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The disaggregation model takes the simple mathematical form
Y=AX+W (7A.1)

where Y is an (n x 1) vector of correlated random variables, X is an (m x 1)
vector of correlated random variables, A is an (n X m) coefficient matrix, and
W is an (n X 1) vector of correlated random variables and is independent of
X. It is assumed that all random variables have been transformed to have zero
mean. Although it may be helpful to assume that the appropriate data trans-
formations have been made to render the data Gaussian, it is not always
necessary. It can be shown that the model preserves first- and second-order
moment properties regardless of the types of underlying probability distribu-
tions.

An important application of this model is to generate series of seasonal
streamflow volumes from a given series of annual streamflow volumes. In this
case, the vector X is a vector of annual streamflow volumes at m different
sites '

1This appendix has been taken from Valencia and Schaake (1973).
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The vector Y is a vector of seasonal volumes—that is, ann X [ vector, where
n = 3m assuming three 4-month seasons in a year.
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The element y;; denotes the streamflow volume at site 7 during season j. The
seasonal runoff volumes at the m sites for a year are represented by the y;
in a Y vector.

Certain subsets of the y;; bear a simple relation to the x;. Specifically,

= J)::1 o (7A.2)
or, in general,
X=CY (7A.3)
where
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DISAGGREGATION OF ANNUAL STREAMFLOW DATA

The strategy for using the model is first to generate values of X for a number
of years by using a fractional noise model or an autoregressive model. Then,
given the generated value of X for a particular year, the proposed model is
used to generate Y.
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Because historically the relation between X and Y given by Eq. (TA.3) is
always maintained, it is important that this relation be maintained in the
generated data. In other words, the sum of the three generated seasonal
volumes at any site should be exactly equal to the given annual volume. It is
shown in Valencia and Schaake (1973) that this important relationship is
maintained. This central property of the model guarantees that the disaggre-
gation preserves all the statistics considered in the annual generation.

In the case of annual disaggregation, the value of each seasonal runoff
volume at a particular site is computed as the sum of terms depending on the
annual runoff volumes at the different sites plus a random component. The
random components may be generated by the relation

W =BV (TA.4)

where V is a vector of » independently distributed standard normal deviates
and B is a coefficient matrix selected to preserve the proper covariance struc-
ture of W. In a second step, the disaggregation model could be used to dis-
aggregate seasonal values into monthly values.

PARAMETER ESTIMATION

The parameter estimation problem is to use historical data to estimate numer-
ical values of A and B so that the generated values of Y resemble the historical
values of Y according to an appropriate resemblance criterion. A widely used
criterion is that expected means, variances, and covariances of the generated
data are equal to the historical means, variances, and covariances. Expres-
sions for the generated means, variances, and covariances in terms of the
parameters A and B are derived in Valencia and Schaake (1973), resulting in
a pair of equations for the matrix estimators A and B.

EXTENSION OF THE MODEL

Equation (7A.1) can be seen in a broader perspective as representing a whole
class of models. The disaggregation model already discussed is a member of
this class; other models proposed in the field of stochastic hydrology, such
as the Matalas { 1967) model or, in general, multivariate autoregressive models
of any order, are also included in the class. The question in each case is to
define in a proper way the meanings of X and Y ; the model is applicable when
the relevant statistics to be reproduced in the generation are those related to
means, variances, and covariances.

As a result of this generalization, all the properties exhibited by the dis-
aggregation model, such as those related to estimation and existence of param-
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eters and to preservation of linear transformations [see Valencia and Schaake
(1973)], are also valid for the other models of the class.

An illustration of the flexibility of the general model is presented in
Appendix 10A, where Eq. (7A.1) is used to augment hydrologic data.
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