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between periods of timber harvesting. An open road and a ciosed
road alternative will be compared to the economics of clearcutting an
entire area and obliterating the road system until reentry at the end
of the rotation. Road maintenance data was collected from the
Sius]aﬁ and Willamette National Forests in Oregon. An average
present value cost per mile was determined for each location forl#S.
Forest Service level one and level two maintenance. Level one is the
maintenance performed on a road that is closed to vehicular traffic.
Level two is the maintenance performed on roads open to high ground
clearance vehicles. Reconstruction costs before each reentry were
also included in the present value calculations.

Results show that for short-term reentry periods, it is eco-
nomically better to leave road systems open and mafntain at level two
than it is to close the roads and maintain at level one. The third

alternative of clearcutting and obliterating the system until the end



of fhe rotation was by far the best economic alternative. Only costs
for actual maintenance were included in the analysis. Administrative
costs, and costs associated with other resource values were not
considered.

To help demonstrate how maintenance costs compare to total
timber- revenues, road maintenance costs for different road densities
were compared to associated timber value. Road densities per section
(640 acres) for different 10gging systems were used to calculate a
present value road maintenance cost per section. This was compared
to timber values per section for three different volume per acre
figures. These volumes represented site classes II, III and IV. It
was found that road maintenance and reconstruction make up a small
percentage of the total timber revenue. Although the percent of
total revenue was low, road maintenance appears to be a significant

investment.
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AN ECONOMIC EVALUATION OF
LOGGING ROAD MAINTENANCE

INTRODUCTION

In the National Forest System, it is common practice to leave
logging roads open after timber harvesting. The primary.use of these
roads is timber harvesting. After completion of logging these roads
are left open and maintained for use by the public for recreation and
the Forest Service for fire control and silvicultural work. Some
Tocal and collector roads could be closed after harvest without
greatly affecting access by the public or the Forest Service. The
purpose of this project was to economically compare different road
maintenance options under different forest management alternatives.

| The type of road that will be analyzed is a short, local or
collector system that extends into a secondary drainage and ends. An
example of the type 6f road analyzed in this study is shown on the
map in Figure 1. The road systems examined in this project do not
tie through to another system nor serve any other purpose than haul-
ing timber. Road systems that connected to other systems were not
considered because these types of roads Qi]] be used more often for
hauling timber, serve a greater area, and would be more difficult to
close for any length of time.

Two ranger districts were se]eqted for this study. Data was
collected from the Mapleton Ranger District on the Siuslaw National

Forest and the Sweet Home District on the Willamette National Forest.
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Figure 1. Typical road system.



~The Mapleton District is in the Coast Range of western Oregon and the
Sweet Home District is in the Cascade Range in west central Oregon.
These two districts are shown on a map in Figure 2,

No previous work could be found comparing thé economics of
different road management alternatives under varying forest manage-
ment options. It is hoped this project will open the door to further

study in this area.
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OBJECTIVES

There are four main objectives of the project. They are to:

1. economically compare different road management al-
ternatives.

2. collect actual forest road maintenance costs and
determine how much money is spent for varying levels
of maintenance.

3. determine deficiencies in the Forest Service main-
tenance record keeping. -

4. see how road maintenance costs relate to the value
of timber served by the road system.

The first objective will look at the economics of leaving roads
open versus closing them following timber harvesting. Both short and
long term closures will be analyzed. At the present time decisions
on road closures are often made without the benefit of an economic
analysis. This study will help demonstrate a generalized analysis
procedure that could help managers with closure decisions. Al1l data
collected for this project was from Federal Land. Even though the
numbers are not directly applicable to private timber land, the
analysis procedure is the same. Private owners may not do as much
maintenance as on government land but costs for the maintenance done
will be similar to costs collected for this study. Road managers
will be able to use the format that will be described to analyze

their own costs.



The second objective is an attempt to collect costs and find wh&t
is being spent for maintenance at individual areas. Many times costs
are averaged together over a wide regional area with a large range in
values., This project will collect costs from two distinct areas.
Actual costs for different levels of maintenance will be summarized.

The third objective will be to find where the Forest Service has
deficiencies in maintenance record keeping. This will focus primari-
1y on the computerized system of record keeping for road maintenance.

The last objective is to see how road maintenance costs relate to
the value of the timber stands. This will give an indication of how
maintenance costs compare to the overall timber revenue.

A final comment, the objective of the project is not to develop a
detailed exact model, but a generalized comparison of different
maintenance alternatives. The data collected was not sufficiently
accurate to make a definitive statement between these maintenance

alternatives.



MAINTENANCE LEVELS

Road management in the Forest Service has been divided into five
levels depending on road standards.

Roads of the lowest standard are maintained at level one. Roads
with the highest standards are maintained at level five. The defini-

tions for each level (10) are:

Level 1. Roads in this level are to be in a long-term storage cate-
gory, and not used for motor vehicle access. Minimal maintenance
will be performed to ensure proper drainage and minimal environmental

impact.

Level 2. Roads in this level are maintained for use by high ground
clearance vehicles and are not for use by public passenger car
travel. Use is permitted by Forest visitors unless specifically pro-
hibited. Maintenance is performed tomaintain drainage and keep a
minimum ten foot usable travel-way. Proper drainage to ensure

minimal environmental impact is provided.

Level 3. This fs the minimum level for hauling timber. The road is
maintained to be passable for public passenger cars operated at pru-
dent driVing speeds. The traveled way and turnouts have been main-
tained to at least single-lane width. Brush and 1imbs are removed to

provide sight distance. Necessary under-road drainage is provided.



Level 4. Level four roads have better geometrics than level three.
Brush is removed to provide greater sight distance for speeds to 35
miles per hour. During the dry season the road is dust-abated.
Pavement cracks are sealed to prevent water entry. Necessary under-

road drainage is provided.

Level 5. Roads in this level are maintained for safe travel at
prudent speeds above 35 miles per hour. Dust has been controlled by
asphalt paving or surface treatment. Brushing has been done to
retain needed sight distance for travel at the advisory speed. Nec-
essary under-road drainage is provided.

This project is concerned with level one and level two roads.
These two levels are what forest roads analyzed in this study will be
classified as after timber harvest. Roads that are closed will be
maintained at level one. Roads that are left open will be maintained
at level two. These two levels of road make up the majority of the
districts' road system. Because of this a large portion of the
maintenance budget is spent on these roads. These two levels are
most representative of a very large portion of the road systems on
private timber land. For these reasons it is important to find what
maintenance activities are being done and how much it costs for these
levels. Roads in both of these levels have either gravel or native

surfacing.



MAINTENANCE ALTERNATIVES

A11 maintenance alternatives considefed in this study will be
analyzed for one rotation. The rotation length for each alternative
will be eighty years. This length is repfesentative of the areas
studied and the equal lengths will enable an equitable comparison
between alternatives. Funding.for maintenance performed during
timber harvesting will be supplied from timber revenues for all
alternatives. These costs will not be included in the analysis
because maintenance during harvesting will be assumed the same for
all alternatives. The timber volume removed for each alternative
will be equal over the length of the rotation so this should be a
reasonable assumption. Funds for reconstruction and obliteration of
roads will be included in the analysis for all alternatives. Includ-
ing these is necessary because the cost for bringing roads up to
timber harvesting standards will differ for each alternative. These
included costs will give a more realistic comparison between the
alternatives. Each alternative will consider only clearcut harvest-

.ing.

Alternatives

Three maintenance alternatives will be considered in this study.
They include:
1. Leaving the road system open after each harvest and

maintaining at level two. At the time of reentry, re-
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construction will be required to upgrade the road to
level three.

2. Closing the road system after each harvest and main-

taining at level one until the roads are reconstructed
for the next reentry.

3. Clearcutting the entire area served by the road system

and obliterating the roads until reentry at the end of
the rotation.

Alternatives one and two are very similar. These two alterna-
tives will assume equal timber volume will be removed in eight
entries with reentry occuring every ten years. Each harvest will
take one year. The first harvest will occur in the first year of the
rotation. The final harvest will occur in year seventy. This har-
vest schedule is based on an average area of two square miles (1280
acres). .This is a typical area served by road systems analyzed in
this study. For each harvest 160 acres will be clearcut. For typi-
cal volumes for the areas in the study this would be an average
production for a typical yarding machine used in western Oregon.

After each harvest the roads in alternative one will be left
open to vehicular traffic and maintained at level two until the next
reentry ten years later. After the tenth year the road system is re-
constructed to bring it up to level three. This is the minimum Tevel
for hauling timber. This same process continues for each reentry

throughout the rotation.
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Alternative two follows the same process as alternative one with
one exception. After each harvest the road system is barricaded and
the system maintained at level one. At the end of each ten year
interval the level one roads will be reconstructed and upgraded to
level three for timber hauling. Because levél one roads receive less
maintenance than level two roads, they deteriorate more during the
ten year interval between harvests. Therefore the reconstruction for
alternative two is more extensive and costly than the reconstruction
for alternative one. '

Alternative three will clearcut the entire area served by the
road system in the first four years of the rotation. A gquarter of
the volume will be removed in each year. It will be assumed that two
average yarding machines will log the area to'expedite the harvest-
jng. With thjs type of forest management, it is more economical to
move in and harQest the timber at an accelerated rate and move out.
This is the reason for using two yarding machines. At the end of the
first four years the road system is completely ob]iteﬁated. No
access will be provided until the end of the rotation when the road
system will be completely rebuilt. This alternative most closely ap-
proximates forest management on private timber land. A rotation
diagram for all three alternatives is shown in Figure 3.

" To help illustrate the effect these maintenance alternatives
have on timber value a comparison will be made with various road den-
sities and timber volumes. Average road densities for various

1ogging systems will be used to calculate total maintenance costs per
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section for each maintenance alternative. These total maintenance
costs will be compared to timber value per section for different site
classes. An average bid price for Forest Service timber on the west
side of Oregon and Washington will be used to approximate thé value
of the timber. This value will vary by volume per acre representing

different site classes.
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DATA COLLECTION

Maintenance Data

The data collected from the two National Forests were retrieved
from the Road Maintenance Information System (RMIS) which is a com-
puterized maintenance accomplishment summary used by the Forest
Service. This summary 1ists all maintenance work performed on each
Ranger District by year. A1l maintenance is listed by road number,
maintenance level, activity code, amount performed and cost. An
activity code is a number given to a particular maintgnance item,
such as blading to identify it on the computer printout. A list of
activity codes and their definitions appears in Table I . This table
shows codes for maintenance performed on level one and two roads.
There are many other codes for-work performed at other maintenance
levels. To simplify the data summary some activities were grouped
with similar activities. The foi]owing activities were combined:

1. Sweeping rocks and shoulder shaping with a road grader

were combined with blading.

2. Sign installation and sign maintenance were added to-

gether.

3. Gravel hauling cost was included with surface repair.

Also collected from each district was the total road miles in
levels one and two on each district. These numbers vary yearly de-
pending on whether timber sales are active or ciosed. A level one or

two road would be upgraded to level three when a timber sale became



TABLE 1.

Activity Code Glossary

15

Code Activity Description
1010 Blading Road conditioning work with a road
grader.
1080 Slide and STuff _ Removal of earth slides and debris
Removal
1085 Slide and STuff Removal of slides and debris by a
Removal by pri- private contractor.
vate contractor
3040 Machine Clean Cleaning of culverts by machines
Culverts
3041  Hand Clean Cleaning of culverts by hand
Culverts
3060 Culvert Repair Repair work done on culverts
4020 Brushing Machine Brushing done by a machine
4021 Brushing Hand Brushing done by hand
5010 Lag Out Removal of fallen trees blocking the
roadway
1130 Surface Repair Repair'work done on the surface of a
road
3010 Ditch Maintenance Maintenance done on roadside ditchqs
7120 Sign Maintenance Maintenance done on forest signs
3020 ~ Slough Removal Removal of ditch slough
Ditch
4050 Brush Disposal Disposal of roadside brush
6010 Repair Struc- Repair of major roadside structures

tures
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active. Conversely, if a timber sale closed, a level three road

would revert to level one or two.

Maintenance Data Analysis

 Both districts had RMIS printouts fo} five years, 1979 to 1983.
As each year ended this maintenance data was erased from computer
stordge. The data was also not summarized by maintenance level. It
was decided that the easjest way to summarize the numbers was to take
the data off the printouts, enter it into a computer and store it on
a floppy disk. The numbers were stored and summarized using a
Hewlett-Packard 868 desktop computer. The data was sorted by
district, year, maintenance level and activity code. This gave a
printout showing what activities and associated costs were performed
on a district during a given year for maintenance levels one and two.
A11 road maintenance costs collected were for the work performed.
Overhead costs were not included. The reason for this is that from
Forest Service records it was not possible to determine accurately
how much overhead should be allocated to each maintenance level.
Figures 4 and 5 demonstrate the cost per mile for Mapleton over the
five year period for both levels and 1982 and 1983 for Sweet Home.
These figures are not corrected from inflation.
The summarized maintenance costs were separated into labor and
equipment. On the RMIS computer printout there is a column for

material costs. For maintenance levels one and two the cost for
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materials was very small. Because the material costs were was so
small it was included with the equipment cost.

After reviewing the maintenance summaries, large differences ap-
peared in the yearly amount of maintenance pérformed on the Sweet
Home District for level one and two. The maintenance personne] (7)
for the district indicated the disparity was primarily due to poor
record keeping, especially from 1979 to 1981. It was felt that main-
tenance done on level one local roads was being included with work
done on level two collectors. Level two work was being overestimated
and level one underestimated. -As the years progressed from 1979 to
1983 the record keeping improved. Further discussions with main-
tenance personnel revealed that total road system miles catagorized
by maintenance level wereonly available for 1983. Without these
mileage figures for the previous years there was no way to determine
an average cost per mile for each level. For these'reasons only the
maintenance data from 1983 for the Sweet Home District was used. The
cost summary in Tables II and III for Sweet Home is based on the
1983 data.

The Mapleton District had more accurate data entries through all
five years of record. This is based on consistent data through all
five years and from discussions with district personnel (4). This
allowed an average cost per mf]e for each level to be calculated
based on five years of data.

Because the Sweet Home costs are in 1983 dollars it was easiest

to use 1983 as a base year and convert the Mapleton costs from other



Table II.

Sweet Home, 1983 Level 1 Maintenance Costs
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ACTIVITY MILES UNITS EQUIP- 2 LABOR  ToTAL  cosTl 257,
CODE  OF ROAD TREATED MENT COST COST COST  MILS -
gEXSING 0 0 0 0 0 0 0
TO80
SLUFF RMV 0.1 9.0 62.25 93.64 160.89 1.31 3
1085
SLUFF RMV CNTR® 0 0 0 0 0 0
Son0e, cLy 61.1 332.0 650.26 2420.02 3070.28 25.04 55
3041
HAND CcL cLy O 0 0 0 0 0 0
8858 RPR 0 0 0 0 0 ') 0
2020 0 129.50 1.06 2
BRUSH MACH A 0.6 0 129.50 . .
ael wanp 0-1 1.3 0 17.00  17.00 0.14 1
29000t 1.40 1.80 12.45 65.57 78.02 0.64 1
;bgoRPR 0 0 0 0 0 0 0
ST 2.0 4.10 402.44  222.33 624.77 5.10 11
D& 8.5 30.0 73.20  381.48 454.68 3.70 8
PO e 6.7 70,0 360.20 189.36 549.56 4.48 10
4050
BRUSH DISP 0 0 0 0 0 0 0
o0 crrucr 8.6 14.50 129.22  371.87 501.09 4.09 9
TOTALS 1690.02 3895.77 5585.79 45.56 100

"Average total system miles for Level 1 = 122.6
1Tota1 cost/122.6 miles

2Inc1udes materials cost



Table III.

Sweet Home 1983 Level 2 Maintenance Costs

ACTIVITY MILES  UNITS EQUIP- 2 LESOR  TOTAL  cosT! %3121
CODE __ OF ROAD TREATED MENT COST COST COST _ MILE
BLADING 15.5  10.5 918.78  643.42 1562.20 4.55 3

1080 -

SLUFF RMy  29.9 1916.0 3891.21 2445.65 6336.86 18.47 13
1080 .

SLUFF RMY CNTR. © 0 0 0 0 0 0
SO0 oLy 148.9  641.0 5151.75 4608.72 9756.47 28.44 2]
3047

HAND cL cLv O 0 0 0 0 0 0
950 cpr 4.6 6.0 437.15 © 429.21 866.36 2.53 2
2980 ey 0.2 18,30 212.54 4820.86 5033.40 14.67 11
Aol uaxp  24.9  19.50 42,00  928.50 970.50 2.83 2
20L00uT 27.70  17.0 612.77  835.47 1448.24 4.22 3
U0 e 20.50 485.0 1226.77  806.04 2032.81 5.93 4
3010 ymy  102.10  99.10 4846.70 4703.58 9550.28 27.8% 20
280 25.70  31.00 120.48  283.01 403.49 1.18 1
30 coq  49.50 2037.0 5299.19 3681.96 8981.15 26.18 19
2050

BRUSH pisp 0 0 0 0 0 0 0
6010 '

RPR STRucT  13.80 6.0 73.49 258.08 331.%7 0.97 1

TOTALS 22832.83 24440.50 47273.33 137.82 100

Average total system miles for Level 2 = 343.0

11otal cost/343.0 miles

2Inc]udes materials cost
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years. This meant that maintenance costs for all other years would
have to be adjusted for inflation. Inflation rates were thus needed
for labor and equipment. Because a large portion of the méintenance
was performed by Forest Service wage grade employees, the inflation
rate for labor was taken as the cost of living increase given to wage
grade employees each year during the five year period. The inflation
rate for equipment was harder to estiméte. It was felt a good ap-
proximation could be obtained from the Construction Cost Index for
equipment published by Engineering News Record (1). This rate was
used becauée the Forest Service did not have a definitive equipment
inflation rate.. The 1apor and equipment inflation rates are found in
Table IV. The maintenance costs for each year were inflated to 1983
and an average was calculated for each level. This average cost was
divided by the average miles of road for each level. This gave us a
cost per mile for level one and Tevel two maintenance in 1983
dollars. These cost figures appear in Tables V and VI.

Not all level one and level two roads receive maintenance every
year. Maintenance on these roads occurs periodically depending on
storm frequency, storm intensity and local geology. Developinga
model to predict maintenance frequency for each level was beyond the
scope of this project. To simplify the allocation of maintenance
funds to the roads the average cost per mile for each level was used.
What this did was take the total yearly maintenance dollars spent for
each level and divide it by the total miles in each level. This

spreads the dollars spent over each of the miles in the system



Table IV,

Inflation Rates
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EQUIPMENT LABOR ©
1979-80 7.5% 6.0%
1980-81 8.9% 5.8%
1981-82 8. 2% 4.7%
1982-83 4,19 4.0%

1Construction Cost Index - Engineering News Record

2U.S.D.A. - wage grade cost of 1iving increases



Table V.

Mapleton Combined Level 1 Maintenance Costs

ACTIVITY ~ MILES _UNITS EQUIP- 2 LABOR  ToTaL cost! 29T
CODE  OF ROAD TREATED MENT COST COST COST __ MILE

gf&gING 18.40  21.70 2404.40 2075.28 4479.68 70.77 29
;fgg# -~ 3.10 740.0 1438.29 1058.38 2496.67 39.44 16
1085 My CNTR, 4-20 1746.0 1719.94 1895.36 3615.30 57.10 23
G040 oy  6-30 33.0 349.70 568.95 918.65 14.51 6
S ooy 1.0 50 1081 5234 6305 1.00
3900 o 0.7 1.0 8.17 18.48 26.65 0.42 O
2080 wacy  18.50 184.0 1260.83 1159.04 -2419.87 38.23 15
sl o 3.20  3.52 4416 296.14 340.30 5.38 2
2900t 1.0 0.6  33.98 56.01 89.99 1.42 1
SUA PR 0.6  50.0 191.58 110.71 302.29 4.78 2
300 6.9 6.50 402.52 322.42 724.94 11.45 4
e 0.2 0.4 5.50 18.41  23.91 0.38 0
gEEODITCH 0 0 0 0 0 0 0
SRS DISP 0 0 0 0 0 0 0
6010 ucT  1.80 1.2 65.67 123.28 188.95 2.98 1
TOTALS 7935.55 7754.80 15,690.35 247.87

Average total system miles for Level 1 = 63.3

1

Total cost/63.3 miles

2Inc1udes materials costs
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ACTIVITY MILES  UNITS EQUIP- 2 LABOR  TOTAL  cOST! ?JIZ]
CODE  OF ROAD TREATED MENT COST COST COST __ MILE

BLADING 207.9 215.8 18529.13 16614.47 35143.60 133.02 35
SLorE My 35.80 4434.0 5572.94 4649.00 10221.94 38.69 10
sS85 v CNTR, 67.10 11513.0 12068.59 12025.17 24093.76  91.20 24
J040. oy 7780 487.0 2224.98 3835.87 6060.85 22.94 6
S04l oy 2760 956 75.01 520.91 595.92 2.6
2089 o 9.90 9.0 257.96 1033.92 1291.88  4.89 1
205 wacH  172.80 327.2 7468.39 7949.57 15417.9 58.36 15
ggS;H HAND 12.6 ;7.9  61.57 575.08 636.65 2.41 1
20t 8.30 6.9 180.85 260.44 441.29 1.67 1
L300n 7.0 184.0 436.56 988.45 1425.01  5.39 1
g?}gH MTN 84.6 56.2 2378.81 2244.53 4623.34 17.50 4
- 2.20  2.80 11.80 130.35 142.15 0.54 O
gEEODITCH 0 0 0 0 0 0 0
BRUSH DISP 0 0 0 0 0 0 0
it L—— 7.40 4.0 147.71 804.01 951.72  3.60 |
TOTALS 49414.30 51631.77 107,046.1 382.46 100
Average total system miles for Level 2 = 264.2

ITotal cost/264.2 miles

2Inc]udes materials cost
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equally for both levels. This was necessary because we only had five

years of data with an eighty year rotation.

Reconstruction Costs

Needed for each of the three alternatives were costs for recon-
structing.the road systems prior to harvesting. For alternative one
a reconstructfon cost would be needed for upgrading a road from level
two to level three. For alternative two the needed costs were for
upgrading from level one to level three. For alternative three the
reconstruction cost would be for a complete rebuilding of the road
system following the obliteration of the road after harvesting. Cost
figures obtained from the Forest Service Régiona] Office in Portland,
Oregon (3) were from the Umpgqua National Forest in southwest Oregon.
These costs were almost identical to similar costs obtained from the
Mt. Hood National Forest in north-central Oregon. The Umpqua has
terrain similar to both the Willamette and Siuslaw Forests. Because
the costs collected were similar to other forests in the Region it
will be assumed these costs can be used on both districts in this

study. The average reconstruction costs for each alternative are:

Alternative Average Range

Alternative 1 $3,500/mile $1500/mi1e-$10,000/mile
Alternative 2 $5,000/mile $2000/mile-$15,000/mile
Alternative 3 $33,000/mile $16,000/mile-$44,000/mile

These average reconstruction values have wide variances. The

individual values varied as much as 200 percent from the average.



27

These reconstruction values are the weakest part of the analysis and
subject to the most variation. Unfortunately, these were the only

numbers obtainable within the scope of this project.
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ECONOMIC ANALYSIS

With a11 of the data collected and analyzed a present value for
each alternative could be calculated. The costs that occurred in
each year of the rotation diagrammed in Figure 3 were discounted back
to the beginning of the rotation. The current Forest Service real
planning interest rate of four percent was used for discounting.
Future inflation was not used in the present value calculations. All
costs occur at the end of the year. A present value was calculated
for each activity gode for both levels, for each reconstruction cost
- and for the cost to obliterate the roads in alternative three. For
alternatives one and two the sum of the present values for the main-
tenance activities and the reconstruction results in the total
present value. The total present value for alternative three is the
sum of the discounted obliteration and reconstruction costs. Tables
VII and VIII show the total present values for each alternative and
activity code.

With the present values calculated for each activity code it is
easy for a road manaéer to make a quick total present value calcula-
tion without selected activity codes. For example, if a road manager
was interested in seeing the effect of not blading the system, he
would only have to subtract the present value of blading from the
total present value. This aliows the reader to quickly calculate
further maintenance options by including only the desired activity

codes. Caution should be taken in changing the present values for
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the different activity codes. The activities listed are not inde-
pendent. Changing one activity might not change other values in the

next year but over a rotation it is bound to have some effect.

Cost/Revenue Comparison

To illustrate the effect that maintenance costs have on the
value of timber, a comparison was made using different logging
systems and various timber volumes. Road densities of five and three
miles per section were used to figure total éosts. The five miles
per section is a typical average for highlead and ground based
systems and the threé miles per'section is average for long-span sky-
line and multispan systems (12). The present value total cost can be
calculated by multiplying the miles of road by the cost per mile.
This figure will vary by maintenance alternative but will be the same
regardless of the volume of'timber served by the roads. These
present value costs can be seen in Tables IX-XII.

The present value of the timber revenués were calculated with an
average bid price of Forest Service timber sales for the westside of
Oregon and Washington (8). This bid price is $131.56 per thousand
board feet and is an average for all species. The bid price incor-
porates all logging systems and road construction. The present
values for the timber were figured according to the rotation diagram
in Figure 3. Al1 revenues occurred at the end of the year and were
discounted back to the beginning of the rotation. These revenues

were figured with three different volumes per acre. These volumes
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per acre represent approximate volumes for Site Classes II, III, IV
(5). The present values of the timber revenues varied with differing
volumes but did not change by district or road density{ .The timber
revenues for the first and second alternatives are the same because
the harvesting occurs at the same intervals. These present value
revenues can be seen in Tables IX-XII. The cost/revenue ratios for

each maintenance alternative is compared to volume per acre in

Figures 6-8.
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Figure 6. Cost/Revenue Ratio Alternative 1
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Figure 7. Cost/Revenue Ratio Alternative 2
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RESULTS

Because the nature of the two districts is so different the
maintenance costs for each level should be expected to be different.
The maintenance costs presented amount to a regression relationship
with maintenance level being the lone independent variable. In
reality there are many more variables which could affect the cost
values. Factors such as road grade, landtype, elevation, precipita-
tion and type of road construction all may have an effect on needed
maintenance.The Mapleton District has more unstable ground and a
greater brush control problem. Also, a good portion of the Sweet
Home District receives snow rather than rain during the winter months
which results in a lower incidence of slope failure as evidenced by a
larger expenditure for sluff removal at Mapleton. It is beyond the
scope of this project to analyze these variables. In spite of these
factors the level one maintenance cost seemed high on the Mapleton
District. Part of this could be attributed to the blading cost. The
Sweet Home District did no blading on level one roads.

The economic results of this study were somewhat surprising.
fhe average figures from these two.data sets indicate that it is more
economical, based on present value, to leave a road system open and
maintain at level two than it is to close and reopen roads for each
reentry. It would be difficult to say whether alternative one or two
is economically superior to the other within the variability of the

data collected. The present values for both sets of data are very
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close. On the Mapleton District the difference between these two
alternatives is very small. On the Sweet Home District there is a
greater spread between the first two alternatives. The end result is
still the same. It is more economical to leave roads open than it is
to close and reopen with each entry. The reason for the larger
spread between alternatives is that the average cost for each level
of maintenance is lower at Sweet Home than on the Mapleton District.
This Tower maihtenance cost gives greater weight to the reconstruc-
tion costs which results in a greater spread in the present values of
the two alternatives for the Sweet Home data. |

Clearcutting the entire érea and obliterating the roads was by
far the economically superior alternative. The costs for this
alternative were 15 to 24 percent of the costs for the other two
alternatives. This range depended on which district was considered
and whether the'roads were closed or 1eff open.

When comparing the cost for maintenance to the total timber
revenues the maintenance costs mgke up a small percentage of the
total revenue. As would be expected, the larger the timber volumes,
the smaller the percentage for a given density of roads. For the
third alternative the percentage was very low regardless of the
timber volume. For the first two alternatives as the timber volume
decreased the percentage went up rapidly. These results are demon-
strated graphically in Figures 6-8. Because the bid price used to
calculate the revenues was an average value the logging cost asso-

ciated with it is also an average of all logging systems. Therefore
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timber revenues are the same for each logging system for a given
timber volume. It is not known how important different bid prices

for different logging systems would affect the results.
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SUMMARY

The results of this study reveal two major implications. The
analysis indicates that it is not economically better to close roads
after harvest if reentry is anticipated in the short term.. Thesg
results also demonstrate dramatically the economic benefit of clear-
cutting the entire area served by the roads and then obliterating the
system for the Tength of the rotation.

Looking at the first of these observations the outcome depends
more on the reconstruction cost than on the maintenance cost. From

"Tables VII and VIII the present value of the road reconstruction is
much higher than for the road maintenénce. Therefore if the road
reconstruction values change depending on the terrain, either of the
first two alternatives could be better economically. For example, a
road in an arid climate and flat terrain would be very inexpensive to
rebuild. In this case the reconstruction costs would be so low
that the maintenance values would be the dominant cost and determine
the best economic outcome. It would probably be cheaper to close the
roads and reopen them for reentry.

Conversely, for a road in steep unstable terrain, it you would
probably be better to leave the road open because the road recon-
struction costs would be high. In this case, by closing the road the
system would deteriorate much faster than if the road was left open
and maintained. The reconstruction costs for the closed road would

be much higher than the -open road. The reconstruction costs would be
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more dominant than the maintenance costs and the present value for
the open road system would be lower. Using the average results from
this study it appears that leaving roads open is better economically.
But these results do not give a definitive best option. The bresent
values are close and within the reliability of these numbers, no best
alternative can be surmised from the first two alternatives. The
third alternative is by far the best economic alternative. Under all
conditions this will be the cheapest option.

Only economics is considered in the analysis of these alterna-
tives. No value has been placed on other resources. In true multiple
use management the third alternative will rarely happen. Clear-
cutting an entire area would have a large effect on wildlife habitat,
stream quality, fish habitat and the soil. In areas ménaged primari-
ly for timber, such as private land, this alternative has to look
appealing from an economic standpoint. Evén if a reentry was made in
the middle-of the rotation for silvicultural work, this would very
1ikely stil1 be the best alternative.

As seen in Tables IX-XII, the cost of maintaining and opening
roads is a very small percentage of the total timber revenue. Al-
though the percentage is small, present value costs of up to
$75,000/section are nothing to dismiss lightly. What this means is
if you put $75,000/section in the bank at the start of the rotation
you would have enough money to pay for your maintenance and recon-

struction, not considering inflation.
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As.mentioned previously, the results of this study were intended
to be used as a tool by road managers and decision makers to help
decide how forest roads should be maintained. It appears that in
most cases, fof westside forests in Oregon and Washington that
whether a road is left open or closed, the economics are very similar
with a slight edge going to leaving them open. This means that other
multiple use factors such as fire control, wildlife, water quality,
administrative access and public opinion will carry greater weight
because of the similarity of the road maintenance economics.

During data collection it was discovered that information from
past years has a tendency to get erased, lost or forgotten. The RMIS
system does not summarize activities and costs by maintenance level.
The nature of the Forest Service organization encourages personnel
promotion by transfer of duty station. Because of this when a road
manager transfers much information goes with him. For these reasons
maintenance data collection on Forest Service road systems is diffi-

cult.
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SUGGESTIONS FOR FURTHER RESEARCH -

Nothing could be found comparing the economics of leaving roads
open versus closing them. Possibilities for further research in this
area are large. This study just scratches the surface on this topic.
Thg data collected was far from absolute, which can be attribﬁted
partially to the maintenance summary system used by the Forest Ser-
vice., The system is cumbersome and complex, although the process
seems to be getting streamlined through gradual change. A better
working knowledge of the system by technicians on the ground will
also improve the quality of the cost data. From the data collected
for this study, it seemed that the quality of the summaries increased
with each passing year, especially at Sweet Home.

One other problem encountered was lack of information from past
years. For further research to be done in this area quality informa-
tion from the past must be retrievable. With good information more
detailed and complex studies can be done. Also, results of this
study are only applicable to the westside of Region 6. Other studies
could be done on the eastside and other regions. As future studies
develop, other resource values éan be considered a16ng with road
costs.

As can be seen, there is considerable work that can be done in
this area. It is hoped that this project is a starting platform for

additional , more complex, study in this area.



10.

11.

12.

47

REFERENCES

Engineering News Record. 1979-1983. Construction Cost Index.

Fulton, John. 1984. Personal Communication. USDA Forest Ser-
vice, Siuslaw National Forest. '

Hessel, Al. 1984. Personal Communication. USDA Forest Ser-
vice, Pacific Northwest Region.

Hoyt, Jim. 1984. Personal Communication. USDA Forest Service,
Mapleton Ranger District.

McArdle, Richard E. 1961. The yield of Douglas-fir in the
Pacific Northwest. USDA Forest Service Technical Bulletin No.
201.

Roberts, Jim. 1984. Personal Communication. USDA Forest Ser-
vice, Umpqua National Forest. '

Sowa, Richard. 1984. Personal Communication. USDA Forest Ser-
vice, Santiam Engineering Zone.

USDA. Forest Service 1983 2400-17 Summary, Region 6.

USDA. Forest Service Wage Rate Schedule 1979-1981. Southern
Oregon.

USDA. Forest Service. 1984. Road Maintenance Manual.

USDA. Forest Service. 1984, Road Maintenance Information Sys-
tem. Region 6.

USDA. Forest Service. 1984. Forest Engineering Institute
class notes. :



