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The Study Objective

To assess whether we can use trees to detect regional spatial and 

temporal distribution of Soil Water Content [SWC], Snow Water 

Equivalent  [SWE]. 



Study Area



Snow Cover 

Winter snowpack:

snow cover more than ~90% 

of the days during January-

April. 

Number of years with winter snowpack

MODIS (500m) during 2000-2015



Carpenter Ridge 

Ponderosa Pine
(Pinus Ponderosa)
TRSP

Truckee

Mountain Hemlock
(Tsuga Mertensiana)
CPRT

White Fir 
(Abies concolor)
TRSA 

California Red Fir 
(Abies magnifica) 
CPRA



Annual Ring 
Early and Late Wood 
Ring Width

Annual 1965-2014 standard score of Early Wood & Late Wood Ring
Width

gray bars: annual Palmer Drought Severity Index (PDSI) for California
climate division #2 (NCEI/NOAA)

Early Wood 

Early Wood 
Spring

Late Wood 
Summer

wider cells thinner walls narrow cells thick walls

Transition is commonly caused by 
environmental stress 



Tree Growth Limiting Factors  
Forest ecosystem growth can be 
classified to:

• limited energy availability. PET < P 
• limited water availability. PET > P 

•
In our study area: 
• PET > P in lower elevations 
• PET/P ratio in  higher elevations is dependent on 

the climate inter-annual variability. 

Black bars: mean monthly potential evapotranspiration, northern Sierra Nevada (CIMIS)
Red Bars: mean monthly precipitation at Blue Canyon



Gridded daily/~6km 1915-2015
Precipitation, Minimum and maximum 

Temperature, Wind and RH
[Livneh et al. 2013 ] 

Adjusted with 
local weather stations

Sacramento Soil Moisture 
Accounting Model

A priori parameters 
using the SSURGO NRCS 
soil dataset
Adjusted with soil 
moisture  Observation
From NRCS and NOAA 
Hydrometeorology 
Testbed

Adjusted with snow 
sensors and snow 
courses 

Meteorological 
Input

Soil Moisture 
Model

Snow Accumulation 
& Ablation Model

Snow-17 Model

6-Hour Snow Water 
Equivalent, Soil Water 

Content, Actual ET for the 
tree sites 

Hydrologic model configuration for tree sites 



Examples for the time series available for analysis   
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Correlation between sand surface variable and Early and 
Late wood 

CPRA – Carpenter Ridge Red Fir 
CPRT – Carpenter Ridge Mountain Hemlock

TRSA – Truckee  White Fir 
TRSP – Truckee Ponderosa Pine 



Climatological Indices 

ID Definition Units Notes

Ind-1 Cooling  

accumulation 

oC Cumulative negative temperature 

during the Dormancy Duration 

Ind-2 Total SWE mm The total WY accumulated melt 

Ind-3 Snowpack duration Days SWE depletion onset  – SWE 

accumulation onset

Ind-4 Melt duration Days SWE depletion onset  – SWE melt 

onset

Ind-5 Growing season with 

SWC greater than 

80%

Days SWC during growing season

Ind-6 Wet duration Days SWC drying onset – SWC wetting 

onset

Ind-7 Duration of growing 

season  

Days SWC drying onset  – SWE melt onset 

Ind-8 Dry Duration Days SWC wetting onset of the next year –

drying onset

Ind-9 Growing season ET 

deficit

mm Cumulative ET deficit (PET-AET) during 

the growing season (Ind-7) 



Late Wood 

Correlation Coefficients:

CPRA – Carpenter Ridge Red Fir 
CPRT – Carpenter Ridge Mountain Hemlock

TRSA – Truckee  White Fir 
TRSP – Truckee Ponderosa Pine 

Early Wood 



Carpenter Ridge  Red Fir

2006-2009

1986-1989

2011-2014

P
D

SI



Truckee Ranger Sta. White Fir

2006-2009

1986-1989

2011-2014

P
D

SI



Carpenter Ridge Mountain Hemlock

2006-2009

1986-1989

2011-2014

P
D

SI



Truckee Ranger Sta. Ponderosa Pine

2006-2009

1986-1989

2011-2014

P
D

SI



Key Findings

• High resolution hydrologic model is demonstrated as a valuable tool for 
dendrochronology studies 

• Timing and strength of growth response to climate in the Sierra Nevada 
vary greatly among tree species and sites  

• Soil water content and snowpack of the years prior to the year the rings 
were formed strongly impacts radial growth of conifers  

• Temperature is a minor tree-growth limiting factor in this region  
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