
ABSTRACT 

KIM, JONG-JIN. Two Essays on the Risks and Complementarities. (Under the direction of 

Xiaoyong Zheng and Ivan Kandilov). 

 

This dissertation consists of two chapters, both of which are lied in empirical analysis of 

industry organization topics.  

     The fist essay proposes a stylized model that elucidates the two channels through which 

alternative marketing arrangements (AMAs) can affect the spot market price in livestock 

markets.  The direct effect of AMAs on spot market price works through their effect on 

demand and supply conditions in the spot market.  This effect has been widely studied in the 

literature.  The indirect effect works through their effect on spot market price volatility.  This 

effect has been ignored in the literature.  We then estimate a dynamic (time series) model 

with data from the U.S. hog market to test our model implications and quantify the two 

effects.  We find increases in the use of AMAs increase spot market price volatility and 

decrease spot market price level.  The short-run effects are small but the long-run effects are 

nontrivial. 

     The second essay examines a way to overcome omitted variable problem in estimating 

effects of trade liberalization on firm productivity.  And using data from Mexican trade 

liberalization in the second half of the 1980’s, this essay not only estimates the effects but 

also tests relationships between these policy effects for the purpose of better understanding of 

the effects.  Our findings are summarized as follows.  The estimated marginal effects of each 

trade policy measure are consistent with literature which did not consider omitted variable 

problem in the sense that all of the effects are negative and significant and the effect of input 

market tariff is much bigger than output market tariff.  But the estimated effects are not 



inconsistent with the literature in that they are much bigger than those from the literature.  

Lastly and most importantly, complementary relationships between the policy effects are 

found between trade policy measures which affect same market in some of roughly defined 

2-digit manufacturing industries while substitute relationships are found between cross-

market trade policy measures. 

  



 

 

 

 

 

 

 

 

 

©  Copyright 2012 by Jong Jin Kim 

All Rights Reserved 



Two Essays on the Risks and Complementarities 

 

 

by 

Jong Jin Kim 

 

 

A dissertation submitted to the Graduate Faculty of 

North Carolina State University 

in partial fulfillment of the  

requirements for the degree of 

Doctor of Philosophy 

 

 

Economics 

 

 

Raleigh, North Carolina 

2012 

 

APPROVED BY: 

 

_______________________________  ______________________________ 

Xiaoyong Zheng     Ivan Kandliov 

Committee Co-Chair     Committee Co-Chair 

 

 

 

________________________________  ________________________________ 

Tomislav Vukina     Thomas Grennes 

 



ii 

 

 

 

 

DEDICATION 

To my precious sons and lovely wife 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



iii 

 

 

 

 

BIOGRAPHY 

Jong Jin Kim was born to Yeekyu Kim and Jumsuk Han in Andong, Korea. And he is now a 

head of household with three sons (Joohan, Yanghan and Gaphan) and wife (Jaekyung Kim). 

In 1999, he received his Bachelor degree in Economics from University of Seoul. After he 

got the Bachelor degree he continued to study for his master degree in econometrics from the 

same university. After earning his Master degree in 2001, he started to work as a researcher 

for Korea Information Society Development Institute (KISDI) which is a research institutes 

specialized in IT industry. At KISDI, he participated in various research projects which are 

mainly focused on analyzing the effects of government policies on telecommunication 

markets using quantitative methodologies. His 7 year work experience at KISDI made him be 

interested in economic research and pursued a Ph.D. at North Carolina State University. His 

research interests range over empirical industrial organization, applied econometrics, 

agricultural economics and international trade.  



iv 

 

 

 

 

ACKNOWLEDGMENTS 

First of all, I would like to express my appreciation to my advisors, Xiaoyong Zheng and 

Ivan Kandilov for their seamless guardian, sharing their knowledge, and patience throughout 

this entire process. It has been a great pleasure to work with them and feel very lucky to have 

advisors who have great passion for research and believed in me during this study. I would 

like to thank the other members of my committee: Dr. Tomislav Vukina for everything I 

learned from the industrial organization class and valuable suggestions and Dr. Thomas 

Grennes for his valuable comments. I would like to extend my gratitude to many friends and 

colleagues during my studies, especially Dr. Denis Pelletier for sharing his knowledge of 

econometrics. And finally, I thank to my wife for her unconditional love, encouragement and 

patience. 



v 

 

 

 

 

TABLE OF CONTENTS 

List of Tables  .......................................................................................................................  vii 

 

List of Figures  ...................................................................................................................... viii 

 

CHAPTER 1 Effects of Alternative Marketing Arrangements on Spot Market Price 

Distribution in the U.S. Hog Market  .....................................................................................1 

1.1 Introduction  .............................................................................................................1 

1.2 AMAs in the U.S. Hog Industry ..............................................................................5 

1.3 Data ..........................................................................................................................7 

1.4 Conceptual Framework ..........................................................................................11 

1.5 Empirical Strategy and Results ..............................................................................17 

1.5.1 Stationarity Test ......................................................................................17 

1.5.2 GARCH-M Model ..................................................................................19 

1.5.3 Estimation Results ..................................................................................21 

1.5.4 Long-run or Equilibrium Effects of AMAs on Spot Market Price 

Distribution ......................................................................................................23 

1.6 Conclusions ............................................................................................................25 

References ....................................................................................................................27 

Tables and figures ........................................................................................................32 

 

CHAPTER 2 The Complementarities among Trade Policy Measures: Evidences from 

Mexico .....................................................................................................................................44 

2.1 Introduction ............................................................................................................44 

2.2 Effect of Trade Liberalization on Firm Productivity .............................................48 

2.2.1 Theories and Empirical Studies ............................................................. 48 

2.2.2 Complementarities between Trade Policy Measures  .............................51 

2.3 Empirical Strategy  ................................................................................................53 



vi 

 

 

 

 

2.3.1 Estimating TFP  ......................................................................................54 

2.3.2 Testing Complementarities  ....................................................................56 

2.4 Data and Descriptive Analysis  ..............................................................................60 

2.4.1 Data  ........................................................................................................60 

2.4.2 Endogeneity of Trade Policy  .................................................................64 

2.5 Results  ...................................................................................................................66 

2.5.1 Measuring Productivities  .......................................................................66 

2.5.2 Baseline Results  .....................................................................................67 

2.5.3 Robustness Checks .................................................................................71 

2.5.4 Marginal effects of trade liberalization  ..................................................73 

2.5.5 Complementarity or Substitutability Test  ..............................................76 

2.5.6 Cross-Partial Effects between Trade Policy Measures  ..........................78 

2.5.7 Complementarities in Two-Digit Industries  ..........................................79 

2.6 Conclusion  ............................................................................................................81 

References  ...................................................................................................................83 

Tables and figures  .......................................................................................................90 

Appendix   ..................................................................................................................105 

 



vii 

 

 

 

 

LIST OF TABLES 

Table 1.1: Average Daily Transaction Volume (# of Heads in Thousands)  ....................................... 33 

Table 1.2: Summary Statistics for the Finished Hog Purchase Data  ................................................... 34 

Table 1.3: Unit Root Test Results  ....................................................................................................... 35 

Table 1.4: GARCH-M Estimation Results: Using Pork CPI as Pork Price  ......................................... 36 

Table 1.5: GARCH-M Estimation Results: Using Pork Bellies Price as Pork Price ........................... 37 

Table 1.7: Effect of AMAs on Spot Market Price Volatility  ............................................................... 38 

Table 1.8: Effect of AMAs on Spot Market Price Level: Using Pork CPI  ......................................... 38 

Table 1.9: Effect of AMAs on Spot Market Price Level: Pork Bellies Price  ...................................... 38 

 

Table 2.1: Mexico trade liberalization: Trade policy measures and its correlation coefficients (%, June 

of each year)  ........................................................................................................................................ 91 

Table 2.2: Descriptive Statistics  .......................................................................................................... 92 

Table 2.3: Initial productivity and changes of trade policies (Cross-Section Estimates)  .................... 92 

Table 2.4: Panel B: Current productivity and subsequent trade policies (Panel Estimates .................. 93 

Table 2.5: Initial characteristics and the change of trade policies (Political protection ....................... 93 

Table 2.6: Production Function estimations (Proxy: Primary/raw materials)  ..................................... 94 

Table 2.7: Summary of estimated TPF (Proxy: Primary/raw materials)  ............................................. 94 

Table 2.8: Impact of trade policy measures on plant productivity  ...................................................... 95 

Table 2.9: Robustness Checks  ............................................................................................................. 98 

Table 2.10: Marginal effects of trade policies on plant level productivity  ........................................ 100 

Table 2.11: Complementarity test with pair-wise model  .................................................................. 100 

Table 2.12: Complementarity Test with full interaction model  ........................................................ 101 

Table 2.13: Cross-partial Effects of each trade policy measures ....................................................... 101 

Table 2.13: Heterogeneity of the impacts across 2-digit industries ................................................... 102 

Table 2.14: Complementarity / Substitutability Test by Industries  ................................................... 103



viii 

 

 

 

 

LIST OF FIGURES 

Figure 1.1: Plot of Spot Market Price  .................................................................................................. 39 

Figure 1.2: Plot of Pork CPI  ................................................................................................................ 39 

Figure 1.3: Plot of the First Difference of Pork CPI  ........................................................................... 40 

Figure 1.4: Plot of Pork Bellies Price  .................................................................................................. 40 

Figure 1.5: Plot of AMA (%)  .............................................................................................................. 41 

Figure 1.6: Plot of Average Sort Loss  ................................................................................................. 41 

Figure 1.7: Plot of Average Carcass Weight  ....................................................................................... 42 

Figure 1.8: Plot of Average Backfat  .................................................................................................... 42 

Figure 1.9: Plot of Loin Depth  ............................................................................................................ 43 

Figure 1.10: Plot of Average Lean Percent  ......................................................................................... 43 

 

Figure 2.1: The changes of trade policies during our sample period (1984-1990)  ............................ 104



1 

 

 

 

 

 

CHAPTER 1 

Effects of Alternative Marketing Arrangements on 

Spot Market Price Distribution in the U.S. Hog 

Market 

 
 

1.1 Introduction 

During the past 20 years, one of the most important changes in the U.S. livestock markets is that 

packers have relied more and more heavily on alternative marketing arrangements (AMAs) to satisfy 

their slaughter needs.  As a result, the share of transactions conducted on the spot market has 

decreased.  For example, in 1999, 36% of the market hogs were transacted on the cash/spot market 

(Grimes and Plain, 2009).  By the 2004-2005 period, this share had decreased to 24% (Vukina et al. 

2007) and our data, which will be detailed below in Section 3, shows that by 2010, this share had 

further decreased to only 5.2%.   

     AMAs in livestock markets mainly take the form of marketing contracts and production contracts.  

The main characteristic of both of them, as well as their main difference from the spot market, is that 

animals are committed to buyers long before they are finished for slaughter.  As we know, 

innovations improve social welfare.  Just like the introduction of a new good increases the total 

welfare of producers and consumers, the emergence of new marketing channels also improve the 

welfare of packers and farmers as a whole.  This is confirmed by a recent study by Wohlgenant 

(2010), who shows that banning the use of AMAs in the hog industry would decrease social welfare.  

But the welfare effects of innovations on different groups of economic agents can be quite different.  

Some may gain a lot from the innovation, while others gain little or even lose.  In the context of 
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livestock markets, it is generally believed that AMAs benefit packers and those farmers who contract 

with packers for two reasons.  First, they are the users of AMAs.  If they didn’t benefit from using 

these new marketing channels, they would not use them at the first place.  Indeed, Key and McBride 

(2003) show one of the main reasons for AMAs to become popular is packers can reduce transaction 

costs by contracting with fewer and larger producers.  Second, since the animals are committed to 

buyers well in advance, AMAs help buyers and sellers minimize, or in some cases eliminate, the price 

and marketing access risks they usually face when they trade in the spot market.  Zheng, Vukina and 

Shin (2008) find that more risk-averse farmers are more likely to contract with packers and Franken, 

Pennings, and Garcia (2009) find both risk preferences and transactions costs are key determinants of 

a packer’s decision in choosing market arrangements.   

     On the other hand, economists do not agree on the effects of AMAs on the spot market.  Some 

argue that AMAs remove a large percentage of demand away from the spot market and if the supply 

adjusts slowly, there will be a surplus on the spot market and the price will go down (Schroeder et al. 

1993).  Others argue that AMAs decrease both the demand and the supply to the spot market and 

hence the resulting effect on price will be minimal (USDA-AMS 1996).  Hence, examining the 

effects of AMAs on the spot market is an empirical question.  Many studies have been devoted to 

study this question.  One strand of literature focuses on analyzing the effect of AMAs on spot market 

price level.  Most of these studies use data from the U.S. fed cattle market and find AMAs either have 

a mild negative or an ambiguous effect on the spot market price level (e.g. Elam 1992; Hayenga and 

O’Brien 1992; Schroeder et al. 1993; Ward, Koontz and Schroeder 1998; Schroeter and Azzam 2003).  

Another strand of literature studies the impact of AMAs on price volatility.  For example, Hayenga 

and O’Brien (1992) find little evidence that AMAs decrease spot market price volatility.  Also, using 

experimental methods, Ward et al. (1999) find that the use of an exclusive marketing agreement 
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between a packer and a feeder in the fed cattle industry increases both the spot market price level and 

volatility.   

     Though studies in the literature have examined the effects of AMAs on spot market price level and 

volatility separately, to the best of our knowledge, no study has identified and studied the second 

channel through which AMAs influence the spot market price level.  The direct effect of AMAs on 

spot market price level works through their effects on the demand and supply conditions in the spot 

market.  The indirect effect, on the other hand, works through their effect on spot market price 

volatility.  Economic theories predict that risk is an important determinant of producer supply 

behavior when producers are risk averse and future output price is uncertain.  Empirical studies have 

also confirmed this prediction in several agricultural markets (e.g. Just, 1974; Aradhyula and Holt 

1989; Antonovitz and Green 1990).  As equilibrium price level is determined by demand and supply, 

this in turn implies that risk is also an important determinant of the price level.  Furthermore, many 

empirical studies also find risk plays an important role in determining marketing margin, which is 

defined as the difference between price and marginal cost (e.g. Brorsen et al. 1985; Schroeter and 

Azzam 1991; Holt 1993).  If risk is a determinant of the price level and AMAs have an effect on price 

volatility or risk, then in addition to the direct effect of AMAs on spot market price level, AMAs can 

also affect spot market price level indirectly, that is, they affect spot market price volatility first, 

which in turn causes a change in spot market price level.       

     In this article, we first propose a simple model that elucidates the two channels through which 

AMAs affect spot market price level.  We then estimate an autoregressive distributed lag (ARDL)-

autoregressive moving average (ARMA)-generalized autoregressive conditionally heteroscedastic-in-

mean (GARCH-M) time series model to test the implications of our model using hog transactions 

data from the Mandatory Price Reports (MPR) of U.S. Department of Agriculture (USDA).  Similar 
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time series models have been applied in other markets to study different issues (e.g. Hubbard and 

Weiner 1992 for copper; Kavussanose, Visvikis, and Batchelor 2004 for dry-bulk shipping; 

Mohapatra et al. 2010 for strawberry).  The ARDL-ARMA-GARCH-M model serves our purpose 

very well.  It consists of two equations.  The first equation is a standard GARCH equation for the 

conditional volatility of spot market price, in which the percentage of transactions that can be 

categorized as AMAs is included as a control variable to capture the effect of increases in AMAs on 

spot market price volatility.  The second equation is an ARDL-ARMA model for the spot market 

price level, in which the conditional volatility of spot market price, or the price risk of the spot market, 

is included as a determinant, in addition to the AMAs variable (which captures the direct effect of 

increases in AMAs on spot market price level) and other control variables.  Our study contributes to 

the literature on examining the effects of AMAs on spot market in livestock markets in several 

aspects.  First, most of the previous studies in the literature focus on the cattle market, while we study 

the hog market.  Second, we identify the second channel through which AMAs affect the spot market 

price level and our empirical analysis shows this effect mitigates the direct effect of AMAs on spot 

market price level.  Third, in previous studies estimating the effect of AMAs on spot market price 

level, risk is not included as a control variable.  Hence, these studies suffer from the omitted variable 

problem and the estimated effect of AMAs on spot market price level is likely to be biased.  Finally, 

previous studies estimate static models to study the effect of AMAs on spot market price level, while 

we estimate a dynamic model.  As a result, we are able to examine both the short-run and the long-run 

or equilibrium effects of AMAs on spot market price level, while previous studies only examine the 

short-run effects.  Since hog price time series data are autocorrelated and the autocorrelation 

coefficients are large, we find the long-run effects of AMAs are quite different from the short-run 

effects. 
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Our results show that increases in AMAs increase the spot market price volatility, which in turn 

increases the spot market price level.  Hence, the indirect effect of AMAs on spot market price level 

is positive.  However, in terms of absolute values, this indirect effect is smaller than the direct effect, 

which is estimated to be negative, and hence the total effect is still negative.  In terms of magnitude, 

the short-run total effect is fairly small, consistent with most of the previous findings, but the long-run 

total effect is nontrivial.  Together, our results show that AMAs benefit packers, as they pay lower 

price on the spot market, at the cost of those farmers who use the spot market, as they receive lower 

price and face more risk in the spot market. 

     The rest of this article is organized as follows.  The next Section introduces the AMAs in the hog 

industry and discusses reasons for their rising popularity.  Section 1.3 describes the data.  A stylized 

model that elucidates the two channels through which AMAs affect spot market price and guides our 

empirical analysis is presented in Section 1.4.  Section 1.5 explains our empirical strategy and 

discusses the results.  The final Section concludes.  

 

1.2 AMAs in the U.S. Hog Industry 

In the hog industry, both farmers and packers face nontrivial risks in their production and marketing 

activities.  For farmers, the main risks involved are production risk, price (both input and output) risk, 

and market access risk.  Production risk mainly comes from the fact that hog production is a time 

consuming and complicated process and this process can be affected by many factors such as weather 

and animal diseases over which farmers do not have full control.  Price risk comes from uncertainty 

in both input (e.g. feed) and output (hog) prices.  Finally, market access risk can be serious because 

once hogs reach their optimal weight for slaughter, feed conversion rate starts decreasing and hence 

keeping them on hand is fairly costly to farmers.       
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Packers face their own risks as well.  Meat packing process shows substantial economies of scale in 

processing and waste management due to the high fixed costs of running the packing plants and the 

highly automated nature of the production process (Vukina et al. 2007).  Hence, market access risk is 

also a major risk for the packers.  If packers cannot secure enough hogs with good and uniform 

quality, their plants cannot run at full capacity and the associated implicit cost is fairly high.  In 

addition, packers also face price risk, both for inputs (mainly the hogs) and outputs.           

     Contracts provide farmers and packers a way to attenuate these risks.  This is one of the major 

reasons for why marketing and production contracts penetrate so fast during the past two decades in 

the U.S. hog industry.  Marketing contracts are essentially forward sales contracts between farmers 

and packers.  These contracts are usually signed several weeks or months before the hogs are ready 

for slaughter.  Hence the market access risk is eliminated for both parties.  Marketing contracts also 

include clauses on how the transaction price will be determined.  For some marketing contracts, the 

transaction price is linked to pork price or hog price on the spot market.  For other marketing 

contracts, formulas like cost-plus, price-window and price-floor are used.  In cost-plus contracts, 

prices are determined by the costs of producing hogs, which include feed costs and production and 

management costs, plus a profit margin.  Therefore, the transaction price in cost-plus contacts is 

independent of the spot market price.  Also, no matter the production costs are high or low, farmers 

always obtain a certain profit margin.  Hence the price risk is eliminated entirely for the farmers with 

this type of contracts.  For packers, they still face some price risks as hog production costs still 

fluctuate over time.  In price-window contracts, there are an upper bound and a lower bound for the 

transaction price.  If the spot market price is within this price window, the transaction price is the 

same as the spot market price.  If the spot market price falls or rises out of the price window, then the 

transaction price equals either the lower bound or the upper bound.  Finally, the price-floor contracts 
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are a special type of the price-window contracts in which the upper bound is infinity.  Therefore, if 

the spot market price is lower than the lower bound, the transaction price equals the lower bound.  

Otherwise, the transaction price is the same as the spot market price.  In sum, the latter type of 

marketing contracts also attenuate the price risk for farmers and packers to a certain degree.     

     Under production contracts, packers rather than farmers own the hogs prior to slaughter.  During 

the production process, packers provide weaners, feed, vaccination services, transportation services, 

etc. and farmers provide land, labor and production facilities.  When the hogs reach the market weight, 

they are removed from the farms and transported to the packers’ processing and packing plants.  

Farmers are then compensated for their growing services.  Therefore, under production contracts, 

price and market access risks are eliminated for the farmers.  Their production risk is also reduced.  

For the packers, market access and hog price risks are eliminated and because production contracts 

give them more control over the production process, the hogs produced are more likely to meet their 

quality requirements.  In return, packers take over the input price (e.g. feed price) risk and part of the 

production risk from the farmers.  The fact that production contracts’ popularity is on the rise in 

recent years indicates that ensuring hogs meeting their quality standards is more important for the 

packers.         

    

1.3 Data 

The main dataset used in this paper is obtained from the Mandatory Price Reports (MPR) of U.S. 

Department of Agriculture (USDA).
1
  Required by the Livestock Mandatory Reporting Act of 1999, 

Agricultural Marketing Service (AMS) of USDA has released livestock transaction data on a daily 

basis since April 1st, 2001.  The commodities covered include cattle, hogs, sheep, and lamb.  The 

                                                 
1
 http://mpr.datamart.ams.usda.gov/menu.do?path=\Species. 
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specific dataset used is the “National Daily Direct Hog Prior Day - Slaughtered Swine” series from 

Jan 1st 2002 to Dec 31st 2010.
2
  USDA-AMS groups different hog transactions into six marketing 

channels based on the pricing method used and who is the seller and then report the price and quantity 

data for each channel.  The six channels are:     

a) NEGOTIATED PURCHASES: Cash or spot market purchase of swine by a packer from a 

producer where there is an agreement on base price and a delivery day not more than 14 days after the 

date on which the livestock are committed to the packer; 

b) OTHER MARKET FORMULA PURCHASES: Purchase of swine by a packer in which the 

pricing mechanism is a formula price based on any market other than the market for swine, pork, or a 

pork product.  This includes formula purchases where the price formula is based on one or more 

futures or options contracts; 

c) SWINE OR PORK MARKET FORMULA PURCHASES: Purchase of swine by a packer in 

which the pricing mechanism is a formula price based on a market for swine, pork, or a pork product, 

other than any formula purchase with a floor, window, or ceiling price, or a futures or options 

contract for swine, pork, or pork product; 

d) OTHER PURCHASE ARRANGEMENTS: Purchase of swine by a packer that is not a 

negotiated purchase, swine or pork market formula purchase, or other market formula purchase; and 

does not involve packer-owned swine.  This would include long term contract agreements, fixed price 

contracts, cost of production formulas, formula purchases with a floor, window, or ceiling price; 

e) PACKER OWNED: Swine that a packer, including a subsidiary or affiliate of the packer, 

owns for at least 14 days immediately before slaughter. 

                                                 
2
 The 2001 data was not used because there are many outliers and observations with missing data in the 2001 
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f) PACKER SOLD: Swine that are owned by a packer, including a subsidiary or affiliate of the 

packer, for more than 14 days immediately before sale for slaughter, and sold for slaughter to another 

packer. 

     We categorize transactions through channels b)--f) as AMAs because contracts of types b), c) and 

d) are essentially marketing contracts and hogs transacted through channels e) are produced using 

production contracts.  Hogs transacted through channel f) are obtained by the selling packer either 

through production contracts or marketing contracts.  But no matter which type of contracts is 

involved, these hogs are committed to the selling packer long before slaughter, the defining feature of 

AMAs.  Those transactions through channel a) are taken as spot market transactions.  

     Table 1.1 reports the annual average daily hog slaughtered volumes across the six different 

marketing channels.  Several features are salient.  First, the share of hogs transacted through the spot 

(negotiated) market has steadily decreased from 14.7% in 2002 to 5.2% in 2010.  It is worth 

mentioning that the spot market was once the dominant marketing channel with a market share of 62% 

in 1994 (Grimes and Plain, 2009).  Correspondingly, the market share for AMAs has increased 

steadily over the years.  Among them, the most popular channels are the “Swine/Pork Market 

Formula Purchases” channel, which accounted for 38.7% of hog transactions in 2010, and the “Packer 

Owned” channel, which accounted for 26.7% of hog transactions in 2010.  These statistics show that 

though the number of hogs transacted through the spot market has decreased, the spot market still 

plays a very important role in this market.  This is because the transaction price for most of the 

“Swine/Pork Market Formula Purchases,” is linked to the spot market price.  Therefore, the spot 

market remains as the place where the hog price is discovered. 

     Table 1.2 presents the summary statistics for the price and quantity data by marketing channel and 

the quality measures for hogs transacted through the spot market.  All prices were deflated using the 
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2002 CPI.  The number of observations for most of the variables is 2,296, which is the number of 

working days between January 1st 2002 and December 31st 2010.  The number of observations for 

the “Packer Sold” channel is slightly less because on some days, there was no such transaction 

reported.  In addition to the data from MPR, we also obtained two time series of pork price data, 

which will be used in our empirical analysis below.  The first pork price series is the daily settlement 

price of the “Pork Bellies, Frozen, 12-14 lbs” cash contracts from Chicago Mercantile Exchange 

(CME).  We obtained this data from the Commodity Research Bureau
3
 and deflated it using the 2002 

CPI.  The second pork price time series data we use is the monthly “Consumer Price Index—All 

Urban Consumers, Pork Products” from the Bureau of Labor Statistics.  We deflated the index such 

that it takes the value of 100 for 2002.  Both pork price time series have their own advantages and 

disadvantages.  The pork bellies price series has the advantage of having the same frequency as other 

variables and hence providing more information.  The disadvantage of this time series is the fact that 

pork belly is just one particular type of pork products and therefore pork bellies price may be quite 

different from the overall pork price.  The advantage of the pork CPI data is that it is a better measure 

for the overall price for pork products.  The disadvantage of it is it is only available at the monthly 

level and hence contains less information, which makes the identification of the pork price effect 

more difficult.           

     Several other features of Table 1.2 are also worth mentioning.  First, hog transactions that can be 

categorized as AMAs command a slightly higher average price than hogs transacted through the spot 

market.  This might be due to the fact that most contracts include quality clauses which state specific 

quality requirements in terms of lean percentage, loin eye depth, back fat, etc., (Vukina et al. 2007) 

and the price difference simply reflects the quality premium.  Second, price volatility also varies 

                                                 
3
 http://crbtrader.com/. 
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across different marketing channels.  The most volatile channels are the spot market and the “Packer 

Sold” channels as prices in these channels can respond freely to the current market conditions.  The 

next volatile channel is the “Swine/Pork Market Formula” channel.  This is not surprising as the price 

for transactions in this channel are linked directly to the spot market price.  The least volatile channels 

are the “Other Market Formula” channel and the “Other Purchase Arrangements” channel as prices in 

the former channel are linked to other commodities, which were less volatile during the sample period 

and prices in the latter channel are often negotiated for a long period of time and only change once a 

while.  Muth et al. (2008) report similar findings.  Finally, the last few rows of the table present the 

summary statistics for six hog quality measures: average sort loss, average carcass weight, average 

backfat, loineye area, loin depth and average lean percent.
4
  Except for the average backfat variable, a 

higher value of the measure indicates higher quality. 

 

1.4 Conceptual Framework 

In this section, we propose a stylized model that elucidates the two channels through which AMAs 

affect spot market price.  As a preview, the model shows that both the number of hogs through AMAs 

and spot market price volatility are key determinants of spot market price level and the effect of spot 

market price volatility on spot market price is positive.  Furthermore, the model also shows that spot 

market price volatility is a function of the number of hogs through AMAs.   

     Formally, suppose there are   identical farmers and   identical packers in the market.  There are 

two marketing channels through which hogs are transacted.  One is the contracts (AMAs) channel and 

the other is the spot or cash market.  There are also two time periods.  In the first period, farmers 

negotiate with packers to decide how many hogs they will supply through the contracts channel when 

                                                 
4
 For the more detailed definition of these measures, see “7 C.F.R. PART 59—LIVESTOCK MANDATORY 

REPORTING, Title 7 – Agriculture.” 
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the hogs are ready for slaughter in the second period.  Suppose each farmer agrees to supply    hogs 

to packers.  Therefore, a total of     hogs are committed to the packers and each packer gets    

 

 
       hogs, where   

 

 
 is the number of farmers per packer.

5
  In this period, farmers also 

decide how many additional hogs to produce for the spot market in the second period.  At the time 

when farmers make this decision, the spot market price in the second period has not been realized yet 

and hence from a farmer’s point of view, the spot market price is random.  We assume the spot 

market price follows a normal distribution with mean     and variance   
 .   

     Further assume that a farmer’s utility function exhibits the constant absolute risk aversion (CARA) 

preference structure with risk aversion parameter     .  With these assumptions, the expected 

utility for a representative farmer to produce    additional hogs for the spot market can be written as 

an increasing concave function of the mean-variance criterion (which corresponds to the certainty 

equivalent value of revenue), 

(1).           
  

 
          

  

 
        

    
  , 

In (1),       is the farmer’s expected revenue from selling    hogs on the spot market.  

 
  

 
           

    
 

 
  

  represents the negative utility the farmer receives when selling on the 

spot market due to the price risk.  Finally, we assume the production cost function to be quadratic in 

the quantity produced with parameter  
  

 
   and hence 

  

 
        

    
   is the increase in the 

farmer’s production cost for producing    additional hogs, given the fact that the farmer has already 

committed to produce    hogs through the AMAs channel.  With these assumptions, the farmer’s 

decision problem can be written as  

(2).      
    

                                                 
5
 We can extend the current model to a more general model in which    is endogenous.  All our results will 

survive.  Since our focus here is on the spot market, we treat    as exogenous for brevity purpose.  
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and the optimal solution is,   

(3).   
  

        

    
    

. 

     The second order sufficient condition holds trivially with the assumption that both    and    are 

positive.  (3) implies that the number of hogs supplied to the spot market increases when the expected 

spot market price mean increases, and decreases if the farmer is more risk averse, if the spot market 

risk is higher or if more hogs are already committed through the AMAs channel.     

     In the second period, given the pork price in the downstream pork market and price for hogs in the 

spot market,   , each packer needs to decide how many hogs to procure from the spot market, in 

addition to the    hogs it has already obtained from the contracts channel for its processing and 

packing business.  We assume the market is competitive and hence each packer is a price taker.  The 

profit for a representative packer to procure    additional hogs from the spot market and sell the pork 

produced from these hogs can be written as, 

(4).              
   

 
        

    
  , 

where   is the price for one pound of pork and   is the number of pounds of pork that can be 

produced from one hog.  In (4),           is the packer’s profit from procuring    hogs from the 

spot market and then sell the pork produced from these hogs, excluding the processing costs.  The 

processing cost is assumed to be quadratic in the quantity processed with parameter 
  

 
   and hence 

  

 
        

    
   represents the increase in the packer’s processing cost when the packer 

processes the    hogs it obtains from the spot market, given the fact that it already needs to process 

the    hogs from the AMAs channel.  In addition,   in (4) represents a productivity shock for the 

packer that is realized in the second period.  The productivity shock is assumed to be a normally 

distributed random variable with mean 1 and a small variance   
  such that non-positive values of   
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happen with an almost zero probability.  A   less than 1 indicates there is a productivity gain, 

possibly due to a technology improvement.  A   greater than 1 indicates there is a productivity loss 

such as a machine breakdown.   

     Since in our model, the packer faces no uncertainty in the second period, no matter the packer is 

risk averse or not, its decision problem can then be written as  

(5).      
   

and the optimal solution is,   

(6).   
  

            

   
, 

where we have replaced    with    .  The second order sufficient condition holds with the 

assumption that     is positive.  (6) implies that a packer’s demand for spot market hogs decreases 

with the spot market price, the number of hogs through AMAs and its processing cost, but increases 

with the price of pork.     

     In equilibrium, the supply equals to the demand in the spot market, that is,  

(8).    
     

 ,  

which can be rearranged to be,  

(9).              
    

    
    

          . 

(9) yields several important implications for our study.  First, (9) explains why spot market price is 

random from the perspective of the farmers in the first period.  This is because in the first period, pork 

price and packer’s productivity shock have not been realized yet and are taken as random.  Since spot 

market price is a function of these two variables, it is also random.  Second, the pork price, the 

number of hogs through AMAs and the spot market price volatility, or risk, are all important 
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determinants of the spot market price level.  This will guide the specification for our empirical model 

below.  Third, the derivative of    with respect to   
  can be derived as follows, 

(10). 
   

   
                

  

     
     

 . 

In (10),  ,    and    are positive by definition.    is assumed to be positive with a probability close to 

1.  Also, (3) implies that            must be positive.  Hence, (10) implies that when spot market 

price risk increases, the spot market price level will increase.  When the spot market price risk 

increases, it is clear from (3) and (6), that the supply to the spot market decreases and the demand for 

hogs from the spot market remains the same.  As a result, the equilibrium spot market price increases.  

One of the main purposes of our empirical analysis below is to test this model implication. Fourth, the 

derivative    with respect to    is,  

(11). 
   

   
  

        
 

    
    

. 

With the same set of assumptions discussed above, (11) implies that spot market price decreases with 

the number of hogs through AMAs.  This is another major hypothesis that will be tested in our 

empirical analysis below.  Fifth, (9) implies that  

(12).             
     

  
          

 

     
     

    
     

 , 

where   
  is the variance for the pork price.  Since we assumed above that           

 , (12) further 

implies that  

(13).   
      

     
  

          
 

     
     

    
     

 .   

Though not a closed form solution, (13) implies that the spot market price volatility is a function of 

the number of hogs through AMAs.  Our empirical analysis below will use a specification that is 

consistent with this implication.  
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Our stylized model makes it clear that there are two channels through which AMAs can affect spot 

market price.  The direct effect works through the effect of AMAs on demand and supply conditions 

in the spot market.  With more hogs committed through AMAs, (3) shows farmers supply less hogs to 

the spot market.  Each farmer supplies 
  

    
    

 fewer hogs and hence the market supply decreases for 

  

    
    

 .  Also, (6) shows that packers also demand less hogs from the spot market.  Each packer 

demands   fewer hogs and hence market demand decreases for    hogs.  The reduction in demand is 

larger than the reduction in supply because    
  

    
    

 .  Hence, (9) implies that an increase in 

the number of hogs through AMAs causes a decrease in the spot market price level.   

     The indirect effect of AMAs on spot market price level works through its effect on spot market 

price volatility.  (13) implies that spot market price volatility is a function of the number of hogs 

through AMAs.  Total differentiating (13) with respect to   
  and    yields  

(14). 
   

 

   
 

                      
     

  
   

     
 

             
      

     
  

    
     

 
    

(14) implies that spot market price volatility increases with the number of hogs through AMAs.  

Intuitively, this is because with the increase in the number of hogs through AMAs, the spot market 

becomes thinner.  As a result, a given productivity shock in the second period is larger in terms of 

percentages and hence the effect on spot market price is larger and the resulting price volatility is 

higher.  This can be seen more clearly from the derivative of    with respect to   using (9), 

(15). 
   

  
  

   

    
    

    
    

 

    
    

       

(15) implies that when the productivity shock is less favorable,    decreases and the effect is larger 

with a higher value of   , the number of hogs transacted through AMAs.  (10) further implies that 

when spot price volatility is higher, spot market price level is higher.  Hence, an increase in the 
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number of hogs through AMAs first increases spot market price volatility, which in turn increases 

spot market price level.     

 

1.5 Empirical Strategy and Results 

1.5.1 Stationarity Test 

Before we move on to regression analysis, we first need to examine whether the times series data we 

have are stationary or not.  As pointed out by Ng (1995), it is well known in the literature that if two 

time series variables are non-stationary, then regressing one on the other will produce spurious 

estimates and the standard asymptotic analysis will be invalid.  If the dependent variable is stationary 

and the independent variable is non-stationary, then the estimate will be consistent but the standard 

asymptotic analysis will still be invalid.  Therefore, if the time series data we have are found to be 

non-stationary, then they need to be transformed into stationary time series data first before we can 

use them for regression analysis. 

     One model that has been frequently used to characterize non-stationary time series data is the so-

called unit root or random walk model.  As a result, testing for non-stationarity is often the same as 

testing whether the time series under consideration can be characterized by a unit root or not.  Many 

tests have been proposed in the literature.  The most widely used ones are the augmented Dickey-

Fuller test (ADF) and the Phillips-Perron test (PP).  The early and pioneering work on unit root test 

was done by Dickey and Fuller (1979).  Specifically, they use the following AR(1) specification for a 

time series variable   , 

(16).                 ,   
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where    is a white noise.  The time trend variable and the intercept term need to be included in the 

model when the time series shows a trend over time and a non-zero intercept.  If the model has a unit 

root (   ), then this series is non-stationary.  So we can test the null hypothesis that     against 

the alternative that | |<1, which means this series is stationary.  However, this specification depends 

on the assumption that    is a white noise.  Quite often the dependence structure in    is more 

complicated than that of an AR(1) process and hence if the AR(1) specification of (16) is used, the 

resulting error is not a white noise.  To address this issue, Dickey and Fuller (1981) propose an 

augmented version of their original test, now called the augmented Dickey-Fuller test, which 

augments the model (16) with lags of    , that is,  

(17).                                           , 

where   is an appropriately chosen lag such that the resulting    is a white noise series.  Again, the 

null hypothesis to be tested is whether     or      .  Phillips and Perron (1988) propose 

another way to address the same issue by allowing serial correlation and heteroskedasticity in the 

error term    and using the Newey-West (1987) procedure to correct for it.  We test for the 

stationarity of our time series data using both the ADF test and the PP test. 

     Table 1.3 reports the results of the ADF and the PP tests for the time series variables that will be 

used in our regression analysis below.  Whether the time trend variable or/and the intercept term are 

included as controls in (16) and (17) are determined from eyeballing the time series plots of the data
6
 

and the specification used for each variable is reported in column 2 of the Table.  Column 3 of the 

table reports the  -statistics of the ADF test.
7
  For each variable, the optimal number of lags used in 

(17) was chosen using the Bayesian Information Criterion (BIC) (for details, see pp. 644 of Greene 

                                                 
6
 These time series plots are at the end of the paper.  

7
 The  -statistics from unit root tests no longer follow the Student   distribution.  Therefore, a different notation, 

 , is used. 
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(2005)) and is reported in the parenthesis.  The last column of the table reports the  -statistics of the 

PP test, with the number of lags used in the test taken to be the integer part of         
 

 , where   is 

the number of time series observations.  The results are almost identical across the two tests.  For 

most of the variables, we reject the hypothesis that there is a unit root, or the time series is non-

stationary, at the 1% significance level.  For the spot market hog price series, we cannot reject the null 

hypothesis at the 1% level but the MacKinnon approximate p-values for the test statistics are 0.0139 

and 0.0109 in ADF and PP tests, respectively.  For the pork CPI series, we fail to reject the hypothesis 

that the time series is non-stationary at conventional significance levels.  We, therefore, first 

differenced the pork CPI series and re-tested the resulting series for unit root.  Results from both tests 

reject the first differenced pork CPI series is non-stationary.  As a result, in our regression analysis 

below, we use the first difference of the pork CPI series.  For other series, we use the untransformed 

series directly.       

 

1.5.2 GARCH-M Model 

To consider both the direct and the indirect effects of AMAs on the spot market price, we adopt the 

generalized autoregressive conditional heteroskedasticity-in-mean (GARCH-M) model.  The 

GARCH-M model consists of two equations, one for spot market price level and the other for spot 

market price volatility.  For the price level equation, we use an autoregressive distributed lag (ARDL) 

(   )—autoregressive moving average (ARMA) (   ) specification as follows, 

(18).                          , 

where    denotes the spot market hog price time series,               
       

 , 

              
        ,               

       
 , and   is the lag operator.  

    is a vector of control variables including the variable of our main interest, AMAs%, the price 



20 

 

 

 

 

 

volatility term,   
          (hence the name of the model, GARCH-in-mean), and pork price.  

From (9), these are the main determinants of the spot market price level for hogs.  In addition, we also 

include in     a set of monthly dummies to control for seasonality, the intercept term and the trend 

variable to control for non-zero intercept and long-term trend effect in the time series data, and 5 

quality measures to control for quality differences across different transaction days.
8
  We use the 

ARDL(   )-ARMA(   ) specification rather than the standard ARMA(   ) specification that is 

often used in GARCH-M models because the former is a more parsimonious way to capture the 

dependence structure of the dependent variable.  Finally,    is an error term that is not serially 

correlated.   

     The second equation in the GARCH-M model models the behavior of the spot market price 

volatility.  We allow the possibility that the volatility varies over time and use the following 

GARCH(   ) specification,    

(19).   
         

            
  

           
  

   .    

We use the specification of        
     rather than    

    in (19) because with this specification, the 

non-negativity restriction of the GARCH model (Bollerslev, 1986) is more likely to be satisfied.  As 

the GARCH model is a model for the conditional variance, which, by definition, is non-negative, the 

fitted value from the estimated model needs to be non-negative as well.  With the specification of 

       
     in (19), the sufficient condition for the non-negativity restriction to be satisfied reduces to 

be that all of the   and   coefficients in (19) are non-negative.  Again,     is a vector of control 

variables including the variable of our main interest, AMAs%, as well as monthly dummies, the trend 

variable and the intercept term.  

                                                 
8
 The Loineye Area quality measure is not included in the regression analysis because it is highly correlated 

with another quality measure, Loin Depth, with a correlation coefficient of 0.998.    
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We estimated many specifications of our ARDL-ARMA-GARCH model (18)-(19).  Each different 

combination of the lag values  ,  ,  ,   and   is a different specification.  Below, we present and 

discuss results from the specification that has the best fit in terms of model fitness measures AIC and 

BIC.  

 

1.5.3 Estimation Results    

Table 1.4 presents the estimation results when the pork CPI is used as pork price.  The ARDL(3,0)-

ARMA(2,7)-GARCH(1,1) specification turns out to be the specification that fits the data the best.  

The results show the model is well specified.  The non-negativity restriction and the stationarity 

condition for the GARCH model (Bollerslev, 1986) are satisfied, since all of the ARCH and GARCH 

coefficients ( s and  s) in the conditional variance equation (19) are positive and the sum of them is 

smaller than 1.  Also, results from the Ljung-Box Portmanteau (Q) test
9
 show that we cannot reject 

the hypothesis that the residual series from the ARDL-ARMA model (18) is not serially correlated.  

This is consistent with the model assumption we made earlier.  Finally, since the ARDL-ARMA 

specification for the price level equation is essentially a dynamic model, there is a stability condition 

that needs to be satisfied for the dependent variable to converge in equilibrium.  In our context, this 

means the roots of the characteristic function            must be greater than one in absolute 

value, where functions      and      are defined above in (18).  Using the estimated coefficients for 

 s and  s, we find this stability condition is satisfied as well.   

                                                 
9
 The Q test depends on the following two facts: 1) The autocorrelation ( ) of residuals should be small; 2) 

                
 
     where          

 

   

 
         , T is the sample size and       is the sample 

autocorrelation at lag  .  To reach solid conclusions, we tried several values of   such as 10, 20, 30 and 40. 
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Several other results are also worth discussing.  We first examine the results from the price level 

equation.  First, the coefficient for the AMA% variable is estimated to be negative and the estimate is 

highly significant.  Though not reported, we also found that this estimate was very robust across 

different model specifications, always around -0.075 and highly significant.  This means that the 

short-run direct effect of a 1 percent increase in the share of transactions through AMAs is a reduction 

in the spot market price by about 7.5 cents per 100 carcass lb (about 0.13% of the average spot market 

price in the data).  This result is consistent with those results from studies in the literature, which 

estimate static instead of dynamic models and hence only compute the short-run effect.  For example, 

Elam (1992), Schroeder et al. (1993), Ward, Koontz and Schroeder (1998), Schroeter and Azzam 

(2003) all reported a mild negative effect of AMAs on spot market price level in the cattle market.  

This finding is also consistent with the industry arguments that AMAs decrease spot market price by 

removing spot market demand while spot market supplies tend to stick to their original volumes.  

Second, the coefficient for the price volatility term, or the GARCH-in-mean term, is estimated to be 

positive and significant.  This indicates that when there is more price risk in the market, farmers are 

compensated for that.  Third, pork price has a positive, though insignificant, effect on hog price level.  

All these three findings are consistent with the implications of our model presented above.  Fourth, all 

but one quality measures have significant effects on the hog price and their signs are all correct, that 

is, better quality hogs command higher price.  Finally, coefficients for some of the monthly dummy 

variables (March, April, August, September, October) are estimated to be negative and the estimates 

are significant.  This indicates that the spot market hog prices are significantly lower in those months 

than in January (the reference month).           

     Turning to the price volatility equation, we find that as the percentage of transactions through 

AMAs increases, the price volatility in the spot market increases.  This result is again consistent with 
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the arguments of market thinning effects which say that prices will more vigorously reflect a shock in 

the thinner spot market resulting from the rising popularity of AMAs.  This result, together with the 

result that AMA% has a positive effect on price level, implies that the indirect effect of AMAs on the 

price level is positive.  In addition, we also find the trend variable has a negative and statistically 

significant effect on price volatility.  This implies that over time, the spot market becomes less 

volatile.  On the other hand, not much seasonality pattern is detected in the price volatility as the 

estimates for all but one of the monthly dummy coefficients in the variance equation are insignificant.       

     We then repeated the analysis using the other measure of pork price, that is, the daily settlement 

price for cash contracts for pork bellies.  Results are reported in Table 1.5.  Almost all of the 

coefficient estimates are similar to those of Table 1.4, both in terms of the signs and the magnitudes.  

The only difference is now the pork price measure has a positive and statistically significant effect on 

hog price.  This is not surprising as the pork bellies price is available daily rather than monthly and 

hence there is more variation in the data, which makes the identification of the coefficient easier.    

 

1.5.4 Long-run or Equilibrium Effects of AMAs on Spot Market 

Price Distribution 

With the parameter estimates, we can compute the effects of AMAs on spot market price distribution.  

We first examine the effect of AMAs on price volatility.  Since the price volatility equation (19) is 

essentially a dynamic model, the long-run or equilibrium effect of AMAs on price volatility can be 

quantified using the formula  

(20). 
       

           

    
,  
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where         is the coefficient for the AMA% variable in the price volatility equation.  It is clear 

that the effect of AMAs on price volatility varies across observations.  Therefore, in Table 1.7 we 

report the minimum, median, mean and maximum of this effect.  When pork CPI is used as the 

measure for pork price, the results indicate that one percent increase in the use of AMAs increase 

price volatility by 0.0185 on average.  This amounts to about 6.19% of the mean value of the fitted 

price volatility, that is,    
 , in the dataset.  We also note this effect varies across observations quite a 

bit, ranging from less than 1% to over 30%.  The results from the case where pork bellies price is 

used as the measure for pork price are quite similar.       

     We now turn to the effects of AMAs on spot market price level.  With the ARDL-ARMA 

specification (18), the long-run direct effect of AMAs on spot market price level can be computed as  

(21). 
           

        
 

       

          
, 

where         is the coefficient for the AMA% variable in (18).  The long-run indirect effect of 

AMAs on spot market price level is the product of the effect of price volatility on price level and the 

effect of AMAs on price volatility, that is,  

(22). 
     

    

        

       
           

    
=

 
    

          

       
           

    
,   

where       is the coefficient for the price volatility term in (18).  Again, the indirect effect varies 

across observations and we report its minimum, median, mean and maximum.  Tables 8 and 9 report 

the direct effect, the indirect effect and the net effect of AMAs on spot market price level.  For the 

case where pork CPI is used as pork price, on average, the direct effect of one percent increase in 

AMAs decreases the spot market price by about 5 cents, and the indirect effect increases the spot 

market price for about 1.75 cents.  Therefore, the net effect is a reduction of about 3.3 cents per 100 

pounds of carcass meat.  This amounts to about 6% of the mean spot market price during the sample 



25 

 

 

 

 

 

period.  Results from the case where pork bellies price is used as pork price show smaller effects.  On 

average, one percent increase in the use of AMAs leads to a 3.7% reduction in the spot market price 

level.  These long-run or equilibrium effects are significantly larger than the short-run effects and are 

non-trivial.  This is driven by the fact that the spot market hog price time series data is highly 

autocorrelated and hence a small short-run effect can accumulate over time into a large long-run 

effect.    

     Since the increase in the use of AMAs increases spot market volatility and decreases spot market 

price level, we conclude that farmers who use the spot market lose because of this structural change.  

On the other hand, packers gain as they pay a lower price for hogs obtained from the spot market.  

 

1.6 Conclusions 

In this paper, we estimate the effects of AMAs on spot market price distribution in the U.S. hog 

market.  We find increases in the use of AMAs increase spot market price volatility and decrease spot 

market price level.  The effect on price level is further decomposed into a direct effect, which works 

through the effect of AMAs on demand and supply conditions in the spot market and an indirect 

effect, which works through the effect of AMAs on spot market price volatility.  The direct effect is 

found to dominate the indirect effect.  Increases in the use of AMAs benefit the packers and those 

farmers who rely on the spot market lose.  

     Having obtained the results that increases in the use of AMAs have a negative direct effect on spot 

market price level and this direct effect is larger than the indirect effect, the next natural question to 

ask is what the main underlying driving force for this negative direct effect is.  In our model, the 

direct effect comes from the fact that increases in the number of hogs transacted through AMAs 

causes a larger reduction in demand than in supply on the spot market.  This is worrisome as this 
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represents a structural change that favors the packers.  On the other hand, this effect can also come 

from the fact that AMAs divert hogs of good quality away from the spot market, as studied in Wang 

and Jaenicke (2006).  If this is the case, then the decrease in spot market price level is less worrisome 

as it simply reflects the fact lower quality hogs receive lower prices.  Most likely, both effects are at 

work.  It is an interesting and challenging task to distinguish the two sources of the direct effect and 

examine which one is the driving force.  This is left for future research.        
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Table 1.1: Average Daily Transaction Volume (# of Heads in Thousands) 

Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 

 Negotiated (Spot) 
51.6 47.5 40.3 40.5 35.5 33.6 35.1 27.6 20.3 

14.7% 13.3% 11.0% 11.0% 9.6% 8.7% 8.5% 6.8% 5.2% 

Other Market 

Formula 

32.6 27.3 33.5 32.5 32.1 33.2 40.9 27.8 42.3 

9.3% 7.6% 9.2% 8.8% 8.7% 8.6% 9.9% 6.9% 10.7% 

Swine or Pork 

Market Formula 

152.9 140.1 147.9 150.2 139.7 146.8 154.7 176.2 152.4 

43.4% 39.1% 40.5% 40.8% 37.8% 37.9% 37.6% 43.5% 38.7% 

Other Purchase 

Arrangement 

46.0 68.1 65.8 60.2 58.2 56.7 54.9 47.7 51.7 

13.1% 19.0% 18.0% 16.4% 15.7% 14.7% 13.3% 11.8% 13.1% 

Packer Owned 
61.4 67.3 70.2 75.3 81.5 91.7 100.2 102.2 105.2 

17.4% 18.8% 19.2% 20.5% 22.0% 23.7% 24.4% 25.2% 26.7% 

Packer Sold 
7.9 7.5 7.7 9.1 23.1 25.1 25.5 23.5 22.0 

2.2% 2.1% 2.1% 2.5% 6.2% 6.5% 6.2% 5.8% 5.6% 

Total 352.5 357.9 365.3 367.9 370.0 387.0 411.4 405.0 394.0 
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Table 1.2: Summary Statistics for the Finished Hog Purchase Data 

 

Variable Unit Obs. Mean Std. Dev. Min Max 

Volume (% 

of heads) 

Negotiated % of heads 2296 0.098 0.032 0.02 0.22 

Other Market 

Formula % of heads 2296 0.089 0.025 0.03 0.17 

Swine or Pork 

Market Formula % of heads 2296 0.400 0.031 0.29 0.50 

Other Purchase 

Arrangement % of heads 2296 0.150 0.034 0.05 0.32 

Packer Sold % of heads 2296 0.044 0.021 0.00 0.10 

Packer Owned % of heads 2296 0.220 0.035 0.06 0.36 

Average Net 

Price 

Negotiated 

$ per 100 

carcass lb 2296 56.125 9.342 27.53 79.37 

Other Market 

Formula 

$ per 100 

carcass lb 2296 56.860 5.507 38.80 68.67 

Swine or Pork 

Market Formula 

$ per 100 

carcass lb 2296 56.896 8.933 32.17 79.95 

Other Purchase 

Arrangement 

$ per 100 

carcass lb 2296 58.272 5.226 48.72 73.78 

Packer Sold 

$ per 100 

carcass lb 2294 58.421 9.079 31.57 82.19 

Pork Price 

Pork CPI 2002=100 108 98.277 3.401 89.15 105.61 

Pork Bellies 
$ per 100 

carcass lb 2296 76.185 14.94 38.76 128.48 

Quality of 

hog 

transacted 

by 

‘Negotiated’ 

channel 

Average Sort 

Loss 

$ per 100 

carcass lb 2296 -1.336 0.266 -2.68 -0.69 

Average 

Carcass Weight lb 2296 

196.50

6 3.345 

186.6

0 208.17 

Average 

Backfat Inch 2296 0.740 0.028 0.66 0.82 

Loineye Area Inch 2296 6.854 0.160 6.05 7.36 

Loin Depth Inch 2296 2.285 0.053 2.02 2.45 

Average Lean 

Percent % 2296 53.782 0.444 51.53 55.45 
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Table 1.3: Unit Root Test Results 

Variables Controls 
Augmented Dickey-

Fuller Test 

Phillips–Perron 

Test 

Spot Market Price a (Intercept) -3.32(12)** -3.40** 

AMA (%) a and t (Trend) -6.77(14)*** -35.96*** 

Pork 

Price 

Pork CPI a -2.46(1) -2.43 

First Diff. of Pork CPI - -5.61(1) *** -7.77*** 

Pork Bellies a -4.10(1)*** -4.23*** 

Quality 

(Spot 

Market 

Channel) 

Average Sort Loss a and t -3.94(9)*** -17.86*** 

Average Carcass Weight a and t -4.26(11)*** -15.77*** 

Average Backfat a and t -4.40(9)*** -28.25*** 

Loin Depth a and t -5.28(9)*** -22.89*** 

Average Lean Percent a and t -3.60(9)** -23.35*** 

Notes: ** and *** denote the null hypothesis of a unit root is rejected at the 5% level and the 1% 

level, respectively.  The optimal lag numbers chosen using Bayesian Information Criterion are in the 

parenthesis.  The numbers of Newey-West lags used in the PP test are taken to be the integer part of 

{4(T/100)
2/9

}. 
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Table 1.4: GARCH-M Estimation Results: Using Pork CPI as Pork Price 

Dependent: Spot Price 
Price Level Equation Variance Equation 

Coef. Std. Err. Coef. Std. Err. 

D(L) 

Lag=1 0.511*** 0.050 
  

Lag=2 0.313*** 0.041 
  

Lag=3 0.161*** 0.049 
  

AMA% -0.075*** 0.006 0.192** 0.079 

  
  1.405*** 0.508 

  
First Diff. of Pork CPI     0.039 0.029 

  

Quality 

Average Sort Loss 0.806*** 0.066 
  

Average Carcass Weight 0.030*** 0.008 
  

Average Backfat -11.023*** 1.213 
  

Loin Depth 1.002** 0.396 
  

Average Lean Percent -0.042 0.072 
  

GARCH 
ARCH L1. 

  
0.039*** 0.008 

GARCH L1. 
  

0.931*** 0.015 

A(L) 
Lag=1 0.226* 0.135 

  
Lag=2 -0.509*** 0.104 

  

R(L) 

Lag=1 0.754*** 0.128 
  

Lag=2 1.198*** 0.115 
  

Lag=3 0.975*** 0.109 
  

Lag=4 0.783*** 0.088 
  

Lag=5 0.581*** 0.061 
  

Lag=6 0.330*** 0.039 
  

Lag=7 0.191*** 0.027 
  

Trend 0.000 0.000 -0.001* 0.000 

Month 

February -0.201 0.151 -1.357* 1.212 

March -0.476*** 0.152 -0.943 0.626 

April -0.289* 0.161 0.450 0.347 

May -0.083 0.171 -1.010 0.926 

June -0.212 0.180 0.287 0.347 

July -0.197 0.188 -1.567 1.509 

August -0.476** 0.184 0.341 0.341 

September -0.313* 0.173 -1.335 1.225 

October -0.446*** 0.170 -0.339 0.411 

November -0.234 0.178 -0.179 0.405 

December -0.011 0.140 -0.662 0.613 

Constant 10.753** 4.318 -21.077*** 6.837 

AIC 3689.11 

BIC 3970.25 

Portmanteau (Q) statistic when m=40 25.39 

p-value  0.965 

Note: *, **, and *** denotes significance at the 10%, 5% and 1% level. 
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Table 1.5: GARCH-M Estimation Results: Using Pork Bellies Price as Pork Price 

Dependent: Spot Price 
Mean Price Equation Variance Equation 

Coef. Std. Err. Coef. Std. Err. 

D(L) 

Lag=1 0.521*** 0.050 
  

Lag=2 0.315*** 0.037 
  

Lag=3 0.140*** 0.043 
  

AMA % -0.077*** 0.007 0.182** 0.080 

  
  1.364*** 0.480 

  
Pork Bellies 0.011*** 0.003 

  

Quality 

Average Sort Loss 0.812*** 0.067 
  

Average Carcass Weight 0.030*** 0.008 
  

Average Backfat -10.896*** 1.255 
  

Loin Depth 0.917** 0.408 
  

Average Lean Percent -0.016 0.074 
  

GARCH 
ARCH Lag=1 

  
0.042*** 0.009 

GARCH Lag=1 
  

0.925*** 0.016 

A(L) 

Lag=1 0.864*** 0.108 
  

Lag=2 -0.303*** 0.116 
  

Lag=3 -0.545*** 0.114 
  

Lag=4 0.829*** 0.113 
  

Lag=5 -0.366*** 0.079 
  

R(L) 

Lag=1 0.094 0.115 
  

Lag=2 0.349*** 0.089 
  

Lag=3 0.739*** 0.085 
  

Lag=4 -0.167 0.112 
  

Lag=5 0.183*** 0.047 
  

Trend 0.000 0.000 -0.001* 0.000 

Month 

February -0.244 0.149 -1.239* 1.028 

March -0.528*** 0.149 -0.931 0.583 

April -0.331** 0.159 0.381 0.336 

May -0.073 0.167 -0.908 0.774 

June -0.178 0.176 0.246 0.334 

July -0.177 0.181 -1.404 1.225 

August -0.500*** 0.179 0.251 0.334 

September -0.287* 0.168 -1.238 1.027 

October -0.431*** 0.167 -0.225 0.365 

November -0.275 0.171 -0.222 0.399 

December -0.039 0.135 -0.723 0.591 

Constant 9.212** 4.471 -20.144*** 6.929 

AIC 3687.95 

BIC 3974.83 

Portmanteau (Q) statistic when m=40 32.91 

p-value 0.779 

Note: *, **, and *** denotes significance at the 10%, 5% and 1% level.  



38 

 

 

 

 

 

Table 1.7: Effect of AMAs on Spot Market Price Volatility 

 

Using Pork CPI 

As a Percentage of 

Mean Value of Fitted  

  
  

Using Pork 

Bellies Price 

As a Percentage of 

Mean Value of Fitted  

  
  

Minimum 0.0022 0.74% 0.0028 0.93% 

Median 0.0165 5.52% 0.0183 6.11% 

Mean 0.0185 6.19% 0.0202 6.75% 

Maximum 0.0914 30.59% 0.0897 30.00% 

 

 

 

Table 1.8: Effect of AMAs on Spot Market Price Level: Using Pork CPI 

 

Direct Effect Indirect Effect Net Effect 

As a Percentage of 

Mean Spot Market 

Price 

Minimum -5.069 0.209 -4.860 -8.7% 

Median -5.069 1.557 -3.512 -6.3% 

Mean -5.069 1.747 -3.322 -5.9% 

Maximum -5.069 8.637 3.568 6.4% 

 

 

 

Table 1.9: Effect of AMAs on Spot Market Price Level: Pork Bellies Price 

 

Direct Effect Indirect Effect Net Effect 

As a Percentage of 

Mean Spot Market 

Price 

Minimum -3.271 0.163 -3.108 -5.54% 

Median -3.271 1.065 -2.206 -3.93% 

Mean -3.271 1.177 -2.094 -3.73% 

Maximum -3.271 5.228 1.957 3.49% 
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Figure 1.1: Plot of Spot Market Price 

 

 

 

 
Figure 1.2: Plot of Pork CPI 
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Figure 1.3: Plot of the First Difference of Pork CPI 

 

 

 

 
Figure 1.4: Plot of Pork Bellies Price 
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Figure 1.5: Plot of AMA (%) 

 

 

 

 
Figure 1.6: Plot of Average Sort Loss 
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Figure 1.7: Plot of Average Carcass Weight 

 

 

 

 
Figure 1.8: Plot of Average Backfat 
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Figure 1.9: Plot of Loin Depth 

 

 

 

 
Figure 1.10: Plot of Average Lean Percent 
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CHAPTER 2 

 

The Complementarities among Trade Policy 

Measures: Evidences from Mexico 
 

 

2.1 Introduction 

This article empirically explores 1) the effects of trade liberalizations on the plant-level productivity 

and 2) the relationship (complements or substitutes) of the effects between the trade policy measures 

using Mexico’s trade liberalization data in the second half of 1980’s.  To estimate the effect of trade 

liberalization on plant productivity, we use a two-step estimation method in which plant-level TFPs 

are computed using the method which Levinsohn and Patrin (2003) proposed (LP method hereafter) 

in the first step and the regression for the effect of trade liberalization on plant-level productivity is 

executed using the TFPs from the first step and dynamic panel data estimators. 

     Several possible ways for trade liberalization to impact firm-level productivity have been 

addressed.  Firstly, pro-competitive effect from imported products and services can encourage a firm-

level productivity by making a firm focus on its core competency production processes or products 

(Bernard, Redding and Schoott 2006), reducing X-inefficiency or eliminating managerial slack (Hicks 

1993), and changing innovative incentives (Goh 2000; Rodrik 1992).  Secondly, pro-competitive 

effects from trade liberalization also can increase industry-level productivity when less productive 

firms are eliminated by the higher competition after trade liberalization (Melitz 2003; Melitz and 

Ottaviano 2008). Lastly, besides these pro-competitive effects, better access to superior inputs and 

technologies by virtue of trade liberalization also can facilitate firm-level productivities (Feenstra, 
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Markusen and Zeile 1992; Fernandes 2007; Amiti and Konings 2007).  However theories or empirical 

studies on this topic do not always support the positive effects of trade liberalization on firm-level 

productivities.  The infant-industry concerns (Stokey 1991; Young 1991; Lucas 1993) and the 

complementary policy arguments (Bolaky and Freund 2006; Hoekman and Javorcik 2004) have been 

addressed as hindrances of positive effects of trade liberalization. 

     Most countries used several trade policy measures simultaneously, especially when the 

liberalization was initiated by an event from outside such as financial crisis.  As we can see in the 

theories and empirical studies, the effects of individual policy measures can have different directions 

on the firm productivities.  But, to the best of our knowledge, most of existing literature does not 

separate the effects of each policy measures.  Moreover, some researches intentionally try to combine 

the effects of these policy measures constructing, for example, effective rate of protection (ERP, 

Corden 1966).  However under the possibility of tradeoff on the effect of firm productivity between 

the policy measures can contaminate the results. Hence, for better understanding the policy effects, 

decomposing the effects of these combined effects is needed to measure a specific effect of a policy 

measure.  In addition to the decomposition, the relationships among the effects of trade policy 

measures such as complementarity and substitutability are also worthy to be explored in the sense that 

if the effects of trade policy measures are correlated each others, these correlations should be 

considered in optimizing the policy effects. 

     To decompose the effects of trade policy measures on firm-level productivity and find their 

relationships, we use knowledge from three areas: Estimating firm-level productivities (Olley and 

Pakes 1996; Levinsohn and Patrin 2003; Ackerberg et al. 2006; Ackerberg et al. 2007; Wooldridge 

2009), estimating trade liberalization effects (Tybout et al. 1991; Harrison 1994; Tybout and 

Westbrook 1995; Pavcnik 2002; Muendler 2004; Amiti and Konings 2007; Frenandes 2007; 
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Topalova and Khandelwal 2010), and testing complementarities among firm strategies or practices 

(Arora and Gambardella 1990; Arora 1996; Ichniowski, Shaw and Prennushi 1997; Caroli and Van 

Reenen 2001; Bresnahan et al. 2002; and Vukina et al. 2009). Traditionally, IV estimator or fixed 

effect estimator were used to solve the endogeneity problem in estimating firm-level production 

functions. Since Olley and Pakes (1996) (OP hereafter) and Levinsohn and Patrin (2003) (LP 

hereafter) proposed an innovative approach to deal with the endogeneity problem in production 

function estimation, most studies used their method in computing firm-level TFPs.  Moreover, our 

study also used a two-stage approach in which we compute firm-level TFPs in the first stage and 

analyze the effects of trade policy on the firm-level TFPs in the second stage.  This two-stage 

approach also has been widely used in estimating trade liberalization effects since OP and LP studies.  

Lastly, we also take advantage of methodologies for testing complementarities of firm’s choice of 

strategies. 

     Using a plant-level panel data from Mexico’s manufacturing industry, this article analyzes the 

effects of four trade policy measures - output market tariff, input market tariff, output market import 

license and input market import license, which were used as main trade policy measures to protect 

domestic industries from foreign competition before the Mexican trade liberalization in the second 

half of 1980’s. The results of this study can be summarized as follows. Firstly, the marginal effects of 

the four trade policy measures on plant-level productivity show significant negative sign and the 

effects of input market tariff is larger than the other three trade policy measures. This finding is 

consistent with the previous studies in this field (e.g. Amiti and Konings 2007; Fernandes 2007; and 

Topalova and Khandelwal 2011). Secondly, we found complementarities between trade policy 

measures which affect same side market and substitutabilities between the measures which affect 

different side markets in roughly defined 2-digit industries. This findings are quite intuitive because 
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competition level in a domestic market will be largely depend on a more binding trade policy 

measures and the incentive to improve firm productivity from opening output market can be 

diminished by the benefits from increased input market competition. Lastly, the marginal effects of 

each individual trade policy measures are estimated much bigger than those in previous literature. We 

think this difference comes from not only using different data but also from considering relationship 

among trade policy measures, which is a main contribution of this article. 

     The contributions of this article can be summarized in two other fields: the literatures about the 

impacts of trade liberalization on firm level productivity and the literatures about the 

complementarities (or substitutabilities) of firm strategies or practices.  First of all, this study not only 

provides an empirical evidence of the effect of trade liberalization on firm level productivity from 

Mexico but also a methodology which can consider every trade policy measure at the same time.  

This is important in the sense that most countries have used several trade policy measures at the same 

time and economic theories on trade policy indicate specific paths of the effects for each policy 

measures.  On the view of complementarity testing literature, this study provides a unique example 

because trade policy measures are not choices or strategies of individual firms while, on the best of 

our knowledge, every study in this field used the firms’ own choices of strategies and practices as 

policy variables.  When we use given policy variables in the complementarity analysis, we do not 

need to worry about the correlations between the choice variables and unobserved firm characteristics, 

ie endogeneity problem.  And the separation between firm-fixed effect and policy measure effect 

become a more important issue in this case. 

     The plan for this article is as follows. In the next section, we reviewed theories and previous 

literatures about firm level production function estimation, the effects of trade liberalization on firm 

level productivity and complementarity test among firm strategies or practices. Based on the theories 
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and empirical methodologies from literature review, section 2.3 shows that how we apply the theories 

and the studying results to our topic.  We explained the data we used in section 2.4.  In section 2.5, 

we will show our estimation results such as individual firm productivity (TFPs), the effect of trade 

policies and finally the complementarities or substitutabilities among trade policies. We conclude in 

section 2.6. 

 

2.2 Effect of Trade Liberalization on Firm Productivity 

2.2.1 Theories and Empirical Studies 

Most of theories and empirical evidences about trade liberalization support that trade liberalization 

has positive impacts on firm productivities and so the economy.  The studies indicate several ways for 

trade liberalization to affect firm-level productivity and the ways can be summarized as increasing 

competition in domestic input and output markets (Pro-competitive Effects) and allowing better 

access to superior technologies and intermediate inputs. 

     The studies on pro-competitive effects of trade liberalization on individual firms include 

Levinsohn (1993), Roverts and Tybout (1996), Pavcnik (2002), Cavalcanti Ferreira and Rossi (2003), 

Hay (2001) and Schor (2004). In these researches, the effects of trade liberalization can be divided 

into two categories: within-firm productivity increasing effect and resource reallocation effect. 

Several mechanisms are considered and studied for the within-firm productivity effect. First of all, 

increasing competition encourages firms to focus on their core competency production process or 

products (Bernard, Redding and Schoott, 2006). Second, reducing x-inefficiency and eliminating 

managerial slack can be another source of firm’s productivity increase from trade liberalization 

(Hicks 1993). Third, trade liberalization can induce a firm to invest in productivity-enhancing 
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technologies as well (Aghion et al. 2005; Goh 2000; Rodrik 1992). Aghion et al. (2005) showed that 

innovation incentives are raised among domestic producers in order to deter entries from foreign 

competitors as trade barriers are diminished. Lastly, Helpman and Krugman (1985) showed that 

increased competition from trade policies may encourage firms to improve their productivity by 

shifting down their average cost curve. 

     Pro-competitive effects from trade liberalization can increase industry-level productivity even 

without within-firm level productivity increase (Melitz 2003; Melitz and Ottaviano 2007). This is 

possible when the productivities are heterogeneous across firms and competition eliminates less 

productive firms. The elimination of less productive firms allows resources and market to be allocated 

to more productive firms. This can increase industry-level productivity of a country. 

     In addition to the pro-competitive effects of trade liberalization, better access to superior inputs 

and technology can encourage domestic firm’s productivity (Feenstra, Markusen and Zeile 1992; 

Fernandes 2007; Amiti and Konings 2007). Amiti and Konings (2007) shows that cheaper and better 

imported inputs raised firm productivity through learning, variety, and quality effects. Specifically, 

their results shows that 10% fall in input market tariffs lead to 12% firm-level productivity increase, 

at least twice as high as the increase from reducing output tariffs. 

     However, all of the theoretical or empirical researches do not always support the positive effect of 

trade liberalization on an economy.  On the one hand, the infant-industry concern argues that trade 

liberalization may force a developing economy into particular sectors or industries that are not helpful 

for the economic growth such as agriculture and low-skilled labor intensive industries (Stokey 1991; 

Young 1991; Lucas, 1993). They argue that protection from foreign competition can be better policies 

to facilitate productivity gains especially in the sectors which learning-by-doing is important. On the 

other hand, some researches emphasize that the potential benefits from trade liberalization may not 
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come true unless some complementary polices are followed (Bolaky and Freund 2005; Hoekman and 

Javorcik 2004). In their study which estimated the effect of openness on economic growth using 

cross-section data which covered more than 100 countries, Bolaky and Freund (2005) showed that 

trade liberalization did not stimulate economic growth in a country with excessive regulation. 

     There are some key empirical papers which are recently published. First of all, some research 

found no effect of trade policies on firm productivity.  For example, Tybout et al. (1991) examined 

dramatic Chile’s trade liberalization of the 1970’s. They showed that there was little productivity 

improvement overall using the comparisons of pre- and post-liberalization manufacturing census data, 

while adverse macro economic conditions may have masked the positive effects of trade liberalization. 

Secondly, many studies found positive effect of trade liberalization on firm-productivity. These 

researches includes Harrison (1994, Cote D`lvoire), Tybout and Westbrook (1995, Mexico), Pavcnik 

(2002, Chile), Amiti and Konings (2007, Indonesia), Fernandes (2007, Colombia) Muendler (2004, 

Brazil) and Topalova and Khandelwal (2011, India).  Tybout and Westbrook (1995) found that 

average costs of firms decreased in most manufacturing industries in their study on trade 

liberalization of Mexico in the middle 1980’s.  Pavcnik (2002) studied the effects of trade 

liberalization on plant-level productivity in the case of Chile. Using plant-level data, the study found 

that most of aggregate productivity improvements came from the reshuffling of resources and output 

from less to more efficient firms. Fernandes (2007) uses Colombia manufacturing plant-level data to 

estimate the effect of trade liberalization on firm efficiency. Using an estimation method which 

addresses the shortcomings of previous studies, she also found that productivity improvements from 

trade liberalization are related to increases in imported intermediate inputs, skill intensity, machinery 

investments, and output reallocation from less to more productive plants. More recently, Topalova 

and Khandelwal (2010) showed that trade liberalization effect on firm productivity is strong in 
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import-competing industries and the industries subject to less domestic regulation in the Indian 

manufacturing sector. They also found complementarities between trade liberalization and additional 

industry policy reforms such as de-licensing and relaxation of foreign direct investment rules. Lastly 

some studies focused on intermediate input side rather than output side (Schor 2004; Amiti and 

Konings 2007; Fernandes 2007). Schor (2004) showed that along with the increased competition due 

to trade liberalization, the better access to superior foreign inputs was a key facilitator of firm 

productivity improvements using Brazilian manufacturing firms from 1986 to 1998. 

 

2.2.2 Complementarities between Trade Policy Measures 

From the perspective of an individual firm, the relationships among the effects of productivity of 

trade policy measures such as output tariff, input tariff, output license, input license, of which policy 

measures we are interested in, summarized as follows.   

     First, both decreasing output tariff rates and relaxing output import licenses increase competition 

in domestic output market. These pro-competitive effects can encourage the average productivity of 

the industry through within-firm productivity increase and elimination of low productivity firms as 

Melitz and Ottaviano (2007) addressed.  However the relative size of impacts from these two 

measures may depend on what is a dominant restriction. For example, if quantity license has 

functioned as a bottleneck in importing foreign products, relaxing quantity license will have more 

impact on the domestic output market than reducing tariff. Hence the size of impact on the 

productivity increase from relaxing quantity license will be larger than that from reducing tariff rate.  

     Second, Input market tariff and import license also can affect the productivity of a firm who use 

the input that are subjected to the tariff and import license. The potential importance between these 

measures will also depend on relative importance on domestic input markets for the same pro-
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competitive reason. In addition to this pro-competitive effect, the channel of better access to new 

technologies and superior intermediate inputs should be treated as importantly. However the relative 

importance between tariff and import license will be determined by what is a more dominant 

restriction on market competition.  

     Lastly, the relationships between the effects of trade policy measures which affect cross-side 

market such as output market tariff and input market tariff, output market tariff and input market 

import license, etc. can be more empirical issues. This is because input side trade liberalization 

usually affect the competition of input market and input side production innovations of firms while 

output market trade liberalization increases the competition pressures from cheaper imported products. 

Hence if there is only output side trade liberalization then the productivity of a firm will increase 

because of firms’ efforts to survival in more competitive output market. However if there are trade 

liberalizations in both input and output market, the room for increasing productivity will be wider 

both from the effort to survive in output market and employing innovative technologies and superior 

inputs. But if a firm just takes advantages of the benefits from input markets against the pressure from 

output market, the effects of output market trade policy measures will be minimized.  

     So the underlying stories on complementarities or substitutabilities between trade policy measures 

can be summarizes as follows. 

Input market vs. output market: a firm who face more severe competitive pressure in output 

market is more likely to adopt innovative technology-embedded machines or superior input from 

foreign country. However if the competition pressure in output market can be relaxed by the 

advantages from increased competition in input market, firms may not make an effort to improve 

their efficiency. 
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Tariff vs. import license: if both of these two constraints are binding, relaxing only one of these 

constraints may have a little impact on competition in domestic market. In this case, releasing these 

two constraints at the same time can have actual impacts on domestic market. For example, despite 

dramatic decrease in tariff, if the quantity license condition is strictly applied most of the products and 

intermediate inputs then the competition pressure from imported goods will be negligible. 

     Topalova and Khandelwal (2010) found complementarities between tariff and additional domestic 

industrial policies such as deregulation (de-licensing) and relaxation of foreign direct investment rules. 

However their study executed mainly for the purpose of controlling the effects of domestic 

regulations which was largely reformed with trade policy measures and do not consider the possibility 

of bias from omitting more than second order interaction terms which Athey and Stern (1998) 

addressed. In order to reflect the fact that trade liberalization in most countries has been accompanied 

by the changes in the most of trade policy variables at the same time or in very short time duration 

and the effects of these variables can be both complementary and substitutable, we extend their ideas 

using more separated trade policy measures and Carree, Lokshin and Belderbos (2011) method which 

is free from Athey and Stern (1998)’s critics. 

 

2.3 Empirical Strategy 

To test complementarities among trade policy measures, we adopt the performance function approach 

(e.g. Ichniowski, Shaw and Prennushi 1997) where the total factor productivity (TFP) is used as the 

performance measure.  Therefore, our estimation procedure consists of two steps.  In the first step, we 

estimate plant-level TFPs and then in the second step, using the estimated TFPs from the first step, we 

examine how different trade policy measures and their interactions affect TFPs.  Other studies in the 
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literature that use this two-step approach include Pavcnik (2002), Muendler (2004), Amiti and 

Konings (2007), to name just a few.  

 

 

2.3.1 Estimating TFP 

We use the Levinsohn and Petrin (2003) (LP) approach, which extends the earlier work of Olley and 

Pakes (1996), to estimate firm-level TFPs.  This subsection largely follows Levinsohn and Petrin 

(2003) and Petrin, Poi and Levinsohn (2004).   

     Formally, we specify the following production technology, 

(1).                                           ,                                       

where    ,     ,     ,     and     represent the log of value added revenue (millions of Pesos), blue 

collar labor (hours worked), white collar labor (hours worked), capital (millions of Pesos) and a proxy 

variable of firm   in period  .  Firm’s TFP is decomposed into two parts (both are unobservable to the 

econometrician).  The first part,    , is observed by the firm when it makes its decisions and hence 

impacts firm’s input decisions.  The second part,    , on the other hand, is a mean zero idiosyncratic 

error term that materials slowly during period   and is unobservable to the firm when it makes its 

input decisions.  Using LP’s terminology,      and      are freely variables,     is an observed state 

variable and     is an unobserved state variable.  Note we do not include a constant term in (1) as we 

do not restrict     to have a zero mean.    

     Since     is unobserved and impacts firm’s decisions on inputs including      and     , using the 

OLS approach to estimate (1) suffers from the endogeneity problem.  Olley and Pakes (1996) propose 

to invert the investment demand function                and use the resulting function     

             to control for the unobserved state variable in (1).  Levinsohn and Petrin (2003) extends 
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this approach to use intermediate inputs and hence                  to control for the unobserved 

state variable in (1).  In our baseline specification, we use the log of electricity consumed (thousand 

Kilowatt hours) as    .  In our alternative specifications in the robustness check subsection below, we 

also use the log of primary/raw materials consumed (millions of Pesos) and fuels consumed (millions 

of Pesos). 

     The LP approach to estimate (1) consists of two stages.  In the first stage, OLS is used to estimate 

the following equation,  

(2).                             
     

    
   

 
       , 

where         
     

    
   

 
    is a polynomial approximation of   

(3).                                .    

Since all the variables on the right hand side of (2) are exogenous, the OLS estimation yields 

consistent estimates for    ,     and    s.  With these estimates, we can obtain,  

(4).               
     

    
   

 
    . 

In the second stage, the remaining structural parameter,   , is estimated.  To do so, first we note that 

for any candidate value   
 , we have, 

(5).             
     and                 

      .   

Both Olley and Pakes (1996) and Levinsohn and Petrin (2003) assume    , the unobserved part of the 

TFP, follows a first-order Markov process, 

(6).                      , 

where     is assumed to be uncorrelated with       as well as    .  In practice,              is 

approximated using a third-order polynomial and hence,  

(7).                       
         

     . 
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With      and        written as functions of   
  and    using (5), we can write (8) below as a function 

of   
  and   .  Also note that plugging (6) into (1) yields,  

(8).                                               . 

And hence given      and      from the first stage and   
 , we have,  

(9).         
                          

                   

and a consistent estimate for    is obtained by minimizing the following objective function,  

(10).      
         

  
 
. 

With consistent estimates for    ,     and   , the firm level TFP can be computed as, 

(11).      
                              . 

In addition, since the LP method is a multi-step estimation procedure, it is well known the standard 

errors from such a procedure are not correct.  We follow LP and use the bootstrap method to obtain 

correct standard errors, with the number of bootstrap iterations set to be 50.    

 

2.3.2 Testing Complementarities 

We use the performance approach to test the complementarities among different trade policies on 

firm productivity.  The performance approach was used by many studies in the literature including 

Ichniowski, Shaw and Prennushi (1997), Caroli and Van Reenen (2001), Bresnahan, Brynjolfsson and 

Hit (2002), Biesebroeck (2007) to test complementarities among different business strategies and firm 

organization practices on firm performance.  The methodology of this approach is straightforward.  A 

performance measure is specified to be a function of the practice variables and their interaction terms 

and two practices are said to be complements (substitutes) if the cross-partial derivatives of the 

performance measure with respect to the two practices are positive (negative). 
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In our study, the performance measure is the total factor productivity obtained above.  Following 

Fernandes (2007), we specify firm  ’s TFP in year   as follows,   

(12).                       
         

            ,    

where       is the set of trade policy variables for plant   in year    ,     is a set of control variables 

that are likely to affect firm’s TFP,    is the plant fixed effect,    is the year fixed effect and     is an 

i.i.d. white noise error term.  Though we present evidence below to argue that in our case, the trade 

policy variables are likely to be exogenous in regression (12), we follow the literature use lagged 

trade policy variables to further alleviate the endogeneity concern.   

     To estimate (12), we first difference it to remove the firm fixed effect, that is,  

(13).                                                 
                 

      

              . 

In (13),                 is endogenous by construction as from (12) it is clear       determines 

       .  To correct for the endogeneity bias, we can use         or          as instrumental variables 

(IVs) and estimate (13) using the two-step GMM method.  As pointed out by Anderson and Hsiao 

(1981),         or           are good IVs as they are uncorrelated with the error term           in 

(13) under the assumption that     is not serially correlated and are correlated with the endogenous 

variable                 by construction. To improve efficiency of the estimation, we can use deeper 

(longer) lags of tfp. However if we use deeper lags of tfp, the sample we use in the regression will be 

smaller because the observation which has no such deeper lags will be dropped out from our sample. 

To detour this trade off, Holtz-Eakin, Newey, and Rosen (1988) devise several ways to construct IVs. 

Firstly, they replace missing values in the IV with zero. This strategy works well because, for 

example, our moment condition (                       ) still can be hold because   

             . We call the IVs as ‘collapsed GMM-style IVs.’ In this case, the number of moment 
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conditions will be the same as standard type of IVs. That is, the number of lags used. Secondly, we 

can construct a square matrix by placing diagonal elements with lagged dependent variables and zero 

with off diagonal elements. For example, when we only use the two-period lag dependent variable to 

construct IVs, the number of moment conditions will be T-2 where T represents the number of sample 

periods. The corresponding moment conditions are                        with t=3,…,T. If we 

further use the three-period lag dependent variable to create additional IVs, then there will be an 

additional T-3 moment conditions. We call this set of IVs as ‘extended GMM-style IVs.’ Arellano 

and Bond (1991) proposed to estimate the first difference of the dynamic panel data model, that is, 

equation (13), using ‘GMM-style IVs. This is the approach we use below. In addition to the IVs 

constructed from the lagged dependent variables, we think       or         also can be good IVs as 

it is correlated with         by definition (see (equation (1))) and is uncorrelated with the error term in 

(13) under the same assumption that     is not serially correlated.  

     The critical identification assumption here is that     is not serially correlated or equivalently, the 

error term in (13),           is AR(1) serially correlated but not AR(2) serially correlated.  We test 

this assumption below after estimation.  We tried ‘extended and collapsed GMM-style IVs’ and 

standard IV form for the IVs         (or         ) and       (or        ) and choose best results in 

the view of 1
st
 and 2

nd
 serial correlation test and Hansen’s over-identification test. Finally,         

in (13) is replaced with a set of year dummies in estimation. 

     Another important consideration in estimating (12) or (13) is how to specify      
  .  In our case, 

we have four trade policy variables.  In such a scenario, Carree, Lokshin and Belderbos (2011) 

propose the following specification,  

(14).                                                            

                                                                         , 
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where we omitted the firm and year subscripts for brevity purpose.  Previous studies either only 

include only the pair-wise interaction terms (e.g. Caroli and Van Reneen 2001), or estimate only the 

pair-wise interaction term of interest (e.g. Bresnahan, Brynjolfsson and Hit 2002).  These previous 

approaches are likely to suffer from the omitted variable bias (Athey and Stern 1998).  

     With (12) and (14), two trade policies, say    and   , are complements (substitutes) if and only if 

(15). 
     

      
                                  

for all values of         with the inequality holding strictly for at least one value of        .  This is 

equivalent to testing the following set of inequalities,  

(16).                                                      

                                                      

                                                      

                                                     , 

with at least one of the inequalities holding. 

If we further normalize the trade policies variables to be between 0 and 1, then (16) becomes,  

(17).         ,              ,              ,                          

with at least one of the inequalities holding. 

Rewrite (14) as 

(18).                                                          

                                                                    

                                                                 

 1234 1 2 3 4 
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and denote the   values of coefficients on                            ,                , 

                and          from the regression of (12) and (18) as   ,   ,    and   , then testing 

(17) is equivalent to testing the following, 

(19).                                               , 

or                                               , 

or                                               , 

or                                                 

where    and    are critical values at certain statistical significance level.  As the hypothesis being 

tested is a joint of four underlying hypotheses, for a significance level for the joint hypothesis A, the 

literature on the Bonferroni procedure suggests to use 
 

 
 as the significance level for each underlying 

hypothesis.  In our application below, we choose the significance level to be 10% for the joint 

hypothesis.  As a result, the significance level for each underlying hypothesis is 2.5%.  Since all of 

the underlying hypotheses are one-sided tests, the corresponding critical value is 1.96.  Therefore, we 

set both    and    to be 1.96 in our application below. 

 

2.4 Data and Descriptive Analysis 

2.4.1 Data 

Due to the oil boom in 1970s, Mexico’s economy had grown steadily until 1980.  Domestic producers 

in Mexico were isolated from foreign competition due to high rates of import protection throughout 

the 1970s.  However, in the early 1980s, the oil market and so the Mexican economy weakened.  

Although the foreign exchange crisis in 1982 could be overcome by restructuring foreign debt, 

economic growth rate was still low and its protective trade policies were blamed for the main reason 
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of the lack of growth.  This is why Mexican government dramatically changed its trade policy from 

protectionist trade policy to large scale trade liberalization from the second half of 1985. 

     In addition to an ad valorem import tariff scheme, a system of quantity restrictions in the form of 

quotas and licenses were the important protection measures from foreign competitions before trade 

liberalization. And the quantity restrictions were considered as the most restrictive part of Mexico’s 

import restrictions which were distinguishable attributes Mexico trade policy. Mexico had opened 

their economy to foreign competition mainly through several rounds (see Ten Kate, 1992).  Even 

though Mexico trade liberalization was proceeded in the number of rounds
10

, we can observe two big 

changes of trade policy measures in table 1: Between 1995 and 1996 and between 1987 and 1988. In 

1995, import license coverage in output and input market were decreased. The average import license 

coverage ratios were decreased from 93.3% and 77.0% in June 1996 to 19.2% and 19.8% in the same 

month of 1986. And second big liberalization took place in the second half of 1987.  In addition to 

more decreases of import license, the average tariff rates of output and input market lowered from 

30.7% and 22.7% in the June 1987 to 14.8% and 9.8% in June 1988.  

     The correlation coefficients of each trade policies in table 2.1 means that Mexico government use 

these four policy variables during trade liberalization periods of the second half of 1980’s. Especially, 

big correlation coefficients between tariffs in input and output market and between import licenses in 

input and output market means that policy maker in Mexican government use these pairs at the same 

time. 

The data we used in this article is Mexico’s Annual Industrial Survey which includes annual plant-

level observations from 1984 to 1990. This panel data was initially explored by Tybout and 

                                                 
10

 See Ten Kate (1992) or Kandilov and Leblebicioglu (2011) for more detailed story. 
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Westbrook (1995). Even though the smallest plants are excluded, this data includes over 80% of 

output in each industry on average. 

     The data used is a balanced panel which is composed of 2,319 plants and 7 year periods. Hence the 

total number of observations is 16,233. For the estimation of production function (equation 13), we 

need at least 2 observations for each plant because we use       and       in LP method. And for the 

estimation of trade liberalization effects (equation 15), we need at least 4 consecutive observations for 

each plant because we use               as an instrument variable. Besides at least 4 consecutive 

observation criteria, we also cleaned missing values or outliers in the data. Here is how we cleaned 

those missing and unreasonable observations. 

     Firstly, there were 369 negative value-added observations in our data. Instead of dropping out 

these observations, we predicted the value-added values for those negative observations using total 

output and average value-added over total output ratios within the plant (         
      

      
), t*=the 

years when the plant have a reasonable value in value-added ). This is because most of negative 

value-added observations are quite inconsistent with other within-plant observations across times. But 

output values are quite consistent over times and the value-added over output ratios are very stable in 

within-plant observations during the periods when the value-added values are reasonable. However 

we deleted 8 observations because of missing value in output and unreasonable values in value-added 

for whole 7 years. After this step, 16,225 (=16,233-8) observations are left.  

     Secondly, we deleted observations which show zero or missing in capital because it is impossible 

to produce something without capital. There are 159 observations which have zero or missing values 

in capital in the data set from the first step. It seems like that most of those outliers are comes from 

mistyping or unrevealing the number when we compare the observations with the ones which are in 
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other time periods or in the same industry. Therefore the final number of observations left from this 

step is 16,066 (=16,225-159). 

     Thirdly, we deleted the observations with zero or missing values (41) in total labor (=white collar 

labors+ blue collar labors). After these deletions, 16,025 (=16,066-41) observations are left in our 

data set. To prevent being missing values in log transformations, we input 0.1 instead of zero for 

white or blue labor variables. 

     Lastly, we construct three sets of data for each proxy variables (material, electricity and fuel). In 

this step, we start with eliminating observations which have unreasonable or missing values in the 

proxy variable for each data set. In addition to these eliminations, we only keep the observations 

which are consecutive for at least 4 years in 7 year periods in the view of all our main variables (such 

as value-added, capital, total labor and proxy variable) in each data set.  This is not only because we 

cannot guarantee the quality of those plant data but also we don’t have enough observations across 

years for the IVs in A-B estimation. In each dataset, we eliminate missing values or less than 4 

consecutive observations. From this elimination, the final numbers of observations for material, 

electricity and fuel proxy data sets become 15,991, 14,049 and 14,034  which are comes from 2,290, 

2,266, 2,148 plants, respectively. 

     Table 2.2 shows us descriptive statistics of variables which we used in estimating production 

functions (equation 13) or analyzing the effects of trade liberalization (equation 14). Our data 

obtained from unpublished SECOFI data which is reported to the 4-digit industrial classification. 

After cleaning this plant level data using the ways I explained above, there are 122 4-digit Mexican 

Census industries. Our trade policy variables such as output tariff, input tariff, output import license 

and input import license only vary at this 122, 4-digit level in a year. And output (input) import 

license means the ratio of industry output (input) which is covered by import licenses. 
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2.4.2 Endogeneity of Trade Policy 

Trade policy may be determined endogenously if a government considers the maturity of domestic 

industries and choose the level of protection from foreign competition. In this case our estimates of 

productivity equation can be biased because trade liberalization just reflects an increase of 

productivity of the industry and so it does not mean trade liberalization have boosted the productivity 

of the industry. To address this possible endogeneity of trade policy, we check three points. Firstly, 

we see the directions and extents of trade policy measure changes. If a trade policy measure moves 

together then this can be an evidence of trade policy for being determined exogenously not 

endogenously. Secondly, we check that trade policy measures are determined by the consideration of 

productivity level among domestic industries using cross-sectional and panel regression approaches.  

If the estimates of an industry productivity levels are statistically significant in explaining the future 

protection level then it means the protection levels are determined endogenously. Lastly, some 

omitted factors which are correlated with protection level and productivity in our productivity 

equation can also bias the estimates. To address this point we will show that including the omitted 

factors which can be linked with the protection level, such as firm size and capital labor ratio, in our 

regression do not change the estimate at all. 

     Figure 2.1 shows that the changes of trade policy measures during our sample period (1984-1990) 

across their initial (1984) values in four-digit industry levels. In this figure, a industry with higher 

protection level just before the trade liberalization results in higher changes. This uniform change of 

trade policy measures means Mexico trade liberalization during the second half of 1980 comes as a 

surprise rather than reflecting the productivity level of each industry. 

     To check the endogeneity problem directly, we use two specifications: cross-section and panel. In 

the cross-sectional specification, we regresses the change of our four trade policy measures over the 
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sample period on the initial level of productivity. In this regression we construct sales-weighted 

average of 4-digit industry TFP and use four different trade policy measures.  We also include 2-digit 

industry dummy variables to control the effect of the different production function specifications 

which we use in the stage of production function estimations. If Mexico government considered the 

maturity of each industry when they chose the level of protection from foreign competition, the 

estimate will be statistically significant.  Table 2.3 shows the results of the estimations. All estimates 

are not statistically significant with mixed positive and negative sign suggesting Mexico government 

might not adjust the levels of protection from foreign competition in response to domestic industry 

productivity levels.  

     To examine whether Mexico government adjust their trade protection measures depending on 

industries’ productivity levels, we also used panel regression specifications in which we regress four 

trade policy measures in period t on t-1 period’s industry productivities in four digit industry level. 

Trade policy variables and productivity variables are computed at the same way with above cross-

sectional specifications. In these regressions, we include year fixed effects in addition to 2-digit 

industry production function effects. The results are shown in Table 2.4. The estimates are not 

significant at 5% significant level with mixed signs. These results also do not support that Mexican 

policy maker had adjusted their trade policy measures in response to the maturity of each industry. 

These conclusions are consistent with the results of Kandilov and Leblebicioglu (2011) in which they 

investigate the endogeneity between trade policy measures and industry level investments using the 

same data. 

     Omitted variable problems are also indicated as a source of endogeneity in our main regression 

equations. If firm characteristics which can be correlated with productivity and trade policy measures 

are not included in the regressions, then the estimates can be biased. To investigate this point, we 
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followed two steps. In the first step we test political protection which means some characteristics of a 

firm or an industry are related to the political power such as political pressure groups to lobby for 

more trade protection. To identify the characteristics linked with political protection, we regressed the 

changes of four trade policy measures over sample period (1984-1990) on the initial (1984) potential 

variables which can function as political protection variables. These potential variables include 

average real wage, share of white collar worker, capital-labor ratio, total sales volume, average plant 

size and total number of employment. The results are presented in table 2.5. The estimates of capital-

labor ratio and average plant size in the industry are significantly correlated with trade protection 

measures at 5% level. As the next step, we will include these two variables in our baseline regression 

and check whether the inclusion of these variables change the estimates of the trade protection 

measures in the robustness check section. 

 

2.5 Results 

2. 5.1 Measuring Productivities 

The results from equation (13), which provides estimates of the production function parameters for 

Mexico’s manufacturing sector using the LP method and materials as a proxy variable, are presented 

in table 2.6. We also estimate 7 different production functions which correspond to roughly 2-digit 

(ISIC) industries. We estimate the production functions using electricity and fuel as proxy variables 

and obtain very similar results to those in table 2.6.  We then use the TFP measure to analyze the 

effects of the trade liberalization on firm productivity and use the TFP measures which are computed 

using electricity and fuel as proxy variables for robustness checks. 

     Table 2.7 shows the summary statistics of the TFP measure which are computed using the results 

from table 2.6. Textile, apparel and leather product industry’s TFP measure is the highest when 
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compared across 2-digit industries. Perhaps this is not because productivity of the industry is really 

high but because the estimates of production function of this industry are not good enough. We see, 

for example, that the estimated coefficients on blue collar labor and capital in the Textile, apparel and 

leather products industry are not significant. To control for these industry specific effects, we include 

2-digit industry dummy variables in our trade liberalization effect analysis.  

 

2.5.2 Baseline Results 

The results from the equation (12) and (13) which estimate the effects of trade policies on plant-level 

productivity in the Mexican manufacturing industries are presented in table 2.8. To alleviate  

endogeneity concerns, lagged trade policy variables are used in all models as in Frenandes (2007). 

For the purpose of comparison, we start with two estimators: OLS (column (1) - (3)) and fixed effect 

estimator (column (4) – (6)). Finally, we also estimate equation (13) using A-B estimator (column (7) 

– (9)) with         which is included as GMM-style IVs and               which is included as a 

standard style IV. For each estimator, we also try three different specifications: no interaction model 

(column (1), (4) and (7)), pair-wise interaction model (column (2), (5) and (8)) and full interaction 

model (column (3), (6) and (9)). 

     Following Frenandes (2007), we include a lagged dependent term (       ) to address the first 

order Markov assumption which is used in estimating plant level TFP. The estimated coefficient on 

lagged TFP (        ) with OLS presented in column (1) and (2) could be biased upwardly because 

         is correlated with the plant fixed effect (   in equation (12)) in our short time period panel 

data.
11

  For example, if a plant experiences a large positive shock which is not considered in our 

model in the specific time period, the shock will appear in the error term. The plant fixed effect which 

                                                 
11

 Nickell 1981 called this bias as “Dynamic panel bias”. 
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is the deviation of its average unexplained productivity from the sample average will be higher and 

the lagged TFP in the next year will also be higher. Because of this positive correlation between the 

lagged TFP in the regressors and the plant fixed effect in the error term, the OLS assumption for 

consistency will be violated and this will inflate the estimated coefficient on the lagged TFP. On the 

other hand, the estimate of the lagged TFP coefficient from the fixed effects model is biased 

downward because the lagged dependent variable is correlated negatively with the lagged error term 

in that model
12

. Therefore good estimates of the lagged TFP should remain in the range of [0.171, 

0.815] for the model with no interaction model, [0.167, 0.814] for the model with pair-wise 

interaction, and [0.161, 0.813] for the model with full interaction. As we can see in column (7), (8) 

and (9) in table 2.8, our A-B estimates for the coefficient on the lagged TFP term lie in these ranges 

(0.288, 0.283 and 0.246 respectively). 

     In the A-B estimation , see columns (7), (8) and (9), the error terms which are composed of the 

difference of the levels equations (         ) are usually highly correlated at the first order because 

(         ) and (           ) share same period error term (     ), see equation (13). However if 

they are not correlated with each other at the second order,         is a good candidate for an IV for 

                  –          is correlated with                   because they share the         term 

and it is not correlated with error term (         ) because (         ) is not correlated with 

(           ), and so it is not correlated with      . This is why we report the 1
st
 and 2

nd
 order serial 

correlation tests. In columns (7), (8) and (9), we can see that the error terms are highly correlated with 

each other at the 1
st
 order but not the 2

nd
 order. Hence the statistics for Hansen’s over-identification 

tests reliably show that our instruments are valid. Our test results for over-identifying test of 

                                                 
12

 See Roodman 2009 for more explanations. 
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instruments and 1
st
 and 2

nd
 order serial correlations are very good as we can see at the bottom of 

columns (7), (8) and (9). 

     For the models with no interaction terms, we can directly compare our results with those from the 

previous literature such as Amiti and Konings (2007), Fernandes (2007) and Topalova and 

Khandelwal (2011). However, as we discussed before, bias from omitting the interaction terms likely 

exist in these estimates – when the interaction terms are important in explaining plant productivity 

and there are correlations among the trade policy variables and their interaction terms, omitting those 

interaction terms leads to consistent estimators. The omitted variable problem can be partly solved in 

the pair-wise interaction terms model, which is largely used in the literatures for testing 

complementarity or substitutability (e.g. Caroli and Van Reenen, 2001). Hence we expect that the 

pair-wise interaction term models will deliver more unbiased results. However, to obtain the most 

reliable results, one should include all trade policy interaction terms as Athey and Stern (1998) and 

Carree, as well as Lokshin and Belderbos (2011) discuss. 

     The vector of control variables (    in equation (12)) includes ‘Foreign ownership dummy’ which 

is equal to one if foreign ownership is over 50%, and firm size dummies (Small=1 if size<50% 

otherwise =0,  Medium=1 if 50<=size<99 otherwise=0 and Large=1 if size=>99 otherwise=0). All 

these control variables are generated based on initial year (1994) values so there is no variation over 

time. This is why the estimates of these variables are omitted in the fixed effect model and in the A-B 

estimation.  

      For the results in table 2.8, several things are worth noting. Firstly, the estimated coefficient on 

the foreign ownership dummy in the OLS regression shows a positive and statistically significant 

effect. This means that the productivity of a plant which is owned by foreigners is higher than that of 

a plant which is predominantly domestically owned. The estimated coefficients on the plant size 
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dummies indicate that the productivity of larger establishments is higher than that of smaller ones. All 

these results are consistent with Amiti and Konings (2007) and Topalova and Khandelwal (2011). 

Note that we cannot identify the parameters for foreign ownership and plant size dummies in the 

fixed effects model and in the first difference specification for the A-B estimation because they do not 

vary over time. 

     Secondly, as we include more interaction terms between the trade policy measures, the 

significance and size of the year fixed effects becomes lower and smaller. Although, this is the case in 

all of our three estimation methods in general, it is quite clear in the estimates of A-B estimation. All 

the estimates of the year-fixed effects in the model with no interaction terms (column (7)) are 

significant at the conventional 5% confidence level and quite large in magnitude when compared with 

those from the model with pair-wise interaction terms (column (8)) or the model with full set of 

interaction terms (column (9)). However, no estimates of the year fixed effects are significant at the 5% 

confidence level in the model with full set of interactions (column (9)). We think that this happens 

because the explanatory power of the omitted interaction terms is captured by the year fixed effects 

when these variables are omitted. 

     Thirdly, even though the estimate of the input market tariff shows significant negative sign in the 

OLS estimation, all other estimates of the trade policies (or marginal effects of each trade policy 

measure) in the all three models in columns (1), (4) and (7) do not show statistically significant 

negative coefficients as in previous studies in this field such as Amiti and Konings (2007), Fernandes 

(2007), and Topalova and Khandelwal (2011). All these studies estimated significant negative 

coefficients on the output tariffs and input tariffs with a bigger (in absolute value) input tariff 

coefficient. It is likely that in our setup, the insignificant and incorrect sign of the estimated 

coefficients on the trade policy variables is due to omitted variable bias: our four trade policies are 
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highly correlated with each other and with their interaction terms; We saw that the correlation 

coefficients are very high and significant between the trade policy measures, especially between the 

two tariffs and between the two import licenses (see in table 2.1). Hence the the correlation 

coefficients between the trade policy interaction terms are also very high because they share the same 

policy measures or highly correlated individual policy measures. The marginal effects of each trade 

policy measure depend on the levels of the other trade policies as we explained in the previous section. 

For example, there is likely a trade-off between input market trade policies and output market trade 

policies when it comes to firm productivity. This is because a firm will not have the incentive to 

increase their productivity if the benefits from low priced inputs resulting from higher competition in 

the input markets counteract the loss from increased competition in the output market. We will 

discuss more about how the estimates of these marginal effects are improved as we use pair-wise 

model and full interaction model in section 5. 4.  

     Lastly, the significance of the estimates for trade policy measures and their interaction terms are 

higher as we include more interaction terms in the regression. When we compare column (7) with (8), 

all four estimates of the trade policy measures are insignificant in column (7) but three of these 

estimates become significant at the 95% confidence level in addition to some significant pair-wise 

interaction terms. Moreover, all of the estimates wth the exception of the estimates of the lagged input 

tariff are highly significant in column (9). It is likely that this improvement in statistical significance 

comes from reducing the omitted variable problem. 

 

2.5.3. Robustness Checks 

In this section, we examine the robustness of the results of column (9) in table 2.8, which we consider 

our baseline results in the sense that they are free from dynamic panel bias and omitted variable 
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problems. Firstly, we re-estimate the baseline specification (column (9) in table 2.8) using TFPs 

which are calculated using electricity and fuel as proxy variables. The results are presented in table 

2.9 columns (1) and (2): column (1) with electricity as a proxy and column (2) with fuel as a proxy. 

The results are almost the same as our baseline results in column (9) of table 2.8 with the same signs 

and very similar magnitudes and significance level of the estimates. 

     Secondly , we include ‘capital-labor ratio’ and ‘average plant size’ at the 4-digit industry level 

which was shown to be correlated with our trade policy variables and can therefore give rise to 

omitted variable problems as we discussed in the section on trade policy endogeneity. The results are 

reported in column (3) of table 2.9. The estimates of these two variables are not statistically 

significant and none of the other estimates change much. Hence,  we can conclude that omitting these 

variables is not a (significant) source of bias. 

     Thirdly, we try more or different type of IVs for the second lagged TFP          . In our baseline 

estimation, we used the second lagged difference of materials               as an IV for the 

second lagged TFPs          . For the robustness checks, three different set of IVs are used. In 

column (4), we include the second lagged difference of electricity               and the second 

lagged difference of fuel               in addition to the second lagged difference of materials 

             . In column (5), we estimate our regression equation using the second lagged 

difference of materials               as a collapsed GMM-style IV in which missing values are 

replaced by zero so we can keep more observations in our analysis. This is important because if we 

just use               as an IV then we cannot include 1986 year observations because, to 

construct the IV, we need 3 additional previous year values and the large scale trade liberalization 

started in 1986. Lastly, we include the second lagged difference of electricity               and the 

second lagged difference of fuel               as collapsed GMM-style IVs besides the GMM-style 
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second lagged difference of materials               in column (6). The results in column (4) are 

almost the same as those in our baseline specification in column (9) of table 2.8. As for the results in 

columns (5) and (6), there are some differences in the estimates of lagged TFP (        ) (0.246 vs. 

0.160) and the year fixed effects. However, for the estimates of trade policy and its interaction terms, 

the results are very similar in magnitude and statistical significance.    

     Finally, to check the robustness of our main results to industry specific time varying shocks and 

region specific time varying shocks, we include industry specific year dummies and region specific 

year dummies in our baseline specification. The results are presented in columns (7), (8) and (9) 

column of table 2.9. The estimates of the four direct effects and the six interaction terms of the trade 

policies remain largely unchanged. For example, the direction and size of the estimates for the trade 

policy variables and its interaction terms in the most general specification with both industry and 

region specific year dummies (column (9) in table 2.9) are almost the same as the baseline results in 

column (9) of table 2.8, except for the estimate of lagged input market tariff, which turns negative 

though still statistically insignificant and the estimate of lagged output market tariff becomes 

statistically insignificant.  

     In sum, the results of our baseline specification in column (9) table 2.8 are very robust across the 

different TFP calculation methods, different set of IVs and the inclusion of more control variables. 

Hence we use our baseline specification when we examine the effects of trade liberalization on plant 

level productivity. 

 

2.5.4. Marginal effects of trade liberalization. 

Athey and Stern (1998) discuss how omitting interaction terms of different (manufacturing) practices 

(trade policy measures in our case) can give rise to bias in the estimates of performance functions. In 
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this section we examine how much our estimates are improved when we use more interaction terms 

by comparing the marginal effects of each trade policy measure from our three model specifications. 

For the pair-wise and the full interaction models, the marginal effects of trade policy measures on 

plant level productivity (               ) are calculated at the sample means of other trade policy 

measures (0.252 (TO), 0.176 (TI), 0.356 (LO), 0.331 (LI), respectively) and Wald tests –  the null 

hypothesis is            – are used for obtaining test statistics. We use the estimated parameters 

in columns (7), (8) and (9) of table 2.8 for the models with no interactions, pair-wise and full set of 

interactionsl, respectively. The calculated marginal effects for each specification are presented in 

table 2.10. 

     The estimated marginal effects calculated at the mean value of the other trade policy variables in 

the model with interactions in column (8), which is designed to test the joint impact of the trade 

policies, are greatly improved when compared with the model without interactions in column (7).   

For the results from the model with pair-wise interactions, the estimated marginal effects for the 

output tariff, the input tariff, the output license and the input license are -0.185 (with standard error of 

0.149 and a p-value of 0.214),  -0.628 (with a standard error of 0.279 and a p-value of  0.024),  -

0.127(with a standard error of 0.037 and a p-value of 0.001) and -0.101 (with a standard error of 

0.135 and a p-value of 0.064). Even though the estimated marginal effects of the output tariff is not 

significant, all signs of the trade policy variables are negative and the effect of the input tariff is much 

bigger than that of the output tariff . When they are compared with the results from the model with no 

interaction term, where all estimated marginal effects are insignificant, these results are more 

statistically significant and the estimates show the same negative sign and larger magnitudes for the 

marginal effects of input tariff. 
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 Moreover, all the estimated marginal effects using the parameters from the model with a full set of 

interactions are highly significant and negative with much larger size for the coefficient on the input 

tariff. The estimated marginal effects are now -0.491 (with a standard error of 0.187 and a p-value of 

0.008), -0.975 (with a standard error of 0.294 and a p-value of 0.001), -0.119 (with a standard error of 

0.042 and a p-value of 0.004) and -.159 (with a standard error of 0.076 and a p-value of 0.037) for the 

marginal effects of the input tariff, the output import license the and input import license, respectively. 

These results are consistent with previous results in the literature in Amiti and Konings (2007), 

Fernandes (2007) and Topalova and Khandelwal (2011). The signs of the output and input market 

tariffs are all negative and the effect of the input market tariff is much bigger than that of the output 

market tariff. 

      However the effects we estimate are larger than those found in Amiti and Konings (2007), 

Fernandes (2007) and Topalova and Khandelwal (2011). For example, the estimated effects of the 

input and the output tariff in Topalova and Khandelwal (2011) are -0.257 and -0.036 (table 2.7, 

coumn 6). Besides the difference in the data used – Mexico vs. India – we believe that the larger 

estimates may be driven the fact that our specification includes all interaction terms between trade 

policy variables and as such it does not suffer from omitted variable bias. Table 2.10 shows the 

improvement in the estimates of the marginal effects. These estimates are highly significant and have 

the right sign in the specification with the full set of interactions. On the other hand, the statistical 

significance of estimates from the pair-wise interaction model is decidedly lower. – for example, the 

estimate of marginal effect of the output market tariff is no longer significant. Finally, the estimates in 

the model with no interaction terms are not statistically significant and many have the wrong sign. 

 

 



76 

 

 

 

 

 

2.5.5 Complementarity or Substitutability test. 

Test with Pair-wise Interaction Model 

The Complementarity or Substitutability tests when using results from pair-wise interaction model, 

equation (15) in section 3, reduces to considering the coefficient on the pair-wise interaction term. So 

the signs and statistical significance of each interaction terms of the trade policy measures can be 

used in the sense that the cross derivative of two policy variables (             ) is constant for all 

possible or observed remaining trade policy variables. Before the study by Carree, Lokshin and 

Belderbos (2011), much research (e.g. Biesebroeck 2007; Bresnahan et al. 2002; Caroli and Van 

Reenen 2001) had been done in the field using this simple testing method.  

     The test results from the pair-wise interaction model are presented in table 2.11. The test results 

can be summarized as follows. Firstly, statistically significant complementarity is found in the pair 

between the tariff and the import license in the input market. The estimate is -2.207 (with a standard 

error of 0.478). Secondly, significant substitutabilities are found between the pair of input and output 

market tariffs (coefficient of 2.34 with a standard error of 0.793) and between the input market tariff 

and the output market import license (coefficient of 2.425 with a standard error of 0.384). In addition 

to these results, although not statistically significant, we find a compliemtarity relationship between 

the tariff and the import license in the output market and a substitutability relationship between the 

output market tariff and the input market import license and between the output and the input market 

import license. Hence, these results suggest that the trade policy pairs which affect the same market 

(input or output)  are complements and the pairs which affect cross markets act as substitutes. Note, 

however these conclusions are based on the pair-wise interaction model which can suffer from 

omitted variable bias. 
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Test with Full Interaction Model 

To test for a complementarity  or a substitutability relationship among the trade policy measures in 

the full interaction model, where omitted variable is not a problem, we use the method proposed by 

Carree, Lokshin and Belderbos (2011) and explained in section 3.2. To make a policy measure lie 

between [0, 1] range, we transformed our four policy variables using the formula 

  
                                  

     To obtain the estimates of the coefficients for                            ,        

        ,                 and          which are necessary to test complementarity between 

trade policy    and   , we transformed our trade policy variables as is equation (18) and use our 

baseline specification in column (9) of table 2.8. This transformation is just a re-parameterization of 

equation (14) so the estimates of all other variables and test statistics for Hansen and 1
st
 and 2

nd
 serial 

correlations are the same as in column (9) in table 2.8. To conclude that two trade policies have a 

complementarity (substitutability) relationship, we use 10% significance level and so the Bonferroni 

procedure tell us that our critical values is           .  

     Table 2.12 presents the estimates and the test statistics for all 6 possible pairings of the trade 

policy measures. The results generally show that none of the pairs of trade policy measures show any 

complementarity or substitutability relationships. The estimates of                       

        and          are negative and highly significant in most pairs; the estimates of         

 1 2 3 4 and  1 2 4  1 2 3 4 are positive and highly significant in all pairs. Hence we cannot 

accept the hypothesis of compelementarity or substitutability between any pair of trade policy 

measures. This means that the main results from pair-wise interaction specification – there are 

complementary relationships between same market trade policies and substitutability relationships 

between cross market trade policies – is no longer valid.  
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2.5.6 Cross-Partial Effects between Trade Policy Measures 

In the test we performed in the previous section, we did not find any significant results for a 

complementarity or a substitutability relationship across the four trade policy measures. This is likely 

because the criteria for testing complementarity with multiple practices are too demanding. It requires 

the cross derivative of two policy variables to be non-negative for all possible or observed remaining 

policy variables. 

     To better understand the impacts of the trade liberalization on plant-level productivity, in this 

section, we calculate the cross-partial effects (            ) between the different trade policy 

measures. While complementarity test requires these cross-partial effects to show significant positive 

or negative sign at all possible or observed data points, we calculate the number at the average point 

of the trade policy measures. In plicy-maker’s view, it could be very meaningful to identify the cross-

partial effects at some points in time because a policy-maker chooses the levels of the trade policy 

measures based on given current levels of the remaining trade policy measures. For example, if a 

trade authority aspires to increase efficiency of domestic firms by decreasing a trade policy measure 

which has the largest marginal effect in the current state of the trade liberalization without 

considering the impact of the policy measures on the marginal effects of the remaining policy 

measures, such an action may not be optimal because changing one policy measure can change the 

marginal effects of the remaining trade policy measures.  

     Here, we compute the cross-partial effects at mean level of the trade policy measures and use 

Wald-test to obtain test statistics of the null hypothesis:                . The results of cross-

partial effects are presented in table 2.13. Several things are worth noting in this table. Firstly, the 

results are very similar to the estimates of the interaction terms in the pair-wise interaction model in 

that the estimates of three pairs of trade policy measures (input and output tariffs, input tariff and 
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output import license, and input tariff and import license) are statistically significant and have the 

same sign. Secondly, the calculated cross-partial effects between same market trade policy measures 

show negative sign even if the estimate for the output market tariff and the import license are not 

statistically significant. This means that as one trade policy measure decreases, the marginal effect of 

another trade policy measure, which affects the same market, increases in magnitude. Thirdly, 

however, the calculated cross-partial effects between cross market trade policy measures show 

positive signs except for the output tariff and the input import license pair in the full interaction model, 

though this cross-partial effect is insignificant. Hence, the marginal effect will decrease as trade 

policy measures in the other market (input or output) decrease. 

 

2.5.7. Complementarities in Two-Digit Industries 

In this section, we test if there is any heterogeneity in the impact of the Mexican trade liberalization 

on plant level productivity across 2-digit industries following Bustos (2011). To analyze the 

heterogeneity of the relationships between the different trade policy measures on plant level 

productivity across 2-digit industries, we use the following specification.  

(14`)         
 
     

 
     

 
     

 
      

 
        

 
        

 
        

 
        

 
      

   

 34q 3 4+ 123q 1 2 3+ 124q 1 2 4+ 134q 1 3 4+ 234q 2 3 4+ 1234q 1 2 3 4Iiq,  

where   
 
 represents an indicator variable which is equal to one when plant i lies in industry q and zero 

otherwise.  

     Firstly, using the pair-wise interaction model, we test for the heterogeneity in the impacts of the 

trade liberalization on productivity across 2-digit industries. The results are shown in table 2.13. As 

the results in column (8) of table 2.8, the estimates of parameters for lagged TFP and year fixed 

effects are very similar to the results in table 2.8 and the test statistics for validity of the instruments 
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for the GMM estimates are good; 1
st
 and 2

nd
 order serial correlation of the error terms are good, as 

well.     

For the tests of complementarity between each pair of the trade policy measures, our conclusion 

from the overall manufacturing industry analysis in the previous section is still valid across individual 

industries – pairs of trade policy measures which affect the same markets (input or output) are 

complements and the pairs which affect cross markets act as substitutes. The only industry which is 

an exception is ‘Machinery and Equipment’. The estimates of the effect  of the input and the output 

market tariff are significantly negative, which means that the policy variables are complements even 

though they do not affect the same market.    

     As for the heterogeneity of the relationships across 2-digit industries using the full interaction 

model results, we need to combine the complementarity test method from the Carree, Lokshin and 

Belderbos (2011) with equation (14`) above. We specify equation (18) using the normalized trade 

policy variables and include all interaction terms along with the industry dummy variables and the 

policy explanatory variables. Table 2.14 summarizes the results  (see the appendix for the details).  

Several things are worth noting. First, all substitutability relationships that we find are observed 

between cross market trade policy measures. For the input and output market tariffs, substitutability is 

detected in the ‘Food, Beverages and Tobacco’,  ‘Textile, Apparel and Leather Products’, and ‘Basic 

Metals, Metal Products’ industries; for the output tariff and the input import license, substitutability is 

detected in the ‘Chemicals and Plastics’ and ‘Basic Metals and Metal Products’ industries. Lastly, a 

substitutability relationship between the input tariff and the output import license is estimated in 

‘Textile, Apparel and Leather Products,’ and ‘Basic Metals, Metal Products’ industries.  

     Secondly, a complementarity relationship is observed between the same market trade policies 

except between output and input import licenses in the ‘Textile, Apparel and Leather Products’ 
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industry. A complementarity relationship is observed between the tariff and the import license in the 

‘Textile, Apparel and Leather Products’ as well as the ‘Chemicals and Plastics’ output market. In the 

‘‘Textile, Apparel and Leather Products’ and ‘Basic Metals, Metal Products’ input markets, there is 

evidence of a complementarity relationship between the tariff and the license.  

     Thirdly, the estimated relationships between the different trade policy measures and productivity 

are quite different across industries. For example, in the ‘Textile, Apparel and Leather Products’ as 

well as ‘Basic Metal, Metal Products’ industries there are more than four such relationships, while the 

‘Wood and Paper Products’ as well as the ‘Machinery and Equipment’ industries no such 

relationships exist.      

     Lastly, these results are similar to the results using the model with pair-wise interaction terms in 

the sense that all significant substitutability relationships are found between cross-market trade policy 

variables and all significant complimentary relationships are found between same-market trade policy 

measures, with the exception of the relationship between the input and the output market import 

license in the ‘Textile, Apparel and Leather Products’ industry. 

 

2.6 Conclusion 

Even though most drastic trade liberalizations involves changes in a number of different trade policy 

measures, such as tariffs and import quota restrictions in both input and output markets, most of the 

existing literature that estimates the effects of trade liberalization on firm productivity has not 

considered the interactions between all of these changes.  Hence omitted variable problem can plague 

the results found in the literature.  This article proposes a way to overcome this issue and estimates 

the effects of four different kinds of trade policy measures which were used in the Mexican trade 

liberalization in the second half of the 1980’s.  Moreover this article also tests for the relationship, 
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such as complementarity or substitutability, between trade policy measures for the purpose of better 

understanding of the impacts of trade policy on firm productivity.  It can be very meaningful to a 

national authority which wants to optimize their trade policy measures for their firm productivity in 

the sense that The results here provide information about the relationship between the effects of the 

four different trade policy measures.  This can be quite useful to policy-makers who often consider 

employing a number of trade policy instruments simultaneously.  To identify the relationship between 

these policy instruments, this article uses the complementarity testing method which is mainly used 

and developed in the fields of industrial organization and management. 

     Our findings can be summarized as follows.  Firstly, we find that the marginal effect of each trade 

policy measure is consistent with the literature in two ways – they are all negative and significant and 

the estimated effect of the input market tariff is significantly larger than that of the output market 

tariff.  Besides these two points, we also find much smaller marginal effects of output and input 

import licenses (quota restrictions) than those of tariffs.  Secondly, we find that there exist 

complementarities between trade policy measures in same market (input or output) in a number of (2-

digit) manufacturing industries while substitutabilities are found between cross-market trade policy 

measures.  Finally, our preferred specification includes a full set of interactions between the four 

different trade policy measures which guarantees that our model will not suffer from an omitted 

variable problem that has plagued the existing literature.  We consider this to be the main contribution 

of this article which estimates the effects of trade policy measures on firm productivity and identifies 

the relationships between each pair of the four measures employed in Mexico during the late 1980s.   
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Table 2.1: Mexico trade liberalization: Trade policy measures and its correlation coefficients 

(%, June of each year) 

Year 

Tariffs Import Licenses 

Output 

Market 
Input Market 

Output 

Market 
Input Market 

1984 34.2 21.8 93.3 77.0 

     1985 34.2 21.8 93.3 77.0 

1986 32.1 24.0 32.8 23.9 

1987 30.7 22.7 19.2 19.8 

1988 14.8 9.8 4.6 13.1 

1989 15.3 11.7 3.4 11.7 

1990 15.4 11.6 3.3 10.0 

Tariffs 

Output Market 1.000    

Input Market 
0.643 1.000   

(0.000)    

Import 

Licenses 

Output Market 
0.434 0.444 1.000  

(0.000) (0.000)   

Input Market 
0.390 0.285 0.720 1.000 

(0.000) (0.000) (0.000)  
Note: Simple means (not weighted) of our sample are reported for each trade policy measures. The significance 

levels of each correlation coefficient are reported in parenthesis. 
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Table 2.2: Descriptive Statistics  

Variables Unit Obs. Mean 
Std. 

Dev. 
Min Max 

Revenue Millions of Pesos 15,991 2703.42 8004.96 0.78 215438.00 

Value added Millions of Pesos 15,991 1324.51 3754.87 0.04 86907.73 

Labor 

Total # of Employee 15,991 318.72 586.63 1.00 18940.00 

Blue Collar # of Employee 15,991 221.94 447.40 0.10 15440.00 

White Collar # of Employee 15,991 96.78 167.84 0.10 3500.00 

Capital Millions of Pesos 15,991 1965.19 5898.23 0.26 109265.00 

Proxy 
Primary/raw materials 

consumed 
Millions of Pesos 15,991 1272.50 4734.31 0.17 148791.30 

Trade 

Policies 

Output tariff % 15,991 25.23% 15.58% 0.20% 100.00% 

Input tariff % 15,991 17.64% 8.72% 0.70% 53.50% 

Output import license % 15,991 35.63% 44.22% 0.00% 100.00% 

Input Import license % 15,991 33.15% 35.82% 0.20% 99.50% 

Controls 

Foreign ownership 

(Over 50%) 
Dummy 15,991 0.18 0.38 0.00 1.00 

Size: Small (0-50%) Dummy 15,991 0.50 0.50 0.00 1.00 

Size: medium (50-

99%) 
Dummy 15,991 0.49 0.50 0.00 1.00 

Size: Large (99-100%) Dummy 15,991 0.01 0.10 0.00 1.00 

 

 

Table 2.3: Initial productivity and changes of trade policies (Cross-Section Estimates) 

Dependant Variable:       

      

Output 

Tariff 
Input Tariff 

Output 

License  

 Input 

License 

        
0.012 -0.015 0.027 0.022 

(0.045) (0.014) (0.032) (0.058) 

Number of Observations 122 122 122 122 

   0.103 0.334 0.072 0.503 

Note: These results come from regressing the changes of 4-digit industry level trade policy measures over the 

sample period (1984-1990) on initial sales-weighted productivity (Total factor productivity). The regressions 

include 2-digit industry dummy variables to control the effects of different production function specifications 

and are weighted by the number of firms in each industry. Robust standard errors are reported. 
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Table 2.4: Panel B: Current productivity and subsequent trade policies (Panel Estimates) 

Dependant Variable:      Output Tariff Input Tariff Output License  Input License 

       
-0.002 0.003 0.087* -0.059 

(0.021) (0.007) (0.034) (0.048) 

Number of Observations 732 732 732 732 

   0.625 0.859 0.802 0.868 

Note: These results come from regressing industry level trade policy measures at time period t on real sales-

weighted productivity (Total factor productivity) at time period t-1 at 4-digit industry level. The regressions 

include 2-digit industry dummy variables and year dummy variables to control the effects of different 

production function specifications and year effects. The regressions are weighted by the number of firms in 

each industry. Robust standard errors are reported. 

 

 

Table 2.5: Initial characteristics and the change of trade policies (Political protection) 

 Dependent: (           ) Output Tariff Input Tariff Output License Input License 

Log(real average wage in 

the industry) 

0.066 0.009 0.173* 0.026 

(0.059) (0.019) (0.067) (0.063) 

Share of white collar worker 0.120 0.040 0.133 -0.257 

(0.249) (0.078) (0.191) (0.251) 

Capital-labor ratio 0.007** 0.001 0.009** 0.010*** 

(0.003) (0.001) (0.004) (0.004) 

Log(total sales in the 

industry) 

0.006 0.009 0.018 0.022 

(0.025) (0.006) (0.021) (0.036) 

Plant size: log(# of average 

labor in each plant) 

-0.091*** -0.029*** 0.023 -0.120 

(0.042) (0.011) (0.031) (0.083) 

  fgIndustry size: Log( total 

# of labors in the industry) 

-0.044 -0.002 -0.011 -0.053 

(0.045) (0.007) (0.022) (0.061) 

Number of Observations 122 122 122 122 

Note: The results come from regressing the change of industry level trade policy measures over the sample 

period (1994-1990) on the initial (1994) values of potential political protection variables in each regression. The 

regressions include 2-digit industry dummy variables to control the effects of different production function 

specifications and are weighted by the number of firms in each industry. Robust standard errors are reported. 
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Table 2.6: Production Function estimations (Proxy: Primary/raw materials) 

Proxy: MA (1) (2) (3) (4) (5) (6) (7) (8) 

Labor 

Blue 
0.204*** 0.004 0.134* 0.060 0.351*** 0.107 0.141*** 0.102*** 

(0.065) (0.027) (0.070) (0.042) (0.097) (0.087) (0.037) (0.023) 

White 
0.215*** 0.289*** 0.245*** 0.368*** 0.251*** 0.190*** 0.164*** 0.305*** 

(0.057) (0.037) (0.049) (0.046) (0.060) (0.061) (0.041) (0.021) 

Capital 
0.422*** 0.110 0.158 0.162** 0.161 0.441*** 0.509*** 0.270*** 

(0.125) (0.086) (0.098) (0.078) (0.155) (0.164) (0.137) (0.034) 

Observations 3,058 2,411 1,705 3,456 1,091 1,575 2,695 15,991 

Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1, (1) Food, Beverages and Tobacco, (2) 

Textile, Apparel and Leather Products, (3) Wood and Paper Products, (4) Chemicals and Plastics, (5) Non-

metallic Products, (6) Basic Metals, Metal Products, (7) Machinery and Equipment, (8) Total Industry. 

 

 

Table 2.7: Summary of estimated TPF (Proxy: Primary/raw materials consumed) 

Industry Obs. 
TFP (Proxy: Material) 

Mean Std. Dev. 

Food, Beverages and Tobacco 3,058 9.98 17.03 

Textile, Apparel and Leather Products 2,411 71.33 82.30 

Wood and Paper Products 1,705 32.69 32.03 

Chemicals and Plastics 3,456 47.80 71.48 

Non-metallic Products 1,091 13.51 14.47 

Basic Metals , Metal Products 1,575 13.01 16.63 

Machinery and Equipment 2,695 7.69 9.09 

Total Industry 15,991 29.98 53.66 
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Table 2.8: Impact of trade policy measures on plant productivity 

Dependent:        
OLS Fixed Effect A-B Estimation 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

         
0.815*** 0.814*** 0.813*** 0.171*** 0.167*** 0.161*** 0.288*** 0.283*** 0.246*** 

(0.006) (0.006) (0.006) (0.010) (0.010) (0.010) (0.036) (0.036) (0.036) 

      
   

-0.063 -0.450*** 0.407 0.100* -0.205 0.450 0.091 -0.628** 0.913** 

(0.047) (0.155) (0.311) (0.058) (0.206) (0.328) (0.103) (0.266) (0.377) 

      
   

-0.339*** -1.469*** -0.511 0.112 -0.608** -0.164 -0.094 -1.351*** 0.568 

(0.107) (0.246) (0.471) (0.156) (0.308) (0.509) (0.256) (0.400) (0.573) 

      
   

-0.009 -0.321*** -0.417*** 0.040 -0.305*** 0.751*** 0.001 -0.531*** 0.581*** 

(0.024) (0.068) (0.119) (0.025) (0.069) (0.142) (0.030) (0.095) (0.180) 

      
   

0.110*** -0.079 0.361** 0.155*** 0.100* 1.698*** 0.090 0.117 2.391*** 

(0.026) (0.053) (0.179) (0.025) (0.056) (0.199) (0.055) (0.095) (0.293) 

      
         

   
  2.042*** -3.739**   -0.281 -3.012**   2.340*** -5.888*** 

  (0.437) (1.499)   (0.524) (1.450)   (0.793) (1.645) 

      
         

   
  -0.504** -1.148**   -0.183 -3.847***   -0.253 -3.818*** 

  (0.213) (0.464)   (0.217) (0.485)   (0.270) (0.656) 

      
         

   
  0.422* -2.892***   0.616** -5.354***   0.366 -8.420*** 

  (0.229) (0.996)   (0.239) (0.978)   (0.301) (1.280) 

      
         

   
  1.556*** 1.460*   2.046*** -3.017***   2.425*** -2.679*** 

  (0.293) (0.761)   (0.284) (0.834)   (0.384) (0.906) 

      
         

   
  -1.112*** -5.450***   -0.886** -7.480***   -2.207*** -13.626*** 

  (0.360) (1.275)   (0.353) (1.289)   (0.478) (2.001) 

      
         

   
  0.375*** 0.340   -0.182** -3.075***   0.124 -3.276*** 

  (0.068) (0.226)   (0.071) (0.280)   (0.103) (0.402) 

      
         

         
   

    4.675**     15.560***     15.992*** 

    (2.156)     (2.277)     (2.716) 

      
         

         
   

    25.416***     23.406***     43.810*** 

    (5.435)     (5.265)     (7.048) 

      
         

         
   

    2.661**     10.054***     11.428*** 

    (1.097)     (1.118)     (1.494) 

      
         

         
   

    2.323     13.054***     16.319*** 

    (1.459)     (1.605)     (2.356) 

      
         

         
         

   
    -22.463***     -40.713***     -54.122*** 

    (5.749)     (5.722)     (7.690) 
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Table 2.8: Continued 

Dependent:        
OLS Fixed Effect A-B Estimation 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Foreign ownership dummy 

(Over 50%) 

0.069*** 0.071*** 0.073*** 

  

 

  

 

(0.015) (0.015) (0.015) 

  

 

  

 

Size 

Dummies 

Medium  

(50-99%) 

-0.156*** -0.153*** -0.154*** 

  

 

  

 

(0.054) (0.054) (0.054) 

  

 

  

 

Small 

(0-50%) 

-0.342*** -0.342*** -0.341*** 

  

 

  

 

(0.055) (0.055) (0.055) 

  

 

  

 

Year 

Dummies 

1986 
-0.140*** -0.140*** -0.140*** -0.146*** -0.146*** -0.146***       

(0.018) (0.018) (0.018) (0.016) (0.016) (0.016)       

1987 
0.027 -0.004 -0.031 -0.027 -0.163*** -0.094*** 0.080** -0.130*** -0.081* 

(0.027) (0.034) (0.035) (0.026) (0.034) (0.035) (0.036) (0.044) (0.046) 

1988 
0.093*** 0.054 0.019 0.048* -0.097*** -0.031 0.146*** -0.078 -0.034 

(0.029) (0.036) (0.037) (0.028) (0.036) (0.038) (0.038) (0.047) (0.050) 

1989 
0.163*** 0.025 -0.042 0.249*** -0.025 -0.020 0.296*** -0.082 -0.061 

(0.031) (0.041) (0.046) (0.033) (0.046) (0.053) (0.054) (0.069) (0.073) 

1990 
0.059* -0.060 -0.127*** 0.242*** -0.016 0.010 0.286*** -0.068 -0.033 

(0.031) (0.041) (0.044) (0.033) (0.045) (0.050) (0.055) (0.068) (0.071) 

Industry 

Dummies: 

2-digit 

2 
0.404*** 0.374*** 0.359*** 

  

 

  

 

(0.026) (0.028) (0.028) 

  

 

  

 

3 
0.299*** 0.267*** 0.247*** 

  

 

  

 

(0.024) (0.026) (0.027) 

  

 

  

 

4 
0.290*** 0.256*** 0.229*** 

  

 

  

 

(0.021) (0.024) (0.025) 

  

 

  

 

5 
0.117*** 0.089*** 0.065** 

  

 

  

 

(0.025) (0.028) (0.029) 

  

 

  

 

6 
0.104*** 0.050* 0.013 

  

 

  

 

(0.023) (0.026) (0.027) 

  

 

  

 

7 
-0.002 -0.023 -0.044* 

  

 

  

 

(0.021) (0.023) (0.024) 

  

 

  

 

Constant 
0.549*** 0.882*** 0.844*** 1.913*** 2.330*** 2.172*** 

  

 

(0.068) (0.084) (0.110) (0.045) (0.072) (0.106) 
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Table 2.8: Continued 

Dependent:        
OLS Fixed Effect A-B Estimation 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Number of observations 13,701 13,701 13,701 13,701 13,701 13,701 9,121 9,121 9,121 

Number of plants 2,290 2,290 2,290 2,290 2,290 2,290 2,290 2,290 2,290 

R-squared 0.796 0.797 0.798 0.070 0.080 0.091 

  

 

Hansen test (p-value) 
  

 

  

 0.217 0.469 0.940 

1st order serial correlation(p-value) 
  

 

  

 0.000 0.000 0.000 

2nd order serial correlation(p-

value) 
  

 

  

 0.989 0.999 0.742 

Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Beside all exogenous explanatory variables in column (7), (8) and (9), we use 

‘extended GMM-style IV’ of         and standard style of                as IVs for GMM estimation. So the number of IVs is bigger than that of 

explanatory variables just by 4. Because         is used in the column (1)-(4) and there are 2,290 plants, the number of observations is reduced from 15,991 

to13,701 (=15,991-2,290). In column (7), (8) and (9),  the number of observation is reduced to 9,121(=15,991-2,290*3) because all the first 3 year 

observations of each plant are not used due to the use of                as an IV. 
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Table 2.9: Robustness Checks 

Dependent:        
Different TFPs Endogeneity Different IVs More Controls 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

         
0.258*** 0.270*** 0.249*** 0.256*** 0.160*** 0.161*** 0.197*** 0.250*** 0.195*** 

(0.040) (0.038) (0.037) (0.048) (0.036) (0.036) (0.038) (0.037) (0.038) 

      
   

1.223*** 0.871** 0.918** 0.971** 0.856** 0.854** 0.671 0.874** 0.666 

(0.406) (0.406) (0.378) (0.401) (0.359) (0.359) (0.418) (0.377) (0.419) 

      
   

1.024* 1.123* 0.508 1.010 0.577 0.578 -0.336 0.621 -0.259 

(0.617) (0.651) (0.583) (0.662) (0.558) (0.557) (0.664) (0.581) (0.667) 

      
   

0.523*** 0.535*** 0.581*** 0.488** 0.590*** 0.588*** 0.377** 0.585*** 0.397** 

(0.192) (0.198) (0.180) (0.200) (0.174) (0.174) (0.190) (0.181) (0.191) 

      
   

2.719*** 2.342*** 2.403*** 2.485*** 2.330*** 2.299*** 1.873*** 2.352*** 1.868*** 

(0.300) (0.333) (0.293) (0.337) (0.280) (0.278) (0.338) (0.294) (0.338) 

      
         

   
-7.380*** -6.931*** -5.813*** -6.979*** -5.461*** -5.452*** -4.363** -5.832*** -4.363** 

(1.767) (1.786) (1.657) (1.822) (1.582) (1.580) (1.825) (1.651) (1.825) 

      
         

   
-3.245*** -3.790*** -3.850*** -3.127*** -3.868*** -3.863*** -3.444*** -3.859*** -3.533*** 

(0.709) (0.745) (0.658) (0.748) (0.649) (0.648) (0.742) (0.657) (0.739) 

      
         

   
-8.623*** -8.014*** -8.466*** -7.808*** -8.114*** -7.993*** -8.046*** -8.318*** -7.933*** 

(1.371) (1.406) (1.281) (1.401) (1.218) (1.211) (1.468) (1.282) (1.476) 

      
         

   
-2.613*** -2.649*** -2.651*** -2.501** -2.539*** -2.533*** -1.690* -2.568*** -1.697* 

(1.000) (1.025) (0.909) (1.060) (0.876) (0.877) (0.972) (0.906) (0.966) 

      
         

   
-16.855*** -13.705*** -13.638*** -15.764*** -13.166*** -12.921*** -11.890*** -13.457*** -11.850*** 

(1.982) (2.144) (2.003) (2.240) (1.937) (1.900) (2.173) (2.021) (2.181) 

      
         

   
-3.482*** -3.083*** -3.294*** -3.216*** -3.286*** -3.249*** -2.877*** -3.232*** -2.860*** 

(0.402) (0.443) (0.401) (0.458) (0.389) (0.387) (0.450) (0.404) (0.451) 

      
         

         
   

15.082*** 16.698*** 15.973*** 14.838*** 15.718*** 15.710*** 14.350*** 15.828*** 14.477*** 

(2.997) (3.187) (2.725) (3.242) (2.663) (2.662) (2.923) (2.713) (2.899) 

      
         

         
   

52.224*** 44.083*** 43.791*** 48.811*** 42.119*** 41.275*** 39.926*** 43.178*** 39.276*** 

(7.258) (7.415) (7.044) (7.583) (6.767) (6.676) (7.569) (7.111) (7.626) 

      
         

         
   

10.674*** 10.836*** 11.497*** 9.912*** 11.441*** 11.314*** 11.011*** 11.378*** 10.972*** 

(1.587) (1.661) (1.497) (1.646) (1.449) (1.442) (1.727) (1.496) (1.726) 

      
         

         
   

19.084*** 15.571*** 16.374*** 17.738*** 16.132*** 15.871*** 13.605*** 15.860*** 13.459*** 

(2.370) (2.556) (2.361) (2.684) (2.290) (2.262) (2.461) (2.367) (2.466) 

      
         

         
         

   
-59.573*** -53.305*** -54.155*** -56.166*** -53.373*** -52.519*** -49.152*** -53.200*** -48.586*** 

(7.983) (8.316) (7.689) (8.464) (7.456) (7.388) (8.200) (7.737) (8.223) 
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Table 2.9: Continued 

Dependent:        
Different TFPs Endogeneity Different IVs More Controls 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Capital-labor ratio: 4-digit 
    -0.003 

  

 

  

 

    (0.008) 

  

 

  

 

Average Industry Plant size:4-digit 
    -0.147 

  

 

  

 

    (0.122) 

  

 

  

 

Year 

Dummies 

1986 
        -0.145*** -0.145***       

        (0.016) (0.016)       

1987 
-0.087* -0.065 -0.079* -0.079 -0.225*** -0.225*** -0.339*** -0.047 -0.297*** 

(0.048) (0.050) (0.046) (0.054) (0.046) (0.046) (0.078) (0.049) (0.081) 

1988 
-0.052 -0.025 -0.031 -0.039 -0.178*** -0.177*** -0.151* -0.020 -0.114 

(0.054) (0.055) (0.050) (0.058) (0.049) (0.049) (0.081) (0.055) (0.087) 

1989 
-0.042 -0.027 -0.060 -0.031 -0.176** -0.175** -0.291*** -0.048 -0.259** 

(0.078) (0.080) (0.073) (0.082) (0.071) (0.071) (0.101) (0.074) (0.105) 

1990 
0.001 -0.008 -0.029 -0.005 -0.138** -0.137** -0.260** -0.067 -0.271** 

(0.076) (0.077) (0.071) (0.080) (0.069) (0.069) (0.102) (0.074) (0.107) 

Industry Year Effects No No No No No No Yes No Yes 

Region Year Effects No No No No No No No Yes Yes 

Number of observations 7,251 7,590 9,121 6,849 11,411 11,411 9,121 9,121 9,121 

Number of plants 2,266 2,148 2,290 2,206 2,290 2,290 2,290 2,290 2,290 

Hansen test (p-value) 0.696 0.703 0.936 0.843 0.633 0.814 0.793 0.905 0.785 

1st order serial correlation(p-value) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

2nd order serial correlation(p-

value) 0.906 0.501 0.775 0.943 0.143 0.149 0.456 0.743 0.436 

Note: Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.  
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Table 2.10: Marginal effects of trade policies on plant level productivity 

 
                

No Interaction Model 
0.091 -0.094 0.001 0.09 

(0.103) (0.256) (0.03) (0.055) 

Pair-wise Interaction Model 
-0.185 -0.628** -0.127*** -0.135** 

(0.149) (0.279) (0.037) (0.064) 

Full Interaction Model 
-0.491*** -0.975*** -0.119*** -0.159** 

(0.187) (0.294) (0.042) (0.076) 
Notes: Standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1. In full interaction and Pair-wise 

interaction model, marginal effects are calculated at sample mean. Wald tests are used for testing the 

significance of marginal effects in full interaction and Pair-wise interaction model. 
 

 

Table 2.11: Complementarity test with pair-wise model 

 
                                                                              

Test 
2.340*** -0.253 0.366 2.425*** -2.207*** 0.124 

(0.793) (0.270) (0.301) (0.384) (0.478) (0.103) 
Notes: Standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1. The estimates comes from column (8) 

in table 2.8. 
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Table 2.12: Complementarity test with full interaction model 

 
                                                                              

                            

                            

                            

                            

              

                -3.056*** -3.677*** -8.040*** -1.380*** -7.098*** -3.118*** 

t-value (-3.541) (-5.778) (-6.558) (-2.910) (-6.807) (-8.140) 

p-value 0.000 0.000 0.000 0.004 0.000 0.000 

                  5.314*** 4.693*** 14.884*** 6.989*** 15.826*** 7.832*** 

t-value (4.847) (4.975) (5.498) (6.609) (5.627) (6.757) 

p-value 0.000 0.000 0.000 0.000 0.000 0.000 

                  19.868*** 7.273*** 2.909*** 7.119*** 1.401*** 5.382*** 

t-value (5.993) (6.495) (3.945) (6.908) (2.807) (5.731) 

p-value 0.000 0.000 0.000 0.000 0.005 0.000 

         -0.082 -12.677*** -2.486*** -12.831*** -3.995*** -11.988*** 

t-value (-0.126) (-5.063) (-3.006) (-5.070) (-3.838) (-5.792) 

p-value 0.900 0.000 0.003 0.000 0.000 0.000 

Note: *** p<0.01, ** p<0.05, * p<0.1 

 

 

Table 2.13: Cross-partial effects of each trade policy measures 

Year                                                                               

Cross-partial Effects 

(at Mean Level) 

7.929*** -0.374 -0.032 2.238*** -1.632*** 0.076 

(1.390) (0.274) (0.443) (0.369) (0.596) (0.117) 
Notes: Standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1. The cross derivatives for each pair of 

tread policy measures in full interaction model are calculated at the mean value of other trade policy values and 

the estimates from column (9) in table 2.8. Wald tests are used for testing the significance of the estimates of 

cross derivatives for full interaction model. 
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Table 2.13: Heterogeneity of the impacts across 2-digit industries 

Dependent:        (1) (2) (3) (4) (5) (6) (7) 

         0.256*** 

(6.496) 

      
   

0.497 -1.881 0.537 0.851 -0.883 -1.727* 1.563 

(0.709) (-1.535) (0.635) (1.271) (-0.873) (-1.689) (1.565) 

      
   

-3.696*** -3.910*** 1.809** 0.109 -2.948* 0.892 1.142 

(-4.044) (-2.706) (2.132) (0.110) (-1.653) (0.705) (1.144) 

      
   

-0.366** -0.932*** -9.035*** -0.736* 1.337** -7.800*** -0.407* 

(-2.296) (-3.234) (-4.134) (-1.866) (2.195) (-3.404) (-1.737) 

      
   

0.005 0.049 5.475*** -0.191 -0.628 5.407*** 0.816** 

(0.029) (0.103) (2.598) (-0.437) (-0.820) (2.648) (2.504) 

      
         

   
6.105*** 9.079** -0.558 -3.468 6.938** 7.537* -6.975** 

(4.588) (2.148) (-0.196) (-1.442) (2.045) (1.755) (-2.018) 

      
         

   
-0.703 -0.406 7.214 -0.751 -0.304 -5.520*** -1.682 

(-1.282) (-0.471) (1.345) (-1.029) (-0.251) (-3.498) (-1.564) 

      
         

   
-0.636 0.781 -8.733 1.414* 0.727 6.912*** 1.426 

(-0.793) (1.047) (-1.509) (1.922) (0.316) (3.399) (1.344) 

      
         

   
1.491** 4.312*** 17.252*** 3.794** -1.697 40.320*** 3.653*** 

(2.041) (3.744) (3.116) (2.385) (-0.662) (3.444) (2.722) 

      
         

   
-2.613** -2.905* -17.265*** -1.488 2.188 -50.067*** -2.947* 

(-2.379) (-1.674) (-4.221) (-0.814) (0.576) (-3.525) (-1.714) 

      
         

   
0.434** 0.687** 4.026*** 0.309 -1.427* 4.117*** -0.415 

(2.158) (2.312) (6.853) (1.203) (-1.782) (4.442) (-1.317) 

Year 

Effects 

1987 
0.047 

(0.837) 

1988 
0.122** 

(2.050) 

1989 
0.221** 

(2.269) 

1990 
0.232** 

(2.458) 

Number of 

observations 9,121 

Number of plants 2,290 

Hansen test (p-

value) 0.659 

1st order serial 

correlation(p-value) 0.000 

2nd order serial 

correlation(p-value) 0.998 

Note: The estimates reported in each column of this table are the interaction terms with corresponding trade 

policy variables and  2-digit industry dummies. (1) Food, Beverages and Tobacco, (2) Textile, Apparel and 

Leather Products, (3) Wood and Paper Products, (4) Chemicals and Plastics, (5) Non-metallic Products, (6) 

Basic Metals, Metal Products, (7) Machinery and Equipment 
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Table 2.14: Complementarity / Substitutability Test by Industries 

Industry                                                                               

Food, Beverages and Tobacco +           

Textile, Apparel and Leather 

Products +  -   + - - 

Wood and Paper Products             

Chemicals and Plastics   - +       

Non-metallic Products             

Basic Metals, Metal Products +   + + -   

Machinery and Equipment             

Note: -: Complements, +: Substitutes.  
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Figure 2.1: The changes of trade policies during our sample period (1984-1990) 
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Appendix 1: Complementarity Test: Using Full Interaction Model and 2-digit Industries 

Industry Variable                                                                               

Food, 

Beverages 
and 

Tobacco 

              
                -7.537* -3.467** -10.361*** -5.745*** -10.601*** -3.340*** 

t-value (-1.822) (-2.331) (-3.470) (-2.852) (-5.433) (-5.625) 
p-value 0.069 0.020 0.001 0.004 0.000 0.000 

                  8.131** 12.202*** 23.966*** 9.923** 23.726*** 8.062*** 

t-value (2.393) (2.698) (3.993) (2.415) (3.503) (3.175) 

p-value 0.017 0.007 0.000 0.016 0.000 0.001 

                  26.790*** 7.936*** 1.042 8.839*** 3.983** 11.244*** 

t-value (5.676) (4.530) (0.946) (6.728) (2.463) (4.522) 

p-value 0.000 0.000 0.344 0.000 0.014 0.000 

         0.263 -18.591*** -6.827** -17.688*** -3.885 -19.549*** 

t-value (0.302) (-4.993) (-2.138) (-4.634) (-1.591) (-3.743) 

p-value 0.763 0.000 0.033 0.000 0.112 0.000 

Textile, 

Apparel and 

Leather 
Products 

              
                4.465 -6.302* 13.350 -0.560 6.472 2.710 

t-value (0.877) (-1.935) (0.612) (-0.386) (0.378) (0.318) 

p-value 0.381 0.053 0.541 0.700 0.706 0.750 

                  14.674*** 3.908 -7.310 9.649** -14.188 -0.936 

t-value (4.554) (1.409) (-0.297) (2.145) (-0.471) (-0.065) 

p-value 0.000 0.159 0.767 0.032 0.638 0.948 

                  -16.196 -9.948 9.704*** -3.769 3.263* -0.499 

t-value (-0.382) (-0.484) (2.816) (-0.227) (1.869) (-0.055) 

p-value 0.702 0.628 0.005 0.821 0.062 0.957 

         -0.167 6.080 -5.138** 12.259 -11.578*** 1.674 

t-value (-0.045) (0.262) (-2.361) (0.442) (-2.892) (0.102) 

p-value 0.964 0.793 0.018 0.658 0.004 0.919 

Wood and 

Paper 

Products 

              
                 7.422*** -34.397** 30.214* -2.678 31.516** 48.108*** 

t-value (2.616) (-2.317) (1.690) (-0.198) (2.486) (4.305) 

p-value 0.009 0.021 0.091 0.843 0.013 0.000 

                  43.907 2.088 -70.394*** 33.808** -69.092*** -42.717** 

t-value (1.451) (0.104) (-2.922) (1.998) (-2.597) (-2.432) 

p-value 0.147 0.917 0.003 0.046 0.009 0.015 

                  -93.186*** -125.22*** -60.612** -129.51*** -95.316*** -78.723*** 

t-value (-2.781) (-4.660) (-2.118) (-5.564) (-2.791) (-4.339) 

p-value 0.005 0.000 0.034 0.000 0.005 0.000 

         209.508*** 177.471*** 104.990** 173.184*** 70.285* 96.660*** 

t-value (4.015) (6.246) (2.369) (5.487) (1.884) (4.486) 

p-value 0.000 0.000 0.018 0.000 0.059 0.000 

Chemicals 
and Plastics 

              
                0.844 3.851 28.662** 2.213 -5.264 2.446 

t-value (0.230) (0.528) (2.233) (0.575) (-0.564) (0.661) 

p-value 0.818 0.597 0.026 0.566 0.573 0.509 

                  -6.410 -3.402 -7.843 -5.040 -41.769 -29.594** 

t-value (-0.457) (-0.430) (-0.324) (-0.444) (-1.605) (-2.286) 

p-value 0.648 0.667 0.746 0.657 0.109 0.022 

                  -35.661 -28.189** -3.379 6.191 -1.286 6.424 

t-value (-1.174) (-2.353) (-0.391) (0.733) (-0.314) (0.789) 

p-value 0.240 0.019 0.696 0.463 0.753 0.430 

         1.477 8.949 4.508 43.329* 6.601 18.775 

t-value (0.440) (0.412) (0.580) (1.815) (0.532) (0.954) 

p-value 0.660 0.680 0.562 0.069 0.595 0.340 
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Appendix 1: Continued 

Industry Variable                                                                               

Non-

metallic 

Products 

                     
         9.579 107.982*** 15.132 70.260*** -2.944 58.325*** 

t-value (1.621) (3.335) (1.386) (3.207) (-0.394) (3.297) 

p-value 0.105 0.001 0.166 0.001 0.693 0.001 

                  
-

180.450*** -82.048*** 2.461 
-

119.767*** -15.616 
-

105.398*** 

t-value (-3.260) (-3.075) (0.123) (-3.266) (-0.657) (-3.129) 

p-value 0.001 0.002 0.902 0.001 0.511 0.002 

                  -3.092 -55.740*** 

-

148.590*** -26.293** -99.501*** -38.230** 

t-value (-0.132) (-2.846) (-3.306) (-2.168) (-3.220) (-2.428) 

p-value 0.895 0.004 0.001 0.030 0.001 0.015 

         80.317*** 27.670 112.179*** 57.115* 161.272*** 71.488** 

t-value (3.235) (1.235) (3.182) (1.950) (3.303) (2.305) 

p-value 0.001 0.217 0.001 0.051 0.001 0.021 

Basic 

Metals, 

Metal 
Products 

                     
         6.301** -52.650*** 42.410** -38.211 -2.039 -11.720 

t-value (2.023) (-2.916) (2.074) (-0.855) (-0.098) (-0.531) 

p-value 0.043 0.004 0.038 0.393 0.922 0.595 

                  153.120*** 94.169** -71.176* 108.608*** 

-

115.625*** 4.406 

t-value (2.717) (2.243) (-1.893) (3.147) (-2.976) (0.187) 

p-value 0.007 0.025 0.058 0.002 0.003 0.851 

                  -107.286* -36.524 58.537*** 6.691 42.863 33.182 

t-value (-1.918) (-1.613) (2.600) (0.253) (0.759) (0.775) 

p-value 0.055 0.107 0.009 0.800 0.448 0.438 

         
-7.087 63.674 -101.672* 106.889*** 

-

117.344*** 2.687 

t-value (-0.363) (1.505) (-1.860) (2.611) (-2.944) (0.075) 

p-value 0.716 0.132 0.063 0.009 0.003 0.940 

Machinery 
and 

Equipment 

                     
         -11.280*** -7.416*** -45.926** -0.204 -33.037** -14.024** 

t-value (-3.361) (-2.597) (-2.179) (-0.181) (-2.476) (-2.360) 

p-value 0.001 0.009 0.029 0.856 0.013 0.018 

                  1.378 5.243* 64.024** 12.454*** 76.914** 35.837** 

t-value (0.290) (1.715) (2.359) (2.705) (2.216) (2.256) 

p-value 0.772 0.086 0.018 0.007 0.027 0.024 

                  98.670** 42.445** 3.934 32.385** -0.448 18.565** 

t-value (2.182) (1.988) (1.427) (2.335) (-0.308) (2.271) 

p-value 0.029 0.047 0.154 0.020 0.758 0.023 

         -2.885 -59.111** -0.329 -69.171** -4.711 -45.789** 

t-value (-0.787) (-2.194) (-0.146) (-2.017) (-1.265) (-2.357) 

p-value 0.431 0.028 0.884 0.044 0.206 0.018 

 


