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Figure 12—Overlay plots comparing daily mean summertime
soiltemperatures underburned and cut aspen/coniferin Betenson
and Grindstone Flat exclosures (solid lines), stable aspen (dashed
line), and unburned aspen/conifer (dotted line).
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Figure 13—Overlay plots comparing daily mean summertime
soil temperatures under clearcut aspen/conifer at White Ledge
(solid line), untreated aspen/conifer at White Ledge, Langdon
Mountain, and Burnt Flat (dashed lines), and decadent (dotted
line) and stable aspen (dash-dot line) at Burnt Flat.
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Figure 14—Difference plots obtained by subtracting daily mean,
maximum, and minimum summertime soil temperatures under
unburned decadent aspen from their corresponding values under

burned conifer at Five-Mile Ridge, Dixie National Forest.

under unburned aspen/conifer were greater in early
summer, but these differences decreased as summer
progressed (fig. 15). A similar response was observed
at the White Ledge and Burnt Flat sites. When daily
mean, maximum, and minimum soil temperatures
under untreated aspen/conifer were subtracted from
corresponding soil temperatures under clearcut as-
pen, decadent aspen, and stable aspen, differences
were greater in early summer and decreased as sum-
mer progressed (fig. 16).

Nonlinear Regression Analysis

Relationships between daily mean soil temperature
and time expressed as Julian days followed a qua-
dratic function. In figures 17 to 20, daily mean soil
temperatures were plotted as filled circles, the qua-
dratic regression equations as solid lines, and the 95%
confidence intervals around the regression equations
as dotted lines. Increasing, stable, or decreasing tem-
perature trends were seen as summer progressed
depending on location, treatment, and stand type.
These plots were used to delineate overall periods of
heating or cooling.

In treated areas, mean daily soil temperatures in-
creased until mid July (Betenson and Grindstone
exclosures, White Ledge clearcut) or early August
(South Last Chance), then decreased the remainder of
the summer. In most untreated areas, mean daily soil
temperatures increased until late August (Betenson/
Grindstone Flats unburned aspen/conifer, and all Burnt
Flat sites), then decreased. In the Betenson/Grind-
stone Flats young aspen and White Ledge and Langdon
Mountain untreated aspen/conifer, mean daily soil

USDA Forest Service Res. Pap. RMRS-RP-27-WWW. 2001

temperatures increased until late July to early August,
then decreased. However, rates of mean daily soil
temperature decrease in the White Ledge and Langdon
Mountain untreated aspen/conifer sites from late July
to late September were small. This is because mean
daily soil temperature from late July tolate August was
largely unchanged at these sites, and most of the
temperature decrease was from late August to late
September, as was the case at the other untreated sites.

Daily mean soil temperatures at all sites were used to
develop predicted regression equations for daily mean
soil temperature as a function of time for untreated
aspen (stable and decadent), treated (burned and cut)
decadent aspen, untreated aspen/conifer, and treated
(cut or burned and cut) aspen/conifer (fig. 21). Regres-
sion coefficients for the different stand type and treat-
ment combinations are presented in table 6. Untreated
sites are expected to have symmetrical daily mean soil
temperature curves peaking at a maximum in early to
mid August. In contrast, daily mean soil temperatures
in treated areas are expected to be higher in early
summer when solar radiation and solar angle are at a
maximum and then decrease through the summer as
solar radiation and angle decrease and developing
plant canopies provide shading.

Discussion

Soils underneath mixed aspen/conifer stands with
more than 50% conifers are insulated by a litter layer
of conifer needles and branches in various stages of
decomposition. Also, the soils are shaded by a thick
canopy of mixed aspen and conifer. Thus, these soils

13



14

121 Maximum
10 * .
8¢ 4
6 - )
4+ |
2+ |
Or . . ) . , . :
012- I I ‘ I ‘ I N
% Mean
_O‘IO‘ .
G 8f |
| -
S 6 i
S 4
g
s |
= O : 1 } | f : |
121 Minimum
10 :
8_ i
6.. 4
44 _
2_ 4
O- , | | ‘ ’ ‘ i

200 210 220 230 240 250 260 270
Julian Day

Solid lines: Burned aspen/conifer - Unburned aspen/conifer
Dotted line: Stable aspen - Unburned aspen/conifer

Figure 15—Difference plots obtained by subtracting daily mean, maximum,
and minimum summertime soil temperatures under unburned aspen/conifer at
Betenson and Grindstone Flats from their corresponding values under burned
and cut aspen/conifer in Betenson and Grindstone Flat exclosures (solid lines)
andfromcorresponding values under stable aspen at Betenson and Grindstone
Flats (dotted line).
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Figure 16—Difference plots obtained by subtracting daily mean, maximum, and
minimum summertime soil temperatures under untreated aspen/conifer at White
Ledge and Burnt Flat from their corresponding values under clearcut aspen/
conifer at White Ledge (solid line), decadent aspen on Burnt Flat (dashed iine),
and stable aspen on Burnt Flat (dotted line).
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Figure 17—Daily mean summertime soil temperatures under unburned decadent
aspen and burned conifer at Five-Mile Ridge, Dixie National Forest (filled circles)
and fitted nonlinear regression lines with 95% confidence intervals (dotted lines).
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Figure 18—Daily mean summertime soil temperatures under bumed decadent
aspenin South Last Chance exclosure (filled circles) and fitted nonlinear regression
line with 95% confidence intervals (dotted lines).
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Figure 19—Daily mean summertime soil temperatures under
burned and cut aspen/conifer in Betenson and Grindstone Flat
exclosures and stable aspen and unburned aspen/conifer between
Betenson and Grindstone Flats (filled circles) and fitted nonlinear
regression lines with 95% confidence intervals (dotted lines).
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Figure 20—Daily mean summertime soil temperatures under clearcutaspen/
conifer at White Ledge, unireated aspen/conifer at White Ledge, Langdon
Mountain, and Burnt Flat, and decadent and stable aspen on Burnt Flat (filled
circles) and fitted nonlinear regression lines with 95% confidence intervals
(dotted lines).

USDA Forest Service Res. Pap. RMRS-RP-27-WWW. 2001



25
[+

@]
@20"
QO
T
03"15‘
3
©
610—
Q.
-
© 5+
[t

O_

180 200

— Untreated aspen

------ Treated aspen

220 240

Julian Day

— — Untreated aspen/conifer
— - Treated aspen/conifer

Figure 21—Predicted daily mean summertime soil temperatures (10-cm
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Table 6—Quadratic regression coefficients for the relationships between daily mean summertime soil temperatures and Julian day
for stand type (decadent or stable aspen, mixed aspen/conifer) and treatment (none, cut, or burned and cut). The quadratic
regression equations are in the form of mean daily temperature = a + b * Julian day + ¢ * (Julian day)?, where a, b, and

¢ are the regression coefficients.

Location Stand type Treatment a b c
Burnt Flat Decadent or stable aspen None -53.00 0.606 -0.0014
Betenson/Grindstone Flats
Five-Mile Ridge
South Last Chance Decadent aspen Burned and cut -40.40 0.554 ~0.0014
White Ledge - Langdon Mixed aspen/conifer None -55.51 0.606 -0.0014
Mountain - Burnt Flat
Betenson/Grindstone Flats
White Ledge Mixed aspen/conifer Cut or burned and cut —39.95 0.554 -0.0014
Betenson/Grindstone Flats
Five-Mile Ridge
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remain cool throughout the summer (mean summer-
time soil temperatures of < 10 EC), show little diurnal
variationin temperature (usually <2 EC), donotreach
maximum daily temperatures until late summer, and
havelittle temperature trend throughout the summer
(fig. 12, 13, 19, 20, A3, and A4).

In contrast, soils in the Pole Creek fire area on
Betenson and Grindstone Flats had higher mean sum-
mertime soil temperatures because much of the tree
canopy was eliminated by the fire and by the subse-
quent cutting (fig. 12 and 15). Also, the dark-colored
ash layer absorbed heat. Because some of the insulat-
ing layer of conifer litter was destroyed in the Pole
Creek fire, these soils showed more diurnal variation
in temperature than unburned mixed aspen/conifer
(fig. 12, 15, and A3).

Much of the conifer tree canopy and conifer litter
layer survived the Five-Mile Ridge prescribed burn,
which was less intense than the Pole Creek fire.
Therefore, differences in soil temperature between
unburned and burned areas were less at Five-Mile
Ridge (fig. 14) than at Betenson and Grindstone Flats
(fig. 15).

Soil temperaturein burn areas at South Last Chance
(prescribed burn), Betenson and Grindstone Flats
(Pole Creek fire), and the White Ledge clearcut showed
a marked decrease from mid to late summer that was
not exhibited in untreated areas (fig. 18-20). We
attribute this decrease in so0il temperature after mid-
summer to an increase in shading caused by under-
story regrowth at the South Last Chance and White
Ledge locations and developing aspen suckers at all
locations. Also, the insulating effect of the litter layer
in untreated mixed aspen/conifer stands delayed soil
heating until later in the summer.

Soil temperature under stable aspen was lower than
under decadent aspen because the leaf canopy was not
as sparse, but was not as low as under mixed aspen/
conifer, which provides more shade (fig. 13, 16, and
A4). However, we need additional soil temperature
data under stable and decadent aspen stands to con-
firm this.

Summertime soil temperatures during the first sum-
mer after aspen restoration treatments (fire, clearcut,
exclosures) and in stable aspen, decadent aspen, and
mixed aspen/conifer stands followed the descriptive
model presented in figure 1. A strong aspen suckering
response was observed as a result of the aspen resto-
ration treatments (Amacher and Bartos 1998), in part
attributed to the warmer postfire and postharvest
summertime soil temperatures. In time, we expect
shading from the canopy of restored aspen stands to
moderate the warmer postdisturbance summertime
soil temperatures. Data from a prescribed burn in
Idaho indicate that warmer summertime soil tem-
peratures donot persist beyond the first year following
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treatment (Hungerford 1988). We will continue to
monitor soil temperature in treated and untreated
stands for at least 2 more years.

Although the effects of aspen to conifer succession
and aspen restoration treatments on soil properties
other than temperature are examined elsewhere
(Amacher and Bartos 1998; Amacher and others 1999,
in press; Bartos and Amacher 1998), some of the soil
temperature effects will be discussed here. Amacher
and others (1999, in press) found a large increase in
soil nitrification in the Pole Creek fire burn area
during the first, second, and third summers after the
fire. The increase was attributed to the increase in soil
NH, after the fire, which is the substrate for soil
microbial nitrification, a higher soil temperature in
burned than unburned areas, and adequate soil mois-
ture remaining in burn area soils even though soil
water content was significantly less in burned than
unburned areas. Soil nitrification rates in unburned
mixed aspen/conifer stands were very low, probably
because soil nitrification is very slow in cold wet soils
(Stevenson 1986). Thus, warmer postfire soil tempera-
tures affect aspen regeneration by stimulating
suckering and by accelerating soil nitrification so that
the increased NOg production acts as a source of N for
growth of aspen suckers until leaf fall and decay can
again supply the nutritional needs of aspen (Amacher
and others 1999, in press).
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Figure A1—Hourly summertime (June 25, 1997, to July 20, 1997) soil
temperatures (10-cm depth) under unburned decadent aspen and
burned conifer at Five-Mile Ridge, Dixie National Forest.
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Figure A2—Hourly summertime (July 24, 1997, to September 21, 1997)
soil temperatures (10-cm depth) under burned and cut decadent aspen
in South Last Chance exclosure, Fishlake National Forest.
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Figure A3—Hourly summertime (June 25, 1897, to September 22, 1997) soil
temperatures (10-cm depth) under burned and cut aspen/conifer in Betenson and
Grindstone Flat exclosures and stable aspen and unburned aspen/conifer between
Betenson and Grindstone Flats, Fishlake National Forest.
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Figure Ad4—Hourly summertime (June 27, 1997, to September 23, 1997) soil
temperatures (10-cm depth) under clearcut and untreated aspen/conifer at White
Ledge; untreated aspen/conifer at Langdon Mountain; and untreated aspen/conifer,
decadent aspen, and stable aspen at Burnt Flat, Fishlake National Forest.
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ROCKY MOUNTAIN RESEARCH STATION

The Rocky Mountain Research Station develops scientific information
and technology to improve management, protection, and use of the
forests and rangelands. Research is designed to meet the needs of
National Forest managers, Federal and State agencies, public and
private organizations, academic institutions, industry, and individuals.

Studies accelerate solutions to problems involving ecosystems,
range, forests, water, recreation, fire, resource inventory, land reclama-
tion, community sustainability, forest engineering technology, multiple
use economics, wildlife and fish habitat, and forest insects and dis-
eases. Studies are conducted cooperatively, and applications may be
found worldwide.
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