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Overview 
 Project Background 
  
◦ What is the Sierra Nevada Adaptive Management Project? 
 

Catchment Comparison 
 
◦ What do the similarities or difference between study catchment water 

sources, discharge patterns, and chemistry imply about paired 
catchment study design? 

 
Drought Patterns 
 
◦ How did the recent/current drought affect discharge, water chemistry, 

and source waters? 
  



Sierra Nevada Adaptive Management 
Project 

◦CONSENSUS that forests are at risk 

◦CONTROVERSY over USFS management 

◦UNCERTAINTY on how to best reduce risk 

◦Acknowledged NEED to learn more 

  
 What are the ecosystem effects of USFS fuels treatments? 



Sierra Nevada Adaptive Management 
Project 

Project Integration 

Water 

Wildlife 

Fire & Forest 
Health 

Public Participation Spatial 
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FIND GOOD WATER PICT



Site Characteristics BTP FRZ 

Elev (m) 1560 1605 

Area (km2) 1.76 1.68 

Aspect southwest west 

Soil sandy loam / loam 

Bedrock Miocene –Pliocene 
andesitic volcanics; 
sandstones/ 
siltstones/slates 

Vegetation mixed conifer 

Last Chance Site 



Site Characteristics BSN SPK 

Elev (m) 1778 1719 

Area (km2) 2.47 1.62 

Aspect southwest northwest 

Soil loamy sand/ sand 

Bedrock tonalite 

Vegetation mixed conifer 

Sugar Pine Site 

Presenter
Presentation Notes
Bass Lake Tonalite – Early Cretaceous. Medium grained, equi-granular, generally foliated. Sparse potassium feldspar with quartz and plagioclase.  Similar to quartz diorite but with higher (>20%) quartz content.



Measurements 

15-minute 

Stage 

Temperature 

Conductivity 

 

Precipitation 

Snow depth 

Soil Moisture 

Grab Samples  
(weekly to bi-monthly) 
 Conductivity 

 Temperature 

 Major ions 

 Stable Isotopes 

  

 

Additional 
Measurements 
Snow chemistry 

Spring samples 

Groundwater well 
samples 

Soil texture 

 



High Infiltration 
Capacities 
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Soils at both sites very sandy with high infiltration capacities



Catchment Comparison 



Specific 
Conductivity & 
Discharge 

WY 2010             WY 2011              WY 2012              WY 2013             WY 2014 

Presenter
Presentation Notes
Shows temperature corrected conductivity from continuous sondes

More variation between catchments (note SPK)
Other things I want you to note b/c we’re going to come back to them later are…
-peak values higher in dry years; 
-inverse to Q – high when Q low and when large influx of water (large Q event) = drop in conductivity
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Major Ions 
vs. 
Conductivity 
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Major ions versus concentration plots by watershed for streamflow samples.  




Drought 

2009 2012 



Cumulative Discharge 
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Presentation Notes
Cumulative annual discharge for each of 5 Wys

2010 = avg
2011 = wet
2012-2014 = dry

(2015 significantly drier than these)



Baseflow Specific Conductivity 

wet 

dry 

5/18     6/17     7/17     8/16     9/15     10/15 5/18     6/17     7/17     8/16     9/15     10/15 
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Summer baseflow conductivity  = consistently elevated values during dry years



Baseflow Ca+2 Ion Concentrations 

4/18      5/18      6/17      7/17      8/16      9/15 4/18      5/18      6/17      7/17      8/16      9/15 
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Individual ions show similar trends to conductivity
(higher concentrations during dry years)

Two ways to get elevated concentrations – have more of a higher concentration water source or evaporation is occurring concentrating the ions in the stream water



Stream Isotopes 

Presenter
Presentation Notes
Can get at the evaporation question by looking at isotopes….

Baseflow  (May through October) stream isotope data.  
plot along the local meteoric water line.  
No evaporation signal is discernable until WY 2014, the third consecutive year of drought and driest year of the study period.  




October 
2011 

April 
2012 

April 
2011 

End-
Member 
Mixing 
Analysis 
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Further explored using end member mixing analysis (explain briefly)

End-members from analysis varied slightly for each catchment, but in general had a snow, deeper groundwater, and stream flow sample chemistry that we believe represents a rain source that rapidly reaches stream through shallow flow paths.   
	BSN = actual rain sample matched
	3rd end member at SPK and FRZ were following significant rain events
	3rd at BTP followed minor precipitation event, but b/c flow low at time would make up a significant 	portion of the flow



Implications 
Paired Catchments 
◦ Differences in chemistry and source waters  
◦ Hydrologic pathways and biogeochemical processes 

should be considered along with physiographic similarities 

 Drought 
◦ Greater proportion of groundwater during dry years 
◦ Drought effects in summer low flow 
◦ Climate change leads to less groundwater recharge and 

less resiliency of systems 
 
Management Recommendations 
◦ Caution in applying data from one catchment to model 

another without supporting field measurements 
◦ Detailed, long-term field datasets highlight inter-annual 

variability and differences between catchments 
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A shift seen toward a greater proportion of groundwater during the summer low flows in dry years.

highlight the importance of groundwater stores in maintaining flow 

drought has largest effect on summer low flows; other times of year drought is difficult to detect

Climate changes leads to less snow and reduced GW recharge; this may mean less resiliency of systems to drought

~~~~~~~~~~~~

Paired catchments often touted as gold standard in studies.

Despite carefully choosing catchments with very similar physical parameters, substantial differences were found in the stream chemistry and flow pathways.

(SPK more dilute)
(Bear Trap Creek was highly correlated with Ca+2 and SO4-2, Frazier with Na+ and K+) 

not to say that paired catchment studies are a bad approach for predicting streamflow or assessing change, but rather that caution should be used in identifying catchment pairs especially in highly heterogeneous terrain such as forested mountain catchments. 

(Preliminary assessment of catchments for a paired watershed study = not only physiographic similarities but also hydrologic pathways and biogeochemical processes)

highlights the need for long-term field studies 
-episodic systems
-precipitation varied widely 
-large Q event samples sizes low; need enough events for in-depth statistical analysis

Short term data sets may miss such variation and incorrectly characterize water sources and flowpaths under conditions that deviate from those in which measurements were taken
-important in parameterizing models 


Future work in forested mountain systems, utilizing detailed long term field datasets will help provide a better understanding of the nuanced differences between seemingly similar catchments, as well as the effects of land use change and climate change which are central to future land and infrastructure planning.





Questions? 

Sarah Martin 
smartin@ucmerced.edu 
 
Martha Conklin 
mconklin@ucmerced.edu 
 

A special thanks to Fenjing Liu, 
Phil Saksa, Roger Bales, and 
Patrick Womble for help with this 
work. 
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