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§ 5.1 Introduction:

The interpretations of the results / findings, obtained on analyzing the

scrutinized data discussed in Chapfer- 4, have been presented in § 5.2. The findings,
obtained in this study, regarding theory / results in the field of probability theory, in the
field of probabilistic projection on population of India and in the field of probabilistic

forecasting of temperature and rainfall in India have been summarized in § 5.3.

Limitations of the findings have been discussed in § 5.4 while the theories / results in the

findings that can be recommended for acceptance have been outlined in § 5.5

§ 5.2 Discussion:
Regarding the popular law of population growth viz. the logistic law, it has

tted to the data on the tot
India since numerical computations yield an estimated value, of o

been found that the logistic curve cannot be fi il ation of

al populati
o ne of the three

parameters of the curve, which lies outside the domain of definition o

[ that parameter.
Similarly the exponential curve though can be fitted 1o (he data o

. . n the total population
of India, yields the projected values that are not acceptable in t '

heref - he sense of statistical
. Therefore, one can con :
acceptance clude that the total populatio

n of India follows none

of the two popular laws viz, the logistic law and the exponential |
w.

It has been found that the projected point values o
India (shown in Table-6.4 & Table-6.

that the projected point values on the 1ota) popul

alon of _
: Table-6.5) lie within t! . N of the States of Indin (shown in
Table-6.4 & Table-6.) fie within the corresponding Projected in |
. ~ : ) n erVal mG
(shown in Table-6.3). Logically therefore, thege projected values of the sa

: POINt valiee be
considered to be rejectable and consequently (1o alues also cannot b

subregions (1

described in § 2-8 ‘
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estimating / projecting number of persons in India and in its states The same is also valid
for estimating / projecting number of persons in India gnd in its states with respect to age
and sex since similar findings have been found in Step-4.2.16.

Equation (2.7.4) implies that the accuracy of the estimates (and hence
projections) dopemd o thy wecoraey ol the value of 2'(20). The value ot (1),
approximated here, is nothing but the stable value ol the corresponding  relative
frequency. 1hurof‘orc, the accuracy depends on the accuracy of the said stable value of
the relative t‘requency (i.e. on the number of stable decimal places in the said stable
value). In the instant case, the stability has been found up to three decimal places in most
of the cases (and maximum of five decimal places in some cases). This stability has
yiclded estimates' that arc not rejegtable in statistical scnse when considered in thousand
or in higher unit. Again, equation (2.7.6) implies that accuracy if the stable value _of"
relative frequency increases with the increase in the number of observed data. Tn the
instant case, data corresponding to six censuses only have been used in computing the -
stable vélue of relative frequency. Thus one can conclude that the method may yield

‘More Aoeurste prajected VAUl IF more data ean be used in computing the same,

It is to be noted that by the theory of stability property of relative frequency,
estimated / préjected value on the total population of a subregion can be determined only -

if the corresponding estimated / projected value regarding the associated whole region is
€ co

known or determined earlier. The theory of stability property of relative frequency
di d in § 2.7 does not have the ability to determine the estimated / projected value
iscusse g 2.

on the total population of the whole region under study.

The findings obtained in Step- 4.3.3 imply that there is no any significant
e

i erature and in rainfall, in India, over years
. n the changes in temp , . "y
cause that influences upo ;

Le t rature and rainfall in India has not been changing (since 1969) over years
L.e. tempe

ienificantly. The changes occurred in them (since 1969) are due to the chance (random)
significantly.

lv_ Hence the confidence intervals obtained in Step- 4.3,5 can be treated to be
causes only.

99% confidence inte

characteristics Viz.
(1) Mean Maximum Temperature (Monthly),

rvals and 99.73% confidence intervals of each of the six

(2) Highest Maximum Temperature (Monthly),
(3) Mean Minimum Temperature (Monthly),
(£

(4) Lowest Minimum Temperature (Momhly)
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(5) Heaviest 24 FHours Rainfall (Monthly)
& (6) Number of Rainy Days (Monthly).
at the stations under study. The findings, obtained in Step- 4.3.7 and Step- 4.3.8, also
Justify / establish the same fact regarding the changes in temperéture and rainfall in
India over years. Hence, the confidence intervals, obtained in Step- 4.3.5, can be
treated to be the corresponding projected intervals of each of the six characteristics
mentioned above. By the same logic, the confidence intervals, obtained in Step-
- 4.3.9, can be treated to be 99% projected confidence intervals and 99.73% projected
confidence intervals of the yearly total rainfall at the stations under study. Thus one
can conclude that the area property of normal distribution is applicable (i) in
detecting whether there exists any significance assignable cause in a region which

forces various characteristics of temperature (and also of rainfall) of the region to be

changed and (ii) then in determining forecasted interval values of the characteristics
of the same with desired probability provided there exists no significance assignable
cause in the region which forces the characteristics of the same to be changed.
However, the technique of analysis of vafianccs though applicable in detecting the

same is not applicable in determining forecasted interval valyes of the characteristics

of tempera(urc (and also of rainfall) of the region.

§ 5.3 Summary of Findings:

The findings in the ficld of probability theory, in probablhstlc projection of

populatlon of India and in probabilistic forecasting of temperature and rainfall in India
obtained in this study have been summarized separately. The summary of findings has
been outlined below. '

§?-’5‘:3.l Summary of Findings in Probability Theory:

Following are the findings that may bear significant impacts in the field of
- probability theory:

(i) The classical definition of probability introduced by Bernoulli l.las been found

to be a consequence of its empirical definition due to Fisher under the specid!



(ii)

(i)

(iv)
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simation when / where the possible -outcomes of a random experiment are
equally likely.

Probability can be deflined in the sense of classical approach in the situation
where / when the possible outcomes of a random experiment are not equally
likely. The classical definition of probability introduced by Bernon/li can be
extended 1o the situation where / when the possible outcomes ol g rundom
experiment are not equally.

Probability of an event can be defined theoretically in terms of the number of
oceurrence of the event. There exists a theoretical definition of probability,
based on an idea of perlect expenmentahon that can be a basis of searching:
for method / methods of detcrmmmg, the value of the probability of an event.

The exact value of the probability of an event associated to a random

“experiment, which is still supposed to be undeterminable, has been found to

be determinable.

| §5.3.2 Summary of Findings in Probabilistic Projection of Population:

Following are some findings in projection on population of India that may

be or s:gmf‘cant uses / apphcatrons in the field of population projection:

(1)

(i)

(iii)

(iv)

(v)

The total population of India follows none of the two popular laws viz.

logistic law and the exponential law.

Each of the two methods described in § 2.8 and § 2.10 yiclds statistically
acceptable pro;ected value on the total population of India.

The relative frequency approach of probability can yield the estimates of total
populations of India and of its states, which are statistically not rejectable if
the populations figures are considered in millions and accordingly the
corresponding projected populations determined are not statistically rejectable

i the p(,l,ululi(ﬁ\ Agures ure considered in the sume units,

LEach of the two methods described in § 2.8 and § 2.10 alone with the method
described in § 2.7 is sufficient for projecting number of Persons in India and

in its states. The same is also valid for estimating / pmjecﬁ"g.number of

dia and in its statcs with respect to age and sex.

persons in Indi ' . .
The change in the total population of India over time, a5 the pattern Since

1051 tolls. can be mp,.csenlcd by an arithmetic progression it the said Change
(3 2% < ’
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(vi)

(vii)

§ 5.3.3 Summary of Findings in P
Temperature and Rainfal

India that mhy be of significant importance to the meteorolo

scientists:

(i)

(if)

(ili)

(iv)

-temperature, in India, over vears ie tem

is considered over interval of time and the length of the interval is taken as
(1/5.6) year.

Projected point value on total population can be obtained if a set of
underestimates and a set of overestimates are known or can be determined.

The relative frequency approach of probability can be used to estimate /
project the populations of India and of its states age wise, sex wise and age-
sex  wise, Estimates / projections

statistically rejectable.

obtained by thiy approach are not

robabilistic Forecasting on

Following are some findings in forecasting of temperature and rainfall in

gical and environmental

It has been found thai that it is possible to apply the area property of normal

distribution to know whether there exists any significance assignable cause in

a region which forces the temperature (also the rainfall) of the region to be

changed as well as to determine forecasted interval value on various

h desired probability.

nces upon the changes in

characteristics of temperature (also of rainfall) wit
There is no any significant cause that influe
perature in India has not been
changing (since 1969) aver years gignificantly,

The changes in temperature.
accurred since 1969, pre

due to the chanco (random) epuyoy only,
Variations in cach of

(1) Mean Maximum Temperature,

(2) Highest Maximum Temperature,

(3) Mean Minimum Temperatu;e,

(4) Lowest Minimum Temperature,

(5) Heaviest 24 Hours Rainfall in the Month
(6) Number of Rainy Days in the Mont]
have been found to be significant

among the monthg.
It has been possible to determine confidence intervalg on ench of
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(1) Mean Maximum Temperature (Monthly),
(2) Highest Maximum Temperature (Monthly),
(3) Mean Minimum Temperature (Monthly),
(4) Lowest Minimum Temperature (Monthly),

(5) Heaviest 24 Hours Rainfall (Monthly),
(6) Number of Rainy Pays (Menthly)

and (7) Yearly Total Rainfall.
The 99% confidence intervals and the 99.73% confidence intervals obtained

have been tabulated in Table-6.7 & Tqble-6.8.

§ 3.4 Limitations of Findings:
The ﬁndings obtained in this study may, however, not completely free

from inaccuracy and error. These may suffer from some limitations. Some of the notable

limitations of the findings, obtained in this study, have been discussed below.

§ 5.4.1 Limitations of Findings in Probabilistic Projection of
Population: |

The study on probabilistic projection on populations of India and of its states

is based on following assumptions:
(1) The environment within which the human population in India has been

nce 195118 identical.

changing si
gration of the human population in India (i.e. the migration of

(2) Interstate mi
popu]ation from one state to another in India) is negligible.

(3) Facts and figures on human populations of India and of its statcs with respect
to age and scx, recorded in the census reports published by the Registrar

re aceuratc.
(he change in the human populations of India and of its

1y the future for which projected figures have been

General of India, a

(4) Current behaviour of

states remains the same¢

computed.
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Thus, the results on probabilistic projection on populations of India and of

its states obtained in this Study arc reasonable il these assumptions are correct.
Obviously, the study suffers from the following limitations:

(1) Tt has been assumed that the environment within which the human population
in India has been changing since 1951 is identical. This assumption may be
treated as acceptably accurate for a short period of time. Tewever, for a long
period of time this assumption may not be accurate. Accordingly, an study
based an such nssumption may sulfar {rom Inndcuracy in its findings. 1t 1s not *
known whether the present study bears this type of inaccuracy.

(2) 1t has been assumed that the interstate migration of the human population in
India is negligible. It is not known whether this type of migration in India is
negligible. 1t is a problem for the researchers. If this type of migration in India
is not negligible, the ﬁndings of the study may suffer from inaccuracy.

(3) The facts and ﬁgures on human populations of India and of its states with

respect to age and sex, recorded in the census reports published by the Registrar
General of India, have been assumed to be accurate. If these facts and figures
are not accurate, the findings of the study are bound to suffer from error.

(4) Tt has been assumed that the current.behaviour of the change in the human

populations of India and of its states remains the same in the future for which

projected figures have been computed. If this assumption is not accurate, the

findings of the study are bound to suffer from error,

§ 5.4.2 Limitations of Findings in Probabilistic Forecasting on
Temperature and Rainfall:

The study on probabilistic forecasting on tem

based on following assumptions:

(1) 1t has been assumed that the facty and figures on

(i) Monthly Mean Maximum Temperature
(ii) Monthly Highest Maximum Temperatyre
(i) Monthly Mean Minimum Temperature

(iv) Monthly Towost Minimnm, Tomper

(v) Total Rainfall in the Maonth,

(vi) Heaviest 24 Hours Rainfall in the Month

itury,
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and (vii) Number of Rainy Days in the Month
collected from the stations in India are free from mechanical errors (i.e. errors
due to machine / tool having ulenown defect/defects and due to wrong |
handling of machine/tool). It has also been assumed that the facts and ﬁgures
‘observed have been recorded correctly.
(2) Data on the characteristics mentioned in (1) are free from incon.siste'ncy.

(3) Chanee errors pssocinted (o the obsorvations in each of the characteristics
mentioned in (1) are independently and identically distributed normal variates
with zero mean and a common unknown variance.

(4) Current behaviours of the changes in temperature and rainfall in the 42 stations
in India remain the same in the future for which projected figures have been
computed. .

_ Thus, the results on probabiliétic projection on populations of India and of |
its states obtained in this study are reasonable if these assumptions hold good. Obviously,

the study suffers from the following limitations:

(1) Tt has been assumed that the data collected arc free from mechanical errors

and from error due t
findings of the study are bo

(2) 1t has been assumed that the curr
ainfall in the 42 stations in India remain the same in the future for which

o fatigue in recording. If this assumption is not aceurate, the

und to be inaccurate.

ent behaviours of the changes in temperature

and r
projected figures have been computed. If the said behaviours do not remain the

same in future, the findings on forecasting are bound to suffer from inaccuracy.

§ 5.5 Recommendations of Findings:
findings obtained in this study are suffer from some limitations, on

Though the
logic and the statistica! tests applied in the study some theories

the basis of the derivative
! results can be recommende

. « holow. -
recommended have boen outlined b

| for acceptance. The theories / results that can he

§ 5.5.1 Recommendations of Findings in Probability Theory:
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The Tollowing idens / theories that may bear significant impacts in the field

of probability theory can be recommended.

- (@®

(if)

(iii)

(iv)

-§ 5.5.2 Recommendations of Findin
Population;

The classical definition of probability introduced by Bermoulli is a

-consequence of its empirical definition due to Fisher under the special

situation when / where the possible outcomes of a random experiment are
equally likely.

Probability can be defined in.the sense of classical approach in the situation
where / when the possible outcomes of a random experiment are not equally
likely. Tho classical definition of probahility introduced by Hernonlli can be
extended to the situation where / when the possible outcomes of a random
experiment are not equally.

Prabability of an event can be defined (heoretically in terms of the number of
accurrence of the event. There exists a theoretical definition of probability,
based on an idea of perfect experimentation that can be a basis of searching
for method / methods of determining the value of the probability of an event.
The exact value of the probability of an event associated to a random

experiment, which is still supposed to be undeterminable, is determinable.

gs in Probabilistic Projection of

The following theories/results that may bear significant impacts in the field

of population projection can be recommended.

(i)
(ii)

(ii1)

(W)

The total population of India follows none of the two popular laws ViZ
logistic law and the exponential law.

Finch of the two methods described in § 2.8 and § 2.10 yields statisticallY
acceptable projected value on the total population of India.

The relative frequency approach of probability can yield the éstimates of total

populations of India and of its States, which are statistically not rejectable if
the populations figures are considered in millions an( accordingly the

corresponding projected populations determined are not statistically rejectab]e

nits,

if the population figures are considered in the same y
Each of the two methods described in § 2.8 and § 2.10 alone with (ye metho

described in § 2.7 is sufficient for projecting number of persons in India &"
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in its states. The same is also valid for estimating /. projecting number of
persons in India and in its states with respect to age and sex. |

(v)  The change in the total pbpulation of India over time, as-the pattern since
1951 tells, can be represented by an arithmetic progression if thé said change
is considered over interval of time and the length of the interval is taken as

(1/5.6) year.

(vi)  Projected pomt value on total populn!mn can bhe obtained if a set of
o

underestimates and a set of overestimates are known or can be determined.
(vii) The relativ
project the popula
scx wise. [istimates / projections obtained by this approach are not

e frequency approach of probability can be used to estimate /

tions of India and of its states age wisc, sex wise and age

statistically rejectable.

§5.5.3 Recommendations of Findings in Probabilistic I‘orecastmg on

Temperature and Rainfall:

The following results in forecasting of temperature and rainfall in India that

may be of significant importance to the meteorological and envnromnental scientists can
be recommended.

(i) Tt is possible to apply the area property of normal dlstnbutnon to know

whether there exists any significance assignable cause m a region which

forces the temperature (

to determine forecasted in
perature (also of rainfall

also the rainfall) of the region to be changed as well as
terval value on various characteristics of

) with desired probability.

tem :
se that influence upon the changes in

(ii) There is no any sngmﬁcant cau
temperature, in India, over years ;.e. temperature in India has not been

- changing (since 1969) over years significantly. The changes in temperature,

ce 1969, are duetot

occurred since

en months in each of
n Maximum Temperature,
aximum Temperature,

m Temperature,
Temperature,

he chance (random) causes only,
(iii) Variation betwe

(2) Highest M

(3) Mean Minimu
4) Lowest Minimum
Hours Rainfall in the Month

(5) Heaviest 24
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& (6) Number of Rainy Days in the Month
is signiﬁcani in the sense of statistical phifosophy.
(iv) Thc.ﬁgurcs on 99% and 99.73% confidence intervals on (1) monthly
mean maximum temperature, (2) monthly highest maximum temperature, (3)

monthly mean minimum temperature, (4) monthly lowest minimum
temperature, (5) monthly heaviest 24 hours ralnfall (6) monthly number of

rainy days & (7) yearly total rainfall (shown in Table-6.8 & Table-6.9) obtained
in this study are suitable for seientific and other uses,




