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Abstract
The stumpage price changes were calculated and analyzed from the data collected by Timber Mart-South from 1998 
to 2007. We analyzed the relationship between pine sawtimber stumpage prices and timber sale characteristics using 
hedonic pricing method. Quadratic transformation was employed for sale size and contract length. Stumpage prices 
increased with sale size, contract length, bid sales, and the number of bidders. The presence of above average or excellent 
grade, market conditions, and logging conditions also are positively related to stumpage prices.
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Introduction

Forest landowners often need access to current timber 
market information because they need to know what they 
have and how to sell it. Since timber markets basically de-
pend on the supply and demand, timber buyers and sellers 
need up-to-date timber market information such as market 
trends and trade news. However, it is not an easy task to 
predict timber price (Mei et al. 2010). Timber market is a 
function of the relationship between timber and a variety of 
factors, such as wood consumption, wood supply, pro-
duction technology, finished product demand, and stum-
page prices, and also the change in timberland ownership 
may have had a significant influence on timber markets 
(TMS 2009). Delivered prices include harvesting, trans-
portation, and other markups above the stumpage price, 
and fuel costs and distances to mills will have effect on 

transportation costs, where wood quality and tract size are 
the main factors concerning harvest costs (TMS 2009). 

The hedonic price method is an approach which most 
commonly uses regression analysis to estimate the implicit 
values of characteristics from a value of commodity price 
(Rosen 1974). In the process of manufacturing, some pro-
duction inputs could be diverse and have significantly dif-
ferent characteristics. In such cases, a hedonic pricing ap-
proach is suitably employed for estimating the implicit pri-
ces of the various characteristics of an input and the de-
mand for the input subsequently (Ladd and Martini 1976). 
Thus, a hedonic model can be used to explain production 
factors or the prices of differentiated products. This he-
donic price approach has been adapted to timber markets 
with heterogeneous inputs such as species composition, tree 
size, volume, and quality based on the assumption that such 
characteristics affect the lumber production (Puttock et al. 
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1990). We can efficiently analyze the implicit values of in-
dependent variables for stumpage price and can bring re-
sults about the derived demand of heterogeneous inputs for 
timber markets using hedonic price functions. 

Timber Mart-South (TMS) publishes quarterly south-
ern price reports. They started to report timber prices in 
1976, and market news in 1996. In this paper, based on the 
TMS data (TMS, various years) and a variety of reports 
about timber markets in southeast United States, we have 
analyzed the stumpage detail characteristics and their influ-
ence on pine stumpage prices using a hedonic price func-
tion with the objective of providing better insight into the 
change of stumpage prices with related timber sale charac-
teristics and anticipated demand for each input. 

Literature Review

Newman (1987) presented an econometric analysis of 
the southern softwood stumpage market from 1950 to 
1980. He used three stage least square regression techni-
ques on both supply and demand system of pulpwood and 
solidwood (combined lumber and plywood) markets. The 
three stage least square regression techniques provided si-
multaneous parameter estimation of market systems. 
Haight and Holmes (1991) analyzed monthly and quar-
terly series of stumpage prices in terms of stationarity with a 
test to determine whether a time series variable is non-sta-
tionary using an autoregressive model for loblolly pine in 
the southeastern United States. The statistical results 
showed that a non-stationary random walk model can be 
more suitable for the quarterly series of average prices. 
Otherwise, they showed that stationary autoregressive 
models can be efficiently employed for monthly series and 
for the quarterly series of opening monthly prices which is 
made by sampling the monthly series in quarterly intervals. 
Wagner et al. (1994) used applied welfare analysis and cur-
rent stumpage market conditions to compute the estimate of 
economic effects of environmental regulations on southern 
softwood stumpage markets. Sun and Kinnucan (2001) 
presented an applied welfare analysis method which fixed a 
flawed procedure designed by Wagner et al. (1994) and is 
easy to apply. Hensyl (2005) examined influences of land 
and ownership characteristics on the price of stumpage in 
Virginia’s nonindustrial forests. Based on data of timber 

procurement personnel and sawmills from central Virginia 
a price equation base model and bid equation base model 
were developed. The effect of the decrease in both tract size 
and the amount of harvest and the behavior of landowners 
on marginal values of sale characteristics was analyzed. 
They also assessed how the fragmented forest affects the 
competitiveness regarding timber sale. Mei et al. (2010) 
modeled and forecasted the stumpage price of pine sawtim-
ber with various time series models in the U.S. South. In 12 
southern timber regions, they developed a univariate autor-
egressive integrated moving average model as a benchmark 
and applied other multivariate time series methods in com-
parison with a discrete-time framework. Under the con-
tinuous-time framework, they fitted both the geometric 
Brownaian motion and the Ornstein-Uhlenbeck process to 
the underlying data. They found that the vector autore-
gressive model produced more accurate results in the 
1-year period by the mean absolute percentage error 
criterion. They also found that seven among 12 southern 
timber regions played crucial roles in the long-run equili-
brium and market risks are well captured by conditional 
variances and covariances from the bivariate generalized 
autoregressive conditional heteroscedasticity model. 

The hedonic pricing method has been used to estimate 
economic values for environmental services that directly 
have influence on market prices. The hedonic pricing 
method is based on the premise that the price of a marketed 
good is related to its characteristics, or the services it 
provides. Buongiorno and Young (1984) predicted the 
market value of sales in Chequamegon National Forest. 
They developed a multiple regression made with 14 in-
dependent variables and adapted stepwise regression with 
the independent variables which are relevant to the high bid 
on a competition of timber sale. They found that a simple 
linear model explained 93% of the variance in high bid for 
competitive sales using data from 1976 to 1980. Puttock et 
al. (1990) estimated stumpage prices in southwestern 
Ontario using a hedonic function approach. They expected 
that the stumpage price was influenced by various charac-
teristics of timber used in the production of lumber. They 
estimated hedonic price functions for timber using pooled 
time-series cross-section data which are driven by a large 
sample of timber sales. 

Munn and Palmquist (1997) estimated hedonic price 
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Table 2. Average of 10 year and average of 4th quarter 2007 of pine stumpage price

Pine pulpwood ($/tons) Pine chip-n-saw ($/tons) Pine sawtimber ($/tons)

Average of 10 year 27.19 27.19 43.29
Average of 4th quarter  2007 8.70 19.16 39.58

Table 1. Pine stumpage sales data

Name Value Unit

Quarter 1∼4
Year 1998∼2007
States AL, AR, FL, GA, LA, MS, 

NC, SC, TN, TX, VA
Area 1∼2
County Counties of each states
Sale size 1 to 3,000 Acres
Length contract 1∼48 Months
Number of bids 1∼22
Type of cut Thinning, clearcut
Grade Below average, average, 

above average, excellent
Market conditions Poor, fair, good, excellent
Logging conditions Poor, fair, good, excellent
Stumpage/delivered Stumpage prices $/tons
Product price 1∼70 $/tons

equations using stochastic frontier estimation procedures 
for stumpage prices. They asserted that because the dis-
tributions of consultant and nonconsultant sales are not 
normal enough, ordinary least squares (OLS) is not ad-
equate for estimating hedonic price equations for a timber 
stumpage market. Their new model and estimator are re-
garded as more suitable for timber markets than the tradi-
tional hedonic model and ordinary least squares (OLS) 
procedures with applied statistical techniques developed for 
stochastic frontier analysis to hedonic price functions. Their 
model will be more credible of such timber markets when 
there is uncertainty of price on both sides of buyers and sell-
ers, and empirical results supported this model. Vasievich 
(1980) quantified the effect of timber sale factors on the 
costs of conducting timber sales and prices paid for the sales 
using a linear regression model. He used data from timber 
sale reports by Indiana State Forests and analyzed 11 site 
and sale conditions statistically. Leefers and Potter-Witter 
(2006) estimated hedonic price model to gain insights into 
timber sale characteristics and competition for public lands 
stumpage. They studied Lake States national forests and 
land managed by the Michigan Department of Natural 
Resources (MiDNR) to give useful information about the 
stumpage price impacts of sale and institutional sale 
characteristics. Based on empirical results, they found that 
the models within the same geographic region cannot be 
transferred easily to other regions. Sydor and Mendell 
(2008) analyzed timber bid transactions using hedonic re-
gression techniques in central Georgia. They estimated a re-
gression model of softwood stumpage prices from pay-as-cut 
transactions against timber sale and stand characteristics. 

Data

We used quarterly stumpage prices reported from 1998 
to 2007 in southern 11 states (Alabama, Arkansas, Florida, 
Georgia, Louisiana, Mississippi, North Carolina, South 
Carolina, Tennessee, Texas, and Virginia) (TMS, various 

years). The data included area, county, sale date, sale type, 
sale size, total volume, total price, haul district, length con-
tract, number of bids, high bids, low bids, type of cut, 
grade, market conditions, logging conditions, product type, 
and product amount (Table 1). The species and product 
group were classified into pine pulpwood, pine chip-n-saw, 
and pine sawtimber to be compared as references.

Preliminary analysis on pine stumpage data

Stumpage prices (TMS, various years) were prelimi-
narily analyzed to process raw data initially. The average of 
10 years (1st quarter 1998 to 4th quarter 2007) of pine stum-
page prices were compared to their average prices 4th quar-
ter 2007 in Table 2. 

Materials and Methods

Hedonic price model using multiple regression 
model for estimating stumpage prices

We used the hedonic pricing method to estimate the 



Kim  and Cieszewski

J For Env Sci 31(1), 38-46     41

ys=β0+β1x1+β2xS+... βixi+ε for i = 1,2, ... n Equation 1

Table 3. The description of dependent and independent variables

Variable name Unit of measurement and variable description

stumpage price Pine stumpage price ($/ton)
quarter 2 Dummy variable, 1 if second quarter of the year, 0 otherwise  
quarter 3 Dummy variable, 1 if third quarter of the year, 0 otherwise  
quarter 4 Dummy variable, 1 if fourth quarter of the year, 0 otherwise  
year The year when the timber is harvested 
sale type Dummy variable, 1 if sealed bid, 0 negotiated
sale size Total area harvested (ac)
sale size squared Square of variable sale size
length contract Contract period (month)
length contract squared Square of variable length contract
number of bids The number of bid during timber sale auction
harvest type Dummy variable, 1 if clearcut, 0 otherwise
grade Dummy variable, 1 if above average or excellent, 0 otherwise
market conditions Dummy variable, 1 if above average or excellent, 0 otherwise
logging conditions Dummy variable, 1 if above average or excellent, 0 otherwise

Table 4. Descriptive Statistics of variables

Mean Standard deviation Minimum Maximum Sum

stumpage price 44 12 0 70 109,980
sale size 104 122 2 3,000 258,463
sale size squared 25,658 193,470 4 9,000,000 63,606,273
contract length 17 7 1 48 42,702
contract length squared 341 232 1 2,304 846,441
number of bids 5 3 0 22 12,901

stumpage price of pine sawtimber for economic values that 
affect the stumpage price. The hedonic pricing method is 
regarded as a preference method of estimating demand or 
value in economics. The fact that good prices in a market 
are influenced by their characteristics becomes a basis for 
hedonic price method. For hedonic price analysis, it is nec-
essary to estimate how the dependent variable (stumpage 
price) is influenced by the independent variable (all various 
characteristics for stumpage price) and the hedonic price 
(implicit price), which is the change in stumpage price by 
the change in one of those characteristics, is estimated using 
the function of linear or non-linear (Boardman et al. 2011). 

Based on the data analysis, a non-linear regression model 
was developed to estimate stumpage prices because the fit-
ted line versus residuals was non-linear. Thus, we used a 
quadratic transformation. Pine sawtimber stumpage prices 
was estimated as:

where ys=stumpage price, x1=quarter2, x2=quarter3, x3= 
quarter4, x4=year, x5=sale type, x6=sale size, x7=sale size 
squared, x8=length contract, x9=length contract squared, 
x10=number of bid, x11=harvest type, x12=grade, x13=market 
condition, x14=logging condition. 

The regression variables used in multiple regression are 
described with unit of measurement in Table 3. 

Quadratic forms were used for the variable sale size and 
contract length in our regression model. Quadratic forms are 
used to estimate parameters of threshold models, which 
have inflection point or threshold point. As the dependent 
variable changes in threshold model, quadratic terms help 
determine maximum and minimum values and help infer 
information related to economies of size. The inflection 
point is calculated as 
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Inflection point=β1/ -2β2 Equation 2

Table 5. The percentage of type 1 in dummy variables

Variable name % of type 1

sale type 94.96
harvest type 56.03
grade 38.44
market conditions 17.06
logging conditions 21.94

Table 6. Parameter estimates for pine sawtimber stumpage price regression model

Variable Parameter estimate Standard error t-value Pr (>|t|) 

Intercept 39.73 1.495 26.582 0.000***
quarter2 0.7902 0.559 1.414 0.158
quarter3 -1.919 0.6085 -3.153 0.002**
quarter4 -1.352 0.6088 -2.221 0.026*
year -0.6266 0.07954 -7.878 0.000***
sale type 2.091 1.02 2.051 0.040*
sale size 0.008978 0.002664 3.37 0.001***
sale size squared -0.00000367 0.000001626 -2.257 0.024*
contract length 0.4019 0.1287 3.123 0.002**
contract length squared -0.02003 0.003692 -5.425 0.000***
number of bids 0.8403 0.08424 9.975 0.000***
harvest type -3.306 0.4587 -7.207 0.000***
grade 2.606 0.4483 5.813 0.000***
market conditions 3.934 0.6167 6.38 0.000***
logging conditions 2.133 0.5488 3.886 0.000***

Note, Signif; codes,  0; ‘***’0.001; ‘**’0.01; ‘*’0.05; ‘.’0.1; ‘ ’1.

Where:
β1=linear term coefficient
β2=quadratic term coefficient 

For the regression analysis, we found missing data in 497 
samples of sales. Thus the final sample size was 2,465 sales. 
We developed basic descriptive statistics for dependent and 
independent variables. We reported mean, standard devia-
tion, minimum, maximum, and sum for variables (Table 4) 
and also reported the percentage of type 1 in each dummy 
variable (Table 5). 

Multiple regression analysis was conducted in R stat-
istical software.

Results and Discussion

The regression results are presented in Table 6. The 
model R-squared equals 0.1807 and adjusted R-squared 
0.1767, which indicates that the goodness of fit of the model 
is relatively low. However, the model is globally significant 
based on the F-statistic. The likely reason for relatively low 
R-squared can in part be explained by the fact that we re-
moved 497 observations of sales from the analysis. In addi-
tion, during the research period one notable thing is that 
southeast average pine sawtimber stumpage prices peaked 
in 1998 and have substantially dropped since then, which 
means there were some factors that influence on pine stum-
page price severely that were not accounted for in this 
analysis. Particularly, based on the reports regarding stum-
page prices (TMS, various years), the fuel prices increased 
from 1998 to 2007 and they seem to affect stumpage price. 
Puttock et al. (1990) found that the hauling distance greatly 
affects the timber price. It is suggested that such variables 
regarding the fuel prices and hauling distances need to be 
incorporated to acquire better fitted regression results. 
Although the pine stumpage price showed mainly a de-
creasing tendency, there were some main fluctuations in 
stumpage price change during the research period. It is 
likely that such a situation have also contributed to relatively 
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low R-squared values, compared to other similar research 
using hedonic price function (Buongiorno and Young 
1984; Puttock et al. 1990; Leefers and Potter-Witter 2006; 
Sydor and Mendell 2008). Variables describing year, con-
tract length, number of bids, harvest type, grade, market con-
ditions, and logging conditions are statistically significant based 
on corresponding probabilities. Variables such as quarter 4, 
sale type, and sale size squared are significant at α=0.01. 
Further, quarter 3 and contract length are significant at 
α=0.0001. Other independent variables except quarter 2 
are significant at α<0.0001. Only variable quarter 2 is not 
significant even at α=0.1.

To investigate seasonal effects, quarters when sales oc-
curred were represented by dummy variables with the quar-
ter 1 as the reference. Pine sawtimber prices in quarter 3 de-
creased by $1.92/ton and in quarter 4 decreased by $1.21/ton 
based on the quarter 1 as the reference variable holding all 
independent variables constant. Although quarter 2 is not 
statistically significant, it has a high coefficient value, in-
dicating positive influence on timber prices. Quarter 3 has 
the largest negative coefficient value among all quarters. 
Fiery (2012) illustrated the annual change of pine sawtim-
ber with more detail information of monthly stumpage 
price trends in South-wide states. Based on the results of 
stumpage price changes in two different time scales, we can 
see that while mainly the yearly stumpage price maintained 
a decreasing tendency from 2010, the monthly changes of 
stumpage price relatively showed little bit more increasing 
tendency in quarter 1 and 2 than quarter 3 and 4. From 
their illustration, it looks like that although the quarter fac-
tors as dummy variables cannot change the main stream of 
stumpage price severely, it induces the minor and tempo-
rary changes in timber price. Such a similar tendency seems 
to be shown in our results for stumpage price change dur-
ing our research period. The continuous variable year rep-
resents the year in which timber was harvested. This varia-
ble has a negative impact on stumpage prices which de-
clined during the period 1998 to 2007. Pine sawtimber 
stumpage prices declined by $0.627/ton per year. Most of 
all, the increase of fuel price is considered a major reason 
for the decreasing tendency of stumpage price as we shown 
in literature review during the research period. 

Basically as the sale size increases by one acre, pine saw-
timber stumpage price increases by $0.009/ton initially. 

This result is in agreement with other research regarding 
sale size (Buongiorno and Young 1984). Based on an inter-
pretation of inflection point of sale size, as the sale size in-
creases after reaching the maximum, the stumpage price 
starts to decline by $0.000004/ton with all other in-
dependent variables held constant, which means it is not 
whole lot. If logging and hauling costs tend to decrease as 
tract size increases, stumpage price seems to increase. The 
reason for such increase of stumpage price is inferred from 
the fact that delivered price equals stumpage price adds log-
ging and hauling costs and based on assumption the deliv-
ered price should be maintained under other conditions are 
same, we saved the money in logging and hauling costs and 
can get higher price for stumpage. However, it seems that 
logging and hauling costs start to increase after reaching 
some point due to diseconomy of size. 

Based on equation 2, we determined stumpage prices 
were maximized when sale sizes reach about 1,223 acres. 
This does not agree with our preliminary data analysis, 
which indicated that timber prices were maximized when 
sale sizes ranged from 151 to 200 ac, although the calcu-
lated inflection point (1,223) is within the range of input 
data. Basically the sale size results of preliminary data anal-
ysis are calculated based on all other independent variable 
are not constant. However, the results of inflection point for 
the sale size are calculated based on the assumption that all 
the other independent variables are constant. We guess that 
such difference seems to make a gap between preliminary 
results and a calculated inflection point. We infer that in real 
world there were some beneficial factors that influence high 
stumpage price in the sale size range from 151 to 200 ac, 
but theoretically diseconomy of size seems to work at larger 
sale size than that based on our data. In addition, although 
the preliminary results show the different maximum ranges 
to our calculated maximum point, the stumpage prices of all 
ranges in preliminary results are very close to each other As 
same phenomenon, the coefficients for sale size and sale size 
squared reach almost zero, which means the slopes for sale 
size and sale size squared were extremely small and stumpage 
prices are very similar within all ranges of stumpage price, 
given our data sets of TMS during our research period 
(TMS, various years). We also infer that although during 
the research period the stumpage price had been decreased 
globally, it was almost maintained at a relatively high level, 
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which means demands for stumpage consistent and enough 
not to work diseconomy of size. We need to further inves-
tigate whether a quadratic model is suitable for estimating a 
reasonable inflection point in timber markets, and which 
ranges of inflection values are calculated with data of differ-
ent regions or time periods. 

The contract length has similar impacts on prices as the 
sale size variable. As contract length measured in months in-
creased so did pine stumpage prices by $0.402/ton. This 
positive relationship between contract length and pine 
stumpage price is also supported by other research (Dunn 
and Dubois 1999; Kilgore et al. 2010). After reaching the 
maximum point, pine stumpage price decreased by 
$0.023/ton. The optimum contract length was calculated as 
10 months based on equation 2 to get the highest stumpage 
price. Basically, it seems that as contract length increases 
loggers will have a more flexible time to harvest based on 
the market conditions, making positive impact on timber 
price, while as contract lengths last too long loggers cannot 
respond to properly the possible dynamic changes of stum-
page market. However, the optimum of stumpage prices at 
10 months can be a spurious interpolation due to in-
sufficient data, because timber stumpage contracts typically 
run for 6 month periods and have options to extend and 
timber growth would be an important appraisal issue for 
longer term contracts. We have not captured that in-
formation in other models. 

Sale type can be classified as a sealed bid sale or a nego-
tiated sale. In our results, sealed bid prices tended to exceed 
negotiated sale prices by $2.09 per ton. It seems that sealed 
bid sales were associated with higher prices because it can 
provide opportunities to take more bids, thus enhance pos-
sibility to obtain higher prices. Number of bids also influ-
enced pine sawtimber stumpage prices. As the number of 
bids increased the pine sawtimber prices increased by 
$0.84/ton per each additional bid. It is inferred that more 
bids provide more chance to get higher price. We conclude 
that pine sawtimber stumpage prices get higher in the case 
of sealed bid auctions and larger number of bidders. 
Clearcut as a harvest type had a negative impact on pine saw-
timber price which is decreased by $3.31/ton than thinning, 
and the results is in agreement with the preliminary 
analysis. In general, we can expect that stumpage prices will 
be lower on thinning because the logging costs are higher. 

Logging costs for thinning tend to be higher since less vol-
ume per acre and per tract is being harvested and the trees 
removed are generally the smaller diameter stems in the 
stand. However, in our preliminary analysis the result is re-
verse in pine sawtimber stumpage price, and showed a pos-
itive coefficient on thinning. We infer the unexpected result 
came from the fact that usually the harvest on thinning is 
more focused on pine pulpwood and pine chip-n-saw than 
pine sawtimber because harvested timbers by thinning 
more tend to be more used for pulpwood and pine 
chip-n-saw. Thus, the stumpage price for pine sawtimber 
can be not a major issue for in the harvest by thinning, mak-
ing the unexpected results happen specially during our re-
search period. Another idea for the unexpected result can 
be that based on the assumption the demand for pine saw-
timber is constant, the supply amount by thinning can be 
more limited than that by clear cut. 

As expected, the presence of high quality timber (grade 
variable) had positive impact on stumpage prices. Above 
average or excellent grade had a positive coefficient 2.61, 
which indicates that above average or excellent quality in-
creased prices by $2.61/ton. The grade variable was statisti-
cally significant and the impact was relatively large. This re-
sult is in agreement with other approach about stumpage 
price for timber using hedonic function (Puttock et al. 
1990). In a similar manner, the market conditions variable 
was statistically significant and positively related to stum-
page prices with the highest coefficient value 3.934. This 
means that the presence of above average or excellent mar-
ket conditions have larger impacts than the other sale char-
acteristics on pine sawtimber timber prices. The better mar-
ket conditions imply that the demand for timber is bigger 
by consumption more (Bhahurothu 2011). Such increased 
demand for timber seems to make stumpage prices higher. 
The variable logging conditions is statistically significant and 
has a large value. When above average or excellent logging 
condition are present, the prices increased by $2.13/ton. 
This result corresponds with the analysis by Hubbard and 
Abt (1989). Although grade, market conditions and log-
ging conditions as dummy variable showed big impacts on 
stumpage price, it is not easy to define a clear line between 
excellent or above average and average because the stand-
ards can be different according to real market, ground con-
ditions, and one’s perspectives. Thus, it is suggested that 
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the coefficients are interpreted as values which are not abso-
lute but implicit. 

Conclusion

We developed a hedonic model for pine sawtimber based 
on various sale characteristics in non-industrial forest lands 
of 11 southern states in U.S from 1998 to 2007. A sample 
size of 2,465 was used and the model was globally 
significant. In this study it is evident that as sale size in-
creases the price of sawtimber basically increases as well. 
When sale sizes are small buyers tend to pay less for timber 
because of higher harvesting costs. It was found that when 
sale size reaches 1223.4 acres the stumpage price was maxi-
mized through quadratic transformation. As contract 
length increased the pine sawtimber price basically in-
creased, and when the contract length between the buyer 
and seller reaches 10 months, stumpage prices were maxi-
mized using quadratic transformation also. In quarter 2 of 
the year, sellers received higher prices than the other 
quarters. Sealed bid sales were characterized by higher 
stumpage prices as were the number of bids. Selective cuts 
showed a positive impact on timber price. The presence of 
excellent or above average level in grade, market conditions, 
and logging conditions made significant positive impacts 
on the price of pine sawtimber stumpage. This study will be 
useful mainly for owners of private forests to promote tim-
ber sales and to make more suitable plans for timber man-
agement in southern United States. 
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