
USING TREE-RINGS TO RECONSTRUCT STREAMFLOW

A tree-ring reconstruction is a set of tree-ring width data that have been calibrated with 
an instrumental or gaged record of a hydrologic or climatic variable such as annual 
streamflow or precipitation. The reconstruction, based on a statistical model that 
describes the relationship between tree growth and the gage record, extends that record 
back hundreds of years into the past. 
Tree growth in dry climates is limited by water availability.  Trees that provide the best 
information about hydroclimatic variability are those particularly sensitive to variations in 
moisture. These include species such as blue oak, ponderosa pine, Douglas fir, and 
western juniper, usually growing at lower elevations in sparse stands on dry and rocky 
sites where soil moisture storage is minimal. 
Tree-ring reconstructions of hydroclimatic variables are developed from tree-ring 
chronologies. A tree-ring chronology is a time-series of annual values derived from the 
ring-width measurements of 10 or more trees of the same species at a single site.  To 
create a tree-ring chronology, cores from the sampled trees at each site are cross-dated 
(i.e., patterns of narrow and wide rings are matched from tree to tree) to account for 
missing or false rings, so that every annual ring is absolutely dated to the correct year. 
Then all rings are measured to the nearest thousandth of a millimeter using a 
computer-assisted measuring device. After growth-related trends unrelated to climate are 
statistically removed, the ring width values from all sampled trees for each year are 
averaged to create a time series of annual ring width indices. The complete series of ring 
width indices from a site is called a tree-ring chronology.

Once a gaged record of interest is selected for reconstruction, a set of tree-ring 
chronologies from the region near the gage is calibrated with the gage record to form a 
reconstruction model. A statistical technique called multiple linear regression is 
commonly used. The reconstruction is evaluated by comparing the observed gage 
values with the reconstructed values by assessing the amount of variance in the gage 
record that is explained by the reconstruction.

DROUGHTS PRIOR TO THE HISTORICAL RECORD
The period of reliably measured streamflows for rivers throughout the West seldom 
reaches beyond 100 years, which represents only a fraction of climatologically modern 
time.  As these streamflow reconstructions show, there have been droughts prior to the 
historical period that were more severe – particularly in duration – than those in the 
measured record.  The reconstructed record captures a broader range of hydrologic 
variability than does the historical record, making reconstructions useful for drought 
preparedness planning.  Of particular interest from a scientific perspective is the 
Medieval Climate Anomaly, a time during which sustained severe drought gripped much 
of the western United States, as exemplified illustrated in the Sacramento, San Joaquin, 
and Colorado River reconstructions.   

Data source: Work performed by the University of Arizona under contract to the California Department of Water Resources.  CDWR Agreements 4600003882 (David Meko, 2006) and 4600008850 (David Meko, Connie Woodhouse, Ramzi Touchan, 2014) 
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Colorado River At Lees Ferry

San Joaquin River Runoff Sum of Stanislaus River inflow to New Melones Lake, Tuolumne River inflow to New 
Don Pedro Reservoir, Merced River inflow to Lake McClure, and San Joaquin River 
inflow to Millerton Lake

Sacramento River Runoff Sum of Sacramento River at Bend Bridge, Feather River inflow to Lake Oroville, 
Yuba River at Smartville, and American River inflow to Folsom Lake

Klamath River At Keno


