
Essays on the Mexican economy

Item Type text; Dissertation-Reproduction (electronic)

Authors Hernandez, Clemente

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 09:25:02

Link to Item http://hdl.handle.net/10150/289941

http://hdl.handle.net/10150/289941


ESSAYS ON THE MEXICAN ECONOMY 

by 

Clemente Hernandez 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF ECONOMICS 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

2 0 0 3  



UMI Number: 3107000 

UMI 
UMI Microform 3107000 

Copyright 2004 by ProQuest Information and Learning Company. 

All rights reserved. This microform edition is protected against 

unauthorized copying under Title 17, United States Code. 

ProQuest Information and Learning Company 
300 North Zeeb Road 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346 



9 

THE UNIVERSITY OF ARIZONA ® 

GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

read the dissertation prepared by Clemente Hernandez 

entitled Essays on the Mexican Economy 

and recommend that it be accepted as fulfilling the dissertation 

requ^ement for the Degree of Doctor of Philosophy 

Date Price V.i FishBack 

Date Alfonso/ Hlones-Lagunes 

/XJTYK /A/ K 1 
Ronald L. Oaxaca 

Date 

'.1. 

Stanley S. Reynolds 
Date 

Date 

Final approval and acceptance of this dissertation is contingent upon 

the candidate's submission of the final copy of the dissertation to the 

Graduate College. 

I hereby certify that I have read this dissertation prepared under my 

direction and recommend that it be accepted as fulfilling the dissertation 

requirement. 

Dissertatxm 

Alfonso Flo 

7 l^oloS 
Date ' ' 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of requirements for an 
advanced degree at The University of Arizona and is deposited in the University Library 
to be made available to borrowers under rules of the Library. 

Brief quotations from this dissertation are allowable without special permission, 
provided that accurate acknowledgement of source is made. Requests for permission for 
extended quotation from our reproduction of this manuscript in whole or in part may be 
granted by the head of the Accounting department or the Dean of the Graduate College 
when in his or her judgment the proposed use of the material is in the interests of 
scholarship. In all other instances, however, permission must be obtained from the 
author. 

SIGNED: 



4 

ACKNOWLEDGEMENTS 

I am extremely grateful to many people for assisting me in completing this 
dissertation. First, I wish to thank the people most directly involved, my dissertation 
committee members, both for their contributions to my academic work as well as to my 
personal growth. I would like to thank Dr. Alfonso Flores-Lagunes for his support. He 
has served as friend, mentor and advisor throughout this dissertation process. Alfonso, I 
do not have adequate words to describe my gratitude to you. Thank you for providing 
guidance, moral support, and encouragement during the last months. I could not have 
asked for a better mentor. Part of the work included in this dissertation is the result of a 
join cooperation effort with him. I am also indebted to the other committee members for 
their patience, thoughtful insights, and suggestions, which helped me to improve my 
dissertation. I could not have completed this work without their help. I would like to 
thank Dr. Stanley Reynolds, for his helpful advise and comments on this research at 
many different stages. Thank you for all the effort, invaluable support, and constructive 
suggestions you gave me to improve and finish this work. Stan's substantial guidance 
and enthusiasm for this study is greatly appreciated. Dr. Price Fishback made sure I was 
on track with my academic progress during the doctoral program at the University of 
Arizona, and helped that my dissertation stayed focused. Moreover, Dr. Fishback was 
instrumental in providing invaluable support, helpful advise, comments, and insight on 
earlier versions of this research and extensive discussions of related concepts. I am 
especially thankful to Professor Oaxaca for his great help to improve and finish this 
research. Thanks to Ronald Oaxaca for his helpful comments and encouragement as this 
work evolved. Special thanks to Dr. Kantor for all the suggestions and great ideas he 
provided during the early stages of the investigation. Shawn's comments and suggestions 
have significantly improved the quality of all my work. Also, I would like to thank the 
economics faculty at the University of Arizona for all of their support. I could not have 
achieved this goal without your help. 

As a Ph.D. candidate in the United States I have been granted a scholarship by the 
Consejo Nacional de Ciencia y Tecnologia (CONACYT). I gratefully acknowledge 
financial support from CONACYT during my doctoral career. Without this assistance, 
this research would have not been possible. 

I am especially grateful to both of my parents to whom I also dedicate this 
dissertation. None of this would have been possible without their support. Equally, I 
dedicate this dissertation to my brothers Ismael, Bulmaro, and Genaro; to my sisters 
Oliva, Yolanda, Casilda, Silvia, and Edith; and to my relatives Argelia Olmos, and Lili 
Karina Hernandez. Without their support I could not have accomplished this goal. 

I wish to thank to my dearest friends in Mexico and the U.S. (Special thanks go to 
Angela Villa, Francisco Romto, Lucia Villa, Sonia Maite Cruz, Veronica Pulido, and 
Virginia Martinez) for their camaraderie, comfort and empathy only those who trial 
parallel life paths can offer. I thank you for having given me a friendship that will always 
be part of me. And last but not least, I owe a great debt of thanks to all people, both 
friends and colleagues, who believed in and supported me during my graduate school 
years. 



5 

DEDICATION 

To JEHOVAH, 

for His continuous presence in my life and His unconditional care through good (and not 

so good) times, never failing to make me feel accompanied and loved. 

I dedicate this achievement to honor His name. 

To my father, J. J. GENARO HERNANDEZ, 

who contributed to give me an integral personality formation. I hope he is very proud and 

pleased with how my life has turned to be. 

To my mother, VIRGINIA RODRIGUEZ, 

for her encouragement, unfailingly support and encouragement for my goals and 

aspirations throughout my life. 



TABLE OF CONTENTS 

ABSTRACT 

INTRODUCTION 

PROBLEM DEFINITION 
EXPLANATION OF THE DISSERTATION FORMAT 

PRESENT STUDY 

REFERENCES 

APPENDIX A: MARKET CONCENTRATION AND INTEREST-RATES IN 
THE MEXICAN COMMERCIAL BANKING INDUSTRY.... 

INTRODUCTION 
MODEL SPECIFICATION 

The Approach and Issues of Analysis 
DATA DESCRIPTION AND SOURCES 
EMPIRICAL RESULTS 

Market Concentration and Commercial Loan Rates 
Market Concentration and Deposit Rates 

CONCLUSIONS 
REFERENCES 
TABLES 
FIGURES 

APPENDIX B: THE DETERMINANTS OF THE MEXICAN BANKS 
DISAPPEARANCE 

INTRODUCTION 
MEXICAN BANKING 

The Institutional Setting 
The Banking Bailout Package after the Peso Crash 

DURATION MODEL 
EMPIRICAL ANALYSIS 

Data 
Empirical Results 

Kaplan Meier Estimation 
The Coefficients on the Explanatory Variables 
Did FOBAPROA Cause Moral Hazard? 

CONCLUSIONS 



7 

TABLE OF CONTENTS - Continued 

REFERENCES 105 
TABLES 108 
FIGURES 121 
SUPPLEMENTARY MATERIALS 125 

A. ACRONYMS (MEXICAN AGENCIES OR INSTITUTIONS) 125 
B. PROPORTIONAL HAZARD MODELS 126 

B.l. Nonparametric Estimation 126 
B.2. Explanatory variables in the Proportional Hazards Model 128 

B.2.1. Model Specification 128 
B.2.2. Partial-Likelihood 128 

B.3. Time-Varying Explanatory variables 130 

APPENDIX C: AN ENDOGENOUS GROWTH PERSPECTIVE OF THE MEXICAN 
ECONOMY SINCE WWII 131 

INTRODUCTION 131 
THE ECONOMIC PERFORMANCE OF MEXICO AFTER WWII 134 

Industrial and Technological Policies 136 
The Import Substitution Strategy 136 
The Maquiladora Program 137 

Mexican Trade Policy 139 
Structural Reforms 141 

Fiscal Policy 141 
Privatization 141 
The Banking System 142 

Property Rights in Mexico 143 
SURVEY ON ECONOMIC GROWTH 144 
ENDOGENOUS GROWTH MODEL FOR THE U.S.-MEXICO RELATIONSHIP 148 

Production Relations 152 
Supply of Skills 155 
Innovations 156 
The Price of Skills 159 
Technology Transfer and Absorptive Capacity 160 
The Dynamical System 163 
Implementation 163 
Modem and Implementation R&D 165 
Implications of the Model 168 

EMPIRICAL ANALYSIS 172 
CONCLUSIONS 179 
REFERENCES 182 
TABLES 187 
FIGURES 192 



8 

ABSTRACT 

The analysis of the Mexican economy is important because some of its 

developments have had international repercussions, and the lessons learned from Mexico 

may be applied in other developing countries. This dissertation comprises three essays 

related to the Mexican economy. The first two are connected to the Mexican banking 

industry, while the third essay analyzes the Mexican economy since WWII from an 

endogenous growth perspective. 

The first essay investigates the fimctional relationship between concentration and 

interest-rates in the Mexican commercial banking industry. A fundamental contribution 

of this essay is the use of parametric, nonparametric, and semiparametric procedures to 

determine the fimctional form of the concentration and interest-rate relationship. We 

check for regularities across products, and over time. The semiparametric estimation 

dominates the other methods. The resulting functional form seems to support the 

prediction of the structure-performance paradigm of a positive concentration-price 

relationship. 

In the second essay we use Cox (1972) proportional-hazards models with time-

varying covariates in order to identify the characteristics that cause Mexican banks to 

disappear. We conclude form this study that the evolution of the Mexican banking 

system has been determined by the asset quality, the earnings, and the liquidity ratios 

(CAMEL-type financial ratios). Moreover, we use the estimated time-varying 

coefficients to analyze the effects of moral hazard form risk-taking induced by the 
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Mexican government deposit insurance scheme, FOBAPROA. We find that 

FOBAPROA affected the coefficients exacerbating financial problems already present. 

Finally, in order to analyze the performance of the Mexican economy since 

WWII, the third essay employs a two-country endogenous growth model. An 

implication of this growth model is that because of technology transfer, the U.S. (R&D-

performing country) and Mexico (implementation R&D country) converge to parallel 

growth paths, as long as some minimum conditions in terms of institutions and human 

capital are met. We find suggestive evidence that a lack of adequate institutions and 

human capital base are likely to contribute to the explanation of the poor performance of 

Mexico's GDP per capita after the reforms in the 1980s. 
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INTRODUCTION 

The analysis of the Mexican economy is important because some of its 

developments have had international repercussions. Moreover, the lessons learned from 

Mexico may be applied in other developing countries. 

One of the main issues faced by Mexico in the 1990s involved the financial 

sector. Since the re-privatization process in the early 1990s, the number of Mexican 

banks has fallen by almost one-half, reflecting first an unprecedent number of 

governmental interventions (including banking bailouts) and, subsequently, acquisitions 

or mergers. At the same time, the Mexican economy growth was stagnant in the 1980s 

and 1990s. 

In this dissertation, we analyze the impact of the mergers in the banking industry 

from a perspective of industrial organization. Also, using a hazard model, we investigate 

the determinants of the banks disappearance in Mexico. Finally, we investigate the 

reasons of the stagnation of the Mexican economy after 1980 based on the insights of a 

two-country endogenous growth model. The econometric tools used are related to 

semiparametric estimation (nonparametric econometrics), time-varying covariates 

hazards model (duration models), and cointegration analysis (time series). 
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PROBLEM DEFINITION 

This dissertation comprises three essays related to the Mexican economy. The 

first essay investigates the functional relationship between concentration and interest-rate 

in the Mexican commercial banking industry. There are two paradigms debating over the 

underlying causes of the functional relationship between concentration and interest-rate. 

On the one hand, the structure conduct performance paradigm states that antitrust or 

regulatory actions should be beneficial. On the other hand, the efficient structure 

paradigm suggests that such actions are likely to be counterproductive. Such a 

concentration to interest rates relationship analysis is important for bank merger policy 

considerations, because mergers intended to achieve market power gains and those 

intended to achieve efficiency gains may have different social implications. 

Several studies have sought to identify the characteristics that cause bank failure. 

The evolution of the banking system in Mexico has been determined by different factors. 

The second essay attempts to identify the factors that have cause bank disappearance in 

Mexico. Additionally, several authors have claimed that the Mexican government 

deposit insurance scheme, FOBAPROA led to moral hazard problems. Using balance-

sheet information, we estimate a time-varying covariates hazards model to analyze the 

role played the moral hazard induced by FOBAPROA. 

Since the begiiming of the 1980s Mexico's GDP per capita has been stagnant. 

Such disappointing performance of GDP per capita stands in sharp contrast with its 

outstanding performance during the period of import substitution and protectionism from 

1950-1980. It is of great interest to researchers and to policymakers in Mexico and in 
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international organisms, such as the IMF or the World Bank, to find explanations for the 

sharp contrast in the performance of the GDP per capita in the aforementioned periods. 

The objective of the third essay is to propose an explanation to the determinants of the 

GDP per capita growth in Mexico. We use a two-country endogenous growth model to 

frame our arguments within the clear dependence of the Mexican economy on the U.S. 

(its main trading partner). 

EXPLANATION OF THE DISSERTATION FORMAT 

My dissertation comprises three essays related to the Mexican economy. The first 

two are connected specifically to the Mexican banking industry, while the third essay 

examines the Mexican economy since 1950s from an endogenous growth perspective. 

The third essay is a joint work with Alfonso Flores-Lagunes and Daniel Garces-Diaz. 

My contribution in the third paper is the description of the endogenous model and the 

cointegration analysis of productivity between and Mexico the U.S. 
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PRESENT STUDY 

The methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation. The following is a summary of the most important findings 

in these papers. 

The first essay departs from much of the previous cross-sectional literature 

because, in addition to testing hypothesis about the impact of market concentration on 

interest rates, we estimate the functional form of the concentration and interest-rate 

relationship. A fundamental contribution of this essay is the use of parametric, 

nonparametric, and semiparametric procedures to determine the functional form of the 

concentration and interest-rate relationship. Two different types of commercial loans and 

two different types of deposit accounts were chosen for this essay to check for 

regularities across products. Data from three different time periods (characterized by 

relative interest rate stability) were collected in order to check regularities over time. The 

semiparametric estimation dominates the other methods (parametric and nonparametric 

methods) in terms of the Mean Square Error of the fit. The resulting functional form 

seems to support the prediction of the structure-performance paradigm of a positive 

concentration-price relationship, implying that antitrust regulations have potential 

benefits. 

In the second essay we use Cox's (1972) proportional-hazards models with time 

varying covariates in order to identify the characteristics that cause Mexican banks to 

disappear. We include macroeconomic variables that improve the overall performance of 

the model and take into account major macroeconomic developments, such as the Peso 
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crisis in 1994. We divide the sample of banks into; new banks and re-privatized banks, 

given that this distinction is useful for the analysis. The survival probability of a re-

privatized bank fell more rapidly than the survival probability of a new bank. We 

conclude form this study that the evolution of the Mexican banking system has been 

determined by CAMEL-type financial ratios. Specifically, financial ratios related to asset 

quality, earnings, and liquidity affect the probability to disappear of a given bank. We 

use the estimated time-varying covariates hazards model in order to analyze the effects 

induced by the Mexican government deposit insurance scheme, FOBAPROA. The main 

implication of this essay is that the banking bailout implemented using FOBAPROA 

affected the coefficients exacerbating financial problems already present. This is a prime 

case of study for institutional bailouts that some other countries might adopt at some 

point. 

Finally, in order to analyze the performance of the Mexican economy since 

WWII, the third essay employs a two-country endogenous growth model. An 

implication of this growth model is that because of technology transfer, the U.S. and 

Mexico, an R&D-performing country and an implementation R&D country, respectively, 

converge to parallel growth paths, as long as some minimum conditions in terms of 

institutions and human capital are met. We find evidence that a lack of adequate 

institutions and human capital base are likely to contribute to the explanation of the poor 

performance of Mexico's GDP per capita after the reforms in the 1980s'. 

' Since the mid 1980s, Mexico has embraced the movement towards the deregulation of financial systems 
and the privatization of state-owned companies, specifically, the banking sector. 
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APPENDIX A: 

MARKET CONCENTRATION AND INTEREST-RATES IN THE MEXICAN 

COMMERCIAL BANKING INDUSTRY 

INTRODUCTION 

An important debate between the traditional SCP (structure-conduct-performance) 

paradigm [Hannan (1991b)] and the ES (efficient-structure) paradigm [Demsetz (1973)] 

has arisen over the underlying causes of the relationship between concentration and 

profits in banking [Peltzman (1977)]. The traditional SCP paradigm takes concentration 

as exogenous and maintains that high concentration allows for noncompetitive behavior 

that results in less favorable prices to consumers and higher profits to firms. The ES 

paradigm, however, takes firm-specific efficiencies as exogenous and maintains that 

these efficiencies result in both more concentrated markets and higher profits. This 

paradigm predicts that prices will be more favorable to consumers in concentrated 

markets because of the greater efficiencies exhibited in such markets. 

An important question is at stake in the debate between the traditional SCP 

paradigm and the ES paradigm. On the one hand, the SPC paradigm suggests that 

antitrust or regulatory actions should be productive or beneficial. On the other hand, the 

ES paradigm suggests that such actions are likely to be counterproductive because these 

actions would eliminate the efficiency already present in the market. This paper focuses 
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on whether semiparametric functional form improves the functional form of model 

specification in order to test the aforementioned conjectures. 

As a consequence of problems of interpretation associated with studies that seek 

to identify the relationship between market concentration and firm profits, a growing 

body of literature has focused on the relationship between market concentration and 

observed prices. Weiss (1989) has summarized the general findings and significance of 

these studies up to the late 1980s. This paper can be viewed as another priced-

concentration study, but applied specifically to the Mexican commercial banking 

industry.^ To determine robustness with respect to methodology, parametric, 

nonparametric and semiparametric procedures are employed. 

This paper departs from much of the previous cross-sectional literature [Bain 

(1950), Shmalensee (1985)] because, in addition to testing hypothesis about the impact of 

market concentration on interest-rates, we estimate the functional form of the 

concentration-interest rates relationship. In other words, this paper does not attempt only 

to estimate or to test hypotheses about structural parameters. The aim of this paper is to 

shed additional light on the functional relationship between market concentration and 

' In the case of the banking industry, the price is the interest-rate paid or received by the banking 
firms, depending on whether one deals with a deposit or a loan. 

^ The relationship between market structure and performance has been extensively studied for the 
U.S. banking. For instance Gilbert (1984) provides a survey of empirical studies in the U.S. banking 
mdustry. Other studies about the commercial banking in the U.S. are Hannan (1991a) and Shaffer (1989). 
Analysis of Market conduct and structure in other coxmtries are presented by Matutes and Vives (1994), 
Molyneux et al, (1994), Lloyd-Williams and Molyneux (1994), Shaffer (1995), ad Molyneux et al, 
(1996). Specifically, Molyneux et al, (1996) present an empuical assessment of competitiveness in the 
Japanese banking market. Moreover, Molyneux et al, (1994) show that banks in Germany, UK, France and 
Spain earned revenues as if under conditions of monopolistic competition. In contrast, research work 
investigating this relationship for Mexican bankmg has been scant. 
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price, instead of determining simply if the null hypothesis of no relationship can be 

rejected in favor of a positive relationship as supported by the SCP conjecture. Such a 

concentration-to-interest-rates relationship analysis may be important to bank merger 

policy considerations, because mergers intended to achieve market power gains and those 

intended to achieve efficiency gains may have different social implications. 

The approach of this paper is motivated by the following practical questions 

encountered in applied industrial organization and in antitrust policy, namely: (1) what is 

the most appropriate measure of market concentration?; (2) at what point in the 

relationship between market-concentration and observed-interest-rates do increases in 

market concentration begin to influence banking interest-rates and whether increases in 

concentration fail to result in increased interest-rates at a given point?; (3) is the 

relationship between concentration and interest-rates continuous over a range or does it 

have kinks?, in other words, is there a threshold level of concentration above which 

interest-rates are imiformly high and below which they are uniformly low? Most 

importantly, (4) is there any indication of a functional relationship between interest-rate 

and concentration that exhibits similarities over time and across products?"^ 

Two different types of commercial loans and two different types of deposit 

accoimts were chosen for this study in order to check for regularities across products in 

^ Numerous studies find a positive statistical relationship between market concentration and 
measures of firm or indutry profitability. Among these studies, Berger and Hannan (1989), and Lloyd-
Williams and Molyneux (1994) support the SCP paradigm. Rhoades (1981) investigates the shape of the 
relationship between market concentration and bank performance measures using profit rates and prices 
constructed fi-om bank income and call reports. 

'* These questions are similar to those posed in Audretsch, and Siegfried (1992). 
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the relationship between concentration and interest-rate in the Mexican commercial 

banking industry. Data from three different time periods characterized by relative interest 

rate stability were collected to check regularities over time. 

From the parametric analysis, with the exception of unsecured variable-rate loans, 

loan-rate concentration relationships have in common a relatively sharp rise in rates 

starting at Herfindahl index values greater than 1667 and continuing to the highest 

observed values of the index. ^ These relationships appear to show some variation over 

time. The start of the rise in the concentration interest rate relationship occurs, if 

anything, at higher values of concentration. Observed flmctional relationships for the two 

deposit accounts examined are less stable over time and across products. In the case of 

rates offered for money deposit accounts most of the decline in deposit rates 

accompanying an increase in the Herfindahl index occurs before the index reaches 1667, 

while immediate withdrawal deposit account rates during the same period continue their 

decline over much higher levels of concentration. The cross sections of April-May 1998 

and January-February 2000 generally indicate a much weaker relationship between 

measures of concentration and deposit rates. 

In terms of the different concentration measures employed, the one-firm 

concentration ratio results in the highest adjusted R-squared in the parametric regression. 

However, the Herfindahl index ranks more consistently among the measures producing 

the highest R-squared over the many cross-sections examined. No strong evidence in 

^ Merger guidelines in the U.S. case are primarily concerned with mergers only after the 
Herfindahl index reaches values greater than 1500. 
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favor of a concentration-interest-rate relationship that is positive in one range of the 

concentration measure and negative in another is found. Rather this relationship seems to 

support the SCP paradigm. 

For any given product and period of time examined, results concerning the 

functional form appear to be robust for the parametric and semiparametric methods. With 

a few exceptions, both parametric and nonparametric methods appear to produce the 

same general outlines of the price-concentration relationship, but in terms of the Mean 

Square Error of fit, the semiparametric estimation definitely dominates the other 

procedures. 

The remainder of this paper is organized as follows. Section 2 specifies the model 

used. Section 3 describes the data and sources, as well as the approach of the analysis. 

Section 4 presents the empirical findings about the market concentration and commercial 

loan rates relationship, as well as the market concentration and deposit rates relationship. 

Section 5 concludes this essay with a summary of the underlying findings. 

MODEL SPECIFICATION 

Following Weiss (1974) and Smirlock (1985), the traditional SCP paradigm and 

the ES paradigm can be tested by estimating the reduced-form interest rate equations in 

the form: 

4 = a  +  b ' x l , + d M S ' ; , + y C ] , + v l , ,  ( 1 )  
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where represents the interest rate paid (or received) at time t on product k by bank i 

located in market j. x*, denotes a vector of control variables that may differ across banks, 

markets, products or time periods. These control variables accoimt for firm-specific and 

market-specific characteristics. They include factors exogenous to the bank that may 

affect prices through market conditions or costs considerations^. denotes a measure 

of concentration in local market j  for product k at time t .  MSj,  is a measure of market 

share in local market j for product k at time t. Coefficients are represented by a, the 

vector b'. Sand y, while v'lj, denotes the error term. 

In vector notation, model (1) could be reduced to: 

r = Xp + yc + v, (2) 

where X includes a vector of ones, the control variables, and the measure of market share. 

a, b, and 5 are now included in the vector fi. c is the measure of concentration, v is the 

residuals vector. 

The SCP paradigm maintains that market concentration results in prices less 

favorable to consumers. When the prices employed are interest-rates on loans, this 

® Research in the mainstream of industrial organization has tested the relationship between price 
(an index of performance) and concentration (an index of structure) including the following variables: an 
index of concentration or market share, fmancial variables and ratios, and macroeconomic variables, among 
others. Included financial variables and ratios are; total assets of the bank, savings, loans, the growth rate 
of deposits in the bank's market, total interest revenue, unit of capital, unit price of fimds, number of 
branches of the bank, loans-to-deposits ratio, loans-to-assets ratio, capital-to-assets ratio, interbank-
deposits-to-total-deposits, and the ratio commercial-and-industrial-loans to total-loans. Macroeconomic 
variables are local per capita income and local bank wage rate. Usually, dummy variables are location and 



paradigm implies a positive interest-rate-concentration relationship, or f>0. Conversely, 

when the prices employed here are interest-rates on deposits, the SCP paradigm implies a 

negative interest-rate-concentration relationship, or )<0. 

The ES paradigm implies that loan interest rates will be more favorable to 

consumers in concentrated markets because of the greater efficiencies exhibited in such 

markets. Thus, this suggests a non-positive interest-rate-concentration relationship, or 

}<0. Conversely, the ES paradigm implies that if banks in concentrated markets are more 

efficient in collecting deposit funds and transforming them into profitable investments, 

the marginal dollar of deposits should have more value to them. Thus, these banks should 

offer higher interest rates to depositors, implying a non-negative interest-rate-

concentration relationship, or />0. 

The Approach and Issues of Analysis 

We employ interest-rates either charged or paid by banks to examine the 

relationship between concentration and interest-rates as they apply to two different types 

of commercial loans and two different types of bank deposits. Assuming that the market 

competition of these products is local in Mexico [Berger and Hannan (1989) provide 

substantial evidence suggesting that competition of these products is at a local basis in the 

U.S.], the availability of information on the interest-rates associated with these products 

ownership, [See Berger and Hannan (1989), Lloyd-Williams and Molyneux (1994), Molyneux et al. 
(1996), and Molyneux et al, (1994)]. 
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provides an opportunity to estimate numerous cross-sectional concentration-and-interest-

rate relationships as they apply to the Mexican banking industry.^ 

In order to avoid distortions in equilibrium concentration-and-interest-rate 

relationships resulting from such differential interest-rate responses, only periods of 

relative interest-rate stability are examined. Evidence from both within and outside the 

banking industry suggests that firms in more concentrated markets may adjust prices 

more slowly in response to exogenous shocks [Harman and Berger (1991)]. The 

relationship between interest-rate and concentration as they apply to each of these 

products is estimated at three different points in time: March to June 1998, March to 

September 1999, and January to March 2000. These periods were chosen because they 

represent periods of relative interest-rate stability in Mexico. The early half of 1999 

represents by far the longest period in recent years during which interest rates remain 

relatively unchanged in Mexico. Thus, of the three periods, July 1999 is chosen because 

it is the period with the greatest interest rate stability. The other two periods represent 

much shorter intervals during which interest rates did not change as much. 

Data will be restricted to banks operating in Mexican metropolitan areas because 

municipalities (Mexican equivalent of counties in the U.S.) are less reliable for defining 

rural markets and because of possible complications introduced by urban and rural 

differences. As in all relevant banking studies, measures of market concentrations are 

^ This assumption is not as strong as it may appear. When looking for a loan, people frequently go 
to local bank branches. Likewise, a similar argument applies to deposits. 
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constructed from information about the deposit shares of all banks operating in a defined 

market.^ 

Several approaches are employed in examining the functional relationship 

between interest-rate and concentration (for each of the four banking products). The first 

approach is a straightforward linear regression analysis that examines the performance of 

various proposed measures of market concentration, controlling for other measurable 

determinants of interest-rate. A second approach is a parametric approach that examines 

the impact of the (x+1)"^ largest market share with x-firm concentration ratio included in 

the regression. A third parametric approach examines the relationship between interest-

rate and concentration by employing a series of dummy variables, each variable 

indicating a range of concentration defined on the basis of a given concentration 

measure.^ 

The last approach involves nonparametric procedures. Additionally, a 

semiparametric estimation of each relationship [Pagan and Ullah (1999)] is proposed 

because when used individually, both parametric and nonparametric procedures have 

certain drawbacks. To explain these drawbacks let the regression model (2) be 

r -XP + m{c) + V, (3) 

where m{c) is yc only if the model is linear (parametric). 

^ This is necessary given the fact that only deposits (and not, for example, loans) are available on a 
branch-by-branch basis. Only banks with a majority of theu- deposits in one market are included m the 
analysis in order to ensure a close correspondence between market concentration and observed interest-
rates. 
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The piire nonparametric estimation transforms model (3) in: 

r = m(c) + v, (4) 

where v = Xp + v. In the relationship r = m(c) + v, where m is a function of unknown 

form, m(c) is the conditional expectation of r/® If m(c) = f(y/,c}=i//c for almost all  c, 

and some y/, then we say that the parametric regression model given by r = m(c) + w is 

correct. It is well known that one can construct a consistent estimate of y/, say y/, and 

hence a consistent estimate of m{c) given by rhp(c) = f(yf,c) = y/c. Provided that the 

parametric regression model is incorrect,  f(y/ ,c) may not be a consistent estimate of m(c).  

Parametric estimates have a major drawback. Regardless of the data, a parametric 

estimate cannot approximate the regression function better than the best function that has 

the assumed parametric structure. For instance, a linear regression estimate will produce a 

large error for every sample size if the true underlying regression function is not linear 

and cannot be well approximated by linear functions. Nevertheless, one can still 

consistently estimate the unknown regression function m(c) by various nonparametric 

estimation techniques [See Hardle (1990) and Pagan and Ullah (1999) for details]. In this 

paper, the kernel estimator is considered, because it is easy to implement and its 

asymptotic properties are now well established: 

mJc)^j:rK[{c,-c)l  h]lYK[{c,-c)lh],  (5) 

® The interval dummies are determined using the optimal bandwith from the nonparametric 
analysis. 
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where the summation runs over all observations. K[.] is the kernel, h is the bandwidth. 

This could be calculated for several values of c, producing an empirical representation of 

the unknown fimctional form m. This formula can be exploited to produce an estimate of 

the conditional mean of any function of c, simply by replacing c, by the relevant function 

of c. 

In practice, the choice of functional form for the kernel is not important (so our 

choice of the normal distribution is non controversial), but the choice of variance for the 

kernel is very important. This suggests that an appropriate kernel could be of the form 

N(0, h^), where the standard deviation h is chosen with care. A small value of h means 

that the kernel puts non-negligible weight on observations very close to co', thus, the 

choice of h is analogous to the choice of interval width. Because the magnitude of h 

determines which observations are considered, h is called the bandwidth. The logic of all 

this suggests that h should decrease as the sample size increases, and in fact it can be 

shown that the optimal value of h is proportional to the fifth root of the sample size 

[Wand and Jones (1995)]. A further problem is that a value of h that is suitable for 

estimation of the main body of the density of c may not be large enough for estimation of 

the tails of that distribution (because there are fewer observations in the tails), suggesting 

that some method of allowing h to vary might be appropriate. Doing so creates variable-

m{c) can be calculated as E ( r  | c) = f r f { r  \  c ) d r .  

" Performing the calculation of E(,r | c) = j r f { r  \  c ) d r ,  using for f(r\c) the estimate of it that results 
from the ratio of the joint density to the marginal density, after some algebra, the estimated w(c)is as given 
in (5). 
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bandwidth estimators.'^ There is some agreement in the semiparametric literature that 

cross-validation is helpful in selecting the bandwidth parameter.'^ For our specific case, 

the kernel estimator becomes. 

<Vc; = ErK[(c, -c)/A,]/ZK[{C,  -c)lh],  (6) 

where the suirmiation runs over all observations. Ar[.] is the kernel, hi is the resulting 

individual bandwidth from the cross-validation method. From (4), it is clear that a 

nonparametric approach does not allow for extensive statistical control of other potential 

determinants of interest-rates because of the paucity of observations, particularly in the 

case of bank deposit rates. 

The semiparametric approach uses model (3), such that it is expressed in the 

following way: 

r = Xp + u, (7) 

where u = m{c) + v. Semiparametric estimation proceeds by first fitting r and X of this 

last model (3) by OLS. The residuals that result are 

If h is chosen to be too small, too few observations will have non-negligible weight and the 
resulting density estimate will appear rough (or undersmooth- this is why h is called the smoothing 
parameter). If it is chosen too large, too many observations will have a non-negligible weight, 
oversmoothing the density. This introduces extra bias into the estimation procedure, because observations 
not extremely close to the c value for which the density is being calculated do not belong to it. Thus, there 
is a trade-off between variance and bias. A high value of h reduces the variance of the density estimate 
(because it causes more observations to be used) but introduces more bias. 

" Further literature about Cross-validation can be found in Hardle (1990), Gyorfi et al. (2002), and 

Simonoff (1996). The Cross-validation selection of h i s  H „  =  arg min-l - S f »i >, where 0„is the 
/,e0„ J j " 

set of possible bandwidths. Define the cross-validation estimate by ( c ) .  In other words, the selection of 
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S = u = r-Xp°' ' \  

m(c) is obtained by fitting 9 = r- nonparametrically with c. 

i9 = m(c) + V. (8) 

In this case, m{c) is the conditional expectation of 9 where w is a function of 

unknown form. If m(c) = g{y,c)-yc from almost all c, and some y, we say that the 

parametric regression model given by .9 = m(c) + v is correct. Again, one can construct a 

consistent estimate of y, say y, and hence a consistent estimate of m{c) given by 

mp{c) = g(y,c) = yc. In general, if the parametric regression model is incorrect, the 

g(y,c) may not be a consistent estimate of m{c). However, one can still consistently 

estimate the unknown regression function m{c) by nonparametric estimation techniques. 

The kernel estimator is again considered: 

where the summation runs over all observations. Ar[.] is the kernel, hi is the resulting 

individual bandwidth from the cross-validation method. Suppose the econometrician has 

some knowledge of the parametric form of m{c) but there are regions in the data that do 

not conform to this specified parametric form. In this case, even though the parametric 

model is misspecified only over portions of the data, the parametric inferences may be 

misleading. In particular, the parametric fit will be poor (biased) but it will be smooth 

the bandwidth using cross-validation consists of setting some data aside before estimation; if the average 



(low variance). On the other hand, the nonparametric techniques which totally depend on 

the data and have no a priori specified functional form may trace the irregular pattern in 

the data well (less bias) but may be more variable (high variance). Thus, the problem is 

when the functional form of m(c) is not known, a parametric model may not adequately 

describe the data where it deviates firom the specified form, whereas a nonparametric 

analysis would ignore the important a priori information about the underlying model, A 

solution is to use a combination of parametric and nonparametric regressions, which can 

improve upon the drawbacks of each when used individually. The following combination 

of parametric and nonparametric fits, , is proposed:''^ 

ml^'(c) = g(y,c)+0ii(c). (10) 

where fi(c) = m'^'(c) - g(f,c). miP(c) is determined by (9), and g{f,c) is the parametric 

part of the combined estimation. In this case, one adds the nonparametric fit with a 

A 
weight 6 to the parametric start g(y,c). This combined procedure maintains the smooth 

fit of parametric regression while adequately tracing the data by the nonparametric 

component [Ullah and Mundra (2002)]. The combined estimator also adapts to 

A 
the data (or the parametric model) automatically through 6 in the sense that if the 

square error of these data begins to rise, the bandwidth has become too small. 
The idea of combining the regression estimators stems from the work of Olkin and Spiegelman 

(1987), who studied combined parametric and nonparametric density estimators. Following their work, 
Ullah and Vinod (1993), Burman and Chaudhri (1994), and Fan and Ullah (1999) proposed combining 
parametric and nonparametric kernel estimator additively, and Glad (1998) multiplicatively. The proposed 
estimators here are more general, and intuitively more appealing, and their Mean Square Error (MSE) 
performances are better than those of Glad (1998), Fan and Ullah (1999), and Burman and Chaudhri 
(1994). They were used by Ullah and Mundra (2002). 
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parametric model accurately describes the data, then 6 converges to zero, hence 

puts all the weight on the parametric estimate asymptotically; if the parametric model is 

incorrect, then 3 converges to one and assigns all weights on the kernel 

estimate asymptotically. 

The focus of this paper is to determine whether a semiparametric functional form 

improves the functional form of model specification in testing the SCP and ES paradigm 

conjectures, rather than substantiating the predictions of these paradigms or testing their 

validity. By so doing, both the bias and the variance [or the mean squared error (MSE) of 

the fit] of each procedure are controlled. 

DATA DESCRIPTION AND SOURCES 

The data includes all Mexican banks that were in business from 1998 to 2000. 

Data on individual banks are gathered from the quarterly report of the Mexican Comision 

Nacional Bancaria y de Valores (CNBV), Banking and Securities-Exchange National 

Commission (CNBV), during this period. 

The data on loan rates employed in the study are obtained from Boletm 

Estadistico de Banca Multiple, published by CNBV, which provides extensive 

information on the characteristics of individual loans made by Mexican commercial 

banks. During the months of March, Jime, September, and December of each year, this 

bulletin provides information concerning the loans that were originated during a period 
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that ranges from one to five days, depending on the size of the bank. In addition, 

information on loan rates and method of calculation, data on maturity, loan size, 

commitment status, collateralization, and other characteristics of each loan are available 

from the same bulletin. 

Data concerning money deposit accounts and immediate withdrawal deposit 

accounts are also obtained from the CNBV. It consists of a random sample of all the 

banks representing all categories of commercial banks, bank size, and geographic regions 

of Mexico. 78 metropolitan areas are included in the analysis. The unit of observation in 

this case is the bank rather than the loan or individual deposits. 

The choice of an appropriate measure of banking market concentration is difficult 

because the theory provides little guidance as to which measure is better suitable when 

the type of noncompetitive behavior is unknown. To determine whether the results are 

sensitive to the choice of concentration measure, I employ the following measures: the 

Herfmdahl index, and the one- to five-firm concentration ratio. In order to examine the 

impact of the (x+1)'^ largest market share with x-firm concentration ratio included in the 

regression, I use the second to fifth ranked firm's market share (See Table 1). 

A variable indicating the bank's total assets (bank size) is included as a control in 

parametric estimations in order to account for numerous possible differences, including 

cost differences that may vary with bank size. Variables specific to the local markets in 

which banks operate are included. Population is included to control for possible 

differences in the size of the metropolitan areas (large and small urban areas). This 



variable is relevant because small urban areas have fewer banks relative to large urban 

areas. Earnings are included to account for exogenously determined differences in labor 

costs across areas. An additional variable, failure rate, is defined as the number of annual 

failures per 10,000 businesses in the state in which each bank presumably does most of 

its lending. This variable accounts for the possible influence of differences (in riskiness) 

in the business environment in which banks are located. Table 1 presents variable 

definitions. It also provides descriptive statistics for the period 1998-2000 (the sample 

mean and the sample standard deviation). 

Untabulated results show that each banking office has a potential customer base 

of 15,000 people. There are on average 25 checking, savings or other type accoimts for 

every 100 persons. There is a high concentration of banking activity in Mexico City: 

almost 60% of total deposits (58.56%) and total loans (58.91%) are on this market. For 

the rest of the country there is only one banking office for every 1,000 squared 

kilometers, providing service to 21,500 people per bank. The efficiency measure for 

those provincial offices is 15 accounts for every 100 people. The Mexican banking is 

now integrated mainly by 25 banks (10 Mexican and 15 foreign subsidiaries). 10 banks 

have nationwide operations while the rest have regional operations. Of the six largest 

banks, four are controlled by foreign banks. 
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EMPIRICAL RESULTS 

In this section we consider the relationship between price and concentration as it 

applies to two different types of commercial loans and two different types of deposits. 

When choosing the loans to be examined, two important characteristics of loans are 

considered. The first involves the distinction between secured and unsecured loans and 

the second concerns the difference between loans with fixed (for the length of the loan) 

rates or variable rates. Since the vast majority of bank loans issued in 1998, 1999, and 

2000 involved variable rates, we examine loans of each category of secured variable-rate 

loans and unsecured variable-rate loans. 

As for the different types of deposits, money deposit accounts and immediate 

withdrawal deposit accounts are used. Money deposit accounts typically impose 

minimum balance requirements, limiting the account holder to a specified number of 

check transactions per month, and these typically vary more substantially across banks in 

terms of fees and other characteristics.^^ 

Market Concentration and Commercial Loan Rates 

The relationship between concentration and interest-rate is examined as it applies 

to unsecured, variable-rate loans during the three periods mentioned previously. Table 2 

reports parametric estimations that look at the relationship in July 1999 in three ways. 



42 

Panel A reports six OLS regressions that control for the same potential determinant of 

loan rates but that differ in terms of the measure of concentration employed (the 

Herfindahl index and the one- through five-firm concentration ratios). Panel B focuses on 

the additional impact of the (x+1)*^ largest firm's market share after accounting for the x-

firm concentration ratio. Finally, Panel C reports OLS regressions using dummy variables 

to indicate small ranges of concentration that are defined on the basis of the concentration 

measure producing the highest adjusted R-squared in panel A and, because of its role in 

industrial organization theory, the Herfindahl index is also included. 

Results from panel A show that all estimations yield concentration coefficients 

that are positive and have high t-statistics. The regression employing the one-firm 

concentration ratio (CR IF) yields the highest adjusted R-squared (0.2082). It is 

followed by the regression using five-firm concentration ratio (CR_5F) and the one using 

the Herfindahl index (H).'® 

In terms of the other explanatory variables, maturity (MATUR) has the expected 

negative coefficient, suggesting lower rates for longer maturity loans. The negative 

coefficients of LOAN S, defined as the log of the size of the loan, appear to be quite 

significant and indicate that larger loans, ceteris paribus, entail lower rates. COMT is a 

dummy variable taking the value of one if the loan in question is made under a loan 

Because deposit rates, unlike loan rates, are paid by the bank, rather than to the bank, the 
relationship between concentration and interest-rate is predicted to be negative rather than positive in the 
case of deposit rates. 

' Other studies present R-squared approximately in the range 0.01 to 0.80. For instance, the R-
squared was from 0.27 to 0.58 for Lloyd-Williams and Molyneux (1994), 0.01 to 0.68 for Molyneux et al, 
(1996), and 0.33 to 0.80 for Berger and Hannan (1989)], although, in average the R-squared is below 0.30. 
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commitment. The significant negative coefficient on COMT reflects the fact that 

commitments are typically offered to less risky customers. D_NOTE is a dummy variable 

indicating that the loan in question entails no maturity (often referred to as a "demand 

note"). Such loans typically entail a lower rate. The positive coefficients of FAIL R 

(failure rates per 10,000 businesses in the local state) are consistent with the hypothesis 

that loan rates are higher in areas with high business failure rates, but they are generally 

not significant. The coefficients of bank size (ASSETS), market wage (WAGE), and 

market population (POP) are not statistically significant. 

Panel B presents the results of adding the next highest ranked bank in calculating 

the numerator of the concentration ratio. Results are generally consistent with panel A of 

the table. The significant negative coefficient of the second ranked firm's market share, 

MS_2R, in panel B, for instance is consistent with the smaller coefficient of CR_2F than 

CR IF in panel A, and the significant positive coefficient of the fifth ranked firm's 

market share, MS_5R, in panel B is consistent with larger coefficients of CR_5F than 

CR_4F in panel A. 

Panel C divides the range of concentration values observed in the data into seven 

segments to investigate the difference across groups controlling for all other explanatory 

variables (coefficients and t-statistics for the controls are not reported). In addition to 

reporting regression coefficients and t-statistics, the number of banks falling within each 

category is also indicated. These should not be confused with the much larger number of 

loans, which serve as the unit of observation in all regressions. 
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We compare the results obtained employing the Herfindahl index with purely 

nonparametric results, mainly using the Kernel method presented in Figure 1 [Wand and 

Jones (1995)].^^ Because the data set from this CNBV bulletin contains many 

observations of loans for each bank, this relationship may be examined for various 

specified loan characteristics. Estimations reported in Figures 1, 2, 3, and 4 are for loans 

that are between 10,000 and 50,000 Mexican pesos, base year 2000 (which includes the 

median size) and that have maturities less than 90 days. Consistent with Figure 1, rates 

applying to Herfindahl index values between 500 and 1000 are somewhat lower than 

those implied by values less than 500 (the omitted dummy variable). Rates then rise to a 

peak associated with the range between 1667 and 2200, thereafter falling off at higher 

levels of concentration. One difference between Figure 1 and these results is that, instead 

of a steady rise in rates beginning at a Herfindahl index of 500, the dvimmy-variable 

approach suggest a sharper climb starting at a Herfindahl index level higher than 1667. 

As indicated on the bottom of table 2, a similar analysis based on the one-firm 

concentration ratio (CR IF) yields equivalent results in terms of the general shape of the 

relationship. 

Strictly speaking, parametric and nonparametric methods are not comparable. The 

nonparametric procedures employed do not control for the effect of other explanatory 

variables, whereas the parametric procedures presumably do. Then, it is more appropriate 

In this specific case, this procedure calculates a weighted average of observed loan rates falling 
within a specified band associated with each of numerous specified concentration levels, with the weights 
declining the more distant (in terms of concentration) the observed observation from the specified 
concentration ratio. 



to compare Table 2 and Figure 2. Figure 2 presents a graphical representation of this 

relationship obtained from the semiparametric regression estimation. The result is a 

continuous line which depicts the relationship between loan rates and concentration over 

the observable range of concentration. Figure 2 depicts the relationships between the 

Herfindahl index (on the x-axis) and the commercial rate loan (on the >*-3x18) resulting 

from this procedure. The middle line indicates the estimated mean loan rate applying to 

each concentration level, while the top and the bottom lines indicate loan rates that are 

one standard deviation above and below the mean. The Herfindahl index is chosen for 

initial examination because of its central role in the Industrial Organization literature. If 

enough variables are available, however, various slices of the relationship may be 

examined by restricting the sample to specified values of other explanatory variables. 

The relationship between market concentration and the rate charged for 

unsecured, variable loans depicted in Figure 2, is generally positive, rising sharply from a 

Herfindahl index value of 200 to a high at a value of 2200, thereafter stable between 

values 2500 to 2600. That is due to the paucity of observations at high levels of 

concentration which is wider. These results suggest that concentration can increase the 

interest rate charged for unsecured variable-rate commercial loans by approximately 0.60 

percent. It also suggests that concentration becomes more relevant for a Herfindahl index 

of about 500, and continues to result in higher interest-rates well past the level of 1667. 

Table 7 shows the same regressions as those reported in Table 2 (with the rate on 

imsecured, variable-rate loans serving as the dependent variable), except that they refer to 
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April 1998. These results are similar. However, for this case, the five-firm concentration 

ratio (CR_5F) registers the highest adjusted R-squared, followed (in order) by the 

Herfindahl index (H) and the one-firm concentration ratio (CR_1F). The implied 

functional form in the case of the Herfindahl index is similar to the one found one year 

later. A difference lies in the fact that this cross section gives no indication of a decline in 

rates at the highest levels of concentration. This implies that the observed relationship 

obtained using CR_5F (the measure with the highest adjusted R-squared in part A) is 

similar. Table 8 shows the same set of regressions estimated using data for February 

2000. All coefficients of concentration are positive and statistically significant. As in the 

1999 cross sectional regression model, the dummy variable coefficients suggest a sharp 

rise in loan rates starting at some high level of concentration (greater than 1667 in the 

case of the Herfindahl index). 

Table 3, Table 9, Table 10 and Figure 3 investigate the interest-rate-and-

concentration relationship as it applies to secured variable-rate loans. Table 3 shows that 

the use of CR IF registers the highest adjusted R-squared, followed closely by the 

Herfindahl index. Consistent with Figure 2, part C of Table 3 provides some evidence of 

a substantial rise in loan rates starting at some value of the Herfindahl index higher than 

1667. Dummy variable coefficients also provide some indication of the bulge before 

1667. Dummy variables for an alternative measure of concentration, CR IF, suggest a 

similar functional form. 



Using the same semiparametric estimation as above, Figure 4 presents the 

relationships between the Herfmdahl index and the commercial rate charged for secured 

loans originated during July 1999. As indicated, the relationship observed for this kind of 

loan is considerably different than the one presented for unsecured variable-rate loans 

originated in the same month. The most striking feature of the relationship is the takeoff 

in rates that occurs at very high levels of the Herfindahl index (about 2400). 

Table 9 and Table 10 present results obtained for secured, variable-rate loans 

originated in April 1998 and in February 2000, respectively. Results are similar, apart 

from the rise associated only with the highest range of the Herfindahl index, indicating 

values in excess of 2200, and are therefore not discussed in detail. 

Market Concentration and Deposit Rates 

The relationship between concentration-and-interest-rate as it applies to the rate 

offered for money deposit accounts during the proposed period is examined on this 

section. Panels A, B, and C of Table 4 present OLS estimations of the concentration-and-

interest-rate relationship in July 1999. As indicated in panel A, the coefficients of all 

concentration measures are negative and statistically significant. In this case, the use of 

CR_2F registers the highest adjusted R-squared, followed in order by the Herfindahl 

index (H) and CR_3F. None of the coefficients of the control variables presented in panel 

A are statistically significant. The reason for a lack of significant relationship for this 

cross section and the next one is not clear. Substantial changes in regulatory requirements 



occurred between 1998 and 1999, the most important of which was the establishment of a 

minimum-balance requirement (set at $1,000 in 1999). Substantial changes in the deposit 

rate also occurred by 1998, resulting, among other things, in fewer usable observations. 

These results may also reflect, however, real differences in the market for money deposit 

accounts occurring between 1998 and 1999. 

The use of dimimy variables, reported in panel C, reveals a functional relationship 

between concentration and interest-rate that is more or less consistent with that found 

using nonparametric methods. Dummy variables defined on the basis of the Herfindahl 

index suggest a general decline in money deposit account rates as the index rises, with the 

lowest point reached in the range between 1666 and 2200. Rates thereafter are portrayed 

as bouncing around somewhat at higher levels of concentration. The dimimy variable 

coefficients suggest an apparent plateau between the two values of 500 and 1200 that is 

not reflected in Figure 5 (which uses the nonparametric regression estimations). Dummy 

variables defined on the basis of CR_2F portray a similar relationship, except that interest 

rates do not seem to bounce aroimd as much at higher levels of concentration. 

Figure 6 presents a graphical representation of this relationship obtained through 

semiparametric estimation. Unlike the case of the loan data, the deposit data does not 

offer enough observations to restrict the analysis to specified values of other potential 

determinants of interest-rates (there are only 1330 observations). Thus, the relationship 

presented in Figure 5 may be thought of as strictly univariate for the full sample of firms 

in the data. The functional form depicted is one in which the money deposit account 
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interest-rate declines sharply from the lowest levels of concentration reaching a low at a 

Herfindahl index of approximately 1100 and thereafter bouncing up and down somewhat. 

In Figtire 6, the relationship between the Herfindahl index and the money deposit account 

rates, as expected, is negative. The functional form depicted is one in which the money 

deposit account interest-rate declines sharply from the lowest levels of concentration to a 

Herfindahl index of approximately 1100 and thereafter decreases slowly. 

Table 11 presents equivalent regressions as they apply to money deposit account 

rates offered approximately one year before in May 1998. The use of CR_1F as a 

concentration measure registers the highest adjusted R-squared, but coefficients are 

generally not significant. In Table 12, equivalent regressions applying to money deposit 

account rates offered in January 2000 yield similarly insignificant results. 

Table 5 presents equivalent regressions employing data on immediate withdrawal 

deposit account rates offered in July 1999. As indicated in panel A of Table 5, the use of 

CR_2F and the Herfindahl index yield (identically) the highest adjusted R-squared, with 

CR IF yielding the lowest. Consistent with Figure 7, dummy variables defined on the 

basis of the Herfindahl index suggest a decline in the rates that starts at an index value of 

roughly 1200 and reaches its lowest point at a value in excess of 2200. However, this 

decline does not appear to be as uninterrupted as that presented in Figtxre 7. The 

functional relationship suggested by the use of dummy variables based on CR_2F appears 

to be similar to that suggested by dummy variables based on the Herfindahl index. 
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Figure 8 presents results of the same semiparametric estimation procedure. The 

relationship between the Herfindahl index and the rates offered on immediate withdrawal 

deposit accounts is estimated for July 1999. As indicated, this relationship indicates a 

more or less continual decline in rates, starting at a Herfindahl index value of 

1 fl 
approximately 500 and ending at a value roughly 2667. 

Table 13 and Table 14 present equivalent regressions employing data on 

immediate withdrawal deposit account rates offered in May 1998 and January 2000, 

respectively. All concentration coefficients are negative but have even lower (in absolute 

terms) t-statistics, and the dummy-variable analysis presented in part B provides no 

statistically significant coefficients. In Table 13 the use of the Herfindahl index as the 

measure of concentration yields the highest adjusted R-squared. Coefficients of dummy 

variables based on the Herfindahl index also suggest that as concentration increases, rates 

decline to a low point beyond the value of 2200 in the Herfindahl index. As noted in the 

case of money deposit accounts, this failure to find statistically significant effects in later 

cross sections involving deposit products may reflect real factors, substantial changes in 

the data, or some combination of the two. 

Except for the case of unsecvired variable-rate loans in July 1999 (depicted in 

Figures 1, 2 and Table 2), loan-rate relationships have in common a relatively sharp rise 

in rates starting at Herfindahl index values greater than 1667 and continuing to the 

highest observed values of the index. These relationships appear to show some variation 

Because the decline on this account continues well beyond the value of 1500, these results are 
more supportive of the concern expressed in the merger guidelines over mergers in more concentrated 



51 

over time, with the start of the rise occvurring at higher values of concentration in the 

other two cross-sections. Observed functional relations for the two deposit accounts 

examined are less stable both over time and across products. In the case of rates offered 

for money deposit accounts during July 1999, most of the decline in deposit rates 

accompanying an increase in the Herfindahl index, occurs before the index reaches 1667, 

while immediate withdrawal deposit account rates during the same period continue their 

decline over much higher levels of concentration. The cross sections of the other two 

periods generally indicate a much weaker relationship between measures of concentration 

and deposit rates. 

Table 6 summarizes the results for the parametric, the pure nonparametric, and the 

optimal semiparametric estimators. The last two are evaluated at the mean Herfindahl 

index corresponding to July 1999 and at the sample Herfindahl mean (1998-2000).^^ At 

the sample mean both the secure variable-rate commercial loans and money deposit 

accounts have a different sign for the coefficient of the relationship of Herfindahl and 

interest-rate. The optimal semiparametric estimation, however, keeps the sign of these 

coefficients. There is no real difference in the magnitude of the coefficients for July 

1999; however, the two aforementioned banking products exhibit a significant difference 

when evaluated at the sample mean (see Table 6, panel A). 

markets. 
The "regression coefficient" in the context of nonparametric estimation is the partial derivative 

of m with respect to c. One way of estimating it is to estimate m(c) for c=co and then for c=Co+ for £ > 0, 
the difference between these two estimated m values divided by s, is the estimate of the regression 
coefficient. Unless m is linear, it will vary with c. In the analysis performed, I use the mean Herfindahl 
index as Co. 



The proposed optimal semiparametric estimator performs better than both the 

parametric and nonparametric estimators given that the pure parametric model is 

incorrect. The net result is that the combined regression controls both the bias and the 

variance and hence improves the mean squared error (MSE) of fit. (See Table 6, panel B). 

The weighting parameter indicates that most of the combination in the optimal 

semiparametric estimator is from the parametric estimator; with the clear exception of the 

money deposit accounts (see Table 6, panel C). Thus, the combined semiparametric 

estimators always perform better than the kernel estimate (pure nonparametric 

estimation), and are more robust to model misspecification compared to the parametric 

estimator. 

CONCLUSIONS 

Using interest-rates set by banks for various bank products, this paper investigates 

the functional relationship between concentration and interest-rate in the Mexican 

commercial banking industry. Two different types of commercial loans and two different 

types of deposit accoimts were chosen for study in order to check for regularities in this 

relationship across products. Moreover, data fi-om three different time periods 

characterized by relative interest rate stability were collected to check regularities over 

time. To determine robustness with respect to methodology, parametric, nonparametric 

and semiparametric procedures were employed. 
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In terms of the different concentration measures employed, the one-firm 

concentration ratio sometimes results with the highest adjusted R-squared in the 

parametric regression. This result seems to point to the overall importance of the bank 

with the largest market share. However, the Herfindahl index ranks more consistently 

among the measures producing the highest R-squared over the many cross-sections 

examined. For any given product and period of time examined, results concerning the 

functional form appear to be robust with respect to the method used. With a few 

exceptions, both parametric and nonparametric methods (although they are not 

comparable)^*^ appear to produce the same general outlines of the price-concentration 

relationship. However, in terms of the Mean Square Error of fit, we find that the 

semiparametric estimation definitely dominates the other procedures. 

No strong evidence of a concentration-interest-rate relationship that is positive in 

one range and negative in another range of the concentration measure is found. Rather, 

the results seem to support the prediction of the structure-performance paradigm of a 

positive relationship for concentration and interest-rate paid for loans^^ On the other 

hand, if concentration results from the inefficiency of small firms in the market, rather 

than the efficiency of large firms, the ES paradigm may be supported by these results. 

The nonparametric procedures used do not (for the most part) control for the effect of other 
explanatory variables, while the parametric procedures presumably do, while semiparametric estimation 
definitely control for that effect. 

The overall interest-rate-concentration relationship is positive when the products are loans, and 
is negative when the products are deposits. Pooling the cross-section data available, along the lines of the 
paper by Berger and Hannan (1989), may also improve the estimation efficiency and increase the number 
of significant parameters. 
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The fact that this study reports results that are consistent with the SCP paradigm 

does not necessarily imply that higher market concentration leads to more effective 

collusion among banks. Since the theoretical foundation of this study does not reflect the 

influence of bank regulation on the relationships to be estimated, it is not possible to 

determine from these results the influence that changes in regulations have on the SCP 

relationship. The focus of future research must be broadened to provide analysis that is 

relevant for current policy issues. 

Extending this paper to include bank costs, would be a promising avenue of 

research. The cost study may be designed to determine whether a policy of restricting 

bank consolidations that raise market concentration prevents banks from exploiting 

economies of scale in operation costs. However, there could be reasons other than 

economies of scale in operating expense for large banks to have advantages over small 

banks and induce consolidation of the smaller banks into larger banking organizations. 

Also, in this context, it would be worthwhile to develop a more sophisticated structural 

econometric model (e.g., fixed effects, random effects, a nested logit model) to address 

these issues. 
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TABLE 1. - Variable definitions, Sample Means, and sample Standard Deviations for the 
Mexican Banks in the period 1998-2000. 

Symbol Definition Mean Standard 
Deviation 

Control variables 
ASSETS = Bank's total assets (bank size)* 129,374,340 26,332,150 

WAGE — Hourly earnings of nonsupervisory $29.70 3.90 
manufacturing employees in the 
market.* 

MATUR - Maturity, (days) 62 29 

LOAN_S = Loan size*. 11,285.00 6,695.86 

POP = Population, (inhabitants) 115,827 56,348 

FAIL_R Failure Rate: Number of armual 4.8 3.6 
failures per 10,000 business in the 
state in which each bank is located. 

COMT = (Commitment status) Dummy 
variable indicating if the loan 

D_NOTE = 

Concentration 
H 
C R I F  
CR_2F 
CR_3r 
CR_4F 
CR_5F 
Market Share 
*** 

involved is made under a loan 
commitment. 
(Demand Note) Dummy variable 
indicating that the loan in question 
entails no maturity. 

Variables**, *** 
= Herfindahl index. 
= One-firm concentration ratio. 
= Two-firm concentration ratio, 
s Three-firm concentration ratio. 
= Four-firm concentration ratio. 

Five-firm concentration ratio. 
Variables**, 

1568 

2691 

4946 

5973 

6618 

7192 

LI L2 

1648 

2863 

5078 

6084 

6985 

7547 

D1 D2 

1426 1870 

2346 2818 

4365 5283 

5766 6941 

6576 7855 

7152 8446 

MS_2R = Second ranked firm's market share. 2256 2215 2019 2465 

MS_3R = Third ranked firm's market share. 1026 1006 1402 1658 

MS_4R = Fourth ranked firm's market share. 645 901 810 914 

MS_5R = Fifth ranked firm's market share. 574 563 576 591 



TABLE 1 - Continued 

* monetary quantities are in Mexican pesos, base year 2000. 
** concentration and market shares variables have been standardized to values between 0 and 10000. 
** Means by products: 

LI .  Unsecured ,  var iab le -ra te  commerc ia l  l oans .  
L2. Secured, variable-rate commercial loans. 
D l .  Money  depos i t  accounts .  
D2. Immediate withdrawal deposit accounts. 
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TABLE 2. - The relationship between the Rate Charged for Unsecured, Variable-Rate 
Commercial Loans and various measures of Market Concentration (July 1999). 

A. Concentration measures 
Explanatory 

Concentration measures 
Variables H CR 1F CR 2F CR 3F CR 4F CR_5F 

Constant 22.87 22.78 22.83 22.74 22.67 22.58 
(39.12) (38.94) (38.98) (38.56) (38.25) (37.87) 

Concentration 1.50 E-4 1.25 E-4 0.74 E-4 0.70 E-4 0.75 E-4 0.94 E-4 
(5.07) (5.46) (4.77) (4.65) (4.94) (5.87) 

MATUR -0.09 -0.09 -0.09 -0.09 -0,08 -0.08 
(-2.66) (-2.74) (-2.70) (-2.67) (-2.50) (-2.50) 

LOAN_S -0.27 -0.27 -0.27 -0.27 -0,27 -0.27 
(-17.05) (-17.13) (-17.00) (-17.01) (-16,84) (-16.82) 

ASSETS 0.015 0.013 0.012 0.012 0.50 E-2 0.50 E-2 
(0.75) (0.67) (0.60) (0.61) (0.24) (0.25) 

WAGE 0.92 E-2 0.013 0.96 E-2 0.96 E-2 0.54 E-2 0.54 E-2 
(0.55) (0.77) (0.57) (0.56) (0.33) (0.33) 

POP 0.48 E-5 0.57 E-5 0.39 E-5 0.56 E-5 0.61 E-5 0.88 E-5 
(0.92) (1.08) (0.71) (1.02) (1.12) (1.59) 

COMT -0.46 -0.46 -0.45 -0.45 -0.45 -0.45 
(-11.98) (-11.98) (-11.56) (-11.58) (-11.62) (-11.63) 

D_NOTE -0.21 -0.22 -0.21 -0.21 -0.20 -0.20 
(-4.70) (-4.95) (^.58) (-4.59) (-4.50) (-4.51) 

FAIL_R 0.80 E-3 0.67 E-3 0.63 E-3 0.63 E-3 0.59 E-3 0.59 E-3 
(2.15) (1.81) (1.65) (1.66) (1.57) (1.57) 

No. of loans 2620 2620 2620 2620 2620 2620 
Adj-R^ 0.2060 0.2082 0.2051 0.2047 0.2056 0.2076 

B. The effect of adding the Next Highest Market Share to the Concentration Rate (All Control 
Variables included) 

CR_1F 1.85 E-4 CR_2F 0.74 E-4 CR_3F 0.75 E-4 CR_4F 1.12 E-4 
(5.13) (4.78) (4.86) (6.75) 

MS_2R -1,37 E-4 MS_3R 0.17 E-4 MS_4R 1.66 E-4 MS_5R 5.21 E-4 
(-2.16) (0.34) (2.01) (5.69) 

Adj-R^ 0.2083 Adj-R^ 0.2048 Adj-R^ 0.2057 Adj-R^ 0.2152 

C. Investigating functional form with Dummy Variables indicating Range of Concentration (All 
Control Variables included) 

H: 500<H<1000 1000<H<1200 1200<H<1667 1667<H<2200 2200<H<2667 H>2667 Adj-R^ 

-0.15 E-4 0.12 E-4 -0.18 E-4 0.51 E-4 0.41 E-4 0.25 E-4 0.2258 
(-2.67) (1.88) (-2.24) (6.61) (0.68) (3.13) 

No. of Banks 4 2 2 4 3 4 
(14 with H<500) 

CR_1F: 1800<C<2000 2000<C<2300 2300<C<2600 2600<C<3000 3000<C<3600 03600 Adj-R^ 

-0.16 E-4 -0.07 E^ -0.02 E-4 0.36 E-4 0.23 E-4 0.31 E-4 0.2361 
(-1.63) (-1.12) (-0.13) (4.34) (-3.68) (4.39) 

No. of Banks 3 3 4 3 2 3 
(15 with C<1800) 

Numbers in parenthesis are t-statistics. 
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TABLE 3. - The relationship between the Rate Charged for Secvired, Variable-Rate 
Commercial Loans and various measures of Market Concentration (July 1999). 

A. Concentration measures 
Explanatory 

Variables 
Concentration measures 

Variables H CRJF CR_2F CR_3F CR 4F CR_5F 
Constant 21.90 21.81 21.76 21.47 21.6 21.31 

(50.37) (50.60) (50.29) (49.48) (49.08) (48.79) 
Concentration 1.76 E-4 1.54 E-4 0.93 E-4 0.76 E-4 0.72 E-4 0.72 E-4 

(10.43) (11.43) (10.27) (7.97) (7.41) (6.91) 
MATUR -0.004 -0.34 E-2 -0.36 E-2 -0.45 E-2 -0.43 E-2 -0.47 E-2 

(-0.29) (-0.23) (-0.24) (-0.29) (-0.29) (-0.31) 
LOAN_S -0.17 -0.17 -0.17 -0.17 -0.17 -0.17 

(-15.02) (-15.18) (-15.16) (-15.03) (-15.05) (-15.04) 
ASSETS -0.31 E-2 -0.70 E-2 -0.31 E-2 0.014 -0.019 0.021 

(-0.22) (-0.49) (-0.23) (0.98) (1.35) (1.48) 
WAGE -0.71 E-2 0.032 0.029 0.031 0.030 0.031 

(-0.25) (2.86) (2.59) (2.72) (2.66) (2.63) 
POP 0.77 E-5 0.75 E-5 0.61 E-5 0.30 E-5 0.15 E-5 0.12 E-5 

(1.58) (1.57) (1.27) (0.62) (0.32) (0.25) 
COMT -0.71 E-2 -0.65 E-2 0.35 E-2 -0.11 -0.65 E-2 0.23 E-2 

(-0.25) (-0.23) (0.13) (0.38) (0.23) (0.09) 
D_NOTE -0.39 -0.43 -.036 -0.034 -0.035 -0.037 

(-1.40) (-1.54) (-1.29) (-1.23) (-1.31) (-1.33) 
FAIL_R 0.14 E-3 0.13 E-2 0.14 E-2 0.15 E-2 0.15 E-2 0.16 E-2 

(6.20) (5.73) (5.89) (6.27) (6.64) (6.80) 
No. of loans 8837 8837 8837 8837 8837 8837 
Adj-R^ 0.0898 0.0934 0.0892 0.0821 0.0806 0.0794 

B. The effect of adding the Next Highest Market Share to the Concentration Rate (All Control 
Variables included) 

CRJF 2.15 E-4 CR_2F 0.79 E-4 CR_3F 0.71 E-4 CR_4F 0.66 E-4 
(9.80) (8.37) (7.23) (6.01) 

MS_2R -1.43 E-4 MS_3R -1.57 E-4 MS_4R -1.29 E-4 MS_5R -1.07 E-4 
(-3.62) (-5.38) (-2.39) (-1.94) 

Adj-R^ 0.0954 Adj-R^ 0.0939 Adj-R^ 0.0831 Adj-R^ 0.0813 

C. Investigating functional form with Dummy Variables indicating Range of Concentration (All 
Control Variables included) 

H: 

No. of Banks 
(14 with H<500) 

CR IF: 

No. of Banks 
(15 with C<1800) 

500<H<1000 

0.15 E-4 
(3.11) 

4 

1800<C<2000 

0.19 E-4 
(4.06) 

1000<H<1200 1200<H<1667 1667<H<2200 

0.15 E-4 
(3.18) 

2 

-0.10 E-4 
(-2.02) 

2 

0.12 E-4 
(2.64) 

4 

2000<C<2300 2300<C<2600 2600<C<3000 

0.31 E-4 -0.61 E-7 0.26 E-4 
(5.92) (0.01) (4.56) 

3 4 3 

2200<H<2667 H>2667 

0.25 E-4 0.43 E-4 
(4.61) (8.35) 

3 4 

3000<C<3600 C>3600 

0.39 E-4 0.56 E-4 
(6.60) (10.63) 

2 3 

Adj-R^ 

0.0939 

Adj-R^ 

0.1056 

Numbers in parenthesis are t-statistics. 
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TABLE 4. - The relationship between the Rate Paid for Money Deposit Accounts and 
various measures of Market Concentration (July 1999). 

A. Concentration measures 
Explanatory 

Concentration measures 
Variables H CR IF CR 2F CR 3F CR 4F CR 5F 

Constant 21.05 21.10 21.21 21.29 21.35 21.43 
(96.06) (85.11) (82.17) (71.44) (64.41) (57.18) 

Concentration -2.32 E-4 -1.61 E-4 -1.16 E-4 -1.03 E-4 -1.11 E-4 -1.11 E-4 
(-6.80) (-6.27) (-7.16) (-6.68) (-6.52) (-6.17) 

ASSETS 5.16 E-9 3.72 E-9 5.09 E-9 5.88 E-9 6.03 E-9 5.86 E-9 
(0.89) (0.65) (0.89) (1.05) (1.02) (1.03) 

POP -1.16 E-6 -3.41 E-7 -1.17 E-6 -1.41 E-5 -1.52 E-6 -1.71 E-6 
(-1.24) (-0.36) (-0.87) (-1.09) (-1.15) (-1.27) 

FAIL_R 0.19 E-3 0.36 E-3 0.35 E-3 0.37 E-3 0.33 E-3 0.30 E-3 
(1.30) (0.91) (0.93) (0.93) (0.81) (0.73) 

N 1330 1330 1330 1330 1330 1330 
Adj-R^ 0.1242 0.1076 0.1361 0.1205 0.1154 0.1047 

B. The effect of adding the Next Highest Market Share to the Concentration Rate (All 
Control Variables included) 

CRJF -0.95 E-4 CR_2F -1.17 E-4 CR_3F -1.03 E-4 CR_4F -0.93 E-4 
(-2.97) (-7.16) (-6.60) (-5.55) 

MS_2R -1.48 E-4 MS_3R 0.17 E-4 MS_4R 0.03 E-4 MS_5R 1.22 E-4 
(-3.38) (0.36 (0.03 (1.27) 

Adj-R^ 0.1352 Adj-R^ 0.1339 Adj-R^ 0.1177 Adj-R^ 0.1171 

C. Investigating functional form with Dummy Variables indicating Range of 
Concentration (All Control Variables included) 

H' 500<H<1000 1000<H<120 1200<H<166 1667<H<220 2200<H<2667 H>2667 Adj-R^ 
0 7 0 

-0.11 E-4 -0.11 E-4 -0.35 E-4 -0.08 E-4 0.28 E-4 -0.38 E-4 0.1563 
(-1.93) (1.68) (-4.68) (5.93) (3.24) (-3.48) 

No. of Banks 4 2 2 4 3 4 
(14 with H<500) 

CR 2F- 3600<C<4000 4000<C<460 4600<C<530 5300<C<600 6000<C<6500 C>6500 Adj-R^ 
0 0 0 

-0.09 E-4 -0.07 E-4 -0.26 E-4 -0.36 E-4 -0.39 E-4 -0.38 E-4 0.1118 
(-1.60) (-1.11) (-3.83) (-4.03) (-1.60) (-1.11) 

No. of Banks 3 3 4 3 2 3 
(15 with C<5400) 

Numbers in parenthesis are t-statistics. 
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TABLE 5. - The relationship between the Rate Paid for Immediate Withdrawal Deposit 
Accounts and various measures of Market Concentration (July 1999). 

A. Concentration measures 
Explanatory 

Concentration measures 
Variables H CR IF CR 2F CR 3F CR 4F CR_5F 

Constant 9.25 9.22 9.32 9.36 9.38 9.39 
(66.36) (58.49) (55.66) (48.45) (43.40) (38.30) 

Concentration -1.23 E-4 -0.64 E-4 -0.59 E-4 -0.53 E-4 -0.51 E-4 -0.45 E-4 
(-2.86) (-2.00) (-2.86) (-2.70) (-2,53) (-2.18) 

ASSETS -8.22 E-9 -9.39 E-9 -8.17 E-9 -7.84 E-9 -8.06 E-9 -8.53 E-9 
(-0.99) (-1.14) (-0.99) (-0.95) (-0.97) (-1.02) 

POP -8.35 E-7 -7.35 E-8 -5.48 E-7 -7.10 E-7 -6.73 E-7 -5.91 E-7 
(-0.56) (-0.03) (-0.38) (-0.47) (-0.45) (-1.36) 

FAIL_R -0.72 E-4 0.68 E-5 0.43 E-5 0.53 E-5 0.80 E-5 0.59 E-6 
(-0.17) (0.04) (0.01) (0.01) (-0,02) (-0.36) 

N 3298 3298 3298 3298 3298 3298 
Adj-R^ 0.0204 0,0067 0.0204 0.0175 0.0147 0.0091 

B. The effect of adding the Next Highest Market Share to the Concentration Rate (All 
Control Variables included) 

CR_1F 0.01 E-4 CR_2F -0.59 E-4 CR_3F -0.51 E-4 CR_4F -0.34 E-4 
(0.001) (-2.84) (-2.61) (-1.05) 

MS_2R -1.47 E-4 MS_3R 0.04 E-4 MS_4R 0.51 E-4 MS_5R 2.22 E-4 
(-2.69) (0.09) (0.50) (1.82) 

Adj-R^ 0.0265 Adj-R^ 0.0163 Adj-R^ 0.0142 Adj-R^ 0.0215 

C. Investigating functional form with Dummy Variables indicating Range of 
Concentration (All Control Variables included) 

H" 500<H<1000 1000<H<120 1200<H<166 1667<H^20 2200<H<2667 H>2667 Adj-R^ 
0 7 0 

0.07 E-4 0.02 E-4 -0.11 E-4 -0.18 E-4 -0.11 E-4 -0.27 E-4 0.0178 
(0.87) (0.31) (-1.18) (-1.98) (-0.92) (-1.90) 

No. of Banks 4 2 2 4 3 4 
(14 with H<500) 

CR 2F' 3600<C<4000 4000<C<460 4600<C<530 5300<C<600 6000<C<6500 C>6500 Adi-R^ 
0 0 0 

0.08 E-4 0.11 E-4 -0.09 E-4 -0.10 E-4 -0.10 E-4 -0.25 E-4 0.0215 
(1.02) (1.18) (-1.06) (-1.06) (-1.02) (-2.18) 

No. of Banks 3 3 4 3 2 3 
(15 with C<5400) 

Numbers in parenthesis are t-statistics. 
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TABLE 6. - The relationship between the Interest Rate (paid or received) and the 
Herfindahl Index for the four different products (July 1999). 

A. Parametric, Pure Nonparametric, and Optimal Semiparametric Estimations. 
Products Parametric 

Estimation 
Pure Nonparametric 

Estimation* 
Optimal 

Semiparametric 
Estimation* 

Products Parametric 
Estimation 

July 1999 Sample 
1998-2000 

July 1999 Sample 
1998-2000 

Unsecured, variable-
rate commercial 
loans. 

1.50 E-4 

(-5.07) 

1.29 E-4 

(2.88) 

3.28 E-4 

(3.89) 

1.17 E-4 

(4.54) 

4.52 E-4 

(2.67) 
Secured, variable-rate 
commercial loans. 

1.76 E-4 

(10,43) 

0.87 E-4 

(11.94) 

-1.95 E-4 

(-5.46) 

1.08 E-4 

(11.03) 

0.54 E-4 

(3.84) 
Money deposit 
accounts. 

-2.32 E-4 
(-6.80) 

-3.22 E-4 
(-4.47) 

1.32 E-4 
(2.73) 

-3.28 E-4 
(-7.36) 

-6.85 E-4 
(-2.61) 

Immediate 
withdrawal deposit 
accounts. 

-1.23 

(-2.86) 

-1.27 E-4 

(-3.80) 

-3.16 E-4 

(-1.73) 

-1.29 E-4 

(-9.51) 

-1.79 E-4 

(-2.94) 
*Evaluated at the mean. 

t-statistics are calculated using the Newey-West corrected standard errors. 
Numbers in parenthesis are t-statistics. 

B. Mean of the Iv SE of fitted values. 
Products Parametric 

Estimation 
Pure 

Nonparametric 
Estimation 

Optimal 
Semiparametric 

Estimation 
Unsecured, variable-rate 
commercial loans. 

1.4957 
(0.5454) 

10.7169 
(3.5116) 

0.9198 
(0.1876) 

Secured, variable-rate 
commercial loans. 

9.7035 
(2.9642) 

5.7583 
(0.4896) 

1.2406 
(0.1154) 

Money deposit accounts. 6.9401 
(4.8960) 

15.7365 
(4.9657) 

1.5998 
(0.5654) 

Immediate withdrawal 
deposit accounts. 

0.9932 
(0.0549) 

3.4783 
(0.1970) 

0.9549 
(0.0678) 

Numbers in parenthesis are the standard deviation of the MSE of fitted values. 

C. Optimal Semiparametric Estimation: Estimated weighting parameter, estimated bias 
and root mean square errors. 

Products e BIAS RMSE 

Unsecured, variable-rate 
commercial loans. 

0.434 -0.122 0.9591 

Secured, variable-rate 
commercial loans. 

0.396 0.109 1.1138 

Money deposit accounts. 0.765 -0.116 1.2648 

Immediate withdrawal 
deposit accoimts. 

0.288 -0.128 0.9772 



TART .F. 7 - The relationship between the Rate Charged for Unsecured, Variable-Rate Commercial Loans and 
various measures of Market Concentration (April 1998). 

Explanatory 
Concentration measures 

Variables H CRJF CR_2F CR_3F CR_4F CR_5F 

Constant 19.42 19.48 19.37 19.20 19.05 19.04 
(44.78) (44.92) (44.55) (43.90) (43.25) (43.24) 

Concentration 1.87 E-4 1.61 E-4 0.79 E-4 0.71 E-4 0.92 E-4 0.91 E-4 
(6.29) (5.53) (5.36) (4.95) (5.72) (5.72) 

MATUR -0.09 -0.09 -0.09 -0.08 -0.08 -0.08 
(-2.68) (-2.72) (-2.69) (-2.67) (-2.56) (-2.55) 

LOAN_S -0.27 -0.27 -0.27 -0.28 -0.27 -0.27 
(-16.86) (-16.91) (-16.87) (-16.89) (-16.71) (-16.69) 

ASSETS 0.016 0.014 0.013 0.012 0.61 E-2 0.58 E-2 
(0.76) (0.68) (0.63) (0.62) (0.25) (0.28) 

WAGE 0.93 E-2 0.011 0.95 E-2 0.97 E-2 0.64 E-2 0.64 E-2 
(0.58) (0.76) (0.61) (0.59) (0.35) (0.35) 

POP 0.50 E-5 0.59 E-5 0.36 E-5 0.57 E-5 0.63 E-5 0.85 E-5 
(0.89) (1.13) (0.77) (1.09) (1.15) (1-46) 

COMT -0.46 -0.46 -0.45 -0.45 -0.45 -0.45 
(-11.86) (-11.87) (-11.44) (-11.47) (-11.51) (-11.53) 

D_NOTE -0.21 -0.21 -0.21 -0.21 -0.20 -0.20 
(-4.72) (-4.93) (-4.57) (-4.56) (-4.51) (-4.49) 

FAIL_R 0.72 E-3 0.65 E-3 0.62 E-3 0.62 E-3 0.58 E-3 0.58 E-3 
(2.25) (1.93) (1.73) (1.74) (1.62) (1.62) 

No. of loans 2241 2241 2241 2241 2241 2241 

AdJ-R^ 0.2190 0.2189 0.2150 0.2136 0.2165 0.2199 

B. The effect of adding the Next Highest Market Share to the Concentration Rate (All Control Variables 
included) 

OR 5F 2.11 E-4 OR 2F 0.77 E-4 CR 3F 1.02 E-4 CR 4F 1.16 E-4 
(6.23) (5.26) (6.26) (6.55) 

MS 2R -1.03 E-4 MS 3R -0.31 E-4 MS 4R 2.73 E-4 MS 5R 2.51 E-4 
(-2.38) (-0.64) (3.98) (3.19) 

Adj-R^ 0.2215 Adj-R^ 0.2148 Adj-R^ 0.2188 Adj-R^ 0.2196 

C. Investigating functional form with Dummy Variables indicating Range of Concentration (All Control 
Variables included)] 

"H! 500<H<1000 1000<H<1200 1200<H<1667 1667<H^^0 2200<H<2667 H>2667 Adj-R' 

.̂27 E-4 
(•0.41) 

4 

0.21 E-4 
(3.21) 

3 

-0.14 E-4 
(1.57) 

2 

0.41 E-4 
(5.27) 

3 No. of 
Banks 
(Uwlth 
H<500) 

CR_5F: 6000<C<6600 6600<C^200 7200<C<7900 7900<C<8500 

0.21 E-4 
(0.37) 

3 

0.74 E-4 
(6.80) 

4 

85DO<C<8800 08800 

0.2429 

Adj-R^ 

0.054 E-4 -0.10 E-4 -0.11 E-4 
(0.81) (-1.61) (-1.59) 

No. Of 3 3 3 
Banks 
(15wth 
C<1800) 

0.16 E-4 0.28 E-4 0.60 E-4 0.2368 
(4.33) (2.26) (5.77) 

3 4 3 

Numbers in parenUiesis are t-statistics. 

TABLE 8. - The relationship between the Rate Charged for Unsecured, Variable-Rate Commercial 
Loans and various measures of Market Concentration (February 2000). 

A 
E}q)lanatory 

Concentration measures 
Variables H CR_1F CR_2F CR_3F CR_4F CR_5F 

Constant 17.26 17.28 17.18 17.02 16.93 16.84 
(37.61) (37.83) (37.31) (36.61) (36.26) (35.78) 

Concentration 2.14 E-4 1.99 E-4 1.01 E-4 0.82 E-4 0.87 E-4 0.88 E-4 
(7.19) (8.47) (6.74) (5.48) (5.60) (5.41) 

MATUR -0.08 -0.08 -0.09 -0.08 -0.08 -0.07 
(-2.68) (-2.75) (-2.72) (-2.68) (-2.54) (-2.55) 

LOAN_S -0.28 -0.28 -0.28 -0.27 -0.27 -0.27 
(-16.08) (-16.12) (-16.87) (-16.84) (-16.39) (-16.40) 

ASSETS 0.017 0.015 0.014 0.013 0.60 E-2 0.56 E-2 
(0.78) (0.69) (0.62) (0.63) (0.26) (0.28) 

WAGE 0.94 E-2 0.014 0.97 E-2 0.97 E-2 0.56 E-2 0.57 E-2 
(0.56) (0.79) (0.58) (0.54) (0.31) (0.30) 

POP 0.46 E-5 0.55 E-5 0.37 E-5 0.54 E-5 0.60 E-5 0.86 E-5 
(0.96) (1.05) (0.73) (1.11) (1.17) (1.53) 

COMT -0.49 -0.48 -0.48 -0.47 -0.47 -0.46 
(-11.88) (-11.88) (-11.47) (-11.50) (-11.54) (-11.58) 

D_NOTE -0.21 -0.21 -0.21 -0.20 -0.20 -0.19 
(^.72) (^.95) (^.59) (^.56) (^.53) (^.52) 

FAIL_R 0.76 E-3 0.69 E-3 0.64 E-3 0.63 E-3 0.61 E-3 0.61 E-3 
(2.18) (1.86) (1.69) (1-67) (1.64) (1.67) 

No. of loans 2049 2049 2049 2049 2049 2049 

Adj-R^ 0.2019 0.2106 0.1914 0.1874 0.1857 0.1841 

B. The effect of adding the Next Highest Mark^ Share to the Concentration Rate (All Control 
Variables included) 

CR_1F 2.99 E-4 CR_2F 0. 98 E-4 CR_3F 0.87 E-4 CR_4F 0.84 E-4 
(8.76) (6.38) (5.54) (5.03) 

MS_2R -1.82 E-4 MS 3R -1.27E.4 MS_4R 0.82 E-4 MS 5R -0.53 E-4 
(-3.88) (-2.43) (1.18) (-0.61) 

Adj-R^ 0.1962 Adj-R'' 0.1832 Adj-R^ 0.1746 Adj-R^ 0.1748 

C. Investigating functional form with Dummy Variables indicating Range of Concentration (All 

H: 500<H<1000 1000<H<1200 1200<H<1867 1
 

A
 i
 

2200<H^667 H>2667 AdJ-R^ 

0.062 E-4 0.16 E-4 -0.12 E-4 0.085 E-4 0.31 E-4 0.77 E-4 0.2177 
(0.94) (2.29) (-1.32) (1.17) (4.42) (8.27) 

No. of 4 2 2 3 3 4 
Banks 
(ISWMI 
H<S00) 

CR_1F: 1800<c^000 

1
 

O
 

(M 1
 

A
 o
 s 2600<C<3000 3000<C<3600 03600 Ad>R^ 

0.28 E-4 0.045 E-4 -0.16 E-4 0.36 E-4 0.24 E-4 0.72 E-4 0.2324 
(4-31) (0.68) (-2.23) (3.97) (1-39) (8.26) 

No. of 3 4 4 3 2 3 
Banks 
(iSwth 
C<1800) 

Numbers in perentbesis are t-statistics. 



TABLE 9. - The relationship between the Rate Charged for Secured, Variable-Rate Commercial 
Loans and various measures of Market Concentration (April 1998). 

TART.F. 10 - The relationship between the Rate Charged for Secured, Variable-Rate Commercial 
Loans and various measures of Maricet Concentration (February 2000). 

Explanatory Concentration measures Explanatory Concentration measures 

Variables H CRJF CR_2F CR_3F CR_4F GR_5F Variables H CR_1F CR_2F CR_3F CR_4F CR_5F 

Constant 21.85 21.89 21.80 21.75 21.70 21.69 Constant 17.21 17.24 17.13 17.08 17.07 17.05 
(70.68) (70.71) (70.45) (70.20) (69.94) (69.51) (71.99) (72.23) (71.87) (71.97) (71.83) (71.45) 

Concentration 0.85 E-4 0.77 E-4 0.24 E-4 0.067 E-4 0.17 E-4 0.19 E-4 Concentration 0.76 E-4 0.72 E-4 0.18 E-4 -0.12 E-6 0.13 E^4 0.18 E-4 
(5.33) (5.96) (3.06) (0.87) (1.88) (1.88) (4.72) (6.02) (2.43) (0.03) (1.55) (2.00) 

MATUR -0.004 •0.36 E-2 •0.39 E-2 •0.55 E-2 •0.49 E^2 -0.56 E-2 MATUR •0.005 -0.37 E-2 -0.39 E^2 -0.46 E-2 •0.44 E^2 -0.57 E-2 
(-0.36) (-0.31) (-0.33) (-0.35) (-0.34) (-0.41) (•0.28) (-0.27 (-0.23 (-0.30) (-0.29) (-0.33) 

LOAN_S -0.19 -0.19 -0.18 •0.18 -0.18 -0.18 LOAN_S -0.18 •0.18 -0.18 -0.17 •0.17 -0.16 
(-15.13) (-15.21) (-15.26) (-15.15) (-15.20) (-15.18) (-15.09) (-15.28) (-15.07) (-15.13) (-15.24) (-15.24) 

ASSETS -0.34 E-2 -0.69 E-2 •0.29 E-2 0.016 -0.022 0.025 ASSETS -0.33 E-2 •0.72 E-2 • 0.40 E-2 0.013 -0.016 0.019 
(-0.26) (-0.57) (-0.29) (0.88) (1.53) (1.61) (-0.22) (•0.53) (-0.23) (0.94) (1.42) (1-39) 

WAGE -0.76 E-2 0.044 0.039 0.041 0.040 0.042 WAGE •0.69 E-2 0.032 0.029 0.031 0.031 0.031 
(-0.35) (2.96)^ (2.68) (2.77) (2.74) (2.68) (-0.26) (2.81) (2.60) (2.73) (2.69) (2.64) 

POP 0.79 E-5 0.77 E-5 0.64 E-5 0.31 E-5 0.18 E-5 0.14 E-5 POP 0.73 E-5 0.72 E-5 0.61 E-5 0.30 E-5 0.16 E-S 0.12 E-5 POP 
(1.62) (1.55) (1-23) (0.64) (0.33) (0.26) (1-61) (1.55) (1.30) (0.64) (0.33) (0.23) 

COMT -0.74 E-2 •0.64 E-2 0.36 E-2 -0.26 •0.63 E^2 0.13 E-2 COMT -0.68 E-2 •0.63 E^2 0.35 E-2 -0.09 -0.64 E-2 0.22 E-2 
(-0.33) (-0.31) (0.23) (0.46) (0.29) (0.18) (-0.26) (-0.24) (0.15) (0.40) (0.24) (0.08) 

D_NOTE -0.41 -0.36 •0.058 -0.018 -0.032 -0.048 D_NOTE -0.39 -0.43 •.034 -0.033 -0.033 -0.036 
(-1.36) (-1.46) (-1-29) (-1.15) (-1-26) (-1.29) (-1.38) (-1.52) (-1.27) (-1.18) (-1.27) (•1.30) 

FAIL_R 0.18 E.3 0.16 E-2 0.17 E-2 0.20 E^2 0.19 E-2 0.20 E-2 FAIL_R 0.13 E-3 0.14 E-2 0.14 E-2 0.15 E-2 0.16 E-2 0.15 E^2 
(6.16) (5.06) (5.22) (6.14) (6.91) (6.88) (6.22) (5.71) (5.83) (6.17) (6.57) (6.82) 

No. of loans 5335 5335 5335 5335 5335 5335 No. of loans 8226 8226 8226 8226 8226 8226 

Adj-R^ 0.0549 0.0555 0.0525 0.0515 0.0518 0.0518 Adj-R^ 0.0488 0.0505 0.0471 0.0466 0.0469 0.0471 

B. The effect of adding the Next Highest Market Share to the Concentration Rate (All Control B. The effect of adding the Next ffighest Market Share to the Concentration Rate (All Control 
Variables included) Variables included) 

CR_1F 1.74 E-4 CR_2F 0.17 E-4 CR_3F 0.20 E-4 CR_4F 0.16 E-4 CR 1F 1-66 i E-4 CR 2F 0.08 E-4 CRJ 3F 0.25 E^4 CR 4F 0.23 E^4 
(9.80) (2.20) (2.39) (1-79) (10.52) (1.08) (2.95) (2.46) 

MS„2R -1.90 E-4 MS_3R •1.52 E-4 MS_4R 1.91 E-4 MS_5R 0.06 E-4 MS 2R -1.94 E-4 MS_3R -1.64 E-4 MS_: 4R 2.68 E-4 MS 5R 1.10 E-4 
(-7.89) (-6-27) (4.94) (0.12) (-9.11 (-7.08 (7.20 (2.39) 

Adj-R^ 0.0614 Adj-R^ 0.0558 Adj-R^ 0.0531 Adj-R^ 0.0506 Adj-R^ 0.0593 Adj-R^ 0.0525 ̂ Adj-R^ 0.0519 Adj-R^ 0.0472 

Control Variables included) 
500<H<1000 1000<H<1200 1200<H<1667 1667<H<2200 2200<H<2667 H>2667 

C. Investigating functional form with Dummy Variables indicating Range of Concentration (All 
Control Variables included) 

soo<H<iooo 1200<H<1667 1667<H<2200 2200<H^e67 H>2667 

No. of Banks 

(UwlhH<500) 

CRJF: 

No. of Banks 

(15wlhC<1600) 

-0.25 E-4 
(-6.90) 

4 

0.55 E-4 
(1.53) 

2 

-0.062 E-4 
(-1.52) 

2 

1600<C<2000 2000<C<2300 2300<C<2600 

-0.21 E-4 -0.14 E-4 
(-5.35) (-3.82) 

-0.39 E-4 -0.09 E.4 0.57 E-4 0.1041 
(-9.43) 

4 
(-2.6 (11.57) 

4 

-0.29 E-4 
(-7.97) 

4 
(-8.87) 

3 
(-3.53) 

2 
(10.38) 

3 

Numbeis in parenthesis are t-statistics. 

No. of 
Banks 

2600<c<3000 3000<c<3600 C>3600 

-0.34 E-4 -0.13 E-4 0.50 E-4 0.0970 

No. of 
Banks 
(15wtti 
C<1800) 

-0.093 E-4 
(-2.63) 

4 

0.076 E-4 
(2.09) 

2 

-0.052 E-4 
(1.34) 

2 
•0.45 E-4 

(-11.06 
4 

-0.088 E>4 
(-2.58) 

3 

-0.070 E-4 
(-1.86) 

3 

-0.059 E-4 
(-1.56) 

3 

-0.34 E-4 
(-9.04) 

4 

-0.26 E-4 
(-6.95) 

3 

0.47 E-4 
(10.13) 

4 

CR_1F: 1800<c<2000 2000<c^300 2300<c<2800 2600<C<3000 3000<C<3600 C>3600 

-0.21 E.4 
(-5.49) 

2 

0.42 E-4 
(9.32) 

3 

Numbers in parenthesis are t-statisdcs. 

Os 



TABLE 11. - The relationship between the Rate Paid for Money Deposit Accounts and various 
measures of Market Concentration (May 1998). 

TABLE 12. - The relationship between the Rate Paid for Money Deposit Accounts and various 
s of Market Concentration (January 2000). 

Explanatory 
Conc^tration measures 

Explanatory 
Concentration measures 

Variables H CR_1F CR_2F CR_3F CR_4F CR_6F Variables H CRJF CR_2F CR_3F CR_4F CR_5F 

Constant 19.09 19.34 19.16 19.02 18.95 18.85 Constant 15.22 15.28 15.25 15.25 15.32 15.37 Constant 
(26.21) (25.46) (22.32) (18.43) (15.60) (13.54) (29.21) (27.51) (24.78) (21.04) (18.21) (16.17) 

Concentration -0.73 E-4 -1.34 E-4 -0.41 E-4 •0.10 E-4 0.02 E-4 0.14 E-4 ConcentraticOT -1.36 E-4 -1.08 E-4 -0.57 E-4 -0.45 E-4 -0.48 E-4 -0.50 E-4 Concentration 
(•0.71) (-1.80) (-0.83) (-0.22) (0.03) (0.28) (-1.52) (-1.65) (-1.29) (-1.09) (-1.11) (-1.10) 

ASSETS 5.29 E-9 3.61 E-9 5.17 E-9 5.82 E-9 5.97 E-9 5.93 E-9 ASSETS 5.31 E-9 3.59 E-9 5.24 E-9 5.85 E-9 6.01 E-9 5.92 E-9 ASSETS 
(0.92) (0.62) (0.90) (1.00) (1.03) (1.01) (0.90) (0.60) (0.88) (0.99) (1.06) (1.03) 

POP -1.52 E-6 -3.39 E-7 -1.07 E-6 -1.38 E-5 -1.47 E-6 -1.68 E-6 POP -1.51 E-6 -3.36 E-7 -1.04 E-6 -1.33 E-5 -1.44 E-6 -1.66 E-6 POP 
(-1.26) (-0.30) (-0.93) (-1.16) (-1.22) (-1.35) (-1.25) (-0.32) (-0.94) (-1.18) (-1.23) (-1.34) 

FAIL_R 0.12 E-3 0.28 E-3 0.28 E-3 0.28 E-3 0.25 E-3 0.21 E-3 FAIL.R 0.15 E-3 0.30 E-3 0.31 E-3 0.30 E-3 0.27 E-3 0.24 E-3 
(1.27) (0.84) (0.86) (0.86) (0.76) (0.61) (1^) (0.85) (0.88) (0.87) (0.79) (0.63) 

N 1238 1238 1238 1238 1238 1238 N 1233 1233 1233 1233 1233 1233 

Adj-R^ 0.0813 0.0921 0.0822 0.0792 0.0791 0.0794 Adj-R^ 0.0944 0.0944 0.0944 0.0944 0.0944 0.0944 

B. The effect of adding the Next Highest Mark^ Share to the Concentration Rate (All Control B. The effect of adding the Next Highest Market Share to the Concentration Rate (All Control 
Variables included) Variables included) 

OR 1F -2.06 E-4 OR 2F -0.37 E-4 OR 3F 0.04 E-4 OR 4F 0-19 E-4 OR 1F -1.27E-4 OR 2F -0.56 E-4 OR 3F -0.48 E-4 QR 4F -0.49 E-4 
(-2.47) ~ (-0.75) ~ (0.09) " (0.36) (-1.68) ~ (-1.27) " (-1.10) ~ (-1.07) 

MS 2R 2.35 E-4 MS 3R 2.31 E-4 MS 4R 183 E-4 MS 5R 2.68 E-4 MS 2R 0.52 E-4 MS 3R 0.56 E-4 MS 4R -0.40 E-4 MS 5R -0.14 E-4 
(1.81) ~ (1.69) ~ (0.91) - (1.12) ~ (0.49) ~ (0.44) " (-0.24) " (-0.08) 

Adj-R^ 0.1011 Adj-R^ 0.0892 Adj-R^ 0.0787 Adj-R^ 0.0800 Adj-R^ 0.0932 Adj-R^ 0.889 Adj-R^ 0.0860 Adj-R^ 0.0860 

C. Investigating functional form with Dummy Variables indicating Range of Concentration (All 
Control Variables included) 

500<H<1000 1000<H<1200 1200<H<1667 1667<H£2200 2200<H<2867 H>2667 Adj-R^ 

C. Investigating functional form with Dummy Variables indicating Range of Concentration (All 
Control Variables included) 

Hi 500<H<1000 1000<H<1200 1200<H<1667 1667<H<2200 2200<H^667 H>2667 Adj-R' 

No. of 
Banks 
(14 with 
H<SOO) 

0.20 E-4 
(1.06) 

4 

0 .17 E-4 
(0.94) 

2 

-0.02 E-4 
(-0.11) 

2 

0.27 E-4 
(1.17) 

4 

0.14 
(0.63) 

3 

-0.20 E-4 
(•0.69) 

4 

0.0797 

No. of 
Banks 
(14writh 
H<500) 

0.15 E-4 
(0.93) 

4 

0.17 E-4 
(1.02) 

2 

•0.05 E-4 
(-0.26) 

2 

0.04 E-4 
(0.21) 

4 

0.07 E-4 
(0.36) 

-0.30 E-4 
(-1-20) 

4 

CR_1F: 1800<CS2000 2000<c^00 2300<C^600 2600<C<3000 3000<C<3600 03600 Adj-R' CR_1F: 1800<c^000 2000<C<2300 2300<C^00 2600<C<3000 3000<C<3600 C>3600 Adj-R^ 

No. of 
Banks 
(IS with 
C<1800) 

-0 34 E-4 -0 20 E-4 -0.14 E-4 -0.26 E-4 -0.37 -0.66 E-4 0.0935 
(-1.74) (-1.03) (-0.67) (-1.27) (-1.39) (-2.61) 

3 3 4 3 2 3 No. of 
Banks 
(ISwth 
C<1800) 

<0.22 E-4 
(-1.24) 

3 

-0.11 E-4 
(•0.58) 

3 

-0.14 E-4 
(-0.75) 

4 

-0.08 E-4 
(-0.47) 

3 

-0.20 E-4 
(-0.90) 

2 

-0.61 E.4 
(-2.70) 

3 

Numbers in parenthesis are t-statistics. Numbers in parpnthftsig are t-statistics. 



TABLE 13 - The relationship between the Rate Paid for Immediate Withdrawal Deposit Accounts 
and various measures of Market Concentration (May 1998). 

A 
Explanatory 

Concentration 
measures 

Variables H CR_1F CR_2F CR_3F CR_4F CR_5F 

Constant 7.21 7.21 7.24 7.33 7.41 7.46 
(38.02) (35.28) (32.17) (27.90) (24.37) (21.75) 

Concentration -1.20 E-4 -0.79 E-4 -0.52 E-4 -0.54 E-4 -0.58 E-4 -0.61 E-4 
(-1.93) (-1-73) (-1.71) (-1.89) (-1.92) (-1.88) 

ASSETS -8.31 E-9 -9.27 E-9 -8.51 E-9 -7.16 E-9 -8.35 E-9 -8.44 E-9 
(-0.97) (-1.16) (-0.87) (-0.92) (-0.87) (-1.12) 

POP -8.43 E-7 -7.32 E-8 -5.39 E-7 -7.04 E-7 -6.86 E-7 -5.79 E-7 
(-0.61) (-0.04) (-0.41) (-0.39) (-0.46) (-1.32) 

FAIL_R -0.79 E-4 0.67 E-5 0.45 E-5 0.56 E-5 0.78 E-5 0.60 E-6 
(-0.19) (0.04) (0.01) (0.02) (-0.01) (-0.32) 

N 3246 3246 3246 3246 3246 3246 

Adj-R^ 0.0294 0.0263 0.0259 0.0285 0.0291 0.0288 

B. The effect of adding the Next Highest Market Share to the Concentration Rate (All Control 
Variables included) 

CR 1F -0.70 E-4 OR 2F -0.53 E-4 OR 3F -0.58 E-4 OR 4F -0.59 E-4 
(-1.33) ~ (-1.76) ~ (-1.96) " (-1.84) 

MS 2R -0.24 E-4 MS 3R -0.71 E-4 MS 4R -0.53 E-4 MS 5R -0.03 E-4 
(-0.35) ~ (0.10) " (-0.42) " (-0.02) 

Adj-R^ 0.0226 Adj-R^ 0.0247 Adj-R^ 0.0253 Adj-R^ 00253 

C. Investigating functional form with Dummy V^ables indicating Range of Concentration (All 
Control Variables included) 

"H! 500<H<1000 1000<H<1200 1200<H<1667 1667<H^00 2200<H^667 H>2667 Adj-R' 

•0.03 E-4 0.18 E-4 -0.09 E-4 -0.11 E-4 -0.11 E-4 -0.22E-4 0.0342 
(-0.25) (1.58) (-0.69) (-0.69) (-0.70) (-1.16) 

No. of 4 2 2 4 3 4 
Banks (14 
with H^) 
Numbers in parenthesis are t-stadstics. 

TART.F. 14 - The relationship between the Rate Paid for Immediate Withdrawal Deposit Accounts 
and various measures of Market Concentration (January 2000). 

A. 
Explanatory 

Concentration 
measures 

Variables H CR_1F CR_2F CR_3F CR_4F CR_5F 

Constant 5.36 5.39 5.39 5.42 5.50 5.56 
(41.40) (38.74) (35.06) (30.19) (26.39) (23.56) 

Concentrati(xi •0.82 E-4 -0.64 E-4 -0.34 E-4 -0.34 E-4 -0.39 E-4 -0.43 E-4 
(-1.49) (-1.55) (-1.25) (-1.30) (-1.46) (-1.54) 

ASSETS -8.29 E-9 -9.27 E-g -8.27 E-9 -7.78 E-9 -8.21 E-9 -8.61 E-9 
(•1.01) (-1-12) (-0.78) (-0.94) (-1.06) (-1.11) 

POP -6.33 E-7 -7.41 E-8 -5.46 E-7 -7.22 E-7 .6.79 E-7 -5.88 E-7 
(-0.55) (-0.04) (-0.37) (-0.59) (-0.46) (-1.34) 

FAIL_R -0.77 E-4 0.59 E-5 0.42 E-5 0.56 E-5 0.75 e-5 0.66 e-6 
(-0.19) (0.03) (0.01) (0.01) (-0.02) (-0.28) 

N 3241 3241 3241 3241 3241 3241 

Adj-R^ 0.0405 0.0412 0.0377 0.0386 0.0405 0.0416 

B. The effect of adding the Next Highest Market Share to the Concentration Rate (All Control 
Variables included) 

CR IF -0.72 E-4 CR 2F -0.33 E-4 CR 3F -0.41 E-4 CR 4F •0.43 E-4 
(-1.55) (-1.24) (-1.51) (-1.56) 

MS 2R 0.27 E-4 MS 3R -0.31 E-4 MS 4R -0.89 E-4 MS 5R -0.72 E-4 
(0.41) (-0.40) (-0.85) (-0.56) 

Adj-R^ 0.0385 Adj-R^ 0.0350 Adj-R^ 0.0378 Adj-R^ 0.0381 

C. Investigating functional form with Dummy Variables indicating Range of Concentration (All 
Control Variables included) 

H: 500<H<1000 1000<H<1200 1200<H<1667 1667<H<2200 2200<H^667 H>2667 AdhR^ 

No. of 
Banks 
(14wth 
H<SOO) 

0.04 E-4 
(0.53) 

4 

0.18 E-4 
(1.58) 

2 

-0.08 E-4 
(-0.75) 

2 

-0.03 e-4 -0.05 E-4 
(-0.25) (-0.36) 

4 3 

-0.07 E-4 
(-0.43) 

4 

0.0416 

CR_1F: 1800<Cs2000 2000<C^300 2300<C<2600 2600<C<3000 3000<C<3600 03600 Adj-R^ 

No. of 
Banks 
(ISwIh 
C<1600) 

-0.03 E-4 
(-0.32) 

3 

0.07 E-4 
(0.58) 

3 

0.02 E-4 
(0.07) 

4 

-0.12 E-4 0.08 E-4 
(-1.08) (-0.63) 

3 2 

-0.23 E-4 
(-1.24) 

3 

0.0301 

Numbers in parenthesis are t-statistics. 

ON 
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FIGURES 

FIGURE 1. Unsecured, variable-rate commercial 
loans (July 1999). Nonparametric Curve Fitting. 
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FIGURE 2. Unsecured, variable-rate commercial 
loans (July 1999). Semiparametric Curve Fitting. 
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FIGURE 3. Secured, variable-rate commercial loans 
(July 1999). Nonparametric Curve Fitting. 

Interest 
Rate 

21.86 

21.76 

21.66 

21.56 

21.46 

21.36 

21.26 

• N 
/• X / 

\ / 

/ 

/ 

/ 

21.20 

H 
1  ^ ^ ^  1  1  

FIGURE 4. Secured, variable-rate commercial loans 
(July 1999). Semiparametric Curve Fitting. 
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FIGURES 

FIGURE 5. Money deposit accounts (July 1999). 
Nonparametric Curve Fitting. 
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FIGURE 6. Money deposit accounts (July 1999). 
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FIGURE 7. Immediate withdrawal deposit accounts 
(July 1999). Nonparametric Curve Fitting. 
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FIGURE 8. Immediate withdrawal deposit accounts 
(July 1999). Semiparametric Curve Fitting. 

Interest 

100 600 1100 1600 2100 2600 3000 100 600 1100 1600 2100 2600 3000 



70 

APPENDIX B: 

THE DETERMINANTS OF THE MEXICAN BANKS DISAPPEARANCE 

INTRODUCTION 

Since the re-privatization process in the early 1990s, the number of Mexican 

banks has fallen by almost one-half, reflecting an unprecedented number of governmental 

interventions' (including banking bailouts) and, subsequent acquisitions or mergers. 

Several studies have sought to identify the characteristics that cause banks' 

failure. Gonzalez-Hermosillo et al. (1997) utilize a discrete-time duration model to study 

the determinants of the Mexican banking system fragility. They employ bank-specific 

data, banking sector variables, and macroeconomic variables. Their data set covers the 

period 1991-1995. The survival analysis presented in their paper focuses in the logistic 

functional form. Their results suggest that bank-specific factors as well as 

macroeconomic conditions explain the bank probability of failure. 

Hemmdez and Lopez (2001a) utilize a time-constant covariates proportional 

hazard model to study the determinants of the Mexican banking crisis. They only employ 

financial banking indicators, using data from the period 1994-1999. Their results are 

suggestive of the importance of the own financial indicators in explaining the banking 

crisis after the Peso Crisis in December 1994. 

Wheelock and Wilson (2000) utilize competing-risks hazard models with time-

varying covariates to identify the characteristics individual U.S. banks more likely to fail. 

' In this essay, bank intervention is said to occur when a bank receives financial assistance -other 
than short-term liquidity support- form the Mexican government. 



They only employ bank-specific information. One of their results is that the closer to 

insolvency a U.S. bank is, the more likely its acquisition. 

In this paper, we estimate a comprehensive model relating the probability of 

disappearance to bank characteristics and macroeconomic conditions. We do so in a 

framework that permits a bank to disappear either by government intervention and 

subsequent acquisition by another bank, or by a merger. We use Cox's (1972) 

proportional-hazards models with time-varying covariates.^ Although this framework is 

applied to the Mexican case, it can also be extended to other countries. 

A proportional hazard model excels a discrete-time hazard model, because the 

latter does not take into account temporal dependence, and require distributional 

assumptions. If we add time-varying covariates to the proportional hazard model, we 

capture the time-varying nature or structure of the data set. 

In this work we have information about two classes of banks: re-privatized banks 

and new banks. When compared with the survival probability of a new bank, the survival 

probability of a re-privatized bank decreased little in the first months of its lifetime, and 

then it fell faster in the last months of its lifetime than the survival probability of a new 

bank. In contrast, the new banks had a large probability of disappearance in the first 

months of their lifetime, and in posterior months the probability of disappearance was 

^ In modeling the disappearance hazard, banks intervened (by the government) and then acquired 
by another bank, or merged banks are treated as if they disappeared at the date of acquisition, the merger, 
or governmental intervention. 

^ Originally, the estimation of a probit (or logit) model in which the likelihood to disappear was 
the explained variable was attempted. Similar results were obtained with parametric model (exponential 
and Weibull models). 
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lower than for the re-privatized banks. In general, the survival function for the re-

privatized banks fell more rapidly than the survival function for new banks. 

The evolution of the banking system in Mexico has been determined for other 

factors different from macroeconomic factors: those factors are the publicly knovm 

financial indicators. A bank was more likely to disappear in response to a lower ROE 

(return on equity), a lower available funds to traditional deposits ratio; or a lower highly-

available funds to deposits ratio."^ A bank was more likely to disappear, the higher its 

overdue loans to total loans ratio, the higher its interest earnings to total loans ratio, or the 

higher its interest expenses to interest earnings ratio. Only asset quality, earnings, and 

liquidity, standing for three of the five letters of the CAMEL method^ were significant in 

explaining the disappearance of banks in the Mexican case. Macroeconomic factors 

played a pivotal role too. High real interest rates, as well as depreciation of the exchange 

rate, imply an increase in the likelihood of disappearance. 

In the model with time-varying covariates the statistical significance levels did 

not change compared to proportional (time-constatnt) covariates, and a comparison of 

coefficient values between the whole sample and the sample for each year revealed a 

change in coefficient values. Moreover, we find that the explanatory power of the model 

is greatly increased by extending the basic model comprising only CAMEL type financial 

ratios (bank-specific variables) to include macroeconomic information. 

Specifically, this highly-available fluids to deposits ratio is the sum of available fimds plus 
financial instruments plus prevailing loans to traditional deposits ratio. 

' The CAMEL method is commonly used by regulators to assess five elements of a bank's 
financial condition and performance: capital adequacy, asset quality, management, earnings, and liquidity. 



Gonzalez-Anaya (2002), and Hemmdez and Lopez (2001a, 2001b), among 

others, have claimed that the Mexican government deposit insurance, FOBAPROA, ^ led 

to moral hazard problems in the Mexican banking sector. If moral hazard is a problem, 

FOBAPROA should increase risk-taking, then, the higher-risk banks will be predominant 

in the system, increasing the acquisition rate. Using balance-sheet information, we 

estimate a time-varying covariates hazards model in order to analyze the effects induced 

by FOBAPROA. However, the deposit insurance regime is not part of the covariates 

because the effect of deposit instance is further clouded by its possible dependence on 

the probability of disappearance. The remarkable fact is that FOBAPROA seems to 

encourage banks to reduce their asset quality, earnings, and liquidity. FOBAPROA 

provoked an increase in risk levels. However, no systematic impact of the coefficients on 

capital adequacy and management measures was found. This case study of an 

institutional bailout offers insight for other countries considering such policies in the 

future. 

The remainder of this paper is divided as follows. The next section outlines the 

stylized facts in the Mexican banking industry. The purpose of the third section is to 

develop a model in order to identify the determinants of bank disappearance. Cox (1972) 

proportional-hazards model with time-varying covariates are used. The fourth section 

presents the empirical results. The last section presents conclusions. Additionally, 

supplementary materials about acronyms of Mexican agencies, about goverrmient deposit 

insurance, and about proportional hazards models are included. 

® FOBAPROA means Bank Fund for the Protection of Savings, for a description of acronyms see 
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MEXICAN BANKING 

One of the biggest problems faced by Mexico in the 1990s was the banking crisis. 

Although the government carried out most of the policy recommendations suggested by 

the international community, it did not realize that the liberalization efforts carried with it 

new risks. Understanding how the banking crisis developed plays a crucial role in 

understanding the present outlook. Historical context is pivotal in understanding the 

weakness of the Mexican banking system. 

After the 1982 debt crisis, Mexico nationalized the banking system and 

introduced exchange controls. Dollar bank deposits were forcefully converted into pesos 

at an artificially low exchange rate. Import permits were required for all goods. As a 

result, Mexico suffered a chronic capital shortage for the next seven years. During this 

time (1982-1989), Mexico experienced triple-digit inflation (160 % in 1987), a very high 

fiscal deficit (over 16 % of the GDP in 1982 and again in 1987), and virtually no growth.^ 

In that period, most banking deposits were used to finance the government's deficit, with 

little left to channel to the private sector. As a result, credit risk analysis was rare. Few 

efforts were made toward modernization, and efficiency was simply not stressed. 

Beginning in 1987, the Mexican government implemented several measures 

o 
towards deregulation and eventually re-privatization of the banking system. In the years 

the Acronyms Appendix. 
' Mexico experienced severe economic crises in the early 1980s [Bergoeing et al. (2002)]. That is 

why the 1980s are called the lost decade by some economists. 
^ At that point, Mexican banks were publicly-owned and operated under an over-regulatory 

envu-onment in which both lending and borrowing rates were determined by the authorities, banks were 



preceding bank re-privatization, the government started its modernization efforts. Sharp 

reductions in the government's fiscal deficit meant that the deposits, previously channeled 

to finance its budget, were now available to increase private sector credit [Dombush and 

Werner (1994)]. Changing economic conditions made credit risk analysis essential. 

However, under pressure to make quick rates of return on their new investments, most of 

the credit decisions had no risk analysis behind them. On the other hand, the country was 

rapidly transformed fi-om a closed to an open economy, which meant that new credit 

decisions should have considered the borrower's possibilities under increasing 

competition, improved technology, and a changing regulatory framework.^ While larger 

firms were modernizing, the small and the medium-sized firms showed a considerable 

technological lag and did little to increase their efficiency. 

In the period 1991-1992 most of the State-controlled banks were returned to 

private hands. The newly privatized banks started to provide credit at an accelerated rate. 

Credit outstanding to the private sector increased from 20% of GDP in 1989 to 55% of 

GDP in 1993. Unfortunately, this increase in credit was accompanied by a steep increase 

in past-due loans. As a result, starting in 1992, the nonperforming assets of the banking 

system started to increase at a surprising rate. The percentage of bad loans within the 

banks' portfolios started attracting attention one or two years after most of them had been 

subject to a legal requirement which represented a de facto compulsory credit to government (and was the 
main instrument for monetary policy conduction as open-market operations did not exist), and a system of 
quotas on the amount of credit that banks could provide to specific sectors. 

' The transformation was initiated with a profoxmd deregulation effort. Interest rates were 
liberalized, the legal requirements were lifted while the central bank (BANXICO) was declared 
autonomous and started to use open market operations to conduct monetary policy. Cross-ownership 
restrictions were also removed. The privatization process followed deregulation. 
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privatized. As a fraction of total loans, past-due loans rose from around 1% in 1990 to 

8% in 1994. Nevertheless, the problem was grossly understated through lenient 

accounting principles used by the banking system. Initially, it was thought that the 

high percentage of bad loans was the result of newly privatized banks reclassifying loans 

with more stringent criteria. After the first year, when the trend continued, it was thought 

that many firms had been granted credit by banks under precarious conditions during the 

last few years of the government administration of banks. However, as the problem 

deepened it was found to be a much more complex situation than originally envisioned. 

Banks that were worse off had been victims of "gross mismanagement" under the new 

ownership; among these were CONFIA, BANPAIS, CREMI and UNION banks. Most of 

the banks were having problems meeting the minimum capitalization levels before the 

devaluation of 1994. Once the devaluation and the ensuing recession came, the problems 

faced by the banking sector became worse, as banks faced low capitalization levels, a 

high percentage of overdue loans, inexperienced management and inadequate technology 

[Heath (1999)]. In most cases, there were either irregular managerial practices or a 

serious deterioration of loan portfolios. Moreover, loan-loss reserves were clearly 

Under the Mexican GAAP (Generally Accepted Accounting Principles), banks were not 
required to register the whole amount of a bad loan (principal) as nonperforming, but rather only the part 
that was past-due. Thus, while the bad loans were estimated to be nearly 20% of the total loans by 1995 
under Mexican GAAP, when applying the U. S. GAAP (registering the total amount of the loan as 
nonperforming), the figure was estimated to be closer to 50% of total loans. Bad loan estimates in March, 
1996 ranged from 15% to 40% of the bankmg sector portfolio, with a bailout price tag ranging from US$10 
billion to US$30 billion, or from 5% to 12% of the (Mexican) GDP [Wilson et fl/.(2000) and Desmet 
(2000)]. In comparison, a U.S. bank is considered unhealthy if past-due loans are more than 3%. 
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insufficient: In 1994, they accounted for only 40% of past-due loans. By the end of 1994, 

the banks' balance sheets had seriously deteriorated.^' 

The Institutional Setting 

In the early 1980s, there was no explicit deposit insurance system in Mexico. At 

that time, the close relationship between the commercial bank and the federal government 

was an implicit guarantee over deposits, where the central bank, BANXICO, was the 

lender of last resort. The Preventive Support Fund, FONAPRE, was established in 1986 

by the Ley Reglamentaria al Servicio Publico de Bancay Credito (Prescribed Law for the 

Public Service of Banking and Credit).'^ The goal of FONAPRE was to avoid 

insolvency in the credit entities. FONAPRE was no part of the federal public 

administration. In 1987, FONAPRE solved some problems for the banking entities by 

evaluating and paying attention to problems of endorsed institutions. In 1988, six 

national credit societies were specially supervised because they were subject to 

correctives (or other specific actions). Since its foundation and up to 1990, FONAPRE 

helped eight banks. Seven were rehabilitated and one was merged at the suggestion of 

FONAPRE. 

" While these symptoms became common in virtually all of the banks, some were hit harder than 
others. 

When banks were under governmental control, the Ley de Imtituciones y Organizaciones 
Auxiliares de Credito (Law of Credit Institutions and Credit Auxiliary Organizations) mentioned the Fund 
for the Protection of Credits of Banking Institutions, FOPROCRE, but it was never established. 
FONAPRE replaced the never set up FOPROCRE. Actually FONAPRE is the first Mexican Government 
Deposit Insurance. 
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The privatization process of the commercial banking system in Mexico started in 

1990 and ended in 1992 [Privatization was headed by the treasury ministry's bank 

privatization committee].'^ In the meantime, banks contributed monthly to FONAPRE. 

Those contributions were $(1/12) per $1,000 of the daily average balance per month of 

the liabilities in local currency considered reception for the Multiple Bank investment 

regime. On January 1990, such contributions became $3 per $1,000. Banks were under 

obligation to contribute this rate to FOBAPROA for deposit insurance. 

On July 1, 1990 the Ley de Instituciones de Credito (Financial Groups Law) was 

issued. This law regulates the operation of the privatized commercial Mexican banking 

sector. Article 122 of this Law replaced FONAPRE, the insurance system for the 

Mexican Commercial Banking Institutions in the late 1980s, by FOBAPROA.'"^ 

FOBAPROA was a trust administered by the central bank (BANXICO), created for 

preventive support to commercial banks and to protect savings. FOBAPROA's 

Technical Committee was formed by representatives of the treasury ministry, the central 

bank, and the Banking National Commission (CNB). The aim of FOBAPROA was to 

avoid financial problems in the Multiple Bank institutions, and consequently, avoid lack 

of liquidity. When the financial crisis occurred in 1995, the banking bailout was 

implemented by FOBAPROA. 

In the banking privatization process, the government put heavy emphasis on selling to the 
highest bidder and paid scant attention to the quality and experience of the buyers [Ortiz (1994)]. In 
principle, banks were acquired at very high prices and, often times, by investors that were unfamiliar with 
the banking business. [Hemdndez and L6pez (2001b)]. At the same time, the Government opened up the 
financial sector to a new concept, the universal-banking framework. 

This deposit insurance scheme is very similar to the current schemes in developed countries. It 
is very efficient handling isolated problems, but is very limited when faced with a generalized crisis as the 
one in 1995 m Mexico. 
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The law did not obligate FOBAPROA to explicitly guarantee or insure any 

obligations of commercial banks. Nevertheless, each December, FOBAPROA used to 

announce the maximum amount of the obligations it intended to protect. In general, 

FOBAPROA expressed an intention to protect all deposits, even though FOBAPROA 

was not an explicit deposit insurance scheme and was not liable in the event of an 

uncovered default. For the period analyzed, FOBAPROA implicitly protected 100 

percent of deposits. The legislation on deposit insurance does not distinguish between 

small and large deposits, and due to legal restrictions, almost 100 percent of deposits are 

held in local currency. 

On December, 1998, the Ley de Proteccion al Ahorro Bancario (Law for 

Protection of Bank Savings), created the Institute for the Protection of Bank Savings, 

IPAB.^^ FOBAPROA was replaced in May 1999 by IPAB. Before IPAB, Mexico had no 

formal system of deposit insurance. Both deposit insurance systems, FONAPRE and 

FOBAPROA were implicit deposit insurance, while IPAB is an explicit deposit instance 

scheme [Naranjo-Gonzalez (2000)]. 

The Banking Bailout Package after the Peso Crash 

After the punishment capital markets inflicted on Mexico because of the 

devaluation of the Peso in December 1994, the Mexican government could not refinance 

FONAPRE, FOBAPROA, and IPAB are the Mexican equivalent to the FDIC in the U.S. 



the Tesobonos'^ at any reasonable interest rate, while the private sector lost access to 

global capital markets. Mexico decided to float the exchange rate. Interest rates rose 

sharply (100% in 1995), and the subsequent liquidity squeeze resulted in Mexico's worst 

recession in modem times, putting the already weak banking system at the brink of 

collapse [Calvo and Mendoza (1996a, 1996b)]. 

• 17 The sector affected the most by the peso devaluation was the bankmg sector. 

The December 1994 devaluation hurt the banks' balance sheets directly through their 

foreign exchange exposure, and indirectly because firms that borrowed in dollars but sold 

their goods in pesos were not able to pay (because they experienced significant 

reductions in their sales and profits). In addition, the combination of the fall in economic 

activity and the rise in real interest rates above 17% left many firms unable to meet their 

obligations (many were forced to delay the service of their financial commitments with 

1 S 
local banks and several others went bankrupt, defaulting on their loans). As a result, 

Mexican banks were left undercapitalized [Thome (1998)]; in many cases, capital tumed 

negative. Several banks became insolvent and the government intervened. 

Tesobonos were dollar-denominated and government-backed mediimi and short term bonds 
issued several years before, but more frequently during 1994 as a measure to reduce a large scale capital 
flight. A total of 30 billion U.S. dollars in Tesobonos had maturities of six months or less. 

See Kaminsky and Reinhart (1999) to identify the linkages between the Banking and Balance of 
Payment Crises. 

The December 1994 devaluation took its toll in the form of exceptionally high interest rates to 
retain capital within the country, immediate inflationary pressures -as a result of the large imported 
components of domestic consumption and investment-, and an imminent reduction of economic activity (in 
1995 Mexico's GDP experienced a negative growth rate of 6.2% in real terms, and official open 
imemployment doubled to 7.6%). 

There are many papers that analyze the Peso Crisis and its effects on the banking financial 
system. For more information refer to the work of Krueger and Tomell (1999). 
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The government took several measures to reduce the current account deficit, 

preventing inflation from rising, and avoiding a meltdown of the banking system [Gil and 

Carstens (1996)]. The measures included fiscal and monetary tightening as well as a 

support package from the U.S. treasury, the IMF, and the World Bank, amounting to 

US$52 billion. The measures to resolve the banking crisis can be grouped into three 

categories. 

First, a liquidity assistance program provided short-term foreign currency loans at 

penalty rates so that banks could honor their external lines of credit and their foreign 

exchange exposure. Second, there were several support programs. Debtor support 

programs reduced interest payments to debtors able and willing to repay their debts in 

their original conditions while the government paid the costs of interest reductions. Other 

support programs included a loan indexation mechanism that allowed loans to be 

restructured in a constant value unit of account (UDIs) and at a constant real interest rate 

based on forward looking inflation expectations. There were also some debtor programs 

targeted for mortgages, the agricultural sector, and small and medium size businesses. 

The final and costliest measure included two forms of open bank assistance: The 

first program, called PROCAPTE, the Temporal Capitalization Program {Programa de 

Capitalizacidn Temporal) subsidiary of FOBAPROA, was designed to increase bank 

assets to face rising past due loans in order to aid banks in reaching a capital asset ratio 

higher than 8%. Banks who agreed to participate in this program were allowed to issue 

five year convertible bonds which would be purchased by the government, and the 
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'?rt • • 
proceeds would have to be converted to equity capital. There was a strong incentive to 

raise capital quickly because the interest rates on the bonds included a premium over the 

inter-bank rate. If the bank failed to meet the eight percent capital/asset ratio by a pre-

established date, the bank would be taken over by the authorities. Unfortunately, the 

program did not work because the market considered participation as a sign of weakness 

or as a prelude to government intervention [Mackey (1999)]. 

The second open bank assistance program, and the one that actually was 

implemented fully, was a loan purchase where banks swapped non-performing loans in 

exchange for non-tradable, 10 year bonds (FOBAPROA bonds) with interest rates linked 

to Mexican Treasuries (CETES).^' The program was implemented by FOBAPROA 

(IPAB since May, 1999).^^ The purpose of the program was to give banks a "clean slate" 

so they could return to profitability and lending. A central condition for entering this 

program was that for every two pesos of non-performing loans the government acquired, 

the shareholders should invest one peso of fresh capital in the bank. The idea was that 

this program would increase bank capitalization and at the same time as the economy 

recovered, banks would get rid of non-performing loans, and return to profitability and 

lending. 

This does not mean that the government had ownership in banks. 
In general, the interest rates of the bonds are fixed to a specific market interest rate: CETES, 

Mexican Treasuries, or the THE, the inter-bank interest rate (the equivalent of the Federal Funds rate). In 
retrospect, it appears the returns are high with a few points above or below the reference rate, indicating the 
authorities were not able to reduce the cost much. 

The functions of IPAB have been strengthened but it is still a weak link in Mexico's banking 
supervision agencies. 
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The terms of the bonds were negotiated individually with each bank that 

participated in the program. Figure 1 graphically shows the distribution of the stock of 

bonds outstanding during the last quarter of 2002. The idea was to tailor the bailout 

package for each bank in order to lower the cost. The loan purchase program was not 

done once and for all because the share of non-performing loans kept increasing and 

banks failed to recapitalize. There were various swaps between 1995 to 2000.^^ The 

temporary bailout program became an open-ended bailout mechanism. Not surprisingly, 

past due loans continued to increase even as bad loans were taken off of the balance 

sheets. The ratio of past due loans to total loans increased from 8.7% in 1994, to 16.4% 

in 1995, 21.4% in 1996, and 29.8% in 1997.^^ All of this occurred despite the economy's 

rapid recuperation -it grew at 5.4% during the 1996-2000 period, while inflation fell 

from above 50 percent in 1995 to single-digit levels in 2000. The main reason non-

performing loans continued to increase was that related lending increased once it became 

obvious that there was going to be a bailout. 

The authorities did not want to acknowledge all the bad loans because they did 

not want the problem to appear bigger than it was already perceived to be. Moreover, it 

The IPAB bonds (or FOBAPROA bonds) represents an important fraction of assets for all large 
commercial banks (see Figure 2). Of course, this reduces the incentive for banks to place new credits in the 
system: they have a safe source of income at virtually no cost (they don't have to incur in credit screening, 
risk measiu-ement, monitoring, and so on). And since, the bonds are tied to the inter-bank CETES rates, 
they have obtained high payments on their bond. [Serrano (2002)]. 

It is not clear if this implies a strict renegotiation of maturities and rates, or if these transactions 
included reductions or increases in the loan. Moreover, it is not clear why there is such a high 
concentration of renewals at the end of the Zedillo administration. 

The increase between 1996 and 1997 is mostly because the banking supervision agency, CNBV, 
changed its methodology. Under the new standards, which follow the Basil guidelines more closely, the 
value of a past due loan is reported as the total unpaid balance, capital and interest, rather than only the 
amount that is delinquent. 



would have increased the government's obhgations substantially at a time when it was 

having a hard time rolling over short term paper. At the same time, the initial intention 

was to retain private management despite the fact that most banks were insolvent and 

most loan purchases took place in this manner because the government did not want to 

send a signal that Mexico had return to 1982 (when the banks were expropriated). 

Over time, the authorities intervened in the banks with the worst financial 

condition and those that presented illegal or irregular operations. The government 

intervened in a large number of banks both before and after the loan purchase had taken 

place.^^ Table 1 shows a summary of the merger and consolidation process that took 

place in the Mexican banking system since 1991. On the one hand, the number of non 

intervened banks decreased from 34 to 15 in 1994 and 2002 respectively, and the market 

share of the largest banks increased undoubtedly, hindering competition [See essay about 

market concentration in the banking industry]. On the other hand, foreign participation 

increased from no-majority ownership of any bank to majority ownership in four of the 

largest banks, increasing the stability of the system.^^ 

The crucial result of the banking bailout is that each bank's asset portfolio shifted 

substantially into IPAB bonds (pagares-lVAB). During a takeover, the acquiring bank 

would also acquire the bailout bonds that the target bank had in its portfolio, leading to a 

Krueger and Tomell (1999). 
Between 1994 and 2002, the official supervisory agency intervened in eighteen banks: Uni6n, 

Cremi, Banpals, Interestatal, Sureste, Capital, BanCen, Pronorte, Confla, Andhuac, Industrial, Obrero, 
Oriente, Inverlat, Bancrecer, AtlSntico, Serfin, and Quadrum. There were three cases in which the swap 
took place without change in ownership (Capital, Pronorte, An^uac), and in 15 other cases the loan 
purchase was done after the bank administration had been taken over by the government. 
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significant concentration of bailout bonds. After the mergers, only six banks hold 

pagares-\?AB : BBVA-Bancomer, Banamex-Citibank, Santander-Serfin, Bital, Banorte, 

Scotiabank-Inverlat.^^ These are the biggest banks, accounting for 93% of the total assets 

of the banking system. Figure 2 shows the large share of IPAB bonds in these banks.^° 

31 In fact a huge share of the loans in good standing are IPAB bonds. 

There were no bank liquidations or closed bank resolutions at all during the 

crisis.^^ The attitude was that "authorities had to act promptly to provide liquidity and 

maintain the integrity of the banking system; otherwise, deterioration of the system's 

financial situation (or some of its segments) could have spread quickly to the business 

sector." (Gavito et al. 1998). The Mackey Report (1999) noted that Mexico followed a 

policy "that no banks would fail and that bank operations would be 'regularized' rather 

than liquidated." Mexican authorities wanted to avoid a systemic bank problem at all 

• 33 costs. They succeeded in avoiding a systemic crisis but the costs were enormous. The 

Banamex (acquired by Citibank), Bancomer (acquired by BBVA), and Serfin (acquired by 
Santander) accounted for over 70% of the assets in 2000. Citibank was a foreign owned bank prior to 1994 
but its participation in retail banking was limited. 

The mergers before and after the Peso Crisis are in Table 1. 
Since IPAB bonds were swapped for loans, for accounting purposes we keep IPAB bonds as 

part of the good standing loans of the banks. 
Ex post, the distribution assumptions of bad loans is hard to explain. For instance, Bancrecer, a 

small bank, swapped bad loans for bonds worth 10 billion dollars. In the case of Banorte, swapped bad 
loans almost doubled the amount of loans in good standing. The three largest banks, Banamex, Bancomer 
and Serfin, which control about 60% of assets in the banking system, also held 48% of IPAB-bonds 
(CNB V web page). Thus, their status of large banks did not make them more immune to crisis. 

The first legal bankruptcy occurred in 2003, involving Uni6n and Obrero banks (See the 
Mexican newspaper Reforma,, March 14, 2003). 

The government banking bailout prevented a systemic collapse of the banking sector that cost 
more than US$55 billion. Estimating the cost of resolving the Mexican banking crisis is time dependent and 
non trivial. Krueger and Tomell (1999) show the present value of the costs at the end of a given year 
divided by the GDP of that year from Banco de Mexico. The costs are 5.5% in 1995, 8.4% in 1996, and 
16.2% in 1998. Caprio and Klingebiel (1999) estimate the costs at around 21% of GDP. Today the 
FOBAPROA's bond liabilities reach close to US$55 billion and the value of the assets is uncertain. Thus, 
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bailout has had perverse incentives that prevent banks from returning to lending 

[Gonzalez-Anaya (2002)]. Moreover, the approach encourages outright illegal behavior 

from bank owners.^"^ More importantly, the fourth section will argue that FOBAPROA 

generated incentives for moral hazard in the Mexican commercial banking system. 

DURATION MODEL 

A class of models that has been widely used in economics and other disciplines is 

the proportional hazard model. In this duration model, the left-hand side variable in our 

context would measure the length of time that a bank is in business before it disappears. 

Following the model developed by Cox (1972), the hazard of disappearance by the ith 

bank may be written as 1x,(0,y^), where i = h^Q, is the hazard of 

disappearance; x, ( t )  is a vector of time-varying covariates; / 3  i s  a  vector of parameters 

to be estimated. 

We observe data for each bank / in the sample at distinct times 

5 addition, at time we observe either government 

intervention or acquisition, or the observation on the i th bank is censored at time ^ , or 

in other words, the bank is still in business. In this framework, duration refers not to 

calendar time, but to time relative to the starting date of business for the bank i, so that 

= 0 where is the date of charter for the i th bank if the bank is a new bank or is 

as long as authorities resist the temptation to continue to carry out loan purchases, this will be the upper 
bound. 
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the date when the i th bank is newly privatized if the bank was a publicly-owned bank 

being re-privatized. The variables in the vector corresponding to time 

7  =  - l ) ,  a re  a s sumed  to  r e f l ec t  measu rab le  cha rac t e r i s t i c s  o f  bank  i over the 

i n t e r v a l  [ r ,  ̂ )  f o r  j = 1,..., (j, -1). At time ^ , we assume that these characteristics 

The estimated model is time-varying in the sense that covariates may vary across 

intervals, although they are assimied constant within intervals of time 

Hazards of disappearance are estimated using an adaptation of the partial-

likelihood method suggested by Cox (1972, 1975). One of the issues we have to deal 

with in the hazards is right-censoring [Han and Hausman (1990)]. Censoring involves 

removal from the sample for reasons other than disappearance. Indicator variables are 

defined as follows 

fl if bank i disappears due to acquisition or government intervention at time tj 
J; = K ' 

[0 otherwise, 

to reflect right-censoring at time t j ,  Then, the contribution by the i  th bank to the 

partial likelihood is 

The financial ratios show an increase in related lending once it became obvious that there was 
going to be a bailout [La Porta et al. (2003)]. 

In this context, we have censoring at the end of the observations, or right-censoring. Censoring 
is also typically assumed to be (conditionally) independent of both events of disappearance. It needs to be, 
in order to get the easy conditional probability rendition of the hazard given a bank disappearance. Right-

are represented by X;(?y._i) • Hence, x^{ t^  j  + a) = 

(1) 
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where R,  = | / 1  t j  > t j  , j  = is the risk set associated with bank / (that is, the set 

of banks that did not disappear). Note that right-censored banks do not enter the 

numerator of any contribution to the partial likelihood, although they enter the 

denominator for contributions by banks that disappear due to failure and acquisition 

before the censoring date. 

We specify the proportional hazards as 

where hi t )  is the baseline hazard.^® Substituting (2) into equation (1), taking logs, and 

summing across individual banks yields the partial log-likelihood for the entire sample: 

The baseline hazard drops out when equation (2) is substituted into (1); the model 

is semiparametric in the sense that the vector P is estimated without specifying the 

baseline hazard. In principle, although the baseline hazard h ( t )  varies only over t  and 

not over i, it is evaluated at different times t for different banks i and therefore captures 

individual heterogeneity among banks disappearing at different times. 

The advantage of the partial-likelihood estimation approach in this case lies in the 

fact that only part of the hazard function needs to be specified; the baseline hazard does 

censoring does not mean that the observation has no information. An observation right-censored at t still 
tells us that it has a survival time at least to t. 

h, {t I X, it), 0) = h(t) exp(x, ( t )P ) (2) 

In L(P) = X1 (h, )/? - In X )^) (3) 
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not have to be specified, nor does the density of survivor function need to be specified. 

For purposes of hypothesis testing, the partial log-likeUhood in (3) may be regarded as an 

ordinary log-likehhood concentrated with respect to the baseline hazard. 

EMPIRICAL ANALYSIS 

A hazard model, in the context of disappearance of a bank, answers the question: 

What is the probability of a bank disappearing in the next time period conditional on 

being in business up to the previous time period? In this context, we have to deal with 

some issues such as censoring and the data structure or data organization. 

Data 

The sample includes data for Mexican banks that existed during the period 1990 

though 2002. Data are collected from balance sheet and other financial records. The 

dataset is publicly available and can be found in the collection of bulletins (quarterly 

" X l  
reports) of the Bank and Securities National Commission, CNBV (former CNB). 

We have thirty-one banks (= 31), each of which will disappear or be censored. 

Let yj represent the duration until the disappearance occurs. is the duration until the 

It is common practice to measure the regressors so that A(.)=l at the mean value. Then 

has an interpretation as the hazard fimction for the mean individual in the sample. This baseline hazard is 
an unknown parameter which requires estimation [Keifer (1988) and Greene (2000)]. 

The bank-specific data and banking sector data are derived from the bank-by-information 
contained in the Sistema de Informacidn Estadistica (SIES) of the CNBV. Additional sources are the 
Informs Trimestral Sobre el Comportamineto de la Economia Mexicana published by the Banco de Mexico 
(various issues) and FOBAPROA (1998a, 1998b, 1998c, and 1998d). 
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observation is censored. Then =min. An indicator of censoring C, is defined. 

C, =0 if observation i is censored, 1 if it is not, for i - {1,2,..., A'^}. 

One of the first problems is related to bank lifetime: How do we measure the 

duration? Let the starting time of bank i be (time-in). In this paper, the time-in will 

be determine by (a) the date of charter for the i th bank if the bank is a new bank or (b) 

the date when the i th bank is newly privatized if the bank was a publicly-ovmed bank re-

privatized in the early 1990s. Let the ending time of bank i be (time-out), that is, the 

time when bank i disappears. Mexican banks disappear mainly because government 

intervenes, or the bank merges or is acquired by another bank. The first reason is a 

regulatory decision by FOBAPROA (or IPAB). The second reason is an administrative 

decision. 

This definition of bank disappearance presents some problems: Some banks 

could have exhibited insolvency before government intervention or, maybe, they merged 

before declaring themselves insolvent. This could distort the analysis. Nevertheless, we 

have the following available solutions: (i) to take into account the size of the bank, (ii) to 

differentiate insolvency from bank failure, or (iii) delete the smallest banks in the sample. 

The third solution is utilized in this paper. So, only the banks that do not have a very 

small market share remain in the analysis.^^^^ 

This is the reason why the following banks are not included: An^uac, Bansi, Capital and 
Pronorte. The three Foreign private banks are: BBV, Citibank, and Santander. They are excluded from the 
analysis following the suggestion of Gonzdlez-Hermosillo et al. (1997). 

It is important to distinguish between national and foreign banks because the initial conditions 
are important in the explanation of bank disappearance [Hemdndez and L6pez (2001a)]. 



The sample of remaining banks is divided into (1) re-privatized banks and (2) new 

banks. The names used previously (most of the times these were the names when the 

banks were publicly-owned) are put in parenthesis. On the one hand, the newly 

privatized banks consist of the following 18 banks: Atl^tico, Banamex, Bancen, 

Bancomer, Bancrecer, Banoro, Banorte (Mercantil del Norte), Banpais, Bital 

(Intemacional), Confla, Cremi, Inverlat (Comermex), Mexicano (Somex), Oriente, 

Probursa (Mercantil), Promex, Serfm, and Union (BCH). On the other hand, the new 

banks are 13: Afirme, Banregio, Del Bajio, Inbursa, Industrial, Interacciones, Interestatal, 

Invex, Ixe, Mifel, Obrero, Qaudrum, and Sureste. The date when these banks were re-

privatized, or the charter date of each bank are known. The dates when banks merged 

with other banks, were acquired by other banks, or experienced government intervention 

are known. Data on banks which did not voluntarily liquidate, did not merge, were not 

acquired, or did not experience intervention, are recorded as censored as of December, 

2002. 

Table 2 shows the duration measured in months of the new banks. In addition, it 

includes the duration of the foreign banks that are relevant in the Mexican banking 

system. Five of the thirteen banks have experienced government intervention, which 

means that 61.54% of those banks remain in the hands of their original owners. Table 3 

shows the duration, measured in months, of the re-privatized banks. Of the eighteen 

banks, only two survived (11.11%). Two other banks merged with foreign-owned banks 

(11.11%), and twelve experienced government intervention. 



Table 4 shows Descriptive Statistics related to both groups of banks (new and re-

privatized). The mean duration for the new banks was 88.76 months; while the mean 

duration for the disappeared new banks was 48.40 months. The difference is 40.37 

months, which is a sizable difference. On the other hand, the mean duration for re-

privatized banks that disappeared was 66.5625; while for the total of re-privatized banks 

the mean duration was 73.2777. The difference is only 6.7152 months. One possible 

explanation for the small gap is the governmental support (capitalization) of the big 

institutions by buying out their loans,or, maybe the Mexican bailout was done 

following a too-big-to-fail policy. 

The duration of a bank is modeled as a function of various bank characteristics, 

including financial ratios. This approach to evaluating the soundness of banks focuses on 

balance sheets and behavioral indicators. More specifically, the CAMEL-style method of 

analysis is followed. The CAMEL method is commonly used by regulators to assess five 

elements of a bank's financial condition and performance: Capital adequacy, asset 

quality, management, earnings, and liquidity. 

In addition, this essay analyzes the role of the following macroeconomic variables 

in order to capture circumstances that might have caused the financial condition of banks 

to vary systematically in Mexico: Nominal foreign exchange rate, real foreign exchange 

rate, the change in the nominal foreign exchange rate, the change in the real foreign 

exchange rate, the ratio of foreign-currency denominated M2 to international reserves, 

the nominal interest rate of return on CETES, the real interest rate of return on CETES, 

The governmental capitalization and the participation of foreign capital are measures that 
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the margin between the nominal rate of return on CETES and the short-term rate on U.S. 

Treasury bills, the volatility of the nominal CETES rate, the volatility of the real CETES 

rate, changes in industrial production, changes in real GDP, inflation, and the level of the 

consumer price index (CPI)."^^ 

The financial indicators employed in this essay are listed in Table 5. One of the 

attributes of the explanatory variables is that they are time-varying."^^ In the literature 

about bank failures, the variables considered differ from one study to another."^^ In the 

present study, model was selected based on its parsimony. Furthermore, we aimed to 

reduce multicollinearity in selecting the model selected."^"^ My analysis is conducted in 

three phases. First, I use Kaplan-Meier estimates without covariates. Next, I estimate the 

hazard model and, finally, the structure of time-varying covariates is taken into account. 

As a part of the second phase, the stepwise method is used."*^ However, the 

stepwise method is not sufficient because of the multicollinearity among the resulting 

explanatory variables. Therefore, different combinations of variables are tested, looking 

improve the financial indicators. 
A1 these variables are attempted to be included in the analysis, following suggestions by 

Gonzalez-Hermosillo et al.(1997). Nevertheless, among all of them only the change in the real foreign 
exchange rate and the real interest rate of return of CETES are kept in the analysis. 

Deposit insurance regime is not part of the covariates because the effect of deposit insurance is 
fiirther clouded by its possible dependence on the probability of disappearance. 

See Lane et al. (1986), Cole and Gunther (1995), Gonzalez-Hermosillo et al. (1997), and 
Hem^dez and L6pez (2001a). 

The use of balance sheet ratios virtually guarantees the presence of multicollinearity. In fact, 
inspection of the correlation matrix for the balance sheet ratios, as well as the variance-covariance matrix of 
parameters estimated from the hazard model indicates considerable multicollinearity. 

The stepwise method is used in multivariate linear regression, discriminant analysis or logistic 
regression, and duration models to examine the explanatory power of adding or removing predictive 
variables in the model. A forward or backward fiinction may be employed. In simple terms, this procedure 
allows to decide how many and which variables should be selected. 
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for the best goodness of the fit and avoiding collinear variables."^® A ranking of the 

possible models (992 models) and a score using a chi-squared for each adjusted model is 

employed. The resulting top-ranked models have a high goodness of fit, a high statistical 

significance level, and a reduced number of variables when compared to other models. 

The hazard models employed are estimated by maximizing the partial likelihood function 

to examine the disappearance of banks. The estimation is semiparametric because no 

baseline hazard is parametrically specified. 

Empirical Results 

Kaplan-Meier estimation 

Table 6 provides the product-limit survival estimates for re-privatized banks and 

Table 7 provides the product-limit survival estimates for new banks. The Kaplan-Meier 

method is used for the product-limit survival estimation. Moreover, Figure 3 shows a 

graph of the survival distribution function. Specific dates of disappearance may be 

inferred using Tables 2 and 3. If the survival functions are similar, then the Log-

Negative Log-Stirvival Distribution Function should be parallel for each group of banks. 

Given that this is not the case. Figure 4 suggests that the survival distribution of new 

banks and re-privatized banks is statistically different. This is confirmed by the Log-

Rank and Wilcoxon tests. According to results displayed in Table 8, the equality of the 

two different groups of banks is rejected at a 5% significance level for each test, and the 

Multicollinearity alters the significance level of the variables and may result in biased estimates. 
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Wilcoxon test rejects the null hypothesis of equality inclusive for a 10% significance 

level. 

Based on Figure 3, it can be seen that the survival probability of a re-privatized 

bank decreased little in the first months of its lifetime, and then it accelerated in the last 

months of its lifetime. In general, the survival function for the re-privatized banks falls 

more rapidly than the survival function for new banks. Hence, it is more likely for a re-

privatized bank to disappear than for a new bank. This observations added to the tests of 

equality suggest that the covariates for the individual banks play an important role. This 

phenomenon seems to support the too-big-to-fail hypothesis. That is, a re-privatized 

bank when its loans are purchased by FOBAPROA, diminishes its disappearance 

probability in the first months. Nevertheless, these programs are insufficient because the 

authorities finally intervene in these banks, and they are subsequently acquired by other 

banks. In contrast, the new banks had a big probability of disappearance in the first 

months of their existence, and then in posterior months their probability of disappearance 

was less than that of the re-privatized banks. 

The product-limit survival estimates for the whole banking system (all banks) are 

shown in Table 9. Only ten banks are in business at the end of the analysis (32.26% of 

all banks in the system). From Table 4, we know that the mean duration is 79.77 months 

for the entire sample of banks, and it is 62.23 for the disappeared banks. The difference 

in the mean duration is 17.53 months. 
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The Coefficients on the Explanatory Variables 

In the second phase of this model we included the following explanatory 

variables: capital to total assets ratio; overdue loans to total loans ratio; interest earnings 

to total loans ratio; interest expenses to interest earnings ratio; ROE; available funds to 

traditional deposits ratio; and available funds, financial instruments, prevailing loans to 

traditional deposits ratio, change in the real foreign exchange rate, and real interest rate of 

return on CETES. 

Table 10 shows the results of the hazard model for the whole sample. Moreover, 

we find that the explanatory power of the model is greatly increased by extending the 

basic model comprising only CAMEL type financial ratios (bank-specific variables) to 

include macroeconomic information. 

The ratio of the book value of bank equity (bank capital) to total assets is used as 

a measure of capital adequacy. We expect the coefficient of the bank capital to total 

assets ratio to be negative because the better capitalized a bank is, the greater its ability to 

absorb loan losses before becoming insolvent, and then, there is an inverse relation with 

this ratio to its probability to disappear. However, a bank with high liabilities to capital 

ratio is expected to increase its probability to disappear; i.e., the coefficient on total 

liabilities to capital ratio is expected to be positive. If reliance on borrowed funds reflects 

risk taking or a weakened condition, we expect the coefficient of total loans to capital 

ratio to be positive because loans typically are riskier than other bank investments. These 
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ratios have the anticipated signs, but none of these ratios are statistically significant. 

Therefore, only the coefficient of capital to total assets ratio is reported.'*^ 

The overdue loans to total loans ratio is used to assess asset quality. Loans are 

generally the most risky assets that banks hold. Thus, the coefficient of the variable 

overdue loans to total loans ratio should be positive. That is, the higher this ratio, the 

higher is the probability of a bank to disappear. The coefficients of the overdue loans to 

total loans ratio are significant at the 5% level. 

The interest earnings to total loans ratio is used to assess management. This 

variable is a proxy for management quality. The coefficient of the variable interest 

earnings to total loans ratio is positive. Nevertheless, the coefficient of this variable is 

reported even though it is not statistically significant even at a 10% significance level. 

The interest expenses to interest earnings ratio and returns on equity (ROE) are 

used to assess earnings. The coefficient of the interest expenses to interest earnings ratio 

is positive and statistically significant at 1%. The coefficient on ROE is negative and 

statistically significant at 1%, w^hich means that higher returns on equity contribute to the 

soundness of a bank. 

The available funds to traditional deposits ratio and the ratio of the summation of 

available funds, financial instruments, and prevailing loans to traditional deposits ratio 

are used to assess liquidity. The coefficients of the available funds to traditional deposits 

ratio are negative and statistically significant at 1%. Thus, it is expected that a bank with 

relatively high-available funds to deposits ratio would in general be less prone to 

A similar result is obtained in Hemdndez and L6pez (2001a). The ratio is still not statistically 



disappear, and so this coefficient should be positive. Banks whose liabilities were 

composed mainly of deposits had a lower probability to disappear. 

A high ratio of available funds to traditional deposits better enables a bank to 

accommodate unexpected deposit outflows without resorting to high-priced borrowing. 

Deposit insurance lowers the cost of deposits, and hence the more a bank relies on 

deposits as a source of funds the greater the bank's probability to survive. Moreover, the 

coefficients of the ratio of available funds, financial instruments, and prevailing loans to 

traditional deposits are negative and statistically significant at a 5% level. Banks with 

high ratios of cash and other reserves (available funds, financial instruments, and 

prevailing loans) to deposits were relatively better protected against large or sudden 

deposit withdrawals, and hence had a lower probability of closure from illiquidity. Banks 

that rely heavily on non-deposit sources of fimds might do so because they are unable to 

attract sufficient deposits. Alternatively, significant deposit withdrawals may force a 

bank to borrow against its loan portfolio or to sell assets. Conservative banks, on the 

other hand, are probably better able to attract deposits, and hence rely less on borrowed 

funds. 

The last three variables of the analysis are used to evaluate different hypotheses 

specific to the Mexican banking system. The selling value to book value ratio assesses 

the hypothesis that the risk-taking attitude of the bankers was explained by the high 

prices paid to acquire the banks when they were re-privatized. The significant positive 

sign for the coefficient of this variable implies that due to the high selling value the 

significant when the Capitalization index of BANXICO is included. 
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probability of a bank to disappear increases. The bank's total deposits to system's total 

deposits ratio is a variable to include bank size in the analysis. When this variable is 

significant, it implies that market share is a good explanatory variable for the survival 

probability. This coefficient implies that size remains important. In this sense, the 

coefficient supports the too-big-to-fail hypothesis. Because it is not always statistically 

significant, the percent of foreign shareholders is not recorded in the results. However, 

when it is statistically significant, the coefficient is negative. That is, foreign capital had 

a positive effect on the survival probability of a bank. 

Macroeconomic factors played a pivotal role. Up to 1997, high real interest rates 

imply a decrease in the likelihood of disappearance. Depreciation of the exchange rate is 

not statistically significant and implies an increase in the likelihood of disappearance. 

However, after 1998, both high real interest rates and a depreciation of the exchange rate, 

though not statistically significant at a 5%, imply a decrease in the likelihood of 

disappearance. 

Did FOBAPROA Cause Moral Hazard? 

Most countries have adopted a deposit insurance system ostensibly to protect the 

financial system's stability. The creation of the FOBAPROA is part of the background of 

the Mexican federal government's concern to protect the banking depositors, specifically 

the savers. Diamond and Dybvig (1983), Kane (1985, 1989), Kauffman (1989), 

O'Driscoll (1988), Wheelock and Wilson (1995), and Wheelock and Kumbhakar (1995), 

among many economists have identified government deposit insurance as an important 

contributor to the large number of bank and saving and loan failures in the past years in 



100 

the U.S. For instance, Alston, Grove and Wheelock (1994) show that bank failure rates 

were greater in states with deposit insurance systems, after controlling for branch 

banking, other government policies and differences in economic activity across states. 

In the third phase of this analysis, we expect that FOBAPROA may have created 

moral hazard, encouraging banks to hold less capital and more risky portfolios. In turn, 

this could provoke bank disappearance. Deposit insurance regime is not part of the 

covariates because the effect of deposit insurance is clouded by its possible dependence 

on the probability of disappearance. If moral hazard is a problem, FOBAPROA should 

increase risk-taking, then, the higher-risk banks will be predominant in the system, 

increasing the acquisition rate. If FOBAPROA thereby increased the probability that 

individual bank will disappear or be acquired, the time-varying covariate coefficients 

should reflect this. Using the balance-sheet information available, we estimate a time-

varying covariates hazards model in order to analyze the effects induced by 

FOBAPROA. FOBAPROA appears to have encouraged banks to deteriorate their asset 

quality, earnings, and liquidity. Nevertheless, none of the coefficients is statistically 

significant on capital adequacy.The coefficient of the interest earnings to total loans 

ratio is also consistent with the presence of moral hazard, although it is not statistically 

significant. 

Although no capital adequacy measure was significant, balance-sheet comparisons indicated 
that banks that disappeared were sometimes less capitalized than banks that did not. Furthermore, the 
capital-to-asset ratio is not the only possible risk measure available, and we also test whether deposit 
insurance caused differences across banks financial ratios that measure asset quality, earnings, and 
liquidity. 



Because of moral hazard, after controlling for local conditions, we expected to 

find that the FOBAPROA presence had a negative impact on the following; ROE; 

available funds to traditional deposits and available funds + financial instruments + 

prevailing loans to traditional deposits ratios of the Mexican commercial banks. And it 

would have a positive impact on their overdue loans to total loans; interest earnings to 

total loans; and interest expenses to interest earnings ratios. In both cases, we anticipated 

that FOBAPROA would exacerbate the effect of the financial ratios on the probability of 

disappearance. 

Time constant covariates are rejected in favor of time-varying covariates. Time-

varying covariates improve the significance of the model. Moreover, we find that 

explanatory power of the model is greatly increased by extending the basic model 

comprising only CAMEL type financial ratios (bank-specific variables) to include 

macroeconomic and aggregate banking sector information. We find that while the 

covariates add significant explanatory power to the model, the signs and statistical 

significance of the remaining variables are unaffected. That is, the coefficients on the 

bank-specific variables are robust to the inclusion of macroeconomic variables. There is 

only a slight increase in the value of the (partial) log-likelihood. Also, the results suggest 

that adverse macroeconomic shocks will shorten the survival time of banks with a 

deteriorating financial condition. In short, the disappearance of banks in Mexico are 

explained by both bank-specific and macroeconomic variables. 

Table 11 shows that a comparison of coefficient values between the whole sample 

and the coefficients for each year reveals some changes in the coefficient values. Figure 



5 represents graphically the same coefficients of the financial ratios in the disappearance 

hazard. The coefficients overdue loans to total loans, and interest expenses to interest 

earnings ratios increased during the period in which FOBAPROA was the deposit 

insurance scheme, while the coefficients of bank capital to total assets, ROE and the 

bank's total deposits to system's total deposits ratio deteriorated in the same period. 

However, the available funds to traditional deposits and selling value to book value 

remained around the same level during the FOBAPROA period. The coefficients on the 

macroeconomic variables remained also around the same value. In general, we think that 

FOBAPROA provoked an increase in risk levels. We find that the coefficients of interest 

earnings to total loans ratio remained at the same level during the FOBAPROA regime 

and, then, they increased after the change in banking accounting. Similarly, coefficients 

on available funds, financial instruments, and prevailing loans to traditional holdings 

ratio deteriorated significantly only after the change in banking accounting. 

CONCLUSIONS 

Using balance-sheet information, we estimate a time-varying covariates hazards 

model in order to identify the characteristics that make individual Mexican banks more 

likely to disappear. In modeling the disappearance hazard, both intervened (by the 

government) banks and acquired (or merged) banks are treated as disappeared at the date 

of governmental intervention or at the date of acquisition (or merger). The estimation is 

semiparametric because no baseline hazard is specified. 
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In this essay, we have information about two classes of banks: re-privatized banks 

and new banks. The estimates show that the disappearance probability of a re-privatized 

bank increased little in the first months of its lifetime, and then accelerated in the last 

months of its lifetime. In contrast, a new bank had a big probability of disappearance in 

the first months of its lifetime, and then in posterior months it had less probability of 

disappearance than the re-privatized banks [This might suggest the use of a too-big-to-fail 

policy by the Mexican government]. 

One of the findings is that the disappearance of banks in Mexico can be 

explained, given the statistical limitations, by a set of observable (and publicly available) 

variables."^^ This implies that the evolution of the banking system in Mexico has been 

determined by factors other than macroeconomic factors. Hence, a bank was more likely 

to disappear the lower its ROE; the lower its available funds to traditional deposits ratio; 

and the lower its highly-available funds to traditional deposits ratio. A bank was more 

likely to disappear, the higher its overdue loans to total loans ratio; the higher its interest 

earnings to total loans ratio; and the higher its interest expenses to interest earnings ratio. 

However, only three of the five elements of CAMEL: asset quality, earnings, and 

liquidity, were significant in the explanation of the disappearance of banks in the 

Mexican case. The macroeconomic factors played a pivotal role. High real interest rates, 

as well as depreciation of the exchange rate, imply a decrease in the disappearance 

likelihood. The fact that both CAMEL-type bank-specific variables and macroeconomic 

A similar result is found in Hemdndez and L6pez (2001a). 
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variables explain disappearance means that the Peso crisis was not the only determinant 

of the bank disappearance in Mexico. 

Time-varying covariates improve the significance of the whole model. Time 

constant covariates are rejected in favor of time-varying covariates. Significance levels 

did not change, and a comparison of coefficient values between the whole sample and the 

sample for each year reveals a change in coefficient values. FOBAPROA appears to 

have encouraged banks to deteriorate their asset quality, earnings, and liquidity. 

However, no systematic impact of the coefficients on capital adequacy and management 

measures is found. On the other hand, the results suggest that adverse macroeconomic 

shocks will shorten the survival time of banks with a deteriorating financial condition. 

Bank-specific risks are reduced by an appropriate legal framework and by adequate 

banking supervision. On the other hand, risk derived fi"om macroeconomic conditions is 

minimized by maintaining transparent, predictable, and stable macroeconomic policies. 

If the banking bailout implemented using FOBAPROA led to moral hazard, the Mexican 

government deposit insurance experience has policy implications. This case study of an 

institutional bailout offers insight for other countries considering the implementation of a 

bailout (specifically a banking bailout) at some point in the future. 
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TABLE 1. Summary of bank mergers since the Peso Crisis 

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

NEW BANKS 

1 Ixe 1 Ixe 1 Ixe 1 Ixe 1 Ixe 1 Ixe 1 Ixe 1 Ixe 1 Ixe 1 Ixe 1 Ixe 1 Ixe 
2 Inbursa 2 Inbursa 2 Inbursa 2 Inbursa 2 Inbursa 2 Inbursa 2 Inbursa 2 Inbursa 2 Inbursa 2 Inbursa 2 Inbursa 

3 Inter-
acciones 

3 Inter-
acciones 

3 Inter-
acciones 

3 Inter-
acciones 

3 Inter-
acciones 

3 Inter-
acciones 

3 Inter-
acciones 

3 Inter-
acciones 

3 Inter-
acciones 

3 Inter-
acciones 

3 Inter-
acciones 

4 Mifel 4 Mifel 4 Mifel 4 Mifel 4 Mifel 4 Mifel 4 Mifel 4 Mifel 4 Mifel 4 Mifel 
5 Banregio 5 Banregio 5 Banregio 5 Banregio 5 Banregio 5 Banregio 5 Banregio 5 Banregio 5 Banregio 
6 Del Bajio 6 Del Bajio 6 Del Bajio 6 Del Bajio 6 Del Bajio 6 Del Bajio 6 Del Bajio 6 Del Bajio 6 Del Bajio 
7 Invex 7 Invex 7 Invex 7 Invex 7 Invex 7 Invex 7 Invex 7 Invex 7 Invex 

5 Quadrum 8 Quadrum 8 Quadrum 8 Quadrum 8 Quadrum 8 Quadrum 8 Quadrum 8 Quadrum 
6 Industrial 9 Industrial 9 Industrial 9 Industrial 9 Industrial 9 Industrial 
7 Sureste 10 Sureste 10 Sureste 10 Sureste 

11 Afirme 11 Afirme 10 Afimrie 
10 Afirme^ 9 Afirme 9 Afirme 8 Afirme 8 Afirme 

11 Obrero 12 Obrero 12 Obrero 11 Obrero 
10 Afirme^ 9 Afirme 9 Afirme 8 Afirme 8 Afirme 

12 Bansi 13 Bansi 13 Bansi 12 Bansi 11 Bansi 10 Bansi 10 Bansi 9 Bansi 9 Bansi 
13 Pronorte 
14 Capital 
15 Ana-
huac 

PRIVATE FOREIGN BANKS AND PRIVATIZED BANKS ' 

1 BBV 1 BBV^ 

1 BBV 

1 BBV® 1 BBV 1 BBVA 1 BBVA ® 

1 BBVA 
Bancomer 
(48%) 

1 BBVA 
Bancomer 
(48%) 

1 
Mercantil 
(Probursa) 

1 Probursa 1 Probursa 2 Probursa 2 Probursa 
1 BBV 

1 BBV® 1 BBV 1 BBVA 1 BBVA ® 

1 BBVA 
Bancomer 
(48%) 

1 BBVA 
Bancomer 
(48%) 

2 Oriente 2 Oriente 2 Oriente 3 Oriente 3 Oriente 2 Oriente 

1 BBV® 1 BBV 1 BBVA 1 BBVA ® 

1 BBVA 
Bancomer 
(48%) 

1 BBVA 
Bancomer 
(48%) 

3 Cremi 3 Cremi 3 Cremi 4 Cremi 

1 BBV® 1 BBV 1 BBVA 1 BBVA ® 

1 BBVA 
Bancomer 
(48%) 

1 BBVA 
Bancomer 
(48%) 4 

Bancomer 
4 Bancomer 

4 Ban-
corner 

5 Ban
comer 

4 Ban
comer^ 

3 Ban
comer 

2 Ban
comer 

2 Ban
comer 

2 
Bancomer 

2 
Bancomer' 

1 BBVA 
Bancomer 
(48%) 

1 BBVA 
Bancomer 
(48%) 

5 Promex 5 Promex 5 Promex 6 Promex 5 Promex 4 Promex 3 Promex ® 
3 Promex 

2 
Bancomer 

2 
Bancomer' 

1 BBVA 
Bancomer 
(48%) 

1 BBVA 
Bancomer 
(48%) 

6 BCH 
(Union) 6 Union 6 Union 7 Union 

3 Promex 

2 
Bancomer 

2 
Bancomer' 

1 BBVA 
Bancomer 
(48%) 

1 BBVA 
Bancomer 
(48%) 



Table 1. - Continued 
7 Citibank 7 Citibank 7 Citibank 8 Citibank 6 Citibank 5 Citibank 4 Citibank 

4 Citibank ° 3 Citibank 3 Citibank 2 Citibank 
10 

2 
Banamex-
Citlbank 
(100%) 

8 Confia 8 Confia 8 Confia 9 Confia 7 Confia 6 Confia 5 Confia 
4 Citibank ° 3 Citibank 3 Citibank 2 Citibank 

10 
2 
Banamex-
Citlbank 
(100%) 9 

Banamex 
9 Banamex 9 Banamex 10 

Banamex 8 Banamex 7 Banamex 6 Banamex 5 Banamex 4 Banamex 4 Banamex 3 Banamex 

2 
Banamex-
Citlbank 
(100%) 

11 
Santander 

9 
Santander 

8 
Santander 7 

Santander-
Mexicano 

6 
Santander 

5 
Santander 

5 
Santander 
13 4 Serfin-

Santander 
3 Serfin-
Santander 10 Somex 

(l\1exicano) 
10 
Mexicano 

12 
IVIexicano 

10 
Mexicano 9 Mexicano 

7 
Santander-
Mexicano 

6 
Santander 

5 
Santander 

5 
Santander 
13 4 Serfin-

Santander 
3 Serfin-
Santander 

11 Serfin 11 Serfin 13 Serfin 11 Serfin 10 Serfin 8 Serfin 7 Serfin 6 Serfin 6 Serfin 

4 Serfin-
Santander 

3 Serfin-
Santander 

12 
Internacional 
(Bital) 

12 Bital 14 Bital 12 Bital 11 Bital 9 Bital" 

8 Bital 7 Bital 7 Bital 5 Bital" 4 Bital 
13 Atiantico 13 Atiantico 15 Atiantico 13 Atiantico 12 Atiantico 

14 10 Atiantico 8 Bital 7 Bital 7 Bital 5 Bital" 4 Bital 

14 
Interestatal 

16 
Interestatal 

14 
Interestatal 

8 Bital 7 Bital 7 Bital 5 Bital" 4 Bital 

14 Mcti. 
Norte 
(Banorte) 

15 Banorte 17 Banorte 15 Banorte 13 Banorte 11 Banorte 
IS 

9 Banorte 8 Banorte 8 Banorte 6 Banorte 

5 Banorte 
20 

10 
Banpais 

15 Banpais 16 Banpais 18 Banpais 16 Banpais 
9 Banorte 8 Banorte 8 Banorte 6 Banorte 

5 Banorte 
20 11 

Bancen 
16 Bancen 17 Bancen 19 Bancen 17 Bancen 

9 Banorte 8 Banorte 8 Banorte 6 Banorte 

5 Banorte 
20 

12 
Bancrecer 

17 
Bancrecer 

18 
Bancrecer 

20 
Bancrecer 

18 
Bancrecer 

14 
Bancrecer 

12 
Bancrecer 
17 

10 
Bancrecer 

9 
Bancrecer 
19 

9 
Bancrecer 

7 
Bancrecer 

5 Banorte 
20 

18 Banoro 19 Banoro 21 Banoro 19 Banoro 15 Banoro 

12 
Bancrecer 
17 

10 
Bancrecer 

9 
Bancrecer 
19 

9 
Bancrecer 

7 
Bancrecer 

5 Banorte 
20 

19 
Comermex 
(inverlat) 

20 Inverlat 22 Inverlat 20 Inverlat 16 Inverlat 
21 

13 Scotia-
Inverlat 
(55%) 

11 Scotia-
Inverlat 
(55%) 

10 Scotia-
Inverlat 
(55%) 

10 
Scotiabank-
Inverlat 
(55%) 

8 
Scotlabank 
Inverlat 
(99%) 

6 
Scotlabank 
Inverlat 

Intervened Banks 

1 Pronorte 1 Pronorte 1 Pronorte 1 Pronorte 1 Pronorte 1 Pronorte 1 Pronorte 1 Pronorte 

2 Capital 2 Capital 2 Capital 2 Capital 2 Capital 2 Capital 2 Capital 2 Capital 
<o 



Table 1. - Continued 
3 Anahuac 3 Anahuac 3 Anahuac 3 Anahuac 3 Anahuac 3 Anahuac 3 Anahuac 3 Anahuac 

4 Sureste 4 Sureste 4 Sureste 4 Sureste 4 Sureste 4 Sureste 
5 Industrial 
22 5 Industrial 5 Industrial 5 Industrial 

6 Quadrum 
23 6 Quadrum 

4 Cremi 4 Cremi ^ 

5 Union 5 Union ® 

6 Bancen 5 Bancen 

7 Banpais 6 Banpais 
18 

13 22 27 37 37 35 31 27 26 26 23 21 

^ 18 banks were privatized. Tine Foreign Private banks are: Citibank, BBV, and Santander. Interestatal is the only Mexican Private bank included because it merged to 
Atlantico. 
^ Obrero branches are incorporated to Afimne in April 1997. Sometimes Obrero is listed as a bank in resolution. 
^ In June 1995 BBV formally purchased Probursa. 

Acquisition of 16% of the shares of Bancomer by Bank of Montreal. 
^ Branches from Oriente and Cremi were acquired by BBV in August 1996. Sometimes Oriente and Cremi will be listed as banks in resolution. 
® Promex absorbed Union in July 1997. 
^ Bancomer absorbed Promex in July 2000. 
° BBVA acquired 33% of Bancomer in November 2000. 
° Citi acquired Confia in October 1998. 

Citigroup acquired Banamex in July 2001. 
" Santander acquired Mexicano in April 1997. 

Acquisition of 19.9% of Serfin by HSBC (Hong Kong Shangai Bank) Latin America BV. 
" In May 2000, Santander acquires Serfin. 

Atlantico buys Interestatal. 
" (since Dec., 1997) Atlantico was integrated with Bital. 

Bital is capitalized by Banco Central Hispano y Banco Central Portugues. 
" Bancrecer acquire Banoro in January 1997. 

Bancen was acquired by Banorte (in September 1997). Banorte acquires Banpais (in December 1997). 
Bancrecer and Inverlat are intervened by IPAB. 

^ Bancrecer is acquired by Banorte in December 2001. 
Bank of Nova Scotia bougth 10% of Inverlat in February 1996; finally, in August 2000 it took control. 

^ Far East National Bank purchases 51% of Banco Industrial. 
^ In August 2001 the order to intervene Quadrum is issued. 



TABLE 2. New Banks. 

BANK 
TIME-

IN 
TIME
OUT 

DURATION 
(in months) 

AFIRME Jan-95 Dec-02 96 

BANREGIO Sep-94 Dec-02 100 

DEL BAJIO Jul-94 Dec-02 102 

INBURSA Sep-92 Dec-02 124 

INDUSTRIAL Aug-93 Feb-98 • 55 

INTERACCIONES Oct-92 Dec-02 123 

INTERESTATAL Jun-90 Sep-95 • 28 

INVEX Feb-91 Dec-02 107 

IXE Jun-90 Dec-02 151 

MIFEL Dec-93 Dec-02 109 

OBRERO Jan-94 Mar-97 * 39 

QAUDRUM Jan-93 Aug-OI * 84 

SURESTE Jim-93 May-96 * 36 

A. Foreign Banks. 

BANK TIME-
IN 

TIME
OUT 

DURATION 
(in months) 

CITIBANK Aug-91 Dec-02 137 

BBV Dec-94 Dec-02 97 

SANTANDER Oct-94 Dec-02 99 

* Intervened by the government 



TABLE 3.- Re-privatized Banks. 

BANK 
TIME-
IN 

TIME
OUT 

DURA
TION 
(in 
months) 

ACQUIRED 
BY 

DATE 

ATLANTICO Mar-92 Dec-97* 70 Bital Dec-97 

BANAMEX Aug-91 Jul-01 # 120 Citibank Jul-01 

BANCEN Jul-91 Aug-95* 38 Banorte Sep-97 

BANCOMER Oct-91 Nov-00 # 110 BBV Nov-00 

BANCRECER Aug-91 Nov-99* ICQ Banorte Dec-01 

BANORO Apr-91 Dec-96* 57 Bancrecer Jan-97 

BANORTE (MCTL. 
DEL NTE.) 

Jun-92 Dec-02 127 

BANPAIS Jun-91 Mar-95* 46 Banorte Dec-97 

BITAL 
(ENJTERNACIONAL) 

Jun-92 Dec-02 127 

CONFIA Aug-91 Aug-97* 73 Citibank Oct-98 

CREMI Jun-91 Sep-94* 40 Promex Jul-97 

INVERLAT 
(COMERMEX) 

Feb-91 Feb-96* 49 Nova Scotia Jul-96 

MEXICANO 
(SOMEX) 

Mar-92 Oct-96* 56 Santander Dec-96 

ORIENTE Aug-91 May-96* 58 BBV Jul-97 

PROBURSA 
(MERCANTIL) 

Jun-91 May-95* 48 BBV Jun-95 

PROMEX Apr-92 May-98* 74 Bancomer Jul-00 

SERFIN Jan-92 Jul-99* 91 Santander May-00 

UNION (BCH) Nov-91 Sep-94* 35 BBV Jul-97 

* Intervened with by the government. 
# Merged. 
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TABLE 4.- Descriptive Statistics. 

RE-PRIVATIZED NEW TOTAL 

Mean Duration 
(months) 73.28 88.77 79.77 

Median Duration 
(months) 64 100 74 

Standard 
Deviation 31.56 38.19 34.76 

Minimum 
(months) 35 28 28 

Maximum 
(months) 127 151 151 

Range 92 123 123 
N 18 13 31 

Re-privatized 
Banks 

New 
Banks 

All Banks 

Mean 
Duration 
(months) 

Total Banks 73.28 88.77 79.77 
Mean 

Duration 
(months) 

Disappeared 
Banks 66.56 48.40 62.24 

Mean 
Duration 
(months) 

Difference 6.72 40.37 17.53 
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TABLE 5.- CAMEL-style Explanatory Variables. 

VARIABLE 
CAMEL 
Initial* 

Expected 
Sign 

Bank Capital/ Total Assets C -

Total Loans/ Bank Capital C + 

Total Liabilities/ Bank Capital C + 

Overdue Loans/ Total Loans A + 

Total Loans/ Total Assets A -

Overdue Loans/ Total Assets A + 

Management and Promotional Expenses/ Total Assets M + 

Interest Earnings/ Total Loans M + 

Interest Expenses/ Traditional Holdings M -

Interest Expenses/ Interest Earnings E ? 
ROA (Returns on Assets) E -

ROE (Returns on Equity) E -

Available Funds/Traditional Deposits L -

Available Funds + Financial Instruments/Traditional Holdings L -

Available Funds + Financial Instruments + Prevailing Credit/ Traditional 
Deposits L ? 

Selling Value/ Book Value + 

Total Bank's Deposits / Total System's Deposits ? 
Percent of Foreign Shareholders -

* The letters of CAMEL mean C^Capital adequacy, A=Asset quality, M^Management, E=Eamings, and 
L^Liquidity, respectively. 



TABLE 6.- Product-Limit Survival Estimates 
RE-PRIVATIZED BANKS. 

Time Survival Failure 
Survival 
Standard 
Error 

Number of 
Banks 
Disappeared 

Number of 
Banks Left 

0 1.0000 0.0000 0.0000 0 18 

35 0.9444 0.0556 0.0540 1 17 

38 0.8889 0.1111 0.0741 2 16 

40 0.8333 0.1667 0.0878 3 15 

46 0.7778 0.2222 0.0980 4 14 

48 0.7222 0.2778 0.1056 5 13 

49 0.6667 0.3333 0.1111 6 12 

56 0.6111 0.3889 0.1149 7 11 

57 0.5556 0.4444 0.1171 8 10 

58 0.5000 0.5000 0.1179 9 9 

70 0.4444 0.5556 0.1171 10 8 

73 0.3889 0.6111 0.1149 11 7 

74 0.3333 0.6667 0.1111 12 6 

91 0.2778 0.7222 0.1056 13 5 

100 0.2222 0.7778 0.0980 14 4 

110 0.1667 0.8333 0.0878 15 3 

120 0.1111 0.8889 0.0741 16 2 
127» 16 1 
127* 16 0 
NOTE: The marked survival times are censored observations. 
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TABLE 7.- Product-Limit Survival Estimates 
NEW BANKS. 

Time Survival Failure 
Survival 
Standard 
Error 

Number of 
Banks 
Disappeared 

Number of 
Banks Left 

0 1.0000 0.0000 0.0000 0 13 
28 0.9231 0.0769 0.0739 1 12 
36 0.8462 0.1538 0.1001 2 11 
39 0.7692 0.2308 0.1169 3 10 
55 0.6923 0.3077 0.1280 4 9 
84 0.6154 0.3846 0.1349 5 8 

96* 5 7 
100* 5 6 
102* 5 5 
107* 5 4 
109* , 5 3 

123* 5 2 
124* 5 1 
151* 5 0 

NOTE: The marked survival times are censored observations. 

TABLE 8.- Test of Equality of survival fimctions. 

Test 

Log-
Rank 

3,3488 0.0673 

Wilcoxon 1.4345 0.231 



117 

TABLE 9.- Product-Limit Survival Estimates (ALL BANKS). 

Time Survival Failure 
Survival 
Standard 
Error 

Number of 
Banks 
Disappeared 

Number of 
Banks Left 

0 1.0000 0.0000 0.0000 0 31 
28 0.9677 0.0323 0.0317 1 30 

35 0.9355 0.0645 0.0441 2 29 
36 0.9032 0.0968 0.0531 3 28 
38 0.8710 0.1290 0.0602 4 27 

39 0.8387 0.1613 0.0661 5 26 
40 0.8065 0.1935 0.0710 6 25 
46 0.7742 0.2258 0.0751 7 24 
48 0.7419 0.2581 0.0786 8 23 
49 0.7097 0.2903 0.0815 9 22 
55 0.6774 0.3226 0.0840 10 21 
56 0.6452 0.3548 0.0859 11 20 
57 0.6129 0.3871 0.0875 12 19 
58 0.5806 0.4194 0.0886 13 18 
70 0.5484 0.4516 0.0894 14 17 
73 0.5161 0.4839 0.0898 15 16 
74 0.4839 0.5161 0.0898 16 15 
84 0.4516 0.5484 0.0894 17 14 
91 0.4194 0.5806 0.0886 18 13 

96* 18 12 
100 0.3844 0.6156 0.0879 19 11 

100* 19 10 
102* 19 9 
107* 19 8 
109* 19 7 

110 0.3295 0.6705 0.0909 20 6 
120 0.2746 0.7254 0.0908 21 5 

123* 21 4 
124* 21 3 
127* 21 2 
127* 21 1 
151* 21 0 
NOTE; The marked survival times are censored observations. 
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TABLE 10.- All the Sample. 

Total Number of Observations 31 
Disappeared Observations 21 
Censored Observations 10 
Percentage of censored observations 32.2558 

A. Hypothesis Testing, Hq : 

Criteria Without 
Covariates 

With 
Covariates 

Chi-
squared 

Degrees 
of 
Freedom 

Probability 

-2 log L 91.154 53.043 38.111 10 0.0001 
Score 30.488 10 0.0001 
Wald 17.179 10 0.0163 

B. Maximum Likelihood Estimates. 

Covariate Coefficient Standard 
Error 

Wald Probability 
Hazard 
Rate 

Bank Capital/ Total Assets -21.41265 20.93482 1.137013 0.3625 0.000 

Overdue Loans/ Total 
Loans 34.37130 9.90023 4.497521 0.0101 0.000 

Interest Earnings/Total 
Loans 14.80600 12.23304 1.369752 0.2419 0.000 

Interest Expenses/ Interest 
Earnings 22.45060 7.71992 8.210283 0.0042 0.000 

Returns on Equity -30.65056 10.44512 8.057535 0.0045 0.000 
Available 
Funds/Traditional Deposits 

-17.71115 8.85531 9.324760 0.0023 0.000 

Available Funds + 
Financial Instruments + 
Prevailing Loans/ 
Traditional Deposits 

-5.97026 3.28179 2.875192 0.0901 261.053 

Selling Value/ Book Value 1.11692 0.63863 3.214444 0.0730 3.142 

Total Bank's 
Deposits/T otal System's 
Deposits 

-18.96801 13.87110 3.126376 0.0770 0.000 

Change in the Real 
Foreign Exchange Rate 0.12453 0.221473 0.734241 0.4680 0.424 

Real Interest Rate of 
Return on CETES -0.69045 0.828765 1.162791 0.3680 1.941 
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TABLE 11.- Maximum Likelihood Estimates for the Time-Varying Covariates. 

COVARIATES All Sample 1990 1991 1992 1993 1994 1995 

Bank Capital/ 
Total Assets 

-21.4126 

(20.9348) 

-22.2389 

(17.0717) 

-23.2947 

(17.8822) 

-33.9888 

(26.0914) 

-44.0026 

(33.7785) 

-45.1415 

(34.6528) 

-46.8826 

(35.9893) 

Overdue Loans/ 
Total Loans 

34.3713 

(9.9002) 

14.5965 

(4.1854) 

16.0500 

(3.6348) 

28.5990 

(6.4767) 

41.1319 

(9.3150) 

46.8319 

(10.6058) 

51.2717 

(11.6113) 

Interest 
Earnings/Total 
Loans 

14.8060 

(12.2330) 

8.8242 

(7.5397) 

9.1047 

(5.8903) 

9.1937 

(5.9478) 

9.3211 

(6.0303) 

10.5935 

(6.8534) 

9.0512 

(5.8557) 

Interest 22.4506 15.3082 16.1109 23.0702 30.4216 31.3769 33.6389 

Expenses/ 
Interest Earnings (7.7199) (5.3425) (3.8053) (5.4491) (7.1855) (7.4111) (7.9454) 

ROE 
-30.6505 -16.4182 -17.7413 -19.4671 -33.1899 -40.4916 -48.1434 

ROE 
(10,4451) (5.7839) (4.6552) (5.1080) (8.7087) (10.6246) (12,6324) 

Available 
Funds/Traditional 
Deposits 

-17.7111 

(8.8553) 

-18.5411 

(9.6349) 

-17.6725 

(2.9486) 

-17.7212 

(2.9567) 

-17.6599 

(2.9465) 

-16.8313 

(2.8082) 

-16.7719 

(2.7983) 

Available Funds 
+ Financial -5.9702 -3.2948 -3.7660 -3.2896 -3.4737 -2.6701 -3.6837 

Instruments + 
Prevailing Loans/ 
Traditional 
Deposits 

(3.2817) (1.9431) (1.3512) (1.1803) (1.2463) (0.9580) (1,3217) 

Selling Value/ 
1.1169 1.4028 2.4744 2.1265 0.7526 0.9497 0,8695 

Book Value (0.6386) (0.7824) (0.4814) (0.4137) (0.1464) (0.1848) (0.1692) 

Total Bank's 
Deposits/Total 
System's 
Deposits 

-18.9680 -11.0358 -11.3703 -11.5212 -11.9638 -18.3088 -22.5811 Total Bank's 
Deposits/Total 
System's 
Deposits (13.8711) (7.8396) (5.7700) (5.8466) (11.1458) (14.3656) (16.5337) 

Change in the 
Real Foreign 
Exchange Rate 

0.1245 

(0.2214) 

0.4829 

(0.8981) 

0.6515 

(1.1758) 

0.9585 

(1.7502) 

0.5623 

(0.7884) 

0.1879 

(0.1269) 

0.0670 

(0.0505) 

Real Interest 
Rate of Return 

-0.6904 -0.7077 -0.9438 -1.2965 -0.7880 -0.3871 -0.1629 

on CETES (0.8287) (7.2824) (9.6286) (13.7607) (6.1587) (0.2463) (0.1102) 

Standard errors in parenthesis. 
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TABLE 11- Continued 

COVARIATES 1996 1997 1998 1999 2000 2001 2002 

Bank Capital/ 
Total Assets 

-34.2281 

(26.2751) 

-24.9029 

(19.1167) 

-12.1572 

(9.3325) 

-13.4548 

(10.3286) 

-13.1479 

(10.0930) 

-11.9758 

(9.1932) 

-12.9604 

(9.9490) 

Overdue Loans/ 
Total Loans 

48.0039 

(10.8712) 

22.6224 

(2.7204) 

21.1047 

(2.5379) 

21.1362 

(2.5417) 

22.0568 

(6.3246) 

19.2220 

(5.5118) 

15.3100 

(4.3900) 

Interest 
Earnings/Total 
Loans 

12.3853 

(8.0126) 

25.8367 

(20.6522) 

26.5520 

(21.2240) 

29.6255 

(23.6807) 

29.1085 

(24.8714) 

28.5384 

(24.3843) 

29.2922 

(25.0284) 

Interest 22.3297 16.1783 8.2518 8.7410 9.1389 8.5928 8.4551 

Expenses/ 
Interest Earnings (5.2742) (2.1183) (1.0804) (1.1445) (3.1894) (2.9989) (2.9508) 

ROE 
-37.2776 -12.2802 -10.7526 -11.9853 -10.5839 -11.9368 -9.0152 

ROE 
(9.7813) (1.0975) (0.9610) (1.0712) (3.7286) (4.2052) (3.1760) 

Available 
Funds/Traditional 
Deposits 

-17.4215 

(2.9067) 

-17.5664 

(8.2210) 

-17.3567 

(8.1228) 

-18.4973 

(8.6566) 

-17.4532 

(9.0696) 

-18.1197 

(9.4159) 

-17.9884 

(9.3477) 

Available Funds 
+ Financial 
Instruments + 
Prevailing Loans/ 
Traditional 
Deposits 

-3.5912 

(1.2885) 

-17.6924 

(7.2144) 

-14.5075 

(5.9157) 

-15.8092 

(6.4465) 

-12.9790 

(7.6543) 

-13.3028 

(7.8453) 

-12.9027 

(7.6094) 

Selling Value/ 0.9118 1.4297 1.8911 1.7797 1.8595 1.6934 1.2632 

Book Value (0.1774) (0.0292) (0.0386) (0.0363) (1.0372) (0.9445) (0.7046) 

Total Bank's 
Deposits/Total 
System's 
Deposits 

-16.8225 -12.6405 -10.6848 -9.9236 -10.3755 -9.5270 -9.0142 Total Bank's 
Deposits/Total 
System's 
Deposits (13.6114) (3.7664) (3.1837) (2.9569) (7.3706) (6.7678) (6.4035) 

Change in the 
Real Foreign 
Exchange Rate 

0.0558 

(0.0361) 

0.0255 

(0.0190) 

-0.1331 

(0.1068) 

-0.2723 

(0.2153) 

-0.2982 

(0.2382) 

-0.2600 

(0.1732) 

-0.2304 

(0.1767) 

Real Interest 
Rate of Return 
on CETES 

-0.1351 

(0.0824) 

-0.5301 

(0.2553) 

-0.8367 

(0.4552) 

-0.7786 

(0.4126) 

-0.8787 

(0.4869) 

-0.8263 

(0,3691) 

-0.7130 

(0.3775) 

Standard errors in parenthesis. 



FIGURE 1. Summary of the main institutional changes in the Mexican banking system. 

1990 

V 

1991 1992 1993 1994 I 1995 1996 1997 1998 1999 2000 2001 2002 

(Jul/91) L_ 
FOBAROA 
replaces 
FONAPRE 

(Dec/94) 
Peso 
Crisis 

(Dec/96) 
Change in 
Accounting 
Principles 

(May/99) 
IPAB replaces 
FOBAPROA 

(1990-1992) 
Privatization 
Process 



122 

FIGURE 2. IPAB Bonds 
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FIGURE 3. Survival Distribution Function. 
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FIGURE 5. Coefficients of the Financial Ratios during the Period of Analysis. 
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SUPPLEMENTARY MATERIALS 

A. ACRONYMS 
(MEXICAN AGENCIES OR INSTITUTIONS) 

Acronyms Description Descripcion 

ADE Agreement for indebted 
people (to the banking 
system) 

Acuerdo de Deudores (de la 
Banco) 

BANCOMEXT Foreign Trade Bank Banco de Comercio 
Exterior 

BANXICO Central Bank (Bank of 
Mexico) 

Banco de Mexico 

CNB Banking National 
Commission 

Comision Nacional 
Bancaria 

CNBV Bank and Securities 
National Commission 

Comision Nacional 
Bancaria y de Valores 

FOBAPROA Bank Fund for the 
Protection of Savings 

Fondo Bancario para la 
Proteccion de los 
Ahorradores 

FONAPRE Preventive Support Fund 
(for the Commercial 
Banking Institutions) 

Fondo Nacional de Apoyo 
Preventivo (a las 
Intituciones de Banca 
Multiple) 

FOPROCRE Fund for the Protection of 
Credits (of Banking 
Institutions) 

Fondo de Proteccion de 
Creditos (a cargo de 
Instituciones Bancarias) 

INEGI Statistics, Geography, and 
Informatics National 
Institute 

Instituto Nacional de 
Estadistica, Geografia e 
Informdtica 

IPAB Institute for the Protection 
of Bank Savings 

Instituto para la Proteccion 
al Ahorro Bancario 

NAFIN National Financing Agency Nacional Financiera 
Procapte Temporary Capitalization 

Program 
Programa de 
Capitalizacion temporal 

SHCP Treasury Ministry Secretaria de Hacienda y 
Credito Publico 

SIES System of Statistical 
Information 

Sistema de Informacidn 
Estadistica 

UDI Value Unit of Account Unidad de Inversion 
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B. PROPORTIONAL HAZARD MODELS 

The probability distribution of duration can be specified by the distribution 
function 

t 

F{t) = |/{u)du = P(T < t), 
0 

which specifies the probability that the random variable T is less than some value t. The 
corresponding density function is f(t) = dF(t)ldt. These are two equivalent ways of 
specifying a distribution, and the choice of specification depends on convenience. In 
studying duration data it is useful to define the survivor function (by the rule of 
conditional probability) 

Sit) = l-F(t) = P(T>t), 

giving the upper tail area of the distribution, that is, the probability that the random 
variable T will be equal or exceed the value t. Of course, specifying S is merely an 
alternative method of specifying the distribution of T, and there are many other functions 
that could characterize a distribution. A particularly useful function for duration analysis 
is the hazard function 

h{t) = P{T = t\T<t) = f{t)IS{t), 

hit) is the rate at which failures can be completed at duration t, given they last imtil t. 

Given h = f IS = (dFIdt)IS = (-dSIdt)IS , we see that 

h{t) - -d In S(t) / dt. 
The hazard function provides a convenient definition of duration dependence. 

The integrated hazard 

H(/) = jh(u)du 
0 

is also a useful function in practice. It is the basic ingredient in a variety of specification 
checks. The integrated hazard does not have a convenient interpretation, however. In 
particular note that it is not a probability. The relation to the survivor function is 

S ( t )  =  exp[- H(?)]. 

B. 1 N onparametric Estimation 
The sample sxirvivor function for a sample of n observations with no censoring is 

A 

S ( t )  =  \ l n  (# of sample points > t )  
the empirical cimiulative distribution function turned around. A modification is required 
to allow for censoring. Suppose the completed durations in our sample of size n are 
ordered from smallest to largest, < — The number of completed durations K 
is less than n because some observations are censored and because of ties. Ties occur 
when two or more observations have the same duration. 
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Let dj be the number of completed failures at duration tj for7- 1, K. In the 

absence of ties the dj are all equal to one. Let rrij be the number of observations 

censored between tj and ; nif. is the number with durations greater than tj, the 

longest complete duration. Let rij be the number of failures neither completed or 

censored before duration tj 
K 

The estimated survivor function will be a step function, as in the censored case. 
So will the corresponding estimated hazard function. The hazard h{tj) is the probability 

of failing at duration tj, conditional upon reaching duration tj. A natural estimator for 

h { t j )  is 

k t j )  =  d j l n j ,  

the number of failures at duration tj divided by the number of observations "at risk" of 

failure at duration tj. The corresponding estimator for the survivor function is 

) = = N ~ ) 
;=1 <=1 

which is the Kaplan-Meier or Product limit estimator. Essentially, this estimator is 
obtained by setting the estimated conditional probability of failing at tj equal to the 

observed relative frequency of completion at tj. 

A measure of the variability of the Kaplan-Meier estimates is the "Greenwood" 
variance estimator: 

var[4)]=[4)f|-^. 

This variance is a product of the (squared) survival estimate and an "inflation 
factor" .  This  i s  increas ing in  S( t ) .  I t  i s  a lso  increas ing in  J , ,  and decreas ing in  n , .  

The integrated hazard function can be estimated by 

;=) 

Plots of the integrated hazard are typically smoother and therefore easier to 
interpret than plots of the hazard directly. Alternatively, the integrated hazard could be 
estimated as minus the logarithm of the Kaplan-Meier estimator. The two methods give 
similar results when the h is small [Kiefer (1988)]. 
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B.2 Explanatory variables in the Proportional Hazards Model 
Explanatory variables can affect the distribution of durations in many ways.^° In 

the proportional hazard specification the effect of regressors is to multiply the hazard 
function itself by a scale factor. The sign of the coefficients indicates the direction of the 
effect of the explanatory variable on the conditional probability of failing. The 
coefficients of the explanatory variable have a clear interpretation as a partial derivative 
analogous to the interpretation given to regression coefficients in the linear model. These 
interpretations of coefficients are "purely statistical". However, interpreting the 
coefficients of a model as behavioral parameters is a matter of modeling and judicious 
use of prior information (It may be easier to model duration data in terms of hazard 
functions than in terms of densities). 

B.2.1 Model Specification 
In the proportional hazard model the hazard function, depending on a vector of 

explanatory variables x with unknown coefficients ^ and , is factored as 

hit, X, p,h^) = P)\ (0 

where is the "baseline" hazard corresponding to It is common practice to 

measure the regressors so that ^.)=1 at the mean value. Then h has an interpretation as 
the hazard function for the mean individual in the sample. This baseline hazard is an 
unknown parameter which requires estimation [Keifer (1988) and Greene (2000)]. 

In this paper the specification ^{x,P) = exp(jc'>9) is used.^^ This specification is 

convenient because the nonnegativity of ^ does not impose restrictions on p and 
estimation and inference are straightforward. 

B.2.2 Partial-Likelihood 
The partial-likelihood approach suggested by Cox (1972, 1975) is utilized to 

estimate P in the proportional hazard model without specifying the form of the baseline 

hazard function h^. Suppose the complete durations are ordered, The 

conditional probability that observation 1 concludes a failure at duration , given that 

any of the n observations could have been concluded at duration 

h{t^,X^,P) _ ^(Xpyg) 

^h{t^,x„P) ^^(x,,y9) 
i=l i=l 

In ordinary regression models it is natural to assume, at least as a starting point, that explanatory 
variables affect the distribution of the dependent variable by moving its mean around. There is no 
analogous clear-cut point for including explanatory variables in duration models. 

This specification allows the covariates to influence this hazard proportionally. The P's are the same at 
all durations. Having certain characteristics raises or lowers the hazard proportionately at all durations. 
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This is true under the proportional hazard assumption h{t,x,P,ho) = (l>{x,P)\{t). 

This last quantity is the contribution of the shortest duration observed of the partial 
likelihood. 

Similarly, the contribution of the yth shortest duration is 

<p{x i, . , P). In each case, the contribution to likelihood is the ratio of the 

hazard for the bank whose disappearance was completed at duration t divided by the sum 
of the hazards for banks whose disappearance were still in progress just prior to time t, 
i.e. those that could have failed at duration t. The likelihood is formed as the product of 
the individual contributions, and the resulting log-likelihood function is 

The intuition here is that, in the absence of all information about the baseline 
hazard, only the order of the durations provides information about the unknown 
coefficients. 

A bank whose failure is censored between duration tj and appears in the 

summation in the denominator of the contribution to the log-likelihood of (ordered, 
uncensored) observations 1 through j, but not in any others. Censored banks do not enter 
the numerator of a contribution to likelihood at all. Ties can be handled by including a 
contribution to likelihood for each of the tied observations, using the same denominator 
for each. 

M= S  
/=i 

\n(l)(x^,p)-\n 
J^Rj 

where Rj denotes all observations "at risk" of failure at time j. 

The negative inverse second derivatives matrix can be used to approximate the 
variance of the coefficient estimator. The partial likelihood can be treated as an ordinary 
likelihood or as a likelihood function concentrated with respect to /ZQ [Kiefer (1988)]. 

Given an estimator of p, the estimator suggested by Cox and Oakes (1985) can 

be estimated. Define D{t^) to be the denominator of the likelihood contribution of the 

k th ordered, uncensored observation. When no observations are censored. 

in general, the sum will include additional terms for observations not censored by 
duration but censored later. A natural nonparametric estimator for the integrated 

hazard function is given by 

7=1 
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where d { t j )  is the number of disappearances at duration t j ; d ( t j )  =  \  in the absence of 

ties. Dit,^) is evaluated at the estimated value of . If the baseline .S,, survivor function 

itself is desired, it can be estimated by ) = exp[- H o )J. 

B.3 Time-Varying Explanatory variables 
Regressors whose values change over the course of duration time are conceptually 

straightforward to handle in the hazard function framework. Suppose the regressor x is a 
function of time, x(0, where t is measured from the beginning of the duration. Write the 

hazard function as h{t,x(t),/3). We can write the integrated hazard, survivor, and density 

functions. These will depend on the entire time path (up to 0 of the regressor. The 
integrated hazard is 

H ( 0  =  j ^ h { u , x ( u % f i ) d u .  

The log-likelihood function for n independent observations is 

L(J3) = 2 In '  x(t,),  yff) -  X f' (u),/3)du. 
i=\ i=\ 

Estimation of the parameter P typically requires numerical maximization of the 
log-likelihood function. In practice, the regressors may change only once or a few times 
over the course of the duration and the integral may therefore be simplified into a 
summation of a few terms. 

No apparent simple interpretation of this model in terms of linear models is 
available. Identification is tricky in that the effect of trending regressors is difficult to 
separate from possible duration dependence. Thus, for estimates to be precise, the time 
paths of regressors must vary substantially across individuals. 
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APPENDIX C: 

AN ENDOGENOUS GROWTH PERSPECTIVE OF THE MEXICAN ECONOMY 

SINCE WWII' 

INTRODUCTION 

Since the mid 1980s, Mexico has embraced the movement towards the 

deregulation of financial systems and the privatization of state-owned companies 

[Specifically, the banking sector (See second essay of this dissertation)]. Mexico has also 

made headlines with its trade liberalization policies and the promotion of free trade 

agreements after decades of a strategy of industrialization through import substitution and 

protectionism. As a superficial evidence of the success of the new policies, Mexico has 

become the second largest trading partner of the United States (Canada is the U.S. first 

trading partner). Over the last few years, fueled by U.S. manufacturing-sector demand 

for commodity and semifinished inputs, exports have been the primary engine of 

Mexico's economic growth. Nevertheless, and in coincidence with the reforms 

undertaken since the mid 1980s, Mexico's GDP per capita has been stagnant since then 

[See Figure 1]. Such disappointing performance of GDP per capita stands in sharp 

contrast with its outstanding performance during the period of import substitution and 

protectionism. During the period from 1950 to 1981 Mexico's GDP per capita grew at a 

rate of 5.71% per year, and over the whole period it grew faster than GDP per capita in 

' Joint work with Alfonso Flores-Lagunes and Daniel Garces-Diaz. 
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the U.S (the U.S. grew at a rate of 3.04%, a difference of 2.67% faster over a period of 32 

years)^. 

It is of great interest to researchers and to policymakers (in Mexico and in 

international organisms such as the IMF) to find explanations for the sharp contrast in the 

performance of GDP per capita in the aforementioned two periods. In addition, some 

other Latin American economies that followed the same strategies as Mexico over almost 

exactly the same two periods have fared better, such as Chile.^ Some explanations have 

been advanced for the macroeconomic performance in Mexico. Sachs (1989) argues that 

poor growth performance for a country after a debt crisis is due to the uncertainty faced 

by investors about the large external debt of the country that, in turn, might result in 

higher taxes in the future, recurring devaluation or high inflation. This would explain the 

poor performance of both Chile and Mexico right after the debt crisis, but not their 

difference in the aftermath of the crisis. Bergoeing et al. (2002) compare the cases of 

Chile and Mexico and conclude that the difference in performance is due to the 

differences in total factor productivity (TFP) in the two countries, which can be explained 

by the fact that Chile undertook reforms such as banking and bankruptcy procedures 

before Mexico did. 

^ It may be tempting to dismiss this difference in growth as insignificant, but that different growth 
rates are meaningftil when compounded for many years. As old rule of thumb, called the rule of 70 is 
helpful. Accordmg to this rule, if a variable grows at a rate of X percent, then that variable doubles in 

approximately 70 / X years. Then Mexico doubles the real GDP in 12.26 years, while the U.S. takes 23.03 
years to double its real GDP. 

^ Chile also faced economic crises durmg the mid 1980s with the associated costs. However, since 
then GDP per capita (and total factor productivity) has been increasing while Mexico's has been stagnant. 
See Bergoeing et al. (2002). 
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The objective of this paper is to propose an alternative and most probably 

complementary explanation to the determinants of GDP per capita growth in Mexico 

under the current strategy of liberalization and openness. We emphasize the apparent 

paradoxical performance of GDP per capita in Mexico over the periods of inward-looking 

industrialization and the current period of liberalization and openness. In particular, we 

use a two-country endogenous growth model to frame our arguments within the now 

clear dependence of the Mexican economy on its main trading partner (the U.S.). Our 

main insight is that the disappointing rate of grov^h in productivity in Mexico is due to a 

lack of conditions that would enhance investment in research and development (R&D). 

These conditions include structural reforms, such as those pointed out by Bergoeing et al. 

(2002) but also a minimum human capital base, adequate property rights protection, and 

government incentives. In addition, we argue that Mexico's productivity and thus GDP 

per capita grew much faster during the inward-looking industrialization period as a result 

of the government providing much of the incentives for domestic R&D mainly in the 

form of implementation. These incentives disappeared after the debt crisis in the mid 

1980s with the liberalization and the fiscal discipline efforts. 

An implication of the particular endogenous growth model to be used in this 

paper"^ is that, because of technology transfer, one R&D-performing country (e.g. U.S.A.) 

and an implementation R&D country (e.g. Mexico) converge to parallel growth paths, as 

long as some minimxmi conditions in terms of institutions and human capital are met 

[Howitt and Mayer-Foulkes (2002)]. We find evidence that a lack of adequate 

'* Recent work on endogenous growth models the process of technological innovation, which is 
regarded as exogenous in the neoclassical growth literature. 
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institutions and htiman capital base are likely to contribute to the explanation of Mexico's 

per capita GDP performance after the reforms. At this point, our evidence is more 

suggestive than formal, and thus a more rigorous test is left for future research. 

The rest of this paper is divided as follows. Section 2 presents some background 

about the Mexican economy and its relationship with the U.S. In section 3 a survey on 

economic growth is provided. In section 4, a Schumpeterian growth model for the 

Mexican and the U.S. economies and some implications of the model for the issue at 

hand are discussed. Section 5 contains some empirical evidence that support our 

interpretation and implications of the model. Section 6 concludes. 

THE ECONOMIC PERFORMANCE OF MEXICO AFTER WWII. 

The economic history of Mexico after World War II can be divided in two periods 

with very different characteristics: 1950-1981 and 1982-2002. Those differences are the 

result of the new conditions and economic policies brought about by the debt crisis of 

1982 and the deepening of the relationship between Mexico and the United States. In the 

former period, Mexico implemented an import-substitution strategy of industrialization 

that appeared to be successful, at least as measured by the growth in GDP per capita. 

However, this strategy proved to be unsustainable as the Government's fiscal deficit grew 

and the sources of financing it were exhausted (FitzGerald, 2000). In the 1970s, after 

some decades of price stability and a fast rate of growth, reforms came slowly, economic 

growth was intermittent and plagued with periodic crisis, and vast disparities in income 

and widespread poverty persisted. As an oil exporter country during the 1970s, Mexico 



135 

benefited from higher oil prices and the consequent increase in its ability to borrow in 

international capital markets. However, the Mexican economy entered into a prolonged 

recession triggered by the debt crisis in 1982.^ The real GDP was growing at an average 

rate of 7.0% before 1981. Afterwards, it has not grown (the average growth in the period 

1982-2002 is -0.08%). We will later show that for the first period the Mexican GDP per 

capita observed a long-run (cointegrated) relationship with U.S. GDP per capita, while in 

the second period, the level of the Mexican GDP is found to have a long-run relationship 

with that from U.S. In the first case, as we shall see, the implication is a conditional 

convergence of GDP per capita between the two countries, while in the second case a 

divergence of them is implied.^ 

The difference between the two periods is the presence of a domestic component 

of growth in the first of them that we relate to the import substitution strategy of 

industrialization through government spending financed either by oil revenues or by 

foreign debt. This strategy led to the debt crisis. After the crisis, the government had to 

adjust its role to face a more stringent budget constraint and, therefore, ceased to play its 

former role of promoter of industrialization and growth through its spending. 

During the 1980s and 1990s, Mexico's major trading and investment partners 

joined domestic groups in increasing the pressure for economic reform. The country 

started to recover at the end of the eighties thanks to the renegotiation of its foreign debt 

^ Mexico was unable to service its foreign debt and the ensuing debt crisis of 1982-1983 forced a 
large devaluation of the peso. An international financial rescue mission by the U.S. and the IMF was 
necessary to help Mexico meet its obligations. 

® Convergence is always used to mean "conditional convergence". 
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obligations and the implementation of several economic reforms that attracted massive 

capital flows7 

Industrial and technological policies 

The Import Substitution Strategy 

After WWII, Mexico followed an industrialization strategy of import substitution, 

which was common throughout Latin America at the time. The main idea was to develop 

Mexico's incipient manufacturing industry by the use of fiscal incentives, protectionism, 

and a myriad of public subsidies. The strategy appeared successful for a number of years, 

as measured by the growth of the economy (11.35% growth of the total real GDP over 

the period 1950-1970) and GDP per capita (3.94% growth of the real GDP per capita 

over the period 1950-1970). At the time, many observers talked about a "Mexican 

miracle". Nevertheless, the import substitution model was exhausted as it became evident 

that, to be sustained, the Government would have to increase the level of incentives more 

than proportionally. Not surprisingly, the fiscal deficit grew rapidly, which was financed 

with oil revenues during the early 1970s and increasingly with foreign debt, until the debt 

crisis in the early 1980s. 

Clearly, the import substitution model could not be sustained indefinitely. 

However, one must wonder about its early success in terms of industrialization and 

economic growth. Given that in the endogenous growth model to be introduced below 

investment in technology (pure or "implementation" R&D) plays a central role, we 

^ Some outward-looking economic policies included privatizing some industries, promoting 
exports, and trimming deficits. 
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briefly outline here the way we argue the import substitution model operated in this 

respect. 

Some of the incentives used by the government in the import substitution model 

were as follows (Pipitone, 1994). The use of low taxes on capital in some industries; a 

combination of high tariffs to goods competing with domestic products and low tariffs for 

capital goods needed in domestic industries; the provision of subsidized long-term loans 

and low-cost of public goods and services; and the use of import licenses for favored 

industries. In addition, the Government also signed agreements with the private sector to 

provide incentives for production in areas considered "strategic" for the substitution of 

imports, in exchange for fiscal incentives and import licenses. 

The Government, thus, was in fact pouring resources into those areas that it 

deemed as "strategic", creating an incentive for firms to acquire the capital goods and 

skills needed to implement the technology to produce the substitute goods. Besides the 

rewards built in the Government's initial incentive, there was the implicit incentive of 

servicing a market protected from competition (both domestic and international). 

Implementation R&D was effectively stimulated both directly through subsidies, and 

indirectly through implicitly guaranteeing profits fi"om a market to be protected from 

competition. 

The Maquiladora Program 

An interesting program introduced in Mexico since the import-substitution times 

that still lives on is the Maquiladora program. In the early 1960s the U.S. cancelled the 

bracero program, which had permitted Mexican workers to cross the border to do 
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seasonal work in the U.S. Cut off from an important source of foreign exchange, the 

Mexican government initiated the Maquiladora Program in 1965. This program was 

consistent with Mexico's then current model of import substitution. Under the 

Maquiladora Program foreign-owned firms could set up operations in Mexico and import 

inputs duty-free as long as the final products were exported out of Mexico.® 

Concurrent with the maquiladora program, changes took place in the U.S. tariff 

code in the mid-sixties. The 1966 Offshore Assembly Provisions (OAP) allowed U.S. 

manufacturers to ship American-made components overseas for assembly. On their 

return to the U.S., the import duties imposed on them applied only to the value added in 

the foreign assembly plant. Together, these two programs spurred Mexican 

manufactured exports to the U.S., employed Mexican labor, and undoubtedly served as a 

means for the transmission and implementation of technology in Mexico. 

The Maquiladora Program was at first limited to production along a narrow strip 

near the U.S.-Mexican border. With economic liberalization in the 1980s the program 

allowed, first, more maquiladora production to be sold in Mexico and, then, allowed 

maquiladora plants to be located fiirther south. Table 1 presents the maquiladora 

employment and export trends. The Maquiladora Program has spurred trade between the 

two countries. Between 1980 and 1992 the number of plants increased more than three 

fold. Employment rose to a half million workers, net exports approached $5 billion 

annually. Since the imported inputs enter Mexico duty-free, net exports are a measure of 

^ Maquiladora has been the tenn used for an industrial park comprised of foreign owned plants. 
' Foreign firms (mostly American) operating in Mexico were allowed to utilize duty-free imports 

as long as at least 80% of the plant's output was exported [Walter (1997)]. 
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the value added by the plants. In the last years maquiladoras have continued to expand. 

Maquiladoras plants are responsible for half of all Mexican manufactured exports and 

over 40% of all Mexican exports to the U.S. And they account for 26% of all Mexican 

labor employed in manufacturing [Walter (1997)]. As evidence in Table 1, from 1994 to 

1998 the number of maquiladora plants grew by 40% while employment and exports 

nearly doubled. 

Mexican Trade Policy 

After the debt crisis in 1982, the trade balance, money and price level faced 

changes. Before 1985, there was massive protection in Mexico. In addition to tariffs, 

import licenses protected 100% of domestic production, and there were numerous other 

nontariff barriers and a system of dual exchange rates that gave preferred treatment to 

industries favored by the government. Starting in the mid-1980s, however, Mexico 

embarked on a trade liberalization policy. As the government could not continue playing 

its former role, economic policies were adopted to try to increase the Mexican 

participation in the U.S. market. Contrary to conventional beliefs, this process started 

long before NAFTA (Garces-Diaz, 2002). In 1986 Mexico joined the General 

Agreement of Trade and Tariffs (GATT). Consistent with GATT rules that require 

curtailment of tariff and non-tariff barriers Mexico acted unilaterally to cut tariff rates in 

half, to an average of 12%. Similarly, the proportion of domestic output protected by 

import licenses was reduced from 75% to 20%. Additionally, controls on cross-border 

financial transactions were almost completely eliminated. 
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In 1994, Mexico concluded its treaty with the U.S. and Canada on the accession 

and compliance requirements of the NAFTA. NAFTA encouraged the deepening and 

broadening of Mexico's pro-market reforms. In the late 1994, however, the peso was 

sharply devalued, triggering a domestic economic crisis that severely affected the 

banking sector and caused havoc in international financial and capital markets. 

Despite the setback, Mexico remained committed to its reform path and to 

NAFTA. This determination encouraged trading partners and international and domestic 

investors, and in short order Mexico returned to the international credit market. 

Privatization of state-owned enterprises continued, as did the restructuring of the banking 

sector. After the peso crisis, the economy recovered quickly and started to grow again 

from 1996 to 2000, helped by the impressive performance of its exports. 

A brief look at the relative positions between Mexico and the U.S. is useful. 

Table 2 presents comparative statistics on the two countries. Not surprisingly, the U.S. is 

the dominant player. It accounts for over 85% of the exports and imports and 95% of the 

GDP. The U.S. GDP per capita is almost six times that of Mexico. Table 3 and Table 4 

illustrate the relative importance of the two country's trade with each other. In Table 3 

we see that the U.S. is the primary trading partner for Mexico. Mexico sends more than 

80% of their exports to the U.S. and acquires almost three quarters of their imported 

items from the U.S. Table 4 shows that, from the U.S. economic perspective, Canada is 

its largest trading partner (accounting for about 20% of U.S. two-trade way). Mexico is 

the second U.S. trading partner (accounting for a little over 10% of U.S. exports and 

imports). 
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Structiiral Reforms 

In the period 1950-1981 the government had control of the economy. It was a 

planified economy, most decisions were made by the federal government (practically 

there were not legislative procedures different from the executive power decisions). 

However, after 1980 some important structural reforms were needed. 

Mexico undertook structural reforms only in the mid-1980s or later. At the same 

time, Mexico attempted to bring its inflation rate down and reduced its budget deficit, it 

embarked on an extensive program of privatization and deregulation of domestic 

economic institutions, expanding the role of private markets. We summarize some 

reforms in a number of areas: fiscal policy, privatization, the banking system, and 

bankruptcy procedures. 

Fiscal Policy 

Mexico engaged in significant tax reforms during the 1980s. There were major 

tax reforms in 1980 and in 1985. Corporate tax policy in Mexico was reformed in 1987 

and 1989 to lower distortions on investment. Throughout much of the 1980s, Mexico ran 

a deficit on the order of 10 percent of GDP. Fiscal reforms undoubtedly played important 

roles in inducing higher rates of capital accumulation and hours worked. 

Privatization 

Following the 1982 crisis in Mexico, the government nationalized the banking 

system and effectively appropriated the banks' holdings of private companies. 

Economists like Lustig (1998) estimate that, directly or indirectly, the government 
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controlled from 60 to 80 percent of GDP in the 1980s. In 1984, Mexico began to re-

privatize what it had nationalized, but only after 1989 was the re-privatization substantial. 

The nationalized banks were only privatized after 1990. The paces of privatization had 

effects both on the incentives to accumulate capital and on the efficiency with which that 

capital was allocated. 

The Banking System 

After the nationalization, banks in Mexico were few, highly regulated, and subject 

to very high reserve requirements. The banking system in Mexico was used by the 

government as a way to channel funds to preferred borrowers at low interest rates. This 

led to huge differences in the allocation of credit in the economy after the crisis. The 

credit to the private sector fell in Mexico after 1982 and continued to be very low for 

most of the decade. In fact, despite the massive bailout during the 1994-95 Crisis, 

Mexico's banking system still fails to provide credit to the private sector. 

In regards to bankruptcy laws, Mexico had in place an obsolete and unwieldy 

bankruptcy law (Law of Bankruptcy and Suspension of Payments) since April, 1943 until 

2000. This law was reformed in January, 1987 and, finally, was replaced in May, 2000 

by the Commercial Insolvency Law {Ley de Concursos Mercantiles). 

Significantly, the government in Mexico has not done so in petroleum extraction. Crude 
petroleum exports m Mexico, which are controlled by the government's Petroleos Mexicanos (PEMEX), 
accounted for 9.8 percent of Mexico's exports in 2000. 
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Property Rights in Mexico 

The distinctive creation, invention, method or recognition of a company is the 

result of investing personnel and financial resources to obtain its competitive advantage. 

This property should be adequately protected so business can have the confidence that its 

competitive advantage will not be stolen, counterfeited, or used without permission. 

Mexico's fist attempt toward the promotion and protection of rights not only in tangible 

private property, but also in intangible private property, the intellectual property, is 

recorded in the Mexican Constitution of 1917 (article 28). In this regard, the Mexican 

state, within a constitutional framework, did not acknowledge or seek to develop an 

active public policy for the promotion and protection of intellectual property rights 

arising from works and inventions, such as in the case vdth Anglo-Saxon intellectual 

property (copyright law). 

By means of secondary provisions such as the Federal Copyright Law (1997) and 

the Industrial Property Law (1994),^' Mexico is making efforts to guarantee intellectual 

property protection, although not at the optimal level for the country's development in the 

world economy. 

" In regards to industrial property, since 1994, Mexico has recognition of the following industrial 
property rights: patents, utility models, industrial designs, integrated circuits, plant varieties, trade marks, 
trade names, slogans, denominations of origin and industrial secrets. 

One of the big problems is the lack of adequate mechanisms for the enforcement of intellectual 
property rights. 
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SURVEY ON ECONOMIC GROWTH 

The goal of much recent work in growth theory has been to develop models of 

• 13 • persistent growth that avoid the assumption of exogenous advances in technology. This 

work goes by the name of endogenous growth theory.'"^ There are two main strands of 

endogenous growth theory: the AK version of endogenous growth theory and the 

Schumpeterian endogenous growth theory. The AK version of the endogenous growth 

theory postulates that, although it is intangible, technological knowledge is just like any 

other kind of capital. That is, when people accumulate capital they tend to accumulate 

intellectual capital along with physical and human capital. The process of technological 

progress is considered very similar to the process of savings and investments.'^ 

Recent work on endogenous growth has shown how to model technological 

progress, which is regarded as exogenous in the neoclassical growth model.'® The 

Recent work on economic growth has emphasized innovations in the production side of the 
model, appending standard theories of the household to explain the saving decision. Much of the growth 
literature continues to rely on the most basic representative-consumer model to explain saving. The 
neoclassical model, even with capital interpreted broadly, implies that growth in income per person 
eventually approaches the exogenous rate of technological progress. Although the model can explain 
international differences in growth rates as the result of convergence to different steady states, it cannot 
explain the persistence of economic growth throughout most of the world. Persistent growth is built into 
the neoclassical model in a way that is simple but not terribly illuminating. 

To see what can be learned from models with more than one sector, consider the following 
example of endogenous growth based on the work of Uzawa (1965), and Lucas (1988). 

We conclude from these theories that we have to encoiu*age people to save more and eventually 
technology will flourish and economic growth rates will rise. 

Although endogenous growth models are often presented as alternatives to the neoclassical 
model, they can also be viewed as complements. Endogenous growth models provide a plausible 
description of worldwide advances in knowledge and how they impact economic growth. See discussion 
about the neoclassical model in Solow (1956, 1970), Mankiw et al (1992), Knight et al. (1993), Barro et al. 
(1995), Mankiw (1995), Klenow and Rodriguez-Clare (1997), Dinopoulos and Thompson (1999). 

The neoclassical growth model takes worldwide technological advances as given and provides a 
plausible description of international differences. It is often argued that evidence of conditional "|3 
convergence" coming from cross-country growth regressions is consistent with neoclassical theory (see 
Barro and Sala-i-Martin, 1999) but not with endogenous growth theory. 

The reason why the Schimipeterian model can account for more than the neoclassical model is that 
the per capita income varies across coimtries not only because of differences in capital stocks per worker 
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Schumpeterian variety of endogenous growth theory makes a very important distinction 

between investment on physical and human capital, on the one hand, and investment on 

technology, on the other hand. There are some important differences between these types 

of investments.'^ Moreover, technological progress is indeed a social process that is rife 

with conflict, largely because of the phenomenon that Schumpeter called "creative 

destruction".'^ As a consequence of the process of technological change, individuals, 

sectors, and even regions can turn out to become winners but also losers. 

One of the key determinants of a country's ability to undergo technological 

change is the willingness or the inability of those on the losing end to block the process. 

Of course, institutions have to be worked out to mediate this conflict. This growth theory 

is looking at the micro-foundations of the innovation process with all the winners and 

losers, a process completely different from the process of capital accumulation. This has 

turned out to be a general framework for understanding not only economic growth, but a 

whole set of issues that interact with growth. Because of this new framework, we are 

looking at the framework of understanding markets where competition takes place 

but also because of differences in productivity. Empirical research by Lichtenberg (1993), Trefler (1993, 
1995), Hall and Jones (1999), and others shows that these productivity differences are substantial, even 
among advanced countries. Evans (1996) shows that the dispersion of per capita income across advanced 
countries has exhibited no tendency to rise over the postwar era; instead, these countries have been 
converging to parallel growth paths of the sort implied by Solow-Swan model with common world 
technology. That is, convergence may take place only within a select group of nations, as argued by 
Durlauf and Johnson (1995), Quah (1996), and others. 

There are differences in the degree of uncertainty associated with the returns to the investments, 
differences in the kind of spillovers that are involved in the process (for example, technologies are easy to 
replicate), and differences m the kinds of returns to scale that result in these different types of investments. 

Technological change brings about great benefits to vast numbers of people, but it also destroys 
a lot of fortunes. And it does so through the general process of obsolescence. People in fast-growing 
societies have to be used to a pace of rapid change and a lot of volatility. Inequality occurs as a result of 
these changes that lead some people to flourish and other to have their skills and occupations in industries 
become obsolete. 
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through innovation: through this competitive process with lots of winners and losers. The 

theory turns out to have many microeconomic underpinnings that yield a number of 

handles for understanding how various policies and institutions can overall affect the 

growth process. It can take a look from a macro economic point of view as well. [Aghion 

and Howitt (1998)]. 

The value of endogenous growth is twofold. First, it helps explain the existence 

of worldwide technological progress, which the neoclassical growth model takes as 

given. Second, it offers a more realistic description of research and development.'^ Yet 

even this endogenous growth model tells only a rudimentary story about the creation of 

knowledge. If one thinks about research and development (R&D) three facts become 

apparent [Parente and Prescott (1999)]. First, even though knowledge is largely a public 

good, much research is done in firms that are driven by the profit motive. Second, 

research is profitable because innovations give firms temporary monopolies, either 

because of the patent system or because there is an advantage to being first. Third, when 

one firm innovates, other firms build on that innovation in order to produce the next 

generation of innovations. These (essentially microeconomic) facts are not easily 

connected with the (essentially macroeconomic) growth models [Aghion and Howitt 

(1998)]. 

Some recent work on endogenous growth is aimed at incorporating these facts 

about R&D by melding the theory of monopolistic competition into the theory of growth 

Yet for practical macroeconomists trying to understand international differences, the payoff 
from endogenous growth theory is not clear. Models that emphasize immeasurable variables such as 
knowledge are hard to bring to the data. It is not surprising, therefore, that these models have appealed to 
more theoretically inclined economists, and that there have been few attempts to evaluate these models 
empirically. 
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[For example, see Romer (1990), Grossman and Helpman (1991), and Aghion and 

Howitt (1992)]. One virtue of this class of endogenous growth models is that it offers a 

detailed description of the process of innovation. In linking technological change and 

market power, these models hark back to themes that Joseph Schumpeter emphasized 

many years ago [Schumpeter (1934, 1942), King and Levine (1993)]. The recent 

formalization is valuable both for clarifying these old ideas and for providing a 

framework in which to examine the welfare properties of equilibria. 

The quality ladder feature of technical progress has been studied by Grossman 

and Helpman (1991,1994) and Aghion and Howitt (1992), among others. A basic aspect 

of these models is Schumpeter's idea of creative destruction: when a new and more 

efficient design for the production of an existing good is created, the firm that begins to 

use it first will bite into the market share of its competitors, for it can offer the good in a 

better quality at the same price, or in the same quality at a lower price.^'' Hence, the 

competitors either introduce the same design (or, if unable to do that, introduce an even 

newer one) or else they will be driven out of the market [see Jovanovic and Nyarko 

(1996)]. Now, as they introduce the newer blueprint, they often stop the use of the old 

one, even when their investments in the current equipment are not fully depreciated (pure 

destruction). Adding to this mechanism, Schumpeter suggests that the firms invest in 

One result of models of creative destruction is that there is a tendency to over-invest in the 
economy because the firm that introduces a better design for the production of an existing good does not 
internalize the destruction that its innovation provokes. Remember, it forces the competing firms to 
abandon their ovm methods of production even when their current equipment is not fully depreciated. If 
the innovative firm had to internalize this negative externality (by, for instance, compensating the rival 
firms for their losses), the irmovation might be unprofitable and hence it would not be effected. But since 
this kind of compensation never takes place, the innovation is carried out. 
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R&D mostly to be in a position to conquer a larger share of the market, or to avoid losing 

whatever share they already have. 

ENDOGENOUS GROWTH MODEL FOR THE U.S.-MEXICO RELATIONSHIP 

This model is developed following very closely Howitt (2000) and Howitt and 

Mayer-Foulkes (2002). Howitt (2000) constructs a multicoxontry endogenous growth 

model that combines elements of the Solow-Swan model and the creative destruction 

model of Aghion and Howitt (1992). Aghion and Howitt (1998, Ch. 12) argue that the 

Schumpeterian branch of endogenous growth theory is also consistent with the evidence 

of Jones (1995) on the falling productivity of R&D and with the growth-accounting 

exercise of Jorgenson (1995) and Young (1995) that report a relatively small contribution 

of productivity to economic growth. 

To account for convergence^^ Howitt's model (2000) follows the lead of others 

who have argued that convergence takes place not only through diminishing returns to 

capital but also through technology transfer.What distinguishes Howitt's analysis is 

that it presents an integrated analysis of capital acciimulation and endogenous iimovation. 

In his model, countries are connected by R&D spillovers of the sort that Coe and 

Helpman (1995) and Eaton and Kortum (1996) estimate to be substantial, but without the 

international trade in goods that Coe and Helpman argue is the vehicle for such transfers. 

The model implies that all countries engaging in R&D will grow at the same rate in the 

To be more precise, conditional convergence, that is, convergence to the same rate of growth 
both not to the same level of GDP per capita. 

For example, see Helliwell and Chung (1991), Parente and Prescott (1994), Eaton and Kortum 
(1996), Barro and Sala-i-Martin (1997), and Basu and Weil (1998). 
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long run. Convergence, however, is restricted to this select group of countries. Those in 

which there is not a strong enough incentive to perform R&D will not grow at all in the 

long run. 

Economic growth rates depend, in the long run, on the rate of technical progress. 

Within the framework of endogenous growth, technological progress is not given from 

outside the economic system. On the contrary, it has many economic determinants. In 

the long run, there are two kinds of processes underlying growth: technological 

innovation and capital accumulation.^^ We can think of investment in technology as 

being determined jointly with the amount of capital existing in an economy. Investment 

in technology is determined by two relationships: a research arbitrage relationship 

[Similar to Equation (5)] and a standard neoclassical growth theory relationship. The 

research arbitrage relationship determines the extent of technological investment in a 

country as a function of the country's wealth in capital stock - how much capital it has 

accumulated. It is important to mention that the research arbitrage relationship is 

increasing because of what is known as the scale effect in economic growth.^"^ The 

standard neoclassical growth theory relationship is negative. More technological 

The focus in this work is on technological investment as something that is distinct from just 
capital accumulation. However, the two processes have a close interaction. 

That is, coxmtries that are richer, because they have accumulated more capital offer greater 
payoffs to people making investments in technology. People making those investments expect to capture 
some markets and earn some profits from having some market power such as is the case of a monopoly on 
something that others have not invented or have not been able yet to copy. The bigger the market, the more 
the profits, and because of the fixed cost nature of investment, its costs just as much to invest for a small 
market as it does for a big market. The bigger the market is the more of these investments you are likely to 
get. 
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investment will tend to mean a higher rate of technical progress.^^ The problem is that 

some countries are not going to be investing enough to take advantage of this 

technological change. 

Unlike the neoclassical model, the Schumpeterian model implies that even those 

countries that converge to a common positive growth rate will have different productivity 

levels. Long-run differences in productivity are endogenous and depend on the 

incentives to innovate and to accumulate capital. A parameter change that would raise a 

country's long-run growth rate if it operated in isolation from the rest of the world will 

raise its long-run relative productivity level in the multicountry model, and will have a 

(possibly small) positive effect on the long-run world growth rate. The model takes each 

country's investment rate as given and assvimes that all countries are equally efficient at 

using any given technology. 

A main implication of the model is that because of technology transfer, R&D-

performing countries converge to parallel growth paths while other countries stagnate. A 

parameter change that would have raised a country's growth rate in standard 

Schumpeterian theory will permanently raise its productivity and per capita income 

relative to other countries and raise the world growth rate. 

The Schumpeterian model implies that the neoclassical theory misspecifies the 

relationship between capital's coefficient and the rate of convergence.^^ It implies that 

In a neoclassical growth model, if we measure the capital stock in terms of the capital stock 
efficiency per unit of labor, the faster the technological progress, the lower is going to be the steady state 
level of coital relative to the state of technology. 

^ Howitt (2000) shows that the Schumpeterian version of endogenous growth theory, instead of 
implying a coefficient of unity, is actually less in need of augmentation than neoclassical theory, since it 
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the two parameters will be negatively related to each other, as in neoclassical theory, but 

that, given any coefficient value, convergence will be slower than predicted by the 

neoclassical model. This is because as an economy approaches its steady state from 

below, its productivity will be rising relative to the rest of the world, which will offset the 

growth-dampening effects of a diminishing marginal product of capital. Neoclassical 

theory, by neglecting endogenous movements in productivity, thus omits a factor that 

serves to attenuate the convergence process. 

Howitt's (2000) model is the first attempt to model the convergence process in a 

multi-coimtry model of endogenous growth determination.^^ However, the implications 

of the model are rather extreme. Only countries that engage in leading R&D investment 

will grow in the long-run while all others stagnate. Specifically, the model does not 

allow for an effect of the implementation of leading technologies by less developed 

countries. Howitt and Mayer (2002) allows for this possibility in a model that results in 

three types of countries: the leading-technology R&D countries, countries that are able to 

implement technologies and countries that are not even able to implement. The 

difference in the second and third type of coimtries is that the former possesses the 

minimum requirements of human capital and institutional framework to implement 

technologies while the latter does not. In what follows, we apply the Howitt-Mayer 

implies that the coefiicient is less than the value estimated under the maintained hypothesis of neoclassical 
theory. Proponents of neoclassical theory argue further that the coefficient value estimated by Mankiw et 

al. (about 0.7) is consistent with estimated rates of convergence; the Solow-Swan model with this 
coefficient value would imply a convergence rate approximately equal to the frequently estimated 2% per 
year. 

See discussions about convergence in Baumol (1986), De Long (1988), Dowrick and Nguyen 
(1989), Lee et al. (1995), Caselli et al. (1996), Islam (1996), Quah (1997). 
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(2002) multi-country model to the Mexico-US relationship in an attempt to gain insights 

about the economic growth process in Mexico. 

Production Relations 

Consider a world economy with 2 different countries (U.S.A. and Mexico), 

connected to each other through a flow of technological ideas. For simplicity we ignore 

all other relationships between countries and assume they do not exchange products or 

factors of production with each other. We begin by analyzing an isolated country, in 

which there is just one method of technology investment. There is a imit mass of 

individuals, each with linear intertemporal preferences in consumption, and a constant 

r a t e  o f  t i m e  p r e f e r e n c e  p > 0 .  

There is a single final good, produced under (perfect competition by labor) and a 

continuum of intermediate products, according to the production function 

where 7, is the country's gross output at date t, x,(r) is the country's input of 

intermediate product i into producing final product at t, A,{i) is a country-specific 

technology parameter reflecting the productivity attached to the latest version of 

intermediate product i, and iC(.) is a smooth production kernel with positive but non-

increasing marginal product. The parameter O is a country-specific efficiency parameter 

representing the combined effects of the country's institutions, industrial and 

technological policies, geography, and all other factors influencing total factor 
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productivity (TFP) except for technological knowledge. Although highly aggregated, this 

parameter will be useful in approximating a myriad of factors that are commonly claimed 

to impact TFP, as for instance important structural reforms (Bergoeing et al., 2002). 

Each intermediate product is produced by skills, according to the production 

function 

= (1) 

where gf (i) is the input of skills into manufacturing in sector i at time t. Note that 

skills are divided by A, {i), which indicates that successive vintages of the intermediate 

product are produced by increasingly skill-intensive techniques. Given that the 

intermediate products embody the technology, increasingly skill-intensive techniques are 

consistent with Comin and Hobijn (2003) observation that for earlier technologies 

secondary education is a significant factor explaining adoption in a cross-section of 

countries, whereas for more recent technologies tertiary education replaces secondary 

education as a significant factor. 

Each intermediate product is produced by a local monopolist, who operates with a 

price schedule given by the marginal product; 

pXD't'AXDKixXD) 

and a cost function equal to 

C,{Xt,w,) = w,A,{i)x,{i), 

where w, is the market-determined (and country-specific) price of skills in terms of the 

final product (the numeraire). 
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Since each intermediate firm's marginal revenue and marginal cost schedules are 

proportional to A, (i), and since firms differ only in their value of (t), they all choose 

to supply the same quantity of intermediate product: x, = x, (i) for all i. Thus 

x,(t) = x, =gf /a, , (2) 

vyfhere gf is the total demand for skills in manufacturing and A, is the average 

productivity parameter across all sectors in the country.^^ Substituting from (2) into the 

profit-maximization condition of each intermediate firm yields the demand function for 

skills in manufacturing: 

where 5 is a decreasing function of the country-specific "efficiency-adjusted" price of 

skills: 

0)^ = w,/0.  

Each local monopolist earns a flow of profits proportional to its productivity 

parameter, namely: 

= (3) 

where the function ^ is decreasing in co, P 

From (1), the definition of A^, and the adding-up condition we have 

{l)Xjdl = A^x,. Equation (2) follows directly. 

For simplicity, in the Cobb-Douglas case {G{x) = x")v/e have: ?(<») = , 

1 _ J-

^{(o) = ——coico/a^y"^. 
a 
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Supply of Skills 

Skills are an important determinant of a country's absorptive capacity [Benhabib 

and Spiegel (1994) and Griffith et al. (2001)]. As the world's technological frontier 

advances, a country that does not keep pace will find it increasingly difficult to catch up 

by absorbing foreign knowledge, because its skill levels will not be keeping up with the 

frontier. As a result, technology investments will become increasingly ineffective. 

In this model, each individual acquires skills by spending time in "education," 

broadly interpreted to include training. Someone who spends the fraction of time s, in 

education at t (and the fraction 1- working in either manufacturing or technology 

investment) attains a skill level: 

F = AJ(e,); f>0,r<0, /(0) = 0 

where A, is again the economy-wide average productivity parameter and / is a 

production function representing the technology of skill-acquisition. The level A, matters 

because of a human-capital externality, that is, time spent acquiring skills is more 

valuable in a technologically more advanced economy where there is more to learn from 

others. 

As a simplifying assumption, skill acquisition takes place much faster than 

technological progress, so it can be treated as instantaneous. Consequently, a person who 

spends the fraction of time s, in education at date t to acquire the skill-level F, will earn 

an income of -s^) per unit of time. The person maximizes income by choosing e, 

equal to the constant; 
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s = mg max / (£')(1 - s) 

independently of w, and A,, and will supply the amount: 

of skills per unit of time to the market, where: 

y/ = f{s\\-s). 

Innovations 

The past section presents a brief account of endogenous iimovation by profit-

maximizing R&D firms, along the lines of other Schumpeterian growth models as in 

Aghion and Howitt (1992) and Howitt (2000). Iimovations result from domestic R&D 

that uses technological knowledge coming from all over the world. Each innovation 

creates an improved version of the existing product,^® with a productivity parameter that 

equals a worldwide "leading-edge technology parameter" 

4"^ = max{^^, (0 I i e [0,\\ j = US,Mx}, 

where the j subscript denotes a variable specific to country j. The irmovator becomes 

the new incumbent producer until replaced by the next innovator in that industry. This 

way of introducing technology transfer makes it analogous to and symmetrical with the 

Thus when sector i innovates, the proportional increase in (i) will depend on how long it has 

been since the last innovation in sector l. The alternative assumption, used by Grossman and Helpman 

(1991) and Aghion and Howitt (1992), to the effect that the proportional increase in A,{i) is a fixed 

constant, neglects the effect of spillovers coming from iimovations in other sectors on the quality of an 
innovation. 
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intersectoral technology spillovers occurring within a country, for the quality /l™" of an 

innovation depends on the most advanced technology in any sector of any country. 

The inputs to technology investment are skills and final output. Since the costs 

and benefits of this investment are the same in each sector, we assume that it is carried 

out at the same rate in each sector. The Poisson arrival rate A, of an irmovation in any 

sector is determined by a constant-returns production function, which is more skill-

intensive that the production function for final output: 

A, = J 2]-' I AT, Q<e<\ (4) 

where is the input of skills into technology investment, z, is the material input of the 

final good into technology, and y is a parameter indicating the productivity of the 

innovation process. The division by takes into account the force of increasing 

complexity; as technology advances, the resource cost of further advances increases 

proportionally.^' 

Let V, be the value (to the innovator) of an irmovation at time t. Suppose that 

technology investments are subsidized at the proportional rate cr < 1. The subsidy rate cr 

is a proxy for all distortions and policies that impinge directly on the incentive to 

innovate, and is thus directly related to a country's technological policy or lack thereof. 

It can thus be negative if the distortions and policies favoring innovation are outweighted 

by those discouraging it. 

Thus the model embodies the "diminishing opportunities" hypothesis of Kortum (1997). As 
explained in Howitt (1999), the model is also consistent with Kortum's observation of a declining rate of 
patenting per R&D scientist/engmeer, because we may mterpret the increase in scientists and engineers as 
an increase in the (human) capital input to R&D. 
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A firm investing in technology at t will maximize its expected profit: 

+ ^ t )  

32 subject to (4). This implies the arbitrage condition: 

(l-<7)<S»f=uF,/4- (5) 

where S = (1 - 0f~^. It also implies that: 

,1, =(w;-'feV4-" (6) 

where ^ = (^)"'. 

By substituting for in (6) firom the market-clearing condition for skills: 

we can express the equilibrium rate of innovation as: 

(7) 

where «, = denotes the country's "normalized" productivity, and where A is an 

increasing function of co,. 

In (7) a higher efficiency-adjusted price co^ implies a lower demand for skills in 

manufacturing and hence a larger supply to the technology investment sector; it also 

implies that material input to technology investment will increase more than in proportion 

The arbitrage condition governing the level of innovation is that the net marginal cost of 

innovation (1 — <T)Swf is equal to the marginal effect oV, / of innovation on the arrival rate times 

the expected discoimted value of the flow of profits that a successful innovator will earn. Hence, it is the 
analogue to the research-arbitrage equation of Aghion and Howitt (1992). 

This formulation assumes that the previous incumbent is unable to reenter once it stops 
producing. That is why a successful mnovator can ignore potential competition from previous innovators in 
the same product. Howitt and Aghion (1998, Appendix) show that the alternative case in which the 
previous incumbent is free to reenter produces the same steady-state comparative-statics results in a related 
closed-economy model. 
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to the now relatively more expensive skill input, and hence that the rate of innovation will 

increase more than in proportion. Also, a higher normalized productivity a, implies that 

with a given amount of education each worker engaged in technology investment will be 

supplying more skills relative to the world technology frontier and hence will produce 

innovations at a faster rate. Conversely, a lower value of a, means that the country is 

technologically more "backward," and the resulting decrease in the frequency of 

irmovations implied by (7) is the disadvantage of backwardnes. 

The value V, of an innovation is the expected present value of all profits fi-om 

now until the next irmovation in the same sector, at which time the firm will be replaced 

as the incumbent monopolist in the sector: 

where r is the rate of interest. Differentiating both sides with respect to t produces a 

Bellman equation analogue to that of Aghion and Howitt (1992): 

Assuming that savings is taxed at the constant marginal rate v e [0,1), then 

The country-specific parameter r is intended to proxy for all those aspects of 

regulatory and institutional environment impinging on the incentive to save. For 

The Price of Skills 

VJV,-if'" / = r  +  X , - <DfK)A^'" /F,. (8) 
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instance, represents security of property rights and the U.S. institutions that insure 

them. Similarly, represents the saving-tax rate in Mexico. 

It follows from (5) and (7) through (9) that the efficiency-adjusted price of skill 

(O, obeys the differential equation: 

dcOf 

dt e 
P 

\-x 
+ tKl) \-e X (co, )af -

1-cr  

where ir is decreasing function of co^ 

Technology Transfer and Absorptive Capacity 

Technological innovation and technology transfer have been modeled as two 

aspects of the same technology investment activity, reflecting the fact that every act of 

iimovation builds on previous ideas. In other words, each innovation allows the innovator 

to access a worldwide technological frontier. Let denote the growth rate of this 

worldwide technological frontier:^'* 

r , = A r / A r -

A country's average productivity parameter A, grows as a result of innovations, 

each of which replaces the preexisting productivity parameter A,(i) in a sector by the 

worldwide leading-edge parameter . Thus the average increase in the technology 

parameters across all innovating sectors at t is the difference ^4™" - A^. The rate of 

increase: 

Although /i will be endogenous to the whole model, for now we take it as given. 
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A , = A , i A r - 4 }  

which together with (7) implies: 

A = A (<" - , (g-i - ijbqi'-'ACa,, K. (10) 

There are two effects of a, on the right-hand side of (10), which represent 

respectively the advantage and the disadvantage of backwardness as measured (inversely) 

by a, [see Gerschenkron (1952)]. The advantage is that the further behind a country is 

the greater the average size of each innovation, as measured by the average proportional 

jmax 
increase, — - = a~^-L According to (10) there is an overall advantage to 

4 

backwardness, since the right-hand side is proportional to l-a^. But whether or not this 

overall advantage is sufficient to ensure that Mexico (the follower country) ends up 

growing at the same rate as the U.S. (the leader) depends on the other factors involved in 

determining Mexico's frequency of innovations. In particular it will depend on the 

equilibrium value of the efficiency-adjusted price of skills in Mexico. To see this 

suppose (o, and y, are both constant. Then (10) and the definition of a, and y, imply: 

d j a ,  X { c o )  

So that: 

or, -^maxjo, l-y 

Since A is an increasing function, this implies that when the steady-state value of 

0) is too small the country's growth rate will converge to a value strictly less than the 
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world growth rate /, whereas when co is large enough the country's growth rate will 

converge to y. In the former case, as Mexico falls further behind the U.S. (as a, falls), 

the country's absorptive capacity becomes too small to prevent its normalized 

productivity a, from falling to zero despite the increasing size of innovations. In the 

latter case absorptive capacity remains high enough that the normalized productivity is 

stabilized as a strictly positive value. 

On the other hand, there is a disadvantage of backwardness. The further behind 

(given the efficiency-adjusted price of skill ©,) the smaller the frequency of innovations 

A,, =vO^~^A{o),)a,. 

This results from erosion of absorptive capacity. The investments that are needed 

to keep up at certain frequency of innovations keep on rising and rising. Countries that 

are very poor will find that as this gap rises and helps them to catch up, they are losing on 

this side. Size of iimovations is raising, frequency is falling, and countries that are too far 

behind originally will end up stagnating relative to the rest of the world. They will not be 

converging on parallel growth path with the rest of the world. That is, countries that are 

very poor can easily fall into a low-level development trap, where they fall way behind 

the frontier, and therefore they can not afford the technology investments that would be 

necessary to bring them back out. Such countries will end up in low-level traps that raise 

serious issues of how you to get out of them [Howitt and Mayer-Foulkes (2002)]. 
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The Dynamical System 

A country's normalized productivity a, and its efficiency-adjusted price of skills 

Q), are governed by a two dimensional dynamical system: 

^ = a, [(1 - a, - y, 
at 

dco, 

dt e \-r 
+ t»0 \-e Xi(o,)a, -

1-cr  

(11) 

(12) 

These equations, together with an initial condition on a^, a transversality 

condition on derived from its connection (5) with the value V, of an innovation, and a 

given time path for y, determine a unique time path for (or,, ). 

There is a unique steady-state, exhibiting the usual saddle path property. At each 

date the country's GDP equals the sum of labor income and profit income: 

7, =(0,g,+Af<S>Ki(o,) = + (13) 

Implementation 

As in other innovation-based endogenous growth models, the growth rate of 

the world's leading technology parameter J"® is determined by a spillover process that 

constitutes part of the mechanism of technology transfer (the other part being the use of 

by innovators in every country). Assume that the leading coimtry, the U.S.A., 

generates all the spillovers. Then: 

71 ~ ^us^us,t' 
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where is the U.S. spillover, e (0,1] • 

Using (7) to replace ^ and substituting into (11) for the leading country shows 

that its normalized productivity converges asymptotically and monotonically to the 

steady-state value: 

(14) 

The leader's steady-state skill price is determined by (14) and the other 

steady-state condition: 

l -(Tys= ^ — ( l i )  

)(^us 
1 ^us 

which follows from (12) and is analogous to the steady-state research arbitrage equations 

analyzed in Aghion and Howitt (1998). The steady-state growth rate of the global 

technology frontier is: 

r = cr^s^^us MKS • (16) 

The steady-state global growth rate (or global balanced growth path);^ is an 

increasing function of the U.S. efficiency parameter Oys, its innovation-subsidy rate 

, and the innovation-productivity parameter v. It is a decreasing function of the U.S. 

saving-tax rate . 

For the follower, Mexico, the steady-state values of and can be derived 

from the equations: 
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\-(7i^=— ^3 ( i /J  

MX )^MX 
^ '^MX 

^MX ~ 1 ~ . 1 - 0  r, T-
^MX^iP^Mx) 

The country's steady-state normalized productivity a]^ is an increasing function 

of its efficiency parameter , its innovation-subsidy rate cr^s and the innovation-

productivity parameter i;. It is a decreasing function of its saving-tax rate and the 

growth rate y of the global technology frontier. Therefore, according to the model, the 

steady-state value of the productivity of Mexico is a function of a number of policy and 

institutional variables, including the industrial and technological policies, institutional 

framework, etc. 

Modem and Implementation R&D 

One of the contributions of Howitt and Mayer (2002) is the differentiation 

between "modem R&D" (or just R&D) and "implementation R&D" (or just 

implementation). Those countries undertaking R&D will be able to do so only if they 

have an appropriate set of supporting institutions and workers with a minimum set of 

skills, which depend on the stance of the technological frontier. Countries that are not 

able to undertake R&D will be able to engage in implementation as long as they are able 

to establish the set of institutions and skills required. Implementation coimtries will 

converge to a steady state that has the same growth rate as R&D countries, resulting in 
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conditional convergence. Finally, those countries that end up without the institutions 

and skills needed to undertake implementation in the long run, will grow at a slower rate, 

implying a relative per capita income that falls asymptotically to zero. In this way, 

countries sort themselves into "convergence clubs" (Quah, 1997). 

Let us assume for the moment that both countries (U.S. and Mexico) have in place 

the institutions and skills with the minimum requirements necessary to support modem 

R&D. We also assume that modem R&D is about to be introduced in order to see the 

dynamics to be brought about by this change. In this case, any country for which 

Ff > , p e (0,1),or equivalently: 

a ,>-^ (19) 

will be able to engage in R&D at date t. We suppose that this is the case for the U.S. in 

its initial steady state: 

1 > . p  

i+f™ /(£)  

Therefore the U.S. will go immediately to a new equilibrium, with an unchanged 

normalized productivity =1/(1 + ^^5). The growth rate of the global technology 

frontier will increase to f > y .  

As Evans (1996) and many others have pointed out, it does not matter whether you are on the 
leading edge of technology or whether you are simply trying to borrow technology to improve it. Various 
investments need to be made in order to profit from technological progress even if it is originating 
elsewhere. Because we know that technologies are not perfectly transportable a lot of technological 
knowledge is circumstantially specific (it works in one area, but it has to be modified to work in another 
area), some of the knowledge is tacitly not codifyable (experimentation has to be imdertaken again in order 
to apply it in a different circumstance). On the other hand, there is advantage of backwardness: countries 
that are behind the technology frontier can benefit to a large extent by directing the technology investments 
towards adapting what is already invented elsewhere. 
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The research arbitrage equation (5) for implementation (relevant for Mexico) 

must now be replaced by the Kuhn-Tucker inequality: 

{\-(7)dw^ >vV,IA^ . (20) 

Therefore: 

wjwf < with strict equality if implementation occurs. 

If a. < ^ and <Cl^c implementation will occur in 
f { s )  

equilibrium, there will be a single price w, for skills in the economy, given by the 

research arbitrage equation (5), and everyone will continue to supply the unconstrained 

income-maximizing flow of productivity-adjusted skills \fr to the market. 

In this model, the follower is slow to adopt not because the technology is 

inappropriate^® but because adopting requires tacit knowledge that is less accessible the 

further removed is the adopter's everyday cultural and technological experience and skill 

level from that of the innovator.^^ In the new implementation state, Mexico will continue 

to behave the same way as it did before, but now facing a higher value of the global rate. 

The country's dynamics will continue to be governed by (11) and (12), with equal to 

y' instead of y. 

In the models of Basu and Weil (1998) and Acemoglu and Zilibotti (2001) the follower 
countries are slow to adopt the leader's innovation because technologies that are being developed are not 
appropriate for the factors proportions being used in production by the followers. 

Arrow (1969) and Evenson and Westphal (1995) have analyzed and documented the importance 
of tacit knowledge for technological progress. 
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Implications of the Model 

Howitt and Mayer (2002) associate modem R&D with the modem R&D lab that 

came into existence at the begiiming of the 20^** century. In our present analysis of the 

Mexican economy, we believe it is possible to associate modem R&D to the new 

technologies brought about by the introduction of the microprocessor and the advent of 

the computer, for the following reasons. 

First, in the case of Mexico (and other Latin American countries), the radically 

different strategy of industrialization and production in place during most of the time 

between WWII and the introduction of the computer was characterized by incentives far 

from those that would be provided by a market economy. Second, the data analysis to be 

undertaken in the following section is consistent with a successful implementation of 

technology during the import substitution scheme, as judged by indicators of productivity 

and GDP per capita growth. This could be consistent, for instance, with technologies that 

did not fully require adequate institutions and skills during the import substitution period 

in Mexico. Third, considering modem R&D in this altemative way would also be 

consistent with Comin and Hobijn (2003) finding that for adoption of the newer 

technologies (after 1970) tertiary education level replaces secondary education as a 

significant determinant. That is, the skill requirement for adoption is stringiest for 

technologies adopted after 1970. Finally, the more recent behavior of Mexico's 

productivity and GDP per capita growth relative to that of the U.S., to be analyzed in the 

following section, is consistent with the divergence associated with the introduction of 
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modem R&D, as the laggard country transits to its new implementation R&D (or 

stagnation) steady state. 

The further behind is the technology of a country or its state of technology 

relative to the leading edge, the bigger will the typical investment be when it finally 

makes a change in some particular sectors. In this model, countries that spend a lot on 

R&D, will end up in the long run, growing no faster than countries that spend relatively 

little on R&D. The difference will not show up in a difference in growth rates, but in a 

difference in levels.^^ The same argument is applicable to countries that are investing in 

implementation R&D. Whatever in a closed economy model like this will determine a 

country's groMfth rate, in a world of open ideas is going to determine the country's 

relative productivity level. And we are going to get a world where anything that would 

otherwise changed the level of GDP in an economy independent of technology is going to 

have this multiplier effect that works through technological change. It is going to raise 

output, that is going to generate a scale effect that is going to engender more investment 

in technology, which is going to cause a temporary burst in growth, which will result in a 

country not only having more capital and more efficiency of resource allocation, but also 

a better technology. 

Under the assumption that modem R&D is associated with the technologies 

introduced after 1970 (say, those related to the microprocessor and the computer), the 

Imagine two countries that are investing at the same rate. If one starts to invest more, it will pull 
ahead of the other, it will have a faster rate of technological progress in the short run, but as it gets closer 
and closer to the frontier, its ability to benefit from borrowing technologies developed elsewhere is going to 
be diminished, and that is going to slow its growth rate down, and it is going to continue to slow it down 

until A and A"'^ are growing at the same rate. 



model would explain the emergence of large per-capita income inequalities between the 

U.S. and Mexico, as a result of the introduction of modem R&D. The model also implies 

that technology transfer is powerful enough to bring about conditional convergence 

between the U.S (the R&D country) and Mexico (the implementation country), as long as 

the minimum requirements of institutions and skills are in place. 

Countries that are inside the leading edge, such as Mexico, are engaged typically 

in a race after the introduction of modem R&D. If they want to experience technology 

grow, they need to continue investing. The best way to do so is to try to tap into what is 

going on in the global frontier and make use of ideas that are developed elsewhere and 

implement them. However, as technology advances and gets more complex, the 

requirements of how much has to be spent and the skill requirements also rise. If a 

country wants to continue to make improvements at the same rate as before, it has to have 

increasing expenditures and R&D investments and it has to have increasing skill levels. 

Human capital is an important factor in the outcome after the introduction of 

modem R&D, as it is both a factor of production entering into an aggregate production 

fimction along with physical capital, labor and the state of technology. The resulting 

output is divided between consumption, investment in physical and human capital, and 

investment in technology, and research. The rate of change of technology is going to be 

product of frequency of innovations and size of innovations.^^ The rate at which those 

innovations take place will depend on the amount of R&D spending or the amount of 

Innovations taking place in a number of different industries and sector in an economy. 
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generalized expenditures and investments in technology, and also upon the amount of 

From equations (15), (16), (17), and (18), we can summarize the relationship 

between Mexico and the U.S. in the two following equations: 

Mexico's steady-state normalized productivity is an increasing function of 

Mexico's efficiency parameter, Mexico's innovation-subsidy rate and the Mexico's 

irmovation-productivity parameter. It is a decreasing function of its saving-tax rate and 

the growth rate (/- g(.)) of the global technology frontier, which, in turn, is an 

increasing function of the U.S. efficiency parameter, U.S. innovation-subsidy rate and the 

U.S. irmovation-productivity parameter. It is also a decreasing function of the U.S. 

saving-tax rate. Thus, Mexico's steady-state normalized productivity is dependent of the 

U.S. economy.'^^ That is, a high degree of integration between the two economies will be 

observed [see Garces-Diaz (2002]. This last implication of the model is evaluated 

Many expenditures technology are not going to pay off as well in a society poorly educated or 
with a labor force without a lot of skills. 

The model does not consider migration between Mexico and the U.S. However, migration 
might be an important issue to take into account in that relationship. Our insight is that migration from the 
implementation R&D country (Mexico) to the modem R&D country (U.S.A.) will affect the skills level of 
the implementation R&D country in two opposite ways: on the one hand, people that migrates are 
unskilled, increasing, therefore, the overall level of skills in the implementation country; on the other hand, 
if skilled people is migrating it may decrease the overall level of skills. Thus, what effect of migration will 
predominate over time in the skills level in Mexico is something to be determined (Barro and Sala-i-Martin, 

Assuming that the production fimction of the final good in (1) exhibits constant returns to scale, 
all the implications on the Mexico's steady-state normalized productivity will also be tme for the Mexican 
real per capita GDP. 

human capital in the economy."^®'"^^ 

(22) 

1992). 
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empirically using cointegration analysis over the real sector variables are measiired in 

constant terms. 

EMPIRICAL ANALYSIS 

The data we use to empirically evaluate some of the implications of the model 

presented in the previous section comes from several sources, which are given in the 

corresponding figures and tables. We use data from Mexico and the United States, in the 

first instance, and from Chile consequently to gain fiirther insights into the determinants 

on the recent performance of the Mexican economy. 

As a first step, we present some evidence on the performance of the Mexican 

economy over the period 1950-2002, which encompasses two different stages given by 

the import substitution stage, which roughly spans from the end of WWII until about 

1980, and the liberalization stage that started in the early 1980s after the debt crisis. 

Along the way, we also build some evidence in favor of our association of modem R&D 

with the introduction of the technologies developed after the 1970s, which coincides with 

the period of liberalization in the Mexican economy. 

Figure 2 is reproduced from Howitt and Mayer (2002). It illustrates, in simple 

terms, the effect of the introduction of modem The basic effect is that countries 

that were otherwise growing in parallel paths at the same rate (before to) will now face a 

period of adjustment. Since country A has all pre-requisites (institutional and 

technological) to start undertaking modem R&D immediately, will now grow at a faster 

Recall that Howitt and Mayer (2002) associate modem R&D with the advent of the modem 
R&D lab at the beginning of the 20th century. 
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rate. Countries B and C will lag A in using modem R&D, as they lack the skills and 

institutions needed. However, they both will be able to engage in implementation R&D. 

Country B, which starts off with better skills and institutional framework than country C 

will catch up in terms of growth rate with country A, but country C will not, as it starts 

too far behind. The difference between countries B and C stands from the erosion in 

absorptive capacity outlined in section 3 (i.e. the disadvantages of starting off too far 

behind will offset the advantages). Note, however, that the ground lost by country B is 

never recovered, and will thus converge to a growth path with a wider gap relative to 

country A than the one that existed before the introduction of modem R&D. 

Figure 3 shows, on a logarithmic scale, the real GDP of Mexico and the US for 

the 1950-2002 period, while Figure 4 shows their GDP per capita for the same period. It 

is clear that during the import-substitution period in Mexico real GDP grew at a faster 

rate than that of the U.S. (5.71% for Mexico and 3.04% for the US). However, after the 

debt crisis in the early 1980s, Mexico has been growing at a slower pace than the US. 

The GDP per capita tells a story that is consistent with the introduction of modem R&D 

in Figure 2. Real GDP per capita in Mexico was growing at a faster rate than the US 

during the 1950-1970 period (3.94% for Mexico and 2.73% for the US), but after the debt 

crisis Mexico's GDP per capita has been stagnant (0.38%) while that for the US has been 

growing at a faster pace (2.77%). Oxir argument is that, making the debt crisis and the 

peso crisis of 1994 aside, this poor performance of the Mexican economy is due, at the 

very least in part, to the introduction of modem R&D as associated with the technologies 
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developed after the 1970s. In what follows we provide more evidence (albeit informal) 

that supports our argument. 

We analyze the behavior of the GDP per capita of Mexico and U.S. using 

cointegration techniques. For the first period (1950-1981), if the GDP per capita in the 

two countries is growing at the same rate, then they must exhibit a long run relationship. 

That is, the two series must be cointegrated. On the contrary, after 1982, given the 

introduction of modem R&D and the subsequent divergence of GDP per capita levels, the 

two series should not be cointegrated. This is exactly what we find with the GDP per 

capita series in Figure 3 and Figure 4. 

From Table 6, the cointegrating equation for growth rate of the real GDP per 

capita for Mexico and the U.S., for the period 1950-1981 is"^"^ 

GRGDPCMX = 1.4980 * GRGDPCUS 
(23) 

(0.2510) 

This cointegrating equation indicates that a 1% increase in the growth rate of the 

U.S. GDP was reflected in a 1.49% increase in the growth rate of the Mexican GDP. 

However, for the period 1982-2002 there is no cointegration at all in the growth rates. 

This evidence is thus consistent with the introduction of modem R&D after 1970 and 

coincides with the stagnant GDP per capita in Mexico after the debt crisis. 

A similar analysis can be applied to a measure of productivity in the two 

countries, in which case they should behave in the same manner as GDP per capita. In 

fact, given the asstraiptions in Howitt and Mayer (2002), the implications of the model 

Given that the real GDP per capita is integrated of order 2 [1(2)], the cointegration analysis is 
over the growth rates (the ADF unit root tests are presented in Table 5). 
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apply directly to a measure of productivity. We use GDP per adult employed as a proxy 

variable for productivity."^^ The cointegration analysis of this productivity measure in 

Table 7 shows a pattern similar to GDP per capita. 

GRGDPEMX = 2.0309 * GRGDPEUS 
(24) 

(0.4473) 

The difference here is that a 1% increase in the growth rate of the U.S. GDP per 

adult employed was reflected in a 2.03% increase in the growth rate of the Mexican GDP 

per adult employed. There was no cointegrating relationship in the series for 1982-2002. 

These results further support our hypothesis. 

A fair question to rise is why the GDP per capita series of Mexico and the U.S. 

are cointegrated before 1981. In other words, how was Mexico able to keep up with the 

world technological frontier during this period? One answer to this question rests in the 

nature of the import substitution scheme. As previously discussed, under that scheme the 

Government provided the necessary incentives for implementation of technology, which 

helped the country keep up with the global technological frontier at the time."^^ In 

addition, the requirements for implementation were lower than after the introduction of 

modem R&D. 

If in fact the recent performance of the Mexican GDP per capita is due in part to 

the introduction of modem R&D, it must be the case that part of the reason why GDP per 

capita in Mexico has not been able to grow is due to a lack of the appropriate institutions 

One of the shortcomings of this measure is that it is, in fact, closer to labor productivity than to a 
measure of total factor productivity (See Prescott, 1998). This productivity measure does not take into 
account capital productivity. 

Note that under our hypothesis the world technological frontier must have been expanding 
slower during the 1950-1970 period than afterward. 
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and skills. It is thus important at this point to compare the Mexican experience with that 

of another Latin American country, Chile. 

Figure 6 and Figure 7 show real GDP per capita and productivity respectively, for 

Chile and Mexico for the period 1950-2002. The two countries have similar growth 

paths in real GDP and productivity up until the early 1970s, when Chile experienced a 

change in political regime and a subsequent phase of liberalization reforms and openness 

of the economy. Both countries experienced a debt crisis in the early 1980s, but since the 

end of the 1980s the Chilean per capita GDP and productivity have been growing at a 

faster pace than the Mexican ones, which, as we have seen, have remained stagnant. 

Bergoeing et al. (2002) have also made this observation about the period after the debt 

crisis, attributing Chile's faster pace of growth to total factor productivity, and arguing 

that such productivity is due to the structural reforms'*^ undertaken earlier and more 

efficiently in Chile that have resulted in more adequate institutions. 

Our argument about the difference between the Chilean and Mexican experiences 

is complementary to that of Bergoeing et al. (2002), and it is consistent with the 

introduction of modem R&D in the 1970s. According to our argument, if the 

introduction of modem R&D in the 1970s had similar effects as those argued by Howitt 

and Mayer (2002) and presented in Figure 2, then Chile would have also experienced a 

lag in economic growth relative to the US (as Mexico did) but then would have caught up 

with the US rate of growth as implementation R&D took place (see Figure 8). According 

to Howitt and Mayer's (2002) model, therefore, the difference between the real GDP (and 

They make special emphasis on the reforms that refer to the banking system and the bankruptcy 
process. 
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productivity) performance of Chile and Mexico after the introduction of modem R&D 

must be due (at least in part) to the differences in institutions and skills that are required 

to undertake implementation R&D. Bergoeing et al. (2002) have provided evidence that a 

difference in institutions can explain part of the difference in productivity performance 

between Chile and Mexico in the period in question.'^^ What about differences in skills 

between Mexico and Chile? It is obviously difficult to find appropriate proxy measures 

for such a variable, but we attempt to do so by using a crude measure of public 

investment in education. 

Figure 9 shows expenditure in education by the Chilean and Mexican 

Governments as a percentage of GDP for the period 1970-2001."^^ The two series show a 

very different pattern: public expenditures in education in Chile had been more than 

twice as much as those in Mexico during the early 1970s, followed by a period from 

about 1975 to about 1985 where Chile's expenditures were higher by about two 

percentage points relative to the GDP. Chile's average spending over the 1975-1985 

period was 4.89% of its GDP, while Mexico's average spending over the 1975-1985 

period was 2.96%. Chile's expenditures decreased for the period 1983-1990, where they 

Bergoeing et al. (2002) propose a model in which structural reforms play a role in the level of 
total factor productivity that can be achieved, and then calibrate the model concluding that indeed such 
improvements in the institutions caused by the reforms explain the differences in total factor productivity in 
Chile and Mexico. In determining which reforms were crucial in driving the difference in the economic 
performances of the two coimtries, the matter of timing is crucial: reforms in privatization were probably 
less important than those in the banking system and bankruptcy procedures precisely because Chile had 
ab-eady reaped the benefits of these reforms while Mexico was reaping them during the period in which 
Mexico was stagnating and Chile was growing. The crucial differences between Chile and Mexico were in 
banking systems and bankruptcy procedures: Chile was willing to pay the costs of reforming its banking 
system and of letting inefficient firms go bankrupt; Mexico was not. 

The period of 1970-2001 is considered due to data availability. 
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were overtaken by Mexico just before 1990. Since then, Mexico has had higher 

Government expenditures in education. 

Figure 10 shows expenditure in education (in 1990 U.S. dollars) by the Chilean 

and Mexican Governments per student for the period 1970-2001. This is a more exact 

measure of investment in human capital. The two series show a very different pattern: 

public expenditures in education per student in Chile had been about twice as much as 

those in Mexico during the 1970s and the early 1980s. It is only a period around 1975, 

when Chile's expenditure in education per student was less than twice the Mexican 

expenditure. Chile's expenditures decreased for the period 1983-1990, while the 

Mexican expenditure decrease for two years and then started to increase. The Peso crisis 

decreased dramatically the Mexican expenditure in public education per student in 1995. 

However, in 2000, Mexico had again a higher Government expenditure in education per 

student than Chile. 

If the returns on expenditures in education are reaped with a lag, then the higher 

expenditures in education undertaken by the Chilean government in the earlier period 

would show up as an increasingly more educated (skilled) labor force over time, as the 

younger population that benefited directly from the higher expenditures enters the labor 

market. Let's take the cohort composed of children 6-15 years old. This cohort will be in 

the labor market 20 years later. The government would have to invest for about a decade 

in education to reap benefits 20 years later. In this context, that roughly means that 

investment in education done in the 1970s would be reaped in the 1990s. This would 

also suggest that, at the time of the introduction of the modem R&D and the need for 
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implementation R&D, the Chilean labor force was likely to be more skilled compared to 

that of Mexico. 

Another suggestive statistic that is consistent with the above conjecture is the 

average years of formal education in the population aged 15-64 in the two countries, 

which shows that Chile has had since 1950 a higher average in years of education than 

Mexico (see Figure 11). The difference in the average years of education has been 

maintained slightly higher than two years since 1950, even with the higher expenditures 

in education by the Mexican Government during the period after 1990. 

CONCLUSIONS 

The objective of this paper is to analyze the performance of the Mexican economy 

since WWII. To undertake this analysis we adapt the multi-country endogenous growth 

model developed by Howitt and Mayer (2002) to the U.S. and Mexico relationship. We 

pay close attention to the evolution of per capita real GDP growth in Mexico during the 

import substitution scheme and during the more recent period of economic liberalization 

and openness. Data reveal that, perhaps paradoxically, real GD per capita in Mexico 

grew at a slightly faster pace than in the U.S. during the import substitution period 

(1950-1981), while it has been stagnant since the 1982 debt crisis. Finding explanations 

for the performance of GDP per capita during this later period has been recently an object 

of research. We contribute to this literature by offering an alternative explanation to the 

determinants of GDP per capita in Mexico during this period, based on the insights of the 

endogenous growth model by Howitt and Mayer (2002). 
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We apply Howitt and Mayer's (2002) multi-country model to Mexico and the US, 

with a different interpretation of "modem R&D". While Howitt and Mayer (2002) argue 

that modem R&D is associated with the modem research lab introduced at the beginning 

of the 20^ century, we argue that for the Mexico-U.S. relationship (and perhaps other 

countries), a more accurate association of modem R&D is with the technologies 

introduced after 1970, in particular the technologies associated with the microprocessor 

and the computer. We present some evidence consistent with our interpretation of 

modem R&D and analyze the implications of the model based on this reinterpretation. 

The most important implication is that after the introduction of modem R&D, Mexico 

would engage in "implementation R&D", and it will eventually converge to the same 

growth rate as the U.S. as long as the necessary institutional and skill requirements are 

met. 

Under this model, thus, we relate the poor performance of Mexico's per capita 

GDP to the inadequate institutional framework, technological policies and skills 

necessary to perform implementation R&D after the technological revolution after the 

1970s. To support this implication we compare the Mexican experience to that of Chile, 

a country that has behaved very much like Mexico until after the debt crisis, when Chile's 

GDP per capita took off while Mexico's remained stagnant. We find suggestive evidence 

that Chile skills base was better prepared to handle implementation R&D, compared to 

that of Mexico. In addition, we point out that the implication of the model in terms of 

institutional framework is also consistent with Bergoeing et al.'s (2002) finding that 

earlier and more efficient reforms in Chile that improved the institutional framework 
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explain part of the differences in total factor productivity betw^een Chile and Mexico after 

the debt crisis. 

We regard the present study as a first step of a more in-depth analysis of the 

Mexican economy using the framework of endogenous growth, and thus a number of 

immediate steps are in line to be taken. In the theoretical side, the model used in this 

paper could be extended to include trade [Keller (1999)]. While we conjecture that the 

main implications of the model will prevail, it will surely bring it closer to reality. On the 

empirical side, many of the steps involve the recollection of more specific data, in 

particular of variables that better proxy investments in technology and productivity 

[Kortum (1993)], such as investments in R&D and patents granted, and the calculation of 

total factor productivity series. 
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TABLE 1.- Maquiladoras: Employment and Net Exports. 

Year 
Number of 
plants 

Employment 
(thousands) 

Net Exports 
(millions $) 

1980 578 119.5 772 

1982 585 127.0 851 

1984 722 199.7 1155 

1986 844 249.8 2295 

1988 1441 369.5 2337 

1990 1938 460.3 3611 

1992 2075 505.0 4808 

1994 2085 579.4 5944 

1995 2104 639.9 4930 

1996 2553 754.8 6429 

1997 2717 898.7 8834 

1998 2983 1008.0 10307 

Source: Moss (2000). 

TABLE 2.- Comparative Statistics of Mexico and the U.S., 2000. 

Country 
GDP 

(billions) 
Population 
(thousands) 

GDP per 
capita 

Exports® 
(billions) 

Imports® 
(billions) 

Mexico 580.1 

9206.9 

97484 

282224 

5921.64 

34760,33 

166.42 

774.86 

174.47 

1224.43 U.S. 

580.1 

9206.9 

97484 

282224 

5921.64 

34760,33 

166.42 

774.86 

174.47 

1224.43 

Total 9787.0 379708 27356.45" 941.28 1398.90 

a Exports and imports refer to goods and services. 

b Weiglited average. 

Sources: 

Population and GDP Per Capita: World Bank (2003), URL http://www.worldhank.org. 

Exports and Imports: INEGI, URL http://www.inegi.gob.mx 

http://www.worldhank.org
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TABLE 3. 

A. Mexican Exports to and Imports from the U.S. as a Percentage of Total Exports and 
Imports. 

Year Mexico Year 
Exports Imports 

1990 68.6% 62.5% 

1991 79.5% 73.9% 

1992 81.1% 71.3% 

1993 83.3% 71.2% 

1994 85.3% 71.8% 

1995 83.6% 74.5% 

1996 84.0% 75.6% 

1997 85.6% 74.8% 

1998 87.7% 73.7% 

1999 88.3% 73.5% 

2000 88.7% 99.9% 

B. U.S. Exports to and Imports from Mexico as a Percentage of Total Exports and 
Imports. 

Year U.S Year 
Exports Imports 

1991 7.10% 6.50% 
8.00% 6.60% 
7.80% 6.90% 
8.50% 7.30% 
8.00% 8.40% 
9.30% 9.30% 

10.50% 9.80% 
11.80% 10.30% 

1992 

7.10% 6.50% 
8.00% 6.60% 
7.80% 6.90% 
8.50% 7.30% 
8.00% 8.40% 
9.30% 9.30% 

10.50% 9.80% 
11.80% 10.30% 

1993 

7.10% 6.50% 
8.00% 6.60% 
7.80% 6.90% 
8.50% 7.30% 
8.00% 8.40% 
9.30% 9.30% 

10.50% 9.80% 
11.80% 10.30% 

1994 

7.10% 6.50% 
8.00% 6.60% 
7.80% 6.90% 
8.50% 7.30% 
8.00% 8.40% 
9.30% 9.30% 

10.50% 9.80% 
11.80% 10.30% 

1995 

7.10% 6.50% 
8.00% 6.60% 
7.80% 6.90% 
8.50% 7.30% 
8.00% 8.40% 
9.30% 9.30% 

10.50% 9.80% 
11.80% 10.30% 

1996 

7.10% 6.50% 
8.00% 6.60% 
7.80% 6.90% 
8.50% 7.30% 
8.00% 8.40% 
9.30% 9.30% 

10.50% 9.80% 
11.80% 10.30% 

1997 

7.10% 6.50% 
8.00% 6.60% 
7.80% 6.90% 
8.50% 7.30% 
8.00% 8.40% 
9.30% 9.30% 

10.50% 9.80% 
11.80% 10.30% 1998® 

7.10% 6.50% 
8.00% 6.60% 
7.80% 6.90% 
8.50% 7.30% 
8.00% 8.40% 
9.30% 9.30% 

10.50% 9.80% 
11.80% 10.30% 

a Data from the first three quarters. 

Sources; 

Mexican Exports to and Imports from the U.S. as a Percentage of Total Exports and Imports: 
Computed from data in INEGI URL: www.inegi.gob.mx. The figures are for merchandise exports and 
imports. 

U.S. Exports to and Imports from Mexico as a Percentage of Total Exports and Imports: U.S. 
Department of Commerce, Survey of Current Business, various issues. 

http://www.inegi.gob.mx
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TABLE 4.- U.S. Exports to and Imports from Canada and Mexico. 

(Billions of U.S.$ and percent of total U.S. exports and imports) 

Year Canada Mexico Year 
Exports Imports Exports Imports 

1990 99.1 18.40% 101.1 16.50% 35.8 6.50% 38.1 6.20% 

1991 103.7 17.80% 101.0 16.60% 41.4 7.10% 39.4 6.50% 

1992 109.7 17.60% 109.1 16.60% 49.5 8.00% 43.3 6.60% 

1993 117.8 18.30% 124.2 17.40% 50.1 7.80% 48.9 6.90% 

1994 132.3 18.90% 143.0 17.70% 59.8 8.50% 58.6 7.30% 

1995 127.6 22.20% 147.1 19.60% 46.2 8.00% 62.8 8.40% 
1996 134.5 22.00% 158.7 19.80% 56.7 9.30% 75.1 9.30% 
1997 152.0 22.40% 171.0 19.50% 71.4 10.50% 85.9 9.80% 
1998 156.5 23.30% 177.4 19.30% 79.0 11.80% 94.7 10.30% 

Sources: U.S. Department of Commerce, Survey of Current Business, various issues. The figures 
have been round. 
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TABLE 5.- Augmented Dickey Fuller Unit Root Test. 

Variables First Differences Second Differences 

Specification Lags Statistic Specification Lags Statistic 

gdpcmex 59-81 N 1 -0.29011 N 0 -6.62182*' 
gdpcusa 59-81 N 1 -2.05117 N 0 -6.16777** 
qdpemexa 59-81 N 1 -0.14917 N 0 -5.30148** 
gdpeusaa 59-81 N 1 -1.45068 N 0 -7.6997** 

qdpcusa 82-02 N 1 -1.36408 N 0 -6.37004** 

qdpeusaa 82-02 N 1 -0.9085 N 0 -6.63093** 

Variables Levels First Differences Variables 

Specification Lags Statistic Specification Lags Statistic 

gdpcmex 82-02 N 1 -2.05117 
N 1 -0.40711 

N 0 -6.16777** 
N 0 -4.89256** gdpemexa 82-02 

N 1 -2.05117 
N 1 -0.40711 

N 0 -6.16777** 
N 0 -4.89256** 

In the specification column Csconstant, T^end and Nsnothing. 

** 1% of significance. 

* 5% of significance. 
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TABLE 6.- Cointegration Analysis of the Growth Rates of the Real GDP per 
Capita for Mexico and the U.S. 1959-1981. 

Eigenvalue 0.438356 

Likelihood Ratio 13.5259** 

Normalized Cointegrating 
Coefficients: 

1.498032 
0.25109 

Log likelihood 109.8654 

** Significance level of 5%. 

Standard errors in parenthesis. 

TABLE 7.- Cointegration Analysis of the Growth Rates of the Real GDP per 
Employed Person for Mexico and the U.S. 1959-1981. 

Eigenvalue 0.359159 
Likelihood Ratio 9.34549* 

Normalized Cointegrating 
Coefficients: 

2.030946 
0.44739 

Log likelihood 104.1444 

* Significance level of 10%. 

Standard errors in parenthesis. 
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FIGURE 1. Mexican Real GDP Per Capita (base year 1990) 
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FIGURE 2. R&D, Implementation and Stagnation. 
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Source: Figure 1 in Howitt and Mayer-Foulkes (2002) 
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FIGURE 3. Relationship between the Mexican and U.S. Total Real GDP (base year 1990) 

Logarithmic scale. 
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Source: University of Groningen and The Conference Board, GGDC Total Economy Database, 
July 2003, http://www.eco.rug.nl/ggdc. 

http://www.eco.rug.nl/ggdc
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FIGURE 4. Relationship between the Mexican and U.S. Real GDP Per Capita. 
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Source: University of Groningen and The Conference Board, GGDC Total Economy Database, 
July 2003, http://www.eco.rug.nl/ggdc. 
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FIGURE 5. Relationship between the Mexican and U.S. Real GDP Per Adult Employed. 
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Source; University of Groningen and The Conference Board, GGDC Total Economy Database, 
July 2003, http://www.eco.rug.nl/ggdc. 
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FIGURE 6. Mexican and Chilean Real GDP Per Capita. 
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FIGURE 7. Mexican and Chilean Real GDP per Person Employed. 
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FIGURE 8. Mexican, Chilean, and U.S Real GDP per Person Employed. 

30000-
25000-
20000-

15000-

Logarithmic scale 

50 65 60 65 70 75 

- GDPCCHI GDPCMEX GDPCUS  ̂

Normal Scale 
30000 

25000 

20000 

15000 

10000-

50 55 60 65 70 75 80 85 90 95 00 

I GDPCCHI GDPCMEX GDPCUSAI 

Source; University of Groningen and The Conference Board, GGDC Total Economy Database, 
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FIGURE 9. Mexican and Chilean Public Expenditures in Education as proportion of the 
GDP. 
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Source; Mexico: INEGI f 1985") and SEP (URL: www.seD.gob.mx"). Chile: CENDA and Ministerio 
de Educacion. 

FIGURE 10. Mexican and Chilean Public Expenditures in Education per student (US 
dollars, 1990). 

- -MEX-EEPS 

CHI-EEPS 

CO 0  ̂ c3 3 
O) OI O> O> 0> 0> OI O > 0 ) 0 ) 0 ) ( B A > O > O > O O  

Source: Mexico: INEGI (1985") and SEP (URL: www.sep.gob.mx"). Chile: CENDA and Ministerio 
de Educacion. 

http://www.seD.gob.mx
http://www.sep.gob.mx


201 

FIGURE 11. Average Years of Formal Education of Population Aged 15-64,1950-1994. 
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Source: Mexico: INEGI (1985) and SEP (URL: www.sep.gob.mx"). Chile: CENDA and Ministerio 
de Educacion. 

http://www.sep.gob.mx

