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Introduction

‘In recent years the dairy industry has undergone considerable change
in its structure as regards the number and size of herds and their
éébgraphiéal location1. While the number of milk producers .in England and
Wales has fallen sharply.(by 9.3% between March 1963. and March 1965)
annual milk production: has remained fairly constant, and has e.ven risen
by a small amount.. This has been due to the increased average output of
those producers who have remained in production. The result has been
‘that the industry has become more concentrated. Milk production has
Jincreasingiy become the concern of a smaller number of larger enterprises.

The regional structure of dairy farming has likewise shown noticeable
changess Production has increasingly been carried out in the MMB regions
bordering on the Irish Sea (i.e. the Northern, Northwestern, North Wales
and South Wales Regions). These four regions were the only ones to
increase production from 1962 to 1965 despite the considerable fall in

producer numbers which occurred in these, as well as all other regionse.

The overall pdttern, therefore, has been a shifting distribution

of milk production towards lerger farms and towards the west coastal
regions,
The present study is an attempt to apply the technique of Markov -

‘chains to the problem of predicting the future structure and output of-

1+ The following description is drawn from "Changes in Milk Output 1963

t£0.1965" published by the MMB in 1966,
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the dairj industry, at both the national and regional levels. The

régional anelysis is of interest for comparative purposes in that it
enables ehamination of~regi0nal differences in the pattern -of Structural
“change both during -the sample period and into'the éredicted future. - It

ig hbped that prediction using regional Markov chains will lead to accurate
and detailed results nationally by taking into account small component.
effects which would be overlooked by more conventional, aggregative
methods.

The data are taken from the MIB's Permanent Producer Sample for the
years 1963 to 1967, This is a random Sample of more than 5,000 producers
- who were asked to keep deétailed records of their milk output for every
- month since April 1963. The sample is stratified by regions and by
output of milk, which means that all regions and all-sizes of herds are
represented. The quality of this sample enables. inferences about the
behaviour of the population of dairy farmers to be mﬁde with a fair
degreevof"confidence-on7the basis of sample observations.

A further objective of the study is an assessment of the validity of
Markov chain analysis .-in the ‘light of these very good datas - In particular
it is of interest to know whether the dairy industry's pattern of change,
as indicated by the sample, is substantially the same from year to year.
The answer to this question is fundamental in determining the suitability
of Markov chain analysis as a ppedicfive tool, If thelyearuto year variations

in this pattern are large it is obviously not possible to make predictions

o]
with confidence. In this methodolégical respect the current study follows
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up an earlier one1 which used data from a relatively poorly designgd_--
sample of dairy farms‘in the. northwestern region. -This sample, based on
the Farm Survey, was not randomised and was not fully representative

of the industry in the region, two faults which should have been overcome
by the Permanent Producer Survey. The lack of success of the earlier -
study in making predictions could have been due either to the
inapplicability of the Markov chains technique to the dairy industry, or
to e;rors-in'the'éample data. The latter problem is:presumed to be minimsed
in the data used in the current study and for this reason it is,ﬁoped‘_
that it will be possible to evaluate the usefulness of the Markoy chains

technique when applied .to the dairy industry.

1e D¢ Re Colman "Application of Markov chain analysis to structural change

in the North West dairy industry". Journal of Agricultural Economics

Vole XVIII Noe. 3 1967




Qutline of the Study

The line of approach-followed by the study is first of all to derive
values of the parametefs upon which prediction by Markov chains depends,
~i.ee the transition probabilities matrix for each regién. A transition
probabilities matrix, explained in more detail below, characterises the
pattern of change in the size distribution1 of milk producers which
took place during the period embraced by the sample. Comparison of " the
transition probabilities matrices for different regions reveals-regional
peculiaritieé in the pattern of change.

The next step is to obtain a prediction of the future size distribution
for each fegion. This consists of the predicted numbers of producers in
each of the six classes. From these regional figures the future national

size distribution is arrived at by aggregating over all eleven regionse

1. Producers are here classified by output according to the six size classes
used by the MMB in "The Structure of Dairy Farning" and "Changes in MMilk
butpu n,  The classes are defined below with respect to annual gallonage:

"Very Small" under 7,500

T 7,500 = 14,999

ﬁAyeragé"' : - | 15;000‘:.24,999

"Substantial® 25,000 - 49,999

"Large™ 50,000 = 99,999

"Wery Large" 100,000 - and over

There is also a further class, denoted by O, to represent the case of no

milk production in a particular year. This is necessary because some producers

are observed to enter the industry and some existing prcducers are observed to leave
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~ From ﬁhe‘samplé‘data,average oubput per producer is found for each

of tho six sizc classcs in ooch regisn. TFrom these, together with' the.
prcdidtidns‘of the number of producers in each class, predicted output
figures are arrived at for ench size class and cach region. Regiomal -
oufpﬁt is then'found‘by“anrégatiﬁg over classcs and national output :found
by ageregeting ovér the regions.

As régardS'thé'methodblOgy of Markov chain analysis, it is of ..
iﬁportancc to determine if the components of each transition probabilities
maxtrix remained fairly constant throughout the-period covered by. the
sample. Tr =answer this question a statistical significance. test (the
chi-square test) is carried oute

The Pattorn of Structural Change

The Transition Probabilities Matrix -

It was stated in the previous section that a regional transition
prdbabilitiéé matfix*éharactériStggs the pattern of structural change in
a region. As an illustration and by way of -explanation, the transition.
probabilities ﬁatrix'for”the‘South Wales région is presented below.

* TABLE I TRANSITION PROBABILITIES' MATRIX FOR SOUTH WALES

" ‘Class in Second Year -

Class in’ R Véry: i : - S
First Year | Small Small Average Substantial

0 .0018 0003 -.0002° .0002.
Very Small | . 7780 .0896 0075 0
Snall 1 092} »8007 - 40815 - - .0036
Average o 0122 L0948 <7645 <1131
Substantial | o - .0072 0797 - . +8116
Large . | o | o | .0277 0568
Very Large .0 0 0 - 0
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Each of the entries .in this matrix is the probability associated with
a milk producer teking a particular course of action between one yeer and
tbe next. Possible courses of action are, for exanmple, ingreasing or
decreasing the size of output, maintaining the same output, or ceasing
production entirelye In the matrix the classes referring to the initial
year are represented by the rows , and those for the following year by
the columns. There are seven rows and seven columns, there being‘six
size classes of producers, and one class to repreSent those not pprrently
in production but who may either be so at some futupe date or have |
produced in the past.

As an illustration of the meaning of the transition probabilities
matrix consider the row labelled "Average". It gives the probability
distribution of outcomes for one year, given that a producer was in thé
Average class at the beginning of the year. Thus reading along the‘roﬁ
gives the probabilities of all the respective outcomes_conditiqnal upon
starting in the'Averaée class. The probability that a producer leaves
the dairy industry (column O) is 0.0153. - Similarly thg,probabilities_qf
reducing output to the leye}hof the Very Small or Small classes are,
,respeétively, O.Q122lapd.Q°Q948. The combined probabilify of a decrease
in tﬁe size of output, conditional upon beginning in the Aveféée ;iéss;-
ié,then the sun of thése:three volues: |

0.0153 + 00122 + 0,0948 = 0.1223

The entry in the diagonal, 0.7645; is fhe probability that thevproducer

remains in the same class. The probability of the producer increasing his -

output from the "Average" level is 0.1131, that is, the probability of entering
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the "Substantial® .class. -The probabilities of moving into the  "Large". or
"Wery Large" classes are. both zero, igdicating,that the possibility of a.
move of- this.type is excluded from the model.

Tt will be seen from this that a producer in the "Average" class 1is
slightly more 1ike1y,£ovdecrease,the level .of his output. than to raise
it (a probability of 0.1223 as against 0.1131). However,*the~greatest
likelihood -is- that he will approximately maintain his level of Qutput,and
remain in the "Average" class (a probesbility of 0.7645).

The,elemegts-in a single- row of the matrix must have the property .of

summing to unitye. This is so because each row is a probability distribution

and describes all the possible pqtgomes fqp:a given starting class. The
. colurns. of the matrix do not_haYe;this rroperty. . " -

. As a.purely hypothetical illustration of the meanlng of a tran31tlon
probabilities matrix, suppose there were 100 milk producers. in the Average
class in South Wales in 1966-7. By the following year 1967-8, they would
be expected to be distributed according tqﬂthe‘transition Qgpbabilities:
in'rpw 3»of the matrix. Thus, (to the nearest whole numbers) the
.distribution would be:. | o |

2 producers -ceased production: altogether
. 1 producer reduced output to Very Small class
~ . 9 producers reduced putﬁutwto Small class
76 producers remaining in Average class
11 producers increased §utput to Substantial class
No producers nmoved fo Large or Very Large classeso

A similar interpretation to this one attaches to each row of the matrix
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Thus’ it will'be seen ‘that the probability of ‘a producer in the Very
Large cléés:§emaining there ‘is unity. - This reans that no’prdducer-inf
South Wales who is included in the Very Large class is ever expected to -
leave it.'

' The row of the matrix denoted by O is the probability distribution
of potenti‘al’é'ntran‘ts to dairying. ' The probability that a potential -
dairy farmér will not actuelly take up production during the year is -
0.9975%. The combined probability of his entering the industry is 0.0025.
‘Hence it is highly unlikely that a potential entrant will, in fact,

4Bégih’production of milk,

Cires

Derivation of tho Transiticn‘}rdbabilities latriccs

The Permanent Producer Survey, which supplied the'data for the present-

study, comprised a large ‘sample of milk producers in dach MMB region. These
producers were requested to keep records of ‘their gallonage for the four
'years frém-19€5s4'to‘ﬂ966¥75’énd:frdm'fhe’ihfofﬁation‘fﬁﬁs supplied the

Ll Cos s, cMATRICES . e T i
transition probabilities wetiees were derived.

1., This restrictive condition derives from the fact thatin South Wales in

1963~k there were 5 producers inthe Very Large é¢lass all of whom were

included in the sample and none of whom left the class during the sample

periods The derivation of the transition probabilities matrices is treated
in the next section and Appendix T.-

2, Details of how this result was' obtained are presented in Appendix I

section 2
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' The first step was to allocate each nroducer to one of ‘the six classsv1
according to size, on the basis of reéorded output in 1963-4. The allocation
was reﬁéatéd using the records of the following year's output. Hence the:
cereer of each prbducer in the sample was known for this two year period.

*For example, a producer may have been in the. Average class in 1963-k
and the/foliowing"year may have ceased production. Alternatively, he may
'have remained in the Average class, and so.ones
Fron this information a table was drawn up each of whose entries is .
the total numﬁer of sample producers following a particular course of
action. Thé-table‘(or matrix) for the South Wales region is presented below

TABLE :2 -

1964~5 Class

1963l Class | Ve. Small | Small | Average ‘SubStanfial

0 o _ ; ‘0
Ve Small | ' 3
Small |
Ayeragé

: Substantial

Larse

V. Large

e

1. See p« 3 for a definition of the classes




-=10-.
The rows -of this matrix represent. the classes to_ﬁhich-prqducers belonged
©'in 1963-L and-the columns those to which they were allocated a. year later
in 1964=5« For examp1e,mthe,entry'in.the‘rOW'labelladv"Averageﬂﬁand the
column labelled "Substantial" contains.the information that, of .those. .
producers assigned to the "Average" Class in 1963-l, 16 had:by the following
year increased their output and been’ included in the "Substantial" class.
Similarly, 83 of them maintained the same output and remained in the "Average"
classe
The Survey - period was L years and therefore, for each region, there
'~ ‘are 3 ‘such matrices as the one above.1‘Thcitransition_probabilitiesnmatrix
was calculated from the sum of these. This "summation matrix" is presented
for the South Wales region, below (Table 3)
TABLE -3

V. Smell  Small  Average  Substantial ' Large - V. Large

o I IR T S A 0 o0
V. Small | | 117 148 L o 0 0
Small | 51 1;42 W 2
31 Y

Average

L
{Substantial ‘O
0

Large

fV. Large .
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Each element in the transition probabilities matrix for South Wales
was then calculated as the ratio of each entry to its corresponding row

total. For example,- ‘the elements in the Average row are presented:
o et

!Itemg KaeA
aSaeq'KaeA

&
o'
2}
§
d_
e
o
.‘l—’

“Averdge < 5/327°  L/327 31/327 - 250/327 - 37/327

Average  .0153 .0122 O0%8 « 7645 o 1131

By the same procedure the elements of each row of. the tran51t10n probabilities
matrlx were derived and the matrix: bullt up row by row. .

4 Reglonal Differences in'Industrial Stablllty

(1) Stabllltv of regional dairy 1ndustrles

‘The degree of stablllty of a reglonal dairy 1ndustny is 'indicated by -
the elements of its transition probabllltles matrlxyln two wayse
The first of thesg is the size of the probabilities in the diagonale -
‘Clearly,.the clo;er eadh‘is to one the more stable is_the industry._ If_all B
the diagonal eleﬁents were one, there would be perfect stability, with no
' changes in industrial ‘structure, all producers continuing to produce roughly
the same output each year.
The second indicator of.stabiliéyiis the oxtent to which the: off- -
diagonal probabilities are dispersed. If there is little dispersion it is
" an indication of a degree of stability, the only movement between ciasses

taking place between adjoining ones. If, however, there is a wide spread




of the off-diagonal probabilities, including the possibility;of, say, a

producer moving from the Large class to O (no production), then there are.

grounds for saying"that the-industry'iSTunstablevand'subject to rapid-

structural chénges.
* TABLE 4

TRANSTTION PROBABILITIES MATRIX FOR THE SOUTHEASTERN REGION

Class in First Year Class in Second Year

Ve Small | Avefage Substantial Large

o neitir ) 0050 | |- w0017 | w0011 | 0011 |
V. Small 505k | 0215 | .0108- | .0108
Small 1393 - | w1230 | .o16m
Average 0451 . | <6581 | . .1053
Substential | {0239 3| L0287 | W0670.|  J7512.
Large e 10236 | | L0236 | - .05

Ve Large " . SERUEEN IERUEY 0 1N SRS o I : 0.} 0045

*. By-way .of -comparison:of two transition probabilities matrices, consider
those for the South Wales (Table 1) and South Eastérn_regions.(Table,#).~
(Thesé regions were found to exhibit.the greatest stability and instability
- ‘respectively.of all the 11 regions). Inspection reveals -that. the South .

Wales dairy. industry . is obviously the more stéble;éf the two. :Each-element
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in the diagonal- of the South Wales matrix is larger than the corresponding
one in that ‘of the South East. The difference.is-quite considerable. In.
each case, eXdépf*fOr the two extreme classes; it is in-excess of Oele .-
Similarly'disperSion of the off-diagonal probabilities is greater in the

matrix for the South East (Table 4) than the one for South Wales (Table 1).

This can be seen from the fact that there are fewer nonzero probabilities -

in the South Wales matrix, and they are arranged cl§se to the diagonale ..
Thus, according to the transition probabilities matrix for South Wales,
whatever movement takes place is assumed to be mainly between neighbouring
classes.  In the' South Eastern region, however, producers move between
classes which differ more widely in sizeo’

The transifion‘probabilities"matrices for the 11 IMMB regions- are ..
presented at the end of Appendix I, in Table 12.°

Tt should be noticed that the transition probabilities matrices ?}1,
contain nonzero entries in row O and column O. . Each entry in row 0 isthe -
assumed probability of a new producer beginning:production at at a particular .. .
level of output. -Each entry in column O is the assumed probability of a
producer leaving production from a particular level of outpgt.,“It,will be |
noticed that, in both row 'O and column O of some.regional matrices, there -
are probabilities associated with quite 1arge‘levels of_output.' In.fQW_O
of the South Wales matrix (Table 1), for example, there is a probability (.0002)
corresponding to the contingency of a producer starting from no production and
igtering the industry at the "Substantia;" levels In column O, there is a
probability (40114) of a producer ceasing production after being in fhe "Large" classe.

This apparent suddenness with which large producers are assumed to enter |

or leave the industry is to some extent an exaggeration. In the
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survey, the units- in which the MMB enumerates produéersvare farmers, . .
partneféhips and companies and not the: actual ferms themselvess Thus a . .
producer -is définéd in‘termszof‘ownenship.of assets»and,nqt;the<ass§ts‘

themselves. ‘For this: reason; in the event of a dairy farm changing hands, -.

the transaction does not. appear . in the MUB records as a simple transfer of . . .

ownership;'fltzié*redorded‘twice.'»It”is recorded that-the original producer,

ceases production, and at the same: time the new owner suddenly enters ... . . .. _

production at the same’level of outputs: This double counting makes no. .

difference Lo éstimates of output or producer numbers in-any sample year, . .

however it does distort the transition provabilities matrices by indicating . ..

a greater proportion of entrants and leavers than there actually are in .
terms of 'physical'dainy farms. .Hence, for predictive purposes, it
exaggerates the degree of instability. : .

(2) The Index of Stability

The  differences between the transition.probebilities matrices for

South Wales -and the South East are pronounced,. However, there are 9 other.

regions whose transition probabilities matrices1Acxhibit differences which -

are less obvicus and it ‘is hard to’differentiate among them.. In order to. . .

try and distinguish:these differences in the degree of stdbility it was .

1. presented below at the end of Appendix I
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decided to use an index number. This index number consists of a weighted
sum of the diagonal‘eléméntéaof:the?trapéitioﬁfprobabilitiesfmatrix. The
weight used for each pfqbabi}ityqi; thglppgportiOn‘of the‘produders of the
region in the appfoPriate class in the &ear 1966-71._‘The index number thus
formed is to be iﬁterpreted as an indexfof stability defined.in terms of
producer numbers.ipThe greater the stability of a negiénal.dairy industry,
the closer the inaexfnumbér will be to:ﬁnity, and Qonyersely,:the greater

the instability, the smaller it will bé.

(3) Regional differences of stability

Regional coﬁparisons of stability:among the eleven IMB regions using
the index descriﬁedrin the previous seétion showed a .remarkable geographical
pattern (see Tabie‘5).a Regions neares% the west coastywepc_found to be
ithe most stable, and those towards theiSouth and East-of the Eountry the

most unstableo

1e Algeﬁraicaily, the expréésion for the'ihdex'numbef.isi

6
i=1 il i ~ elements of the transition

-fg—?;*f—ﬁ'

W o pfoBaBilities'matrixn"v

Trdex = " Where the Pii are the'diégonal

2= : i(iﬁﬂ,Z’gao-;;G) and Wiv"x :

is the number of producers

.yinvfhe ith ciassJin.19é6—7
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TABLE 5 -

' VALUE OF THE STABILITY INDEX FOR EACH REGION

- Region - = . S -Index

South Wales ' o 0.7886
North Western - | - 0.7792
North Wales: JEREE R '0.7790t -
1Mid Western SR ’ 0.7623
Far Western > N "~ 0.7566
Bastern S 0.7h18
Northern =~ B -0.7296
West Midlands I U 0.7136

“Southern- - - | 0.7112
East Midlands - | : "0,7108

South Eastern 0.6991

The greatest degree of Stublllty was shown by South ales, the North-
West, and North Wales, vhere the index was claculated to be about O 78
Next were found to be the M1d West and Far West Wlth 0. 76 and the Eastern

and Northern»reglons’wlth en index number of about Oo7js The West Midlands,

Southern and East Midlands regions were next in the'ranking » with an index

valued at around_0.71._ The least stable region was the South East with 0.70.
There is a notlceable 31m11ur1ty between this ranking, according to

stability, and the ranking of regions according to the percentage of standard

output deriving from the sale of milke This means that the greater the proportion

of standard output from milk in a region, the higher the index of stability.
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This is of coﬁfée,'what”might*ha#é been ‘expected.: The greater the. dependence . .
of d"déiry'férmer’oh milkfpfodﬁcﬁionfthe‘léssllikely he is to- change the scale..
of his outpuf,"Prdducéré are. heavily dependent: on-milk production.in the:
regions nearest the Irish Sea and- this mayto a 1argewextent'exPlain the
stability noted in these Fegionss - i 1 7

5) The ‘Test of Constancy of- the Transition Probabilities Matrices

a) The Test

‘Before the Markov chain'technigue can-be-used in prediction it-is -

necessary to make the assumption that the transition probabilities remain’ .. . .
constant over the period to which the predicticns refer. For the present
study it was necessary to assume that the calculated transition probabilities,
derived from the sample taken between 1963 and 1967, would remain unchanged
until 1975. To assess the validity of this assumption (and hence the validity:
of the use of Markov chains) it is necessary to demonstrate constancyvoVer

the sample period. Hence the statistical test known as chi-square was

carried out for each region for the years-1963/6L=1966/7.

For each region a value of the test statistic wasiclaculated and ;
compared with‘étatistical tables. " From this comparison the constancy .or
otherwise of the transition probabilitiesiwas inferred. -

The‘principlé'underlying”the~test is that the: value of the test statistic°.
(incorporating the annual deviations -of calculated probabilities from their
means) reflects year-to-year changes in the estimates of the transition

probabilities. If this value is very large (relative to standard chi-square tables)

See Appendix IT
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it can be inferred that. the year—to-year variations in the transition.

probabilities .are. such as to render the assumption of. constancy unrealistics. .

Besides the calculated value of chi=square and its degrees of freedom, the -

table contains the approximate probability of the, calculated value being - -- -

exceeded according to' the standard tabulated chi-square distribution. If

this probability is small it implies a relatively high value of chi-squaré_  o

and therefore is evidence: of significant variability in.the elements of. the
transition probabilities matrix from:year to year. Hence the assumption .
of a stable.transition probabilities . matrix :is untenable and the use of -

Markov chains in such circumstances is unjustified.

"A more technical exposition of the nature:of the chifsquargytestfin BT

the present context is contained in Appendix-IT.

(b) The results of the test :

In the main, the results presented in' Table 6 lend limited support for . .

the applicability of Markov chain analysis-to the data collected by'the.

Permanent Producer Surveya: -

In 8 regions, the chi-square.values would clearly seem to support the . ..

assumption of constancy in-the transition probabilities. In these regions . .

the probability of the test statistic being -exceeded is over 70 per cento.

In some regions it is as'high asf‘98gper cent or 99 pér cente
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TABLE 6

RESULTS OF THE CHI-SQUARE TEST

~ Degrees . ~ Chi-Square - |.  Approximate percentage pro-
of Values bability of the calculated
Freedom ' . . chi-square being exceeded

Northern bl 39 B

Northwesﬁern o 51 o 61.9 20
Eastern I 50,0 T s
Last Midlends ! e | e L 99
ot Miélaﬁdé o R T S R B
Northvﬁalés | I 33 - 1801 R A | : 98"
South.ﬁaiéé O 36 | ‘ 13.7 ‘ B 99
Southerﬁ I ' ‘ . 32.9 o | o :'90‘7
Hidvestern 18 5942 | 10

Far Western 36 17.0 B e 99'

South Eaéterh A . 18 . 33,8 e ) 4 95

In tro regions the results of the chi-équare test are such as to throw
doubt on'thelﬁppropfiaﬁonoss of the use of iisrkov chains. These arc the North-
vestern and Midwestern regions. - For these regions the probabilities of the true
chi-squore value lying o the right of the palculated'chi—équaré values are
only 20% and 10% respeofively. ‘ : .

This result for the lforth Test is roughly consistent with that found in the

: earlier'study1uof the same region -/here the probability.lying to the right of
the. chi-sguare value was found to be approximately 25% of the distribution. In
view of the lack of improvement in thevéhi—square result, with the new date,
the suggestion made in the earlier paper that the North West was likely

to be the most stable region, and hence the most suited to

1¢ De Ro Clean OEQC:L{Z,
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Markov Chain Analysis, appears to be unjustified.

It is of- interest to note,.without.offeriﬁg any explanatory hypothesis,

'Afhaﬁ_these:tuokregionsglwhose transition probabilities are the least constant,

are also thé"iargest. ‘In 1966-7, the Northwest accounted for 21.2% and the
hld wcst 10% of active producers (Table 7) | However;'there'doeé'not'seeﬁ to
be a relationship in the other nine reglons between st;blllty of tran31t10n
probablllt;es end number of producers,

The use of Markov chains in these circumstances can be justificd br-'rx
reference ﬁo the fact that the regions“uith high values of chiesquere ere
in the mlnorlty (3 out of 11) and represent only about one thlrd of producers.

It must, however, be borne in mind thet the use of Markov chains in these

regions is liable to lead to relatlvely lerger prediction errors than in the

other regions,

Results of the Prediction Procedure

1) In terms of producer numbers the general picture Whlch emerges is
"one of raold decllde both natlonally and reglonallyg This decllne may be
-expected to contlnue unremlttlngly (sec Taoles 7 and 8) ‘In England:and
‘Wales the predicted fall in the number of producers is: -
16.4 per cont. between 1966/7 and 1970/71
30.5 per cent. between 1966/7 and {§75/76','
Expre531ng this in terms of “producer numbers, there is an expecteﬁ decline from:
N 86000 in 1966/7 to |
72000 in 1970/71,and

1760000 in 1975776 -
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TABLE - 7

" PREDICTED. REGIONAL DISTRIBUTION OF PRODUCER NUMBERS

1966-7 t 4070~ - 10756

Region Number Percéntage of | Number Percentage of . { Number: Percentage of
National Total National Total B ‘National Total

i

Northern | oem 11 17716 | 1046 | 9.8
Northwestern ; 18351 21.2 116246 22,1, I 23.6
Fastern 1 3165 ‘3,6 2489 3ol ' 3.2
Fast Midlaﬁdsf 4,036 a7 | 3232 b5
West Midlands | 7516 - 8.7 : t 8.7

North Wales | 6386 ST It 7.2

South Wales | 9922 11l 11.6
Southern .| - 3550 .4.1 - 3.8
iid Western | 8669 10,0

Far Western : ﬁf6§3k €13o5b .

South Eastern . |. 3577. 1 ... Jeed

England/Wales | 86739 | = 100.0
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TABIE 8

- |Region A 1970-1 i 1975-6

- INorthern @ - e : 21.§ ...} . .h0a

_Nogthwestefn;:k‘->rv . ' .“V>ﬂj.5jllyb i ;“f;'.i | 22.6

Eastern - . B »21.4 oL 39f0

East Midlands : f19.§. o . .38.0
VWest1Midlénds o 16°; : : 29k -
{North Waies - : 18,1 o : 32.7 ;
|South Vales N 73544;9 - 282
ﬁsOathernE L 22 : 3943
;MidﬂWestérn . : .1649 - f ~30.3
iFar;Westérn . : ;;'14;7 o | 27.9°

|South.Eastern . 18,0 PO I 3541

‘|England/¥ales : 166k o _ 30.5:

S

" (2)'So far as particular regions aré concerned, the biggest rates of -

deéline inbﬁﬁﬁbérs are in:th§4Northéfp;.Eésﬁern,xﬁééﬁ'Midlapds éﬁd'Sduthéfﬂf'ﬁ
regions; with a decline of : over 20 per centkby 1970-1 and o
over 38 pér cent by 1975-6'
The smallest rate of decline is in the Northwestern region with
11.5 per cent by 1970-1 and

22.6 per cent by 1975-6
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It will be seen that,'even here, in the region with the slowest rate of
decliﬁé, the number of producers falls by one fifth.in nine years,
‘-*‘Thé‘féﬁaining six regions’all have intermediste rates of. decline
 renging between:
14's7 per cent-and 18.1: per cent.by'1970f1hand;betwpen
. 27.9 pericent and 33.1 per cent. by 1975-6
In other words these six regions are expected to suffer a fall in ngmpers
of about one third.

A corment ‘which should perhaps be made here is that is is possible:
“that the considerable decline in predicted producer numbers in all regions
is to some extent an overestimate. It -has been fouhd~by_the MMB,that,theﬂ
method used to select the sample has probably led to an underestimate of
the number of new producers entering production each year. This being the
case, it will have made a difference to the valucs-of the transition
probebilities matrices and led to an underestimate of the future number of
producers in each class. - However, this is a minor point because the
nurber of producers affécted by the error is likely to . be very.smalle

(3) Besides an overall decrease -in numbers, the results of* the Merkov

chains analysis indicate changes in the regional- concentration of dairy

production. ~ The number of producers may be expected to show a relative. .

increase in four regions. ‘This is seen in Table 7.

increases in: the Northwestern, West ‘Midlands, South ¥Wales and Far Western
regions, remains constant in the Mid Western region and falls:in every one

of the others.
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This pattern'wbuld seem to lend support to the view .that dairy
production i;'becoming increasingly concentrated in those parts of ?h?:a ,
country where natural conditions are most favourable. These natural conditions
relate meinly to climate, dairy farming tending o bredominate ip those areas
which are-leaét suitable. for arable farming; i.c. the western counties with
the wetter soils and smaller average farm size thanfthe eastoe

() Output -

According to the results of the analysis, output of milk in_Englénd ,

and Woles nay be expected to rise despite the fall in producer numbers.
Predicted output -is presentedvin_Table 9 and its rate of_change‘and_that of
its regional components in Table 10.
Tt will be seen fron these that the percentage change in output
pfedicted is:
I, per cent betwcen 1966-7 and 1970-71 and
7.3 per cert between 1966-7 and 1975-6
In 1966-7 recorded sales though the MMB were:
2040.% million gallons and this . may be expected to rise to
216241 million gallons in 1975-6. V
Tt is difficult to decide whether this prediction is likely.to‘proye
realistic or not. The only data available from the post-sanple pepiqd
relate to 1967-8, In that year recorded output was 2141o1imi11ionhga;lons
“a figure almost equal to our 1975-6 estinate. . This moy indicate that the
predicted rate of growth is an underestimate or that. production in‘1967—8'

was inusually high. -




TABLE 9

. _PREDICTED QUTEUT OF MILK .-

. p496§-7

1975-6

Region

Output - Pcrcentage of. .|

Moge National Total

Percentage of
Hational Total

 Qutput

RNeZe’

i

_ Percentage of |
National Tota%

Northern
Northwestern
Eastefn

Bast Midlands
Test Midlands
North Wales
South Vales
Southern

iid Western
Far Western

Scuth Eastern

200.2
145149
91.2

110.6
203.1
88.1

14,8.7

119.2

283.3
197 o4t

14147

9.8
2241
e
5k
10,0
ha3
7.3
5.8
14.1
9.7
6.9

8.8
21.8
540
1043
L5
7.3
6.2
15.3
9.3

7.5

AT7261
16643 -
81.7
9.6
22546
1011
169.5

374
3.3

2065

s

i
!
N

8.0

21.6

204043

100.0

2162.1

mege = millions of gallons
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TABLE 10.

PERCENTAGE CHANGE IN OUTPUT FROM 4956-7

" Region ©1970-1 C 1975-6

, Northéfn : 7; vl" o 'f5;§ v .7“‘ -’—11.8
Northwestern ; +3.1. : +5.5
Eastern ’ ' : -3.9 B %8.3
East Midlanﬂsv o ; -5.0 | ) —10,6
Wést Midlands _ E +6.8 : +11.9
North Wales S , ; +7e5 o +15.9
South Wales; R | +7e7 v o +18.8
Southern o j +9.8 . +16f3
Mid Western . | +9.8 : +18.0
Far Western o | +6ol +12.ol¢

South Fastern ; +2.9 . §+4.6 .

England/Wales _ : +4..0 H‘I +7e3

Figures produced by thé Economic Development Committee for Agricultizre1
envisage an increase for the whole of the U.K. of 15.4 per cent in the six

year period 1966-7 to 1972-3, which would be a much faster rate .of. growth

"pgriculture®s Import Saving Role® Economic Development Conmittee for

Agriculture June 1968
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than that predictéd in the ﬁreééﬁtréth¢y. However, it"is likely that the:
EDCA“ésfimates'arélbpﬁimfétic;” Thé publication from which they are taken
is something "iﬁ-the nature of a policy document intended to indicate
future trends in agriculture on'‘the ‘assumption that all opportunities for:: "
import Saving:aré exploited and fthat all hecessary incentives are given.
The'préséntAStudy, nowever, makcs the inplicit assumption that no changds
in the economic environment in the dairy industry will occur. When this isi:
taken into account, it is possible that the present study, in indicating a'
slow rate"bf'gréwthgbf butpuf, shows the neéd for changes in government.: ==~
policy towardslthe dairy industry'if~it'is desired that milk output should:. .
achieve a faster rate of growthe |

~ (5) Concomitant with the rise in’ oubput nationally a movement towards.

regional concentration is indicated’ (Tables 9 and 10) .

' Three fégidns;‘thé.Nbrthern;'Eiéterh”and”East~Mid1andS'may be expected

£o suffer an absolute fall in oubtput, While regions-nearér the south and west
show an increase far abo§é'fhé"dvefégé>fof Enéland'and»Wales. The regions:.
expected to enjoy the highest rates Of ‘increase are'Nértﬁ'and South Wales, -
Southern and Midwestern, with: '

ovér 7% by 1970-1 -

and 16% by 1975-6

(6) The pattern of regional concentration of output described in the

above section, (5) is also reflected in the predicted proportional distribution
of output contained in Table 9.

The four regions extending over the northern and eastern counties
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(i.e. the Northern; Northwestern, Eastern.and East Midlends) may be
eipected,to,experienoe‘a declining;perceqtage og_ogtyut,}uThelshgrg Qf_qutpqt
coming from the Southeastern region is predigted-ﬁoiincreasggbgjwegp_:
1966~7"and 1970-1 but declines slightly. thereafter. .- |
Again, as in the case erprgd@gertnumbeps,ithe‘;gsgltg indicate that
the-regionalustructure‘of.outpqtjmay,bekgxpegted_tp;undergo‘a»pattgrpApf

change in which production becomes more:concentrated. The counties of. .

Wales, end thesouth and west. of England may.te expected to meke a re;aﬁively

larger contribution to output in the future than in 196657,‘While¢$he.
northern and eastern:regions-show.a,deplipg.h,’ﬂiv .

(7) It is of interest to note that the changes which may be expected
in the regional -structure of output.do not coincide with predicted changes
in the regional distribution of.produce?.ggpbeps,;, ”

It will be seen that some regiqns_incrgase ﬁheirirelqtivg‘contribption
to. output despite a relative fall in progucgrnnumbggs. Th%g.occupgiin.the
regions in the south:and west;iparticulaplyﬁthetSputheastgrn,fMidWe§#ern,
Fan~Westerh\and,North Walese In these regions. it would appear tha@‘there
'is a stronger tendency towards an increasing s;zgfof‘units_then elsewhere.nﬁ
Production becomes increasingly concentrated:inﬁoxphe hands of a smaller

number of producers whose average output.is.larger.
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TABLE 11

. 1966-7 .

. .SIZE DISTRIBUTION OF PRODUCERS

19701

‘ 1975—6

_Number

. Percentage

of Total

. Number

Percentége
© of Total

Number

Percentage}
of "Total

5Small

fAverage

Very Small. |.

16720

23637
1970k

1943
272

2207

BT
16730
15130

1846
2341

2163

10218

12259

11805

16.9
203

19.6

Total = ..

60061

6943

| 4563k

63,0

| he82

56.8 |

.ISubstantial
“Largé‘

Very Large

19655 |

5976

1047

2246
L 609

4.0

17225
6919
269k

23,8
.95
367

0399

7281
L3

2313’M
'1291 .

7.2

fMotal ... .

26678 . §.

26838

sscer

432

. fTotal England
and Wales

86739 |

s L

60309
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TABLE 12

DISTRIBUTION OF OUTPUT. BY SIZE CLASSES

15667  ” .,v..:v“.197o;%”._ SR I W1975;6..”i.d.m,

Output . Percentage| Output Perbehtgge‘ Output . Percéntage
‘mege - of Total moge . Of Total mege ~ of Total

fory Small 717 3.6 | 57.7 | c2.8 438 2.0
Small "’ 27646 13.7 |1 1967 1 7943 10¢.,0 ; 6.6 .

Average Coee . oL 383.8 . . 19.1 . BOO.Q el O . R .229°2, e ,10,'6. U

d mea e | s e | Wpo e

Substantial'  678¢1 33.7 593 S | 1,96 4L § 2340

Large: 42646 21.2 b91.7 25.5 | 5162 23.9. -

Very Lerge  177.h 8.8 | k55.8° T 21877 I 732 3390

fo{ai (;"1282.1 SRR 63;6 . 15&0;9,_H..._.73;6,. : '1745;O'§”’“'*“80;8 .f

L 2162.0
L S

Total: Bngland2014.2 100,0 | 2095.5 ~ 1000
and Wales « h T

megeo = millions gallons
This concentration will be scen in Tebles 11 aﬁd 12 which contain the
predicted size distribution of ﬁroducer numbers and output for the whole of
England and Waeles. The figures show quite dramatically the increasing

contribution to output of the larger producerse
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Tn terms of the number of producers (Table 11), in 1966-7, 30;7‘ﬁ5r
éfe in fhé‘iéiéééflthree classes. The"cbrfesponding figure for:’
1970-1 is '37.0 per cent &nd
1975-6 is 43.2 per cent
In terms 0f>out§utA(TébIe 12);Zthe bafteanis‘even more noticeablcs

The bfopbrtion of output ddminé’froﬁ'prbducérs in the largest three classes

in 1956-7 is 63.6 féf‘dent'-

" The 1970-1 figure is 736 per cent

and “that for 1975;6'iéj80.8'§ef cent




- CONCLUSION.

The fi?st objective,ofvthe_cur;ent_study was to analyse the pattern of

structural change in the dairy industry and to meke some, forecast of its
future structure oﬁ the basis of this pattern. The principal conclusions

in this respect were, firstly,kat the national level, a small rate of_grpwth
of output accompanied by a fairly massive rate of_degline‘in thé numﬁer of
active producers. At the micro level the analysis forecasts a,considérable
nmovement towerds industrial Qonceptraﬁionf, A rapidly increasing proportion
of output may be expected from lafgep prqduqers,, Regionally, a slight

shift in the distribution of production in favour of the regions lying in
the south and west of the country at the expense of those in the cast was
indicated,

These results all depend on the underlying assumptioﬁ that the econonic
conditions which prevailed between 1963 and 1967 will remain unchanged over
the period of predictione The small rate of growth of output predicted on
this assumption might be regarded from the policy point of view as being
inadequate. This being so, scme change in government policy towards the
dairy industry would be needed to achie&e a more satisfactory rate of growth
of milk outpute.

The second objective of the study was concerned with the methodology
employed. This was to assess the relevance of the assumption of a constant,
and discernable pattern of change in industrial structure, upon which the
applicability of Markov chain analysis relies. The validity of this assumption
was tested by applying the statistical chi—sqﬁare test to the sample data in

each region. The informetion thus supplied was necessarily limited since




it was SubjGCt‘tb the rescrvations which surround all significance tests..
Within these restrictions, however, little-evidence was found . which.

would lead to a rejection. of: the use of Markov.chain analysis. Only in .. . ...

two regions did the calculated value of chi-square approach a value which.

would be critical at the usual levels of significances. In these, the North-
western and Midwestern regions, the results of the chi-square test were
such as to cast some doubt on the validy of prediction by Markov chains.

For this reason it should, perhaps, be bornerin mind that in these regions
prediction is likely to be subject to a greater degree of error than in the
regions where the chi-square results were more satisfactorye These errors
nay well have a strong effect on the prediction of agaregate output and
producer numbers.

A valid criticism which may be levelled at the general line of approach
adopted is that the variable by which producers were classified was annual
output, and not herd size. Criticism of the output classification can be
nade on the grounds that annual milk output is ‘not a decision variable wholly
within the control of the producer. Output is open to influences outside
the control of the producer - in particuler the weather - to which herd size
is not susceptible. For this reason prediction based on a classification by
output would be likely to lead to greater inaccuracy than prediction on the
basis of herd size. The classification of producers by output was used in
this study of necessity due to the nature of the data, since, although herd
size data do exist, the samples from which they are obteined are less
representative than the Permanent Producer Surveys

A Further drawback is in a theoretical question attaching to the application
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of Markov chain analysise This is the: problem of taking account of the

influence of ‘new entrants to the industry. There.is no really satisfactory ..

theoretical solution to it, but:.it is hoped that: the -expedient employed here. .
(described 'in“Appendix 1(2)) adequately takes account. of -this effect for the

purposeé of" predictions”




METHOD OF PREDICTION

(1) Deviation of Transition Probabilities

An algebraic treatment of the:derivation-bf a ‘transition.probabilities metrix

is presented here in an effort to clarify the intuitive treatment in the text.
Firstly, sample producers.were assigned to classes.on the basis of

recorded output in the year t-1. The allocation was repeatedjfor output

in the following year, t. A matrix was then drawn up each of whose rows ,

i, represented a class in year t-1, and each of whose columns represented a .

class in year t; There are seven classes, one of which denotes zero output,

hence = i,j = 0,1,2, veey6e Iach of the‘elemeﬁts of the matrix is the

number of sample producers, Nijt’ following a similar career in moving from

class irin’year t—1ito-c1ass'j‘in yvear £ (t=1,2,3, etc.)

From this matrix, ‘\Hijtl s was calculated the transition probabilities

matrix for the year t, denoted by ’

ijt

Pise = Nisg 21l i,§,t
6
<
, i=0
Each element of the matrix thus obtained is the probability of a producer

N5

ending in cl@és J at time t; conditionally upon being ih_state i at time
t-1. Each row is a conditional probability distribution thus:

O<Pijt<1 for all i,J
equals one.

and the sum of the P..
ijt




6
< —
j=0 IR
,jéo Ny s

~all i,t e
The elements of the'trahsition'probabilities matrix used in pfediction
are averages. taken over the whole sample period, calculated from the .. . .-
elements of'thef’IN l matrix.. ..
_-Then"Ni. matrix was obtained by aggregating thel, N ';matriXIEVer
the sample perléd, from the year t=1 to t=T. . ‘

In this oase T=3 ..

Mye & My o ferelliy

The predictive transition probabilities matrix, ,}Pijr';was.dgrived;

from ‘lNij'H by means. of the definition:

Pij = i i, = 0,1, °°“,6

. H,.. .-
o -

It .will be seen that each element of the matrix | { 13 " is a probability;

i.es O -Pij”» 14,5 20,4, eeweybe T
and that the matrix has the desired property that each row is a'conditional
probability distribution, since clearly =

LN

’ i = 1’ ‘00005.6}
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(2) The Entrants Problem’

"A‘seriéus:pfoblem'in'fhé application of Markov chain'analysis attaches -
to the value of the probability to be assigned to the cell at the intersection:
of row O and column O of the transition probsbilities matrix. This value is
the probabiiity’thdt'é producer who is ‘a potential entrant to the dairy industry
at the beginning of a year will not have entered the industry by the end “of the
year, il.e. remaing é p6téhtial entrant. The words' "assigned to the cell":
are used advisedly since it is difficult to define-a potential entrants .It..
is difficult 6 conceive of taking a ‘sample of potential ‘entrants in the same..’
way as ohe could of actual entrants. Indeed no such sample group-has been .
considered in colledting the data used in this study. As a”consequence “of -
this, saméle’daté'weré‘avai;able'for all cells in the l!Nij“ ‘matrix except

N

50 without which it is not possible to estimate the probabilities P . -

since these depend upon the row tota;EZ.' 0J “the number of potential entrants
S _ U . J=0

at the beginning of the year). Thus.it has been. necessary to select an arbitpary
value for.the number - of.potential entrants in order that.the first.row
probabilities may be deiived;

The arbitrary value selected for- the number of potential .entrants turns -

out‘tO-bé‘ofﬂconsiderable importance. For, as. Stanton and Kéttunenighavg

1. B. F. Stanton and L. Kettunen "Potential Entrants and Projections in Markov

Process Analysis" Journal: of Farm Economics -Vols 49, Pp. 633-643, August 1967
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denonstrated the number chosen materially influences the predlctlons of the
path followed by the industry. They advise that a large number of potentlal
entrants be assumed: for industries which are perfepﬁly,cqmpetltlve, as th;s‘:
complies with the theoretical.ecgnomic co?ditions foruthis,form_of_industrial
structure. Such.a choice therefore seems to be indiéatgd fqr_the @airy.al
industry which has a highly atomistic. structure.
Two. further considerations .lead to the_choice'of a large‘pnger qf

potential entfahts;‘,The,first,Qf these is that if a low number were chosen

the probability of entry would become high, since a 1arge;proportioniqfvthe

potential entrants would in fact be. observed to enteriﬁhe_industry in a

given yeare. Thus if there wcre few farms leaving the industry-the pool of
entrants would quickly reduce to an unreasonably low . level.. Choice_of‘ak
large poplﬂof_entrants with a resultant low probability Qf,gntry;would
result in a steady flow of entrants (such as might be expected) which would N
in the.short-run be only nmarginally affected by the rate of OuthOJ of farms.
The second consideration is that ch0051ng a2 high number of potentlal entrants
' leads to a low PrOb”blllty of immediate re-entry by farms which have  just
left the industry. (It does seem reasonsble to assume that miny producers who.
leave the industry/are unlikely to re-~enter immediately). Effectively a
higher than first drder re-entry condition is imposed upon producers vho-
have left the indusfry by the choice of a large pool of entrants - that is to-
say-that- the probability. of their re-entry is forced down to a very low level
by this device.

A brief exariple mey suffice to éxplain?this.' Assumejthat'ZO’producers -

are observed in the sample data to enter the smallest class ("Very Small")
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and that no producers enter any other classese . Hence NOi = 20 and Noj =0
for j=2,3,e0056. If we assume that the pool of entrants at_the'beginning of

the period was 40, then since 20 are observed moving into the "Very Small"

0
class, 20 must have remained in class O. Thus POO = 0.5 (fe.ﬁzb Noj .
: J= .

and Poi = 0.5. If we raise the assumed pool of entrants-to A,OOO then
PO0 = 0,995 and POi = 0.00S. ‘in’other words the ?robability that any farmer
who is a potential milk producer will commence production in the current

period has been reduced arbitrerily from 0;5 to 0,005, It should be

remarked, however, that the actual number of entrants during the initial

period is the same in both cases.
The figure chosen for the size of the pool of potential entrants in
1963 Wés'approximately the number of active producers in each region

multiplied by three ~'apprOXimate in that the number was rounded to the.

nearest ten thousand. Thus a region with an active producer population of
approximately 10,000 was éssumed to have a pool of potential entrants of
30,000, In estimating the sample probabilities this number was reduced in
the ratio of thehsamplé nurber of entrants to the population number of
entrantse

The number assig%d to the pool in the start geotor (used as the basis of
prediction) was the estimated number of potential entrants in 1966.. This figure
was obtained from the assumed 1963 podl by making allowance in each year of
the sample for the net increase or decréase which resulted from producers leaying

and entering production.
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Tt should be noted that fairly large differences in the assumed number .
of potentlal entrants have little influence on the predicted size
dlstrlbutlon in the Pivst fev perlods, although major differences occur for.
lafer'periods. As this study was only concerned with relatively short period
prédiction this problem of divergence was not a serious: one.

(3) The Predlctlon procedure

. Prediction of. the strhcture of the 1ndustry was carrled out u51ng the

transition. probabilities matrlx,“'PlJ !, and a start rector, W 0 representlng

the distribution of producers in the base year of predlctlon. Wy is a row
%ectqr of seven elements..

] : vy
o = ( L WM’ WoZ, cvcey "706) “

Fach element is the number of produceré~in the region contained in each'
classe Thus, for instance, Wo1 is. the number in the PVery,Smgll" classe
Woo represents the hypothetical number of producers with zerp.productionf;
(Ifs derivation is discussed in section (2) above).

A description of the iterative prediction procedure involves the use of
matrix algebras

Denote the matrix- Pij by P. Then the -size distribution of producers
in year 1 (i.e. the first year of prediction) is given by the relation:

W, =W P _
1 T o0 Po1 | Po61
. -r . . wr B 4 13 B - . co0eo0000 :
iies (w10, W,H,..., ”'16) = (uoo, \Im, couy wo6)- et Ty
’ P OO'OODQO‘ P16

P60 P61 ®e0@00090 P66.‘

tr




Similarly. W2 W1P
W PP
W P2

o

In general: "
B W, =WP
t o

The major assumption underlying this procedure is that the elements of
P (i.e. the indiViduai)‘Pij's represent'the:true transiﬁion probabilities and
that these remain constant throughout the sample and prediction periods.

This assumption may, of course, be false, because .the pattern of change
is not regular and the transition probabilitieé»change over time. The extent

to which the assumption is justified in a particular case can be guaged by

use of the chi-square test described in Appendix II.
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Appendix TT
The Chi-Square Test

(1) The test
The rather weak chi-square test* used in the currént studyxis aﬁﬁliéd
" to the null hypothesis = - -
' Ho K Pijf»?”Pijzl..:¢mui:j f;oij’??ff?°’6_
| = 1,23
““‘with the alternative hypothesis .

' . v
‘H_1 : Pijt. ::Pi,] ST

The test statistic is chi;éqﬁdre:

X2=£ g 2 (i - P..

i=0 j=0 t=0

with 7x6x3 degrees of freedom.

The test is weaker than its usual application to goodneés of fit, because
in the current study the hypothesis which it is hoped will be supported by
the result of the test, is the null %ypothesis. This differs from the
more usual approach to significance testing where inferences are only drawn
when the null hypoggesis is rejected in favour of the alternative. The
weakness in the present test arises because it is not possible to show that

the null hypothesis is accepted. If the value of the test statistic is outside

the critical region this does not lead to acceptance of the null hypothesis.

% The test is one of two applications to Markov chains devised by T. We Anderson
and L.A. Goodman, "Statisticel Inference About Markov Chains”, The Annals of
Mathematical Statistics, March 1957. The other is the likelihood ratio test,

but is inapplicable here because some of the expected frequencies are zero.




w5

It is consistent.with either the null or the alternative hypothesis being
true and fhe'only conclusion which:can ‘be reached is that the null hypothesis
is not rejected.
2) The results Vhen viewed in this light all that can be said about the
values obtained for the test statistic in the current study is that they do
not lead to rejection of the null hypothesis at the 5% levels In the
Midwestern region, however, the null hypothesis is rejected at the 10%
level, and in the Northwestern region at the 20% level. In all the other
regions the corresponding level of significance is at least 50% and in
some regions it is over 95%e

It can thus be said of these results, if the usual 5% level of significance
is chosen, that they are not inconSistént with the null hypothesis (that the
transition probabilities are constant over time). The results do not give
support to the conclusion that the null hypothesis is false and therefore
do not invalidate the use of Markov Chainso.

(3) The modified statistic The values of chi-square presented in Table 6

were calculated using a modification of the expression given above. The

reason for making the modification was the presence of a large number of

vefj'smali thedrétiéal’fréQuehcies”iﬁ the”hatrix” Nij ‘| "hen ‘such a

situation occurs the use of the unmodified formula exaggerates the value
chi-square in an upwards direction.
The modification consists, simply, of amalgamating certain elements of

i ) matrix in such a way as to fulfil more closely
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the ‘conditions laid down by Cochran, and then to recompute the elements of
the igpij H _(and n Pijtﬂ ) matrix. From these modified values the test

statistic is calculated and the test carried out.

_ * We Go Cochran, "Some Methods for Strengthening the Common chi-square Tests"

Biometrics, Vol. 10 195k He suggests that'no,more than about 20% of
theoretical. frequencies should be less.than 5, and that if this condition

is not met, classes should be merged. .
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Appendix ITT

REGIONAL TRANSITION PROBABILITIES MATRICES

NORTHERN REGION

TABLE 124

Class in Second Year

Class in , :
first Year: : - Small - 4 - Average Substantial

0 | | 1 w0020 |00 50002
Very Small 1295 ] o
Small | a7006 | .0039
Average - .1189 ool 81433
Substantial 0077 8269

Large Ry : : g 0 .058L

Very Large . i S 0 .0097
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TABLE. 12B

NORTH WESTERN. ..

Class in Second Year &

Class iﬁ
Eirst'Year

Average

i

Substential

0]

Very Small

Small.
A&erage-
Substantial

Large

L0001
L0125,
1071
.7523
.0787

0]

Very Lafge

0

;OOO1

0.
.0036 .

1137

. 48593
.092%

+005l;
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TABLE 12C

'EASTERN

Class in Second Year ::-

First Year

Average

Substantial

lo
Very Small
Small
-JAverage
‘|Substantial

Large

Very Large: -

20005 - .

0

0005
0
90197
;.1069
7438
0575

.0061
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TABLE 12D .-

EAST MIDLANDS

Cldass inSecond Year

{Class in

First Year

-rA&erage

Substantial

0
Very Small
.Small
Average

: Sﬁbstantiai

Large

Véfy Large

0008
NOE I
240
6325
20994

0177

o

-.0008
=. 0

0
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TABLE 12E

WEST MIDLANDS

Class in Second Year-

‘| Average. | Substantiel

o o | S p.0010 o0

Very Small | - -0083
Small ' ‘ 1356 .
Average | : 6713
Substantial ' : .0817
Large ' : ‘ 0

Very Large B _ 0
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TABLE 12F

. NORTH_WALES

Class in Second Year

;
Class in i »
First Year - |- I o - | Average | Substantial

0 i . .| .0002. 40002

Very Small - : : | " +0052- 0026
Small . - 0896 - . #0047
Average- g = ‘ 1 .7559 1102
Substantial- |- § ; ) .0625 7917
Large =« - Lo | w _ 0 0361

Very Large: ' |- SRR e 0
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TABLE 126G

SOUTH WALES

Class in Second Year .

Classlin
First Year

Small

Substanfial

o.
Very Small
Small
Average
Substantiéli
Lqrge»

Very Large

.0003
.0896 I
.8007 i
098"
.0072

0

0

.0002
0
.0035
1131
8116
-0568

0




TARLE 12H -

SOUTHERN -

Class in Second Year .

5
Class in _ - i
First Year | 0O - - - Average Substantial

o ; | .0007 . ..0003

Very Small | . ,0100 .0

Small : T e1591
Average i | . 6507
Substantial | 1. 0705
Lerge i 1 .0 1L 0147

Very Largé - : _ 0
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TABLE. 121

MIDWESTERN "

Class in Second Year:

{Clas in :

|Pirst Year .|

Average’

: Subsfanfial

o
Very Small
"{Small

" |Average *
Isubstantial

‘ Lafge

Very. Large

.0003 -,
40160
3.0411w

«7036 .
- 0657
:.0134

.0006

0

0081
1407
8220
L0872

0
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TABLE 12J

FAR WESTERN

‘Class in .Second Year

Class in

" |First Year

Average'

 Substantial

o -
Very Small
Small
Average
Substantial

Ldrge

_Vefy Large -

0002

:.0052'
E.1227'.
« BN
.0892 .

.

0
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TABLE 12K

EAST MIDLANDS

Class in Second Year

Class in |
First Year Average Substantial

0 0017 .0011
Very Small 0215 .0108
Small 1230 .0164
Average 6541 1053

Substantial 0670 . 7512

Large 0236 0945

Very Large o - 0045










