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ABSTRACT

The Thomas Fiering model is a well known model for
hydrologic time series modelling of monthly flows based on
nonstationarity of time series. The main objective of the
present study is to apply Thomas Fiering model for generation of
monthly streamflow data for Chaliyar basin. Four cases using
first order Thomas Fiering model i.e.(i) without any t ransform-
ation(including negative flows) (ii) with square root transfor-
mation (iii) with logarithmic transformation and (iv) without any
transformation but excludingrmgaﬁve'flows, have been studied.
Monthly streamflows from 1965 tol978 for eight sites on Chaliyar
river, one of the major rivers of Western Ghats, and its tributa-
ries have been used. The performance of each of the four cases of
the model has been judged by comparing means and standard devia-
tions of historical data with that of 100 years generated data.

Thomas Fiering model with square root transformation is
able to reproduce monthly means in a better way for most of the
sitesof Chaliyar river basin. The 8 sites have been grouped under
three typical categories (Category 'A' sites, Category 'Bf sites
and Category 'C' sites)sCategory 'A' sites include the sites on
tributaries which directly join the main river. For Category ‘A’
sites (5 sites ) Thomas Fiering model with square root transfor-
mation is either best or second best. Category 'B' sites (one
site) include sites on the tributaries which do mot join main
river directly. Thomas Fiering model in its original form

reproduces monthly means in a better way for Category 'B’
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sites. Sites on main river have been kept in Category 'C' sites,
For sites on main river(Category 'C' sites), on an average,Thomas
Fiering model excluding negative flows gives better results,

It is seen that Thomas Fiering model with square root
transformation is able to reproduce monthly means in a better way

for most of the sites of Chaliyar river basin (Kerala).
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1.0 INTRODUCTION

Sequential generation of hydrologic phenomena is a stat-
istical process to produce a random sequence of hydrologic data
on the basis of a stochastic model for the hydrologic process. In
several water resources projects it is required to predict the
characteristics and quantity of streamflow to derive critical
flow sequences of their associated return period. Most of tﬁe
existing flow records are very short, generally less than 25
years. The exact pattern of the flows during that historical
period is extremely unlikely to recur during the economic life of
the project . By generating several streamflow sequences all with
the same statistical characteristics and all assumed to be
equally likely to occur the designer is able to decide the basis
of expected behaviour of the system.

Data generation procedure is used to provide equally
likely flow sequences to the historical one in capacity yield
analysis. The synthetic sequences give the designer a qualitative
picture of the probability of failure-storage yield relation in
simulation studies.

The design of water resources projects is commonly based
on assumed recurrence of past hydrological extents. By generating
; number of hydrological sequences each of a specified desired
length, it is possible to create a much broader base for
hydrologic design. While it is not possible to create information
that is not already in the record, it is possible to use the

information more systematicaly and more effectively ({(Beard,1972).



Such studies involving monthly generation of st;eamflows
are in vogue in India for the last 10-15 years. Several
investigators have attempted (Seth et.al.1976, Shankar et.al
1979) to generate monthly flows for some of the Indian rivers and
tributaries.

In the present study, first order Thomas Fiering model
under four alternative cases of transformation and consideration

of negative generated flows, has been applied on monthly stream-




2.0 REVIEW

various Generating Models

Hazen {(1974) is considered to be the first té recognise
the desirability of extending hydrclogic data. Hazen combined
standardized annual flows for forteen streams in the north west
of U.S.A. to produce a synthesized record of 300 years, |
Sudler(1927) utilized historical and representative annual flows
which were entered on 50 cards. Barnes(1954Yused a Monte Carlo
approach to generate 10,000 years of data of annual flow for
upper Yarra Dam in Australia. From 1936 to 1960 Hurst studied the
River Nile and developed various card sampiing techniques to
generate annual flows which were used in simulated operational
studies of the Aswan High Dam. For generating annual volumes of
discharge when persistence is present, models based on the
principle of Markov process are available. This includes auto-
regressive models, moving average models, fractional Gaussian
noise models and autoregressive integrated moving average
models(Box and Jenkins,1970) . For the generation of monthly flow
sequences (univariate), Thomas Fiering model (1962) and periodic
model are available. To generate synthetic sequences of several
hydrological variables multivariate Thomas Fiering Model
(Clarke,1973), multivariate Matalas model{Matalas, 1967 and
Young,1968) and multivariate fractional Gaussian noise models
(Metalas and Wallis, 1971) are available.

The Thomas Fiering model is restricted to normally

distributed flows, To cater for nonnormal monthly stream flows




either tj is modified by an appropriate transformation (Thomas
and Burden,1963) or normally distributed flows are generated and
inverse normalizing equations are applied. The procedure for the
later was proposed by Beard and has been adopted by U.S.Army
Corps of Engineers(Beard,l972). This is only for annual flows. To
deal with nonnormally distributed monthly flows the mean,
standard deviation and coefficient of skewness need to be

modified (Beard, 1972).




3.0 STATEMENT OF THE PROBLEM

The main objective of the study is to apply Thomas
Fiering model for generation of monthly streamflow data for
different sites in Chaliyar river basin (Kerala).

Four cases of first order Thomas Fiering model i.e.(i)
without any transformation (including negative flows) (ii) with
squareroot transformation (iii) with logarithmic transformation
and (iv) without any transformation excluding negative flows,
have been studied. Monthly streamflows from 1965 to 1978 for
eight sites of Chaliyar river and its tributaries have been used.
The objective is also to study the comparative performance of
four cases of Thomas Fiering model for each of 8 sites with

respect to reproduction of means and standard deviations on

annual and monsoon basis.




4.0 STUDY AREA

Western Ghats nurse some of the major river systems of
the peninsular India. Chaliyar river basin is one of them. The
physiography, geomorphology, land use and water use aspects in
the basin have been presented by Bhatia et.al.(1982). The
Chaliyar river basin has been chosen for this study as this basin
represents the general topography of Kerala and the river and its
tributaries traverse éll the three physiographic terrains i.e,
the high lands, the mid land and the coastal low lands., Chaliyar
river basin is situated between 11°5' and 11°37' North latitude;
75748’ and 76° 35' East latitude in Wynad,Kozhikode and Malappuram
districts of Kerala and some portion of Gudalur districts of
Tamil Nadu state, The basin extends from north to south over a
distance of 60 km, from east to west over a distance of about 90
km and alongwith tributaries it drains an area of 2952.87 km*, It
is bounded in the east and north by east flowing river basins
Kabbani and Bhavani respectively,south by Kadalundi river and west
by Arabian sea. Chaliyar river originates on the eastern slope of
Elamaleri hills at an elevation of 2068 meters above mean sea
level and joins the Arabian sea near Byporeport. The length of
Chaliyar river is 169 km. The Chaliyar river is the third
largest river of Kerala state and it is known near the mouth as
Beypore river. The main tributaries of the Chaliyar river are
Karimpuzha, Kuihirpuzha, Kanjirpuzha, Cherupuzha, Punnarpuzha,
Mukkom, Koodathai etc.(Figure 1). The eight sites, for which
monthly flow data have been used and their catchment areas are

given in Table 1.
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TABLE- 1

TRIBUTARIES AND THEIR CATCHMENT AREAS

Sr.No. Name of the tributary (Area sz)
1. Kuthirpuzha . 259,22

2. Kanjirpuzha ' 71.77

3. Koodathai 121.25

4. Mukkom 208.10

5. Karimpuzha | 804.76

6. Punnarpuzha 468.96

7. Chaliyar 448.15

8. Areakode 2049.52




5.0 AVAILABILITY OF DATA

Chaliyar river, though one of the largest rivers of Kerala
state, has not been exploited for its water resources. The river
does not have any irrigation or power projects on it. Many
futuristic schemes are in the pipeline and hence the hydroleogic
data of Chaliyar river and its tributaries have been collected by
the State irrigation department. Hydrological data collection
system on various tributaries was started in 1965. The daily
discharge is being measured three times a day by either stages,
current meters or structures. Central Water Commission is aiso
maintaining a site in the basin.

There are eight gauging sites in the basin. For this
study the daily discharge data were available in cumecs from
1965to 1978(14 years),except Karimpuzha which is having 13 years
data. This data were checked (for any spurious value), processed
and were converted into monthly values for the eight discharge

sites for use in the present study.



6.0 METHODOLOGY
The algorithm for the Thomas Fiering(1862) seasonal model
is as follows:
Xo= Kot by (= %) + & 5. (1-r§ y /2 cea(1)
where:
X4 ,Xj_Generated flows during the (i+l)th and ith seasons
reckoned from the start of the synthesized seguence.

X1 :%5 Mean flows during (j+l1)th and jth seasons within a resp-

ective annual cycle of seasons(if months are being used
then 1 ¢jg 12) _
b Least square regression coefficientfor estimating
(j + 1)th season's flow from the jth season's flow
| bj =r, %j%%_ eeel(2)
t Normal random variate with zero mean and unit variance
,S. Standard deviations of flows during (j+1)th and jth
seasons
r Correlation coefficient between flows of jth and

{j+1)th seasons

The flow chart of Thomas Fiering model has been given in
Flow Chart 1.

To use the model to generate monthly flows at a site 36
parameters i.e. monthly means, standard deviations and lag one
serial correlations are reqired. These are obtained from the
analysis of monthly historical flows.

The statistical characteristics of monthly flows were

computed for all the 8 sites. Though in some months, the monthly

10




FLOW CHART - I

THOMAS FIERING MODEL

START

INPUT TITLE,NO.OF YEARS OBS. AND FLOW DATA
OUTPUT TITLE AND FLOW DATA FOR REFERENCE

n

CALL EXAM,WHICH USES SUBROUTINE BASIC TO
PRODUCE MONTHLY MEANS,S.D.'s,AND THE

SLOPE AND CORRELATION COEFFICIENT FROM THE
REGRESSION OF EACH MONTH OF THE PRECEDING MONTH

USING ABOVE INFORMATION,ESTIMATE THIS MONTHS
FLOW BY REGRESSION OF LAST MONTHS FLOW
RESIDUAL=0BSERVED FLOW-ESTIMATED FLOW

|

CALL BASIC TO CALCULATE MEAN AND & D
OF RESIDUALS

I

CALL RANDOM(CF.HMEANS IN HARMONIC MODEL)
TO GENERATE DEVIATES N(0,1) AS REQUIRED

INCORPORATE THESE ERRORS IN THE REGRESSION
EQUATIONS TO OBTAIN SIMULATED FLOW

|

CALL EXAM FOR DETAILS OF SIMULATION,TO
COMPARE WITH THE ACTUAL DATA

11




EXAM

ENTER

BEGIN WITH PRECEDING MONTHS DATA IN WORKI

!

CALL BASIC FOR MEAN AND S D PRECEDING MCNTH

pu |

1
PUT THIS MONTHS FLOWS INTO ARRAY WORKI

:

CALLBASIC FOR THIS MONTHS DETAILS

i

USING MEANS AND S D's ALREADY OBTAINED CALL
CORREL FOR REGRESSION BETWEEN WORKI AND WORKJ

'

TRANSFER WORK INTC WORKI

MORE

ONTHS ,

NO

/ OUTPUT ALL INFORMATION /

NG
RETURN

SUBROUTINES BASIC AND CORREL ARE STRAIGHTFORWARD, INVOLVING
SUMMATION OF ITEMS, THEIR SQUARES OR CROSS-PRODUCTS, FOLLOWED
BY EVALUATION OF THE NECESSARY EQUATIONS TO GIVE MEANS, STANDARD
PEVIATIONS, REGRESSION SLOPES AND CORRELATION COEFFICIENTS.
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flows are non-normal, in general normality assumption could be
reasonable as far as application of Thomas Fiering model is

concerned.

13




7.0 ANALYSIS

Monthly streamflows (cumecs) for 8 tributaries and their
statistical parameters (mean,standard deviation and correlation
with previous month)are given in Table 2to Table 9. The mean,
standard deviation and correlation with previous months have been

calculated using the following equations:

N
— i i e (3)
xj - 3
N —
Z (X . - X)2 1” 001(4)
5 = [i=1 i,J 3j I
3 N-1
N — —
5 (X -X ) (x-Xx ) eeo{5)
i=1 i+l J+1 i j
r =
] N - 22 X - 2.2
C L= XL I (X, , .= X, ,171]
[151 (X b T K

Data sets of 100 years period were generated using Thomas
Fiering model. To avoid negative flows in the generated data
following three alternatives were attempted which take care of
the negative flows:

a. Square root transformation

b, Logarithmic transformation

¢. Replacing negative flows in the generated flows by

zeros.

In the square root transformation case the square root of

flow sequence was taken and the flows were generated. Where

negative values were encountered they were retained and used to

14



TABLE - 2

MONTHLY STREAMFLOWS AND STATISTICAL PARAMETERS FOR KUTHIRPUZHA

MONTHLY FLUNS OF KUTHIRPUZHA TRIBUTARY IN CUMECS FROM 1945 TO 1978

FLOKE
7.7 5.0 4.2 4,3
6.8 2.2 0.4 1.2
4,2 .2 5,9 57
3,2 2.7 27 19,2
8.1 1,8 8.5 3.1
250 171 15.8 14,3
L. 17.8 17.1 16,7
321 23.4 22.3 1.8
13.4 7,5 4,4 14.8
16.2 14.1 15,4 11.8
1.7 10.4 9.1 9.5
3.0 1.2 il 1.1
2.9 2.7 2.0 1
4.9 Qi 1.9 f.0
MEANS

11,95 7,80 7,35 .07

STANDARD DEVIATIONS

2,43 7.3 7,12 2,12
SLOPES
0,250 0,R34 0 N9RE 5.T7E2

CORRELATION WITH PREVIDUE MONTH
9,413 6,982 f.§01 4,742
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TABLE - 3

MONTHLY STREAMFLOWS AND STATISTICAL PARAMETERS FOR KANJIRPUZHA

HONTHLY FLOWS OF KANHIRPUZHA TRIBUTARY Td CUMECS FROM 1945 T0 1978

FLOwe
2.3 1l 0.8 0.4 24 4.6 25,2 15,9 12,7 4.3 4.5 4.4
7.0 4,4 3.0 2.2 4.1 14,7 7.3 3.3 7 3.2 2.2 1.z
13.0 8.1 744 72 78 2.2 187,85 1295 5¢.7 L ) 17.2
Sié 4.0 3.0 4.1 S0 16,9 231 51,2 41.3 5.¢ 8.4 37
3.9 i .2 Lt 5.7 151 352 48,5 1.3 15,9 5.4 5l
1.2 6.7 0.5 8.3 L1 1572 73.4 44.8 44,5 35,0 150 8.7
8.3 5.0 4,8 3.8 3.4 I 42,5 12, 0 4.0 w7 LAY
7 0. 0.3 0,3 11194 37.3 ST 33.1 B.0 4.0 2.3 1.G
0,9 0.3 0.3 i 0.4 1.8 54,5 9.9 4.4 19.1 2.7 0.1
2.2 HY- 1 1.0 1.1 80.2 38,1 B&.Y 24,3 22,7 18.0 4,7
1,7 1,8 3.7 N 0.5 0.8 7.9 0.9 1.4 4.3 2.4 3.0
i1 6.7 0.4 0.3 1.2 13.8 54,8 18,5 21.3 15,9 15,8 4.2
53 1.7 1.2 4.7 6.9 32,2 1.6 9.4 1%.7 7.3 2946 i
4.2 1.8 1.1 1 1.1 26,2 83,0  146.9 20,2 1.7 10,1 742
MEANE
3.91 2,82 2:02 1.82 2,51 3,58 70,99 40,97 25,75 1B,30 13,13 5.9

STANDARD DEVIATIONS
3.5 2,32 2,07 2,08 2,12 4LIR 39.44 40,81 20,48 11,52 7,84 4,64

5
LAl a4 0,881 0,943 1,054 -3.643  0.07% 0,476 0,292 0,330 0,24 0,298

CORRELATION KITH FREVIDUS NONTH
0.672 0,986 4,987 0,873 0,932 -0,204 0,082  0.657 0576 5,592 0,385 0,507
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TABLE - 4

MONTHLY STREAMFLOWS AND STATISTICAL PARAMETERS FOR KOODATHAI

WONTHLY FLOVS 0OF KODDATHAI TRIEUTARY FRON 1985 T0 1978

FLogs
Y- 2,4 2.4 3.3 15.5% .1 1348 1303 25,1 40,2 2.2 5.9
5.2 3.1 L% 3.5 7.3 B3 ORET O N 2.0 7 1.2 1.2
3.8 1.4 1,3 1.2 1.9 4,7 4510 1973 2.4 7.7 5.3 3.7
22 14 1.2 2.2 18.4 §7,0 1. 144,23 54,7 2.0 1.7 11.5
17.2 e.B 4.8 53 9.4 82,3 196,86  1BA4 4.7 578 mn.7? 15,58
8,9 5.2 3% 53 9.8 144,8 91.8 RERY: 0.5 514 m.9 15,4
51 3.4 i 10,9 2.8 22,4 1264 460 .7 36,3 1.7 7.9
4,0 3.2 2.4 28 3 20,2 1231 1073 24.4 o 15} 4.t Lh
2.7 1.8 1.1 1.4 4.4 1 1955 141 LETE 41,7 &.¢8 5.6
5.7 5% 5.4 3.3 &7 128% 1345 170M 87.4 8.1 45,4 20.4
8.8 1.4 1.9 2.4 1,z 2,8 40,4 Rt 35,1 7.0 LA 12.4
3¢ 3.8 4.1 %3 17,3 82,1 148.0 £4.3 e 751 £3.4 24,3
”.2 17.7 13.5 .9 12,4 2148 310.9 281.4 §2.0 43,3 1£.2 g1.2
5.8 7.9 4,0 8.2 45,7 1781 LY IMLG ee,T 11841 957 37,3
MESNE .
29 5.5 3.87 4,43 1 4f

79,04 204,34 144,15 5373 A0 311G 19

STANDARD DEVTSTIONZ
L7000 LIS L 5 1,39 3,00 11478 347 3B 2,30 2578 20,5

SLOPES
n167 DA 4TaE DI ameT 28T 0,432 0448 0,210 0,511 0.84% 0,204

CORRELATION WITH FREVITUS MONTH
5,500 0,063 0,950 £,881  5,iR2 0,531 0,24%  D.a11 0 5,521 0,456 0.B%4 O.2%
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TABLE - 5

MONTHLY STREAMFLOWé AND STATISTICAL PARAMETERS FOR MUKKOM

MONTHLY FLOWS OF MUKKOM TRIBUTARY IN CUMECS FROM 1045 TO 197%

FLOWE
20 1.9 0.0 0,0 19,7 1387 e 205 §1,.3  140.8 42,3 17.%
10.9 4,3 0.8 0.4 3l 4009 4048 J4B.9 80,5 L) ST 14,9 3.3
3.3 1.3 e 2,5 2,9 355 mLE 34T 197,01 153G 48.1 19,4
27 1.1 0.4 0.6 1,7 &3 8197 3000 48,1 102 5.7 0.3
.1 2.8 1.6 4.0 56,2  206,8 4148 414.¢ 1377 1T0¢ 51.4 19.5
2.2 2.3 2.4 3.0 26,7 3843 3869 2359 189.2 1331 35,0 15,0
B4 5.9 5.0 5.2 25,9 B0.6  420.8 144,3 e 94,7 48.¢ 19,8
g6 Al 2.3 3.2 4,32 MR IS 289.0 4.3 49,8 13,9 13,4
18.7 13,5 12 16,46 29.9 85,3 41B,B 439,77 2054 128,8 4.0 ey
4.3 2.4 Jié G 7.3 4058 T80 473,F 202,8 143.4 0 1189 19.%
4,7 2,0 1.3 3.4 2.1 13,3 iB%f 172, 1,3 30.4 47,1 ig.8
10.8 5.8 4.3 8.0 Ja, 3 19,9 1802 14BY 147,80 1811 19,7 41,1
8.4 2.2 1.8 1.7 8,9 2293 49,8 300.4 774 47,1 74.E 14,2
3.8 1.1 1.3 14,1 PR I.) W VAV S 58.9 0.0 47,2 7
HEANS
7.2 3,64 1.40 4,66 2,24 229,78 #R1,93 329,89 129,00 £50,2¢ 57.87 19,35

STANDARD DEVIATIONS
4,40 3.2 1.80 524 18,78 124,60 199,34 132,99 4R.42 45,84 30,97 10 Is

SLOPES
0,004  0,47F 0,701 1,34 0,946 0,244 0,527 0,140 0,007 0,432 2,202 9,143

CORRELATION WITH PREVIOUS MONTH

0,010 0911 0,401 6,976 0,284 0,037 0327 0,181 9, LI D492

>
=
n
L= N
o
-3
B3
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TABLE - 6

. MONTHLY STREAMFLOWS AND STATISTICAL PARAMETERS FOR KARIMPUZHA

HONTHLY FLOWS OF KARTMPUZH& YRIBUTARY I3 CUNECS FRON 1945 TO 1978

FLINS
3.7

4,2

14,0
1227
25,3
20.4
103.0
87,0
2.3

L.
B
&4

il D b
It en e

HEANS
42,01

STANDARD DEVIATIONS

3.5

SLOPES
0,487

19,0
18,6
18.5

37.7

4.2
9,1
44,8
22,9

9.9

J.1
10.8
103
37,0

21,34

18.88

0,203

17,52

15,15

0.809
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(CORRELATION NITH PREVIOUS MONTH

732

0.403

0,944

3,957
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TABLE-7

MONTHLY STREAMFLOWS AND STATISTICAL PARAMETERS FOR PUNNARPUZHA

NONTHLY FLOWS OF FUNNARFUZHA TRIBUTARY IM CUMECS FROM 1945 TO 1972

FLONS ,
2.9 5.8 4.2 34 12,7 14,8 8.8 28,3 209 49,7 48,2 8.4
11.7 22 o4 5l 10.4 40,4 9.4 22 201 2.8 1.0 19,2
4,1 4.2 4,9 3.9 3.0 L4 410 2ée4 1809 108,84 4.9 500
26,5 3.¢ 17 2.4 3.3 14,3 13,0 4329 45,1 72l 74,9 5258
3ng 15.4 .0 2.8 4,3 20.8 4.5 1384 167,85 1.2 1180 5.1
3.8 35,7 3.5 1.2 7.1 2PE 126,57 1418 M85 1057 1440 7.1
51.2 24,4 7.1 11.8 18,7 BB.O 37,2 7.4 89,3 %7 7.2 19,5
1.0 13.7 8.7 5.7 5.2 7.3 .2 117 150 44.9 39.4 7.2
17,2 10.3 6.5 4,4 253 12,6 18,3 158,37 181,88 102,7 2.9 34,8
18.4 {72 2.7 12.1 2.4 13.3 52:4 3.6 134,35 8g.2 78.:2 50.2
28,3 1.0 12,4 e 10.1 57 11.6 6341 §9.2 8,7 41,4 0.7
24,4 10,3 23 5.3 38 14,7 4.9 1464 1208 1285 110.3 4.5
3.4 15.3 2,1 Sié 8.1 4T 35,5 159 1922 £3.9 SLI 1244
30.7 t7.0 ?.4 4.3 5.2 5.9 04 1287 N3.2 57,2 382 4.9
HEANS

4R 1474 .3 7,05 7.8 25,00 93,00 145,34 150,92 80,98 49,09 51,70

ETANDARD DEVIATIONS ‘
12,45 2,47 8,13 5,07 6,08 26,14 150,44 99,89 107,84  27.82 3543 10,02

SLOPES ‘
0,23 0,530 0.485 0795 0,325 -0.187 1,542 0,194 0961 0,054 491 0,32

CORRELATION WITH PREVIOUS MONTH
0.602 0,779 0.947 0,947 0,269 -0.039 4,577 0,112 0.8% 0,210 0,715 9,179
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TABLE - 8

MONTHLY STREAMFLOWS AND STATISTICAL PARAMETERS FOR CHALIYAR

MOMTHLY FLONS OF CHALIYAR TRIBUTARY IN CUMECS FROM 1945 TO 1978

FLONS
14,5 2.9 ¥.8 £.6 18,3 3.8 29,5 1223 80,9 49,1 51.8 e
14,8 9.8 3.2 7.0 13.8 98,7 48,8 234.B 44,2 3.7 7.9 7.8
30.0 30,0 29,8 28.4 30,7 180,68 458,10 L6 213,10 1000 BI.9 27,8
1.0 40.4 39,2 40.0 4,2 180 5L W84 LS 000 2482 109.F
79.6 5%.1 54,4 52,3 21,8 118.2 2178 1748 48,8 58,2 41,9 52,4
Ly 3.3 2.9 3.4 1,2 I3 14kl 1356 45.8 &7,2 18,2 4.8
9.9 4.6 4,0 19,9 3.4 E3,2 193.5 45,4 20,8 7.4 20.8 12,7
1.4 9.4 7.0 b 7.9 M78  G1LE P20 97.2 432 33.4 T
7.4 5,3 5.1 6.2 8.2 17,5 IF4,5 181§ H45.B #8.5 2.5 £5.4
&8 4.2 7.1 3.5 5.0 7700 15540 M3 137 8,0 £5.4 17
14,0 8.9 7.0 7.9 4,8 9,7 2453 1272 1221 72 4.4 182
#.1 4.1 4.8 5.1 1.t 1552 2785 1442 133D 1240 Bl 39,1
79.0 4.4 44,3 540 540 2546 3MLB 3449 1744 127,30 1751 94,2
%0.8 70,8 52,3 54, % 52,8 1924 4343 §%4,1 2037 1542 1454 108.8
HEANS

30.47 22,55 1975 20,94 25,52 141,49 327,82 280.14 130,68 BY.Z3  74.23 46,44

STANDARD DEVIATIONS :
30.94 23,68 19,63 21,24 26,13 103,14 13204 143,00 79,37 3903 30,84 182

SLOPES -
0,676 0,760 0,819 1,049 1,149 0,79 0,129 0,597 0,33 2.3 4.9 D42

EORRELATION WITH PREVIOUS MONTH
0,750 0,993 0,988 0,998 0,934 0,202 0,088 0,415 0,406 D0049%¢ 0,720 4,882
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MONTHLY STREAMFLOWS AND STATISTICAL PARAMETERS FOR AREAKODE

TABLE - 9

KONTHLY FLORS OF AREAKOD TRIBUTARY IN CUMECS FROM 1945 70 1978

 FLOWS

24,9 0 12,8 % I

44.9 18.2 7.4 T4
2 26,5 0.7 7.3
3.3 2%.8 12:6 20,5
7.9 32,4 41,2 32,9
41,7 24,4 13,3 18,5
44,2 27,3 17,3 154
44,5 22.2 14.4 13.4
334 16,5 2,2 13.9
232 1E.0 19.3 13,7
S6 35 2.6 2B
3.1 B.F 1.0 19.5
33.4 1.9 5.9 4,2
33.2 : 1303 &8 5'5
HEANS

43,09 23,80 - 16,46 12,13

STANDARD DEVIATIONS
13,53 10,55 9,50  13.04

SLOPES
0,013 0,718 0,833  1.318

CORRELATION WITH PREVIOUS MONTH

0.2 6,921 0,948 0,90

26,5
38,2
44,9
44,3
141,46
83,4
85,5
19,6
28,8
2.0
15,4
72,5
11,5

35.7

47.%2

3821

1,955 .

0.704

Py, 9
2854
) KA
327,48

80,7

1049,2
162.4
447.4

83.0
757.8°

40,8

5262
372,35
383,35

366,49

292,57

-9,183

'09023

22

#88.4
1373.4
708

274,97
1359.1

81,1

76%,0

g7z.9
1251.3

446.0

£09.8
1131.8
11472,4
1052.3

1012.54

401,71

-0, 256

-0.187

368.6
9275
1018,7
970,4
1667,5
6368
404,9
71,2
1130,5
1157,5
743,8
5631
1316,
1526, 9

938,97

196,38

0,382

0,387

29,7
230.2
423,3
8.5
444,4
386.1
184,9
230.7
537,97
1.5
07,4
3233
'368!6
243.1

192,83

134,77

0.074

0.217

534.6
207.4
267,8
3762
585.5
427.9
304,5
155.7
367,0
401:1
1627
546,9
49,1

) 130,35

31,2
155,72
0,510

0.441

211.2
123.4
183.3
213,7
218.9
148.5
1714
122.8
10%.%
309.5
21,2
346,46
468.5
170.8

216,50

98,87

0,044

0,673

73.3
817.9
92,9
152,0
101.8
1.3
107.3
1.t
9.9
4.8
83.0
14,7
621
83,5

140,12

197,35

-0,515



derive the subsequent value in the sequence, however, after
generating complete record the flows were squared. The statistics
of these flows were ctomputed.

in the logarithmic transformation case the logarithmic of
flow sequence was first taken and the flows were generated. The
antilogarithmic of these flows was taken and the statistical
parameters were determined.

The efficiency of all the four cases i.e.(i) Thomas
Fiering model without any transformation, (ii) with square root
transformation,{iii) with logarithmic transformatioh and (iv)
neplacing negative values by zeros, was compared on the basis of
residual sum of squares of mean and standard deviation of
historical data and of generated data.

The residual sum of sguares of mean (Rm) is given-by

n 2
R = Z (M . - M . ) ...(6)
m F] h’]‘ g"]
where:
Rm : Residual sum of squares of mean

n : number of months

=

mean of jth month's flows (historical)
qgj : mean of jth month's flows (generated)
Similarly residual sum of squares of standard deviation

(Rg ) is given by:

2 2
R = ;ﬂ (S5 ~ Sy ) e (7)
where:
Rs Residual sum of squares of standard deviations
Shg standard deviation of jth month's flows(historical)
Sgd standard deviation of jth month's flows (generated)
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The listing of source file (Thomps Fiering model) has
been given in Appendix I. Data file (Areakode flows) and output

file are in Appendix II and III respectively.
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8.0 RESULTS

The studies have been carried out on monsocon(June to
October) and annual (June to May) basis. There are eight
discharge measuring sites in Chaliyar river basin. These sites
have been divided into following three groups:

(i) Categoryvy 'A' sites

(ii) Cateagory 'B' sites

(iii) Category 'C’ sites

Category 'A' sites include Kuthirpuzha, Kanjirpuzha,
Koodathai, Mukkom and Karimuzha. All these sites are on
tributaries which are directly joining to the main river.

The sites which are on tributaries which are not jeoining
to the main river directly but join to some other tributary, have
been named as Category'B’' sites. Only Punnarpuzha falls in this
group.

Category 'C' sites include discharge measuring sites on
main rivér. Chaliyvar and Areakode sites fall in this group.

The mean monthly flows per unit area (cumecs per kml) and
coefficients of variation for various sites are given in Table 10
and 11 respectively.

The suitability and apélicability of four cases of Thomas
Fiering model have been discussed in subsequent sections in the
light of reproduction of means and standard deviations in the 100
year generated data. The efficiency of four cases of Thomas

Fiering model’ is given in Table 12. In the foregoing discussion

the following notations have been used.
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REMARKS FOR TABLES 10,11,12

*Rm = 5}:]{ (Mean of historical flows-mean of generated
T flows) 2

**Rs = :E: (Standard deviation of historical flows-stand-
3=k ard deviation of generated flows)2

I

for monsoon k 6, n=10 (June to October)

for annual k = 1, n=12 (January to December})

1 TFM : First order Thomas Fiering Model

2 STFM : First order Thomas Fiering Model with square root
transformation. -

3 LTFM : First order Thomas Fiering Madel with Logarithmic
transformation

4 ZTFM : First order Thomas Fiering Model in which negati-

ve generated flows are replaced by zeros.
Minimum (Best)} values of function Rm and RS are underlined and

gsecond best values are bracketed.
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(i) TEM for first order Thomas Fiering model

(ii) STFM for first order Thomas Fiering model with square root trans-
formation to avoid negative flows in the generated data.

(iii) LTFM for first order Thomas Fiering model with logarithmic trans-
formation to avoid negative flows in the generated data.

(iv) ZTFM for first order Thomas Fiering model in which negative flows

in the generated data are replaced by zeros.

The observed and generated means and standard deviation for one
site(Areakode, the main site on Chaliyar river) for all the four cases have

been plotted in figures 2a to5b.

8.1 Category 'A' sites

&.1.1 Kuthirpuzha

Thomas Fiering model in its original form (TFM) gives better repro-
duction of means and standard deviations on annual and monsoon 'basis while
STFM is second best in reproducing monthly means. STFM is not able
to reproduce standard deviations correctly. Mean monthly flows per unit area
for Kuthirpuzha vary betweer .0305 cumecs per km2 to 0.8319 cumecs

per kmz.

3.1.2  Kanjirpuzha
STFM is better in reproducing monthly means on monsoon and annual
basis while TFM is better in reproducing standard deviations. Kanjirpuzha

is a small tributary having drainage area of 71.77 kmz. The mean

monthly  flows per unit area as calculated for Kanjirpuzha are a bit
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higher than Kuthirpuzha. STFM can be considerea appropriate for

monthlystreamflow generation for Kanjirpuzha.

8.1.3 Koodathai

On monsoon and annual basis, monthly méans are'reproduced
in a better way in STFM. TFM is better in reproducing monthly
standard deviations. Mean mdnthly flows per unit area are very
high in Koodathai. These vary from 0.416 cumecs per km* to 1.7018
cumecs per kmz. Coefficients of variation for different months

are comparable with other tributaries.

8.1.4 Mukkom

On monsoon and annual basis STFM is better in reproducing
means and standard deviations. Mean monthly flows per unit area
are very high (highest) in Mukkom. This may probably be due to

high rainfall in the catchment,

8.1.5 Karimpuzha

Thomas Fiering model in its original form gives better
reproduction of means and standard deviations on monsoon and
annual basis., STFM is second best in reproducing monthly means,
Mean monthly flows per unit area are bit lower in Punnarpuzha.

For Category 'A’'sites STFM is either best or second best
in all the five cases. In two cases({(Kuthirpuzha and Karimpuzha)
Thomas Fiering model in its original form gives better
reproduction of monthly means,

STFM can be considered appropriate for monthly stream

flow generation for Category 'A’' sites.

35




8.2 Category 'B°’ sites

8.2.1 Punnarpuzha

The Thomas Fiering model in its original form gives
better reproduction of means and standard deviations on monsoon
and annual basis. STFM is second best in reproducing means of
monthly flows on annual and monsoon basis. Mean monthly flows per
unit area are very low in Punnarpuzha. This may be due to lesser
rainfall in the catchment.

Keeping in view the negative flows in generated data STFM
can be considered appropriate for monthly stream flow generation

for Punnarpuzha.

8.3 Category 'C' sites

8.3.1 Chaliyar

Thomas Fiering model in its original form gives better
reproduction of means on monsoon and annual basis. This is better
in reproducing standard deviations on monsoon basis but not on

annual basis, STFM is better on annual basis.

8.3.2 Areakode
ZTFM is better in reproducing monthly means on monsoon
basis. On annual basis STFM is better. TFM gives better
reproduction of standard deviatiorns on monsoon and annual basis.
For sites on main river (Category ‘C' sites) ZTFM is
giving better results than STFM. Flow is always here in the main

river, so putting negative flows in the generated data as zeros
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will not be appropriate. Hence STFM is suitable for monthly

stream flow generation for Category 'C' sites on main river.
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9.0 CONCLUSION

The study provides some indications of the applicability
of Thomas Fiering model for monthly streamflow generation for
Chaliyar river basin, It is seen that first order Thomas Fiering
model with square root transformation would be able to adequately
represent monthly means for Chaliyar river basin.

If reproduction of monthly standard deviations is the
criterion, the Thomas Fiering model in its original form provides
good reproduction of standard deviations. The ZTFM is second
best in reproducing monthly standard deviations. In view of the
negative flows in the generated data application of first order,
Thomas Fiering model is not appropriate as the flow‘is always
‘positive in the river and its tributaries. In view of this, first
order Thomas Fiering model with sguare root transformation to
avoid negative floﬁs in the generated data can be used for the
synthetic generation of monthly streamflow data for Chaliyar river

basin.
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APPENDIX - 1

SOURCE PROGRAMME - THOMAS FIERING MODEL

MASTER THONAS FIERING KODEL -

A ROUTINE TO FIT THOMAS-FIERING MODEL MONTHLY FLOWS
CHARACTER®10 FILEI,FILED

CONMON B(12),R(12)

DIMENSION Q(480),90(480) MONS(12) 1RES(480),TITLE(8D),
15YNQ(1200}E(1200) AVEMON(12) + SDMON(12) s BAVENON{ 12) » GSDMON(12)
DIMENSION GAVENON(12)»0SDMON(12}

REAL MONSUM1¢HONSUM2

B I R ARE THE SLOPE OF THE REGRESSION LINE 3CORR, COEFF, RESPECTIVELY
AVENON, SDMON/ARE MONTHLY NEANS AND STANDARD DEVIATIONS
SYNMQ ARE THE GEMERATED SERIES

WRITE(5,89)

FORMAT (4, 'NAME OF THE INPUY FILE?‘S)
READC3r90)FILET .

FORMAT{4)

WRITE(S:91)

FORMAT(4Xs ‘NANE OF THE OUTPUT FILE?'$)
READ(S,90)FILED
CFEN(UNIT=1»FILE=FILET,STATUS="0LD")
OPEN(UNIT=2,FILE=F ILEOsSTATUS="NEW")
READCI+2150)TITLE

FORNAT (80A1)

BRITE(2¢115Q)TITLE

READ(1:3) NYEARS

N=NYEARS®12

NA=N-1

READ(1»X) (D(I32I=1sN)

OUTPUT TITLE AND INPUT SERIES FOR CHECKING
RITE(2,105){ A(I)sI=1,N)

FORMAT(//12(3XsA4,2X))

FORMAT(//’ FLONS'/(12F%,1))

CALL EXAN(D:NYEARS:CAVENON, DSDMON)

00 300 I=1,12

AVENON( 1) =0AVENON(I)

SDNON{(I)=DSDHON(I)

b0 7 I=1.N

J=H0D(1,12)

IF (J,EQ.0) J=12

WR(1)=Q(T)-AVEMON( )

08 I=2:M

J=I-1

K=M0D(I,12)

IF (K.ED.0) K=12

AB(KIRUG())

RESC))=ND{1)-A

CONTINUE

WRITE(2,109) {RES(I))I=1,NA)

FORNAT(//‘ RESIDUALS OF FIT‘/9X:11F9.1/(12F%.1))
EXAMIN RESIDUALS

CALL BASIC(RESsAVERsSDrNA)



19

"3

10

2000

3000

2010

104

2222

ra

KRITE(2+110) AVER»SD

TYPE 3110+AVER,SH

FORNAT.//* MEAN OF RESIDUALS IS7,3X»F%.4+" AND VARIANCE T8¢
1e30FO. 4} '

BATA GENERATION, USE RANDOM MUMBER GEMERATCR TO SET
1200 CLENENTS N{Oy DD

CALL RANDOM(E»1200)

B0 10 I=1:12

COR=R{I}

TITLE(I)=GDMON{I)¥SGRY(1-CORXCOR}
SYNR{L)=B(1)INQ(NY4E(IATITLE(L)

I0 9 I=2y1200

J=I-1

K=MOR(Is12}

IF(K.ERADIK=12

SYNDCT)=B{RASYNQ! D +E(THTITLE(KY

INSERT MONTHLY MEANS

g 31 I=1.1290

J=MOB(I,12)

IFCLER0) I=12

SYNR{IY=SYNQ (1) +AVENON( )}

EXAMIM GENERATED DATA

WRITE{2,104) SYNR

T100=100

CalL EXAMISYND) 11005 GAVENON: GSIMON)

ANSUN1=0,0

ANSUNZ=0.0

0D 2000 I=1,t12

A1={0AVENON(T)~GAVERON{ I} b He2
A2=(DSDMONCT)-GSDMON( I} }ax2

ANSUMI=ANSUMT+A1

ANSUR2=ANSUNZ A2

NONSLUNI=0,0

HONSUM2=0,0

D 3000 I=4:10

Al=(DAVEMON(] ) -GAVEMON(I) ) 3X2
A2={DSDMON( I -GSDMON{ I 12

KONSUM1=NONSUN1+A1

MONSUM2=MDNSUM2+A2

CONTINUE
WRITE{252010)ANSUN1 » ANSUM2 KONSUM1 » HONSIN2
FORMAT{1X, ANNUAL SUM OF SQUARESOF ERROR IN MEAN‘F13.2/
1Xs'ANNUAL SUM OF SOUARES IN ERROR IN S.D.'F13.2/
1%, HOSOON SUK OF SOUARES OF ERROR IN MEAN'FIZ.2/
1X»'MONSOON 5UM OF SOUARES OF ERROR IN 5.D. 'F13,2)
FORMAT(///+ GENERATED FLOWS'/(12F%.1))

TYPE 2222

FORNMAT(5Xs 'THE PROGRAM THOMAS FIERRING MODEL HAS BEEN RUN’
15X, 'SUCCESSFULLY BY NK GOEL ON VAX 111}

S0P

I-2/5




[ ]

20

104
114
107
113

END

SUBROUTINE EXAN{RsNYEARS, AVENDK, STNOM)

A SUBROUTINE TO CALTULATE MONTHLY MEANS:SD.SLOPES
AND CORRELATIONS START CYZLE BY LDADING 12TH MONTH
COMMAN B(12))R(12) : '
DINENSTON G¢1)sNORKI(100) sWORKJ(100) s AVENON{ 12) SDMON(12)
H=NYEARSS12

D0 20 T=12sMr12

Js1/12

HORKI( D=0(1)

CALL BASTC(WORKT,AVEMON(12)sSDMON(12)+NYEARS)

D0 21 I=1:12

N=1-1

IF (¥,EQ.0) ¥=12

00 22 J=1tNs12

K=(J+11)/12

NORKJ(K)=R( )}

CALL EASIC (WORKJ;AVEMON{I)sSDMON(I)sNYEARS)

IF (I-1) 24,25:24

KYEARS=NYEARS-1

A=HORK J(1}

D0 26 1J=1,NYEARS

WORK.J(LJ)=MORKJ(LJ41)

CALL CORREL(NORKI,WORKJ»AVEMON(M) s AVENON(I) s SDMON(H)
1SDMON{I) +B{1) sR{T) NYEARS)

1F (1-1) 27:28:27

NYEARS=NYEARS+1

B0 29 1J=1,NYEARS-1

IK=NYEARS-1J

WORKJ(TK ) =MORKJ{ IK-1)

HORKJ(1)=A

D0 23 K=1,NYEARS

WORKT (X }ZMORKJ (K

CONTINUE

DUTPUT THIS INFORMATION FOR CHECKING

WRITE(2s106) AVENON

MRITE(2>114) SDMON

WRITE(2:107) B

WRITE(2,115) R

FORMAT(//' MEANS'/12F9.,2)

FORMAT(//' STANDARD DEVIATIONS'/12F9.,2)

FORMAT(//* SLOPES'/12F9.3)

FORMAT(//‘ CORRELATION WITH PREVIOUS NONTH'/12F9.3)
RETURN

END

SUBRGUTINE BASIC(XsAVERsSD)N}

DINENSION X{1)

THIS SUBROUTINE EVALUATES THE MEAN AND STANDARD DEVIATIN
OF AN INPUT SERIES X:LENGTH N)

SX=0.0
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I

20

£5%=0.0

fh=1, 0/FLOGTIN)
Do 1 I=1.N
A=XiI)

SX=5XH

S5X=55X+htA

AVER=GXIRN

50=55X-8XRAVEK

SD=54RT(3D/FLOAT(N-1))

RETHUEN

END

SUBROUTINE CORREL {X»Y:XMEAN, YEANsSDX:SIYsSLOPESRsN)
DIMENSION X{13+Y(1)oWX{100} WY (100)

THIS SUBROUTINE GIVES THE SLOPE OF THE FIT WHEN Y IS
REGRESSED ON X,ALBT RyTHE CORRELATION COFFICIENT BETHEEN
X AN Y,

HEANS AND 50’5 ASSUMFT FROM EARLIAR MORK

oL I=1+M

UX(T=X{T)-XMEAN

W 1=Y(1)-THEAN

88%=0.0

S6Y=0,¢

35Y=0,8

[0 2 I=1.N

A=RX{I}

B=WY{I;

EXY=5XY+AXR

© S5X=55XHARA

55Y=00Y+BRR
53X=50RT(5SX)
S3Y=5ART(55Y)
k=8XY/(55X#08Y)
SLOFE=RESSY/55X
RETURN

END

SUBROUTINE RANDOM(E:N)
DIMENSION E(K)

IX=1073741823

0 20 I=1:N

CALL GAUSS (IX21.040.sV)
E{L)=V

RETURN

END .

SHEROUTINE GAUSS (IX»5sAM-V)
A=0,0

Do 50 I=1s12

Y=RAN(IX)
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30 a=htY
Y=(A-4,0) ¥SHAN
RETURN
- ENB
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APPENDIX-II

DATA FILE

MONTHLY FLOUS OF AREAKOD TRIBUTARY IN CUMECS FROM 1945 T0 1978

14 :
24,9 12.8 9.6 3.1 24,3 99.9 4886  34B.6 3277 S 2112 73,2
44,9 18.2 7.4 5.4 32 2854 13734 97T 230,20 26704 1234 8179
1.2 26,3 20,7 22,1 46,9 313,64 1770.8  1018,7  423,3 247.8 0 183, 72,9
0.3 29.8 i7.4 20,5 4,3 37§ 749 9704 M85 I, MLT 1520
77,9 52,6 41,2 52,9 1414 80,7 1559.1 1447.5 4444 5655 8.9 101.8
4.7 A4 18.3 9.5 834 1069.2 813,01 4388 3961 4279 143.5 #1.5
44,2 73 17.3 15.4 83,3 1834 99,0 4049 144,99 345 1704 107,32
46,5 22,2 14.4 13.0 19,4 47,4 8879 712 2307 159.7 122.8 -4L.d
350 16,5 9.2 13, 28,8 B3.0 128,37 1130.5 537§ 370 109,9 9.9
5.2 18.0 19.3 13.9 2.0 758 4460 1157, SALS 40i.1 309.5 .8
516 31,5 21,6 8.4 15,4 40,8 9.8 T4IB 5574 142,77 734,02 a0
43.1 25,5 1%.0 19.5 72,5 5282 11308 BeSa EXS.T 0 GAS.9 344 140,7
33,4 H.5 3.9 4,2 .S 9725 1147.¢ 13141 3B 149,01 444.5 52.1
33.2 1.3 6.8 3.3 3.7 3635 1052,3 15249 2431 1505 170.8 £33
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APPENDIX - III

OUTPUT FILE

MONTHLY FLOMS OF AREAKOD TRIBUTARY IN CUMECS FROM 1945 TO 1978

FLOWS
24,9
48,9
51.2
503
77,9
4.7
44,2
44,3

33,0
232
3Ny
43.1
334
33.2

HEANS
43,09

STANDARD LEVIATIONS
10,55

11,53

SLOPES
0,015

12,8
18.2
26:5
2.8
52,6

+

-3
-
[=

ra
1
[ ]

™~
-

[»
-

-

-

b b 3 Frd s b b

Lad A OO
et B L WL o LA

-

23,40

0,718

-

b e s L e P

e e O e g D~ SO
- - -

A N N N R A -

a1
Priies
ra

[y
-
-

o

21,4

—
[V, B -
~ -
~0

4.8

16,46

.3

9,833

130
13.9
13, ¢
288
19&5

2
¥

Sl

17,33

13,04

1,318

CORRELATION WITH PREVIOUS MONTH

2234

0,921

RESIDUALS OF FIT

4.8
'210
7Y
34,7
“008
1,9

2.3
'901
‘2&9

1.0

4.0
2.0
2.7
'3|.

0.1

]

L]

0,748

ra
-

1 1 ] ]
[ B O e
- + o =

1

-

[ o e I T
-

-

-
[ R - A IS I s = B e B S B

0,940

: (L t
D oymd Ju g O o el 3 D e B O N
A T
KOS b PO b Sy £ ) B O e S

-

26,3
348.2
48,9
44,3
141.4
83,4
B8535
196
28,8
2.0
15.4
733
1.5
37

47,92

361

0,704

99.9
285.4
313.6
327.5

80.7

1069.2
1463.4
447.4

83.0

752.8

40,8

524.2
05
363,35

164,49

292,97

'00183

-0.023

-278,3
-82.8
-53.1
-38.7

-248.7
7092

-196.2

737

-287.0
38644

'331!6

164.2
199.3

488,46
1373.4
1770.8

24,9
15591

813.4

269,90

887.9
1231.3

- b46,0

609.8
1131.8
1147,4
1052.3

1012,54

401,71

-0.13?

-392.3
340,1
744,8

-747.7
471.3
‘1?{4
-9%,4

-103.7
16642

-24£,3

-484,1
180.2
127,08

III-1/4

16846
92743
1018.7
370.4
16673
436.8
404.9
7112
1130.5
1137.5
743,28
5831
13141
1328.%

#38,97

194,34

(382

0,387

'44605
‘14904
-218.2
J13.5
31%.4
-225.7
<5174
-180.1
160,37
3587
'41»2
-419.3
1285

327.7
230.2
423,3
485
4544
38641
164.%
2307
337.9
F4145
207.4
523.3
148,48
243.1

392,82

134,77

0.074

6.217

-23.2

_-161.8
24,8
133.4
17.9
133
-188.5
-145.3
131.0
132,46
128.%
164.0
~52.0

534, 4
207.4
247.8
3782
3833
427.9
304.5
133.7
3670
401.1
142,7
46,7
149,1
150,53

L2

125,72

0,510

0,441

23646
'4008
-7%.0
-34,4
n7.8
100.1
89.5
-92.9
-38.2
'519
-226,9
148.2
-149.8

2112
123.4
183.3
213.7
218.9
148.3
171.,4
122.8
109.9
30%.5
224,2
3444
444,5
178.8

216,30

78,47

0.046

¢.073

'14|?
-87.3
-30.2
-4.9
'904
=325
‘43»9
-850
-108.2
89.8

el

b

alf 4

K3 e
[

o o LA
e LT

L

73,1
817.%-
92,9
1%2.0
101.8
91,5
107.3
81,1
99,9
34.8
83.9
146.7
5.1
61,5

140,12

197,35

-0.515

-0.238

'69-5
429.9
-64.3

10.4
‘37&&
-83,4
'5601
-127.3
-135.1
-37.4 -
‘48»0

873

30,7




'807

MEAN OF RESIDUALS IS

'ch

GENERATED FLONS

3.9
3.4
32.8
3!1
Bl
43.2
30!9
23,0
£2,2
57.8
2644
3
39,4
3.2
47,8
45,9
42,6
27,8
44,3
38,8
37,9
3.4
46,5
28.2
2.8
3.3
48,9
42,5
126
32,0
31,0
33'9
12,4
85,2
50,8
32,0
80,0
9.5
29,3
57,2
20,0
2.3

16,6
17.4
11.8
=59
24,4
23,1
199

743
41.8
27.9
13.4
186

24,7

20.7
29,0
23.4
336
20.9
24,0
18.9
20,7
3.1
19.2
12,2
15.4
12,5
2.1
19.2

2,9

20.8
20.4
15.0
20,5
38.4
28,8
19.4
a1.9
2343
19.7
31

7+0
29,5

'009 0.9 10,9 ~3¢d J?OG 572{8 '193'1 '104-3

0,102 AND UARIANCE IS 1B9,5104

2.8 2.8 -2,0 -216,5 924,513 2962  547.2
14,0 17.3 88,9  253.8 152401 7114 4914 505.2
6,9 3-8 23»5 -156,3 &9B|7 122301 44001 438,1
-8.8 -14.4 9.0 239.4 03,7 1457 4381 18201
2.4 26,8 25,8 1sBi1 0 1490.0 14398 444,84 243,1
12.8 4,9 -39 -45.1  B3.7 426,53 E)4.5 389.7
1.9 14,4 2246 40,8 1444, 4326 4371 §38.2
-0.2 -1.% =2,3  330.%  1199.2  997.8 T4 5140
27,4 25,0 1185 2049 49 53101 280.2 3137
13,5 11,8 22,4 601.B  1287.8 107,46 3l&7  380.5
10,9 i.2 11.5 e Mide 422,10 2340 14441
14.2 11,2 355 2044 355, 598.8 B21.3 407.4
7.9 110 334 2458 1024,4  900,5  402.0  2BB.4
157 21.3 4.5 B7.4 1i10.9 1236.2  403,7  158,3
19.8 Z2.1 48.3 '25»1 1133!3 71007 25&#3 2791&
14,4 12,9 2.3 -127.2  1475.0 1288.5 5857 3&L.é
29.8 3.2 F2,%9 1934 1524,2 9144 383,44  251.9
1.9 14,9 46,1 0 3815 1294 150.9 3870 3563
1.6 22.3 206 7450 1552.8  1077,2  I63.6 270.5
14,3 18.9 60,2 4825 1271.6 10733 530.3 3449
18.0 19,3 12,2 710 954,46 246,35 4214 4758
4 21,3 10,2 2289 93%.8  1047.4 372.4  357.0
16,0 19.90 85.3  479.1 1193,  754.6  453.3 4895
3.7 =24 -26,3 377,35 (74,5 1397.5  453.4 254.3
10,9 12.2 67,3 489.2 390.4  B0%.2  481,4 4140

2.9 -3 tel  16B.4 1400.3  1453,7 483.9 41%.1
20,2 21,0 ¥4,7 438,00 1307,7 8142 4.8 522.0
12.8 18.4 4.1 138.% 14447 4884 422,35 4333
-39 -9.9 7.4 -5210 1778 441,70 342,30 281,7
43 1 35 380.0 13313 1194.8 559,99 4B0.3
15:6 18,5 8,2 034 746.2 10395 S0B.9 474.9
13.1 7.8 174 23,3 1398.8 9827 255.8 2710
12,2 il 0 478,30 547,17 48,8 S04.4 4494
33.0 44,4 68,0 750.8  1276.% 11488 725 2719
14,6 22,1 8.7 -2,6  1381.4  140B.2  379.7 45,9
13.8 11,0 49,4 S4.3 0 804,0 10347 4350 M4

43,2 547 LG, 32,0 1283.6  1D4E.4 I64,9 21501
.1 20,2 W97 75,2 1522,0 761 I80.0 487.3
iz.4 11,1 40,2 711,4  444,7 1RGS.4 0 5445 544,5
A7 30.3 83,8 28B40 781,46  1266.9 3912 4511
Sl 5.4 26,9 A00,7 BER 7237 1730 <308

332 23,3 79,7 -213.3  ABG.E 1224,5 4228 480.9
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290.0
15940
14%.4
235.7
27,3
27¢.8
2757
242,46
g
135.7
129.1
3334
17,2
247,2
284.8
133.4

B%\S
233.5
147.1
143.0
114.8
238.2
62,9
393.1
250'6
29,0
322,35
21335

77.1
254.4

2848

133.3
189,90

81.4
36,0
316.0
23,1
229,41

24,8
297.3

12,4
386.1

'100'2

171.2
291.5
-170.4
~4%9.3
122.9
-31.3
205.0
=242
516,5
228,9
474,7
10,3
330.1
‘12344
127,7
341
128.8
186.¢
13,9
47,3
24,32
=30.4
~36.6
204,46
160.3
26,5
72.0
205.4
328.4
141.5
172.7
115.1
73.4
143.3
252.8
124,1
~147.5
26645
81.8
~165:2
16.3
-20.8



46,2
44,5
2143
41.%
41,7
39:2
59,2
7004
4.0
4.2
62,3
317.8
49,0
25,5
34,4
48,4
L]
20.4
42,4
19.8
25,3
49.5
43.2
21.8
58,2
§7.8
43,4
Sl
43,9
82,3
37.4
45,0
46,0
49,0
19.3
26,9
26,5
14,4
22,2
56.4
58.1
934
12.1
43,2
26,6
Sl.é
59.0
35,3
29,9
44.3
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?J»3
34,9
13,7
99,3
6.5
§2:6
1B.3
Ji.4
4.4
1.2
&5,
80.1
67,5
73.8
323
19,2
12,9
42,4
551
-22.0
40,7
§7.5
12,3
8!'5
119.7
87.0
107.4
47,9
9.9
83.8
2647
1.8
36.4
734
22,3
44,5
'1813
20,9
31
85.4
84,3
234
45,5
393
42,3
40,7
118.7
26,5
8.4
'846

704.9
1254,0
7433
1498,5
726,3
947,
1401,2
1350.4
473,
7367
7754
717.1
1260,0
9357
248.5
1677.3
1705.5
£50.4
1427,7
505.5
710.5
B21.2
998,72
813.5
1712,3
855.4
1124,9
1643,6
1224,
1146,3
1008.8
1250,9
1643.7
1647,2
794,2
9590
802,7
5498
1712,4
903.7
1058.6
1441,9
1139.0
894.7
858,5
766,3
402,3
1001,6
621.6
1105.3

B24,0
4380
BS7,b
1144.8
1494,5
1404.3
1306.¢
1344,%
563.4
431,86
189.7
412.4
81,4
1205.2
'7&!8
841.3
1107.3
790.1
1318.8
2261
413,0
406,53
1189.9
808,3
1790.1
1053.9
1264.5
2053.4
123.0
519.9
1473.5
483.3
926,8
1278.5
B%.7
1170.8
101840
1502.8
1270.3
1322.5
80.3
1167.1
1494,8
13790
1388.3
137.8
944,1
946.4
§37.9
9934

I1I-3/4

439.4
549,7
553.4
35141
4904
462,5
28,2
3744
297.1
1990
504,3
283.7
259,2
457.0
224,5
38,0
390,5
448.6
541,2
336.9
118,7
312.9
42,3
418,4
475,7
315.8
282,0
45,1
48,1
588.9
428,4
32,2
45,2
447.9
215,5
159,3
577.5
339.9
Std,1
519.4
386.9
361.9
513.1
594.2
426,0
361.5
427,
541.2
45,9
386.3

199.1
477.1
46846
480.7

41,9

157.1
208.7
112.5
-11.3
94,1
331.8
202.3
289.3
193.1

77,3
363.2
27%.9
228.4
201,2
130.4

14,3

88.?
229.3
'3902
26%.8
286,2
247,46
489.8
215.4
926.0

43,4
429.4
149.5
107.0
339.2
330.5
2594
4424
178.4
478.3
385.5
251.1
02,0
338.9
499.1
381.3
209.0
358.0
143,9

305.3

334.7
259.3
147.8
299.4
194,9
193.9
1233.5
303.1
162,3
157.3
143.8
192.0
331
442,5
195.%
1992
299,1

68.4
245.0
28,2

81,5

32,8
298,0
843.5
~44,4
224,53

42,8

49,4
291.4
239.9
336,35
430.1
254.3
'4810
206,1
147,1
172.7
121.0
365,
301.1
149.6
198,53
173,64
.7
173.0
227.2
232:6
113.2
190.5
189.7

224,2
-139.4
1352
'6cé
'172r3
48,3

- 388.1

-12.9
459,4
39.7
298.2
404.8
2472
304, 4
0.0
239.5
'2000
280,0
239.9
142,3
224,4
201.8
-137.4
-125.8
380,35
412.4
1682
1.2
108.3
-9%.1
211.4
3.1
106.9
182,2
79,3
1.7
-12,1
218.1
“47|1
292,
42%.2
‘165|?
15¢.7
119.8
448.8
58,5
11%.1
170.4
44,7
124



40,3 4.6 21,0
43,3 27,3 1%2
8.7 354 21,1
+ IR0 2144 13.0
42 18,2 &3

15.1 1.2 -1.7
47,4 27,4 14.4

40.4 30:1 121

NEANS
41,77 2315 1442

STANDARD DEVIATIONS
14,67 10.80 2,78

SLOPES
0,020 0,672 0.830

17.51

1L

1,303

CORRELATION WITH PREVIOUS MONTH

S 0,239 0914 0,939

ANHUAL SUM OF SOUARESOF ERROR TN MEAN

ANNUAL SUM OF SOLARES IN ESRROR IN 5.0,
MOGOON SUM OF SOUARES OF ERFOR IN MEAN
FMONGOOM SUM QF SRUARES UF ERRGR TN a.m

0,96t

55,0 -522,5
757 3843
5.4 3849
81,7 M5.1
M0 135
A3 -8
79,8 408,7
54,9 300.0
48,96 348,97
15,05 203,38
1,807 -0.017
0,581 0,002
1439,11
2747, 44
1544, 40
1794.55

CTITI-4/4

498.1
494.2
987.9
1148.2
1404.5

813.0
1052.2

"§93.3

1040,73

182.91

-0.188

-0,13%

1334
791.4
6370
812.7

1362.7

687.7
1151.4

" 1087,2

917,20

0,394

0.344

110.4
340.2
na

78.8
2509
424.4
418,4
439.0

404,41

121,38

0,081

151.0
3334
416.7
1077
195.1

173.8
133.8

495.5

141,30

0,434

0,485

163.3
'?218
02,9
288.¢
218,7
148,7

92,1

147.4

324,24

107,24

2,085

131.2
116.4
i81.4
159.3
=0
2697
I8l
08,6

145,52

186,17

=0, 302

-0, 180




