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Frost	  and	  Freeze	  Data	  and	  Impacts	  to	  the	  Agriculture,	  ConstrucEon	  and	  TransportaEon	  Industry	  

	  
UNC	  Asheville’s	  NEMAC	  

NaEonal	  Environmental	  Modeling	  and	  
Analysis	  Center	  

	  
• 	  Applied	  Research	  and	  technology	  development	  of	  environmental	  
and	  climate	  data	  sets	  

• 	  Data	  and	  GIS	  
• 	  VisualizaEon	  
• 	  Decision	  Making	  

• 	  Decision	  Support	  tools	  for	  Flood	  MiEgaEon,	  Emergency	  Response,	  
Forest	  Health,	  Water	  Resource	  Issues,	  Planning,	  Vulnerability	  and	  
Resilience	  
• 	  Collabora9on	  among	  government,	  academia	  and	  private	  enterprise	  
• AcEve	  Undergraduate	  Research	  
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Climate	  Literacy	  EducaEon	  and	  Research	  
(CLEaR)	  

Eastern	  Forests	  Environmental	  Threat	  
Assessment	  Center	  	  (EFETAC)	  

Renaissance	  CompuEng	  InsEtute	  
State	  of	  North	  Carolina	  

Local	  and	  	  
State	  Government	  

Companies	  

Others	  
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Overview	  
•  Baseline	  changes	  in	  climate	  increases	  risk	  of	  weather	  
impact	  
–  Late	  Frost	  impact	  on	  plants	  aYer	  early	  onset	  to	  growing	  season	  
–  Change	  of	  growing	  season	  length	  impact	  on	  natural	  system	  
–  Freeze	  and	  thaw	  impacts	  on	  mobility	  and	  design	  

•  Non-‐climate	  issues	  add	  to	  sensiEvity	  
–  Agriculture	  pracEce	  changes,	  Forest	  invasives	  and	  pests	  
–  PopulaEon	  and	  demographic	  changes,	  Economic	  Issues	  
–  TransportaEon	  planning	  and	  design	  

•  Group	  Decision	  Making	  is	  a	  process	  that	  needs	  to	  be	  
acEvely	  supported	  with	  appropriate	  technologies	  and	  
toolsets	  

•  CollaboraEon	  is	  key	  –	  the	  three	  sectors	  of	  government,	  
academia	  and	  industry	  must	  work	  together	  to	  meet	  
this	  challenge	  
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Decision	  Making	  Building	  Blocks	  

Data	  -‐	  
What	  do	  we	  

know?	  

• Housing	  
• TransportaEon	  

• Energy	  
• Jobs/Economic	  Dev.	  
• Natural	  and	  Cultural	  

Resources	  
• Land	  Use	  
• Health	  
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Decision	  Making	  Building	  Blocks	  

Data	  -‐	  
What	  do	  we	  

know?	  

Values	  -‐	  
What	  do	  we	  
care	  about?	  

Linked	  to	  Decision-‐Makers	  
Proper	  Scale	  

• Housing	  
• TransportaEon	  

• Energy	  
• Jobs/Economic	  Dev.	  
• Natural	  and	  Cultural	  

Resources	  
• Land	  Use	  
• Health	  
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Decision	  Making	  Building	  Blocks	  

Data	  -‐	  
What	  do	  we	  

know?	  

Values	  -‐	  
What	  do	  we	  
care	  about?	  

Linked	  to	  Decision-‐Makers	  
Proper	  Scale	  

Future	  –	  	  
What	  could	  
happen?	  

UncertainEes	  
Models	  

• Housing	  
• TransportaEon	  

• Energy	  
• Jobs/Economic	  Dev.	  
• Natural	  and	  Cultural	  

Resources	  
• Land	  Use	  
• Health	  
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Decision	  Making	  Building	  Blocks	  

Data	  -‐	  
What	  do	  we	  

know?	  

Values	  -‐	  
What	  do	  we	  
care	  about?	  

Linked	  to	  Decision-‐Makers	  
Proper	  Scale	  

Future	  –	  	  
What	  could	  
happen?	  

UncertainEes	  
Models	  

Risk	  
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• Housing	  
• TransportaEon	  

• Energy	  
• Jobs/Economic	  Dev.	  
• Natural	  and	  Cultural	  

Resources	  
• Land	  Use	  
• Health	  
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Decision	  Making	  Building	  Blocks	  

Data	  -‐	  
What	  do	  we	  

know?	  

Values	  -‐	  
What	  do	  we	  
care	  about?	  

Future	  –	  	  
What	  could	  
happen?	  

UncertainEes	  
Models	  

Ac9on	  -‐	  
What	  are	  we	  
willing	  to	  do	  
about	  it?	  

Who	  is	  “we”?	  
Who	  is	  willing	  to	  accept	  
responsibility	  and	  assign	  

resources?	  

Risk	  • Housing	  
• TransportaEon	  

• Energy	  
• Jobs/Economic	  Dev.	  
• Natural	  and	  Cultural	  

Resources	  
• Land	  Use	  
• Health	  
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Decision	  Portals,	  GIS	  Viewers,	  FacilitaEon	  in	  support	  of	  the	  NCA	  
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NaEonal	  Climate	  Assessment	  

•  Decision:	  	  Integrated	  soluEons	  that	  consider	  
factors	  including	  economic	  development,	  
transportaEon,	  agriculture,	  etc.	  

•  Scale:	  NaEonal,	  Regional	  and	  Local	  
•  Use	  of	  Climate	  Data:	  Climate	  impacts	  on	  key	  
issues	  and	  sectors	  
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Design	  of	  Database	  to	  Support	  Assessment	  

Scale	  

NaEonal	  
Regional	  -‐	  SE	  
State	  
State	  Region	  
River	  Basin	  

Sector	  (with	  subsectors)	  

TransportaEon	  
Natural	  Environments	  
Water	  Resources	  
Coastal	  Resources	  
Marine	  Resources	  
Land	  Resources	  
Agriculture	  and	  Forestry	  
Energy	  ProducEon	  and	  Use	  
Human	  Social	  Systems	  
Human	  Health	  &	  Welfare	  
Air	  Quality	  

Climate	  Condi9on	  

Low	  Temp	  days/nights	  
High	  Temp	  days/night	  
Cold	  spells	  (cold	  snaps)	  
Warm	  spells	  (heat	  waves)	  
Cool	  seasons/warm	  seasons	  
Heavy	  precipitaEon	  events	  
Rare	  precipitaEon	  events	  
Drought	  
Tropical	  cyclones	  
Extreme	  extra-‐tropical	  storms	  
Small	  scale	  severe	  weather	  	  
Sea	  level	  rise	  
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Frost	  and	  Freeze	  Data	  and	  Impacts	  to	  the	  Agriculture,	  ConstrucEon	  and	  TransportaEon	  Industry	  

Example	  of	  Mul9-‐Scale	  Approach	  
Mul9ple	  Scales 

Na9onal	  
• Maps	  for	  NOAA	  
and	  USDA	  Forest	  

Service	  
 

Southeast	  
• Southern	  Group	  
of	  State	  Foresters	  

• SENRLG	  
 

Local	  
• River	  District	  
• Downtown	  
Asheville	  

• Biltmore	  Village	  
• Swannanoa	  
Watershed	  

 

City/County	  
• GIS	  Websites	  
• MulE-‐Hazard	  
Risk	  Tool	  

• Steep	  Slope	  Tool	  
 

North	  Carolina	  
• State	  Climate	  

Plan	  
• RENCI	  maps	  

 

Western	  NC	  
• Vitality	  Index	  

• Future	  Build-‐out	  
Study	  

 

Mul9-‐County	  
• Regional	  
Planning	  

• TransportaEon 
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Assessments	  Lead	  to	  Decisions	  

•  CommuniEes	  will	  
not	  make	  decisions	  
based	  on	  climate	  
alone	  

•  Driven	  by	  values,	  
not	  data	  

•  Must	  engage	  with	  
decision	  makers	  
from	  the	  beginning	  

Non	  –	  Climate	  
related	  Drivers	  	  

Climate	  related	  
Drivers	  	  

Stressors	  

Sector	  Specific	  
Resources	  and	  Services	  

VALUES!	  
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Scale:	  (Regional)	  Land	  of	  Sky	  Regional	  Council	  of	  Governments	  
Sector:	  Transporta9on	  

Freeze-‐thaw	  
cycles	  

PrecipitaEon	  
(extremes)	   Bridge/road	  

design	  

PopulaEon	  

Land	  use,	  
development	  

Flooding	  

Landslides	  

Mobility	  
(people	  and	  

goods)	  
EvacuaEons	   Human	  safety	  

Structural	  &	  
Environmental	  

Assets	  

Maintenance	  
cost	  

Wildfire	  

PrecipitaEon	  
(average)	  

Topography	  

Conceptual	  Model	  
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Western	  North	  Carolina	  TransportaEon	  Planning	  

Data	  -‐	  
What	  do	  we	  

know?	  

Values	  -‐	  
What	  do	  we	  
care	  about?	  

Vulnerability	  of	  lack	  of	  
mobility	  following	  a	  

disaster	  

Future	  –	  	  
What	  could	  
happen?	  

PrecipitaEon	  
Winter	  Weather	  
Frost	  and	  Freeze	  

Natural	  
Human	  
Built	  

Economic	  

Ac9on	  -‐	  
What	  are	  we	  
willing	  to	  do	  
about	  it?	  

Risk	  
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I-‐40	  Landslide	  in	  2010	  

17	  

•  Vulnerability	  is	  related	  to	  mobility	  in	  
the	  transportaEon	  sector	  

•  Freeze	  following	  a	  major	  rain	  
iniEated	  the	  landslide	  

•  $200	  Million	  Impact	  
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Na9onal	  scale,	  updated	  every	  eight	  days,	  change	  detec9on	  system	  
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Website	  for	  VisualizaEon	  and	  Story	  Telling	  –	  Forest	  Health	  is	  Value	  Driver	  
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GIS	  Viewer	  for	  scalability	  and	  determining	  cause	  and	  effect	  
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MulEgraph	  tool	  (imbedded	  in	  GIS	  Viewer)	  allows	  users	  to	  see	  in	  the	  temporal	  dimension	  
Red	  pixels	  on	  map	  shows	  a	  devia9on	  from	  the	  10-‐year	  normal	  
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Climate	  Assessment	  
Conceptual	  Model	  of	  Linked	  Rela9onships	  

Drought	  

Wildfire	  

Homes	  in	  
Wildland/Urban	  

Interface	  

Water	  
Stress	  

Natural	  
Systems	  

Water	  
Shortage	  

Power	  
GeneraEon	  

Municipal	  
Water	  Supply	  

Firefighter	  
Safety	  

Assessments	  lead	  to	  decisions	  (and	  acEons!):	  Focus	  on	  resources	  and	  values	  lets	  the	  
customer	  understand	  why	  climate	  maoers.	  	  
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Storytelling	  on	  the	  web	  to	  support	  the	  GIS	  Viewer	  
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Lake-‐effect	  snow	  delays	  2010	  spring	  
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Fire	  and	  Frost	  Impact	  –	  Fall	  of	  2011	  
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Yazoo,	  Mississippi	  Tornado	  Recovery	  
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North	  Carolina	  Mountain	  Resources	  Commission	  
Vitality	  Index	  	  

www.wncvitalityindex.org	  

County	  Decision	  Makers	  needed	  some	  help	  –	  we	  provided	  an	  online	  tool	  with	  160	  metrics	  
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The	  home	  page	  of	  the	  website	  note	  the	  imbedded	  GIS	  Viewer	  
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Decision	  makers	  at	  county	  and	  regional	  scale	  
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30	  

Regionally	  specific	  products	  aided	  by	  storytelling	  turns	  a	  map	  into	  a	  tool	  

Palmer	  Drought	  Index,	  
	  Southern	  Mountains	  
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Emergency	  Managers	  needed	  an	  integrated	  decision	  tool	  for	  FEMA	  reporEng	  
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MulE-‐Hazard	  Risk	  Tool	  

•  Purpose	  of	  study:	  Tool	  for	  Emergency	  
Managers	  that	  integrates	  

•  Decision:	  	  How	  to	  plan	  for	  mulEple	  risks	  
including	  flooding,	  wildfire,	  landslides,	  winter	  
storms,	  dam	  failure,	  etc.	  

•  Scale:	  Buncombe	  County	  
•  Use	  of	  Climate	  Data:	  Drought,	  flooding,	  
precipitaEon,	  winter	  storm	  occurrence	  	  
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Tool	  Eed	  to	  individual	  parcels	  –	  integraEon	  with	  City	  of	  Asheville	  and	  
Buncombe	  County	  GIS	  Databases	  
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Albemarle	  Pamlico	  Sea	  Level	  Rise	  

Data	  -‐	  
What	  do	  we	  

know?	  

Values	  -‐	  
What	  do	  we	  
care	  about?	  

Provide	  resiliency	  for	  
natural	  and	  human	  

systems	  

Future	  –	  	  
What	  could	  
happen?	  

Sea	  Level	  Rise	  

Natural	  
Human	  
Built	  

Economic	  

Ac9on	  -‐	  
What	  are	  we	  
willing	  to	  do	  
about	  it?	  

Risk	  
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During	  the	  first	  phase	  of	  the	  study,	  areas	  that	  will	  be	  impacted	  by	  climate	  change	  
were	  idenEfied	  

36	  

Data	  -‐	  
What	  do	  
we	  know?	  
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FacilitaEon	  

Maps	  are	  important,	  but	  facilitaEon	  leads	  to	  decision	  making	  in	  group	  seqngs	  
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Data	  -‐	  
What	  do	  
we	  know?	  

Values	  -‐	  
What	  do	  we	  
care	  about?	  
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During	  the	  second	  phase,	  key	  value	  drivers	  for	  the	  12	  Federal	  Agencies	  were	  mapped:	  
1)	  BioEc	  Habitat,	  2)	  Natural	  Areas,	  3)	  Drinking	  Water,	  and	  4)	  RecreaEon	  &	  Tourism	  	  

BioEc	  Habitat	  

Natural	  Areas	  

Drinking	  Water	  

RecreaEon	  &	  Tourism	  

Data	  -‐	  
What	  do	  
we	  know?	  

Values	  -‐	  
What	  do	  we	  
care	  about?	  
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Combined	  Stories	  with	  Sea	  Level	  Rise	  Scenarios	  
	  

Data	  -‐	  
What	  do	  
we	  know?	  

Values	  -‐	  
What	  do	  we	  
care	  about?	  

Future	  –	  	  
What	  could	  
happen?	  
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Three	  PrioriEzed	  Areas	  for	  
Ac9on	  –	  areas	  where	  the	  
agencies	  are	  more	  likely	  to	  
match	  local	  dollars	  to	  build	  

resilience.	  
	  

Data	  -‐	  
What	  do	  
we	  know?	  

Values	  -‐	  
What	  do	  we	  
care	  about?	  

Future	  –	  	  
What	  could	  
happen?	  

Ac9on	  -‐	  
What	  are	  we	  
willing	  to	  do	  
about	  it?	  
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Summary	  
•  Baseline	  changes	  in	  climate	  increases	  risk	  of	  weather	  
impact	  
–  Late	  Frost	  impact	  on	  plants	  aYer	  early	  onset	  to	  growing	  season	  
–  Change	  of	  growing	  season	  length	  impact	  on	  natural	  system	  
–  Freeze	  and	  thaw	  impacts	  on	  mobility	  and	  design	  

•  Non-‐climate	  issues	  add	  to	  sensiEvity	  
–  Agriculture	  pracEce	  changes,	  Forest	  invasives	  and	  pests	  
–  PopulaEon	  and	  demographic	  changes,	  Economic	  Issues	  
–  TransportaEon	  planning	  and	  design	  

•  Group	  Decision	  Making	  is	  a	  process	  that	  needs	  to	  be	  
acEvely	  supported	  with	  appropriate	  technologies	  and	  
toolsets	  

•  CollaboraEon	  is	  key	  –	  the	  three	  sectors	  of	  government,	  
academia	  and	  industry	  must	  work	  together	  to	  meet	  
this	  challenge	  
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Ques9ons?	  

Jim	  Fox	  	  
jfox@unca.edu	  
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