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ABSTRACT

This paper applies tests of the employment impact of the minimum wage –originally developed by Card (1992) and Deere, Murphy, and Welch (1995) for the 1990-91 increases in the federal minimum– to the 1996-97 increases in the federal minimum. The tests suggest that the full 21% increase had no measurable impact on the employment of teenagers or less-than-high-school-educated adults. To the extent that the tests find any employment impact, positive or negative, the effects appear to be larger in the short-term (one year)  than they are in the longer-term (two to three years). The Deere, Murphy, Welch test generally performs poorly in 1996-97; its experimental design may not control adequately for business-cycle fluctuations.

I. Introduction


Two papers –Card (1992) and Deere, Murphy, Welch (1995) (hereafter DMW)– sought to use variation in state labor markets to test the employment impact of the 1990-91 increases in the federal minimum wage. Card (1992), later expanded in Card and Krueger (1995), found "no evidence of [employment] losses" among 16-19 year olds.
 DMW, however, concluded that 15-19 year-olds and 20-54 year-old adults with less than a high-school degree experienced large employment losses after the two-stage increase.

That two studies examining the same data (from the Current Population Survey), covering the same time period, and relying on the same kind of quasi-experimental variation across states arrived at such different conclusions raises important questions about both the studies' experimental design and the true employment effects of the minimum wage. The most recent two-step increase in the federal minimum wage, implemented in October 1996 and September 1997, provides an opportunity to revisit these same two tests.

Several issues make a reexamination of the Card and DMW tests particularly interesting. First, such a reexamination follows, in spirit, the call for pre-specified methodologies for testing the employment effects of the minimum wage.
 Arguably, Card and DMW's decision to publish their tests of the 1990-91 increases constitutes a form of pre-specification of their preferred test of other, similar, minimum-wage increases. This paper, of course, is not a pure form of pre-specification in that I have chosen these two tests from a larger list of possible tests, including others that also rely on state variation.
 The rationale behind limiting the analysis here to Card and DMW's approaches is to concentrate on the tests of the 1990-91 increases that differed most in their conclusions about the employment effects.

A second compelling reason to reapply the Card and DMW tests of the 1990-91 increase to the 1996-97 increases is that the first set of increases took place in the middle of a recession, while the second set of increases were enacted in the middle of an economic recovery. The implementation of the same set of employment tests in both a recession and a recovery may shed light on both the validity of the tests' business-cycle controls as well as the employment dynamics of the minimum wage in contracting and expanding economies.

A final feature of the paper is that it includes data through September 1999, which allow an analysis of both short- and longer-term employment impacts. The data here allow us to examine two full years after the second increase and three full years after the first increase.
 


The paper proceeds as follows. The second section applies the DMW test to the 1996-97 increases. This section begins with a description of the DMW test and the data used here. This section then implements the test in a form as close as is possible to the original DMW specification and then follows this with specifications that make several modifications to the original test. These modifications seek to adapt the test to new data issues, to introduce minor improvements, and to assess the robustness of the results. The third section applies the Card test to the 1996-97 increases and follows the same structure as the DMW section. The final section summarizes the results, evaluates the performance of both tests, and attempts to explain differences in results across the two tests and over time.

II.
Deere, Murphy, Welch (1995)

The Test


The DMW test assesses the impact of the two federal minimum-wage changes on employment by comparing state employment rates of teens and less-than-high-school-educated adults before and after the minimum-wage hikes. Specifically, the DMW test takes the form of an ordinary least squares regression:

eit = αi + βcit + γ1M1t + γ2M2t + εit                                                              (1)

where

eit
is the natural logarithm of the employment-to-population rate of teenagers or less-than-high-school-educated adults in state i in year t; 

αi 
is a state fixed-effect; 

cit 
is the natural logarithm of the state employment-to-population rate for adult males;
M1t 
is a dummy variable that takes the value one in years after the first increase and before the second increase, and zero otherwise; 

M2t 
is a dummy variable that takes the value one in years after the second increase, and zero otherwise; 

εit 
is a well-behaved disturbance term;

and β, γ1, and γ2 are parameters to be estimated.

DMW argue that the coefficients on the year dummies, M1t (1996, here) and M2t (1997 and 1998 together, here), measure the employment effects of the minimum wage. Since the dependent variable is in logs, the coefficients γ1 and γ2 are approximately equal to the percentage-point change in employment in the years after the increases, relative to employment rates in the period before the increases. One potential objection to this interpretation is that, in addition to any minimum-wage effect, the time dummies may be capturing national changes in employment due to the business cycle. DMW maintain that the state employment rate for adult males (assumed to be largely unaffected by the minimum wage) controls adequately for the business cycle. The state of the business cycle is particularly relevant to the analysis presented here because DMW's original test covered increases in the federal minimum wage that occurred while the economy was near the trough of an economic cycle. The reapplication of the DMW test here covers a period in 1996-97 when economic and employment growth were generally strong.

The key identifying assumption of the DMW test is that the year-specific effects are identical across years with the same nominal minimum wage. This assumption allows labeling the year dummies as "minimum-wage effects," rather than as other unspecified factors affecting employment across all states in a given year (such as business-cycle effects not captured in the control variable, national supply effects, the effects of other federal regulation changes, or others). One interpretation of equation (1) is that it is the restricted version of a regression with eight separate year dummies, one for each year from 1991 through 1998. In this framework, DMW's interpretation of the test in equation (1) depends on the validity of three restrictions: first, that the year dummies are identical for 1997 and 1998, when the minimum wage was $5.15; second, that the five year dummies are identical for 1991 through 1995, when the minimum wage was $4.25; and three, that the three sets of year dummies (1991-95, 1996, 1997-98) are different from each other. Testing the final condition requires a t-test of the coefficients of the minimum-wage dummies in equation (1). Testing the first two conditions involves F-tests of the equality of year dummies in the unrestricted equation. Since the validity of the DMW results hinges on the outcome of these restrictions, the analysis of the empirical results will pay careful attention to the these F-tests.

 The first minimum-wage dummy is for the year (1996) in which the minimum wage stood at $4.75; the second minimum-wage dummy is for the two years (1997 and 1998) in which the minimum wage stood at $5.15. The regression constant implicitly represents the employment level associated with a minimum wage of $4.25, the federal rate in force during the years 1991 through 1995.

The Data

DMW used data from the Current Population Survey's (CPS) Outgoing Rotation Group (ORG) for the years 1985-92. Since both of the 1990 and 1991 federal minimum-wage increases took place in April, they divided the data into 12-month periods starting in April of each calendar year and ending in March of the following calendar year. DMW examined the employment effects separately for 15-19 year olds and 20-54 year olds with less than a high school degree. In the case of both teens and less-educated adults, DMW separately analyzed data for males, females, and blacks (males and females together). In all cases, DMW used the employment rate of men 15-64 years old to control for changes in the business cycle and state economic growth.

This paper attempts to provide the closest possible match to the original DMW test, but several factors make an exact match impossible. First, the two federal minimum-wage increases in October 1996 and September 1997 took place only 11 months apart, making it impossible to include a full 12 months of data in each "data year" without creating some overlap between the two minimum-wage increases. The data here, therefore, cover 11-month periods, beginning in October of each calendar year and running through August of following calendar year (the data begin in October 1991 and end in August 1999). Second, beginning in 1998, the ORG discontinued sample weights for 15 year olds. The tests here, therefore, generally use data for 16-19 year olds.


Several other issues complicate the analysis. First, beginning in 1992, the CPS changed its measure of education. Before 1992, the CPS asked respondents for their number of completed years of education. From 1992 on, the CPS asks about respondents' educational attainment, with no reference to how long respondents took to reach that level. Wherever the analysis requires information on educational qualifications, this paper follows the procedure recommended in Jaeger (1997) to allocate respondents to education levels before and after 1992. Second, in 1994, the CPS underwent significant design and implementation changes. Among other issues, these changes had an important effect on reported employment reports, generally slightly lowering reported employment rates for men and slightly raising reported employment rates for women (see Polivka and Miller (1995)). To the extent that the CPS survey redesign changed employment rates relative to what they would have been using the old survey, the tests of the 1996-97 minimum-wage increases implemented here could produce biased results.

The DMW Results

Table 1 summarizes "annual" employment rates, from the full monthly CPS, for the main groups of interest in the DMW analysis. The periods cover the eleven months beginning in October of the calendar year indicated. Consistent with the economic expansion that began in March 1991 and ran uninterrupted through the end of the period studied here, employment rates for all groups were higher in 1998 than they were in 1991. The last three rows of the table show the average employment rate for the five years before the October 1996 increase; the difference between the employment rate in 1996 and the average for the preceding five years; and the difference between the average employment rate in 1997-98 and the average for the five years before the first increase. The last two rows constitute a crude version of the DMW test.
 These rows show whether employment for each group was –on average, on a national basis– higher or lower after the 1996-97 minimum-wage increases. After the 1996 increase, employment rose for all groups except male teens and black male teens. After both the 1996-97 increases, employment rose for all groups, including those for whom employment fell in 1996.

Table 2 attempts to test the employment impact of the 1996-97 minimum-wage increases following as closely as is possible the original DMW methodology. These specifications apply ordinary least squares regression (no weights) to data from the CPS ORG and use the employment rate for all men ages 16-64 to control for the business cycle. Panel (a) reports the results for teens, 16-19. The first column shows the results for male teens. The regression suggests that male teen employment is responsive to the changes in adult male employment –economic changes that raise adult male employment 1% are associated with increases in male teen employment of just over 3%. The 1996 minimum-wage increase (an 11.8% rise) appeared to lower male teen employment by about 3 percentage points (the implied elasticity with respect to increases in the minimum wage is about -0.25), relative to the employment rate that would have been expected given the strength of the overall economy. The employment effect is statistically significant at the 5% level. The full increase (a 21.2% rise), however, had a much smaller, statistically insignificant, impact on employment (an elasticity of -0.05). The difference in the impacts of the first and the full increases is difficult to reconcile with the conventional competitive model of the labor market, as well as with DMW's original results, where all employment effects were larger in absolute terms after the second increase. The full minimum-wage increase was almost twice as large in percentage terms as the initial increase, and the regression has two years and twice as many observations to detect the employment effects, yet the longer test finds no employment impact of the full increase.

 The second column of panel (a) presents the results for female teens. Female teen employment appears to be less responsive to adult male employment –a 1% increase in adult male employment is associated with only about a 0.5% rise in female teen employment. Female teen employment fell about 2.5 percentage points after the first increase in the federal minimum wage (controlling for the business cycle), though this effect was not statistically significant. Female teen employment fell more –about 4.7 percentage points– after the full increase. The employment losses were statistically significant at the 10% level, but the F-test rejects a key DMW year-dummy restriction: that the year-dummies are identical for the years prior to 1996 when the minimum wage was $4.25. The failure of this assumption suggests that factors other than the minimum wage and not controlled for in the regression affected female teen employment over the period studied. In short, the DMW test finds some evidence of employment loss, but the main identifying assumption of the test proves to be invalid, making it impossible to draw any conclusion.

The third column of panel (a) shows the results for black teens.
 Black teen employment appears to be responsive to changes in the business cycle –rising about 2.5% for every 1% increase in adult male employment. The first minimum-wage increase had a small, statistically insignificant, positive effect on black teen employment. The full increase, however, raised black teen employment about 9 percentage points (an elasticity of 0.42). In this case, the basic identifying assumptions of the DMW test appear to hold –the year dummies prior to the 1996 increase are approximately equal, as are the separate dummy variables for 1997 and 1998.

Panel (b) of Table 2 reports the results of the same analysis performed on less-educated adults. Employment for all three groups of less-educated adults –males, females, and blacks– is relatively responsive to the overall male employment rate, with elasticities in the range 0.9-1.7. The minimum wage appears to have had a positive impact on the employment rates for all three of these groups. For less-educated males, employment grew a statistically insignificant 0.9 of a percentage point after the first increase and 1.9 percentage points (statistically significant at the 5% level) after the second increase, both relative to the employment gains that would have been expected given the upturn in the economy. The data for males, however, reject the principle identifying assumption of the DMW test. For less-educated females, employment grew 3.9 percentage points after the first increase (statistically significant at the 10% level) and 6.3 percentage points after the second increase (significant at the 5% level). The data accept the DMW identifying restrictions. Less-educated black adults appear to be major beneficiaries of the minimum-wage increase (see the last column). Their employment grew almost 11 percentage points after the first increase (an elasticity of about 0.9) and almost 15 percentage points after the full increase (an elasticity of about 0.7). Moreover, the data fail to reject the DMW identifying assumption concerning year dummies.


The regressions in Table 2 have three possible shortcomings. The first is that the control for the business cycle is the employment rate of all males 16-64.
 This control group includes members of the experimental groups whose employment rate is being analyzed in the dependent variable in four of the six regressions (those involving males and blacks, for teens and less-educated adults). The inclusion of the dependent variable in the control variable introduces a mechanical correlation into the relationship described in equation (1). Moreover, since employment rates for the groups in the dependent variables are more volatile than for better-educated, prime-age, males, a disproportionate share of the variation in the control variables is, in reality, movement in the experimental group. One possible improvement to the regressions in Table 2 would be to use a control population that does not overlap with any of the experimental populations. An obvious candidate population is males 20-64 with a high-school degree or more.

A second limitation of the regressions in Table 2 is that they use only data from the CPS ORG, which is a sub-sample of the full monthly CPS. By construction, in any given month, the ORG sample includes only one in four of those in the full monthly CPS. Researchers typically restrict themselves to the ORG data because only the ORG respondents report wage data, but the DMW test does not rely on individual wage data, suggesting the possibility of greatly increasing the underlying sample size and thus the precision of estimates by using the full monthly CPS.

A final problem with the data in Table 2 is that the regressions are not weighted to reflect the underlying sample sizes contributing to each state-year cell. Cells with as few as one observation receive the same weight as do those for state-year combinations with hundreds of observations. A reasonable alternative, following Card and Krueger (1995)'s update of Card (1992), would be to weight each state-year cell by the corresponding sample size of the experimental population in the underlying CPS data.

Table 3 modifies the specifications in Table 2 to reflect the three preceding concerns. The regressions here use weighted least-squares with what is arguably a more appropriate business-cycle control on data taken from the full monthly CPS. The results are qualitatively similar to those in Table 2. The main difference is that the analysis in Table 3 give even less support to the DMW identifying restrictions than did Table 2. The regressions for male teens, black teens, and female teens, which failed to reject the DMW restrictions on the year dummies in Table 2, now reject the restrictions.
 

While the DMW test finds little evidence of employment effects of the minimum wage, the test, in principle, can shed some light on the timing of employment effects. If long-term employment effects are larger than short-term effects, the estimated employment elasticity after the second increase should be larger than the elasticity associated with the first increase.
 Ignoring issues of statistical significance and other specifications tests, the estimated elasticities provide little support for the view that minimum-wage effects are larger in the long run. The absolute values of the second elasticities are smaller for three of the six groups. In two of the three cases where the second elasticities are larger (less-educated females and less-educated blacks), the differences are very small in economic terms, changing the estimated elasticity by less than 0.1.

Two aspects of the preferred regressions in Table 3 warrant more careful attention. First, the estimates for teens in Table 3 may differ from DMW's original results because the sample analyzed here excludes 15 year-olds. Table 4 reproduces the analysis in panel (a) of Table 3 using a sample of 15-19 year-olds.
 The results including 15 year-olds are qualitatively similar to those in Table 3. Statistically significant employment losses for male teens after the first increase, reversed after the second increase; statistically significant losses for female teens; and large employment gains for black teens. In all three cases, however, the data including 15 year-olds strongly reject the DMW year-dummy restriction, rendering the test invalid for drawing conclusions about the employment effects of the minimum wage.

A second possible problem with the regressions in Table 3 is that the CPS survey redesign, implemented in 1994, may have biased the reported results because of the impact of the redesign on reported employment rates. The switch from a paper-based to a computer-based survey and other changes implemented in 1994 led the new survey, in general, to find higher employment rates among women and lower employment rates among men (see Polivka and Miller (1995)). As a check, Table 5 reproduces the analysis from Table 3 on a sample that uses only data drawn from the post-1994 version of the CPS.

When the sample is limited to the period beginning in October 1994, the results for male teens show a statistically significant decrease in employment after the first increase (elasticity of about -0.3), but no effect after the full increase (a positive, statistically insignificant elasticity of about 0.1). Unlike the data for the full sample in Table 3, the data in the1994-98 sample fail to reject the DMW year-dummy restriction.

The new survey data show no effect of the first minimum-wage increase on female teen employment. The restricted data, however, do show a positive, statistically significant, impact of the full minimum-wage increase on female teen employment (elasticity of about 0.2, significant at the 10% level). The DMW identifying restrictions hold in the sample drawn exclusively from the new survey.

The employment impact on black teens of the first increase is negative, but small and statistically insignificant. The full increase, however, was associated with a large, statistically significant, rise in black teen employment (elasticity of 0.6, significant at the 1% level). The new survey data, however, reject the DMW identifying restriction.

The estimated employment effects for less-educated adults are positive in all cases. The employment increases are statistically significant for less-educated males (where the year-dummy restriction fails) and less-educated blacks (where the year-dummy restriction is accepted). The employment increase, however, is not statistically significant for less-educated females.

The regressions in Table 5, however, are not necessarily better than those in Table 3. The justification for discarding three years of data to produce the regressions in Table 5 was that the CPS design changes may have biased the DMW results presented in Table 3. In the case of women, for example –where the new design increased the measured employment rates relative to the old survey– the design change would bias the DMW test toward finding positive employment effects. The results in Table 5, however, show that limiting the analysis to the new survey has exactly the opposite effect to the one expected, suggesting that some other factor or factors unique to the period beginning in 1994 dominate the effects of the survey change. The unobservable factor or factors almost certainly constitute violations of the key DMW year-dummy restriction.

Summarizing the DMW Results

The DMW method generally performs poorly as a test of the 1996-97 minimum-wage increases. The data reject the test's main identifying assumption –that, after controlling for overall male employment, years with the same nominal level of the minimum wage should have similar levels of teen and less-educated adult employment– in 5 of 6 populations of interest. As such, the test probably can tell us little about the employment effects of the two increases.


If we ignore this basic flaw in the test, the DMW procedure (in the preferred specification in Table 3) shows statistically significant employment losses in three of 12 cases (two increases times six demographic groups), no statistically significant effect in two cases, and a statistically significant rise in employment in the remaining seven cases. In the only two instances where the preferred specifications suggest that the DMW test is valid (the two increases affecting less-educated black adults), the results indicate that the minimum wage increased employment, with an elasticity of 0.5-0.6.

III. Card (1992) Test

The Test


Card's (1992) test also uses variation in state labor markets to measure the employment impact of the minimum wage. The Card test, however, differs in important ways. DMW essentially use state employment data to conduct 51 "before-after" experiments that control for differences in state economic circumstances (as captured by adult male employment changes). Card, however, notes that "[t]he imposition of a national minimum wage ... provides a natural experiment in which the 'treatment effect' varies across states depending on the fraction of workers initially earning less than the new minimum." (p. 22) Card's test, then, does not rely simply on the sign and size of employment changes in each state after a minimum-wage increase, but also on whether the pattern of employment changes across states is correlated with the share of workers in each state that were affected by the national increase. If the standard model of the labor market provides a good description of the low-wage labor market, employment losses should be greatest in states that initially had the highest shares of workers in the wage range affected by the minimum wage.


The Card test uses the following two regressions:

Δeit = α1 + β1Δcit + γ1Si0 + ε1it                                                              (2)

Δwit = α2 + β2Δcit + γ2Si0 + ε2it                                                              (3)

where

Δeit
is the change in the employment-to-population rate of teenagers or less-than-high-school-educated adults
 in state i between a base year before the minimum-wage increase, and year t, a period after the increase; 

Δwit
is the change in the average wage of teenagers or less-educated adults in state i between a base year and year t;

Δcit 
is the change in the employment-to-population rate of all adults in state i between a base year and year t;
Si0 
is the share of working teenagers or less-educated adults in state i in the base year (0) that earned between the old minimum wage and the minimum wage in force in year t (this is the share of workers in each state affected by the increase); 

εit 
is a well-behaved disturbance term;

and α1, α2, β1, β2, γ1, and γ2 are parameters to be estimated.


As Card has argued, the minimum wage cannot affect employment if it doesn't affect wages.The wage equation (3) –which has no analog in the DMW framework– measures the impact of the minimum wage on the average wages of the experimental group. In this two-equation framework, the employment elasticity with respect to the wage is the ratio of the coefficient (γ1) on the "fraction-affected" variable (Si0) in the employment equation to the coefficient (γ2) on the "fraction-affected" variable (Si0) in the wage equation.
 

The Data

Card (1992) relied entirely on data from the CPS ORG. Card and Krueger (1995), which updated Card (1992), used a combination of CPS ORG data and published employment rates from the full monthly CPS. This paper follows Card and Krueger (1995) and uses both the CPS ORG (to define average wages and shares of workers that fall in specified wage ranges across the states) and the full monthly CPS (to provide the most accurate estimates of state employment variables).

Updating the analysis in Card and Krueger (1995) for the 1996-97 increases required using data from October 1994 forward. This avoids possible problems stemming from the change in the CPS's educational variable in 1992 as well as broader changes associated with the 1994 CPS redesign. The paper defines the wage for each individual in the underlying ORG sample as either their reported hourly wage, if the worker reports that he or she is an hourly-paid employee, or as the individual's usual weekly earnings (which includes bonuses, tips, and commissions) divided by their usual weekly hours worked.
 This procedure is substantially similar to that used in Card (1992).

Tables 6 and 7 sketch the basic characteristics of the teen and less-educated adult samples analyzed here. In both tables, as well as in the subsequent regressions, years refer to the 12-month period beginning in the calendar year indicated and ending in September of the following calendar year.
 Panel (a) of Table 6 summarizes the economic circumstances of teens in the 12 months preceding the October 1996 increase. An average of 42.5% of all teens worked during the period, with just under half (46%) receiving wages in the $4.15-5.14 range eligible for a raise under the full increase signed into law in August 1996. These "minimum-wage" teens were disproportionately female, nonwhite, less-educated, "young" (more likely to be 16 or 17 than they were to be 18 or 19), and concentrated in retail trade. Panel (b) of Table 6 shows corresponding data for adults, ages 20-54, with less than a high school education. Over half worked (52.8%). Almost one in five (18.5%) of those with jobs earned between $4.25 and $5.14. As with teenagers, less-educated adults near the minimum wage were disproportionately likely to be women, nonwhite, and working in retail trade.

Table 7 follows aggregate labor-market outcomes for teens and less-educated adults from 1994 through 1998. For both populations, the share of workers earning $4.25-$5.14 falls dramatically between 1994 and 1998: for teens, from 51.8% in 1994 to 6.8% in 1998; for less-educated adults, from 19.2% in 1994 to 3.8% in 1998. For teens, employment fluctuated in a narrow band between 43.2% and 44.8%, declining first and then recovering through the end of the period. Average teen hours also varied little over the period –averaging between 24.8 and 25.2 hours per week. The employment rate of less-educated adults, meanwhile, grew steadily and substantially between 1994 (57.7%) and 1998 (63.3%). As with teens, average weekly hours were remarkably constant, averaging between 38.2 and 38.5.

The Card Results

Tables 8 and 9 reports results from the specification most in spirit with the original Card (1992) and Card and Krueger (1995) versions of the test described by equations (2) and (3). All specifications use 1995 as the reference year. In both tables, columns (1) and (2) examine changes in state wages (Table 8) or state employment rates (Table 9) between 1995 and 1996, a period covering a full year after the first increase in the federal minimum wage.
 Columns (3) and (4) examine changes between 1995 and 1997, a period covering two full years after the first increase and one full year after the second increase. Columns (5) and (6) examine changes between 1995 and 1998, a period covering three full years after the first increase and two full years after the second. Following Card (1992) and Card and Krueger (1995), the tables show the impact of the minimum wage on wages and employment with and without controlling for changes in the overall state employment rate for all men and women, ages 16-64.


Panel (a) of Table 8 reports the impact of changes in the federal minimum wage on the average state wage of teenagers. After controlling for changes in overall state employment (column 2), changes in average teen wages appear to be related (at the 5% level) to changes in the minimum wage. Average teen wages grew about 1.1% faster (coefficient of 0.11) for every 10 percentage points of the teen workforce in the range affected by the first increase. The initial impact of the full minimum-wage increase was slightly larger, with a coefficient of 0.17 in column (4)). Two years after the full increase (see column 6), the effect dipped slightly (coefficient of 0.15).


Panel (b) of Table 8 shows the results of similar regressions for less-educated adults workers. Across all three time-periods, the impact of the minimum wage on average wages is large and statistically significant. As with teens, however, the effect of the minimum wage shows a mild-inverted U shape. The minimum-wage effect rose from 0.29 in the first year after the first increase (see column (2)) to 0.41 in the first year after the full increase (see column (4)), only to fall to 0.33 after the second year of the full increase (see column (6)).


Table 9 reports results from corresponding employment equations As Card has argued, the minimum wage cannot affect employment if it doesn't affect wages. For teens (see panel (a)), the first increase led to a statistically significant decline in employment (see column 2). The implied employment elasticity (the ratio of the fraction affected coefficient in Table 9 to the corresponding coefficient in Table 8) from this estimate is large, about -0.9. The employment impact, however, is smaller and not statistically significant for the full increase (see columns 4 and 6). The results for less-educated adults (see panel (b)), show an economicially large (elasticity of 0.5) statistically significant (at the 10% level), positive impact of the first minimum-wage increase on less-educated employment. The positive employment effects of the initial increase, however, disappeared after the full increase was implemented (see columns 4 and 6). The estimates for 1995-97 and 1995-98 show small, statistically insignificant declines in less-educated employment.


Table 10 applies two sets of specification tests to the employment regressions in Table 9. Following Card and Krueger, the first column shows the results of the estimated employment change across two years (1994 and 1995) in which no change in the minimum wage took place. If the Card test works well, we would not expect to see any employment effect of the minimum wage under these circumstances. In fact, the regressions give results that are close to zero (0.02 for teens, -0.01 for less-educated adults). The next three columns reproduce the employment regressions in Table 9, but use 1994 as the base year instead of 1995. Since the 1995 base year runs from October 1995 through September 1996, and since sometime during that period many employers probably became fairly certain that some form of minimum wage would be enacted,
 some employers may have acted before the minimum wage went into effect –shedding workers, reducing hiring, or –conceivably– even raising wages. Wage and employment patterns from 1994, presumably, would be less likely to suffer from such contamination.
 When 1994 is used as a base year instead of 1995, the minimum wage has no statistically significant impact on employment. The negative effect on teen employment of the first minimum-wage increase (see in Table 9, column 2) disappears with the change of base year. So, too, does the corresponding positive employment effect for less-educated adults.


The preceding Card regressions suffer from the same problem with the control population that affected the DMW regressions. Some of the individuals in the experimental groups (16-19 year-olds and 20-54 year-olds with less-than-a-high-school-education) are also members of the control population (the 16-64 year-old population). The last three columns of Table 10 reproduce the main employment regressions from Table 9, but use the employment rate for 20-64 year old with a high school degree or more as a control population. Eliminating the mechanical correlation between the control and the dependent variables reduces the strength of the relationship between the employment rates of the experimental population and that of the control group, but has no meaningful impact on the estimated employment effects.

Summarizing the Card Results

The structure of the Card test and the availability of data through September 1999 allow separate analyses of impacts of the first, second, and full increases in the minimum wage over one- and two-year periods. Table 11 presents permutations of the estimated employment effects of the 1996-97 increases using 1994 and 1995 as the base year. The most striking feature of the table is the almost complete absence of employment effects on teens or less-educated adults from the full increase (see columns (5)-(8)). The only statistically significant employment responses are confined to shorter-term tests of the individual increases.

For teens, the Card test shows some evidence of large employment losses (an elasticity of -1.0) in connection with the first increase (see column (1) of panel (a)), but these losses are not robust to using 1994 as a base year. The test also shows strong employment gains (elasticities greater than 1.0) in both the first and second year after the second increase (see columns (3) and (4)). The second increase, however, had no systematic impact on teen wages (see panel (a), columns (3) and (4) of Appendix Table 2), weakening the case that the minimum-wage change might have been responsible for the corresponding employment gains.

For less-educated adults, the Card test shows large employment gains from the first increase (an elasticity of 0.6 –see column (2) of panel (b)), but these gains are not robust to using 1994 as the base year. The test also found large employment losses in the first year after the second increase (an elasticity of -1.5 in column (3)). The minimum-wage increases, however, apparently had no systematic effect on less-educated wages over the same period (see column (3) of panel (b) of Appendix Table 2) and, in any event, the job losses were no longer statistically significant a year later (see column (4)).

IV. Conclusions


This paper sought to apply the DMW and Card tests to the 1996-97 increases in the minimum wage in order to shed light on three issues: the employment impact of the increases; the timing of minimum-wage effects; and the sensitivity of the two tests to the state of the business cycle.


Results from both tests suggest that the 1996-97 increases had no measurable effect on the employment opportunities of teenagers or less-educated adults. In the preferred specifications, the DMW test finds statistically significant increases in employment in 7 of 12 cases; no change in employment in 2 cases; and statistically significant declines in 3 cases. The data, however, reject the main identifying assumption of the DMW test for 5 of the 6 populations of interest. For the only population where the DMW test appears to be valid –less-educated, black, adults– the test finds large, statistically significant, employment gains associated with the minimum wage (elasticities of 0.5-0.6). The fragility of the DMW methodology, however, argues against drawing any strong conclusions.

The Card test shows no robust, statistically significant, employment changes in response to the 1996-97 increases. Most estimates, especially those over the full set of increases, lie close to zero. In the case of teens, the Card test suggests employment fell in response to the first increase, but the estimate is not robust to changing the base year for the comparison and, in any event, is counteracted by slightly larger, statistically significant, gains in employment associated with the second increase. The results for less-educated adults show the opposite pattern, with a marginally significant employment rise associated with the first increase and a significant decline associated with the second increase. Neither movement, however, is particularly robust, and estimates of the employment effects over the full increase are statistically insignificant and near zero in economic terms.

Given that neither test finds much in the way of employment effects, the tests don't allow clear conclusions about differences between short and long-term effects. The DMW test provides no evidence that long-term employment effects are larger than short-term effects. The Card test, if anything, suggests the opposite, with some apparent short-term responses to the separate 1996 and 1997 increases and no economically meaningful or statistically significant response to the full increase, even two full years after the second increase.

The business cycle does appear to affect the two tests differently. In DMW's research in connection with the 1990-91 increases –a period near the economic trough of March 1991– the DMW test consistently found that the minimum wage was associated with large, statistically significant, declines in employment. In the economic boom of the 1990s, however, the DMW test links the 1996-97 minimum-wage hikes to large increases in employment. One plausible explanation for the difference in results is that DMW's experimental design or DMW's business-cycle controls are not sufficient to extract business-cycle effects.

The Card test, which finds no robust, statistically significant, employment changes in connection with either set of increases, appears to be robust to changes in the business cycle. This may be because the Card test relies not simply on before-and-after changes in state employment rates, but also on the correlation between these employment changes and the initial distribution of wages across states, a pattern that is less likely to be correlated with business-cycle movements. An alternative interpretation of the similarity of results across the two periods, however, is that the Card test has low power and, therefore, is not likely to find employment changes even when such changes have occurred.

Notes
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Appendix Tables
APPENDIX TABLE 1A

Card Test: Card & Krueger Specification Tests for Change in State Employment: Teens





















(1)
(2)
(3)
(4)
(5)

(a) Teens, 1995-96













Fraction of State
-0.10**
-0.11**
-0.11**
-0.10**
-0.09* 

Teens Affected
(0.03)   
(0.04)   
(0.04)   
(0.03)   
(0.04)   








Change in Emp. Rate,
1.15**
1.20**
--  
1.18**
--  

All 16-64
(0.38)   
(0.42)   

(0.40)   









Change in Avg. Log Wage,
0.07   
--  
--  
--  
--  

20-64  HS+
(0.19)   












Emp. Rate, All 16-64,  1996
--  
--  
1.09* 
--  
1.27**




(0.42)   

(0.39)   

Emp. Rate, All 16-64,  1995
--  
--  
-0.52   
--  
-0.26   




(0.60)   

(0.56)   

Emp. Rate, All 16-64,  1994
--  
--  
-0.54   
--  
-1.00**




(0.37)   

(0.36)   

Teen Emp. Rate, 1995
--  
--  
--  
0.01   
-0.41**





(0.04)   
(0.13)   

Teen Emp. Rate, 1994
--  
--  
--  
--  
0.43**






(0.13)   








Region Controls
No
Yes
No
No
No

Jointly Significant?
--  
No
--  
--  
--  








R-squared
0.312
0.337
0.347
0.311
0.481








APPENDIX TABLE 1A (Continued)

Card Test: Card & Krueger Specification Tests for Change in State Employment: Teens





















(1)
(2)
(3)
(4)
(5)

(b) Teens, 1995-98













Fraction of State
-0.02   
-0.01   
-0.03   
-0.03   
0.02   

Teens Affected
(0.04)   
(0.05)   
(0.05)   
(0.05)   
(0.05)   








Change in Emp. Rate,
1.33**
1.73**
--  
1.48**
--  

All 16-64
(0.41)   
(0.42)   

(0.47)   









Change in Avg. Log Wage,
-0.40   
--  
--  
--  
--  

20-64  HS+
(0.19)   












Emp. Rate, All 16-64,  1998
--  
--  
2.14**
--  
1.33#  




(0.78)   

(0.68)   

Emp. Rate, All 16-64,  1997
--  
--  
0.23   
--  
0.49   




(0.85)   

(0.71)   

Emp. Rate, All 16-64,  1996
--  
--  
-0.93   
--  
-0.31   




(0.77)   

(0.66)   

Emp. Rate, All 16-64,  1995
--  
--  
-0.81   
--  
0.06   




(0.86)   

(0.75)   

Emp. Rate, All 16-64,  1994
--  
--  
-0.53   
--  
-1.14* 




(0.56)   

(0.50)   

Teen Emp. Rate, 1995
--  
--  
--  
-0.04   
-0.82**





(0.06)   
(0.18)   

Teen Emp. Rate, 1994
--  
--  
--  
--  
0.64**






(0.19)   








Region Controls
No
Yes
No
No
No

Jointly Significant?
--  
No
--  
--  
--  








R-squared
0.338
0.301
0.312
0.281
0.544








Notes: See notes to Table 9. 

APPENDIX TABLE 1B

Card Test: Card & Krueger Specification Tests for Change in State Employment: LTHS





















(1)
(2)
(3)
(4)
(5)

(a) 20-54, LTHS, 1995-96













Fraction of State
0.14#  
0.12   
0.20#  
0.12   
0.26* 

20-54 LTHS Affected
(0.08)   
(0.09)   
(0.10)   
(0.09)   
(0.10)   








Change in Emp. Rate,
1.69**
1.96**
--  
1.61**
--  

All 16-64
(0.36)   
(0.38)   

(0.38)   









Change in Avg. Log Wage,
-0.19   
--  
--  
--  
--  

20-64 HS+
(0.17)   












Emp. Rate, All 16-64, 1996
--  
--  
1.84**
--  
1.71**




(0.39)   

(0.37)   

Emp. Rate, All 16-64, 1995
--  
--  
-2.02**
--  
-1.38* 




(0.56)   

(0.59)   

Emp. Rate, All 16-64, 1994
--  
--  
0.25   
--  
-0.01   




(0.35)   

(0.40)   

20-54 LTHS Emp. Rate 1995
--  
--  
--  
-0.05   
-0.41**





(0.05)   
(0.15)   

20-54 LTHS Emp. Rate 1994
--  
--  
--  
--  
0.26#  






(0.15)   








Region Controls
No
Yes
No
No
No

Jointly Significant?
--  
10%
--  
--  
--  








R-squared
0.361
0.435
0.359
0.360
0.480








APPENDIX TABLE 1B (Continued)

Card Test: Card & Krueger Specifications Test for Change in State Employment: LTHS





















(1)
(2)
(3)
(4)
(5)

(b) 20-54, LTHS, 1995-98













Fraction of State
-0.03   
-0.02   
-0.05   
-0.06   
0.11   

20-54 LTHS Affected
(0.07)   
(0.09)   
(0.09)   
(0.07)   
(0.09)   








Change in Emp. Rate,
2.01**
1.98**
--  
1.37**
--  

All 16-64
(0.44)   
(0.42)   

(0.47)   









Change in Avg. Log Wage,
0.03   
--  
--  
--  
--  

20-64 HS+
(0.20)   












Emp. Rate, All 16-64, 1998
--  
--  
0.82   
--  
0.08   




(0.74)   

(0.66)   

Emp. Rate, All 16-64, 1997
--  
--  
0.90   
--  
0.61   




(0.81)   

(0.70)   

Emp. Rate, All 16-64, 1996
--  
--  
0.68   
--  
1.46* 




(0.75)   

(0.67)   

Emp. Rate, All 16-64, 1995
--  
--  
-3.10**
--  
-2.57**




(0.80)   

(0.73)   

Emp. Rate, All 16-64, 1994
--  
--  
0.64   
--  
1.31**




(0.51)   

(0.47)   

20-54 LTHS Emp. Rate 1995
--  
--  
--  
-0.17* 
-0.49**





(0.08)   
(0.12)   

20-54 LTHS Emp. Rate 1994
--  
--  
--  
--  
-0.15   






(0.11)   








Region Controls
No
Yes
No
No
No

Jointly Significant?
--  
No
--  
--  
--  








R-squared
0.346
0.377
0.418
0.404
0.592








Notes: See notes to Table 9. 

APPENDIX TABLE 2

Card Test: Time Structure of Changes in State Wages


























First Increase

Second Increase

Full Increase


1994-96
1995-96

1996-97
1996-98

1994-97
1995-97
1994-98
1995-98


(1)
(2)

(3)
(4)

(5)
(6)
(7)
(8)

(a) Teens























Fraction of State
0.12**
0.11* 

0.10   
0.07   

0.18**
0.18* 
0.16**
0.15**

Teens Affected
(0.04)   
(0.05)   

(0.09)   
(0.06)   

(0.06)   
(0.07)   
(0.04)   
(0.05)   













Change in 20-64 HS+
-0.52   
-0.49   

0.97   
-0.47   

0.38   
1.58* 
-0.17   
0.62   

Employment Rate
(0.37)   
(0.73)   

(0.87)   
(0.54)   

(0.57)   
(0.78)   
(0.39)   
(0.52)   













R-squared
0.193
0.094

0.047
0.048

0.166
0.159
0.249
0.157













(b) 20-54 LTHS























Fraction of State
0.35* 
0.32* 

0.15   
0.44* 

0.34* 
0.42**
0.38**
0.33**

20-54 LTHS Affected
(0.16)   
(0.14)   

(0.21)   
(0.19)   

(0.13)   
(0.14)   
(0.11)   
(0.11)   













Change in 20-64 HS+
0.03   
1.02   

0.43   
0.85   

-0.40   
0.14   
-0.80   
-0.13   

Employment Rate
(0.60)   
(0.81)   

(1.09)   
(0.87)   

(0.68)   
(0.91)   
(0.59)   
(0.71)   













R-squared
0.094
0.110

0.016
0.122

0.126
0.160
0.224
0.163













Notes: See notes to Table 11. For the mean and standard deviation of the dependent variables in columns (2), (6), and (8), see corresponding regressions in Table 8; for column (1), panel (a): 0.0695 and 0.0345 and panel (b): 0.0402 and 0.0525; for column (3),  panel (a):  0.0619 and 0.0513 and panel (b): 0.0512 and 0.0621; for column (4), panel (a): 0.1038 and 0.0355 and panel (b): 0.0847 and 0.0595; for column (5), panel (a): 0.1318 and 0.0554 and panel (b): 0.0916 and 0.0660; for column (7), panel (a): 0.1721 and 0.0399 and panel (b): 0.1245 and 0.0583.

TABLE 1

Employment Rates (%), 1991-98













(a) Teens, 16-19


Black
Black


Male
Female
Male
Female

1991
41.9
40.6
24.1
22.2

1992
42.7
40.6
25.0
21.5

1993
46.0
44.7
26.9
26.4

1994
45.4
44.2
25.7
24.9

1995
44.1
43.4
25.8
28.3

1996
43.4
44.1
23.8
28.3

1997
45.0
45.6
27.1
30.7

1998
45.8
44.9
26.8
31.2







Average 91-95
44.0
42.7
25.5
24.7

1996 - (Average 91-95)
-0.6
1.3
-1.7
3.6

(Average 97-98) - (Average 91-95)
1.4
2.5
1.5
6.3







(b) Less Than High School, 20-54


Black
Black


Male
Female
Male
Female

1991
71.6
43.1
57.6
37.5

1992
71.2
41.7
54.4
35.7

1993
71.0
41.6
54.1
36.0

1994
71.3
43.4
53.6
38.9

1995
72.5
43.4
54.5
38.1

1996
74.4
45.7
55.5
40.8

1997
75.6
47.8
56.4
47.0

1998
75.5
49.4
53.8
48.4







Average 91-95
71.5
42.7
54.8
37.2

1996 - (Average 91-95)
2.9
3.1
0.7
3.6

(Average 97-98) - (Average 91-95)
4.1
5.9
0.2
10.5







(c) Control Populations






Males, 16-64
Males, 20-54, HS+



1991
78.4
84.7



1992
78.5
84.7



1993
79.1
85.1



1994
79.7
85.9



1995
79.5
85.7



1996
80.0
86.1



1997
80.5
86.4



1998
80.6
86.3









Average 91-95
79.0
85.2



1996 - (Average 91-95)
1.0
0.9



(Average 97-98) - (Average 91-95)
1.5
1.1









Notes: Data are from the basic monthly CPS. Each 11-month "year" periods begin in October of the calendar year indicated and end in August of the following calendar year.

TABLE 2

DMW Test: Estimates of Employment Changes from the 1996-97 Increases in the Minimum Wage,




Closest Possible Match to Original DMW Specification












Male  
Female  
Black  

(a) Teens, 16-19









Male, 16-64, Employment Rate
3.15**
0.48   
2.58* 


(0.27)   
(0.35)   
(1.12)   






Minimum Wage = $4.75
-2.97* 
-2.50   
1.34   


(1.42)   
(2.27)   
(5.44)   

Minimum Wage = $5.15
-0.96   
-4.71#  
8.95* 


(1.13)   
(2.56)   
(4.40)   






R-squared
0.852
0.835
0.423

Root MSE
0.091
0.113
0.434

P-value, 1992-95 dummies equal
0.171
0.001
0.778

P-value, 1997-98 dummies equal
0.651
0.467
0.904

Sample Size
408
408
628






Implied Elasticity




First Increase
-0.25
-0.21
0.11

Full Increase
-0.05
-0.22
0.42






(b) LTHS, 20-54









Male, 16-64, Employment Rate
1.74**
0.90**
1.65#  


(0.18)   
(0.33)   
(0.86)   






Minimum Wage = $4.75
0.92   
3.89#  
10.72* 


(0.95)   
(2.16)   
(4.21)   

Minimum Wage = $5.15
1.90* 
6.28* 
14.55**


(0.76)   
(2.44)   
(3.36)   






R-squared
0.773
0.724
0.470

Root MSE
0.061
0.108
0.335

P-value, 1992-95 dummies equal
0.017
0.605
0.323

P-value, 1997-98 dummies equal
0.856
0.165
0.821

Sample Size
408
408
635






Implied Elasticity




First Increase
0.08
0.33
0.91

Full Increase
0.09
0.30
0.69

TABLE 2 (Continued)

DMW Test: Estimates of Employment Changes from the 1996-97 Increases in the Minimum Wage,




Closest Possible Match to Original DMW Specification











Notes: Data are from the Current Population Survey (CPS) Outgoing Rotation Group (ORG) for 11-month

"years" 1991-98, where periods begin in October of each calendar year and run through August of the

following calendar year. Estimates are from ordinary least squares regressions of  51 state-year cell means,

including the District of Columbia, in each year. All regressions include state fixed-effects, not shown.

The female regressions include an annual trend variable, not shown. The black regressions include a dummy variable for males, not shown. The coefficients and standard errors of the minimum wage variables have been multiplied by 100. The first prob-value is for an F-test of the equality of the 1992-95 dummies in an otherwise identical regression; the second prob-value is for an F-test of the equality of the 1997-98 dummies (that together constitute the "Minimum Wage = $5.15" dummy) in an otherwise identical regression. The means (standard deviations) for the dependent variables in panel (a) are: -0.8024 (0.2213) for males; -0.8058 (0.2587) for females; and -1.233 (0.5462) for blacks; in panel (b): -0.3339 (0.1198) for males; -0.7569 (0.1906) for females; and -0.7419 (0.4412) for blacks. Standard errors in parentheses.  # indicates statistical significance at the 10% level; *, at the 5% level;  **, at the 1% level. Implied elasticities are with respect to increases in the minimum wage (11.8% increase in 1996; 21.2% combined increase 1996-97).



























TABLE 3

DMW Test: Estimates of Employment Changes from the 1996-97 Increases in the Minimum Wage




Preferred Specification: Full Monthly CPS, Weighted Least Squares












Male  
Female  
Black  

(a) Teens, 16-19









Male, 20-64, HS+
2.18**
0.85* 
2.21* 

Employment Rate
(0.35)   
(0.39)   
(0.97)   






Minimum Wage = $4.75
-3.54**
-4.10**
2.11   


(1.20)   
(1.53)   
(3.25)   

Minimum Wage = $5.15
0.71   
-4.51**
13.89**


(0.96)   
(1.73)   
(2.69)   






R-squared
0.885
0.902
0.435

Root MSE
0.074
0.075
0.263

P-value, 1992-95 dummies equal
0.000
0.000
0.000

P-value, 1997-98 dummies equal
0.144
0.059
0.712

Sample Size
408
408
687






Implied Elasticity




First Increase
-0.30
-0.35
0.18

Full Increase
0.03
-0.21
0.66






(b) LTHS, 20-54









Male, 20-64, HS+
0.80**
1.13**
1.48* 

Employment Rate
(0.22)   
(0.40)   
(0.75)   






Minimum Wage = $4.75
2.73**
5.46**
6.29* 


(0.72)   
(1.55)   
(2.63)   

Minimum Wage = $5.15
3.59**
10.54**
12.61**


(0.60)   
(1.72)   
(2.21)   






R-squared
0.851
0.833
0.646

Root MSE
0.043
0.075
0.207

P-value, 1992-95 dummies equal
0.062
0.195
0.142

P-value, 1997-98 dummies equal
0.894
0.031
0.648

Sample Size
408
408
683






Implied Elasticity




First Increase
0.23
0.46
0.53

Full Increase
0.17
0.50
0.60






Notes: See notes to Tables 2. Data are from the basic monthly CPS. The weighted means (standard 

deviations) for the dependent variables in panel (a) are: -0.8147 (0.2035) for males; -0.8294 (0.2234) for females; and -1.4069 (0.3359) for blacks; in panel (b): -0.3321 (0.1051) for males; -0.8198 (0.1708) for females; 

and -0.8264 (0.3350) for blacks.

TABLE 4

DMW Test: Estimates of Employment Changes from the 1996-97 Increases in the Minimum Wage




Preferred Specification Using Sample of Teens 15-19












Male  
Female  
Black  






Male, 20-64, HS+
2.00**
0.76#  
2.01* 

Employment Rate
(0.38)   
(0.40)   
(0.96)   






Minimum Wage = $4.75
-2.84* 
-3.90* 
2.95   


(1.29)   
(1.60)   
(3.23)   

Minimum Wage = $5.15
0.99   
-3.83* 
14.77**


(1.04)   
(1.80)   
(2.68)   






R-squared
0.884
0.906
0.438

Root MSE
0.079
0.078
0.263

P-value, 1992-95 dummies equal
0.000
0.000
0.000

P-value, 1997-98 dummies equal
0.043
0.211
0.490

Sample Size
408
408
694






Implied Elasticity




First Increase
-0.24
-0.33
0.25

Full Increase
0.05
-0.18
0.70






Notes: See notes to Tables 2. Data are from the basic monthly CPS. The weighted means (standard

deviations) for the dependent variables in are: -0.9719 (0.2174) for males; -0.9899 (0.2374) for females; and

-1.5906 (0.3366) for blacks.

TABLE 5

DMW Test: Estimates of Employment Changes from the 1996-97 Increases in the Minimum Wage




Preferred Specification Using Sample from 1994-1998 Only









Male  
Female  
Black  

(a) Teens, 16-19









Male, 20-64, HS+
0.99#  
0.97#  
-0.10   

Employment Rate
(0.51)   
(0.50)   
(1.36)   






Minimum Wage = $4.75
-3.33**
1.14   
-0.83   


(1.20)   
(1.88)   
(3.35)   

Minimum Wage = $5.15
1.29   
5.17#  
11.83**


(1.00)   
(3.08)   
(2.89)   






R-squared
0.913
0.924
0.505

Root MSE
0.069
0.068
0.254

P-value, 1995 dummy
0.363
0.824
0.037

P-value, 1997-98 dummies equal
0.136
0.824
0.746

Sample Size
255
255
428






Implied Elasticity




First Increase
-0.28
0.10
-0.07

Full Increase
0.06
0.24
0.56






(b) LTHS, 20-54









Male, 20-64, HS+
1.00**
1.51**
0.54   

Employment Rate
(0.32)   
(0.49)   
(1.03)   






Minimum Wage = $4.75
3.09**
1.34   
5.54* 


(0.74)   
(1.77)   
(2.57)   

Minimum Wage = $5.15
3.84**
3.19   
12.02**


(0.64)   
(2.91)   
(2.24)   






R-squared
0.883
0.876
0.616

Root MSE
0.043
0.064
0.197

P-value, 1992-95 dummies equal
0.013
0.173
0.225

P-value, 1997-98 dummies equal
0.885
0.173
0.646

Sample Size
255
255
432






Implied Elasticity




First Increase
0.26
0.11
0.47

Full Increase
0.18
0.15
0.57






Notes: See notes to Tables 2. Data are from the basic monthly CPS. The weighted means (standard

deviations) for the dependent variables in panel (a) are: -0.8023 (0.2076) for males; -0.8060 (0.2187) for 

females; and -1.3630 (0.3381) for blacks; in panel (b): -0.3197 (0.1117) for males; -0.7865 (0.1615) for females;  and -0.7908 (0.2970) for blacks.

TABLE 6

Characteristics of Sample Populations, 1995









Hourly Wage Range



All

$4.15 to
$4.75 to



All
Workers
<$4.25
4.74 
5.15 
>$5.15


(1)
(2)
(3)
(4)
(5)
(6)

(a) Teens, 16-19







1. All Teenagers (%)
100.0
42.5
3.6
9.6
9.9
19.3

2. Working Teenagers (%)

100.0
8.5
22.6
23.4
45.5









Percentage of Teenagers Who Are







3. Female
49.1
49.1
60.5
52.0
52.3
43.9

4. Nonwhite
32.8
22.2
22.6
28.4
21.0
19.7

5. Hispanic
13.0
9.8
7.9
12.2
9.7
8.9

6. Aged 16-17
51.3
40.1
51.8
55.0
48.3
26.4

7. Education < 12 Years
68.8
57.7
67.1
73.5
65.0
44.3









Labor-Market Outcomes







8. Hours per week

25.2
22.1
22.0
22.8
28.6

9. Wage ($/hr)

5.54
3.01
4.37
4.96
6.89









Industry







10. Agriculture (%) 

3.1
4.4
1.4
4.7
3.0

11. Retail Trade (%)

54.3
57.9
69.1
59.3
43.8

12. Services (%)

25.7
30.7
22.3
25.0
26.8









13. Sample Size
20,241
8,642
762
1,940
2,048
3,850









(b) LTHS, 20-54







1. All LTHS 20-54 (%)
100.0
52.8
2.6
3.9
5.9
40.3

2. Working LTHS 20-54 (%)

100.0
4.9
7.4
11.1
76.5









Percentage of LTHS 20-54 Who Are







3. Female
48.8
36.8
55.4
52.5
49.2
32.3

4. Nonwhite
54.0
53.6
60.0
67.3
64.6
50.3

5. Hispanic
34.2
37.2
42.6
48.5
44.6
34.6









Labor-Market Outcomes







6. Hours per week

39.1
40.1
35.3
36.3
39.9

7. Wage ($/hr)

8.05
3.04
4.38
4.97
9.18









Industry







8. Agriculture

5.8
12.6
7.8
8.8
4.7

9. Retail Trade

19.0
31.4
30.0
29.8
15.6

10. Services

23.6
32.7
27.9
29.2
21.7









11. Sample Size
21,376
10,571
596
1,121
1,403
7,385

Notes: Data are taken from the CPS ORG for the months October 1995 through September 1996. All unpaid- family and self-employed workers excluded.

TABLE 7

Labor-Market Outcomes, 1994-98
















1994
1995
1996
1997
1998

(a) Teens, 16-19













1. Earning <$4.25 per hr (%)
8.9
8.5
6.5
5.2
4.7

2. Earning $4.25-4.74 per hr (%)
27.2
22.6
6.9
1.5
1.0

3. Earning $4.25-5.14 per hr (%)
51.8
46.0
37.2
11.0
6.8

4. Average wage ($/hr)
5.64
5.55
5.88
6.25
6.56

5. Average hours per week
24.8
24.9
24.8
25.2
24.9

6. Average weekly earnings ($)
145.20
147.45
154.39
167.83
172.04

7. Employed (%)
44.3
43.5
43.2
44.8
44.7








(b) LTHS, 20-54













1. Earning <$4.25 per hr (%)
5.5
4.9
3.9
2.9
3.0

2. Earning $4.25-4.74 per hr (%)
8.1
7.4
2.8
1.1
0.7

3. Earning $4.25-5.14 per hr (%)
19.2
18.5
15.0
6.1
3.8

4. Average wage ($/hr)
7.97
8.04
8.27
8.79
8.98

5. Average hours per week
38.3
38.2
38.4
38.5
38.5

6. Average weekly earnings ($)
317.77
325.56
334.76
353.28
364.27

7. Employed (%)
57.7
58.2
60.8
62.2
63.3








Notes: Data are taken from the CPS ORG from October of the year indicated through September of the following calendar year.

TABLE 8

Card Test: Change in Average State Wage






















1995-96

1995-97

1995-98


(1)
(2)

(3)
(4)

(5)
(6)

(a) Teens



















Fraction of State
0.11* 
0.11* 

0.16* 
0.17* 

0.14**
0.15**

Teens Affected
(0.05)   
(0.05)   

(0.08)   
(0.09)   

(0.05)   
(0.05)   











Change in Emp. Rate,
--  
-0.25

--  
1.25#  

--  
0.44   

All 16-64

(0.60)   


(0.71)   


(0.46)   











R-squared
0.085
0.088

0.086
0.141

0.131
0.147











(b) LTHS, 20-54



















Fraction of State
0.29* 
0.29* 

0.42**
0.41**

0.33**
0.33**

LTHS 20-54 Affected
(0.14)   
(0.14)   

(0.14)   
(0.14)   

(0.11)   
(0.11)   











Change in Emp. Rate,
--  
0.30

--  
0.46   

--  
0.23   

All 16-64

(0.64)   


(0.82)   


(0.62)   











R-squared
0.080
0.084

0.160
0.165

0.163
0.165











Notes: Wage data are from the Current Population Survey Outgoing Rotation Group; employment data are from the basic monthly CPS. "Year" periods begin in October of the calendar year indicated and run through September of the following calendar year.  Weighted least squares regressions, weighted using the number of teens or less-than-high-school-educated adults in the corresponding state-year cell in the initial year's ORG sample, estimated on a sample of 51state observations including the District of Columbia. All regressions include an unrestricted constant, not shown. The mean and standard deviation of the dependent variables in panel (a): 0.0523 and 0.0384 in columns (1) and (2) 0.1143 and 0.0582 in columns (3) and (4); and 0.1557 and 0.0409 in columns (5) and (6); in panel (b): 0.0250 and 0.0395 in columns (1) and (2); 0.0766 and 0.0682 in columns (3) and (4); and 0.1100 and 0.0532 in columns (5) and (6). Estimated standard errors in parentheses. # indicates statistical significance at the 10% level; *, at the 5% level; **, at the 1% level.

 TABLE 9

Card Test: Change in State Employment Rates






















1995-96

1995-97

1995-98


(1)
(2)

(3)
(4)

(5)
(6)

(a) Teens



















Fraction of State
-0.11**
-0.10**

-0.03   
-0.02   

-0.05   
-0.03   

Teens Affected
(0.04)   
(0.03)   

(0.04)   
(0.04)   

(0.05)   
(0.04)   











Change in Emp. Rate,
--  
1.16**

--  
0.95* 

--  
1.64**

All 16-64

(0.38)   


(0.38)   


(0.40)   











R-squared
0.173
0.310

0.009
0.123

0.019
0.275











Implied Elasticity
-1.0
-0.9

-0.2
-0.1

-0.4
-0.2

  Wage Component Sign.?
5%
5%

5%
5%

1%
1%











(b) LTHS, 20-54



















Fraction of State
0.15   
0.15#  

-0.02   
-0.06   

-0.01   
-0.03   

LTHS 20-54 Affected
(0.10)   
(0.08)   

(0.08)   
(0.07)   

(0.08)   
(0.07)   











Change in Emp. Rate,
--  
1.70**

--  
2.22**

--  
1.98**

All 16-64

(0.37)   


(0.39)   


(0.39)   











R-squared
0.048
0.345

0.001
0.407

0.001
0.346











Implied Elasticity
0.5
0.5

0.0
-0.2

0.0
-0.1

  Wage Component Sign.?
5%
5%

1%
1%

1%
1%











Notes: See notes to Table 8. The mean and standard deviation of the dependent variables in panel (a): -0.0032 and 0.0276 in columns (1) and (2); 0.0122 and 0.0307 in columns (3) and (4);  and 0.0125 and 0.0383 in columns (5) and (6); in panel (b): 0.0223 and 0.0267 in columns (1) and (2); 0.0373 and 0.0382 in columns (3) and (4); and 0.0406 and 0.0382 in columns (5) and (6). Implied elasticity is the ratio of the coefficient of the "fraction  affected" variable in equation in this table to the corresponding "fraction affected" variable in Table 8. The row labeled "wage component significant" gives the level of statistical significance of the coefficient on the "fraction affected" variable in the corresponding regression in Table 8 or "No" if the coefficient is not significant.

TABLE 10

Card Test: Additional Specification Tests for Changes in State Employment




















1994-95
1994-96
1994-97
1994-98
1995-96
1995-97
1995-98


(1)
(2)
(3)
(4)
(5)
(6)
(7)

(a) Teens

















Fraction of State
0.02   
-0.05   
0.00   
-0.01   
-0.11**
-0.02   
-0.04   

Teens Affected
(0.03)   
(0.03)   
(0.03)   
(0.03)   
(0.04)   
(0.04)   
(0.05)   










Change in 16-64
1.12**
1.47**
0.94**
1.32**
--  
--  
--  

Employment Rate
(0.40)   
(0.27)   
(0.29)   
(0.28)   













Change in 20-64 HS+
--  
--  
--  
--  
0.51   
0.31   
1.01* 

Employment Rate




(0.50)   
(0.44)   
(0.50)   










R-squared
0.150
0.409
0.184
0.312
0.191
0.019
0.096










(b) 20-54 LTHS

















Fraction of State
-0.01   
0.12   
-0.03   
-0.04   
0.18#  
-0.03   
0.00   

20-54 LTHS Affected
(0.04)   
(0.08)   
(0.06)   
(0.07)   
(0.10)   
(0.08)   
(0.08)   










Change in 16-64
1.44**
1.36**
1.36**
1.39**
--  
--  
--  

Employment Rate
(0.31)   
(0.25)   
(0.31)   
(0.34)   













Change in 20-64 HS+
--  
--  
--  
--  
0.96#  
1.28* 
1.35* 

Employment Rate




(0.55)   
(0.52)   
(0.52)   










R-squared
0.314
0.396
0.284
0.254
0.106
0.112
0.121










Notes: See notes to Table 8. The "fraction affected" variable refers to the base year (1994 or 1995); changes refer to the latest year minus the base year.  The mean and standard deviation of the dependent variables in panel (a) are: -0.0058 and 0.0280 in column (1); -0.0076 and 0.0336 in column (2) 0.0066 and 0.0290 in column (3); and 0.0069 and 0.0333 in column (4); in panel (b): 0.0077 and 0.0243 in column (1); 0.0300 and 0.0310 in column (2); 0.0454 and 0.0341 in column (3) and 0.0491 and 0.0382 in column (4). For means and standard deviations of dependent variables in columns (5)-(7), see Table 9.

TABLE 11

Card Test: Time Structure of Changes in State Employment


























First Increase

Second Increase

Full Increase


1994-96
1995-96

1996-97
1996-98

1994-97
1995-97
1994-98
1995-98


(1)
(2)

(3)
(4)

(5)
(6)
(7)
(8)

(a) Teens























Fraction of State
-0.06   
-0.11**

0.13**
0.14* 

0.00   
-0.02   
-0.01   
-0.04   

Teens Affected
(0.04)   
(0.04)   

(0.05)   
(0.06)   

(0.03)   
(0.04)   
(0.04)   
(0.05)   













Change in 20-64 HS+
1.03**
0.51   

0.73   
0.75   

0.24   
0.31   
0.83* 
1.01* 

Employment Rate
(0.36)   
(0.50)   

(0.48)   
(0.49)   

(0.32)   
(0.44)   
(0.35)   
(0.50)   













R-squared
0.175
0.191

0.168
0.145

0.012
0.019
0.108
0.096













Implied Elasticity
-0.5
-1.0

1.4
2.0

0.0
-0.1
-0.1
-0.2

  Wage Significant?
1%
5%

No
No

1%
5%
1%
1%













(b) 20-54 LTHS























Fraction of State
0.12   
0.18#  

-0.22* 
-0.13   

-0.01   
-0.03   
-0.02   
0.00   

20-54 LTHS Affected
(0.09)   
(0.10)   

(0.10)   
(0.10)   

(0.07)   
(0.08)   
(0.08)   
(0.08)   













Change in 20-64 HS+
1.12**
0.96#  

0.74   
0.70   

0.89* 
1.28* 
0.99* 
1.35* 

Employment Rate
(0.33)   
(0.56)   

(0.49)   
(0.47)   

(0.36)   
(0.52)   
(0.41)   
(0.52)   













R-squared
0.205
0.106

0.121
0.070

0.115
0.112
0.109
0.121













Implied Elasticity
0.3
0.6

-1.5
-0.3

0.0
-0.1
-0.1
0.0

  Wage Significant?
5%
5%

No
5%

5%
1%
1%
1%













Notes: See notes to Table 10. For the mean and standard deviation of the dependent variables in columns (2), (6), and (8), see corresponding regressions in Table 9; for columns(1), (3), and (7), see Table 10; for column (3), panel (a): 0.0158 and 0.0303 and panel (b): 0.0150 and 0.0296; for column (4), panel (a): 0.0161 and 0.0343 and panel (b): 0.0184 and 0.0311.

� Card and Krueger's (1995) preferred specification  shows a statistically significant, positive, effect of the 1990-91 increases on teen wages, but zero effect on teen employment (see their summary, p. 389).





� According to DMW, after the federal minimum wage rose to $4.25 in April 1991, employment –relative to projections based on the $3.35 rate in force until April 1990– fell for all demographic groups studied. Employment losses were 7.3% for male teens; 11.4% for female teens; 10.0% for black teens; 3.1% for less-educated adult men; 5.2% for less-educated adult women; and 6.7% for less-educated black adults. Given that the minimum wage rose 26.9%, these employment losses translate to employment elasticities with respect to the minimum wage of -0.3 (male teens), -0.4 (female teens), -0.4 (black teens), -0.1 (less-educated adult men), -0.2 (less-educated adult women), -0.2 (less-educated black adults.


 


� See, for example, Krueger (1996), who called for pre-specification specifically in connection with the 1996-97 increases in the minimum wage, and a forthcoming edition of Industrial Relations, devoted to papers where authors proposed methods for examining the 1996-97 increases before the relevant data were available to test the impacts of those increases.





� Earlier versions of some of the Card and DMW regressions in this paper appeared in Bernstein and Schmitt (1998), which used CPS data through February 1998.





� Some researchers have argued that many studies understate the employment effects of the minimum wage because these studies look only at the short-term impact. Neumark and Wascher (1992), for example, emphasize that the employment impacts of the minimum wage are strongest in the second year following an increase.





� DMW make no mention of weighting. I assume here that their regressions were unweighted.





� Alternatively, I could have multiplied the final full CPS weight by four to produce a weight close to what the ORG weight would have been (Robert McIntyre, Bureau of Labor Statistics, personal communication, January 2000).





� DMW differs principally because they use state-level data and control for the business cycle using the overall male employment rate.





� DMW report a slightly different test of the validity of the year restrictions. They jointly test that all the year dummies prior to the increase are equal to each other and, simultaneously, that the two year dummies after the second increase are identical. Using Stata 6.0, I have not been able to implement a satisfactory version of their test. The "areg" procedure in Stata, which I use here does not allow suppression of the constant, a necessary condition to implement a test of the significance of a full set of pre-1996 year dummies, including 1991. In any event, the separate presented tests here are arguably more informative than the DMW test in that, in some cases, the separate tests show that one of the restrictions holds while the other fails. Separating the tests, however, also makes it less likely to reject the identifying assumption.





� Given sample size limitations, DMW calculate state-year employment rates for males and females separately and then combine the state-year cells for males and females in the same regression. DMW include a dummy variable equal to one when the state-year cell refers to male data and equal to zero when the cell refers to female data. This approach means that the OLS regressions in Table 2 have many more observations for blacks (628) than they do for male and female teens (408). The underlying sample sizes in the cells for blacks, however, are much smaller than in the cells for the male and female groups of all races. The root mean squared errors in the black equations are, accordingly, generally much greater than they are in the male or female regressions.





� DMW originally used all males 15-64.





� A countervailing issue concerns the sampling frame of the full monthly CPS. Individuals are in the full monthly CPS for four months, out for eight months, and in again for four months. This rotation process means that some individuals appear at least twice in any multi-month analysis using the full monthly CPS. In principle, this complicates the statistical interpretation of parameter estimates and especially standard errors, but, in practice, these issues are probably less important than the estimation problems that stem from small samples for many experimental populations in many state-year cells.





� The switch from the ORG to the full monthly CPS is probably the biggest factor leading to the rejection of the year-dummy restrictions. Separate regressions using the full monthly CPS but otherwise identical to the regressions in Table 2 (not shown, but available upon request), reject the DMW restriction in all three relevant cases. Weighted versions of the regressions in Table 2 rejected the year-dummy restrictions for black teens and less-educated females. Regressions identical to those in Table 2 that included the new business-cycle control rejected the year restriction for male teens.





� This would be true for two reasons. First, the coefficient that measures the employment level after the second increase would capture both the initial impact of the second increase (an increase of roughly the similar size to the first increase) plus the longer-term impact of the first increase. Second, the dummy variable that captures the employment effect of the second increase covers a 24-month period, while the dummy variable associated with the first increase covers only a 12-month period. The estimate of the employment effects of the second increase, then, includes at least part of the "long-term."





� The full monthly CPS assigns weights to all surveyed individuals in all years in the analysis.





� In the middle of a national economic boom, as was the generally case in 1996 and 1997, employment gains should be smallest in states with the highest share of workers in the affected range.





� Neither Card (1992) nor Card and Krueger (1995) examined data for less-educated adults.





� The elasticities reported in the preceding DMW analysis are employment elasticities with respect to increases in the federal minimum wage. The elasticities reported in the Card analysis are employment elasticities with respect to the actual wage changes induced by the minimum-wage increases.





� The wage data here are taken from CPS extracts created by the Economic Policy Institute and described in Webster (1999).


 


� Estimating the employment elasticity with respect to the minimum wage in the DMW test involves relating a measured employment change to a known aggregate change in the minimum wage. This procedure does not lend itself easily to a period that has one minimum wage for 11 months (from October 1996 to August 1997) and another minimum wage for 1 month (September 1997). Since the Card test measures the employment elasticity of the minimum wage as the ratio of the β coefficients in equations (2) and (3), estimation of employment elasticities is not distorted by the inclusion of the extra month.





� During the first 11-months of this year period, the federal minimum wage was $4.75; during the last month of this period the minimum wage was $5.15.





� Appendix Table 1 applies five specification tests, from Card and Krueger (1995), to the regressions in Table 9. The tests don't change the conclusions from Table 9. 





� By May 1996, even some Republicans in Congress had proposed legislation to raise the minimum wage.





� Few employers operating in the first year of the Republican-controlled 104th Congress would probably have expected a minimum-wage increase in the second year of that Congress. 





� The two competing models of the low-wage labor market that lie behind much of the empirical debate on the minimum wage –the competitive versus dynamic monopsony models– may imply different dynamic responses to the labor market. In the competitive context, the LeChatelier principle establishes that short-run demand elasticities are smaller than long-run demand elasticities. In a monopsonistic context, however, the exogenous wage increase might have the largest impact on labor supply (recruitment, motivation, and retention) closest to the time that the wage increase goes into effect.
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