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Abstract 
As par t  o f  a research effor t  focused on clim at e change effect s on perm afrost  near  
Fairbanks, Alaska, it  becam e apparent  t hat  peat  soils, over lain by t h ick sphagnum  
m oss, had a considerable effect  on t he overall hydro logy. Peat lands represent  a 
confounding m ixt ure of  veget at ion, so ils, and w at er  t hat  present  challenges for  
concept ualizing and param et r izing hydro log ic m odels.  We em ployed t he Gr idded 
Sur face Subsur face Hydro log ic Analysis Model (GSSHA) in  our  analysis o f  t he 
Car ibou Poker  Creek Exper im ent al Wat ershed (CPCRW). The m odel enables 
sim ulat ion of  sur face w at er  and groundw at er  in t eract ions, as w ell as so il 
t em perat ure and f rozen ground effect s on subsur face w at er  m ovem ent . A sit e 
visit  exposed t he presence of  sur face w at er  f low s ind icat ing a m ixed basin  t hat  
w ould require bot h sur face and subsur face sim ulat ion capabilit y t o proper ly 
capt ure t he response.  Soils in t he w at ershed are predom inat ely silt  loam  
under lain  by shallow  f ract ured bedrock.  Throughout  m uch of  t he basin , a t h ick 
layer  o f  live sphagnum  m oss and f ine peat  covers t he ground sur face.  A rest r ict ive 
layer  o f  perm afrost  is found on nor t h  facing slopes.  The com binat ion of  t h ick 
m oss and peat  so ils present ed a challenge in  t erm s of  concept ualizing t he 
hydro logy and ident ifying reasonable param et er  ranges for  physical proper t ies.  
Var ious com binat ions of  over land roughness, sur face ret ent ion, and subsur face 
f low  w ere used t o  represent  t he peat lands.  The process result ed in  som e 
in t erest ing result s t hat  m ay shed light  on t he dom inant  hydro log ic processes 
associat ed w it h  peat land, as w ell as w hat  hydro log ic concept ualizat ions, 
sim ulat ion t oo ls, and approaches are applicable in  m odeling peat land hydro logy.  
 

   
    

    
    
   

    
    

     
            

          

Soil map based on Reiger (1972) at the Caribou/Poker Creek Research Watershed 

Land cover map at the Caribou/Poker Creek Research Watershed including extents of the 2004 Boundary Fire.  
Open and closed designations refer to canopy density.  An open canopy permits a view of the sky through it.  

Hydrologic units of the Caribou/Poker Creeks Research Watershed (CPCRW) with locations of 
hydrometeorological stations and permafrost extents indicated (Chapin and Hollingsworth 2010a; b).  
Models of the C2 and C3 sub-watersheds compare the hydrologic effects from disparate expanses of 
permafrost. 

Modeling Approach 
• Coupled Gr idded Sur face Subsur face 

Hydro log ic Analysis (GSSHA) m odel and so il 
t herm al regim e m odel (Marchenko et  al. 2008) 
f rom  t he Geophysical Inst it u t e Perm afrost  Lab 
(GIPL).  

• Subdivided t he basin in t o sub-w at ersheds for  
t heir  d isparat e expanses of  perm afrost  t o 
bet t er  underst and t he effect s o f  f rozen so ils.  

• C2 basin  – 5 km 2 basin near ly f ree of  
perm afrost  

• C3 basin  – 5.4 km 2 w it h a large expanse of  
perm afrost .   

The GSSHA m odel is a physically-based spat ially d ist r ibut ed num er ical m odel used 
t o  sim ulat e im por t ant  st ream  f low  processes (Dow ner  and Ogden 2004a).  GSSHA is 
used t o  evaluat e f lood inundat ion (Shar if  et  al. 2010) so il m oist ure (Dow ner  and 
Ogden 2003), const it uent  fat e and t ranspor t  (Dow ner  2009), and snow  
accum ulat ion (Follum  and Dow ner  2013). (Hollingsw or t h  2007) 

Profiles of the seven soil types found in the Caribou-Poker Creek Research Watershed. Perma-
frost and peat/moss dominate the hydrologic regime. 

Hydrologic Simulation 
Overland Flow 
• Alt ernat ing d irect ion explicit  (ADE) m et hod.   
• Over land roughness values assigned accord ing t o  land cover  w it h in  t he range 

suggest ed by Senarat h and Ogden 2000.   
• Ret ent ion st orage account ed for  in  so ils w it h  heavy forest  lit t er.  
• Over land f low  rout ed t hrough snow pack using Darcy’s law.  
Channel Routing 
• A one-d im ensional d iffusive w ave channel rout ing schem e is used t o sim ulat e 

st ream  f low.   
• Idealized t rapezoidal channel cross-sect ions are assum ed.   
Infiltration 
• Richards Equat ion.   
• 1D it erat ive f in it e-d ifference so lu t ion t o  descr ibe t he m ovem ent  o f  w at er  

t hrough an unsat urat ed so il (Dow ner  and Ogden 2006).  
• Ver t ical d iscret izat ion is a cr it ical fact or  t o  t he accuracy of  t he so lu t ion 

(Dow ner  and Ogden 2004b). 
• A convergence st udy ident if ied  appropr iat e sizes of  ver t ical cells for  each so il 

layer. Generally t he upper  m ost  so il layer  had a ver t ical cells less t han 1 cm  
w hile cell sizes for  t he subsequent  layers increased f rom  1-3 cm  in  m ost  cases.  

Groundwater Interactions 
• 2D sim ulat ion of  lat eral sat urat ed groundw at er  f low  is included in  t he m odel.   
• Sub-sur face st ream  losses and gains governed by a r iver  f lux boundary 

condit ion. 
Evapotranspiration 
• Penm an Mont eit h  m et hod specif ied w it h in  GSSHA t o calcu lat e ET.   
• Model param et ers assigned accord ing t o  t he veget at ion m ap above.   
• Sur face albedo values are based on recom m ended values f rom  t he GSSHA user  

m anual (Dow ner  and Ogden 2006).   
• Canopy t ransm ission coeff icient s assigned accord ing t o light  in t ercept ion 

st ud ies for  deciduous (Hut ch ison and Mat t  1977) and coniferous (Gholz and 
Vogel 1991) forest s.   

• Canopy st om at al resist ance based on t w o published st ud ies (Eliáš 1979; Verm a 
and Baldocchi 1986).   

• Penm an Mont eit h m et hod is sensit ive t o  st om at al resist ance (Lem eur  and 
Zhang 1990) so considerat ion w as g iven t o st om at al resist ance dur ing 
calibrat ion.   

Moss/Peat as Vegetative 
Roughness 
• Increased t he over land roughness 

values of  t he peat  and sphagnum  
w ell beyond t he range associat ed 
w it h  t he forest ed landuse. 

• Failed t o  m at ch t he t im ing of  t he 
peak and overall shape of  t he 
observed hydrograph. 

• Over land f low  equat ions w it h 
increased roughness poor ly 
represent  t he lat eral f luxes 
t hrough t he peat . 

Moss/Peat as Soil Layer 
• Peat  is t reat ed as an addit ional so il 

layer  in  Richards Equat ion  
• Sur face roughness w ere 

consist ent  w it h  norm al ranges for  
each landuse t ype. 

•  Failed t o  m at ch t he t im ing of  t he 
peak and overall shape of  t he 
observed hydrograph. 

• Sim ulat ing t he peat / m oss as par t  
o f  t he unsat urat ed zone 
m in im izes t he lat eral f luxes 
t hrough t he peat . 

Moss/Peat as Wetland 
• Fluxes t hrough t he peat  are 

sim ulat ed using t he t hree lat eral 
zones in  t he GSSHA w et land cells. 

• The result ing hydrograph bet t er  
m at ches t he peak and overall 
shape of  t he observed 
hydrograph. 

• While t h is sim ulat ion can be 
im proved, t he result s ind icat e t hat  
all f low  dom ains are cr it ical in  
represent ing t he peat  hydro logy. 

• Ignor ing any of  t he processes (i.e. 
f ree sur face over land f low, m ixed 
f lux t hrough t he veget at ion, and 
Darcian f lux t hrough t he peat ) 
produces poor  result s and 
unrealist ic param et er  values. 

Conceptualization of Peat/Moss Layers 
The com binat ion of  a t h ick m at  o f  sphagnum  m oss and peat  so ils present ed a 
challenge in  t erm s of  concept ualizing t he hydro logy and ident ifying reasonable 
param et er  ranges for  physical proper t ies.  Var ious com binat ions of  over land 
roughness, sur face ret ent ion, and subsur face f low  w ere used t o  represent  t he 
peat lands. We at t em pt ed t o sim ulat e t he f luxes t hrough t he peat  using t hree 
d ifferent  represent at ions. 
• Free-sur face over land f low   
• Peat  represent ed as an addit ional unsat urat ed so il layer  
• Peat  specif ied as a special GSSHA w et land cell 

 
Wet land cells in  GSSHA consider  t hree zones of  lat eral f luxes: f ree sur face f low  
over  t he veget at ion, m ixed m ode f low  (Darcian and Manning 's) t hrough 
veget at ion, and Darcian f luxes t hrough t he peat  layer. 
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Simulation result for calibration period with Moss/Peat 
conceptualized as a wetland.  

Simulation result for calibration period with Moss/Peat 
conceptualized as a soil layer.  

Simulation result for calibration period with Moss/Peat 
conceptualized as a vegetation.  
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Caribou/Poker Creek Research Watershed 
• Locat ed in  t he Yukon-Tanana Uplands of  t he Nort hern Plat eaus Physiographic 

Province near  Fairbanks Alaska. (Lat / Lon: 65˚10' N 147˚30' W) 
• Area: 104 km 2 

• Charact er ized by rounded h illt ops w it h  gent le slopes and alluvium -f loored 
valleys having m in im al relief  (Wahrhaf t ig  1965) under laid  by a m ica sh ist  o f  t he 
Birch Creek form at ion (Rieger  et  al. 1972).   

• Cold cont inent al clim at e charact er ized by shor t  w arm  sum m ers and long co ld 
w int ers.  

Soils at Caribou/Poker Creeks Research Watershed Land Cover at Caribou/Poker Creeks Research Watershed 

Caribou/Poker Creeks Research Watershed 

Wetland Conceptualization 

Soil Conceptualization 

Vegetation Conceptualization 
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