Temporal and Geographical Consistency Analyses using Iowa Laborshed Data
July 10, 2007
Mark D. Ecker

Associate Professor 

Department of Mathmatics

University of Northern Iowa

Cedar Falls, IA 50614-0506
Brenda Funke

Undergraduate Student

Department of Mathematics
University of Northern Iowa

Cedar Falls, IA 50614-0506

1. Introduction

The availability of labor in a specific geographic region is an issue of great concern to Iowa’s businesses and industry.  In recent years, Iowa has had relatively low unemployment rates, further magnifying the need for precise employment analyses.  Accurate estimation of the overall pool of potential workers, defined as the Weighted Labor Force (WLF), is a crucial step in enticing new businesses to locate to a community.  A vibrant supply of well-trained and highly educated employees is also a key component to retaining and expanding existing businesses (Laborshed Survey and Analysis, Keokuk, 2000).  For example, before the large retail company Target built a multi-state distribution center in Cedar Falls, Iowa, it needed to feel confident that the surrounding region (Cedar Valley laborshed) could supply the necessary labor.  

This research supports the core services of the Institute of Decision Making (IDM) at the University of Northern Iowa by estimating the availability of workers in Iowa.  A survey of 11,121 currently employed residents in the state of Iowa recorded employment demographics such as employment status, age, gender, education level and miles driven to work.  Of particular interest is the ordinal variable that rates a person’s desire to change employment on a 1-4 scale (1=very likely to change; 4=very unlikely to change).   This survey information is used to identify which factor or combination of factors (gender, age, education level, and miles driven to work) most influence an employed individual’s potential to change jobs.  In this project report, we expand upon the analysis of the employed Iowa workforce dataset (see the Fall 2006 update of the all Iowa dataset given in Ecker and Funke, 2006 or Ecker and Funke, 2005) to provide a temporal and also a spatial analysis of the dataset to check for consistency of the results.   

The format of the paper is as follows.  In section 2, we detail the Iowa laborshed dataset while section 3 provides technical logistic regression with polytimous response regression model.  Section 4 describes the results of the temporal analysis while section 5 explains the geographical analysis results. Finally, section 6 gives conclusions while section 7 contains acknowledgements.
2. Laborshed Data 

A combination of random sampling and individual laborshed surveying was conducted by a private firm for Iowa Workforce Development (IWD), which provided information for 11,121 employed Iowa residents, ages 18 to 64.  Details on the design and implementation can be found in the Laborshed Survey and Analysis (2000, p. 2).  Variables collected on all 11,121 employed individuals include gender, age, education level, current salary, miles willing to travel to work, place of residence and their desire to change employment.

All surveyed employed respondents were asked about their likelihood to change employment: (1=Very likely, 2=Somewhat likely, 3=Somewhat unlikely and 4=Very unlikely).  This variable became the dependent variable in the subsequent analysis of Covariance (ANCOVA) and polytomous response logistic regression models in the sequel.  Table 1 contains the exact breakdown of the willingness to change variable for each laborshed.  Further analysis of the laborshed data can be found in the Fall 2006 Laborshed Dataset Update (Ecker and Funke, 2006).
Table 1. Raw Counts of Willingness to Change by Laborshed:





                 WILLINGNESS TO CHANGE

	Laborshed
	Date
	Ones
	Twos
	Threes
	Fours
	Total

	COUNCIL BLUFFS/OMAHA
	July 1, 2004
	142
	214
	158
	413
	927

	ELKADER
	August 1, 2004
	17
	31
	16
	52
	116

	EMMETSBURG
	August 1, 2004
	10
	18
	7
	33
	68

	ESTHERVILLE
	August 1, 2004
	15
	23
	12
	27
	77

	LOGAN
	August 1, 2004
	14
	12
	8
	33
	67

	FAIRFIELD
	September 1, 2004
	7
	11
	3
	15
	36

	ATLANTIC
	October 1, 2004
	18
	28
	11
	38
	95

	BLOOMFIELD
	October 1, 2004
	13
	16
	11
	46
	86

	CENTERVILLE
	October 1, 2004
	12
	17
	11
	51
	91

	FT DODGE
	October 1, 2004
	15
	8
	4
	37
	64

	HAMPTON
	October 1, 2004
	23
	36
	13
	79
	151

	KNOXVILLE
	October 1, 2004
	15
	13
	7
	30
	65

	OSAGE
	October 1, 2004
	31
	26
	16
	72
	145

	IOWA FALLS
	November 1, 2004
	6
	13
	10
	47
	76

	DEWITT
	December 1, 2004
	15
	28
	13
	84
	140

	HUMBOLDT
	December 1, 2004
	7
	13
	10
	43
	73

	MAQUOKETA
	December 1, 2004
	9
	10
	5
	44
	68

	MASON CITY CLEAR LAKE
	December 1, 2004
	20
	33
	17
	81
	151

	PELLA
	December 1, 2004
	4
	3
	5
	26
	38

	GRUNDY CENTER
	February 1, 2005
	26
	28
	14
	50
	118

	CHARITON
	March 1, 2005
	19
	23
	10
	64
	116

	FAYETTE
	March 1, 2005
	35
	51
	28
	104
	218

	TAMA
	March 1, 2005
	12
	21
	12
	49
	94

	WEBSTER CITY
	March 1, 2005
	15
	22
	15
	34
	86

	CHARLES CITY
	April 1, 2005
	14
	14
	5
	22
	55

	CRIC TECH CORRIDOR
	April 1, 2005
	82
	129
	126
	293
	630

	NEW HAMPTON
	April 1, 2005
	15
	24
	9
	30
	78

	Ames
	May 1, 2005
	36
	80
	51
	133
	300

	NIACC
	May 1, 2005
	64
	109
	61
	178
	412

	ANKENY
	June 1, 2005
	16
	23
	24
	55
	118

	CRESCO
	June 1, 2005
	14
	21
	15
	28
	78

	DECORAH
	June 1, 2005
	6
	8
	5
	18
	37

	INDEPENDENCE
	June 1, 2005
	12
	21
	11
	36
	80

	QUAD CITIES
	June 1, 2005
	51
	70
	35
	135
	291

	WAUKON
	June 1, 2005
	5
	11
	4
	5
	25

	WINTERSET
	June 1, 2005
	21
	42
	20
	56
	139

	CRESTON
	July 1, 2005
	15
	29
	24
	43
	111

	LEON
	July 1, 2005
	22
	27
	16
	51
	116

	OSCEOLA
	July 1, 2005
	11
	18
	14
	27
	70

	MID IOWA
	August 1, 2005
	78
	117
	71
	202
	468

	GRIMES
	October 1, 2005
	9
	22
	15
	36
	82

	INDIANOLA
	October 1, 2005
	38
	51
	42
	103
	234

	KEWANEE
	October 1, 2005
	27
	36
	13
	46
	122

	PERRY ADEL URBANDALE
	November 1, 2005
	35
	99
	45
	125
	304

	TIPTON
	November 1, 2005
	15
	31
	24
	58
	128

	WAUKEE
	November 1, 2005
	21
	39
	29
	63
	152

	JOHNSTON
	December 1, 2005
	4
	13
	11
	25
	53

	BURLINGTON
	January 1, 2006
	26
	35
	31
	87
	179

	DES MOINES
	January 1, 2006
	36
	62
	39
	61
	198

	EASTERN POLK
	January 1, 2006
	19
	30
	34
	66
	149

	Clinton
	February 1, 2006
	33
	46
	23
	71
	173

	Monticello
	February 1, 2006
	21
	33
	30
	77
	161

	Storm Lake
	February 1, 2006
	24
	32
	37
	77
	170

	Dubuque
	March 1, 2006
	21
	58
	19
	114
	212

	MUSCATINE
	March 1, 2006
	16
	18
	7
	37
	78

	Corydon
	April 1, 2006
	15
	33
	16
	72
	136

	Harlan
	April 1, 2006
	34
	47
	19
	84
	184

	SouthEastIowa
	April 1, 2006
	65
	102
	46
	194
	407

	Carroll
	May 1, 2006
	14
	19
	11
	32
	76

	IowaConnections
	May 1, 2006
	53
	100
	57
	179
	389

	Siouxland
	June 1, 2006
	40
	68
	40
	117
	265

	WesternIowaAdvantage2
	July 1, 2006
	83
	154
	74
	268
	579

	IowaLakesCorridor
	August 1, 2006
	32
	90
	65
	201
	388

	Ottumwa
	August 1, 2006
	14
	23
	17
	73
	127


3. Logistic Regression Model
An appropriate statistical model to explore the relationship between willingness to change employment and covariates such as age, potential salary, distance willing to travel, etc. is a logistic regression with polytomous response (Ecker and Funke, 2005).  We work with the person’s likeliness to change employment (1=Very likely, 2=Somewhat likely, 3=Somewhat unlikely and 4=Very unlikely), and model the theoretical probabilities of each (
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) with logistic regression models (Ecker and Funke, 2005).  Note that having four levels (polytomous response) of the ordinal dependent variable (the person’s decision to change employment) requires us to choose a baseline level; we choose
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 such as age, gender, wage, distance willing to travel and education level for each sampled person, the logistic regression with polytomous response model is (McCullagh and Nelder, 1989)
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 are vectors of model parameters for employed individuals.  The model (1) can be fit using SAS or through Bayesian methods, using the software BUGS (Gilks, Thomas and Speigelhalter, 1994).  The resulting vectors of parameter estimates,
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4. Temporal Comparisons
The first analysis consisted of breaking down the 11,121 total observation in the laborsheds given in Table 1 by the years 2004, 2005 and 2006.  Table 2 provides the raw counts with percentage of the row total for each level of the willingness to change variable by year.  The percentage of the individual levels of the willingness to change variable are quite consistent with the largest being those people being very unwilling to change, ranging from 44.0% in 2005 to a high of 49.4% in 2004.
Table 2. Raw Counts of Willingness to Change and Percent of Total by Year:

	
	Ones

Very Willing

(Pct of Total)
	Twos

Somewhat

Willing
	Threes

Somewhat

Unwilling
	Fours

Very 

Unwilling
	Total

	Overall
	1,655 (14.9%) 
	2,678 (24.1%)
	1,647 (14.8%)
	5,140 (46.2%) 
	11,120 

	2004
	 406 (15.5%)
	571 (21.8%)
	348 (13.3%)
	1,295 (49.4%)  
	 2,620

	2005
	  703 (15.2%)
	1,157 (25.0%)
	734 (15.9%)
	2,035 (44.0%)
	 4,629

	2006
	546 (14.1%)
	950 (24.5%)
	 565 (14.6%)
	1,810 (46.8%)  
	 3,871


The logistic regression model given in Section 3 is used to compare which variables affect the willingness to change for employed individuals by year.  Table 3 presents the results.  Mileage and Wage are strongly significant in nearly all analyses, meaning that are the most consistent variables to influence a persons desire to change jobs. Interpreting the Wage variable, as a person is paid more he/she is less willing to change (more likely to be a 2 vs a 1; a 3 vs a 1; or a 4 vs a 1).  For the Miles variable, as a person is more willing to drive further (or is currently driving further, for the threes and fours), he/she is more willing to change (more likely to be a 1 vs a 2; a 1 vs a 3; or a 1 vs a 4).
Table 3. Logistic Regression Results by year:

	2 VS 1


	Gender
	Age
	Education
	Wage
	Miles

	Overall
	P **
	
	
	P ****
	N ****

	2004
	 
	
	
	P **** 
	 

	2005
	P ** 
	P * 
	
	P ****
	N ****

	2006
	
	
	P *
	P *** 
	N ****


	3 VS 1


	Gender
	Age
	Education
	Wage
	Miles

	Overall
	
	N ***
	P ****
	P ****
	N ****

	2004
	 
	N *
	P *
	P **** 
	N ****

	2005
	 
	N **** 
	P *
	P ****
	N ****

	2006
	
	 
	P **** 
	 P ****
	N ****


	4 VS 1


	Gender
	Age
	Education
	Wage
	Miles

	Overall
	P ****
	P **** 
	
	P ****
	N ****

	2004
	P **** 
	P ***
	
	P **** 
	N ****

	2005
	P **** 
	P **** 
	
	P ****
	N ****

	2006
	
	P ****
	 
	P **** 
	N ****


Notation:
P :  Positive Coefficient for the parameter estimate

N:  Negative Coefficient for the parameter estimate

*       Indicates significance at the alpha = 0.15 level

**     Indicates significance at the alpha = 0.10 level

***   Indicates significance at the alpha = 0.05 level

**** Indicates significance at the alpha = 0.01 level

Looking at the individual subtables in Table 3 by year, the 2 vs 1 analysis shows few variables, other than Miles and Wage, are important predictors of willingness to change.  For the 3 vs 1 analysis by year, Age and Education are significant factors.  Interpreting Age, as a person gets older, he/she is more likely to change (be a 1 vs a 3).  As a person increases their education level, he/she is less likely to change (be a 3 vs a 1). Gender is not a significant factor in comparing 3’s vs 1’s.  In the 4 vs 1 analysis by year, Education is not significant while Age and Gender are.  Age has the reverse interpretation in the 4 vs 1 analysis (compared to the 3 vs 1 analysis).  As a person ages, he/she is less likely to change (be a 4 vs a 1).  Since gender is a binary variable (1=F, 0=M), females are less likely to change (be a 4 vs a 1).

4.  Spatial Comparisons
The second analysis involved assigning each of the 11,121 total observations in the individual laborsheds from Table 1 to one of six geographical regions (NE, NW, Central, SE, SW or Outside Iowa; see Figure 1), depending upon where the person lives.   The Central region (which includes Des Moines) consists of the nine counties of Polk, Jasper, Marshall, Story, Boone, Dallas, Madison, Warren and Marion.  The NE counties roughly consist of counties north of route 80 and east of route 35 (and not including any of the 9 counties from the Central region.  A sixth region (Outside Iowa) was added using the 1,683 employed individuals living outside the state of Iowa, but commuting to Iowa.  
Table 4 provides the raw counts with percentage of the row total for each level of the willingness to change variable by geographical region.  The percentages of the individual levels of the willingness to change variable stayed fairly consistent across geographical regions.  The number of fours is the highest, ranging from a low of 43.3% in the Central region to a high of slightly over half (50.3%) in the SE.
Figure 1. Counties comprising the Geographical Regions in Iowa:
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Table 4. Raw Counts and Percent of Total by Geographical Region:

	
	Ones

Very Willing

(Pct of Total)
	Twos

Somewhat

Willing
	Threes

Somewhat

Unwilling
	Fours

Very 

Unwilling
	Total

	Overall
	1,655 (14.9%) 
	2,678 (24.1%)
	1,647 (14.8%)
	5,140 (46.2%) 
	11,120 

	Central
	 290 (14.3%)
	523 (25.8%)
	338 (16.7%)
	878 (43.3%)  
	 2.029

	NE
	  323 (15.8%)
	490 (24.0%)
	274 (13.4%)
	958 (46.9%)
	 2,045

	NW
	331 (15.1%)
	528 (24.0%)
	 336 (15.3%)
	1,002 (45.6%)  
	 2,197

	Outside Iowa
	275 (16.3%)
	401 (23.8%)
	 242 (14.4%)
	765 (45.5%)  
	1,683

	SE
	271 (13.3%)
	445 (21.9%)
	 296 (14.6%)
	1,019 (50.2%)  
	2,031

	SW
	165 (14.5%)
	291 (25.6%)
	 161 (14.2%)
	518 (45.6%)  
	1,135


The willingness to change variable was used as the dependent variable in an Analysis of Covariance (ANCOVA) (see Ott and Longnecker, Chapter 16, 2001) to determine how the group variable (Geographical Region) affects the relationship between the covariates (Age, Gender, Education, Wage and Miles) and Willingness to Change.  The ANCOVA allows one to interpret all four willingness to change levels together, in contrast to pairwise comparisons using the polytimous response logistic regression model from Section 3.  The ANCOVA indicated that separate regressions are needed for each region (TS=3.73, p-value < 0.0001 for comparing the separate model vs the parallel model and TS=14.05, p-value < 0.0001 for comparing the parallel model vs the common model).  Table 5 provides the parameter significances for the overall and each separate multiple regression by region.  As with the temporal analysis from Section 3, the Wage and Miles variables are strongly significant and have the exact same interpretation as earlier.  Age is strongly significant indicating that as a person gets older, he/she becomes less willing to change jobs.  The Education variable is only significant for western Iowa (NW and SW) and for those living outside Iowa.  As a person increases his/her education level, he/she is less likely to change employment.  The Gender variable is not significant. 
Table 5.  Standard Multiple Regression by Geographical Region
	
	Gender
	Age
	Education
	Wage
	Miles

	Overall
	
	 P ****
	P **
	P ****
	N ****

	Central
	  
	P ****
	
	P **** 
	N ****

	NE
	  
	P **** 
	
	P ****
	N ****

	NW
	
	P ****
	 P ****
	P **** 
	N ****

	Outside Iowa
	
	P ****
	P **
	P ****
	N ****

	SE
	
	P ****
	
	P ****
	N ****

	SW
	
	P ****
	P **
	P ****
	N ****


Notation:
P :  Positive Coefficient for the parameter estimate

N:  Negative Coefficient for the parameter estimate

*       Indicates significance at the alpha = 0.15 level

**     Indicates significance at the alpha = 0.10 level

***   Indicates significance at the alpha = 0.05 level

**** Indicates significance at the alpha = 0.01 level

Lastly, separate logistic regression models with polytimous response were conducted to individually compare 2 vs 1; 3 vs 1 and 4 vs 1 (compared to looking at all levels of the willingness to change variable, simultaneously, in the ANCOVA analysis above).  The results can be seen in Table 6.  Again, Wage and Miles are consistently, very important factors in influencing a person’s desire to change employment.  
In the 2 vs 1 analysis, Age is not an important factor while Gender is significant only in the South (SE and SW).  Females are more likely to be 2 vs a 1 (less likely to change employment).  Education is only significant in the SW; people who increase their education level in the SW are more likely to change employment.  
In the 3 vs 1 analysis, age was negative and significant only in the central and NE (as a person ages, he/she is more likely to change employment; more likely to be a 1 vs a 3).  Gender and Education have more mixed results with Gender being negative and significant in the Central region while it is positive and significant in the SW; Education is negative and significant in the SW while being positive and significant in the Central, NW and SE.  

In the 4 vs 1 analysis, Age is positive and significant in all regions except the SW; as a person gets older, he/she is less likely to change employment (more likely to be 4 vs a 1).  Gender is positive and significant in all regions except the Central and NE; females are less likely to change employment (they are more likely to be a 4 vs a 1).   Education is marginally significant in the SW.
Table 6.  Logistic Regressions by Geographical Region
	2 VS 1

	Gender
	Age
	Education
	Wage
	Miles

	Overall
	P ***
	  
	 
	P ****
	N ****

	Central
	  
	 
	
	P *** 
	N ****

	NE
	  
	  
	
	P ****
	N ***

	NW
	
	 
	  
	P **** 
	N ****

	Outside Iowa
	
	 
	 
	P ****
	 

	SE
	P ****
	
	
	P ****
	N **

	SW
	P ****
	 
	N ****
	P ****
	N *


	3 VS 1

	Gender
	Age
	Education
	Wage
	Miles

	Overall
	
	N ***
	P ****
	P ****
	N ****

	Central
	N **  
	N ***
	P ****
	P **** 
	N ****

	NE
	  
	N *** 
	
	P ****
	N ****

	NW
	
	 
	 P **
	P **** 
	N ****

	Outside Iowa
	
	 
	 
	P ****
	N ****

	SE
	
	 
	P **
	P ****
	N ****

	SW
	P **
	 
	N **
	P ****
	N ****


	4 VS 1


	Gender
	Age
	Education
	Wage
	Miles

	Overall
	P ****
	 P ****
	 
	P ****
	N ****

	Central
	  
	P ***
	
	P **** 
	N ****

	NE
	  
	P *** 
	
	P ****
	N ****

	NW
	P ***
	P ***
	  
	P **** 
	N ****

	Outside Iowa
	P *
	P ****
	 
	P ****
	N ****

	SE
	P ***
	P ***
	
	P ****
	N ****

	SW
	P ****
	 
	N *
	P ****
	N ****


Notation:
P :  Positive Coefficient for the parameter estimate

N:  Negative Coefficient for the parameter estimate

*       Indicates significance at the alpha = 0.15 level

**     Indicates significance at the alpha = 0.10 level

***   Indicates significance at the alpha = 0.05 level

**** Indicates significance at the alpha = 0.01 level

Looking at the results geographically, the SW region had Gender significant and positive for all three comparisons (2 vs 1; 3 vs 1; and 4 vs 1), meaning females were less likely to change employment (be a 4 vs a 1) in this region.  The SE region also shared this result in two of the three comparisons (except in the 3 vs 1 comparison). The SW and SE had the highest percentage of females: 63.9% for the SW and 62.33% for the SE (the only other region with more than 60% females is the NW with 62.2%).  In looking at additional data provided by DemographicsNow, the SW region has the lowest percentage of females employed (compared to the other regions).  The SW region also had Education slightly significant and negative for all three comparisons, meaning that those more educated in the SW are more likely to change employment.
5. Conclusions
The analyses in this paper indicate that there are subtle differences in the regression results looking by year and looking spatially via the six regions given in Figure 1 (including the Outside Iowa region).  The Miles and Wage variables are the most consistent.  People are reluctant to switch jobs if their current salary is increased and they are more willing to drive further if they are more eager for a change of employment.  Gender, Age and Education levels are much less likely to affect a person’s willingness to change.  It is recommended that this analysis be performed again in the Spring of 2009 (every two years) to check for any temporal or spatial changes, such as the effect of a recent spike in gas prices.
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