
Fire reduction has more than doubled live tree carbon in an un-logged, old-growth, California montane conifer forest. 

Jim Bouldin, University of California at Davis, jrbouldin@ucdavis.edu

1. PURPOSE: To provide an empirical estimate of the live tree carbon sink due solely 

to extended (century scale) fire reduction in an old-growth, montane conifer forest.

2. BACKGROUND:  Fire suppression/reduction is an important land management 

practice, even where fire regimes were historically low intensity but frequent, such 

as in the summer dry climate of California. Surface fires typically destroy 

relatively few large trees, but they kill a very large percentage of young trees, and 

thus their long-term effect on maximum carbon storage potential can be large.  In 

low to mid elevations in Californiaôs Sierra Nevada, where pre-1870 surface fires 

occurred ca. every 5 to 15 years (Swetnam, 1993), a historic forest survey 

(Leiberg, 1902) estimated that not more than 35% of the potential biomass was 

realized over large landscapes.  Leibergôs estimate has been supported by several 

studies in un-logged, protected areas over the past few decades, where large 

increases in tree density have been observed in response to the multi-decadal 

imposition of fire suppression practices (e.g. Vankat and Major (1978), Parsons 

and Debenedetti (1979), Taylor and Halpern (1991), Bouldin (1999), and most 

recently, North et al (2007)).

Two important questions are thus: (1) How much biomass/carbon has accrued 

since fire reduction began in earnest, and (2) What are the implications for long 

term forest stability and carbon storage in these areas.   Focusing on the first 

question, I present empirical data from Yosemite NP, where the principal land 

management change since 1870 has been a drastic reduction in surface fire 

frequency.  No logging has ever occurred, and climate change effects have likely 

been minimal so far, so results are not strongly confounded by other influences.

3. METHODS:  In 2004I re-sampled 20 large, rectangular (40m x 400m =1.6 ha) 

plots spread out over 8000+ ha in far western Yosemite NP that were originally 

established in 1911. The plots occurred between 1370 and 2130 m (4500 and 7000 

ft) elevation on the western slope of the Sierra Nevada, California.  These forests 

are dominated by large, long-lived, evergreen conifers with typical maximum 

diameters of ca 2m (6 ft) and maximum heights  > 60 m (200 ft). Dominant 

species are ponderosa pine (Pinus ponderosa) and white fir (Abies concolor).  

Within circular sub-plots I recorded the diameter of all live trees over 15cm (6 in) 

diameter at breast height (dbh).  Densities were converted to total tree biomass  

(excluding fine roots) using allometric equations given in Jenkins et al (2004).  

The equations for different species were highly similar, so a single averaged 

equation was used for all species.  Carbon was then estimated as 50% of biomass.  

Snags, logs, and live trees < 15cm dbh were not measured in 1911 and are thus not 

included in the estimates.  It is likely however, that all have increased in concert 

with live tree biomass, as all are typically consumed by fire.

4. RESULTS AND CONCLUSIONS:

1)   Current (2004) tree carbon stocks are estimated at 253 Mg/ha, which is ~ 2.3 

times the estimated 1911 level; the increase is due in very large part to fire 

reduction alone (Figs 1 to 4).

2) Density increases have occurred in all diameter classes, but are greatest in the 

smallest classes (Fig 3).  Carbon increases have also occurred in all classes, 

but are greatest in both the smallest and largest classes (Fig 4).

3) These results are supported by another, ongoing study, in which very large 

tree density increases have been observed relative to those estimated in the 

early 1880s from land surveyorsô bearing tree data (results not presented).  

Those results indicate large carbon increases across a ~ 4000ô range of 

elevations and several forest major types from mixed conifer to subalpine.

4) These results are likely conservative relative to total (live and dead) wood-

based carbon because (1) probable increases in dead wood and trees <= 15 

cm dbh are not included, (2) heavy sheep grazing likely kept tree 

regeneration artificially low between 1870 and 1900, and (3) one or more 

controlled burns, for purposes of fuel reduction and forest restoration, have 

occurred on about 2/3 of the plots in the study area in the last ~20 years.

5)  These results, along with those of North et al (2007), the studies cited above, 

and photographic comparisons (e.g. Gruell, 2001) all contradict a recent 

report that fire suppression has led to a decreasein carbon storage in un-

logged western USA forests (Fellows and Goulden, 2008).

6)  The current tree carbon stocks and sink are both highly unstable because of 

the greatly increased risk of historically uncommon, severe crown fire, 

arising from much denser biomass (Figs 2 and 5), and the potential for 

greater production of dead wood along with an increased fire likelihood in a 

future warming and/or drying climate.

Fig 1. Pre-1870 California montane ponderosa pine forests were typically composed of large, well-spaced trees 

with relatively few small trees due to the high frequency of low intensity surface fire.  Biomass was well below 

environmental carrying capacity over large areas, due to fireôs interference with tree regeneration.  Nevertheless, 

because of large maximum tree sizes for most species, biomass and carbon stocks were still significant.  This 

area, in western Yosemite NP, typifying historic conditions, has had recent (< 20 yrs ago) prescribed burns and is 

atypical of most of the current forest conditions in the Park.  Trees in photo center are ponderosa pines (Pinus 

ponderosa), one of the two most dominant species of the mixed conifer forest belt.
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Fig 4.  Live tree carbon (Mg/ha) levels as a function of date and tree diameter class. Right-most pair of bars is total over all 

diameter classes.  Error bars = 95% confidence interval and n = 20. Note Y axis break and scale change at break.

In the western United States, there are still large landscape areas containing un-logged old growth forest, mostly in reserved areas 

such as National Parks and Forest Service wilderness and roadless areas.  Although not impacted by logging, these forests have 

undergone major changes due to intended and unintended fire reduction policies beginning in the second half of the 19th century.  

Their curent and future condition and function, relative to land management decisions and climate conditions, is of great concern. 

Pictured are fir forests in the Tenaya Lake area area of Yosemite NP, with Mount Conness on the Sierra crest in the far distance.

Fig 2.  Most current conditions in western US forests area typified by very dense stands of small and medium sized (ca < 

20 in diameter) trees.  In un-logged areas, large numbers of large trees, and snags (standing dead trees) and large down 

logs, also exist that are not apparent in this photo.

Fig 5. Historically un-common, high intensity, high mortality crown fires, such as this area from a 1996 fire in western 

Yosemite NP, instantly release large amounts of carbon, and continue to have high sustained releases due to dead wood 

decomposition and increased soil respiration for many years.  Tree regeneration is often delayed many years by tenacious 

crown-sprouting or otherwise fire-dependent shrubs, placing seedlings under both light and water stress, greatly retarding 

carbon accrual.  This phenomenon is exacerbated by increasing distance from seed sources, and is likely to become more 

problematic in a warming climate, with the possibility of extensive permanent conversion from forest to montane chaparral.

Fig 3. Live tree densities as a function of date and diameter class.  Error bars = 95% confidence interval.  N = 20.


