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Presentation Overview 

• Overview of Stream Carbon Processing  

• What are Headwater Streams? Why are 

they important? 

• Research Questions and Hypotheses 

• Site Description and Study Design 

• Results and Conclusions 

• Future Work and Directions 
Lookout Creek, H.J. Andrews 

Experimental Forest, Oregon 



Stream Carbon Processing: Overview 

• Ecosystems, watersheds, and streams 

are our study organisms 
 

• Pools (hillslopes, floodplain, stream) 

and Fluxes (respiration, mineralization, 

photo-oxidation, metabolism) 
 

• Concerned with the source, 

transport, transformation, and fate 

of carbon and other elements. 

Whole Watershed Carbon Budget (HJA WS01) 



Quick Terms to Know 

• DOC = Dissolved Organic Carbon 

• Biologically derived material that passes 

through 0.2 micron filter 

 

• DIC = Dissolved Inorganic Carbon 
• H2CO3 <-> HCO3

- <-> CO3
2- <-> pCO2 

 

• POC = Particulate Organic Carbon 

• Biologically derived carbon-based material 

Whole Watershed Carbon Budget (HJA WS01) 



Where is Stream Carbon Processing Occurring? 

1(Hotchkiss et al., 2015) 

Metabolic Processes Along River Continuum1  
• Streams and Rivers export 1.8*1012 

kg Carbon per year 

• 1.2*1012 kg C per year evaded as CO2 

to the atmosphere from streams 

 

• Headwater Streams comprise 90% 

of total global channel length 

• Serve as first link between terrestrial 

and aquatic ecosystems 



What does a Headwater Stream 
Look Like? 

• Highly Variable, both spatially and temporally 

• Respond to seasonal and extreme events 

• Climatic shifts, Storms, Vegetation, etc. 

• Linked to catchment, terrestrial environment 

Drain pipe crushed and moved 300 
meters during flood/landslide!! 

Stream flowing over exposed 
bedrock from landslide (depth= 5cm) 



Impact of Headwater Dynamics Downstream 

Blue River Reservoir in late May 2016 (top) and late August 2016 (bottom). Photos courtesy of Kerry Neil. 

• Seasonal stream intermittency and flow recession in headwater 

streams can have significant impacts on downstream rivers and 

reservoirs. 

• How does stream intermittency and flow recession affect the 

carbon cycling and organic matter processing in these 

headwater streams? 



• How does stream intermittency and flow recession affect the 
carbon cycling and organic matter processing in these 
headwater streams? 
 

• Hypothesis 1: As flow decreases and intermittency increases, the 
dominant scale controlling carbon processing in the stream will shift 
from catchment scale to local scale. 
 

• Hypothesis 2: During intermittent flow conditions, greater surface 
water-groundwater exchange will increase microbial processing of 
DOC to DIC. 

Impact of Intermittency on Carbon Processing 



Study Area: H.J. Andrews Experimental Forest WS01 

• H.J. Andrews Experimental Forest (HJA) 
• Willamette National Forest, Central Oregon 

• Old Growth/Mature Conifer Forest 

• Snowpack-driven “Mediterranean” Climate 
• Wet-Dry Seasonal Patterns 

 

HJA WS01 Hillslopes 
HJA WS01 Hydrograph 



Study Area: H.J. Andrews Experimental Forest WS01 

• HJA Watershed 01 (WS01) 
• Steep, V-shaped valley 

• Dense vegetation 

• Shallow bedrock  

• Loosely-packed, small 

packages of colluvium 
• “Staircase” Model 

• Large, annual fluctuation in 

flow, subject to intermittency 

HJA WS01 Catchment Area Map 



Study Area: H.J. Andrews Experimental Forest WS01 



Measurements and Analysis 

• Dissolved Organic Carbon (DOC) Quantity and Quality 

• DOC Concentration (how much?) 
 

• UV-VIS Spectroscopy (what does it look like?) 

• Specific Ultraviolet Absorbance at 254 nm, SUVA254 

• Proxy for aromatic fraction of DOC 

• Spectral Slope Ratio, SR 

• Proxy for relative molecular weight of DOC 
 

• Fluorescence Spectroscopy (where is it from/where has it been?) 



Hydrologic Results 

• Over Summer, decreased from 

June to August 
 

• In August, ~20% of total study 

reach was intermittent 
• 100 meters out of 500 meters 

 

• No spatial intermittency present 

during June and July sampling 

events 



WS01 DOC Concentration Results 

• Mean DOC concentration increased from 1.09 to 2.06 mg/L 

• Standard deviation  of DOC concentration increased from ±0.15 to ±0.42 mg/L 

• No significant change in variance between June and July (no intermittency) 



WS01 DOC Concentration Results (UAA) 

• UAA = “Upslope Accumulated Area” = Area of catchment contributing to given point 

• Related to connectivity of a watershed to its stream network 



WS01 DOC Concentration Results (UAA) 

• DOC concentrations in July correlated to UAA (continuous flow, catchment 
connectivity) 

• DOC concentrations in August not correlated to UAA (discontinuous flow, loss of 
connectivity, DOC variability reflected in local heterogeneity) 

 



Conclusions 

• As flow decreased and intermittency increased: 
• Mean DOC concentration and variability increased  

• The dominant scale controlling DOC variability shifted from catchment 
scale to local scale. 
 

• Results from UV-VIS Spectroscopy showed: 
• Shift from high to low aromaticity and low to high molecular weight in 

DOC, greater variability with intermittency 

• Require additional data to infer process (fluorescence spectroscopy) 
 

• Dynamic nature of headwater streams play a significant role in 
stream carbon processing 

 



Current and Future Work 

• Particle-Tracking Groundwater 

Flow Model 

• Fluorescence Spectroscopy 

• Time-Series Temperature, 

Dissolved Oxygen Data 

• Analysis of Nutrient (NO3
-, SRP) 

Fluxes and solutes (Cl-, Si) 

• Comparison across three other 

catchments across the HJ 

Andrews Forest  
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WS01 SUVA254 Results 



WS01 Spectral Slope Ratio (SR) Results 


