Fire reintroduction within Lake Ricks Reservoir Watershed: total organic
carbon reduction

Overview
Nationwide, substantial changes in forest composition and structure have occurred as a legacy of
fire suppression efforts in the early 1900s34. Those changes were associated with increased
vulnerability to insect outbreaks, changes in biogeochemical cycles, and degradation of
dependent wildlife habitat.
In western states, increases in frequency, duration, and size of wildfires occurred since 198635.
Climate projections indicate that spring and fall wildfire season will be extended across the
South1. It is expected that more severe large wildfires will become more frequent with increases
in drought frequency and duration.
Forested watersheds owned by municipal and water utility companies have in general lacked
management to maintain healthy, resilient watersheds. This has resulted in dense, overstocked
forest conditions with increased vulnerability to insect outbreaks and catastrophic wildfires with
cascading effects that may include increased soil erosion and sedimentation. It is imperative that
fire management strategies to mitigate wildfire impacts and allow for adaptive capacity of forest
ecosystems be implemented in these watersheds. Moreover, reduction of total organic carbon
loads into source water reservoirs is a major concern due to the subsequent and positive
association with increased formation of disinfection byproducts such as total trihalomethane and
haloacetic acid.
This project was completed as a portion of grant no. 16-DG-11083105-001 SPLR, a Landscape
Scale Restoration grant from the US Forest Service awarded to the Arkansas Forestry
Commission and subsequently sub-contracted to the US Endowment for Forestry and
Communities. The total amount of the grant award to the Arkansas Forestry Commission was
$123,930. The Lake Ricks demonstration prescribed burn was conducted to promote
collaboration between the City of Hot Springs and the Arkansas Forests and Drinking Water
Collaborative (the Collaborative), to collect information on the public’s perception of forest
management by public utilities and to enhance forest management in the Lake Ricks watershed.
The data collected will be beneficial to the Collaborative as it seeks to build further relationships
between water utilities and the forest sector as well as to the City of Hot Springs as it seeks to
improve protection of its drinking water sources.
Objectives
The goal of this project was to inform water quality driven fire management practice by
establishing a baseline monitoring network of sampling plots to evaluate and document changes
in forest floor composition and biomass following fire reintroduction within the watershed of
Lake Ricks Reservoir. Specifically, the objectives of this project were to:

1. Quantify preburn fuel (i.e., downed woody debris, litter, and duff) loads and
distribution within the burn unit to asses and record existing carbon stores in forest
floor
2. Assess cover proportion of litter, ground, and midstory vegetation before and after burn
to document initial and subsequent burn impacts on erosion and sedimentation potential
3. Estimate fuel consumption and reduction in total forest floor biomass as a result of
initial burn
Methods
To quantify fuel load and cover proportion of litter and vegetation, linear sampling transects
were established on a systematic grid pattern throughout the burn unit. These transects allow for
calculating weight and volume of fuel components and subsequently verify fire behavior models
and weather parameter selected in the burn plan. A total of 40 sampling points were established
throughout the unit for transect sampling. Each transect was 50 ft. in length. Sampling followed
standard procedures with cover estimated at each of the 40 points.
Results
Preburn Conditions
The burn unit of approximately 102 acres was a hardwood-pine mixture (Table 1). The unit had a
low cover of midstory vegetation that varied highly within the unit (Table 2). Litter represented
the fire-carrying layer and had the highest cover proportion. Litter and duff biomass were 2.4
(0.9) and 2.8 (0.9) tons per acre, respectively. Fuelbed depth ranged between 1 and 15 inches,
with an average of 3 (2) inches for the unit. Vertical depth of duff ranged between 0.2 and 2
inches, with an average of 0.8 (0.3) inches. Downed woody debris load not including litter was
3.5 tons per acre with a total load (including litter) of 5.9 tons per acre, indicating a heavy
accumulation of litter (Table 3). Litter accumulation appeared to occur mainly within pockets of
pine overstory along ridgetops and slope bottoms and ravines (Figure 1).
Table 1. Mean overstory tree density, standard deviation in parenthesis, by pine and hardwood
types.
Type
Pine
Hardwood
Total

BA (ft.2/acre)
56.3 (30.2)
73.3 (24.7)
129.6

Proportion (%)
43
57

Table 2. Mean cover proportion (%), standard deviation in parenthesis, of midstory vegetation,
ground vegetation, litter, and bare soil within the burn unit.
Layer
Midstory vegetation
Ground vegetation
Litter

Cover (%)
3.7 (3.8)
3.6 (3.7)
85.9 (13.5)

Bare soil

7.0 (17.3)

Table 3. Mean fuel load (tons per acre), standard deviation in parenthesis, by time-lag.
Time-lag
1hr
10hr
100hr
1000hr Sound
1000hr Rotten
Total (without litter)

Load (tons per acre)
0.6 (0.4)
0.7 (0.6)
0.8 (0.9)
0.9 (1.8)
0.5 (1.0)
3.5

Figure 1. Distribution of litter loads within the burn unit in relation to slope, aspect, and
overstory pine (green) and hardwood (gray) types.
Fire Behavior
Desired fire behavior was described in the contractor’s burn plan as “mild to moderate” and no
ignition sequence was presented in the plan. The contractor was uncooperative in scheduling the

burn and no record of fire behavior on the day of burn was reported, besides that provided by the
contractor after the burn. Expected fire behavior was reported, by contractor, to range between
3.3 and 44.5 chains per hour with head- and backfire flame lengths of 1.3-6.5 ft. and 0.6-1.0 ft.,
respectively. Weather conditions on burn day were at the low end of the prescription window
with relative humidity (Table 4) and corresponding fuel moisture conditions (estimated at 5-6%
and 7% for 1hr and 10hr time-lags) lower than that preferred and planned for an initial burn.
Contractor reported fire behavior appeared to be consistent with burning at the low end of the
prescription window (Table 5). The contractor reported postburn blackened area estimates of
95% or more.
Table 4. Weather conditions, reported by the contractor, for the day of burn, April 12, 2019.
Time Temperature Wind Direction
(°F)
(24hr)
(cardinal)
10:30
61
SE
11:30
64
SE
12:30
69
SE
13:30
70
E
14:30
72
E
15:30
72
E
16:30
73
E
17:30
71
E
18:30
69
E
*
L & V: low and variable

Wind Speed
(miles per hour)
1-3
1-3
L & V*
2-4
2-4
4-6
2-4
1-4
0-4

Relative Humidity
(%)
48
40
34
28
26
23
25
28
33

Table 5. Fire behavior on burn day, as reported by contractor, for head, flank, and back fires.
Fire type
Head
Flank
Back

Rate of Spread
(chains per hour)
10-15
3-6
2-3

Flame length
(ft.)
3-6
2-4
1-3

Postburn Conditions
Four months postburn, cover of midstory and ground vegetation increased three folds (Tables 2
and 6), whereas litter cover was reduced by more than half. Bare soil cover increased
substantially (5 folds) following an initial hot burn. Postburn litter and duff loads were 0.9 (0.6)
and 0.5 (0.3) tons per acre, respectively. This translate to a litter and duff reduction by three and
five folds, respectively. After burning, fuelbed depth ranged between 0.1 and 2 inches, with an
average of 0.7 (0.4) inches for the unit. Vertical depth of duff ranged between 0 and 0.8 inches,
with an average of 0.4 (0.2) inches.
Downed woody debris load, not including litter, was 2.1 tons per acre following the initial burn
with a total load (including litter) of 3.0 tons per acre (Table 7). This indicates a reduction in
downed wood load by almost half as compared to preburn conditions (Table 3). Reduction in

downed wood appeared to be mainly among pieces of logs of 3 inches or more in diameter,
which constitute an important wildlife habitat component (Tables 6 and 7). Taken collectively,
reduction in total forest floor biomass (litter, duff, and downed wood) amounted to 5.2 tons per
acre, an almost 60% overall decrease. Reductions in forest floor occurred across eastern,
southern, and northern slopes with lower reductions in terrain-sheltered locations, such as narrow
drainages (Figure 2). In areas with heavy forest floor reduction, an expected increase in soil
surface exposure occurred which may be accompanied by a storm-dependent higher potential for
erosion and sedimentation (Figure 3).
Table 6. Mean cover proportion (%), standard deviation in parenthesis, of midstory vegetation,
ground vegetation, litter, and bare soil four months after initial burn.
Layer
Midstory vegetation
Ground vegetation
Litter
Bare soil

Cover (%)
12.0 (11.6)
12.8 (14.8)
39.2 (26.0)
37.0 (31.0)

Table 7. Mean fuel load (tons per acre), standard deviation in parenthesis, by time-lag four
months after initial burn.
Time-lag
1hr
10hr
100hr
1000hr Sound
1000hr Rotten
Total (without litter)

Load (tons per acre)
0.5 (0.3)
0.6 (0.5)
0.7 (1.0)
0.2 (0.8)
0.1 (0.4)
2.1

Figure 2. Distribution of litter cover within the burn unit after the initial burn from low cover
(red; high consumption) to high cover (green; low consumption).

Figure 3. Distribution of bare soil cover within the burn unit after the initial burn from low
cover/exposure (green; low fuel consumption) to high cover/exposure (red; high fuel
consumption).
Discussion
A network of sampling plots was established to provide a baseline for monitoring and evaluation
of changes in forest floor composition and biomass. Fuel and cover of vegetation were recorded
before and after initial burning. With repeated burning in this unit, sampling plots will provide
for monitoring changes beyond this initial burn.
Preburn fuel conditions demonstrated hazardous fuel accumulation exceeding 8 tons per acre,
when duff, litter, and downed wood are considered. Fuel accumulation was accompanied by high
density of overstory trees (Table 1). These conditions were nestled within a matrix of
overstocked natural and planted pine stands, thus increasing the potential for significant impacts
from a wildfire scenario.
The initial burn was conducted safely at the end of the dormant season of 2019. However, the
burn was conducted at the low end of the prescription window. This resulted in a substantial
reduction in forest floor carbon stores, the equivalent of 2.6 tons of carbon per acre. The burn
also increased bare soil exposure and cover of ground and midstory vegetation.

For an initial burn in a long –unburned area, the burn may have not been ideal as it resulted in a
fivefold reduction in duff layer increasing the likelihood of negative consequences to tree
survival, especially for hardwoods. The substantial reduction in coarse wood may also present
loss of an important habitat structure. Provided that mortality of trees may replenish this habitat
component postburn and that the overstocked condition of the unit may benefit from an increase
in tree mortality rates.
Given the heavy, preburn fuel load within the unit and the potential to produce substantial tree
mortality with first entry/initial burns at the low end of prescription, a more gradual burn regime
implementation is recommended. Under such gradual burning implementation, more modest
reductions in forest floor carbon would occur with each burn and less soil surface would be
exposed. Such burns would also allow for faster recovery rates of native vegetation and allow for
more flexibility in management of the unit including potential harvesting of trees where
applicable.

