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Overview: SYSLIN Procedure
The SYSLIN procedure estimates parameters in an interdependent system of linear regression equations.

Ordinary least squares (OLS) estimates are biased and inconsistent when current period endogenous variables
appear as regressors in other equations in the system. The errors of a set of related regression equations
are often correlated, and the efficiency of the estimates can be improved by taking these correlations into
account. The SYSLIN procedure provides several techniques that produce consistent and asymptotically
efficient estimates for systems of regression equations.

The SYSLIN procedure provides the following estimation methods:

• ordinary least squares (OLS)

• two-stage least squares (2SLS)

• limited information maximum likelihood (LIML)

• K-class

• seemingly unrelated regressions (SUR)

• iterated seemingly unrelated regressions (ITSUR)

• three-stage least squares (3SLS)

• iterated three-stage least squares (IT3SLS)

• full information maximum likelihood (FIML)

• minimum expected loss (MELO)

Other features of the SYSLIN procedure enable you to:

• impose linear restrictions on the parameter estimates
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• test linear hypotheses about the parameters

• write predicted and residual values to an output SAS data set

• write parameter estimates to an output SAS data set

• write the crossproducts matrix (SSCP) to an output SAS data set

• use raw data, correlations, covariances, or cross products as input

Getting Started: SYSLIN Procedure
This section introduces the use of the SYSLIN procedure. The problem of dependent regressors is introduced
using a supply and demand example. This section explains the terminology used for variables in a system of
regression equations and introduces the SYSLIN procedure statements for declaring the roles the variables
play. The syntax used for the different estimation methods and the output produced is shown.

An Example Model
In simultaneous systems of equations, endogenous variables are determined jointly rather than sequentially.
Consider the following supply and demand functions for some product:

QD D a1 C b1P C c1Y C d1S C �1.demand/

QS D a2 C b2P C c2U C �2.supply/

Q D QD D QS .market equilibrium/

The variables in this system are as follows:

QD quantity demanded

QS quantity supplied

Q the observed quantity sold, which equates quantity supplied and quantity demanded in
equilibrium

P price per unit

Y income

S price of substitutes

U unit cost

�1 the random error term for the demand equation

�2 the random error term for the supply equation
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In this system, quantity demanded depends on price, income, and the price of substitutes. Consumers
normally purchase more of a product when prices are lower and when income and the price of substitute
goods are higher. Quantity supplied depends on price and the unit cost of production. Producers supply more
when price is high and when unit cost is low. The actual price and quantity sold are determined jointly by the
values that equate demand and supply.

Since price and quantity are jointly endogenous variables, both structural equations are necessary to adequately
describe the observed values. A critical assumption of OLS is that the regressors are uncorrelated with
the residual. When current endogenous variables appear as regressors in other equations (endogenous
variables depend on each other), this assumption is violated and the OLS parameter estimates are biased and
inconsistent. The bias caused by the violated assumptions is called simultaneous equation bias. Neither the
demand nor supply equation can be estimated consistently by OLS.

Variables in a System of Equations
Before explaining how to use the SYSLIN procedure, it is useful to define some terms. The variables in a
system of equations can be classified as follows:

• Endogenous variables, which are also called jointly dependent or response variables, are the variables
determined by the system. Endogenous variables can also appear on the right-hand side of equations.

• Exogenous variables are independent variables that do not depend on any of the endogenous variables
in the system.

• Predetermined variables include both the exogenous variables and lagged endogenous variables, which
are past values of endogenous variables determined at previous time periods. PROC SYSLIN does not
compute lagged values; any lagged endogenous variables must be computed in a preceding DATA step.

• Instrumental variables are predetermined variables used in obtaining predicted values for the current
period endogenous variables by a first-stage regression. The use of instrumental variables characterizes
estimation methods such as two-stage least squares and three-stage least squares. Instrumental variables
estimation methods substitute these first-stage predicted values for endogenous variables when they
appear as regressors in model equations.

Using PROC SYSLIN
First specify the input data set and estimation method in the PROC SYSLIN statement. If any model uses
dependent regressors, and you are using an instrumental variables regression method, declare the dependent
regressors with an ENDOGENOUS statement and declare the instruments with an INSTRUMENTS statement.
Next, use MODEL statements to specify the structural equations of the system.

The use of different estimation methods is shown by the following examples. These examples use the
simulated dataset WORK.IN given below.
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data in;
label q = "Quantity"

p = "Price"
s = "Price of Substitutes"
y = "Income"
u = "Unit Cost";

drop i e1 e2;
p = 0; q = 0;
do i = 1 to 60;

y = 1 + .05*i + .15*rannor(123);
u = 2 + .05*rannor(123) + .05*rannor(123);
s = 4 - .001*(i-10)*(i-110) + .5*rannor(123);
e1 = .15 * rannor(123);
e2 = .15 * rannor(123);
demandx = 1 + .3 * y + .35 * s + e1;
supplyx = -1 - 1 * u + e2 - .4*e1;
q = 1.4/2.15 * demandx + .75/2.15 * supplyx;
p = ( - q + supplyx ) / -1.4;
output;

end;
run;

OLS Estimation
PROC SYSLIN performs OLS regression if you do not specify a method of estimation in the PROC SYSLIN
statement. OLS does not use instruments, so the ENDOGENOUS and INSTRUMENTS statements can be
omitted.

The following statements estimate the supply and demand model shown previously:

proc syslin data=in;
demand: model q = p y s;
supply: model q = p u;

run;

The PROC SYSLIN output for the demand equation is shown in Figure 29.1, and the output for the supply
equation is shown in Figure 29.2.

Figure 29.1 OLS Results for Demand Equation

The SYSLIN Procedure
Ordinary Least Squares Estimation

The SYSLIN Procedure
Ordinary Least Squares Estimation

Model DEMAND

Dependent Variable q

Label Quantity
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Figure 29.1 continued

Figure 29.2 OLS Results for Supply Equation

For each MODEL statement, the output �rst shows the model label and dependent variable name and label.
This is followed by an analysis-of-variance table for the model, which shows the model, error, and total mean
squares, and anF test for the no-regression hypothesis. Next, the procedure prints the root mean squared
error, dependent variable mean and coef�cient of variation, and theR2 and adjustedR2 statistics.
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Finally, the table of parameter estimates shows the estimated regression coef�cients, standard errors, andt
tests. You would expect the price coef�cient in a demand equation to be negative. However, note that the
OLS estimate of the price coef�cient P in the demand equation (0.1233) has a positive sign. This could be
caused by simultaneous equation bias.

Two-Stage Least Squares Estimation

In the supply and demand model, P is an endogenous variable, and consequently the OLS estimates are
biased. The following example estimates this model using two-stage least squares.

proc syslin data=in 2sls;
endogenous p;
instruments y u s;
demand: model q = p y s;
supply: model q = p u;

run;

The 2SLS option in the PROC SYSLIN statement speci�es the two-stage least squares method. The
ENDOGENOUS statement speci�es that P is an endogenous regressor for which �rst-stage predicted values
are substituted. You need to declare an endogenous variable in the ENDOGENOUS statement only if it
is used as a regressor; thus although Q is endogenous in this model, it is not necessary to list it in the
ENDOGENOUS statement.

Usually, all predetermined variables that appear in the system are used as instruments. The INSTRUMENTS
statement speci�es that the exogenous variables Y, U, and S are used as instruments for the �rst-stage
regression to predict P.

The 2SLS results are shown in Figure 29.3 and Figure 29.4. The �rst-stage regressions are not shown. To see
the �rst-stage regression results, use the FIRST option in the PROC SYSLIN statement.

Figure 29.3 2SLS Results for Demand Equation
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Figure 29.3 continued

Figure 29.4 2SLS Results for Supply Equation

The 2SLS output is similar in form to the OLS output. However, the 2SLS results are based on predicted
values for the endogenous regressors from the �rst stage instrumental regressions. This makes the analysis-
of-variance table and theR2 statistics dif�cult to interpret. See the sections “ANOVA Table for Instrumental
Variables Methods” on page 2143 and “The R-Square Statistics” on page 2143 for details.

Note that, unlike the OLS results, the 2SLS estimate for the P coef�cient in the demand equation (–1.115) is
negative.

LIML, K-Class, and MELO Estimation

To obtain limited information maximum likelihood, general K-class, or minimum expected loss estimates,
use the ENDOGENOUS, INSTRUMENTS, and MODEL statements as in the 2SLS case but specify the
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LIML, K=, or MELO option instead of 2SLS in the PROC SYSLIN statement. The following statements
show this for K-class estimation.

proc syslin data=in k=.5;
endogenous p;
instruments y u s;
demand: model q = p y s;
supply: model q = p u;

run;

For more information about these estimation methods, see the section “Estimation Methods” on page 2140
and consult econometrics textbooks.

SUR, 3SLS, and FIML Estimation

In a multivariate regression model, the errors in different equations might be correlated. In this case, the
ef�ciency of the estimation might be improved by taking these cross-equation correlations into account.

Seemingly Unrelated Regression

Seemingly unrelated regression (SUR), also called joint generalized least squares (JGLS) or Zellner estimation,
is a generalization of OLS for multi-equation systems. Like OLS, the SUR method assumes that all the
regressors are independent variables, but SUR uses the correlations among the errors in different equations to
improve the regression estimates. The SUR method requires an initial OLS regression to compute residuals.
The OLS residuals are used to estimate the cross-equation covariance matrix.

The SUR option in the PROC SYSLIN statement speci�es seemingly unrelated regression, as shown in the
following statements:

proc syslin data=in sur;
demand: model q = p y s;
supply: model q = p u;

run;

INSTRUMENTS and ENDOGENOUS statements are not needed for SUR, because the SUR method assumes
there are no endogenous regressors. For SUR to be effective, the models must use different regressors. SUR
produces the same results as OLS unless the model contains at least one regressor not used in the other
equations.

Three-Stage Least Squares

The three-stage least squares method generalizes the two-stage least squares method to take into account the
correlations between equations in the same way that SUR generalizes OLS. Three-stage least squares requires
three steps: �rst-stage regressions to get predicted values for the endogenous regressors; a two-stage least
squares step to get residuals to estimate the cross-equation correlation matrix; and the �nal 3SLS estimation
step.

The 3SLS option in the PROC SYSLIN statement speci�es the three-stage least squares method, as shown in
the following statements.
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proc syslin data=in 3sls;
endogenous p;
instruments y u s;
demand: model q = p y s;
supply: model q = p u;

run;

The 3SLS output begins with a two-stage least squares regression to estimate the cross-model correlation
matrix. This output is the same as the 2SLS results shown in Figure 29.3 and Figure 29.4, and is not repeated
here. The next part of the 3SLS output prints the cross-model correlation matrix computed from the 2SLS
residuals. This output is shown in Figure 29.5 and includes the cross-model covariances, correlations, the
inverse of the correlation matrix, and the inverse covariance matrix.

Figure 29.5 Estimated Cross-Model Covariances Used for 3SLS Estimates

The �nal 3SLS estimates are shown in Figure 29.6.

Figure 29.6 Three-Stage Least Squares Results
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Figure 29.6 continued

This output �rst prints the system weighted mean squared error and system weightedR2 statistics. The
system weighted MSE and system weightedR2 measure the �t of the joint model obtained by stacking all
the models together and performing a single regression with the stacked observations weighted by the inverse
of the model error variances. See the section “The R-Square Statistics” on page 2143 for details.

Next, the table of 3SLS parameter estimates for each model is printed. This output has the same form as for
the other estimation methods.

Note that, in some cases, the 3SLS and 2SLS results can be the same. Such a case could arise because of
the same principle that causes OLS and SUR results to be identical, unless an equation includes a regressor
not used in the other equations of the system. However, the application of this principle is more complex
when instrumental variables are used. When all the exogenous variables are used as instruments, linear
combinations of all the exogenous variables appear in the third-stage regressions through substitution of
�rst-stage predicted values.

In this example, 3SLS produces different (and, it is hoped, more ef�cient) estimates for the demand equation.
However, the 3SLS and 2SLS results for the supply equation are the same. This is because the supply
equation has one endogenous regressor and one exogenous regressor not used in other equations. In contrast,
the demand equation has fewer endogenous regressors than exogenous regressors not used in other equations
in the system.

Full Information Maximum Likelihood

The FIML option in the PROC SYSLIN statement speci�es the full information maximum likelihood method,
as shown in the following statements.

proc syslin data=in fiml;
endogenous p q;
instruments y u s;
demand: model q = p y s;
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supply: model q = p u;
run;

The FIML results are shown in Figure 29.7.

Figure 29.7 FIML Results

Computing Reduced Form Estimates

A system of structural equations with endogenous regressors can be represented as functions of only the
predetermined variables. For this to be possible, there must be as many equations as endogenous variables. If
there are more endogenous variables than regression models, you can use IDENTITY statements to complete
the system. See the section “Reduced Form Estimates” on page 2145 for details.

The REDUCED option in the PROC SYSLIN statement prints reduced form estimates. The following
statements show this by using the 3SLS estimates of the structural parameters.

proc syslin data=in 3sls reduced;
endogenous p;
instruments y u s;
demand: model q = p y s;
supply: model q = p u;

run;
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The �rst four pages of this output were as shown previously and are not repeated here. (See Figure 29.3,
Figure 29.4, Figure 29.5, and Figure 29.6.) The �nal page of the output from this example contains the
reduced form coef�cients from the 3SLS structural estimates, as shown in Figure 29.8.

Figure 29.8 Reduced Form 3SLS Results

Restricting Parameter Estimates

You can impose restrictions on the parameter estimates with RESTRICT and SRESTRICT statements. The
RESTRICT statement imposes linear restrictions on parameters in the equation speci�ed by the preceding
MODEL statement. The SRESTRICT statement imposes linear restrictions that relate parameters in different
models.

To impose restrictions involving parameters in different equations, use the SRESTRICT statement. Specify
the parameters in the linear hypothesis asmodel-label.regressor-name. (If the MODEL statement does not
have a label, you can use the dependent variable name as the label for the model, provided the dependent
variable uniquely labels the model.)

Tests for the signi�cance of the restrictions are printed when RESTRICT or SRESTRICT statements are used.
You can label RESTRICT and SRESTRICT statements to identify the restrictions in the output.

The RESTRICT statement in the following example restricts the price coef�cient in the demand equation
to equal 0.015. The SRESTRICT statement restricts the estimate of the income coef�cient in the demand
equation to be 0.01 times the estimate of the unit cost coef�cient in the supply equation.



2122 F Chapter 29: The SYSLIN Procedure

proc syslin data=in 3sls;
endogenous p;
instruments y u s;
demand: model q = p y s;
peq015: restrict p = .015;
supply: model q = p u;
yeq01u: srestrict demand.y = .01 * supply.u;

run;

The restricted estimation results are shown in Figure 29.9.

Figure 29.9 Restricted Estimates

The standard error for P in the demand equation is 0, since the value of the P coef�cient was speci�ed by
the RESTRICT statement and not estimated from the data. The “Parameter Estimates” table for the demand
equation contains an additional row for the restriction speci�ed by the RESTRICT statement. The parameter
estimate for the restriction is the value of the Lagrange multiplier used to impose the restriction. The
restriction is highly signi�cant (t D 6:777), which means that the data are not consistent with the restriction,
and the model does not �t as well with the restriction imposed. See the section “RESTRICT Statement” on
page 2135 for details.
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Following the “Parameter Estimates” table for the supply equation, the results for the cross model restrictions
are printed. This shows that the restriction speci�ed by the SRESTRICT statement is not consistent with the
data (t D 8:98). See the section “SRESTRICT Statement” on page 2136 for details.

Testing Parameters

You can test linear hypotheses about the model parameters with TEST and STEST statements. The TEST
statement tests hypotheses about parameters in the equation speci�ed by the preceding MODEL statement.
The STEST statement tests hypotheses that relate parameters in different models.

For example, the following statements test the hypothesis that the price coef�cient in the demand equation is
equal to 0.015.

proc syslin data=in 3sls;
endogenous p;
instruments y u s;
demand: model q = p y s;
test_1: test p = .015;
supply: model q = p u;

run;

The TEST statement results are shown in Figure 29.10. This reports anF test for the hypothesis speci�ed by
the TEST statement. In this case, theF statistic is 6.79 (3.879/.571) with 1 and 113 degrees of freedom. The
p value for thisF statistic is 0.0104, which indicates that the hypothesis tested is almost but not quite rejected
at the 0.01 level. See the section “TEST Statement” on page 2138 for details.

Figure 29.10 TEST Statement Results
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To test hypotheses that involve parameters in different equations, use the STEST statement. Specify the
parameters in the linear hypothesis asmodel-label.regressor-name.(If the MODEL statement does not have
a label, you can use the dependent variable name as the label for the model, provided the dependent variable
uniquely labels the model.)

For example, the following statements test the hypothesis that the income coef�cient in the demand equation
is 0.01 times the unit cost coef�cient in the supply equation:

proc syslin data=in 3sls;
endogenous p;
instruments y u s;
demand: model q = p y s;
supply: model q = p u;
stest1: stest demand.y = .01 * supply.u;

run;

The STEST statement results are shown in Figure 29.11. The form and interpretation of the STEST statement
results are like the TEST statement results. In this case, theF test produces ap value less than 0.0001, and
strongly rejects the hypothesis tested. See the section “STEST Statement” on page 2137 for details.

Figure 29.11 STEST Statement Results
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