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    Table 10 (continued) 

     Probit Estimation of Choice to Join Greek Organization 
_______________________________________________________________ 

               
                                                                            Marginal     Marginal     Marginal 
                                                                              Effects        Effects         Effects      
  Combined    Male  Female  
     _______________________________________________________________ 
 
     SAT Composite Score    0.02    -0.01     0.04 
   (0.02)    (0.03)    (0.03) 
     Family Income    0.02     0.02     0.02 
   (0.01)    (0.01)    (0.02) 
     # of HS Activities    0.02**     0.01     0.02* 
   (0.01)    (0.01)    (0.01) 
     Romantic Relationship (lst Year)    0.03     0.08     0.02 
   (0.04)    (0.06)    (0.06) 
     # of Faculty Ties  - 0.02*     0.00    -0.05** 
   (0.01)    (0.01)    (0.02) 
     Parents’ Education  - 0.07    -0.07             -0.12  
   (0.05)           (0.08)            (0.08)   
     Mother’s Education     0.02      0.00     0.06 
    (0.02)    (0.03)     (0.04)  
     Father’s Education     0.03     0.04     0.06  
    (0.04)    (0.06)    (0.06) 
     Mom Worked Senior Year of HS    -0.01     -0.01    -0.02  
    (0.04)    (0.06)    (0.06) 
     Intact Family     0.02     0.03     0.03 
    (0.04)    (0.06)    (0.06) 
    # of Siblings   - 0.02   - 0.02     0.02 
    (0.01)    (0.01)    (0.02) 
     Reporting Religious Affiliation     0.10**     0.09     0.15** 
    (0.04)     (0.06)    (0.00)   
    Merit Scholarship    -0.21**        -0.09 
    (0.07)      (0.18) 
___________________________________________________________________ 
 
                                                                                                                     (continued) 
   * Significance level α < .10 
 **Significance level α < .05.   
 
  Notes. All coefficients represent marginal effects (dy/dx). Standard Deviations are in 
  Parentheses. Merit Scholarship was dropped as a determinant for Males due to perfect 
  correlation with the outcome variable. 
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    Table 10 (continued) 

     Probit Estimation of Choice to Join Greek Organization 
________________________________________________________________ 

  _ 
                                                                            Marginal     Marginal     Marginal 
                                                                              Effects         Effects        Effects                  
  Combined    Male  Female  
     _______________________________________________________________ 
 
     Family Ties to University   -0.02     0.13   - 0.21** 
   (0.05)    (0.08)    (0.04) 
     # of Ties to Other Dorms (1st Year)    0.00    -0.01     0.01* 
   (0.01)    (0.01)    (0.01) 
     Ties to All Dorms (1st Year)    0.09     0.08     0.17 
   (0.08)    (0.11)    (0.13) 
     Natural Sciences Interest   -0.03     0.02    - 0.07 
   (0.04)    (0.06)    (0.06) 
      Humanities Interest    0.02      0.00     0.03 
         (0.08)    (0.12)    (0.11) 
     _______________________________________________________________ 
     _______________________________________________________________ 
      
     Pseudo R-Square    0.16     0.22              0.20 
 
     Count R-Square     0.75      0.76     0.79 
  
     Sample Size     639     356     276  
___________________________________________________________________ 
 
                                                                                                                      
  * Significance level α < .10 
 **Significance level α < .05.   
 
  Notes. All coefficients represent marginal effects (dy/dx). Standard Deviations are in 
  Parentheses. Merit Scholarship was dropped as a determinant for Males due to perfect 
  correlation with the outcome variable. 
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independent variable and two additional where populations are isolated by gender. The 

coefficients reported represent marginal effects, and can be interpreted in the same 

manner as OLS coefficients. For example, in the combined model for each additional 

higher rank an individual reports that alcohol is “important” to the college experience that 

individual would be 6% more likely to join a Greek organization.  

Alcohol importance is positive and strongly significant in both the combined 

population and for males, while for females it is positive but statistically insignificant. 

Alcohol prevalence also has a positive relationship with the decision to join a Greek 

organization for the combined sample and for males individually, although females once 

again exhibit a positive but statistically insignificant relationship. Overall, being male at 

Duke means you are 13% less likely to join a Greek organization than is a female. A 

striking result is shown in the ethnicity results with individuals of Asian descent having a 

negative and significant relationship with joining a Greek organization for the combined 

specification and males and females individually. High school activities are positive and 

significant for females and the combined model. In the combined model, a student would 

be 2% more likely become Greek for each additional activity reported in high school. 

Faculty ties reported in the first year was negative and statistically significant for the 

combined model and females. Overall, students reporting a religious affiliation increased 

the likelihood of joining a Greek organization by 10% and for females the effect was 

even larger increasing the likelihood by 15%, both being statistically significant at the 5% 

level. Another variable of interest is merit scholarships. This variable in the combined 

model is very significant and exhibits a negative relationship with joining a Greek 

organization. The male only model drops this variable due to perfect correlation with 
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joining of a Greek organization and for females receiving a merit scholarship is negative 

although not statistically significant. For females, having family ties to the university is 

strongly negative and significant.  

Matching Results  

Without the ability to employ a true difference-in-differences approach, 

propensity score matching methods are employed to assemble the control group of non-

Greek members for comparison in each model. These methods generate a control group 

based on those individuals who have the nearest matches based on a set of background 

statistics prior to selection into Greek membership. It is then inferred for those 

individuals who have backgrounds that are the most similar that the difference in the 

observed value of the dependent variable is due to the difference in the treatment 

variable, in this case Greek status. In Table 11, the sample means for the group generated 

as a control following the matching process in Columns II and II, and the p-value from a 

corresponding t-test versus the Greek sample mean in Column III. If the matching 

methods were successful in generating a control group that is like the Greek treatment 

group then there should be markedly fewer, if any, differences in the control group means 

and the treated Greek member means on the pre-treatment metrics available. The two 

groups now have fewer individual variables which are statistically different in Column 

III. Although there were initially 21 categories that were statistically different as noted by 

the p-values in Column IV for the unmatched sample only 11 remain after matching. It 

might be argued that the relevant groups for comparison by Greek status are by gender, 

and that there are some underlying differences between gender that are not being 

accounted for in the model. Columns V and VI contain the p-values resulting from t-tests 
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between the matched Greek and non-Greek samples by gender. Treatment and control 

groups are now more closely matched with three differences in first year pre-treatment 

means for males and nine differences for females. Although matching methods were 

unsuccessful in setting up control and treatment groups with no statistical differences, it 

should likely be stressed that this may actually strengthen the findings in Table 12 to 

follow. Since significant differences remain between the treatment and control groups, 

these groups’ differences in outcomes may not only be due to the treatment of selection 

into a Greek organization. Thus the differences between these two groups may actually be 

overstated in the outcome results. 

Table 12 contains results from the matching estimates for outcome variables using 

the process described previously for both the kernel density and nearest neighbor 

methods. The combined specification used as listed in Table 10 is employed for 

propensity score matching along with individual column results by gender. It does appear 

as if the method used to match the groups makes a difference in some cases. Virtually all 

of the differences in outcomes that were originally estimated and contained in Table 9 

when only considering the two sample means are now no longer statistically different 

when assembling a control group using like covariates. A positive value reported for each 

category would imply that there is a positive difference when subtracting means of the 

control group (non-Greek) from the treatment group (Greek).  

Completing college still remains statistically different for males, with both nearest 

neighbor and kernel density reporting a positive outcome in college completion for male 

Greek members. Also remaining statistically different after matching, expected income 
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       Table 11 

       Propensity Score Matching Estimates of Collegiate Outcomes by Greek Membership 
       ______________________________________________________________________________________ ________ 

 
                                  Specification     

 
   (Combined)   (Male)   (Female) 

      2-NN        K-D      2-NN    K-D     2-NN     K-D 
 Outcome      ATT        ATT      ATT    ATT     ATT      ATT 

      
      Return to Duke      0.07           0.06     -0.01  0.00          0.17        0.13 

       Std. Dev. (0.06) (0.07) (0.09) (0.10) (0.09) (0.10) 
       t-statistic 1.15  0.80  -0.11 0.00  1.92  1.29  
       N (Treated/Untreated) 143 350 49 143 94 201 
   College Completion 0.02 0.03 0.07 0.11 0.02 0.02 
       Std. Dev. (0.02) (0.02) (0.03) (0.05) (0.02) (0.03) 
       t-statistic 1.53 1.69 2.31** 2.06** 1.21 0.59 
       N (Treated/Untreated) 185 454 71 205 114 242 
   Major Decision (Social Science) 0.06 0.05 0.03 -0.08 0.05 -0.04 
       Std. Dev. (0.06) (0.07) (0.10) (0.12) (0.08) (0.09) 
       t-statistic 1.02 0.78 0.30 -0.68 0.61 -0.47 
       N (Treated/Untreated) 185 454 71 205 114 242 
   Major Decision (Natural Science) -0.02 -0.01 0.09 0.15 -0.03 0.03 
       Std. Dev. ( 0.06) ( 0.07) (0.10) (0.12) ( 0.07) (0.08) 
       t-statistic -0.42 -0.08 0.90 1.29 -0.43 0.32 
       N (Treated/Untreated) 185 454 71 205 114 242 

    ________________________________________________________________________________________________ 
     
    Notes.  2-NN indicates two nearest neighbors weighting and K-D indicates use of kernel density. 
    **Significance level α < .05.                                                                                                                                (continued)                                                                                                                        
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       Table 11 (continued) 

       Propensity Score Matching Estimates of Collegiate Outcomes by Greek Membership 
       ______________________________________________________________________________________ ________ 

 
                                  Specification     

 
   (Combined)   (Male)   (Female) 

      2-NN        K-D      2-NN    K-D     2-NN     K-D 
 Outcome      ATT        ATT      ATT    ATT     ATT      ATT 

      
      Major Decision (Humanities)             -0.02         - 0.04     -0.06  0.03          0.09        0.04 

       Std. Dev. (0.04) (0.05) (0.07) (0.08) (0.06) (0.06) 
       t-statistic -0.52  -0.77  -0.83 0.33  0.07  0.55  
       N (Treated/Untreated) 185 454 71 205 114 242 
   Attend Graduate School -0.05 -0.08 0.04 0.04 0.04 0.04 
       Std. Dev. (0.05) (0.05) (0.08) (0.09) (0.06) (0.08) 
       t-statistic -0.96 -1.41 0.50 0.47 0.70 0.58 
       N (Treated/Untreated) 185 454 71 205 114 242 
   Cumulative Sophomore Year GPA -0.03 -0.04 0.03 -0.08 0.05 -0.04 
       Std. Dev. (0.06) (0.07) (0.10) (0.12) (0.08) (0.09) 
       t-statistic 1.02 0.78 0.30 -0.68 0.61 -0.47 
       N (Treated/Untreated) 185 454 71 205 114 242 
   Cumulative Senior Year GPA -0.06 -0.05 -0.01 0.01 -0.04 0.00 
       Std. Dev. ( 0.04) ( 0.05) (0.08) (0.09) ( 0.06) (0.06) 
       t-statistic -1.30 -0.92 -0.09 0.11 -0.66 0.05 
       N (Treated/Untreated) 172 387 66 170 106 211 

    ________________________________________________________________________________________________ 
     
    Notes.  2-NN indicates two nearest neighbors weighting and K-D indicates use of kernel density. 
    **Significance level α < .05.                                                                                                                                (continued)                                                                                                                        
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       Table 11 (continued) 

       Propensity Score Matching Estimates of Collegiate Outcomes by Greek Membership 
       ______________________________________________________________________________________ ________ 

 
                                     Specification     

 
   (Combined)   (Male)   (Female) 

      2-NN        K-D      2-NN    K-D     2-NN     K-D 
 Outcome      ATT        ATT      ATT    ATT     ATT      ATT 

      
      Income Post-Graduation           3,094.68       5,268.10    3,264.47      6,341.03       6,586.05      6,424.14 

            Std. Dev.  (3,893.22) (3,945.67) (7,131.14) (7,490.22) (3,663.44) (3,82524) 
            t-statistic 0.79  1.34  0.46 0.85  1.80  1.68  
            N (Treated/Untreated) 126 304 39 129 87 169 
      Income Five Years Post-Graduation 7,549.18 4,935.48 -2,662.16 -3,575.00 12,569.28    15,297.62 
           Std. Dev. (5,598.16) (6,475.40) (10,994.08) (11.416.43) (6,426.49) (6,813.34) 
           t-statistic 1.35 0.76 -0.24 -0.31 1.96** 2.25 
           N (Treated/Untreated) 124 304 41 129 87 183 
      Involved in Relationship 2nd Year -0.06 -0.06 0.16 0.19 0.01 0.05 
           Std. Dev. (0.06) (0.07) (0.10) (0.11) (0.09) (0.10) 
           t-statistic -0.87 -0.78 1.69 1.81 0.06 0.51 
           N (Treated/Untreated) 157 387 57 173 100 208 
      Involved in Relationship 4th Year 0.07 0.03 0.13 0.04 -0.02 -0.05 
          Std. Dev. (0 .07) (0.08) (0.12) (0.15) (0.09) (0.11) 
          t-statistic 1.01 0.36 1.15 0.28 (0.23) (0.50) 
          N (Treated/Untreated) 144 350 49 143  95 201 
    ________________________________________________________________________________________________ 
     
    Notes.  2-NN indicates two nearest neighbors weighting and K-D indicates use of kernel density. 
    **Significance level α < .05.                                                                                                                                (continued)                                                                                                                        
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       Table 11 (continued) 

       Propensity Score Matching Estimates of Collegiate Outcomes by Greek Membership 
       ______________________________________________________________________________________ ________ 

 
                                              Specification     

 
   (Combined)   (Male)   (Female) 

      2-NN        K-D      2-NN    K-D     2-NN     K-D 
 Outcome      ATT        ATT      ATT    ATT     ATT      ATT 

      
      Faculty Ties 4th Year                0.23           0.06       -0.16    -0.70        -0.14    -0.44 

           Std. Dev.      (0.29)   (0.31) (0.48)     (0.59)   (0.36)   (0.42) 
           t-statistic 0.80  0.19  -0.33     -1.19    -0.39    -1.05  
           N (Treated/Untreated) 126 304 39 129  87     169 
    Alcohol Prevalence 2nd Year 0.30 0.29 0.31 0.42 0.31       0.19 
           Std. Dev. (0.12) (0.13) (0.18) (0.20) (0.17)   (0.20) 
           t-statistic     2.59**    2.21** 1.76    2.06** 1.86    0.97 
           N (Treated/Untreated) 157 389 57 172 100     211 
    Alcohol Prevalence 4th Year 0.07 0.10 0.08 0.17 0.05    0.04 
           Std. Dev. (0.06) (0.07) (0.09) (0.11) (0.08)   (0.09) 
           t-statistic 1.22 1.49 0.92 1.51 0.68    0.47 
           N (Treated/Untreated) 185 454 71 205 114     242 
     Alcohol Importance 2nd Year 0.09 0.09 0.09 0.21 0.15    0.18 
           Std. Dev. (0 .06) (0.07) (0.10) (0.12) (0.08)   (0.09) 
           t-statistic 1.55 1.36 0.94 1.77 1.93    1.87 
           N (Treated/Untreated) 185 454 71 205 114     242 

    ________________________________________________________________________________________________ 
     
    Notes.  2-NN indicates two nearest neighbors weighting and K-D indicates use of kernel density. 
    **Significance level α < .05.                                                                                                                                (continued)                                                                                                                        
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 Table 11 (continued) 

 Propensity Score Matching Estimates of Collegiate Outcomes by Greek Membership 
______________________________________________________________________________________________________ 
                                       Specification     

 
(Combined) (Male) (Female) 

      2-NN K-D 2-NN K-D 2-NN    K-D 
 Outcome ATT ATT ATT ATT ATT   ATT 
       

             Alcohol Importance 4th Year           0.07          0.10             0.08              0.17       0.05  0.04 
                  Std. Dev.                           (0.06)          (0.07)           (0.09)             (0.11)      (0.08) (0.09) 
                  t-statistic                            1.22         1.49            0.92              1.51      0.68  0.47 
                  N (Treated/Untreated)                             185          454               71               205       114    242 
             Drug Importance 4th Year             -0.01        0.02             0.06                 0.02             - 0.14 -0.11 

               Std. Dev.             (0.05)       (0.06)            (0.08)              (0.11)             (0.07) (0.08) 
               t-statistic             -0.21        0.35             0.75                0.19               -1.93 -1.27 
               N (Treated/Untreated)                142         350                49                 144                   94     200 
         Drug Prevalence 2nd Year               0.02      -0.03             0.11                0.12               -0.13 -0.16 
               Std. Dev.             (0.13)      (0.15)             (0.21)             (0.24)              (0.16) (0.19) 
               t-statistic              0.18      -0.17             0.50                0.52               -0.81 -0.83 
               N (Treated/Untreated)               157        388                57                 171                 100    211 
         Drug Prevalence 4th Year             0.04      -0.08           -0.04                -0.14               -0.29           -0.49 
              Std. Dev.            (0.14)      (0.17)           (0.26)              (0.31)             (0.19)          (0.22) 
              t-statistic             0.27      -0.48              -0.16               -0.45              -1.52            -2.27**  
              N (Treated/Untreated)              144        350                49                 144                  95               200 
         Extracurricular Activities 2nd Year             0.47       0.60              -0.09                  0.55               0.61             0.83 
              Std. Dev.             0.22        0.25               0.36                 0.41               0.33              0.47  
              t-statistic              2.11**       2.39**          -0.25                 1.35               1.86              1.77 
              N (Treated/Untreated)               78       159               20                    60                   58                 79 
         _______________________________________________________________________________________________________              
          
         Notes. 2-NN indicates two nearest neighbors weighting and K-D indicates use of kernel density. 
         **Significance level α < .05.                                                                                                                                              (continued)  
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Table 11 (continued) 

 Propensity Score Matching Estimates of Collegiate Outcomes by Greek Membership 
______________________________________________________________________________________________________ 
                                       Specification     

 
(Combined) (Male) (Female) 

      2-NN K-D 2-NN K-D 2-NN    K-D 
 Outcome ATT ATT ATT ATT ATT   ATT 

 
Extracurricular Activities 4th Year                                0.51               0.54               0.30               0.21                0.73          0.69 
     Std. Dev.                                                                    0.19              0.21                0.34               0.41                0.22          0.25  
     t-statistic                                                                    2.61**         2.49**            0.88               0.52                3.25**      2.72** 
     N (Treated/Untreated)                                               185               454                   71                205                 114           242 
Drug Importance 2nd Year                                          -0.07             -0.06              -0.04               -0.07              -0.10        -0.08 
     Std. Dev.                                                                 (0.05)            (0.05)            (0.09)              (0.10)             (0.06)       (0.07) 
     t-statistic                                                                 -1.63              -1.23             -0.52               -0.74               -1.64        -1.12 
     N (Treated/Untreated)                                               157                389                 57                 172                 100           211 
Vote in Presidential Election (2004)                           -0.04              -0.06            -0.06                 0.02                0.01          0.00 
     Std. Dev.                                                                (0.06)             (0.06)           (0.10)               (0.11)             (0.08)       (0.08) 
     t-statistic                                                                  0.77               -1.02             -0.66                0.20                0.07         0.00 
     N (Treated/Untreated)                                              142                 351                 44                  148                   94          201 
Honors Graduate                                                         -0.05              -0.10               0.01                 0.03              -0.21        -0.04 
     Std. Dev.                                                                (0.11)            (0.12)             (0.18)              (0.22)             (0.15)       (0.18) 
     t-statistic                                                                 -0.45              -0.82              0.04                 0.13              -1.37         -0.25 
     N (Treated/Untreated)                                               185                454                 71                  205                114           242 
 
 
Notes. 2-NN indicates two nearest neighbors weighting and K-D indicates use of kernel density. 
 **Significance level α < .05. 

 
 



 

71 
 

Table 12 

Descriptive Statistics by Greek Status for Matched Respondents Prior to Joining a Greek Organization 
______________________________________________________________________________________________________ 

 
I. II. III. IV: V: VI: 

Variable Description 
Greek 

Matched 
Non-Greek 
Matched 

Difference: 
I. & II. 

Matched 

Difference: 
Unmatched 

Mean 

Difference: 
Male 

Matched 

Difference: 
Female 

Matched 

 
Mean Mean 

      (Std. Dev.) (Std. Dev.) p-value  p-value  p-value p-value 
Male 0.34  0.41  0.14  0.10  NA NA 

 
(0.04) (0.03) 

    Black 0.10  0.20  0.01  0.00  0.36 0.00 

 
(0.03) (0.02) 

    Hispanic 0.22  0.11  0.00  0.00  0.19 0.06 

 
(0.03) (0.02) 

    Asian 0.08  0.25  0.00  0.00  0.07 0.00 

 
(0.02) (0.02) 

    Other 0.07  0.06  0.14  0.00  0.37 0.42 

 
(0.02) (0.01) 

    Parents’ Education  4.06  3.97  0.38  0.00  0.71 0.33 

 
(0.09) (0.06) 

    Mother's Education 3.30  3.16  0.22  0.00  0.54 0.09 

 
(0.10) (0.06) 

    Father's Education 3.88  3.75  0.27  0.00  0.63 0.37 

 
(0.10) (0.07) 

    ____________________________________________________________________________________________________ 

                                                                                                                                                                                       (continued) 



 

72 
 

Table 12 

Descriptive Statistics by Greek Status for Matched Respondents Prior to Joining a Greek Organization 
______________________________________________________________________________________________________ 

 
I. II. III. IV: V: VI: 

 Variable Description 
Greek 

Matched 
Non-Greek 
Matched 

Difference: 
I. & II. 

Matched 

Difference: 
Unmatched 

Mean 

Difference: 
Male 

Matched 

Difference: 
Female 

Matched 

 
Mean Mean 

      (Std. Dev.) (Std. Dev.) p-value  p-value  p-value p-value 
 
   Mother Worked Full-Time Sr. Year of High School 0.67  0.66  0.94  0.99  0.47 0.71 

 
(0.04) (0.03) 

       SAT Verbal Score 683.75  691.43  0.26  0.72  0.67 0.35 

 
(5.20) (3.78) 

       SAT Mathematics Score 707.43  708.03  0.59  0.06  0.89 0.55 

 
(5.50) (3.74) 

       SAT Composite Score 1,391.18  1,399.46  0.71  0.22  0.84 0.37 

 
(8.91) (6.47) 

       Respondents with Intact Family 0.77  0.67  0.03  0.00  0.30 0.26 

 
(0.04) (0.03) 

       Private Religious High School 0.16  0.10  0.08  0.04  0.98 0.32 

 
(0.03) (0.02) 

       Average Number of Siblings 1.26  1.45  0.27  0.08  0.46 0.63 

 
(0.11) (0.10) 

       Family Combined Income 8.26  7.53  0.00  0.00  0.41 0.01 

 
(0.19) (0.11) 

            
 
                                                                                                                                                                                      (continued) 
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Table 12 

Descriptive Statistics by Greek Status for Matched Respondents Prior to Joining a Greek Organization 
___________________________________________________________________________________________________ 

 
I. II. III. IV: V: VI: 

Variable Description 
Greek 

Matched 
Non-Greek 
Matched 

Difference: 
I. & II. 

Matched 

Difference: 
Unmatched 

Mean 

Difference: 
Male 

Matched 

Difference: 
Female 

Matched 

 
Mean Mean 

      (Std. Dev.) (Std. Dev.) p-value  p-value p-value p-value 
Merit Scholarships 0.01  0.02  0.23  0.05  0.77 NA 

 
(0.01) (0.01) 

    Family Ties to University 0.17  0.12  0.11  0.08  0.06 0.01 

 
(0.03) (0.02) 

    Religious Organization Affiliation 0.81  0.73  0.05  0.00  0.35 0.22 

 
(0.03) (0.02) 

    Alcohol “Important" to College 1st Year 0.57  0.29  0.00  0.00  0.27 0.00 

 
(0.04) (0.02) 

    Alcohol Often Present 1st Year 0.93  0.76  0.00  0.00  0.12 0.00 

 
(0.02) (0.02) 

    Romantic Relationship 1st Year 0.40  0.36  0.37  0.05  0.76 0.19 

 
(0.04) (0.03) 

    Extracurricular Activities High School 6.50  6.33  0.46  0.12  0.90 0.41 

 
(0.19) (0.13) 

    Extracurricular Activities 1st Year 2.54  2.12  0.00  0.00  0.05 0.02 

 
(0.11) (0.07) 

    High School Parent Involvement Measure 1.51  0.96  0.00  0.00  0.01 0.00 

 
(0.11) (0.06) 

    _____________________________________________________________________________________________________ 

                                                                                                                                                                                       (continued) 

 



 

74 
 

   Table 12 

   Descriptive Statistics by Greek Status for Matched Respondents Prior to Joining a Greek Organization 
   __________________________________________________________________________________________________ 

 
I. II. III. IV: V: VI: 

Variable Description 
Greek 

Matched 
Non-Greek 
Matched 

Difference: 
I. & II. 

Matched 

Difference: 
Unmatched 

Mean 

Difference: 
Male 

Matched 

Difference: 
Female 

Matched 

 
Mean Mean 

      (Std. Dev.) (Std. Dev.) p-value  p-value p-value p-value 
 
Number of Dorm Connections 1st Year 7.10  6.56  0.20  0.80  0.09 0.59 

 
(0.37) (0.22) 

    Know Someone All Dorms 1st Year 0.15  0.09  0.05  0.02  0.04 0.53 

 
(0.03) (0.02) 

    Duke Arts & Sciences School Pre-Ranking 44.86  45.36  0.65  0.60  0.38 0.93 

 
(0.54) (0.36) 

    Duke School of Engineering School Pre-
Ranking 72.81  74.47  0.24  0.35  0.29 0.71 

 
(1.26) (0.75) 

    Drug use Important to College Life 1st Year 0.12  0.10  0.49  0.03  0.80 0.39 

 
(0.03) (0.02) 

    Drugs Often Present at Social Events 1st Year 0.35  0.31  0.44  0.01  0.36 0.04 

 
(0.04) (0.02) 

    Number of  Faculty  Ties 1st Year 1.32  1.65  0.09  0.00  0.10 0.57 

 
(0.14) (0.11) 

       __________________________________________________________________________________________________
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for Greek females five years after graduation is greater than for non-Greek females and 

statistically significant at the 5%  level.  

Only three categories remain where Greek members are statistically different in 

the combined model when accounting for common covariates. Alcohol prevalence in the 

sophomore year and the number of extracurricular activities in both the sophomore and 

senior years are higher for Greek members using both nearest neighbor and kernel 

density matching methods. Notably, all other measures of alcohol and drug prevalence 

and importance are no longer different for Greeks versus non-Greeks in the combined 

model or separated by gender with the exception of drug prevalence in the fourth year 

using the kernel density method, which is negative for Greek females at the 5% level. 

Prior to the decision to become Greek, there was a significant difference between 

the proportion who received merit scholarships among students who chose to join a 

Greek organization and those who did not. If a student was receiving a merit scholarship 

in the probit model estimation the merit scholarship had a rather large negative 

percentage impact on the likelihood whether an individual would choose to join. In Table 

9, even prior to matching there were no significant differences in college completion 

rates, sophomore and senior year GPA, pursuing graduate school right away, and whether 

a student was an honors graduate. These academic outcome measures also remain 

insignificant in Table 12 when controlling for like backgrounds. The insignificance of 

this variable is an interesting result since at least in this sample, it does not appear that 

being Greek correlates with any different outcomes academically than for  those who 

choose not to join a Greek organization in spite of the fact that merit scholarship receipt 

is a strongly significant determinant in the choice to join.  
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The remaining outcome variables are no longer statistically different among 

groups. It would appear that when using matching methods to assemble a control group 

many of the initial differences in outcomes which were evident between Greek and non-

Greek students have disappeared. These results do not necessarily guarantee that there are 

not population wide differences, but in this selected sample it does not seem to matter for 

many outcomes whether one joins a Greek organization or not, ceteris paribus.  

Peer Effects Results  

Table 13 contains estimates of peer effects on member GPA. There are two sets of 

specifications employed. The first employs the Clark and Loheac (2007) method in 

specifications (1) to (3) utilizing the younger cohort GPA results from each Greek 

organization and regressing them on the prior year GPA results of the older cohort. The 

other method, denoted in Table 13 as “Group effect less individual” in specifications (4) 

to (6) is using a simpler, although more confounding specification of the overall peer 

effect. Here, characteristics for each individual Greek organization are calculated, less 

each individual that is receiving the treatment from the group of which they are a 

member. Results from the Clark and Loheac methodology have no specifications 

individually that have statistically significant variables. Many do take on the expected 

sign with alcohol having a negative relationship with GPA and group GPA having a 

positive but insignificant effect. When comparing group GPA (less individual) the results 

are a bit more robust, although these are subject to the reflection problem that makes it 

difficult to infer causation. Specification (4) where group GPA is included has a positive 

and significant sign, implying as the group’s GPA increases by 1.0 full point an 

individual member’s GPA would increase by .48 points, a non-trivial result. Alcohol 
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Table 13 

Peer Effect of Greek Organization Membership 
______________________________________________________________________________________________________ 

Clark Method - Lagged Cohort Effect on New Members Group Effect Less Individual 
  (1) (2) (3) (4) (5) (6) 

  
Freshman 

Year 
Freshman 

Year 
Freshman 

Year 
Freshman 

Year 
Freshman 

Year 
Freshman 

Year 
  GPA GPA GPA GPA GPA GPA 
Group GPA (Less Individual i) 

  
0.48 

 
0.06  

    
(0.12) 

 
(0.18) 

Older Cohort GPA 0.06 
 

-0.09 
   

 
(0.16) 

 
(0.28) 

   Alcohol Importance 1st Year 
 

-0.07 -0.01 
 

0.00 -0.01 

  
(0.06) (0.07) 

 
(0.04) (0.04) 

Dorm Ties 
  

0.06  
  

0.05 

   
(0.02) 

  
(0.02) 

SAT Math 
  

0.00 
  

0.00  

   
(0.00) 

  
(0.00) 

SAT Verbal 
  

0.00 
  

0.00 

   
(0.00) 

  
(0.00) 

HS Activities 
  

-0.07 
  

0.00 

   
(0.04) 

  
(0.03) 

Constant 3.05 3.45 3.29 1.67 3.27 0.90 

 
(0.53) (0.15) (1.14) (0.39) (0.10) (0.64) 

R Squared 0.00 0.01 0.09 0.04 0.00 0.08 
N 171 161 145 415 305 251 
 
Notes. Specifications (1)-(3) employ the Clark method, comparing the younger cohort versus the older cohort's outcomes. 
Specifications (4)-(6) utilize a group effect less that individual's realization. Standard Errors are in parentheses.
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importance in specification (5) is not significant. Alcohol’s insignificance infers that 

while individuals may group together on alcohol importance, individually placing 

importance greater than or less than the group average does not have statistical 

significance on freshman GPA. In specification (6 ) group GPA is significant at the 10% 

level and positive, although the remaining variables are not statistically significant. 

Specifications (4) to (6) lend some credence to the idea that other Greek members’ 

academic performance may affect other members, although the avenue through which it 

would operate is not identified. 

Conclusions 

It appears that there are certain characteristics of individuals in Greek 

organizations that do fit preconceived stereotypes. Some of the previous literature 

discussing alcohol preferences and selection into Greek organizations were confirmed, 

along with other reasons to help explain some of the motivating factors behind joining a 

Greek organization. Outcomes after joining a Greek organization may be the most 

interesting of the findings, with many of the initial differences in outcomes not being 

statistically different after matching for like backgrounds including many of those which 

may have stigma such as alcohol usage. There were some positive differences associated 

with Greek membership, such as college completion rates and lower rates of drug 

prevalence for individual genders of Greek members, along with more extracurricular 

activities and increased income expectations. The lack of significant differences 

following matching seems to call into question some of the preconceived notions of 

Greek organizations and whether or not the treatment of being Greek causes some 

individuals’ outcomes to be different from others. While this result offers an arguable 
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position that Greek organizations may not necessarily impede or ensure success, it should 

be kept in mind that the data employed were from a single private, elite university and 

was able to capture only short term outcomes. With these caveats, it still begs the 

question, “Do Greeks really have more fun?”  
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CHAPTER 4 
 

A STRUCTURAL MODEL OF THE U.S. ORANGE JUICE  MARKET:  
ALTERNATIVE EVALUATION METHODS FOR DUMPING CHARGES♠ 

Introduction 

United States domestic frozen concentrated orange juice (FCOJ) producers levied 

allegations in 1982, 1985, and 2004 that Brazilian FCOJ producing firms participated in 

unfair trading practices. Dumping allegations are evaluated in a structured manner by the 

Department of Commerce and International Trade Commission. This paper analyzes 

allegations that Brazilian FCOJ producers unfairly competed with United States 

producers by illegally dumping product into the domestic market. 

Table 14 details the charges that have been brought against Brazilian FCOJ 

imports in recent years (USITC, 2010).  The initial charges levied against Brazil in 1982 

were found in the affirmative, although no antidumping duties were put into place 

because material injury was not found. In 1985, charges were once again levied against 

Brazilian firms and antidumping duties were put in place, remaining in effect until 

revoked in March 2005.  Additional dumping charges were levied against Brazilian FCOJ 

producers in 2004 and were found in the affirmative, with duties put into effect in March 

2006.  In the 1985 complaint, duties were set ranging from 2.0% to 63.6% depending 

upon the Brazilian company originating the product (USITC, 2005).  The antidumping 

duties put in place resulting from the 2004 complaint ranged from 16.5% to 60.3% 

depending upon the Brazilian source company (USITC, 2007). 

 

                                                 
♠ The author would like to thank Carolyn Brown, Valerie Barnhardt, and Debbie Bright from the 

Florida Department of Citrus for their help in obtaining data for this project. Thanks also to David Kemme 
and David Sharp for all their assistance. 
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Table 14.  
 
Previous Antidumping Charges Brought Regarding Orange Juice and FCOJ  
From Brazil 
 

Year Market as Framed 

Yearly Subject Imports, Most 
Recent Year Examined 

 (US $s) Disposition 

1982 FCOJ/Brazil $128,870,000 
Affirmative (no duties 

placed in effect) 

1985 FCOJ/Brazil  696,357,000 
Affirmative (duties placed 

in effect May 1987)  

2004 Orange Juice/Brazil  127,358,000 
Affirmative (duties placed 

in effect March 2006) 
 
Source: USITC Import Injury Investigations Case Statistics (FY 1980-2008), published 
February 2010. 
 
 

            To illustrate domestic FCOJ prices from 1989 to 2011, Figure 9 shows the 

monthly real average retail frozen concentrated orange juice price per 12-ounce can as 

reported by the United States Bureau of Labor Statistics (U.S. Bureau, 2011). Prices are 

relatively stable over the period of study, hovering near $1.00 per can, with a marked and 

lasting price increase in 2006. In March 2006, the most recent round of antidumping 

duties was put in place, which roughly coincides with a marked increase in prices.  

The model utilized in this study will examine whether Brazilian FCOJ imports 

negatively impacted domestic market prices during the period of study. If there is a 

negative, statistically significant relationship between subject imports from Brazil and 

domestic prices, it is concluded that Brazilian imports have the capability to harm 

domestic producers (Prusa & Sharp, 2001; Sharp & Zantow, 2005), and then the amount 

of damages caused by subject imports are calculated. 
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Figure 9.  Real U.S. City Average Orange Juice Prices per Frozen Concentrated 12-  
                Ounce Can 
 
Note. Adjusted using CPI Monthly Consumer Price Index: All items.  

 
The remainder of the paper is organized as follows:   a brief historical background 

of trade restraints and import trends of the United States FCOJ market, to provide context 

for analysis; antidumping charges and the process by which judgments are made, along 

with a description of the welfare implications of potential findings; previous econometric 

models of the FCOJ market and their implications; descriptions of econometric models 

and the empirical results; and a conclusion.  

                 Restraints of Trade and Import Trends in the Domestic Market 

Protective tariffs for orange juice trace back to the Smoot-Hawley Tariff Act of 1930, 

which instituted a tax of 70 cents per single-strength equivalent (SSE) gallon on imported 

citrus juice. The 70 cent tariff remained unchanged until the General Agreement on  
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Tariffs and Trade (GATT) meetings in Geneva, Switzerland, in 1947, when the citrus 

tariff was lowered to 35 cents per single-strength equivalent gallon (FCOJ, 2011). 

NAFTA’s passage in 1993 and initial enforcement in 1994 reduced barriers to entry for 

Mexican FCOJ.  Domestic growers won concessions in the NAFTA negotiation process, 

with tariffs on imported Mexican orange juice being phased out over a period of 15 years.  

However, Brazil accounts for the major share of the FCOJ imported into the United 

States, comprising 72.0% of total imports from 1989 to 2011. Mexico and Brazil 

combined account for 87.3% of imports over the same period, as shown in Figure 10.  

 

Figure 10.  Percent Distribution of U.S. FCOJ Imports from 1989 to 2011 by Source 
                  Country 
 
Source: USITC Dataweb. 
 
 
 

Brazil currently receives Most Favored Nation (MFN) status with the United 

States, placing it on a specific tariff schedule.  For FCOJ, there is a 29.7 cent tariff 

per SSE gallon and on Not from Concentrate (NFC) a 17.0 cent tariff per SSE 

gallon is applied (Brown, Spreen, & Lee, 2004). NFC is transported at full 
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strength and causes transportation costs to be notably higher due to the greater 

weight of the product, limiting foreign producers’ price competitiveness.   

                                      Discussion of Antidumping Charges 

Dumping is defined as selling a good in a foreign country at a price below the cost 

of production or below the price charged in the firm’s home market (Gwartney, 

Stroup, Sobel, & Macpherson, 2006). This is the generally accepted definition of 

dumping, although not the legal definition in the United States as it pertains to 

bringing dumping claims against foreign competitors. The legal definition is 

subjective and each instance of dumping charges must navigate the process as 

described in the next section to determine whether dumping has occurred. 

  Injury Determination. A two-stage process must be completed to legally 

show dumping has occurred.  First, the USDOC determines whether the subject 

imported product has been sold at prices which are ‘less than fair value’ (LTFV). 

If this is found in the affirmative then the USITC determines whether domestic 

firms have been materially injured by these imports. For imports to be sold at 

LTFV one of three situations must be demonstrated (Mastel, 1998):  

     1. Imports are priced less than their price in the home market 

     2. Imports are priced less than their price in a third market.  

     3. If above cannot be determined, imports are priced less than their cost of  

         production. 
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The USDOC’s International Trade Administration (ITA) makes this 

determination. The ITA staff first attempts to compare import prices to prices of the 

product in the foreign firm’s home market during the six months prior to the petition 

date.  If the foreign firm’s product is not significantly consumed in the home market, the 

ITA then attempts to compare prices in the United States versus a third market.  If data 

are not available for either of these methods or if prices are thought to be below cost in 

more than only the United States domestic market, the ITA constructs its own estimates 

of production costs with an additional markup for overhead, fixed costs, and profit.  This 

internally generated ITA price is then compared with realized import prices.   

During the period from 1989 to 2008, the USDOC ruled in 98.1% of the cases 

considered that dumping had occurred (USITC, 2010).  Figure 11 presents the yearly 

percentage of dumping charges determined in the affirmative by the ITA. In no individual 

year during the period of study does the percentage drop below 90.0%. If the ITA 

determines that dumping has occurred by one of the three aforementioned guidelines, the 

USITC then investigates whether the domestic industry has been materially injured by 

these imports. The existence of imported products being sold at LTFV prices does not 

necessarily guarantee there are economic damages. Only if there has been material injury 

to the domestic industry directly attributable to those imports will damages be awarded. 

Material injury is defined by the USITC as “harm which is not inconsequential, 

immaterial, or unimportant.14” The law directs the Commission to consider (1) the 

volume of imports of the subject merchandise, (2) the effect of imports of that 

 merchandise on prices in the United States for domestic like products, and (3) the impact 

                                                 
14 Section 771(7) of the Act (19 U.S.C. § 1677(7)). 
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Figure 11. Percentage Affirmative Antidumping Rulings by the International Trade 
                 Commission by Year, 1989 to 2008 
 
Source: United States International Trade Commission Import Injury Investigations Case 
Statistics (FY 1980-2008). 

 

of imports of such merchandise on domestic producers of like products in the context of 

production operations within the United States (Carpenter, 2008). 

From 1989 to 2008, 53.1% of claims were found in the affirmative for material 

injury by the USITC with individual year results varying much more widely than 

judgments by the ITA as shown in Figure 12. If it is found in the affirmative that 

domestic producers have been materially injured there will be antidumping duties 

imposed to artificially increase the price of imported goods from those countries or 

companies determined to be selling at LTFV.   
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Figure 12.  Percentage of Claims Heard by U.S. Department of Commerce Found to 
                   Have Material Injury, 1989 to 2008 

Source: United States International Trade Commission Import Injury Investigations Case 
Statistics (FY 1980-2008). 

 

A number of procedures may be undertaken in the determination of material 

injury by the USITC, and these are expected to be completed within 235 days after the 

petition filing date. Initially, there is a preliminary investigation that must be concluded 

within 45 days. If this initial preliminary investigation suggests that subject imports are 

being sold at LTFV, a more in-depth final phase is undertaken. This final phase of the 

Commission’s investigation may be broken down into eight stages: (1) scheduling of the 

final phase, (2) questionnaires, (3) prehearing staff report, (4) hearing and briefs, (5) final 

staff report and memoranda, (6) closing of the record and final comments by parties, (7) 

briefing and vote, and (8) determination and views of the Commission (Carpenter, 2008). 

 The hearing and briefs stage is most relevant to this paper. It is during this period that 

expert economists can offer expert opinion and testify before the USITC.  
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There are two classifications of testimony and analysis presented to the USITC 

during the hearing and briefs phase, traditional or econometric.  Traditional testimony 

entails a trends analysis containing a description of the ongoing domestic and foreign 

market by interested parties.  This generally includes (1) a review of time series data 

pertaining to imports under investigation, (2) a discussion of data that the USITC staff 

has gathered on reported nominal transaction prices for sales of the relevant imports and 

domestic counterparts, and (3) a review of individual transactions for which domestic 

firms allege they have lost sales or suffered revenue losses due to unfair imports (Prusa & 

Sharp, 2001).   

Traditional analysis and determination of injury by the USITC has historically 

depended on a modeling framework known as COMPAS. COMPAS has been in use in 

the ITA since the late 1980s and has been documented previously to have bias toward 

domestic producers (Durling & McCullough, 2005; Prusa & Sharp, 2001). In fact, while 

COMPAS is cited most of the time in support of a particular solution, the output is never 

explicitly the basis for a decision (Durling & McCullugh, 2005). There is no significant 

parameter estimation mechanism contained in COMPAS unless completed separately, it 

is only a spreadsheet modeling tool where certain inputs are entered describing market 

conditions and assumptions (Prusa & Sharp, 2001).  

To determine the impact of subject imports on domestic industry within 

COMPAS, the following calculations are made: 
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“But for” Price 

𝑃�� =  
𝑙𝑛(𝑃�) ∗ ���𝐴𝑑� + 𝐴𝑑��𝐴𝑓���

�1 − 𝐴𝑑� ∗ 𝐴𝑓��
                                        (1) 

where: 

PBF = the “but for” price that would have occurred in the absence of the offending 

imports 

Pu = the Cost, Insurance, and Freight United States margin of subject imports 

Adu = the domestic to unfair import demand elasticity divided by the domestic 

supply elasticity minus the domestic demand elasticity 

Adf = the domestic to fair import demand elasticity divided by the domestic 

supply elasticity minus the domestic demand elasticity 

Afu = the fair to unfair import demand elasticity divided by the fair import 

demand elasticity minus the fair import demand elasticity 

Afd = the fair import demand elasticity divided by the fair import demand 

elasticity minus the fair demand elasticity15 

“But for” Quantity 

𝑄�� =  �𝜀� ∗ ln (𝑃�)� + �𝜀�/� ∗ ln (𝑃�)� + �𝜀�/� ∗ ln (𝑃�)�         (2) 

where: 

QBF = the “but for” quantity that would have occurred in the absence of the 

offending imports 

εD = domestic elasticity of demand  

                                                 
15 The As are assumed or estimated from other models. 
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Pu = the Cost, Insurance, and Freight United States margin of subject imports  

PF = the “fair” import price margin 

𝜀�/�  = domestic product to unfair import elasticity of demand 

𝜀�/� ∗ domestic product to fair import elasticity of demand16 

   The “but for” quantity is the combined impact of the estimated “but for” 

price and quantity as described above. The inputs as described above are all inputs 

of the model, and can be based on empirical estimates or imputed otherwise. 

   If antidumping duties are put in place and the country against which they 

are currently in force believes the process or outcome is incorrect, claimants can 

appeal to the Dispute Settlement Body of the World Trade Organization (WTO).  

Brazilian firms appealed the decision regarding the continued implementation of 

dumping duties against orange juice to this body, initially filing their complaint 

on November 27, 2008. In March 2011, the WTO ruled that the “zeroing” process 

that the United States used to calculate the duty levels applied to subject imports 

was improper and had been applied inconsistently. Zeroing is the process 

undertaken to determine the amount of antidumping duty to be applied to subject 

imports in order for them to trade at “fair” prices. As of August 12, 2011, a 

Federal Register entry came into effect adjusting prior antidumping duty levels to 

be brought into agreement with WTO findings, exhibiting a significant decrease 

to prior amounts assessed (Certain, 2011). 

 
                                                 

16 The εs are assumed or estimated from other models. 
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Welfare Implications. It has been argued that antidumping charges are a pressure 

valve which allows threatened domestic industries to protect themselves from foreign 

competition after opening to trade or admittance to organizations such as the WTO.  A 

country may not be allowed to impose tariffs or quotas due to Most Favored Nation 

status, which many countries are designated under terms with the WTO. Antidumping 

charges have on occasion taken the place of tariffs or quotas on foreign goods.  Since the 

minimum duration an antidumping duty is in effect prior to the mandatory review is five 

years, the welfare implications of these duties are sizable.  

Where prices can be influenced for consumers and producers in a country by 

policy, welfare effects are present and should be taken into consideration.  Gallaway, 

Blonigen and Flynn (1999) developed a framework to quantify the effects of antidumping 

duties in the United States. Using a computable general equilibrium model, they 

estimated the cumulative effect of the then 306 current antidumping orders. Due to the 

protection afforded in certain industries from antidumping duties, revenues are shifted 

toward some domestic producers while others may lose and overall welfare declines. 

Gallaway et al. estimated that the collective net economic welfare loss in 1993 was $4.0 

billion, or $5.9 billion in 2009 dollars when adjusted for inflation. Since we are interested 

in only the industry-specific welfare effects the analysis below is a partial equilibrium 

analysis and general equilibrium welfare effects are left for future analysis. 
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Econometric Models 

  The models utilized test the attributable impact upon the domestic orange juice 

price resulting from imported Brazilian FCOJ. If Brazilian FCOJ imports have a 

statistically significant impact on domestic prices and are econometrically shown to have 

caused price deterioration, it is inferred that material injury has occurred due to the 

subject imports. The amount of injury can be determined based on the estimated price 

deterioration caused by the subject imports and the quantity sold at the lower price during 

the period of offense, as in Prusa and Sharp (2001) and Sharp and Zantow (2005). Prior 

research and modeling efforts are considered and incorporated into the method of study 

as described below. 

Simultaneous equation models have been previously utilized in studying the merit 

of material injury in dumping claims although they have not specifically been used for 

the FCOJ market. For example, Sharp and Zantow (2005) modeled the market for shrimp 

and Prusa and Sharp (2001) modeled the market for cold-rolled steel in an attempt to 

evaluate claims that foreign producers materially injured domestic claimants. Both papers 

use the attributable statistical impact of subject imports from the country named in the 

complaint to measure the material injury attributable to those imports.  

Prior work specific to the market for orange juice suggests variables that should 

be included in this study. Roll (1984) and Stock and Watson (2007) discuss orange juice 

and the role weather plays in price determination. The majority of oranges grown 

specifically for FCOJ are grown in a concentrated area in Florida. Roll estimated the 

impact of below-freezing temperatures on futures contract price movements. Stock and 
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Watson (2007) use freezing degree days per month and monthly seasonal variables to 

determine the impact of cold weather on wholesale prices. 

Williams, Capps, and Bessler (2004) employed a multi-equation annual price 

equilibrium simulation model using annual data.  They claimed a statistically significant 

impact of generic advertising for orange juice from 1967 to 2000 and simulated the 

impact of advertising on prices once the initial model had been estimated. Brown (2005, 

2008) found the effect of generic advertising by the Florida Department of Citrus and the 

impact on FCOJ prices to be significant and positive.  

Love, Sterns, Spreen, and Wysocki (2006) discuss the relationship between low 

carbohydrate diets, such as the Atkins or South Beach, and demand for FCOJ at the retail 

level. Their period of study focused on the 2000 to 2004 time period and used rolling 

four-week retail sales data. These prior models and economic theory suggest covariates 

for purposes of this study. Now, we turn to the specific models to be examined and 

econometric results. 

An Econometric Model of the Domestic FCOJ Market 

  This section describes the data utilized, including general summary statistics and 

data diagnostic tests undertaken. Two alternative econometric models are utilized to infer 

the impact of Brazilian FCOJ on United States domestic market prices. Both the 

structural vector autoregression (SVAR) and simultaneous equation modeling approach 

allow for the specific determination of Brazilian FCOJ’s impact on domestic prices 

during the period of study. Simultaneous equations modeling has been employed in the 

evaluation of dumping claims previously and allows for specific relational impacts to be 

determined for each variable included in the model. SVAR is included as an alternative 
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modeling approach not previously employed in academic research specifically to 

dumping evaluation. If the results from SVAR modeling agree with simultaneous 

equation results, it will strengthen the evidence of the claim. 

The period of study covers from June 1993 to January 2011 including 214 

observations.17 Data sources and further information regarding the variables employed 

are included in Appendix A. Summary statistics for variables to be examined are 

presented in Table 15. 

  Summary Statistics. The summary statistics indicate the monthly volume of 

orange juice sold was 64.2 million gallons and the average real price was $1.03 per 12-

ounce equivalent can from 1993 to 2011. The news stories referencing the Atkins or low-

carbohydrate diets were largely concentrated between 2001 and 2004 and highly variable, 

as the standard deviation of Atkins confirms. Real advertising dollars were highly 

variable and followed a seasonal pattern. This variability is evident in the size of the 

standard deviation relative to the mean. Virtually all variables contain all records for the 

full sample. Population is missing the most records with only three missing values. 

Figure 13 contains graphic information relating the movements during the period of study 

of the major price variables of interest to the analysis, Price, Brazil prices, and ROW 

prices. In early 2006, there is a large, clear increase in Price that is not concurrent with 

any marked changes in imports from Brazil or the rest of world. Coincidentally in March 

2006, antidumping  

 
 
                                                 

17 Period of study was chosen due to a structural break in the price of FCOJ. The 1993-1994 
season was a record crop year for juice oranges and ushered in a new lower market price. For more 
information see Florida Citrus Outlook, 1995-1996 Season. 
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Table 15. Summary Statistics 
______________________________________________________________________ 

  
      Mean 

Variable  Units (Std. Dev.) 
Quantity Retail gallon units sold        64,251,048  

 
     (12,008,676) 

Price Real retail prices per 12 oz. can      1.03  

 
     (0.09) 

Atkins Hundreds of stories published in major 
world publications referencing 

   32.85  

 
   (66.10) 

Orange prices Real U.S. domestic orange "on-tree" prices 
per box 

     3.11  

 
    (1.39) 

Orange imports Real declared customs value of imported 
oranges per kilogram 

    0.35  

 
    (0.17) 

Brazil imports Real FCOJ declared customs value per liter 
imported from Brazil   

    0.14  

 
    (0.08) 

ROW imports Real FCOJ declared customs value per liter 
imported from all countries except Brazil 

    0.15  

 
    (0.03) 

Income  Real per capita disposable income (in 
chained 2005 $'s)  

  8,456  

 
  (1,283) 

Advertising  Real Generic Orange Juice Promotional and 
Advertising Dollars  

1,463,677  

 
(1,102,509) 

Population Total resident civilian population (in tens of 
millions) 

   28.4  

 
   (16.6) 

Agricultural wages  Real average hourly wage paid for 
agricultural workers in the U.S 

   4.56  

 
  (0.33) 

Export price Real FCOJ declared customs value per liter  
for orange juice leaving the United States 

  0.37  

 
 (0.09) 

Agricultural Machinery  Real Producer Price Index for  
Agricultural Machinery  

 4.56  

 
(0.33) 

Gas prices  Real monthly U.S. Retail Regular Gasoline 
price index 

        92.95  

 
      (29.07) 

Precipitation  # of inches of rain per month in Orlando, FL   4.62  

 
         (2.75) 

Freezing # of days per month where low temperature 
in Orlando, FL, was below freezing  

 0.19  

 
(0.82) 

Number of Observations (min - max) (211-214) 
_____________________________________________________________________ 
 
Note. Variables in italics are expressed in natural logarithms for model estimation. 
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duties resulting from the 2004 charge against Brazilian producers were put into effect. 

The impact of these duties can be studied in the modeling approaches used. 

 

 
 
Figure 13. Price, Brazil Prices, and ROW Prices, 1993 to 2011 

Note. Brazil Prices and ROW Prices are per liter and are matched to the left axis. Price is  
per 12-ounce container and is matched to the right axis. 
 
  Unit Root Tests. Prior to regression analysis, it must be determined if there are 

any underlying time dependent trends in the data.   If analysis were performed with time 

dependent trends present not taken into account, results obtained could be spurious 

(Granger & Newbold, 1974).  Unit root test results of the individual variables are 

presented in Table 16 along with the corresponding order of integration.  The Dickey-

Fuller GLS (DFGLS) method is employed, and has the best small sample properties as 

described in Elliott, Rothenberg, and Stock (1996).  With DFGLS initially indicating 

some variables have unit roots, those variables are differenced the number of orders as 

indicated in Table 16 to obtain stationary data series that can be utilized in further 
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analysis. This will change the way some coefficients are interpreted, as differenced 

variables will pertain to rates of change of those variables, with those differenced twice 

representing the acceleration of changes in the variable. 

 

               Table 16.  Unit Root Tests 

        ___________________________________________________ 

        Variable 
Confidence 

Level Specification* Order 
Agricultural Wages 5% C, LT 2 
Atkins 1% C 0 
Brazil Prices 5% C, LT 0 
Export Prices 1% C 0 
Gas Prices 5% C, LT 0 
Imported Orange 5% C, LT 1 
Quantity 5% C, LT 2 
Population 1% C 0 
Orange (on tree) 1% C 0 
Income 1% C 0 
Agricultural 
Machinery 1% C 1 
Price 1% C 1 
ROW Prices 1% C 0 
OJ Public Relations 1% C 0 
Precipitation 1% C 1 
Freezing 1% C 1 
Precipitation*Freezing 1% C 0 

       ___________________________________________________        

       Note. * C - Constant, LT - Linear Trend. 

  Causality Tests. For the stationary variables, Granger causality tests between 

domestic FCOJ prices and the independent variables are performed. All pairwise tests 

contain 12 lags of the paired variables. The null hypothesis is that the variable of interest  
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does not Granger cause the 1st difference of domestic FCOJ price, or that the 1st 

difference of domestic FCOJ price does not Granger cause the independent variable of 

interest. If the p-value from the Granger causality test is less than .05, then we reject the 

null hypothesis. There are three independent variables that Granger causes the first 

difference of domestic FCOJ: Atkins, Antidumping duties, and ROW prices. 

Antidumping duties is a dummy variable for the date the duties arising from the 2004 

charges of dumping against Brazil began in effect. For the null hypothesis that the 1st 

difference FCOJ price Granger causes other independent variables of interest, there is one 

instance the null hypothesis of no Granger causality is rejected, Precipitation. This seems 

a case of spurious regression as it is unlikely that changes in domestic FCOJ prices 

actually affect precipitation amounts in northern Florida. Utilizing a Johansen 

Cointegration test on the stationary series of Brazil Price and Precipitation, it does, in 

fact, turn out that these two time series are cointegrated of one order at the 5% level, 

lending evidence for the spurious regression argument. The Granger causality test results 

in Table 17 suggest there is no statistical relationship between Brazil Prices and realized 

domestic FCOJ price changes, an early indicator that Brazilian imports may not have 

harmed domestic producers. However, further econometric evaluation should be 

undertaken since the Granger causality test is bivariate, not controlling for possible 

correlation with other variables.  If Brazil Prices are correlated with another variable not 

included in the estimating equation, it could bias estimates leading to an absence of a 

relationship when one truly exists (Stock & Watson, 2007). 
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Table 17. Pairwise Granger Causality Tests 

(A) Null hypothesis: Variable does not Granger Cause U.S. Domestic FCOJ Price 
(B) Null hypothesis: U.S. Domestic FCOJ Price does not Granger Cause Variable 

  (A): p-value (B): p-value 
Agricultural Wages 0.88 0.33 
Antidumping Duties* 0.03 0.08 
Atkins 0.01 0.21 
Brazil Prices 0.13 0.40 
Export Price 0.23 0.95 
Gas Price 0.42 0.43 
Orange Imports 0.19 0.45 
Quantity 0.18 0.27 
Population 0.48 0.91 
Orange Price 0.30 0.30 
Income 0.89 0.11 
Agricultural Machinery 0.29 0.95 
ROW Prices 0.01 0.58 
Advertising 0.51 0.66 
Precipitation 0.21 0.03 
Freezing 0.18 0.70 
Precipitation*Freezing 0.21 0.74 

_____________________________________________________________________ 

*Dummy variable for antidumping duties imposed following the 2004 charges. 
 
Note. All causality tests incorporate twelve lagged periods. 
 
 
  
Model Description and Results 

With the data described and diagnostic results completed, I now describe and 

estimate the econometric models. A SVAR and a structural simultaneous equations 

model are estimated to assess the impact of Brazilian FCOJ imports to the United 

States. 
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  Structural Vector Autoregression (SVAR) Model. The SVAR modeling 

approach allows for both price and quantity to be endogenously determined within the 

framework of the model. SVAR modeling allows for the interpretation of shocks in an 

endogenous variable (according to assumptions) and its impact on the other endogenous 

variable. If petitioners’ arguments are correct regarding Brazilian orange juice being 

dumped on the domestic market, the sum of the individual effects of the Brazilian FCOJ 

(Brazil Prices) coefficient(s) should be negative and statistically significant. This model 

includes individual independent variables, thus allowing for specific impacts to be 

determined between independent variables and differenced domestic FCOJ price along 

with simultaneous determination of the endogenous variables of price and quantity. This 

also allows for a precise testing of the relationship between Brazilian imported FCOJ and 

the different prices of domestic FCOJ. If there is a significant relationship between 

Brazilian imports and domestic prices, some individual Brazil Prices variables should 

have significant t-statistics.  

The SVAR mode in general form is specified as:  

𝑃� = 𝐴� + �𝛽��

�

���

𝑃��� + �𝛿��𝑄���

�

���

+ �𝛾��𝑋����

�

���

+ 𝜀��                      (5) 

 

𝑄� = 𝐴� + �𝛽��

�

���

𝑃��� + �𝛿��𝑄���

�

���

+ �𝛾��𝑋����

�

���

+ 𝜀��                      (6) 

where: 
 

A1, A2 = vectors of constant terms to be estimated 
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Pt = the real realized retail price per 12-ounce can 

Qt = the quantity of retail orange juice sold in gallons per month as reported by 

        Nielsen Scantrack data to the Florida Department of Citrus 

i = the individual monthly observation 

k = the number of lags for P and Q 

m = the number of time periods the individual independent variable is lagged 

t = the time period for which the observation was realized 

ε1t = the error term from equation (3) 

ε2t = the error term from equation (4). 

Exogenous variables in the X matrix include: 
 

Atkins = the number of monthly stories published in major world publications as  

found in the Lexis-Nexis Academic Database containing references to the  

Atkins diet (expressed in thousands) 

Brazil Prices = the log of real price per unit of orange juice imported to the  
 
United States from Brazil, based on USITC declared customs value 

 
      ROW Prices = the log of real price per unit of orange juice imported to the  
 

United States from all countries worldwide (rest of world) except Brazil,  
 
based on their USITC  declared customs value 

 
      Income = the log of per capita real disposable income 
 

Advertising = the log of real generic orange juice promotional and advertising 

dollars spent in the United States as reported by the Florida Department of  

Citrus 
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Population = the total resident civilian population of the United States as reported 

by the United States Census Bureau 

Export Price =  log of the price of orange juice exported from the United States 

 based on USITC declared customs value 

Agricultural Wages =  log of the average hourly wage of agricultural workers in 

the United States 

Orange Price = log of the real average monthly domestic “on tree” price per box 

 as reported by the USDA  

Import  Price = log of the price of oranges imported to the United States based on 

USITC declared customs value 

Agricultural Machinery = log of the Producer Price Index value for Agricultural 

 Machinery 

Gas Prices = log of the monthly United States retail regular gasoline prices as 

available via the U.S. Energy Information Administration 

Freezing = the total number of days per calendar month at the Orlando, Florida, 

NOAA weather reporting station where the recorded daily low temperature 

was below freezing  

Precipitation = the total rain in inches per calendar month at the Orlando, Florida, 

 NOAA weather reporting station 

The SVAR methodology allows for a structural modeling approach and imposes 

constraints on the feedback mechanisms within the market if the SVAR is identified. Two 
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equations are estimated, one for each of the two endogenous variables: Price and 

Quantity.  

  SVAR Estimation Results. Two endogenous SVAR equations are estimated with 

Quantity and Price as the dependent variables in two related SVAR estimations. Each 

dependent variable is a function of lagged realized values of itself and the other 

endogenous variable plus all other independent variables. Diagnostic tests are employed 

to determine the correct lag structure. The Akaike Information Criterion and Hannan-

Quinn results suggested including up to 18 lagged periods in the model, while the Final 

Prediction Error and Schwarz Criterion suggested 15 periods. Initially, I estimated the 

model with the longer lag structure and removed insignificant variables until I reached 

the model as described below. 

Table 18 contains the results of the SVAR estimation. There are a number of 

statistically significant variables in both the Quantity and Price equations. The Quantity 

estimating equation resulted in an R-squared of 0.999, and the Price estimating equation 

resulted in an R-squared of .997; the adjusted R-squareds for both of these equations are 

0.929 and 0.819, respectively. The estimated models have a relatively good fit, even after 

taking into account the number of variables included.  

            The Quantity equation has a number of statistically significant variables. The  

majority of those independent variables that are significant are lagged values of Quantity 
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   Table 18 

   SVAR Estimation Results 
  _____________________________________________________________________ 
      
Dependent        d(Quantity)             d(Price) 
Variable Coefficient p-value Coefficient p-value 

______________________________________________________________________ 
 
Quantity(-1) -  1.84 0.00   
Quantity(-2) -  3.14 0.00   
Quantity(-3) -  4.53 0.00 -0.30 0.00 
Quantity(-4) -  5.32 0.00 -0.67 0.00 
Quantity(-5) -  6.04 0.00 -0.93 0.00 
Quantity(-6) -  7.11 0.00 -1.14 0.00 
Quantity(-7) -  7.97 0.00 -1.22 0.00 
Quantity(-8) -  8.65 0.01 -1.25 0.00 
Quantity(-9) -  9.14 0.02 -1.26 0.00 
Quantity(-10) -  9.46 0.03 -1.20 0.00 
Quantity(-11) -10.37 0.02 -1.12 0.01 
Quantity(-12) -10.34 0.01 -0.88 0.03 
Quantity(-13) -  9.22 0.01   
Quantity(-14) -  6.64 0.03   
Brazil Prices(-4) -  0.40 0.02   
Brazil Prices(-8) -  0.44 0.03   
Gas Prices(-4) -  4.11 0.01   
Gas Prices(-7) -  6.77 0.05   
Population    0.00 0.04   
Income(-10) -28.53 0.01   
Agricultural Machinery(-1)  29.19 0.04   
Price(-7)   -0.73 0.00 
Price(-11)   -0.99 0.00 
Price(-12)   -0.50 0.02 
Price(-18)   -0.54 0.02 
Antidumping Duties*    0.11 0.00 
Sales Dummy**    0.02 0.05 
Atkins    0.00 0.00 
Brazil Prices(-3)   0.06                0.00 
 

 
   *Marks implementation of antidumping duties in March 2006.                      (continued) 
 **Marks discrete change in sales reporting in 1997. 
 
 Notes. Only variables significant at the 5% level are shown. Italicized variables are  
expressed in natural logarithms.                           
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 Table 18 

   SVAR Estimation Results 
  _____________________________________________________________________ 
      
 Dependent        d(Quantity)             d(Price) 
 Variable Coefficient p-value Coefficient p-value 

______________________________________________________________________ 
 
  Brazil Prices(-7)       -0.07  0.00 
  Brazil Prices(-10)        0.06  0.01 
  Brazil Prices(-13)       -0.05  0.01 
  Export Price        -0.07  0.00  
  Export Price(-1)        -0.09  0.00 
 Export Price(-2)       -0.05   0.04 
Agricultural Wages(-2)       -1.52   0.00 
Agricultural Wages(-3)       -2.22   0.00 
Agricultural Wages(-4)       -1.71   0.01 
Agricultural Wages(-7)        1.60   0.04 
Agricultural Wages(-8)      1.65 0.04 
Agricultural Wages(-9)      1.88 0.01 
Agricultural Wages(-10)      1.83 0.02 
Agricultural Wages(-12)     1.23 0.03 
Gas Prices(-10)    -0.54 0.01 
Population     0.00 0.05 
Income(-7)     1.99 0.02 
Income(-12)     3.41 0.05 
Income(-13)   -4.03 0.00 
Orange Imports(-2)   -0.03 0.04 
Orange Imports(-3)   -0.05 0.01 
Orange Imports(-5)   -0.08 0.00 
Orange Imports(-7)   -0.05 0.01 
Orange Imports(-8)   -0.06 0.00 
Orange Imports(-9)   -0.10 0.00 
Orange Imports(-10)   -0.06 0.00 
Orange Imports(-11)   -0.06 0.00 
Agricultural Machinery(-8)    2.56 0.01 
Agricultural Machinery(-9)    3.63 0.02 
Agricultural Machinery(-12)    4.39 0.00 
 __________________________________________________________________ 
 

   *Marks implementation of antidumping duties in March 2006.              (continued) 
 **Marks discrete change in sales reporting in 1997. 
 
Notes. Only variables significant at the 5% level are shown. Italicized variables are   
expressed in natural logarithms.                           
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Table 18 

  SVAR Estimation Results 
  _____________________________________________________________________ 
      
 Dependent        d(Quantity)             d(Price) 
 Variable Coefficient p-value Coefficient p-value 

______________________________________________________________________ 
 
Orange Price(-1)     -0.03    0.03 
Orange Price(-2)      0.06    0.00 
Orange Price(-4)     -0.07    0.00 
Orange Price(-7)      0.08    0.00 
Orange Price(-8)     -0.08    0.00 
Orange Price(-9)   0.04 0.00 
ROW Prices   0.09 0.00 
ROW Prices(-3)   -0.13 0.00 
ROW Prices(-5)    0.13 0.03 
ROW Prices(-10)   -0.13 0.00 
Freezing   -0.03 0.00 
Freezing(-1)   -0.02 0.02 
Freezing(-2)   -0.03 0.01 
Freezing(-3)   -0.03 0.00 
Freezing(-4)   -0.05 0.00 
Freezing(-5)   -0.05 0.00 
Freezing(-6)   -0.04 0.02 
Freezing(-7)   -0.04 0.02 
Freezing(-8)   -0.03 0.02 
Freezing(-9)   -0.03 0.00 
Freezing(-10)   -0.05 0.00 
Freezing(-11)   -0.02 0.03 
Precipitation(-3)    0.05 0.01 
Precipitation(-4)    0.04 0.00 
Precipitation(-5)    0.04 0.00 
Precipitation(-6)    0.03 0.00 
Precipitation(-7)    0.03 0.00 
____________________________________________________________________ 
 

   *Marks implementation of antidumping duties in March 2006.              (continued) 
 **Marks discrete change in sales reporting in 1997. 
 
Notes. Only variables significant at the 5% level are shown. Italicized variables are 
expressed in natural logarithms.                           
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Table 18 

  SVAR Estimation Results 
  ______________________________________________________________________ 
      
 Dependent        d(Quantity)             d(Price) 
 Variable Coefficient p-value Coefficient p-value 
______________________________________________________________________ 
 
Precipitation(-8)    0.03 0.00 
Precipitation(-9)    0.01 0.00 
Precipitation(-10)    0.01 0.01 
Precipitation*Freezing(-3)    0.00 0.05 
 
May   -0.18 0.02 
July   -0.22 0.02 
August   -0.22 0.01 
September   -0.18 0.05 
 
 R-squared      0.999             0.997 
 Adj. R-squared      0.929             0.819 
 F-statistic      14.31               5.60 
 Log likelihood    567.77         1001.25 
 Akaike AIC     -  3.98         -     8.52 
 Schwarz SC     -  0.78         -     5.31 
 
____________________________________________________________________________ 

   *Marks implementation of antidumping duties in March 2006. 

 **Marks discrete change in sales reporting in 1997. 
 
Notes. Only variables significant at the 5% level are shown. Italicized variables are    
expressed in natural logarithms.  
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in periods t-1 through t-14. with all of these lagged realized values having negative 

coefficients. Additionally, Brazil Prices, Gas Prices, Income, Population, and 

Agricultural Machinery have statistically significant relationships with Quantity. While 

the Price estimating equation may be thought to have the most applicability to the study 

at hand, it appears that Brazilian FCOJ has a negative relationship with the rate of change 

of the quantity sold in the United States domestic market. In itself, this lends to the 

interpretation that Brazilian imports can hurt domestic producers by lowering the amount 

of goods sold. However, alternatively, it might be a shortage of domestic oranges that is 

filled by Brazilian imports. 

            The Price estimating equation has considerably more statistically significant 

variables, including a number of realized values of Quantity in all periods from t-3 to t-

12. Lagged realized values of Price are also significant in periods t-7, t-11, t-12, and t-18. 

A dummy variable for Antidumping Duties was included in the estimating equation to 

account for the March 2006 institution of duties against Brazilian imports. The 

implementation of these duties had a positive and statistically significant impact on rate 

of change of domestic prices of 11%. Brazil Prices have mixed signs according to the 

realized lagged variable length. In total, these coefficients have a negative impact during 

the full 2001 to 2004 period where it is claimed that Brazilian imports were dumped into 

the domestic market. Utilizing realized values with the estimated coefficients, Brazil 

Prices resulted in an average negative 2.3% decrease in the rate of change of FCOJ 

prices, inferring there was material injury to domestic producers. In estimating this 

impact, I combined the estimated impact of the statistically significant Brazil Price 

periods in t-3, t-7, t-10, and t-13 to estimate what the rate of domestic price change would 
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have been in the absence of Brazilian FCOJ imports. I then adjusted realized prices by 

that percentage and multiplied by the realized quantity sold to prepare an estimate of 

losses. This resulted in an estimated $360.9 million in damages to domestic producers, as 

realized in diminished prices multiplied by the number of units sold from 2001 through 

2004.  

Other variables besides the central variable to this study are worth mentioning. 

Income exhibits mixed signs individually according to lag length and its effect on price; 

but when considering the coefficients in total, the impact is positive, indicating that FCOJ 

is a normal good. Orange Imports has a negative and significant relationship to domestic 

price changes, and the price of oranges which could be used as inputs in FCOJ production 

can negatively affect domestic producers. ROW Prices also has a statistically significant 

impact on domestic prices in periods t, t-3, t-5, and t-10, with coefficients of 0.09, -0.13, 

0.13, and -0.13, respectively. Although there are mixed signs, in total the impact is 

negative and significant. This variable is telling in that the percentage impacts are 

actually larger than those associated with Brazilian imports based on coefficient 

estimates. These results suggest that domestic manufacturers may need to consider 

additional dumping charges if they are interested in most effectively combating domestic 

price deterioration. While this is suggestive evidence that Brazilian FCOJ imports did 

cause domestic price deterioration, there is a problem within SVAR of correlated error 

terms that could cause issues with estimates. Estimating a second model to ascertain if 

these results are in agreement with SVAR can help confirm or deny the result obtained 

here. I now turn to the simultaneous equations model to study the impact of Brazilian 

FCOJ on the domestic market. 



 

110 
 

  Simultaneous Equations Model. Simultaneous equations modeling employs 

economic theory to provide the structure and estimation techniques to control for 

correlation across equations. Lack of identification is an issue because price and quantity 

are endogenously determined in the simultaneous equations framework. Unless 

instruments are used for quantity, the coefficients estimated will be biased and 

inconsistent. An additional issue is the lack of efficiency; if there are restrictions on 

parameters in the model, then the joint estimation of the supply and demand equations 

will be more efficient than estimating by OLS separately (Gujarati & Porter, 2009).  

            Instrumental variable techniques are employed that utilize exclusion restrictions 

on the supply and demand equations. Based on economic theory, there are variables that 

can be expected to shift only the demand curve but not the supply curve, and likewise 

there are variables that can be anticipated to only shift the supply curve and not the 

demand curve. As a result of the assumption that these exogenous demand variables do 

not affect supply except through their impact on quantity, they can be used as instruments 

for quantity in the supply equation. Likewise, since the exogenous supply variables do 

not affect demand except through their impact on quantity, they can similarly be used as 

instruments for price in the quantity equation. By following these methods, it allows for 

coefficient estimates obtained via 2SLS to be identified and coefficient estimates to be 

consistent. A more detailed description of the model and variables is presented below. 
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A. Demand Equation 

𝑃�� = 𝐴� + �𝛾��
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+ 𝜀��                      (8) 

     where: 

Pt
D = the estimated market price as determined by the demand function estimating 

equation  
 
A1 = a constant term to be estimated  
 
Qt i, and k = as defined above  
 
m = the number of time periods the individual independent x variables are lagged 
 
t =  the time period in which the observation was realized 
 
ε1t = the difference between the estimated and realized price, or realized error 

Exogenous variables affecting demand included in the X matrix include: 

Atkins, Income, Advertising, and Population = as defined above. 

            Per capita real disposable income (Income) is included to account for effects of 

income; it would be assumed that, ceteris paribus, as income increases the price of FCOJ 

should increase as it is anticipated to be a normal good.  The size of domestic market 

(Population) and the number of potential buyers should impact market demand.  

Coefficients for Population and Income should intuitively assume positive values.  
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B. Supply Equation 
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and an equilibrium condition: 

𝑃�� = 𝑃��                                                               (10)                       

where: 

A2, K, m, x, ε, Pt, Qt, i, t, k, and m = as defined above  

Pt
s = the estimated market price as determined by the supply curve estimating 

         equation 

Exogenous variables affecting supply included in the X matrix include:  

             Export price, Agricultural wages, Orange price, Import price, Agricultural 

            machinery, Gas prices, Brazil prices, ROW prices, Freezing, and Precipitation =  

           as described above 

If there is a statistically significant impact between Brazilian FCOJ and domestic 

prices, we can then calculate the amount of price deterioration due to the subject imports 

will be calculated. 
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As a starting point to determine what additional supply factors impact domestic 

industry, the final report of the USITC for orange juice injury determination in the most 

recent case was consulted (USITC, 2006).  Industry participants explicitly discuss factors 

having the most impact on the domestic price of FCOJ.  Orange input prices (Orange 

Price, Import Price) were stated to constitute approximately 80% of the cost of goods 

sold for orange juice extractors and processors.   

            Labor costs (Agricultural Wages), agricultural machinery costs (Agricultural 

Machinery), and gasoline prices (Gas Prices) are listed as the three factors of production 

having the largest price impact for orange growers according to Pimentel and Pimentel 

(2007).   

            It is anticipated that FCOJ imported from Brazil and other countries (ROW 

Prices) will be substitutes for that which is produced domestically, thus the domestic 

price, Brazilian FCOJ, and FCOJ from the rest of the world should exhibit positive 

relationships with one another. Orange juice export price (Export Price) movements 

could signify improving or deteriorating alternative markets to FCOJ being sold 

domestically. An increase in the export price of orange juice would be expected to 

decrease domestic supply, ceteris paribus, as product would be drawn toward higher 

prices outside the country.  As export prices increase, this should place upward pressure 

on domestic prices.  

  Simultaneous Equation Model Estimation. To estimate the model, 2SLS is 

utilized to estimate market supply and demand and these results are presented in Table 

19. An estimate for Quantity was generated in the 1st stage of the estimation and included 

as an instrument to avoid endogeneity issues as Price and Quantity are both 
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simultaneously determined. Those variables in the demand function estimation results 

exhibit the anticipated relationship between market price and quantity. Overall, the R-

squareds for the supply and demand equations were 88.9% and 57.1%, respectively.  

            A number of the lagged forecasted Quantity variables are significant in both the 

supply and demand equations in the determination of Price, all of which exhibit a 

negative relationship. The demand equation contains a number of significant variables 

which impact price, including Atkins, Population, Advertising, and lagged realized values 

of Price. While the Atkins variable has mixed signs, in total the combined effects of these 

variables is positive on domestic prices according to the realized volatility of lagged 

values. Advertising additionally does not have positive impacts on demand in this model, 

exhibiting a slight although statistically significant result.  

The supply equation also contains a number of variables that are statistically 

significant. Orange Imports is statistically significant and exhibits a positive relationship 

with domestic price across the different lagged periods. This implies that with higher 

imported orange prices the rate of domestic price change increases would be higher, an 

intuitive result. Brazil Price again exhibits a negative relationship to domestic rates of 

price change inferring that it does indeed negatively impact domestic prices. Utilizing 

realized lag values over the period of time that unfair competitive behavior is claimed to 

have occurred from 2001 to 2004, Brazil Prices are responsible for a decrease in the rate 

of domestic price change of 2.9% per year. In estimating this impact, I utilized the 

estimated impact of the statistically significant Brazil Price period from period t-7 to  
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Table 19 

 
 Simultaneous Equations Model (2SLS) Estimation Results 
 
 
Dependent Variable d(Price)  Demand Supply 
Variable Coefficient p-value Coefficient p-value 
_______________________________________________________________________ 
 
Constant -2.13 0.01   
Sales Dummy* -0.02 0.04   
Quantity(-2) -0.13 0.03             -0.20 0.01 
Quantity(-3) -0.20 0.01             -0.29 0.00 
Quantity(-4) -0.27 0.00             -0.30 0.01 
Quantity(-5) -0.27 0.01             -0.26 0.03 
Quantity(-6) -0.25 0.02   
Quantity(-7) -0.23 0.02   
Quantity(-8) -0.22 0.02             -0.27                0.02 
Quantity(-9)    -0.21 0.01    -0.26  0.01 
Quantity(-10)    -0.19 0.00    -0.22  0.01 
Quantity(-11)    -0.12 0.00    -0.11  0.02 
Quantity(-12)    -0.05 0.00    -0.05  0.01 
Atkins     0.19 0.01   
Atkins(-2)     0.21 0.03   
Atkins(-5)     0.28 0.00   
Atkins(-6)    -0.33 0.00   
Atkins(-12)    -0.19 0.02   
Population(-4)     0.10 0.03   
Population(-8)    -0.10 0.03   
Population(-11)    -0.10 0.03   
Advertising(-9)    -0.01 0.00   
Price(-4)     0.17 0.03   
Price(-8)    -0.15 0.05   
Price(-9)    -0.16 0.03   
February     0.04 0.02   
March    -0.05 0.01   
 
______________________________________________________________________ 
 

* Marks discrete change in sales reporting in 1997.                                          (continued) 
 

Notes. Only variables significant at the 5% level are shown. Variables italicized are 
expressed in natural logarithms.  
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Table 19 

 
 Simultaneous Equations Model (2SLS) Estimation Results 
 
 
Dependent Variable d(Price)  Demand Supply 
Variable Coefficient p-value Coefficient p-value 
_______________________________________________________________________ 
 
Gas Prices(-7)      0.18 0.04 
Gas Prices(-8)     -0.20 0.02 
Orange Price(-11)     -0.03 0.02 
Orange Price(-12)      0.02 0.05 
Orange Import      0.03 0.00 
Orange Import(-2)      0.02 0.04 
Orange Import(-4)      0.03 0.01 
Orange Import(-5)      0.02 0.02 
Orange Import(-6)      0.02 0.05 
Orange Import(-10)      0.02 0.04 
Brazil Price(-7)     -0.02 0.00 
ROW Price(-10)     -0.06 0.00 
ROW Price(-11)      0.06 0.00 
Precipitation      0.00 0.04 
Precipitation(-2)      0.00 0.03 
Precipitation(-6)      0.00 0.00 
Freezing(-12)      0.01 0.04 
Precipitation*Freezing(-5)      0.00 0.01 
Precipitation*Freezing(-6)      0.00 0.09 
Precipitation*Freezing(-7)        0.00 0.01 
 
R-squared      0.571  0.889 
Adjusted R-squared      0.306  0.572 
F-statistic       2.15  2.81 
Prob(F-statistic)       0.00  0.00 
Akaike Info. Criterion      -4.70 -5.40 
Schwarz Criterion      -3.37 -3.01 
 
 

* Marks discrete change in sales reporting in 1997. 
 

Notes. Only variables significant at the 5% level are shown. Variables italicized are 
expressed in natural logarithms.  
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estimate what the rate of domestic price change would have been in the absence of 

Brazilian FCOJ imports. 

I then calculate realized prices by that percentage and multiplied by the realized 

quantity sold to prepare an estimate of losses. When combining the decreased rate of 

price change due to offending Brazilian imports with realized market prices and 

quantities sold, this resulted in $457.8 million in material injury to domestic claimants 

during the 2001 through 2004 claimed period of unfair competition.  

ROW Prices also exhibit a combined negative impact on realized rates of 

domestic price change in the simultaneous equations model, albeit a smaller impact than 

in the SVAR scheme. While this model does not suggest that imports from countries 

other than Brazil harm domestic producers at a greater rate, it does suggest that future 

claims should consider other foreign orange juice producing countries. Freezing has a 

positive and significant impact on domestic price changes, with the period t-12 

coefficient implying that each additional day where freezing temperatures are observed 

would result in a 1.0% increase in price inflation for FCOJ. The interaction between 

Freezing Temperatures and Precipitation is also positive and significant from periods t-5, 

t-6, and t-7. 

Conclusion 

  The intent of this study was to determine whether Brazilian FCOJ imports 

negatively impacted domestic FCOJ prices, and, if so, the size of the negative impact. 

Simultaneous equation and SVAR methods were employed to determine whether  
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domestic claims of foreign dumping and material injury were valid.18 Based on results in 

this essay, Brazilian imports of FCOJ are statistically related to domestic prices and 

resulted in negative impacts to the rate of FCOJ price changes. Table 20 contains a brief 

summary of the findings from the Granger causality tests, SVAR, and simultaneous 

equation frameworks. While the Granger causality findings do not point toward Brazilian 

FCOJ statistically causing changes in domestic prices, these are bilateral tests and may be 

biased from omitted variables. In the more comprehensive models that followed, 

Brazilian FCOJ exhibited a negative and significant relationship toward domestic price 

changes and did cause material injury to domestic producers. The SVAR results indicate 

an average combined decrease in the rate of domestic FCOJ price change of 2.3%, and 

the 2SLS results imply a decreased rate of domestic FCOJ price change of 2.9% per year. 

Utilizing these two estimates of the amount of domestic price deterioration due to subject 

imports, a 2.3% decrease in FCOJ inflation rates would result in $360.9 million in 

decreased retail revenues for FCOJ, and a 2.9% decrease as suggested by the 2SLS 

results would result in $457.8 million in decreased revenues. With a dollar value assigned 

to the amount of injury, it is easy to understand the concern that domestic FCOJ 

producers have when considering foreign competition and Brazilian FCOJ in particular. 

Results from this study agree with the success that domestic claimants had in their 

petition for antidumping duties to be put in place with both alternative econometric 

evaluation methods concurring with their findings. 

 

                                                 
18 An Autoregressive Distributed Lag model was also estimated and found there was no statistical 
relationship between Brazil Prices and domestic FCOJ prices. An AR model was employed to study 
variance of domestic market prices during the 2001 to 2004 period of claimed unfair competition. The AR 
model did not offer evidence of increased variance during that time. 
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Table 20 
 
 Results Summary 
_______________________________________________________________________ 
 
Model/Method Description of Evaluation Implications 

 
 Granger       Statistical test to determine whether Brazilian FCOJ does not  
 Causality              one variable Granger causes changes Granger cause domestic 
 Tests                     in the other.    Prices, ROW Prices do. 
 
SVAR The vector of Brazil Prices has a              Decreased annual price 
                              negative impact on domestic prices in    changes by an average of 

                               total for the 2001 to 2004 time period.    2.3% from 2001 to 2004. 
                                                                                                Resulted in $360.9 million in 

                                                material injury from 2001to 
                                                2004. 

 
2SLS            In the general model, Brazil Prices is Decreased annual price 
                              statistically significant in period t-7 changes by an average of 
                              and exhibits a negative relationship to 2.7% from 2001 to 2004. 
                              the rate of change in domestic FCOJ Resulted in $457.8 million in 
                              prices.     Material injury from 2001 to 
                                                                   2004. 
_______________________________________________________________________ 

 

The two econometric evaluation methods employed in this study concur with the 

findings of the USITC and USDOC. From this investigation of the topic, I also believe 

that a more formally quantitative methodology than the traditional method incorporating 

COMPAS is needed when assigning material injury amounts.  In regard to the 

antidumping charges levied in 2004 against Brazilian producers, duties put in place 

ranged up to 63.6%, well higher than the 2.3% and 2.7% changes in price that results here 

imply.  

In future evaluations of dumping claims, I recommend that efforts be more 

focused on the econometric methods of estimation and less on prior, more conjectural 
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methods. The implications of the duties being put in place are significant for all parties 

involved, and it is possible that the welfare of consumers will be considered in addition to 

producers. Increased domestic prices for consumers result in a smaller amount of money 

available to be spent on other items that they would have been able to purchase without 

the change in relative prices which result in artificially-induced price changes.  

Further work is needed to refine these results from their current form. Currently, it 

offers suggestive evidence that Brazilian FCOJ imports did materially injure domestic 

orange juice producers from realized decreased rates of change of domestic orange juice 

prices. In its current form, the results are sensitive to the exact specification of the model. 

In order to better prepare these results, a more refined specification of variables included 

should be undertaken with a more exacting approach to determining the sample period.  
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APPENDIX A 

              CHAPTER 4 DATA DESCRIPTION AND SOURCE  

   The period of study covers January 1989 to January 2011 and contains 253 

monthly observations.  There was no central repository for the data needed to undertake 

this study, and various sources were utilized in gathering the needed information. 

 Quantity information for imports and exports of orange juice, product price, and country 

of origin is available through the USITC.  The USITC maintains the online Interactive 

Tariff and Trade DataWeb which tracks trade information by Standard Industry 

Classification, or SIC code.19 

  Weekly orange juice sales information was obtained directly from the Florida 

Department of Citrus20 (FDOC) for larger outlets including Wal-Mart and chains that 

have greater than $2.0 million in sales annually for the time period of the study.  These 

weekly sales data were obtained and pro-rated to generate monthly estimates according to 

the number of weekdays falling in each month.  The FDOC also furnished information 

regarding generic orange juice advertising expenditures by month, which were obtained 

directly from monthly financial statements.21 Retail orange juice price information as 

listed is the U.S. city average retail price of a 12-ounce frozen concentrated orange juice   

can, per 16 oz. and was obtained from the U.S. Bureau of Labor Statistics.22 

 

                                                 
19 http://dataweb.usitc.gov/. 
20 http://www.fdocgrower.com. 
21 Retrieved online 9/20/10 from 

http://www.fdocgrower.com/d/economic_and_market_research/publications_and_ 
presentations/miscellaneous_reports/ojfuture_12-1-09.pdf. 

22 http://data.bls.gov/timeseries/APU0000713111. 

http://data.bls.gov/timeseries/APU0000713111
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The Department of Citrus is unique in that it is funded directly from a per-box tax 

assessed on all oranges produced in the state of Florida. In 1935, the Florida Citrus Code 

was passed, establishing the Florida Citrus Commission and the Florida Department of 

Citrus as agencies of the state government to provide marketing, research, and regulatory 

support to the entire industry.23  

The demand impact of Atkins and South Beach low-carbohydrate diets was 

instrumented using search results from the Lexis-Nexis Academic database, as previously 

implemented in the style of Love et al.’s (2006) methodology.  The number of news 

stories discussing the Atkins diet in “Major World Publications” as described in Lexis-

Nexis during each month of the period of study were captured.  Major World 

Publications are considered “full-text news sources from around the world which are held 

in high esteem for their content reliability” as defined by Lexis-Nexis. 

Per capita real disposable income is calculated using income information via the 

Regional Economic Information System maintained by the Bureau of Economic Analysis 

from the U.S. Department of Commerce website paired with population estimates 

obtainable from the U.S. Census Bureau.  Agricultural machinery PPI information is 

available from the U.S. Bureau of Labor Statistics website for indexing prices.24 

 Gasoline price information was obtained from the U.S. Department of Energy, in 

particular the data series on U.S. city average retail price for unleaded regular gasoline.25 

 

                                                 
 

23 Retrieved online from the Florida Citrus Mutual website on 9/20/10 
from: http://www.flcitrusmutual.com/industry-issues/fdoc_fcc.aspx. 

24 http://data.bls.gov. 
25 http://www.eia.doe.gov/. 

http://www.flcitrusmutual.com/industry-issues/fdoc_fcc.aspx
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Agricultural wages were obtained from the National Agricultural Statistics Service,26 a 

division of the United States Department of Agriculture. These values are reported on a 

quarterly basis, which causes problems in that the data frequency for all other variables is 

monthly. This shortcoming was handled by using the monthly percentage change of the 

average hourly wage of workers employed in total private industry to interpolate the 

missing monthly values, which were obtained from the St. Louis branch of the U.S. 

Federal Reserve FRED database.27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
26 http://www.nass.usda.gov/. 
27 http://research.stlouisfed.org/fred2/. 

http://www.nass.usda.gov/

