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ABSTRACT

The estimation of the elements of the data-dispersion matrix posesareal problemwhen the spatial structure assumes a complex
form. Motivated to find a solution to the above problem, a method of estimation of the data dispersion matrix is proposed.
Though the method isillustrated taking a specific form of the data-dispersion matrix in a particular case, the method (illustrated
inthe Introduction section) isquite general and isapplicableto any form (whatever be) of the data-dispersion matriximpersonating
even complex spatial structures.

1. INTRODUCTION

Thispaper considersthe problem of estimation of the data-dispersion matrix in case of known (unknown) complex
spatial structure governing the data emanated from agricultural field experiments under controlled conditions.
Heterogeneity isinduced in data under field layouts when they become independent. About a century ago, Fisher
realised the presence of correlation in data collected from contiguous plots. He has proposed the fundamental
principles (randomisation, replication and blocking) of design of experimentsin order that the data (generated after
the application of thethree principles) become amenableto simple analysis (by application of theanalysis of variance
technique, which he himself proposed). Therole of the principle of randomisation is supposed to remove bias, so to
say, induce homogeneity among plotswithin ablock. It has been an observed fact over decades that the dataremain
correlated even after the application of the three fundamental principles. Asthe existence of seria correlationisa
reality in data obtained from controlled field experiments, it is necessary to generate procedures of analysis when
the correlation structureis of complex nature. Under complex correl ation structure satisfied by thefield experimental
data (when such structures are known or when those are assumed to be sati sfied with respect to the experimental data
available on hand) the parameters (functions of thefirst order serial correlation) contained as elements of the data-
dispersion matrix (known or assumed as mentioned above) becomes difficult to estimate by the application of the
method of maximum likelihood asthe estimating equations so obtained are not easily tractable. This paper proposes
a procedure of estimation of the data-dispersion matrix under such situations delineated above by invoking the
simulation technique.

Dataare arranged in rows and columns (treatments are alotted on plotsin rowswhich are actually terraces and
different terraces represent the blocks (RBD case). In case when CRD (with equal replication) isused such terraces
do represent replications keeping the randomisation structure of treatments imposed (in terms of their plot-wise
positions) in the first terrace as fixed and considers the respective positions in the terraces along the down ward
slopes generating, so to say, replications corresponding to the treatment-lay-out (asin the first terrace). Under the
above spatial situations (terrace cultivation), it is natural to consider existence of correlation (p,’ =p, ) in data
emanating from contiguous plotswithin aterrace and al so existence of correlation (pi =p, ) from contiguous plots
lying in different terraces. In the background of the above premise, we may consider that the observations, y,'s are
generated from amultivariate normal (MN) distribution with some mean (depending on the set-up of the experiment,
completely randomised design or randomised block design as referred to above) and Dispersion Matrix (DM), X.
Considering the CRD model, y, = p + o, + €, where g, ‘s~ MN (0, Z), and y, ‘s~ MN (B, %), j being the mean
vector, foraliandj (“i” representsthe treatment number and “j” represents replication number).

Superimposing the structure mentioned above, the elements of the £ matrix are asfollows:
V (y,) = o? fordliandj; Covariance(y, andy,,, ,,,) = 0% Pi. P ;Where Cov.(y,andy,,, ) =07, p, and Cov.(y;
andy, ;,,) =02 P 1.1

i+, j+k:
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In a CRD set up as mentioned above if we take 4 treatments and 3 replications per treatment (the first terrace
determinesthe arrangement of treatments (after randomisation) and the terraces lying below thefirst terrace follow
the same arrangement of treatments, thus the respective plots on the terraces (below thefirst terrace) can effectively
be considered as replications with respect to the treatments considered in the first terrace, the structure of the
2 matrix isasfollows:

In particular, 12 plot-positions along the first row (also in other rows) follow the order (of the observations) as
mentioned in the arrangement just below (with respect to the SIGMA matrix as above) :

[Tr,Rep] : (1, D) (1,2 (1,3)(2,1) (2,2 (2,3) (3,1 (3,2 (3,3) (4,1) (4,2) (4,3

Also, 12 plot-positions along the first column (also in other columns) follow the order (of the observations) as
mentioned in the arrangement just below (with respect to the SIGMA matrix as above):

[Tr,Rep]: [(1,1) (1,2) (1,3)(2,1) (2,2) (2,3) (3,1) (3,2) (3, 3) (4,1) (4, 2) (4, 3)] - Transposed (perpendicular
arrangement).

Theform of thetheoretical SIGMA matrix (with entriesrepresented intermsof ? (1 &) ?_2) ispresented below

(in particular, Covariance (y, andy,,, ..,) =2 P, P ). Indeed, cov ((i,j) and (1K) ) = (! »! ) o?  (1.2)
is used to denote the elements of the SIGMA matrix as below.
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cov ((i,j) and (I, k) ) = (/'p* ") 62 cov (1, 2) and (2, 2) ) = (p,p) )0’ =07p,; cov ((1, 3) and (3, 3) ) =
(Pip?)o* =0’ ; cov ((3, 1) and (1, 3)) = (pp; Jo” =0’pip;; cov((3, 2) and (4, 2)) = (pips Jo” =0°py;

cov ((3,3) and (1, 3)) = (p/p Jo” =07p; s cov (4,2 and (3, 1)) = (pipk Jo* =7pip,

The application of the model ((1.1) in conjunctionwith (1.2)) can befoundin Pal, S., and Basak, S. (2016), and
Pal, et al (2016). In Pal et a. (2017), avariant of (1.2) has been used.

The method of estimation of the elements of the ¥ matrix can be effected by considering a large number of
simulations(with in each simulation period generating several samples of eij's from multivariate normal population
with mean vector 0 and the above mentioned dispersion matrix X).

[llustrationson the theoretical SIGMA and estimated SIGMA are presented for some particular casesin Table 1
to Table 4.

The precision of the estimated SIGMA is determined by the criterion D* defined below:

GJ’; _&:

5 o —~ 1
LetX=(c,) and L= (0”- ) ,thenD =X |0, -0, |andD* = -z, , N being thetotal number of elements
n

inthe SIGMA matrix, Thevaluesof thecriteria, D and D* for different combinations of valuesof p, and p,aregiven
in Table 5 (Section 2, titled, Results and Conclusion).

The two matrices, X and ¥ are also compared on the basis of their eigen values (minimum and maximum) in

order to detect possible discrepanciesin the values of thetwo matricesX and 3 and such results are also presented
inTable 5.
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A critical investigation inthe values (Table 5) of the coefficients (D and D")revealsonly minisculedifferencesin
the values of the true and estimated matrices (also very small differences are found to exist in the values of the

minimum and maximum eigen values of the X and ¥ matrices). Thus this study concludes that matrix can be
regarded asavalid estimate (based on the above criterion) in further application of analysis of variance techniquein
complex spatial situations.
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