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Consensus that forests are at risk from fire & uncertainty
h b t t d i kon how best to reduce risk
USFS Sierra Nevada Forest Plan Amendment (2001)
 Outlines “regional planning efforts aimed at managing species 

and ecosystems of the Sierra Nevada bioregion” (USFS) 
Record of Decision (2004)
 Updates SNFPA to “improve protection of old forests, wildlife 

habitats watersheds and communities”habitats, watersheds and communities

Controversy over USFS management
Lawsuit by State of California 
 Not sufficiently practicing ‘Adaptive Management’

An acknowledged need to learn more
UC involved as neutral third partyUC involved as neutral third party



USFS: Plan projects with 
existing management 

direction (ROD) 
USFS: Change 
management 

direction as needed
Analyze & model 

expected environmentaldirection as needed expected environmental 
affects

d
Adaptive

Management

USFS:
Implement projects as 

treatments

Propose adjustments 
to management? 

Observe & measureAnalyze & recalibrate  models

“Adaptive management must be a participatory process that engages scientists, 
stakeholders, and managers in a long-term relationship grounded in shared learning 

about the ecosystem and society.”  UC Science Team
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Where and when is water stored and how is itWhere and when is water stored and how is itWhere and when is water stored and how is it Where and when is water stored and how is it 
routed through the catchments?routed through the catchments?

What effects do forest treatments have on water What effects do forest treatments have on water 
quality, quantity, storage and routing through quality, quantity, storage and routing through q y, q y, g g gq y, q y, g g g
the catchments? the catchments? 

What is the transferability of 1 km2 watersheds to What is the transferability of 1 km2 watersheds to 
fireshedfireshed response?response?



Fuels treatments will reduce Leaf Area Index (LAI)

As Leaf Area Index (LAI) decreases, snow accumulation on the ground 
will increase, while evapotranspiration (ET) and snow retention in 
late spring will decrease.  



Leaf Area Index
 “the ratio of total upper leaf surface of vegetation pp g

divided by the surface area of the land on which the 
vegetation grows”

 “the one sided green leaf area per unit ground area”
 “the amount of leaf material in an ecosystem”

LAI ~ canopy coverpy

Fuels treatments will reduce Leaf Area Index (LAI)

As Leaf Area Index (LAI) decreases, snow accumulation on the ground 
will increase, while evapotranspiration (ET) and snow retention in 
late spring will decrease.  

http://en.wikipedia.org/wiki/Leaf_Area_Index

http://www.uni-giessen.de/~gh1461/plapada/lai/lai.html

http://gosic.org/ios/MATRICES/ECV/TERRESTRIAL/ECV-GCOS

-TERRESTRIAL-LAI.htm



Fuels treatments will reduce Leaf Area Index (LAI)

As Leaf Area Index (LAI) decreases, snow accumulation on the ground 
will increase, while evapotranspiration (ET) and snow retention in 
late spring will decrease.  



A change in snow 
accumulation willaccumulation will 
be seen in the 
magnitude of 
peak streampeak stream 
flow.  

Changes in snow 
retention will beretention, will be 
observed in the 
recession limb of 
the hydrographthe hydrograph 
and the soil 
moisture curves. 

Changes in ET will affect both the timing and the magnitude 
of late season base stream flow.  



Changes in water 
chemistry will be a 
function of changes in 
di hdischarge.

Increased turbidity will be y
a function of stream 
discharge as opposed 
to hillslope erosion.



Using hydrologic models, Hydrologic models willg y g ,
physiographic and 
hydroclimatic thresholds 
can be defined linking

Hydrologic models will 
allow us to scale up 
responses to the larger 
watershed and fireshedcan be defined linking 

area treated with aquatic 
effects and impacts on 
f

watershed and fireshed
levels. 

forest water cycle.



Reservoirs: 
Snowpack storage

evapotranspiration precipitation
Soil-water storage

Two myths:

We can, with current 
information, estimate

infiltrationsnowmelt

information, estimate 
or predict the 
magnitude of these 
fluxes & reservoirs 

sublimation

with a high degree of 
skill

Better hydrologic

runoff

sublimation Better hydrologic 
modeling using 
existing data sources 
will yield significant 

ground & surface 
water exchange

y g
improvement



BACI designBACI design
Final Criteria:

 ~1 km2 headwater catchments1 km headwater catchments 
 perennial stream reach
 nested within fireshed of 40-200 km2

 Similar vegetation, slope, stream length, aspect 
 Near rain-snow transition



SNAMP SitesSNAMP Sites
(Tahoe NF & (Tahoe NF & 
Sierra NF)Sierra NF)American River Sierra NF)Sierra NF)

Tioga Pass Transect

(Tahoe NF)

Tioga Pass Transect
(Yosemite NP) Kings River Experimenta

Watershed  (Sierra NF)

Critical Zone Observatory Wolverton Basin
(Sequoia NP)





4 Stations
 northern and northern and 

southern sites
 lower and higher 

elevation
Open areas on ridge 

tops
WeatherWeather 

measurements

http://www.licor.com/env/Products/Sensors/200/li20
0_description.jsp

http://www.campbellsc
i.com/documents/man
uals/nr-lite.pdf

http://w
ww.der
m.qld.g
ov.au/

http://www.juddcom.co
m/ds2manual.pdf



Snow depth p
and soil 
moisture 
instrument 
nodes 

On north and 
south facingsouth facing 
slopes 
adjacent to 
met stationsmet stations 
and stream 
instruments



Water quality, 
di t dsediment, and 

flow 
measurements

Automated and 
manual grab 
samples

Manual discharge 
measurements 
for a ratingfor a rating 
curve



Pressure transducers + 
rating curves

W i /Stilli llWeir/Stilling wells

The challenge is to measure both peak and base flows in streams with a 
wide range of discharges and a significant subsurface component
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Fronts

Snow 
Storm Rain

StormMixed?

Increase 
in Depth









Successive storm 
events  show sediment 
supply depletion

Speckerman



Duncan Peak 
Met Station

0
30
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Computer models 
Slope Aspect

allow us to better 
represent 
heterogeneity 
across a broad 
area 

Also to change 
parameters and see 
effects

d ht tdrought vs. wet 
years

increase in 
temperature



)1) Match current observations

2) Obtain threshold values to observe changes in streamflow2) Obtain threshold values to observe changes in streamflow

3) Incorporate projected changes: climate, forest regrowth



Basin scale data coherence

Quantify basin scale gradientsy g
• Elevation  - orographics
• Precipitation, snow volume, temp, and humidity
• North-South gradients
• Dynamics of rain/snow transition

Quantify site or catchment-scale gradients (wireless sites = 1 km2 )
Slope aspect canopy density• Slope, aspect, canopy density

• Snow depth, temp, humidity, soil moisture 



Title: Development of a Basin-Scale Water-balance 
I t t Cl t f H d l i At h i dInstrument Cluster for Hydrologic, Atmospheric and 
Ecosystem Science 

Purpose: research infrastructure; water information systemp ; y
Budget: $2 million
Timeline: fall 2011- fall 2015
Investigators: Roger Bales, Martha Conklin & Bob Rice 

(UCM), Steve Glaser (UCB), Danny Marks (ARS)
Scope: deploy 23 local sensor clusters each w/ 10-20Scope: deploy 23 local sensor clusters, each w/ 10 20 

snow-depth & temperature sensors & met station; some 
will have soil moisture & temperature, sap flow

Research: need outside grantsResearch: need outside grants





I f t t ill id th b i fInfrastructure will provide the basis for a 
more accurate and efficient  measurements 
of the water balance components for 
operational water supply (timing and

Landcover
information

Precipitation 
forecast

operational water  supply  (timing and 
magnitude) and 
quality for  
decision support

Digital elevation
model

Broader 
decision 
making

decision support
systems.

1

model

Integration & 
Modelling

Stream-flow  
forecasts

making

Enhanced 
ground data

Snowpack, 
soil moisture, 
ET estimates



Roger Bales 
rbales@ucmerced edurbales@ucmerced.edu
(209) 228-4348

Martha Conklin
mconklin@ucmerced.edu
(209) 228 4349(209) 228-4349 

Patrick Womble
pwomble@ucmerced.edu

Sarah Martin
smartin@ucmerced.edu
(559) 359-6252

Phil Saksa
psaksa@ucmerced.edup @

Ram Ray
rray@ucmerced.edu

Bob Rice
rrice@ucmerced edurrice@ucmerced.edu


