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Coal	
  company	
  bankruptcies,	
  mine	
  layoffs	
  and	
  steep	
  declines	
  in	
  coal	
  production	
  have	
  been	
  the	
  

dominant	
  national	
  news	
  stories	
  out	
  of	
  the	
  Appalachian	
  coal	
  mining	
  region	
  since	
  2012.	
  That	
  year,	
  

the	
  surge	
  of	
  natural	
  gas	
  production	
  from	
  the	
  Marcellus	
  Shale	
  crossed	
  a	
  critical	
  threshold,	
  

sending	
  natural	
  gas	
  prices	
  plummeting	
  below	
  the	
  level	
  with	
  which	
  most	
  Appalachian	
  coal	
  

producers	
  could	
  compete	
  for	
  electricity	
  generation	
  market	
  share.	
  With	
  Central	
  Appalachian	
  coal	
  

production	
  down	
  50%	
  since	
  2008,	
  there's	
  no	
  debating	
  the	
  truth	
  or	
  relevance	
  of	
  these	
  stories.	
  

Prior	
  to	
  2012,	
  however,	
  the	
  dominant	
  news	
  story	
  out	
  of	
  the	
  region	
  was	
  the	
  environmental	
  and	
  

human	
  impact	
  of	
  mountaintop	
  removal	
  coal	
  mining	
  and	
  the	
  Obama	
  administration's	
  efforts	
  to	
  

reduce	
  the	
  impact	
  of	
  the	
  practice.	
  Mountaintop	
  removal	
  is	
  a	
  controversial	
  form	
  of	
  large-­‐scale	
  

surface	
  coal	
  mining	
  that	
  involves	
  using	
  explosives	
  to	
  blast	
  the	
  tops	
  off	
  of	
  mountains	
  to	
  access	
  

thin	
  seams	
  of	
  coal.	
  Dozens	
  of	
  scientific	
  papers	
  have	
  been	
  published	
  in	
  the	
  last	
  six	
  years	
  linking	
  

mountaintop	
  removal	
  to	
  a	
  broad	
  range	
  of	
  human	
  and	
  environmental	
  impacts,	
  ranging	
  from	
  

increased	
  rates	
  of	
  cancer	
  and	
  birth	
  defects	
  in	
  people	
  living	
  near	
  these	
  mines,	
  to	
  high	
  levels	
  of	
  

pollutants	
  in	
  downstream	
  water	
  supplies	
  and	
  the	
  disappearance	
  of	
  entire	
  orders	
  of	
  aquatic	
  

organisms	
  from	
  mine-­‐impacted	
  streams.	
  

The	
  near-­‐complete	
  displacement	
  of	
  one	
  news	
  story	
  by	
  the	
  other	
  could	
  leave	
  the	
  impression	
  that	
  

the	
  problems	
  of	
  mountaintop	
  removal	
  have	
  largely	
  been	
  resolved	
  by	
  the	
  collapse	
  in	
  demand	
  for	
  

Appalachian	
  coal—the	
  more	
  so	
  when	
  one	
  learns	
  that	
  production	
  from	
  Appalachian	
  mountaintop	
  

removal	
  mines	
  specifically	
  has	
  declined	
  by	
  nearly	
  60%	
  since	
  its	
  peak	
  in	
  2008.	
  

	
  

That	
  impression	
  is	
  at	
  odds	
  with	
  the	
  perception	
  of	
  many	
  residents	
  
of	
  Appalachian	
  coal	
  mining	
  communities	
  who	
  maintain	
  that	
  large	
  
mountaintop	
  removal	
  mining	
  operations	
  have	
  continued	
  to	
  
expand	
  nearer	
  to	
  their	
  homes	
  and	
  communities	
  in	
  recent	
  years.	
  

To	
  help	
  understand	
  the	
  extent	
  of	
  the	
  threats	
  Appalachian	
  communities	
  face	
  from	
  mountaintop	
  

removal—and	
  the	
  degree	
  to	
  which	
  those	
  threats	
  are	
  changing	
  over	
  time—Appalachian	
  Voices	
  

undertook	
  a	
  research	
  project	
  to	
  identify	
  the	
  current	
  relationship	
  between	
  mountaintop	
  removal	
  

and	
  the	
  communities	
  in	
  the	
  region	
  where	
  it	
  occurs.	
  We	
  asked	
  three	
  key	
  questions:	
  

1. As	
  the	
  pace	
  of	
  mountaintop	
  removal	
  mining	
  has	
  declined,	
  has	
  ongoing	
  mining	
  moved	
  

closer	
  to	
  or	
  further	
  from	
  communities,	
  on	
  average?	
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2. In	
  which	
  communities	
  have	
  the	
  impacts	
  of	
  mountaintop	
  removal	
  mines	
  been	
  increasing	
  

in	
  recent	
  years	
  and	
  are	
  there	
  clear	
  patterns	
  in	
  the	
  locations	
  of	
  these	
  communities?	
  

3. Are	
  the	
  demographic	
  and	
  socioeconomic	
  trends	
  more	
  or	
  less	
  favorable	
  in	
  communities	
  

where	
  nearby	
  mountaintop	
  removal	
  mining	
  is	
  on	
  the	
  rise?	
  

To	
  address	
  these	
  questions,	
  we	
  constructed	
  a	
  novel	
  dataset	
  using	
  geospatial	
  analysis	
  tools	
  

provided	
  by	
  Google	
  Inc.	
  to	
  detect	
  and	
  map	
  mining	
  activities	
  across	
  30	
  years	
  worth	
  of	
  satellite	
  

imagery	
  covering	
  the	
  coal	
  mining	
  region	
  of	
  Central	
  Appalachia.	
  	
  

We	
  combined	
  this	
  dataset	
  with	
  a	
  comprehensive	
  database	
  of	
  populated	
  places	
  provided	
  by	
  the	
  

U.S.	
  Board	
  on	
  Geographic	
  Names	
  to	
  determine	
  whether	
  mining	
  had	
  moved	
  closer	
  to	
  or	
  further	
  

from	
  Appalachian	
  communities	
  in	
  recent	
  years,	
  and	
  to	
  identify	
  the	
  50	
  communities	
  that	
  had	
  

seen	
  the	
  greatest	
  recent	
  encroachment	
  of	
  large-­‐scale	
  mining	
  activities.	
  

Finally,	
  we	
  compiled	
  data	
  from	
  the	
  U.S.	
  Census	
  Bureau	
  to	
  analyze	
  demographic	
  and	
  economic	
  

trends	
  in	
  these	
  50	
  "at	
  risk"	
  communities	
  and	
  compared	
  them	
  to	
  trends	
  in	
  rural	
  communities	
  in	
  

the	
  same	
  counties	
  with	
  no	
  surface	
  mining	
  activities	
  nearby.	
  

Our	
  key	
  findings	
  include:	
  

o Mountaintop	
  removal	
  mines	
  are	
  continuing	
  to	
  encroach	
  on	
  many	
  communities	
  in	
  

Central	
  Appalachia,	
  and	
  the	
  communities	
  most	
  at	
  risk	
  are	
  spread	
  widely	
  across	
  three	
  

states	
  and	
  23	
  Central	
  Appalachian	
  counties;	
  

o Communities	
  where	
  surface	
  mine	
  encroachment	
  is	
  increasing	
  suffer	
  higher	
  rates	
  of	
  

poverty	
  and	
  are	
  losing	
  population	
  more	
  than	
  twice	
  as	
  fast	
  as	
  nearby	
  rural	
  communities	
  

with	
  no	
  mining	
  in	
  the	
  immediate	
  vicinity;	
  and	
  

o Communities	
  that	
  face	
  the	
  greatest	
  current	
  and	
  future	
  threat	
  from	
  mine	
  encroachment	
  

are	
  in	
  areas	
  where	
  high-­‐quality	
  metallurgical	
  coal	
  is	
  mined	
  using	
  mountaintop	
  removal,	
  

particularly	
  far	
  southern	
  West	
  Virginia.	
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Methods	
  

Our	
  analysis	
  of	
  trends	
  in	
  surface	
  coal	
  mining	
  near	
  Appalachian	
  communities	
  and	
  the	
  

socioeconomic	
  impacts	
  of	
  those	
  trends	
  first	
  required	
  constructing	
  a	
  set	
  of	
  maps	
  showing	
  the	
  

extent	
  of	
  active	
  surface	
  mining	
  over	
  time.	
  We	
  then	
  used	
  these	
  maps	
  to	
  analyze	
  the	
  proximity	
  of	
  

mining	
  to	
  communities	
  in	
  Appalachia.	
  Finally,	
  we	
  used	
  U.S.	
  Census	
  Bureau	
  data	
  to	
  detect	
  

differences	
  in	
  demographic	
  and	
  economic	
  trends	
  that	
  correlate	
  with	
  recent	
  encroachment	
  of	
  

surface	
  mines	
  on	
  communities.	
  

All	
  maps	
  and	
  datasets	
  created	
  by	
  or	
  used	
  in	
  this	
  project	
  are	
  available	
  as	
  Google	
  Fusion	
  Tables,	
  

the	
  links	
  to	
  which	
  are	
  listed	
  in	
  the	
  appendix.	
  

Creating	
  maps	
  of	
  active	
  surface	
  mining	
  

Large-­‐scale	
  surface	
  mining	
  activities	
  across	
  53	
  Central	
  Appalachian	
  counties	
  were	
  detected	
  over	
  

a	
  30-­‐year	
  period	
  using	
  Google	
  Earth	
  Engine,	
  a	
  cloud	
  platform	
  provided	
  by	
  Google	
  Inc.	
  that	
  

combines	
  an	
  extensive	
  catalog	
  of	
  public	
  satellite	
  imagery	
  with	
  a	
  powerful	
  computational	
  facility	
  

that	
  conducts	
  parallel	
  processing	
  of	
  geospatial	
  data.	
  In	
  addition,	
  Google	
  provides	
  JavaScript	
  and	
  

Python	
  code	
  libraries	
  and	
  a	
  graphical	
  user	
  interface	
  to	
  facilitate	
  analysis	
  of	
  the	
  geospatial	
  data	
  

provided	
  in	
  Earth	
  Engine.	
  

Our	
  maps	
  are	
  based	
  on	
  annual	
  composites	
  of	
  Landsat	
  5	
  and	
  8	
  satellite	
  images	
  from	
  the	
  U.S.	
  

Geological	
  Survey’s	
  Earth	
  Resources	
  Observation	
  and	
  Science	
  Center	
  archive	
  that	
  were	
  

optimized	
  by	
  Google	
  to	
  detect	
  changes	
  in	
  vegetation	
  cover	
  by	
  using	
  a	
  "greenest	
  pixel"	
  algorithm	
  

to	
  construct	
  the	
  composites.	
  The	
  greenest	
  pixel	
  composites	
  contain	
  computed	
  top-­‐of-­‐

atmosphere	
  reflectance	
  from	
  L1T	
  orthorectified	
  Landsat	
  scenes	
  and	
  contain	
  all	
  images	
  for	
  each	
  

year	
  with	
  the	
  greenest	
  pixel	
  (i.e.,	
  the	
  pixel	
  with	
  the	
  greatest	
  value	
  of	
  the	
  Normalized	
  Difference	
  

Vegetation	
  Index)	
  on	
  top.	
  

Our	
  approach	
  to	
  detecting	
  active	
  surface	
  mining	
  began	
  with	
  computing	
  the	
  Normalized	
  

Difference	
  Vegetation	
  Index	
  (NDVI)	
  from	
  the	
  top	
  layer	
  of	
  the	
  annual	
  greenest	
  pixel	
  composites	
  

for	
  53	
  Central	
  Appalachian	
  counties	
  where	
  significant	
  surface	
  coal	
  mine	
  production	
  has	
  

occurred.	
  NDVI	
  is	
  a	
  graphical	
  indicator	
  frequently	
  used	
  by	
  remote	
  sensing	
  specialists	
  to	
  detect	
  

the	
  presence	
  of	
  living	
  vegetation	
  using	
  a	
  ratio	
  of	
  visible-­‐to-­‐near	
  infrared	
  light.	
  Maps	
  were	
  

created	
  for	
  every	
  third	
  year	
  between	
  1984	
  and	
  2014	
  for	
  a	
  total	
  of	
  11	
  maps.	
  

Visual	
  inspection	
  using	
  high-­‐resolution	
  aerial	
  photography	
  revealed	
  that	
  an	
  NDVI	
  value	
  of	
  0.4	
  

was	
  an	
  excellent	
  threshold	
  for	
  distinguishing	
  between	
  active	
  mining	
  areas	
  (which	
  tended	
  to	
  

have	
  values	
  in	
  the	
  0.1	
  to	
  0.3	
  range)	
  and	
  reclaimed	
  mine	
  sites	
  and	
  logging	
  operations,	
  which	
  

typically	
  exhibited	
  values	
  higher	
  than	
  0.4.	
  We	
  constructed	
  a	
  binary	
  raster	
  image	
  for	
  each	
  of	
  the	
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analysis	
  years	
  with	
  areas	
  with	
  NDVI	
  values	
  below	
  0.4	
  classified	
  as	
  active	
  mining	
  and	
  areas	
  above	
  

the	
  threshold	
  classified	
  as	
  non-­‐mining.	
  	
  

Because	
  areas	
  of	
  urban	
  and	
  industrial	
  development	
  (e.g.,	
  parking	
  lots)	
  often	
  exhibit	
  low	
  NDVI	
  

signatures	
  similar	
  to	
  active	
  surface	
  mines,	
  we	
  used	
  a	
  mask	
  layer	
  created	
  by	
  SkyTruth,	
  a	
  non-­‐

profit	
  organization	
  that	
  specializes	
  in	
  using	
  remote	
  sensing	
  and	
  digital	
  mapping	
  to	
  expose	
  

landscape	
  destruction	
  and	
  habitat	
  degradation.	
  The	
  mask	
  layer	
  eliminated	
  areas	
  within	
  or	
  near	
  

streams,	
  lakes,	
  roads,	
  urban	
  areas	
  and	
  military	
  bases	
  from	
  our	
  maps	
  of	
  active	
  surface	
  mining.	
  

We	
  found	
  that	
  a	
  120-­‐meter	
  buffer	
  from	
  these	
  features	
  was	
  sufficient	
  to	
  eliminate	
  nearly	
  all	
  

"false	
  positives"	
  associated	
  with	
  urban	
  and	
  industrial	
  development	
  from	
  the	
  active	
  mining	
  

layers,	
  but	
  did	
  so	
  at	
  the	
  cost	
  of	
  also	
  eliminating	
  a	
  significant	
  amount	
  of	
  actual	
  surface-­‐mined	
  

area	
  adjacent	
  to	
  roads	
  and	
  streams.	
  To	
  minimize	
  these	
  "false	
  negatives,"	
  we	
  took	
  an	
  additional	
  

step	
  of	
  masking	
  the	
  mask	
  layer	
  itself	
  with	
  maps	
  of	
  areas	
  permitted	
  for	
  surface	
  mining	
  provided	
  

by	
  state	
  agencies	
  in	
  charge	
  of	
  coal	
  mine	
  permitting	
  in	
  Kentucky,	
  Virginia,	
  West	
  Virginia	
  and	
  

Tennessee.	
  	
  

While	
  these	
  map	
  layers	
  from	
  state	
  agencies	
  were	
  incomplete—particularly	
  for	
  mines	
  permitted	
  

before	
  the	
  late	
  1990s—we	
  found	
  that	
  incorporating	
  them	
  into	
  our	
  analysis	
  was	
  useful	
  in	
  finding	
  

an	
  optimal	
  compromise	
  between	
  the	
  competing	
  goals	
  of	
  detecting	
  as	
  much	
  active	
  surface	
  

mining	
  as	
  possible	
  while	
  simultaneously	
  avoiding	
  spurious	
  results.	
  

Because	
  our	
  aim	
  was	
  to	
  evaluate	
  threats	
  to	
  communities	
  from	
  large	
  mountaintop	
  removal	
  

mines	
  and	
  not	
  to	
  create	
  the	
  most	
  comprehensive	
  map	
  possible	
  of	
  surface	
  coal	
  mining,	
  we	
  took	
  a	
  

conservative	
  approach	
  to	
  classifying	
  mined	
  areas	
  that	
  was	
  far	
  more	
  likely	
  to	
  yield	
  “false	
  

negatives”	
  than	
  “false	
  positives.”	
  To	
  that	
  end,	
  we	
  incorporated	
  one	
  final	
  measure	
  to	
  eliminate	
  

remaining	
  specks	
  of	
  “false	
  positive”	
  results,	
  which	
  was	
  a	
  "sieve"	
  routine	
  that	
  eliminated	
  any	
  

sites	
  that	
  were	
  smaller	
  than	
  25,000	
  square	
  meters	
  of	
  contiguous	
  area.	
  

While	
  we	
  are	
  confident	
  that	
  these	
  procedures	
  resulted	
  in	
  maps	
  that	
  are	
  an	
  accurate	
  

representation	
  of	
  the	
  extent	
  of	
  mountaintop	
  removal	
  and	
  related	
  forms	
  of	
  large-­‐scale	
  strip	
  

mining	
  over	
  time,	
  because	
  of	
  the	
  coarse	
  resolution	
  (25	
  meter)	
  of	
  Landsat	
  imagery	
  and	
  the	
  

conservative	
  approach	
  we	
  used	
  to	
  detect	
  mining,	
  this	
  analysis	
  does	
  not	
  take	
  into	
  account	
  many	
  

of	
  the	
  small	
  contour	
  mines	
  that	
  are	
  a	
  ubiquitous	
  feature	
  of	
  the	
  landscape	
  of	
  the	
  Appalachian	
  

coalfields.	
  

Proximity	
  of	
  active	
  mining	
  to	
  communities	
  in	
  Appalachia	
  

The	
  locations	
  of	
  communities	
  in	
  the	
  53-­‐county	
  coal	
  mining	
  region	
  used	
  for	
  this	
  analysis	
  were	
  

derived	
  from	
  the	
  Geographic	
  Names	
  Information	
  System	
  database,	
  which	
  is	
  a	
  joint	
  project	
  of	
  the	
  

U.S.	
  Board	
  on	
  Geographic	
  Names	
  and	
  the	
  U.S	
  Geological	
  Survey.	
  From	
  the	
  database,	
  we	
  selected	
  

3,778	
  populated	
  places	
  within	
  that	
  zone	
  that	
  were	
  not	
  listed	
  as	
  "historical"	
  (i.e.,	
  abandoned).	
  



 

 

 

6	
  

	
  

Using	
  Google	
  Earth	
  Engine,	
  we	
  created	
  a	
  distance	
  map	
  in	
  which	
  each	
  pixel	
  was	
  assigned	
  a	
  value	
  

of	
  its	
  distance	
  (in	
  meters)	
  from	
  the	
  nearest	
  community.	
  We	
  then	
  constructed	
  a	
  script	
  that	
  

calculated	
  the	
  average	
  of	
  these	
  distance	
  values	
  for	
  all	
  pixels	
  classified	
  as	
  active	
  mining	
  in	
  each	
  of	
  

the	
  53	
  counties	
  in	
  each	
  of	
  the	
  11	
  years	
  analyzed	
  between	
  1984	
  and	
  2014.	
  The	
  resulting	
  dataset	
  

consisted	
  of	
  a	
  single	
  value	
  (average	
  distance	
  from	
  the	
  nearest	
  community)	
  of	
  all	
  active	
  surface	
  

mining	
  that	
  occurred	
  in	
  each	
  county	
  for	
  each	
  year.	
  

Identifying	
  communities	
  most	
  at	
  risk	
  from	
  mine	
  encroachment	
  	
  

Using	
  Google	
  Earth	
  Engine,	
  we	
  created	
  a	
  1-­‐mile	
  buffer	
  around	
  each	
  populated	
  place	
  and	
  

calculated	
  the	
  percentage	
  of	
  that	
  area	
  that	
  was	
  classified	
  as	
  active	
  surface	
  mining	
  in	
  each	
  of	
  the	
  

11	
  years	
  analyzed.	
  The	
  distance	
  to	
  the	
  nearest	
  active	
  mining	
  pixel	
  was	
  also	
  calculated	
  for	
  each	
  

community	
  in	
  each	
  year.	
  

We	
  identified	
  the	
  top	
  50	
  "at	
  risk"	
  communities	
  by	
  creating	
  an	
  index	
  based	
  on	
  two	
  variables:	
  the	
  

proportion	
  of	
  area	
  within	
  the	
  1-­‐mile	
  radius	
  classified	
  as	
  active	
  mining	
  in	
  2014	
  and	
  the	
  slope	
  of	
  a	
  

linear	
  regression	
  on	
  the	
  change	
  in	
  these	
  percentages	
  between	
  1990	
  and	
  2014.	
  Each	
  of	
  the	
  3,778	
  

communities	
  was	
  ranked	
  in	
  descending	
  order	
  for	
  each	
  of	
  those	
  variables	
  and	
  those	
  rankings	
  

were	
  summed	
  to	
  create	
  an	
  "at	
  risk"	
  index.	
  

Finally,	
  we	
  visually	
  reviewed	
  each	
  of	
  the	
  communities	
  with	
  the	
  highest	
  index	
  values	
  to	
  identify	
  

and	
  eliminate	
  communities	
  that	
  were	
  directly	
  adjacent	
  to	
  higher-­‐ranked	
  communities.	
  The	
  50	
  

highest-­‐ranked	
  communities	
  that	
  were	
  not	
  eliminated	
  through	
  this	
  procedure	
  became	
  the	
  

population	
  of	
  at-­‐risk	
  communities	
  in	
  the	
  analysis	
  of	
  demographic	
  and	
  socioeconomic	
  trends.	
  

Impacts	
  of	
  mining	
  on	
  demographic	
  and	
  economic	
  trends	
  of	
  communities	
  

Census	
  block	
  groups	
  were	
  the	
  smallest	
  unit	
  of	
  geography	
  for	
  which	
  both	
  demographic	
  and	
  

economic	
  data	
  were	
  available	
  and,	
  as	
  such,	
  we	
  chose	
  to	
  use	
  block	
  groups	
  for	
  our	
  comparison	
  of	
  

demographic	
  trends	
  between	
  at-­‐risk	
  communities	
  and	
  communities	
  with	
  no	
  mining	
  nearby.	
  

While	
  in	
  many	
  cases	
  more	
  than	
  one	
  rural	
  community	
  is	
  encompassed	
  by	
  a	
  single	
  census	
  block	
  

group,	
  these	
  are	
  relatively	
  small	
  geographic	
  units	
  that,	
  in	
  contrast	
  to	
  census	
  tracts	
  or	
  counties,	
  

allowed	
  us	
  to	
  be	
  confident	
  that	
  most	
  communities	
  within	
  them	
  experienced	
  similar	
  conditions	
  

with	
  respect	
  to	
  mining	
  activities	
  nearby.	
  

Unfortunately,	
  block	
  groups	
  are	
  not	
  entirely	
  immutable	
  from	
  one	
  census	
  to	
  the	
  next,	
  although	
  

changes	
  usually	
  involve	
  dividing	
  or	
  combining	
  block	
  groups	
  without	
  any	
  additional	
  adjustments	
  

to	
  boundaries.	
  This	
  made	
  it	
  simple	
  to	
  compare	
  identical	
  geographic	
  areas	
  between	
  one	
  decadal	
  

census	
  and	
  the	
  next	
  by	
  lumping	
  several	
  block	
  groups	
  together	
  when	
  necessary.	
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We	
  identified	
  the	
  block	
  group	
  that	
  encompasses	
  each	
  of	
  the	
  50	
  at-­‐risk	
  communities	
  in	
  the	
  1990,	
  

2000	
  and	
  2010	
  decadal	
  censuses	
  and	
  determined	
  whether	
  the	
  boundaries	
  of	
  that	
  block	
  group	
  

had	
  changed	
  over	
  that	
  period.	
  In	
  the	
  roughly	
  half	
  of	
  communities	
  where	
  block	
  group	
  boundaries	
  

changed,	
  we	
  lumped	
  the	
  minimum	
  number	
  of	
  adjacent	
  block	
  groups	
  together	
  for	
  each	
  census	
  

year	
  to	
  ensure	
  that	
  the	
  same	
  geographic	
  area	
  was	
  being	
  compared	
  between	
  censuses.	
  Because	
  

populations	
  are	
  declining	
  in	
  the	
  region	
  studied,	
  the	
  majority	
  of	
  these	
  cases	
  simply	
  involved	
  

lumping	
  two	
  block	
  groups	
  in	
  1990,	
  and	
  sometimes	
  2000,	
  that	
  by	
  2010	
  had	
  been	
  combined	
  into	
  a	
  

single	
  block	
  group.	
  

While	
  our	
  initial	
  analysis	
  of	
  these	
  data	
  showed	
  clearly	
  that	
  the	
  block	
  groups	
  containing	
  at-­‐risk	
  

communities	
  were	
  declining	
  in	
  population	
  and	
  suffered	
  far	
  higher	
  poverty	
  rates	
  than	
  was	
  

characteristic	
  for	
  their	
  respective	
  counties	
  as	
  a	
  whole	
  (see	
  results),	
  we	
  were	
  concerned	
  that	
  this	
  

created	
  an	
  unfair	
  comparison	
  because	
  many	
  counties	
  also	
  contained	
  urban	
  areas	
  where	
  

conditions	
  were	
  very	
  different	
  for	
  a	
  host	
  of	
  reasons	
  that	
  have	
  little	
  to	
  do	
  with	
  proximity	
  to	
  

mining.	
  Thus,	
  to	
  create	
  a	
  better	
  comparison,	
  we	
  identified	
  a	
  set	
  of	
  "no-­‐mining	
  communities"	
  

from	
  the	
  same	
  counties	
  to	
  compare	
  against	
  the	
  at-­‐risk	
  communities.	
  

The	
  procedure	
  for	
  selecting	
  the	
  population	
  of	
  no-­‐mining	
  communities	
  began	
  with	
  identifying	
  all	
  

communities	
  for	
  which	
  no	
  mining	
  was	
  detected	
  between	
  1984	
  and	
  2014	
  in	
  each	
  of	
  the	
  23	
  

counties	
  where	
  the	
  at-­‐risk	
  communities	
  were	
  located.	
  We	
  then	
  randomly	
  selected	
  100	
  of	
  these	
  

communities	
  using	
  a	
  random	
  number	
  generator	
  and	
  plotted	
  them	
  on	
  a	
  map.	
  Any	
  community	
  

located	
  in	
  a	
  primarily	
  urban	
  area	
  or	
  which	
  shared	
  a	
  census	
  block	
  group	
  with	
  one	
  of	
  the	
  at-­‐risk	
  

communities	
  was	
  discarded.	
  For	
  the	
  remaining	
  74	
  communities,	
  we	
  followed	
  the	
  same	
  

procedure	
  described	
  above	
  to	
  identify	
  their	
  census	
  block	
  groups	
  or,	
  in	
  cases	
  where	
  those	
  

changed	
  between	
  1990	
  and	
  2010,	
  lumped	
  the	
  smallest	
  number	
  of	
  adjacent	
  block	
  groups	
  

together	
  to	
  allow	
  comparison	
  of	
  the	
  same	
  geographic	
  area	
  across	
  years.	
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Results	
  and	
  Implications	
  

The	
  50	
  most	
  at-­‐risk	
  communities	
  were	
  spread	
  widely	
  across	
  23	
  of	
  the	
  53	
  Central	
  Appalachian	
  

counties	
  where	
  significant	
  surface	
  coal	
  mining	
  has	
  occurred	
  since	
  1984	
  (see	
  Table	
  1	
  and	
  Figure	
  

1).	
  Unsurprisingly,	
  the	
  highest	
  concentrations	
  of	
  at-­‐risk	
  communities	
  were	
  found	
  in	
  the	
  counties	
  

with	
  the	
  greatest	
  levels	
  of	
  2014	
  surface	
  coal	
  mine	
  production	
  in	
  each	
  of	
  the	
  states,	
  led	
  by	
  Pike	
  

County,	
  Kentucky	
  (seven	
  at-­‐risk	
  communities),	
  Wise	
  County,	
  Virginia	
  (six	
  at-­‐risk	
  communities)	
  

and	
  Boone	
  County,	
  West	
  Virginia	
  (five	
  at-­‐risk	
  communities).	
  Overall,	
  the	
  23	
  counties	
  where	
  at-­‐

risk	
  communities	
  were	
  located	
  accounted	
  for	
  more	
  than	
  85%	
  of	
  Central	
  Appalachian	
  surface	
  

coal	
  production	
  in	
  2014.	
  

One	
  immediately	
  striking	
  pattern	
  is	
  the	
  disproportionate	
  number	
  of	
  at-­‐risk	
  communities	
  located	
  

in	
  West	
  Virginia—nearly	
  half	
  (22)	
  of	
  50	
  total.	
  This	
  can	
  be	
  explained	
  by	
  the	
  fact	
  that	
  the	
  11	
  

counties	
  in	
  West	
  Virginia	
  where	
  surface	
  mining	
  occurred	
  in	
  2014	
  accounted	
  for	
  60%	
  of	
  Central	
  

Appalachian	
  surface	
  coal	
  mine	
  production	
  in	
  that	
  year.	
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The	
  most	
  surprising	
  result	
  was	
  the	
  disproportionate	
  number	
  of	
  at-­‐risk	
  communities	
  that	
  were	
  

located	
  in	
  southwest	
  Virginia.	
  The	
  region	
  contained	
  ten	
  at-­‐risk	
  communities	
  (20%),	
  but	
  

accounted	
  for	
  only	
  8%	
  of	
  Central	
  Appalachia's	
  surface	
  mine	
  coal	
  production	
  in	
  2014.	
  	
  

West	
  Virginia	
  dominates	
  the	
  top	
  half	
  of	
  the	
  “at-­‐risk”	
  list,	
  with	
  14	
  of	
  the	
  top	
  25	
  communities	
  

(Table	
  2).	
  Furthermore,	
  several	
  of	
  the	
  most	
  at-­‐risk	
  communities	
  are	
  in	
  counties	
  that	
  have	
  

traditionally	
  accounted	
  for	
  a	
  relatively	
  small	
  share	
  of	
  Central	
  Appalachian	
  surface	
  mining	
  such	
  as	
  

McDowell	
  County,	
  West	
  Virginia.	
  

The	
  reason	
  for	
  the	
  recent	
  increase	
  in	
  mining	
  near	
  many	
  of	
  the	
  most	
  at-­‐risk	
  communities	
  in	
  West	
  

Virginia	
  is	
  likely	
  because	
  they	
  are	
  near	
  surface	
  mines	
  and	
  mine	
  complexes	
  that	
  produce	
  high-­‐

quality	
  metallurgical	
  coal	
  that	
  is	
  used	
  to	
  produce	
  steel	
  rather	
  than	
  electricity.	
  The	
  market	
  for	
  

metallurgical	
  coal	
  is	
  dominated	
  by	
  overseas	
  buyers	
  and	
  largely	
  insulated	
  from	
  the	
  market	
  forces	
  

(i.e.,	
  low	
  natural	
  gas	
  prices)	
  that	
  have	
  led	
  to	
  steep	
  declines	
  in	
  thermal	
  coal	
  production	
  across	
  

Appalachia	
  in	
  recent	
  years.	
  While	
  there	
  has	
  been	
  a	
  recent	
  dip	
  in	
  demand	
  for	
  metallurgical	
  coal	
  

since	
  exports	
  of	
  that	
  commodity	
  reached	
  an	
  all-­‐time	
  high	
  in	
  2012,	
  the	
  overseas	
  demand	
  for	
  

Appalachian	
  met	
  coal	
  remains	
  at	
  high	
  levels	
  compared	
  to	
  one	
  or	
  two	
  decades	
  ago.	
  

In	
  addition,	
  there	
  appears	
  to	
  be	
  a	
  trend	
  toward	
  more	
  surface	
  mining	
  of	
  metallurgical	
  coal,	
  the	
  

production	
  of	
  which	
  has	
  historically	
  been	
  mostly	
  at	
  underground	
  mines	
  in	
  Appalachia.	
  

While	
  it	
  goes	
  beyond	
  the	
  scope	
  of	
  this	
  report	
  to	
  delve	
  into	
  the	
  nuances	
  of	
  domestic	
  and	
  

international	
  markets	
  for	
  various	
  grades	
  of	
  coal,	
  it	
  is	
  important	
  for	
  interpreting	
  these	
  results	
  to	
  

understand	
  that	
  much	
  of	
  the	
  coal	
  produced	
  in	
  Virginia	
  and	
  West	
  Virginia	
  is	
  sold	
  into	
  

international	
  metallurgical	
  coal	
  markets,	
  while	
  nearly	
  all	
  of	
  the	
  coal	
  produced	
  in	
  eastern	
  

Kentucky	
  is	
  sold	
  to	
  electric	
  power	
  plants	
  in	
  the	
  southeastern	
  U.S.	
  Domestic	
  demand	
  for	
  

Appalachian	
  thermal	
  coal,	
  particularly	
  in	
  the	
  Southeast,	
  has	
  fallen	
  precipitously	
  over	
  the	
  past	
  

five	
  years	
  as	
  a	
  result	
  of	
  competition	
  from	
  natural	
  gas	
  and	
  the	
  impending	
  retirement	
  of	
  dozens	
  of	
  

out-­‐dated	
  coal	
  plants	
  that	
  lack	
  modern	
  pollution	
  controls.	
  

The	
  difference	
  in	
  markets	
  for	
  thermal	
  and	
  metallurgical	
  coal	
  explains	
  not	
  only	
  the	
  

disproportionate	
  number	
  of	
  at-­‐risk	
  communities	
  in	
  Virginia	
  and	
  West	
  Virginia	
  relative	
  to	
  

Kentucky	
  and	
  Tennessee,	
  but	
  other	
  surprising	
  results	
  as	
  well,	
  including	
  the	
  presence	
  of	
  at-­‐risk	
  

communities	
  in	
  counties	
  such	
  as	
  Mercer	
  County,	
  West	
  Virginia,	
  which	
  until	
  recently	
  accounted	
  

for	
  a	
  miniscule	
  fraction	
  of	
  West	
  Virginia's	
  surface	
  coal	
  production.	
  

An	
  additional	
  pattern	
  that	
  was	
  evident	
  from	
  the	
  mapping	
  phase	
  of	
  the	
  project	
  was	
  the	
  

importance	
  of	
  “coal	
  synergy”	
  highway	
  projects,	
  such	
  as	
  West	
  Virginia’s	
  King	
  Coal	
  Highway,	
  in	
  

driving	
  new	
  mountaintop	
  removal	
  mining	
  in	
  recent	
  years.	
  The	
  idea	
  behind	
  coal	
  synergy	
  is	
  that	
  

by	
  coordinating	
  highway	
  construction	
  projects	
  with	
  the	
  permitting	
  and	
  reclamation	
  plans	
  of	
  

mining	
  companies	
  in	
  order	
  to	
  take	
  advantage	
  of	
  their	
  larger	
  earth-­‐moving	
  equipment,	
  the	
  costs	
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of	
  highway	
  construction	
  in	
  mountainous	
  areas	
  can	
  be	
  reduced.	
  From	
  the	
  perspective	
  of	
  mining	
  

companies,	
  this	
  provides	
  an	
  opportunity	
  to	
  streamline	
  environmental	
  permitting	
  for	
  new	
  

mountaintop	
  removal	
  mines	
  and	
  gain	
  access	
  to	
  taxpayer	
  funds	
  for	
  highway	
  construction	
  

activities.	
  The	
  striking	
  linear	
  features	
  apparent	
  in	
  the	
  map	
  that	
  depict	
  newly	
  mined	
  areas	
  across	
  

portions	
  of	
  Mingo	
  and	
  Raleigh	
  counties	
  are	
  a	
  testament	
  to	
  the	
  importance	
  of	
  these	
  projects	
  for	
  

directing	
  patterns	
  of	
  new	
  mining.	
  In	
  addition,	
  the	
  presence	
  of	
  two	
  communities	
  in	
  Mingo	
  County	
  

on	
  the	
  list	
  of	
  at-­‐risk	
  communities	
  (Hampden	
  and	
  Puritan	
  Mines)	
  is	
  attributable	
  to	
  mountaintop	
  

removal	
  mining	
  associated	
  with	
  West	
  Virginia’s	
  nascent	
  King	
  Coal	
  Highway.	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Is	
  surface	
  mining	
  moving	
  closer	
  to	
  communities?	
  

Prior	
  to	
  1999,	
  the	
  proximity	
  of	
  surface	
  mining	
  to	
  communities	
  was	
  trending	
  toward	
  greater	
  

distances.	
  Our	
  analysis	
  shows	
  a	
  very	
  slight	
  trend	
  of	
  encroachment	
  on	
  communities	
  in	
  recent	
  

years	
  (Table	
  1	
  and	
  Figure	
  2).	
  	
  

	
  



 

 

 

12	
  

	
  

Understanding	
  these	
  trends	
  requires	
  a	
  brief	
  history	
  of	
  surface	
  coal	
  mining	
  in	
  Central	
  Appalachia.	
  

Before	
  the	
  1970s,	
  Appalachian	
  surface	
  mining	
  was	
  dominated	
  by	
  small-­‐scale	
  “contour”	
  mining	
  

that	
  involved	
  digging	
  into	
  the	
  side	
  of	
  a	
  mountain	
  to	
  access	
  a	
  small	
  portion	
  of	
  a	
  single	
  seam	
  of	
  

coal,	
  and	
  rarely	
  crossed	
  over	
  a	
  ridgeline.	
  Because	
  of	
  the	
  small-­‐scale	
  of	
  these	
  operations,	
  they	
  

tended	
  to	
  be	
  concentrated	
  near	
  existing	
  infrastructure	
  (i.e.,	
  loadouts	
  where	
  coal	
  is	
  loaded	
  onto	
  

trains),	
  which,	
  in	
  turn,	
  tend	
  to	
  be	
  located	
  in	
  close	
  proximity	
  to,	
  if	
  not	
  directly	
  in,	
  communities.	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Initial	
  development	
  of	
  large	
  mountaintop	
  removal	
  mines	
  in	
  the	
  1980s	
  and	
  early	
  1990s,	
  however,	
  

tended	
  to	
  move	
  surface	
  mining	
  further	
  away	
  from	
  communities,	
  as	
  the	
  large	
  scale	
  of	
  operations	
  

justified	
  investments	
  in	
  new	
  infrastructure	
  like	
  roads,	
  rail	
  spurs	
  and	
  beltlines	
  to	
  transport	
  coal	
  

longer	
  distances	
  to	
  preparation	
  plants	
  and	
  loadouts.	
  It	
  has	
  been	
  suggested	
  by	
  many	
  local	
  

residents	
  who	
  oppose	
  mountaintop	
  removal	
  that,	
  by	
  the	
  late	
  1990s	
  when	
  the	
  coal	
  that	
  was	
  

easiest	
  to	
  access	
  was	
  depleted,	
  mountaintop	
  removal	
  mines	
  began	
  expanding	
  closer	
  to	
  

communities.	
  	
  

The	
  results	
  of	
  this	
  analysis	
  in	
  part	
  support	
  that	
  contention,	
  as	
  surface	
  mining	
  was,	
  on	
  average,	
  

closer	
  to	
  communities	
  in	
  2014	
  than	
  it	
  was	
  in	
  1999,	
  despite	
  the	
  fact	
  that	
  surface	
  coal	
  mining	
  has	
  

declined	
  by	
  more	
  than	
  50%	
  since	
  that	
  time	
  (Table	
  1).	
  As	
  with	
  the	
  composition	
  of	
  the	
  at-­‐risk	
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community	
  list,	
  however,	
  the	
  trends	
  in	
  West	
  Virginia	
  are	
  very	
  different	
  from	
  those	
  in	
  Kentucky.	
  

On	
  average,	
  surface	
  mining	
  in	
  West	
  Virginia	
  has	
  moved	
  320	
  meters	
  (12%)	
  closer	
  to	
  communities	
  

over	
  the	
  past	
  15	
  years,	
  whereas	
  in	
  Kentucky	
  it	
  has	
  moved	
  further	
  away.	
  	
  

As	
  before,	
  this	
  can	
  likely	
  be	
  explained	
  by	
  the	
  different	
  market	
  forces	
  that	
  underlie	
  the	
  recent	
  

increase	
  in	
  West	
  Virginia	
  metallurgical	
  coal	
  production	
  and	
  the	
  decline	
  in	
  eastern	
  Kentucky	
  

thermal	
  coal	
  production.	
  An	
  analysis	
  of	
  trends	
  in	
  just	
  Mercer,	
  McDowell,	
  Wyoming	
  and	
  Webster	
  

counties	
  of	
  West	
  Virginia	
  lends	
  strong	
  support	
  to	
  the	
  theory	
  that	
  expansion	
  of	
  metallurgical	
  coal	
  

production	
  is	
  driving	
  the	
  trends	
  in	
  that	
  state.	
  On	
  average,	
  surface	
  mining	
  in	
  those	
  four	
  counties	
  

has	
  moved	
  774	
  meters	
  (26%)	
  closer	
  to	
  communities	
  since	
  1999.	
  

Demographic	
  and	
  socioeconomic	
  trends	
  

A	
  comparison	
  of	
  recent	
  demographic	
  and	
  economic	
  trends	
  between	
  at-­‐risk	
  and	
  no-­‐mining	
  

communities	
  makes	
  clear	
  that	
  communities	
  near	
  mining	
  are	
  suffering	
  from	
  their	
  proximity	
  to	
  

these	
  operations.	
  While	
  most	
  Appalachian	
  coal	
  counties	
  have	
  declined	
  in	
  population	
  since	
  1990,	
  

the	
  census	
  block	
  groups	
  around	
  the	
  at-­‐risk	
  communities	
  have	
  been	
  declining	
  at	
  a	
  much	
  faster	
  

rate.	
  On	
  average,	
  these	
  communities	
  have	
  been	
  losing	
  population	
  at	
  a	
  rate	
  of	
  more	
  than	
  10%	
  

per	
  decade	
  since	
  1990—more	
  than	
  twice	
  the	
  rate	
  of	
  decline	
  in	
  nearby	
  communities	
  with	
  no	
  

surface	
  mining	
  (Table	
  3).	
  

Similarly,	
  poverty	
  rates	
  for	
  the	
  at-­‐risk	
  communities	
  in	
  2013	
  were	
  slightly	
  higher	
  than	
  they	
  were	
  

in	
  the	
  no-­‐mining	
  communities,	
  although	
  poverty	
  rates	
  in	
  both	
  populations	
  increased	
  

substantially	
  since	
  1990	
  (see	
  Table	
  3).	
  Interestingly,	
  the	
  poverty	
  rates	
  between	
  the	
  at-­‐risk	
  and	
  

no-­‐mining	
  communities	
  were	
  almost	
  identical	
  in	
  1990,	
  lending	
  support	
  to	
  the	
  theory	
  that	
  close	
  

proximity	
  of	
  mining	
  is	
  a	
  contributing	
  factor	
  to	
  increasing	
  poverty	
  rates	
  in	
  coal	
  mining	
  

communities.	
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Conclusions	
  

As	
  coal	
  mine	
  production	
  has	
  declined	
  sharply	
  across	
  Central	
  Appalachia	
  over	
  the	
  past	
  decade,	
  

the	
  production	
  from	
  surface	
  mines	
  has	
  declined	
  even	
  faster,	
  falling	
  by	
  close	
  to	
  60%	
  since	
  2008.	
  

While	
  the	
  overall	
  production	
  decline	
  is	
  driven	
  by	
  falling	
  demand	
  resulting	
  from	
  competition	
  

from	
  natural	
  gas	
  and,	
  increasingly,	
  retirement	
  of	
  aging	
  coal-­‐fired	
  power	
  plants	
  that	
  depend	
  on	
  

low-­‐sulfur	
  Central	
  Appalachian	
  coal,	
  the	
  shift	
  toward	
  a	
  greater	
  ratio	
  of	
  underground-­‐to-­‐surface	
  

mine	
  production	
  provides	
  some	
  evidence	
  that	
  the	
  actions	
  of	
  federal	
  agencies	
  to	
  reduce	
  the	
  

damage	
  caused	
  by	
  mountaintop	
  removal	
  mining	
  has	
  had	
  an	
  effect.	
  

Yet,	
  the	
  risk	
  faced	
  by	
  many	
  communities	
  from	
  encroachment	
  of	
  mountaintop	
  removal	
  mining	
  is	
  

growing,	
  not	
  declining,	
  as	
  this	
  report	
  makes	
  clear.	
  Moreover,	
  the	
  trend	
  toward	
  greater	
  reliance	
  

on	
  mountaintop	
  removal	
  for	
  metallurgical	
  coal	
  production	
  in	
  some	
  counties	
  in	
  Virginia	
  and	
  West	
  

Virginia	
  and	
  the	
  importance	
  of	
  “coal	
  synergy”	
  highway	
  projects	
  in	
  driving	
  new	
  mountaintop	
  

removal	
  mining	
  mean	
  that	
  these	
  threats	
  are	
  likely	
  to	
  continue	
  to	
  grow	
  in	
  certain	
  areas,	
  despite	
  

declining	
  demand	
  for	
  coal.	
  

For	
  regulators	
  and	
  anyone	
  concerned	
  about	
  the	
  environmental	
  damage	
  and	
  human	
  health	
  

consequences	
  associated	
  with	
  mountaintop	
  removal	
  coal	
  mining,	
  it	
  would	
  be	
  much	
  simpler	
  if	
  

this	
  controversial	
  problem	
  just	
  quietly	
  went	
  away	
  as	
  the	
  aging	
  power	
  plants	
  that	
  depend	
  on	
  low-­‐

sulfur	
  Central	
  Appalachian	
  coal	
  retire.	
  It’s	
  apparent	
  that	
  that	
  is	
  a	
  false	
  hope.	
  Protecting	
  

communities	
  and	
  water	
  quality	
  from	
  the	
  impacts	
  of	
  mountaintop	
  removal	
  mining	
  will	
  still	
  

require	
  far	
  more	
  aggressive	
  measures	
  than	
  those	
  that	
  have	
  been	
  taken	
  to	
  date.	
  

The	
  decline	
  in	
  Central	
  Appalachian	
  coal	
  production	
  and	
  concomitant	
  increase	
  in	
  unemployed	
  

coal	
  miners	
  certainly	
  justifies	
  the	
  recent	
  shift	
  in	
  focus	
  by	
  the	
  White	
  House,	
  state	
  elected	
  officials	
  

and	
  many	
  community	
  advocacy	
  organizations	
  toward	
  economic	
  transition,	
  particularly	
  in	
  

eastern	
  Kentucky	
  where	
  the	
  domestic	
  market	
  for	
  thermal	
  coal	
  has	
  all	
  but	
  collapsed.	
  But	
  allowing	
  

mountaintop	
  removal	
  mining	
  to	
  continue	
  is	
  doing	
  communities	
  in	
  the	
  region	
  no	
  favor.	
  

If	
  mountaintop	
  removal	
  mines	
  continue	
  to	
  expand,	
  even	
  at	
  the	
  slower	
  pace	
  of	
  recent	
  years,	
  the	
  

population	
  declines	
  and	
  increased	
  poverty	
  rates	
  clearly	
  associated	
  with	
  the	
  mines’	
  

encroachment	
  on	
  communities	
  threaten	
  to	
  undermine	
  any	
  progress	
  toward	
  economic	
  

revitalization	
  in	
  traditional	
  coal	
  mining	
  areas	
  of	
  Appalachia.	
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