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ABSTRACT

A technique for identification and estimation of a monthly multi-

variate stochastic model, appropriate for forecasting purposes, is pre-

sented. The model uses a black-box approach, where its basic structure

is determined by casuality principles, and the parameter estimation is

performed by regression procedures, such as Ordinary and Iternative

Generalized Least Squared methods. Nile River Basin data are used in

a general computer program for parameter estimation and residual analy-

sis. . -
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Chapter 'l

INTRODUCTION

Stochastic mathematical programming models are commonly used to

derive optimal release policies for multiple purpose reservoirs. Most

of them determine a closed-loop reservoir control law by maximizing the

expected utility of the system operation, where the release depends

on the present reservoir storage and the previous or present inflow,

i.e., the states of the system. However, closed-loop controls can

be derived only for stationary systems and thus, real-time forecast

information cannot be included.

In 1980, Curry and Bras (1) developed a new algorithm, denominated

Adaptive Control, which bypasses the drawback pointed out in closed

loop control. It uses a dynamic programming formulation of the value

iteration type, with state variables defined as previous inflow and

present storage. The inflow is represented by a first order periodic

Markov chain, with real time information introduced by updating condi-

tional Markovian transition matrices.

The purpose of this report is to present the technique for the

identification of a monthly multivariate stochastic streamflow model,

appropriate for deriving the conditional Markovian transition matrices

needed in the algorithm described by Curry and Bras (1), and to implement

a general computer program for its estimation and residual analysis.
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Chapter 2

MONTHLY MIULTIVARIATE STREAMFLOW FORECAST MODEL

2.1 Forecasting Approach

The basin of a river can be considered as a physical system which

transforms a spatially and temporally varying precipitation process

into a temporally varying flow at a specific observation station. There

are two extreme approaches to forecast the inflow. The conceptual

one attempts to reproduce the response of the basin by means of a

detailed moisture balance accounting model which routes the precipita-

tion through the catchment; however, it requires a large amount of

physical data to calibrate a reliable model. The black-box approach

uses statistical techniques with no physical considerations to derive

a mathematical relation between precipitation (or some surrogate

measure), and streamflows; it has the advantage of requiring only his-

torical data of precipitation (or its surrogate) and streamflow for

calibration.

The model considered in this report uses.a black-box approach,

where its basic structure is determined by using physical principles,

while the coefficients are obtained by statistical techniques. The

following presentation follows the work of Curry and Bras, 1980.

2.2 The Proposed General Model

Several factors affect the choice of a model, and they depend on

the purpose at hand. In the present case, the desired model must be

able to:

- 2 -



1. Account for seasonal .variation of npan and variance

observed in monthly riverflows.

2. Use observations of upstream gaging stations.

3. Give multi-lead forecasts.

These basic factors lead to the following general model, whose

structural form is:

B. Y(k,i) = A.
1 -

Y(ki-1)

Y(ki-2)

Y(ki-n 1 (i))

+ U (i) + V(k,i) + G.
:1.

V(k, i-1)

V(ki-2)

V(ki-n 2 (i))

i = 1, ... , 12

where B. is a n xn matrix of coefficients for month i, n is the number

of stations,

Y(k,i) =

y (k,i)

y 2 (k, i)

Yn (kqi)

- 3 -

(2.1)

(2.2)



in which y (k,i) identifies' the flow at station j in the year k,

month i. In Equation 2.1, A. is a n x n n (i) matrix of coefficients
1 ... .0 ol~

for the month i; n (i) is the maximum lag of the flow forecast in

month i; U(i) is the deterministic component of the model,

U(i) =

u 1 (i)

u
2

. i
0 i

(2.3)

where u. (i) is the deterministic term of station j, month i; and
3

V(k,i) represents the disturbance component, which is a vector of

individual random variables v.(ki) for each of the stations considered

in the analysis, i.e.,

V(ki) =

v1(k,i)

v2 (k, i)

(2.4)

v no(k, i)

The variables v.(k,i) can be expressed as linear combinations of white

noise:
n

0

v . (k, i) =
J m=l

C .(j,m)w (k, i)
1 m

- 4 -
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where C. is a n x n matrix of coefficients and w.(ki), j=1,...,n is a

random sequence that satisfies the following conditions:

i - E[w.(k,i)] = 0 V i,j,k

ii - E[w.(k,i)w.,(k',j')] = 6(i-i')6(j-j')6(k-k')a 2

J J w

where 6(*) is the Kronecker delta (2.5a)

iii - E[w.(k,i)y , (k,i-Z)I = 0 V i,j,j'; i>Q
J j

where E(-) is the expected value of the argument

The last term of Equation 2.1 takes in account the fact that the

random component may be serially correlated for finite lag, i.e., the

value of n2 (i), which is the maximum lag in the disturbance structure

in month i. G is a n x n n 2(i) matrix of coefficients.

In the general formulation, the discharge y.(k,i) is dependent

on current discharges at other stations as well as previous flows at

any other station. Since, in general, the matrices C. and G. do not
1 1

have a particular form, the random disturbance of each station is

related to the random disturbance at all other stations.

The general model is not parsimonious in its use of parameters.

Given the length of most simultaneous multivariate riverflow records,

it is difficult to obtain reliable parameter estimates. However, using

physical considerations, more parsimonious models can be identified.

Basically, these considerations deal with the hierarchical causality

structure between the gaging stations of the basin.

- 5 -



2.3 Use of Causality

According to Granger and'Newbold (2), catfs-lity can be defined as

follows:

Let P(atlBt) the conditional distribution function at time.t of

a specific event "a" given some information, B; define Rt as all the

information in the universe at time t, besides the event a, and st a

single element of R . If the equation

P(a tIR) # P(a tR - s (2.6)

holds, then the element s is causal to a . This definition is too
t t

general to be practical. However, instead of dealing with all the

information in the universe and with conditional distribution functions,

a limited set of information and the conditional mean can be used. The

results of the causality analysis allow to conclude that, in general,

variables causal to a discharge at a given station are previous flows

at the site and past and present flows at upstream points. Thus, in

Equation 2.1, elements of Y(k,i) may depend on other elements of the

vector. This implies that a one step ahead forecast for a particular

station requires forecasts of discharge at other upstream stations.

This difficulty can be avoided by expressing Equation 2.1 in its reduced

form:



Y(k,i-1)

Y(ki) = D. Y(k,i-2) + U'(i) + V'(ki) + E.

Y(k,i-n 1 (i))

i = 1, .., 12

V(ki-1)

V(k,i-2)

V(ki-n 2 Ci)J

where

-1
D. = B. A.
I 11

U'(i) = BI1(i)

V' (k-,i) = B. ~(k,i)
-- 1-

-l
E. = B. G.
I 11

In the reduced form, all discharges depend only on past values

at the various stations, and the one step forecast requires only currently

known discharges. By causality then, it may be possible to set some

of the coefficients of D. to zero a priori.

To complete the identification of the model, it is necessary to

specify the value of the maximum lag of any flow variable, i.e., n1 (i);

the disturbance structure, i.e., the value of n 2 (i) and the characteris-

tics of matrix E.. The value of n 1 (i) can be determined by use of
1

information obtained during the estimation and adequacy checks of the

model. Using the Nile River Basin data, Curry and Bras (1) found,

for that specific case, a value of n 1 (i) of 12 for all i. This value

- 7 -
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is taken here. From now on, it is assumed that the error term of the

model is non-autocorrelated, which means that -ji'(i) and E. are zero.
2

The model then reduces to:

Y(k,i-1)

Y(k,i) = D. Y(ki-2) + U'(i) + V'(ki) (2.8)

Y(ki-12)

i=1, ...,12

2.4 Model Estimation

Equation 2.8, for any particular station j and month i is

12 n
y.(k,i) = I {D (j,12(m-l)+Z )y (k,i-Z)} +u!(i)+vl(k,i)

2=1 m=l

(2.9)

Given n years of observations this equation can be written for the

station j as

Z = X B. + e. (2.10)
~J j~J -J

where



z. =

1 y1 (1,i-1

1 y1 (2,i-

1 y (n,i-1

y .
J

(1 , i)

y. (2,i)j

y. (niA

J n

0

y n
0

0- 0

(2.11)

(1,1 -1)

(2,i-1)

(n,~.-1)

a.. Y1 1,i-12)

... y (2,i-12)

... yn
0

... yn
0

.. . y (ni-12)
n0

(1,i-12)

(2,i-12)

(ni-12)

u. (i)J

D. (j,1)

D ( ,12(n -1)+1)

D.( ,12)

D.(j,12n )
:1 0

- 9'-
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v ' (1, i)3

e. = V'(2, i)' - ' (2.14)

v! (n,i)
. J

In concept, the parameters of Equation 2.10 may be identified using

Ordinary Least Squares (OLS) procedures. The implied assumptions are:

1. X. is non-stochastic, which implies that the source of
J

variation in the vector Z. is variation in the e. vector,
~-J -~J

and the properties of the estimators are conditional

upon X..

2. The expected value of each element of e . is zero.

2
3. e. terms have constant variance a and are pairwise

-J e

uncorrelated.

4. X. has rank K < n (i.e., the number of observations
J

exceeds the number of parameters to be estimated.)

The OLS estimates of the coefficients B., the variance of the error
-J

2
term, s and the covariance matrix of the coefficients S^ ^ are:

B.B.

j,3

B. = [X X.] X Z. (2.15)
-JJ 3J J333

2 T
s = [e. e.]/(n-K) (2.16)

S^ s2 T -1 (2.17)
B.B. e. J
33 3

-10 -



where the superscript T means transposition and K is the number of

predictors- in the regression equation, which are determined from the

set of potential explanatory variables (causality considerations)

by using the standard stepwise OLS regression procedure. The above

estimates are consistent and the best linear unbiased estimates if all

necessary assumptions are fulfilled. However, since the elements of the

matrix X. are in fact lagged streamflows at the various stations, it is
J

expected that the disturbance vector of Equation 2.8 is cross correlated,

i.e., E[v.(k,i)v (k,i)] # 0 V j, Z. Under this condition, estimators

^ 2
B., s , and S^ ^, although consistent, are not asymptotically efficient.
-J e B.B. .

To explicitly acknowledge cross correlation, it is reasonable to

simultaneously estimate the coefficients of Equation 2.10 for all the

stations, i.e., j=l, ...n . Then, the n observations of the n0 equations

of the multivariate model can be expressed as

Z'= X' B' + e' (2.18)

where

z B e
-l -1 -l

Z= Z , B' = B , e e (2.19a,b,c)
- -2 - -2 e -2

Z Bn
,n -n -n

0 0 0

- 11 -



Xl

0

0

X 2

n
0

(2.20)

The residuals e' will have the following generalized covariance

structure:

E[e'e' T] =

T
Ete e] -

T
E[e e
-n -1

0

aF a
e11e

2 a1

e n e0

(2.21)ICX Inn

- 12 -

and

X' =

E T
E~~2]

E[e eT]
-n -2

0

1 a2

a ar
S2 2

ar a

0

... E[]
0

0

T
. 0 E[e e T

-n ,00 0

e enl n
0

2 n

a a

e e
n

0 0

I
nn

T( T 
E~

0

n



where a a denotes the variance of -an element of e. (they all have
e. e.--

the same variance) and a a the covariance-of elements of e. and e.
e e. -1 -
i J

I is the identity matrix of order n and the symbol denotes
nn

*
Kronecker multiplication of matrices.

The above is not amenable to OLS estimation. However, the use of

Generalized Least Squares (GLS) estimation can yield consistent and

efficient estimators:

By definition, Q is a positive definite matrix. Therefore, it can

be decomposed as

(2.22)

Premultiplying Equation 2.18 by P-1 gives another similar linear

equation,

ZV = X"B' + e"

*

If A and B are matrices

Kronecker product A

a Ba11B

aBa21B

A®B= .

a B
ml

of order mxn and pxq respectively, the

B is a matrix of order mpxnq, defined as

a2B ... anBa12 Bl nB

a22B . 2nB

a B ... a B
m2 mn

- 13 -
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(2.23)

Q = PP T



ZII = P lZ'

X" = P X'

e"l = P- e'

In this case, the covariance of e" is given by,

E[e"e" T] = P 1 E[e' elT] P-lT

_ P-1 -lT

= I (2.24)

which satisfies the assumptions required for OLS estimation. The

Generalized Least Squares Estimator is:

T -1 -1 XT -l
B' = [X' T X ' '

S^,I , [X'I Q-1 X't3-1

(2.25)

(2.26)

In the above two expressions, matrix Q is unknown a priori. To

estimate it, Zellner (3) proposed to use the OLS estimator on each

individual equation (i.e., Equation 2.18) for all the stations. Once

the set of regression equations is obtained, they can be used to

calculate the elements of the matrix ZC by using:

- 14 -



^ TA

(Z. - X.B.) (Z..- X.B.)
s (i,j) = (2.27)
. l -0 /2 1/2 (-K) (n-K)

2~ J

where K., K. are the number of predictors in the respective regression
1 *J

equations.

The necessity of estimate matrix Q suggests that the GLS estimation

must be used iteratively in order to assure that Equation 2.24 is

satisfied. Equations 2.25 and 2.27 are used in sequence repeatedly.

Convergence is achieved when the estimate of Q in the last iteration

Q. and the value of P. -of the present iteration satisfy Equation 2.24.
-11-

Considering the large order of the matrices in 2.24, (nn x nn ), the
0 0

above can be an expensive exercise. Nevertheless a more efficient

criterion can be obtained.

From Equation 2.21, P. is defined as

S= C ® 1nn (2.21)

But, L (an n x n matrix) can be decomposed,LC 0 0

CQQT and

P = Q T nn (2.28)

P-- = Q- Inn

- 15 -



Replacing 2.28 in Equation 2.24 d-uring a typicial iteration,

[QT'1 ® I C. I ][Qi® (n]nn Cnn i® nn

= [Q- ®I ](Q QT_)(Qi i® -)] Ii nn i 1 nn i nn

=Q- [Q I IIQ XI)([)]Qlx I]i nn i-1 i-l nn i nn

= 1 T
= [(Q.1 Q ) I ] [(Q T Q.1 )0 1i i-1 nn i-1 i nn

= [(Q.1 Q ) (Q TQ.1 )] I (2.29)
i i-1 i-1 i nn

Therefore, to achieve cotwerglence, the first term of the right hand in

Equation 2.29 has to tend to the identity matrix I . The factn n
0 0

that the dimensions of that term are only n x n reduces computations

ccnsiderably.

2.5 Residual Analysis

A basic assumption of the general model (Equation 2.1) and

consequently of the model with non-autocorrelated noise (Equation 2.8)

is that each element of the noise vector V(k,i) is a linear combination

of the white noise vector W(k,i), whose characteristics lead to the

properties of V(k,i) of zero mean and zero autocorrelations and cross-

correlations of lag greater or equal to one. Therefore, the appropri-

ateness of the OLS and GLS estimators depend on the statistical behavior

of the residuals, i.e., the whiteness characteristics. There are

several tests for whiteness. The first three moments of the residuals

- 16 -



and the correlations at several lags can be easily calculated. The

Durbin-Watson test is appropriate to verify autocorrelation of residuals,

although in some cases its results are inconclusive. To test normality

of the residuals, the estimated histogram can be plotted in standard

normal probability paper and compared to expected straight line behavior.

The following paragraph describes the Durbin-Watson test.

The Durbin-Watson test checks the null hypothesis of white noise

error structure against the hypothesis of a first order autoregressive

error structure. The statistic used is known as the Durbin-Watson "d"

statistic, which can be expressed, for each station j in month i, as

n n

d.. = (v.(k,i) - v.(k-l,i)) 2]/ Z ki) (2.30)
k=2 k=1 -

where v.(k,i) is an element of the vector e., estimated from the
J-~

regression Equation 2.10 by

e. = Z. - X. B. (2.31)
--J --J J-J

If n is large, Equation 2.30 can be approximated to

d..~ 2 (1 - p ) (2.32)

1] .L

where p is the first order sample autocorrelation of e. Thus, no

sample autocorrelations beyond the first order are considered in

- 17 -



assessing the time series structure of the residuals. From Equation

2.32, it follows that if ,p is zero, then d .ispqual to 2; positive

values of p1 imply 0 < d.. < 2 and negative values 2 < d .. < 4. The
1 1J 1J

larger the absolute value of p is, the further from 2 is d. The

problem with determining the sampling distribution of d .. is that it
J

depends on the X. values; however, Durbin and Watson established upper,
J

d U and lower, d,, limits for the significance levels of d... These

limits are function of the number of regressors and the number of

observations. Appendix E gives the tabulated values of d and d for9. u

the 5 per cent and 1 per cent levels of significance. The results of

the test are: ~

1. If d.. < d , reject the hypothesis of non-autocorrelated e. in
I 9 -J

favor of the hypothesis of positive autocorrelation.

2. If d., > du ,do not reject the null hypothesis.

3. If (4 - d. ) < d,, reject the null hypothesis in favor of
:ij

the hypothesis of negative autocorrelation.

4. If d < d.. < d , the test is inconclusive.

It is important to note that this test is not applicable when

lagged valuesof the dependent variable (i.e., same station, same

month but previous years) appear among the explanatory variables. However,

if that is the case and the number of observations is large (n > 30),

Durbin (4) suggests a modification of the d statistic, i.e.,

h.. = (1 - 0.5 d )(n/(l -. nVar(b.(M))))1 2  (2.33)
13 ij

- 18 -



to test for autocorrelated residuals.. In the above equation, b.(9.) is
J

the coefficient of the first autoregressive te'r- (as previously defined).

Under the hypothesis of non-autocorrelated noise, h.. is distributed as
13

a standard normal deviate. The result of the test is that if 1h..I is
21J

greater than 1.645, the null hypothesis of zero autocorrelation is

rejected at the 5% significance level. This value changes to 2.327 if

1% significance level is used. -

-19 -



Chapter 3

INTRODUCTION TO AUMESP

AUMESP (an acronym for An AUtoregressive Multivariate Model EStimation

Program) is a library of computer programs consisting of a main program

and 11 subroutines. The main program (also called AUMESP) enables the

user to perform parameter estimation and residual analysis of an

autoregressive multivariate monthly (seasonal) streamflow model using

regression techniques such as Ordinary Least Squares (OLS) and Iterative

Generalized Least Squares (GLS). The theoretical bases of the above

methods were discussed in Chapter 2 of this report.

This Chapter presents the general information about AUMIESP and

the main features of each subroutine.

Chapter 4 describes how the program, which is listed in Appendix A,

is used. An example, using data from the Nile River Basin, is presented.

The data used is given in Appendix B. The results of OLS and iterative

GLS estimation procedures are compared. The output of the program

appears in Appendix C.

3.1 Basic Characteristics of AUMESP

This program was developed in a Honeywell Level 68/DPS computer

operated under the Multics system. However, it can be used on an

IBM CMS system without any change. In its present form, the program can

- 20 -



handle up to 10 stations with a maximum of 70 years of monthly (sea-

sonal) data. The compiled program required a memory of 50949 words.

Appendix D contains all the information the user will need for changing

the capacity of the program.

Figure 3.1 illustrates the general flow of information among sub-

routines, which are described in the next section.

3.2 Description of AUMESP Subroutines

SUBROUTINE RDTA

This subroutine reads the input data. Chapter 4 contains the

User's Manual, with all necessary input instructions.

SUBROUTINE ARRE

This subroutine determines the set of possible predictors of the

independent variable on which stepwise regression will be performed.

It is based on the definition of matrices ICAUS and ILAG, read before,

and basically conforms the vector X, which contains the data for all

the years of record of the possible explanatory variables (it is

equivalent to matrix X. in Equation 2.10). The program considers a
J

maximum lag of twelve months, beginning from the initial lag specified

in matrix ILAG.

SUBROUTINE STWR (IJKR)

This subroutine calls subroutines CORRE and STPR. The parameter

IJKR corresponds to the number of the station for which calculations

are actually in progress.

-21 -
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SUBROUTINE CORRE

This subroutine computes the monthly means, standard deviations

and sums of cross-products for the possible predictors.

SUBROUTINE STPR

This is one of the main subroutines of the program. It performs

stepwise regression to estimate the parameters of Equation 2.10. The

computational procedure is based on the stepwise version presented by

Jenrich (5). It uses a forward selection proced.ure in which, at every

stage, the variables already in the regression are re-examined. A vari-

able which may have been the best single variable to enter at an

early stage may, at a... later-stage, be superfluous due to relationships

between it and other variables now in the regression. The forward

selection uses the partial F criterion to enter the next variable into

the regression. The F statistic is evaluated for all the variables not

included yet in the regression; the variable which has the largest

value is entered if it is greater than the value given by the F distri-

bution at the significance level for entry, chosen by the user. The

re-examination also uses the partial F criterion to delete variables

of the regression. It is evaluated for all the variables included now

in the regression; the variable which has the smallest value is

removed if it is less than the value given by the F distribution at the

significance level for deletion, also chosen by the user. The procedure

is completed when no variable can be entered or removed. The significance

level for entry has to be less or equal to the significance level for

deletion. The user can choose values of significance levels of 1, 5,

10, and 25 percent.

- 23 -



. SUBROUTINE CALRES (I)

This subroutine calculates estimated values of the dependent

variable using the regression equation given by subroutine STPR. The

residuals are computed subtracting the computed values from the true

ones. The parameter I is the number of the station whose calculations

are actually in progress.

SUBROUTINE ESTRES (I)

The purpose of this subroutine is to calculate statistics of the

residuals, basically the mean, standard deviation, mean square error,

and correlation coefficients at lags 1, 2, and 3. When the option

NSPLIT # 0, these statistics are computed for both halves of the data.

As in subroutine CALRES, the parameter I identifies the number of the

station whose calculations are actually in progress.

SUBROUTINE NOR (I,J)

This subroutine plots the estimated cumulative distribution function

of the residuals, which allows for visual inspection of their normality.

Besides, it fits a straight line to the estimated distribution (linear

regression with normal probability scale in the abscissa), and calculates

the R2 of the regression. The parameters I, J correspond to the station

and month numbers of the calculations in progress. If NSPLIT is

different from zero, this subroutine plots only the estimated cumulative

distribution function of the residuals of the first half of the data.

If IGRAPH is equal to zero, this subroutine is not executed.
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SUBROUTINE DURWAT (I,J)

This subroutine examines the residuals aculrding to the Durbin-

Watson test (see Section 2.5) at significance levels of 1 and 5 percent,

and basically, determines if the residuals are autocorrelated or not.

The parameters I, J are as in subroutine NOR.

SUBROUTINE GENLS (J)

This is the subroutine that. performs the iterative Generalized

Least Squares estimation (see Section 2.4). It uses Equation 2.25 to

calculate, simultaneously for all the stations, the coefficients of the

regression equations initially obtained by the OLS procedure. The

standard deviations of the coefficients are calculated by Equation 2.26

and the estimate of S2 by Equation 2.27.

To check convergence of the iterative procedure described in

Section 2.4, the elements out of the principal diagonal of two consecu-

tive estimates of the residual correlation matrix are compared. Con-

vergence is reached if the difference is less than 5 percent.

The Residual analyses are also performed using subroutines ESTRES,

DURWAT and NOR described above.

SUBROUTINE MINV

This subroutine performs the inversion of a matrix. If the

original matrix is singular, it gives a warning message to subroutine

GENLS. The inversion computations are performed in DOUBLE PRECISION.
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Chapter 4

USER 'S MANUAL AND EXAMPLE

4.1 Read Statements

Subroutine RDTA is the subroutine that reads the input data from

disk on two different units. Almost all READ statements are unformatted

(except the statement for reading the names of the stations) and thus

each variable needs only be separated by one or more spaces. The READ

statement flow follows.

First Unit: File 04

The following is the data set read from File 04:

Record 1: NE, NY, NM.

NE: number of stations considered in the regression analysis.

NY: number of years of simultaneous seasonal streamflow data.

NM: number of seasons per year.

Record 2: JJ1, JJ2.

JJl: number of the season from which the regression analysis starts.

JJ2: number of the season in which the regression analysis ends.

This read statement allows the user to restrict the number of

seasons analyzed. For example, if NM is 12, and JJ1 and JJ2

are 4 and 7 respectively, the program performs parameter estimation

and residual analysis for April to July at all the stations.
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Record 3: IGEN, MQ, IGRAPH, ITAB, NSPLIT

IGEN:. Option to perform the iterative Getieralized Least Squares

Estimation:

= 0 only Ordinary Least Squares

# OLS and GLS.

MQ: Number of the file in the disk where the results will be

stored.

IGRAPH: Option to plot the cumulative distribution function of the

residuals:

0 no graph

# graph

ITAB: Option to print out the results.

= 0 short output

# 0 complete output.

NSPLIT: Option to split the data set in two halves in order to

calculate the parameters of the regression equation using

only the first half. The second half is used in a verifica-

tion step.

= 0 no split

# split.

Record 4: NAME (K)

NAME (K): name of the K-th station. This record is read with

8A1 format. There must be NE records.
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Record 5: ICAUS (IJ)

ICAUS(I,J): causality matrix.which allows-setting some of the

possible predictors equal to zero a priori. If

ICAUS(I,J) = 0, station I is not causal to flows at

station J. There are NE records with NE data points

each.

Record 6: ILAG(I

ILAG(I,J):

Record 7: IFIN,

J)

minimum lag (in seasons) considered in the regression

analysis if flows at station I are causal of flows

at station J. For example, if ILAG(I,J) is 2, the

variabie corresponding to lag 1 does not belong-to

the set of possible explanatory variables. There are

NE records with NE data points each.

IFOUT

IFIN: significance level for the entry of variables into

the regression equation.

IFOUT: significance level for the deletion of variables

from the regression equation.

The user can choose the following values of IFIN and IFOUT:

1, 5, 10, and 25 percent. Note: IFIN has to be less or equal

to IFOUT.

Second Unit: File 15

(NExNY) records: DATO (I,K,J),

DATO (I,K,J): streamflow value for station I, season K and year J.

For each station, a group of NY records with NM values

each is read.
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4.2 Example: Nile River Basin

Data from the Nile River Basin were used -to run the program. Five

stations were chosen, whose locations are shown in Figure 4.1. These

stations are:

1. Wadi Halfa, Main Nile

2. Atbara, River Atbara

3. Khartoum, Blue Nile

4. Malakal, White Nile

5. Mongalla, Albert Nile.

The historical monthly fTows for the period 1905-1967 were used.

They are listed in Appendix B, together with the rest of the input

data. According to causality considerations (see Section 2.3), the

causality matrix for this specific case is:

J

1 2 3 4 5
IF

1

2

3

4

5

1

1

1

1

1

0

1

0

0

0

0

0

1

0

0

0

0

1

0

0

0

0

0 1 1

In this table, flows at Atbara can be causal of flows at Wadi

Halfa and Atbara itself; on the other hand, flows at Wadi Halfa

can be explained by flows at all five stations.
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Figure 4.1: Schematic Diagram of Nile River Basin
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Appendix C presents the results for the month of August with the

options ITAB # 0 (i.e., ,cppleje. output), IGRAPUH_ 7 0 (i.e., the cumula-

tive distribution function of the residuals is-plotted) and NSPLIT # 0

(i.e., the streamflow data is divided in two halves; the coefficients

are calculated using the first half and the second half is used in a

verification step).

Following the printout, the analysis begins with the OLS estima-

tion for Wadi Halfa in the month of August. The first table shows the

set of possible predictors, each one of them associated to a variable

number which is maintained throughout the example. For the set of

possible predictors, the-means and standard deviations are printed-.

Following, the stepwise regression results are -presented. The regression

equation has a constant term and four predictors which correspond to

Atbara in the previous month, Karthoum also in the previous month,

Malakal in May and Wadi Halfa at lag 12. After this, the table of

the residuals on the first half of the data is shown. The statistics

of the residuals, for both halves, are printed and also the result of

the Durbin-Watson test, which concludes that the hypothesis of zero

autocorrelation cannot be rejected at confidence levels of 1 and 5 per-

cent. Finally, the cumulative histogram of the residuals of the first

half is plotted in normal probability paper, which fits adequately to

2
a straight line (R = 0.93). Similar tables follow for the rest of

the stations, showing good results in the behavior of the residuals.

Thereafter, the iterative Generalized Least Squares estimation begins,

with similar tables and figures. The residual correlation matrix of the
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iterations are printed. They constitute the basis for the test of

convergence of the iterative procedure. Of interest is the improvement

obtained by the GLS relative to the OLS results. Table 4.1 shows a

summary of the residual statistics such as the mean, standard devia-

tion and mean square error for both halves of the streamflow data,

calculated with the regression equation whose coefficients were esti-

mated using only the first half. The mean square error of GLS in the

second half always decreases or remains constant with respect to the

OLS results, which implies that the iterative GLS is better than the

OLS estimation- when forecasting is the purpose of the model.
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FIRST HALF SECOND HALF
1905-1936 1937-1967

Mean Std.Dev. MSE Mean Std.Dev. MSE

7 7
OLS 0 1590 0..245x10 10W5 2954 0.942x10

GLS1 0 1644 0.262x107  912 2645 0.757x10

GLS2 0 1672 0.271x10 893 2602 0.732x10

GLS3 0 1681 0.274x10 888 2593 0.727x10

GLS4 o 1685 0.275x10 886 2590 0.725x10

OLS 0 1296 0.163x10 ' 167 1509 0.223x10

GLS1 0 1297 0.163x10 158 1494 0.218x10
77

GLS2 0 1299 0.163x10 155 1488 0.217x10

GLS3 0 1299 0.163x10 153 1486 0.216x107

GLS4 0 1299 0.163x10 153 1485 0.216x10

7 7
GLS3 0 2084 0.421x10 999 1896 0.444x10

GLS4 0 2087 0.422x107  997 1894 0.443x10

5 7
OLS 0 115 0.128x10 -12 160 0.249x10

5
GLS1 0 115 0 .128x10 -12 157 0.241x10

GLS2 0 115 0.129x10 -12 156 0.237x105

GLS3 0 2087 0.1229x10 -97 194 0.236x105

5
GLS3 0 115 0.129x105  -12 156 0.236x10
GLS4 0 115 0.129x105  -12 155 0.236x105

OLS 0 261 0.662x105  164 348 0.143x106

GLS1 0 265 0.680x105  163 349 0.143x106

e GLS2 0 267 0.693x105  162 349 0.143x106

GLS3 0 269 0.699x105  161 350 0.143x106

GLS4 0 269 0.702x15 161 350 0.143x1065I 16 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Table 4.1: OLS and GLS Results
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Appendix A

COMPUTER PROGRAM LISTING
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C

C
C
C

C *

c * this program performs the estimation of the general *
c * model in reduced form and with non-autocorrelated *
c * noise proposed by k. curry & r. bras. (Nmultivariate
c * seasonal time series forecast with application to *
c * adaptive control." technical report no. 253, *
C * department of civil engineering, mit, ralph m. *
C * parsons laboratory for water resources and hydro- *
C dynamics, cambridge, mass., 1980). *
C **

c
C
C

c main program
C

C

common/a2/ne.nynm,ng,n.m,ki.igenmqigraph,itab
& ,.nsplit,nyl

common/a4/name
common/d5/month
common/pI/jji,jJ2
dimension name(iO.8),month(12)
call rdta
i gan= i gen
do 200 j=jjljj2
igen=igan
do 100 i=1,ne

a' write(mq,300)(name(ik),k=1,8).month(j)
call arre(i,j)
call stwr(i)
call calres(i)
call estres(i)
call durwat(iJ)
if(igraph.eq.0)go to 100
call nor(i,j)

100 continue
if(igen.eq.0)go to 200
write(6,400)j

400 format(3x.'the value of j is ',13)
call genls(j)

200 continue
300 format(''I,////,43x.47('-'),/.44x.'ols analysis',

& ' for station',1x.8aiix,', month',ix.a3,/,
& 43x.47('-'),////)

stop
end

C
C --------------------------

c subroutine rdta
C --------------------------

C

it



common/a3/icaus,ilag
common/a4/name
common/d5/month
common/a5/ksum
common/pi/jji,jj2
common/m14/ifin.ifoutigih
dimension dato(10,12,70).icaus(10,10),ilag(10,10),

& name(i0,8),ksum(l0),month(12)
read(4, *)ne,.ny,nm
read(4,*)jji,jj2
read(4,*)igen,mq,igraph,itabnsplit
do 10 i=ine

10 read(4,15)(name(i,j),J=1,8)
15 format(8a1)

do 20 i=1,ne
read(4.*)(icaus(i,j).J=1,ne)

20 continue
do 30 i=1,ne
read(4.*)(ilag(ij),j=1,ne)

30 continue
read(4,*)ifin,ifout
do 50 i=1,ne
do 40 j=1,ny

40 read(15,*)(dato(ikj),k=1.nm)
50 continue

if(ifin.eq.25)go to 70
if(ifin'.eq.10)go to 71
if(ifin.eq.5)go to 72
ig=4
go to 80

70 ig=l
go to 80

71 ig=2
go to 80

72 ig=3
80 if(ifout.eq.25)go to 85

if(ifout.eq.10)go to 86
if(ifout.eq.5)go to 87
ih=4
go to 90

85 ih=l
go to 90

86 ih=2
go to 90

87 ih=3
90 continue

if(nsplit.eq.0)go to 150
nyi=ny
nyy=ny/2
nyyy=2*nyy
if(nyyy.eq.ny)go to 160
ny=nyy+1
go to 150

160 ny=nyy
150 n=ny-1

ng=nm*ne+1
do 5 i=1,ne

5 KsuM(1)=O
do 7 i=1,ne
do 6 z1l ne



6 ksum(i)=ksum(i)+icaus(j,i)
7 continue

return
end

C

C
c ---------------------
c subroutine arre
C --- - ----- ----- -------

C

C
subroutine arre(i.j)
common/a1/dato
common/a2/ne,ny,nmng.nmki.igen.mq,igraph,itabnsplit,nyI
common/a3/icaus, i lag
common/a4/name
common/d5/month
common/a5/ksum
common/b2/ idex I'
common/a6/x
dimension dato(10.12,70),icaus(I0,10).ilag(10.10),

& name(i0.8).ksum(10),idex(121),x(10000).month(12).mes(3),
& kkz(3),nam(3)

ki=ksum(i)
do 10 ik=2,ng

10 idex(ik)=O
idex(1)=3
write(mq, 15)

15 forriat(1Ox,'*w set of possible predictors'.
& ///.3x,3(10x,'variable',4x,'station',4x, 'month'),/)

17 kp=O
00 do 60 iy=2,ny

x(iy-1)=dato(ij, y)
kk=1
do 50 is=1,ne
if(icaus(isi).eq.0)go to 50
kk=kk+l
do 40 il=1,nm
k=( il -i)*ki+kk
lag=il+ilag(isl)-1
jj=j-lag
ii=iy
if(jj)20,20.30

20 ii=iy-1
jj=nm+jj

30 im=iy-1+(k-1)*(ny-1)
x(im)=dato(Is,jj, ti)
if(iy.gt.2)go to 40
kp=kp+1
nam(kp)=is
mes(kp)=jj
kkz(kp)=k
if(kp.1t.3)go to 40
ml=nam( 1)
m2=nam( 2)
m3=nam( 3)
j1=mes(1)
j2=mes(2)
j3zwes(3)



k2=kkz(2)
k3=kkz(3)
write(mq,70)kl,(name(ml1jzl),Jz1=1,8),month(ji),k2.

& (name(m2,jz2),jz2=1.8),month(j2),k3,(name(m3,jz3).jz3
& =1,8).month(j3)

kp=O
40 continue
50 continue
60 continue

if(nsplit.eq.0)go to 80
ny2=ny+2
do 160 iy=ny2,nyl
iy2= iy+5000
x(iy2-1)=dato(i,jiy)
kk=1
do 150 is=l,ne
if(icaus(is,i).eq.0)go to 150
kk=kk+i
do 140 il=l.nm
k=(il-1)*ki+kk
lag=il+ilag(is,1)-i
j j=j -lag
Ii=iy
if(jJ)120,120,130

120 ii=iy-1
j j=nm+j j

130 im=.y-l+(k-1)*(nyi-ny-1)+5000
x(im)=dato(is,jj,ii)

140 continue
150 continue
160 continue
70 format(15x.i3,7x.8a1.4x,a3.2(13xi3,7x.8a1.4x.a3))
80 return

end
C

C

C ----------------

c subroutine stwr
c ----------------
C

C

subroutine stwr(ijkr)
common/a2/ne,ny,nm,ng,n,m,ki.igen,mq,igraphitab,nsplitnyI
common/a9/xbar,std
dimension xbar(121),std(121)
m=nm*k i+1 -
call corre
if(itab.eq.0)go to 127
write(mq.50)

50 format(////,lox,'** mean and standard deviation values ',

& 'of the set of possible predictors',///,
& 3x,3(10x,'variable',4x.'mean',6x,'std dev'),//)

write(mq,107)(ixbar(i),std(i),i=1,m)
107 forinat(15x,i3,2x,f10.2,2x,f9.2.13x.i3,2x,fiO.2,2x

& ,f9.2.13xi3,2x,flO.2,2x,f9.2,13x)
127 call stpr(ierijkr)

if(ier)158,159,158



& /,42x.'negative implying extreme ill condition')
159 return

end
c
C

C ------------------
c subroutine corre
c ------------------
C

C

subroutine corre
common/a2/ne.ny,nm,ng.nm.kiigenmqigraphitab,isplit.ny1
common/a6/x
common/aB/b,d.t.s,1
common/a9/xbar,std
common/a7/rx, r
dimension x(10000).b(150),d(121),t(121),s(121),1(121),

& xbar(121),std(121),r(7381)
double precision rx(121,121)
do 100 J=l.m
b(j)=0.

100 t(j)=0.
k=(m*m+m)/2
do 102 i1,k

102 r(i)=O.
fn=h
1p=O
do 108 j=1.m
do 107 i=1,n
lp=lp+i

107 t(j)=t(j)+x(lp)
xbar(j)=t(j)

108 t(j)=t(j)/fn
do 115 i=1,n
jk=O
lpi-n
do 110 J=1,m
lp=lp+n
d(j)=x(lp)-t(j)

110 b(j)=b(j)+d(j)
do 115 j=1,m
do 115 k=1.j
jk=jk+i

115 r(jk)=r(jk)+d(j)*d(k)
jk=0
do 210 j=1,m
xbar(j)-=xbar(j)/fn
do 210 k=1,J
jk=jk+i

210 r(jk)=r(jk)-b(j)*b(k)/fn
jk=O
do 220 j=1,m
jk=jk+j

220 std(j)=sqrt(abs(r(jk)))
jk=O
do 230 i=1.m



fn=sqrt(fn-1.)
do 240 J.=1,m

240 std(j)=std(j)/fn
do 250 i=1,m

250 d(i)=rx(ii)
return
end

C

C

C -----------------

C subroutine stpr
C -----------------

C

C
subroutine stpr(ier,ijkr)
common/a2/ne.ny.nm,ng,n,m,ki,igen,mq,igraph,itab,nsplitnyl
common/a9/xbar,std
common/a7/rxr
common/b2/idex
common/a8/bd,t.s,1
common/bi/nstepans
common/g3/jcoef
common/m14/ifinifout,ig,ih 
dimension xbar(121),std(121).r(7381).

& idex(121),b(150).d(121),t(121),s(121).1(121),
& nstep(5),ans(1l).11(121),Jcoef(10,15),
& u(121),jv2(34),f(34,4)

doule precision rx(121,121)
data f/5.83.2.57,2.02.1.81,1.69.1.62,1.57,1.54.1.51,1.49

& .1.47,1.46,1.45,1.44,1.43.1.42,1.42,1.41,1.41,1.4,1.4,
& 1.4,1.39,1.39,1.39,1.38,1.38,1.38,1.38,1.38,1.36.1.35,
& 1.34,1.32,39.86.8.53,5.54,4.54,4.06,3.78,3.59,3.46,
& 3.36,3.29,3.23,3.18,3.4,3.1,3.07,3.05,3.03,3.01,2.99,
& 2.97,2.96,2.95,2.94.2.93,2.92,2.91,2.9,2.89,2.89,2.88,
& 2.84,2.79,2.75,2.71,161.4,18.51,10.13,7.71,6.61,5.99,
& 5.59,5.32,5.12,4.96,4.84,4.75,4.67,4.6,4.54,4.49,4.45,
& 4.41,4.38,4.35.4.32,4.3,4.28,4.26,4.24,4.23,4.21,
& 4.2,4.18,4.17,4.08,4.0,3.92,3.84,4052.0,98.5,34.12,
& 21.2,16.26.13.75.12.25,11.26,10.56,10.04,9.65,9.33,
& 9.07,8.86,8.68,8.53,8.4.8.29,8.18,8.1,8.02,7.95,7.88,
& 7.82,7.77,7.72,7.68,7.64,7.6,7.56,7.31,7.08,6.85,6.63/

data jv2 /1,2,3.4,5,6.7,8.9,10.11,12,13,14,15,16,17,18,
& 19,20.21,22,23,24,25,26,27.28,29,30,40,60120,10000/

ier=0
tol=0.001
sh=rx(1,1)
sa=rx( , 1)
np=0
nt=0

5 nt=nt+1
if(np.eq.0)go to 15
vn=-fout*sh
vcom=vn
jcont=-1
do 10 i=2,m
if(rx(i1).ge.0.)go to 10
jcont=jcont+i
vk=rx(1,1)*rx(1,1)/rx( ,i)
if(jcont.eq.0)vcom=vk
if(vk.lt.vcom)go to 10



vcom=vk
k=i
Qcontinue
mj =n-np-,1
do 11 j=2,34
if(jv2(j-i).le.mj.and.jv2(j).gt.mJ)go to 12

11 continue
12 fout=(mJ-jv2(j-1))*(f(j ih)-f(j-1. ih))/(jv2(j)-jv2(j-1))

& +f(j-1,lh)
if ( vcom. eq. vn)w' I te(mq. 14)

14 format(//,10x.'** warning: possible problems with the
& 'stepwise regression',/)

if((1+np-n)*vcom/rx(1,1).lt.fout)go to 30
15 icon=-l

inum=- i
do 20 i=2,m
ralv=rx(ii)/d(i)
if(ralv.lt.tol)go to 20
icon=0
i num= i num+ l
vk=rx(1,1)**2/rx(Ii)
if(inum.eq.0)vcan=vk
if(vk.lt.vcan)go to 20
vcan=vk
k= i

20 continue
if(icon.eq.-1)go to 75
mj=n-np-1
do 24 J=2,34
if(jv2(j-1).le.mj.and.jv2(j).gt.mj)go to 25

24 continue
25 fin=(mj-jv2(j-1))*(f(j.ig)-f(J-i.ig))/(jv2(j)-jv2(j-1))

& +f(j-l,ig)
if((n-np-2)*vcan/(rx(1.1)-vk).lt.fin)go to 75
flag=-l.
np=np+.
go to 40

30 flag=i.
np=np- I

40 c=rx(k,k)
do 50 i=1.k
u( I)=rx( i ,k)

50 rx(i.k)=0.
do 60 i=km
u( i )=rx(k, i)

60 rx(k,i)=0.
u(k)=flag
do 70 i=1.m
do 70 j=i,m

70 rx(i, j)=rx(1, j)-u(I)*u(j)/c
if(np.eq.0)go to 5
ntmp=np/5
ntmp=ntmp*5
if(np.ne.ntmp)go to 5
write(mq,72)nt

72 format(////,1ox,'** partial stepwise regression results
& 'after',13,ix,'steps',//)

nstop=O
go to 80

75 write(mq.77)

i



nstop= 1
77 format(////,lox,'** final stepwise regression results',//)
80 ndf=n-np-1

write(mq,205)ifinifout
205 format(13x,'significance levels for f test: entry'.13.

& '%',/,45x,'deletion'.i3,'%',//)
ss=rx(l,i)
sd=sa-ss
sa=ss
zms=ss/ndf
nrdf=np
rss=d(1)-ss
cpr=rss/sh
rms=rss/np
ff=rms/zms
sss=sqrt(zms)
rg=sqrt(rss/d(1))
ans(9)=xbar(1)
write(mq.200)nt k

200 format(13x,'step number',i3.//,13x,'variable entered',
& ' or deleted',14)

write(mq,210)rss
210 format(13x,'cumulative sum of squares reduced ',

& '......',2xe13.7,//)

write(mq.220)sh.cpr
220 format(13x,'total sum of squares ',19('.'),2xe13.7,/,

& 13x,'cumulative proportion reduced ',10('.'),2xe13.7,//)
write(mq.230)nrdfndf

230 format(13x,'degree of freedom: regression',i3,/.32x,
& 'residual',2x,13.//)

write(mq,240)ff,rg.sss
240 format(13x,'f-value for analysis of variance .......

& 2x,e13.7,/.13x,'multiple correlation coefficient ',
& '....,2x,e13.7,/,13x,'standard error of estimate
& '.............' 2x,ei3.7,//)

write(mq.250)
250 format(13x,'variables in equation:',//,35x,'variable',

& 5x,'regression'.6x.'std. error of',4x,'f-value'./,36x.
& 'number'.6x,'coefficient',6x,'reg. coeff.',//)

je=O
do 90 i=2,m
if(rx(i,i).ge.0.)go to 90
je=je+i
b(je)=rx(1,i)
s(je)=(-zms*rx(i,i))**0.5
t(je)=(b(je)/s(je))**2
ans(9)=ans(9)-b(je)*xbar(0)
write(mq,260)i,b(je),s(je),t(je)
1(je)=i
jcoef(ijkr,je)=i

260 format(37x,i3,7x,f12.5.5x,f12.6,3x,f9.3)
90 continue

write(mq,270)ans(9)
If(nstop.eq.0)go to 5

270 format(35x,'constant',4x.f12.5)

7- 
4



C -------------------

c subroutine calres
C -------------------
C

C

subroutine calres(i)
common/b6/nk i
common/a2/ne.ny.nm.ng.n.m.k iigen,mq, igraph ,itab,nsp itny.1
common/a8/b.d,t,s,1
common/bi/nstep.ans
common/b3/xx,yy
common/a6/x
common/b5/ry
dimension b(150).d(121),t(121).s(121),1(121),nstep(5),

& ans(1i),xx(70,15,10),yy(70.10).ry(70.10).x(IO000).nk(l0)
dimension bi(3),bj(3),bk(3)
ka=0
if(itab.eq.0)go to 54
write(mq,50)

50 format(///,lox.,'** table of residuals'.//,2x,3(1lx,
& 'y value'.5x,'y est.',3x,'residual'),/)

54 nz=nstep(4)
nki(i)=nz
do 200 ib=1,n
yest=ans(9)
xx(ib., i )=1.
yy(ib,i)=x(Ib)
do 100 jb=1,nz

I nk=n*(M(jb)-1)+ib
yest=yest+b(jb)*x(nk)
jc=jb+l
xx(ibjc.l)=x(nk)

100 continue
ka=ka+1
bi(ka)=x(Ib)
bj (ka)=yest
ry(ib,i)=x(ib)-yest
bk(ka)=ry(ib.1)
if(ka.lt.3)go to 200
if(itab.eq.0)go to 143
write(mq.300)(bi(kp),bj(kp).bk(kp).kp=1,3)

143 ka=0
200 continue

if(nsplit.eq.0)go to 600
ny2=ny+1
ny3=ny1-1
do 400 ib=ny2.ny3
yest=ans(9)
xx( lb. 1,1 )=1.
ibl =ib+5000
yy( ib, i)=x( ibi)
do 500 jb=l.nz
nk=(nyl-ny-i)*(1(jb)-1)+ib+5000
yest=yest+b(jb)*x(nk)
jc=jb+1
xx(ib.jci)=x(nk)

500 continue
ry(lb,i)=x(fbi)-yest



& ix,f10.2,1x,f8.2))
600 nzz=nz+1

return
end

c
c
C --- - - - - - - -

c subroutine estres.
C -------------------
c
C

subroutine estres(i)
common/a2/neny.nmng,n~m,ki,igen,mqigraphitab,nsplit,nyi
common/b2/sl
common/b5/ry
dimension si(121).ry(70,l0)
xn=n
sum1=0.
sum2=0.
do 100 ky=1.3

100 sl(ky)=0.
do 300 ky=l,n
sum1=suml+ry(ky. i)
sum2=sum2+ry(ky,i)**2
do 200 ja=1,3
if(ky.it.(xn-ja+1))sl(ja)=sl(ja)+ry(ky,1)*ry(ky+ja,i)

200 continue
300 continue

sum1=sum1/xn
xmse=sum2/ ( xn+1.)
sum2=sqrt(abs(sum2/xn-suml**2))
do 400 ky=1,3
si(ky)=sl(ky)/(xn-ky)
if(sum2.ne.0.)si(ky)=s1(ky)/sum2**2-suml**2/sum2**2

400 continue
write(mq,500)sumisum2,xmse,(si(ky),ky=1,3)

500 format(///,10x,'** residual statistics:',//,34x,
& 'mean '.19('.'),fl2.4,/,34x,'std dev ',16('.')
& ,f12.4,/,34x,'mean square error .......',Ix,e11.5,
& /,34x.'correlation at lag 1 ... ',

& fi2.4,/.46x,'at lag 2 ... ',f12.4,/,46x,'at lag 3 ...',fI12.4)
if(nsplit.eq.0)go to 1000
xn=nyi-ny-I
sumi=0.
sum2=0.
do 600 ky=1.3

600 sl(ky)=0.
ny2=ny+i
ny3=ny1- 1
do 700 ky=ny2,ny3
sumi=sumi+ry(ky,i)
sum2=sum2+ry(ky,i)**2
do 800 ja=1,3
if(ky.it.(ny1-ja))si(ja)=sl(ja)+ry(kyI)*ry(ky+ja,I)

800 continue
700 continue

suml=sumi/xn
sum3=sum2
sum2=sqrt(abs(sum2/xn-sum**2))
xmse=sum3/(xn+I.)



do 900 ky=1,3
sl(ky)=sl(ky)/(xn-ky)
if(sun2.ne.0.)s(ky)=sl(ky)/sum2+*2-sum**2/sum

2 **:2

900 continue
write(mq,950)sum1.sum2,xmse,(sl(ky).ky=1,3)

950 format(///,10x,'** residual statistics for the second ',

& 'half of the data:',//34x'mean ',i9('.'),f12.4./.34x.
& 'std dev ',16('.'),f12.4,/,34x,'mean square error

& 6('.').lxell.5,/,34x,'correlation at lag I ... ',

& f12.4,/,46x.'at lag 2 ... ',f12.4,/,46x,'at lag 3 ... ',f12.4)

1000 return
end

c
c
C --- ~

c subroutine nor
C ~-~

c
C

subroutine nor(i,j)
common/a2/ne,nynm,ng.nm.ki.igenmq,igraph,itab.nsplit.nyI
common/b5/ry
common/a8/ba,pro,s,1
common/a4/name
common/d5/month
common/d7/itx,ity
dimension ry(70. 10) .b( 150) ,a( 121) ,pro( 121) ,s(i21), 1(121),

& name(I0.8).month(i2),bx(15).by(15),itx(75).ity(40)
dimension prob(51)
logical c(45,105)
logical punto/'*'/,.blanco/' 'I/
data prob/0.00621,0.0082,0.01072,0.0139,

ON & 0.01786.0.02275,0.02872,0.0359,
&0.04457,0.0548.0.06681,0.08076.0.0968.0.1151,0.1357.0.1587,0.1841,
&0.2119.0.242.0.2743,0.3085,0.3446,0.3821.0.4207,0.4602.0.5,0.5398,
& 0.5793,0.6179.0.6554,0.6915,0.7257,
& 0.758.0.7881,0.8159.0.8413,0.8643,
&0.8849,0.9032,0.91924,0.93319.0.9452.0.95543,0.964070.97128.
&0.97725,0.98214.0.98610,0.98928.0.9918,0.99379/

do 50 lw=1,45
do 50 lz=1,105

50 c(lw,lz)=blanco
do 100 ik=1,n
a( ik)=ry( ik. i)

100 continue
do 300 ij=1,n
do 200 jl=ijn
if(a(ij).le.a(jl))go to 200
bk=a(jl)
a(j 1 )=a( ij)
a( ij )=bk

200 continue
300 continue

do 400 ik=in
bk=ik
pro( ik)=bk/(n+1)

400 continue
wri te(mq,500)
I ' / / / O '** normal probability plot'.,/)



sum2=0.
sum3=0.
sum4=0.
sum5=0.
nh=101
nv=40
xmax=0.994
xmin=0.006
ymax=a(n)+1.
ymin=a(1)-i.
y2=ymin-ymnax
do 600 k=1,n
kk=n-k+i
yl=a(kk)-ymax
t=(nv-1)*yl/y2+1.
ii=int(t)
if(t-ii.gt.0.5)ii=i1+1
do 650 ke=2.51
if(prob(ke-1).le.pro(kk).and.pro(kk).lt.prob(ke))go to 630
go to 650

630 em=(prob(ke)+prob(ke-1))/2.
sumi=suml+a(k)
sum2=sum2+em
sum3=sum3+a(k)*em
sum4=sum4+a(k)*a(k)
sum5=sum5+em*em
jj=(ke-1)*2-1
if(jro(kk).ge.em)jj=jj+1
go to 660

650 continue
660 c(ii,jj)=punto
600 continue

kla=5
klb=1
do 700 k=1,11
bx(k)=prob(kib)
klb=klb+kla

700 continue
aa=(ymax-ymin)/5.
do 800 k=1,6
by(k)=ymax-(k-1)*aa

800 continue
k=1
1g=1
do 950 1i=1,nv
if(k.eq.ii)go to 920
write(mq.910)ity(ii),(c(ii.jj),J j=1,nh)

910 format(7x.al,t20.'1',101ai)
go to 950

920 write(mq,930)ity(ii).by(ig),(c(ii,jj),Jj=1,nh)
930 format(7x,al,2x.f8.2.t20,'+',10lat)

k=k+8
1g=lg+I

950 continue
write(mq.960)ymin,(bx(ii), i=1,11)

960 format(1x,fB.2,t20,o('+',.9('-')).'+',/,t14,1i(f10.4))
write(mq.970)(itx(ii).I=1,75)

970 format(/,40x,75a1)
z1=sum3-sumi*sum2/n
z2=sum4-sum1*suml/n



z3=sum5-sum2*sum2/n
ai=zi/z2
aO=sum2/n-ai*sumi/n
r2=zi*zi/(z2*z3)
write(mq.990)aOair2

990 format(///,ox,'** linear regression: cdf ='.2x.fiO.5.lx,
& '+',lx.flO.5,ix,'* residual',5x,'; r2 = ',f10.5)

return
end

C

C

c -------------------
c subroutine genis
C -------------------

C
C

subroutine genls(j)
common/a2/ne.ny,nm,ngn,mkiigen,mq.igraphitab,nsplit.nyi
common/a8/b,daf,tsrsla, jm
common/b5/ry
common/b6/nki
common/b4/sig
common/b3/xx,yy
common/a6/cf
common/a4/name
common/d5/month
common/a7/a.yz
common/g3/jcoef
common/j9/ddi
dimension bi(3).bj(3),bk(3),name(10,8),sigi(10,10),

& month(12),bt( 10,0),ry(70,10).nki(1O).sig(10,10).
& xx(70,15,10),yy(70,10),cf(100.100).yz(7381)

dimension b(150).daf(121).tsr(121),sla(121), jm(121),
& jcoef(10,15)

00 double precision a(14641),ddl
nzy=- --

write(mq,5)month(j)
5 format('1',////,50x,25('*')./,51x,'gs analysis, month

& a3,/.50x,25('*'),//)
5316 nzy=nzy+i

nkm=O
do 10 ks=1,ne
nkm=nkm+nki(ks)
do 10 kt=1,ne

10 sig(ks,kt)=0.
nkm=nkm+ne
do 40 ks=ne
do 30 kt=ks,ne
sul=0.
su2=0.
su3=0.
su4=0.
su5=0.
do 20 kr=i,n
sui=sui+ry(kr,ks)
su2=su2+ry(kr,kt)
su3=su3+ry(krks)*ry(kr,kt)
su4=su4+ry(kr.ks)*ry(kr.ks)
su5=su5+ry(krkt)*ry(kr.kt)
sig(ks,kt)=sig(ks,kt)+ry(kr.ks)*ry(krkt)



20 continue
sig(ks.kt)=sig(kskt)/(sqrt(n-nki(ks))*sqrt(n-nki(kt)))
sig(ktks)=sig(ks.kt)
su6=su3-'sui*su2/n
su7=sqrt(su4-sui*sul/n)
su8=sqrt(su5-su2*su2/n)
sigi(ks,kt)=su6/(su7*su8)
sigi(kt,ks)=sigi(ks,kt)

30 continue
40 continue

if(nzy.gt.0)go to 2019
write(mq.2007)
go to 2086

2019 write(mq,2008)nzy
2008 format(///,iOx,'** residual correlation matrix of gis

& 'estimation, (iteration',i3,' ):',//)
2007 format(///,10x,'** residual correlation matrix of ols ',

& 'estimation: ',//)
2086 write(mq.2050)((name(ks,kt),kt=1.8).ks=i,ne)
2050 format(23x.10(8ai.2x),/)

write(mq,2059)
2059 format(/,' ')

do 2000 kjf=lne
2000 write(mq,1000)(name(kjf,ks).ks=1.8),(sig1(kjf.kfg),kfg=1,ne)
1000 format(13x,8a1,3x.10(f6.3,4x)./)

if(nzy.gt.0)go to 1234
do 772 ks=i.ne
do 772 kr=ine
bt(ks.kr)=sigi(ks,kr)

772 continue
go to 109

1234 calcom=0.
do 775 ks=1,ne
do 776 kr=1.ne
if(ks.-eq.kr)go to 776
rat=(bt(ks,kr)-sigi(ks,kr))/bt(ks,kr)
rat=abs(rat)
if(rat.gt.calcom)calcom=rat

776 continue
775 continue

valc=100.*calcom
if(calcom.le.0.05)go to 5308
do 595 ks=1.ne
do 595 kr=1,ne

595 bt(kskr)=sigl(ks,kr)
write(mq,748)vaIc,nzy

748 format(///,lox,'** ',f6.2.' maximum percentaje of '.
& 'crosscorrelation difference between two consecutive '-

& 'iterations, at iteration'.i3)
if(nzy.gt.20)go to 832
go to 109

5308 write(mq,748)valcnzy
write(mq,749)

749 format(13x,'less than the tolerance limit;therefore gis ends')
832 go to 340
109 continue

kminv=O
do 381 jp=1,ne
do 381 jq=1,ne
kminv=kminv+1



381 a(kminv)=sIg(jq.jp)
call invm(ne)
if(ddl.eq.0)go to 46
kminv=0.
do 382 jp=l,ne
do 382 jq=i,ne
kminv=kminv+l1

382 sig(jq.jp)=a(kminv)
go to 47

46 write(mq,48)
48 format(lOx,'** matrix sig is singular',//)

go to 340
47 do 110 im=Ine

kc=im-1
nna=nki(im)+i
do 50 km=Iim

50 kc=kc+nki(km)
kc=kc-nki(im)
do 100 in=lne
nnb=nki(in)+1
kd=in-I
do 60 kn=1,in

60 kd=kd+nki(kn)
kd=kd-nki(in)
do 90 jm=,nna
do 80 jn=1.nnb
c=0.
do 70 ib=1.n
c=c+xx(ib.jmim)*xx(ib.Jnin)

70 continue
0 ie=kc+jm

i f=kd+jn
cf(ie,if)=c*sig(im,in)

80 continue
90 continue
100 continue
110 continue

kminv=O
do 383 jp=l,nkm
do 383 jq=1,nkm
kminv=kminv+1

383 a(kminv)=cf(jq,jp)
call invm(nkm)
if(ddi.eq.O.)go to 121
kminv=0
do 384 jp=1,nkm
do 384 jq=lnkm
kminv=kminv+1

384 cf(jq.jp)=a(kminv)
go to 122

121 write(mq,4023)
4023 format(//,10x.'** the variance-covariance matrix of

& 'the regression',/,13x,'coefficients is algorithmically'
& ,' singular; the gls analysis is ended')

go to 340
122 do 240 im=1,ne

nna=nki(im)+l
kc=im-1
do 200 km=1,Im

200 kc=kc+nki(km)



kc=kc-nki(im)
do 230 jm=1,nna
cc=O.
do 220 in=l.ne
c=0.
do 210 ib=1,n
c=c+xx(ib.jm.im)*yy(ib.in)

210 continue
c=sig(im.in)*c
cc=cc+c

220 continue
ie=kc+Jm
yz(ie)=cc

230 continue
240 continue

do 270 ip=1,nkm
c=0.
do 260 iq=1,nkm
c=c+cf(ip.iq)*yz(iq)

260 continue
b(ip)=c

270 continue
ixio=0
nazb=nzy+1
do 330 im=1,ne
write(mq,8072)(name(imiq).iq1.8),nazb

8072 format(////,47x.32('-'),/.48x,'station',lx.8al,' iteration
& ,12,/.47x.32('-').///,10x,'** gis regression results:'./)

write(mq,8076)
8076 format(/,42x,'variable',5x,'regression',6x,'std. error of'

& ,/,43x,'number',6x,'coefficient',6x,'reg. coeff.',/)
nna=nki(im)+i
kc=im-1
do 300 km=1,im

300 kc=kc+nki(km)
kc=kc-nki(im)
kq=kc+1
ixio=ixio+l
scov=sqrt(cf(ixioixic))
write(mq,8039)b(kq),scov

8039 format(42x,'constant',4x,fi2.5,5x.f12.6)
nmb=nna-I
do 305 kp=1,nmb
kq=kp+kc+i
ixio=ixio+1
scov=sqrt(cf(ixio,ixio))

305 write(mq,8003)jcoef(imkp),b(kq),scov
8003 format(44x.13,7xf12.5,5xf12.6)

if(itab.eq.0)go to 4391
write(mq,5437)

5437 format(///,10x,'** table of residuals',//.2x,3(Ilx.
& 'y value',5x,'y est.'.3x,'residual'),/)

4391 ia=0
do 320 ib=1,n
c=0.
do 310 kp=1,nna
kq=kp+kc
c=c+xx(ib,kp,im)*b(kq)

310 continue
ry(ib,im)=yy(ib.im)-c

It
A



ia=la+i
bi(ia)=yy(ib,im)
bj(ia)=c
bk( a)=ry(lb,im)
if(ia.1t.3)go to 320
if(itab.eq.O)go to 6329
write(mq,315)(bi(ia),bj(ia),bk(ia),ia=1,3)

6329 la=0
315 format(10xfiO.2,1xfiO.2,lx,f8.2.2(10x,

& fiO.2,.xflO.2,1x,f8.2))
320 continue

if(nsplit.eq.Q)go to 325
ny2=ny+1
ny3=ny1-1
do 321 ib=ny2,ny3
c=0.
do 311 kp=1,nna
kq=kp+kc
c=c+xx(ib.kpim)*b(kq)

311 continue
ry(ib,im)=yy(ib,im)-c

321 continue
325 call estres(im)

call durwat(im,j)
if(igraph.eq.0)go to 330
call nor(imj)
write(mq,4444)

4444 format('1')
330 continue

go to 5316
340 return

end
C C
C
C --------------------
c subroutine durwat-
C --------------------
C
C

subroutine durwat(Ij)
common/a2/ne.ny,nm,ng,nm,ki,igenmqigraphitabnsplit,nyI
common/a3/icaus,ilag
common/b1/nstep,ans
common/b5/ry
common/aB/b,d,t,s,1
common/g3/jcoef
common/b6/nki
common/f9/dwldwu,dwl1,dwul
dimension ndw(38),dwl(38,5),dwu(38,5),dwl1(38,5),dwul(38,5)
dimension Icaus(10,l0),ilag(10,10),nstep(5).ans(ii),ry(70,10)

& ,b(150).d(121),t(121),s(121),I(121),jcoef(10,15),nki(10)
data ndw/15,.16,17,18,19.20,21,22.23,24,25,26,27,

& 28,29,30,31,32,33.34.35,36,37,38,39,40,45,50,55,
& 60,65,70,75,80,85,90.95,100/

migi=5
mig2=i
write(mq,30)

30 format(///.10x,'** durbin-watson test:',/)
aa=0.
bb=ry( 1, 1 )**2



do 50 ib=2,n
aa=aa+(ry(ib.i)-ry(ib-1,1))**2
bb=bb+ry(ib.i)**2

50 continue.
dd=aa/bb
lw=O
do 100 jb=1.i
lw=lw+icaus(jb.1)

100' continue
lww=O
do 120 jb=Ine
lww=lww+icaus(jb.1)

120 continue
nz=nki(i)
Iwa=Il*1ww+1w+l
do 150 jb=1,nz
if(jcoef(i,jb).eq.lwa)go to 800

150 continue
write(niq.7327)

7327 format(13x,'there is not a lagged autoregressive term')
200 if(nz.eq.O)go to 750

if(n.1t.15)go to 700
if(nz.gt.5)go to 500
if(dd.gt.2.)go to 350
do 250 ie=2,38
if(ndw(ie-1).le.n.and.ndw(ie).gt.n)go to 300

250 continue
300 dl=dwl(ie-1.nz)4(dwl(ie,nz)-dwl(ie-Inz))*

& (n-ndw(Ie-1))/(ndw(ie)-ndw(fe-1))
du=dwu(ie-l.nz)+(dwu(ie,nz)-dwu(ie-nz))*

& (n-ndw(ie-1))/(ndw(ie)-ndw(ie-1))
dli=dwil(ie-I.nz)+(dwil(ie,nz)-dwli(ie-1.

& nz))*(n-ndw(ie-1))/(ndw(ie)-ndw(ie-1))
dul=dwul(ie-l,nz)+(dwul(ienz)-dwul(ie-1,

& nz))*(n-ndw(ie-1))/(ndw(ie)-ndw(ie-1))
If(dd.lt.dl)go to 305
if(dd.gt.du)go to 315
write(mq,304)migl
go to 340

304 format(13x,'the test is inconclusive; significance ',

& 'level'.12,'%')
305 write(mq.310)migl
310 format(13x,'positive first order autocorrelation'

& ,'; significance level',i2,'%')
go to 340

315 write(mq.320)migl
320 format(13x,'non autocorrelated; significance level',

& 12,'%')
340 if(dd.1t.d11)go to 341

if(dd.gt.dul)go to 342
write(mq,304)mig2
go to 850

341 write(mq.310)mig2
go to 850

342 write(mq,320)mig2
go to 850

350 de=4.-dd
do 400 ie=2,38
if(ndw(ie-1).le.n.and.ndw(ie).gt.n)go to 450

400 continue

It



450 dl=dwi( e-I.nz)+(dwi(ienz)-dwi(ie-i,nz))*
& (n-ndw(je-1))/(ndw(ie)-ndw(Ie-1))

du=dwu(ie- ,pz)+(dwu(Iefz)-dwu(je-Inz))*
& (n-ndw( Ie-1))/(ndw(ie)-ndw(le-1))

dl '1dwil( te-1,nz)+(dwi1(ie,nz)-dwl1(ie-1.
& nz))*(n-ndw(ie-1))/(ndw(ie)-ndw(ie-1))

dul=dwui(ie-1,nz)+(dwut(ie,nz)-dwul(ie-.
& nz))*(n-ndw(ie-1))/(ndw(ie)-ndw(ie-i))

if(de.lt.di)go to 455
if(de.gt.du)go to 465
write(mq,475)migl

475 format(13x.'the test is inconclusive; ',

& 'significance level',12,'%')
go to 480

455 write(mq,460)migi
460 format(13x.'negative first order autocorrelation;

& 'significance level',12,'%')
go to 480

465 write(mq,470)migi
470 format(13x,'non autocorrelated; significance ',

& 'level',12,'%')
480 if(de.lt.dll)go to 485

if(de.gt.dui)go to 486 I
write(mq,475)mig2
go to 850

485 write(mq,460)mig2
go to 850

486 write(mq.470)mig2
go to 850

500 write(mq,610)
610 format(13x,'the number of variables is greater than ',

& '5; the test cannot be performed')
go to 850

700 write(mq,720)
720 format(13x,'the number of observations is less than ',

& '15; the test cannot be performed')
go to 850

750 write(mq,760)
760 format(13x,'there is not any explanatory variable')

go to 850
800 write(mq.1027)
1027 format(13x,'there is a lagged autoregressive term')

if(n.ge.30)go to 807
write(mq,1055)

1055 format(13x,'the number of observations is less '.

& 'than 30. the test cannot be performed')
go to 850

807 r=1-0.5*dd
rs=n*s(jb)**2
if(rs.ge..)go to 845
h=r*sqrt(n/(1-rs))
if(h.gt.1.645)go to 830
write(mq,820)migl

820 format(13x,'not reject the hypothesis of zero ',

& 'autocorrelation; significance level',12,'%')
go to 842

830 write(mq,840)mig1
840 format(13x,'reject the hypothesis of zero

& 'autocorrelation; significance level',12,'%')
842 if(h.gt.2.327)go to 843



write(mq,820)mig2
go to 850

843 write(mq,840)mig2
go to 850

845 write(mq.846)
846 format(13x.'the durbin-watson test for lagged ',

& 'variables cannot be used')
850 return

end
C
c
C

C subroutine invm
C -------------- -

C

C

subroutine invm(n)
common/a8/zzza,zb,zc,1
common/a7/a,r
common/b2/m
common/j9/d
dimension r(7381),zz(150),za(121),zb(121),

& zc(121),1(121),m(121) 
double precision d,bigaholda.(14641)
d=i.
nk=-n
do 80 k=z.n
nk=nk+n
1(k)=k
m(k)=k
kk=nk+k
biga=a(kk)
do 20 j=k.n
iz=n*(j-1)
do 20 i=k.n
ij'iz+i

10 if(dabs(biga)-dabs(a(ij)))15,20.20
15 biga=a(ij)

1(k)=i
m(k)=j

20 continue
J= (k)
if(j-k)35.35.25

25 ki=k-n
do 30 i1,n
ki=ki+n
hold=-a(ki)
Ji=ki-k+j
a(ki)=a(ji)

30 a(ji)=hold
35 i=m(k)

if(i-k)45.45,38
38 jp=n*(i-1)

do 40 j=1.n
jk=nk+j
j i=jp+j
hold=-a(jk)
a(jk)=a(ji)

40 a(ji)=hold
45 lf(biga)48,46,48



46 d=0.0
re turn

48 do 55 i=1,n
if(I-k)50,55,50

50 ik=nk+i
a(ik)=a(ik)/(-biga)

55 continue
do 65 i=1,n
ik=nk+i
hold=a( 1k)
ij=i-n
do 65 j=1,n
ij=ij+n
if(i-k)60,65,60

60 if(j-k)62,65,62
62 kj=ij-i+k

a(iJ)=hold*a(kj)+a(ij)
65 continue

kj=k-n
do 75 J=1,n
kj=kj+n
if(j-k)70,75,70

70 a(kj)=a(kj)/biga
75 continue

a(kk)=1./biga
80 continue

k=n
100 k=k-1

if (k)150,150,105
Ln 105 i=1(k)
Ch if(i-k)120,120,108

108 jq=n*(k-1)
Jr=n*(i-1)
do 110 J=1,n
jk=jq+j
hold=a(jk)
ji=jr+j
a(jk)=-a(ji)

110 a(ji)=hold
120 j=m(k)

if(j-k)100,100,125
125 ki=k-n

do 130 i=1,n
ki=ki+n
hold=a(ki)
ji=ki-k+j
a(ki)=-a(ji)

130 a(ji)=hold
go to 100

150 return
end

c
C
C -----------
c block data
C -----------
C
c the block data contains the tables required
C in the durbin-watson test, the names of
c the months and the titles of the axes for



c the normal probability plots
C

C

block data
common/d5/month
common/f9/dwl,dwu,dwl1,dwul
common/d7/itx.ity
dimension month(12),dwl(38,5),dwu(38,5),itx(75),Ity(40)
dimension dwll(38,5),dwul(38,5)
data dwl/1.08,1.1,1.13,1.16,1.18,i.2,1.22,1.24,1.26,1.27,

&1.29,1.3,1.32,1.33,1.34,1.35,1.36,1.37,1.38,1.39,1.4,1.41,1.42.
&l.43,1.43,1.44,1.48,1.50,1.53,1.55,1.57,1.58,1.60,1.61,1.62,1.63
&.1.64,1.65,0.95,0.98,1.02,1.05,1.08,1.1,1.13,1.15,1.17,1.19,
&1.21,1.22,1.24,1.26,1.29,1.29,1.30,1.31.1.32,1.33,1.34,1.35,1.36
&,1.37,1.38,1.39,1.43,1.46,1.49.1.51,1.54,1.55,1.57,1.59,1.60,
&1.61,1.62,1.63,0.82,0.86,.9,.93,.97,1.,1.03,1.05,1.08,1.1,1.12,
&1.14,1.16,1.18.1.2,1.21,1.23,1.24,1.26,1.27,1.28,1.29,1.31,1.32,
&1.33,1.34,1.38,1.42,1.45,1.48,1.50,1.52,1.54,1.56,1.57,1.59,1.6,
&1.61,0.69,.74,.78,.82,.86,.9,.93,.96,.99,1.01,1.04,1.06,1.08,1.1,
&1.12,1.14,1.16,1.18,1.19,1.21,1.22,1.24,1.25,1.26,1.27,1.29,1.34,
&1.38,1.41,1.44,1.47,1.49,1.51,1.53.1.55,1.57,1.58,1.59,.56,
&.62,.67,.71,.75,.79,.83,.86,.9,.93,.95,.98,1.01,1.03,1.05,1.07
&,1.09,1.11,1.13,1.15,1.16,1.18,1.19,1.21,1.22,1.23,1.29,1.34,
&1.38.1.41,1.44.1.46,1.49,1.51,1.52,1.54,1.56,1.57/

data dwu/1.36,1.37,1.38,1.39,1.4,1.41,1.42,1.43.1.44,1.45,
&1.45,1.46,1.47,1.48,1.48,1.49,1.50.1.5,1.51,1.51,1.52,1.52,1.53.
&1.54,1.54,1.54,1.57.1.59.1.6,1.62,1.63,1.64,1.65,1.66,1.67,1.68,
&1.69,1.69,1.54.1.54,1.54,1.53.1.53,1.54.1.54.1.54,1.54,
&1.55.i155,1.55,1.56,1.56.1.56,1.57.1.57,1.57.1.58.1.58.1.58,

Ln &1.59,1.59,1.59,1.6,1.6,1.62,1.63.1.64.1.65,1.66,
& 1.67,1.68,1.69,1.7.1.7,
&1.71.1.72,1.75.1.73,1.71,1.69.1.68,1.68.1.67.1.66,1.66,1.66.
&i.66,1.65,1.65,1.65,1.65.1.65,1.65,1.65,1.65,1.65,1,65,1.65,
&1.66,1.66,1.66,1.66,1.67,1.67,1.68,1.69.1.7,1.7,1.71.
& 1.72,1.72,1.73,1.73,1.64,
&1.97,1.93,1.9,1.87,1.85,1.83, 1.81,1.8,1.79.1.78,1.77,1.76,1.76,
&1.75,1.74,1.74,1.74,1.73,1.73,1.73,1.73,1.73,1.72.1.72,1.72,
&1.72,1.72,1.72,1.72,1.73,1.73,i.74,1.74,1.74,1.75,1.75,1.75,
&1.76,2.21,2.15.2.1,2.06,2.02,1.99.1.96,1.94,1.92,1.9,1.89,
&1 .88.1.86.1.85.1.84,1.83,1.83,1.82,1.81,*1.81,1.8,1.8,1.8,
&i.79.1.79,1.79,1.78,1.77.1.77,1.77,1.77, 1.77,1.77,1-77,1.77,
&1.78,1.78,1.78/

integer itx/I' ' ', ' . . 1 1,1 11 1,1

&
& ',' , , ' ' ,'

integer month/jan',''feb,lmar,'apr,lmay','Jufl
& 'Jul','aug','sep','oct','nov','dec'/

data dwll/0.81,0.84,.87,.9..93,.95..9
7.1.,l.0 2 ,1.04,1.05,

&1.07,1.09.1.l,l.12,1.13,1.15,1.16,1.17.1,18,1.19,1.21,1.22,
&1.23,1.24,1.25,1.29,1.32,1.36.1.38,1.41,1.43,1.45,1.47,1.48,
&l.5.1.51,1.52,.7,.74,.77,.8,.83,.84,.89,.91,.94,.96,.98,1.,
&1.02,1.04.1.05,1.07,1-08,1.1. 1.11,1.13,1.14,1.15,1.16,1.18,
&1.19,1.2,1.24,1.28,1.32,1.35,1.38,1.40,1.42,1.44,1.46,1.47,



&1.49,i.50,.59..63..67,.71,.74,.77.8,.83,.86,.88,.9 .93 .9!i,
&.97..99,1.01,1.02.1.04,1.05,1.07,1.08,1.1.1.11.1.12.1.14,1.15
&,1.2.1.24,1.28,1.32,1.35.1.37,1.39,1.42,1.43,1.45.1.47,1.411.
&.49..53..57,,.6i,.65,.68..72,.75,.77,.8..83,.85..88..9..92..94
&,.96,.98,1.,1.01,1.03,1.04,1.06,1.07.1.09,1.1.1.16,1.2,1.25,
&1.28,1.31,1.34.1.37.1.39.1.41,1.43,1.45,1.46,
&.39..44,.48,.52,.56..6,.63,.66..7..72,.75,.78..81..83..85.
&.88,.9,.92,.94,.95,.97,.99,1.0,1.02.1.03.1.05,1.11,1.16,1.21
&,1.25.1.28,1.31,1.34,1.36.1.39,1.41,1.42,1.44/

data dwul/1.07,1.09,1.1,1.12,1.13,1.15,1.16,1.17,
&1.19,1.2,1.21,1.22,1.23,1.24,1.25,1.26.1.27.1.28,1.29.1.30,
&1.31,1.32,1.32,1.33,1.34.1.34,1.38,1.4.1.43.1.45,1.47,1.49,
&1.5.1.52,1.53,1.54,1.55,1.56,1.25,1.25,1.25,1.26,1.26,1.27,
&1.27,1.28,1.29,1.3,1.3,1.31,1.32,1.32.1.33,1.34,1.34,1.35,
&1.36,1.36,1.37,1.38,1.38,1.39,1.39,1.4,1.42,1.45,1.47,1.48
&,1.5,1.52,1.53,1.54,1.55,1.56,1.57,1.58,1.46,1.44,1.43,1.42,
&1.41.1.41,1.41,1.4,1.4,1.4 .1 .41,1.41,1.41,1.41,1.42,1.42.
&1.42,1.43,1.43,1.43,1.44,1.44,1.45,1.45,1.45,1.46,1.48,1.49,
&1.51,1.52,1.53,1.55,1.56,1.57,1.58,1.59,1.6,1.6,1.7,1.66,
&1.63,1.6,1.58,1.57,1.55.1.54,1.53,1.53,1.52,1.52,1.51.1.51,
&1.51, 1.51,1.51,1.51,1.51,1.51,1.51,1.51,1.51,1.52,1.52,1.52,
&1.53.1.54,1.55,1.56.1.57,1.58,1.59,1.60,1.6,1.61,1.62,1.63,
&l.96,1.9,i.85,1.8,1.77,1.74,1.71,1.69,i.67,i.66.1.65,1.64,
&1.63,1.62,1.61,1.61,1.6,1.6,1.59.1.59,1.59,1.59.1.59,1.58,
&1.58,1.58,1.58,1.59,1.59,1.6.1.61 I 1.61,1.62,1.62.1.63,1.63,
&1.64,1.65/

end
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File 04

It

0
0
0
0
i
0
0
0
0
1

5 63 12
88
1 25 1 1
wadi haI
atbara
kar thum
malakal
mongal la
1 0 0 0
11004
1 0 1 0
1 0 0 1
1 0 0 1
1 0 0 0
1 100
10 10
1 0 0 1
1 0 0 1
5 5

I

4



File 15

Historical Monthly Streamflows at Wadi Hal; 1905-1967; 10t+G Cubic Meters

Year dan Feb March April May June duly Aug Sept Oct , Nov Dec

1905 3730. 2330. 1850. 1410. 1270. 1300. 3070. 13600. 2.0400. 12700. 5790. 4680.

1906 3520. 2410. 1920. 1720. 1510. 1530. 4200. 19400. 25600. 16200. 6400. 4960.

1907 3970. 2710. 2050. 1770. 1840. 1750. 3900. 12800. 17800. 10900. 6250. 4410.

1908 3370. 2170. 1810. 1420. 1350. 1490. 3940. 21700. 27800. 19700. 8710. 5790.

1909 4620. 3500. 2850. 2040. 2320. 3240. 6899. 22100. 27000. 19300. 9540. 6730.

1910 5570. 4410. 3530. 2280. 1820. 2210. 4200. 17700. 25500. 19600. 10500. 6420.

1911 5000. 3630. 2780. 2000. 1820. 2250. 4280. 16500. 23900. 15000. 8050. 5760.

1912 3880. 2540. 1920. 1450. 1230. 1080. 3700. 20800. 19600. 11100. 6100. 4580.

1913 3650. 2310. 1870. 1480. 1360. 1800. 2230. 7680. 13400. 7860. 4139. 3020.

1914 2100. 1420. 1290. 1100. 1180. 1140. 2900. 22900. 22300. 18000. ib5oo. 6260.

1915 4190. 2930. 2050. 1380. 1290. 1600. 3080. 12300. 16400. 15000. 7840. 4920.

1916 3 10. 2170. 1500. 1180. 1130. 1320. 6100. 27100. 31700. 23200. 12200. 7060.

1917 5340. 4130. 3790. 2410. 1760. 2080. 5830. 19600. 31500. 24200. 11600. 6880.

1918 5350. 4350. 4810. 4540. 4340. 3460. 6300. 15600. 18800. 11900. 6670. 5010.

1919 3700. 2390. 2070. 1620. 1470. 1680. 5070. 19200. 22400. 13000. 6260. 4500.

1920 3430. 2050. 1590. 1310. 1220. 1970. 6230. 20700. 19100. 15800. 8710. 5180.

1921 3800. 2180. 1680. 1300. 1120. 1380. 3300. 17900. 21500. 15200. 7140. 4580.

1922 3420. 1960. 1380. 1060. 880. 1000. 3820. 19300. 25500. 17000. 8130. 5060.

1923 3650. 1970. 1260. 1130. 1520. 2370. 5000. 22500. 23100. 16700. 6970. 4790.

1924 3730. 2400. 1650. 1240. 1400. 1550. 5730. 19600. 23300. 14500. 7900. 5290.

1925 3760. 2470. 1820. 1370. 1290. 1630. 4440. 15700. 17900. 12800. 5940. 4090.

1926 3390. 2230. 1820. 1690. 1760. 2700. 4960. 21600. 23100. 14900. 7500. 4810.

1927 3850. 2740. 1960. 1590. 1570. 1500. 4750. 18300. 20300. 13700. 5510. 3670.

1928 2590. 1690. 1460. 1330. 1720. 2710. 7520. 19900. 21000. 12200. 6610. 4350.

1929 3480. 2230. 1810. 1480. 1790. 3770. 10000. 25400. 25800. 18700. 9320. 5210.

1930 4210. 2870. 2210. 1730. 1740. 1910. 5590. 19700. 18500. 11500. 5230. 3660.

1931 2720. 1640. 1470. 1260. 1340. 1200. 3370. 16900. 21600. 14800. 7920. 4420.

1932 3440. 2010. 1670. 1340. 1390. 1980. 5070. 20200. 23400. 15900. 7300. 4680.

1933 4200. 3380. 2730. 1670. 1760. 1930. 3810. 14400. 22800. 15100. 8690. 5660.

1934 4190. 2710. 2010. 1670. 1660. 1820. 7600. 22100. 24400. 16500. 7400. 5020.

1935 4200. 2850. 2140. 1700. 1840. 2680. 8000. 22900. 24200. 17200. 7520. 4950.

1936 3950. 2640. 2230. 1770. 1730. 1800. 6230. 20000. 25600. 15600. 6890. 4200.

1937 3170. 1900. 1650. 1450. 1400. 1800. 4840. 21600. 23800. 13499. 5790. 4310.

1938 3350. 2090. 2210. 1670. 1470. 1600. 4520. 23800. 27000. 19800.1 8850. 5260.

1939 4120. 3160. 2340. 2140. 2220. 2170. 4230. 14000. 18400. 12400. 7580. 4360.

1940 3160. 2080. 2500. 1830. 1350. 1550. 3430. 16200. 18200. 9780. 4280. 2990.

1941 2040.- 1820. 2150. 1670. 1150. 1930. 4430. 13300. 15100. 11100. 7430. 3990.

1942 2990. 2080. 2540. 2520. 1810. 1920. 5450. 22400. 21000. 14500. 5520. 3810.

1943 3030. 1850. 2500. 2220. 1610. 1560. 3280. 17000. 24300. 12900. 6090. 3530.

1944 2670. 1700. 2570. 2450. 1800. 2130. 5190. 18300. 18500. 12100. 5040. 3640.



Continuation

Year Jan Feb March April May June July Aug Sept Oct Nov Dec

1945 2610. 1880. 2750. 2280. 1500. 2010. 3890. 16000. 19600. 15900. 8000. 4890.

1946 3700. 2290. 2510. 2470. 2130. 1610. 7370. 26900. 27700. 14600. '8230. 5200.

1947 3990. 3080. 3060. 2600. 2860. 2920. 3480. 16400. 22900. 13900. 5760. 4060.

1948 3410. 2680. 2500. 2560. 2200. 1830. 5860. 17500. 19200. 15500. 8690. 4560.

1949 3490. 2590. 2410. 2520. 2550. 2010. 4630. 18500. 20200. 13200. 6960. 4380.

1950 3750. 2720. 2540. 2510. 2720. 2270. 5430. 22400. 23300. 14100. 5910. 3780.

1951 3110. 1890. 2320. 2420. 1990. 1300. 3400. 16500. 18200. 11900. 7610. 4420.

1952 3040. 2320. 2760. 2250. 1590. 1490. 3930. 15790. 20450. 11400. 5300. 3280.

1953 2490. 1830. 2320. 2420. 1510. 1740. 5200. 23000. 20400. 12700. 5430. 3620.

1954 2560. 1790. 2550. 2350. 1650. 1440. 6870. 25200. 27600. 19000. 7370. 4490.

1955 3520. 2580. 2150. 2480. 2530. 2390. 5030. 19900. 22900. 17200. 6400. 4090.

1956 3410. 2730. 2470. 2590. 2720. 2630. 6660. 20100. 20800. 17900. ljlIO0. 5260.

1957 3750. 3020. 2480. 2920. 3070. 3390. 4770. 18600. 19500. 8530. 4360. 3020.

1958 2320. 1880. 2170. 2400. 1770. 1610. 5920. 25200. 22700. 15200. 7150. 4540.

1959 3?20. 2310. 2280. 2540. 2270. 1860. 3970. 19500. 27800. 14800. 8470. 4350.

1960 3120. 2220. 2230. 2500. 2500. 1800. 4480. 17400. 20400. 13500. 5370. 3140.

1961 2550. 1780. 2310. 2600. 2030. 1510. 6550. 23200. 26800. 17400. 7560. 4920.

1962 3670. 2760. 2590. 2990. 2980. 3220. 5000. 17400. 22600. 15500. 5830. 4020.

1963 3350. 2820. 2560. 2820. 3250. 3590. 6990. 22100. 19700. 10600. 4880. 4560.

1964 4300. 3240. 2860. 2700. 3630. 4100. 7920. 24900. 25700. 16400. 9450. 5850.

1965 5750. 5080. 4390. 3580. 4170. 4520. 5820. 14800. 15600. 11000. 6600. 4910.

1966 3930. 3020. 2540. 3210. 3550. 3110. 5570. 12800. 17500. 7290. 4470. 4530.

1967 4650. 3306. 2108. 2985. 3317. 3030. 5890. 19902. 22050. 13919. 6240. 5270.

I



Historical Monthly Streamflows at Atbara ; 1905-1967; 10*+6 Cubic Meters

dan Feb March April May June July Aug SeptYear

1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944

Oct Nov Dec

0.
0.
0.

38.
48.
36.
48.
30.
34.
0.

25.
5.

68.
35.
0.
0.
0.

0.
12.
0.
0.
0.
0.
0.
0.
0.
0.
0.
8.
0.
0.
0.
0.
0.
0.
0.
0.
0.

25.

0.
0.
0.
9.

17.
5.

10.
5.
3.
0.
3.
0.
10.
9.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
8.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

-0.
9.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.

16.
0.
0.
0.
0.
0.
0.
0.
0.
3.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
6.
0.
0.
0.
0.
0.
0.
0.
0.
0.

143. 1610. 4280. 4090.
20. 1560. 5700. 4320.
106. 1850. 4710. 3530.
916. 2130. 8160. 5790.
513. 1570. 7650. 4990.

62. 1160. 8130. 5730.
115. 923. 5300. 4920.
126. 1990. 6990. 3330.

0. 593. 2350. 1690.
10. 1570. 7180. 3280.

136. 858. 3060. 2750.
79. 5160. 13200. 6440.

221. 1240. 4430. 7410.
22. 1050. 3620. 1200.
100. 1790. 4650. 2910.
219. 1860. 6040. 2600.
50. 1150. 5520. 3430.
43. 1990. 7900. 6470.
72. 1280. 6100. 3680.
64. 2480. 6080. 4460.
48. 1120. 3950. 2020.
0. 2020. 4580. 3340.

55. 1610. 4350. 2750.
173. 1300. 4670. 2350.
236. 2580. 7240. 3760.
41. 2370. 4170. .2510.
22. 1060. 5520. 3550.
7. 1930. 6330. 4360.
0. 874. 3640. 4190.

333. 2830. 7420. 3300.
232. 1460. 5040. 4850.

0. 1740. 5580. 4750.
9. 1560. 64Q0. 3780.
0. 1590. 7360. 4820.

13. 1270. 3970. 2580.
0. 1070. 4700. 2230.

37. 789. 3090. 1710.
0. 1600. 5420. 3220,
0. 1270. 6010. 5640.
0. 2360. 5390. 2720.

724. 212.
897. 268.
607. 207.

1350. 327.
997. 244.

1880. 371.
711. 308.
407. 136.
210. 32.

1030. .331.
684. 146.

1540. 454.
1210. 270.
390. 67.
457. 79.
922. 200.
776. 1147.

1000. 169.
725. 139.
774. 259.
466. 74.
624. 142.
615. 75.
476. 105.
974. 165.
449. 110.
931. 186.
813. 145.
994. 290.

1040. 171.
1130. 192.
810. 176.
780. 154.

1380. 260.
820. 190.
390. 78.
562. 274.
807. 150.
998. 234.
593. 125.

66.
106.
85.

121.
91.

115.
88.
46.
5.

82.
35.

173.
95.
8.
2.

43.
12.
17.
45.
58.
0.
0.
0.
0.

36.
19.
54.
49.

119.
66.
66.
64.
47.
93.
39.
28.
60.
59.
69.
50.



Continuation

Year Jan Feb March April May June July Aug Sept Oct Nov Dec

1945 17. 0. 0. 0. 123. 295. 1210. 4510. 3810. 1390. 290. 82.

1946 16. 0. 0. 0. 0. 316. 2440. 10680. 3750. 901. 294. 102.

1947 37. 17. 1. 0. 0. 34. 893. 4940. 3350. 826. 145. 70.

1948 39. 13. 0. 0. 0. 231. 1650. 4580. 2990. 990. 191. 89.

1949 50. 13. 0. 0. 0. 92. 1090. 4110. 3180. 834. 183. 81.

1950 59. 0. 0. 0. 0. 0. 2180. 6550. 4930. 832. . 182. 92.

1951 54. 2. 0. 0. 0. 31. 1680. 4570. 2860. 856. 314. 115.

1952 46. 0. 0. 0. 0. 0. 1120. 4950. 3260. 637. 137. 44.

1953 18. 1. 0. 0. 0. 212. 2060. 7350. 3710. 950. 216. 112.

1954 62. 19. 2. 0. 0. 171. 2310. 9020. 6880. 2140. 384. 163.

1955 0. 0. 0. 0. 0. 0. 1030. 5250. 5010. 1860. 298. 76.

1956 0. 0. 0. 0. 0. 0. 1940. 6020. 3790. 1940. 607. 158.

1957 112. 61. 29. 16. 9. 72. 774. 5270. 3140. 410. p 108. 71.

1958 57. 37. 5. 0. 0. 97. 1540. 7360. 4020. 1110. 207. 81.

1959 44. 14. 2. 0. 0. 0. 1740. 8240. 5550. 1100. 337. 129.

1960 59. 24. 5. 0. 0. 8. 1510. 4200. 3330. 805. , 170. 55.

1961 22. 4. 0. 0. 0. 47. 4440. 6130. 4830. 1200. 4253. 155.

1962 67. 25. 6. 0. 0. 0. 1180. 6050. 4490. 1000. 230. 158.

1963 44. 18. 0. 0. 15. 17. 1450. 5050. 3350. 812. 149. 103.

1964 '37. .23. 7. 0. 0. 0. 2040. 7230. 4760. 917. 191. 18.
1965 165. 135. 0. 0. 15. 40. 1120. 3960. 2260. 324. 35. 0.

1966 6. 0. 0. 128. 117. 415. 692. 3490. 1820. 217. 42. 31.

1967 . 8. 3. 3. 78. 190. 111. 1580. 5960. 4000. 934. 90. 14.



Historical Monthly Streamflows at Karthoum; 1905-1967; 10*+6 Cubic Meters

Year Jan Feb March April May dune July Aug Sept Oct Nov Dec

1905 1210. 644. 483. 351. 334. 802. 2850. 11000. 13600. 6180. 2980. 2010.

1906 1220. 644. 638. 540. 400. 852. 4740. 16300. 20300. 9780. 4030. 2400.

1907 1420. 668. 556. 477. 501. 795. 3380. 9490. 11300. 5540. 2700. 1620.

1908 730. 381. 285. 233. 292. 575. 3460. 17400. 19500. 12900. 5150. 3160.

1909 1700. 904. 417. 527. 1050. 3460. 8400. 25600. 17900. 11500. ,4850. 2850.

1910 1950. 1350. 915. 441. 459. 1100. 4420. 15300. 18700. 13500. 4540. 2190.

1911 1320. 766. 543. 419. 556. 873. 5080. 17500. 18600. 8320. 4170. 2370.

1912 1340. 824. 576. 324. 207. 848. 5910. 15900. 11400. 4390. 2210. 1230.

1913 870. 473. 351. 217. 566. 466. 1880. 7520. 8620. 3000. 1140. 590.

1914 340. 203. 166. 158. 246. 734. 5250. 19000. 14300. 11300. 5720. 2260.

1915 1250. 680. 478. 318. 461. 971. 3320. 8060. 11300. 8430. 3510. 1840.

1916 942. 537. 358. 250. 368. 828. 6760. 20200. 21500. 16100. 16050. 2960.

1917 1730. 1020. 835. 551. .645. 1410. 7300. 17700. 22900. 15800. 4820. 2500.

1918 1290. 780. 625. 337. 400. 1170. 5370. 12900. 11300. 5000. 2000. 1150.

1919 726. 438. 321. 175. 241. 1120. 6200. 16800. 17300. 5180. 9220. 1230.

1920 646. 368. 358. 308. 313. 1650. 6170. 13200. 11400. 8750. b170. 1870.

1921 888. 433. 347. 202. 259. 865. 3410. 14600. 14500. 7350. 2310. 1180.

1922 727. 388. 297. 171. 175. 801. 4570. 16000. 16100. 8990. 2560. 1350.

1923 782. 507. 375. 454. 569. 2000. 5890. 16500. 13900. 7290. 2850. 1700.

1924 848. 572. 420. 414. 497. 1000. 5890. 15000. 15600. 7200. 3800. 1830.

1925 860. 493. 436. 304. 417. 1260. 3840. 13300. 10700. 6010. 2070. 1110.

1926 644. 454. 507. 535. 1090. 1710. 5590. 18900. 15100. 7950. 2440. 1480.

1927 813. 456. 464. 416. 391. 1290. 5450. 16200. 12900. 6900. 1660. 860.

1928 500. 299. 301. 420. 1110. 1720. 8100. 17100. 12800. 6080. 2170. 1180.

1929 632. 386. 348. 355. 1380. 3610. 10300. 18600. 18400. 11300. 3240. 1700.

1930 1020. 622. 535. 374. 578. 1370. 6330. 14700. 12200. 4750. 1680. 859.

1931 460. 273. 282. 350. 215. 868. 3570. 14800. 15100. 8630. 2440. 1100.

1932 577. 345. 316. 235. 516. 1240. 4890. 15600. 15900. 8070. 2090. 1040.

1933 649. 349. 384. 251. 495. 1030. 3220. 13200. 15100. 8400. 2940. 1470.

1934 721. 361. 395. 351. 442. 1260. 7020. 18200. 14900. 8530. 2620. 1470.

1935 891. 483. 440. 464. 756. 2190. 9450. 20300. 18400. 9140. 2760. 1540.

1936 914. 621. 583. 513. 547. 913. 7170. 17400. 16700. 7580. 2200. 1050.

1937 611. 387. 464. 365. 433. 1050. 6470. 17500. 14800. 5600. 1950. 1100.

1938 588. 397. 426. 316. 373. 995. 7380. 18800. 18200. 11700. 3290. 1460.

1939 771. 494. 489. 397. 550. 1170. 4680. 12100. 11800. 7160. 2920. 1280.

1940 655. 393. 401. 302. 353. 851. 2940. 16000. 12700. 4070. 1120. 697.

1941 383. 261. 302. 163. 359. 1940. 4830. 11400. 10900. 7110. 2900. 1100.

1942 557. 330. 537. 409. 511. 1010. 6560. 18000. 14200. 8210. 1860. 912.

1943 477. 352. 327. 257. 422. 439. 4050. 15800. 15200. 6750. 2290. 974.

1944 509. 377. 280. 239. 542. 778. 4880. 13800. 11400. 4910. 1310. 634.



Continuation

Year Jan Feb March April May June July

1945 398.
1946 656.
1947 788.
1948 597.
1949 777.
1950 824.
1951 518.
1952 738.
1953 533.
1954 710.
1955 925.
1956 896.
1957 997.
1958 450.
1959 887.
1960 950.
1961 450.
1962 883.
1963 450.
1964 658.
1965 748.
1966 486.
1967 1.110.

266.
387.
507.
424'.
483.
446.
348.
461.
321.
440.
635.
467.
587.
389.
482.
563.
324.
480.
280.
284.
433.
285.
384.

276.
329.
533.
591.
453.
368.
394.
428.
338.
389.
425.
401.
797.
215.
475.
462.
354.
392.
168.
136.
205.
207.
170.

210.
338.
747.
343.
438.
436.
356.
293.
233.
310.
457.
365.

1140.
275.
297.
438.
402.
383.
300.
168.
204.
272.
443.

Aug Sept Oct Nov Dec

392. 841. 3810. 13400. 14800. 9600. 3490. 1380.

380. 1250. 7750. 23000. 18000. 7970. 2950. 1500.

570. 799. 3630. 16400. 16300. 7280. 1990. 1270.

332. 1760. 7320. 14600. 14400. 10800. 3670. 1440.

268. 1750. 6190. 15900. 15200. 7910. 2310. 1430.

781. 1330. 5390. 16500. 16300. 8270. 1880. 916.

289. 889. 3570. 14400. 11000. 8180. *3170. 1450.

410. 770. 4860. 15400. 13500. 7050. 1810. 860.

486. 1100. 6230. 18000. 12600. 6260. 1930. 1070.

278. 1090. 7800. 20000. 18200. 10500. 2600. 1300.

613. 1160. 5980. 17600. 16200. 10200. 2570. 1450.

541. 1230. 6500. 15700. 13100. 14500. 4490. 1690.

759. 1500. 4270. 16400. 11800. 3570. 111270. 758.

344. 1330. 6600. 19000. 14400. 9370. 2960. 1410.

540. 810. 3970. 14200. 17800. 9210. 3890. 1740.

498. 807. 5190. 17000. 14300. 7930. ,1940. 966.

460. 850. 7340. 17400. 18300. 11000. i920. 1990.

427. 1280. 3870. 15300. 14500. 8830. 1830. 978.

870. 1120. 5180. 16700. 12900. 4780. 1320. 1040.

453. 984. 7460. 19300. 17300. 11200. 3380. 1340.

466. 637. 3120. 12400. 9690. 6980. 2020. 1100.

265. 1400. 3580. 12300. 12200. 2050. 1070. 1410.

472. 825. 4320. 15000. 14500. 8210. 2270. 1500.

i



Historical Monthly Streamflows at Malakal ; 1905-1967; 10++6 Cubic Meters

Year Jan Feb March April May June July Aug Sept Oct Nov Dec

1905 2380. 1670. 1520. 1240. 1370. 1660. 2200. 2530. 2760. 3040. 2960. 2830.

1906 2140. 1440. 1580. 1400. 1550. 2050. 2530. 2860. 3130. 3470. 3430. 3250.

1907 2310. 1590. 1660. 1580. 1550. 1920. '2380. 2810. 3030. 3280. 3150. 2690.

1908 2050. 1570. 1440. 1300. 1490. 1720. 2380. 2850. 3070. 3440. 3470. 3580.

1909 3110. 1820. 1570. 1710. 1990. 2400. 2950. 3500. 4060. 4610. 4170. 4190.

1910 3960. 2230. 1800. 1456. 1690. 2130. 2580. 2910. 3120. 3440. 3420. 3540.

1911 2830. 1660. 1570. 1370. 1570. 2020. 2540. 2790. 2900. 3090. 3000. 2660.

1912 1880. 1460. 1370. 1220. 1190. 1580. 2310. 2920. 3160. 3310. 3070. 2710.

1913 1810. 1390. 1460. 1330. 1710. 1720. 2250. 2620. 2730. 2950. 2220. 1630.

1914 1450. 1230. 1310. 1260. 1310. 1630. 2170. 2730. 3230. 3590. 3380. 3340.

1915 2600. 1460. 1390. 1300. 1510. 1850. 2440. 2820. 2980. 3270. 3270. 3050.

1916 1950. 1410. 1360. 1300. 1460. 1840. 2500. 2910. 3400. 3990. ; 4080. 4280.

1917 4280. 3240. 2220. 1860.. 2010. 2390. '2880. 3230. 3520. 4140. 4400. 4810.

1918 4970. 4620. 4840. 2880. 2450. 2910. 3330. 3800. 4010. 4000. 3610. 2930.

1919 2190. 1810. 1800. 1580. 1760. 2260. 2810. 3160. 3220. 3500. 3460. 2880.

1920 1870. 1490. 1420. 1240. 1450. 1990. 2380. 2630. 2740. 3040. ,2960. 2760.

1921 1750. 1240. 1230. 1130. 1430. 1720. 2210. 2500. 2580. 2870. '2710. 2600.

1922 1500. 1040. 963. 860. 1040. 1560. 2110. 2440. 2540. 2860. 2860. 2820.

1923 1710. 1040. 1060. 1300. 1410. 2010. 2460. 2940. 3160. 3360. 3070. 2960.

1924 1830. 1320. 1270. 1310. 1540. 1680. 2180. 2490. 2620. 2940. 2840. 2810.

1925 1860. 1270. 1290. 1210. 1470. 1830. 2360. 2660. 2750. 2990. 2880. 2590.

a' 1926 1650. 1180. 1340. 1240. 1590. 1970. 2310. 2680. 2880. 3330. 3150. 3090.

1927 2500. 1400. 1390. 1310. 1340. 1700. 2250. 2560. 2650. 2850. 2710. 1810.

1928 1400. 1170. 1200. 1320. 1820. 2070. 2490. 2850. 2980. 3300. 3240. 3080.

1929 1920. 1410. 1410. 1360. 1960. 2300. 2680. 2870. 2990. 3310. 3150. 3080.

1930 2180. 1430. 1400. 1340. 1530. 1830. 2340. 2630. 2670. 2830. 2670. 2040.

1931 1550. 1190. 1250. 1200. 1270. 1690. 2310. 2640. 2870. 3180. 3160. 2810.

1932 1680. 1360. 1360. 1310. 1510. 2000. 2470. 2840. 3120. 3690. 3720. 3870.

1933 3420. 1820. 1670. 1600. 1670. 1960. 2420. 3130. 3450. 3730. 3660. 3420.

1934 2300. 1510. 1540. 1460. 1680. 1970. 2590. 2940. 3150. 3420. 3380. 3410.

1935 2420. 1520. 1520. 1510. 1710. 2230. 2700. 2930. 2970. 3180. 3120. 3070.

1936 1980. 1570. 1470. 1310. 1570. 2030. 2390. 2620. 2750. 2980. 2880. 2400.

1937 1640. 1320. 1340. 1240. 1540. 1980. 2320. 2820. 2960. 3320. 3080. 2750.

1938 1800. 1350. 1430. 1380. 1530. 1900. 2430. 2710. 2860. 3300. 3290. 3400.

1939 3170. 1780. 1600. 1480. 1750. 2160. 2540. 2710. 2790. 3030. 3000. 2530.

1940 1650. 1350. 1370. 1280. 1370. 1730. 2190. 2490. 2590. 2790. 2630. 1900.

1941 1460. 1190. 1240. 1160. 1340. 1940. 2360. 2620. 2710. 2880. 2840. 2910.

1942 2050. 1330. 1440. 1210. 1480. 1940. 2380. 2690. 2960. 3140. 3000. 2730.

1943 1640. 1259. 1340. 1310. 1510. 1730. 2210. 2590. 2740. 2950. 2900. 2510.

1944 1600. 1320. 1320. 1320. 1600. 2040. 2420. 2670. 2810. 3080. 2860. 2400.



Continuation

Year dan Feb March April May June July Aug Sept Oct Nov Dec

1945 1670. 1270. 1270. 1070. 1230. 1810. 2260. 2570. 2810. 3240. 3150. 3110.

1946 2290. 1310. 1220. 1060. 1220. 1700. 2260. 2950. 3510. 3780. 3740. 3880.

1947 3780. 2340. 1460. 1420. 1560. 1930. 2410. 2720. 2920. 3270. 3210. 3350.

1948 2700. 1510. 1440. 1320. 1480. 2000. 2450. 2720. 2890. 3140. 3150. 3340.

1949 2940. 1730. 1520. 1450. 1450. 1920. 2370. 2720. 3010. 3440. 3280. 3340.

1950 3080. 1710. 1480. 1420. 1710. 1960. 2430. 2820. 3090. 3420. 3300. 3180.

1951 2210. 1350. 1350. 1160. 1190. 1630. 2210. 2330. 2460. 2690. 2650. 2620.

1952 1780. 1270. 1220. 1180. 1420. 1740. 2190. 2470. 2570. 2780. 2750. 2560.

1953 1670. 1260. 1280. 1250. 1430. 1750. 2200. 2600. 2770. 3040. 2970. 2450.

1954 1710. 1250. 1290. 1290. 1360. 1780. 2320. 2770. 3130. 3490. 3360. 3220.

1955 2610. 1590. 1400. 1400. 1500. 1930. 2350. 2590. 2790. 3080. 3040. 3090.

1956 2840. 1970. 1680. 1540. 1820. 2080. 2480. 2750. 3000. 3320. 3180. 3240.

1957 3040. 1780. 1650. 1790. 1600. 2060. 2450. 2740. 2790. 2960. 112800. 2340.

1958 1600. 1280. 1290. 1180. 3380. 1750. 2340. 2670. 2840. 3110. 2960. 3010.

1959 2220. 1360. 1380. 1240. 1560. 1910. 2300. 2530. 2680. 2920. 2860. 2940.

1960 2320. 1430. 1400. 1320. 1610. 1950. 2390. 2640. 2680. 2840. 2780. 2730.

1961 1820. 1320. 1380. 1380. 1380. 1730. 2310. 2850. 3220. 3730. 0430. 3400.

1962 3300. 2700. 2420. 1810. 1900. 2260. 2720. 3060. 3240. 3530. 3500. 3730.

1963 3760. 2950. 2270. 1880. 2350. 2610. 3020. 3450. 3880. 4630. 4680. 4760.

1964 3930. 3100. 2890. 2480. 2440. 2560. 3170. 4150. 5200. 6090. 6210. 6420.

1965 6060. 4460. 3800. 3070. 2800. 2800. 3500. 4050. 4200. 4560. 4400. 4130.

1966 3200. 2320. 2190. 1990. 2320. 2780. 3250. 3610. 3930. 4410. 4520. 4400.

1967 3560. 2390. 2140. 1900. 1870. 2170. 2740. 3250. 3560. 4210. 4090. 4060.



Historical Monthly Streamflows at Mongalla; 1905-1967: 10**6 Cubic Meters

Year dan Feb March April May June duly Aug Sept Oct Nov Dec

1905 3060. 2570. 2640. 2590. 3110. 2670. 2840. 3040. 3500. 3200. 3450. 3500.

1906 2880. 2520. 2780. 2800. 2910. 3040. 3550. 3640. 4070. 3710. 3670. 3360.

1907 3160. 2660. 2750. 2710. 3000. 2990. 3020. 3350. 3390. 2930. 3180. 2770.

1908 2480. 2100. 2130. 1990. 2190. 2250. 2630. 3380. 2630. 2430. 3140. 2470.

1909 2270. 1910. 2020. 2480. 2760. 2680. 3000. 3060. 3780. 2920. 2460. 2560.

1910 2270. 1930. 1990. 2020. 2470. 2150. 2340. 2970. 3660. 3160. 3130. 2330.

1911 2000. 1630. 1720. 1720. 1980. 1910. 2210. 2270. 2520. 2540. '2490. 2200.

1912 1670. 1380. 1380. 1430. 1610. 1550. 2300. 2920. 3000. 2200. 2040. 1950.

1913 1480. 1370. 1470. 1660. 2340. 2320. 2480. 2440. 1880. 1810. 1930. 1820.

1914 1680. 1400. 1530. 1480. 1860. 1700. 2040. 2810. 2590. 2660. 3270. 2500.

1915 2010. 1710. 1870. 1900. 2330. 2340. 2260. 2620. 2820. 2970. 2790. 2270.

1916 1990. 1730. 1780. 1910. 2490. 2920. 3300. 4080. 5250. 4810. 4040. 3590.

1917 3200. 2850. 3060. 3060. 4380. 4910. 4990. 5420. 6430. 7350. V5300. 4850.

1918 4850. 4080. 4410. 4110. 4320. 3970. 3950. 4010. 3610. 3650. 3180. 2990.

1919 2770. 2330. 2390. 2360. 2660. 2380. 3010. 2780. 2860. 2700. 2570. 2380.

1920 2320. 1760. 1660. 1860. 2200. 2310. 2340. 2560. 2190. 2480. 2140. 1990.

1921 1530. 1220. 1200. 1120. 1190. 1200. 1630. 1830. 1580. 1650. 1290. 1180.

1922 1070. 891. 99. 1050. 1250. 1160. 1240. 1560. 1950. 1550. 1460. 1080.

1923 983. 801. 853. 913. 1430. 1330. 2090. 2850. 1930. 2200. 2170. 1780.

ON 1924 1640. 1440. 1420. 1650. 1910. 1550. 1600. 1720. 1930. 2020. 1920. 1660.

1925 1540. 1300. 1430. 1450. 1670. 1520. 1560. 1860. 1610. 1520. 1750. 1650.

1926 1390. 1180. 1300. 1470. 1880. 1660. 2320. 3130. 2750. 3020. 2400. 2350.

1927 2230. 1940. 2090. 2150. 2240. 2230. 2260. 2340. 2220. 2260. 2090. 1990.

1928 1850. 1620. 1640. 1960. 3830. 2620. 2520. 2330. 2060. 2380. 2000. 1830.

1929 1700. 1440. 1480. 1510. 2240. 1760. 1780. 1950. 1930. 2000. 1880. 1660.

1930 1540. 1320. 1500. 1750. 1940. 1800. 1820. 2040. 2120. 2370. 2440. 2060.

1931 1960. 1680. 1880. 1940. 2300. 2180. 2760. 3300. 3130. 3020. 2470. 2410.

1932 2250. 1940. 2180. 2060. 2680. 2380. 2980. 3720. 3570. 3480. 2760. 2650.

1933 2480. 2180. 2350. 2260. 2500. 2280. 2570. 2680. 3410. 3040. 2470. 2350.

1934 2180. 1810. 1910. 1980. 2420. 2130. 2480. 3080. 2460. 1990. 1960. 1890.

1935 1760. 1500. 1590. 1670. 2340. 2170. 2280. 2130. 2260. 2240. 1820. 1720.

1936 1600. 1420. 1560. 1600. 1860. 2040. 2210. 2490. 2450. 2310. 1940. 1900.

1937 1810. 1630. 1730. 1890. 2500. 2250. 2910. 3170. 2350. 2650. 2730. 2510.

1938 2310. 2000. 2100. 2060. 2430. 2550. 2570. 3470. 3110. 2810. 2470. 2270.

1939 2140. 1830. 1940. 2120. 2190. 2020. 2220. 2300. 2140. 2010. 2120. 1900.

1940 1720. 1530. 1610. 1710. 2230. 1730. 2050. 2500. 2100. 1760. 1630. 1680.

1941 1580. 1320. 1560. 1520. 2150. 2760. 2100. 1980. 1970. 1970. 1920. 2040.

1942 1890. 1650. 1940. 1960. 2600. 2650. 3100. 3780. 3990. 3130. 2720. 2730.

1943 2610. 2210. 2270. 2170. 2460. 2530. 2760. 2750. 2640. 2270. 1950. 1840.

1944 1710. 1450. 1510. 1540. 2140. 1610. 1950. 1830. 1970. 1950. 1600. 1450.



Continuation

Year Jan Feb March April May June July Aug Sept Oct Nov Dec

1945 1320. 1070. 1070. 986. 1510. 1550. 1790. 2300. 2200. 1920. 1520. 1500.

1946 1280. 1100. 1120. 1190. 1600. 2100. 1870. 32GO. 2890. 2290. 1900. 1620.

1947 1510. 1340. 1500. 1850. 2210. 2000. 2590. 3300. 3350. 3310. 2440. 2510.

1948 2340. 2090. 2150. 2060. 2350. 2440. 2770. 3130. 3430. 3620. 2940. 2480.

1949 2220. 1890. 1960. 1860. 2160. 2050. 2600. 2890. 2890. 2470. 1910. 1770.

1950 1630. 1350. 1410. 1530. 1660. 1560. 1880. 2720. 2580. 2880. 1710. 1450.

1951 1350. 1130. 1190. 1310. 1510. 1560. 1510. 1890. 1450. 1870. 2120. 2100.

1952 1870. 1640. 1680. 1910. 2400. 2180. 2420. 3530. 3180. 3150. 2400. 2250.

1953 1990. 1660. 1690. 1610. 1910. 1950. 2130. 2340. 1880. 1920. 1900. 1650.

1954 1510. 1280. 1380. 1520. 1910. 1800. 2020. 2690. 3010. 2230. 1870. 1700.

1955 1640. 1440. 1510. 1500. 1740. 1530. 1690. 2200. 2860. 3060. 2370. 1780.

1956 1620. 1430. 1490. 1640. 1950. 1850. 1940. 2500. 3060. 3010. 2100. 1860.

1957 1780. 1570. 1780. 1940. 2380. 2690. 2170. 2480. 2090. 2080. 1960. 1910.

1958 1810. 1570. 1700. 1730. 2080. 2100. 2770. 2870. 2520. 2470. 1940. 1880.

1959 1760. 1490. 1580. 1550. 2120. 1910. 1900. 2440. 2390. 2220. 2030. 1820.

1960 1630. 1490. 1680. 1830. 2090. 1860. 2210. 2500. 2640. 2780. ,2350. 2040.

1961 1900. 1620. 1770. 1790. 2010. 2040. 2590. 3550. 3730. 4250. i4730. 4080.

1962 3450. 3040. 3560. 3660. 4330. 4090. 4700. 4890. 5000. 5040. 4520. 4370.

1963 4420. 3890. 4280. 4790. 6050. 5640. 5500. 5540. 5310. 4970. 5010. 5070.

1964 4090. 3740. 3860. 4510. 5290. 4940. 5720. 6320. 6860. 7340. 5760. 5270.

1965 5260. 4530. 4780. 4570. 4740. 4430. 4580. 4810. 4440. 5040. 4900. 4840.

1966 4290. 3780. 4130. 4130. 4360. 4060. 4250. 4510. 4680. 4730. 4730. 4310.

1967 3990. 3410. 3620. 3370. 3780. 3710. 4070. 5080. 4790. 5000. 5120. 4560.

C
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ols analysis for station wadi hal , month aug

** set of possible predictors

variable station month

2
17
32
47
3

18
33
48
4
19
34
49

5
* 20

35
50
6

21
36
51

wadi hal
wadi hal
wadi hal
wadi hal
atbara
atbara
atbara
atbara
karthum
karthum
karthum
karthum
malaka i
malakal
malaka1l
malakal
mongalla
mongalla
mongalla
monga11 a

Jul
apr
jan
oct
Jul
apr
Jan
oct
Jul
apr
Jan
oct
Jul
apr
Jan
Oct
Jul
apr
Jan
oct

variable station month

7
22
37
52
8

23
38
53
9

24
39
54
10
25
40
55
1 1
26
41
56

wadi ha!
,wadi hal
wadi hal
wadi hal
atbara
atbara
atbara
atbara
karthum
karthum
karthum
karthum
malakal
malakal
malakal
malaka)1
mongalla
monga11 a
mongalla
mongal la

jun
mar
dec
sep
Jun
mar
dec
sep
Jun
mar
dec
sep
I tin
ma,
dec
sep
Jun
mar
dec
sep

I'

variable station month

12
27
42
57
13
28
43
58
14
29
44
59
15
30
45
60
16
31
46
61

wadi hal
wadi hal
wadi hal
wadi hal
atbara
atbara
atbara
atbara
karthum
karthum
karthum
karthum
malaka)
malakal
malakal
malakal
mongalla
mongalla
mongalla
mongalla

may
feb
nov
aug
may
feb
nov
aug
may
feb
nov
aug
may
feb
nov
aug
may
feb
nov
aug

** mean and standard deviation values of the set of possible predictors

variable mean

1
4
7
10
13
16
19
22
26 E
28
31
34
37
40

19112.26
5559.03
1952.58
1966.45

0.81
.2360.65

357.55
2100.97
1553.32

2.29
1775%55
948.39

5045.16
3051.29

std dev

3924.84
1928.20
683.95
287.98

3.06
753.80
119.08
775.55
653.59

4.31
639.13
390.60
938.65
664.21

variable mean

2
5
8

11
14
17
20
23
26
29
32
35
38
41

5098.35
2474.19

129.71
2239.68
520.71

1646. 13
1404.84

0.29
1881.35
550.90

3863.87
2291.94
54.90

2315.81

std dev

1715.10
257.85
185. 19
773.81
288.36
628.52
329.34

1. 62
690.10
242.51
760.62
853.05
44.68

759.31

variable mean

3
6
9

12
15
18
21
24
27
30
33
36
39
42

1712.84
2500.65
1289.65
1617.74
1588.06

0.10
193G.23
446.84

2615.81
1609.35

12.48
2088.16
1680.61
7688.35

-4

std dev

842.45
752.79
719. 10
586.50
270.52

0.54
632.89
160.66
754.65
690.29

19.39
747.21
650.81

1850.67

,

.



43
46
49
52
55
58
61

194.23
2569.68
8460.00
22567.74
3046.45
5740.65
2834.52

98.88
828.78

3165.74
4038.76

365.32
2077.46

815.57

** final stepwise regression results

significance levels for f test: entry 5%
deletion

step number 5

variable entered or deleted 58
cumulative sum of squares reduced ......

total sum of squares ...................
cumulative proportion reduced ..........

degree of freedom: regression 4
S .residual 26

f.-value for analysis of variance .......
multiple correlation coefficient .......
standard error of estimate .............

44
47
50
53
56
59

3125.48
15489.03
3354.84
3870.97
2873.87

15705.48

1246. 13
3533.82
416.43

1455.03
1063. 9*4
3676.98

5%

0.3837539E+09

0.4621317E+09
0.8303994E+00

0.3182533E+02
0.9112625E+00
0.1736241E+04

variables in equation:

variable regression
number coefficient

3 1.15987
4 1.52568
15 -3.27271
57 -0.27481

constant 19037.10669

std. error of
reg. coeff.

0.472638
0.207001
1.362173
0.089074

** table of residuals

y value y est. residual

19400.00
22100.00
20800.00
12300.00
15600.00

19268.08
21197.70
21933.09
13862.53
15043.41

131.92
902.30

-1133.09
-1562.53

556.59

y value

12800.00
17700.00
7680.00

27100.00
19200.00

y est. residual

15935.60
15521.83
11280.75
27177.29
20525.45

-3135.60
2178.17

-3600.75
-77.29

-1325.45

y value

21700.00
16500.00
22900.00
19600.00
20700.00

y est. residual

18392.54
17855.79
22470. 12
17587.25
20586.09

3307.46
-1355.79

429.88
2012.75

113.91

45
48
51
54
57
60

3237.74
832.35

2782.58
15210.32
18905.81
2844.19

460.00
357.04

1105. 76
3486.66
4043. 13
292.36

f -value

6.022
54.323
5.772
9.519



17900.00
19600.00
18300.00
19700. QO
14400.00

15204.93
19676.59
18898.08
19456.07
13946.88

** residual statistics:

mean ...............
std dev ............
mean square error ..
correlation at lag I

at lag 2
at lag 3

.... -0.0000

.... 1590.0684

.... 0.24493E407
... -0.0801
... 0.0736
... -0.2250

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

1005.0260
2954.0793

0.94226E+07
0.2735
-0.1255
0.0287

** durbin-watson test:

there is a lagged autoregressive term
not reject the hypothesis of zero autocorrelation; significance level 5%
not reject the hypothesis of zero autocorrelation; significance level 1%

2695.07
-76.59

-598.08
243.93
453. 12

19300.00
15700.00
19900.00
16900.00
22100.00

19994.85
15997.56
21917.55
16143. 10
23574. 36

-694.85
-297.56

-2017.55
756.90

- 1474.36

22500.00
21600.00
25400.00
20200.00
22900.00

19589.60
20390.43
25860.80
19150.11
23478.51

2910.40
1209. 57
-460.80
1049.89
-578.51

--1

- I

li

I



** normal-probability plot

3308.46

1926.41

* *

r
e
S

d
U
a

544.37 * ** it

* *

* *

** *

*

-837.67 +
Un

* *

* *

-2219.71 +

! *

! *

-3601.75 +------- -- +-------- -- +---------+-----------+---------+---------+ -------- +-----------+-----------+-------------+
0.0062 0.0228 0.0668 0.1587 0.3085 0.5000 0.6915 0.8413 0.9332 0.9773 0.9938

normal probability scale

0.50064 + -0.00017 * residual

I

I

I

j

** linear regression: cdf = ; r2 = 0.93421



ols analysis for station atbara , month aug

** set of possible predictors

variable station month

2
5
8

11

atbara
atbara
atbara
atbara

variable station month

Jul
apr
Jan
oct

3
6
9
12

atbara
atbara
atbara
atbara

Jun
mar
dec
sep

it

variable station month

4
7
10
13

atbara
atbara
a tbara
atbara

may
feb
nov
aug

** mean and standard deviation values of the set of possible predictors

variable mean

1 5782.58
4 0.81
7 2.29

10 194.23
13 5740.65

std dev

2060.04
3.06
4.31

98.88
2077.46

variable mean

2
5
8

11

1712.84
0.10

12.48
832.35

std dev

842.45
0.54

19.-39
357.04

variable mean

3
6
9

12

129.71
0.29
54.90

3870.97

** final stepwise regression results

significance levels for f test: entry 5%
deletion

step number 2

variable entered or deleted 7
cumulative sum of squares reduced ......

total sum of squares ...................
cumulative proportion reduced ..........

5%

0.7524211E+08

0. 1273126E+09
0.5910029E+00

degree of freedom: regression 1
residual 29.

0_j

std dev

185. 19
1.62

44.68,
1455.03

==mom



f-value for analysis of variance .......
multiple correlation coefficient .......
standard error of estimate .............

0.41905i4E+02
0.7687671E+00
0.1339975E+04

variables in equation:

variable regression
number coefficient

2
constant

1.87987
2562.66309

std. error of
reg. coeff.

0.290399

** table of residuals

y est. residual

5495.26
55 14.06
6303.61
4175.59
4536.53
4724.52
7224.75
5589.26
7017.96
4205.67

204.74
2135.94

686.39
-1115.59
-916.53
795.48

-1144.75
-1239.26
-2847.96
-565.67

y value

4710.00
8130.00
2350.00

13200.00
4650.00
7900.00
3950.00
4670.00
5520.00
7420.00

y est. residual

6040.43
4743.31
3677.43

12262.80
5927.63
6303.61
4668. 12
5006.50
4555.33
7882.70

-1330.43
3386.69

-1327.43
937.20

-1277.63
1596.39
-718.12
-336.50
964.67

-462.70

It

y value

8160.00
5300.00
7180.00
4430.00
6040.00
6100.00
4580.00
7240.00
6330.00
5040.00

y est. residual

6566.79
4297.78
5514.06
4893.70
6059.22
4968.90
6360.00
7412.73
6190.82
5307.28

1593.21
1002.22
1665.94
-463.70
-19.22

1131. 10
1780.00
-172.73

139. 18
-267.28

** residual statistics:

mean .............
std dev ..........
mean square error
correlation at lag

at lag
at lag

0.0000
1296.0297

0.16272E+07
0.2438
0.2356

-0. 1535
2
3

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag i ...

at lag 2 ...
at lag 3 ...

167.1454
1509.0436

0.22308E+07
0.0469
-0.3186
-0.1455

** durbin-watson test:

there is not a lagged autoregressive term
non autocorrelated; significance level 5%
non autocorrelated; significance level 1%

f -value

41.905

y value

5700.00
7650.00
6990.00
3060.00
3620.00
5520.00
6Q80.00
4350.00
4170.00
3640.00

-.1
-.4



** normal'probability plot

3387.69 + *

i*

2140.36 +

rI
I * * *

! *

rI* * *

e 893.03 + *
s I *

d I
U I*
a *

00

1 -354.30 + * *
*

*

I * *
* * *

I *

-1601.63 + *

I

-2848.96 +----------------------------------------------+----------+ ------- ---------- +-----------------+----------
0.0062 0.0228 0.0668 0.1587 0.3085 0.5000 0.6915 0.8413 0.9332 0.9773 0.9938

normal probability scale

0.50064 + -0.00021 * residual ; r2 = 0.93286** linear regression: cdf =



ols analysis for station karthum , month aug

** set of possible predictors

variable station month

2
5
8

11

karthum
karthum
karthum
karthum

variable station month

Jul
apr
Jan
Oct

3
6
9
12

karthum
karthum
kar t hum
karthum

Jun
mar
dec
Sep

variable station month

4
7
10
13

karthum
karthum
karthum
karthum

may
feb
nov
aug

1!

** mean and standard deviation values of the set of possible predictors

variable mean

1
4
7
10
13

15911.94
520.71
550.90

3125.48
15705.48

std dev

3582.43
288.36
242.51

1246.13
3676.98

variable mean

2
5
8

11

5559.03
357.55
948.39

8460.00

std dev

1928.20
119.08
390.60

3165.74

variable mean

3
6
9

12

1289.65
446.84

1680.61
15210.32

** final stepwise regression results

significance levels for f test: entry 5%
deletion 5%

step number 4

variable entered or deleted 10
cumulative sum of squares reduced ......

total sum of squares ...................
cumulative proportion reduced ..........

0.2624572E+09

0.3850137E+09
0.6816828E+00

degree of freedom: regression 3
residual 27

'.0

std dev

719.10
160.66
650.81

3486.66



f-value for analysis of variance .......
multiple correlation coefficient .......
standard error of estimate .............

O.l927368E+02
0.8256408E+O(
0.2130523EiO,1

variables in equation:

variable regression
number coefficient

2 1.45935
7 5.13545
13 -0.54469

constant 13524.83618

Std. error of
reg. coeff.

0.205232
2.088608
0.139558

** table of residuals

y value y est. residual

16300.00
25600.00
15900.00
8060.00

12900.00
14600.00
15000.00
16200.00
14700.00
13200.00

17757.80
20948.23
16849. 14
11512.88
15726. 19
13534.97
16070.51
13525.43
15825.55
11519.06

-1457.80
4651 .77
-949. 14

-3452.88
-2826. 19
1065.03

-1070.51
2674 .57

-1125.55
1680.94

y value y est. residual

9490.00
15300.00
7520.00
20200.00
16800.00
16000.00
13300.00
17100.00
14800.00
18200.00

13009.48
12963.96
10036.91
21757.59
17795.64
14234. 15
13490. 17
18057. 11
12 129.76
18433.48

-3519.48
2336.04

-2516.91
-1557.59
-995.64
1765.85
-190. 17
-957.11
2670.24
-233.48

I,

y value y est. residual

17400.00
17500.00
19000.00
17700.00
13200.00
16500.00
18900.00
18600.00
15600.00
20300.00

15361.69
16538.34
18132.86
18413.53
15268.09
16009.05
16769.73
21224.24
14371.38
19882.77

2038. 3 1
961.66
867.14

-7 13.53
-2068.09

490.95
2130.27

-2624.24
1228.62
417.23

** residual statistics:

mean ...............
std dev ............
mean square error ..
correlation at lag 1

at lag 2
at lag 3

0.0001
1988.3246

0.38299E+07
0.3460
-0.1355
-0.2373

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

1479.4404
2079.5810

0.63033E+07
-0.0835
-0.3355
0.0584

** durbin-watson test:

there is a lagged autoregressive term

f -value

50.562
6.046

15.233

,

-



reject the hypothesis of zero autocorrelation; significance level 5%
reject the hypothesis of zero autocorrelation; significance level 1%

~00



** normal probability plot

4652.77 +

3018.12 +

r
e 1383.47
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-3520.48 +---------------------------------------------------------------+---------------------------+---------+---------+--- ----- +
0.0062 0.0228 0.0668 0.1587 0.3085 0.5000 0.6915 0.8413 0.9332 0.9773 0.9938

normal probability scale

0.50064 + -0.00014 * residual

+
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~* *

* *
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1
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** linear regression: cdf = ; r2 = 0.97365



ols analysis for station malakal , month aug

** set of possible predictors

variable station month

2
8
14
20
3
9

15
21

malakal
malakal
malakal
malakal
monga 11 a
monga 11 a
monga 1 a
mongal la

Jul
apr
jan
oct
Jul
apr
jan
oct

variable station month

4
10
16
22

5
11
17
23

malakal
ma 1 aka I
mal aka 1
malakal
mongalI a
mongal la
monga I1 a
mongal la

jun
mar
dec
sep
jun
mar
dec
sep

variable station month

6
12
18
24
7

13
19
25

malakal
malakal
malakal
malakal
mongal la
monga 11 a
monga 11 a
monga 11 a

may
feb
nov
aug
may
feb
nov
aug

** mean and standard deviation values of the set of possible predictors

variable mean

1
4
7
10
13
16
19
22
25

2847. 10
1966.45
2360.65
1553.32
1775.55
3051.29
2569.68
3046.45
2834.52

std dev

289.57
287.98
753.80
653.59
639.13
664.21
828.78
365.32
815.57

variable mean

2
5
8

14
17
20
23

2474. 19
2239.68
1404.84
1881.35
2291.94
2315.81
3354.84
2873.87

std dev

257.85
773.81
329.34
690.10
853.05
759.31
416.43

1063.94

variable mean

3
6

.9
12
15
18
21
24

2500.65
1588.06
1936.23
1609.35
2088.16
3237.74
2782.58
2844. 19

** final stepwise regression results

significance levels for f test: entry 5%
deletion 5%

step number 2

variable entered or deleted 8
cumulative sum of squares reduced ...... 0.2105090Ef07

00 std deV

752.79
270.52
632.89
690.29
747.21
460.00

1105.76
292.36



total spM pf squares ...................
cumulative proportion reduced ..........

degree of freedom: regression I
residual 29

f-value for analysis of variance .......
multiple correlation coefficient .......
standard error of estimate .............

variables in equation:

variable regression
number coefficient

2
constant

P.2515439E407
0.836868 1E00

0.1487702E+03
0.9148049E+00
0.1189535E+03

std. error of
reg. coeff.

0.0842281.02734
305.26941

** table of residuals

y value y est. residual

2860.00
3500.00
2920.00
2820.00
3800.00
2500.00
2490.00
2560.00
2630.00
3130.00

2904.43
3335.91
2678.41
28 11.97
3726.30
2575.68
2544.86
2616.77
2709.23
2791.42

-44.43
164.09
241.59

8.03
73.70

-75.68
-54.86
-56.77
-79.23
338.58

y value y est. residual

2810.00
2910.00
2620.00
2910.00
3160.00
2440.00
2660.00
2850.00
2640.00
2940.00

2750.33
2955.80
2616. 77
2873.61
3192.08
2472.95
2729.78
2863.34
2678.41
2966.07

59.67
-45.80
3.23

36.39
-32.08
-32.95
-69.78
-13.34
-38.41
-26-.07

y value y est. residuak

2850.00
2790.00
2730.00
3230.00
2630.00
2940.00
2680.00
2870.00
2840.00
2930.00

2750.33
2914.70
2534.59
3264.00
2750.33
2832.52
2678.41
3058.53
2842.79
3079.08

99.67
-124.70

195.41
-34.00

- 120.33
107.48

1.59
-188.53

-2.79
-149.08

** residual statistics:

mean .............
std dev ..........
mean square error
correlation at lag

at lag
at lag

-0.0000
115.0523

O.12823E+05
0.0780

-0.0684
-0.2238

2
3

** residual statistics for the second half of the data:

mean ...................... -11.9564

std dev ................... 159.8946
mean square error ...... 0.24880E*05
correlation at lag 1 ... 0.1922

at lag 2 ... -0.0833

at lag 3 ... 0.3560

f-value

148.770

.Is

it



** durbin-watson test:

there is not a lagged autoregressive term
non autocorrelated; significance level 5%
non autocorrelated; significance level 1%

II



** normal probability plot
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0.0062 0.0228 0.0668 0.1587 0.3085 0.5000 0.6915 0.8413 0.9332 0.9773 0.9938

normal probability scale

0.50064 + -0.00225 * residual** linear regression: cdf = ; r2 = 0.85816



ols analysis for station mongalla , month aug

** set of possible predictors

variable station month

2

8
it

monga 11 a
mongal la
mongal la
mongal la

Jul
apr
jan
oct

variable station month

3
6
9
12

monga I1 a
mongal la
mongal la
mongal la

jun
mar
dec
sep

variable station month

4
7
10
13

It

monga I1 a
monga 11 a
mongalI a
monga I1 a

may
feb
nov
aug

** mean and standard deviation values of the set of possible predictors

variable' mean

1 2816.77
4 2360.65
7 1775.55

10 2569.68
13 2834.52

std dev

816.93
753.80
639.13
828.78
815.57

variable mean

2
5
8

11

2500.65
1936.23
2088. 16
2782.58

std dev

752.79
632.89
747.21
1105.76

variable mean

3
6
9

12

2239.68
1881.35
2315.81
2873.87

** final stepwise regression results

significance levels for f test: entry 5%
deletion 5%

step number 3

variable entered or deleted 13
cumulative sum of squares reduced ......

total sum of squares ...................
cumulative proportion reduced ..........

0.1790290E+08

0.2002128E+08
0.8941936E+00

degree of freedom: regression 2
residual 28

-4

std dev

773.81
690.10
759.31

1063.94



f-value for analysis of variance .......
multiple correlation coefficient .......
standard error of estimate .............

0. 1183171E403
0.945618iE+0o
0.2750571E+03

variables in equation:

variable regression
number coefficient

2
4

constant

1.34337
-0.40172

405.80841

std. error of
reg. coeff.

0.124788
0.124621

** table of residuals

y value y est. residual'
it

3350.00
2970.00
2440.00
4080.00
2780.00
1560.00
1860.00
2330.00
3300.00
3080.00

3257.62
2557.04
2797.33
3838.64
3380.77
1569.43
1830.59
2252.51
3189.54
2765.20

92.38
412.96

-357.33
241.36

-600.77
-9.43
29.41
77.49

110.46
314.80

y value

3380.00
2270.00
2810.00
5420.00
2560.00
2850.00
3130.00
1950.00
3720.00
2130.00

y est. residual

3059.10
2579.24
2399.08
5349.68
2665.50
2638.99
2767.19
1897.15
3332.43
2528.66

320.90
-309.24
410.92
70.32

-105.50

211.01
362.81
52.85

387.57
-398.66

00
00

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

0.0000
261.4093

0.66199E+05
-0.2925
0.2512
-0.2117

** residual statistics for the second half of the data:

mean ................
std dev .............
mean square error ...
correlation at lag I

at lag 2
at lag 3

164.2062
348.0010

0.14329E+06
-0.2256
0.0578

-0.3717

** durbin-watson test:

there is not a lagged autoregressive term
the test is inconclusive; significance level 5%

f-value

115.888
10.391

y value

3640.00
3060.00
2920.00
2620.00
4010.00
1830.00
0920.00
2340.00
2040.00
2680.00

y est.

4005.76
3327.16
2848.78
2505.81
3976.68
2117.45
1787.91
2541.97
2071.40
2853.96

residual

-365.76
-267.16

71.22
114.19
33.32

-287.45
-67.91

-201.97
-31.40

-173.96

1



non autocorrelated; significance level 1%

00



** normal-probability plot

413.96 + * *
I *
I *

* *

I*

210.82 +*

I *

I ** *
I * *

rI
e 7.67+ *

I I
d I*
u*
a*

* I. *
-195.48 + *

0 *
I *

*

i * *

*

-398.62 +

I *
-601.77 + --------- ------------------------------------------ +------------------+---------+----- - +

0.0062 0.0228 0.0668 0.1587 0.3085 0.5000 0.6915 0.8413 0.9332 0.9773 0.9938

normal probability scale

** linear regression: cdf = 0.50064 + -0.00105 * residual r2 = 0.96815



********* ****** ++ ++***

gis analysis, month aug
***+********++** + t + e***

** residual correlation matrix of o1s estimation:

wadi hal atbara

1.000
0.453
0.512
0.132
0.341

0.453
1.000
0.515
0.207
0.267

karthum malakal

0.512
0.515
1.000
0.169
0.083

0.132
0.207
0.169
1.000
0.240

station wadi hal iteration 1

I-h

** gls regression results:

variable regression
number coefficient

constant 16190.47986
3 1.24318
4 . 1.45804

15 -2.24662
57 -0.19809

std. error of
reg. coeff.

2094.881348
0.375940
0.170963
1.091525
0.072083

** table of residuals

y value y est. residual

19400.00
22100.00
20800.00
12300.00
15600.00
17900.00
19600.00
18300.00
19700.00
14400.00

18864.64
21620.43
21339.42
14169. 10
15938.67
15278.87
19944.55
18849.05
19897.33
14218.58

535.36
479.57

-539.42
1869.10
-338.67
2621.13
-344.55
-549.05
-197.33

181.42

y value y est. residual

12800.00
17700.00
7680.00
27100.00
19200.00
19300.00
15700.00
19900.00
16900.00
22100.00

16093.29
15902.47
11706.75
26745.06
20411.33
19445.31
15996.57
21902.80
15957.82
23317.28

-3293.29
1797.53

-4026.75
354.94

-1211.33
-145.31
-296.57

-2002.80
942. 18

-1217.28

y value y est. residual

21700.00
16500.00
22900.00
19600.00
20700.00
22500.00
216C0.00
25400.00
20200.00
22900.00

18000.23
17711.35
21332.57
18491.70
20437.93
19378.69
20169.98
26070.29
18979.48
23564.44

3699.77
121 1.35
1567.43
1108.30
262.07

3121.31
1430.02
-670.29
1220.52
-664.44

wadi hal
atbara
karthum
malakal
monga11 a

mongal la

0.341
0.267
0.083
0.240
1.000 It



** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

-0.0072
1643.9939

0.26183E+07
-0.2213
0. 1819

-0.2500

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

912.0363
2645.0356

0.75755E407
0.1968
-0.2061
-0.0400

** durbin-watson test:

there is a lagged autoregressive term
not reject the hypothesis of zero autocorrelation; significance level 5%
not reject the hypothesis of zero autocorrelation; significance level 1%

k)

1I



** normal- probability plot
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*linear regression: cdf = ; r2 = 0.90731



station atbara iteration I

** gls regression results:

variable regression
number coefficient

constant
2

2676.26074
1.81355

std. error of
reg. coeff.

486.242714
0.248001

** table of residuals

y est. residua)

5505.40
5523.54
6285.23
4232.29
4580.49
4761.84
7173.87
5596.08
6974.38
4261.30

194.60
2126.46
704.77

-1172.29
-960.49
758. 16

-1093.87
-1246.08
-2804.38
-621.30

y value

4710.00
8130.00
2350.00

13200.00
4650.00
7900.00
3950.00
4670.00
5520.00
7420.00

y est. residual

6031.33
4779.98
3751.70

12034.18
5922.52
6285.23
4707.44
5033.88
4598.62
7808.61

-1321.33
3350.02

-1401.70
1165.82

-1272.52
1614.77
-757.44
-363.88
921.38

-388.61

y value y est. residual

8160.00
5300.00
7180.00
4430.00
6040.00
6100.00
4580.00
7240.00
6330.00
5040.00

6539. 12
4350. 17
5523.54
4925.06
6049.47
4997.61
6339.63
7355.22
6176.41
5324.05

1620.88
949.83

1656.46
-495.06

-9.47
1102.39
1759.63
-115.22
153.59

-284.05

** residual statistics:

mean ...............
std dev ............
mean square error ..
correlation at lag 1

at lag 2
at lag 3

.... -0.0004
.... 1297.1947
.... C.16301E+07

... 0.2256
... 0.2430
... -0.1706

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

158.8169
1494.6393

0.21863E+07
0.0493
-0.3220
-0.1447

y value

5700.00
7650.00
6990.00
3060.00
3620.00
5520.00
6080.00
4350.00
4170.00
3640.00

,4

I

I



** durbin-watson test:

there is not a lagged autoregressive term
non autocorrelated; significance level 5%
non autocorrelated; significance level 1%



** normal probability plot
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** linear regression: cdf = ; r2 = 0.93908



station karthum iteration 1

** gls regression results:

variable regression
number coefficient

12288.993G5
1 . 43571
2.80376
-0.37585

std. error Qf
reg. coeff.

1597.499573
0.176859
1.638374
0.116520

It

** table of residuals

y est. residual

16765.59
20343.87
16507.06
11821.06
15533.24
13437.64
16147.64
14288.66
16130.27
12027.31

-465.59
5256.13
-607.06

-3761.06
-2633.24
1162.36

-1147.64
1911.34

-1430.27
1172.69

y value y est.

9490.00
15300.00
7520.00
20200.00
16800.00
16000.00
13300.00
17100.00
14800.00
18200.00

12888.33
12798.28
10338.37
20470.71
17570.05
14450.72
13546.70
18667.89
12654.99
18418.69

res i dual

-3398.33
2501.72

-2818.37
-270.71
-770.05
1549.28
-246.70

-1567.89
2145-.01
-218.69

y value y est. residua.

17400.00
17500.00
19000.00
17700.00
13200.00
16500.00
18900.00
18600.00
15600.00
20300.00

14758.02
15979.66
17569.29
18037.45
15864.92
16153.32
16588.79
21732. 12
14714.41
20370.30

2641.98
1520.34
1430.71
-337.45

-2664.92
346.68

2311.2.1
-3132.12

885.59
-70.30

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

0.0033
2048.8561

0.40666E+07
0.2370
-0.1197
-0.2281

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

1069.4914
1931.2976

0.47165E+07
-0. 1237
-0.3233
0.0881

constant
2
7

13

y value

16300.00
25600.00
15900.00
8060.00

12900.00
14600.00
15000.00
16200.00
14700.00
13200.00

A



** durbin-watson test:

there is a lagged autoregressive term
reject the hypothesis of zero autocorrelation; significance level 5%
not reject the hypothesis of zero autocorrelation; significance level 1%

11



** normal-probability plot
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normal probability scale

0.50064 + -0.00013 * residual
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;r2 = 0.94873** linear regression: cdf =



station malakal iteration 1

** gis regression results;

variable regression
number coefficient

constant
2

255. 17631
1.04758

std. error of
reg. coeff.

199.207401
0.080065

** table of residuals

y value y est. residual

2860.00
3500.00
2920.00
2820.00
3800.00
2500.00
2490.00
2560.00
2630.00
3130.00

2905.56
3345.54
2675.09
28 11. 28
3743.62
2570.33
2538.90
2612.24
2706.52
2790.32

-45.56
154.46
244.91

8.72
56.38

-70.33
-48.90
-52.24
-76.52
339.68

I t
y value y est. residual

2810.00
2910.00
2620.00
2910.00
3160.00
2440.00
2660.00
2850.00
2640.00
2940.00

2748.42
2957.94
2612.24
2874.13
3198.88
2465.57
2727.47
2863.66
2675.09
2968. 4 1

61.58
-47.94

7.76
35.87

-38.88
-25.57
-67.47
-13.66
-35.09
-28.41

y value y est. residuaV

2850.00
2790.00
2730.00
3230.00
2630.00
2940.00
2680.00
2870.00
2840.00
2930.00

2748.42
2916.03
2528.43
3272. 21
2748.42
2832.23
2675.09
3062.70
2842.70
3083.65

101.58
-126.03
201.57
-42.21

-118.42
107. 77
4.91

-192.70
-2.70

-153.65

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

0.0002
115.1669

0.i2849E+05
0.0799

-0.0663
-0.2343

** residual statistics for the second half of the data:

mean ................
std dev .............
mean square error ...
correlation at lag 1

at lag 2
at lag 3

-12.2425
157.2011

O..24060E+05
0.1551
-0.1223
0.3577

0D

,a



** durbin-watson test:

there is not a lagged autoregressive term
non autocorrelated; significance level 5%
non autocorrelated; significance level 1%



** normalprobability plot
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station mongalla iteration 1

** gis regression results:

variable regression
number coefficient

constant
2
4

416.55655
1.24005

-0.29683

std. error of
reg. coeff.

161.94676
0.111122
0.112151

** table of residuals

y value y est. residual

3640.00
3060.00
2920.00
2620.00
4010.00
1830.00
1720.00
2340.00
2040.00
2680.00

3954.96
3317.46
2790.77
2527.46
4032.46
2084.61
1833.69
2554.17
2097.60
286 1. 41

-314.96
-257.46

129.23
92.54

-22.46
-254.61
-113.69
-214.17
-57.60

-181.41

11

y value y est. residual

3350.00
2970.00
2440.00
4080.00
2780.00
1560.00
1860.00
2330.00
3300.00
3080.00

3271.02
2585. 1 1
2797.30
3769.62
3359.54
1583. 18
1855.33
2404.63
3156.39
2773.55

78.98
384.89

-357.30
310.38

-579.54
-23. 18

4.67
-74.63
143.61
306.45

y value y est. residual

3380.00
2270.00
2810.00
5420.00
2560.00
2850.00
3130.00
1950.00
3720.00
2130.00

3027.83
2569.35
2394. 16
5304.29
2665.25
2583.79
2735.43
1958.95
3316.40
2549.29

352. 17
-299.35
415.84
115.71

-105.25
266.21
394.57
-8.95

403.60
-419.29

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag i ...

at lag 2 ...
at lag 3 ...

0.0004
264.9151

0.67987 E+05
-0.2803
0.2249
-0.2466

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

163.3986
348.7764

0.14356E+06
-0.2189
0.0299

-0.3270

0



** durbin-watson test:

there Is not a lagged autoregressive term
the test is inconclusive; significance level 5%

non autocorrelated; significance level 1%

I'



** normal probability plot
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0.50064 + -0.00104 * residual** linear regression: cdf = ; r2 = 0.97815



** residual correlation matrix of gis estimation, (iteration I ):

wadi hal atbara

1.000
0.533
0.601
0.180
0.460

0.533
1.000
0.587
0.203
0.317

karthum malakal mongalla

0.601
0.587
1.000
0.238
0.164

0. 180
0.203
0.238
1.000
0.280

0.460
0.317
0.164
0.280
1.000

** 96.52 maximum percentaje of crosscorrelation difference between two consecutive iterations. at iteration i

station wadi hal iteration 2

** gls regression results:

variable regression
number coefficient

constant 15745.27258
3 1.17467
4 1.47010
15 -2.10803
57 -0.18353

std. error of
reg. coeff.

1960.-182190
0.344126
0.160403
1.019994
0.066948

** table of residuals

y est. residual

18782.66
21760.90
21234.46
14248.03
16111.37
15295.74
19941.68
18859.65
19948.17
14278.05

617.34
339.10

-434.46
.1948.03
-511.37
2604.26
-341.68
-559.65
-248.17

121.95

y value y est. residual

12800.00
17700.00
7680.00

27100.00
19200.00
19300.00
15700.00
19900.00
16900.00
22100.00

16059.53
15987.27
11783.59
26409.38
20389.45
19323.78
16010.20
21985.06
15946.05
23205.46

-3259.53
1712.73

-4103.59
690.62

-1189.45
-23.78

-310.20
-2085.06

953.95
-1105.46

y value y est. residual

21700.00
16500.00
22900.00
19600.00
20700.00
22500.00
21600.00
25400.00
20200.00
22900.00

17843.79.
17739.62
21136.56
18722.95
20420.37
19393.40
20102.87
26134.10
18916.49
23692.13

3856.21
1239.62
1763.44
877.05
279.63

3106.60
1497.13
-734.10
1283.51
-792. 13

** residual statistics:

wadi hal
atbara
karthum
malakal
mongalla

H
0)

y value

19400.00
22100.00
20800.00
12300.00
15600.00
17900.00
19600.00
18300.00
19700.00
14400.00

a



mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

-0.0089
1671.7175

0.27073E+07
-0.2425
0.2096
-0.2742

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

892.8792
2602.3183

0.73251E+07
0. 1825

-0.2141
-0.0417

** durbin-watson test:

there is a lagged autoregressive term
n6 t reject the hypothesis of zero autocorrelation; significance level 5%
not reject the hypothesis of zero autocorrelation; significance level 1%

4-

11



** normal probability plot
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** l inear regression: cdf =



station atbara iteration 2

** gls regression results:

variable regression
number coefficient

constant 2732.34647
2 1.78081

std. error of
reg. coeff,

470.612392
0.237428

** table of residuals

y value y est. residual

5700.00
7650.00
6990.00
3b60.00
3620.00
5520.00
6080.00
4350.00
4170.00
3640.00

H-

5510.40
5528. 21
6276.15
4260.28
4602.19
4780.27
7148.75
5599.45
6952.86
4288.77

189.60
2121.79
713.85

-1200.28
-982.19
739.73

-1068.75
-1249.45
-2782.86

-648.77

y value y est. residual

4710.00
8130.00
2350.00

13200.00
4650.00
7900.00
3950.00
4670.00
5520.00
7420.00

6026.84
4798.08
3788.36

11921.31
5919.99
6276. 15
4726.85
5047.40
4620.00
7772.03

-1316.84
3331.92

-1438.36
1278.69

-1269.99
1623.85
-776.85
-377.40
900.00

-352.03

y value y est. residual

8160.00
5300.00
7180.00
4430.00
6040.00
6100.00
4580.00
7240.00
6330.00
5040.00

6525.46
4376.03
5528. 2 1
4940.55
6044.65
5011.78
6329.58
7326.83
6169.30
5332.32

1634.54
923.97

1651.79
-510.55

-4.65
1088.22

-1749.58
-86.83
160.70

-292.32

** residual statistics;

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

-0.0004
1298.6275

0.16337E+07
0.2158
0.2464

-0.1790

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag i ...

at lag 2 ...
at lag 3 ...

154.7052
1488.0323

0.21660E+07
0.0503

-0.3234
-0.1442

it

*



** durbin-watson test:

there is not a lagged autoregressive term
non autocorrelated; significance level 5%
non autocorrelated; significance level 1%



** normal probability plot
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normal probability scale

** linear regression: cdf = 0.50064 + -0.00021 * residual r2 = 0.94190



station karthum iteration 2

** gls regression results:

variable regression
number coefficient

constant 11762.31616
2 1.44219
7 2.50932
13 -0.33428

std. error.of
reg. coeffil

1540.815399
0. 172407,
1.539058
0.111792

** table of residuals

y value y est. residual

16300.00
25600.00
15900.00
8060.00

12900.00
14600.00
15000.00
16200.00
14700.00
13200.00

16537.2-7
20328.75
16503.52
11905.50
15547.48
13354.29
16176.61
14448.70
16234.66
12067.23

-237.27
5271.25
-603.52

-3845.50
-2647.48

1245.71
-1176.61
1751.30

-1534.66
1132.77

y value y est. residual

9490.00
15300.00
7520.00
20200.00
16800.00
16000.00
13300.00
17100.00
14800.00
18200.00

12864.46
12966.94
10345.57
20164.77
17490.83
14446.32
13523.29
18779.08
12682.13
18379.92

-3374.46
2333.06

-2825-.57
35.23

-690.83
1553.68
-223.29

-1679.08
2117.87
-179.92

y value y est. residual

17400.00
17500.00
19000.00
17700.00
13200.00
16500.00
18900.00
18600.00
15600.00
20300.00

14536.07
15896.37
17329.45
18097.45
15968.23
16180.64
16517.53
21869.36
14733.07
20519.20

2863.93
1603.63
1670.55
-397.45

-2768.23
319.36

2382.47
-3269.36

866.93
-219.20

** residual statistics:

mean ....................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

-0.0008
2076.4876

0.41771E+07
0.2000
-0.1094
-0.2103

** residual statistics for the second half of the data:

mean....................
std dev ................
troeart zquare errar

101 1.2258
1902.3185

0 44917E+C7

A



** durbin-watson test:

there is a lagged autoregressive term
reject the hypothesis of zero autocorrelation; significance level 5%

not reject the hypothesis of zero autocorrelation; significance level 1%



** normal probability plot
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** linear regression: cdf = ; r2 = 0.94791



station malakal iteration 2

** gis regression results:

variable regression
number coefficient

constant
2

232. 74 107
1.05665

std. error 9f
reg. coeff.

197.507372
0.079373.

It
** table of residuals

y value y est. residual

2860,00
3500.00
2b20.00
2820.00
3800.00
2500.00
2490.00
2560.00
2630.00
3130.00

2906.06
3349.86
2673.60
2810.97
3751.38
2567.94
2536.24
2610.20
2705.30
2789.83

-46.06
150.14
246.40

9.03
48.62

-67.94
-46.24
-50.20
-75.30
340.17

y value y est. residual

2810.00
2910.00
2620.00
2910.00
3160.00
2440.00
2660.00
2850.00
2640.00
2940.00

2747.57
2958.90
2610.20
2874.36
3201.93
2462.27
2726.43
2863.80
2673.60
2969.46

62.43
-48.90

9.80
35.64

-41.93
-22.27
-66.43
-13.80
-33.60
-29.46

y value y est. residual

2850.00
2790.00
2730.00
3230.00
2630.00
2940.00
2680.00
2870.00
2840.00
2930.00

2747.57
2916.63
2525.67
3275.89
2747.57
2832. 10
2673.60
3064.56
2842.67
3085.69

102.43
-126.63
204.33
-45.89

-117.57
107.90

6.40
-194.56

-2.67
-155.69

** residual statistics:

mean ................
std dev .............
mean square error ...
correlation at lag i

at lag 2
at lag 3

... 0.0003
115.2924

... 0.12877E+05

... 0.0813

... -0.0653

... -0.2390

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag i ...

at lag 2 ...
at lag 3 ...

-12.3706
156.0705

0.23720E+05
0.1384
-0.1398
0.3585

I-A
LA



** durbin-watson test:

there is not a lagged autoregressive term
non autocorrelated; significance level 5%
non autocorrelated; significance level 1%

it



** normal probability plot
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** linear regression: cdf = ; r2 = 0.85055



station mongalla iteration 2

** gis regression results:

regression
coefficient

406.37036
1.21040

-0.26110

std. error of
reg. coeff.

157.392132
0.105661
0.107688

** table of residuals

y est. residual

3943.47
3316.92
2769.91
2533.50
4059.48
2068.61
1844.30
2557.00
2102.75
2864.34

-303.47
-256.92

150.09
86.50

-49.48
-238.61
-124.30
-217.00
-62.75

-184.34

y value y est. residual

3350.00
2970.00
2440.00
4080.00
2780.00
1560.00
1860.00
2330.00
3300.00
3080.00

3278.46
2593.78
2797.18
3750.54
3355. 13
1580.88
1858.55
2456.55
3146.53
2776.29

71.54
376.22

-357.18
329.46

-575. 13
-20.88

1.45
-126.55

153.47
303.71

y value

3380.00
2270.00
2810.00
5420.00
2560.00
2850.00
3130.00
1950.00
3720.00
2130.00

y est. residual

3017.90
2564.37
2389.93
5302.62
2664.27
2562.72
2723.62
1976.01
3313.60
2555. 10

362.10
-294.37
420.07
117.38

-104.27
287.28
406.38
-26.01
406.40

-425. 10

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

0.0001
267.4868

0.69313E+05
-0.2737
0.2142

-0.2569

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

161.7572
349.4139

O.14347E+06
-0.2165
0.0173

-0.3154

H

variable
number

constant
2
4

y value

3640.00
3060.00
2920.00
2620.00
4010.00
1830.00
1720.00
2340.00
2040.00
2680.00

a



** durbin-watson test:

there is not a lagged autoregressive term
the test is inconclusive; significance level 5%
non autocorrelated; significance level 1%



** normal -probability plot
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*linear regression: cdf = ; r2 = 0.97754



** residual correlation matrix of gis estimation, (iteration 2 ):

wadi hal atbara

1.000
0.544
0.612
0.194
0.502

0.544
1.000
0.594
0.201
0.336

karthum malakal mongalla

0.612
0.594
1.000
0.257
0.193

0.194
0.201
0.257
1.000
0.290

0.502
0.336
0.193
0.290
1.000

** 18.11 maximum percentaje of crosscorrelation difference between two consecutive iterations, at iteration 2

1'

station wadi hal iteration 3

** gls regression results:

variable regression
number coefficient

constant 15640.17273
3 1.14170
4 1.47927
15 -2.07896
57 -0.18012

std. error of
reg. coeff.

1945.115112
0.338947
0.158687
1.013883
0.066103

** table of residuals

y value y est.

19400.00
22100.00
20800.00
12300.00
15600.00
17900.00
19600.00
18300.00
19700.00
14400.00

18760.99
21812.85
21208.76
14267.00
16158.89
15296.09
19930.26
18863.99
19953.99
14291.03

residual

639.01
287. 15

-408.76
1967.00
-558.89
2603.91
-330.26
-563.99
-253.99

108.97

y value y est. residual

12800.00
17700.00
7680.00

27100.00
19200.00
19300.00
15700.00
19900.00
16900.00
22100.00

16035.58
16008.88
11796.75
26280.52
20386. 5 I
19286.20
16012.90
22026.64
15942.77
23169.34

-3235.58
1691.12

-4116.75
819.48

-1186.51
13.80

-312.90
-2126.64

957.23
-1069.34

y value

21700.00
16500.00
22900.00
19600.00
20700.00
22500.00
21600.00
25400.00
20200.00
22900.00

y est. residual

17787.12
17756.61
21092.09
18794.66
20418.10
19406.86
20082. 15
26163. 18
18894.08
23750.56

3912.88
-1256.61

1807.91
805.34
281.90

3093. 14
1517.85
-763.18
1305.92
-850.56

** residual statistics:

wadi hal
atbara
karthum
malakal
mongalla

Hj
tN

I



mean . ............... ...
std dey . ...............
mean square error ......
correlation at lag i ...

at lag 2 ...
at lag 3 ...

0.0060
1681.4124

0. 27388E+07
-0.2462
0.2179
-0.2847

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

888.0481
2593.1932

0.72709E+07
0.1789
-0.2148
-0.0398

** durbin-watson test:

there is a lagged autoregrespive term
not reject the hypothesis of zero autocorrelation; significance level 5%
not reject the hypothesis of zero autocorrelation; significance level 1%

I-a
(N)

(N)

ii

I



** normalprobability plot
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** linear regression: cdf = ; r2 = 0.91216



station atbara iteration 3

** gls regression results:

variable regression
number coefficient

constant 2749.18558
2 1.77098

std. error of
reg. coeff.

468.918175
0.236193

it
** table of residuals

y value y est. residual

5700.00
7650.00
6690.00
3060.00
3620.00
5520.00
6080.00
4350.00
4170.00
3640.00

5511.91
5529.62
6273.43
4268.68
4608.71
4785.81
7141.20
5600.46
6946.40
4297.02

188.09
2120.38
716.57

-1208.68
-988.71
734.19

-1061.20
-1250.46
-2776.40

-657.02

y value y est. residual

4710.00
8130.00
2350.00

13200.00
4650.00
7900.00
3950.00
4670.00
5520.00
7420.00

6025.49
4803.52
3799.37

11887.42
5919.23
6273.43
4732.68
5051.45
4626.42
7761.05

-1315.49
3326.48

-1449.37
1312.58

-1269.23
1626.57
-782.68
-381.45
893.58

-341.05

y value

8160.00
5300.00
7180.00
4430.00
6040.00
6100.00
4580.00
7240.00
6330.00
5040.00

y est. residual

652 1.36
4383.80
5529. 62
4945.20
6043.20
5016.03
6326.56
7318.30
6167. 17
5334.81

1638.64
916.20

1650.38
-515.20
-3.20

1083.97
1746.56
-78.30
162.83

-294.81

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

-0.0003
1299. 1681

O.16351E+07
0.2128
0.2473

,-0.1815

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

153.4707
1486.1147

0.21601E+07
0.0506

-0.3238
-0.1440

1~8



** durbin-watson test:

there is not a lagged autoregressive term
non autocorrelated; significance level 5%
non autocorrelated; significance level 1%



** normal probability plot
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** linear regression: cdf = ; r2 = 0.94264



station karthum iteration 3

** gls regression results:

variable regression
number coefficient

11604.44226
1.44638
2.45350
-0.32375

std. error of
reg. coeff,.

1547.22699(
0.173288
1.539554
0.1120321

** table of.residuals

y value y est.

16300.00
25600.00
15900.00
8060.00

12900.00
14600.00
15000.00
16200.00
14700.00
13200.00

16479.11
20338.79
16508.64
11923.58
15554.89
13325.48
16185.18
14487.17
16264.39
12067.58

residual

-179.11
5261.21
-608.64

-3863.58
-2654.89

1274.52
-1185.18

1712.83
-1564.39

1132.42

y value y est. residual

9490.00
15300.00
7520.00
20200.00
16800.00
16000.00
13300.00
17100.00
14800.00
18200.00

12855.04
13021.70
10336.53
20090.11
17470.29
14439.63
13511.89
18809.01
12678.72
18370.28

-3365.04
2278.30

-2816.53
109.89

-670-.29
1560.37
-211.89

-1709.01
2121. 28
-170.28

y value y est. residual

17400.00
17500.00
19000.00
17700.00
13200.00
16500.00
18900.00
18600.00
15600.00
20300.00

14471.33
15878.09
17261.42
18125.88
15992.53
16187.58
16497.75
21913.13
14732.23
20565.57

2928.6.7
1621.91
1738.58
-425.88

-2792.53
312.42

2402.25
-3313.13

867.77
-265.57

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

-0.0017
2084.4394

0.42091E+07
0.1904
-0.1069
-0.2056

** residual statistics for the second half of the data:

mean ....................
std dev ................
mean square error ......
correlation at lag 1

999.7656
1896.0247

0.44462E4-07
-0. 1'6E3

constant
2
7
13

I\



** durbin-watson test:

there is a lagged autoregressive term
not reject the hypothesis of zero autocorrelation; significance level 5%

not reject the hypothesis of zero autocorrelation; significance level 1%

00



** normal probability plot
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*linear regression: cdf =



station malakal iteration 3

** gis regression results:

variable regression
number coefficient

constant
2

225.85228
1.05943

std. error of
reg. coeff.

197.003914
0.079168

** table of residuals

y value y est. residual

2860.00
3500.00
2920.00
2820.00
3800.00
2500.00
2490.00
2560.00
2630.00
3130.00

2906.22
3351.18
2673.14
2810.87
3753.77
2567.20
2535.42
2609.58
2704.93
2789.68

-46.22
148.82
246.86

9.13
46.23

-67.20
-45.42
-49.58
-74.93
340.32

it
y value y est. residual

2810.00
2910.00
2620.00
2910.00
3160.00
2440.00
2660.00
2850.00
2640.00
2940.00

2747.30
2959.19
2609.58
2874. 44
3202.86
2461.26
2726. 12
2863.84
2673. 14
2969.79

62.70
-49.19
10.42
35.56

-42.86
-21.26
-66.12
-13.84
-33.14
-29.79

y value y est. residual-

2850.00
2790.00
2730.00
3230.00
2630.00
2940.00
2680.00
2870.00
2840.00
2930.00

2747.30
2916.81
2524.82
3277.02
2747.30
2832.06
2673. 14
3065.13
2842.65
3086.32

102.70
-126.81
205.18
-47.02

-117.30
107.94
6.86

-195.13
-2.65

-156.32

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

0.0006
115.3401

0.12888E+05
0.0817

-0.0649
-0.2404

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

-12.4097
155.7331

0.23619E+05
0.1333

-0.1452
0.3588

W
C,
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** durbin-watson test:

there is not a lagged autoregressive term
non autocorrelated; significance level 5%
non autocorrelated; significance level 1%



** normal probability plot
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0.0062 0.0228 0.0668 0.1587 0.3085 0.5000 0.6915 0.8413 0.9332 0.9773 0.9938

normal probability scale

** linear regression: cdf 0.50064 + -0.00223 * residual r2 = 0.84988



station mongalla iteration 3

** gls regression results:

variable regression
number coefficient

constant
2
4

400.83868
1.19907

-0.24676

std. error bf
reg. coeff.

156.190796.
0.103925
0.106370

** table of residuals

y value y est. residual

340.00
3060.00
2920.00
2620.00
4010.00
1830.00
1720.00
2340.00
2040.00
2680.00

3939.46
3316.99
2761.41
2535.79
4071.16
2061.68
1848.04
2557.99
2104.43
2865.55

-299.46
-256.99

158.59
84.21

-61.16
-231.68
-128.04
-217.99
-64.43

-185.55

y value y est. residual

3350.00
2970.00
2440.00
4080.00
2780.00
1560.00
1860.00
2330.00
3300.00
3080.00

3281.75
2597. 17
2797. 11
3743.33
3353.66
1579.24
1859.30
2477.41
3142.72
2777.37

68.25
372.83

-357.11
336.67

-573.66
-19.24

0.70
-147.41

157-. 28
302.63

y value y est. residual

3380.00
2270.00
2810.00
5420.00
2560.00
2850.00
3130.00
1950.00
3720.00
2130.00

3013.99
2562.20
2387.97
5303.39
2663.79
2554.03
2718.77
1982.44
3312.75
2557.30

366.01
-292.20
422.03
116.61

-103.79
295.97
411.23
-32.44
407.25

-427.30

** residual statistics:

mean ...............
std dev ............
mean square error ..
correlation at lag I

at lag 2
at lag 3

... . 0.0000

.... 268.7071

.... 0.69947E-+05
... -0.2707
... 0.2096
... -0.2609

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag i ...

at lag 2 ...
at lag 3 ...

160.9559
349.7779

0.14347E+06
-0.2151
0.0121

-0.3107

LJ)



*' durbin-watson test:

there is not a lagged autoregressive term
the test is inconclusive; significance level 5%
non autocorrelated; significance level 1%

I'



** normal probability plot
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0.0062 0.0228 0.0668 0.1587 0.3085 0.5000 0.6915 0.8413 0.9332 0.9773 0.9938

normal probability scale

0.50064 + -0.00103 * residual ; r2 = 0.97705** linear regression: cdf =



** residual correlation matrix of gis estimation, (iteration 3 ):

wadi hal atbara

1.000
0.546
0.614
0.199
0.517

0.546
1.000
0.595
0.200
0.342

karthum malakal mongalla

0.614
0.595
1.000
0.263
0.204

0. 199
0.200
0.263
1.000
0.294

0.517
0.342
0.204
0.294
1.000

** 5.56 maximum percentaje of crosscorrelation difference between two consecutive iterations, at iteration 3

station wadi hal Iteration 4

** gls regression results:

variable regression
number coefficient

constant 15606.61768
3 1.12884
4 1.48317
15 -2.06947
57 -0.17912

std. error of
reg. coeff.

1940.876740
0.337247
0.158077
1.012603
0.065814

** table of residuals

y value y est. residual

19400.00
22100.00
20800.00
12300.00
15600.00
17900.00
19600.00
18300.00
19700.'00
14400.00

18754. 12
21832.37
21200.39
14272.52
16175.56
15295.25
19924.81
18865.23
19954.48
14294.78

645.88
267.63

-400.39
1972.52
-575.56
2604.75
-324.81
-565.23
-254.48

105.22

y value y est. residual

12800.00
17700.00
7680.00

27100.00
19200.00
19300.00
15700.00
19900.00
16900. 00
22100.00

16025.46
16015.71
11799.87
26233.06
20386.35
19272.59
16013.40
22043.45
15941.20
23157.05

-3225.46
1684.29

-4119.87
866.94

-1186.35
27.41

-3 13.40
-2143.45

958.80
-1057.05

y value y est. residual

21700.00
16500.00
22900.00
19600.00
20700.00
22500.00
21600.00
25400.00
20200.00
22900.00

17766.56
17763.54
21078.89
18819.72
204 17.57
19412.43
20075. 15
26175.02
18885.94
23773.33

3933 44
1263. 4
1821. 11
780.28
282.43

3087. 57
1524.85
-775.02
1314.06
-873.33

** residual statistics:

wadi hal
atbara
karthum
malakal
mongalla

I



mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

0.0002
1684.9537

0.27503E+07
-0. 2470
0.2207
-0.2887

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

886.4744
2590.4287

0.72543E+07
0.1776
-0.2149
-0.0389

I, a

** dyrbin-watson test:

there is a lagged autoregressive term
not reject the hypothesis of zero autocorrelation; significance level 5%
nOt reject the hypothesis of zero autocorrelation; significance level 1%



** normal probability plot
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normal probability scale

0.50064 + -0.00016 * residual
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** linear regression: cdf = : r2 = 0.91303



station atbara iteration 4

** gls regression results:

variable regression
number coefficient

constant
2

2754.29279
1.76799

std. error of
reg. coeff.

468.6300N
0.235965

** table of residuals

y,value y est. residual

5700.00
7650.00
6990.00
3060.00
3620.00
5520.00
6080.00
4350.00
4170.00
3640.00

5512.36
5530.04
6272.60
4271.23
4610.69
4787.49
7138.92
5600.76
6944.44
4299.52

187.64
2119.96
717.40

-1211.23
-990.69
732.51

-1058.92
-1250.76
-2774.44

-659.52

y value y est. residual

4710.00
8130.00
2350.00

13200.00
4650.00
7900.00
3950.00
4670.00
5520.00
7420.00

6025.08
4805.17
3802.71

11877.14
5919.00
6272.60
4734.45
5052.68
4628.37
7757.71

-1315.08
3324.83

-1452.71
1322.86

-1269.00
1627.40
-784..45
-382.68
89 1. 63

-337.71

y value y est. residual

8160.00
5300.00
7180.00
4430.00
6040.00
6100.00
4580.00
7240.00
6330.00
5040.00

6520.12
4386.15
5530.04
4946.60
6042.76
5017.32
6325.64
7315.72
6166.52
5335.56

1639.88
913.85

1649.96
-516.60

-2.76
1082.68

- 1745. 4
-75.72
163.48

-295.56

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

0.0001
1299.3421

0.16355E+07
0.2119
0.2476

-0.1822

** residual statistics for the second half of the data:

mean .............
std dev ..........
mean square error
correlation at lag

at lag
at lag

2 ...
3 ...

153.0967
1485.5392

0.21583E+07
0.0507

-0.3239
-0.1440

H
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** durbin-watson test:

there is not a lagged autoregressive term
non autocorrelated; significance level 5%
non autocorrelated; significance level 1%

II



** normal probability plot
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0.0062 0.0228 0.0668 0.1587 0.3085 0.5000 0.691 0.8413 0.9332 0.9773 0.9938

normal probability scale

** linear regression: cdf * 0.50064 + -0.00021 * residual r2 0.94285



station karthum Iteration 4

** gis regression results:

variable regression
number coefficient

constant 11555.12866
2 1.44784
7 2.43974
13 -0.32064

std. error of
reg. coeff.

1550.234879
0.173635
1.541303
0.112176

it
** table of residuals

y value y est. residual

16300.00
25600 .00
15900.00
8060.00

12900.00
14600.00
15000.00
16200.00
14700.00
13200.00

16462.02
20343.33
16510.97
11928.78
15557.66
13316.19
16187.84
14498.24
16273.53
12066.63

-162.02
5256.67
-610.97

-3868.78
-2657.66
1283.81

-1187.84
1701.76

-1573.53
1133.37

y value y est. residual,

9490.00
15300.00
7520.00

20200.000
16800.00
16000.00
13300.000
17100. 00
14800. 00
18200.00

12852.11
13039.79
10332.86
20068.29
17464.06
14437.00
13507.99
18817.71
12676.53
18367.23

-3362.11
2260. 21

-2812.86
131.71

-664.06
1563.00
-207.99

-1717.71
2123.47
-167.23

y value y est. residual

17400.00
17500.00
19000.00
17700.00
13200.00
16500.00
18900.00
18600.00
15600.00
20300.00

14451.30
15873.17
17240.32
18135.92
15999.34
16189.58
16491.65
21926.64
14731.27
20579.92

2948.70
1626.83
1759.68
-435.92

-2799.34
310.42

2408.3.5
-3326.64

868.7.3
-279.92

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

-0.0026
2086.8621

0.42189E+07
0.1874

-0.1062
-0.2042

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag I ...

at lag 2 ...
at lag 3 ...

996.8201
1894.2310

0.44340E+07
-0.1483
-0.3139
0.0893

H~

5



** durbin-watson test:

there is a lagged autoregressive term
not reject the hypothesis of zero autocorrelation; significance level 5%
not reject the hypothesis of zero autocorrelation; significance level 1%

P-,



** normal probability plot

5257.67 +

3

3432.18 +

I

* *

r
e 1606.69
s

d
u

a

**

** *+-

A I
-218.80 +

* * *

* *

**

*

-2044.29 +

* * *

*

I *
-3869.78 +---------+--------+---------+---------+ ------------------------ +------------------+---------+

0.0062 0.0228 0.0668 0.1587 0.3085 0.5000 0.6915 0.8413 0.9332 0.9773 0.9938

normal probability scale

** linear regression: cdf = 0.50064 + -0.00013 * residual ; r2 = 0.94933
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station malakal iteration 4

** gis regression results:

variable regression
number coefficient

constant
2

223.67250
1.06032

std. error of
reg. coeff.

196.845152
0.079103

It

** table of residuals

y value y est. residual

2860.00
3500.00
2920.00
2820.00
3800.00
2500.00
2490.00
2560.00
2630.00
3130.00

2906.27
3351.60
2673.00
2810.84
3754.52
2566.97
2535.16
2609.38
2704.81
2789.64

-46.27
148.40
247.00

9.16
45.48

-66.97
-45.16
-49.38
-74.81
340.36

y value y est. residual

2810.00
2910.00
2620.00
2910.00
3160.00
2440.00
2660.00
2850.00
2640.00
2940.00

2747.22
2959.29
2609.38
2874.46
3203. 16
2460.94
2726.02
2863.86
2673.00
2969.89

62.78
-49.29

10.62
35.54

-43.16
-20.94
-66.02
-13.86
-33.00
-29.89

y value

2850.00
2790.00
2730.00
3230.00
2630.00
2940.00
2680.00
2870.00
2840.00
2930.00

y est. residua

2747.22
2916.87
2524.56
3277.38
2747.22
2832.05
2673.00
3065.32
2842.65
3086.52

102.78
-126.87
205.44
-47.38

-117.22
107.95

7.00
-195.32

-2.5d5
-156.52

** residual statistics:

mean ...................
std dev .................
mean square error ......
correlation at lag I

at lag 2 ...
at lag 3 ...

-0.0006
115.3561

O.1289iE+05
0.0819

-0.0648
-0.2409

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

-12.4233
155.6272

0.23588E+05
0.1317
-0.1469
0.3589

1.
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** durbin-watspn test;

there is not a lagged autoregressive term
non autocorrelated; significance level 5%
non autocorrelated; significance level 1%



** normal probability plot
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normal probAbility scale

0.50064 + -0.00223 * residual ; r2 = 0.84967** linear regr-ession: cdf =



station mongalla iteration 4

** gls regression results:

variable regression
number coefficient

constant
2
4

398-58836
1. 19462

-0. 24109

std. error of
reg. coeff.

155.833588
0.103321
0.105936

** table of residuals

y value y est. residual

3640.00
3060.00
2920.'00
2620.00
4010.00
1830.00
1720.00
2J40.00
2040.00
2680.00

3937.91
3317.03
2758.05
2536.68
4075.82
2058.92
1849.49
2558.38
2105.08
2866.03

-297.91
-257.03
161.95
83.32

-65.82
-228.92
-129.49
-218.38
-65.08

-186.03

y value y est. residual

3350.00
2970.00
2440. 00
4080.00
2780.00
1560.00
1860.00
2330.00
3300.00
3080.00

3283.06
2598.50
2797.09
3740.51
3353.09
1578.55
1859.57
2485.65
3141.22
2777.80

66.94
37 1. 50

-351.09
339.49

-573.09
- B.55

0.43
-155.65

158.78
302.20

y value

3380.00
2270.00
2810.00
5420.00
2560.00
2850.00
3130.00
1950.00
3720.00
2130.00

y est. residual

3012.44
2561.33
2387. 18
5303.75
2663.59
2550.58
2716.85
1984.97
3312.43
2558.16

367.56
-291.33
422.82
116.25

-103.59

299.42
413.15
-34.97
407.57

-428. 10

** residual statistics:

mean ...................
std dev ................
mean square error ......
correlation at lag i ...

at lag 2 ...
at lag 3 ...

0.0002
269.2202

0.70215E+05
-0.2695
0.2077
-0.2624

** residual statistics for the second half of the data:

mean ...................
std dev ................
mean square error ......
correlation at lag 1 ...

at lag 2 ...
at lag 3 ...

160.6332
349.9427

0.14348E+06
-0.2145
0.0101
-0.3089
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** durbin-watson test:

there-is not a lagged autoregressive term
the test is inconclusive; significance level 5%
non autocorrelated; significance level 1%

4I,



** normal probability plot
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** linear regression: cdf = ; r2 = 0.97670



** residual correlation matrix of gls estimation, (iteration 4 ):

wadi hal atbara

1.000
0.546
0.614
0.200
0.523

0.546
1.000
0.595
0.200
0.344

karthum malakal mongalla

0.614
0.595
1.000
0.264
0.208

0.200
0.200
0.264
1.000
0.295

0.523
0.344
0.208
0.295
1.000

** 1.95 maximum percentaje of crosscorrelation difference between two consecutive iterations, at iteration 4
less than the tolerance limit;therefore gls ends

it

F-A

wadi hal
atbara
karthum
malakal
mongalla



Appendix D

CHANGING THE CAPACITY OF THE PROGRAM
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CHANGING THE CAPACITY OF THE PROGRAM

The capacity of AUMESP depends on the number of stations NE, the

number of years of data NY, the number of seasons per year NM, and the

average number of predictors in the regression equations, expected by

the user, NV. In the listing program that appears in Appendix A,

the adopted value of NV was 15, which means that in the average the

regression equations can have up to 15 coefficients. Looking at the

results preseited in Appendix C, this number was big enough to assure no

-* saturation of the arrays which depend on NV.

Following, there are the arrays that have to be modified in

order to change the capacity of the program.
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COMMON/Al/DATO (NE, NM, NY)

COMMON/A3/ICAUS(NE, NE), ILAG(NE,NE)

COMMON/A4/NAME (NE, 8)

COMMON/A5/KSUM(NE)

COMMON/A6/X[(NMxNE+1) x (NMxNE+2)/2] or

X (NVxNExNVxNE) or X(NVxNE,NVxNE)

COMMON/A7/RX(NMxNE+1, NMxNE+1) or RX[ (NMxNE+1)x(NMxNE+1)],,

R[(NMxNE+1) x_(NMxUE+2)/2]

COMMON/A8/B(NV,NE) , D(NMxNE+1), T(NMxNE+1), S(NMxNE+1), L(NMxNE+1)

COMMON/A9/XBAR(NMxNE+1), STD(NMxNE+1)

C OMMON /B2 / IDEX (NMxNE-1)

COMMON/B3/XX(NY,NV,NE), YY(NY, NE)

COMMON/B4/SIG (NE, NE)

COMMON/B5/RY (NY ,NE)

COMMON/B6/NKI(NE)

COMMON/G3/JCOEF (NE ,NV)
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Appendix E

DURBIN-WATSON STATISTIC

TABULATED VALUES
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Table El: Durbin-Watson Test. Values of d and d

at 5% significance level.

k'= 1
n-

di dL,

15 1.08 1.36
16 1.10 1.37
17 1.13 1.38
18 1.16 1.39
19 1.18 1.40
20 1.20 1.41
21 1.22 1.42
22 1.24 1.43
23 -1.26 -1.44 -
24 1.27~ 1.45
25 1.29 1.45
26 1.30 1.46
27 1.32 1.47
28 1.33 1.48
29 1.34 1.48
30 1.35 1.49
31 1.36 1.50
32 1.37 1.50
33 1.38 1.51
34 1.39 1.51

36 1.41 1.52
37 1.42 1.53
38 1.43 1.54
39 1.43 1.54
40 1.44 1.54
45 1.48 1.57
50 1.50 1.59
55 1.53 1.60
60 1.55 1.62
65 1.57 1.63
70 1.58 1.64
75 1.60 1.65
80 1.61 1.66
85 1.62 1.67
90 1.63 1.68
95 1.64 1.69

100 1.65 1.69

z k'= 3 k'=4 k'=5

du dj du d. du dL du

k'=:

dL

0.95.
0.98
1.02
1.05
1.08
1.10
1.13
1.15

-t.17
1.19
1.21
1.22
1.24
1.26
1.27
1.28
1.30
1.31
1.32
1.33

1.35
1.36
1.37
1.38
1.39
1.43
1.46
1.49
1.51
1.54
1.55
1.57
1.59
1.60
1.61
1.62
1.63

0.82 1.75
0.86 1.73
0.90 1.71
0.93 1.69
0.97 1.68
1.00 1.68
1.03 1.67
1.05 1.66
1.08 1.66
1.10 1.66
1.12 1.66
1.14 1.65-
1.16 1.65
1.18 1.65
1.20 1.65
1.21 1.65
123 1.65
1.24 1.65
1.26 1.65
1.27 1.65
1.2 L.65
1.29 1.65
1.31 1.66
1.32 1.66
1.33 1.66
1.34 1.66
1.38 1.67
1.42 1.67
1.45 1.68
1.48 1.69
1.50 1.70
1.52 1.70
1.54 1.71
1.56 1.72
1.57 1.72
1.59 1.73
1.60 1.73
1.61 1.74

n - number of observations.
k' = number of explanatory variables.
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0.69
0.74
0.78
0.82
0.86
0.90
0.93
0.96
0.99
1.01
1.04
1.06
1.08
1.10
1.12
1.14
1.16
1.18
1.19
1.21

1.24
1.25
1.26
1.27
1.29
1.34
1.38
1.41
1.44
1.47
1.49
1.51
1.53
1.55
1.57
1.58
1.59

1.97
1.93
1.90
1.87
1.85
1.83
1.81
1.80
1.79
1.78
1.77
1.76
1.76
1.75
1.74
1.74
1.74
1.73
1.73
1.73
1.73
1.73
1.72
1.72
1.72
1.72
1.72
1.72
1.72
1.73
1.73
1.74
1.74
1.74
1.75
1.75
1.75
1.76

2.21
2.15
2.10
2.06
2.02
1.99
1.96
1.94
1.92
1.90
1.89
1.88
1.86
1.85
1.84
1.83
1.83
1.82
1.81
1.81
1.80
1.80
1.80
1.79
1.79
1.79
1.78
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.78
1.78
1.78

0.56
0.62
0.67
0.71
0.75
0.79
0.83
0.86
0.90
0.93
0.95
0.98
1.01
1.03
1.05
1.07
1.09
1.11
1.13
1.15

'1.16

1.18
1.19
1.21
1.22
1.23
1.29
1.34
1.38
1.41
1.44
1.46
1.49
1.51
1.52
1.54
1.56
1.57

1.54
1.54
1.54
1.53
1.53
1.54
1.54
1.54
1.54
1.55
1.55
1.55
1.56
1.56
1.56
1.57
1.57
1.57
1.58
1.58

1.59
1.59
1.59

1.60
1.60
1.62
1.63
1.64
1.65
1.66
1.67
1.68
1.69
1.70
1.70
1.71
1.72



Table E2: Durbin-Watson Test. Values of d and d atu

1% significance level.

k'=1 k'=2 k!:=3 k'=4 k'=5

n dL du d du d du dL d di du

15 0.81 1.07 0.70 1.25 0.59 1.46 0.49 1.70 0.39 1.96
16 0.84 1.09 0.74 1.25 0.63 1.44 0.53 1.66 0.44 1.90
17 0.87 1.10 0.77 1.25 0.67 1.43 0.57 1.63 0.48 1.85
18 0.90 1.12 0.80 1.26 0.71 1.42 0.61 1.60 0.52 1.80
19 0.93 1.13 0.83 1.26 0.74 1.41 0.65 1.58 0.56 1.77
20 0.95 1.15 0.86 1.27 0.77 1.41 0.68 1.57 0.60 1.74
21 0.97 1.16 0.89 1.27 0.80 1.41 0.72 1.55 0.63 1.71
22 1.00 1.17 0.91 1.28 0.83 1.40 0.75 1.54 0.66 1.69
23 1.02 1.19 0.94 1.29 0.86 1.40 0.77 1.53 0.70 1.67
24 1.04 1.20 0.96 1.30 0.88 1.41 0.80 1.53 0.72 1.66
25 1.05 1.21 0.98 1.30 0.90 1.41 0.83 1.52 0.75 1.65
26 1.07 1.22 1.00 1.31 0.93 1.41 0.85 1.52 0.78 1.64
27 1.09 1.23 1.02 1.32 0.95 1.41 0.88 1.51 0.81 1.63
28 1.10 1.24 1.04 1.32 0.97 1.41 0.90 1.51 0.83 1.62
29- 1.12 1.2-5 1.05 1.33 0.99 1.42 0.92 1.51 0.85 1.61
30 1.13 1.26 1.07 1.34 1.01 1.42 0.94 1.51 C.8 1.61
31 1.15 1.27 1.08 1.34 1.02 1.42 0.96 1.51 0.90 1.60
32 1.16 1.28 1.10 1.35 1.04 1.43 0.98 1.51 0.92 1.60
33 1.17 1.29 1.11 1.36 1.05 1.43 1.00 1.51 0.94 1.59
34 1.18 1.30 1.13 1.36 , 1.07 1.43 1.01 1.51 0.95 1.59
35 1.19 1.31 1.14 1.37 1.08 1.44 1.03 1.51 0.97 1.59
36 1.21 1.32 1.15 1.38 1.10 1.44 1.04 1.51 0.99 1.59
37 1.22 1.32 1.16 1.38 1.11 1.45 1.06 1.51 1.00 1.59
38 1.23 1.33 1.18 1.39 1.12 1.45 1.07 1.52 1.02 1.58
39 1.24 1.34 1.19 1.39 1.14 1.45 1.09 1.52 1.03 1.58
40 1.25 1.34 1.20 1.40 1.15 1.46 1.10 1.52 1.05 1.58
45 1.29 1.38 1.24 1.42 1.20 1.48 1.16 1.53 1.11 1.58
50 1.32 1.40 1.28 1.45 1.24 1.49 1.20 1.54 1.16 1.59
55 1.36 1.43 1.32 1.47 1.28 1.51 1.25 1.55 1.21 1.59
60 1.38 1.45 1.35 1.48 1.32 1.52 1.28 1.56 1.25 1.60
65 1.41 1.47 1.38 1.50 1.35 1.53 1.31 1.57 1.28 1.61
70 1.43 1.49 1.40 1.52 1.37 1.55 1.34 1.58 1.31 1.61
75 1.45 1.50 1.42 1.53 1.39 1.56 1.37 1.59 1.34 1.62
80 1.47 1.52 1.44 1.54 1.42 1.57 1.39 1.60 1.36 1.62
85 1.48 1.53 1.46 1.55 1.43 1.58 1.41 1.60 1.39 1.63
90 1.50 1.54 .1.47 1.56 1.45 1.59. 1.43 1.61 1.41 1.64
95 1.51 1.55 1.49 1.57 1.47 1.60 1.45 1.62 1.42 1.64

100 1.52 1.56 1.50 1.58 1.48 1.60 1.46 1.63 1.44 1.65

n - number of observations.
k' = number of explanatory variables.
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