                   The P* model as a general ide ntity to analyze and forec ast the  behavior  of the

inflation rate in the ec onomy of Pue rto Rico

Author´s name : Carlos A. Rodríguez Ramos, Ph. D.

a*

JEL: C32, C52, C53

Ke y Wor ds : Econometric  Modeling , Time  Ser ies  Analys is,  Forec ast ing Methods,

Monetar y Economics.

Abs trac t

I n this  w ork the P* model is  used to  analyze  and  fore cas t the  inflation r ate in the

ec onomy of Puer to Rico.   This  model is  base d on two essential points: the  firs t one

is  to ide ntify the inflationary potential of a n ec onomic s yste m through the

es timation of the  pr ice level to w hich the inflation tends  to adjus t in the long r un.

The sec ond,  points that the pr ice  le vel w ill be adjus t, in the long run, to the forecas t

of the mode l.   Given the w ay in whic h the  monetary  sec tor in Puerto Rico its

cons tituted,  the model needs  to c omplement with U. S. A.  monetar y variables  ,  s uc h

as, monetary s upply,  to forecas t the inflation.  The  results  indic ate a long run

re lations hip  betwee n the  monetar y s upply of United States  (M 1) an d the pr ice

le vel,  the r eal pr oduction and the is land´s  preferential inter es t rate.  The final

model is  a good re presentation of the generating proc ess of information (GPI ) and

it c ould be use d for forecas ting pur pos es.  The s ame predic ts the deve lopment o f

inflation be tter than the tw o ARIMA models previously selecte d.

I. Introduction

The problem with inflation is one that affects all the countries in the world.  As such, it

has become a primar y objective in monetar y polic y man y countries, especially in L atin

America.  The adverse effects of the high inflation levels in investment and on the level

of consumption become key essential problems today.

In spite of the before me ntioned, a consensus on the main causes of inflation and wa ys

to control it, forecas t and how to anal yse it in the decision making process  does not

exist.  Recently, some works have  risen (Hall and Mine, 1994; Hallman and Anderson,

1995; Orphanides and Porter, 1998; Galindo, 1997) which point out towards the P*

model as an indicator of t he evolution of the magnitudes of price levels and the

expected inflation.  These models arise  in face of the necessity of estimating a

relationship between a monetar y aggregate and the potential production as a long run

indicator of the tendencies in pric es.  They have also been used to carry out forecasts on

the behaviour of prices or as a basis to anal yse the feasibility of e conomic polic y as

nominal anchors to control prices (Allen and Hall, 1991).  The advantage of this model

is its capacity to forecas t prices based on simple rules on the behaviour of production

and a monetar y aggre gate, under the assumption that the circulation velocit y is constant

or that at least it can  gagged  using the opportunity costs of money appropriately (that is

to sa y the rel evant interest rate) (Orphanides and Porter, 1998).

a *
         Professor of Economics at the Uni versit y of Puerto Ri co.  Member of the Economet ri c Soci et y and the

Input - Output Association.  The author wi sh t o thanks Di ego  Iri barren, Ph.D.;  Juan Lara, Ph.D.;  Brendel

Ledee, MBA;  and Wilfredo Tol edo, Ph.D. for their comment s.

This model seeks  to identify the inflationar y potential of an e conomic s ystem given the
estimation of the price level to which the inflation tends to adjust over the long run,
since these are a function o f a ce rtain quantity of money in circulation (Galindo, 1997).

The above - mentioned is based on that the circulation velocity of mone y and that the
potential production correspond at equilibrium levels in the long run.  Permanent
changes in the circulation velocit y of money or in the production potential generate
permanent divergenc es in the real level of pric es vis a vis the forecasted one.

It also indicates that the prices will adjust, in the long run, to those forecasted b y the
model.  This wa y, the estim ated value can be used as an anchor on prices and it
becomes in a simple and quick indicator to identify the monetar y conditions and its
relationship with the inflation of a particular country.

In spite of the results hurtled in other countries, some autho rs (Orphanides and Porte r,

1995; Arnold, 1995) point out that the effects of causalit y between prices and the
monetar y aggregate under study ought to be considered.  Also, they question if the
execution of the quantitative equation of mone y is given as a f unction of expectations,
which can affect the level of transactions and henc e, the circul ation velocit y of mone y.

For the case of Puerto Rico, the monetar y suppl y is determined in an automatic wa y b y
the market forces and not by the government nor by any a utonomous entity of the
island.
                                         1

                                                Given their monetar y dependence with the United States,  the island does not
have absolute control of the evolution of the inflation and could not establish anchors of
prices b y means of the monetary polic y.  Also, given tha t the existent relationship
between the two economic s ystems, an effe ct of causalit y of the prices in Puerto Rico
towards the US monetar y supply does not exist.

However, in spite of the previous considerations, the P* model could be utilized as a
general  identit y to analyz e the behavior of the inflation rate and their inertial effect
based on the use of an error correction model.  Besides, several works indicate that
inflation, in Puerto Rico, is a monetar y phenomenon.  Toledo (2000) indicates that
inflat ion, in Puerto Rico, is a monetary phenomenon in both short run and long run.  It
also found the existence of a cointe gration relationship between the inflati on in Puerto

Rico and the monetar y supply in the United States.  Similar results were  also
demonst rated by  Rodríguez  (2002) by  anal yz ing  the economy of Puerto Rico by m eans
of a reduced form of an IS - LM model.

The objective of this work is to analyse the application of this model for the econom y of

Puerto Rico.  In the next section, a general presentat ion of the P*, adapted to the
econom y of Puerto Rico will be generated.  Then, the empirical evidence is presented
and lastly, the main conclusions of study.

II. Theoretic al  Fr amework

1

     Al so, t he economi c s ystem of Puerto Rico, it i s not  affected signi fi cantl y b y international economic
i nst abilit y and ext ernal  flow of capital  because its capit al markets it  is hi ghl y integrated to that of United

St ates.  Al though it  is necessary t o p oi nt  out  that a possibili t y exi sts for problems wit h the balance of
pa yment s , due to t he non producti ve use of i mported capital .

The P* model is based on the feasibility of using a monetar y aggre gate with unitary

elasticity with respect to prices as  an indicator of their tendenc y in the long run.  This

can be found in the work of Rodríguez (2002) when using the monetar y supply (M1) of

the United States.

                                                                                                                  2

                                                                                                                         In thi s case, the P* model arises from the quan titative equation of

mone y (Galindo, 1997; Orphanides and Porter, 1998) , but using the Unites States

monetar y supply:

    M V P Y

                   t t t t

                                        =
( )

1

where:

M

              t

                  = the monetar y supply of the United States;

V

           t

               = the mone y circulation velocity in Puerto Rico;

P

         t

             = the level of prices of Puerto Rico;

Y

           t

               = the national product ion of Puerto Rico.

The equilibrium level of prices (P*) c an be obtained from  (1):

    P M V Y

                        t t t t

                * / ( )

                                 =
2

Applying logarithms, the estimation of (2) its general form becomes:

    p m y v

            t t t t t

                      = + + +

                                   b b b e

                                           1 2 3

3

( )

,Q�WKLV�HTXDWLRQ�LW�LV�H[SHFWHG�WKDW� �

1

� � �

2

 = - �DQG� �

3

 = 1.  It also presents a simple

rule to forecast the behaviour of prices, assuming that the velocit y of money is constant.

Therefore this makes it possible to estimate equatio n (3) with other variabl es and, if the

obtained parameters match the expected, then the future value of the prices is

calculated. The equation (3) can be re written as:

    p m y z

                      t t t t t

              * ( )

                                = + + +

                                             b b b e

                                                     1 2 3

4

In this equation z

                                                                                                                      t

 is a vector that includes the necessar y variables to approach the

velocit y of circulation.  The available evidence for the case of Puerto Ric o suggests the

existence of a long run stable relationship between the monetary supply of the United

States and the real production, the level of prices an d the prime rate of Puerto Rico

(Rodríguez, 2002).  In this case the prime rate is pres ented as an a pproximation

approach of the circulati on velocit y of mone y:

    p m y r

            t t t t t

                      = + + +

                                   b b b e

                                           1 2 3

( 5 )

LQ�WKH�RQH�ZKLFK� �

1

� �DQG� �

2

 = - �DQG� �

3

 = 1 ( Hall and Mine, 199 4; Bordes, Girardin

and. Marimoutou , 1993).

2
     Alt hough that t he vari a ble M1, i s a saving and t ransactions i nst rument , it  shows a great st ructural

st abi lit y wi th the variables of study.

The equation (5) can be estimated through the use of the J ohansen procedure (1988).

This allows for the anal ysis of the relationships of causation and exogeneity of the
series, eliminating  the bi as in the esti mators.  If there no bias in the para meters and the
estimators are efficient, this relation could be considered as an error correction model
that captures the short run fluctuations and the d ynamics of long run adjustment before
any unanticipated shocks .

T his produces a P*, which can be compared wit h the observed value, whereb y the gap
between them is the  cointegration error obtained by the J ohansen procedure (1988).  So
that the short run dynamics of this relationship can be represented in an error correct ion
model:
                                           3

  D D D D

            p p p p m y r

                    t t t t t t t

                              = - + + + + +

- - - - -

                                          a a a a a x

                                                    1 1 1 1 2 1 1 3 1 1 4 1 1 5 1 1

6

                                                              ( * ) ( )

This means that the P* model takes advantage of the common tendencies between the
series b y means of the J ohansen procedure  to forecast the price level.  The lagged
difference  terms capture the effects  of the series,  for example; the transportation costs,
short term changes  in production and in the fina ncial sector and, other peculiarities of
the econom y of the island, which affe ct prices  in the short run.  The model can also
include the effects betwe en the gaps of th e real production and the potential production,
which can be associated to a change in prices as a direct result of pressures over the
installed capa city or to the differential betwe en the level unemployment and potential
production (Kuttner, 1989; Galindo , 1997).  That is to sa y that, the change s in the level
prices, can have real effects, which can be transmitted by several periods.  In this case, it
can be considered the following model:

  D D

                      D D

            p p p y y p m

                               y r

                    t t t t t

                                       t t t

                              = - + - + + +

                                                         + +

- - - -

                                          - -

                                          a a a a

 a a m

                                                    1 1 1 1 2 1 1 3 1 1 4 1

           1 5 1 1 6 1 1

7

                                                              ( * ) ( * ) ( )

In the case of Puerto Rico, the equilib rium price level is given by (5) and in the above -
mentioned function when substituting in (7), yields:

  D

                                                                            D D D

           p p m y r y m y r

                      p m y r

                   t t t

                             t t t t t

                            = - + + + - + + +

                                              + + + +

- -

                                 - - - -

                                       a b b b a b b b

 a a a a n

                                                 1 1 1 2 3 1 1 2 1 2 3 1

           1 3 1 1 4 1 1 5 1 1 6 1 1

                                                          [ ( ) ] [ ( ) ] ( 8 )

The dynamics of inflation is modeled assuming that any the increments in the monetary
supply of the United States generate in crement s in the pric e index of Puerto Rico.

Nevertheless the pres ence of idle capacit y leaves:

  ( * ) ( * ) ( * ) ( )

          p p v v y y

                                                        t t t

                     - = - + -

9

This equation indicates  that the deviations in the observed price level and forecasted
price level should be compensated with fluct uations in the velocit y of money and the

3

     Si nce onl y annual  dat a for production exist s,  an annual periodi cit y wi ll be used.

If prices need to be
forecasted mont hl y or quarterly, , t he utilized variable (paramet er) can be repl aced b y an y measure whi ch
i s a good indi cat or of t he short run economi c acti vit y.

total production (Galindo, 1997).  Therefore, a c ointegration error (in the event of this

existing relationship) and the reduc ed form of the d ynamic equation of prices needs to

be estimated, using an error correctio n model.

Inflation (gp

                                                                                 t

                                                                                    ) can be modeled considering that it tends to its equilibrium value.  For

that, the growth rate of inflation (ggp

t

) can be es timated in its simpler form (Galindo,

1997):

   g g p p p

                           t i j t

                                    = -

-

                                                f
                                                                ( * ) ( )

1

1 0

This equation indicates that the ra te of growth of inflation accelerat es when p*>p and

vice vers a.  In this case, t he general form of the model of price gap c an be s olved :

   g g p p p i g g p

                           t t t i

i
t

                                    = - + +

- - -

=
å

                                                d d j

                                                        1 1 1 1 2 1

1

1

1 1

                                                                   ( * ) ( ) ( )

D

The advantage in the case of Puerto Rico is that all the variables in (11) are I(0).  Thi s

model can be expressed in an equivalent form for inflation (Hallman, Porter and Small,

1991; Orphanides and Porter, 1998):

   g p p p i g p i z

                   t t t i t i

i
t

                            = - + + +

                                                                                                                      - - -

=

- -

=
å å

                                         g g g z

                                                 1 1 1 1 2 1

1 1

1 3 1

1

1

1 2

                                                            ( * ) ( ) ( ) ( )

D D

III. Empirical Evidence

The se ries to be us ed are of annual periodicit y, dating from 1964 to 1997.  The

consumer pric e index (li), the real production level (l y), the prime rate  (lr) and the

monetar y suppl y (M1) of the United States (lm), will be the variables for use in the P*

model.  All the variables are logarithmic.

With this model the onl y equation und er scrutiny is prices, since it is the only one that

will be used for forecasting purposes.  From this the cointegration error will be obtained

and another model will be generated to forec ast the inflation as it appears in the

equation (12).  To prove the efficienc y of the model, it will be compared with an

ARMA(1,1) and an ARMA(2,1). This will be carried out comparing the root mean

squared error from each model.

As one can observe, in the impulse - response function of this equation, prices react, in a

trans itory form, to unanticipated shocks of the variables in the model.  This effect

spreads over several months.  The variance decomposition indicates that the real shocks

of the real production are those that have the greatest impact over the forecast varianc e

error of the price level.  The real production a ffects the evolution of the  series over the

whole forecast horizon by approximately fift y percent.  But, this does not eliminate the

relative importance of the monetar y suppl y of the United States, the same  price index

and the preferential interest rate, which also affects the forecast variance error of the

price level by approximately a 15, 20 and 9 percent, over a 10 - year period.  That is to

say that price movem ents are entirel y endogenous.

Plot of Responses To lp

                                                                                                 0 2 4 6 8 10 12 14 16 18 20 22

                                        -0.50

                                        -0.25

                                          0.00

                                          0.25

                                          0.50

                                          0.75

                                          1.00

                                          1.25

                                                                                                                       lp

                                                                                                                       lm

                                                                                                                       ly

                                                                                                                       lr

Table I

                                                                                                          Varia nce decompos ition tests for the price e quation

                                                                                                                    St ep  Est. error           l p
t

              l y
t

            l m
t

           lr
t

                                                                                                                       1  0.016369586 100.00000   0.00000   0.00000   0.00000

                                                                                                                       2  0.028032094  83.97635   9.97321   3.75543   2.29501

                                                                                                                       3  0.03918 9461  67.86848  22.31344   7.88901   1.92908

                                                                                                                       4  0.049479836  55.00383  32.76520  11.01958   1.21139

                                                                                                                       5  0.058783561  45.24709  40.45778  13.05443   1.24071

                                                                                                                       6  0.067063509  38.05654  45.66811  14.23217   2.04319

                                                                                                                       7  0.074331298  32.83830  49.0 3009  14.84108   3.29052

                                                                                                                       8  0.080651923  29.06397  51.16090  15.11458   4.66054

                                                                                                                       9  0.086136848  26.31674  52.52809  15.20971   5.94547

                                                                                                                      10  0.090923652  24.29066  53.44154  15.22013   7.04768

                                                                                                                      11  0.095153036  22.76941  54.09009  15.19657   7.9 4394

                                                                                                                      12  0.098951400  21.60218  54.58271  15.16407   8.65104

                                                                                                                      13  0.102421673  20.68403  54.98037  15.13364   9.20195

                                                                                                                      14  0.105641330  19.94193  55.31678  15.10914   9.63214

                                                                                                                      15  0.108665014  19.32532  55.61062  15.09105   9.97301

                                                                                                                      16  0.111529 265  18.79957  55.87234  15.07845  10.24964

                                                                                                                      17  0.114257588  18.34135  56.10796  15.06997  10.48072

                                                                                                                      18  0.116864878  17.93513  56.32117  15.06428  10.67942

                                                                                                                      19  0.119360811  17.57060  56.51447  15.06032  10.85461

                                                                                                                      20  0.121752205  17.24079  56.68 986  15.05730  11.01205

These results are of great importance, nevertheless that the order of integration of the
prime rate  differs from the rest of the variables.  In this case, seve ral multiple solutions
ma y arise  over the long - run, since linear combina tions of series I(1) would generate I(0)
series (Rodríguez, 2002).

Table II

                 Order of integration of the series by means of the Dickey - F uller (ADF)a and P hillips -

P erron (PP ) t ests

               *Indi cates 95 percent  of si gnificance

The above - mentioned finding is corroborated with the Johansen test (1988) that

indicates the existen ce of two cointegration vectors.  This suggests the long - run

existence of several solutions, in addition to the price equation (Rodríguez , 2002).

Table  III

Cointegration tests for lp

t

, ly

t

, lm

t

,  lr

t

      Eigenvalue  H

                                                                                                                   o

:rank = p  - T ln (1 -
l

 p+ 1

)
a
95%
- �7� � �OQ� -
l

 p+ 1

)
b
95%

      0.959  p = = 0  105.87  15.00  152.85**  36.58

      0.707  p < = 1  40.47  11.23  46.98*  21.58

      0.164  p < = 2  5.91  7.37  6.51  10.35

      0.018  p < = 3  0.6  2.98  0.6  2.98

a/ - T in(1 -

                                                            l

                                                                    p+ 1

                                                                                     ) = maxi mum charact eri sti c root  t est;

b/  - �7� � �OQ� -

                                                                           l

                                                                                   p+ 1

                                                                                                    ) = t race t est;

It  doesn’t  incl ude intercept  neither tendenc y.

B y normalizing the fi rst cointegration vector of the model, the restated equation is:

  l i l y l m l r

                = - + +
                                     0 3 1 0 1 0 3 7 0 1 0 6 1 3

                                            . * . * . * ( )

The signs  are those expected a ccording to economic theor y.  In this case, t he parameters

indicates the relationships that the economic agents use to maintain the prices in the

trajector y towards equilibrium.  Hence forth, this means that, price  level dynamics in the

short run, can be interpreted in an error correction model.

The t est for weak exogeneity for each of the variables in the price equation of the VAR

model is rejected, with the exception of the prefere ntial interest rate.  But, it is important

to consider that the alpha values for the equation are ver y close to zero.  Th is means

that, i n spite of the weak exogeneit y  results, the variables under consideration contain

relevant information to explain the behavior of the s ystem.  In this case, it could be

Variable  ADF  PP

p

t

 - 1.754  - 1.055

Dp

t

 - 2.862*  - 2.300*

m

t

 - 1.136  - 0.878

Dm

t

 - 3.235*  - 2.818*

y

t

 - 0.971  - 1.475

Dy

t

 - 5.369*  - 5.105*

R

t

 - 2.887*  - 2.299*

 10

Given these results, this model is a good approach for the generating process of
information (GPI) of the future evo lution of annual inflation and is good as tool to
forec ast future inflation compared with other models.

V. Bibliogr aphy

Allen, C. and S.G. Hall, (1991), "Mone y as a Potential Anchor for the Price Level: A

Critique of the P* Approach", Ec onomic Outlook 5: 4 5 - 49.

Arnold, I.J . (1995), "Stochastic Trends in the long - run behavior of velocity: a new test
of the institutional hypothesis", Jour nal of Policy Modeling , 18(6): 623 - 641.

Bordes,  C., E. Girardin y V. Marimoutou (1993), "An evaluation of the performance  of

P - star as an indicator of monetar y conditions in the perspe ctive of EMU: the case of

France ", in Philip Arestis (ed.), Money  and Banking , St Martin Press.

Galindo, L.M. (1997), "El modelo P* como indicador de la política monetaria en una
economía con alta inflaci ón", El Trimestre Económico 2: 221 - 239.

Hall, S.G. and A. Milne (1994), "The Relevance of P - star Anal ysis to UK Monetar y

Polic y", Ec onomic J ournal , 104: 597 - 604.

Hoover, K.D.  (1988).  The Ne w Classical Macr oeconomics . Cambridge,  USA,

Blackw ell.

Hallman, J.J., R.D. Porter and D.H. Small (1991), "Is the Price Level Tied to the M2

Monetar y Aggregate in the Long Run? ", Amer ic an Economic Rev iew  81(4): 841 - 858.

Hallman, J.J. and R.G. Anderson (1993), "Has t he Long - run Velocity of M2 Shifted?

Evi dence form the P* Model", Ec onomic Re view , Federal Reserve Bank of Cleveland.

29(1): 4 - 26.

J ohansen, S. (1988), "Statisitcal Analyses  of Cointegrating Vectors", Jour nal of

Ec onomics Dynamics and Control 12: 231 - 254.

Kuttner, K. N. (1989), "Monetar y and n on - monetar y sources of inflation: an error
corre ction anal ysis", W orking Paper, Federal Rese rve Bank of Chicago 15.

Kutner, K. and Evans, C.  (1998).  ^ Can VARs Describe Moneta r y Policy? ~   Working

Paper of the Federal Bank of  New York.

Rodríguez, C. (20 02).  ^ Análisis dinámico de la economía de Puerto Rico con un
modelo de vectores autorregresivos y cointegración.~  Serie de Ensayos y Monografías .

Unidad de Investiga cione s Económicas, University of  Pue rto Rico(110)

Toledo, W. (1996).  ^La neutralida d del dinero: Una discusión de la literatura y un
aná lisis empírico para Puerto Rico.~ Serie de Ensayos y Monografías . Unidad de

Investigaciones E conómicas, Universit y of Pue rto Rico(78).

 11

Toledo, W . (2000). ^Inflación y señoriaje en Puerto Rico~.  Serie d e Ensayos y

Monografías . Unidad de Investigaciones Económicas, Universit y of Puerto Rico(100).