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Introduction 

OBJECTIVES: 
 
i) Introduce DOC-3 model to generate daily to annual stream-water DOC fluxes 

based on local hydrological and topographic controls 
ii) show how DOC-3 works for small, medium and large forest catchments in 

south-western Nova Scotia, Canada 
iii) And in connection with the forest hydrology model ForHyM (Balland et al., 

2006)  
iv) THg and MeHg flux determinations  with DOC-3 and ForHyM  



Recent DOC Models 

ü Empirical models, based on regressions with, e.g., stream discharge 
 

ü Process models (single to multiple layers), e.g., DocMod  model (Currie and 
Aber, 1997),  DyDoc (Michalzik et al. 2003), INCA (Futter et al. 2009) 
 
 
 
 
 
 

ü Landscape models (SWAT, TOPMODEL), in relation to hydrological response 
units, flowpaths, and flow routing 

 
 



DOC-3 Approach 

 
Χ ǊŜƭŀǘŜǎ ƴŜǘ 5h/ ŦƭǳȄŜǎ ǘƘǊƻǳƎƘ ǎƻƛƭǎ ǘƻ ƻǊƎŀƴƛŎ ƳŀǘǘŜǊ ŦǊŀŎǘƛƻƴΣ  Ŧƭƻǿ ǊŀǘŜ  ŀƴŘ 
temperature through time along dominant upland and wetland- pathways  

 
 
 
 

Χ ŎƻƴǾŜǊǘǎ ǘƘŜ ƴŜǘ 5h/ ŦƭǳȄ  ŜȄǇǊŜǎǎƛƻƴ ƛƴǘƻ 5h/ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ 
 
 
 
 
 

Χ ŀǎǎǳƳŜǎ ǘƘŀǘ ǘƘŜ ŎƻƴŘƛǘƛƻƴǎ ŀƭƻƴƎ ǘƘŜ ŘƻƳƛƴŀƴǘ ǇŀǘƘǿŀȅǎ ǊŜƳŀƛƴ ǘƘŜ ǎŀƳŜ ƛƴ 
terms of moisture content, temperature and OM composition    
 



Upland-to-stream water flow paths and pools 
and DOC monitoring effort: streams, lake, wells, soil lysimeters   

DOC-3 Approach 

Soil Lysimeter 

Stream and lake  

grab samples 



DOC-3 Approach 

Theoretical and empirical background observations (uplands): 
 

Net DOC production is proportional to rate of net primary production (NPP) and organic 
matter decay, both  increase with increasing soil moisture and temperature 
 
DOC fluxes from forest litter increase with increasing DOC pool size within the forest floor  
 
DOC concentrations in soil leachates is not strongly related to changing soil moisture 
conditions 
 
Net DOC production decreases drastically down the soil profile 

 
 

 
 



DOC-3 Approach 

Incoming water generally stays within the acrotelm above the catotelm,  
 and flows closely at and along the surface 
 
Water flowing surficially through wet areas and wetlands  
 provide most of the stream-entering DOC 

 
Wetland flooding dilutes surface accumulated DOC 

Theoretical and empirical background (wetland literature): 



DOC-3 Approach 

                                 Landscape model 
 
Dominant upland DOC flow: fairly quick trickle-down towards subterranean 
 groundwater pools and flow channels (flowpath 1)  
Within the soil, much of the surface-generated DOC is lost or retained through   
 (i) biological degradation (A layers),  
 (ii)adsorption within the Al- and Fe-enriched B and BC layers. 
Flow along the fractured bedrock surface is subject to pooling and weather activation, 
 with transfer of newly formed  DOC to stream delayed. 
Wetlands transfer wetland-generated DOC into the draining streams directly,  
 but there is a delay as well  
Overall basin to stream transfers depend on wet-area (AW) to  basin area (AB) ratios,  
 as follows: 
 

 
 

 
 

 
 



DOC-3 Approach 

where represents the delay times 
kDOC the production coefficients  
and MC and T the soil moisture and temperature conditions 
Ea is the activation energy of the DOC production process  

DOC concentrations: uplands DOC concentrations: uplands 

DOC concentrations: wetlands 



Study Areas 

Study areas and basins with 
cartographic wet-area 
delineation  
 
 
 
 
 
 
 
 
Kejimkujik Nation Park (KNP),  
 
PockwockςBowater Watershed 
Research Project near Halifax  



Study Areas 

ü Moose pit Brook & Mersey River: daily stream discharge and weekly to biweekly water 
quality determinations including DOC since 1983. 
 

ü Pine Martin Brook, weekly stream-height gauge and water sampling since 1991. 
 

ü Pockwock Lake streams   
 (Peggy Brook, Moose Cove Brook, Long Gullies Brook, Long Ponds) and  
 Five-Miles Lake streams  
 (Black Brook, Sandy Brook West, Sandy Brook East, Walsh Brook),  
 monitored for water quality and stream discharge from 1999-2003 
 
ü Watershed  areas ranged from 70 to 30,000 ha 

 
ü Wet-area % within basins varied from 3 to 10%  (DTW<10 cm) to 7 to 30% (DTW<75cm) 

 
ü Also monitored: DOC in soil lysimeters, in wells, and in Pockwock Lake 
 
 
 



Methods 

Forest Hydrology Modelling (ForHyM)  
 

Daily soil moisture and temperature within 
the wet areas of the catchments based on 
the daily rain, snow and air temperature 
records at KNP and Halifax airport since 
1983.  

 
Following calibration, daily weekly, monthly, 
annual ForHyM output was consistent with 
monitored snowpack depth and stream 
discharge. 
 
ForHyM model calibrations were limited to 
adjusting its interflow and percolation 
coefficients  





Methods 

DOC-3 model  
 
DOC-3 model calibrations  involved the kDOC and ̱  parameters for the upland and wetland 
flow paths for each basin 
 
Available for kDOC and ̱  calibration: DOC concentration data, derived  from weekly to 
biweekly grab sampling 
 
The calibration results were generalized by relating  

  kDOC and ̱   to the area percentages of open water (lakes, ponds; AS) and  
 wet-areas per basin (AW), and to basin size (AB) 
 

 



Methods 

Lab analyses  
Stream water: Env. Canada Lab., Moncton;  
Soil lysimeter water: CFS Lab., Fredericton 
Well water: UNB Soils Lab. 
Lake water: NS Env. Lab. 
 
DOC,  
colour,  
conductivity,  
pH,  
Ca, Mg, K, Na,  
C,  
NO3-N, NH4-N,  
etc. 



Results 
  Hydrothermal conditions across basins 
 
 
 
 
 
 
 
 
 
 
 
 
Weather, soil and stream discharge conditions were all highly synchronized across the basins 
 
 


