










































































The monthly autocorrelation coefficients for 
the lags 1, 2 and 3 were found to be significantly 
periodic for the irrigation deliveries in the Utah area. 
However, for the two cases in Colorado and for the 
one in Nebraska they were not found periodic. 

The periodic autocorrelation coefficients for 
the monthly deliveries in Utah had in general similar 
shapes with their highest values attained between the 
3rd and 5th month of the irrigation season (April to 
October). For all cases analyzed the mean, variance 
and significant harmonics are given in Table (16). 

5.3.3 Hydropower water use. The weekly auto­
correlation coefficients for the lags 1, 2 and 3, were 
found to be significantly periodic in the only one case 
studied. They all fluctuate around a mean value 
which decreases and a variance which increases with 
the increase in the time lag. Their respective values 
are given in Table (12). Figures (48), (49) and (50) 
show the weekly first, second and third auto­
correlation coefficients, respectively, for the series of 
A. B. Adams Tunnel, Colorado. 

Three of the eight monthly series analyzed 
showed significant periodicities in the first, second 

and third autocorrelation coefficients. In these cases, 
the cycle of 12 months and its harmonics of 6, 4, 3, 
2.4 and 2 months are important depending on each 
particular case. The other five series did not show 
significant periodicities. For all cases the mean, vari· 
ance and significant harmonics are given in Table 
(16). 

In general, for weekly and monthly series of 
any type of !USe, the dependence model and con­
sequently the resulting independent stochastic com­
ponent of Equation (30) are obtained 

,T 

according to the type of autocorrelation function. 
In other words, in the case of periodic auto­
correlation coefficients rk , the autoregression 

,T 

coefficients <:k. of Equation (23), computed 
),T 

by the Equations (24) through (29), were also 
periodic; and in the case of non periodic r k ;r, 

equal to rk , the coefficients a. are con-.-r J,'T 
sequently nonperiodic or they are constants. 

Tables (17) and (18) give a summary of the 
types of autoregressive linear models obtained in the 
analysis for each type of water use and for both 
weekly and monthly data. 

TABLE 12 

WATER USE 

Urban 

Water 

Use 

Irriga t ion 

Water Use 

Hydropower 

MEAN, VARIANCE AND SIGNIFICANT HARMONICS OF PERIODIC 

AUTOCORRELATION COEFFICIENTS OF WEEKLY WATER USE TEME SERIES 

FIRST AUTOCOR. COEF. rl,T SECOND AUTOCOR. COEF. r2,T 

NAME 
s<: s<: 

r J 1 T 
SIGNIFICANT r2, t SIGNif iCANT 

rl ,T HARMONICS r2,T HARMONICS 

Fort Collins, Co. 0.6529 0.0338 52, 26 , 17.3, 0.4999 0.0802 52 . 26 • 17. 3. 
13, 10.41 8.7 13, 10.4 8.7 

Denver, Co. 0.5902 0.0415 52 , 26, 7.3, 0.4205 0.0612 52 , 26 , 17.3, 
13, 10.4, 8.7 13, 10.4. 8.7 

Greeley, Co. 0.6461 0.0506 52 0 26 t 17 o 3 1 0.4632 0.0838 521 26 t 17 o 3, 
13, 10.4, 8.7 13, 10.4, 8. 7 

Carter Lake, Co . 0.7546 0.0610 31. ,15. 5,10.33 0. 5175 0.0712 31.,15.5,10.33 
7.755 6.20 7.75, 6.20 

Hansen Canal , Co. 0.6044 0.0816 31.,1 .5,10.33 0.3990 0.0837 31 . ,15.5,10.33 
7.75, 6. 20 7.75, 6.20 

A.B. Adams Tunnel 0.8486 0.0464 52 . • 26, 17.3 0.7.106 .0.0781 52. 1 26, 17.3 
(Big-Th.Proj , Co) 13., 10. 4, 8.7 13. ,10.4, 8.7 

35 

THIRD AUTOCOR . COEF. r3,
1 

sl r3, t SIGNIFICANT 
r3, 1 HARMONICS 

0.4410 0.0859 s?. , zr,, 17. 3. 

0.3690 0.0497 
13 , 10. 4, 6.1 
52, 2G, 17.3 
D . 10 .4. 8.1 

0.3891 0.0782 52, 26, 17.3, 
10.4, 8.7 

0.3905 0.0724 31. ,15.5,10.3 
7.75,6.20 

0.2925 0.1087 31. ,15.5,10.3 3 
7.75,6.20 

0.5981 0.0918 52 .• 2.6.17.3 
13.,10.4, 8.7 



TABLE 13 

FOURIER CQEFFICIENTS FQR PERIODIC FIR~T 

AUTOCORRELATION COEFFICIENT OF WEEKLY URBAN WATER USE TIME SERI ES 

FOURIER COEFFICIENTS 

WATER USE NAME Al A2 A3 A4 As A6 
81 82 83 84 8s 86 

Fort Coll ins, Colo. 0.2103 0.0118 0.0035 0.0576 0.0040 0.0027 
Urban 0.0696 0.0281 0.0187 0.0176 0.0080 0.0226 
Water Denver, Colo. 0.1512 0.0106 0.0694 0.0019 0.0077 0.0410 
Use 0.0458 0.0137 0.0060 0.0098 0.0074 0.0703 

Greeley, Colo. 0.2262 0.0008 0.0627 0.0364 0.0115 0.0036 
0.0963 0.0262 0.0002 0.0302 0.0104 0.0657 

TABLE 14 

' FOURIER COEFFICIENTS FOR P~RIQDIC SECOND 

AUTOCORRELATION COEFFICIENT OF WEEKLY URBAN WATER USE TlHE SERIES 

FOURIER COEFFICIENTS 
WATER USE NAME 

Al A2 A3 A4 As A6 
81 82 83 B4 8s 86 

Fort Collins, Colo. 0.3618 0.0291 0.0097 0.0510 0.0295 0.0439 
Urban 0.0375 0.0492 0.0438 0.0063 0.0102 0.0118 
Water Denver, Colo. 0.1798 D.0331 0.0542 0.0446 0.0785 0.0450 

Use 0.0383 0.0032 0.0666 0.0078 0.0180 0.0879 

Greeley, Colo. 0.3049 0.0467 0.0553 0.0962 0.0345 0.0367 
0.0926 0.0132 0.0276 0.0029 0.0017 0.0641 

TABLE 15 

FOURIER COEFFICIENT~ FOR PERIODIC THIRD 

AUTOCORRELATION COEFFICIENT OF WEEKLY URBAN WATER USE TIME SERIES 

FOURIER COEFFICIENTS 
WATER USE NAHE 

Al A2 A3 A4 As A6 
81 82 B3 B4 Bs B6 

Fort Col lins, Colo. 0.3760 0.0173 0.0195 0.0507 0.0274 0.0347 
Urban 0.0279 0.0597 0.0377 0.0123 0.0185 0.0113 

W• ter Denver, Colo. 0.1396 0.0452 0.0139 0.0566 0.0879 0.0134 

Use 0.0078 0.0262 0.0512 0.0220 0.0109 0.0692 
Greeley, Colo. 0.2339 0.0167 0.0896 0.1210 0.0637 0.0548 

0.0447 0.0719 0.0088 0.0815 0.0156 0.1053 
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TABLE 16 

MEAN, VARIAN CE AND SIGNIFICANT HARMONICS OF THE FIRST 1 SECDtm AND THIRD 

AUTOCORRELATION COEFFICIENTS OF MONTHLY WATER USE TIME SERIES 

FIRST AUTOCOR. COEF. rl ,T SECOND AUTOCOR. COEF. r 2, , THIRD AUTOCOR . COEF . r3. , 

WATER USE NM1E 
rl , r 

52 SIGNIFICANT 2 SIGNIFICANT r3, r 
s2 SIGNIFICANT r2, t sr 

rl , t HARMONICS 2, t HARMON ICS r3 ,r HARMONICS 

Fort Collins , Co. 0.5980 0.0565 12, 6, 4, 2.4 0.4782 0. 0624 12,6 ,3,2.4 ,2.0 0.3275 0.0669 12,6,3,2.0 
Denver, Co. 0.4759 0.0316 0.3428 0.0442 0.2852 0.0390 
Greeley, Co . 0.4706 0.0417 0.2535 0.0859 0.2032 0.0453 
Colo. Springs, Co 0.5003 0.0237 0.2795 0.0468 0.2008 0.0380 

Urban Mi lwaukee. Wise: . 0.5079 0.0787 12,6,4 ,3 0.2733 0. 1470 12 ,6,4,3 0.1887 0.0988 12 ,6,4,3,2 .4 
Water Dallas, Texas 0.5862 0.0554 12,6,4,2.4,2 . 0.3193 0.11 51 12,6 ,4,2 .0 0.1618 0.1066 12,6,4,2 .4 
Use L. Angeles, Calif 0.4022 0.0337 0.2231 0.0209 0.1932 0.0305 

S. Fernando, Cal if 0.4776 0.0528 0.4786 0.0147 0.3466 0.0270 
Fresno, Calif. 0.4041 0.0444 0.2039 0.0381 0.1072 0.0569 
Bakersfi eld, Calif 0.3378 0.0523 12,6,4,2.4 0.2091 0.0684 12,6,4 ,2.4 0.1191 0.07 51 12,6 ,4,2.4 
Hanford, . Calif. 0.4841 0.0313 12,6,4,3 ,2.4 0.3488 0.0535 12,6,4,3,2.4, 0.2324 0.0399 12 ,6,4,3,2.4 

2. 2. 
'lisa11a , Calif. 0.4034 0.0327 0.2244 o. 0768 0.133D 0.0766 

Alpine ,Irr.Co,Ut 0.6064 0.0369 7,3.5,2.33 0.4049 0.0585 7,2.33 0.3452 0.0375 7,3.5,2.33 
American For k,Ut 0. 7346 0. 0384 7,3.5 0.5610 O.OGE7 7,3.5,2.33 0.3843 0.0585 7,3.5,2.33 

Irr igat ion North Bench, Utah 0. 1713 0. 0537 3 -0.1145 0.0'.'82 3 -0.1175 0.0038 3 
Water Lehi , Utah 0. 6003 0.0431 7,3.5,2.33 0.4785 0.1)681 7,3.5,2.33 0.3483 0.0606 7,3. 5.2.33 
Use Plesanr Grove,Ut 0.'1576 0.0359 7,3.5 ,2.33 0. 5441 0.0686 7,3.5,2.33 0.4361 0.0718 7,3.5 ,2.33 

Ca rter Lake, Co 0.3713 0. 1110 0. 21213 0.0235 0.0682 0.0314 
Hansen Can a 1 , Co 0.5678 0.0053 0.2208 0.0175 0.0695 0.0407 
Mi rage Flats, Neb o. 0211 0.1147 -0.0278 0. 0258 0.2253 0.0464 

A.B. Adams Tunnel o. 7442 0.0066 0. 5534 0.0210 0.3921 0.0254 
(Big-Th.Proj. ,Co) 
Green Mountain P.P 0.5402 0.0441 12 ,6,4,3,2.4 0.2148 0.0859 12,4,3,2.4,2 0.1172 0. 1011 12,6 ,4,2.4,2 

( " ) 2 
Estes Par k Pow.Pl o. 7499 0.0103 0.5815 0.0255 0.4381 0.0447 

(") 
Hydr opower Ma rys La ke ,Pow.Pl o. 7127 0.0088 0.5483 0.0214 0.4046 0.0305 

(") 
Water Pole Hill , Pow.Pl o. 5572 0.0334 12,6,4,3,2 .4 0.3271 0.0782 12.6,3,2 0.2423 0.0639 12,6,4,3,2.4 

(") 
Use Fl at Iron , Pow.Pl 0.5412 0.0324 12,6 ,4,3,2.4 

(") 
0.3550 0.0727 12,6,4,3,2.4 0.2439 0.0680 12 ,6,4,3,2'.4 

Guernse),Pow. Pl. 0. 3324 0;0735 0.0953 0.0955 0.0149 0.0484 
(" 

Kortes, Pow. Pl . 0.6756 0.0311 0.4390 0.0521 0.2058 0.0530 
(") 

TABLE 17 

TYPE OF ~UTOREGRESSIVE LI NEAR DEPENDENCE MODEL FOR WEEKLY SERIES 

WATER NAME OBTAINED ORDER OF 
USE WI TH ~DEL 

For t Collins , Colo. r 
k,r Third 

Urban Denver, Colo. rk,r Thi rd 
Greeley, Colo . rk, r Third 

Carter Lake, Colo. ~k Third 
Irrigation Hansen Canal , Colo. rk Second 

Hydropower A. B. Adams Tunnel , Co . r k Third 
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TABL£ 18 

TYPE OF AUTOREGRESSIVE LINEAR DEPENDENCE MODEL FOR MONTHLY SERIES 

WAHR NAME OBTAINED ORDER OF 
USE WITH MODEL 

Fort Collins, Colo. rk,t Third 

Denver, Colo. ;.k Third 

Greeley, Colo. rk Second 

Colo. Springs, Colo. ;.k 
• 

Third 

Urban Milwaukee, Wise. rk,t Second 

Dallas, Texas ~k,t Second 

L. Angeles, calif. rk Second 

s. Fernando, Calif. ;.k Third 

Fresno, Calif. rk Third 

Bakersfield rk,t Third 

Hanford, calif. rk,t Tllird 

Visalia, Calif. rk Third 

Alpine Irr. CO. ,Ut. rk,T Third 
American Irr.Co. ,Ut. rk,t Third 
North Bench Irr.Co. ,Ut. rk,t Second 

Irrigation Lehi Irr. Co., Utah rk,t Third 
Plesanr Grove lrr.Co.Ut ~k.t Second 
Carter Lake, Colo . rk Third 
Hansen Canal, Colo. ~k Third 
Mirage Flats, Colo. rk Third 

A. B. Ada~s Tunnel, Co. rk Third 
G. Mountain Pow.Pl., Co. rk,t Second 
Estes Park Pow.Pl., Co. ~k Second 
Marys Lake Pow. Pl.,Co. rk Thi rd 

Hydropower Pole Hill Pow.Pl., Co. rk . t Third 
Flat Iron Pow.Pl., Co. rk, t Second 

Guernsey Pow.PI. , Wyo. ~k Third 
Kartes Pow.Pl •• Wyo. rk Second 
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Figure 33 Computed r
1 

and fitted periodicity 
( T 

p
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in the first autocorrelation coeffi-,r 
cient of Eqs. (20) and (16), respectively, 
for weekly urban water use of Fort 
Collins, Colorado. 
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34 Computed r2 and fitted periodicity 
,T 

p2 ,r in the second autocorrelation coeffi-
cient of Eqs. (20) and ( 16), respectively, 
for weekly urban water use of Fort 
Collins, Colorado. 
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Figure 35 Computed r3 and fitted periodicity · ,r 
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in the third autocorrelation coeffi-

cient of Eqs. (20) and ( 16), respectively, 
for weekly urban water use of Fort 
Collins, Colorado, 1930 - 1969. 
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36 Computed r
1 

and fitted periodicity 
,T 

p 
1 7 

in the first autocorrelation coeffi-
cien't of Eqs. (20) and ( 16), respectively, 
for monthly urban wa ter use of Fort 
Collins, Colorado, 1930 - 1969. 
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Figure 37 Computed r2 and fitted periodicity ; r 

.II 

.71 
..., 
I 

"' ·" 
"' ,_ 
z ... .so 
...... ... ... . .. ... 
0 ...... 
z 
0 ·" ,_ ... 
_J ... 
0:: 
0:: 
0 

.ll 

..... 
0 . I I 5 ... 

· . tl 

·. I I 
I 

Figure 

p, in the second autocorrelation coef· 
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ficient of Eqs. (20) and (16), respectively, 
for monthly urban water use of Fort 
Collins, Colorado, 1930 -- 1969. 
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38 Computed r
3 7 

and fitted periodicity 
p

3 7 
in the third autocorrelation coeffi­

cient of Eqs. (20) and (16), respectively, 
for monthly urban water use of Fort 
ColJins, Colorado, 1930 - 1969. 
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p
1 

in the first autocorrelation coeffi-,r 
cient of Eqs. (20) and ( 16), respectively , 
for monthly urban water use of Dallas, 
Texas, 1950- 1969. 
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Figure 40 Computed r2 r and fitted periodicity 
p2 in the second autocorrelation coef-

,T 
ficient of Eqs. (20) and (16), respectively, 
for monthly urban water use of Dallas, 
Texas, 1950 - 1969. 
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Figure 41 Computed r 3 .r and fitted periodicity 
p,. in the third autocorrelation coeffi-_.,r 
dent of Eqs. (20) and ( 16), respectively, 
for monthly urban water use of DaUas, 
Texas, 1950 - 1969. 
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Figure 42 Computed r
1 

and fitted periodicity 
,T 

p
1 

in the fust autocorrelation coeffi-,r 
cient for monthly urban water use 0f 
Bakersfield, California, 1944 - 1965. 
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Figure 43 Computed r
2 

and fitted periodicity 
,r 

p
2 

in the second autocorrelation coef-
,r 

flcient for monthly urban water use of 
Bakersfield, California, 1944 - 1965. 
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Figure 44 Computed r
3 

r and fitted periodicity 
p

3 
r in the thlrd :J.Utocorrelation coeft1-

cien't for monthly urban water use of 
Bakersfield, California, 1944 - 1965. 
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45 Computed r
1 

and fitted p 1 in 
,'T ,1' 

the 
for 
of 

/ 
I 

first auto corre Ia tion coeffkient 
week ly irrigation water deliveries 
Carter Lake, Colorado . 1957 - 1969. 
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Figure 46 Computed r2 ,r and fitted P2 ,r in the 
second autocorrelation coefficient for 
weekly irrigation water deliveries of 
Carter Lake, c,1lorado, 1957 - 1 969 . 
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Figure 47 Computed r
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and fitted p
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third autocorrelation coefficient or week-
ly irrigation water deliveries of Carter 
Lake, Colorado 1957 - 1969. 
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Computed r
1 

and fitted p 
1 

in the 
1
r ,T 

first autocorretation coefGcient for week-
ly hydropower water usc of A. B. Adams 
Tunnel, Colorado, 1953 - 1965. 
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Figure 49 Computed r2 ,r and fitted p2 ,T in the 
second autocorrelation coefficient for 
weekly hydropower water use of A. B. 
Adams Tunnel, Colorado, 1953 - 1965. 
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Figure 50 Computed r3 T and fitted p3 r in the 
third au toconelation coefficients for 
weekly hydropower water use of A. B. 
Adams Tunnel, Colorado, 1953 - 1965. 



5.4 Distributions of Independent Stochastic Com­
ponents 

TI1e normal, lognormal-3 and gamma-3 pro­
bl:bility density functions are used for fitting the 
frequency distributions of independent stochastic 
components, ~ , of Equation (30). The best l1t 

!),T 
was choosen by the chi-square criterion. 

The results obtained indicate th3t for weekly 
series of wat~;r use the normal function approximates 
well the frequency distribution of the independent 
stochastic component. Only in the case of weekly 
series for Denwr, Colorado, the lognormal-3 function 
gave a better fit. The parameters obtained for each 
case are given in Table (19). Figure (51) gives an 
example of the frequency distribution and the fitted 
normal density and cumulative distribution functions 

for the independent stochastic component \)f weekly 
series of Fort Collins, Colorado. 

Four out of twelve distributions of ~ of 
p,T 

monthly series of urban water usc are well fitted by 
the normal function, six by the lognormal-3, and the 
remaining two by the gamma-3 function. ln the case 
of irrigation water use, the lognormal-3 function was 
best for five .;ases and the gamma-3 for the other 
three. In the case of hydropow~r the normal function 
was best for six series, the lognormal-3 for one series, 
and the gamma-3 function for the other one . For all 
cases the estimated parameters of distributions are 
giv~n in Table (20). Figures (52). (53), and (54) show 
the empirical frequency distributions and the fitted 
density md cumulative distribution functions for 
three cases, of urban and irrigation water use. 

TABLE 19 

DISTRIBUTIONS OF THE INDEPENDENT STOCHASTIC COMPONENT 

OF WEEKLY WATER USE TIME SERIES 

PARAMETERS (*) 
WATER USE NAME DISTRIBUTION 

A B c 

Fort Collins , Colo . Normal 0.000 o. 730B 
Urban 
liater Oenver, Colo. Log normal 3 2.5001 0.0660 -12 .200 
Use 

Greeley, Colo. Nanna 1 0.000 0.7666 

Irrigat1cn Carter Lake, Colo . Norma 1 0.000 0.6769 
Water 
Use Hansen Canal, Colo. Normal 0.000 0.7239 

Hydropower A. B. Adams Tunnel Normal 0.000 0.9386 
Water Use (Big-Thomp.Proj,Co) 

• For norma l distribution: For log normal 3 distribution: 
A = mean A = mean of t he l n of ((-C) 
B = standard deviation B = standard deviat ion 

C • lower boundary 
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TABLE 20 

DISTRIBUTION OF THE INDEPENDENT ~TOCHASTIC COMPONENT 

OF MONTHLY WATER USE TIME SERIES 

PARAMETERS (* ) 
~~TER USE IWIE DISTRIBUTION 

A a c 
Fort Col lins, Colo. Log normal 3 2. 3338 0.0799 -10.3500 
Denver, Colo. Galll!la 3 8.8181 0.3277 - 2.8895 
Greeley, Colo. Normal 0.000 0.9390 
Colo. Spr ings , Colo Norma 1 0 .000 0.8890 

Url>an Mil waukee, Wi sc . Log normal" 3 2.3519 0.0916 -10.55DO 
Water Dallas, Te~u Log normal 3 1.7995 0.1482 -6.1088 
Use l.Angeles, Calif. Log normal 3 2.8890 0.0522 -18.00 

S. Fernando, Calif. log normal 3 2.3612 0.0934 -10.650 
Fresno, Cal if. Gamma 3 117.5665 0.0880 -10.3474 
Bakersfield, Cali f . Normal 0.000 0.9670 
Hanford, Ca 1 if. Log normal 3 2.66g3 0.0623 - 14 .4575 
Visalia , Calif. Normal 0.000 0.9510 

Al pine,Irr .Co. ,Utah Log normal 3 1.3795 0.1943 - 4.0462 
American Fork, Utah Log nonnal 3 1. 5159 0 .1767 - 4.6227 

Irrigation North Bench, Utah log normal 3 2.4953 0.0798 -12.1630 
Water Lehi , Utah Garrma 3 15.0595 0.2062 -3.1039 
Use Pl esanr Gro~e , Utah Log normal 3 1.6056 0.1627 - 5.0445 

Carter Lake, Colo. Log normal 3 1.4001 0 .2048 - 4 .1423 
Hanten Canal, Colo. Gallina 3 8.8512 0 . 2740 - 2.4224 
Mirage Flats, Nebr. Gal\llla 3 23.9156 0.1981 - 4.7392 

A.B. Adams Tunnel Log nonnal 2.3126 0.0709 -10.1250 
G. Kountain, Pow.Pl Norma 1 0.000 0.8834 
Estes Park, Pow.Pl. Normal 0.000 0.7014 

Hydropower Marys Lake, Pow.Pl. Nonnal 0.000 0.7381 
Water Pole Hill, Pow. Pl. Gaana 3 59.5933 0.1126 - 6.7120 
Use Flat lron, Pow.Pl. Nol'llllll 0.000 0.8446 

Guernsey, Pow.Pl. Normal 0 .000 0.9814 
Kartes, Pow.Pl. Normal 0.000 0.7396 

For normal distribution: For Log normal 3 di stribution: For Garrma 3 distribution: 
A = mean 
8 • standard deviation 

A ~ mean of the 1 of (t·C) A • shape parameter 
8 • standard devi~tion of 1 ((-C)8 • scal e parameter 

n C • lower boundary 
C • lower boundary 
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Figure 51 Empirical (I ) and fitted normal density (2) and cumulative distribution 
(3) functions of the independent stochastic component of weekly water 
use series of Fort Collins, Colorado. 
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Figure 52 Empirical (1) and fitted lognormal - 3 
density (2) and cumulative (3) distribu­
tion functions of the independent sto­
chastic component of monthly water use 
series of Fort Collins, Colorado. 
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Figure 53 Empirical (1) and fitted lognormal - 3 
density (2) and cumulative (3) distribu­
tion functions of the independent sto­
chastic component of monthly water use 
series of Los Angeles, California. 
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5.5 Relation Between Water Use Series, Temperature, 
and Precipitation 

Cross correlation and coherence functions are 
used for investigating the linear relations between the 
temperature, precipitation, and water use time series . 
For doing this the trends in the mean and in the 
standard deviation are first removed from the series 
of water use . 

The cross correlation functions of the series 
z of Equation {5) are first obtained for monthly 

p,T 
temperature and water use, and monthly precipi-
tation and water use series for the cities of Denver, 
Colorado, and Dallas, Texas. Figures (55) and (56) 
show these results for the case of Denver. These 
figures show that the cycle in both temperature and 
precipitation series are linearly related to the cycle of 
the water use series. The highest cross correlation co­
efficient of about 0.90 was obtained for the series of 
temperature and .water use, and of about 0.40 for 
precipitation and water use. These figures also show 
that temperature and water use are both in phase; on 
the other hand, a difference in phase of two months 
exists between the precipitation and water use; that 
is, the peak of precipitation occurs two months 
earlier than the peak of water use . 

(k) rzm 
tD r-~~~----,----------------, 

- .2 

-.4 

-.6 

-3.0 -2.0 -1 .0 0.0 1.0 2 .0 3.0 4 .0 5.0 - B 

Figure 54 Empirical (1) and fitted lognormal - 3 
density {2) and cumulative {3) distribu­
tion functions of the independent sto­
chastic components of monthly irrigation 
deliveries of Alpine Irrigation Company, 
Utah. 
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Figure 55 Cross-correlation function between month­
ly temperature and water use series before 
the periodicities are removed from the 
series. Data correspond to Denver, Colo­
rado. 
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Figure 56 Cross-correlation function between month­
ly precipitation and water use series 
before the periodicities are removed from 
the series. Data correspond to Denver, 
Colorado. 

The analysis in the frequency domain shows 
basically the same result as obtained by the cross 
correlation analysis. Figure (57) shows the coherence 
function between the monthly temperature :~nd 
monthly water use, with a high value of almost 1.0 
observed for the frequen~:y .:orresponding to the 
annual cycle. When the effc~:t of precipitation is 
subtracted, the partial coherence function of Figure 
(58 ) shows pmctically the same result as the 
coherence function of Figure (57), indicating that 
both the temperature and precipit:ltion are signifi­
cantly related to W:Jter use. This same result may be 
inferred from Figures (59) and (60) which give the 
coherence and partial coherence between the precipi­
tation and water use monthly series for Denver, 
Colorado. The above results only show the good 
relations at the frequency of the annual cycle 0f the 
three series of water use, pre..:ipitation and tempera­
ture; therefore, further investigation is made t'or 
studying the relation of the independent stochastic 
components of the above series. 

Figure (61 ) shows the ~:o rrelograms for inde­
pendent stochastic components of temperature, 
precipitation and water use monthly series for 
Denver, Colorado. These independent components 
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Figure 57 Coherence function between monthly 
temperature and water use series before 
the periodicities are removed from the 
series. Data correspond to Denver, Colo­
rado. 
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Figure 58 Parti:!l .:oherence funcrion betwl!en 
monthly temper:.ture :md water use 
(effect of preo;ipitJtion subtract!!d from 
the analysis) before the periodicities :lrc 
removed from the series. Data correspond 
to Denver, Colorado. 
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Figure 59 Coherence function between monthly pre· 
cipitation and water use series before the 
periodicities are removed from the series. 
Data correspond to Denver, Colorado. 
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Figure 60 Partial coherence function between the 
monthly precipitation and water use 
(effect of temperature subtracted from 
the series) before the periodicities are re­
moved from the series. Data correspond 
to Denver, Colorado. 
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Figure 61 Correlograms for independent stochastic 
components of monthly (a) water use, (b) 
precipitation, and (c) temperature for 
De~ver, Colorado. 
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arc determined in th~ ':.tm~ w:Jy :.ts f~.>r uth.:r •.tnJ0ic~. 
The ..:ro~~ ..:urr<!l:ttion fun.; rion vf indeper:J.:nt ..:um­
ponents •>1. tcmp<!wtur.: :,nd w:.~tcr us.; anJ o!" plc.;ipi­

lation :!nd wa tl!r usc :.trc shown in F 1gu rc$ ( 62) anJ 
(63). r:.!spc.;tivl!ly. Figure (62) show~ 1hat thcr<! i~ a 
rebtion at the lag t.:cro bctw..:en th~ in<.h::pt:nd..:ll" .;um­
j)l)nent:s of tcmpcr:nur.: anJ water ttsc and !hat t h~y 

ure uncorr~btt::J :Jt uthcr b gs. Similarly, Fittur..: (63\ 
~huws th:.tl thcre is J !dation :~1 the lag tcru bdwt:en 
:h<! inJcp..:ndcnt ,,>mpon.:nb .,f J>o"<!.:ipil.lliun anJ 
WJicr u<>c :md th;ll they arc um:qrrcbr..:d at util.:r 
Ia:,;~. 

Th:.! O.:•Jih·r..:nce ,;p..:.; tr3 ut :nJcpcndCIH COill­
pollC!l!~ o: t.:mpcr:~tur..: :ull.f \\,ttcr u~c :n.J ur' pn.:.;Jpi-
1:11 ion ·.tc.d water u~e ar..: \hown in thc Figure~ ( h-I ) 

:111d (66 l. fllc tlr~t p!tlt show:> a ,·vn~tan t ,;. >hcrcn.;c.:: 
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Figure:: 62 Cross corrd:.llion functi vn between th..: in­
dep..:ndent stodla~tic .:omp~llh.:nts uf 
munth.ly tempcraturc and w:ncr use for 
Denver, Culorado. 
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Figure 63 Cross correbtion function between the in­
dependent stochastic components of 
monthly precipitation and water use for 
Denver, Color;tdo. 
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Figure 64 Cohcren.;e function between tho.: inde­
pendent stocln~ tic •omponents or 
monthly temperature and water usc for 
Denver, Colorado. 
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Figure 65 Partial coherence function b~tween the in­
de pc n dent stochastic components of 
monthly temperature :~nd water use 
(effect of precipitation subtracted from 
the analysis) for Denver, Colorado. 
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Figure 66 Coherence function between the inde­
pendent stochastic components of month­
ly precipitation and water use for Denver, 
Colorado. 
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Figure 67 Partial coherence function between the in­
dependent stochastic components of 
monthly precipitation and water use 
(effect of temperature subtracted from 
the analysis) for Denver, Colorado. 
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Chapter 6 

ANALYSIS OF ANNUAL SERIES OF URBAN WATER USE 

6.1 Trends, Dependence Models, and Distribution 
Functions of Residuals 

Annual series of urban water use are analyzed 
for four cities in the United States and one in Canada. 
The five series are given as total values of water use 
(million gallons), and three of them also in unit values 
(gpcd). 

Trends, time dependence structure, and pro· 
bability distributions of the independent residuals are 
studied in all cases. These results are given in Tables 
(21) and (22). Table (21) gives for each city studied 
the type of trend and their correspondent polynomial 
regression coefficients. 

NAME 

Fort Collins , Colo. 
Colo. Springs, Colo. 
Ba 1 timore, Haryl and 
Baltimore, Maryland 
New York, New York 
New York, New York 
Montreal, Canada 
Montreal, Canada 

NAME 

Fort Collins, Colo. 
Colo. Springs, Colo. 
Baltimore, Maryland 
Baltimore, Maryland 
Hew York, New York 
New York, New York 
Montreal, Canada 
Montreal, Canada 

TABLE 21 

POLYNOMIAL REGRESSION COEFFICIENTS FOR THE TREND IN THE ANNUAL 

URBAN WATER USE 

ORDER OF REGRESSION COEFFICIENTS 
UNIT TREND A 8 

m.g. Quadratic 1,172.420 7.245 
m.g. Cubic 3,532.943 - 282.570 
m.g. Quadratic 13,088.346 302.060 
g.p.c.d . Quadratic gJ.120 1.368 
m.g. Quadratic 101 , 737.57 8187.10 
g.p.c.d. Quadratic 104.389 0.844 
m.g. Quadratic 44,792.895 1135 .30 
g.p.c.d. Quadratic 114.120 0.2569 

TABLE 22 

DEPENDENCE MODEL AND DISTRIBUTION OF TME INDEPENDENT 

STOCHASTIC COMPONENT FOR ANNUAL URBAN WATER USE 

c 
1.573 

25.118 
7.244 

. 0.0071 
-49.577 
- 0.0031 
17.344 
0.0267 

DEPENDENCE HODEL ·DISTRIBUTION 

D 

·0.276 

UNIT PARAMETERS PARAMETERS (,.) 
TYPE TYPE 

A B c 

lll.g. Normal 0.0 204.29 
m.g. Nonnal o.o 419.99 
m.g. First 0.825 H<lnnal 0.0 0.563 
g.p.c.d. First 0.766 Normal 0.0 0.633 
m.g. First 0.681 Honnal 0.0 0.729 
g.p.c.d. First 0.493 Normal 0.0 0.870 
m.g. Third 0.629 0.318 ·0.23 Lognormal-3 2.019 0.084 -7 .54 
g.p.c.d. Third 0.725 0.413 ·0.067 Lognorma1-3 l .593 0.116 -4.90 

*For Norma 1 : A • Mean For Lognormal -3: A • Mean of ln((-G) 
8 = Standard deviation 
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Figures (68) and (70) show the original series 
and the fitted quadratic trends in total annual water 
use (million gallons) for New York City, New York, 
and Baltimore, Maryland, Respectively. They both 
show upward trends. However, in the fust case the 
trend is convex upwards and in the second case it is 
concave upward. Figures (69) and (71) show the 
original and the fitted quadratic trends for unit 
annual water use (gpcd) for cities mentioned. 

Table (22) gives the type and parameters of the 
fitted dependence model to deviations from the 
trends for all cases studied. In the case of Fort Collins 
and Colorado Springs, Colorado, the residuals after 
removing the correspondent trends are found to be 
independent ; therefore, no dependence model was 
necessary to fit. On the other hand, for Baltimore, 
Maryland, and New York City, New York, the fust 
order autoregressive model resulted fn an independent 
residual series. Figures {72) and (73) show for the 
case of New York City, New York , the correlograms 
of residuals after removing the trend and of inde­
pendent residuals after removing the time dependence 
for both the total and unit annual water use, 
respectively. In both cases the correlograms show that 
after fitting a fust order model the residuals produced 
an uncorrelated series, so they may be assumed to be 
independent. In the case of Montreal, Canada, it was 
necessary to fit a third order model for obtaining 
un correlated residuals. Fitting these type of 
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Figure 68 Annual water use in million gallons and 
fitted quadratic trend for New York City, 
New York (1898 - 1968). 
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dependence models has physical significance in the 
cases studied because after removing the trends it is 
observed that positive or negative residuals in one 
year lead to positive or negative residuals in the 
following year, respectively. 

Table (22) gives also the type and parameters o.f 
the fitted probability distribution function to inde­
pendent residuals obtained in all cases studied. TI1e 
normal function fitted well the frequency distri­
bution in all cases except for Montreal, Canada, in 
which case the lognormal-3 function gave a better fit. 

6.2 Relation Between Annual Residual Series of 
Water Use, Temperature and Precipitation 

Cross correlation functions are used for investi­
gating the linear relation between annual residual 
series of water use and the annual precipitation and 
mean annual temperature for the cities of Fort 
Collins and Colorado Springs, Colorado. The three 
corresponding series of Fort Collins are shown in 
Figure (74). Figures (75) and (76) show the cross 
correlation functions between the mean annual tem­
perature and water use and between annual preci­
pitation and water use, respectively, for the case of 
Fort Collins. They do not indicate a significant corre­
lation, and some high values may be due to sampling 
variability only. 

= w 
~ 10 • 

QC 
w .... 
oC 
X 

50. 

;;J 
~ z: 
~ 

•o • 

20. 

10. ZD. ,., ... 5e. 50. 

Tit'( IN Y(ARS 

Figure 69 Annual water use in g.p.c.d. and fitted 
quadratic trend for New York City, New 
York (1898 - 1968). 
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Figure 70 Annual water use in million gallons and 
fitted quadratic trend for Baltimore, 
Maryland, {1885 - 1968). 
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Figure 71 Annual water use in g.p.c.d. and fitted 
quadratic trend for Baltimore, Maryland, 
(1885 ·- 1968). 
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Figure 72 Correlogram of the residuals y
1 

= X
1 

• 

Tm
1

, (I), and of the independent series 
~~, (2), after fitting the first order model 
with 95 percent tolerance level for inde­
pendent series. Data correspond to 
annual water use in m'illion gallons for 
New York City, New York. 
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Figure 73 Correlogram of the residuals Y1 = 
x

1 
• Tm

1
, ( J ) , and of the independent 

series ~ , (2), after fitting the first 
t . 

order model. Data corre::;pond to annual 
water use in g.p.c.d. for New York City, 
New York. 
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Figure 74 Annual series of precipitation, mean 
annual temperature and independent sto­
chastic component of water use for Fort 
Collins, Colorado, (1930 - 1969). 
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Figure 75 Cross correlation between the mean annual 
temperature and independent series of 
water use for Fort Collins, Colorado. 
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Figure 76 Cross correlation between the annual pre­
cipitat ion and independent series of water 
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Chapter 7 

EXPLAINED VARIANCES BY TRENDS, PERIODICITIES AND STOCHASTIC 

COMPONENTS OF WEEKLY AND MONTHLY SERIES 

7.1 General Procedure 

From Equation ( 1) the original series 
x may be written as p,r 

x = Tm + v (58) p,r p,r • p,r 

Therefore the variance of x is equal to p,r 

vJr {xp,J= var {Tmp,r} + var {y P ,r} , (59) 

because Tm and y are assumed and are close p,r e_,r 
to be independent. tsased on this equation the 
explained variance of the trend in the mean, denoted 
by EVTM becomes 

var{Tm } var {Y } p.r p,r 
EVTM = -va-r{.;-x-.}-" = l.O · var {x } 

p,r p.r 
(60) 

All explained variances described are relative to the 
total variance of the original series x . Equation p,r 
( 60) is used in the computed program TREND for 
obtaining the value of EVTM, although this explained 
variance may be also computed by using the re­
gression parameters estimated for the trend Tm . p,r 

After removing the annual trend in the mean, 
the trend in the standard deviation is. removed by 
using Equation (57) in order to obtain a constant 
standard deviation equal to Ts _. The explained p , . 
variance of the trend in the standard deviation 
denoted by EVTS is computed by 

EVTS = [var{Yp,,.} · var{ zp,r}J/var xp ,r 

or 

EVTS = [var {y } - (Ts )2 ]/var .f x } . (61) p ,r · p L p ,T 

Therefore, the variance explained by both annual 
trends in the mean and standard deviation denoted by 
EVT is 

EVT = EVTM + EVTS , (62) 

with EVTM and EVTS defined by Equations (60) and 
(6 1), respectively. 
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For flnding the explained variances by the 
periodic components, denoted by EVP, an approxi­
mation was made by assuming that the periodicities 
J.1 and o of Equation (5) are proportional or r r 
that o /JJ. = TJ = TJ , a const:.mt. Therefore, 

T T T 

Equation (5) is written as 

or 

* z - j.J. [ 1 + TJ € J - j.J. € (63) p,T 7 p,r T p,r 

By logarithmic transformation this equation becomes 

)O!! 7. = log J.1 + log e* 
~ p,r T p,r (64) 

which is used for finding the explained variance of 
the periodic and stochastic components denoted by 
EVP and EVS, respectively. It follows 

var{logzp,r}=var {logJ.1,.} +var { loge~,r} , (65) 

so that 

var {log J.L,.} 
EVP = - ---rr----.:--

var pog zp ,r} 
and 

var {loge* } p,r 

EVS = va1 { loa z } b p ,T 

var {z } 
(>,T 

(66) 

(67) 

The use of logarithms to transform a product of 
two variables into their sum of logarithms has a bias, 
but this is the practical way of determining an ap­
proximate explained variance of each of these vari­
ables. The concept of explained variances is mainly 
developed under the assumption that there is a sum 
of several variables to account for the variation of a 
dependent variable. 

In some cases the approximation referred to the 
proportionality of JJ.

7 
and ar was not accurate 

mainly due to the differences in phases of JJ.
7 

and a and nonproportionality of corresponding 
T 

amplitudes. In such cases the explained variance of 



the periodic component was approximated with the 
variance of JlT only. 

7.2 Results 

Tables (23) through (32) give variances and 
explained variances obtained in the analysis of weekly 
and monthly series of each type of use. All the 
explained variances showed in these tables are given 
in percent, either relative to the variance of the 
original series or relative to the variance left after 
removing the annual trends. 

Tables (23) and (28) give the means and vari· 
ances of original series x for the weekly and p,T 
monthly series, respectively. Table (24) gives the 
explained variances by trends in the mean and 
standard deviation of the weekly urban water use 
series. It is interesting to observe the different values 
of EVTM obtained for the dties in Colorado, while in 
the case of Denver EVTM it is only 6.10 percent, for 
Fort Collins it is as high as 36.20 percent. 

The explained variances by periodic com­
ponent, EVP, for weekly series of all type of use 
studied, are given in Tables (25) and (27). Table (25) 
gives the explained variances relative to the variance 
of the original series x , while Table (27) gives 

~,T f af . th them relative to the vanance le t ter removmg e 
trends. In the fust case, the explained variances of the 
urban series studied varied for 40.90 percent to 73.80 
percent while in the second case they varied from 
70.20 percent to 8 1.50 percent. In the case of irri· 
gation the resulting values of EVP are similar and 
greater than 50 percent and for the hydropower series 
studied it was only 23.70 percent. 

The explained variances by stochastic com­
ponents of weekly series of all uses are given in Tables 
(25) and (27). Table (25) gives the explained vari· 
ances relative to the variance of the original series 
xP T' while Table (27) gives them relative to the 
variance left after removing the trends. The most 
notable result is that the variance explained by the 
stochastic components changes considerably 
according to the type of use. For example, for urban 
use they vary from 8.50 to 29.80 percent, for irri· 
gation use they are 37.40 and 44.10 percent, and for 
hydropower use 76.30 percent. ('These percentages 
are relative to the variance of the series after the 
trends were removed). Table (26) gives a summary of 
the explained variances by trends, periodicities and 
stochastic components, relative to the variance of the 
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original series x T , and Table (27) gives a summary 
of the explainecl\ariances of periodic and stochastic 
components relative to the variance after the trends 
are removed. 

Table (29) gives the explained variances by 
trends in the mean and standard deviation for the 
monthly urban water use series studied. The resulting 
EVTM values varies considerably. For example, in 
Colorado the value of EVTM for Colorado Springs 
was as high as 61.70 percent; on the other hand, in 
Denver it was only 7.00 percent. In the case of 
California it is interesting to note that for cities 
located in the south coastal area the EVTM values are 
high; 54.10 percent for Los Angeles and 67.00 
percent for San Fernando. On the other hand, for 
cities located in the Tulare Lake Basin they are re­
latively low varying from 14.20 percent to 19.80 per­
cent. The explained variances EVTS are low in 
general, varying from 0.90 percent to 7.60 percent. 

The explained variances by periodic com­
ponents of monthly values show a variety of results. 
They are given in Tables (30) and (32). For the case 
of urban water use, they vary from 24.10 to 78.70 
percent when the explained variances are relative to 
the variance of the original series xp,T , they vary 
from 76.0 to 95.90 percent when they are related to 
the variance after the trends are removed. These last 
percentages give a better idea of the seasonal effect 
on water use. It is interesting to note in the case of 
the California cities the effect of different geographic 
locations on the explained variances by the periodic 
components. While cities located in the south coastal 
area have values of EVP of 78.30 and 85.10 percent, 
the cities located in the Tulare Lake Basin have higher 
values, varying from 94.90 to 95.90 percent. 

For the case of monthly irrigation, the EVP 
values vary from 72.90 percent to 81.00 percent 
except for one case in which it was only 38.20 per· 
cent. Opposite results are obtained in the case of 
hydropower for which they vary from 8.35 percent 
to 29.60 percent except in one case in which it was 
80.50 percent. 

Tables {30) and {32) give the explained vari· 
ances by stochastic components of monthly series of 
all uses studied. Table (30) gives the explained vari· 
ances relative to the variance of the original series 
x while Table (32) gives them relative to the 

p,T' 
variance after the trends are removed. In the case of 
urban use, the variances explained by the stochastic 



component vary from 4.10 to 24.00 percent, in the 
ca.sc of irrigation from 19.00 to 61.80 percent, and in 
the case of hydropower from 19.50 to 91.65 percent. 
Finally, Table (31) gives a summary of the explained 
variances by trends, periodicities and stochastic com-

ponents, relative to the variance of the original series 
xp,T and Table (32) gives a summary of the 
explained variances of periodic and stochastic com­
ponents relative to the variance after the trends are 
removed. 

TABLE 23 

GENERAL MEAN AND VARIANCE OF THE WEEKLY WATER USE TIME SERIES 

WATER USE NAME MEAN ~ VARIANCE S~. 

Urban Water Fort Collins, Colo. 36.380 484.614 

Use Denver, Colo. 852.285 195,075. 531 
Greeley, Colo. 48.434 795.774 

Irrigation Carter Lake, Colo. 981.779 1,178,810.81 
Water Use Hansen Canal , Colo. 1548.500 3,151.511.41 

Hydropower A.B. Adams Tunnel 2067.183 1,454,485.020 

llater Use (~ig-Thomp. Proj. Colo . ) 

MG: million gal lons sfd: second feet da.y 
cfs-w: cubic feet per second (per week) 

TABLE 24 

EXPLAINED VARIANCES BY TRENDS IN THE MEAN AND 

STANOARD DEVIATION OF WEEKLY URBAN WATER USE TIME SERIES 
(relative to the variance of the original series x ) p,t 

UNIT · 

M.G. 
M.G. 
M.G. 

sfd. 
sf d. 

cfs-w 

Trend i n 
Trend in the Mean the Standard Deviation 

NAME 
Type of Explained Type of Explained 

Trend Variance Trend 
Variance 

(percent) (percent) 

Fort Collins, Colo. Quadratic 36.20 Quadratic 5. 70 
Denver, Colo. Linear 6.10 Quadratic 3.50 
Greeley, Colo. Linear 12.00 Linear 3.00 

TABLE 25 

EXPLAINED VARIANCES BY PERIODIC AND STOCHASTIC COMPONENTS 

OF WEEKLY WATER USE TIME SERIES 
(relative to the variance of the original series xp.~) 

EXPLAINED VARIANCES (percent) 
WATER USE NAME PERIODIC STOCHASTIC 

Fort Collins, Colo. 40.90 17.20 
Urban Water Use Denver, Colo. 73.80 16.60 

Greeley, Colo. 62.50 22.50 

Irrigation Carter Lake, Colo. 55.90 44.10 
Water Use Hansen Canal, Colo. 62.60 37 .40 

Hydropower A.B. Adams, Tunnel 23 .70 76 .30 
Water Use (Big Thompson Pro., Colo . ) 
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TABLE 26 

SUMMARY OF THE EXPLAINED VARIANCES BY TRENDS, PERIODIC AND STOCHASTIC COMPQNENTS OF 

THE WEEKLY WATER USE TIME SERIES (In percent, or rela tive to the variance of the original series x 
1

) 

EXPLAINED VARIANCES 

~TER USE NAME 
TRENDS PERIODIC !TIES STOCHASTIC COMPONENT 

Fort Collins, Colo. ~1.90 40.90 17.20 
Urban 
lo/ater Denver, Colo. 9.60 73.80 16.60 
Use 

Greeley, Colo. 5.00 62.50 22.50 

Carter Lake, Colo. 55.90 44.10 
Irrigation 
lla ter Use Hansen Canal , Colo. 62.60 37.40 

Hydropower 
~Iter Use 

A.B. Adams Tunnel 
(Big-Thomp.Proj. Co) 

23.70 76.30 

TABLE 27 

SUMMARY OF THE EXPLAI NED VARIANCES BY PERIODIC AND STOCHASTIC COMPONENTS OF THE WEEKLY WATER USE 

TIME SERIES (in percent or relative to the variance left after ~moving the trends) 

EXPLAINED VARIANCES 

WATER USE NAME 

PERIODICITIES STOCHASTIC CO.IPOHENT 

Fort Collins , Colorado 70.20 29.80 
Uri! an 
Wa ter Denver, Colorado 81.50 18 .50 
Use 

Greeley, Colorado 73.50 26.50 

Carter Lake, Colorado 55.90 44.10 
Irrigation 
Water Use Hansen Canal , Colorado 62.60 37.40 

Hydropower A. B. Adams Tunnel 23.70 76.30 
Water Use (Bfg-Thomp. Proj. Colo.) 
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TABLE 28 

GENERAL MEAN AND VARIANCE OF THE MONTHLY WATER USE TIME SERIES 

WATER USE NAME MEAN X VARIANCE s! 

Fort Coll i ns, Colo. 157.902 8 ,328.060 
Denver, Colo. 3699.252 3,226,398.234 
Greeley, Colo, 210.185 13,353.595 
Col o. Springs , Colo. 469.497 94 ,296.189 

Urban Milwaukee, Wise. 4213.185 685,245.415 
Water Dallas, Texas 3028.179 1,883,281.443 
Use l. Angeles , Calif. 7306.593 2,909,764.730 

S. Fernando, Calif. 2759.885 3,865 ,532.112 
Fresno, Ca 1 if. 1237 .832 568,591 . 737 
Bakersfield, Calif. 877.756 307 ,423. 035 
Hanford , Ca 1 if. 112.846 4,369 .723 
Visal ia, Calif. 174 .481 13,689.248 

Alpine lrr. Co ., Utah 1456.429 1,258,458.6 
American Fork, Utah 2588.571 5,738,155.1 

Irrigation North Bench, Utah 1213.333 307 ,488.89 
Water Lehi, Utah 1802.143 3,358,209.70 
Use Plesanr Grove, Utah 1740.714 1,568,413.78 

Carter lake, Colo. 4347.879 19,550,000.00 
Hansen Canal. Colo. 6857.635 51,306,029.60 
Mirage Flats, Nebr. 0.2136 0.041147 

A.B. Adams, Tunnel 318.879 21,382.83 
(Big-Thompson Proj, Co.) 
Green Mountain, Pow.Pl. 5274.429 13 ,340 ,723.80 
(") 
Estes Park, Pow.Pl . 
{') 

8285.603 18,260,100.70 

Hydropower Marys Lake, Pow.Pl. 3292.767 2,465,077.95 
Water Use ( " ) 

Pole Hill, Pow.Pl. 16874.635 20,335,611.20 
(") 
Flat Iron, Pow.Pl. 21 336.677 33,080,325.60 
(') 
Guernsey, Pow.Pl. 
(") 

2044.531 3,436,713.53 

Kartes, Pow.Pl. l1655.B53 32,192 ,115 .30 
(") 

*M.G. millon gallons 
a.f. acre-feet 
sfd. second-foot-day 
af/a acre-feet per acre 
cfs. cubic feet per second 
HGH. megawatts per hour 

UNIT 
(* ) 

M. G. 
M.G, 
M.G. 
M.G. 
M.G. 
M.G. 
M.G. 
M.G . 
M.G. 
M.G. 
M.G. 
M.G. 

a f. 
a f. 
af. 
a f. 
a f. 
sfd. 
sfd. 
af/ a 

cfs. 

MGH 

MGH 

MGH 

MGH 

MGH 

MGH 

MGH 

TABLE 29 

EXPLAINED VARIANCES BY TRENDS IN THE MEAN AND THE ST~~DARD 

DEVIATION OF MONTHLY URBAN WATER USE TIME SERIES {relative to 

the variance of the original series x
0

,T) 

TREND IN THE MEAN TREND IN THE STANDARD DEVIATION 
NAME TYPE OF EXPLAI NED TYPE OF EXPLAINED 

TREND VARIANCE TREND VARIANCE 
(percent) {percent) 

Fort Collins, Colo. Quadratic 39.90 Quadratic 5.20 
Denver , Colo. linear 7.00 Quadratic 3.50 
Greeley, Colo. Linear 13. 50 Linear 3.00 
Colo. Springs, Colo. Cubic 61.70 Quadratic 7.60 
Mi lwaukee, Wise . Quadratic 44.60 linear 2.80 
Dallas, Texas Linear 39.80 Linear 4.BO 
L. Angeles, Calif. Quadratic 54.10 Linear D.90 
S. Fernando, Calif. Cubic 67.00 Quadratic 1.90 
Fresno, Ca 1 if. Quadratic 14.20 Linear 3.80 
Bakersfield , Calif. Quadratic 19.80 Quadrat ic 4.20 
Hanford, Ca 1 if. Linear 14.50 Linear 5.60 
Visalia , Calif . Quadratic 16.20 Quadratic 5.80 



TABLE 30 

EXPLAINED VARIANCES BY PERIODIC AND STOCHASTIC COMPONENTS 

OF MONTHLY WATER USE TIME SERIES {relative to the v.rhnce of TABLE 31 

the origln.l series ~D.t) 
SUMMARY OF THE EXPLAINED VARIANCES BY TRENDS, PERIODIC AND STOCHASTIC COMPONENTS OF THE 

MONTHLY WATER USE TIME SERIES (relative to the variance of the original series xl!.• 

Water EXPLAINE.D VARIANCES (percent) EXPLAINED VARIANCES (percent) 
Use Name Periodic Stochutfc WATER USE NAME TRENOS PERIODICITIES STOCHASTIC COfiPONENT 

Fort Coll ins , Colo. 43.4D 11.60 Fort Collins, Colo. 45.10 43.30 11.60 Denver, Colo. 77.60 11.90 Denver, Colo. l0 .5D 77.60 11.90 Greeley, Colo. 72.10 11.40 Greeley, Colo. 16.50 72 .10 11 .40 Colo. Springs, Colo. 24.10 7.60 Colo. Springs, Colo. 68.30 24.10 7.60 Milwaukee, Wise. 45.80 6.80 Urban Milwaukee, Wise. 47.40 45.80 6.80 Dallas, Te~as 47.40 B.OO Water Dallas, Texas 44.60 47.40 8.00 Urban L. Angeles, Calif. 38.40 6.60 Use L.Angeles, Calif . 55.00 38 .40 6.60 S. Fernando, Cliff. 24.40 6.70 S.Fernando, Calif. 68.90 24.40 6. 7D Fresno, Ca 11 f. 78.70 3.30 Fresno, Calif. 18.00 78.70 3.30 0\ Bakersfield, Calif. 72.25 3.75 Bakersf ield, Calif. 24.00 72.25 3.75 0 Hanford, Calif. 75.80 4.10 Hanford, Calif. 20.00 75.80 4.10 Visa lfa, Ca 11f. 74.00 4.00 Vlulia, Calif. 22.00 74 .00 4.00 

Alpine lrr. Co., Utah 78.40 21.60 Alpine lr. Co., Utah 78.40 21 .60 American Fork, Utah 78.00 22.00 Irrigation American F. Co ., Utah 78.00 22.00 Irrigation North Bench, Utah 38.2D 61.80 North Bench Co. , Utah 38.20 61.80 Water Leht, Utah 78.00 22.00 Leht, Irra. Co., Utah 78.00 22.00 Use Pleasant Grove, Utah 76.00 24.00 Pleasant G. Co. , Utah 76.00 24.00 Carter Lake, Colo. 76.50 23.50 Carter Loke, Colo. 76.50 23.50 Hansen Canal , Colo. 72.90 27.10 Hansen Canal, Colo. 72 .90 27.10 Htrage Flats, Nebr. 81 .00 19.00 Mirage Flats, Neb. 81.00 19.00 
A.B. Adams Tunnel 21.90 78.10 
G. Mountain Pow. Pl. 29.60 70.40 

A. B. AdaMS Tunnel 21.90 78.10 Estes Park, Pow. PI • 15.10 84.90 
G. Mountain Pow. Pl. 29.60 70.40 )\ydropower Marys Lake, Pow. Pl. 26.25 73.73 
Estes Park Pow. Pl. 15 .10 84.90 Water Pole Hill , Pow. Pl. 20.95 79.05 

l(ydro power Marys Lake Pow. Pl. 26.25 73.75 Use Fltt Iron, Pow. Pl. 21.00 79.00 
Water Use Pole H111 Pow. Pl. 2D.95 79.05 Guernsey, Pow. Pl . 8D.50 19.50 

Flat Iron Pow. Pl. 21.00 79.00 Kortes. Pow. Pl. 8 .35 91.65 
Guerns~y Pow. Pl . 80.50 19.50 
Kortes Pow. PI • 8.35 91.65 

ll" ~ ... ~" ..... '! • .,.. ,_.._~..._..~ ..... .. __ .__..._.-" •~------·--,•.IIO•~ ............ ,.......~A*'"'....._......,_ftlt -11. 



TABLE 32 

Suw.ARY OF THE EXPLAINED VARIANCES BY PERIODIC AND STOCHASTIC COMPONENTS OF TilE l«lNTHLY 

WATER USE TIME SERIES (In percent or relative to the variance left after retnOving the trends) 

EXPLAINED VARIANCES 

WAT£R USE NAME PERIODICITIES STOCHASTIC COMPONENT 

Fort Collins, Colorado 79.00 21.00 
Denver, Colorado B6.60 13.40 
Greeley, Colorado 86.40 13.60 
Colo. Springs, Colorado 76.00 24.00 

Urban Milwaukee, ~iscons1n 87.00 13.00 
Water Dallas, Texas 85.40 14.60 
Use Los Angeles, California 85.10 14.90 

San Fernando, California 78.30 21.70 
Fresno, California 95.90 4.10 
Bakersfield , California 95.00 5.00 
Hanford, California 95.00 5.00 
Visalia , California 94.90 5.10 

Alpine lrr. Co., Utah 78.40 21.60 
American Fork, Utah 78.00 22.00 
North Bench, Utah 38.20 61.80 

Irrigation Lehi, Utah 78.00 22.00 
Water Use Pleasant Grove, Utah 76.00 24.00 

Carter Lake, Colorado 76.5D 23.50 
Hansen Canal , Colorado 72.90 27.10 
Mirage Flats, Nebraska 81.00 19.00 

A.B. Ad~ms Tunnel 21.90 78.10 
G. Mountain Pow. Pl. 29.60 70.40 
Estes Park, Pow. Pl. 15.10 84.90 

Hydropower Marys Lake, Pow. Pl. 26.25 73.75 
Water Use Pole Hill. Pow. Pl ~· -- 20.95 79.05 

Flat Iron, Pow. Pl. 21.00 79.00 
Guernsey, Pow. Pl. 80.50 19.50 
Kortes, Pow. Pl. 8.35 91.65 
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Chapter 8 

CONCLUSIONS 

Results of thls investigation of the stochastic 
structure of weekly, monthly and annual water use 
time series may be summarized in the following con­
clusions: 

(1) A general mathematical approach developed 
for the analysis of water use time series permits the 
identification, estimation, and removal of trends in 
the mean and standard deviation, periodicities in the 
mean, standard deviation and autocorrelation coef­
ficients, the investigation of time dependence, and 
finally the reduction of the original nonstationary 
?rocess, xp,r, to a second-order stationary and 
mdependent process ~ . p,r 

(2) A general deterministic-stochastic model 
Equation (34), for representing water use time serie; 
may be used for the generation of new samples of the 
process x~,,. by using the estimated or projected 
trends, estimated peri?dicities, and by generating new 
samples of the independent stochastic component 
~P ,,. , from its inferred probability distribution 
function. These generated samples may be used for 
the analysis, design and f uture operation of water 
resource systems. 

(3) Weekly series of urban water use are com­
posed 'of trends in the mean and standard deviation 
annual periodicities in the mean, standard deviatio~ 
and autocorrelation coefficients and a time 
dependent stochastic component. ' 

(4) Monthly series of urban water use are com­
posed of trends in the mean and standard deviation 
annual periodicities in the mean and standard devi: 
ation (and in some cases of annual periodicities in the 
autocorrelation coefficients) and a time dependent 
stochastic component. 

(5) WeekJy series of irrigation and hydropower 
water use is composed of annual periodicities in the 
mean standard deviation and autocorrelation coeffi­
cients and a time dependent stochastic component. 

(6) Monthly series of irrigation water use is 
composed of annual periodicities in the mean, 
standard deviation and autocorrelation coefficients 
and a time dependent stochastic component. 
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(7) Monthly series of hydropower water use is 
composed, in the cases studied, of annual periodici­
ties in the mean and standard deviation (in some cases 
of annual periodicities in the autocorrelation coef­
ficients) and a time dependent stochastic component. 

(8) Annual series of urban water use is com­
posed of trends and a time dependent or independent 
stochastic component. The time dependence of the 
stochastic component may be approximated by the 
first, second or third order autoregressive linear 
models. 

(9) The trends in the mean and standard devi­
ation of weekly and monthly series of urban water 
use is either linear or nonlinear (quadratic or cubic), 
and is well described by polynomial regression 
equations. The same characteristics are shown in the 
trends of annual series. 

(1 0) Periodicities in the mean, standard devi­
ation, and autocorrelation coefficients are well 
described by Fourier series, with the annual cycle (52 
weeks or 12 months) and its harmonics. 

(11) The time dependence of the stochastic 
component of weekly and monthly water use series 
may be well approximated by the second or third 
autoregressive Jine:1r models, with periodic or con­
stant autoregressive coefficients. The removal of this 
dependence leads to a second-order stationary and 
independent stochastic series. 

(1 2) The frequency distribution curves of the 
independent stochastic component of weekly, 
monthly and annual series of water use may be well 
approximated by the normal, lognormal-3 or 
gamma-3 probability distribution functions. 

(13) The variance explained by trend com­
ponents of urban water use in respect to the variance 
of the original series xp,r vary in the range of 9.60 
to 41.90 percent for weekly series and of 10.50 to 
68.90 percent for monthly series. 

(14) The variance explained by periodic com­
ponents of urban water use vary in the range of 70.20 

I 
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to S 1.50 percent for wccl.J.y se1i~s :lild of '76.00 tv 
95 .90 percent for momllJy s.!rks. For iHig:~<i•)Il \vawr 
u~c they are 55.90 :md 62.60 pcrc.:nt for lhc '.vcekly 
series ~tudicd and n ry in the range of 3~.20 to 81.00 
p.:rcent for monthly ~ric!). For hydJOpO'.v<!i watcr 
the figure is 23.70 percent for the weekly $Cri.:s 
studied and vary in the rangc of 8.35 w 30.50 per­
cent for mvn t hly series. 

(15) The varian.:c .:x.?bi::cd by the J:>.:lcpc;1J.:nt 
sh.>chasnc C•)mponcnt of urb;ui wat~r usc v:lt !C:· in 1.'\~ 

raugc uf 11.50 to '29 .~0 percent for w..:ckly sc:rks :1nd 
of -UO to 24.00 p..-n:cnt for montl1Jy series. Fur 
irrigation WJt~r, the figures are 37 AO :md 4·U 0 ?'!r­
Cl'IH f•)r the weekly series and 19.00 to ~ 1.00 pcrccnt 
for monthly sef.es. !=or hydropower w.:.t...r, th~ !'igurt' 
is 7 6 .30 percent fm the weekly series and 18.50 to 
';} 1 .65 percent for monthly senes. 
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( 16) Cross corrd:nion :llld a.lss :;peclral 
an~lysis show chat a linear r;::lation exists between the 
.:.lnt•al ..:ydes oi rempernure, pre..:ipitation and W:Itcr 
L:.:ic ~-:rio;:s. T t:mpcrature and w:ttcr use :tnnuJ] C) ~..:cs 
were in phase; however. :J diffcrcncc.: in ph:.~sc is f,1und 
!'.;r tlli! :mr.uaJ :;:dcs vf i)rccipitation Jnd \val~·r u~e. 
fur data •)f ::>~nvu, Culowdo. 

( 1 7) Cross ·:urrebtion :1nd Cf\')~~ spectr:Jl 
::.:i tl~sis show t:lat .1 lir.c:Jr rcbtion c<Xists bctWI!cll rhl! 
l!ldcpe :: ·)~nt stoch:J$tic cc)mi:un..:n:.s of t<!mp..:r:lturc. 
t:rccipit~tion and water use. 

( 18) ~v si .;nirk~mt corrcbtion is ~"•)tmd 

between th..: :lll'tu:ll values •)l m-:.1n temperature, ~·nal 
prcdplt:llion :~:td residuals of ::nnual w:.~ tcr u$e for 
urban water u~e at Fort C.:>llins :llld Color:Jdo Springs, 
Colorado. 
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Appendix I 

MATHEMATICAL MODEL OF DAILY WATER USE IN CASE OF WEEKLY PERIODICITY 

In .:ases where the weekly periodicity is statis­
tically significant, the procedure outlined in 3.2 and 
3.3 (Chapter 3) may be extended to daily series as 
follows. 

The trends in the mean and standard deviation, 
the within-the-year periodicities in the mean, 
standard deviation and autocorrelation coefficients 
are first removed from the original process x , as 

p,r 
described in 3.2 and 3.3 (Chapter 3), by obtaining the 
process ~ ~ of Equation (26). In cas.e of weekly p,. 
periodicity significant, further transformation is 
necessary to obtain ~ . 

p,r 

Consider the process ~ of Equation (26), p ,r 
denoted by ~;,r' where r = J , 2, ... ,w~with 
w* equal to 7, and p = 1 ,2, ... n*, with n* the 
number of weeks in the series....Sirnil.:u..pwcedmes as 
in 3.2 and 3.3 is followed for removing the weekly 
periodicity from ~* r. Therefore from Equation (5) p , 

~* = J.l* + a! c* 
p ,r T ' p ,r 

(68) 

in which p* and a* are weekly periodic mean and r r 
standard deviation of the process, ~* , and tt' is p,r p.r 
the stochastic component. The removal of p* and 

r 
a* from ~* may, in many cases, be sufficient for 

T p,T 
obtaining a second-order stationary and independent 
process. If proper statistical tests show that E*P still ,r 
is nonstationary, then the weekly periodic auto-
correlation coefficients may be removed fro m the 
series e* . By estimating pk* as in Equations 

p~ ~ 

(1 6) , (17), ( 18) :md (20), and subsequently by 
using Equation (30), this can be achieved. That is, 

m 
€* · ~ a:" . e* . 

p ,T j= l ) ,T·) p ,T · ) 

~ =- --------- -
p,r m m 

[I ·~ ~ 
i=l j=l 

k=i if i<q (69) 
k=j if i>j 
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in which a;!' . are expressed in function of 
).T· ) P: r ·i for k, j = 1 ,2,3 , as in Equations (24), or 

(2S) and (26) or (27), (28) and (29), and 
with pk~ . estimated by r,* . of Equation (20). 

T·J K 7J 
The ~ _· process of Equation ~69) is now a second-p . • 
order stationary and independent stochastic process. 

Therefore, the most general model for repre­
senting water use time series, considering the trends 
in the mean and in the standard deviation, the annual 
and weekly periodic mean, standard deviation and 
autocorrelation coefficients, and the time dependence 
of stochastic component, is 

x = Tm + Ts [f.l. +a [ ~ 0'. . c . + 
p.r p,r p ,r r 7 j=l J,T ·J p.r·J 

1 - ~ ~· 0'. a. . p . . ~ 
( 

m ~ ) 112 * J] i= 1 j'=l 1,r· l J,T·J h ·JI,k p ,r 
(70) 

with k = i if i < j and k=j if i > j: r= 1,2,3, ... , 
w, and w = 365 days, p = 1, 2, ... , n, and n = 
number of years, and ~; _

7 
given by 

[ 

1l1 
~* = p* +a* ~ a* . c* . + 

p,7 T r j=J J,T·J p,r·J 

( I - ~ L a.* . c.:~ . p* . . ) 
1 12 ~ ] i=l j=J 1,r-1 J,T·J h -JI,k p,r (71) 

with k= i if i < j and k =j if i > j: T = l,2 , ... , 
w*, w* = 7 days, p = 1, 2, ... , n* , and n* = number 
number of weeks. 

Equation (70) constitutes the most gener:1l 
model for the structural mathematical description of 
daily water use time series; any degree of simplifi­
cation can be made by proper statistical tests. 



Appendix 2 

FITTING OF PROBABILITY DISTRIBUTION F UNCTIONS TO F REQUENCY DISTRIBUTIONS 

OF STOCHASTIC COMPONENTS 

2.1 Estimation of Parameters 

The parameters are estimated by the maximum 

likelihood method. The maximum likelihood esti-
...-.. 

mator 8 is obtained by solving the equation 

aL(8, x
1 

, ..• , x
0

) 

ao 
for each parameter 8. 

= 0 ' (72) 

Based on the above equation, the maximum 

likelihood estimators of parameters of the three 

distribution functions used (normal, lognormal-3, 

gamma-3) are given (Markovic, 1965) for the normal 

density function of Equation (31) by 

A 1 N 
p. = !iT L ~. ' 

i=I I 

(73) 

[ 
l N ] 1/2 

~= -N ~ (~. -PY 
1=1 I 

(74) 

as the estimates of the mean and standard deviation, 

respectively, with N the sample size; for the log­

normal-3 density function of Equation (32) 

....-.. l N "' 
(ln J.L ) = n L ln(~. · ~ ) , 

n •~ i=l 1 o 
(75) 

as the estimate of the population mean, 

[
I N "' A 21 1 /2 

0
0 

= n . L (ln(~. - ~ ) - In J.L ] , 
1~ 1=l 1 o n 

(76) 

as the estimate of the population standard deviation, 

and 

(77) 

as the equation which can be solved by iteration 
procedure giving the location parameter estimate, 
f

0
; for the gamma-3 density function of Equation 

(33) 

1 / 2 

1 + f +r[InCf-~)-k i~1 ~n(~i - ~)]} g: 

~ - "' l.N "' ~ 4 In(~- ~ ) -N L In(~. - ~ ) 
0 i= J I 0 (78) 

as the estimate o f the shape parameter a, with 1a a 
correction factor tabulated in functio n of g values 
and r is the mean of the ~i values; 

g = l- (~ · fo) 
a 

(79) 

as the estimate of the scale parameter a, and 13. 

1 + {1 + ~[ln(I- f ) · .L ~ ln(~. -f ~ }
112 

5 o N i=l 1 oj 

I +{1 + y rln(~ · f ) · ~ .~ In(~. · f )l }
112 

• 4 [In(~ · ~ ) · k. ~ ln(~i · ~0 ~ 0 t=l I 0 ~ 0 1:} 'J 

(t 1 ) .L ~ (_l_) = 0 ' (80) 
• <> • '>o N i= l ~~ ·'lo 
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as the equation which can be solved by an iteration 
A 

procedure giving the location parameter estimate ~ . 
0 

2.2 Fitting Criteria 

Several criteria can be used for testing the good­

ness of fit of a probability distribution function to 
frequency distributions. The chi-square test, the 

likelihood ratio test, the Smirnov-Kolmorogov 
statistic test may be used. In this paper the chi-square 

test was used as described below. 

The basic concept of the chi-square test is 
summarized as follows. The total range of sample 
observations is divided into k mutually exclusive 
cl:~ss intervals, each h2ving the observed class fre­
quency Ni and the corresponding class probability 
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Pi' i = I , 2, ... , k. The meosure of the departures 
between the observation frequencies N. and the 

I 

expected probabilities NPi (corresponding to the 
distribution function to be fit ted) is defined as the 
chi-square statistic 

xz = ~ (N~- NPY 
i=lpi 

(81) 

This st:ltistic is asymptotically chi-square distributed 
with k-1 -r degrees of freedom. where r is the 
number of parameters already estimated from the 
observed data. 

The chi-square test prescribes the critical 

val ue x; for a given confidence level so that 
for x~ < x2 the null hypothesis of a good fit is ac-

0 

cepted, and for x2 ~ x2 it is rejected. o, 



Appendix 3 

ESTIMATION OF THE COHERENCE AND PHASE FUNCTIONS 

In estimating the coherence and phase, and 
partial coherence and partial phase functions, the 

autocovariances and cross covariances are fust esti· 
mated by 

~xx(k)=~ 
N-k 
:E xtxt+k · 

t=l 

___l__ N-k N-k 
:E xt :E xt +k 

(N • k)2 t=l t=l 
(82) 

A (k)-__l_ 
N-k 

'Yxy - (N-k) :E xtyt+k · 
t= l 

N-k N-k 

(N -k? 
L X :E y 

t=l t t=l t+k (83) 

in which k = 0, I , 2, ... is the lag and N is the 
number of observations. 

To avoid negative estimates of spectra and to 
obtain estimates of the coherence not greater than 

one, the estimated autocovariance and cross­
covariance functions of Equations {82) and (83) are 
smoothed by using the smoothing function (Parzen, 
1964), 

D{k) = 1 · 6(~/ {I · ~), 0 ~ k EO;~ 

D{k) = 2(1 · ~)3 , p EO; k ~ m , 
{84) 

in which m is the truncation point of the 
function D(k), or the maximum number of lags. 
Therefore, by substituting the smoothed covariance 

function into Equation (41) the estimated spectrum 

function of any series x1 becomes 

-0.5 " f ~ 0.5 ' (85) 
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which may also be written as 

-0.5 ~ f~ 0.5 (86) 

A 

Since Y,. x (f) is an even function of frequency, 
it is only necessary to calculate it over the 
range 0 ~ f .s;;;; 0.5. However, to preserve the 

Fourier transform relations between the sample spec­
trum and the sample autocovariance function, it is 

necessary to double the power associated with each 
frequency in the range " 0 ~ f ~ 0.5, (Jenkins and 
Watts, 1969). Therefore r:x (f) becomes 

0" f~ 0.5 (87) 

with f = j/2m and j = 0, 1, 2, ... ,m. 

Similarly for the estimation of the cross ampli· 

tude spectrum lix/012 ,the smoothed cospectrum 
and quadrature spectrum are first estimated by Equa­

tions (44) and (45) as 

m 
'C (f)= 2 :E D(k) [:Y (k) + :Y (k)] cos(21rfk) xy k=O xy yx 

(88) 

and 

m 
'<} (f)= 2 L D(k)[:Yxy(k) • ~yx(k)J sin (27Tfk) , 

xy k=O 

{89) 

with f = j /2m and j = 0, 1, 2, ... , m. 

Thus the cross amplitude spectrum is estimated 

by 

IY: (f)l2 = 'C2 (f) + "q2 (f) . 
xy xy xy (90) 
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Combining Equations (87) to (90), the co­
herence and phase spectra are estimated by 

"' 11-:/012 

a:xyCf) = "'+ (f)~t ('f) , 0 ~ f ~ 0.5 , (9!) 
"~xx Ty y · 
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,. ~x/f) 
e (f) =arc tan --- , 0 ~ f ~ 0.5 (92) 

X y ~ (f) 
xy 

The partial coherence and partial phase func­
tions are estimated by substituting the estimated 
spectra, cross spectra, and coherence functions, into 
Equations (52) to (56). 



Appendix 4 

SIMPLIFIED FLOW CHARTS OF COMPUTER PROGRAMS USED 

In order to present the basic features of 
programs TREND, PERIOD, and DISTRIB, the 

Figure 77 General schematic representation of the 
decomposition of a water use time series. 
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simplified flow charts of these programs are presented 
in Figures (77) through (80). 

Figure 78 Simplified flow chart of the progran. 
TREND. 
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Figure 79 Simplified flow chart of the program 
PERIOD. 

Figure 80 Simplified flow chart of the program 
DISTRIB. 
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