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Introduction 

 This report explains the data and methodology used by the Department of Revenue’s Tax Policy 

and Research Division to value private forest land in Montana. It is a continuation of the work done by 

Dr. David Jackson of The University of Montana. Many of the ideas, methods, and phrasing of this report 

come from his original 2019 report, and significant portions of this writeup are dedicated to comparing 

his model against our work. One of the main goals of this process was for the department to internally 

develop a valuation method that can be updated regularly and used in perpetuity. Secondarily, we 

attempted to create a transparent method with industry-informed variables that explain as much of the 

variation in stumpage value as possible. Ultimately, our estimation yields stumpage values lower than 

that estimated by Dr. Jackson’s 2019 methodology for the Northwest, Southwest, and Central regions 

and a higher stumpage value in the East. The ten-year average price per thousand board feet for each 

zone are: 

Northwest: $222.96 Southwest: $203.90 Central: $172.56 East: $46.07 

Data 

 The necessity of performing regression analysis to value forest land arises because of a lack of 

data for private timber sales. These private sales do not disclose to the state the value of timber sold. 

Therefore, the best available data for determining forest land value is governmental entities that make 

timber sales. We agree with Dr. Jackson’s assessment that the Montana Department of Natural 

Resources and Conservation (DNRC) is the best source of comparable sales data for what a private 

landowner could expect to receive for their timber. The DNRC has a fiduciary responsibility to maximize 

profit through the sale of timber on state lands. Based on price differentials across different government 

agencies that manage and sell timber from public forest land, it appears not all institutions act as a 

fiduciary in this way. We consider the DNRC sales to be at market prices, unlike sales by other federal 

institutions. The DNRC sales data includes information needed to determine bid price per thousand 
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board feet of each sale as well as important determinants of the bid price, such as the location of the 

sale and the cost of logging and hauling. In recognition that location of forest land influences its value, 

the state is split into four zones: Northwest, Southwest, Central, and East. The classification of these 

zones was performed by Dr. Jackson in his 2019 analysis and generally conform with cost zones utilized 

by the DNRC in their land management. The map below lays out the zones and counties. 

 

In fiscal years 2014 through 2019, the DNRC facilitated 149 timber sales. Of these, 30 were either 

noncompetitive, salvage, or both. These sales did not meet criteria for market pricing and were 

therefore excluded. Additionally, one sale from the East zone was determined to be an outlier and was 

dropped from the analysis. The geography of Montana means most forest sales take place in the 

Northwest and Southwest zones. Table 1 sums the total number of sales in each zone for the six-year 

period that was used.  
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Table 1. Total Sales by Year and Zone 
 

 
NW SW Cent E 

FY14 9 6 2 0 

FY15 11 5 2 0 

FY16 13 6 2 0 

FY17 7 6 3 3 

FY18 11 3 2 3 

FY19 18 6 0 0 

Totals 69 32 11 6 

 

Methodology 

 Because some years had no sales in some zones and others had very few, a regression model 

was created to reach a stumpage value in every zone for every year rather than relying on simple 

averages. The following formula represents the regression, followed by an explanation of the variables 

and the reasoning behind them. 

Bid18$/MBFi = α + z1NW + z2SW + z3E + β1BBER100i + β2BBERSQi + β3TotalAcresi + β4VolSky%i + 

β5PavHauli + β6UnPavHauli + β7YardDisSkyi + β8YardDisGrndi + εi 

This regression model follows the same basic logic of Dr. Jackson’s 2019 model. The terms α and ε are 

constant and error terms, respectively. The dependent variable, Bid18$/MBF, is the winning bid of each 

sale plus the amount paid to the forest improvement fund and the cost of building permanent forest 

roads, adjusted to 2018 dollars. The forest improvement fee and road fees are known at the time of bid, 

so it is reasonable to expect that rational bidders adjust their willingness to pay accordingly. This 

information is expressed in $/ton in the DNRC data, so it is converted to $/MBF using the tons/MBF 

estimated for each sale by the DNRC. It is then converted to 2018 dollars using the U.S. Bureau of 
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Economic Analysis’ GDP Price Deflator. The Bid18$/MBF variable is calculated for each sale and 

represents the amount a buyer is willing to pay for each thousand board feet of stumpage adjusted to 

2018 dollars. 

The explanatory variables are split into three categories: zones, index, and stump-to-mill 

estimators. The zones (NW, SW, and E) are dummy variables whose coefficients (z1, z2, and z3) only apply 

to sales when they take place in that respective zone. The Central zone was used as a baseline and 

therefore has no coefficient. The Bureau of Business and Economic Research (BBER) at the University of 

Montana publishes a quarterly log price by species and zone, which was used to express lumber value. 

This data was collected from a survey of mills. The BBER index splits Montana into a West zone and East 

zone, which match almost exactly with Jackson’s Northwest/Southwest and Central/East zones, 

respectively (Silver Bow and Deer Lodge counties are in Jackson’s Southwest zone and the BBER’s East 

zone; no sales took place in these counties from FY2014 to FY2019 so there is no issue in this analysis, 

but this may need to be addressed in the future). The BBER index breaks down timber prices by region, 

species type, and quarter, yielding a high level of specificity and generating a unique index value for 

each sale. That value is also converted to 2018 dollars and then divided by 100 to make it easier to work 

with, resulting in the variable BBER100. This variable is also squared in the regression to reflect the 

curval linear relationship between market prices and stumpage value (BBERSQ). The BBER index and its 

square measure the expected price a logging company will receive for the timber harvested from the 

sale. Figure 1 displays the average species breakdown of each zone as well as the total timber in 

thousand board feet (MBF) sold per region from FY 2014-2019. For more BBER data visualization, 

Appendix A contains average BBER Index values by species, Appendix B contains average index values by 

zone, and Appendix C contains average index values over time. 
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The final group of explanatory variables estimates the cost of logging and hauling timber, otherwise 

known as stump-to-mill costs. Jackson’s model combines these into one variable – we chose to leave 

them separate. They include the total acres of the sale, the percent of the land that will be logged by 

skyline (vs. tractor), hauling distance in miles on paved and unpaved roads, and the average distance in 

feet of skyline and tractor yarding for each sale.  
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Results 

Table 2. Regression Results 

 

 The regression results describe some important trends of the model and are used to estimate 

stumpage values. First, the adjusted R-squared of .6760 indicates that the model explains about 67.6% 

of the variation in stumpage values. Given the number of factors that contribute to forest land value we 

believe this is a reasonably good fit. Comparing the dummy variables, stumpage in the Northwest and 

Southwest zones is more valuable and stumpage in the East zone is less valuable than the Central zone, 

which was used as a baseline. This is consistent with Dr. Jackson’s model and geographical expectations. 

Regarding the stump-to-mill variables, increasing the acreage of a sale area also increases the bid price. 

This is expected due to economies of scale and fixed mobilization costs. The other stump-to-mill 
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explainers – percent skyline, haul distance, and yard distance – increase the cost of logging and hauling, 

so they decrease the stumpage value with every increase in percentage point, mile, or foot, respectively. 

Interpreting the effects of the BBER index is not as straightforward because it is also squared. The BBER 

index drives a highly significant portion of the variation in price because it represents an expected return 

on investment of the logging bid. However, the index is a poor explainer of bid price when the index is 

comparatively low for the data set. In particular, the depressed prices that mills paid for sawlogs in the 

early recovery years from the Great Recession cause inconsistent estimates of bid price by the model for 

those years. For this reason, and in deference to Dr. Jackson’s 2019 report, we have kept his old 

appraisal values for 2010-2013. The Covid-19 pandemic may have also introduced powerful price 

variations and the model is unfortunately susceptible to price shocks. Careful consideration will be 

necessary when updating the model in coming years. 

 Table 3 displays estimated stumpage values for each zone and year using the regression 

coefficients and variable averages for each zone. BBER index data was averaged by fiscal year and 

species breakdown in each zone. Table 4 breaks down the calculations by revealing the specific values 

for coefficients and explanatory variables. The results were readjusted to nominal figures based on the 

year of the sale to reflect actual prices and to ensure that the base year does not affect the valuation.  

Table 3. Estimated Annual Stumpage Values, Split Methodologies 

Year NW SW Central East 

2019 $246.69 $205.44 $210.43 $79.86 

2018 $259.40 $214.62 $197.54 $63.38 

2017 $226.70 $193.16 $173.99 $55.78 

2016 $227.90 $200.60 $173.80 $56.55 

2015 $300.87 $301.28 $317.41 $98.19 

2014 $257.12 $237.42 $206.28 $53.35 

2013 $230.63 $222.29 $169.10 $13.77 

2012 $171.77 $165.81 $104.78 $13.53 

2011 $156.06 $150.85 $87.89 $13.26 

2010 $152.48 $147.55 $84.33 $13.01 

     
10-year 
Average $222.96 $203.90 $172.56 $46.07 
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Table 5 compares stumpage value estimations from our new methodology with Jackson’s 2019 

methodology and the actual averages for each zone. 
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We believe these comparisons show that our model is a better predictor of stumpage value than the 

model produced by Dr. Jackson in 2019. His regression produced stumpage value estimates significantly 

higher for the Northwest, Southwest, and Central zones and lower for the East zone. When comparing 

actual averages to the model-predicted prices, our model has a lower margin of error. 
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Conclusions 

 The stumpage value estimation model created at TPR is very closely based on Dr. Jackson’s 2019 

methodology and would have been impossible to complete without the logical processes contained in 

his work. The core model structure remains the same; the dataset and observations used, the 

calculation of the dependent variable, the separation of zones, the use of a price index, and the 

inclusion of stump-to-mill costs are instituted in both models. The main changes are the use of a 

different index (BBER vs. Framing), earlier conversions to $/MBF (vs. $/ton), a separation of explanatory 

variables (vs. one complicated, all-inclusive stump-to-mill calculation), and readjusting the results to 

nominal figures. We believe the specificity of the BBER index more accurately tracks differences 

between regions and years. Converting key variables to $/MBF from the start (instead of the end) 

removes significant rounding errors.  The separation of stump-to-mill variables results in a more 

transparent model and captures the same information. Finally, returning the results to nominal dollars 

reflects expected value per board foot in the year of the sale. We believe our model’s estimated average 

price per board foot for each zone and year closely represents what a private timber landowner could 

receive in exchange for logging their land. 
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