160 0. 522 1,045

12,040 12,6 17 3 a0 A A -0.908 0.852 -0,.199 0,145 T.144 0,08 0. 287 13
12,6 42 34 76 0.035 0,143 -0.011 0. 133 0,413 1,047

12,047 12,6, 4 z.1 34 15 2 55 R R
12, 6 66 2 68

12.050 12,6 2.1 z1 18 39 A A -0.203 0,213 -0,2689 0.044 7.502 0,002 0.338 13
12,6 68 Z 0 -0, 006 0.148 -0,021 0. 018 0,332 1,033

12,127 12,6 T 24 31 R A -0.114 -0,157 =0.342 0,067 5. 823 0,000 0,476 11
iz ki T2 0,018 0,207 0, 383 1. 065

12,172 12,6, 4 6 -3 40 it o 3t RE R
12,5 50 35 85

12,198 12,6 18 3z 50 A R
12, 6 G2 11 73

12,281 12,6 40 17 57 R R
12, 6 65 o LE]

12,290 12,6 35 18 53 A A 0,087 -0.503 -0,356 0,102 6,743 0,002 0,525 1t
12 81 81 =0.005 0,171 0,395 1,023

12,297 12,6 13 30 45 A R
12 79 74

12.348 12,6, 4 1 15 F4 BB A R
NONE

12,353 12,6, 4 70 14 1 85 A A 0,181 -1,030 -0.423 0,200 0.089 0.115 B8.961 Q. 000 0,658 11
NONE st= 0,882 0,374



TABLE 4 - Continued

Periods used Feriods Explained Total Fit of
to found in variance of explain- Markov I
define < €7 periods, % ed vari- CONSTANTS REQUIRED TO DESCRIEE MARKOV I LOG MODEL B
- TD. Fitted Months ance - —
51':1 T t  series series 12 & i 7 Log Model “1 By 4 B, Ay By X o5, ¥ s Py Total

12,357 12,6, 4 42 28 1 71 A A -0.508 -0.770 -0.597 0,781 0.166 0.042 3.8897 -0, 001 0.656 15
12,6 57 17 T4 0.054 0,198 -0, 112 0,002 0, H66 1,017

12,339 12,6,4 3 LE] 24 1 8 R
12,6 54 13 57

12,379 12,6, 4 AT 32 2 71 A A -D.549% -1,002 -0,814 0,679 0.116 0.205 4,370 0, 000 0.633 15
12,6 67 2 69 0.164 0.189 -0,014 0.036 0,671 1,027

12. 466 12,6, 4 3.5 26 12 0.3 38 R R
NONE

12.512 12,6,4 47 4 49 23 0.5 iz R R
12,6 T & a0

12,521 12,6, 4,3 56 23 1 .2 80 A A -D.314 -1.414 -0,664 0.646 0.160 0.089 0,326 0, 000 0,738 13
NONE Az <0062 B=0.00 5-1.364 0, 441

12,538 12,6, 4 56 12 1 69 A A -1,084 -0.411 -0,255 0.487 0,077 -0.146 7,250 0, 000 0.660 15
12, 6 57 27 94 0,104 0,244 -0.166 -0, 011 0,559 1. 000

12,540 12,6, 4 54 17 1 72 A A -0.801 -0.744 -0,380 0.4%1 0,111 -0.088 7.183 0, 000 0,689 13
12,8 59 32 91 -0,089 0.191 -0.154 0,001 0, 507 1,004

12.541 12,8 60 8 68 A AT -1,316 -0,227 -0.132 0,481 5.366 0. 000 0.679 11
12 80 50 -0. 157 0,260 0,643 1. 038

12,610 12,8 i 45 23 68 A R
12,8 50 10 7

12.667 12,8 4 56 14 70 A A -D.365 -0.810 -0,362 0,349 3.726 0. 004 0.761 13
12,6 32 59 a1 -0, 082 0,062 -0,102 -0, 096 0, 480 1,014

11B. 001 12,6 3.2 673,236 7 43 R R
12,6 2,6 25 58 81

11B.032 12,6 B4 4 B3 E R
12,6 56 28 85

118, 066 12,6, 4 12,6 12,6 54 5 0 58 R R
NONE

11B. 112 12,6 6 4 62 5 67 R R
12,6 a9 4 a3

11E, 120 12,6 G8 8 76 A A -1,0209 -1,628 -0,632 0,220 4,667 0, poo 0,668 11
12 92 52 0.312 0.194 0, 769 1.003

118, 157 12,6, 4 49 11 0.6 61 A A -2,420 -1,455 -1,352 -0,045 -0.209 -0.123 3,280 0,024 0,461 15
12,6 82 12 94 1.356 0.548 0,278 0.472 1,386 1,174

118,259 12,6, 4,3 .2 7.1, 12 8 1 22 R R

3.2

NONE

118,304 12,6 4 53 2 35 A A -0,740 -0.097 -0, 141 0,056 3,401 0,014 0,709 13
12,6 51 42 83 -0,128 0,110 -0, 133 -0, 077 0, 455 1,023

118,308 12,8 4 BE G G4 A R
12 36 BE

118,402 12,8 70 5 75 A& A -1,722 -D.488 -0,383 0,275 6, 307 -0, 002 0,659 13
12,6 28 68 96 -0, 048 0,164 -0, 245 -0, 100 0.708 1. 006

114,058 12 2.2 41 41 R R
12 91 91

114, 065 12 18 8 R A -2,11% 0,318 -3,702 -0, 001 0,581 8
12 a7 a7 -1,328 -0,133 3,039 1,010

114,083 12 2.1- 2.1- 36 3 R R

i3 2.3

12 ar 87

114,153 12 43 48 A R
NONE

114,238 12,6, 4 6 53 3 1 57 R A -3.262 O0.62! -0.843 0.057 -0,343 0,075 2,951 0. 000 0,658 15
12,8 71 23 94 1,266 0.063 0,703 -0,140 1,803 1,038

114,393 12, 6 65 7 72 A A -1,342 -0,096 -0.414 0.154 6,881 -0, 001 0,678 13
12,6 44 52 96 -0,0t2 0,176 -0, 189 -0, 025 0,581 1.002

114 411 12,6 73 4 77 A A -1,385 0,71t -0,352 0,106 7.538 0,013 0,482 13
12,6 46 EL:] 85 0,058 0,222 -0,t27 0,167 0, 589 1,031

10,165 12,6, 4 66 18 2 86 A A -D.030 -1,078 -0,456 0.313 0,158 0.076 3,454 -0, 001 0.674 13
12 B2 a2 0,002 -0, 187 0,317 1, 057

10,275 12 27 27 A A -0.666 -0,287 2,189 0, 001 0,828 8
12 85 85 -0D.148 -0, 101 0,831 1. D05

10,278 12,6, 4 56 15 1 Te A A D220 -0,819 -0,406 -0,156 0,007 0,131 2. 862 0, 0og 0.79% 15
12,6 58 10 78 0,041 -0,076 -0, 023 -0, 024 0,408 1,005

10,387 12,6, 4 61 13 1 75 A A -0,998 -0.617 -0,119 0.521 0,105 0,038 2,753 -0, 001 0,650 13
12 26 -0, 285 -0, 0985 0. 488 1,002

9.378 12,6, 4 87 21 2 40 A A -0.194 -1.389 -0.677 0.375 0,150 0.152 4,923 0, 000 0,645 15
12, 6 32 1 33 -0, 007 -0.084 -0.000 -0, 01§ 0.378 1, 027

9.485 12,6, 4 3 45 13 4 62 R R
12 a9 89

9.623 12,6, 4 3 31 14 i3 31 A R
12,6 63 24 a7

B.624 12,6, 4 2.4 38 14 3 54 A R

3

12, 6 68 21 38

9.662 12,6,3 11 11 3 25 A A -0.339 0,047 0,345 0,012 -0,000 -0,191 4, 483 0,000 0,654 11
NONE 520,727 0. 862

9.764 12,6,3 21 9 4 34 A A -0.8608 -0,139 0,405 0.053 0,011 -0,266 6,130 0,000 0.688 11
NONE F.it-'G. B3 0,541

8.032 12,6 47 2 49 A A -1.574 -0.138 -0,350 D.022 6,790 0,000 0.671 11
12 30 80 0,273 0,253 t.130 . 006

8.107 12 Z:1 10 10 R A 0,143 -1.382 3,811 0, 028 0. 281 11
12,6 44 27 71 0.797 0.428 0,684 0,203 2,675 1,050

8.132 12 9 5 R A& -0,995 -0,869 4,678 0.002 0.716 9
12 a7 a7 0,536 0,328 2,638 1,024

8,143 12,6 2.4 22 2 24 R A -2.860 -0.103 -0.663 0,294 2,770 -9, 002
12 7 87 1,473 0,491 3,248 1,017 0,467 11

48




TABLE 4 - Continued

Periods used

Feriods Explained Total Fit of
to found in variance of explain- Markov I
define . €1, periods, % ed vari- CONSTANTS REQUIRED TO DESCRIBE MARKOV I LOG MODIT, 14
Sta- sTD.  Titted Months ance
on ™ s, series series 12 3 4 3 5 Log Model 4, B, A, B, A, B, X 5 ¥ s Total

8.144 12 26 2 A R
NONE

&, 165 NONE A A Z, 561
NONE 5-1.210

8. 166 NONE A R
NONE

8,212 NONE A A 4.772 0,043 0,764 0
12,6 65 a T4 0,343 -0.420 -0.124 -0, 162 1. 386 1,051

8.217 12 7 A A -0,402 -0, 249 3.885 0, 000 a.760 7
NONE 5=1.249 0.964

8,220 NONE R R )
12 78 78

B.517 12,6, 4 3 T 8 3 62 A R
12 75 73

7.006 12 25 25 A A -0.592 -D.182 5,940 0, 000 0,500 7
NONE St=0..BT5 0, BE4

7.012 12 2.8 z.a 3t 31 A A -0.808 -0.122 6.229 0, 000 0.532 7
NONE 571,035 0. 830

7.015 12 ) 3.6 45 45 R A -1,108 0,132 5.572 -0, 019 0.401 9
6 71 71 -0, 176 0.049 0. 846 1.022

7.023 12 TI00  jian 45 45 R R
12,6 15 53 58

T7.028 12 3 43 R A -0.711 o0.271 §.150 0. 000 0,209 7
NONE St=0‘820 0,755

7.039 12 3.6 43 43 A A -1.344 0,130 6. 182 -0, 016 0,024 11
12,6 48 29 77 0,180 -0,028 -0, 145 0,031 1, 060 1,025

T.067 12 21 21 R A -0,882 -0,224 6.271 0, 000 0,880 7
NONE 3=1,114 0. 887

7.072 12 50 50 A R k
12,6 67 9 76

7.001 12 3T 3.7 26 26 R R
12,6 56 28 83

7.092 12 7100 7:00 27 27 R R
12,6 [:1:] 11 74

7.098 12 18 18 E R
12, 6 2z 54 76

7.108 12,6 41 3 44 A A -2,375 0,213 -0,689 0,078 6. 138 0. 004 0416 11
12 2 82 1,202 0,428 1. 683 1. 154

7.224 12 11 H R R
12 ' a1

7.229 12 10 10 R R
NONE

7.202 12 12 12 A A -0.512 -1,063 5.342 0, 027 0,860 11
12,6 73 7 80 0,448 0,706 0.104 -0.245 2141 L.025

7,286 12 12 12 A A -0,501 -0.406 5. 856 0, 000 0.632 7
NONE 81,318 0.938

7.413 12 38 38 A A -1,694 0,088 5. 605 -0, 007 0.467 8
12 86 86 0. 566 0,047 1, 455 1. 030

7.520 12,6 17 5 22 A A -0, 417 -D.624 -0,293 0,275 6. 631 0. boo 0.559 9
NONE §,:1.275 0,882

7.528 12,6 31 3 34 A A -2.0i7 0,105 -0,503 0. 434 6, 081 -0, 006 0D.357 11
12 83 83 1,150 0,001 1. 540 1,075

7.533 126 4 34 3 3T R R
12 a0 g0

6B.155 12,6 12,6, 47 4 St A A -0.677 0.480 -0.115 0,227 4.016 -0, 584 -0, 150 11

4.3,
2,4

12 89 89 0,382 -0,309 0. 467 4,370

6B. 367 12 3 18 18 A R
12 2 2

6B. 37T 12,4 17 2 19 R R
NONE !

6B, 457 12 26 26 A R
12 89 84

6B, 479 12 2t 24 A R
12 86 86

6E, 480 12 2 22 A R
12 80 80

6D.485 12 2+ 2+ 14 14 R R
12,6 GE 18 i1

§B.488 12 L7 17 A A -0,800 -1 161 3. 648 0,000 0,582 8
12 79 74 0.735 0,389 2. 049 1,027

§B. 4067 12 18 18 4 R
12 76 76

6B, 501 12 19 18 R R
NONE

6B.502 12 1§ 16 R R
12,6 65 12 77

6B.506 12 17 17 A R
1z 76 76

6B. 511 12 2z 22 A A -0.821 -0.738 5.970 0,003 0.604 11
12,8 59 16 75 0,111 D,218 -0, 101 -0.077 1,422 1,011

6B.514 12 16 16 A A& -1,058 -0.300 4,063 -0, 001 0.544 8§
12 a3 93 0,570 0.028 1,702 1. 011

6B. 524 12 14 14 A R
12,6 70 g 78

6B.537 12 21 21 A A -1,034 -0.270 5, 489 -0. 003 0.512 9

49



TABLE 4 - Continued

Periods used Feriods Explained Total Fit of
t? found in variance of explain- Markov I
define €7, periods, % ed vari- CONSTANTS REQUIRED TO DESCRIEE MARKOV 1 LOG MODEL B
&a. m s STD. Fitted Months ance
g t  series series 12 3 4 3 LA Log Model 4 B, A, B, Ay B, = ‘Et ke s, Py Total
12 85 a5 0,501 0,046 1,418 1,018
6B.549 12 28 28 A& R
NONE
68,550 12 27 27 A A -0.832 -0,205 6. 636 9,000 0,551 T
NONE SLHI, 159 0,852
6B.552 12 24 24 A A -0.647 -0.104 3.884 0.000 0.368 7
NONE 5-0.948 0. 873
6A.066 12,8, 61 19 5 1 B& 4 A& 0,139 -0,833 -0,457 0.109 0,098 0,232 6. 262 0. 000 0,730 15
4,3
i2 T8 78 0.035 -0.100 A;O,DGI BE'U.C@ 0,268 i.018
6A, 318 12,6, 73 8 1 0.2 BT A A 0.548 -0.887 -0,287 -0.184 -0,106 0,109 6,718 0,000 0,803 13
4,3 NONE A;0.08 ]}q(l(?.l St= 0.882 0. 358
BA. 321 12,6, 4 68 z0 4 8z A R
12,6, 3 42 15 26 83
6A, 582 12,6, 4 3.8 3,6 28 ] 3 z 42 R R
3
12,8 37 34 T
6A.G6B4 12,6, 4 3 41 3 2 48 A R
12,6 38 16 T4
6A. 722 12,4,3 2.8 31 i 1 33 R R
12,86, 4 30 14 10 T4
BA.732 12,6,4 33 4 3 2 4 A A -0,423 -1,036 0,268 0,300 -0.312 -0, 053 5,848 0,000 0.653 13
3
NONE ;'\;QBZ E’.:i-D.B{T $t= 1,343 0, 748
Column Explanation
1-3 Same a5 Table 3, except that Xt iz equal to logarithms of monthly flows
4 Same as Table 3 except that the series LN is resulting from removal of Markev first order dependence
5-8 Same as Table 3
a Same as Table 3
10 Results of fitting Markov [ Log Models, and Models A and B respectively, A means model is accepted
on 85 per cent level and R means model is rejected on 95 per cent level
11-20 Same as Table 3 except consiants are for Markov I Log Model B
21 First correlation coefficient, £, us ed as best estimates of P1 for Markov Model
22 Number of constants used to fit Model B
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