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Metropolitan Wage 
Differentials: Can Cleveland 
Still Compete? 
by Randall W. Eberts 
and Joe A. Stone 

Introduction 
Labor costs are often cited as one of the primary 
reasons for the economic hardships plaguing 
many older industrial cities, such as Cleveland. Of 
course, other factors, such as local taxes, proxim- 
ity to markets, product cycles, and energy costs 
may also contribute to the area's diminished abil- 
ity to compete with other regions in attracting 
and retaining businesses. Nonetheless, since 
labor costs represent an important part of total 
production costs, the initial presence of signifi- 
cant wage differentials among metropolitan areas 
may have been a major factor in the economic 
expansion of Sunbelt cities and the relative 
decline of Snowbelt cities. In turn, divergent pat- 
terns of growth resulting partly born firms relocat- 
ing in low-wage areas may have caused wage lev- 
els to converge. 

With respect to the effect of differ- 
ential labor costs on firm location and on 
regional employment growth, two aspects of 
labor costs must be considered. First, there is 
more to examining labor cost differentials across 
regions than simply looking at regional differen- 
ces in wage rates. Firms consider not only the 
amount they pay workers, but also the productiv- 
ity of their workers. Stated simply, an employer is 
willing to pay a worker in Cleveland a higher 
hourly wage than a worker in Atlanta, for exam- 
ple, if the Cleveland worker is more productive 
than the Atlanta worker. Therefore, a comparison 
of regional wage differentials is much more 
meaningful when these wages are adjusted for 
differences in worker skills. 
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Second, the advantage to a firm in 
searching for a low-wage area is directly propor- 
tional to the degree of regional dispersion in 
labor costs. A large regional variation in labor 
costs would make it advantageous for firms to 
search for low-wage areas, since the relative cost 
savings would be sizable. On the other hand, if 
wage differentials, adjusted for worker skills, are 
observed to converge over time, then the competi- 
tive disadvantage of relatively high-wage areas, 
such as Cleveland, would diminish over time. 

The purpose of this paper is three- 
fold: to provide estimates of variations across 
metropolitan areas in the wage employers pay a 
worker of given skills and training, to compare 
these "skill-adjusted wage differentials with 
observed differentials, and to examine how these 
differentials may have changed over the past 
decade. The Cleveland metropolitan labor market 
is used as a point of comparison to highlight how 
labor costs in a major industrial city in the Fourth 
Federal Reserve District fare with respect to other 
U. S. cities. 

I. Theoretical Framework 
Metropolitan areas in the United States are charac- 
terized by many firms that act as price-takers 
when they sell to national markets and that con- 
sider the rental prices of capital to be fured by ex- 
ternal conditions (see Borts and Stein [I9641 ; 
and Muth [I968 and 19831 ). This demand-side in- 
terpretation of regional labor markets fures local 
nominal wages by the horizontal labor demand 
curve of firms competing in national or interna- 

http://clevelandfed.org/research/review/
Best available copy



1 9 8 6  Q U A R T E R  2 

tional product markets. Long-run equilibrium 
levels of local wages are determined by the 
demand for labor, under the technical condition 
that the level of output changes in constant pro- 
portion to changes in labor and capital. Shifts in 
labor supply have no long-run effect on local 
nominal wages in this model, but supply changes 
do cause changes in total employment and even- 

Estimates of Wage Equations for 1974 and 1983 
(Current Population Survey data) 

Variable 1974 1983 

Intercept 1.26 1.58 
(39.08) (115.27) 

Schooling 0.12 0.13 
(9.15) (30.70) 

Schooling squared 0.007 0.004 
(2.17) (3.18) 

Potential experience 0.024 0.026 
(31.39) (114.22) 

Potential experience squared -0.0004 -0.0004 
(-25.05) (-86.03) 

Employment status (full- 0.14 0.16 
time = 1) (14.25) (58.34) 

Gender (female = 1) -0.31 -0.23 
(-35.15) (-96.52) 

Race (nonwhite = 1) -0.05 -0.02 
(-3.90) (-6.82) 

Occupation dummy variables ---- ---- 

(omitted for brevity) 

R-square 0.49 0.49 
Number of observations 13,733 175,268 

NOTES: Coefficients are followed by t-statistics in parentheses. The 1983 re- 
gression also contains quarterly dummy variables to control for variations 
during 1983. See text for definition of variables and further explanation of 
data. All coefficients are statistically significant at the 0.01 percent level, 
except for schooling squared in 1974, which is statistically significant at the 
0.05 percent level. 

- 

T A B L E  1 
tually in total population. Of course, other influ- 
ences on local wages are possible in shoa-run dis- 
equilibrium and even in long-run equilibrium, if 
local products are relatively unique or sold in geo- 
graphically limited markets, if local natural re- 
sources are a significant input into the production 
of exportable goods, or if any of the other condi- 
tions of the demand-side model above are violated. 
Johnson (1983) provides an extensive theoretical 
and empirical analysis of many of these factors, 
including local costs of living, environmental 
amenities important to workers, taxes, income 

transfers, moving costs, unionization, transporta- 
tion costs, discrimination, and various human 
capital and skill variables. Most of the previous 
studies of geographical wage differentials have 
allowed a dominant role for labor supply in 
determining local wages (see Coelho and Ghali 
[I9711 ; Bellante [I9791 ; Sahling and Smith 
[1983] ; Scully [I9691 ; and Johnson [1983] ). 

Without necessarily denying a role 
for nondemand factors, the purpose of our study 
is to obtain estimates of metropolitan wage dif- 
ferentials relevant for identifying demand-side 
effects and to explore the possible significance of 
such effects over the past decade. To do this, we 
first estimate the demand-side differentials for 
1974 and 1983, and then examine the trends in 
the differentials between the two periods. Under 
the demand-side model, the change in skill- 
adjusted wage differentials during this period is 
expected (all else the same) to be inversely 
related to subsequent rates of economic growth 
via firm locations, expansions, and contractions. 
We have found in Eberts and Stone (1985), for 
example, a significant inverse relationship 
between metropolitan wage differentials in the 
1970s and subsequent firm locations. Therefore, 3 
one would expect wage differentials measured in 
1974 to narrow by 1983. 

11. Data and Empirical Results 
The data used to estimate the metropolitan wage 
differentials are obtained from 1974 and 1983 
Current Population Surveys (CPS) compiled by 
the Bureau of labor Statistics. The 1974 data 
come from the May survey, which contains sup- 
plementary questions regarding employment. 
The 1983 information is derived £rom questions 
asked of one-quarter of the individuals in each of 
the 12 monthly surveys. Because of this differ- 
ence (and also because of other changes in the 
CPS between 1974 and 1983), the total number of 
workers with sufficiently complete records for 
analysis is much smaller in 1974 than in 1983 
(13,733 workers in 1974 versus 175,268 in 1983). 
The sample allows us to identify 43 of the largest 
metropolitan areas-Standard Metropolitan Statis- 
tical Areas (SMSAs)--for both years of data. 

Our first step in obtaining skill- 
adjusted wage differentials is to specify estimable 
wage equations that reflect appropriate demand 
determinants of the wages of individual workers. 
This approach follows the human capital specifi- 
cation of individual wages set forth by Hanoch 
(1967) and Mincer (1974). Thus, we specify indi- 
vidual wages (expressed in logarithms) as a func- 
tion of observed determinants of individual 
productivity-education level (entered as a quad- 
ratic), potential experience (age, minus years of 
education, minus six, also entered as a quad- 
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ratic), a binary dummy variable indicating full- entered to control for race and gender differences 
time employment status, and 46 binary occupa- in wages. Under the assumptions of the demand 
tion dummy variables (with one of these omitted model, the separate wage regressions for 1974 
as a constant). Binary dummy variables are also and 1983 yield coefficients that reflect national 

average marginal productivities in specific occu- 
pations and for particular human capital compo- 
nents. Industry dummy variables and union mem- 

(percentage difference fiom national average) bership status are not included, because these 
variables are not viewed as  productive attributes. 

skiu- Detailed information on other components of 
Rank SMSA adjusted Actual labor compensation (pensions, health insurance, 

1 NewYork 18.6 21.6 and the like) is not available in the data. 

2 Paterson 17.9 18.6 The predicted wage level for each 

3 San Francisco 17.5 19.8 worker in the sample is obtained by multiplying 

4 Detroit 17.1 23.6 the estimated coefficients by each worker's char- 

5 Chicago 15.7 16.1 acteristics. The predicted wage can be interpreted 

6 Nassau-SuRolk 15.5 24.8 as the compensation a worker could expect to 

7 Rochester 14.5 19.9 receive, given his or her characteristics, regardless 

8 San Jose 13.4 23.7 of geographic location. Subtracting the predicted 

9 Portland 13.3 16.8 wage from the actual wage, then, nets out the 

10 Gary 12.9 10.5 portion of the actual wage that is related to the 

11 San Diego 12.9 21.2 worker's skills. The skill-adjusted metropolitan 

12 Anaheim 12.2 27.3 wage differentials are then obtained by averaging 

13 Seattle 9.1 24.4 the wage residuals (actual, minus predicted 

14 Los Angeles 8.4 10.8 wage) in each year for all workers in a particular 

15 Albany 8.3 18.7 metropolitan area. Average wage differentials are 

16 Akron 7.9 3.8 calculated for each of the 43 SMSAs for each year. 

17 Cleveland 7.5 14.4 The national average wage differential is, of 

18 Atlanta 6.5 2.8 course, equal to zero by the property of least- 

19 Denver 5.9 11.4 squares regression. For purposes of comparison, 

20 New Orleans 5.9 -0.8 an additional average is calculated jointly for 

21 Baltimore 5.8 5.4 nonSMSAs and other excluded SMSAs. 

22 Sacramento 5.7 9.0 
23 Indianapolis 5.5 8.9 
24 Minneapolis-St. Paul 5.1 9.8 Wage regressions. The estimated (log) wage 

25 Milwaukee 4.9 8.0 equations for both 1974 and 1983 are presented 

26 Columbus 4.3 3.9 in table I, except that the 45 estimated coeffi- 

27 Boston 4.1 9.4 cients for the occupation dummy variables are 

28 San Bemardino 3.9 5.0 omitted for brevity. These equations are pres- 

29 Houston 3.8 10.4 ented only to document the results of our 

30 Newark 3.7 3.6 demand-oriented wage regressions. Fxcept for 

31 Philadelphia 3.1 6.3 the absence of nondemand factors (for example, 

32 St. Louis 1.4 1.7 controls for union membership), these are famil- 

33 Pittsburgh 0.6 -1.6 iar regressions (with minor variations) in the 

34 Cincinnati 0.5 -0.3 labor literature. 

35 Miami -0.6 0.2 The estimated coefficients in table 

36 Kansas City -1.8 3.6 I are as expected in both years. Schooling (with 

37 Dallas -2.9 -0.9 a value equal to 1 for eight to 11 years, a value of 

38 Ft. Worth -4.4 -0.5 2 for 12 to 15 years, a value of 3 for 16 to 17 

39 Birmingham -4.7 0.1 years, and a value of 4 for more than 18 years) 

40 NonSMSAs and other SMSAs -5.8 -8.7 enters with a significantly positive coefficient.' 

41 Buffalo -6.9 -4.9 Schooling squared also enters with a significantly 

42 Norfolk -7.1 -7.6 positive coefficient; years of potential experience 

43 Greensboro -8.1 -8.6 
44 Tampa -15.9 -17.9 

NOTE: Wage differentials are derived from Current Population Survey files, .......................................... 
using the technique described in the text. 

T A B L E  2 

This specification of education permits greater nonlinearity in 1 the effects of different education levels than the use of individ- 
ual years of education, although the difference is trivial for our estimated 
wage differentials. 
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enters with a positive coefficient; experience for race (with nonwhite equal to 1) and gender 
squared enters with a negative coefficient; a (with female equal to 1) enter with negative coef- 
dummy variable for full-time employment enters ficients. All listed coefficients are significant at the 
with a positive coefficient; and dummy variables 5 percent level. 

With the exception of the decline in 
absolute value for the race and gender coefficients 

1983 Metropolitan Wage Differentials in 1983, the 1974 and 1983 regressions are basic- 
(percentage difference from national average) ally the same. The similarity extends, by and 

large, to the 45 occupation dummy variables as 
Skill- well, although a few of these coefficients do 

Rank SMSA adjusted Actual change. Intercepts in the two equations, of course, 

1 San Francisco 18.1 25.4 differ significantly, due to both nominal and real 

2 San Jose 18.1 28.4 wage growth between 1974 and 1983 for the Unit- 

3 Anaheim 15.5 23.0 ed States as a whole. Both regressions explain 49 

4 Seattle 14.9 22.1 percent of the variation in actual wages. 

5 Minneapolis-St. Paul 12.0 12.6 
6 Nassau-Suffolk 11.3 16.0 
7 Houston 10.8 14.5 Metropolitan wage differentia&. Skill-adjusted 

8 Los Angeles 10.7 13.0 and actual metropolitan wage differentials 

9 Chicago 10.4 14.5 (expressed as the percentage deviation from the 

10 San Bemardino 10.0 7.1 national average) are presented in table 2 for 

11 Detroit 9.3 9.1 1974 and in table 3 for 1983. The SMSAs are 
12 Gary 8.4 3.6 ranked according to the size of the skill-adjusted 

13 Dallas 8.0 12.2 differential. Because of the semilogarithmic speci- 

14 Portland 7.9 9.7 fication of the wage equation, residuals are expo- 

15 Paterson 7.8 13.5 nentiated to obtain percentage differentials. 5 
16 Sacramento 7.8 7.0 The rankings offer a perspective on 

17 Denver 7.6 12.7 how Cleveland's wages compare with regions 

18 Newark 7.3 12.7 against which the area might compete for eco- 

19 Milwaukee 7.1 7.9 nomic development. In 1974, Cleveland's skill- 

20 NewYork 7.1 11.4 adjusted wage was 7.5 percent above the national 

21 San Diego 5.7 4.5 average, which put Cleveland in seventeenth place 

22 Cleveland 5.1 7.0 among the cities considered. A number of cities 

23 Rochester 5.1 11.0 usually associated with rapid growth, such as San 

24 New Orleans 4.8 8.8 Jose, San Diego, and Anaheim, had wage differen- 

25 St. Louis 3.9 4.0 tials that were higher than Cleveland's. On the 

26 Ft. Worth 3.4 3.0 other hand, Cleveland's skill-adjusted wages are 

27 Pittsburgh 2.7 5.4 consistently higher than they are in southeastern 

28 Atlanta 2.7 6.2 cities. About one-quarter of the cities with wage 

29 Boston 2.2 5.7 rates below Cleveland's level were in the South- 

30 Kansas City 2.1 4.5 east, and no southeastern city had a skill-adjusted 

31 Baltimore 1.6 4.8 wage differential higher than Cleveland's. More-' 

32 Philadelphia 1.5 4.7 over, small SMSAs and nonSMSA regions showed 

33 Cincinnati 1.3 1.4 much lower skill-adjusted wage differentials than 

34 Akron -1.3 1.4 Cleveland's-over 12 percent lower. 

35 Greensboro -1.6 -3.5 In 1983, Cleveland's skill-adjusted 
36 Columbus -2.2 -2.1 wage fell to only slightly above 5 percent of the 

37 Indianapolis -2.5 -2.6 national average, which brought its ranking down 

38 Buffalo -2.6 -4.5 to twenty-second place. All the southern cities in 

39 NonSMSAs and other SMSAs -4.8 -7.1 the sample still had wage differentials below 

40 Albany -6.0 -5.4 Cleveland's. A few additional cities, such as San 

4 1 Birmingham -6.9 -5.1 Bemardino and Sacramento, were added to the 

42 Miami -6.9 -11.4 1974 list of west coast cities that surpassed Cleve- 

43 Norfolk -7.3 -7.3 land in the skill-adjusted wage differential. 

44 Tampa -10.7 -11.7 Wage differences between metro- 
politan areas can be broken down into two compo- 

NOTE: Wage differentials are derived fiom Current Population ~ u r v t y  files, nents: differences in the skill-adjusted wages and 
using the technique described in the text. differences in the value of skills (measured in 

dollars). Consider the difference in actual wages 
T A B L E  3 between two SMSAs ( w 1 and w, ). Recall that: 
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( 1 )  log ( w,) = bS, + e,, 

l og (w, )  = bS, + e l ,  

where b is the regression coefficient associated 
with the skill-related variables (S), and e denotes 
the residual or skill-adjusted wages (actual wage, 
minus predicted wage). We assume that the 
appropriate aggregation has been done, so that 
each equation represents wages in a specific met- 
ropolitan area. 

The difference in the actual (log) 
wages between the two metropolitan areas is: 

The first component on the right-hand side is the 
difference in levels of skills normalized in wage 
units between the two areas. The second is the 
difference in skill-adjusted wages between the 
two metropolitan areas. If, for example, the actual 
wage differential is greater than the skill-adjusted 
differential, then the skill level is necessarily 
greater in area 1 than in area o. Consider the 
wage differentials displayed for San Francisco in 
1983. The actual wage in San Francisco is 17.2 
percent higher than the actual wage in Cleveland, 
but the skill-adjusted wage is only 12.4 percent 
higher.* The difference of 4.8 percentage points is 
due to the higher skill levels of San Francisco 
workers relative to Cleveland workers. Since 
employers are willing to pay workers the value of 
their contribution to the production of each unit 
of output, the higher wages associated with 
higher productivity do not affect the relative 
competitiveness of the two areas. Rather, it is the 
difference in wages over and above the differen- 
tial associated with higher labor productivity that 
affects competitiveness among regions. In the 
case of San Francisco, a 12.4 percent wage differ- 
ential exists, which is not accounted for by skill 
differentials. On the other hand, Rochester's 3.2 
percent wage differential relative to Cleveland is 
due entirely to higher skill levels in Rochester. 

The percentage difference in wages between any two metropol- 2 itan areas can be easily calculated from iab\es i and 2, by 
using the following formula: 

where (w, - wo)/wo is the percentage difference in wages 
between area 1 and area o and (w , -w,,)/w,, is the percentage 
deviation in wages in area i from the nation's (the differential dis- 
played in tables 2 and 3). 

Although the results for 1974 show 
a rough correspondence between skill-adjusted 
and observed (actual) wage differentials, substan- 
tial differences are also clearly evident. Detroit, 
Anaheim, Birmingham, San Diego, Cleveland, 
Houston, and Boston, for example, all have 
observed wage differentials that exceed the skill- 
adjusted differential by at least 8 percentage 
points, which is the approximate differential 
required for statistical significance at the 5 per- 
cent level. Only Akron exhibits the opposite 
phenomenon-a skill-adjusted differential that is 
at least 8 percentage points higher than the 
observed differential. The five SMSAs with the 
highest skill-adjusted wages are New York, Pater- 
son, San Francisco, Detroit, and Chicago. The five 
lowest SMSAs are Tampa, Ft. Worth, Greensboro, 
Norfolk, and Buffalo. 

The results for 1983 show a 
stronger correspondence between skill-adjusted 
and observed wage differentials. By this year, no 
SMSA except San Jose has an observed wage dif- 
ferential that differs from the skill-adjusted differ- 
ential by at least 8 percentage points. Only one of 
the five highest-wage SMSAs in 1974 (San Francis- 
co) remains in the top five in 1983. The remain- 
ing four in 1983 are San Jose, Anaheim, Seattle, 
and Minneapolis-St. Paul. Two of the lowest-wage 
SMSAs in 1974 (Tampa and Norfolk) remain among 
the five lowest SMSAs in 1983. The remaining 
three in 1983 are Albany, Birmingham, and Miami. 

The changes in the differentials 
between 1974 and 1983 are presented in table 4. 
SMSAs with the largest increases are Dallas, Ft. 
Worth, Houston, Minneapolis-St. Paul, and 
Greensboro. SMSAs with the largest decreases are 
Albany, New York, Paterson, Rochester, and 
Akron. Most of the cities associated with rapid 
growth during the last decade exhibit increases in 
both skill-adjusted and observed wage differen- 
tials. In some instances, the skill-adjusted and 
actual changes in wage differentials differ sub- 
stantially. SMSAs that show increases in the skill- 
adjusted differential, but a decline in the actual 
wage differentials, are Houston, Anaheim, and 
Sacramento. For these SMSAs, the skill-adjusted 
increase is presumably offset by a decline in 
average skill level. 

Cleveland's skill-adjusted and ob- 
served wage differentials fell between 1974 and 
1983; the actual wage declined more rapidly than 
the skill-adjusted wage. Since the relative decline 
in the actual wage differential, with respect to the 
skill-adjusted wage differential, has to be offset by 
a decline in average skill level of the area's work 
force, this indicates that Cleveland suffered a de- 
cline in the average skill of the area's labor force. 

New Orleans, Philadelphia (trivial- 
ly), Atlanta, and Akron show decreases in the 
skill-adjusted wage differential, but an increase in 
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the actual wage differential. For these SMSAs, the 
skill-adjusted decrease is presumably offset by an 
increase in the average skill level. Large diver- 
gences between the skill-adjusted and actual 

Change in Wage Merentids £rom 1974 to 1983 
(percentage point change) 

Skill- 
Rank SMSA adiusted Actual 

Dallas 
Ft. Worth 
Houston 
Minneapolis- St. Paul 
Greensboro 
San Bernardino 
Seattle 
Tampa 
San Jose 
Buffalo 
Kansas City 
Newark 
Anaheim 
St. Louis 
Los Angeles 
Milwaukee 
Pittsburgh 
Sacramento 
Denver 
NonSMSAs and other SMSAs 
Cincinnati 
San Francisco 
Norfolk 
New Orleans 
Philadelphia 
Boston 

27 Birmingham -2.2 - 5.2 
Cleveland 
Atlanta 
Nassau- SulTolk 
Baltimore 
Gary 
Chicago 
Portland 
Miami 
Columbus 
San Diego 
Detroit 
Indianapolis 
Akron 
Rochester 
Paterson 

changes (even if the changes are in the same 
direction) have similar interpretation. Other 
SMSAs with large differences between the two 
measures are San Jose, Birmingham, Gary, San 
Diego, Detroit, and Albany. 

Based on the estimates above, 
have skill-adjusted metropolitan wage differen- 
tials converged since 1974? This question can be 
answered by calculating the change in the coeff- 
cient of variation from 1974 to 1983. The coeff- 
cient of variation is the standard deviation (com- 
puted from the sample of SMSA-level wage 
differentials) divided by the mean; thus, it is an 
index of the degree of dispersion in the sample. 
This measure indicates substantial convergence 
for both sets of differentials, declining by 22 per- 
cent for the skill-adjusted differentials and by 46 
percent for the actual wage differentials. Because 
the observed wage differential is composed of 
the skill-adjusted wage differentia! and a differen- 
tial related to differences in actual skills, the fact 
that observed wages converged more than twice 
as much as skill-adjusted wages suggests that 
variations across metropolitan areas in actual skill 
levels also declined during the period.3 

Why do we observe relatively 
strong wage convergence during the 1974-1983 
period? Following our demand-side approach, 
one could attribute convergence to the expand- 
ing scope of most product markets (both domes- 
tically and internationally), increased competition 
faced by geographically concentrated firms thHt 
may have had some power to influence price, the 
relative decline of industries that make products 
using relatively large amounts of local natural 
resources, and the emergence of manufacturing 
industries that require smaller-scale plants. 

43 NewYork 
44 Albany 

111. Conclusion 
The objective of this paper was to provide esti- 
mates of variations across metropolitan areas in 
the wage employers pay a worker of given skills 
and training, and then to compare how these dif- 
ferentials have changed over the past decade. 
Based upon 1974 and 1983 data from the Current 
Population Survey, we find substantial variations 
in skill-adjusted wages in both 1974 and 1983, as 
well as significant deviations between skill- 
adjusted and observed wage levels. We also find 
that the wage differentials and skill differentials 
converged significantly during this same period. 
Cleveland's skill-adjusted and actual wage levels 

NOTE: Wage differentials are derived from Current Popuhtion S u w q  files, The change in average skill level could be the result of changes 

using the technique described in the text. in actual skills or of changes in the market compensation of the 
skills between 1974 and 1983. The oeneral similaritv of the 1974 and I 
1983 wage regressions, however, suggests that most ot ihe change in 

T A B L E  4 skill level reflects actual changes in skills. 
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also converged toward the national averages. 
Over the last decade, Cleveland closed the gap by 
2.4 percentage points for skill-adjusted wages and 
by nearly 9 percentage points for actual wages. 

The reduction in Cleveland's wage 
differentials and the general convergence in 
wages and skills could influence Cleveland's 
economic future in at least two ways. First, the 
incentive for firms to move out of Cleveland 
might diminish, since convergence in wages 
reduces the potential cost savings of a move. 
Second, the wage differential might not be as crit- 
ical a factor in economic growth as it once was. 
In fact, labor supply-side factors, such as labor 
climate and local amenities and public services, 
might become more important influences on 
economic development. 
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