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WHEN THE MEN LEFT THE MINES



MOTIVATION & RESEARCH QUESTION

“Coal Miner and Family” The Little Cities Archive, Shawnee, Ohio. Campbell Robertson. (2019, September 14). In Coal Country, 
the Mines Shut Down, the Women Went to Work and the World 
Quietly Changed. The New York Times. 

How does a male-specific labor shock (decline in the coal mining industry) impact 

women’s labor market and human capital outcomes? 
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LITERATURE REVIEW

•Black, McKinnish, Sanders (2003, 2005) literature on the coal bust:
• Eastern Appalachian coal-producing states: Kentucky, Pennsylvania, Ohio, West Virginia
• Homogenous, male-dominated industry 
• Economic Impacts
• Increase in jobs and earnings during the boom, spillover effects to non-mining sectors 
•Other indicators: transfer payments, returns to high school education

•Black, Kolesnikova, Sanders, Taylor (2013)
• Fertility increases during the coal boom 
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THEORETICAL MODEL OVERVIEW

• Household specialization
• Opportunity cost of household work 

expressed as wage

• Setup: 
• Household-level utility and budget 

constraint
• Voluntary labor decisions
• Children are exogenously given 

Labor Market 
Shock

(decrease in 
demand for a 

male-dominated 
industry)

Household 
Income 

Decreases 
(decrease in male 

earnings)

Added Worker 
Effect

(another 
household 

member will 
temporarily enter 
the labor force to 
make up for lost 

income)

Women's Labor 
Market 

Participation
(when the labor 

demand decrease 
is sustained, 
women will 

remain in the 
labor force to 

raise household 
income again)
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Mechanisms: 



THEORETICAL MODEL: SETUP

Utility Function:

(1) 𝑈 𝐻!, 𝐿!", 𝐿!# = 𝐻!
$!𝐿!"

$" 𝐿!#
$#

I combine a household income and household time constraint for a full budget constraint:

(2) 𝑤%
&
'
− 𝐿!" + 𝑤(

&
'
− 𝐿!# + 𝑇𝑅 − 𝐻! − 𝐶𝑛 − 𝐸 = 0 𝑤$𝑙$ : Male Income

𝑤%𝑙% : Female Income
𝑇𝑅 : Government Transfer Payments
𝐻& : Household Consumption
𝐶𝑛 : Cost of Children (C cost per child x 
n number of children) 
E : Education Expenses

𝐻! : Household Consumption
𝐿!" : Male Leisure
𝐿!# : Female Leisure
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THEORETICAL MODEL: EQUILIBRIA

Lagrangian Multiplier:

(3) ℒ = 𝐻!
$!𝐿!"

$" 𝐿!#
$# + 𝜆(𝑤%

&
'
− 𝐿!" + 𝑤(

&
'
− 𝐿!# + 𝑇𝑅 − 𝐻! − 𝐶𝑛 − 𝐸)

•Solved using first-order conditions and a system of equations 
Household consumption: (4) 𝐻! = 𝛼&(

)'
'

+ 
)(
'
+ 𝑇𝑅 − 𝐶𝑛 − 𝐸)

•Using equilibrium leisure, derived Male, Female Labor Supply: 
Male Labor Supply: (5) 𝑙% = &

'
− ( &

)'
𝛼'(

)'
'

+ 
)(
'
+ 𝑇𝑅 − 𝐶𝑛 − 𝐸)

Female Labor Supply: (6) 𝑙( =
&
'
− ( &

)(
𝛼*(

)'
'

+ 
)(
'
+ 𝑇𝑅 − 𝐶𝑛 − 𝐸)
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THEORETICAL MODEL: PREDICTIONS

Change in Male Wage Change in Government Transfers

𝜕𝐻!
𝜕𝑤$

=
1
2𝛼% > 0

𝑤$ , 𝐻!

𝜕𝐻!
𝜕𝑇𝑅 = 𝛼% > 0
𝑇𝑅 , 𝐻!

𝜕𝑙&
𝜕𝑤$

= −𝛼'
1
2𝑤&

< 0

𝑤$ , 𝑙&

𝜕𝑙&
𝜕𝑇𝑅 = −𝛼'

1
𝑤&

< 0

𝑇𝑅 , 𝑙&

• The coal bust triggers a decline in male wages (observed in coal mining and in 
non-mining industries) as well as an increase in government transfers (Black et al. 
2005)
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EMPIRICAL WORK 

4. Data & Summary Statistics

5. Empirical Specification

6. County-level Results

7. CZ-level Results

8. Conclusion

9. Questions
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DATA: TREATMENT VARIABLES

•Treatment and control counties from Black et al. 2005 

•Real price of coal (2005 dollars) as measure of the 
“health” of the coal industry 
• Chained 2005 dollars per short ton, calculated using GDP 

implicit price deflators by U.S. EIA 
• Substitutability issues with using relative prices of coal (U.S. EIA)
• Total amount produced/consumed may not reflect fluctuations in 

labor demanded (Kolstad 2017) 
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DATA: GEOGRAPHIES
Commuting Zones 

• IPUMS USA
• Labor Statistics: status and type of income
• Educational Attainment
• Family structure: marital status, number of 

children 

County-Level 

• NHGIS: Educational attainment and 
labor force status by sex
• County-level: marital rates and households 

with children 

• BEA: Transfer data by program
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SUMMARY STATISTICS:
COUNTY
•Coal counties have lower male and 
female LFPRs

•Coal counties have lower levels of 
educational attainment
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TRENDS
Parallel trends 
assumption 
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EMPIRICAL SPECIFICATION

•Difference-in-difference: 

(7) 𝑌+,- = 𝛼 + 𝛽&𝑝𝑐𝑜𝑎𝑙- + 𝛽' 𝑝𝑐𝑜𝑎𝑙- ∗ 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡+ + 𝛽*𝑋+,- + 𝐹𝐸+ + 𝑌𝐹𝐸- + 𝜀+,-

• 𝑌),+ :	outcome variable of interest (LFP or educational attainment)
• 𝑝𝑐𝑜𝑎𝑙+ : real price of coal per short ton in 2005 dollars
• 𝒑𝒄𝒐𝒂𝒍𝒕 ∗ 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕𝒄 : main treatment indicator, interacts the real price of coal with the treatment status

of the county
• 𝑋),+ : panel of county (CZ) and year-level control variables
• 𝐹𝐸) : County (CZ) fixed effects
• 𝑌𝐹𝐸+ : Year fixed effects
• 𝜀),+ : error term, clustered at county (CZ) level 
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COUNTY RESULTS: 
FLFPR
•Evidence of OVB

•In coal counties, for each $1 
increase in the price of coal:
• FLFPR ↓ by .049 percentage points

•1980 – 2000, price of coal 
decreased by $32.67
• 1.6 percentage point increase in FLFPR
• Change in FLFPR in coal counties from 

1980 – 2000: 12.15%
• decline of coal industry accounts for 

13.18% of this change 
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COUNTY RESULTS: 
EDUCATION
•Evidence of OVB 

•Not significant with bachelor’s degree

•In coal counties, for each $1 decrease in the 
price of coal:
• Proportion of women with less than a high school 

education ↓ by .0851 percentage points
• 1980 – 2000, a 2.78 pctg point decrase

• Proportion of women with a high school education 
and some college ↑ by .0831 percentage points
• 1980 – 2000, a 2.71 pctg point increase 

•Coal bust accounted for 11% of the change 
in rate of women not finishing high school
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CZ RESULTS: FLFP

•Individual-level data: LPM regression

•Insignificant results
• Because of different geographic treatment level?
• Because of individual-level controls?

•Differences by marital status? 
• Two separate regressions for married and single women
• Only significant results for married women, whose LFP is positively related with 

the price of coal (opposite of prediction) 
• Positive relationship for married women because of spillover effects to coal 

boom? 
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FLFP BY MARITAL STATUS
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CZ RESULTS: EDUCATION

•Significant relationships around high school education level

•For each dollar decrease in the price of coal:
• .0367 percentage points more likely to have graduated high school
• 1980 – 2000: $32.67 price drop
• 1.2 percentage points more likely to have graduated high school in a coal CZ 
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CONCLUSION

•Ambiguous changes to women’s labor force participation
• Conflicting theoretical predictions, lack of job prospects during an economic downturn

•Women increase their educational attainment as a direct result of the coal bust 
• Increased pressure to work a high-paying job

•Changing expectations and gender norms 
• Even if not directly attributable to the coal bust, women’s LFPR increases over time
• Industrial declines create higher educational attainment
• Likely seeking different types of careers 
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THANK YOU! QUESTIONS?

Thank you to all who helped me with my proposal, model, data cleaning and 
interpretation of results 

Dr. Clark Ross
Dr. Mark Foley
Dr. Angela Cools
Dr. Siobhan O’Keefe
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THEORETICAL MODEL: DETAILED

Household income constraint:

𝑤$𝑙$ + 𝑤&𝑙& + 𝑇𝑅 = 𝐻! + 𝐶𝑛 + 𝐸

Household time constraint:

𝑇 = 𝐿!" + 𝐿!# + 𝑙$ + 𝑙& à
(
)
= 𝐿!" + 𝑙$ = %

)
and (

)
= 𝐿!# + 𝑙& =

%
)

Full Household Budget constraint:

𝑤$
%
)
− 𝐿!" + 𝑤&

%
)
− 𝐿!# + 𝑇𝑅 − 𝐻! − 𝐶𝑛 − 𝐸 = 0

Utility Function:

𝑈 𝐻!, 𝐿!" , 𝐿!# = 𝐻!
*!𝐿!"

*" 𝐿!#
*#

𝑤$𝑙$ : Male Income
𝑤%𝑙% : Female Income
𝑇𝑅 : Government Transfer Payments
𝐻& : Household Consumption
𝐶𝑛 : Cost of Children (C cost per child x 
n number of children) 
E : Education Expenses

𝐻! : Household Consumption
𝐿!" : Male Leisure
𝐿!# : Female Leisure



THEORETICAL MODEL: DETAILED

Lagrangian Multiplier:

ℒ = 𝐻!
$!𝐿!"

$" 𝐿!#
$# + 𝜆(𝑤%

&
'
− 𝐿!" + 𝑤(

&
'
− 𝐿!# + 𝑇𝑅 − 𝐻! − 𝐶𝑛 − 𝐸)

First-Order Conditions

(1)   
(ℒ
(*+

= 𝛼+𝐻,
(.,/+)𝐿,1

.- 𝐿,2
.. − 𝜆 = 0

(2)
(ℒ
(3+/

= 𝛼4𝐻,
.,𝐿,1

(.-/+)𝐿,2
.. −𝑤5𝜆 = 0

(3)   
(ℒ
(3+0

= 𝛼6𝐻,
.,𝐿,1

.- 𝐿,2
(../+) −𝑤7𝜆 = 0

(4)   
(ℒ
(8
= 𝑤5

+
4
− 𝐿,1 +𝑤7

+
4
− 𝐿,2 + 𝑇𝑅 − 𝐻, − 𝐶𝑛 − 𝐸 = 0



THEORETICAL MODEL: DETAILED

1) and 2)

𝐻$ =
%!&"
&#

𝐿$' and 𝐿$' = &#
%!&"

𝐻$

2) and 3) 

𝐿$( =
%!&$
%%&#

𝐿$' and 𝐿$' = %%&#
%!&$

𝐿$(

1) and 3) 

𝐻$ =
%%&"
&$

𝐿$( and 𝐿$( =
&$

%%&"
𝐻$

Plug into 4), budget constraint

Household consumption: 𝐻& = 𝛼.(
/!
0

+ 
/"
0
+ 𝑇𝑅 − 𝐶𝑛 − 𝐸)

Male Leisure: 𝐿&1 = .
/!

𝛼0(
/!
0

+ 
/"
0
+ 𝑇𝑅 − 𝐶𝑛 − 𝐸)

Female Leisure: 𝐿&2 =
.
/"
𝛼3(

/!
0

+ 
/"
0
+ 𝑇𝑅 − 𝐶𝑛 − 𝐸)

Male Labor Supply: 𝑙$ = .
0− (

.
/!

𝛼0(
/!
0 + 

/"
0 + 𝑇𝑅 − 𝐶𝑛 − 𝐸)

Female Labor Supply: 𝑙% =
.
0− (

.
/"
𝛼3(

/!
0 + 

/"
0 + 𝑇𝑅 − 𝐶𝑛 − 𝐸)



SUBSISTENCE LEVELS OF HOUSEHOLD 
CONSUMPTION

A household will fall below 
subsistence levels to 
maximize utility, but to keep 
consumption above 
subsistence level household 
leisure may decrease below 
the optimal level (which is 
associated with a rise in 
labor from one or both 
householders)



SUMMARY STATISTICS:
COUNTY
•Coal counties have lower male and 
female LFPRs

•Coal counties have lower levels of 
educational attainment

•Black et al. - increase in transfer 
payments and single mothers from coal 
bust
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SUMMARY STATISTICS:
CZ
•Similar trends to county-level statistics

•Different result with welfare income–
decreases with bust
• Receiving other forms of transfer payments?
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COUNTY: EDUCATION H/M/L

•Significant results only in high coal areas

•Follows pattern of labor force participation 
rate results  
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COUNTY: FLFPR H/M/L

•Effects concentrated in high coal 
counties

•Estimated coefficient is twice the 
magnitude in high coal counties 
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CZ: FLFP

•Insignificant
• Because of different geographic treatment 

level?
• Because of individual-level controls?

•Differences by marital status? 
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CZ RESULTS: FLFP BY MARITAL STATUS
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EMPLOYMENT IN COAL BY COUNTY



CZ TREATMENT SETUP



MEN’S AND WOMEN’S LFPR


