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Abstract

This paper documents the computer code implementing the CE-SAM estimation
technique in GAMS (Genegrd Algebraic Modeling System). It defines the estimation
problem in a determinigtic setting; extends the approach to include a stochastic trestment
of erors in control totds, summarizes the equaions describing CE technique for

edimding a consstent SAM darting from an inconsstent data set estimated with error;
and provides the GAMS code.
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1. Introduction”

The paper describes the cross entropy (CE) SAM estimation techniquein
situations where column sums and macro aggregates represent SAM control totals that
may be measured with error. The theory of the estimation technique, comparing it to
other methods, is described in S. Robinson, A. Cattaneo, and M. El Said “Updating and
Estimating a Social Accounting Matrix Using Cross Entropy Methods” in Economic
Systems Research, vol. 13, no. 1, March 2001.* This paper documents the computer code
implementing the technique in GAMS (General Algebraic Modeling System) (Brooke,
Kendrick, Meeraus, and R. Raman 1998). Section 2 defines the estimation problem in a
deterministic setting. Section 3 extends the approach to include a stochastic treatment of
errorsin the control totals. Section 4 summarizes the equations describing the CE
technique for estimating a consistent SAM starting from an inconsistent data set
estimated with error. Finally, section 5 provides the GAMS code for the estimation
problem both as a nonlinear programming (NLP) problem and a mixed complementarity
problem (MCP).

2. CE-SAM Estimation: Deterministic Approach

Define T asamatrix of SAM transactions, where t, ; isapayment from column
account j torow account i, that satisfies the condition:

Y :é.ti,j :é.tj,i (1
i i

That is, for a SAM, every row sum must equal the corresponding column sum. A SAM
coefficient matrix, A, isconstructed from T by dividing the cellsin each column of T
by the column sums:

—

A, y (2)

" The authors would like to thank Channing Arndt, Rebecca Harris, Henning Tarp Jensen, and Finn Tarp
for helpful comments on the GAMS code. Also we would like to thank Michael Ferris for providing the
MCP version of the estimation problem.

! An earlier version of the paper can be downloaded in PDF format from the IFPRI web page

“http://www.if pri.cgiar.org/divstmd/tmdpubs.htm#dp” division discussion paper No. 58, August 2000.



We assume that we start with information in the form of aprior, A, which may be
based on data from a previous or from scattered, perhaps inconsistent, data from the
current year. We dso assume that we have exact information on current column sums,

y . Applying the Kullback-Leibler (1951) measure of the “cross entropy” (CE) distance
between two probability distributions to the CE-SAM estimation, the problem isto find a
new set of A coefficients which minimize the cross entropy distance between the prior

A and the new estimated coefficient matrix.
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Notethat xInx=0 if x=0. Thus, to solve for equation (3) and dlow for zero entriesin
the SAM in the computer code, we add an epsilon smal number to the arguments of the
equation. Note also that the system of constraint equations (4) is functionaly dependent,
gnceif dl but one column and row sum are equd, the last one must dso be equa
(andlogousto Walras' in generd equilibrium theory). One equation can be dropped.

3. CE-SAM Edtimation: Stochastic Approach

Specifying known column sumsimplies having exact information about cortrol
totalsin the SAM. Most gpplications of economic modes to rea world issues must dedl
with the problem of extracting results from data or economic relationships with noise.
One can generdize to include knowledge about any aggregates or eements of the SAM
(e.g., macro aggregates from the nationd accounts). In this section we generalize our
gpproach to caseswhere: (i) row and column sums are not fixed parameters but involve
errors in measurement; and (ii) macro aggregates are not exact but are measured with
error.

The genera case starts from assumed prior knowledge of the standard error
(perhaps due to measurement error) of the etimate of control totals—a Bayesian prior,
not amaintained hypothesis. The estimated error in the i control total can be represented
asaweighted sum of eementsin a specified error support st
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where e = error vaue of control total
W« = eror weights estimated in the CE procedure (& w; , =1)
jwt

V. . = €rror support set

The st jwt defines the dimension of the support set for the error distribution and the
number of weights that must be estimated for each error. The prior on the variance of
these errorsis given by:

2 _

s Wit T jue (7)
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where W, = prior weightson the error support setand & W, , =1
jwt

Sarting with aprior s , Golan, Judge, and Miller (1996) suggest picking the v sto define
adomain for the support set of *+ 3 standard errors. In this case, the prior on the weights,
W, are then calculated to yield a consistent prior on the standard error, s .2

3.1. Case of three-weight error distribution

Assume a prior mean of zero and a given standard error, s . With athree-
parameter error distribution that is symmetric around zero, the v s define the upper and

lower bounds for the error distribution, and there are three weights, W, to be estimated.
That iswe have:

\_/i,l =-3S
V.= 0 C))
v, =+3S

and usng (7):

2 1n Robinson, Cattaneo, and El-Said (2001), we specify prior weights W that are uniform and set the prior

standard error by the choice of support set, (V). In that paper, we use a three-weight specification (jwt =
{12,3}).
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Since the prior weights and support set are symmetric, W, =W ,. Solving (9) for the
weights, W, we get:

(10)

3.2. Case of five-weight error distribution

For the case of afive-parameter error distribution, there are five weights, W, to be
estimated—the set jwt congts of five dements. We are incorporating more information
about the error distribution—more moments, including variance, skewness, and kurtoss.

Assuming a prior normal distribution with mean of zero and variance s ?, the prior on
kurtosisis as*. In this case, the prior weights, W, are specified so that:

é. Wi e x\_/iz,ljwt =" (12)
jut

in addition to defining the variance as abovein (7). The prior weights and support set are
aso symmetric, so the prior on dl odd momentsis zero. Choose+ 1 standard error for

V, and V, , (whichisarbitrary). In this case we get:

Vi,=-3
Vip=-S
7.= 0 4
Via=1S
7, =+
andusng (7) and (12) we get:
s?= _i,l)(gs 2) +W, X(S 2) W5 )<O) W, >(S 2)+Wi'5 ><(95 2) (13

34 =W 81 ) +W o os *) + Wo{0) + W, s ¢ )+ W5 o8s )
given thet = W, and W, =% , by symmetry, we get

8w, + 2w, =1
162w, + 2W , =3



solving (13) for the Ws

W, =—
' 72
W, =2
' 72
_ 16
W ) (14)
27
|,4_E
W, =—
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Note that dl these parameters determine the prior distribution. The estimation procedure
yields pogterior estimates of al the moments of the error distribution (Golan, Judge, and
Miller, 1996). The five parameter Specification permits posterior estimation of four
moments, mean, variance, skewness, and kurtoss.

4. Equations of the CE-SAM Estimation Problem

In this section we provide a mathematical statement of the equationsinvolved in
the CE-SAM egtimation problem. The statement includes the stochastic formulation to
gpecify errors on column sums, and errors on macro aggregates. In this case we specify
two sets of errors with separate weights, W1's and W2's, and extend the CE minimand
in equation (3) to account for the specification of the error terms as follows:
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In this case the minimization problemistofindasst of A's, W1's, and W 2'sthat
minimize cross entropy, wherethe W's are treated like the A's, subject to the following
condraints.



SAM Equation
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where X isthe prior on the column sums of the SAM matrix.

Row/column sum consistency
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Error definition (column sum)
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Row Sum
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Additional macro control totals

The assumption is that one has additiona knowledge about the new SAM. For
example, aggregate nationa accounts data may be available for various macro aggregates
such as vaue added, consumption, investment, government, exports, and imports. There
aso may be information about some of the SAM accounts such as government receipts
and expenditures. Thisinformation can be summarized as additiond linear adding-up
congraints on various eements of the SAM while dlowing the possibility that additiona
information might be measured with error. We can write:

(22)

éaggregaiorl]: é('th control l:l
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where G isan n-by-n aggregator matrix, which has ones for cdlsin the aggregeate and
zeros otherwise. Assume that there are k such aggregation condraints, and gisthe vadue
of the aggregate. These conditions are sSmply added to the congraint set in the cross
entropy formulation. The error term ez is associated with macro aggregates. In the
example provided in the following section two macro control totd equations are
included: GDP at factor cost and GDP at market prices.



Error definition (macro totals)
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Additional Cdll constraints

Defining the SAM equation (16) over non-zero e ements of A guarantees that the zero
gructure of the origind SAM is maintained in the estimated SAM. Fixing dl the cdlls

with aprior vaue of zero to zero greatly reduces the size of the estimation problem. If it

is desired to dlow a zero entry to become nonzero in the estimated SAM, then the
restriction that the SAM equation (16) to be defined over non-zero dements of A must be
replaced to include cells which are currently zero but may be nonzero.

5. GAMS Code

This section provides the GAMSS code implementing the equations described
above. It isimplemented with macro data from Mozambique. The cross entropy (CE)
edimation problem isinherently badly scaled, and solution agorithms often suffer. A
number of approaches to improving agorithm performance are available. There are two
nonlinear programming solvers that are commonly used in GAMS: MINOS and
CONORPT. If the column sums are known without error, then the constraint equations are
dl linear. In this case, the MINOS solver works well because it is optimized for nonlinear
programming problems with linear congtraints. If the column sums are assumed to



include errors, then the constraints are nonlinear and the CONOPT solver gppears to
work better.

Another gpproach is to convert the nonlinear programming (NLP) problem into a
mixed complementarity problem (MCP). The gpproach isto derive dl the first-order
conditions and create a set of “shadow pricg’ variables, or Lagrange multipliers,
associated with each firgt-order condition. The resulting problem is square in that it has as
many equations as variables, but there is a complementary dackness relationship between
the Lagrange multipliers and corresponding first-order conditions. The MCP solver called
PATH handlesthiskind of problem (Dirkse and Ferris, 1995). The PATH solver appears
to be very efficient in solving CE problems. The MCP formulation of the problem is
given in aseparate GAM S “includefile’ below.



GAMS code

$TI TLE Cross Entropy SAM Estimation
$OFFSYMLI ST OFFSYMXREF OFFUPPER
*

CE-SAMillustrates a cross entropy technique for estimating the cells
of a consistent SAM assunming that the initial data are inconsistent
and neasured with error. The nethod is applied to a stylized macro
SAM for Mzanbi que. Sone nacro control totals are assuned known with
error, and also all the row and colum totals are assuned

known only with error. We assume that the user can specify

a prior estinmate of the standard error of the estimates of the row
and colum suns and of the nacro control totals.

Programmed by Sherman Robi nson and Mataz El-Said, Novernber 2000.
Trade and Macroeconomi cs Division
International Food Policy Research Institute (IFPRI)
2033 K Street, NW
Washi ngton, DC 20006 USA
Emai | : S. Robi nson@d AR. ORG
M El - Sai d@d AR. ORG

The nethod is described in S. Robinson, A Cattaneo and, M El Said
(2001) "Updating and Estimating a Social Accounting Matrix Using
Cross Entropy Methods." Economc Systens Research, Vol. 13, No. 1,
pp. 47-64.

Di scussi on paper #58 is an earlier version of the Economc

Systens Research paper. A copy can be downl oaded fromthe | FPRI

web page using the follow ng |ink:
http://ww.ifpri.cgiar.org/divs/tnd/tndpubs. ht mtdp

See also A. Golan, G Judge, and D. MIler, Maxi mum Entropy
Econonetrics, John Wley & Sons, 1996.

Data set is based on a SAM devel oped by C. Arndt, A. S. Cruz, H T.
Jensen, S. Robinson, and F. Tarp, "Social Accounting Matrices

for Mbzanbi que - 1994 and 1995." TMD Di scussi on Paper No. 28, |FPRI,
July 1998.
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SETS

i sam account s ! ACT Activities
com Commodi ties
FAC Factors
ENT Enterprises
HOoU Househol ds
CRE Covt recurrent expenditures
G N Govt investnent
CAP Capi tal account
ROW Rest of world
TOTAL /

ii(i) all acounts in i except TOTAL
ACT Activities

10

cov Commodi ties

FAC Factors

ENT Enterprises

HOoU Househol ds

GRE Govt recurrent expenditures
G N Govt investnent

CAP Capi tal account

ROW Rest of world /

macro macro controls /gdpfc2, gdp2 /

The set jwt defines the dinension of the support set for the error
distribution and the nunmber of weights that nust be estinated for each
error. In this case, we specify a five parameter error distribution.

For a three paraneter distribution, jw is set to /1*3/.

B

jwt set of weights for errors in variables
/ 1*5 [

(i) = YES;
* ii("Total") = NQ

ALIAS (i,j), (ii,ji);

* BRI #it #it SAM DATABASE 4 HitHH #it #it
TABLE SAMi,j) social accounting matrix
ACT com FAC ENT
ACT 0.0 14827. 4240 0.0 0.0
com 7917. 5040 0.0 0.0 0.0
FAC 9805. 4140 0.0 0.0 0.0
ENT 0.0 0.0 3699. 7060 0.0
HOU 0.0 0.0 6031. 3080 3417. 5060
GRE 733. 6000 357. 4000 74. 4000 165. 2000
G N 0.0 0.0 0.0 0.0
CAP 0.0 0. 0.0 150. 0000
ROW 0.0 5573. 8150 0.0 0.0
Tot al 18456. 5180 20758. 639 9805. 414 3732. 706
+ HOU GRE G N CAP
ACT 2101. 0490 -0. 3270 0.0 0.0
* COM 6753. 3320 1764. 5000 2118. 5000 2197. 7980
com 6953. 3320 1564. 5000 2518. 5000 2597. 7980
FAC 0.0 0.0 0.0 0.0
ENT 0.0 33.0000 0.0 0.0
HOU 0.0 29. 6000 0.0 0.0
GRE 139. 5000 0.0 0.0 0.0
G N 0.0 0.0 0.0 0.0
CAP 649. 1560 -356. 6730 -406. 2000 0.0
ROW 0.0 0.0 0.0 0.0
Tot al 9643. 037 1470.1 1712.3 2197.798
+ ROW Tot al
ACT 1488. 1570 18416. 303
com 0.0 20751. 634
FAC 0.0 9805. 414
ENT 0.0 3732.706
HOU 209.5010 9687. 915
GRE 0.0 1470.1
G N 1712. 3000 1712.3



CAP 2163. 8570 2200. 14

ROV 0.0 5573. 815

Tot al 5573. 815

* HHHEHHHEHAT A A Paranet ers and Scal ar s #HHHHHHHHHHHHHE
PARAVETER

SAM(i, ) Base SAMtransactions matrix

TO(i,j) Matrix of SAMtransactions (flow matrix)

T1(i,j) SAM transactions Adjusted to eliminate negative entries
Abar 0(i,j) Prior SAMcoefficient matrix

Abar 1(i,j) Prior SAMadjusted to elinmnate negative coefficients
Target O(i) Targets for nacro SAM colum totals

vbar 1(i,jwt) Error support set 1

vbar2(nacro,jw) Error support set 2
wbar 1(i, jw) Wi ghts on error support set 1
wbar 2(macro, jw) Wights on error support set 2

si gmay1(i) Prior standard error of colum suns

si gmay2( macr o) Prior standard error of macro aggregates
epsi | on Tol erance to allow zero entries in SAM
SCALARS

gdp0 base COP

gdp00 COP fromfinal SAM

gdpf cO CDP at factor cost

* RS I nitial i zing Parameters

SAM " TOTAL", j j) = sun(ii, SAMii,jj));
SAM(i i, "TOTAL") =sun(jj, SAMii,jj));
sanmd(i,j) =san(i,j);

* R

* Divide SAMentries by 1000 for better scaling.

* The SAMis scal ed to enhance sol ver efficiency. Nonlinear solvers are
* nore efficient if variables are scaled sinilarly. In this case,

* coefficients to be estimated range between 0 and 1, so SAM val ues

* are al so scal ed.

Scal ar scal esam Scal i ng val ue /1000/

san(i,j) = san(i,j)/scal esam;
AbarO(ii,jj)$SAMii,jj) = SAMii,jj)/SAM"TOTAL",jj)
TO(ii,jj) SAMii,jj);

TO(" TOTAL", jj)
TO(ii,"TOTAL")

sun(ii, SAMii.jj));
sun(jj, SAMii,jj));
. 00001;

epsi |l on

D splay TO, AbarO ;

CROSS ENTRCPY

* The ENTRCPY DI FFERENCE procedure uses LOGAR THVS: negative flows in
* the SAMare NOT QOCD!!!

11

The option used here is to detect any negative flows and net them out
of their respective symmetric cells, e.g.

negative flow colum to rowis set to zero

and added to corresponding row to columm as a positive nunber.
The entropy difference method can then be inpl enent ed.
After bal ancing, the negative SAMvalues are returned to their
original cells for printing.

* Ok k% ok kb %

SET

red(i,j) Set of negative SAMfl ows

Par anet er

redsan(i,j) Negati ve SAM val ues only

rtot (i) Row t ot al

ctot (i) Col um total

rtot(ii) =sun(jj, TO(ii,jj));
ctot(jj) =sun(ii, TO(ii,jj));
red(ii,jj)$(TO(ii,jj) LT 0) = yes ;
redsan(ii,jj) =0
redsan(ii,jj)$red(ii,jj) = To(ii,jj);
redsan(jj,ii)$red(ii,jj) = TO(ii,jj);

*Note that redsamincludes each entry twice, in corresponding row
*and col umn. So, redsam need only be subtracted from TO.

TL(ii,jj) =TO(ii,jj) - redsan(ii,jj);
T1("Total ",jj) sun(ii, Ti(ii,jj));
T1(ii,"Total ") sun(jj, Ta(ii,jj));

sun(ii, redsan(ii,jj));
sun(jj, redsan(ii,jj));
sum(jj, Ti(ii,jj));
sun(ii, TL(ii,jj));

redsan("total",jj)
redsan(ii,"total")

san(ii,"total")
san("total",jj)

rtot(ii) =sun(jj, TA(iiL§1));
ctot(jj) =sun(ii, TI(ii,jj));
Abar1(ii,jj) = Ti(ii,jj)/san("total",jj);

di spl ay "NON NEGATI VE SAM' ;
di spl ay redsam T1, Abar0O, Abarl, rtot, ctot ;

* Define set of elenments of SAMthat can be nonzero. In this case, only
* el ements which are nonzero in initial SAM
SET NONZERQ(i,j) SAMelenents that can be nonzero ;

NONZERQ(i i, jj)$(Abar1(ii,jj)) = yes ;

*#### Initializing Paraneters after accounting for negative val ues #####
Note that target colunn suns are being set to average of initial

* row and colum suns. Initial colum suns or other val ues

* coul d have been used instead, depending on know edge of data quality

* and any other prior infornation.

targetO(ii)
gdpf cO

(san{ii,"total") + san("total",ii))/2 ;
T1("fac","act");



gdp0 = T1("fac","act") + T1("gre","act") vbar1(ii,"2") =-1* sigmayl(ii) ;
- Ti("act","gre") + T1("gre","cont) ; vbar1(ii,"3") = 0 )

D spl ay gdpfcO, gdpO; vbar1(ii,"4") = +1 * sigmayl(ii) ;

vbar1(ii,"5") = +3 * sigmayl(ii) ;

* it Def i ne vari abl e bounds on errors ##HHHHHEHIHIHHEHIHIH

* Start fromassumed prior know edge of the standard error (perhaps due wbar1(ii,"1") = 1/72 ;

* to neasurenent error) of the column suns. Below, we assume that all wbar1(ii,"2") = 27/72 ;

* column suns have a standard error of 5% This is a Bayesian prior, wbar1(ii,"3") = 16/72 ;

* not a maintained hypot hesis. wbar1(ii,"4") = 27/72 ;

* The estimated error is weighted sumof elenents in an error support wbar1(ii,"5") = 1/72 ;

* set:

*  BERR(ii) = SUMjw, Wii,jw)*VBAR(ii,jw)) * Second, define standard errors for errors on nacro aggregates

* where the Ws are estimated in the CE procedure.

* The prior variance of these errors is given by: si gmay2("gdpfc2") = 0.05*gdpfcO ;

*  (sigmay(ii))**2 = SUMjwt, WBAR(ii,jw)*(VBAR(ii,jw))**2) si gmay2( " gdp2") = 0. 05*gdp0 ;

* where the WBAR' s are the prior on the weights.

* The VBARs are chosen to define a domain for the support set of +- 3 $ont ext

* standard errors. The prior on the weights, WBAR are then cal cul ated * Set constants for 3-weight error distribution

* to yield the specified prior on the standard error, signay. vbar2(ii,"1") = -3 * sigmay2(ii);

* I'n Robinson, Cattaneo, and E -Said (2001), we specify prior weights vbar2(ii,"2") = 0 ;

* (WBAR) that are uniformand set the prior standard error by the vbar2(ii,"3") =-3 * sigmay2(ii);

* choi ce of support set, VBAR In that paper, we use a three-weight

* specification (jw /1*3/); wbar2(ii,"1") = 1/18 ;

* woar2(ii,"2") = 16/18

* W define two sets of errors with separate weights, WL and V2. The woar2(ii,"3") = 1/18 ;

* first is for specifying errors on colum suns, the second for errors $of f t ext

on nacro aggregates (defined in the set nacro).
99re ( ) * Set constants for 5-weight error distribution

* First, define standard error for errors on col unn suns. vbar2(macro,"1") = -3 * signmay2(nacro) ;
vbar2(nacro,"2") = -1 * sigmay2(nacro) ;

si gmayl(ii) =0.05 * targetO(ii) ; vbar2(macro,"3") = 0 ;
vbar2(nacro,"4") = +1 * sigmay2(nacro) ;

* This code assunes a prior mean of zero and a two- paraneter vbar2(macro, "5") = +3 * signmay2(nacro) ;

* distribution with specified prior standard error. There are three

* weights, Wii,jwt), to be estimated. The actual norments are estinmated wbar 2(nacro,"1") = 1/72 ;

* as part of the estinmation procedure. wbar 2(macro, "2") = 27/72 ;

$ont ext wbar 2(macro,"3") = 16/72 :

* Set constants for 3-weight error distribution wbar 2(nmacro, "4") = 27/72 ;
vbar1(ii,"1") =-3 * sigmayl(ii); wbar 2(nacro,"5") = 1/72 ;
vbar1(ii,"2") = 0 ;
vbar1(ii,"3") = -3 * sigmayl(ii); D splay vbarl, vbar2, signmayl, sigmay2 ;
woar1(ii,"1") = 1/18 ; * HHHHHHHHRHAH VAR ABLES #HHHHHHHHHHHHHHHH A
wbar1(ii,"2") = 16/18 ; VAR ABLES
wbar1(ii,"3") = 1/18 ; ACii,jj) Post SAM coefficient matrix

$of f t ext TSAMii,jj) Post matrix of SAMtransactions

Y(ii) row sum of SAM

* This code assunes a prior nmean of zero and a prior value of kurtosis X(it) col utm sum of SAM

* consistent with a prior normal distribution with nean zero, variance ERRL(ii) Error value on col umm suns

* sigmay**2, and kurtosis equal to 3*sigmay**4. The addition of a prior ERR2( macr o) Error value for macro aggregates

* on kurtosis requires estimation of 5 weights (jw = 5); WL(ii,jw) Error weights

* The prior weights wbar are specified so that: We(macro, jw) Error weights

* SUMjw, woar(ii,jw)*vbar(ii,jw)**4) = 3*sigmay(ii,jw)**4 DENTRCPY Entropy difference (objective)

* as well as defining the variance as above. GDPFC CDP at factor cost

* The prior weights and support set are al so symmetric, so the prior coP CDP at narket prices

* on all odd nonents is zero. The choice of +/- 1 standard error ;

* for vbar(ii,"2") and vbar(ii,"4") is arbitrary.

* The actual nonents are estinmated as part of the estinmati on procedure. * IR N T ALL ZE VAR ABLES ###HHitHHHHIHHIR R

* Set constants for 5-weight error distribution AL(ii,jj) = Abar1(ii,jj) ;
vbar1(ii,"1") = -3 * sigmayl(ii) ; TSAM L(ii,jj) = Ti(ii,jj) ;
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Y. L(ii) =targetO(ii) ;

X L(ii) = targetO(ii) ;

ERRL. L(ii) =0.0 ;

ERR2. L( macr o) =0.0 ;

WL L(ii,jw) = wbarl(ii,jwt) ;

V2. L(racro, jw) = wbar2(rmacro,jw) ;
DENTRCPY. L =0 ;
GDPFC. L = gdpf cO

CDP. L = gdp0 ;

* #HHH A OCORE EQUATI ONS

EQUATI ONS

SAMEQ(i) row and col urm sum constrai nt
SAMVAKE( , ) nake SAM fl ows

ERRCRLEQ(i ) definition of error term1

ERRORREQ nmacro) definition of error term?2

SUMAL(i ) Sum of weights 1

SUMA2( macr o) Sum of wei ghts 2

ENTRCPY Entropy difference definition
RONBUM i ) row target

QOLSWMj ) col umn target

CDPFCDEF define GDP at factor cost
CGDPDEF define GOP

*CCRE EQUATI ONS

SAMEQ(ii). . Y(ii) =E= X(ii) + ERRL(ii) ;

SAMVAKE(i i ,jj)$nonzero(ii,jj)..
TSAMii,jj) =B= A(ii,jj) * (X(§]) + ERRL(jj)) ;

ERRORIEQ(ii).. ERRL(ii)  =E= SUMjwt, W(ii,jwt)*vbari(ii,jut)) ;

SUMML(ii).. SUMjw, W(ii,jw)) =E= 1 ;

ENTRCPY. . DENTRCPY =E= SUM(ii,jj)$nonzero(ii,jj),
AT, jj)*(LO(A(IT,jj) + epsilon)
- LOX Abar1(ii,jj) + epsilon)))
SUM (i, jw), W(ii,jw)
(LOWL(ii,jwt) + epsilon)
LOX wbar 1(ii,jw) + epsilon)))

*

+
SUM (nacro, jw), V2(nacro,jw)

* (Lo W2(macro,jwt) + epsilon)

- LOX whar2(macro,jw) + epsilon))) ;

* Note that we exclude one rowsumequation since if all but one col um

* and rowsum are equal, the last one nust also be equal. Wilras' Law
* at work.

ROMBUM i i ) $(NOT SAMEAS(i i , "ROW)). .
aALSWMjj) - - SUMii, TSAMii,jj)) =B= (X(jj) + ERRL(j])) ;
* ADDI TI ONAL MACRO CONTROL- TOTAL EQUATI ONS

CGDPFCDEF. . CDPFC =E= TSAM "fac","act") + ERR2("gdpfc2") ;

SUMjj, TSAMii,jj)) =B= Y(ii) ;
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*

* k% ok ok k%

*

*

*

*

*

*

*

*

GDPDEF. . P =E= TSAM "fac","act") + TSAM"gre","act")
- TSAM"act","gre") + TSAM"gre", "conl)
+ ERRR("gdp2")
ERRCRREQ macro).. ERR2(nacro)
=E= SUMjwt, V2(nacro,jw)*vbar2(macro,jw)) ;
SUMA2( nacr o) . . SUMjwt, Ve(macro,jw)) =E=1 ;

HHHHHHHH# Defi ne bounds for cell val ues

Defining equati on SAMWAKE over non-zero el ements of A ($Abarl(ii,jj))
guarantees that the zero structure of the original SAMis maintained
inthe estimated SAM Fixing all the zero entries to zero greatly
reduces the size of the estinmation problem If it is desired to
allow a zero entry to becone nonzero in the estimated SAM then

the condition $ABARL(ii,jj) nust be replaced with a new set that
does not include cells which are currently zero but nay be nonzero.

A LQii,jj)$nonzero(ii,jj) =0 ;
A UP(ii,jj)$nonzero(ii,jj) =1
A FX(ii,jj)$(NOT nonzero(ii,jj)) =0
TSAM lo(ii,jj) =0.0;
TSAM up(ii,jj) = +n
TSAM FX(ii,jj)$(NOT nonzero(ii,jj)) =0 ;

Uoper and | ower bounds on the error weight
WL LQ(ii, jwt)
WL UP(ii, jwt)
V2. LQ nacro, j wt)
V2. UP( nmacr o, j wt)

o
RORO

Set target columm sunms, X |f these are not fixed, then the colum sum
constraints will not be binding and the solution values or ERRL will

be 0.

X EX(ii) = TARGETO(ii) ;

Fi x Macro aggregat es.

If these are not fixed, then the nacro constraints will not be binding
and the solution values of ERR2 will be zero.

@P. FX = &@PO ;
GDPFC. FX = G@OPFQ ;

MODEL SAMENTRCP / ALL /

SOLVE MCDEL
CPTION | TERLIM = 5000;
CPTI ON LI MROV =0, LI MOCL = 0;
CPTI ON SQLPRI NT =N
SAMENTRCP. optfile =1 ;
SAMENTRCP. HOLDFI XED = 1 ;
option NLP = M NGS5 ;
CPTI ON NLP = OONCPT;

SAMVENTRCP. WORKSPACE = 25. 0;



* Sol ve st at ennent

SCLVE SAMENTRCP using nl p mninizing dentropy ;

*##(al ternative formul ation)##H# MOP For nul at i on ##HHHEHEHIHIHIHE

* Add code restating the nonlinear-programmng (NLP) m ninization
* probl emas an MCP probl em sol ved using the MP sol ver.
*$i ncl ude CE-MOP. I NC

e e e T Paraneters for reporting results

Par aret er s
Macsamil(i, j) Assi gned new bal anced SAM fl ows from CE
Macsan®(i,j) Bal anced SAM flows fromentropy diff x scal esam
SEM Squared Error Measure
percent1(i,j) percent change of new SAM from ori gi nal SAM
PosUnbal (i, j) Posi tive unbal anced SAM
PosBal an(i, j) Posi tive bal anced SAM
Dffrnce(i,j) D ffernce btw original SAMand Final SAMin val ues
Nor nEnt r op Normal i zed Entropy a neasure of total uncertainty

macsaml(ii,jj)
macsani(“"total ",jj)

TSAM I (i, jj);
SUMii, macsami(ii,jj)) ;

macsanil(ii,"total ") SUMjj, macsanml(ii,jj)) ;
macsan®(i,j) macsanmil(i,j) * scal esam;
SEM Sun((ii,jj), SROAL(ii,jj) -

- Abarl(ii,jj)))/ SRcard(ii));
percent 1(i,j)$(T1(i,j))= 100*(macsand(i,j)-T1(i,j))/TLi(i,j);
PosUnbal (i,j) = Ti(i,j) * scal esam
PosBal an(i,j) = macsan®(i,j);

Diffrnce(i,j) = PosBal an(i,j) - PosUnbal (i,j);
Nor nEnt r op = SUM(ii,jj)$(Abard(ii,jj)), AL(ii,jj)*

LOG (A L(ii,jj))) /
SUIM(ii,jj)$(Abarl(ii,jj)),
Abar1(ii,jj)* LOG (Abarl1(ii,jj)))
&ii spl ay macsanil, macsan®, percentl, sem dentropy.|, PosUnbal,
PosBal an, NornEntrop, Diffrnce ;

* IR Return negative flows to initial cell position #tHtHHIHHH

macsaml(ii,jj) = macsanil(ii,jj) + redsan(ii,jj) ;
nacsanil(“total",jj) = SWii, macsaml(ii,jj)) ;
nmacsanmil(ii,"total") = SWjj, macsaml(ii,jj)) ;
macsan®(i, j) = macsamil(i,j) * scal esam;

gdp00 = macsani("fac","act") + nmacsanil("gre","act")
- macsani("act","gre") + macsanil("gre","conl)

di spl ay nmacsanl, macsan® ;
di spl ay gdpO, gdp00, gdp.l, gdpfcO, gdpfc.l ;

* R

Paranmeter ANEWi,j) ;
* print sone stuff

ANEW"total",jj) = SWMii, AL(i,jj)) ;
ANEW(i i, "total") = SUMjj, AL(ii,jj)) ;

ABARL("total",jj) = SUMii, ABARL(ii,jj))
ABARIL(ii,"total") = SUMjj, ABARL(ii,jj)) ;

D splay ANEW ABARL ;

scal ar neanerrl, neanerr2 ;

neanerrl = SUMii, abs(errd.1(ii)))/card(ii) ;
meanerr2 = SUM nacro, abs(err2.1(macro)))/card(nmacro) ;
di spl ay nmeanerr1, neanerr2 ;

Use the following code to specify that the colum suns are known
exactly. The errors are thus fixed to zero and two equations are
dropped fromthe estinmati on procedure. The conputational gains are
that the constraints are all linear and the estimati on problemis
consi derably smal | er.

* %k ok ok

*
$ont ext
* fHHHH
ERRL. FX(i i) =0.0;
VL FX(ii, jwt) = VBARL(ii,jw) ;
MCDEL SAMENTRCP2 / SAMEQ
SAMVAKE
* ERRCRIEQ
* SUMAL
ERROR2EQ
SUMA2
ENTRCPY
RONSUM
COLSWM
CDPFCDEF
CGDPDEF
/

SAMENTRCP2. hol df i xed = 1 ;

* I #E SOl ve St at eNMeNnt I

SCLVE SAMENTROP2 using nlp mnimzing dentropy ;

* AT
$of f t ext
* fHHHH

KRR THE END YRR
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GAMS codefor the M CP Formulation

File name CEEMCP.INC

The code belowis a translation of the NLP probleminto a
m xed conpl ementarity problem (MP), which can be sol ved
using an MCP sol ver in GAVB. The translation was done using
a prelimnary version of a programcalled NLP2MOP written
by Mchael Ferris and Jeffrey Horn (1998) at the University
of Wsconsin. The translation adds "shadow price" or

conpl enentarity variables for all constraint equations and
al so provides equations for all the first-order conditions
for mnimzing the objective function. The resulting nodel
is square with as many variabl es as equations.

B N T

al i as(macro, a_nacro);
alias(ii,a_ii);
alias(jj,ajj);
alias(jw,a jw);

*#H##HE " SHADOV PR CE' CR COVPLEMENTAR TY VAR ABLES CR  ###HHH#H#HIH#
* . LAGRANGE MULTI PLI ERS FCR ALL OONSTRAI NT EQUATI ONS ###HH#H#HEH#

vari abl es
m SAMVEQ(i ) Mul tiplier for row and col unn sum constrai nt
m SAMVAKE(i , j) Miltiplier for make SAMfl ows constraint
m ERRCRLEQ(i ) Miltiplier for definition of error term1l

m ERRCRREQ macro) Miltiplier for definition of error term2

m SUMAL(i ) Mil tiplier for Sumof weights 1 constraint

m SUMA2( nacr o) Ml tiplier for Sumof weights 1 constraint

m RONBUM i ) Miltiplier for rowtarget constraint

m OOLSUWMj ) Mil tiplier for colunn target constraint

m CGDPFCDEF Miltiplier for GDP at factor cost constraint
m CDPDEF Miltiplier for GDP at nmarket pricesconstraint

* HtHEHEHAH EQUATI ONS FOR THE FI RST CRDER CONDI Tl ONS #Ht#HHEHHHHH
* AR FOR MINLM ZI NG THE GBIJECTI VE FUNCTI ON HHBHHAHARHRS

EQUATI ONS
d_Ala_ii,ajj) FOC wt the choice variable A
d_TSAMa_ii,a_jj) FOC wrt the variable TSAM
d_Y(a_ii) FOC wt the variable Y
d_X(a_ii) FOC wt the variable X
d_ERRL(a_ii) FOC wt the variable ERRL
d_ERR2(a_nacr o) FOC wt the variable ERR2
d W(a_ii,ajw) FOC wt the choice variable W
d_W2(a_nacro, a_jw) FOC wt the choice variable W
d_CDPFC FOC wt the macro control variable GPFC
d_copP FOC wt the macro control variable GOP

*#H#t EQUATION FOC wit the choice variabl e A #it#HHHHHHHHHHHHEH]
d_Ala_ii,ajj)

((log(a(a_ii,a_ jj)+epsilon)-log(abarl(a_ii,a_jj)+epsilon))
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$(nonzero(a_ii,a_jj)) + a(a_ii,a_jj)*(1/(a(a_ii,a_jj)+epsilon))
$(nonzero(a_ii,a_jj)))-

SLM(ii,jj)$(nonzer0(ii,jj)_)
J

(a_ii,ii) and saneas(a_jj,j

msammake(ii,jj)*(-(1$((sameas

DN (x(i1)+erri(ij)))) ze= 0;

* i EQUATI ON FOC wt the vari abl e TSAM #HHHHHHEHHEHHEHHEHHEHH
d_TSAMa_ii,ajj) .. -

m gdpf cdef *(- (1$((sanmeas(a_ii,"fac") and saneas(a_jj, "act

mcol sun{a_jj)-

m gdpdef * (- (1$( (saneas(a_ii,"fac") and saneas(a_jj,"act"))
)+1$((sameas(a_ii,"gre") and sameas(a_jj,"act")))-(1$((saneas
(a_ii,"act") and saneas(a_jj,"gre"))))+1$((sanmeas(a_ii,"gre"
) and saneas(a_jj,"com)))))-

mrowsun(a_ii)$((not saneas(a_ii,"ROWN)))-

m samake(a_ii,a_jj)$(nonzero(a_ii,a jj)) =e= 0;

*#H EQUATI ON FOC wit the vari abl e Y #HHHHHHHHEHHEHHEHHEHHEHH
d_Y(a_ii) .. -

m sameq(a_ii)-

SUM (ii)$((not sameas(ii,"RON))), mrowsun(ii)*(-(1$((sanmeas
(aii,ii))))))

=e= 0,

*#it# EQUATION FOC wit the vari abl € X #HHEHEHIEHIHIHEHEHEHEHHH]
d_X(a_ii) .. -

SUMj j, mcol sun(jj)*(-(1$((sameas(a_ii,jj))))))-
SUM(i i, msameq(ii)*(-(1$((sameas(a_ii,ii))))))-

SUM(ii,jj)$(nonzero(ii,jj)), msammake(ii,jj)*(-a(ii,jj)*(1
$((saneas(a_ii.jj)))))) =e= 0;

* it EQUATION FOC wit the vari abl e ERRL ##HHHHHHHHHHHHHE

d ERRI(aii) .. -
merrorleq(a_ii)-

SUMjj, mcol sun(jj)*(-(1$((saneas(a_ii,jj))))))-
SUMii i, msaneq(ii)*(-(1$((sameas(a_ii,ii))))))-



SUIM (ii,jj)$(nonzero(ii,jj)), msammake(ii,jj)*(-a(ii,jj)*(1
$((sameas(a_ii.jj))))))

=e= 0;

*#t EQUATION FOC wit the vari abl e ERRR #HttHHHHHHHHHHHHHHIHHH
d_ERR2(a_macro) .. -

m er ror 2eq( a_nacr o) -
m gdpf cdef *(- (1$( (sanmeas(a_macro, “gdpfc2")))))-
m gdpdef * (- (1$( (saneas(a_nacro, "gdp2")))))
=e= 0;
* i EQUATION FOC wrt the choi ce vari abl e WL #H#HHEHHEHHHHHHE

d W(a_ii,ajw) .. ((log(wWl(a_ii,a_jw)+epsilon)-Iog(woarl(a_ii
,a_jw)+epsilon))+wl(a_ii,a jw)*(1/(wi(a_ii,a_jw)+epsilon)))-

SUMii,merrorleq(ii)*(-(vbarl(ii,a_jwt)$(saneas(a_ii,ii))
)))-

msumwil(a_ii)

—e= O;

* i EQUATION FOC wrt the choi ce vari abl e W2 #H#HHHHIHHHHHHE

d_Ve(a_nacro,a_jwt) .. ((log(w2(a_nacro, a_jwt)+epsilon)-I|og(wbar2
(a_macro, a_jwt ) +epsi | on))+w2(a_nacro, a_jw)*(1/ (w2(a_nacro, a_jw
)+epsilon)))-

SUM nmacr o, m er r or 2eq( macr o) * (- (vbar 2( macr o, a_j wt ) $( saneas(a_nacr o
,MBcro)))))-

m sumM\2( a_nacr o)
=e= 0;

*#H EQUATION FOC wt the macro control variabl e COPFC ####HH#H#
d_GDPFC .. -

m gdpf cdef =e= 0;

*#H EQUATION FOC wt the macro control variabl e COP #HHHHHIHE
d P .. -

m gdpdef =e= 0;

In GAMS the "." is used for pairing the conplenentarity variabl es
and equations for the MCP sol ver. For exanpl e the equation
defined by d_A is conplenentary to the variable A and nust be
defined over the sane sets.

I

MIDEL m SAVENTRCP /
d_AA
d_TSAM TSAM

o o

X<
X <
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* SCLVE MCDEL

*Shock the NLP sol ution
AL(iT,jj) =0.9*A1(ii,j]) ;

* IR R Sol ve st at enment  #iHHiHETHHIRH,

SCLVE m SAMENTRCP usi ng necp;

[

*Conpare NLP and MCP results.
Scal ar savedent ;
savedent = dentropy.| ;

DENTRCPY. | = SUM(ii,jj)$nonzero(ii,jj),
Al(ii,jj)*(LOAI(ii,jj) + epsilon)
- LOX Abar1(ii,jj) + epsilon)))

+
SUM (i, jw), WL I(ii,jw)
* (LOQWL. I (ii,jw) + epsilon)
- Lo wbar1(ii,jw) + epsilon)))
+
SUM (macro, jw ), V2.1(nmacro,jw)
* (LO V2. | (macro,jw) + epsilon)
- Lo wbar2(macro, jw) + epsilon))) ;

option decinal s=8 ;
di splay dentropy.|, savedent ;
option decinal s=3 ;

* A NOTE ON THE USE COF " SAVEAS' GAVE COWNAND #HHHHHHHHHEHHEHH
*#H#H# Undocunented Feature |N GAMB Manual HHEH T
$ont ext

Mat ching Set E erents

New features in GAVS all ow one to introduce conditional statenents
control ling execution in cases where certain itens match up . The



syntax invol ves using the commands

SAMEAS( set el enent 1, set el enment 2)

or

Dl Aq(set el enent , set el errent)
the SAMEAS command returns a true fal se indicator which is true
if the text string defining the name of set elenent 1 equals that
for setelenent 2 and fal se otherwise. DIAGreturns a 1 under
equal ity and a zero otherwi se.

For exanpl e

x=sun( (i, j)$(not SAMEAS(i,j)), z(i)*z(j));
or
x=sun((i,j)$(DIAQ(i,j) eq 0),z(i)*z(j));
woul d excl ude the cases where i= fromthe sum

whil e
x=sun( (i,])$(SAVE AS(i,"casel") or SAME AS(j,"case2")),z(i)+z(j));

woul d only include cases where the text for i equal ed the string
"casel" or the text for j corresponded to "case2."

If interested check the fol |l owing web address Undocurment ed Feat ures
and Usage Tips

http://agrinet.tanu. edu/ necarl/ganstip. ht m
$of f t ext

* HHHEH AR END Not e on " SAMEAS' GAVS conmand #HHHHHHHHHHEHHHE
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