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Wetlands	
  provide	
  important	
  ecosystem	
  services.



Challenges	
  of	
  modeling	
  wetland	
  ecosystems.

• Wetlands	
  are	
  dynamic.
• Wetlands	
  are	
  diverse.
• Wetlands	
  vary	
  in	
  size.

Lack	
  of	
  adequate	
  
baseline	
  data=



Surface	
  WaterGround	
  Water

The	
  Wetland	
  Continuum	
  
-­‐ Euliss et	
  al	
  (2004)



How	
  will	
  wetland	
  hydrology	
  change	
  in	
  the	
  future?

1.)	
  	
  Develop	
  a	
  large	
  baseline	
  dataset	
  using	
  new	
  remote	
  sensing	
  

methods	
  to	
  reconstruct	
  the	
  flooding	
  and	
  drying	
  patterns	
  for	
  

individual	
  wetlands.

2.)	
  	
  Relate	
  this	
  dataset	
  to	
  historical	
  climate	
  and	
  make	
  future	
  

climate	
  change	
  projections.

3.)	
  	
  Work	
  with	
  wetland	
  practitioners	
  from	
  start	
  to	
  finish.



Study	
  Area:	
  
Columbia	
  
Plateau

• Depressional
wetlands



Computer	
  aided	
  pattern	
  recognition Landsat	
  satellite	
  archive	
  (1984	
  – 2011)	
  
to	
  measure	
  changes	
  in	
  surface	
  water	
  
for	
  each	
  wetland.

Remote	
  Sensing	
  Methods



Surface	
  water	
  area	
  hydrograph	
  of	
  a	
  wetland
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Wetland	
  dataset

• sample	
  size	
  (	
  >	
  5,000)
• temporal	
  extent	
  (27	
  years)
• frequency	
  (~	
  16	
  days)
• spatial	
  scale	
  (<30m)



Variable Infiltration Capacity (VIC) model

Hydrologic projections at multiple scales
simulates back 90 years

simulates forward to 2080s
*

Estimates soil moisture layers
*

Developed a variable that served as a groundwater 
proxy



Climate	
  modeling

A1B	
  scenario	
  2080s:
• air	
  temperature	
  
increase	
  by	
  
5.3°F (2.8-­‐9.7°F)	
  

• annual	
  precipitation	
  
increase	
  by 4%.

Wetter warmer winters

Hotter drier summers
Mote, P.W., and E.P. Salathé. 2010. Future climate in the Pacific Northwest. Climatic Change 102(1-2): 29-50, doi: 10.1007/s10584-010-9848-z



How	
  will	
  wetlands	
  change	
  in	
  the	
  future?

•Water	
  quantity
•Drying	
  frequency
•Distribution	
  of	
  
wetland	
  types



Example	
  of	
  a	
  
Seasonal	
  Wetland



Example	
  of	
  a	
  Semi-­‐
Permanent	
  Wetland



Longer  
Dry  Season

Earlier  Drawdown

Lower
Water  Level



Climate	
  modeling

Limitations:
• Can’t	
  model	
  wetlands	
  with	
  large	
  
human	
  impacts
• Can’t	
  perfectly	
  model	
  
groundwater
• Reduces	
  dataset	
  to	
  ~	
  1,700	
  
wetlands	
  (1/3	
  of	
  all	
  wetlands).



Results



How	
  well	
  does	
  
the	
  model	
  
work?

Site-­‐specific	
  
regression	
  
model	
  fit

(R2)



How	
  will	
  
wetland	
  
hydrology	
  
change?

Change	
  in	
  
max.	
  annual	
  
surface	
  

water	
  area	
  
(%)



How	
  will	
  
wetland	
  
hydrology	
  
change?

Change	
  in	
  
drying	
  

frequency
(years	
  out	
  of	
  

100)

-­‐ 50

+ 50



Change	
  in	
  max.	
  annual	
  surface	
  
water	
  area	
  (%)

Groundwater	
  driven	
  	
  	
  	
  	
  	
  	
  	
  	
  Surface	
  water	
  driven



Change	
  in	
  Distribution	
  of	
  Wetland	
  Types
Historic	
  
Future



Historic	
  
Future

Change	
  in	
  Distribution	
  of	
  Wetland	
  Types



What	
  do	
  we	
  know	
  now?
• Wetlands	
  are	
  dynamic	
  and	
  diverse,	
  but	
  we	
  have	
  tools	
  to	
  capture	
  this	
  
variability	
  and	
  can	
  use	
  them	
  to	
  monitor	
  hydrologic	
  changes.

• Not	
  all	
  wetlands	
  will	
  get	
  drier	
  – instead	
  there	
  will	
  be	
  a	
  more	
  complex	
  
response	
  to	
  climate.	
  Some	
  wetlands	
  will	
  get	
  wetter,	
  some	
  will	
  get	
  
drier,	
  and	
  some	
  will	
  not	
  change	
  much.	
  

• Climate	
  change	
  impacts	
  will	
  be	
  different	
  for	
  wetlands	
  than	
  the	
  
surrounding	
  upland.	
  

• Groundwater	
  driven	
  wetlands	
  can	
  store	
  increases	
  in	
  winter	
  
precipitation.	
  But	
  there	
  is	
  increasing	
  pressures	
  on	
  groundwater.



Second	
  wetland	
  practitioner	
  workshop

Every	
  wetland	
  practitioner	
  had	
  
a	
  different	
  management/	
  policy	
  
goal:

• Cattle	
  ranching
• Cultural	
  resources
• Migratory	
  birds
• Amphibians
• Hunting
• Policy	
  goals
• Rare	
  plants	
  …	
  



How	
  to	
  access	
  this	
  data?
https://lccnetwork.org/news/conserving-­‐wetlands-­‐under-­‐changing-­‐climate-­‐columbia-­‐plateau

• Storymap



Questions
Meghan	
  Halabisky
halabisk@uw.edu

Funding	
  provided	
  by:
• Great	
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  Center
• UW	
  Precision	
  Forestry	
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All	
  data	
  &	
  the	
  technical	
  
report	
  is	
  available	
  on	
  
Sciencebase.gov



How	
  have	
  
wetlands	
  
changed?

Historical
change	
  in	
  

mean	
  surface	
  
water	
  area	
  (%)


