1 Overview

The programs made available on this web page are sample programs for the computation of estimators
introduced in Kelejian and Prucha (2004). In particular we provide sample programs for the estimation
of the following system of spatially interrelated cross sectional equations corresponding to n cross sectional
units:

Y, =Y,B+X,C+Y,A+U,, 1)
with
Y, = (yl,n, ...,ymm)7
Xn = (Jil,n, ---7$k:,n);
U, = (ULn, '-'7um,n)7
Y, = T1,m5 > Umon)s
Yin = Wayjn, J=1..,m,

where y;,,, is the nx 1 vector of cross sectional observations on the dependent variable in the j-th equation, x; ,,
is the n x 1 vector of cross sectional observations on the [-th exogenous variable, u;,, is the n x 1 disturbance
vector in the j-th equation, W,, are n x n spatial weighting matrices of known constants, and B,C and A
are correspondingly defined parameter matrices of dimension m x m, k x m and m x m, respectively. The
vector J; ,, is typically referred to as a spatial lag of y;,,. We note that although not explicitly shown, some
of the exogenous variables can be spatial lags of other exogenous variables.

In addition to allowing for general spatial lags in the endogenous and exogenous variables we also allow
for spatial autocorrelation in the disturbances. In particular, the disturbances are assumed to be determined
by the following first-order autoregressive process:

U,=U,R+ E,, (2)
with
En = (€1 Emmn)s
R = diag;'n:l(Pj)a
U, = (Ui, elmn),
Ui = Witjn, Jj=1,...,m,

where ¢, denotes the n x 1 vector of innovations and p; the spatial autoregressive parameter in the j-th
equation. The vector ;,, is typically referred to as the spatial lag of ;. A set of explicit assumptions is
given in the paper. Given those assumptions

/
Ee;n =0, Eaj’nek’n = 0idn.

Using obvious notation, let Z; , = (Yj.n, ijn,?j,n) denote the matrix of observations of right hand side
variables that appear in the j-th equation, and let §; = (6977;, )\;-)’ denote the corresponding parameter
vector. We can then rewrite the j-th equation in (1) and (2) as

Yin = Zjnb;+ Ujn, (3)

Ujy = ijn'U/j,n+€j7n.



Applying a Cochrane-Orcutt transformation to this model yields furthermore

y]*,n(p_]) = Z]*,n(p_])(sj + Ejﬂ“ (4)
where
Yin(pj) = Yim = PiWaljm,
Z;,n(pj) = Zj,n - ijan,n-
Stacking the equations yields
Yn(p) = Z,(p)6 +en ()
where
y:z(p> = (yin(pl)/? "'7y:n,n(pm>/)/’
Z,(p) = diagii(Z],(p;));
en = (Elpmn),

and p= (py,...,py) and § = (&§1,...,6,,)". Clearly Ee,e), = ¥ ® I, where ¥ = ().

Note: We provide two sets of sample programs, one for TSP and one for Stata. In the following we only
describe the use of the TSP programs. The use of the Stata files is analogous.

2 Data Files

The sample program involves two exogenous variables per equation and two simultaneous equations and
an idealized spatial weighting matrix W,,. This matrix corresponds to the case where each unit has “one
neighbor ahead and one neighbor behind” in a wrap around world, and the row sums of the weighting matrix
are normalized to one; for a more detailed description of this idealized matrix see the Monte Carlo section
of Kelejian and Prucha (1999). The sample size is taken to be 100. The actual estimation programs assume
that the data for the exogenous variables and spatial weighting matrix are stored in files named VAR4.DAT
and MMAT.DAT, respectively.

3 Estimation Programs

The main estimation program is contained in the file PROGRAM4.TSP. This program calls three “subrou-
tines” contained in the files GMPROC1.TSP, TSLSPROC4.TSP and FGS3SLSPROC.TSP. Those subrou-
tines compute the GM estimator for p, the Generalized Spatial 2SLS (GS2SLS) estimator for 8 and A, and
the Generalized Spatial 3SLS (GS3SLS) estimator for § and A, respectively.

The program PROGRAMA4.TSP first reads in the data for the exogenous variables and spatial weighting
matrix from the files VAR4.DAT and MMAT.DAT. The actual estimation of the parameters of the model
(1)-(2) is performed in three steps for the GS2SLS estimator and four steps for the GS3SLS estimator.

Step 1: In the first step we estimate the model parameters §; from (3) by applying 2SLS applied to each
equation: _ _ _
6j7n = (Z_;,TLZj7n)7IZ_;,nyjyn7 (6)



where Z; = PaZin = (Yim, Xjm, Vi), and Yy = PyYin, Yjn = Pa¥in, Py = Ho(H.H,) 'H.,
and where H,, is the matrix of instruments which is formed as a subset of linearly independent columns of
(X0, Wy X0, W2X,,,...); see the paper for more details. Based on 0jn we can compute 2SLS residuals:

Ui = Yjn — Zjnbjn- (7)

Step 2: In the second step the spatial autoregressive parameters p; are estimated in terms of the residuals
obtained via the first step and the generalized moments procedure suggested in Kelejian and Prucha (1999).
More specifically the estimators of p; and 0;;, p; ,, and 0;;, respectively are defined as the nonlinear least
squares estimators that minimize

/

P; Pj
2 2
Gim —Gjin | Pj Gin = Gjin | 0] ’ (8)
Uj] UJJ
where
o % TR i,
jntin jontin UjnUin
G [ = = ) Ll = =
Jym E 2uj,nuj,n Uj nWjn TT<WnW") ’ im = E Ujntin ’
~ = ~ =~ ~ = T
U g+ Uj U =W Ui 0 §,nWin

and ﬁj,n = Wy, and %j’n = Wﬁﬂ]n The code for computing the GM estimators is contained in the file
GMPROC1.TSP

Step 3: In the third step the GS2SLS estimator is computed from the transformed regression model in (4),
with p; replaced by p; ,,, as follows:

<F DRl (= * o~ -1 ol (= * (=
8n = 2503 250 Bi) | 230505 () (9)

where Z;n(ﬁj,n) = PHZ;,n<5J,n)7 Z;n(ﬁg,n) = Zjvn - /ﬁj,anZjﬂh y]*,n(ﬁ],n) = Yjn — ﬁg,any]7” This
procedure is executed in TSLSPROC4.TSP.

Step 4: In the fourth step the GS3SLS estimator is computed from the transformed regression model in
(5), with p; replaced by p; ,,, as follows:

6 = |20 (S0 @ 1) Z26)| Za ) (527 @ 1) w5, (10)
where in is estimated as a m x m matrix whose (j,!)-th element is 7, = n’l'glj-,n'élm where €, =
~F
Yin(Pjn) = 25 1(Pjn)d; - This procedure is executed in FGS3SLSPROC.TSP



References

[1] Kelejian, H. H. and I. R. Prucha, (2004): ”Estimation of Simultaneous system of spatially interrelated
cross sectional equations,” Journal of Econometrics, Vol 118, 27-50.

[2] Kelejian, H. H. and I. R. Prucha, (1998): “A Generalized Spatial Two-Stage Least Squares Procedure for
Estimating a Spatial Autoregressive Model with Autoregressive Disturbances,” Journal of Real Estate
Finance and Economics, Vol. 17:1, 99-121.

[3] Kelejian, H. H. and I. R. Prucha, (1999): “A Generalized Moments of Estimator for the Autoregressive
Parameter in a Spatial Model,” International Economic Review, 40, 509-533.



