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A complex and sometimes serious problem facing modern day forest
managers is that of estimating and analyzing potential on-site impacts
which result from forest activities. A major type of adverse impact
is man-initiated forest erosion. This consequence can be substantially
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steep, sometimes unstable terrain, characteristic of much of our
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The objective of this study was to develop an analysis methodology
and a decision model which will assist in evaluation of timber harvest
and forest road alternatives and the potential scope of concomitant.
erosion consequences. The study effort consisted of four distinct
parts: 1)‘ development of probability functions for seven individual
erosion events; 2) structuring a system model which simulates timber
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associated with the erosion potential of each harvest and road



for expected road and slope erosion events.
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and road capital components and erosion consequences can be integrated
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A STOCHASTIC ANALYSIS OF EROSION AND ECONOMIC IMPACTS
ASSOCIATED WITH TIMBER HARVESTS AND FOREST ROADS

I. INTRODUCTION

Man's growing use 6f forest resources is creating increased
potential for adverse site impacts. A major type of adverse impact
is man related erosion events. Building road networks to provide
forest access and managing land for activities such as timber harvest-
ing can result in increased erosion levels. This reality magnifies
as man begins to utilize more forest acreage that is both very steep
and highly unstable. Such increased erosion potential may have
severe consequences for any management entity responsible for
land being so treated. Erosion events can reduce site productivity,
delay area treatment, destroy capital investments, disrupt multiple
use objectiﬁes, and create severe public reactibns. |

Current methodology for analyzing the costs and benefits of a -
projected forest use is not adequate for considering several of these
key impacts. In many cases, managers do not have either the know-
ledge or the tools necessary to weigh properly alternative harvest
and road plans. Due to a combination of reasons, there has
been a surprisingly small amount of systematic and duantitative
research of harvest returns, road costs, and potential erosion
impacts. Because harvesting is a major source of capital and
roads a major source of capital investment, as well as forest
erosion, managers require more refined knowledge and analytical tools
to evaluate costs and benefits of various alternatives.

The limiting alternative constraints are: road cOnstrucfion

costs; maintenance costs; forgone access cost; harvest costs; silvi-



cultural systems employed; or erosion potentials anticipated. How
can these be identified, quantified, and integrated into the decision
making process? Can potential access and harvest requirements be
analyzed in terms of each user's best set of harvest constraints?
When some, or all, of such perplexing questions can be answered,

more sound timber management decisions will be made. Such decisions
will lead to better capital investment and more stable environmental
conditions. The appropriate knowledge, tools, and analysis method-
ology would seem to be critical inputs into the decision making
process.

Study Objective

The purpose of this study is to develop and demonstrate a
methodology which will integréte potential erosion consequences into
the bundle of costs and benefits associated with a projected forest
use. 1 selected timber harvesting and associated road activities,
with their concomitant erosion potentials, as the forest use/erosion
“impact combination for analysis. The 'relatively high level of
quantitative understanding of harvest and road operational costs
and benefitsbwas the determining factor in selection of timber
harvesting as a basis for analysis. Any other specified forest use

could be studied in a similar manner.
Study Scope
Aristotle's famous syllogism:
All men are mortal.

Socrates is a man.
Therefore: Socrates is mortal.

is an application of science which produces deductions on the par-



ticular from hypotheses about the general. The hypothesis that all
men are mortal is an "a priori" first principle that leads to the
conclusion on Socrates' mortality. The deduction depends on non-
rejection of the hypothesis, the definition of Socrates as being a
man, and the rule that all members of a class have like characteris-
tics. That Socrates is a mortal is a prediction you should be able
to observe in the real world. Hence, a major product of science is

the conclusion on the particular derived from the perception of the

general in which both are tentative, relying directly on the relia-

bility of the general (Warner, 1958 and Larabee, 1964).

I initiate discussion on my study scope with this apparent
tangent to underscore a significant, but very subtle point. Most
related forest eco-system research involves study of the particular
with no, or extremely cautious, inference to the general. The
rationale for this approach is that the very complex nature of the

forest eco-system and man's interaction with it prevents one from

formulating general hypotheses and deducing to the most unique par-
ticular., I believe, on the contrary though, that common factoré
abound that will allow us to apply the Aristotlean method. Our task
is to identify these factors and hypothesize about their binding
relationships. Once such hypotheses are proffered we must attempt

to refute them by then testing them against observations on the
.particular (Popper, 1957). For example, we may deduce and test rela-
tionships between specified erosion events and selected on-site

variables in the following manner:



Define: slope "A" as a non-cohesive soiled, steep slope,
Rule: All members of a class have like characteristics,
Syllogism:

"a priori" first principle:

All non-cohesive, steep slopes are debris avalanche prone.

Slope "A" is a non-cohesive soiled, steep slope.
Therefore: Slope "A" is debris avalanche prone.

Our task is then to observe slopes of type "A" over time and observe
whether or not they are prone to the designated event. If they are,
we do not reject the hypothesis; 1f they are not (at some level of
significance) we do reject the hypothesis and begin again.

With this philosophy as a guiding method I divided my study into
four general areas. The first two allowed for formulating the "a
priori" first principles regarding hypotheses relating certain ero-
sion events and specific on-site variables. The second two areas
helped determine the form of deductions for a specific site,based
on the appropriate hypotheses, rules and definitioms.

My initial step involved identification of on-site variables
that appeared at the outset to be generally related to certain well
‘defined erosion events. This was accomplished by careful review of
previous erosion research and close personal contact with a series
of noted erosion specialists.

Secondly, I developed probability functions relating the on-
site variables and the specified erosion events. This was accom-
plished by utilizing special survey/interview techniques to
obtain empirical estimates of erosion probability schedules from a
composite set of specialists: materials engineers, hydrologists,
soil scientists, fisheries biologists, geologists, logging engineers,

road engineers, and forést managers. These schedules were used in



conjunction with a hydrologic model of a selected Western Oregon
watershed to develop the family of "a priori" first principles: the
appropriate probability functionms.

My third step involved structuring a system model which simu-
lated harvest and road alternatives over a rotation of nearly 90 years.
The products from this model included annual: timber removals, road
miles constructed/reconstructed, and estimates of sizes and numbers

of each erosion event. These outputs were all "expected" values and

they were determined for a variety of harvest and road alterna-
tives.

Finally, I applied economic analysis techniques to estimate net
costs and benefits associated with products of the simulation model.
Estimates obtained included annual and present net worth values for:
timber revenues, direct harvest costs, direct road construction and
maintenance costs, site preparation and regeneration costs, recon-
struction costs (due to erosion damage to roads and road structures),
and site productivity costs (due to volume and growing time losses).
Significantly different in this economic valuation was the inclusion
of formerly unspecified estimates of capital expenses to the land
manager and his timber production system due to erosion events affec-
ting that system over a rotation.

The scope of my project ranged from formulating '"a priori" first
principles relating defined erosion events and selected on-site
variables to deductions on what we should observe in the real world
for a particular site. Because of the time element involved with

the stochastic nature of geological phenomena, I was not able to



submit these deductions to an adequate test for refutation. Long

periods of time and periodic observations are necessary to provide

reasonable tests. I, and hopefully my colleagues, will include this

as a part of future research efforts.

Study Procedure

Accomplishing the purpose of this study within the scope out-

lined involved eight steps:

1)

2)
3)
4)

5)

6)
7)

8)

selecting a set of erosion events and appropriate on-site
variables,

obtaining empirical probability schedules,

determining a study area and acquiring a physical data base,
developing a hydrologic model for the study area,
establishing the form of erosion probability fumctions
tailored to the study area,

identifying and outlining the harvest and road alternatives,
building a simulation model for the alternative set,

estimating the cost/benefit bundle for each alternative.



II. DEFINING THE PROBLEM TYPE AND
METHOD SELECTED FOR ANALYSIS

Initial study efforts were directed at developing a method for
determining the probability relationships for several types of erosion
events and a wide variety of possible on-site eco-system condiﬁions..
The problem encountered was the classical '"uncertain, no-data' type
described by Halter and Dean (1971). A recommended approach for
solving this problem employs Bayesian analysis through use of

"Bayes' Theorem'':

P(EVj) P(SSIEVj)
P(EVjISS) =
P(EVl)P(SSIEVI) + ... +P(EVn)P(SS|EVn)
where:
EVj -------------- erosion event j,
SS -- - on-site eco-system condition,
P(EV ISS) -------- posterior probability of erosion event j occur-
3 ring on sites with eco-system condition SS,
P(Evj) ----------- prior probability of event j occurring anywhere,
P(SSIEVj) -------- likelihood of forest site with eco-system condi-

tion of SS being associated with all historical
events j: called conditional probability of SS
given EVj has already occurred.

This chapter defines the types of erosion events and on-site
variables and variable states selected for this study. Subsequent
chapters develop the probabilistic relationships based on these event
sets and on-site variable states which are required for application
of "Bayes' Theorem'". This theorem and the conditional probability

relationships specified then serve as the key components of the forest

erosion modei developed in this study.



Selecting Erosion Events and
Appropriate Physical Variables

The process of analyzing erosion events was divided into two dis-

tinct parts: 1) erosion events associated with or caused by forest

roads; and 2) slope erosion not associated with forest roads. Forest

road erosion was defined to consist of four mutually exclusive and

exhaustive events (McNutt, 1974):

1)

2)

3)

4)

Off road erosion - any erosion event occurring due to the
presence of a forest road but not affecting that road bed
or surface (travelway cross section).

Road damage - any erosion event occurring due to the
presence of a forest road that disrupts up to 50 percent
of that road bed or surface (travelway cross section),

Road failure - any erosion event occurring due to the
presence of a forest road that disrupts more than 50
percent of that road bed or surface (travelway cross section),

Nothing - actually a non-event, but occurring whenever
none of the three ''events' are present.

Slope erosion was defined to consist of five mutually exclusive and

exhaustive events (Bailey, 1971):

1)

2)

3)

4)

Rockslide - downward and usually rapid movement of newly
detached segments of the bedrock sliding on bedding, joint
or fault surfaces or any other plane of seperation.

Debris avalanche/flow - sudden downslope movement of the
soil mantle on steep slopes (such as headwalls). Usually
leaves a gully like erosion scar,

Slump/earthflow - combination of processes of sliding and
flowing. Upper part slides downward in one or more blocks
that commonly rotate slightly about the axes that are
horizontal and parallel to the slope. Lower part flows as
a viscous fluid, - :

Creep - slow (very) more or less continuous downward and out-
ward movement of slope forming soil or rock. Movement pro-
duces deformation and shifting of slope mantle, but does

not result in failure,
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5) Nothing - actually a non-event, but occurring whenever none
of the four "events' are present.

Eight independent variables were identified to represent the kcv

physical factors related to road erosion events:

1) Road Age - there are four variable states:

a)
b)
c)
d)

0-5 years,
6-10 years,
11-20 years,
21—+ years.

2) Road Standard - there are two variable states:

a)

b)

Secondary --- usable width - 12 feet
maximum subgrade width - 16 feet
maximum curve radius - 50 feet
maximum favorable grade - 25 percent
maximum adverse grade - 20 percent
average number of curves/mile - 20
average number of cleared acres/mile

Primary --- usable width - 20 feet

maximum subgrade width - 24 feet
minimum curve radius - 100 feet
maximum favorable grade - 18 percent
maximum adverse grade - 12 percent
average number of curves/mile - 10
average number of turnouts/mile - 0
average number of cleared acres/mile - 1¢i-

3) Road Surface - there are two variable states:

a)
b)

Gravel - designed for all weather use,
Spot Stabilized - designed for dry weather use-.

4) Slope Class - there are four variable states:

a)
b)
c)
d)

0-20 percent,
21-50 percent,
51-70 percent,
71—+ percent.

5) So0il Type - there are four variable stateé:

a)

Shallow non-cohesive ---- 0-20 inches of unconsoli-
dated soil materials (potential effective rooting
zone) in unified soil classification system cate~
gories: GW, GP, GM, GC, SwW, SP, SM, and SC,
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b) Deep non-cohesive ~--- 21—+ inches of unconsolidated
soil materials (potential effective rooting zone) in
unified soil classification system categories: GW,
GP, GM, GC, SW, SP, SM, and SC,

¢) Shallow cohesive ---- 0-40 inches of unconsolidated
soil materials (potential effective rooting zone) in
unified soil classification system categories: ML,
CL, OL, MG. CH, OH, and PT,

d) Deep Cohesive ---- 41-+ inches of unconsolidated
soil materials (potential effective rooting zone)
in unified soil classification system categories:
ML, CL, OL, MG, CH, OH, and PT.

6) Landform Class - there are four variable states:

a) Headwall slope ---- bowl shaped area with slopes
usually in excess of 75-80 percent at or near the
ridgetop in the upper reaches of a drainage,

b) Hummocky slope ~--- area with warped appearance,
usually associated with past slumps, many small lakes
and or undrained depressions,

c) Streamside slope ~--- any slope that is neither a
headwall nor a hummocky slope and is inclusive of
all acreage 150 feet either side of Class I and II
streams and 50 feet either side of Class III and IV
streams (USFS stream classification),

d) Normal slope ---- any slope that is neither a head-
wall, a hummocky, nor a streamside slope.

7) Bedding Plane cétegories - there are five variable states:

a) Dips steeply with the slope, < SLOPE

b) Dips gently with the slope, %—SLOPE

¢) Horizontal bedding, «-SLOPE

« SLOPE
d) Dips gently against the slope,
e) Dips steeply against the slope. « SLOPE

8) Slope Structure categories (relating to fracturing or jointing
angles) - there are five variable states:

a) Fractured steeply with the slope,
<« SLOPE
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b) Fractured gently with the slope, < SLOPE
c) Horizontal fracturing, < SLOPE

d) Fractured gently against the slope, “SLOPE
e) Fractured steeply with thg slope. < SLOPE

/

Eight independent variables were identified to represent the key

physical

1)

2)

3)

4)

factors related to slope erosion events.
Average Age Main Timber Type - there are five variable states:

a) 0-5 years,

b) 6-10 years,

c¢) 11-20 years,

d) 21-40 years,

e) 41-80(+) years.

Harvest Method - there are four variable states:

a) Skyline (one-end suspension),

b) Helicoptor,(complete suspension),
c) Highlead(full-length skidding),

d) No harvesting (previous 20 years).

Silvicultural Method - there are three variable states:
a) Clearcut (includes patch cut),
b) Partial cut (less than 70 percent removal),

c) Natural forest (never harvested).

through 8) are the same variables (4-8) as identified for
road erosion, but are tailored to slope erosion events.

Selection of the four road erosion events, five slope erosion

events, and eleven different on-site physical variables does not imply

that these are closed sets. On the contrary, an infinite number of

events, physical variables and variable states could be employed.

However analytical and practical considerations dictated selection of

the sets

indicated. In all cases, the events defined have been illus-
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trated to be highly visible and apparently important in the forest

eco-system. The eleven physical variables have been regularly assoc-

. iated with the events defined, and as such appear initially to be

important factors related to event occurences. Other variables may
be important and can be added to the methodology by any interested
analyst. But, the practical consideration for this study was that for
the road erosion eight variable set and associated variable states
there is a possible 25,600 different combinations, and for the slope
erosion eightlyariable set and appropriate variable states, a pos-
sible 96,000. For an initial analysis and new methodology develop-
ment, I believed that the event, variable, and variable state sets

utilized were theoretically adequate and practically manageable.

For roads: 25,600 = (4) x (2) x(2) x (4) x (4) x (4) x (5)x (5),
or the product of the number of unique variable states. For slope
conditions: 96000 = (5) x (4) x (3) x.(4) x (4) x (4) x (5) x (5).
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III. OBTAINING EMPIRICAL PROBABILITY SCHEDULES

The appropriate erosion probability schedules were obtained by
conducting a survey of selected specialists. Table 1 is a summary
of biographical data for all respondents. The key to the profession-

al codes is:

"TENS" "UNITS"
10 - Academic 1 - Soil Scientist 5 - Logging Engineer
20 - Industrial 2 - Hydrologist 6 - Forester
30 - State 3 - Geologist 7 - Fisheries/Biologist
40 - Federal 4 - Road Engineer 8 - Materials Engineer

(For example: 43 - federal geologist).

I selected this particular sample based on knowledge of pro-
fessional reputation for each respondent. Other professionals could
have been added to the sample, but because the true population size
is unknown, justification of a 'large' or a 'small' sample is not
relevant. Because I was able to contact most known specialists of
repute in a general region from Northern California north to British
Columbia and from Western Oregon east to the Rocky Mountains, I
believe my sample is as representative as reasonably required for this
level of analysis.

The type of analysis to be applled to this "uncertain, no-data
problem” (Bayesian analysis) required information én two different
relationships: 1) estimates of the probability an event occurrence
will be associated with a particular variable state; and 2) esti-
mates of event f;equency probabilities for each selected erosion event
(Halter and Dean, 1971). The method I chose to acquire this sub-
jective probability information involved 'game playing" suggested

by work done in Halter and Dean (1971) and Payne (1951). As noted
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Table 1. Summary data for the Road
and Slopc Erosion Survey

. a
* % % ¥ % Pcrcent time spent on these Problems™ * * % % % %

*
* *
Respon- Years * Road Soil & *  Profes-
dent expe- * Hydro- Harvest- engi- Geo- stabil- * sional
Number rience * logic ing neering logical ity * Code
* *
* *
1 10 70 5 0 5 20 12
2 8 60 0 0 5 35 42
3 14 5 5 5 10 75 43
4 13 4 3 3 20 70 41
5 18 20 30 5 5 40 41
6 13 10 10 10 40 30 43
7 15 10 30 5 0 55 41
8 13 10 10 30 30 - 20 43
9 3 30 20 20 10 20 22
10 10 50 20 5 10 15 22
11 10 20 0 10 5 65 11
12 15 60 20 10 0 10 12
13 5 5 0 30 5 60 48
14 15 5 89 1 0 5 45
15 6 0 5 5 0 90 41
16 15 20 10 5 G 50 48
17 8 35 15 0 0 50 41
18 19 15 15 15 5 50 42
19 13 5 1 30 24 40 48
20 23 25 25 15 ‘10 25 11
21 9 60 20 0 0 20 12
22 15 0 5 5 5 85 21
23 14 0 15 25 0 60 41
24 13 60 20 0 0 20 12
25 n 5 75 5 5 10 46
26 8 0 30 20 20 30 41
27 4 55 0 5 5 35 42
28 4 0 0 0 0 100 46
29 4 10 0 0 50 40 33
30 7 33 0 33 1 33 37
3 15 10 10 10 10 60 42
32 17 20 10 0 30 40 42
33 28 5 10 65 5 15 14
34 4 50 5 5 10 30 47
35 3 5 5 20 20 50 43
Averages 11.486 22.057 14,800 11.343 9.857 41.514

® When working on the five problem areas shown, each respondent's time is divided accordingly.
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previously, the problem was divided into road erosion and slope
(non-road related) erosion components.

Under each of these problem sepments a8 series of questlions was
asked that related a specific erosion event and all variable state
sets, one variable at a time. The "idea" behind each question was to
estimate what variable state is more likely to be associated with a
specific erosion event. Respondents were asked to draw upon all
of their past experience (a composite) and not to refer to any parti-
cular erosion event or special problem. An example of the specific
approach follows.

Instructions: Answer the following questions by drawing upon

all of your past experience. For each question consider only

the two variable states noted in that question and estimate
where the designated erosion event is more likely and least
likely to occur. For each question you will be allocated

$1000 to wager. The entire sum must be wagered for a complete
response to each separate question.

Begin:
Assume - A debris avalanche/flow has just occurred on an
acre of forest land

Variable - Slbpe class

Directions - Answer the three questions circled from the first
six. Answer the seventh question.

1. I wager § the acre of forest affected was on a slope of
0-20%, and I wager §$ it was on one of 21-50%.

(:) I wager $§ 300 the acre of forest affected was on a slope of
51-70%, and I wager $ 700 it was on one greater than 71%.

3. I wager $ the acre of forest affected was on a slope of
21-50% and I wager $ it was on one of 51-70%.

I wager $ 10 the acre of forest affected was on a slope of
0-20%, and I wager §$ 990 it was greater than 71%.

®

I wager $ 150 the acre of forest affected was on a slope of
21-50%, and I wager $ 850 it was one greater than 71%.

©
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6. I wager $ the acre of forest affected was on a slope of
0-20%, and I wager $ it was one of 51-70%.

7. Rank the following according to the most likely category of occur-
rence of the designated erosion event. A ranking of 1 is most
likely and a ranking of 4 least likely.

21-507% Slope 51-707% Slope 0-20% Slope 71-+ Slope
12094 1034 123@® ®234

circle the appropriate number for ranking)

The particular sequence answered by each respondent was randomly
assigned for all question sets. No two questionnaires (90 questions
on road erosion and 136 on slope erosion answered) were identical.

The reader will note that in the example there is a common denomina-
tor relating the three circled questions. The three slope class
variable states: 51-70 percent, 0-20 percent, and 21-50 percent are
all compared with the state: 71-+ percent, one at a time. All ques-
tionnaires included randomly assigned circled sets which had this type
of common denominator property. Possible combinations for this exam-
ple encompass circled sets: 1,4,6 (0-20%); 1,3,5 (21-50%); 2,3,6,
(51-70%); and 2,4,5 (greater than 717). Two key assumptions governed
this approach and the conséquent interpretation. First, the Aristot-
lean method moves from the general to the particular. I hypothe-
sized that all on-site variable states may have a general relationship
with each other within a class and with the specified erosion event.

I then assumed that by obtaining information on several general re-
lationships, all on-site variables separately, one could identify the
particular relationship by specifying the appropriate variable state

combinations which describe a certain forest site.

Secondly, I assumed that the variable states within a single on-
site variable class were mutually exclusive and exhaustive. Therefore,

a wager set as shown in the example indicates the following:
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Question

2. 300/700 is the ratio of the probabilities a debris avalanche/
flow will affect either a 51-70 percent slope or a 71—+
percent slope,

4. 10/990 is the ratio of the probabilities a debris avalanche/
flow will affect either a 0-20 percent slope or a 71—+
percent slope,

5. 150/850 is the ratio of the probabilities a debris avalanche/
flow will affect either a 21-50 percent slope or a 71—+
percent slope.

When a debris avalanche/flow has occurred, the following holds:
Pr(0-20)+Pr(21-50)+Pr(51-70)+Pr(71—+) = 1.00

Or, the sum of the probabilitieé that a debris avalanche/flow affects

one of the slope classes must equal one. Therefore if we divide

both sides of this equation by Pr(71—+) we have:

Pr(0-20) Pr(21-50) + Pr(50-70)
Pr(71-+)  Pr(71—) Pr(71-+)

Pr(71-+) _ 1.00
Pr(71-+4) Pr(71+)

+

and substituting:

10 . 150 . 300 1.00
990 Y850 T 700 T ! ® pr(7i9)

Then solving first for Pr(71-+) then the other probabilities yields:
Pr(0-20) = .006 Pr(21-50) = .110
Pr(51-70) =.267 Pr(71—+) = .623
All respondents' replies were set forth in this context and
manipulated as indicated. The results for the example are inter-
preted:
when a debris avalanche/flow occurs, the wagering
indicates the subjective probabilities for it to
affect a 0-20 percent, 21-50 percent, 51-70 percent
or 71-+ percent slope class are respectively: .006,
.110, .267, and .623. These are called conditional
probabilities; given the condition that a debris

avalanche has occurred, what is the probability it
struck each state.
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The means and standard deviations for the 35 sample survey on
road erosion and slope erosion events and all noted on-site vari-
ables and variable states are illustrated in Tables 3-6. A complete
data listing for each respondent's replies and sample questionnaires
are on file in the Forest Engineering Department at Oregon State
University(OSU). Data results on the ranking questions (question type
number seven of the example) are not reported. This question type
was a 'blind question" utilized to avoid obvious inconsistencies
and data manipulation errors.

Table 7 reports the results obtained for the second major cate-
gory of information required to apply Bayesian analysis: estimates
of event frequency probabilities. A similar approach to that demon-
strated in the previous example was employed. Respondents were given
a precondition of general climatic situation: 1) dry, 2) normal wet,

and 3) abnormal wet. A temporal and space constraint of per month, per

mile and per month per acre was established for the road erosion

and slope erosion events respectively. The "idea' behind each ques-
tion was to estimate for all possible road miles (forest acres)
conceivable, what proportion would experience a specified erosion
event in a one month period under the designated climatic conditioms.
Note that one possible outcome in each event set - road and slope
erosion - is "nothing". Because not every forest mile, nor every
forest acre, experiences an "active' eventevery month, this 'non-
event" type was included to provide mutually exclusive, exhaustive

event sets. A typical question was:



Table 2. Key to Parameter Identification .

Road Erosion Events

Tl - Nothing

T2 - Off Road Erosion
T3 - Road Damage

T4 - Road Failure

Road Standard

S1 - Secondary

S§2 - Primary

Road Age (years)

Rl - 0-5

R2 - 6-10

R3 - 11-20

R4 - 21- +

Soil Type

V1l - Shallow non-cohesive
V2 - Deep non-cohesive
V3 - Shallow cohesive
V4 - Deep cohesive

Bedding Plane Dip

Slope Erosion Events

D1 - Nothing

D2 - Rockslide

D3 - Debris Avalanche Flow
D4 - Slump Earthflow

D5 - Creep

Road Surface
Ml - Gravel
M2 -~ Spot Stabilized

Slope Class (percent)
Ul - 0-20

U2 - 21-50
U3 - 51-70
U4 - 71 -+

Landform (Slope)

W1l - Normal

W2 - Streambank
W3 - Hummocky
W4 - Headwall

Bedding Plane Fracture Angle

X1 - Steeply with slope Y1l - Steeply with slope
X2 - Gently with slope Y2 - Gently with slope

X3 - Horizontal Y3 - Horizontal

X4 - Gently against slope Y4 - Gently against slope
X5 - Steeply against slope Y5 - Steeply against slope
Average(sgzrz;in Timber Harvest Method

=05 H1 - Skyline

E2 - 6-10 H2 - Helicopter

E3 - 11-20 H3 - Highlead

B4 - 2140 H4 -~ No harvest

ES - 41-80- + (20 years)

Silvicultural Method

Cl - Clearcut

C2 - Partial cut

C3 -~ Natural Forest
(never cut)

19



Table 3. Probability Table for Road Erosion
Events and Four On-Site Variables,

20

EVENTS EVENTS
Road T2 . T3, T4, Slope T2, T3, T4
Age x/o /o x/o Class X/o x/o x/o
Rl .58/.16 .49/.15 .48/.17 Ul .06/.06 .07/.06 .06/.04
R2 .24/.10 .25/.08 .25/.11 U2 .13/.07 .16/.09 .,16/.09
R3 .10/.06 .14/.08 .14/.11 U3 .26/.11 .28/.07 .28/.11
R4 .08/.06 .12/.06 .13/.07 U4 .55/.19 .49/.15 .50/.17
L 1.00 1.00 1.00 z 1.00 1.00 1.00
EVENTS EVENTS
Road T2 ~ T3~ T4 ~ Road T2~ T3~ T4 -
Stan - x/o x/o x/o Sur - %/o x/o X/o
dard face
S1 .36/.12 .38/.18 .40/.21 Ml JA4/.11  W45/.14  .43/.13
S2 .64/.12 .62/.18 .60/.21 M2 .56/.11 .55/.14 .57/.13
T 1.00 1.00 1.00 L 1.00 '1.00 1.00
X = mean
o = standard

deviation
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Table 4. Probability Table for Road Erosion
Events and Four On-Site Variables.

EVENTS EVENTS
So1l T2. 3. T4 . Land- 2. 3. T4,
Type x/oc x/o x/o form x/o x/o x/o
vl .35/.17 .30/.18 .24/.13 Wl .11/.08 .11/.07 .12/.10
V2 .24/.11  .24/.12 .28/.15 W2 24/.14 .25/ .14 .23/.13
v3 .20/.09 .20/.09 .19/.11 W3 .21/.13 .25/.14 .26/.15
V4 .21/.13 .26/.16 .29/.18 W4 447,17 .39/.18 .39/.19
z 1.00 1.00 1.00 pX 1.00 1.00 1.00
EVENTS EVENTS

Bedding »

Plane T2. T3. T4. Fracture T2. T3. T4 .
Dip x/o x/o x/o Angle x/o x/o x/o
X1 40/.17  .40/.15 .46/.19 Y1 417,19 .44/.17  .43/.16
X2 .20/.06 .21/.07 .19/.08 Y2 .21/.08 .20/.07 .22/.08
X3 .17/.08 .17/.09 .15/.09 Y3 14/.06 .13/.06 .13/.07
X4 .12/.05 .12/.10 .11/.05 Y4 .13/.07 .11/.05 .11/.05
X5 .11/.07 .10/.07 .09/.06 Y5 .11/.08 .12/.08 .12/.08

b 1.00 1.00 ©1.00 pX 1.00 1.00 1.00
X = mean
0 = standard

deviation
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Table 7. Event Frequencies for Road
and Slope Erosion Events.

ROAD EROSION EVENTS

24

Climatic T1. T2. T3. T4,

Condition x/o %/o x/o x/o T

Dry .95/.06 .02/.03 .02/.03 .01/.02 1.00

Wet .58/.31 .22/.19 .13/.12 .07/.09 1.00

Very Wet .32/.30 .32/.21 .22/.15 14/.14 1.00
SLOPE EROSION EVENTS

Climatic D1, D2, D3, D4, D5,

Condition x /o x[o x [ x[o X [o I

Dry .93/.06 .02/.03 .01/.02 .01/.01 .03/.03 1.00

Wet .53/.29 .07/.08 .11/.11 .10/.08 .19/.15 1.00

Very Wet .36/.27 .19/.18 .19/.18 .15/.13 .23/.20 1.00

= standard
deviation
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Given a dry climatic state, a perspective of per acre,
per month, $1000 to wager, and the knowledge that one
of the two events noted in each question has occurred --

I wager $§ 995 nothing occurred and 1 ﬁager
$ 5 that a debris avalanche occurred.

A total of 27 questions of this type, 12 on road erosion and 15 on
slope erosion events, was asked each survey respondent. All respon-
dents' replies were manipulated exactly as described for the variable
state question sets previously discussed. The resultant probability
entries in the matricies in Table 7.areé interpreted:

when the monthly climatic condition is "wet" (pre-condition),
each mile of road has a probability of 0.58, 0.22, 0.13, and
0.07 for nothing, off road erosion, road damage, or road
failure to occur respectively. Each acre of forest land has

a probability of 0.36, 0.19, 0.19, 0.15, and 0.23 of being
affected by nothing, a rockslide, a debris avalanche flow, a
slump earth flow, or a creep acceleration. These are "univer-
sal" or "average" probabilities for what one would expect for
all road miles and all forest acres.

The output from the 18 probability matricies in Tables 3-7
provide the "a priori" first principles regarding road and slope
erosion. That is to say they provide the hypotheses on the general,
variable states taken individually, which can be utilized to dediuce
outcomes on the particular, variable state combinations. The
purpose of the remaining portion of this study is to demonstrate a
process of deduction and an estimate of consequences of the deduc-

tive sets.
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IV. DETERMINING A STUDY AREA AND
ACQUIRING A PHYSICAL DATA BASE

After careful reconnaissance, I selected a study area on United
States Department of Agriculture, Forest Service (USDA FS) land in
Western Oregon assigned to the Smith River Ranger District, Siuslaw
National Forest. The specific study site is a 3500 acre tract
located in the Smith Umpqua land block just east of the confluence
of the Smith and Umpqua rivers. The tract, called Harvey Creek
Drainage, is annotated on the map in Figure 1.

The topography is highly variable and the soils are fragile and
unstable. Burroughs, et al (1973) have characterized the erosion
problen as one dominated by debris avalanche/flows. The basic for-
mation is that of bedded sediments found in the form of sandstone
bedrocks. The basic soil formations are Tyee and Yamhill, and the
area is characterized by steep slopes, and sharp ridges overlain with
these shallow non-cohesive soils. The landscape is highly dissected
by many stream channels that are very steep near ridge tops. Head-
walls are present throughout the drainage. The tract is quite
homogeneous in these characteristics, and Figure 2 illustrates the
general landform conditions found throughout the drainage
(Burroughs, et al, 1973).

The climate is typical of Coast Range sites. Precipitation
ranges from 75 to 150 inches annually and averages nearly 100 inches.
Almost all precipitation is delivered as rainfall during the period

from October through May.
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FIGURE 2. Block Diagram of Typical
Landform Conditions for the
Harvey Creek Drainage (after Burroughs,

et al, 1973)

A - Mouth of the basin, and steep
headwall area.

B - Steep headwall area below basin highpoint.
C - A basin highpoint with no headwall below.
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The timber is primarily large second growth Douglas-fir (result-

ing from numerous area fires). This 75-150 year old timber serves as
a potentially very valuable standing component of the Siuslaw National
Forest timber resource. llowever, due to area instability, many erosion
problems have emerged during and following recent efforts to remove
some of this prime timber. Because of these problems, the Siuslaw
National Forest suspended temporarily all harvest operations in 1970.
In consonance with this action is a more recent Siuslaw National
Forest decision to conduct a forest wide "Land Suitability Analysis."
The goals of this analysis are threefold (USDA FS, 1974):
1) Determine immediate needs of the land manager to
understand potential risks and hazards to specific
land areas from current timber sale decisionms,
2) Develop a Forest Timber Management Plan which
stratifies the timber growing base into land
suitable and unsuitable for harvesting under
current logging system techniques,
3) Determine the important factors affecting the
suitability and availability of the land for
timber production and the consonant effects upon
other interrelated resources. '
These goals are somewhat synonomous with projected outputs of
my study, hence a close working relationship was established with
Siuslaw National Forest personnel. Satisfying the three analysis
goals required collection and organization of an indepth physical
data base for all Siuslaw National Forest lands. Forest personnel
concentrated their initial efforts in this task on and around my
study area. This led to the compilation of detailed soil surveys,

topographic chartings, and hydrologic and vegetative surveys for

the Harvey Creek Drainage. I have had complete access to this
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physical data base. Additionally, I have supplemented the basic

data with numerous field trips into the study area. These trips
have helped to acquire more information on road conditions, specific
road and slope failures, and general site conditions related to
recent harvest activities. The data provided by forest personnel
was assumed to be accurate except where on-site inspections dicta-

ted significant changes.
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V. DEVELOPING A HYDROLOGIC MODEL

FOR THE HARVEY CREEK DRAINAGE

Water plays a key role in determining erosion potential. The
rationale for building a hydrologic model was to simulate monthly
values of selected watershed variables which would help describe this
role. These §ariab1es were subsequently used to develop a set of
erosion index populations which establish the joint climatic-hydrologic
on-site condition each month. The erosion index population values are used
to calculate the "universal' monthly probabilities for each road and
slope erosion event. The "universal" monthly probabilities, the condi-
tional probabilities in Tables 3-7, and "Bayes' Theorem' are used to
calculate expected monthly erosion probabilities for all drainage sites.

The hydrologic model employed was based on a simple water balance
equation (see page 42) and two key assumptions. Monthly values of pre-
cipitation, runoff, evapotranspiration, subsurface soil water fluxes,
and soil water contént are indicators of general hydrologic and storm
activity levels. And, erosion potentials are related to storm sizes,
frequencies, and soil water conditions. Validity of these assuﬁptions
has neither been conclusively supported nor refuted by previous hydro-
logic and geologic research. They are employed hefe fér two practical
reasons. Geologic phenomena are long term by nature; to rely on small
time increments to explain activity levels would be quite costly. The
assumptions are logical consequences of, and do»not coﬁflict with,
ﬁrevious hydrologic and geologic findings.

A typical problem encountered was the lack of hydrologic and
climatologic data available for the Harvey Creek Drainage. Statis-

tical procedures employed in this study require 40 to 50 years
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of monthly information for selected watershed variables. Since this

information was not available, statistical techniques and reg-
ression malysis were applicd to other arca hydrologic and climato--
logic station data to comstruct an artificial data base. Six station
information bases were examined for use: Elkton, Mapleton, Reedsport,
Honeyman State Park (formerly Canary), Alsea Fish Hatchery, and Tide-
water (on the Alsea River) (see Figure 3). Examination of key geo-
physical and climatologic factors for each locale led to the decision
to utilize climatologic information from Alsea Fish Hatchery, and
streamflow data from Tidewater.

The USDA and U.S. Weather Bureau precipitation Isohyetal maps
for Alsea Fish Hatchery and Harvey Creek Drainages indicate both are
in the 95-100 inch annual precipitation category (USDA and US Weather
Bureau,1964 ). Similar maps for precipitation intensities show
that both sites experience identical levels for the (USDA and US
Department of Commerce, 1971) following:

Two year six hour precipitation - 0.22 inches,
Five year six hour precipitation - 0.26 inches,
Ten year six hour precipitation - 0.30 inches,
Fifty year six hour precipitation - 0.35 inches,
100 year six hour precipitation - 0.40 inches,
Two year 24 hour precipitation - 0.50 inches,
Five year 24 hour precipitation - 0.60 inches,
100 year 24 hour precipitation - 0.90 inches.

The US Department of Interior (USDI) Geological Survey(1970) reports
that the Alsea River Basin and Harvey Creek Drainage bdth have annual
runoff of 60-70 inches. Orwig (1973) identified seven independent
basin variables as keys to monthly runoff in the Oregon Coast Range:
airmass lift, basin aspect, soils index, mean basin elevation, drain-

age density, normal annual precipitation, and rainfall intensity.

These properties were extremely similar for both drainage basins.
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FIGURE 3. Six Climatological Stations
Considered for Correlation

with Harvey Creek Drainage
Geophysical and Climatological

Factors.
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This is indicative of highly related runoff as well as precipitation

patterns at monthly levels. Based on these findings, and the assump-
tion that runoff measured at Tidewater is a response of basin precipi-
tation measured at the Alsea Fish Hatchery, Harvey Creek was assumed
to have a monthly precipitation pattern similar to historical records
for Alsea Fish Hatchery, and a monthly runoff response similar to that
recorded at Tidewater. With this as a base, a hydrologic model was
built which treats five main variables: monthly precipitation, run-
off, evapotranspiration, subsurface soil water fluxes, and soil water

content.

Precipitation

Modeliqg monthly precipitation required fitting continuous
distributions for each month of the year. Measuring goodness of fit
(Chi-square test) and fitting procedures generally require a sample
size of 40 or greater for statistical reliability (Weatherill, 1972).
Because Alsea Fish Hatchery data was to be used for predictiﬁg runoff,
this data was necessarily the basis for fitting the 12 monthly pre-
cipitation distributions. Only 22 years of data existed for this sta-
tion, therefore, best possible fitting and fit testing procedures re-
quired expansion of this data base. Regression analysis and 42 &ears
of data from the Honeyman State Park Station were used to predict an
additional 20 years of monthly Alsea data. The regression basis was
the 22 common years of data for the stations. Predicted precipi-
tation values were based on the remaining 20 years of Honeyman State
?ark data. Table 8 describes regression results. Appendix A reports
monthly precipitatidn déta for Alsea Fish Hatchery, Honeyman State

Park, and prédicted data for Alsea Fish Hatchery.
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Key to Table 8 (After Draper and Smith, 1968).

Sample size - n = 22
* - indicates value is in natural logarithmic units
P, 1= 1, 12 - the dependent variable, Alsea Fish
Hatchery precipitation for month i
(inches).
X., 1=1, 12 - the independent variable,Honeyman
state precipitation for month i
(inches)
F - Value & v} & vo - Test of model variable signi-
ficance and the appropriate
degrees of freedomv; and vy
R2 ~ a measure of the proportion of total variation
about the mean of Pi explained by the regression.
MSE - mean square error, an estimate based on n-2 degrees of
freedom of the variance about the regression of the
predicted variable.

Y - symbol for the original dependent random variable

Y - or YHAT - symbol for the predicted value of Y based

a on the current regression equation.

a - standard deviation estimate for the indicated samples,

not for the regression "equation."

All regression results were examined in a number of different
ways to evaluate reliability of six basic regression assumptions
(Kmenta, 1971):

1) Error term is normally distributed,

2) Expected value of the error term is zero,

3) Variance of the error term is a constant,

4) Error terms are not correlated in time and/or
space,

5) Each explanatory variable is non-stochastic,

6) No explanatory variable has an exact linear
relation with any other explanatory variable or
any set of other explanatory variables.

Note that assumption six is not applicable in simple linear regression;
later multiple regression employs all six assumptions.

In every case, the regression equations maintained basic monthly
distribution‘shapes. Use of regression functions to create an
additional 20 years of monthly precipitation data for the Alsea Fish

Hatchery station appeared to be a reasonable application. Combined

with the existing 22 years of data, this provided a total of 42 sample
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points of monthly data for fitting and fit testing. 37

All distribution fitting and fit tesiing were based on statis-
tical procedures outlined in Fishman (1973), Brownlee (1965), Wetherill
(1972), and presentations by Scheurman (1974). Dennis Dykstra,
Department of Forest Engineering at 0SU, provided assistance through
collaberation on computer programming for distribution fitting. Three
continuous distributions were fit where appropriate to each month's

precipitation data: 1) Normal; 2) Exponential; and 3) Weibull.

Probability Density Cumulative Distribution

Funct ion (Pif) Limits Function (CDF)
o (1) 2 /202 x _
1) f(x) = —l— —® <X< ® F(x) = _1.__0}_0:'“) [204dt
v 21 © v or
| 1 e x/2) if 0 <x<w
2) £(x) ={ Fx) = 1o~ /D)
Lo if x<0

e (-1) ~x/8)°

o o
3) £(x) =4° 0 <xz F(x) = 1-e” X/B)
L 0 ifx <0
Symbol Explanation Symbol Explanation
X Random variate e Value= 2.7183-:---
o Mean A Mean and shape parameter
02 Variance o Shape paramater
7 Value = 3.1416..-.. B Scale parameter

Table 9 illustrates results of fitting and fit testing. 1In all in-
stances, the x2 test for the two parameter Weibull distributions yielded
non-significant (only poor fits are significant) resulis. In only two
cases, March and April, did either the normal or exponential produce a

better xZ goodness of fit result. Due to closeness of March and April
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Precipitation Distribution Fitting .

Welbull

Paramcters Weibull Normal Exponential
Month a 8 ? X2 X2
\Y] \Y] \Y]
2 2
January 2.609 18.967 x = 1.286 x = 9.240 NOT FIT
v=3 ve3
February 2.804 14,052 X2 = 1.104 X2 = 2.360 NOT FIT
ve3 v=3
March 3.150 13.156 x2 =1.623  x2 = 1.243 NOT FIT
ve3 v 3
April 2.257 7.116 x> =2.582  x% = 2.053 NOT FIT
v =13 \Y 3
May 1.811 4.590  x? = 4.070  x% = 10.480  NOT FIT
vel v =3
June 1.759 2.190 x2 = 2.906 x2 = 4.220 %% = 16.283
v 3 v =23 v=3
July  0.845 0.565  x2 = 5.020 NOT FIT x2 = 7.582
v =3 v=3
August 0.792 0.815 x2 = 1.553 NOT FIT x2 = 3.047
v =4 v =24
' September  1.262 3.408  x% = 7.880  x? = 9.409 NOT FIT
v=3 v 3 '
October 1.681 7.869 x2 = 3.072 X2 = 4.769 NOT FIT
4 v =24
November 2.551 16.135 X2 = 1.077 x2 = 1.699 NOT FIT
v=23 v=3
December 3.084 18.674 X2 = 3.702 X2 = 4.912 NOT FIT
v=23 v=3
n = 42

v = degrees of freedom = (# of cells)-(# parameters)-(1)

All Chi-square (x?) test intervals
contained at least five observations

All Weibull fits are '"not significant”, e.g. do not reject hypotheses
that Weibull distributions fit the respective sample populations

The level of significance was:

y = 0.05
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Weibull and Normal fits, and because of difficulties of simulating

accurately from Normal distributions, as well as the ease of simula-
ting responsively from Weibull distributions, Weibull distributions
were selected for modeling all twelve months' precipitation data.
Estimation of the two Weibull parameters was accomplished by employ-
ing an algorithm based on Maximum Likelihood Estimation (MLE), pre-
sented by Fishman (1973), and through the aid of a FORTRAN IV program
which can be found in Appendix B.

Runoff

Similar to precipitation modeling, monfhly runoff prediction
required development of twelve functional relationships. Regression
analysis was applied to 20 years of monthly precipitation data from
the Alsea Fish Hatchery and the available 20 years of data for monthly
runoff from Tidewater.

All regression analysis involved regressing a dependent variable
(monthly runoff) on seven independent variables (monthly precipitation
and the three previous months' precipitation and runoff). The basic
approach used was a "modified backstep" regression analysis. A full
model is specified and least significant variables are dropped one
at a time in each backstep. At each juncture, t-values of previously
dropped variables were scammed. Any departed variable which had a
t-value that climbed back above + 1.80 (y = .05) was reentered the
specified model. The goal of modeling was to minimize the MSE at a
selected level‘of significance (e.g. Y=;05), not to maximize RZ.

This approach allows for development of more significant models than
does "stepwise regression” or maximization of the R? value alone

(Draper and Smith, 1968). Table 10 reports regression analysis results.
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Key to Table 10 (after Draper and Smith, 1968).

Sample size - n = 20.

* - indicates value is in natural logarithmic units.

Ry, 1= 1, 12 ~ the Alsea River at Tidewater runoff

values for month 1.
Pj, 1 =1, 12 - the Alsea Fish Hathery precipitation
values for month i.

Y - level of significance.

F - value & v1 , » - Test of model variables 'joint'
significance and the appropriate
degrees of freedom v; #and vy

R? - a measure of the proportion of total variation about

the mean of the dependent variable explained by
regression.

MSE - mean square error, an estimate based on n-2
degrees of freedom of the variance about the
regression of the predicted variable.

Y -~ symbol for the original dependent variable.

¥ - or YHAT - symbol for the predicted value of Y based
on the current regression equation.

0 - standard deviation estimate for the indicated samples,
not for the regression "equation."

The twelve functions were analyzed for the reliability of the
six basic regression assumptions specified by Kmenta (1971) and listed
previously. All models were significant, generally highly predictive,
and stable relative to initial base modeling assumptions. Twenty
years of Tidewater Runoff data can be found in Appendix A.

Evapotranspiration

A more general approach was utilized to develop evapotranspiration
functions. Gerald Swank, USFS, Region 6 Hydrologist provided estimates
of monthly lake evaporation (LE) for the Harvey Creek area. Combined
with two regression equations developed by Mustonen (1968),for
estimating evapofranspiration in a humid environment, this yielded
evapotranspiration functions for the 12 months. Mustonen presented
two main equations:

.20
ET, = .88LE, (®, + .40) 2 for the growing season,

~

RZ= .76 o=.75,
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ETi = LEi for the dormant season,

A

R2 = .83 0 « _37.

ETi is evapotranspiration for month i in inches and LEi and Pi
are month i1 lake evaportation and precipitation, respectively. The
growing season is April through September, and dormant seasom October
through March. These functions provided measures of evapotranspira-

tion required for modeling.

Subsurface Soil Water Losses

A simple water balance equation was used as the overall model
integrating function. All variables are measured in inches of

water.

S, =8 + P, - Ri - ET

1 =% th + AL -1

i i

where: Si’ i =1, 12 = soil water content for month i,
) i=1, 12
H

-1 soil water content for month i-1,

Pi’ i=1, 12
Ri’ i =1, 12 = runoff for month i,

precipitation for month i,

ETi’ i=1, 12 = evapotranspiration for month i,

and AL,, 1 =1, 12 = net subsurface inflow and outflow for

i month 1.

Interception losses, Ii’ are accounted for by utilizing regression
equations based on precipitation levels to calculate monthly runoff.
Therefore, this term is eliminated. Additionally, the long term
change in soil water content (Si - si—l = AS) equals zero.

Because average values reflect long term conditions, where the subscript

'a' denotes annual averageé and Pa’ Ra’ and ETa are known:
= R = - - +
AS 0.0 Pa Ra ETa ALa,
ALa = Ra + ETa - Pa

ALa = 64.11 +25.56 - 98.81, therefore: ALa = -9.14 inches.
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The minus sign indicates average ground water flux is out of the

system: a water loss. With greater losses during high rainfall

periods than low assumed, the following function was utilized to
calculate the monthly flux:

P R
i ai
ALy = AL (r) (r)
ai a

where:
ALi’ i =1, 12 = gubsurface water loss for month i,
ALa = annual average subsurface water loss,
Pi’ i =1, 12 = precipitation for month i,
Pai’ i =1, 12 = average precipitation for month i,
Rai’ i =1, 12 = average monthly runoff for month 1,
and Ra= average annual runoff.

This equation provides dynamic subsurface soil water fluxes for modeling
purposes.

Soil Water Content

Soil water content determination is straight forward. Everything
on the right hand side of the water balance equation except the initial
- value of Si—l is accounted for:

§;=S;4 - P; - R -ET +AL .
This initial value can be set at any reasonable arbitrary level to
initiate model operations. A value of Si-l equal to 10.0 inches was
employed.

Yee (1975), reports that soil and topography similar to that of
the Harvey Creek Drainage, seldom exceeds a volumetric soil water con-
tent of 50 to 55 percent. Here:

O\J = S/s.d., where

Ov is volumetric soil water content, S so0il water content in inches,
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and s.d. soil depth in inches. The weighted average of soil depth for

the study area is nearly 48 inches; this was the assumed soil depth
employed. Consequently a maximum limit of 25 inches of water

(Ov= 25/48 = 52 percent) for soil water content was established. A
minimum level of 0.0 inches was also utilized.

The Hydrologic Model

Based on noted hydrologic functional relationships and all stated
assumptions, a FORTRAN IV simulation model was constructed for the
Harvey Creek Drainage. A copy of this program can be found in Appendix
C. The model was run on a 'water year basis,' October through Septem-
ber. The model was operated more than one dozen times for runs total-
ing over 1500 separate years. No apparent instabilities or inconsis-
tencies were noted. Table 11 reports a comparative summary for variable
averages from a 150 year model run and actual recorded long term averages.
Note the high level of agreement between model variable averages and
actual variable averages in this table.

The Erosion Indices

Output from the hydrologic model was used to create a family of
erosion potential index distributions. These distributions were based on
the fact: water plays a key role in determining erosion potential, and
the assumptibn: potential levels can be indexed by freduency dis-
tributions for various combinations of monthly precipitation and soil
water content.

In conjunction with the erosion probability survey conducted to
acquire empirical estimates for probability relationships, a separate
seven question hydrology oriented questionnaire was submitted to the

35 respondents. The premise was:



Table 11. Comparative Summary of Variable Averages
from a 150 Year Hydrologic Model Run and

Avg. Precipitation

Actual Recorded Long-term Averages.

Avg. Runoff

45

Avg. Evapotranspira-

Month Records Model Records Model tion Records Model
October 6.69 7.61 1.20 1.32 1.94 1.94%
November 13.40 14.25 6.29 6.29 0.66 0.66%
December 17.78 17.66 12.27 12.93 0.16 0.16*
January 18.72 16.64 13.78 13.33_ 0.00 0.00%
February 12.33 12.41 10.15 10.75 0.46 0.46%
March 12.46 12.19 9.73 10.38 0.77 0.77%
April 6.65 6.19 5.41 5.12 2.16 2.19
May 3.82  4.36 2.67 2.67 3.08 3.21
June 2.05 2.09 1.18 1.29 3.86 3.90
July 0.55 0.59 0.60 0.64 4.41 4,18
August 1.14 1.09 0.38 0.40 4.13 4.09
September 3.22 3.44 0.45 0.45 3.72 3.70
Annual

Averages 98.81 98.52 64.11 65.57 - 25.35 25.26

(data all in inches of water)

* Exact values used for dormant season evapotranspiration in the
model for these six months, reason for exact equality.
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Two main hydrologic variables are directly related

to erosion potentials. They are: precipitation
and soil water content. The following functional
relationship relating erosion potentials to these
two variables is to be considered:

Erosion Potential = b (Precipitation index) +
a (Soil water content index)

Here 'b' and 'a' are proportionality constants that
represent the proportional roles precipitation and
soil water content play in creating an erosion
potential. This survey examines seven well defined
erosion events. Precipitation and soil water content
may play different roles in each erosion event. The
purpose of this survey is to establish estimates of
'b' and 'a' for these seven events:

The instructions and a sample question were:

Instructions: Answer the following questions by
drawing upon all of your past experience. For

each question consider all possible events of that
type and estimate how important precipitation was
in triggering the event and how important the soil
water content level was in triggering the event.

In each case you will be allocated 100 points and
all 100 points should be assigned b & a each time.
In other words, in the infinite scheme of things how
important is precipitation and how important is the
soil water content level in triggering a specific
type of erosion event?

Example:

Assume a debris avalanche/flow has just occurred.
let b + a = 100 :

b= 70 (role of precipitation in causing the debris
avalanche/flow event)
a = 30 (role of soil water content in causing the

debris avalanche/flow event),

The allocation of 70 points to 'b' and 30 to 'a' indicates that
both variables are important in triggering debris avalanche/flows, how-
ever, the weights indicate that precipitation amount and intensity is
thought to be more important for this event type. Table 12 reports

means and standard deviations for each b/a pair for three road erosion
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Table 12. Hydrologic Variable Coefficients
for Road and Slope Erosiom,

Road Erosion Events

(12) (13) (T4)
Coefficients O0ff Road Erosion Road Damage Road Failure
! o u o i o
b 68.5 58.0 50.7
17.7 16.9 21.0
a 31.5 42,0 49.3
z 100.0 100.0 100.0

Slope Erosion Events

(p2) (p3) (04) (D5S)
Debris Slump Creep
Coefficients Rockslide Avalanche/flow Earthflow Acceleration
w0 - R
b 54.4 : 59.7 34.8 34.7
28.4 25.0 "18.8 20.0
a 45.6 40.3 65.2 65.3
T 100.0 100.0 100.0 100.0
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and four slope erosion events. A complete data listing of each

respondent 's replies and a sample questionnaire are on file in the
Forest Ungpincering Department at OSU.
These seven coefficient pairs were to be used in the functional

relationship (to be called the ZETA Function):

( Pi ) ( )
z., =1b + al © . .
i P . vi

am

where: 25 i=1, 12 = the erosion index, ZETA, or z,

b, a = coefficients,

Pi’ i =1, 12 = Harvey Creek Drainage precipitation
value for month i,
Pam = Harvey Creek Drainage maximum monthly
average precipitation value,
evi i =1, 12 = Harvey Creek Drainage monthly

volumetric water content for month 1i.

Notice the consistently high standard deviations for each b/a pair
in Table 12. Subsequent contact with seﬁeral survey respondents reveal-
ed the probable reasons for this type of variation. Most respondents
expressed a general lack of confidence in their "specific' .responses,
and they were somewhat confused during the questioning_due to the
novelty and hypothetical nature of the ZETA Function presented. They
did indicate however, confidence in "trend" differences for 'b' and
'a' for use in the ZETA Function. For these reasons, the values in
Table 12 were not employed. Three general b/a pairs were utilized:
35/65, 50/50, and 65/35. These pairs cover the range for each b/a pair
in Table 12, and Table 13 presents the respectively.assigned b/a pairsl
for each event type. o

Utilizing the ZETA Function, 150 years of monthly precipitation

and soil water content simulated from the hydrologic model, and



Table 13. General Pair Assignments
for Hydrologic Coefficients
for Road and Slope Erosion,

Road Erosion Events

(T2) (T3) (T4)
Coefficients Off Road Erosion Road Damage Road Failure
b 65 65 50
a 35 35 50
Slope Erosion Events
(D3) (D4) (D5)
02) Debris Slump Creep
Coefficients | Rockslide Avalanche/flow Earthflow Acceleration
b 50 65 35 35
a 50 35 - 65 65
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coefficients from Table 13, three 1800 member (12 months for 150 years)

ZETA populations were calculated. For this step the Ov component was

i

determined by: 0 , = si/48.0 For discussion purposes, the erosion index

vi

populations for each b/a pair shall be referred to as:

1) b/a of 65/35 ---- ZETA 1, for indexing erosion potentials for
events T2, T3, and D3,

2) b/a of 50/50 =---- ZETA 2, for indexing erosion potentials for
events T4 and D2,

3) b/a of 35/65 ---- ZETA 3, for indexing erosion potentials for

events D4 and D5.

Histograms of these three index populations are illustrated in
Figure 4. Histogram and population statistics analysis indicated each
ZETA k distribution was probably a joint distribution of at least two
separate functions. Monthly ZETA k groupings were examined to deter-
mine if there was a logical breakdown of the parent distributionms.

It was found that ZETA k population components for the four summer
months, Jun - Sep, behaved in a nearly exponential manner (Figure 5).
Monthly observations for Oct - May had a more uniform bell shaped res-
ponse (Figure 6). Table 14 reports important population statistics for
parént populations and their wet and dry components.

The logical breakdown into two distributions for each ZETA k pop-
ulation demonstrates that two very different hydrological patterns exist
in the study area. Intuitive knowledge of this climate and geological
type does not conflict with this result. Because of this and the fact
that almost no significant erosion activity is expected from June through
September, the wet month ZETA k populations were assumed to represent the
complete erosion potential index for the appropriate erosion events.

- Each distribution was fit to a functional form to allow for more
thorough analysis of distribution relationships. Thé'Weibull and Normal

functions were used for fitting; Table 15 reports results. Fits and tests
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FIGURE 4. Three ZETA k Population Histograms.a
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FIGURE 5. Three DZETA k Population Histograms.a
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Table 15. DLrosion Index Distribution Fitting
Parameters and Statistics.

Weibull Normal X2y . X2y
Distribution Parameters Parameters Weibull Normal
&, B M, 8 Test Test
& = 2.122 v o= 49.38 x2 = 9.173  x2 = 40.800
WZETA 1 3 = 55.85 8 = 24.66 v =10 v =10
& = 2.369 W= 44.81 x2 = 5.149 x2 = 38.791
WZETA 2 = 50.58 5 = 20.18 v =10 v =10
6 = 2.704 v = 40.23 x2 = 6.393 2 = 13.068
WZETA 3 2 = 45.17 5 = 16.02 v =10 v =10
Table 16. Tests of i, for the Three
WZETA k Distributions.
Hypotheses at ¥ = 0.001
. EQUAL EQUAL EQUAL EQUAL
Distribution EX) V(X) & B EX)'s VX)'s Q's B's
WZETA 1 49.46 598.1 2.122 55.85
R R R R
WZETA 2 44.94 337.4 2.369 50.58
R R R R
WZETA 3 40.17 259.8 2.704 45.17
' R R . R R
WZETA 1 49.46 598.1 2.122 55.85

n = 1200 (sample size)
R -- Hypothesis rejected
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were conducted in the manner outlined in the Precipitation section

of this chapter. All fits were non-significant and best for the
Weibull function. Figure 7 illustrates the threce Welbull distributions
superimposed on the appropriate population histograms.

Similarity among Weibull parameters, & and B , for the three
functions required tests be conducted to determine if the distributions
were significantly different. A strict rule was established to test
the null hypothesis, Ho, that there was no significant-difference. It

entailed rejection of:

1) Equal expected values -—- E(xb) = E(xl),

2) Equal variances --—— V(xb) = V(xl),

3) Equal shape parameters -——- o, = o,
and 4) Equal scale parameters ~-- £ = §;.

0
Equations for E(x) and V(x) for the Weibull distribution are:

e[ra+ua] ,
g2 (I‘- 1+2/a) - [T(1+ 1/a)]2) .

Tests utilized were (Wetherill, 1972 and Thoman, et al, 1969):

1) E(»

and 2) V(®

1) E(x) = E(X) h ~ N(0,1), y = .001, -
o Va
2) V(x) =V(¥) --- [-V(xi) ~ F o Y=.001,
LV( D 1t Yy
N a = - @) - 1n(&j)~ N(0,1),y = .001,
VZ(.608)/n
and 4) B, =8 -1 . (é )
2i1n %i—
g1 ~ N(,l) ,Y =.001.

V1.109/n
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FIGURE 7. Three WZETA k Population Histograms
Overlain wigh Appropriate Weibull
pdf Curves.
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8actual frequencies are obtained by multiplying the interval
width times the indicated frequency level.



58
~2
Here, o is the pooled variance estimate of V(xi) and V(x

g

o= [(n-l) Ve ) + (m-l)V(xj)] /[ m+n -2 ]
1
The viand vjrepresent degrees of freedom,Y the level of significance
tested for, i and j respective population indicators, and m and n

appropriate sample sizes. Table 16 reports the null hypothesis, Ho,

test results. In all three cases the Ho was rejected. This demonstrates
that the emphasis on importance of precipitation and soil water content
levels results in different erosion potential index distributions.

Hence, knowing both variables, Pi and Si’ provides more erosion

potential information than knowing only one or the other.

Therefore, both variables should play an important role in any
realistic erosion modeling. Development of the ZETA Function and
specification of the Weibull forms illustrates two possible approaches
for integrating Pi and Si into an erosion model. The first involves
stochastic simulation of Pi and Si with subsequent calculation of
monthly z, values from the ZETA Function:

z, = [b(Pi/Pam) +a () ] :
The second approach centers on direct random simulation of the monthly

z, values from the three Weibull distributions:

2.122
WZETA 1 - F(z,) = 1-e~(21/55.85) ,
~(2;/50.58) 2369
WZETA 2 ~ F(z)) = 1-e ’
2.704

WZETA 3 ~ F(z,) 1-e~ (21/45.17)

(Note: for the remainder of this paper, all WZETA k populations shall

be referred to simply as ZETA k populationms.)
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In each case, the monthly z, values serve as the stochastic

i
mechanism which would drive an erosion model by specifying the random
monthly erosion potential for each independent erosion event. Both
approaches are discussed throughout the remainder of this report. How-
ever, only the first approach was employed for completing all final
erosion model runs for this study. Once the theory for this type of
erosion anaiysis is more thoroughly understood, a more sophiéticated
modeling procedure, which employs the second approach, is recommended.

The erosion model structure to be presented herein allows for employ-

ment of either approach.
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V1. CONSTRUCTING EROSION PROBABILITY
FUNCTIONS TAILORED TO HARVEY CREEK
CLIMATOLOGICAL AND HYDROLOGICAL
CONDITIONS

This study has defined sieven erosion events and three erosion

potential index (ZETA k, k = 1,3) populations:

1) off road erosion T2,
2) road damage T3,
3) road failure TS
4) rockslide D2,
5) debris avalanche/flow D3,
6) slump/earthflow D4,
7) creep (slow mass flow) acceleration D5
and
1) ZETA 1 - for indexing erosion potentials
for events T2, T3, and D3,
2) ZETA 2 - for indexing erosion potentials
for events T4 and D2,
3) ZETA 3 - for indexing erosion potentials
for events D4 and D5.
Furthermore, there exists a family of functions on each ZETA k
(k = 1,3) which expresses the probability for occurrence of each Tj
(j = 2,4) and Dj (i = 2,5) over the range of the appropriate zi-values

Iin each ZETA k population. Allow that:
0 iGj(zi) < 1.0

G.(z.) = Pr(T, |z,
J(1) (Jll) 0 <s <o
-—. 1_
OiH-(zi) <1l.0
and H.(z,) = 11‘(D.|zi) -
J.1 J 0 <z, <
ez, =

These two functions express the probabilities for T, and Dj "given

the condition of z.i ": e.g., conditional probabilities of Tj and Dj.

The reader will recall that Table 7 reported three conditional

probabilities for each Tj and Dj obtained from the empirical
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probability survey. The three climatic conditions were qualitative

descriptors: dry, normal wet, and very wet. Quantitative values in
z ; can be determined for these three conditions for each Ti and Dj by
applying: 1) definitions of dry, normal wet, and very wet; and 2)

the appropriate ZETA k function (k = 1,3). Let n=climatic condition:

1) zZ.y T be Z i value for the average October, (dry, n=1)
2) 2.9 T be z. value for the average December, (normal wet, n=2),
3) z, - be z, wvalue for the once in 50 year

i3 in

climatic condition, (very wet, n=3).
Recall the defining ZETA Function:

z, = [b(Pi/Pam) +ta (o ;) ] i=1,8

N
=
|

= 1,8, on b/a pair 65/35 defines z; values for ZETA 1,

N
=
1

= 1,8, on b/a pair 50/50 defines z; values for ZETA 2,

and z,, i = 1,8, on b/a pair 35/65 defines z; values for ZETA 3.

Table 17 reports three pairs of (probabilities l zi values) for each
erosion event. The probabilities are taken from Table 7 and the’

z ; values were calculated by inserting precipitation and soil water

i
content values for the average October and December and the once in 50

year extreme into the appropriate ZETA Function.

Two events in Table 7, Tl and D1, are 'nothing' events and have
deterministic probabilities based on calculation of the other T,

‘and D, probabilities and an initial assumption of mutually exclasive,
exhaustive event sets. These two 'non-events' are referred to
further only where computationally necessary.

3The i =1,8, defines the period October thrbugﬁ May, the period of

consequential erosion occurrence for the subject study area.



Table 17. Pairings for Zin Values and 62

Fvent Probabilities .

EVENT CLASS .l)r_v Normal Wet Very Wet
Road Erosion (gij | zi]) (gij l ziZ) (gij l zi3)
' *
T2 - ZETA 1 | (.02 | 31.0) (.22 | 72.0) (.32 | 125.0)
T3 - ZETA 1 (.02 | 31.0) (.13 | 72.0) (.22 | 125.0)
T4 - ZETA 2 (.o1 | 27.0) (.07 | 63.0) (.14 | 105.0)
Slope Erosion (h, . z (h. . z h.,
P 1 | 11’ ij | 12) (g5 | zi3)
D2 - ZETA 2 (.02 | 27.0) (.07 | 63.0) (.07 | 105.0)
D3 - ZETA 1 (.01 | 31.0) (.11 | 72.0) (.19 ] 125.0)
D4 - ZETA 3 (.01 | 23.0) (.10 | 55.0) (.15 | 85.0)
D5 -

ZETA 3 (.03 | 23.0) (.19 | 55.0) (.23 | 85.0)

*NOTE: e.g., when z, = 72.0, probability of T2 = 0.22
The temporal and space relationships established for the probabilities
fme Table 7 were on a per month per mile and per month-per acre Basis:A
1) probabilities/month - mile for all Tj,
2) probabilities/month - acre fof all Dj;
The intention was to use Table 17 and an assumption about a general
form of the Gj(zi) and Hj(zi) to estimate crgde mathematical function
forms. However; due to limitations of the questionnaire approach
used to achire fable 7 data, the inability of respondents to frame

their knowledge in the temporal and space constraints given, and a

general lack of perception of the temporal and space espect of the

See discussioq-on the empirical probability survey, Page 18.
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erosion problem, Table(s) 7 (and 17) probabilities are "gross"

over estimates of what onc would expect, as can be seen in the follow-

ing discussion based on ewpirical evidence.

A thorough review of available research underlines this point.

Tables 18, 19, and 20 summarize frequency estimates in time and space

for three road (Tj) and four slope (Dj) erosion events. This infor-

mation was compiled from 10 separate studies which examined nearly

600 square miles of mountaineous terrain and some 200 miles of road:

1)
2)
3)
4)

5)

Study (1), Fiksdal (1974a), 6)
Study (2), Fiksdal (1974b), 7
Study (3), Morrison (1975), 8)
Study (4), Swanson and
Dyrness (1975), 9)
Study (5), 0'Loughlin (1972),
10)

Study (6) Colman (1973),

Study (7) Dyrness (1967),

Study (8) Rice, Corbett, and
Bailey (1969),

Study (9) Bishop and Stevens
(1964) ,

Study (10), Paine (1971).

Information in Tables 18-20 is not exact; some subjective inter-

pretation was employed during compilation because of differing methods

of data reporting for the 10 studies.

Additionally, survey limitations,

study constraints, and the dynamic nature of the forest eco-system

most certainly have led to underestimates of event frequencies over-

time for each study. However, data reflected in Table 20 sets at least

a minimum level and establishes a relative temporal and space trend for

these event types.

To demonstrate how far apart Table 17 and Table 20 results are,

consider:

The probability for just one.month, December (z.2),
for event D3 is .ll/month-acre from Table 7.
If we apply just this single monthly probability

to the land area of study (1) for 80 years we have:
(.11) (10,000) (80) = 88,000 debris avalanche events

expected in just 80 Decembers.

The actual number of

such events recorded in study (1) is 99 for an 80 year

period.
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Such wide differences in expected event numbers demonstrate the diffi-

culties in utilizing Tables 7 and 17 data to construct probability func-

tions. For this reason the original approach was discarded and a more

general one adopted.

Examination of qualitative descriptions for event frequencies in
the 10 studies and crude time and space frequency graphs (not shown
here) indicate some strong points. Most erosion events occur at very low
monthly frequencies, even through the normally wet winter months. How-
ever, the frequencies jump considerably for storms of the 5 to 20 year
recurrence interval. The overall relationship seems to be of exponen-
tial form for all events studied herein.5 Therefore, the following func-

tional form (CDF) was assumed for all events:
b

(-2z,) ]
Qj (zi) a [ 1 e i -C.
When a =1, b =1, and ¢ = 0 this distribution is the exponential CDF.
Manipulation of the four parameters a, b, ¢, and Aallow for shaping
and scaling the function appropriately for each event. Initially this

involved setting b = 1 for all seven event functions. Then simultaneous

equation methods and the assumption:

(l-e-xz) =[Xz - (1222)/2]

were used on the general form: -Az) b=1

a(l-e

o]
f

a(Az-22z2/2) - ¢,

el
R

Az) - B(z2) - ¢/

0
14

5
See Megahan, 1974 for a discussion of exponential erosion relationships.

6

To specify the forms for Gj(zI) and Hj(zi)'

With several_(dlz) data points, ordinary least squares methods
could be utilized here.

7



to determine values of A, B, and C for each event function. 68

Note that: . " .
A =2B/A, a = A%/2B, and ¢ = C.

Initially a was set equal to 1.0 and two (qlz) points were
estimated for the seven erosion events from Table 20 data and intui-
tive analysis of time and space relationships. 1Two equations of
q = A(z)-(A?/2)z2-¢c were formed from each (qlz) pair and solved for A
and C simultaneously employing the quadratic equation. Knowing A, C,
and a allowed calculati?n of_i and c. The A and c were then plugged
into the function (1~eﬂkz) - ; and evaluated. If the original assumed
data point pairs of (qlz) were not violated, the function for that event
was specified by i and ¢, with a=1 and b=1. If further scaling or
shaping was required, a trial and error process was employed varying
a and b until a set was determined which satisfied the assigned
(q |z) pairs. The following seven (CDF's) functions were specified

in this manner:

- 2
D 6G) = (- 01z.4,%_ 9.22

for (0.0 65) and (0.30 | 125) for T2,

2) Gz) = a-e"%%1y _ 0.51 for
(0.0 | 72) and (0.20| 125) for T3,

3) Gh(zi) = (l—e-'001721) - 0.10 for

(0.0} 63) and (0.0SI 105) for T4,

4) Hz(zi) = (1-e
- (0.0]0) and (0.001 | 105) for D2,

—- 2
5) Hy) = (-e 012z 4% 5,33 for

(0.0 72) and (0.25 | 125) for D3,

6) H,(z) = a-e""%%) - 0.42

for (0.0 | 55) and (0.15| 85) for D4,

N Hslz) = (-e"-%12,5 _ .05

for (0.0] 55) and (0.10 | 85) for D5.
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Because there is a relatively high number of events per km?

for all T 8, calculations were handled more conveniently in units

3

of events/month-acre. (e.g., actual acres of land cleared for road

right-of-way). Conversely, because the frequency rate for Dj8

is extremely low on a per acre basis, calculations were handled on a unit
basis of events/month - km2. These new temporal and space units can be

adjusted by multiplying or dividing by a constant. Fbr computational con-
venience, these new units were utilized for this study. Each function has

az value at which it equals zero; each is defined over the z, range:

1) G _(z,) defined: 63:31 <z, < =
2 0 elsewhere,

2) G (zi) defined: 71.33 < z, <@
3 0 elsewheTe,

3) G (zi) defined: 61.98 Lzge
4 0 elsevhere,

4y H (zi) defined: 0.0 <z, <
2 0 elsevhere

5) H (zi) defined: 71.20 <z, < =
3 0 elsewhete

6) H (zi) defined: 54.47 <z <=
4 0 elsewhere,

and 7) H (zi) defined: 51.29 <z < o
5 . 0 elsewhefe.

These CDF forms, used in conjunction with the appropriate 2z

9 .
values , specify the conditional probability relationships for seven

i
erosion events as tailored to the Harvey Creek Drainage climatological

8
See Table 20.

9
values are calculated either directly from simulated

andiP and the appropriate ZETA Functions or simulated from -
the threé‘Welbull distributions on z, (e.g. from the F(zi) functions).
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and hydrologic variables. Exact on-site probabilities are determined

by applying Bayesian analysis to the z, values, the event conditional

i
probability functions (Qj(zi))’ and the appropriate set of on-site,

variable state, conditional probabilities.lo

To be derived,frpm Tables 3-6.



VII. EMPLOYING BAYESIAN ANALYSIS n
TO DETERMINE ON-SITE EVENT
PROBABILITIES IN TIME AND SPACE

Data summarized in Tables 3-6 was utilized to structure
conditional probability Tables 21 and 22. The final step in the
journey from the general to the particular involves application
of Bayesian analysis to all previously specified assumptions,
distributions, functions, and these two tables. Recall that calc-

ulation of on-site event probabiljties employs the Bayesian formula:

P(EV,) P(SSIEVj)

P(EVjISS) =
P(EV,)P(SS[EV,) + . . . +P(EV )P(SS[EV )
where:
EVj --------------- erosion event j,
R site (variable) state,
P(EVj|SS) --------- posterior probability of event j, occurring
on sites with variable state SS,
P(EV, )= prior probability of event j occurring
3 anywhere,
P(SS|EV,)--—-————- 1ikelihood of site with variable state
] ~ 88 being associated with all historical

events j: called conditional probability
of SS given EVj has already occqrred.

Tables 21 and 22 allow for calpulating respectively some 25,000
and 90,000 possible conditional probability and variable combinations.
Obviously, any one watershed will not have that many different 'cells",
therefore, a simplified approach is required to calculate the posterior
probability of event j for striking any cell (e.g., P(Eless)). For

now, ignore the need for P(Evj), the "prior" event probabilities.11

1 These probabilities are the products of either the ZETA Function

or the F(zi) and Qj(zi) CDF's.



Table 21. Conditional Probability Table for Cause of Road
Erosion and Eight On-Site Variables, Given
that the Specified Event has Occurred.

72

Road Age Road Standard
Event Rl R2 R3 R4 Event Sl S2
T1 .08 .18 .34 .40 Tl .62 .38
T2 .58 024 .10 008 T2 .36 064
T3 49 .25 14 .12 T3 .38 .62
T4 48 .25 4 .13 T4 .40 .60
Road Width Slope Class
Event ML M2 Event Ul U2 U3 U4
Tl .59 41 Tl .56 .24 .13 .07
T2 44 .56 T2 .06 .13 .26 .55
T3 45 .55 T3 07 .16 .28 .49
T4 43 .57 T4 .06 .16 .28 .50
Soil Type Landform
Event Vvl V2 V3 V4 Event Wl w2 W3 W4
Tl .23 .28 .35 .14 Tl 45 .21 .21 .13
T2 .35 .24 .20 .21 T2 .11 .24 21 44
T3 .30 .24 .20 .26 T3 .11 .25 .25 .39
T4 . 24 .28 19 .29 T4 A2 .23 .26 .39
Bedding Plane Dip
Event X1 X2 X3 X4 X5
Tl .07 .16 .19 .27 31
T2 .40 .26 17 .12 .11
T3 40 .21 .17 .12 .10
T4 .46 .19 .15 011 .09
Fracture Angle
Event Y1 Y2 Y3 Y4 - Y5
Tl .07 .15 .24 .27 .27
T2 41 .21 14 .13 .11
T3 A4 .20 .13 A1 .12
T4 43 .22 .13 11 12




Table 22. Conditional Probability Table for Cause of Slope
Erosion and Eight On-Site Variables, Given
that the Specified Event has Occurred.

Main Timber Age

Harvest Method

73

Event El E2 E3 E4 E5 Event H1 H2 H3 H4
D1 .10 .12 .19 .27 .32 Dl .20 .25 .12 43
D2 .29 .26 .18 .15 .12 D2 W23 .19 45 .13
D3 .36 .33 .15 .09 .07 D3 .25 .20 .46 .09
D4 .28 .28 .20 .13 11 D4 27 .20 41 .12
DS .35 .25 .17 .12 A1 D5 .26 .21 .39 14

Silvicultural Method Slope Class

Event Ccl Cc2 C3 Event Ul U2 U3 U4
D1 .15 .32 .53 D1 .62 .22 .11 .05
D2 .50 .28 .22 D2 .02 .09 .25 .64
D3 .67 23 .10 D3 .03 .10 .25 .62
D4 .56 .28 .16 D4 A1 .20 .32 .37
D5 .57 27 .16 D5 .05 .14 .26 .55

Soil Tvpe Land Form

Event V1 \'7 V3 V& Event W1 W2 W3 W4
D1 .17 .29 .30 .24 D1 .40 .23 .24 .13
D2 .52 .18 .19 .11 D2 .12 .21 .07 .60
D3 47 .21 .21 .11 D3 .11 .23 .09 .57
D4 .10 .18 .17 .55 D4 14 .20 .51 .15
D5 .33 .24 .21 22 D5 .16 .28 .24 .32

Bedding Plane Dip
Event | X1 X2 X3 X4 X5
Dl .07 .15 .20 .28 .30
D2 .53 17 .13 .09 .08
D3 45 .20 .15 .10 .10
D4 42 .20 .16 .12 .10
D5 41 .21 .16 11 11
Fracture Angle
Event | Y1 Y2 Y3 Y4 Y5
D1 . 08 .15 .23 .26 .28
D2 46 .21 .12 11 .10
D3 42 .20 .13 .13 .12
D4 .37 .22 .15 12 .14
D5 .39 .22 .15

.13

W11



The condit

ional probability for all events for any cell type

(combination of more than one on-site variable) can be cal-

culated in

@)

@)

3

Event

the following manner.

Select a category of erosion events, either
T,or D For illustration purposes D, is

ged. 3

Describe the on-site variables which define

a cell's characteristics. For sake of dis-
cussion, a cell (CL1) with V1 (shallow non-
cohesive soil), W1 (normal slope-landform),
U3 (slope class of 51-70 percent) and E2
(timber of age 6-10 years) will be compared
to a cell (CL2) with V1, Wl, U2 (slope class
21-50 percent) and E5 (timber of age 80 years
or greater).

Extract the appropriate colums under each
variable state (V1l, W1, U2, U3, E2, and E5)
from Table 22 and set up a matrix form.

Cell CL1 Cell CL2
E2 U3 VI Wl Event E5 U2 V1

D1
D2
D3
D4
D5

4)

5)

Wl

12 .11 .17 .40 D1 .32 .22 .17
.26 .25 .52 .12 - D2 12 .09 .52 .
.33 .25 .47 .11 : D3 .07 .10 .47 .
.28 .32 .10 .14 D4 11 .20 .10
25 .26 .33 .16 DS A1 .14 .33

For each matrix accomplish the simple
iterative procedure: .

j)(le) = Clj

(Esj)(uzj)(v1j)(w1j) = C2

for each Row Dj’ j=1,5: (EZj)(UBj)(Vl

3

Then, the conditional probability for each set of
particular on-site conditions, given that Dj has
occurred, is:

p(g,us,w,mln ) = (c1,)/ § cl, ,
3 s 3

)/ z c2

P(E5,U2,V1 W1|D ) = (C2
3y 4

+40

12
11

.14
.16

74
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Completion of these steps for cells CL1 and CL2 resulted in

the following conditional probabilities:

for CL1 for CL2
Event P(CL1|Dj) P(CL,2|DJ)
D1 .061 .690
D2 .287 .098
D3 .31 .053
D4 .091 .045
D5 .250 114

To calculate the actual probability of event Tj or Dj affecting

a specified road segment or cell in any given month, accomplish the

following.

1) Calculate three values of z; from'the appropriate ZETA
Function and existing climatic and hydrologic conditions,
or simulate such from the appropriate F(zi) CDF.

2) Solve all G,(z;) and Hj(zi) for the posterior
probabilitiés or all “T, and D, (the P(EV,)).
For example, assume the ~“50 yeat storm event (i.e. the

very wet situation) has occurred, then:
FOR: ZETA 1 ZETA 2 ZETA 3

z, = 125, z, = 105, zy = 85,
| ?Pd from the Gj(zi)land Hj (zi):
units P(T2) = .289
of: ) P(T3) = .203
events P(T4) = .063 :
month-acre P(T1) = 1.0 - P(T2) - P(T3) - P(T4) = .445,
.
and:
.
units P(D2) = .001
of: P(D3) = .274
events 1 P(P4) = .153
mont h—km? -P(5) = .031

i P(D1) = 1.0 - P(D2) - P(D3) - P(D4) - P(D5) = .541
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3) To illustrate use of these probabilities employ the
P(D4) with the conditional probabilities calculated
for CL1 and CL2.

Fvent P(CL1|D P(D,) = Ia = P(D4]cCL1
ven (cL1py) x P(Dy) a /ta = P(Dy|CL1)
temporal /
D1 .061 x .541 = .,033/Ia = ,286 space units
D2 .287 x ,031 = .009/tal = 078 are ,
D3 .311 x .153 = .048/Ial = 416 per km
D4 .091 x  .274 = .,025/Ial = 217 per
D5 .250 x .001 = .0003/Zai = .003 month
fa, = .1153 I =1.000
Event  P(CL2|D P(D,) = Ta = P(D 2
ven (cL2[p;) x P(Dy) a /Ia = P(D4|CL2)
D1 .690 x  .541 = .373/Ia = .941 | temporal/
D2 .098 x .031 = ..003/Ia?2 = .008 |SPace units
D3 .053 x .153 = .008/Ia? = .020 eirimz
D4 . 045 x 274 = .012/za§ = .030 |P bor
D5 114 x .001 = .0001/za2_- .001 oth
fa = ,3961 I = 1,000

For a hypothetical watershed which

2

has 15 km® of CL1 type land and

50 kn? of CL2, the expected event frequencies (EF) for D, for the 50

year storm are:

3

Event P(DJICLl) x Area = EF, P(DjICLZ)_ x Area = EF,
D2 .078 x 15=1.2 .008 x50 =0
D3 416 x 15 = 6.2 - .020 x 50 =1.0
D4 .217 x 15=3.3 .030 x50 =1.5
D5 .003 x 15=0.1 .00l x 50 =0.1

gAl,+ EFp) = Expected Frequency for Event Dy

2
2
3
1

0.4

O
= U o

Remember, that CL1 and

1.6 rockslides

7.2 debris avalanches
4.8 slumps
0.2 creep events accelerated

CL2 differ in two ways. First, CL1 has much

younger timber (6-10 years) than CL2 (greater than 80 years) and CL1 has

steeﬁer terrain (21-50 percent vs. 51-70 percent). Changing

these two factors had a substantial impact on the expected
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frequency outcomes. In this way, the method outlined so far provides

one quantitative measure of how differing variable states affect the
expected erosion frequencies. A second such measure was also derived.

Data compiled from the 10 studies referenced for Tables 18-20
in Chapter VI was used to develop this second quantitative measure.
Different "event size" distributions in terms of "cubic yards per
event'" were built to estimate predicted event sizes. Table 23 pre-
sents the app;opriate fit tests and distribution parameter estimates.

For off road erosion (T2) two distributions were developed.
First a Weibull distribution was fit to nearly 90 T2 events greater
than 100 cubic yards in size. Secondly, assuming that
events over 100 cubic yards represent only one out of every ten such
events a second right skewed Weibull distribution was constructed
empirically to represent this population of event sizes (0'Loughlin,
1972). The parameters for this second distribution are arbitrary,
hence no fit test was conducted.

Similarly, road damage (T3) event size was broken into two
categories: those events measured greater than 200 cubic yards, and
those smaller. Weibull distributions were used for both classes.
The small class again had arbitrary Weibull parameters, hence no fit
test, and the larger class was fit against some 80 actual event
sizes. TFor this study, four out of five T3 events were assumed to
be from the smaller size class (0'Loughlin, 1972 and Swanston, 1975).

One size class was assumed for road failure events (T4) due to
their naturally larger size by definition. A Weibull distribution
was fit to 75 indiVidual road failure events and the appropriate x2

goodness of fit test was conducted.



78

Table 23. Summary Table for Erosion
Event Size Distributions.
Event Weibull Parameters x2 v
Type N .
a 8

Road

Erosion

T2 (Small) 1.2500 75.00 N N
T3 (Large 1.0102 724 .60 12.53 5
T3 (Small) 1.2500 125.00 N N
T3 (Large) 1.1300 780.14 7.56 4
Th 0.8760 6274 .77 6.28 5
Slopé

Erosion

D2 0.9180 1041.22 4.86 5
D3 (Small) 1.6602 540.57 10.23 6
D3 (Large) 1.4066 4831.28 12.19 5
D4 (Small) 1.6526 491.82 3.03 6
D4 (Large) 1.1463 8736.68 8.98 5
D5 0.7861 4428.78 X X

N - not fit, empirical
estimates, therefore,

2
no X v

X - no x2

statistics reported.

statistic reported due

to small uncertain parent population.
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Limited information was available on rockslides (D2),

however, 66 recorded events could be identified to be directly
associated with rockslide activities. Therefore, one sigze class
distribution was fit to these 66 event sizes. Again the functional
form was Weibull.

Two size classes were assumed for debris avalanche/flows. The
smaller clasg involved young timber, recently cut-over sites, and
immediate streambank areas. The larger class covered what has been
referred to as the natural events, occurring on virtually undisturbed
sites. Careful analysis of data from the 10 studies referenced earlier
demonstrated the validity of this approach. There are two distinct
size populations for D3 events which correspond to the assumed
classifications. Both were fit with a Weibull function and a good-
ness of fit test performed. The small class contained 100 sample
points and the larger class 130.

A similar approach was taken with slump/earthflow (D4) event
sizes. A small size class which involves occurrences on young stands,
recently cut areas, immediate streaﬁ banks, and shalloﬁ transitional
(cohesive to non-cohesive) soils was fit with a ﬁeibull distribution
based on 63 sample points. The larger class, for less disturbed,
more classical, deep cohesive soiled areas, was fit with a Weibull
distribution based on some 65 size samples. Appropriaté tests were
conducted.

Very 1i£t1e information was available for estimating the monthly
contribution of an accelerated creep (slow mass flow) event (D5).

Several events have been measured which are related to such activity

but no actual creep acceleration data was available in cubic yards/event



month. Therefore, a very crude estimate of this erosion contributions0
was made by fitting a Weibull distribution to the small number (nearly
30) of the "related" events. Because reasonable fit testing requires
at least 40 sample points and because of the unsure relatiomship

between the event sizes used and creep acceleration, no x2test for

this fit is réported. Reporting such a test would add false credibility
to the function being employed.

A most important point is that just as with the Gj(zi) and H )

11
CDF's, these event size distributions are estimates and only as
accurate as the available raw data on erosion events and the simplifying
assumptions employed.

To thi; point combined methods for estimating frequencies and
sizes of seven erosion events have been established which provide
quantitative measures of the erosion process. Examination of a chan-
ging watershed over time will provide a dynamic view of this activity.
The remaining portion of this study is directed at outlining various
alternatives and developing the simulation techniqués required to
accomplish a dynamic system view of each altemmative in a changing

Harvey Creek Drainage.
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VIII. SPECIFICATION OF HARVEST AND
ROAD ALTERNATIVES FOR THE
HARVEY CREEK DRAINAGE.

Development of harvest and road alternatives required organizing
and mapping all on-site physical variables relative to this study.12
Through close cooperation with USDA FS personnel at the Siuslaw
National Forest Headduarters in Corvallis, up-to-date resource
inventory materials Qere made available for all relevant variable
types and states (Lindner, et al, 1975). Figures 8 - 11 are resource
maps of study site conditions for soil, slope, and timber types,

and landform classes. Timber age classes correspond roughly with
timber types and a detailed age class map i; not included herein. Also
not illustrated Here, are maps for bedding plane angle and fracture
angle classes. According to the US Geological Survey (1961), study
area bedding planes are virtually horizontgl (‘ﬁo). Additionally,
steep sloped areas in the Harvey Creek Drainage .result from

highly steepened fracture anglés (Burroughs et al, 1971, and Swanston,
1975). Therefore, all slopes exceeding-SO percent were assumed to be
underlain by horizontal: bedding planes fractured "steeply with" the
slope. Slopeé less than 50 percent were a;sumed to'have-horizontal
beds fractured "gently with" the slope.

Computer processing of this resource material required adap-
tation of a systematic mapping method for the entire study area. A
simple uniform grid approach was employed; Harvey Cfeek Drainage
was divided into a set of uniform cells and blocks. Figure 12 is a
map of the 88 blocks established for the study area. Each block was
subdivided iﬁto a series of smaller, uniform cells measuring.sixteen

12See Chapter III.
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FIGURE 10. Harvey Creek Drainage
Timber Type Map.
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FIGURE 11. Harvey Creek Drainage
Landform Type Map.
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- FIGURE 12. Harvey Creek Drainage
Block Map. 16115

21122
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square chains (1.60 acres) in size. Blocks 1-83 contain 25 cells,

hence are 40 acres each. These blocks cover all acreage never
harvested. The remaining five blocks (84-88) involve land harvested
within the past 20 years. No attempt was made to modify these
block arrangements to correspond to a common 40 acre size. These
five blocks contain respectively (84-88), six, 52, 27, 22, and 25
cells. The entire drainage contains 2207 1.6 acre cells, or covers
an area of 3531.20 acres.

A cell map was laid over each resource map and all cells were
assigned a code for the variable state occupying the majority of
each cell. This included codes for timber age (Ei), harvest method
(Hi), silvicultural method (Ci), slope (Ui), soil type (Vi), land-
form (Wi), bedding plane angle (Xi), and fracture angle (Yi) (See
page 19 for key to these variables). Two variances from actual
existing on-site conditions were employed for reasons explained
below.13 First, timber age for cells in blocks 84-88 was not placed
in age classes El and E2 (0-5 and 6-10 years old for newly regenera-
ted areas). Headwall and streambank cells were assigned an E5 age class
class (41 + years). All other cells were assigned an E4 class (21-
40 years). Second, cells in blocks 84-88 were assigned a harvest class
of H4 (no harvesting) and a silvicultural class of C3 (natural fo;est).
This compromise with reality was adopted in order to haQe a homogene-
ous data base for initial conditions. Such homogeneous initial condi-
-tions help to simplify ordinal alternative comparisdns by reducing the

potential sources of variation in each outcome set for the harvest and

13
Actual codes for all cells in blocks 84-88 would have been El
(0-5 years), H3 (highlead), and Cl (clearcut).
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road alternatives specified. All cells in blocks 1 - 83 were assigned

harvest and silvicultural codes of H4 and C3.

The basis for all harvest altcernatives specified is an 88 year

cutting period with an identical timing schedule for each block's

harvest year employed in every alternative. For example, this re-
duces any variation introduced due to different cutting periods and
harvest schedules being utilized from alternative to alternative. A
single block was scheduled for harvest each year with priority on
time of harvest being dictated by most accessible first to least access-
ible last. This allows for building and maintaing an access system
on a systematic, as-needed basis and reduced road building and main-
tenance investment costs. No attémpt was méde to determine the opti-~
mél block harvest scheduled which minimized such costs; a simple em-
pirical assigpment process was employed. Table 24 presents the block
cutting schedule. Table 25 is the assumed volume table utilized for
this study and the four timber types annotated in Figure 10. This
table was adapted from Siuslaw National Forest yield tables presented
by Johnson (1973) and interpretationé of Bulletin 261 (McArdle, et al,
1961).

Data pertaining to the existing road system was also provided by
Siuslaw National Forest persomnel (Saurbier, 1975). Approximately
six miles of primary gravel surfaced road (S2, M1l) has been constructed
in the past 15 years. Appropriate variable states for ;oad standard
(Si), road surface (Mi), slope class (Ui), road age (Ri), landform
class (Wi), soil type (Vi), bedding plane angle (Xi), and fracture
angle (Yi) were assigned these road segments (See page 19 for key to

these variables). This existing forest road served as the basic
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Year Block
Cut
67 76
68 74
69 27
70 26
71 24
72 46
73 43
74 41
75 39
76 40
77 38
78 37
79 75
80 36
81 29
82 28
83 25
84 84
85 85
86 86
87 87
88 88

Iype IV

805
1748
5000
8357

11045
13058
14559
14559
15487
15843
15304
1488%
14521

Table 24. Block Cutting Schedule.
Year Block Year Block Year Block
Cut Cut Cut
1 1 23 65 45 34
2 60 24 19 46 33
3 2 25 54 47 73
4 3 26 11 48 72
5 59 27 10 49 21
6 4 28 9 50 48
7 58 29 64 51 49
8 57 30 68 52 79
9 5 31 67 53 80
10 6 32 20 54 81
11 15 a3 53 55 35
12 61 34 12 56 32
13 16 35 13 57 3l
14 17 36 14 58 30
15 62 37 83 59 22
16 18 38 70 60 23
17 56 39 69 61 47
18 55 40 71 62 45
19 7 41 50 63 44
20 8 42 51 64 42
21 63 43 52 65 78
22 66 44 82 66 77
Table 25. Yield Tables for Unthinned Stands of
Four Timber Types (Actual Volume
in Scribner Board Feet per acre).
Stand
Age Type I Type 11 Type 111
20 7998 1342 4796
30 - 17154 2878 10421
40 25809 5329 15311
50 33955 8722 19467
60 41591 . 15185 22888
70 48717 21040 25575
80 55332 26247 27527
90 61438 31118 28745
100 - 67034 35516 29229
110 72120 39430 28978
120 76695 42951 27992
130 80762 46236 26000
140 84317 48977 25000
150 87363 51201 24000

14061
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access component for all alternatives considered.

Ten different harvest and associated road alternatives were
specified for this study. Table 26 presents the harvest and road
specifications for each Harvey Creek alternative. Headwalls and
streamside areas were treated in various ways. In some alternatives
they were left in their natural state (1-5 and 7); in others they were
both clearcut and partial cut.14 The mixed alternativeé (6 and 10)
allowed for construction of some primary, gravel surfaced roads. No
midslope roads were scheduled. For alternative six, all timber
accessible by running skyline from the non-midslope roadways was
partial cut by that system. All other timbgf was clearcut by the
helicopter sk&crane. This provided minimal new road construction, no
midslope roads, partial cutting of the steepest slopes (closest to
ridgetop roads) by a relatively cheap system, and clearcutting of
the less steep slopes (more removed from the ridge top areas) by a

long reach system. Alternative 10 differed from six only in the

silvicultural system assigned each block. An attempt was made to

assign partial cuts to all blocks dominated by headwall and stream
side cells. All other blocks were assigned the clearcut option.
This alternative employed more of a prescription approach designed
to consider the special problems of the steep slopes, headwalls,

streambank areas, and limited good locations for road placement.

14 _
All partial cuts are assumed to have 40 percent removal for
this study. '
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An infinite number of such alternatives could be devised, but

monetary constraints dictated this somewhat limited approach. These
ten alternatives provide for a wide range of reasonsble alternative
comparisons.,

Figure 13 illustrates the existing and planned
road segments referenced in Table 26. All road
segments were assigned the appropriate set of on-site variable
states and measured for length in feet. The primary road segments
were assigned an average right-of-way width of 50 feet and the
secondary one of 35 feet. State-of-the-art construction methodology
was assumed for all road construction which ‘includes where physically
possible:

1) right-of-way cleanup,

2) trimming cut banks,

3) end-hauling,

4) twenty-five year flood design for culverts, drain-

age ways, and stream crossings,

5) stabilizing all cut banks and fill slopes,

6) outsloping all midslope roads with burms,

7) clearing drainage ways of all debris during

construction, :

8) ' constructing only during dry periods.

Road segments 1-30 on Figure 13 represent the existing six miles
of roadway. 'Layout of the other 132 planned segments was accomplished
by employing technical assistance from Siuslaw National Forest
engineering personnel and application of an automated road layout
program designed and written for the desk top Hewlett Packard 9830

15 : .
calculator, (Saurbier, 1975 and Burke, 1974). Actual road placements

15 : _ :

Use of trade names or equipment designations in this report
does not imply endorsement by either Oregon State University
or the project researcher.
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FIGURE 13. Harvey Creek Drainage
Road Alternative Map for
162 Individual Road Segments.
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would be governed by specific on-site conditions encountered during

construction activities, however, this study assumed the planned
location was the actual placement location.l As with harvest blocks,
each road segment was assigned a year of construction. New segments
were built on a time schedule to provide access to scheduled concurrent
timber harvest. Either a subset or all.of the 162 segments are
constructed over the 88 year period depending on access requirements
for the partiéular harvest system employed for a specific alternative.
Road segments 1-70 were primary gravel (S2, Ml), 71-125 secondary
gravel (Sl, M), and 126-162 secondary spot stabilized (s1, M2).
Density of forest access requirements gre dictated by the
yarding capabilities of particular harvest systems émployed. Recall
that the harvest systems assumed for each alternative in this study
are delineated in Table 26. Figures 14-16 and Table 27‘p:esent
general system specifications for the systems selected. Haulback
line capacities for the West Coast Falcon and Smith Befger Marc I
systems dictated_limits on maximum yarding distance allowed when
these systemé are used. For this study a maximum yarding distance of
1200 feet was assumed for the West Coast Falcon systeﬁ (all highl ead
settings) and one of 2100 feet was assumed for the.Smifh Berger Marc 1
(all skyline settings). Maximum yarding distance for the skycrane
was assumed to be 8000 feet. These capacities dictated how much road
need be constructed in order to reach all timber in one block. Further
assumptions were‘that all yarding would be uphill and that only one
landing need be éstablished on an access road each year to harvest the
scheduled block.

This process of collecting resource data, designing a grid mapping
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FIGURE 16. Helicopter Yarding
System Schematic
(Dykstra, 1975).
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system, assigning variable states for all relevant variables to

each cell, selecting harvest systems, specifying harvest alterna-
tives, and outlining required road plans for each harvest alternative
set the stage for construction of a harvesting, road building, and

erosion simulation model for the Harvey Creek Drainage.
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IX. THE HARVEY CREEK EROSION

SIMULATION MODEL -~ HARASS

The Harvest And Road Associated Soil Slips Model (HARASS) is
a FORTRAN IV simulation model which simulates over time the
harvesting, road construction, timber growth, climatic conditioms,
slope erosion, and road erosion associated with a set of proposed
harvest alternatives. Appendix D contains a program listing and
samples of ail relevant data files utilized in operational rums.

A complete program deck and all documentation are on file in the
Forest Engineering Department at OSU. Figure 17 is a stylized flow
diagram of major model operations.

The basic premise of HARASS is that the stochastic nature of
climatic and hydrélogic parameters control the stochastic properties
of erosion phenomena as conditioned by specific on-site variable states.
Therefore, stochastic simulation of climatic And hydrologic parameters
can be used to drive the probabilistic mechanism for simulation of
erosion processes. The key that provides the linkage between climatic
and hydrologic parameters and erosion processes is the application of
Bayesian probability analysis through "Bayed Theorem."  This link
provides the mechanism for conditioning all erosion event probabilities
on both the climatic and hydrologic parameters and the on-site variable
sfates. Once the climatic and hydrologic conditions are established
and the set of on-site variable states is defined, the event pro-
babilities can be determined. HARASS was constructed to reproduce
this simple process. Numerous modeling assumptions, constrains, and
model embellishments were included in order to facilitate the'goal of

using this process to simulate erosion phenomena as related to
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FIGURE 17. Stylized Flow Diagram for HARASS.
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various harvest and road alternatives. Table 28 presents a listing of

significant model assumptions, constraints, and special features.

The model structure has general applicability. However, the spe-
cific HARASS form presented here must be modified somewhat. HARASS
utilization requires simulation of monthly precipitation (Pi)16 and
soil water content levels (Si) to use for determination of monthly z,
values. Each new area of application requires development of a new
wate?shed model which simulates montly Pi and Si'

The new watershed model can be incorporated into HARASS by its re-
placement (in synonomous form) of subroutine WIRSHED. Or, the new water-
shed model can be used external to HARASS to build three new ZETA k popu-
lations which in turn are fit for new Weibull shape and scale parameters
by using the Weibull Fit program in Appendix B. These new parameters
can be employed in subroutine ZCALCI in lieu of using subroutines WTRSHED
and ZCALCII to calculate monthly z, values.

One other modification must be adopted. Because the ZETA k distri-
butions used in this study were the basis for construction of the univer-
sal probability, Qj(zi)’ functions for each event type in Tj and Dj’
any new ZETA k populations must be scaled to these initial populationms.
If this scaling was not accomplished, new Qj(zi) would have to be

developed for each model use. The scaling factor recommended

16This study area has no significant snowfall, therefore P, is monthly

precipitation delivered to the watershed. 1In areas whicﬁ experience
snowfall accumulation, P, represents the monthly water amount in in-
ches delivered to the soil surface layer, e.g. January snowfall melt-
ing in March provides P, for March and none for Janaury. This requires
inclusion of a snowmelt component in the appropriate areas.



Table 28.

ASSUMPTIONS

Road segments and
forest cells are
mutually exclusive.

Road and slope
erosion events are
mutually exclusive,
and all sets are
exhaustive.

All on-site variables
are mutually exclus-
ive and all sets are
exhaustive.

The subjective proba-
bility schedules
(Tables 3-6) do
represent reality.

Monthly measures of
precipitation and
ground H O content
srovide au iudex

ot erosion potentials.

The ZETA Function, as
hypotehsized, deter-
mines the level of
the erosion potential
index.

The watershed model.

does represent reality.

Event probability
functions have the
Qj (zi) form

presented.

“"Bayes Theoren'is
applicable.

Event size distri-
butions represent
reality as presented.

Key HARASS Assumptions,

Coustraints, and Special Features.

CONSTRAINTS

Model limited to 2200
cells and 160 segments
(arbitrary).

Model limited to

five timber types and
ten year increment
volume tables.

All model function
simulation is con-
strained by random
number generator
employed.

Model has no built

in regeneration lag.

All road repairs are
accomplished prior to
summer cutting period.

All partial cuts are
40 %.

Any cell with a road

has a 20% area reduction.

Any road failure
larger than 3000 yds3
sets road age back to
zero.

Any D3 or D4 event
larger than 5000 yds
sets cell timber age

3

.back to zero.

Road right-of-way
widths are 50 and 35
feet respectively
for S2 and S1.

-

SPECIAL FEATURES

Harvest constraints
can be read in by
either cells or
blocks.

A linear algorithm
calculates annual
timber yields by
type from the 10
year tables.

A matrix colum pul-
tiplication approach
is used to calculate
Bayesian conditional
probabilities.

A random number func-
tion simulates up to 40
streams of random num-

ber integers {1,8388608}.

The z4 values can be
calculated through
either a watershed
model or simulated
from 3 continuous
Weibull distributions.

Numerous harvest
alternatives can be
specified by keving
several internal
program options.

Once timber regenera-
ted and over 40

years old model trans-
fer H, and Ci states to
H4 ana C3.

Model tabulates and
reports annual road
construction by type
and annual harvest by
areas and type.

Model tabulates and
reports event sizes,
locations, times of
occurrence, Pi, S,
all on-site vari&%le
states and totals,
means and standard
deviations.
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is:
FACTOR = nk Yhk
%nk Thk
Here:
uhk .... mean of ZETA k population for Harvey Creek

Drainage.

o
hk .... standard deviation of ZETA k population for
Harvey Creek Drainage,

~

nk .... mean of ZETA k population for new drainage basin,

~

o}
nk .... standard deviation of ZETA k population for new

drainage basin.
When the user has replaced WIRSHED with a new watershed model,
FACTORk is read in for use in subroutine ZCALCI. All new z, values
are multiplied by the appropriate FACTORk in fhis subprogram. For this
study, FACTORk (k =1, 3) was set equal to one. If the option to employ
Weibull distributions for simulating new 2y values is selected,
FACTORk should be multiplied times all z; values in each ZETA k

population prior to fitting the new a, and Bk parameters. Then, simu-

k
lation of z, values in HARASS from subroutine ZCALCII requires no

i
further internal modification. A word of caution; this scaling process
has not been thoroughly tested and it may produce inaccurate responses.
If a user is not satisfied with utilizing the Qj(zi) probability functions
developed herein basied on this study's ZETA k populations, he may fit new
Qj(zi) functions to the new ZETA k populations just as Qas done in Chapter

VI. Regardléss of -the approach taken, any application should be examined

carefully before actual. implementation proceeds.
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HARASS is a relatively simple simulation model which is unique

only in the way in which it combines basic theoretical components
of watershed modeling, Bayesian analysis, and elementary activity
scheduling, processing, monitoring, and updating. The key to

its structure is founa in my reliance on the Aristotlean phil-
osophy: producing deductions on the particular from hypotheses

about the general. The scope of its application has

broad potential because of this philosophical perspective. Utilized
in conjunction with an economic analysis model, to be discussed in
Chapter X, HARASS can provide insightful information for the decision
making process on a variety of horizons. Evaluation of model outcome
in Chapter XI for the 10 harvest and road alternatives specified for

this study will demonstrate this clearly.



106
X. THE HARVEST AND ROAD PRESENT
NET VALUE MODEL -- HARP.
The Harvest And Road Present net value model (HARP) is a FORTRAN

IV analytical model which determines over time the following:

1) annual construction costs, 8) annual harvest labor costs,
2) annual maintenance costs, 9) annual harvest setup costs,
3) annual road repair costs, 10) annual total harvest costs,
4) annual total road costs, 11) annual total timber sale
S) annual harvesting energy returns,
requirements, 12) alternative discounted returns,
6) annual regeneration costs, 13) alternative discounted costs,
7) annual harvest equipment 14) alternative present net value.
costs,

Appendix E contains a program listing and samples of all relevant data
files used in operational runs. A complete program deck and all
documentation are on file in the Forest Engineering Department at OSU.
Figuré 18 is a stylized flow diagram of major model processes.

HARP was designed and built to be used in conjunction with HARASS.
Key output from HARASS serves as input for HARP:

1) table of road damage (T3) and road failure (T4)

events by month, year, location, and size in

cubic yards,

2) table of annual road construction by type (Si,Mi)
and annual acres and timber volume harvested

by type.

Additionally, review of Appendicés D and E will illustréte that some
input files for HARASS also serve in identical form as input files for
HARP. This joint design simplifies the work involved in setting up
model runs and reduces overall cost of operation.

Calculation of annual road costs involves utilization of
construction and erosion data from HARASS and numerous model cost
equations and.assumptions. All cost data incorporated into HARP runs

for this study were provided by the Siuslaw National Forest and
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tailored to specific site conditions and engineering problems for the

Harvey Creek Drainage (Saurbier, 1975). Road construction, rocking,
maintenance, and repair costs (1975 dollars) utilized are illustrated in
Table 29. Notice the relatively high construction costs for ridgetop
roads versus midslope roads. This may appear counterintuitive, but
because ridgetop roads can be fully contained in the road right-of-way
(i.e. all construction material permanently kept in the road right-
of-way) when extra construction care, such as end-hauling, is applied,
their costs are higher. It is not physically possible to contain a
midslope road on the steep slopes of the study area, hence it makes no
sense to plan a costly construction prdcedqre which will prove futile.
A point of interest i1is that the Siuslaw Natienal
Forest engineering staff 'dees not’ recomménd midslope roads for the
Hafvey Creek Drainage. However, midslope roads are inclhded as a
viable option for this study in order to determine what might be
expected to occur if they were constructed, both from aﬁ erosional
perspective and from a "total" cost perspective. Another important
point is that the relatively hiéh construction costs for the secon-
dary roads (very nearly equal that for primary roads) is due to their
normal location in rougﬁer terrain than primary roads. All costs
included in Table 29 include a basic 20 percent overhead cost component;
Calculation of annual harvest costs depends on output from
HARASS on tyﬁe, volume, and location of timber harvest as well as
acres harvested. All costs relationships are based primarily on
work reported by Dykstra (1974 and 1975) dealing witﬁ production and
cost equations for a variety of harvest systems and conditioms.

Part of the rationale for selecting the particular harvest systems
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specified in Chapter VIII was that Dykstra included all of these

systems in his production rate and cost analyses. The basic approach

for calculating harvest costs is as follows:

1) determine

single turn time in minutes for a

particular system under specific site conditions,

2) calculate
harvest a

3) determine
number of
4) calculate

Harvest
(Number

total number of turns required to
unit,

number of yarding road changes and
landings per unit,

total harvest time in hours from --
Time -[(Turn Time)
of Turns) (Delay Coefficient) + (Road Change Time)

(Number of Yarding Roads - 1) ] / 60.0,

5) then: Harvest Costs =[KHarvest Time ) (Labor cost/hour +

Equipment

cost/hour)]+ [(Setup Cost) (Number Landings)].

Single turn time in minutes is calculated from regression equatioms

taken from Dykstra'

Turn Time

where:

s work. The basic form is:
= + b + X + d(X + X
a ( 1') c( 2) ( 3) e( u)

f‘xs) + g(XG? + h (X7) + 1 (XB) ,

a ... regression constant,

b ... b

- i are regression coefficients,

X; ... board feet volume per turn,

X2 ... Vvolume per_turn/number logs per turn,
X3 ... number logs per tumm,

X, ... slope yarding distance in feet,

chord slope in percent,

Xg oo lateral yarding distance in feet,
X; ... tagline length in feet,
X ... number of riggers.

Table 30 contains all constants, coefficlients and assumed levels of each

variable X, - X8 for the harvest systems identified in Tables 26 and 27.

All variables are self-explanatory except chordslope. This is the

slope of a line drawn from the skyline fairlead on the yarder tower
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to the tailhold. For helicopters, this is the slope of a line

connecting the landing and hook point. For uphill yarding, chord-
slope values are negative. All variable values assumed for this

study are gross averages for the drainage "as a whole" and were
arrived at after consultation with Dykstra; HARP allows for a more
refined approach if a user desires such an option. He may input a

set of variable values for each block harvested instead of one overall
drainage set. Remaining elements required to complete the harvest
cost equation are presented in Table 31. Also included in Table 31 is
an estimate of energy consumption for each system in gall ons of fuel
per thousand board feet (M fbm) harvested..

Regeneration costs are calculated based on an expression presen-
ted by Lembersky and Johnson (1974) and similar to one used by
Buongiorno and Teeguarden (1973):

Cost = 15.0 + 0.10 (number trees planted per acre). Because
site_preparation costs are not included for this study, this cost
is assumed to represent the rela;ive cost for regeneration. Based on
information provided by Lindner, et al (1975), the number of trees
planted per acre was assumed to be 375. For this study, this forces
regeneration costs to be a comstant $§52.50 per acre. Any model user
can modify the basic equation by changing the values of 15, .10, and
375 which are included as input data.

Annual harvest returns are based on the value of.
each timber type and the volume harvested annually by HARASS.
HARASS allows for five timber types; four were used for this study.

Table 32 presents these four types17 and the assumed values at the mill

17 -
See also, Chapter VIII, Figure 10.
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in 1975 dollars. HARP allows the user to input up to five different

values.
Table 32. Timber Values at the Mill for Four 18
Harvey Creek Timber Types (Rowley, 1975)
Timber Type Description Value at the Mill
Type (1975 Dollars)
Type I . Douglas-fir High Site 175.00
Type II Douglas-fir Low Site 150.00
Type III Douglas~-fir Mix (60%) 150.00
High Site
Type IV Douglas~fir Mix (60%) 125.00
Low Site

Discounted returns and costs and present net values (PNV) are
calculated for each alternative for nominal interest rates from one
to fifteen percent. Alsoc included in HARP is an option to introduce
three different pairs of annual cost and price indices. For this
study a constant annual price index of 2.7.percent is assumed (USDA FS,
1973). 1In order to examine the impact of costs rising faster than
returns, returns rising faster than costs, and no difference in the
rates of increase, three different annual cost indices were employed:
3.5, 2.0, and 2.7 percent. A u;er can modify an input file to alter
the cost and price indicies employed. The discounted costs, discounted

returns , and PNV are calculated from:

n n n
c= Y [ (TCi) (1+CI) / (1+R) ] R
i=1

n n n
R = ¥ [ (R)ARD /1R ]. and PNV = DR ~ DC.

i=1

18 :
These are "optimistic' mill values.
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Here:

DC .... discounted costs,

DR .... discounted returns,

TC4.... total annual costs for year i,
PEERE total annual returns for year i,

R ".... annual nominal discount rate in decimals,

CI .... annual cost index in decimals,

RI .... annual returns index in decimals,

n .... number years in alternative,

PNV.... present net value for alternative at the

specified set of cost and return indicies and
the selected annual nominal discount rate.

The products of HARP are two output tables which list all annual
cost components and all discounted costs and returns and present net
values for each alternative. This output, combined with that from
HARASS, provides a set of analytical information which can be intro-
duced into the decision making process to aid in identificationm,
quantification, and integration of harvest and road alternative
constraints. Review and analysis of output from both HARASS and HARP

for the ten specified harvest and road alternatives illustrates this

point in the following chapter.
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XI1. EVALUATION OF TEN HARVEST AND

ROAD ALTERNATIVES FOR THE HARVEY
CREEK DRAINAGE

The purpose of this chapter>is to demonstrate how HARASS and
HARP may be employed simultaneously to evaluate various harvest and
road alternatives. These two mogels do not provide "decisions", they
provide "information'" which may be integrated into the decision making
process. Both HARASS and HARP are "models" and as such are "abstrac-
tions" from reality. Therefore, all model output must be viewed in a
relative, rather than absolute, perspective.

Table 33 illustrates examples of output obtained from HARASS for
each alternative. Table 34 demonstrates eiamples of model products
from HARP. These two models were analyzed in 30 trial runs of
varying size and -complexity. No significant model inconsistencies
were observed. All model subroutines and analytical components were
examined with great care and no apparent analytical errors were un-
covered for each of the final model forms. Once HARASS and HARP
models functioned as planned and without any observed instabilities,
the ten alternatives'specifiea in Chapter VIII were submitted to
model evaluation.

Each alternative was submitted to one 88 year run for HARASS and
HARP. A more appropriate approach would have been to'éubmit each alt-
ernative to numerous runs under different, independent random number sets.
This would have allowed for a more thorough evaluation of the impact
natural variétion in the stochastic process might have on each alter-

native. This limited approach was dictated primarily by financial
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TABLE 33. Examples of Model Output from HARASS.

ROAD FROSION STATISTICS
FOR ALTEONATIVE NO. 1

OFF ROAD EROSION ROAD DAMAGE RNAD FATLURE
YEAR MONTH SEG- SIZE IN YEAR MONTH SEG=- ST?E IN VYEAR MCNTH SFG- STP?Ff IN
MENT CuBIC YD. MENT CUBIC YO. MENT CUBIC YO0.
1 2 7 . 228,.3
1 2 15 19.2
1 2 18 549.7 ' 2 " 0.5
6049,
H 2 26 5.9
1 3 5 132.9
1 3 9 105.1
1 3 243.9
1 3 1 83.3
1 3 1 169.2
1 3 17 69.7
1 3 19 39.0
1 3 21 314,.7
1 3 26 25.1
1 3 29 176.9
1 3 30 10.7
[y 5 & 173.2‘
[ 14 189,23
9 192.1
& 2 L] 11146,.7
18 126.5
& H4 21 7il. 4
22 5.6
& 2 24 162,
& 2 26 261,
6 3 9 67.4
6 3 9 397. 0
[ 3 i‘ 62.(
6 3 25 7468.1
6 3 31 b6.1
[ 3 31 79,
6 3 32 131.0
3 32 137.7
7 & 31 30.0
R A B
10 [ [Y 259.1
10 [ S 370.1
10 . s 169.3 ]
10 [} 5 172%.3
10 & 6 78.2
10 9 92.1
10 [ 9 72.3
10 [ 17 32.7
10 & i' 55907.0
10 1% L} £39.6
10 [ 20 349.1
10 & 26 &62.€
10 [ 32 12.5
10 [ 34 86.0
13 ) &0 Lil.0
XIT=SICCETISEEICETEIIEFICICSEBEBEBRTTIREEESIBEEIBEEBEEEBEEEEEISEBEITSISEETEEERTIZECERRITES
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Table 34. Continued.

SUNARY TABLE FOR
THE PPTSENT NTT yaALUE
CALTULATYICHS AT VARITYS INITRESY
QPIFS AND PRI AN COST INDICIES
FOR HARVSST AND 080 ALTSRIINATIVE 8

ANNVAL PRINE ANNUAL CO5Y AmNudL DISCOUNT DISrour o DESCOUNTED PRESENT
INDEX INOEX RATE RE TUINS COSYS MET vaLui
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t.? t 234 16376265,95 #951275.55 JN2550) .01
2.7 ?.7 99323€%,3% 3509917.45 Be22%0 2,30
2.7 2.7 7227551.73 2E1737&. 00 w€134277,73
2.7 2.7 5505294.17 28335087, 11 IN56791.08
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considerations.l9 Because of relatively consistent results obtained

in trial runs, this reduced approach did not appear to be a serious
problem for this level of analysis.

A summary of data obtained from the two models for the ten
operational runs is presented in Tables 35-38. The extensive
alternative analysis which follows is based on this data and is
20

intended only to demonstrate the type of analysis possible.

Analysis of the Altermatives

Recall that ten harvest and road alternatives were specified in
Chapter VIII. A brief description of each alternative is summarized
here to facilitate analysis discussion:

1) Helicopter clearcutting on all cells except headwalls
and streamside strips, which were not harvested at all.
Access system included existing six miles of primary
gravel road and new construction of 10 miles of
similar road way during the 88 year cutting cycle.

2) Skyline clearcutting on all cells except headwalls and
streamside strips, which were not harvested at all.
Access system included existing six miles of primary
gravel road and 16 miles of secondary gravel road
during the 88 year cutting cycle.

19

Complete model development and testing expenses and operational
run costs totaled nearly 7,000 dollars. Final model run costs
for each alternative averaged approximately 100 dollars. The
combined computer processing unit (cpu) time required for HARASS
and HARP was about 1000 cpu seconds per altermative at the OSU
CDC 6400 computer system. Wall-clock time on this time-sharing
system varied between 5 and 7 hours for each set of model rums.

20 ,
Much additional model data is produced, but it is too voluminous

to be included. This information would be available for any
intensive alternative analysis.
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Present Net Value (?RV) Rankings of Ten Harvest snd Road

Altematives for Fifteen Nominal

Table 37.

glumt Rates and

Three Cost and Pricy Indax Ratios
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Cost Index/Price Index ratio = 2.7/2.7.
Ccost Index/Price Index ratio = 2.0/2.7.
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dCoat Index/Price Index ratio = 3.5/2.7.
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Highlead clearcutting on all cells except headwalls 3

and streamside strips, which were not harvested at
all. Access system included existing six wiles of
primary gravel road, 16 miles of secondary gravel
road, and 11 miles of secondary spot-stabilized
road.

Helicopter partial cutting on all cells except
headwalls and streamside strips, which were not
harvested at all. Access system requirements
were identical to those for Alternative One.

Skyline partial cutting on all cells except headwalls
and streamside strips, which were not harvested at
all. Access system requirements were identical to
those for Alternative Two,

Mixture of helicopter clearcutting and skyline par-
tial cutting. Access system requirements were
identical to those for Alternative One. All blocks
within reach of a rumning skyline system from this
road network were partial cut by that system. All
other blocks were helicopter clearcut. No special

cutting restrictions were applied on headwalls and
streamside strips.

No harvesting or new road construction planned.
This represents the ''status quo" alternative.

Helicopter partial cutting on all cells. No

special cutting restrictions were applied on
headwalls and streamside strips. Access system
requirements were identical to those for Alternative
One.

Skyline partial cutting on all cells. No special
cutting restrictions were applied on headwalls
and streamside strips. Access system requirements
were identical to those for Alternative Two.

Mixture of helicopter and skyline clearcutting
and partial cutting. Access system requirements
were identical to those for Alternative One.
Prescription alternative where all blocks with
substantial headwalls and streamside strips were
partial cut, all others were clearcut. Blocks
accessible by a running skyline from this road
system were harvested by that system, all other
blocks were helicopter harvested. No other special
cutting restrictions were applied on headwalls and
streamside strips.
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These ten harvest and road altematives can be evaluated in

terms of numerous decision maker criteria.

The criteria set

employed depends directly on the goals of the management agency

and the primary decision maker.

The decision maker criteria get

considered for this analysis is:

1) minimize total road related costs,
. 2) minimize road comstruction costs,
3) minimize road maintenance costs,
4) minimize road repair costs,
5) minimize total harvest costs,
6) minimize harvest labor césts,
7) minimize harvest equipment costs,
8) minimize total road and harvest costs,
9) maximize total gross returns,
10) maximize total net returns,
11) minimize annual road erosion rates,
12) minimize annual slope erosion rates,
and 13) minimize annual total erosion rates.

Table 39 presents data for each harvest and road alternmative for

these 13 managerial criteria.

All economic information is for a

nominal discount rate of five percent, a cost index of 2.7 percent
and a price index of 2.7 percent. This choice is arbitrary, and any
analyst could examine other sets of discount rates and cost/price

index ratios.



Table 39. Decision Maker Criteria and Ordinal
Comparisons for Ten Harvest and Road Alternatives®
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ALTERNATIVES
MANAGERJAL
CRITERIA 1 2 3 4 5 6 7 8 9 10
Total Road 1377 2040 2477 1377 2060 1377 487 1377 2040 1377
Costs 2 3 4 2 3 2 1 2 3 2
Road Const-~ 531 973 1145 531 973 531 0 531 973 531
ruction Costs 2 3 4 2 3 2 1 2 3 2
Road Mainte- 188 223 249 188 223 188 117 188 223 188
nance Costs 2 3 4 2 3 2 1 2 3 2
Road Repair 658 844 1083 658 844 658 370 658 844 658
Costs 2 3‘ 4 2 3 2 1 2 -3 2
Total Harvest 4067~ 635 1087 1157 435 1988 0 1863 684 2133
Costs 10 3 5 6 2 8 . 1 7 3 9
Harvest Labor 389 352 730 106 225 419 0 173 363 467
Costs 7 5 10 2 4 8 1 3 6 9
Harvest Equip- | 3591 206 281 968 132 1457 0 13 213 1554
ment Costs 10 3 5 6 2 7 1 9 4 8

Total
Costs

Total Gross
Returns

Total Net
Return

Annual Road
Erosion Rate

Annual Slope
Erosion Rate

Annual Total
Erosion Rate

5444 2675 3564 2534 2475 3365 487 3241 2724 3510
7 1
9154 9154 9154 3665 3665 7843 0 5974 5974 9932
2 2 2 5 5 3 6 4 4 1

3710 6479 5590 1131 1190 4478  (487) 2733 3250 6422
5 1 3 9 8 4 10 7 6 2

‘Ordinal values appear below each managerial criteria value, all
economic data is in thousands of dollars, discount rate used is

five percent, cost index is 2.7 percent, price index is 2.7 percent,
all erosion rates are in cubic yards per year per watershed acre,
and data in brackets, ( — ) refers to negative value.
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Road Cost Criteria

Table 39 shows that Alternative Three is the worst single alter-
native in terms of all road cost criteria. Road costs for this
alternative dominated all cost components with nearly 70 percent of
the total. Road erosion damage accounted for nearly 45 percent of
all road related outlays, and by itself equaled the timber harvest
expenses for this alternative. Note that these extra costs were more
than four times the normal maintenance costs. The '"status quo"
option, Alternative Seven, was at the opposite end of the spectrum as
the minimum cost alternative for all road cost criteria. Under the
assumption that the existing roadway will be maintained and repaired to
keep it operational, the only expected costs for this alterﬁative are
for maintenance and repairs. This cost actually represents a type of
fixed overhead cost required to keep this resource system component as
a part of the active business enterprise.

Close analysis of Table 39 reveals additional interesting road
cost criteria informatiom. To£31 road costs as a percentage of all
costs, and road repaif costs as a percentage of all road costs for each

alternative are:

Total Road Costs Repalr Costs

Alternative Total Costs x 100% Total Road Costs x 100%
ONE _ 25.0 48.0
WO 76.0 ) 41.0
THREE 70.0 45.0
FOUR 54.0 : 48.0
FIVE 82.0 41.0
SIX 41.0 48.0
SEVEN 100.0 76.0
EIGHT 43.0 ‘ 48.0
NINE 75.0 41.0

TEN , 39.0 48.0
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Three important observations can be quickly noted. Repair expenses

comprise a significant amount of all road related costs regardless of
the alternative. Road related expenses are the most limiting cost
component for all skyline and highlead dominated alternatives. And,
the repairs cost component was always 3-4 times higher than normal

maintenance expenses for all alternatives.21

Harvest Cost Criteria

Analysis of harvest cost criteria is somewhat more complex due
to the greater variations across all alternatives and across all harvest
cost criteria. The minimum cost alternative for all such criteria is
again the "status quo' option, Alternative Seven. This is an obvious
result due to the absence of any harvesting for this alternative. The
worst alternative in terms of total harvest cost and harvest equipment
cost criteria is Alternative One. For this alternative equipment expen-
ses are very significant, comprising 88 percent of all harvest costs
and nearly 66 percent of total outlays. The most costly alternative in
terms of harvest iabor cost cfiteria was the highlead option, Alterna-
tive Three. This cost component was from 2-7 times greafer than
similar outlays for all other alternatives where timber was harvested.
The most efficient options for all harvest cost criteria, when timber
is cut, were the three alternatives dominated by the skyline system;
Al ternatives Two, Five, and Nine. The partial use of helicopter har-
vesting (and the concomitant high equipment coste) for Alternatives
Six and Ten caused these two options to be placed eight and ninth

respectively in terms of total harvest cost criteria.

21
Road related costs are the only costs for Altermative Seven.
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Manipulation of data in Table 39 reveals additional helpful

information on harvest related cost criteria. The percentages of
harvest and labor costs to all harvest costs, and total harvest

costs to all expenses for each alternative are as follows:

Total
Labor Costs Equipment Costs Harvest Costs
Alternative Total Harvest Total Harvest Total Costs
Cost (Note: all Cost

ONE 10.0 times 100D) g0 4 75.0
TWO 55.0 32.0 24.0
THREE 67.0 26.0 30.0
FOUR 9.0 83.0 46.0
FIVE 52.0 30.0 18.0
SIX 21.0 73.0 59.0
SEVEN N/A N/A 0.0
EIGHT 9.0 84.0 57.0
NINE 53.0 31.0 25.0
TEN 22.0 73.0 61.0

Note that all alternatives which employ any helicopter ﬁarvesting,
except the limited partial cut option for Alternative Four, have
harvest costs as the majority expense. This less desirable ordinal
placement is not at all unexpected, but the magnitude of the dominance,
especially for clearcutting, is quité significant. Also important

is that all alternatives not employing the helicopter system are domina-
ted by the labor cost criteria when all harvest costs criteria are

compared.

Total Cost Criteria

The most expensive alternative in terms of the total cost criteria
is Alternative One, the helicopter clearcut option. OQOutlays here are
150 percent ﬁigher than those for the next most expensive option,
Alternative Three. Note also that Alternative Three, the highlead

clearcut alternative, carried a substantially higher total cost than
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might be normally expected. Harvey Creek Drainage is quite steep
and highly dissected. Selection of a highlead system for such an area
is questionable on efficiency grounds, and application of Dykstra's
(1974) highlead cost equation bears this out by yielding both higher
harvest costs and total costs than those noted for the skyline system
in '‘Alternative Two.

Once again, the least cost option is the "status quo'" alternative,
number Seven. The least cost alternative, when timber 1is harvested,
is the partial cut skyline option of Alternative Five. The percentage

of total costs to total gross returns for the ten alternatives is as

follows: ,
Alternative Total Costs ., Alternative Total Costs o
Total Gross x 100% Total Gross x 100%
Returns Returns
ONE 59.0 SIX 43.0
TWO 29.0 SEVEN N/A
THREE 39.0 EIGHT 54.0
FOUR 69.0 NINE 46.0
FIVE 68.0 TEN 35.0

The (Total Costs)/(Total Gross Returns) x 100% for Alternative Seven
(N/A) is relative. The only returns component for this study is that
for timber harvest. Other returns, such as recreational fees, reduz-
tion in forest fire fighting expenses, etc., could easily alter the
interpretation of the costs related to this alternative. Observe that
the skyline clearcut option, Alternative Two is by far the most
efficient alternative presented, and the helicopter partial cutting

option, Alternative Four, the least efficient in terms of total cost

criteria.
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Review of Tables 38 and 39 illustrates that the highest level of
gross returns does not necessarily maximize net returns. Higher costs
associated with Alternatives One, Three, and Ten caused a lower ordinal
value for net returns than recorded for gross returns. The alternative
which maximizes gross returns is Alternative Ten. Other alternatives
could be designed with fewer or no cutting restrictions on headwalls
and streamside strips which would provide an even greater maximum gross
return. The best option for maximizing net returns under all modeling
constraints employed for this study is Alternative Two, the skyline
cleaicut option. ‘

The least rewarding alternative in terms of timber returns
criteria is obviously Alternative Seven, the "status quo." One might
even conclude that another criteria, cost of forgone timber harvesting
should be included in net returns comparisons. Such a cost for this
study is the sum of the total costs for Alternative Seven and the best
net returns alternative total; for Alternative Two (i.e., $487,000 +
$6,479.000 = $6,966,000). Choice between maximization of gross or net
returns actually reduces to a preference for productivity maximization

or net profit maximization.

Erosion Criteria

Recall that Alternative Seven is the 'status quo' option against
which all others can be compared for erosion yields. Existing drainage
right-of-way occupies one per cent of the area. The road erosion rate

is 1.21 cubic yards per year per acre. The slope erosion rate is 0.96
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cubic yards per year per acre, and this rate is the expected natural

background annual erosion level. The overall expected base erosion
rate is 2.17 cubic yards per year per acre. All rates are based on an
88 year period and 3531 acres. The ratios of each alternative's
expected annqal road slope, and total erosion rates to the 'status quo"

or existing background levels of Alternative Seven are as follows:

Annual Road Annual Slope Annual Total
Alternative . Erosion Rate Erosion Rate Erosion Rate
- 1.21/yds®~ acre 0.96/yds” - acre 2.17/yds® -acre

ONE 2.3 4.3 3.2
TWO 3.2 5.5 4.3
THREE 4.3 10.4 7.0
FOUR 2.3 1.0 1.7
FIVE 3.2 1.0 2.3
SIX 2.3 3.8 3.0
SEVEN 1.0 1.0 1.0
EIGHT 2.3 1.4 1.9
NINE 3.2 1.4 2.4
TEN 2.3 5.9 3.9

By far, the most serious erosion impacts were produced by the
highlead clearcut option, Alternative Three. The ten-fold increase
of natural slope erosion and seven-fold extension of existing total
road and slope erosion repreéent an extremely substantial slope
stability impact. The least erosive alternative when timber was removed
was Alternative Four. This partial cut helicopter option precluded
harvesting on headwalls and streamside strips. Based on a joint
criteria of allowing harvest access, but requiring minimal erosion, this
alternative would be selected. Enforcement of the single criteria to
minimize total erosion would result in maintenance of the 'status quo"
through adoption‘of Alternative Seven.

Recall that there are only four basic road systems employed for
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all ten harvest and road alternatives: the existing, helicopter,

skyline, and higﬁlead access road networks. The right-of-way for
these four systems occupy one, two, three, and four percent of the
study area acreage respectively. Review of data from complete HARASS
output (not included here, but similar to Table 33) and Table 35 pro-
vides more information related to the criteria for minimizing annual
road erosion rates. For the existing road system, over 95 percent of
road events were associated with headwalls. This was not unexpected
because a substantial portion of the inplace road system was comstruc-
ted across ridge tops just above headwall areas. This 1llustrates the
problem of locating roads in such areas and that even though future
options may avoid such road placement, future decisions will be impacted
by already existing conditions.

For the helicopter access system over 70 percent of all road
related erosion events occurred associated with headwalls. Almost all
remaining events were associated with either midslope roads (slopes
greater than 50 percent) or roads on moderate slopes with shallow non-
cohesive soils. Roads required for skyline harvest yielded erosion
events which were associated with headwalls more than 50 percent of the
time and midslope roads greater than 40 percent of the time. Almost
all remaining events occurred on road segments located in streamside
strips with shallow, non-cohesive soils.

Headwall association occurred in 50 percent of all road related
events for the highlead road system option. Midsloperroads accounted
for 45 percent of these events and streamside strips with shallow

non-cohesive soil were associated with the remaining five percent.
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In all alternatives, all road related events were dominated by the

younger (1-10 years old) age groups. The most unstable road type
observed was the primary gravel roadway constructed on a headwall

as a midslope road. The few such segments included in each alternative
plus those segments simply associated with headwalls yielded a
tremendously high proportion of all road events and total sediment
volumes moved.

Reference to HARASS output for each alternative (not included
here, but similar to Table 33) and Tables 35 and 39 provides addition-
al information related to the decision maker criteria of minimizing
slope erosion. The single most serious form of slope erosion for all
alternatives was the debris avalanche/flow category. The perceht
of total slope events and total slope erosion volume moved for

debris avalanche/flows for the ten harvest and road alternatives is as

follows:
Debris Avalanche/flows Debris Avalanche/Flows
Alternative as Percent of Total as Percent of Total
Slope Events Slope Erosion Volume
ONE 91.0 75.0
TWO 91.0 72.0
THREE : 91.0 70.0
FOUR 77.0 91.0
FIVE 77.0 91.0
SIX 93.0 80.0
SEVEN 77.0 91.0
EIGHT 82.0. 90.0
NINE 82.0 91.0
TEN 91.0 76.0

Slope erosion events were dominated by'cells with young timber
(0-20 years old) in Alternatives One-Three, Six, and Ten. For example,

95 percent of all slope erosion events occurred on clearcut slopes
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with timber age less than 20 years old with an almost equal split

between the 0-5 year and 6-20 year groupings for Alternative Three.
For Alternative Six, over 94 percent of all slope events were
initiated on harvested cells with over 90 percent being associated
with age classes 0-20 years old and slopes in excess of 50 percent
with shallow non-cohesive soils. Of these events, three percent

were associated with partial cut headwalls, 20 percent with clearcut
headwalls, 36 percent with clearcut streamside strips,'and 40 percent
on steep normal slopes. Significantly, blocks clearcut had less than
10 percent headwall occupancy and less than 25 percent streamside
strips, yet over 50 percent of all events occurred in these cells.

For Alternative Ten, helicopter cléarcutting was applied to 25
blocks, helicopter partial cutting to eight, skyline clearcutting to
24, and skyline partial cutting to 31 blocks. Partial cut blocks
contained nearly 40 percent headwalls and less than 10 percent stream
side strips. Most of the remainder was normal slopes of over 50 percent
slope. Clearcut areas had less than one percent headwalls and nearly
20 percent streamside strips. All other cells in the clearcut blocks
were on normal slopes with the majortiy having slopes greater than
50 percent. Clearcut areas accounted for 93 percent of all slope
events and partial cut slopes about one percent. The remaining erosion
from slopes was from normally expected natural. events. Also, even
theugh almost all headwalls were partial cut only 12 events resulted.
On the other hand, a small percentage of all clearcut areas contained

headwalls, yét over 100 slope events were recorded for this small
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proportion of sensitive cells. Approximately 55 percent of all

clearcut related erosion was associated with skyline harvesting.
Additionally, even though a small pcrcentage of skyline clearcut
blocks contained streamside strips, a very high rate of failure
occurred for such cells. Over 300 events were recorded, and this

is directly related to the steep slopes associated with these particu-
lar streamside strips. The overall slope expected annual erosion

rate of 5.69 cubic yards per acre was the second highest level for all
ten alternatives. Tﬁis level resulted even though care was exercised
to 1limit most clearcutting in sensitive cells. The reason for this
reality was that greater than 50 percent of all slope events occurred
on normal, shallow non-cohesive soiled cells with a slope greater than
50 percent which were clearcut.

Also noticeable was the absence of significant impact of partial
cutting on the slope erosion problem. This is emphasized by examining
the slope erosion rates for Alternatives Four, Five, Eight, and Nine.
This is primarily due to the fact that partial cutting was limited to
40 percent removal and the average age of the main timber type seldom
dipped below 40 years. Therefore, high levels of slope erosion noted
under clearcutting operations for stands younger than 20 years nevef
appeared.

All of this information taken collectively can have an impact
on how the analfst may design an alternative to meet a decision
maker criteria of minimizing erosion levels; Some key points are:

1) midslope roads on oversteepened slopes, and headwall

associated roads can lead to substantially accelerated
erosion,
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2) road erosion rates are directly proportional to acres of

right-of-way cleared, regardless of the terrain type,

3) there are only minor differences in slope erosion rates
associated with skyline and helicopter harvest systems,

4) partial cutting of streamslde strips and headwalls
had little impact on the total erosion level,

5) clearcutting of oversteepened slopes with shallow
non-cohesive soils accelerates erosion substantially,

6) clearcutting headwall areas and streamside strips

with steep slopes results in extremely high
probability of accelerated erosion.

Alternative Analysis Synopsis

The model output and alternative analysis still have not provided
the decision maker with a set of answers as to how this drainage should
be managed. The final management scheme will depend on the decision
maker's constraints, orders of value, and long range management goals
as they are tempered by his selected set of managerial criteria. 1If
his main goal is to maximize profits regardless of other impacts he
would clearcut the entire drainage with a skyline system. If he
wished to mihimiZe all erosion he would maintain the "'status quo" or
possibly partial cut all stands acéessible from the six miles of
existing roadway. Between these two extremes reside a wide variety
of other options. The results of this modeling application and

analysis help to explain the relative consequences for each of these

options.
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AND APPLICATIONS

This study has presented a new methodology for analyzing
selected cost and return components and erosion potentials for a
wide variety of harvest and road alternatives. The interested
reader may ask at this juncture: what does this methodology do
for him? Could a competent analyst have guessed the relevent model
outcomes corfectly prior to analysis and precluded a substantial
investment of time and money? Does this methodology provide a means
for evaluating indirect or direct impacts of timber harvests and
forest roads? If the methodology has desirable utility, how might it
be employed by research analysts and field specialists? What types of
problems lend themselves to this type of analytical procedure? These
questions are appropriate and require discussion.

Perspective

Much recent research has been accomplished for evaluating timber
returns, road costs, and accelerated mass erosion. Most advancements
have been on an individual, rather than an integrated, topical basis.
This research output, combined with decades of practical forestry exper-
ience, has helped build specific areas of expertise wherein specialists
can address quite competently one topical area at a time. For example,
a logging engineer would not be surprised that helicopter harvesting
was dominated by equipment expenses. Or, any erosion expert could
explain before hand that highlead clearcutting should lead to the high-
est erosion rates in steep unstable terrain.'

If such knowledge exists before hand, then why apply a seemingly
redundant and expensive analytical methodology? The answer is straight

forward: the methodology presented herein provides a capability to
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evaluate "multiple alternative outcome comparisons' in addition to

individual outcome analysis. For example, could the logging engineer
explain before hand how higher rates of erosion might impact highlead
cost structures? Or, would the erosion expert understand at the out-
set the harvest tradeoffs which may yield a better balance among the
competing decision maker criteria for road costs, harvest costs, timber
returns,»and expected erosion rates? Under existing catalogs of exper-
tise, the ans;er to these rhetorical questions is: most probably not.
However, following application of this study's methodology, the logging
iengineer and erosion expert would be much more able to understand how
their areas of concern are related. This in turn would help lead to
joint development of alternatives which include logical tradeoffs

that tend to balance the often conflicting sets of decision maker
criteria.

Direct or Indirect Impacts

Impacts measured by the methodology in this study are all direct.
For example, no attempt was made to calculate local economic impacts
such as public in-lieu fayments, economic multiplier effects, or prim-
ary and secondary employment changes. Such evaluations are important,
but they are indirect and beyond the scope of this study. Additionally,
all erosion impacts considered are directly tied to the harvesﬁ opera-
tions or road placement. Indirect impacts, such as how much sediment
enters the streams, how many spawnipg beds may be destroyed, or how
sediment can affect downstream water treatment costs are also beyond
this study'svscope.

Applications and Problem Types

The methodology presented herein is intended to be general in
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nature. Hypothetically speaking, it could be applied anywhere for

analysis of numerous types of problems. How well the methodology
functions will be evaluated in long term performance for a wide
variety of applications. The purpose of this section is to explain
how a researcher can apply the entire methodology, how a field expert
can employ portions of the theory, and what major types of problems
can be evaluated under the analytical structure presented.

Research Applications and Problem Types

This discussion assumes that the conditional probability matricies
in Tables 21 and 22 and the form of event probability functions

@

5 (zi)) are acceptable. Where there is disagreement with this assum-
ption, the matricies and functions can be modified to produce agreement.
Once this assumption is accepted, application of the study methodology
reduces primarily to a problem of data gathering, altemative specifi-
cations, data coding for electronic data processing (edp) and water-
shed modeling.

Complete application requires acquisition of certain resource

information in terms of definitions on pages 9-11 for:

1) eiisting road system, to include location, standard,
surface, and age;

2) existing vegetative cover, to include type, location,
site, and age of major timber types;

3) slope classes;

4) soil types;

5) 1landform classes;

6) bedding plane angles;

7) fracture angles;
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8) historical harvest methods;

9) historical silvicultural methods.
This information should be gathered at map scales of no less than
two inches té the mile and preferably at four inches to the mile.
Other major steps entail adaptation of a uniform grid map
(blocks and cells) to all resource data, specification of alternatives
(see Chapter VIII), and coding of all required data input files for
edp. Also, use of HARP may require alterations in production function
variable values and coefficients (See Table 30 and Dykstra 1974,1975),
road cost data (see Table 29), and timber returns data (see Table 32).
The only remaining step is to utilize watershed modeling to
develop erosion index distributions for the selected area of application.
This is a most critical step and requires information on monthly records
for: 15 precipitation; 2) runoff; and 3) evapotranspiration. Water-
shed modeling can proceed as was presented in Chapter V. The main pro-
ducts will be soil water content (Si), precipitation (Pi), and monthl&
ZETA values (zi) for the ZETA k (k = 1, 3) populations. Procedures on
how to adapt and employ this information into HARASS model.runs are
explained in Chapter IX. Note, if an analyst is not satisfied with
using the procedures for scaling new ZETA k populations to those used
in this study for calculation of event probabilities from the Qj(zi)
CDF's, one other step can be taken. New Qj(zi) CDF's can be fit which
are tailored specifically to the new ZETA k populations. Procedures
in Chapter VI outline the steps necessary to accomplish this task.
Completion of the above steps will allow an analyst to begin

evaluation of harvest and road alternatives under the HARASS and HARP
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structures. A most important point is: potential methodology users

do not have to 'recreate the wheel' in order to apply thé theory
presented. Most efforts will be centered around rather simple data
acquisition and management tasks.

A major research application involves refutation testing for
this entire theory. This is very important and should be an early
area of concem.

Several different drainages should be studied with this method-
ology in order to determine if expected model erosion products con-
form or conflict with what is actually observed. This research appli-
cation can lead to model modifications which will help generate more
realistic deductions.

Research aqalysts could study also the roles each of the individ-
ual variables and variable states play in erosion processes. Regression
analysis applied to HARASS output tables may provide very insightful
information in this regard. Research efforts can also be directed at
uncovering least troublesome and most troublesome variable state
combinations. This would iead to subsequent development of field
guides which could help streamline field analysis for certain problem
types. Similar work could be accomplished regarding cost and return
components and PNV calcula.tions.

A major research problem involves analyses similar to this study's
alternative evaluation. This can proceed for whole drainages (as done
herein), or by applying a sample process. The sample process would
entail construction of artificial drainages which contain variable-
state combinations that are proportionate to actual area distributions

of like combinations for the drainages under study. Results from this
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sample approach could then be extrapolated to cover whole drainages.

Such an approach would be more efficient than model analyses of com-
plete drainage resource data bases. These research applications and
problem types do not cover all possible cases. Actual methodology
employment is only really limited by the goals of the using agency,
monetary constraints, and the imagination of the research analyst.

Field Applications and Problem Types

Use of the theory presented here does not necessarily require
employment of sophisticated simulation modeling and edp techniques
and equipment. ¥Field specialists can utilize portions of the theory
to develop "crude" compérative measures for ‘various potential road
placement locations and harvest and silvicultural methods for a cutting
unit (s).

Resource data required for each potential road location and

cut ting unit is:

1) road standard and surface, 6) slope class{es),
planned,

2) road segment length(s), 7) soil type(s),

3) harvest method planned, 8) 1landform(s),

4) silvicultural method planned, 9) bedding plane angle(s),

5) cutting unit(s) area, 10) fracture angle(s) of
the bedding planes

This data should be gathered for the variable states defined on
pages 9-11. Some information for climatic and hydrologic conditions
may also be required. How mich of this type of data is needed depends
on how complex and complete the analysis must be.

At the simplest level, é user can ignore climatic and hydrologi-

cal conditions completely. Matricies in Tables 21 and 22, which
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correspond to resource data components 1, 3, 4, and 6-10 above, are

used exactly as explained on page 74 and top of page 75 to calculate
the conditional probabilities for each road event and slope event for
all specified variable state combinations. These conditional probabi-
lities can be used alone for a crude marginal analysig. For example,
assume the following was calculated:

Pr (Road Segment (1)/T4) = 0.35,

and Pr.(Road Segment (2)/T4) = 0.07.

Then a marginal comparison could be made:

When a road failure (T4) does occur, it

has a 35 percent chance of affecting road

segment (1) and a seven. percent chance of

affecting road segment (2). Road segment

(1) is five times more susceptible (35/7)

to road failures than segment ).
Remember, this tells you nothing about expected levels of activity,
only relative comparisons of susceptibility. A wide variety of road
standards, surfaces, and locations can be compared in this manner.

The next level of complexity would:be to calculate "expected

values" of activity level for a few specific climatic aﬁd hydrologic
conditions. The easiest approach is to use the functions on page 69
and evaluate. each one at a low, medium, and high value.of zi (within
the range specified for each function). These three values for
each function would approximate the probabilities under dry, normally
wet, and very wet climatic and hydrologic conditions for three road
and four slope erosion events. Then the user would proceed for each
event exactiy as described on pages 75~76. Remember that in the final

step, where expected values are calculated (bottom of page 76), the

"area" units required for road erosion are "acres of right-of-way"
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and for slope erosion 'squre kilometers." Right-of-way acres are

calculated most easily by: (road length)X(right-of-way width) /
43,560. Recall that the right- of-way widths used for the two road
standards in this study were 50 feet for primary roads and 35 feet
"for secondary roads.

The products of this calculation set would be expected values
of all road and slope events for each different road segment and set
of conditions in every cutting unit at three different climatic and
hydrologic conditions. Numerous adaptations on this approach can be
made. Some include estimating total events by multiplying each
expected value by the estimate of the number of times each of the
climatic and hydrologic conditions will occur in, say, a 50 year
period. Then, the mean size of the event distributions on page 78 can
be calculated and multiplied times the total number of 50 year expected
events to give a crude idea of expected volume of sediment produced for
each event category.

Even more complex approaches are possible, such as estimating
average monthly precipitation (Pi) and soil water content (Si) and
calculating 12 zy values for each ZETA k function. These values can
then be utilized exactly as the three zy values were above to calculate
annual expected averages for numbers of events and sediment volumes
(see also pages 102-104). Regardless of how simple or complex the
field sPecialist wishes to be, he can use his imagination to develop
several different crgde measures for marginal erosion impacts.

Cost and returns analyses may be conducted by applying approp-
riate production funttions and cost/return components (see Dykstra

1974 and 1975) to timber harvesting. Also, use of a simple road cost
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matrix (see Table 29) can be used to calculate estimated road expenses.

Determination of a complete PNV analysis, such as done by HARP, is not
recommended for field applications unless some type of automated
calculation support is available. If thié is the case, the PNV
equations on pages 114-115 can be applied to annual cost and retum
components without having to employ the HARP computer program. If

a complete PNV analysis is required, the field specialist should
work with a t;ained analyst or researcher to set up an entire HARASS,
HARP run set, just as explained in the previous section. Once again,
these few field applications do not exhaust all possibilities. A
wide variety of applications exist, and the limiting constraints

for what is done are: agency goals, available funding and manpower,

computational facilities, and the imagination of each potential user.
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XIII. SUMMARY AND CONCLUSIONS

This study has attempted to develop and demonstrate a methodology
which will help integrate potential erosion consequences into the
bundle of costs and benefits associated with a projected forest use.
Integral to the study was the intent to provide information which may
help determine what the limiting constraints are: road
construction costs, maintenance costs, repair costs, forgone access
cost, silvicultural system(s) employed, harvest expenses, or expected
erosion potentials. Hopefully, the methodology presented herein
will provide some of the critical inputs necessary to help incorp-
orate these often conflicting criteria into the decision making
process.

The guiding philosophy for the study was Aristotlean: hypotheses
about the general were used to produce deductions on the particular.
The forest ecosystem was viewed as a conglomerate of an infinite number
of variables and variable state combinations. Examination of an
infinite set is beyond anyone's comprehension, therefore,
an attempt was made to reduce the problem to a finite set of controlling
variables and general interrelating principles. Three key assumptions
were made:

1) the finite variable states define adequately individual

and collective erosive characteristics of any forest
site,

2) the general principles presented represent the
"a priori" first principle set,

3) the rule that all members of a class have like characteris-
tics is applicable for this study.
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The finite variables for the two separate erosion classes defined

were:
1) Road erosion --- 2) Slope erosion ---
a. road age, a. timber age,
b. road standard, b. harvest method,
c. road surface, ¢. silvicultural method,
d. slope type, d. slope type,
e. soil type, e. soil type,
f. landform type, f. landform type,
g. bedding plane angle, g. bedding plane angle,
h. fracture angle. h. fracture angle.

All "apriori" first principles were couched in probabilistic
terms, and are directly interpreted from probability Tables 4~6 and 21-23
and the mathematical forms of the ZETA Function and the Qj(zi) function
families. Because no single body of thoughf existed from which to de-
rive these probabilistic relationships, a special survey technique was
employed. The intent of the survey was to translate the existing collec-
tive, qualitative , expert opinions of these relationships into a single
set of quantitative expressions. These expressions represent what is
known; when what is known changes, they and the consequent first prin-
ciples must change accordingly. The rule relating class and éharac—
teristics was employed along with "Bayes' Theorem" to produce logical
deductions based on the definitions and "a priori," first principles.
The theory, in essence, is that slopes (roads) with similar variable
states under similar hydrologic and climatologic conditions have as a
logical consequence similar selected erosion event probabilities.

Application of this theory results in testable hypotheses about
forest site erosion events. A significant portion of thié study was
devoted to constructing the analytical framework necessary for obtain-
ing such test#ble hypotheses. This entailed gathering, mapping, inter-

preting, and coding substantial amounts of hydrologic, climatologic,
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geomorphologic, and resource state data. Subsequently, a hydrologic

model was constructed for the subject study ares, and a measure of local
erosion potentials for each of seven mutually exclusive erosion events
was established in terms of the ZETA Function. The watershed model
and erosion potential products were then integrated into an erosion
simulation model along with all other definitions, "a priori" first
principles and rules. This FORTRAN IV model, HARASS, produces the
testable hypoiheses on on-site erosion consequences. WNeither a goal
nor a product of this study was to "test" these hypotheses. An inten-
sive investment of time and money will be required to conduct meaning-
ful refutation tests, and this is seen as a .product of future years

of research.

Because one of the goals of this research project was to
integrate erosion consequences-and all other major costs and return
components into the decision making process, a companion financial
model was developed. This FORTRAN IV model, HARP, is an analytical
model which is used in tandem with HARASS and evaluates a wide variety
cost and benefit components for any harvest and road alternative.

The development of the theory and structuring of HARASS and HARP composes
the "methodology" sought as a primary research goal for this study.

The final goal of this study was to demonstrate "how' this
methodology can be applied. The formating and subsequent HARASS and
HARP evaluation of ten different harvest and road alternatives
accompl ished this goal. A methodology which will help integrate
erosion data aﬁd certain related capital investments into the decision-

making process was developed and demonstrated.
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Evaluation of the Methodology Preffered

Development of any model requires abstraction from reality through
the inclusion of assumptions and constraints. .Some of these model
restrictions are trivial and some can be extremely critical. The
methodology proffered by this study is typical in this regard.

The most critical restrictions are the three key assumptions
discussed in the previous section of this chapter. These define the
world within which the methodology operates and set the stage
for rules of operation. If this study has excluded a key variable(s)
from the defining set, utilized impropervconditional probabilitieé (which
are the basis for the first principles), or‘the rule on like characteris-

tics does not hold, then the theory will produce refutable deductions.
Improvement in knowledge may céuse a change in the first two assump-
tions and a modification of interpretation of the third, but the basic
methodology, still will be applicable. Therefore, even though these
key assuhptions are critical to the final form of hypotheses developed,
they are not critical to the methodology structure presented;

Several important restrictions were built into the model struc-
ture for HARASS. The most important is the "mutually exclusive"
restriction assumed for all event types and all on-site (defining)
variables and variable states. The importance of this restriction
arises when on-site event probabilities are calculated. Under the
mutually exclusive restriction the co-variance matrix for each set
of variable states is igﬁored. If thie matrix is synergistic the
calculated ﬁrobability will be less than the actual, and if it is
antagonistic the reverse occurs. Crude estimates can be made for

these matricies, but determination of the synergistic, antagonistic
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aspect is not within the scope of current knowledge. How critical the

mutually exclusive restriction really is may be known only through
future hypotheses testing.

A second important HARASS restriction involves the utilization of
three ZETA k populations to serve as erosion indices for the seven
road and slope erosion events studied. There is no precedence for
this approach. The ZETA Function presented is empirical and highly
hypothetical.. The function form employed is additive, however, actual
structure may be multiplicative, exponential, or many other more com-
plex possibilities. The additive form was selected due to the ease
with which it can be used and interpreted.< There is no current evidence
which can cause rejection of the ZETA Function use in this form. A
source of evidence will be available when adequate hypotheses testing
for HARASS can be completed. A possible interim approach would be to

test internal hypotheses that high z, values correspond to past high

i
erosion rates and low values with low rates for several independent
watersheds.22 This was not a formal goal nor product of this study.
If the ZETA Function form is refutable, the methodology for the study

will not be altered. The current form can be replaced without
impacting on the methodology structure.

The next critical HARASS restriction encompassed the assumed
form for the event probability functions: Qj (zi). Little evidence

"was available from which to specify the seven event probabilities of

22

This was done in a very crude manner for several locations over a
range of climatic conditions and no evidence was observed which
would lead to rejection of the current ZETA Function form.
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this form. This lead to an empirical approach for finalizing

each function equation. Once agaln, the complete impact of the
assumptions regarding these function forms cannot be known without
thorough internal and final model hypotheses testing. However, once
again, refutation of these internal function assumptions will not lead
to alteration of the developed methodology, but only a replacement or
modification of the seven functions used.

The fourth major model restriction was that '"Bayes' Theorem"
could be applied to determine on-site, conditioned, erosion event
probabilitie#. Little need be said about this restriction except--
that how accurately hypotheses can be developed from this theorem
depends only on the non-refutability of the three key methodology
assumptions and the three HARASS restrictions just discussed.

Assumptions regarding erosion size distributions were also
important. Tor the most part these size distributions were based on
existing data and represent the composite current knowledge. More
indepth futurg research on event sizes may indicate that the functions
employed should be al;ered or replaced. Such a change will not impact
the methodology; if only will lead to minor internal model modifica-
tions.

Numerous other restrictions were employed throughout the struc-
turing of HARASS and HARP, however, those of major interest have
been discussed. Becausg of the hypothetical nature of the completed
methodology presented and lack of any rigorous hypotheses testing,
one might logically ask: just how reliable and realistic is this entire
approach? Some evidence, though not rigorous, does exist which helps

shed light on such a question.
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Expected annual slope erosion rates from HARASS varied from a

natural level of 0.96 cubic yards per acre to nearly 10 cubic yards
per acre for a specified harvest regime. Most rates were between

1.0 and 6.0 cubic yards per acre per year. The expected annual road
erosion rate per acre of road right~of~way was 130 to 140 cubic yards
per acre for all alternatives. Total alternative erosion rates ranged
from a low of about two to over 15 cubic yards per acre per year.

In all three cases these rates are higher than those reported for
several other studies.

Swanson and Dyrness (1975) found annual rates of 0.21 and 0.91
cubic yards per acre for a natural forest site and a clearcut site.
Additionally, their data reveals a rate of 10.1 cubic yards per
acre for road~right-of ways each year and a total annual rate of 0.65
cubic yards per acre for the H.J. Andrews Experimental Forest in
Western Oregon.

Fiksdal (1974a) reported slope erosion for a Northwestern
Washington drainage with nearly 20 percent in recent clearcuts to
have an annual erosion rate of 0.30 cubic yards per acre. Road event
rates were nearly 50 cubic yards per acre of cleared right-of~way, and
total erosion was occurring at an annual rate of 1.71 cubic yards per
acre. O0'Loughlin (1972) recorded data which yields total erosion rates
of from 0.01 to approximately 2.5 cubic yards per year per acre for
eleven watersheds in Southwestern British Columbia, Canada. 1In a study
6f a Western Oregon drainage, Morrison (1975) reported an annual rate
of 0.24 cubic yards per acre for a natural forest and 0.62 for a
clearcut area. The rate for road erosion was 82.4 cubic yards per

acre per year, and total annual road and slope erosion was 3.21
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cubic yards per acre.

The expected annual frequencies réported by HARASS for slope
erosion varied from 0.0002 per acre to 0.0131 per acre. These two
frequencies were for a natural condition and a highlead clearcut
regime respectively. For most harvest alternatives the frequency
range was 0.0003 to 0.0062. The frequencies for road erosion on a
per acre of right-of-way cleared basis ranged from .2 to .3 per year.
The annual fréquency level for all road and slope events ranged from
0.0024 to .0238 per acre. The range for all harvest alternatives
except the highlead alternative was 0.0051 to 0.0136. Agéin, these
frequencies were higher than recorded for other studies.

Frequencies reported by Morrison (1975) were 0.0001 and 0.011
per year per acre for natural and clearcut conditions respectively.
The road rate per year per acre of cleared right-of-way was 0.033.
Total road and slope frequency per year was 0.0015 per acre. O'Lough-
1lin (1972) reports data for natural rates as low as 0.00001 per acre
per year and clearcut frequencies as high as 0.00034. Road and slope
frequencies combined ranged from 0.00004 to 0.00084 events per acre
per year. Swanson and Dyrness (1975) recorded a frequency of 0.00008
events per year per acre for natural conditions for slope erdosion and
one of 0.00194 for clearcut areas. Road erosion frequencies were
0.00563 events per acre per year, and total road and slope erosion
annual frequency was 0.00036 events per acre.

The'higher.levels for annual erosion rates and frequencies
were not unexpected for one very important reason. This study
attempted'to account for numerous events not included in past studies

These included smaller road and slope erosion events and an expected
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proportion never measured for most studies due to measurement
technique limitations. This will cause an increase in both total
events and total volume of m;terial moved over that reported in exist-
ing studies. This higher level is only critical in two areas. First,
HARP charges off road repairs based on volume of material moved and
HARASS reduces site productivity by dropping the age class of a cell
when a large event occurs. More frequent larger events will carry
a higher cost to the system, and may distort }NV calculations and site pro-
ductivity loss if the estimates are much too high. Secondly, attempts
to calculate actual expected erosion rates may be a logical extension
of this methodology. Estimates on the highjside may lead to critical
errors for such an application. Care must be exercised in future model
testing to determine if the difference between model results and past
study data is apparent or real.

One important area where absolute levels are not important
is in determining comparative impacts of different forest activities.
For example, this study resulted in increases over the natural erosion
level of four to fifteen times for the ten alternatives. Most increases
were from four to nine times the natural level. Swanson and Dyrness
(1975) reported a five-fold increase and Morrison (1975) more £han a
ten-fold increase for total erosion volume on a per year per acre
basis. For road related erosion levels this study reported increases
ranging from 24 to 125 times natural levels. ' Swanson and Dyrmess
reported an increase of 30 tiﬁes and Morrison as high as 300 times
natural erosion levels based on a per year per acre-of right-of-way
cleared. The main point here is that ratios are often very important

in determining the type of impact expected. Even though this
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methodology yields higher frequencies and volumes than historically

noted, this increase is carried proportionately by all forest
components. This results in comparative analyses statistics which
do not appear to be out of the range of what is currently known, and
this result is of significance in lending credibility to the method-

ology proffered.

Remarks

On numerous occasions in this report I have pointedly stated
that the methodology developed and demonstrated is an abstraction from

' not "absolute" information.

reality and as such only yields '"relative,'
The importance of this comment cannot be ovérstated, and any attempt
by myself or any potential user of this methodology to ignore this
fact would be a serious error. Additionally, the method presented
herein offers an analytical tool which can be employed under "office
conditions" in order to evaluate forest site impacts. ﬁse of the
methodology without well integrated on-site activities can also result
in serious error through misinterpretations of forested conditions and
alternative specification requirements. The purpose of this study

has not been to discover a panacea for erosion problems currently
troubling forest managers; it has been to develop a process by which
the systems contributing to these problems can be more fdrmally struc~

tured and evaluated. Hopefully, this has been achieved.

Conclusions

The following conclusions have been derived from a study designed
to develop and demonstrate a methodology for integrating specified

erosion problems and capital components into the decision making process:
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1) enough expertise exists to allow use of the Aristotlean

method for developing deductions on the particular from hypotheses
about the general for the analysis of forest erosion processes,

2) an erosion index function family does exist, and for this
study was represented by a functional form which integrates the com-~
bined relationship of precipitation and soil moisture content levels,

3) frequencies of slope and road erosion are quite small in
time and spaée, but can be represented functionally by an exponential
type function based on a specific erosion index family for each
mutually exclusive erosion event,

4) erosion event size distributions can be represented by
continuous function forms,

5) the Weibull distribution has a "wide" range of applicabil-
ity for analysis of many forest eco-system variables which have num-
eric values greater than or equal to zerd,

6) development of an erosion simulation model which is a logical
consequence of the above five conclusions is within current state-of-
the-art techniques,

7) road construction on steep normal slopes, across headwalls,
or steep streamside slopes can lead to substantially accelerated
erosion rates, which impact on both the forest eco-system and the
forest operations cost structure,

8) clearcut harvesting of steep,shallow non-cohesive soiled
slopes, headwall slopes, or steep streamside slopes can lead to sub-
stantially accelerated erosion rates, which impact on both the forest

~ eco-system and the forest operations cost structure,
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9) the first 10 years after road construction appear to be

most critical for road erosion events simulated herein,
10) the first 20 years after initial cutting appear to be
most critical for slope erosion events simulated herein,
11) together, slope erosion and road erosion can create sig-
nificant economic impact on the forest investment capital structure,
12) the methodology developed in this study can be applied to
a wide range of research and field oriented problems which deal with
analyses of managerial criteria and tradeoffs associated with timber

harvests and forest roads.
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Appendix A. SELECTED RUNOFF AND
PRECIPITATION DATA

The three dou.fuu in this appendix are:

1) Nonthly runoff in inches of wster as recorded
at Tidevater, Oregon on the Alses River from
1955-1974.,

2) Bimulsted monthly pracipitation and actual pre-
cipitation in inches of water for Alsea Fish
Batchsry, Orsgon. Simulated dats covers 1933-1951
and actual data 1952-1974. . '

3) Actual monthly precipitation in inches of water for
Boneyman State Park, Oregon from 1933-1974.

This information was used to develop & watershed model for the
Harvey Creek Dreinage near Reedsport, Oregon.

1) BRunoff dsta for Tidevater, Oregon.

YEAR Ja FER  MAR APR WY JUR  Jm AU SEFT  oCT MOV DEC
1955 9.06 6.71 10.51 10.64 3.01 1.08 0.74 0.37 0.47 3.36 13,22 22.7%
1956 22.62 10.84 14.67 4.98 148 0.83 0.46 0.30 0.31 1.3 2.18 7.39
1957 5.00 10.28 13.33 5.20 2.34 1.23 0.64 0.45 ‘0.3 0.64 1.79  13.44
1958 12.43 16.35 5.94 7.62 2.32 - 1,09 0.50 0.28 0.31 0.46 . 7.77 6.25
1959 18.37 11.98 5.96 4.14 2.39 1.27 0.63 0.35 1.18 1.75 2.28 3.81
1960 5.42 15.3 9.67 8.02 5.62 2.05 0.76 0.46 0.35 0.66 11.19 5.70
2232 27 13.76 17.76 b.50  éutev V.32 0.8 w.3/ 0.3 1.UL 3.5  11.16
22 et 8,03 ii.=y Q./f  3.nr 1,28 L5 0.4 0.42 2.22 7.582 £.5¢
1963 2.93 10.61 7.97 10.78 6.38 1.37 0.81 0.45 0.47 1.0 8.22 5.26
1964 21.29 5.66 9.11 2.73 1.74 0.97 0.61 0.44 0.32 0.36 4.20 25.61
1965 20.71 6.82 3.2 2.61 1.85- 0.87 0.46 0.32 0.20 0.40 4.09 9.04
1966 19.09 6.07 14.65 2.9 1.14 0.60 0.40 0.23 0.23 0.48 3.65 11.76
1967 15.29 7.67 8.14 4.87 1.87 0.85 O0.41 0.25 0.21 1.90 2.34 '10.20
1968 8.30 15.10 7.03 2.% 1.99 2,22 0.71 0.81 0.74 2.72 9.45 19.88
1969 13.71 12.65 7.07 3.19 2.03 1,14 0.71 0.38 0.51 1.29 2.64 10.54
1970 23.70 10.52 4.51 3.0 2.53 0.94 0.49 0.29 0.31 0.8 5.70 15.50
1971  19.80 5.88 14.66 8.82 2.25 1,39 0.79 0.43 0.89 1.08 8.86 19.18
1972 19.86 9.50 13.53 7.60 2.69 1,25 0.5 0.33 0.3 0.2 1.60 10.04
1973 10.69 3.08 5.21 3.06 1.57 0.78 0.4 0.25 0.62 0.71 20.26 21.51

1). Simulated Precipitation Data for Alsea Fish Hatchery
* on the Alsea River

YEAR  JAN  FEB MAR  APR MAY JUN  JUL AUG SEPT OCT MOV DEC
1933 22.70 12.19 11.%  3.35 8.70 2.45 Q.03 o,

193 13.9% 3.53  7.71  3.86 3.51 0.60 0.41 o a4 5.2 ;:2 18.78 7064
1935 1178  7.46 16.31  4.65 1.52 150 043 0.26 384 5.0 8.45 9.97
1936 18.35 10.98  7.29  3.43 5.40 133 0.68 0.20 .75 0.4 10.14 15.22
1937 16.13 19.72  8.35 12.69 3.64 4.64 0.13 1.63 277 627 Z21.68 18.87
1938 13.3 15.86 21.4%  3.88 2,17 0.69 0.31 0.08 2.71 6.79 13.72 8.19
1939° 12.58 12.46  8.73  2.59 2.4 2.86 1.16 0.90 017 7.5  6.26 20.03
1940 11.33  22.47 12.79 4.2 346 0.5 0.75 0.19 381 949 13.37 15.75
1941 1633 549  4.25  4.65 13.13 2.3 0.07 077 .67 348 14.56 23.68
1962 11.88 14.14 672 6.71 5.65 2.85 1.63 0.12 .1 325 22.26 2.21
1943 13.56 © 8.55 11.51 5.82 3.26 2.5 0.72 1.63 011 14.00 907 7.13
1546 8.08 11.44 8,02 B.45 3.01 124 0.08 0.7 3.27 3.7 12.86 7.64
1945 13.15 15.21 16.20 8.48 5.9 0.22 1.1¢ 0.38 432 174 23.08 12.14
1946 14.72 11.50 10.14 548 182 2.9 0.80 0.18 353 311,73 18.42 18.25
1947 11.82  6.69 11.83 6.4 1.33 5.10 1.46 0.90 2.61 2069 12.40 11.22
1968 14.27 16.82 11.70 11.22 5.66 1.26 1.25 1.8 .72 4.07 15.18 13.38
1949 4.73 20.35  8.33 2.5, 5.22 0.91 0.63 0.50 3.3 4.45 13.30 13.17
1950 27.77 15.03 13.81  5.52 2.9 1.26 0.5 1.3 3271 15.08 17.88 13.44
1951 18.97 12.02 13.59 3.60 3.86 0.53 0.86 0.28 271 1o.95 . 16.65 15.93
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.2). Actual Precipitation Data from Alsea Fish
“Hatchery on the Alesa River.

JEAR A FEB MWAR APR MAY  JUN . JUL ADG  SEPT . OCT MOV DEC
1952 26,29 11.00 11.62 2.2 2.29 3.17 0.05 0.24 1.08 0.45 4.15 15.52
1953 3%.45 15.48 14.19 7.67 8.86 1.52 0.19 3.53 1.10 7.79 20.12 23.72
1954 23.38 12.51 9.36 6.99 2.43 2.94 0.81 2.89 2.18 6.51 10.46 17.34
19s5 8.9 11.93 15.02 13.11° 1.99 1.49 2.43 0.01 3.91 13.86 16.58 23.68
1956 25.96 17.59 15.3¢ 1.63 1.47 1.90 0.07 0.60 2.31 10.17 4.1517.56
1957 7.27 12.97 15.66 5.48 4.26 2.05 0.91 1.20 0.77 5.55 7.65 23.59
1938 15.35 16.10 7.59 9.72 1.74 2.05 0.00 0.21 3.35 4.24 20.62 11.94
1959 23,75 11.71 10.5S 2.27 5.6l 3.22 "0.70 0.37 11.48° 9.52 8.46 7.52
1960 9.11 16.60 13.25 7.76  9.01 0.57 0.01 2.62 0.51 7.62 23.13 6.64
1961 11.63 25.10 20.22 5.58 5.24 0.65 0.33 1.82 2.3 8.69 13.84 16.02
1962 6.15 12.87 14.53 8.03 3.31. 1.07 0.17 1.80 4.25 9.12 17.66 6.95
1963 $.70 13.23 12.90 10.76 6.00 2.80 1.33 o0.13 3.92 6.87 15.64 9.47
1964 26.62 5.07 12.18 5.13 1.73 1.60 1.67 1.53 1.75 2.29 17.11 32.30
1965 25.72 7.14 1.93 5.15 3.93 1.01 0.28 0.73 0.09 4.22 15.05'16.18
1966 18.37 8.68 16.99 2.46 1.55 1.13 0.61 0.37 1.49  6.49 13.20 17.89
1967 21.81 7.49 13.91 6.92 2.01 0.61 9.01 0.01 1.51 12.35 7.28 13.90
1968 16.15  14.49 11.14 4.16 5.03 2,93 0.36 5.81 3.15 10.46 15.81 23.91
1969 20.00 8.87 6.81 5.93 3.92 3.18 o0.11 0.00 5.13 6.72 6.44 17.73
1870 26.77 7.53 5.28 9.29 2.85 2.03 0.02 0.01 3.67 6.76 17.42 21.57
1971 19.53 11.45 15.98 8.89 5.35 3.12 0.29 0.9 7.73 5.71 18.11 23.86
1972 23.53 13.20 14.92 11.93 2.58 2.29 0.07 0.55  3.58 1.86 10.48 17.40
1973 12.64 3.79 9.69 . 3.73 2.65 2,71 0.01 0.8 6.61 5.69 34.18 23.33
1974 23.50 18.88 17.55 7.99 4.15 3.02 2.6 0.01 2.12 0.96 11.56 21.04



171

/3) Precipitation Data for Honeyman State Park, Oregon

JEAX g FEB OMAR ATR  MAY  JUN  JIL AUG SEPT OCT oV DI
1933 18.11 9.78 10.02 2.73 10.15 310 0.04 1.13 535 5.05 2.75 17.76
1934 11.03 2.69 6.27 3.20 3.28 0.50 0.55 0.646 1.98 9.36 16.97 16.53
1935 9.30 5.87 12.16 3.93 0.65 1.64 0.58 0.27 3.28 5.06 4.89 7.87
1936 | 14.39 8.77 5.90 2,81 35.78 1.40 0.91 0.19 0.85 0.58. 6.87 12.12
1937 12.80 16.15 6.83 11.98 3.45 7.11 0.17 1.98 2.44 6.25 20.36 15.09
1938 10.55 12.87 18.76 3.21 1.51 0.60 0.41 0.06 2.40 6.73 11.05 6.4%
1939 9.94 9.99 7.16 2,05 1.47 .3.79 1.55 1.06 2.41 7.% 2.30 16.03
1940 8.94 18.50 10.78 3.% 3.22 o0.08 1.01 0.18 3.26 9.18 10.64 12.55
1961 12.96 4.26 3.31 3.93 6.02 2.91 0.09 0.90 7.06 3.61 . 12.03 19.18
1942 9.38 11.42 3.4 5.90 6.1 378 2.19 0.09 0.36 3.39 21.04 19.45
1943 10.73 6.76 9.63 5.06 2.95 2.62 0.96 1.98 0.36 13.19 5.61 . 5.39
1944 6.3 9.16 6.5 7.63 2.62 1.28 0.10 0.15 2.01 3.31 10.06 6.00
1945 10.40 12.32 13.89 7.66 6.30 0.14 1.53 0.41 3.66 1.90 22.00 9.62
1946 11.66 9.21 8.4 4.72 1.06 3% 1.07 0.16 3.06 11.19 16.55 14.58
1947 .9.33 5.26 9.92 5.64 0.39 8.03 1.96 1.07 2.32 18.86 9.51 8.88
1948 11.30 13.68 9.80 10.45 6.10 1.29 1.68 1.92 5.5 4.18 12.76 16.63
1949 3.68 16.51 6.8 2.01 5.55 0.86 0.85 0.56 2.87 4.54 10.56 10.46
1950 22.23 12.17 1.1 4.75 2.52 1.31 0.72 .1.60 2.40 14.13 15.92 10.68
1951 15.09 9.64 11.51 2.96 -3.75 . 0.43 1.15 0.29 2.40 10.16 11.%0 12.69
1952 14.33 9.74 12.78 2.55 1.99 3.16 0.16 0.39 1.20 1.65 4.01 13.60
1953 20.85 12.64 12.47 7.87 8.45 2.55 0.40 3.64 2,61 5.02° 15.69 19.02
1954 18.80 8.68 7.73 6.07 1.8 4.38 .0.72 2.99 2.62 6.98 10.29 16.66
1955 .17 8.38 11.54 -11.16 2.03 1.58 2.88 0.01 2.90 12.92 14.11 19.64
1956 21.59 14.29 8.65 1.40 2.93 3.73 0.07 0.55 2.06 11.77 2.15 12.53
1957 7.78 10.35 16.66 4.68 3.38 2.25 0.75 1.5 1.97 7.62 4.00 20.21
1958 12.76 15.03 8.04 8.13 1.27 1.70 0.01 0.81 3.07 4.80 15.18 10.12
1959 24.86 11.40 8.71 2.36 4.34 3.06 0.87 0.8l 7.5 6.24 4.57 5.97
1960 12.51 14.351 11.20 7.76 10.11 0.59 0.09 2.07 0.9 7.32 18.77 ' 5.09
19€: .73 17,06 1S.%1 5.77 7.81 1.77 6w 337 1.3 0§ T Yo e ma
1862 4.96 10.69 12.n7 .00 4.33 110 O 244 2,90 ¥.2%  1i.68 6.:7
1963 5.05 10.65 9.49 12.16 5.5 2.87 1.36 0.06 3.73 6.24 14.61 7.96
1964 17.67 - 3.61 10.66 4.17 1.69 3.% 2.61 1.49 1.29 2.48 14.01 20.51
1965 20.57 4.4 2.03 5.06 2.37 1.26 0.5 0.74 0.58 3.69 13.61 15.04
1966 15.26 8.06 14.68 1.9 1.10 1.83 1.0 0.32 2.92 35.14 13.88 12.38
1967 19.06 7.10 9.52 7.7 2.06 0.95 0.0l 0.01 2.06 7.20 6.70 12.18
1968 9.83 10.77 8.78 3.53 3.99 3.46 0.72 7.20  2.72 11.28 14.92 21.26
1969 22.15 7.48 &4.06 . 3,95 3.66 4.87 0.29 0.14 5.47 8.07 6.37 15.80
1970 - 21.27 8.59 3.98 7.88 5.99 1.32 0.02 0.21. 5.08 11.45 18.99 16.60
197 16.61 8.41 13.41 9.61 2.35 2.98 0.38 3.26 3.46 4.30 12.35 17.32
1972 12.38 9.23 10.77 8.25 1.65 1.02 0.33 0.57 2.23 1.13 6.58 13.59
1973 8.61 3.28 10.39 2.26 2.8 3.21 0.03 0.79 5.12 4.93 19.73 18.99
1974 14.07 11.08 18.41 3.89 3.37 2.16 13.16 0.11 0.43 1.37 10.05 15.18
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This program was written by
School of Forestry, Depart-
ment of Forest Engineering in
Corvallis and collaborated on
by this project researcher.

Dennis Dykstra of the OSU

WEIBULL SHAPE AND SCALE PARAMETERS
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COMPUTE BETA, THE SCALE PARAMETER.

BETASD

00 150 Y=g,
sztn-a:tno!x(xv--cnnnnv

ONT INUE
RETARIRETAZFLOAT (NI )®® (1. /GANMA)

PRINT RESULTS,

WRITE €61.360) OETAGANMALITER

FORNAY t23NETBULL PARPAMETER ESTIMATES:#/¥0 BETA HAT = ¥,

]
X

7% GAMMA MAY = ¢ Cé R/72CTHE
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™~ NN

&
]
LE
END
FUNCTION GIGAMMAD (N, X4C)

THIS FUNCTION CORRESPONDS TO FISHFANZS FUNCTION F,
o{ntussou xt1)
3180 1=)
TR i)--cnnnnn)'tocrcxttnv)
ég- 0(%(!)"GAHNAO
E=(ELDAT N)/GANMAD )+ IFLOBY (N *C) - € (FLOBT IN) X1 1/X2)
END
FUNCTION H(Glnﬂpn.u.x.cn
THIS FUNCTION CORRESPONDS 10 FISHMANZS FUNCTIOM Fe,

OIMENSION X(1) .
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Appendix C. COMPUTER PROGRAM FOR THE HARVEY CREEK
WATERSHED AND EROSION INDEX MODEL
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Appendix D. COMPUTER PROGRAM
AND DATA FILES FOR HARASS

PROGRAN HARASSUIINCUT, QUTPUT. TAPT1272/80, TAPF2=TAPEL,
2 TAPE2E:0QUTHUT, TAP_IN=72/700, TAPL I1TAPE3OD, TAPF3I2-TAPE 3O,
3 VAOE33=TAP~ 37, TAP: W=72780, YAPI3C=72780, VTAPEYo=72/AN,
[y TAPEIT7=72/90, TAPF '9=TAPE30, TAPEXG=INPUT, TAPE&S, TAPELS
5 o TAPELW?, TAPLWY, TAPZH9 )

THIS PIOGRAN IS A FORTIAN IV SIMULATION MODEL WHICH SIMULATES OVER
TTME THE MARVESTING, R78D FONSTRUCTICMe TIMBER GROWTHM, SLOPE ERCSIOM,
AND ROAD ERCSION ASSICIATED WITH AllY SET OF PROFOSED MAGVEST aL TER-
NATIVES,

COMMON/ZZ2EROZIRILD) ZTALLT) (T (LD) L IRAN(WH)
COMMON/ONE/Z7C5TAL3,8) 4MONTHS,T1412,13,P(12),6(12),
PZL8) G2
COMMON/THNO/GPZ ko 3) s HPZ UGS, 8) JGLAMCA L) 4HLAMDAIS) ,
GALL) oMHALS) 4 GBLle) ¢ RIS ) L, GC &) JHC(S) T,
ALPHADIT) 4 BLPHAT () 4 JETAD(T7) ,RETET(E),
UXD UG ) qUXT (%) 4WII (53 4 HWT L&) 43IIEU5) 4STE (&)
CD!HCNI!FREEINOL‘-NCELoPE"N-“C-HUo"v.*HoPl-HV'“CVR.PLH.”CC.NTAGE'
0G(5) o IMAUS) 4 DSAZE1S) ¢NISLIPIS) G ICELL o ISCS.CELLS,
MROAD 4MTYFE
COMMON/FCUP/TSIZE (e152) JNTSLTIP (L 4152) ¢NSEGS NYLKSONCELSINYR,
NYEARSsJoNAU1ARZ) JNMILE2D o NSUL1£2) 4NUTIL2)
NVILI6E?) oNWU132) 900X U202 )4 NY (162),SLGIL1E2),
MOUL162) oNOKLSEP) JHALSE2Y JNCL 116241000 164NALT,
JEVENTI2207) 4KSK]O
COH!ONIFI'EIDIS}.DE(S.S).DMIS.~)oDCl5\J).Dul5oh)-DVIE.h).DHIS'“!-
CX(545)40Y(5,5)45LM)
CONMON/SIX/TRULe WD) g THMUug2) o TS g2 o TULL &) g TVILob) o Thilb,b),
? TYUagB) g Tl g TG o162) ySUPTYKReKMeKSy KUIKVeKN KXo KY
W TXlWLyS) TTHIGL)
COMMEN/SEVFN/CONST(2,2) ¢ LCRESIS) 4 VOLTINISY T8

wn rWN N

N VS wN

SCCOMPLISH BPPRCPRIAVE INITIALIZATION SYEZPS,

DIMENSION VILT (150,5) o NRRILR2)GIRKCANI2207)4™TYPLEA)
DIMINSION MCUTSSNISS) s MHALTISB,7),MCBLTIBB,7)4NAGELT)
CISENSIOMN UD(5)UT L) fCVI5) o TNGILa162) s IRR1LD)4PHPZ(5,8)
DINENSION FGPZ LW ,8)

SUSTaSILML=T3LMT=03uM0=0.,0
11=12z13sT4=]15216=17=78=]193KSKIP=0
CONSTIL,1)=2CNST(1,2)=CONSTI241)=CCNSTI2,2)=0.0
YOLTIMAL)=VOLTIMI2)=VOLTINI) = vILTIM )= VOLTINIS)=0,0

READ IN ALL 9E5IC “OIEL NATA, TO INCLUDE PROBARBILITY NATRICIES,
S1TZ STATE DATA, ALTERINAYIVI DATA, £&ND GENERAL CONTFOL INFODIMATICA,

C3 350 K=i,b

THESE YALUES ERE THE CONDITICNAL PIC283ILITIES FCR EVENTS T1,72,73.Tu
AND TS1 NOTHING, OFF RCAD EYOSION, 2040 DAPAGE, 4NG 04N FAILURE

FOP YARIAELESS T3--204D STANDARD, TM=~047°'SURFACE, TU-<SLOPECLSS.
TV--SOIL TYPE, TW--LANDFORM, TX--3Z07ING PLANE ANGLS, AND
TY-~FIACTURE ANGLE OF THE 3IELDING SLANES

READ(30,300) (TSIX,1),1=2,2)

REAI(ICL,300) (TH1K,1),1=1,2)
READI(I0,302) (TUIK,I),I=1,44)
READ130,3%92) (TVIK,1),12144)
REANI3I0,332) (THIKGI)4I=1,44)
CEANI(3C, 3020 (TRIK,I)oT=1,%)
READ(I0,303) (TXIKyI)eI=1,45)
READ(30,303) (TYIK,I),1[21,45)

350 CONYINUS

300 FORMAT (2FS,3)

301 FORMATIIFS . N

302 FOIMAT (4F5,.3)

303 FOIIMAT(5F5,13)
00 351 K=1,5
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YHESS VALULS ARF YHE CONDITIONAL PRCPAMILITIES FOR EVFNTS 01,02,
0% Dbs BND D51 NOTHINGs RCCKSLIDTS, UEZOTS AVALANCHES, SLUNPS,
ANN CREEP ACRFLFRATION FNI VARIAPLES) (f-~SILVICULTURAL METHOO,
DU=-<+SLOPE CLASS, Nv-=301L TYPE, IW-=LANNFCSM, OX-=-BEDDING PLANE
ANGLE, DOk==HAJI/YF ST NETHOD, OY--3E0NDING PLAME ANGLE, OY==FRACTURE
ANGLE OF THE BEODUING PLENLS, AND It--TIM3ER AGE CLASS.

5

OO0 NOO

REAT(31,203) (NI, 1),4121,3)
(1] PEANI31,202) (UK ]l) 1140}
READI31,302) (OVIKyI)y1I=1,44)
READU31,302) (OWIKsT)sI=146)
READ(IL,302) (D4, 1) I2144)
READ(31,303) (NXIKy1)412145)
es READ(II,I03) (DY IKy1D),W1I28,5)
READ(31,303) (DE(K41)4s1I=1,5)
351 CONTINUZ

HEREs THE GLAMIA AND HLAMDA SETS ARY THE PARAPETERS EMPLDYEN IN THE
SUBROUT INE FCALC T CALCULATE THE UNTVERSAL PROBAIILIITES FOR

THE EXPONENTIAL FO43 ON RNAD AND SLTPZ ERDSION EVENTS. THESE PARA~
METERS MAY RE MOND]IFIZO IF IESEAPCH INDICATES SUCH IS NECESSAQY,

THE ALPHAT, ALPHAD, B{TAT, ANJ 9CTAD SETS AQE THE WEIQULL SHAPE

AND 3CALS D8RA4FTEPS USTT Id FUNCTIONS SIZEY ANO STZED TD SIMULATE
EVENRT SIZE€3 TM CU3IC YARDS. NCELS ESTABLISKHES THE NUMBER OF CELLS,
NOLKS THE NUMBER OF 3ILICKS, NYEARS, THE NUPRER OF YEARS TO 8z SIWuLATY
T1ECS THT WORD LFNGYH 32 T4: EXTFRINAL CCRE STORAGE MEGHANISH EMFLOYED,
NYYPES THE NUM3IER OF TIHARER TYPES EMPLOYID 2Y THE USER, HONTHS THE
NUHBER OF MCNTHS DUT NF EACH YIAR WHIN SIGNIFICANT E£ROSION IS &
RLALISTIC PCSSIGILYITY, NOLY THE BALTESNATIVE MUHBER, TOPTION THE OPTID!
TN EITHER USE ZSTAALISHED (WZI3ULL) FUNCTICAS OR A PASIC KWATERISHED
MODEL TO SIPULAT. THE SROSTCN FARAVETZIRS 2ETA 1, ZETA 2, AND Z2£74 3,
MHLAN THE COTICN (1 3 N) TOD RCAC HARVEST ALTERMATIVE DATA IN PY
Be0CYS DR CELLSy MLIMIT (1 OR D) IF THE USER WISHES TO LIMIT
HARVESTING (W STRCAMSIOE AND HEADWALL CELLS WHEN THE BLCCK ©EAD 1IN
ATPRIAGH IS USZD (WHPLAN=1) . MCrLIM ANDC MCOLIM THE HARVFST AND
STYLVICULTURAL LIMITS TO PE PLACEOD N THE CILLS WHEN MLIV¥IT=z1,

ROADPCY TMZ DECIMAL VALUE FDOX THE PERCENT OF ANY CFLL A KCAD RIGHT-
OF- WLY WILL OCCUPY, ACZRISKHM THF SCELING PARAMETER FDR SCALTNG StLOPE
EROSION EVINT PRO3ABILITIES (=2w?7,.1) IF GCELLS MEASUPEN IN ACRES)
SOFEET THE SCALING FACTDR FOR ALL 030 EROSION PKO3A3IILITIES SET
63960 WMEN RCAD LENSTHS AND WIDTH3 ARE MEASURED IN FEET, CSIZE

15 YHE BASIC CILL SIZE WHEN CONSTANT SIZ2ZD CELLS ARE USEC,

g5

100

105

130

000000000

115 READ(32,305) (GLAVMIAIK) 4 CAIK) oGRUIKI4GCUKD oK=244)
READ(32,305) (HLAMDALK) 4 HALK) 9P 2{K) yHCIK) 9K=245)
READ(32,120) CALPHATIK) +BCETATIK) 4K=2,4€)
READ (32, 120) (ALPHANIK) 4 2L TADIK) 4K=2,7)
READIIZ,INT7) HCELSINALKS yNYEARSINSEGSIECS NTYPESWMONTHS
123 READ (324 307) NALTZTOPTION MHPLANGMLINFITy¥AGE MCHLIM,MCCLIN
READ(3C,306) POAIPCTACESKMLSOFEST,LCSI2E
305 FORYATIF10.5,F11,2,F1342,F10.2)
120 FORMATIF10.5,F10,%)
307 FORMAT(TILO)
125 303 FORWAT(4F10,3)

Ti;5 5 THREE VARIABLES ARE SEE0S FOR THE 40 RANDOM NUMBER GINERATORS
YSED IN THE FUNCTION RANDQDY, :

e XsRsNe)

130 READ (33,3090 (IR(K)IAIKDICIK) oK=1,400
309 FORMAT(3110)

THZSS STEPS READ IN THE BASIC 30 YEAR INCREMENT YIELD TABLE
APPROACH ENFLOYED FO THIS PCDSL, FIVF TIMEER CLASSES ARE
ALLOWID FCR A 150 YZAR TABLE 3GINNING AT YEAR 20 AND
MOVING IN TENS TO YEAR 158, THIS CAM %f REFLACED 3AY YIELD
FUNCTIONS IF SUCH ECOME AVAILABLE TC ANY USER.

135

OO0

. JuS=20
140 600 REAIIIL,315) (VOLTUIJUSH NI N21,5)
315 FORMAT(5X,5F1D.1)
JuS=JuUsSe 10
IFEJUS.LF.150) GD YO «D9



145

150

160

1€5

170

175

160

199

195

200

205

210

21%

OO0

OO

AN CIOONOD

AOOOOOO0OO00
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NOW THIS SETS UP ANNUAL YIELD TABLES FOR ALL TIMBEP TYPES FROM THE
TEN YEAR INCREMENT YIELD TASLES JUsT REAO IN ABOVE,

00 399 N¥IM=20,1510
00 401 MTY =3 NTYPES
NTIME=NTIM/L0
NTIN2x20°9MTIMY
NTIN3I=NTIP-HTI M2
MTIML=HTI¥2+10 .
VEEVOLT(HT JHLy HTY) =VOL TEHTIH2 ,HTY)
vi=v1/10.0
TINISFLOAT INTIN3)
ViETIM3eyy
VOLT{MTIM MTY) =V1eVOLT (NTINZ,4TY)
601 CONTINUE
399 CONTINUVE
00 4083 MJ=1,19
DO 402 MK=1,NTYPES
VOLT (MJ,¥X)=0.0
602 CONT INUE
403 CONTINUE

THIS SECTIOM CALCULATES THE INITIAL PCAD SEGHENT EVENT CONDITIOMAL
PRO3ASILITIES AFTER THE INITIAL CONDITTICNS ARE RFAD INJEACH ALT-
ERNGTIVE WILL HAVE A DIFFERENT SET CF INITIAL CONDITIONS AND HENCE A
DIFFERENT SEV OF ECVENT CONDITIONAL PROSARILITIES.

80 357 I=23,NSEGS ) ,

THESE VARJIABLES MRS THZ JASIC CODING FOR EACH SET OF SIT: VARIAZLES
FOR ALL RCAD SZGMENTS? NR--0A0 AGF, NS--R0AD STAIKDARI, NM--ROAO
SURFxLI sy MU==3L0FI CLA33y NU=-=3ULL 1TFzy HR=-=LAN!I"UNRF; NX==4NULL
NF Tmk BECUiINL PLANES, ANU NY--tRAUIURE ANGLLE OF THE BEUJING PLANES,
RLG IS THE PLANEO FOR JR EXISTING ROAC SEGMENT LENGTH IN FZIET,

WO 75 THE RCAD WIDTHy NBK THZ BLCCK NUMREQ] TME ROA) SEGM KT REGIAS
INe BND THE TEN NCL VALUES ARE FOR UP TC TEN CIFFERENT CELLS THE ROELD
SEGKLNT OCCUPIES,

READ I, 312) NREUIDGNSEI) JNMLTD) yNULI) NVIT) JNWIID yNX{TD,
SNYLTI) JRLGHLY) ¢WOUTY JNIKLTI) 4 (NCLIT 4JKD ,JK=2,410)
312 FORMATIOX BT 1,F6.14F&o0,J4,1015)
KR=NU 1)
KSENSII)
fHaNMt )
KUs=NUt D)
YYENVLD)
tHENNLT)
KXaNXL])
KY=NY(I)
CALL ICADEVT
70 355 K=1l,&
T6tKeI2=TE{K)
35% CONT INUE
kcADI35¢319) (NAGEIK) ¢K=28,7)
319 FORMATI10X,7]110)
NACID=NAGEINALT)
JFINA(I).LT.0) GO TN 357
00 320 KKK=1,10
ICDENCL (4K KK)
IFLICRD.NELO) IRNADIICROI=1
320 CONT INUE
357 CONTINUE

WHEN THE VARIABLE MHPLAN IS EQUAL TC %, THE OATA DRIVING FACH HARVEZST
ALTERNATTVE IS READ IN IN A BLOCK RESOULTION ANO EACH CELL IS LATER
ASSIGNED THAT SET NF HARVEST CONSTRAINTS ANC CATA SETS. WHEN Tt
VALUS OF PHFLAN TS FQUAL T0 0, THIS OATS TS TC CE FCRMATLU AND RE&D
IN 2y CELLe THIS SFCOUD ALTIRMATIVE ALLOWS FUn PORE FLZALYILLITY AND
FINEQ RESOULTION, HOAEVER THZ PREPROGRAMMIMG DATA ACCUFULATTON,FCR-
HATTINGy AND DATE FILE ESTAOLISHMENT LE “CH MORE INVOLVID. HINCE
MHPLAN EQUAL T2 8 I3 A TQADFOFF IN FCONCMICS AMNU TIME WITH A SACO]-

"FICE IN RESCLUTION,
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NOW THE OATA FOR THE GELLS 1S READ IN AND THE INITIAL PROGADILIVIES FOR
THE EVENTS AND ON-STTE CONDITIONS ARE CALCULATEODO AND STOREO IN 2N

220 EXTERNAL CORE STORAGE NEVICE.

OO0

IF (MMPLAN.EQ.0) GO 10 318
D0 317 J=i.NBLKS

WHEN THE MHPLAN IS =t AND ALTERNATIVE OATA IS REAO IN BY GLOCKS,
MCUTSEQ IS THE YEAR IN MHICH THAT 3LCCK IS TC BZ HARVESY-D, MTYP
1S THZ TIM3IER TYPE IN THI 3ILOCKs MHALT ANO MCALT (SEVEN OF THEM)
ARE THE SEVEN OIFFERENT HARVESTING AND SILVICULTURAL ALTERNATIVES fOR

225

OO0 0

EACM 3LNCK. WHEN MHPLAN=0, THIS DATA IS READ OIRECTLY INTOD EACH CELL

230 COMPONENT ANO MOREL FLEXIIILITY IS AFFOR0EO0.

OO0

REAYI(I70316) MCUTSEQIJII o MTYP (U)o (MHALT (J4KIoMCALT (J4K) 4K=1,7)
316  FCRNAT(I3,5Y,12,1616)
317 CONTINUE
235 31 10 YE& JCELL=1.NCELS
READ (3653100 NALKGNTEL ¢MEy MHMC oMU MV, FPHMX MY
313 FORMAT(I3,1X415,144811)
JMH(1)=0SI2E(1)=1,.0
JSIZEC2)=0ST2E (31 =0SL7E(L)I=0S17E15)=0.0
240 QUHI2) =DNHI3)=DMHI4) =DIMH(5)=0.0
NDSLIP(1)=1
NOSLIP(2)=NOSLIP(3I)=NDSLIP(UI=NGSLIP(S)=O
IEVENTCICILLY=O
IF(MHPLANL.EN.D) GT TO 222 *
245 YCHsMHALT(N3LK,NALT)
“CCzPCALTINALK,NALT)
MTYPE=NTYP (NILK)
4CYRz-MCUTSEQINBLK)
CELLS=CSTI2E
250 IF(ME.E0.1) MTAGE=S
IF(NE.ED.2) ™TAGE=10
IF(ME.EQ.3) NTAGE=20
IF (ME.EQ.4) MTAGE=40
IFINE.EQ.5) MTAGE=MAGE
255 “R0A D= IROAD(CICELL)
LFOIROANCICELLYL€Qel) CELLS=(1.0-RCADPCTI®CSIZE
IROADOCICELL) =D
IF(MLIFIY.ED.0) GO TO 95
00 96 KAS=Z.4

2¢0 IF (MW EQ.KES) MCH=MCHLIM
1F (e . EQ.xAS) MCC=uCCLIM
9 CONT INUZ
G0 T0 95
32 READES7,311) “CYRGMCHyMCCoMTAGE CELLSyMTYPE JMuUAD
2es 314 FORMAT (10X o T 301X ol 202X o 19X oIl XoFlaDolXgllytrell)

9t Call SLOFEVT
CALL WRITECSUNSLK,IECS*(ICELL-1),IECS)
354 CONT INVE

NO¥ BEGINS THE MAIN PROGRAM ACTIVITY. WE STAIT WITH A WATEISHED IN A
CONDTTICMN SFECIFIED 9Y INITIAL SITE AND RDAD VARIASLE STETZS.THESE
STATELS ARE ALVERZOD EACH YCAR AS DEFINEOD 9Y THE SUBJECT ALTIRNATIVE
LAYOUT., ZACH #INTH, PRECIPITATIOM AND SCIL WATER CONTENT ARE CHICKED.
VARIATJILE STATES UPDATEN, MONTHLY EVFNT FROBAAILITIES CALCULATEO, ANMND
EVONT DCCURIRENCE CHECKEN. THIS IS QEPEATEQ FOR THE NUMBER OF YEARS
COVERED 8Y THE SUBJECT ALTERNATIVE,

27

275

(2 X s N N N Ny N N y)

50 393 NYR=1,NYFARS

IFCIOPTICN.ER.1) CALL ZInALCI
280 IFCIOPTICN.EQ.2) CALL WTRSHED

IF(IOPTICN.ED.2) CALL ZCALCII

CALCULATE THE NINE UNIVERSAL MONTHLY PROBABILITIES.

aO0

285 N0 358 J=1,MONTHS



290

305

310

315

320

325

331

335

340

345

350

GP2U2¢ N =5PZ (V4 1)=GPZY

LoJdV=1.0

180

HP 224y J)=H4P2 134 J)I=HP2 LG JITHFLIS,J)21,0

IFLZETALLI, SV eLZa6300)
IFQGZETALLI D) ol Le?72eD)
IFQZETALZ,J) L Eeble )
IFAZETAUS, D) oLELT71.01
IFQZETALA4J) aLE5u.0)
IFUZETAI3,0) L 051,00

LP202,31=0.,0
GP2(3,J120,0
GPZluyJ)=0,.0
HOZ(34,4)x3.0
¥OZlky J120,0
HPZ (S, 4)=3,0

IFAHF7 03400080940 ANNHPZ (i J) eENe D0 oAND HPZ 15,01 .EQ.0.0)

2 HWPZ2U(2,,=0.0
358 CONTINLE

CUMSTANCES THAN UNT NOMMALL

CAiL PRC2LC

MET WMOANTHS TWAY AAKS ye THT

OO0 OO0 0

00 387 U=} ,MONTHS

Y OaSERVES.

YEAR, 3ECIN

NOYTCZ TYHAT WIYH THL LIMITS PLACFO AEOVE-ON THE ZETA VALULS 2EQUIRFD
BEFORE ANY CF THL UNIVFRSAL PROCAJILITIES IS MCRE THEN Z:RD ESTARLISHIS
THE FATY THAY ~0SY ZROGJON ACTLIVITY CCCLRS UNDER MOPE UNUSUAL CIk-

THIS IS A REFLECTION CF »OTED

RESEAICH BAND SU2SEDQUINT ZVALUATION CF SUCH IN THIS PROJECT,

C8. LULATE EVENT PROBAIILITIES FORLIFTERMINS PCINTS GF OCCURIRENCE,
AND OJYPUT SuMNAPY DATA FOR ZACH LfVLAT

CCCURIENCE DVIR The FIGHY
WlT# RCAD ERQOSION,

KS={(IRANLIRDON 140 /7B398003,0°NSEGS+1,0)

KSE=NSEGS
359 D0 3€5 N=KS,KSE

TFGPZ2(2 4 J) e EDeDDBNDGPZ(343J) eEQeDeBANDGPZIL,J)eZ0.0.0)

< G0 T0O 364
IF (NAIN) ,LT.0) GO T
DO 340 K=?.4%

364

POPI UK II=GP2IKJ) *(RLGIN) ®*ROINI/SCFEET)

360 COMNT INUE

PGP 11 4J)1=1.0=PGP2824J)~PGPZU3J)=FGPZ4L,J)

00 360 K=1.,6

TIHIK) 2T CIK,NY * PG

TSUNT=TSUMT+TTH (X)
363 CONT JNUE

00 3¢1 K=1,4

21Ky J)

THGIK, KI =T TH() 7 TSUNT

361 CINTINUE

UTIZ2)=(IRANCIRN, 150 /73393601,.)
UTt3)=LIRENTIRN,16)/7B8388608.)
UT (e )= (IRANLIRINGI7) /78338608,

TSUMT=0.0
00 363 K=7 .4

IFITRGIKeN) o LT UTIK)) GO TO

TSI?20 1S THE EVENY SIZT F(CR
IN T-7 FUNCTION SIZET.

s ¥ e X2K3]

352

EVENTS 12, T3, ANO T4 A< CALCULATED

TSIZELKG NI =SIZETISTE (K)

ATSLIP (K NI=E

GO T0 363
362 KTSLIPIK N)=20
363 CONTINUE

60 TO 355
364 THCUI,N) =30

TME(24NISTHG U3, N)=THG L NI =0.0
NTSLIPUZ ,NI=NTSLIPI3 NV aNTSLIF (4,N)=0

365 CONT INUE

IFINLLT.NSEGS) GO TO 368

KSE=xKS~-1

KS=}

GO 70 359
[

€ WNOW CALCULATE SIMILAR COMFONENTS FOR SLOPE EROSION ACTIVITIFS,
c
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385 368 IFINP2L2: 0 .50, 0.0 KXSK]P2}
IF(KSKIP.FN. 1) N IN $T7b
KSD= (CIRAN(INRNL LSV /708986080 *NCELSH1.0)
KSDE sNCELS
367 00 375 ICELL2KSYIKSIE
360 CALL READECS IN3ILK, ISCS®HICELL~1) ,IECS)
00 341 Kx2,5
PHPZ UK+ JI=HPZ (K JY *LCELLS/ACRESKM)
36t CONT INUE
PHPZ 114301214 0-PHPZ (2 4J)~PHPZU3,J)=PHPZ Ll s J)~PHPZ (5, )
365 09 362 XK=1,5
CH(X)z0G LK) *PHPZ LK ,4J)
OSUMD=0SUMOD+0M(K)
362 CONT INUE
07 369 K=1,5
370 DMMLIK)I=OMIKIZOSUNMD
363 CONTINUE
UD(2)=(IRANCIRRN,19) 78353600, )
UDI3)=LIRANITRRN,20) 78338¢603,)
YOt )= (IRANCIRING21)/7838860%,)
375 UDIS)I=C(IRANTIIRN,22)/78348604,)
oStU40=0,0
09 371 X=2,5
IFOMHIX) . LT UNEX)) GO TO 370

DSIZE 1S THE EVENT SIZ2E FOR EVENTS 02, O3, D4y AND DS AS CALCULATZD

3680
IN THE FUNCTION SIZED,.

s Xz X e N3]

DSIZEUKI=STI7EI (SO (KoMN,MH,MY)
JEVERTLICELL)Y =]
385 NOSLIPCK)=]
G0 10 371
370 KOSLIP(K)I=O
T CONT INUT
TEENDOLIFID) JCQ D AND NNSLIODIXY  EQ, A AND NASLTIPILY.FN. N
on Z.MPHOLNOSLIP(5) .703,0) GO TO 375
CALL WRITECS(NILK,IECS*(ICELL~1),IECS)
378 CONT INUE
FAKSDELRELNCELS) GO TO 376
¥SOE=KSO~1
305 KS0=4

HEPE ARE SOME COMMINTS A3QUT IMPORTANT VARIABLES USED IN THE SECTION
ABLVE. KSyKSE.KSDy ANO K30: ARE ALL INTEGER VALUES USED TO DETERMINE
RANCOALY WHERE THE TABLE OF 0A0 SEGMENTS AND CELLS ARE EMNTEREOD EACH

(2 X2 NeNe]

YIME, THIS INSURES THAT THERE TS A NEW ENTRY POINT EACH MONTH, AND
REC-iT3 THE POSSIBILITIES OF SIME PATIERN FPERGEING SIMPLY RUES TO

THE DIDER OF SEGMENTS ANO CELLS IN THE CRIGINAL OLTF FILES,

THE NYSLIP AND NDSLIP VARIABLES INCICATE WHETHER OF NOT A

ROAD IR SLOFE EROSION SVENT HAS OCCURED(=1) OR HAS KUY OCCURED (=0).
THE UT ANO UD VARIAZAGLES AR™ SIMPLY &ANNCM NUMBERS 3 TWEFN ZTR0 AND
ON¢ *350 TO CHECK AGAINSTY FOR TVENT QCCLRIRENCE. WHEN THE FROBASBILITY
FOR &M EVENT IS EQUAL TO OR GREATER THAN THE VALUE OF THIS RANOCM
NUMB"& THEN THE SVENT IS SAID 7O Havi NCTURKEOD., THF TMG AN DvK VAG]-
ABLES ARE THE EVENT PRNBABILITVIES FOR THIS MONTH FOR THE APPROPRIATE
ROAL SEGMENT OR CELL. THE RLG ANO WU VARIAHLE IN THHE RORD

SEGMENT PORTION SCALE THE PRONAARILITIES TO A PER MONTH PER

ACRE 3ASIS., THE CELLS ANO ACRESKM DIvISTON HELPS SCALE THE

VALUES FOR SLCPE EROSION PROBASILIVICSS v0 A PER MONTH PER SQUARE KM,
ONCE THESE VALUES HAVE RECN CALCULATED AND CHECKEO AGAINST THE RANOO™
NUMBERS TO SEE IF AN EVENY OCCUREO THE MODEL MOVES ON.

s 00

& 05

410

L3
GO 10 367

ﬁON WRITE OUT ANY EROSION DATA FOR SLOPES AND ROAOS RECORDED FOR

29 MONTH 2

OO0 OO0 IINIOOONINATD

378 CALL WRITES
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c
€ THIS COMFINEMT UPDATES CELL ANO SCGMENY VARIABLE STATES RASEO CN
&42% C MONTHLY AND YFAPLY GCHANGIS., tACM PONTHM, AFTER SOME ROAD FVENYS, THE RO/
C AGF FOR THAT SECGMENT IS SIT PACK Y0 7ERO FOR SOME T3 AND T& TVINTIS,
C FOR SLOPE EVENTS THE TIM3EQ AGE IS SET RACK TO ZERO FNh ANY AFFECTEO
C CELLS FOR SCHMF 03 AN} N4 EVINTS, AT YZAR ENDO, THE MCOSL SIMULATES THE
C ALTFRNATIVE ROAN CNNSTRUCTION ANO TIMIER HARVEST, TMIS REQUIRES RE-
430 C SFYTING TIMBER AGE YO 7°R0 FOR CELLS CUT AND BEGINNING A KOAD SEG-
C MENT AT AGE ZE20. FOR EACH CELL INVCLVED WITH & NEW POAD THFRE IS
C A 20 DERCENT FEDUCTION IN 838 FOR THE 1.6 ACRE CELLS. THIS PROGRAM wli
€ ALLOW A USER TO ALTER TwE 0ZCENT IF THE USER HAS A RDASIC CELL SIZ2E
C LARGERX OR SMALLER THAN 1.b ACRES, OR FOUR SQUARE CHAINS. ONCE A CELL
4235 C 1S MARVESTED, 17 SHALL REMAIN IN THE HARVES Y METHOD CLASS FOR 20
C YEARS AFTEQ WHICH IT SHALL UE HMOVED TO M4, KC HARVSSTING. THE CELL
C SHALL 3E ®OVEO FR0M C3s NZVER CUT,TO ZITHER C1 OR C2, CLEARTYY AND
C . PARTIAL CUT, AND K°PT THERT INOEFIMITELY. ALL CF THESE CHANGES WILL
C REQUIRE UPHATING TME CFLL AND SEGMINT CCNOITIONAL PROBAAILIVIES 10
460 C REFLEST THE OIFFERENT ON-SITE CONOITIONS AS ALTERED.
c
DO 381 N=1,NSEGS ,
IFINTSLIPUT4N) ot 0. 1.0RNTSLIP(L,(N).EQ.1.) GO 10 378
30 70 I
&S L34 IF(TSIZE (L ,NYLLELIDO0B.0) GO TH 38%
NAIND=0
IF INRIN).EQ. 1) 6O VO 381
NR(NI=}
KR=NR(N)
Y1 KS2NS(N)
KM=NPM(N)
KUSNUIN)
KVaNV(N)
XKHENG (N}
5% KX=NX(N)
KYENYINY

CALL RCAOTVT
00 377 K=1.4
TCIK NI =T (KD
4¢0 3r? CONY INUE
383 CONT INUE
IF(KSKIP.EQ. 1} GO 792 10
00 386 KIK=1,NCELS
IF(IEVENT(KIX) .SQ.0) GO TO 386
(11 ICELL=KIK
CALL REAOECS (NBLKeIECS*(ICELL-1),IECS)
IF(OSIZE(2)LE «S5000.0.ANO.OSIZECS) LE.50000.ANJ.O0SLIZZ (0}
2 JLE.5000.0.AND.OSIZE(5).LE5000.0) GO TO 385
MYAGE=0
s 70 IFIME.EQ.2) GO TO 385
4E=y
CALL SLOPEVY :
385 NOSLIP(2)=NDSLIP(3) =NISLI®(4L)=NOSLIP(5)=D
0SIZE(2)Y=ISIZE(3)=0SI?2E(4)=0SI2E(S)=0,0
&75 CALL WRITECSUNILK,ISCS*(ICELL-1),1ENS)
JEVEAT(KIK)=D
k11 CONTINUE

c
C THE A39VE STEPS UPDATZ THE SYSTEM STATE ANO CONOITIONAL PPORAJIILITIES
4680 C DUE T9 CHANGES DROUGHT AAOUT BY MONTHLY TROSICMN EVENTS. NOW WL QEGIN
C UPOATING THt SYSTEM FOQ ANNUAL CHANGES OUE Y0 ROAD BEING BUILT AND
C YIMRER JFEING HARVESTEOD.
c
10 KSXIP=0
(Y.L 387 CONT INUE
c
C THIS SFCTION DETERMINES WHICH ROAO SEGMENTS ARE TO BE BUILY EACH
C YEAI ANO THME LENGTH AND TYPE OF SUCH ROAD CCNSTRUCTION IS RECIROEO.
c
490 ) 00 362 N=14NSEGS

NAINI=NAIN)+
IFANAIN) (LT, 0) GO TO 392
IFINAIN) .GT.0) GO TN 389
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510

%15

520

525

530

535

545
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OO COO0

00 388 JKz1,9
JCRO=NCL IN 4 JX)
JFLICRD.NE.O0) 1R0ADUICRDI =Y

388 CINTINUE

NSS=AS {N)

NMPeNN IN)

CONSTUINS Sy NMM)ECONST INSS NMU) eRLGIND
389 IF ANAEIN) GED.AND . HAIN) sLF.5) NRRINI =1

TFINALIND) JGT.5. 24D NAIN) L LELL1C) NRIIND=2
SFINAIND JGT. 19.,3N0.NAIN)LE.20) NIR(N)I=3
TFINALL) oGT.20) NIRINI=4

IF INRIN) LEG. NRRIN)) GO TO 392

NR (NI =NRRINY

KRaNRIN)

KS=NSINY

KNaNNIN)

KUENUIN)

KY=NVIN)

KX=NXIN)

KHENW{ L)

KY=sNY (M)

183

WHEN RIAD SEGMINTS ARE BUILT THFY MUST RAVE A PROBABILITY CALCULATC{--

THA] IS & CCNDITICNAL PRDBARILITY SASIED ON ALL CN-SITE VvERTA3BLES.

CALL ROADEVT
CO 3931 Kxi.b .
T6 (K NI=TIK)
39¢ CONT INUE
39: CONT INVE

TR L SECTION DETERMINES WHICH ACRES ARE TO PE HARVESTED AND

QRECIRIS THE ACRES AND TYPI AS WELL AS VCLUMES CF TI%3TR DEMIVED CN
AN INNUAL 3ASI5. 8LV amz SICTION UFJATES CCuTITiglal F-O5A7ILI70C
FOR ALL HARVESTED ACRE> YELAUDE CMaNLES InN Trt STATF OF {w=31T1%
VARIAILES FCR HARVEST TYPE, SILVICULTURAL TYPE AND TIM3gc AGE

{MH M, ANO MF) REQUIRE CHANGES IN THZISET PRDEBABILIVIES.

00 194 JCELL=1,NCELS
CALL RFADFCSINILK,ISCS*4ICELL-1) ,IECS)
NYAGE=MTAGES S
EF(ATAGE6T.150) MTAGD =150
MCYRzMLYReY
IF (MCYR.LT.0) GO TC 393
IFMCYR.NE.B) GO TN 393
$CznCC
MY=rMCH
IFEAM.EN.LANJ.NC.EN.3) GO TO 393
IFL4C.£Q.2) PCTTUT=(,40
VOLTIMIMTYPE) SVILTININTYPE ) ¢ (VOLT (MTAGE ,HTYPF ISCELLS)
JFEMC.E2.2) NVOLTIMIMTIYPE)=PLYCUT®VOLTIMINTYPD)
ACRESIMTYP) =ACIESIMTYPE) ¢CELLS
FFIMC.EQ.2) MYAGS=uTAGE/:Z
IFEMNC.£2.7) GO TO 393
NTAGE=D
MExl
CALL SLOPEVT
MRDADa TRVADIN) ]
IFLIROAD NI EQ.LICELLS=1(1.0-RCADFCTI®CSIZE
IRCADIN) =0
CALL WFITECSIN3LK,ISCS*(ICELL=-1),IECS)
GO TC 394

3913 IFAMTAGE (GE. 8. AND. . MTAGE LE,.5) uME=g
IFINTAGS 6T 5. AND . MTBGI LE.10) #vE=7Z
IFINTAGE GT, 10, ANDMTAGELE.23) wuEz]
FFIMTAGE GTe20.ANDMTAGELE.LT) MME= 4
IFINTAGE GT.40) MME=S
FFIMTAGE .GCT,.22) mH=z4
TFIMTAGE .GT,40) MC=23
IFAMELEQ.MME) GO TO 93
NEaMME
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5£5 CALL SLOPCoYY
WRCAC=TRCADINY
IFCIRDAD IN) o €Q.1)CELLS= (2. 0~ROADPCTI®LSIZE
IRCADIN) =D

403 CALL WRITECS(NALK, IECS®(ICELL=1),1ECH)
s79 394 CONT INUE
1
C MRITE DUT THE ANNUAL HARVESTY AND ROAD TCNSTRUCTION OATA AND RETURN
€ TD CALTULATE ANDYHER YEARSS DATA,
c
s7s CALL WMRITE?2
DD 385 &Kx1,5
¥OLYINIK)=D, 0
ACRES(KI=D D
395 CONT INUE
L34 00 397 x=1,?
DD 395 Jr1,?
CONSTIK. J)}=D,.D
39% COAT INUE
397 CONTINUE
5e5 399 CONTINUE
s1nP
£Ev)
1 c
t
SUIIDUTIANE ROADBE WY
c &
5 c !
€ Y17 SURDRIGRAY CALCULATES THE CCADITIONAL FROBLBILITIES FOQ THE
€t FODUR VAD IRDSION EVENTS
c
TORYONISINZTR (o) g TH U 20 o TS 14 2 o TU L&V o TV LU &) s THlL, b)),
19 2 TV oS ) g THUd e TGlwelB2) eSUMT o KR KM KSe KUKV oKWy KX 3KV,
3 TN eS5) o TTH L)

™ 355 K=l44
TP TTRIKGKRI® TS UK KSI *THIK o KM IS TUIK GKUI P TV LK oKV S TH (K (KiW)
2VVRIK KN I* TV UK KXY
15 UATaSLITeTIX)
35% CONTINUT
DD 356 K=l
VI =TI ISUNMT
356 CONTINUE
20 <UqT=0,0
PETURN
¥.KD

CUAIDUTINE SLOPEYY

Tei: 3 SUBPEDGRAM CALCULATIS THE CONDITIOMAL EFODABILITIFS FoQ THE
F1f¥. SLOFE ERDSION EVENTS,

"
[z Nz Xe Ny Nyl a0

COMMON/THREE ZNILKoNCEL o ME o MHoMT oMU MV MNP X MY gMCYR yMCH MO C o MTAGE
19 2 DG5S DIUS) ¢ ISIZECS) NDSLIPUS) o ICELLIZCSHCELLS Y
3 MIAOAD, MTYPC ’
COMION/FINEZDUS0 ¢ DZU5,50 ¢DHIS 443 ¢DL U531 qOLIS oled oDV (S,6) 4DHI5,4),
2 OK(5e50,DY15,5)4SUMD
DD 152 K=1.5
15 BUKI SDE K FZ D DH (K oMHI PDL UK MLI*DULIK MUI CDVIK oMV I 0N (K oMW
200X MXIPDVY (L MY)
SYLD=SEMCe DI )
352 CONTINUE
D0 353 X=1.5
29 NEtKI=DIKI/S UMD
35X CONVINUE
SU=0.9
®F TURN
[k
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SUBROUTINE ZCALCH

YHIS SUBPROGRAM DELVERMINLS VALUES OF 2ETAL, Z2EVA2, BND 2¢ TA3 UNDER
OPTION 1. THIS OPTION tMPLNYS INVERST TRANSFCRMATION ON THE WEI3uLL
FUNCTION FIR 2€TAZ WITH 7cTAL ANO ZETA3 CALCULATED FROM & FGRESSICNS
ON THE DETERMINED VALUT OF ZETA2. FOR THIS PCCEL EIGHT 78 TA VALLES
FOR EACH ZETA (1+42+ AND 3) BRE SIMULATED PER YEAR. THIS 1S 9SCAUSE
THE 2ETA CISTRIAUTIONS USED COVER ONLY THE EIGHT WET MONTHS,0CTCEER
THRCUGH ¥AY. IF A USER DEVELOPS A ZETA FUNCTION FOR USE THAT COVERS
MORE OR LESS THAN 8 YONTHS ME ONLY NEEO INSERT THE FUNCTION PAQA-
METERS AND SFT MONTH3=NUMIER OF MONTHS COVERED 8Y THE FUNCTION.

COMMON/ZERD/ZIR(L O TA(LNILICLLO) 4 IRON(AGD)
COMMON/ONZ/ZETAC N4 A) ¢ MONTHSs I1412,134P(12)4G(12)4,PT(R)4C2(8)
OINENSION ALPHALJI) JIETALD)
IF(I1.N2<0) GO 70O 300
REAN(1,4300) (ALPHACIDSETA(LI) I=1,3)
I1=11%1

100 FGIMAT(2F10. D)

300 0N 20 A=1,MONTHS
U= IRANIIRRN, 1317 3399€01,
W=z (~ALOG (1.0~U))
2ETA(R2NIZBETA(2) S (N> (1.07ALPHA(2)))
ZETA(L4ND=1.2159°7FTAL2,N)~5,0995
ZETA (I 4NI=0.78L1P/ETA (24N 05,0850

28 CONTINUE
PEL) =P (2)=PI3) =P Lu)=PI5) =P (B)=P(7)=PI8)I=P(9)=P(10)=P(11)=P(12)=939.
GELI=G(20=6( 3 =6 (U1 =C(SI=6(B) =C(TI=G(BI=G(=CL10)=0111D=GL12)=D:,
7€ TURN
ren

SUBROUTINE ZCALCTI

THIS SUBPROGRAM DETEININZS VALUES NF ZETA 1, ZETA 24 AND ZE5TA 3 UN[ic®
0OPYTION ITI. THIS OPTION E4PLOYS THE SIMULATEC VALUES OF MONTHLY FRE-
C1PITATION ANO SOIL WATER CCHTENT FRCY THE WATIRSHED “0D:il (SUISDU-
TINE WTQSHED) ANO THE 98SIC ZETA FUNCTICN. EIGHT VALUES FQOR ZETA 1,
25728 24 AND ZETA 3 ARE CALCULATEO ANNUALY FCR THE “ONTHS OCTN3:R
THEOQUGH MAY. THESE ARE THE MONTHS OF SICNIFICANY E0SION POTENTIAL
FOR HAIVEY CRREEK DRAINAGE, IF & USZIR OETCRMINES THAT MORS 42 FEIRER
MO IHS SHCULD SE INCLUDEOD HE SHALL CHANGE TFE VALU: OF MCNIHS TO
QEFLECT THIS OIFFERENCI. THIS OPTION IS THE ONE FU2 2GeNERAL2 USE
UNTIL A WEIBULL FUNCYION IS FIT FOR'VH‘ 4REA UNDER STUOY FOR THE
!H&EE ZETA DISTRIBUTINNS,

COMMON/ZONE/ZZETAC328) g MCNTHS I1412,130P012)46012) «PZ(8) 4G218)
OIMENSION A(3) (R(3)MFACTOR(3) -
IF(I3.NE.O} GO TO 300
READ(1,100) (ACIDoA(L) JMFACTOR(ID I=1,3)
100 FORMAT(IF10.3)
READ(14308) PAVG,SOILDP
101 FORMAT(2F10.3)
132134
308 00 23 I=1,MONTHS
D0 2¢ K=1,3
ZETA(KSID= ((B(KI®PZ(I) }/PAVG) ¢ ({A(K)®GZ (I})/SOILOP)
ZETA(K,T)=UFACTORIKISZETAIK, T)
20 CONT INUE
WRITE(26,890) (ZETA(Ks 1) ,K=1,3)
690 FORMATIIH ,3F10,3)
21 CONTINUE -
RETURN
END
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SUIROUTINE WTRSHED

THIS SUBPROGRAM IS A WATSISHID SIMULATICN MCDEL FOR THE HARVEY C2EEK
DRATNAGE. ANY USSR CAN &0APT THIS 1O FIT ANY SUBJECT ARZA. THE PRO-
DUCTS OF THE MDOFL ARE RUNOFF, EVAPCTRANSPIRATION, PRECIPITATION,

AND GROUND BATF R CONIINT PER WONTH IN INCHES CF WATER. THE LATTES Two
PROGUCTS AXE INPUTS FOX SUIRDUTINE ZCALCII FOR CALCULATION OF THE
THREE MONTHLY ZETA VALUES.

DIMENSION EV (12)4012) AL 12D, ALF(12),AAL(12),RRI12),PA(L2)
DIMENSTION PP {120 43ETA(12),ALPHA(12),U(12),W(12),RAP(12}
DINENSION I2R(12)
CONMONZZERC/Z IR (L 0) ¢ TATLD)IC(LD) sJRRA(4D)

- COMMONZONZZ27STAC3,8) s NCNTHST1912,13,P(123,G(22)PZ(8),CZ(D)
JFL12.NF,0) GO TO 320
AP=AR=AET=0.0
12z12¢1

READ IN THE BASIC DAIA

QEAD(24120) (ALE (T 4ALIT)oI21,12)
REAI(2.120) (ALPHACI},BCTAT),1=1,12)

READ (2,120} (PPUT)ARUIN I=1,12)
READ(24120) (RAPLIIPALT) I=1,12)
READ(24123) GSIFI,ALT,GNIN,GMAX,SOILBP,PAYG
READ (2,122) 1P,JP

120 FORMAT(F10.3.F10.3)

121 FORMAT(F10.3)
12 TCMAT(IS)

VAR IAOLES ALE AND AL ARE MARVEY CREFX LAKE SVAPOTRANSPIRATION
AT GROUND WATER LOSS MONTHLY AVERALGS ESTIMATES. ALPHA
AND QETA ARE THE SHAPE AND SCALE PERAMETERS FCK THF 12
PRECIPITATION WEIIVULL DISTRIIUIICNS.PP AND RR ARE PRECIP
AN[ QUNOFF MEASURES FOR THE LAST WATZR YEAR ON RECCRO,
RAP ENTN FA AFE MCNTHLY BVvERAGES FOF PERCENT RUNOFF (OF
TAE TOTAL) AN) INCH:ZS CF PRICIPITATION. GSCED SEEDS WATER
L TENY FOR MOCZL INITIALIZATIOMN. ALY IS THE AVERAGL AN~
NUAL SU9-SURFACE GVUND WATER LCSS. GMIN AND GMAX 2RE
LOMER AND UPPER LIMITS FO2 GIOUND WATER CONTENT, SCILD
1. THE AVERAGE WATERSAHED SOIL DEPTH, PAYG IS THE AVERAGE
PEECIPITATION FOR THE MINYH WITH THE HIGHEST AVERAGE.

AT 2. wMOOEL VARIADLES ARQES ET, FVAPCTRANSPIRATIONS G,

GRIUNY WBTER CCNTENTS P, PRECIPITATICN? Ry RUNOFF? AAL,

K2 ..tHLY SUESURFACE GIOUND WATER LOSS. FZ AMD GZ At THE

PEULIP AND SOIL WATER CONTENTS FCR CCTICBEP-MAY TO KE USED

IN JEVA CALCULATIONS. VARJAZLE US I3 & MONTHLY RANDNM KUPIZR AND &
1S U3SED 7D HFLP STMULATE THE MONTHLY PRICIFITATION VALUES FROM THE
WEZ3UL DISTRISUTIONS, ’

RUR I1HE IANDOM NUMIZR GENERATORS TO A NEW STARTING POINT EACH TIM:,

N6 21 1IPP=1,1IP

DO 28 Kx1,12

IRRIK) =IRANLIRRN,K)}
20 CONT INUE
21 CONTINUE

SIMULATE 17 MCNTHLY PRICIPITATICN VALUES FOR TWELVE MONTHS BEGINAING
HWITH OCTOECR AND ENOING WITH SEPTEMBER,

300 00 22 Kk=1,12

ULKI=IRANTIRON ,K)/783585A04,
WIK)=(=ALOG(,0-UIK)}))
PIKIZIETACKI S (NIKI®® (1, 0/78LPHALK)))
IFIPIN}.LE.0.0) P(K)}20.00001

22 CONTINUE
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CALCULATE HMONTHLY EVAPQTRANSPIRATION,

23

26

DO 23 I*1.6

EY(IV=BLE(])

CONT INVE

00 26 137,12

ETAII=0. COCALELTIICtIP(])+0.00)"*0.20)
CONT INLE

CALCULATE MCNTHLY GROUND WATER LCSS (SUBSURFACE LO03S5£S).

28

00 78 I=1,12
AAL (D) zRAPLIICALT® (P (TIZPALLY)
CONT INUE

CALCULATE MCNTHLY RUNOFF

?>8

‘REII2=1,263¢.,207°P(1)¢,0583°PP(12)¢,184"PP(10)41,.690°%RR(11)

RE2)==7. 6L ,637%2(2)0,5149%p (1)
RIY)==7,853¢,823%P(3)+,.755%C({2)¢1.921°R(1)

RIMI 2, 257%(P(X)%%1,075)%(P (3000 ,1¢9)

RI5) e bC1¢, BDG°PI5)I 2,459 (4)=1.033%R(4)=.351°R(?2)
RIBI==4, 092¢.9£7%2(5)*,164°%P (3)

RUTIZ 2650 ,570°2(7) ¢, 3559D(5)=,20F%(5)
RUS)2,336%(P(8)°°,.385)%(P(7)°%°,3€e1®(P(5)°%,305)
REII 2, 636° (P (21 9, LA0)%(P(6)*,12))
RI1D)=.4€%(PL1T)°°%,051)2(2(9)°°,519)°%(R(7)°*°,119)
G110=,0284¢,.073%P 01104 ,674%20(1004,318%P(S)=,011°P1(8)
R(12)2.746¢.089°2(12)+,063°2(31)¢,042°P(10)

W11 =(11)

PP{10)s2(10)

PPL12)=P (12)

CO 25 KXL=1,12

IFERAKLY oL T. 0.0 UKLIZC.D

raONTINIE

CALCULATE NCNTHLY GROUND WATER CONTENT FeOM A SIMPLE NATER SALANCE
EOQUATION, '

26

00 26 1=1,12
GL1)=GSTED+P LII=RIDI-ETLD) -AALID)
IFCGLID LY .GMINY GUID=GHIN

IFIGLY).GT.GMAX) G(]I)=Guax
CONTINUE

YRANSFER BACK TO MAIN PRIGRAM MONTHLY VALUES FOR OCT.==MAY.

27

890

DO 27 Jx3,MONTHS .
P2EI1=PLY)

CItII=Ct Y

CONTINUE

MRITE(26,897) (OL(K) ,K=x1,8)
NRITE(26+4990) (GZIX) K=1.8)
FURMAT (1H «8F8.3)

RETURN

END

FUNCTICN IRANIIRPPN,X]

THIS FUNCTION CALCULATES AND RETURNS 3 RANDOM NUMBE® EACH TIME
SUMMONED FOR &0 DIFFEIENT STREAMS CF QANCOM AUMUIERS.

ODIMENSTION IRPPNIGLO)
COMMON/2ERN/ZIP(%0) s TALLNISIC(LD) +IRRN(40)
IRIKI=AND(ANDCIA (K)PIR(K)4388637)¢1CIK),23885607)
IRPPNIK) =T KIK)

IRANSIRPPN(K)

RETURN

END



15

30

1]
\R

(1

1%

1%

A0 o

A0 O0

188

SUTROUTINE PRCALC

THIS SUSPROGRAM CALCULATES MONTHLY UNIVERSAL PROBAAILITIES FOR THE
FOUR ROAD AND FIVE SLOPE EROSION EVENTS WHEN THEY ARE NOT £0UAL Z2ERD.

2
3
&

r w N M

L]

89,
89
]

COMMON/DNEZZETAL,8) oMCNTHSoI1412,13,P(12),G(12),PZ(8),C2(8)
COMMNONZTROZGP2 (4 48) ¢NPZ(S¢B) 4GLAMDALL) JHLANDA(S) (GAt4W),
HA(5) ¢ GLe) MBS 4GCLL) JHELS) 4 TG ALPHADI(?),
ALPHAT (6) 425 TADIT) (BETAT(6) ,UXO(S5) 4UXT () WOD(S),
T (Do SOE(S5)STE(L)
D0 11 J=1,NONTHS
IFIGPZ(2,J) 4EN.0.9) GO TO 1
GPZ2, M) z(GA(2)® (1.0-EX?(=-5LAMDA(2)%2ETA(L,J))I%*GB(2))-GCL2)
IFIGPZ (Y ,4J).€EQ.0.0) GO TO 2
GPZI3,J)=(GA(3I® (1. 09-EXP(=CLAMDA(IIC®ZETA(1,J)))®2GB(I))=GC(I)
IFIGPZ (4 4J) . EQ.0.0) GO TO 3
COTCLo ) Z(GACGI® (1,0-SXP(~GLAMORLLI®ZETA(2:J021°%%GB(4)I=-CGL (&)
JFIHPZ 12,4J).E0.3.3) GO TC &
HP2(2,J)ztHA(2)% (1.0-EXP (=HLAMDALZ) Y2ETA(2,J)))°*HBL2))-HC(2)
1F (HP2(3,J).€0.0.0) G TC 5
HP2U3,J)=(HACII® (1.7=SX2(=HLAMDA(II®ZETA(14J)))°°HB(3))=HC(I)
IF(HPZ2 (4 ,J).EQ.0.D) GO TO 6
HPZUL  JI S (HA () ® (1 .0-EXP(=HLAMDA(G)I®2ETAI3,J)))I**HI(G)DI=HC (&)
JFC(HPZ (5 4J) . EQ.0.0) GO TC 7
HPZUS,J)=(NA(S)® (1,0-SXP (=HLAMOB(SI®ZETA(3,J)D)®*HAL(S)I=HC(5)
D0 9 X=2,4
JFIGPZ (K4J),LT.N.000) GPZIK,S)=D.000
CONT INUE
00 18 K=2,5
JFLHPZ (K4 J) LT . 0,000) HPZIK,4)=P.000
CoNTIMLE
TONTINUE
TO 8 I=1,MONTHS
HRITE(264891) (GPZUIK 1) .K3244)
WRITE(265892) (HPZ(K,4I).K=2,5)
FOIMAT(1H 43F10.5)
FORMAT{IH (4F10.5)
CONT INUE
RETURN
END

Y#IS SET OF SUBRDUTINES £STASLISH THE CABILITY TD ACC=ESS &
PSEUDD EXTERNAL COPE STNRAGE FACILITY FC? THE CDC Su400, THIS

13

ACCOMPLISHEO OUE 10 THE VERY LARGE CCRE REQUIREMENTS FOR

THIS SIMULATION PROGRAN,

108

SUBROUTINE WRITECt CFW, EFW, NWD )

DIMZINSION FECS(3S)

INTZGER EFW

DATA ¢ IFST = 1 )

ENTRY WRITECS

IF (IFST.NE.1) G0 YO 107

IFST = @

CALL FILEWAY FECSs 3LLFN, &LFECS, 3JLMRL, 81920, 2LRT, 1LU )
CALL OPENN( FECS, 3LI-0 )

CALL ®UT( FECS. CFW, 10 ® NWD, EFW ¢ 1 )
RETURN

ENTQY READEC

ENTRY REMDECS

IF C(IFSTLEQ.1) CALL STOPRt GHREADEIC., 104 )
CALL GET¢ FECS, CFW, EFW ¢ 4, 0, 0, 10 ° NWD )
RETURN

END
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SUJROUTINE STOPR( RTNAYF, ISTOP )
DINENSION MESBFL &)
ENCODE ( a0, 1, MISIFL ) ISTOP, RTNAME
1 FOIMAT ( 1H , 9H®*® STOP , I3, 12H TN ROUTINE o A7, &H ®se )
CALL SYSTEM( 52, MESBFL )
ST 7777
END

FUNCTION SIZET(STEE,K)

THIS FUNCTICN RETURNS VALUES FOR EVENT SI2ES FCR THREE ROAD EROSION
EVENTSE CFF ROAD EROSION, ROAD OAMAGEs AND ROAD FAILURE.

THO SASIC SIZES FOR OFF ROAD EROSION AND ROAD DAMAGE ARE EYPLOYED.
SKALL CFF RCAD EVENTS DCCU APPROXIMATELY 9 CUT OF 10 TIMES AND
ROAD JAMAGE EVENTS ARE SYALL A30UT &« CUT OF 5 TIMES., SMALL MEAKS
APPROXIMATELY LESS THAN 1507 CUSIC YARDS., THIS FUNCTION IS SEV UP TO
HMANDLE THIS DISCRIMINATION AND MULTIPLE SIZE SIMULATION.
QIMENSION STEE (k)
COMYON/ZERO/Z IR (40}, TAL6N) 4 IC (LD) ,IRRN(4D)
COMMON/THO/GPZ (448) yKPZIS,8) GLAMDALA) JHLANMOA(S) GACL),
2 HALS5) s GI(LI o HI (519 GC (4] 4 HC (534 ThyALPHADLT)
3 ALPHAT (6) s BETAND(7) yRETAT (D) JUXCUS) JUXT (&) 4 WO (S),
[ WY (4 )y SNELS) 4STE (4)
IFIK.NE.?2) GO Tn 11
KEV2C (IRANE JRRNG32) 78 TRARK0B .1 81Net. 0)
GO Y0 20
10 IFI(X.NE., 3} GO TO 20
KEVI=( {IRAN(IRRN,37)/78338608.)°%5¢1,.0)
20 IFIK.EQ.2.AND.KEV2.EQ.1) GO TO 30
IF(X.EQe J. AND.KEVI.EQ.1) GO TO o0
IF(K.EQ.2) UXT(K)=IRAN(IRRAN,26)/8329608,
IF(K.EQ.3) UXT(3)=IANCIRANG27)/6338608,
IF(K.EC. &) UXT (R)=IRAN(IRRN,28) /78358608,
WY (K)2 (~ALOG (1 ,-UXT (X))
STEEIK)IZBETATIK) ®(HT(K)*® (1, T/ALPHAT (K)))
GO 7O %0
30 UXT(2)zIRANCIRN,34) /6353608,
KT E2)=(=-8L0G (1 .-UXT(2)})
STEE(2)=BETATI(S)S(KT(2)*%(1,.0/7ALPHAT(5)))
GO T 0 50
&0 UXT(I)=IRANUIRRN,35)/5390608.
WY (3)=(=ALOG(1.-UXT(3)))
STEEC(3)=RETATI(O)® (NT(3)®*(1,.0/ALPHAT(6)}))
S0 SI2ET=STEE(K)
RAE TURN
END

FUNCTION SIZEDCSOEE Ko MMHoMHH HYV)

THIS FUMCTICN RETURNS VALUSS FOR EVENT SI2¢S FCR FOUR SLOPE EROSION
EVENTSs THEY ARE ROCKSLIDZS,DE9RIS AVALANCHES, SLUMPS, AND CREEP.
EXPECTED SIZES OF CREEP EVENTS ARE OMLY VERY ROUGH ESTIMATES SECAUSE
LIMITED OATA AVAILABLE TO USE FOR SIZE ESTIPATION. NHEN SUCH DATA
IS AVAILABLE TME P0OGRAM IS EASILY MCDIFIED TG REFLECT MORE ACCURATE

- SI2ZS OF THE CREEP EVENTS.

OINENSION SDEE(S)
COMMON/ZEIO/ IR (4B TALLDDI 4IC(40) o IRRM (40)
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20
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CONMON/TRO/GP2 (LoD HOZ(5,8) ¢GLAMDALL) JHLAMNALS) +GA LMY,
HA(S5) o GACw) o HRIS) (GC L) oHCI5) 4 1L, ALPHAD(T),
ALPHAT (5) (A TADL7) (BETATIG) (UXD(S),UXT L&) ,HOD(S),
RY (W), SOELS) ,STEN)

DG (5)DYH(5) OSIZELS ) o NDSLTF(S) o ICELLYIECS,CELLS,
MROADIMTYPE

N FunN

SMALL SLU™PS AND DE321S AVALANCHES OCCUR DN SLCPES MARVESTED AND
ON STREANBANKS. SYALL SLUNPS ALﬁp CCSUS IN THE KHONSCOMESIVE SIILS.
TMIS FUNSTICN IS WIITEEN T2 MANDLE SUCH DIFFERENTIATION

IN CALCULATING EVENT SIZ:S,

IFIK.E0. 2,C.K+EQ.5) GC 70 10
IFIK.E0. 3. AND. MM W, EQ.3) GO TO 20
IFIKLEQC. I END  MMH N &) GO TO 20
IF (X EQe b ANC. M4, EN,3) GO YO 30
JFARLEC. b ANDe YPHNZ, L) CO TO 30
TFEK,5C, b ANE. MYV ,EQ,1) GO TO I3
JFIKECo b AND o MUV,L,EN.2) GO TO 30

40 JFIXL.EC.2) UXDU(2)=]128NITRIN,230/78398¢€009,
JFIK,ECe 3) UXNI3II=JIBNLINRAN,2L)/Z63%%¢N ),
IFIKEQ &) UXDUILDIZIBNCIRCEN,25)/78398¢08,
IFIK.EC. 5) uxD(5):xi4d(I==N.29)Issaseaa.
HONIKIZ(=ALIGL. 0=UXT(KIY)
SOEE(K) 2BETACIK) *(4J0D(K) ** (1, UIALPNAD|K)))
GO 7O &9

20 UXD(3)I=IRAMIIRIN,IY) /7833200,
20D =(=-ALOGIL.~UXD(3)))
SDEECINISRETADIG) *LWIDLI) *2 (1, 0/7ALPHAD(G)))
60 TO &0

30 UXDEL)=TRANCIRRN,31) /7939260,
MO (W)l =8L06(2, ~UXD(4)))
SUCEECRIZCETADIZ) *(MIDtWI ** (L UZ7ALV UL FIID

&8 SIZED=SDEEIK)
RETURN
END

SUIROUTINE WRITE2

190

COMMON/THREE Z7HBL K ¢ NCEL ¢ MEoMH o MC oMU MV Ml gMX ¢ MY MCYR,MCH,MCC,NTAGE o

THIS SUBPROGRAY RITES CUT ALL HARVEST ANT RCAD BUILDING DAVA FOR EACY

YEAR, TME INFDRMATION IS TC 9t USED IN A COST ANALYSIS €pIGRaw,

COMNON/FCUR/ TSIZE(Lo152) (NTSLIP(GL162) ¢NSEGS NBLKSoNCELSWNYR,
2 NYEARS ¢ JoNR1152) ¢ N¥(122) oN311R2) (NUL162), NV (1E2),
3 N 1620 ¢NY(162) (NYL162) ,RLEL162)MD102) JNIKLL162),
[} WA L1620 o NTLU152020) 915, NALT,HISVENT(2207),,KSK]IP
CO!HONISEV[NICOVS!(Z.Z).ACiES(S’.VCLTI“(‘)-Ia
TF(I9.NZ.00G0 TN 300
WRITS(&Io099) NALY
890 FOMATOLML GL IXo2ANNUAL RDAD CONSTRUCTION ANN TIMBER?/
1M 53N /HAR/VEST SUMWARY STATISTICS2/
IH o55X2FOR ALTERNATIVE NC.2,1X. 1377
10 JhbX bl t222)//

PNEWN

1P 210X,30(2=2)434X,27(2-2))
SRITEL143,491)

491 FOMAT LM +3IXe2YEAR SSCONDARY SECCNOARY PRIMARY PRIMARYZ,2X

2,2TIP3ER TYPE 1 TIVGER TYPE 2 TIv9:Ze TYPE 3 TIMIER TYPE &2.1X
J,2TIMIEQ TYPE 5 VYEARZ/
& 1M (12X 2GIAVELE SXo2SPOT 25X +2GRBVEL 245X 425P0T2/
IH 20X 2STAAILI2EC2.10Xo#STAEILIZECY,
$SSC2A 2 ATRES VILUME 2£)/
[ 10 e BX 59X, 2(2%82N) 2)/
7 1P oBX b lLX 2 FETT)IZ) AN, SIIX2(FEETILYY//
L] 1M o1 XyS5(Fomracccaz 2)) Slfncccacccacccayt 2N g2 =m==2//)

IR s146Xo2RIA0 CONSTRUCTIIN OATAZ,b4X,2TIHEER NARVEQT DATRAZ/



35

m

15

20

30

4n

&S

$0

55

191

18=1841g
300 HRII:(A?.69ZDNVQ.(CON?I(K.IDQCONSI(K ?heK=142) 3 (ACRES (M),
2VOLTIM{M),¥=1,5)
2NYR
092 FORMAT (1H oSX I3 ot XotF10,2,5(F5.1,F10,1)41%,I3)
RE TURN
END

SUJROUTINE WRITES

THIS SUBPROGRAM WRITES OUT ALL EFROSION ACTIVITY RECORDED EACH MCNTH
AND HAINTAIANS A FILE OF INTERNAL SUMMARY STATISTICS FOR FINAL CUuTPUI
AT ENO CF TIME PCRIOU COVERING FHIS HARVEST ALTERNATIVE.

OoO0O00O00O0O0 a0

FYMENSION TNC4) o TNT (&) DNNIS5) ,ONND(S)
JIMENSION NUPDUS ) SUMTTIT (4D o SUMD(SI4VART (L) VARD(5) , THEAN{4)
SIMENSION NUPT (&)
DIMENSION DMEANIS) QTSTOU4) 9 DSTOUR) quSSTUGI 4USSOIL D CSSTIL) CSL0S:
CUAMON/ONE ZZETAU3,8) MONTHS 4 11412,13¢P(12),G122),P708),C2(89)
COMMON/THREE /NBLK o NCEL «™ME g MH o MC oML gV oM ¢ NX oMY g MCYRGMCH ¢ MCCo*T 20 .
DG US) s DUHIS) JNSIZELS) ¢NCSLIPIS), JUECLGIECSCELLS,
MIOADY MTYPE
CCMMON/FCURZ TSI7E(%01672) oNTSLIP(G 3629 NSEGS(NBLKSNCELS,NYR,
NYEARS ¢ JoNRU15 2 4N U122 NS 11620 4NUtLE ) 4NV (162},
NH (1621 o NX {162 NY(262),RLGCU162),WDE16C) NBK(182),
NB (2620 4NCL (182,200 ¢JaoNILTZIEVENT(2207)4KSKIP
IF(I6.NEL03GO TO 300

[P ]

e )

e~ ceie e, sme sm..ar Sa Wmma S ser mer® AT EP s
NOS g T ANE A9 MUY EUVRML W LLAUE DAL T8 AT L AR 1 1. 1eag

o

1o:16¢%
WETYTY TABLE HFADINGS FOR CNE TABLE (YPE SUMMARY, Evrst Ay EVENT,

o000

% JTEC(GS5,6450) NALT
[L48 fOxﬂlt(lHl.JDX.tROAO EROSION STAYISTICS2/
IH 931X ,2F0R ALTERNATIVE NCof,1X,137
1H $27%,2912=2)7/
1H (5X¢29FF 080 EROSIONSL,15X42R0AD CAMAGEZ,19X
- o70480 FAILUREZ/
1H 23(25(2=2),5%X) 7/ .
N IF o3(1X,2YEAR MONTH SEG- STZE IN7,6X)/
1k J3(12X2NENT CUBIC YO.2,4%)/
1H 93{1Xofom—— ==cesr voce coccoccag,5X)/)

LRITE(GS,6E60) NALT
@60 FOMAT (1H1 496X 2SLOPE EROSION STETISIICS2/

2 IH 47X 2FOR ALTERNATIVE ¥L,2,1X,13/

X IH 2b3X,30(2=2)//

% 1H ¢8X, 2ROCKSLICESZ2,16X42TERIIS AVALANCHI/FLCWS 2,11X

Co?SLUMP EARYHFLOWSS, 12Xy 2CREEF ACCELERATICNS 2/

5 {H @ (for——comcccccccccccvananaet 5X)//
€ 1+ & (2YR, MON, LK, CELL SIZE INZ,4X)/
L]
2
-]

Fall RN ]

el

P~

1H ¢4 (20X,2CUBICZ,5X)/
1H ¢ (20X, 2YARDSE SX)/
1H b {2="> ==re ocoe ccoe conccmat4X)/)
c
C SEY STATISTICAL SUMMATION VARIABLES TD 2€RO.
c
D0 298 K=i,.4
SUMTTT(K)=0.0
USSTIK)=0,0
CSST(Xi=0,0



70

143

1]

95

100

105

11¢

11%

120

125

OO0

OO0

299

192

§ST0E»=20,0
VAT (=D, 0
MINTIK) =0
CONTINUE

00 299 K=3,5
SuINiKI=0,. 0
UsSSNix)=p.0
CSSHIKI=0. 0
0ST0(X)=0.0
VARDIX)=0,0
NUND (X)=0

299 CONTINUZ

MRITE OUT EACH EVENT DATA SET, EVENY BY EVENTY,

-D0 ®0AD EROSION EVENTS FIRST.

30F DO 302 Nsi,NSELS

920 301 X322 .4

IFINTSLIPIKGNY .52,9) 50 TO 381
USSTIKIZUSST UK ¢TSI 280K NI*TSIZE (K, ,N)
NURT ()= RKUPT (L) eNTSL IP (K N)

SURTTIT (KI=SUSNTTT () ¢ T3T2ZEK N
IFIK.EC,2} GO TD 22

IFIKLECL3Y LD TD 23

IFIK.Z0ek) 6O YO 24

MRAITE(GS542) NYReJNe TS IZE (K, N?

Go 1C 301

HRITECGS,3) NYReIeNgTSIZE (K N)

G0 1O 303

MRUITE (45,60 NYRGIoNg ISIZZ (K N)
FORYAT (1M oI X I3 3Xo13,2X,14,F10.3%)
FORMAT (IH o3 1Xol3eIXN ol Fe2Xslksf12.1)
FORYAT (IH LEIX oTI oI XoT3e2XeJb Filo1)
CONY INLE

302 TONTINUE

oL

< OPE EICSION EVENTS SESCND. KSK)2 IS5 THE VASTBELE DENDTING 3ot

GO SENIE (KSKIP=0) 0O AESENCE (KSKIPz1) OF “ANY™ EDL.1ul v EYENTS

[}

25

26
27

28
12
13
14
15
303

ALLse BHEN THEEE ARE NCNE, THIS WHCLE SECTION 1S HXIPPEN.

IFIXKSKIPEC.1) 50 TO 380

U0 306 X123, NCELS

TFC(TEVENTIXKID.EN.D) GO YO 30«

JCELL=K]

Catl READECSINAL <o 1ZCS®CICELL-1),12CSH
20 303 x=2,%
IFINDSLIPIX) .EQ.D) GC TO 303
USSDIKI=USSIIC)¢DSTIZEIKI®DS]I 28 (k)
NUMD (KD =RUPN (X ) ¢ K351 [2 (K)
SUNDIX )=SUMD XD ¢I512EK)
IFIK,EC.29 GO YO 25
IFIK.EC.3) GO TD 26
IFILEC.4) 6D TD 27
IFIK.EC.5) GO TD 2%
HRAITE(46412) NV JoNILK,NCEL,DSITE (K)
60 TC 303

HATTE (60413) NYR JoNILK,NCEL,DSIYF (K)

G0 YO 303 .

WRITE(46,34) NYRoJ,NILK NCEL ,OSI2E (KD

60 TC 383

MATTE (46,150 NYR I NIALK,NCEL,L,ISIZE ()
FORMAT (1H oI 3.3XeJ3e2XK oIhe3XoTkoF10.1)
FORVAT (1N 30X eI3030,13,2XoJ0eiXo]0,FlB.1)
FORMAT (1M 80X o133, 13:2XeluelN lieFl1l.1)
FORNAT (2H 90X oI 303X oY 302XoTdolX T4 FiCe1)
CONT INUE

30& CONTINLE
360 IFINVILLT.NVEARS ORI LT ,MONTHSY GO TD 307



130

135

148

145

150

1€5

170

175

100

185

199

195%

o000

(2 X122 3]

[z X2X+)

A0 AONGO

IF ALL VEARS FNR THME ALTEQNATIVE AE FIAISHED, CALCULATE AND WRIYE
OUT THESE SUMMARY STATISTICS.

00 306 K=x2,6

IF - (NUMT (K).EC.T) GO YO 305
TNIC)=FLCAT(NUMT (X))

INTUIXK) sFLOBT (HUMT (K)=-1)

THEANIK) aSUMTITIXK) ZTHIK)

CSSTIK)= qSUMTTITIX)ISSUMTTTIK) )ZTINIK)
VART (X)) (USS TUKI=CSSTUIKI I/ZTINT (XY
TSTOIXK)=SART (vART (X))

305 CONYINUE

DO 306 K=2,.5

IF (NUFJ(K).EQ.0) GO TO 306
ONNIX) =FLOAT (NUMDIK) )

ONND (X)=FLCATINUMTI () =)

DMEANIX) =SLMDIK) Z7INY(K)

CSSOIN) = (SUMBIKY *SUINIK) D /INN (K)
VAR UK )= (USINLIKD) ~CSSDEKI IZUUND (KD
CSTO(X)=SART (VAID(X))

306 GONTINUE

DD ROAD ERJSION SU“MARY FIST,

WRIVECaS 46511 (NUNMTIK) SUMTTT (KD x=2,4)

651 FOIMATLLINK 4/785i2=2)//

1M ¢33 01X, 25UMMARY DATAZ17X)/

LN 3l eccmccoccccnaar, 16X)//

1H o3(2X, 2TOTRLZ2,10X,2TOVALEEX)/
1M 9J (2 X PEVENTSE QX ,2S1282.CX)/
. IH 2303, 1uebXoF12,144X%))
WRITEC6S ¢793) {TATANIKD g TSTI(K) oXK=2y k)

SRUE R RN

798 FUIMATILIF 302X, 248N 5172 STde 512E247X)/

L} IH o 302X F10,142%,F10,146X)77
9 1H +85(2°2))

RC+ (G THE SLOPE EOSION SuH4ARY,

WHITEC&E o4 €1) INUMIIK) ¢SLUMO(K) 4X22:-5)

462 SORMATILY (7335(232)7/

< 1H o4 (1 Xy ZSUMMARY DATAZ,17X3/
3 IH Jb(froomccanaa ca=ng,15X)//7
% 1M (2%, 2TOTALS, 10X, $TOTVAL2.2X)7/
5 1H oL (2XeZEVENTSZ 3X,2512€2,9X)/
5 IF G 3Ny ThoSXFL12.2,4X))
KoITE(664807) (OMZANIK) 4 LSTOIKD ox=2,6)
807 YCIMAT LN Gb(2X¢7472% S12: ST0., SI2Ee,7XV/
[ 3 IH G (2XsF10,1,2X,F10.1,6Y177
Qe 1K J115(2%2))

THY . SETS UP HEADINGS FOR THL SECOND TABLE VYPE--SUMNIkKY SATATISTIV:

CELL 1Y CELL.

307 . \I6.NE.1) GO TO 308

MMEN 1IMT IS NOY EQUAL YO ZERO, OC KCY WRITE CUY fﬂE TABLE WEAD-
INGSy, SKIP ¥n THE DATA WRITE OUT SIGHMENT,

Tex100 -
WRITE(GT 4470) NALY

70 FORYAT (1HL14L3X,2RDA0 ERISION SVATISTICSz/

IH JaGX,ZFOR ALTERNATIVE RC.Z,1X, 137
1H +40X,29(222)77) :
HRITE(GL7,4L99)

wnN

€99 FOMAT (1N 2K, #SEGMENT SEGMENT EVENT EVENT ROAD ROLD 0402

el Xy #SLOFE SCIL LAND- BECODING BZOCING PRECIP~ SOIL YEARZ

G ol N ZHONTHE/

S 1M o2 NUMISR  LENGTH TVYPE SIZE AGE STAND- WIDTH2
S:1X,2CLASS VYPE FORIM DLANE PLANF ITATION WATERZ/ .

193



205

219

215

220

225

230

238

2469

2465

(2N e N X3N]

[3 X X4]

AN

194

6 1H 38X .20AR0 CLASSZ2,20X,201P FRACTUREZ , 9Xy ZCONTENT 2/

7 IH 425X #CUBICZ,LIX,#ANGLF 2/

[} TH SLIX,2(FEET) T(X) VYARDS RIK) SIK) nNiK) UIK) viKIZ
By2Xy2HIK) X (KD Y{x) Pt GtIhres

9 1H L120(2=-20/77)

WRITE(&8,L00) NALT
&80 FORMATU1hE, 02X ,25L0PE EROSION STATISYICS2/
IH o4 3Xs2FOR ALTSRNATIVE NCo#eiXoIV/
1H 2 39x,30(2=2)//
1H JbX, 2NELL CELL  EVENY EVENY  TIM- HAR- SILVIC SLOPES®
o1X.2SCIL LAND=- ACDDING 9SNDING FRECIP- SCIL YEAR MCNTH2/
1H ¢ NUM3ZR Siie TYFE S12% BER VEST ULTURE:
S.IX'I'LA‘S TYPE FORM PLANE PL ANE ITATION WATERz/
1H o322 ,2AGE TYPE CLASS2,20X,2DIP FRACTURE®
6.9!.tCONTENT!/
IH 425X 42CUBICZ 63X, 2ANGLE 22

VErlrwWnN

l 1H 411X 2 (ACRES) DIK) YAROS E(K) HIK) CIK) ULK) w{:)2
Be2Xy2WIK) X (K) YiK) Pt [ AR ¥4
9 1H 41204(2~2)/77)

MEITE QUT EVENT DATA FOR EACH EVENY CELL BY CELL.
0C RCOAD EROSION FIRST.

30% 00 310 N=i,NSEGS
20 309 Kx2,4
IFINTSLIPIK.N).£Q.8) GO YD 309 .
HRITE(G?40T71) N oRLGIND oK ISTZECKG KD JNRINI JNSEN) JyNMEN) ghULN"
ZINVIND SNNIND (NXENDoNYIND 4P(J)G(J} +NYR,J
€71 FORMAT (IH 42Xy IG+2XeF B el 92X e 29F 9,190 12X412,2Y0 41X ,31254X)
ZoINg T2 ol Xy FTo20dKoeF7:242X,13,3X412)
309 CONYINUE

31¢ CCNTINUF
NOx 59 SLCPE ERCSION.

IFIKSKIP.EQ. 1) GO TN 3é&t
00 312 KIx1,NCELS
IFCTEVENTI(XKII E2.0) GO YO 312
ICELL=K]
CALL QREACECSINOLK,IECS®(ICELL~2),1ECY)
N0 311 X=2,5
IF (NOSLIP(K) ,EQ.0) GO VD 331
WRIVE(UB,681) KI,CELLS yKoDSIZZ 1K) oME MM GHC ¢ MU, MV oMW #X MY
2eFEI)gGlU) gHYRGJ
81 FORMAT (1H oo I5eINeFEelaIRII20 10, F8,0,402%,12:2%) 41X, 301204 N:
eI T2 e X o F7 a2 XgF742:2X91343X,12)
311 CONYINUE
312 CONVINUE
341 RETURN
£N0

THMIS ENDS THZ MAIN PROGRAM ANO ALL RELATED SUBROUTINES AND
FUNCTIONSe HARASS IS NCW TOMPLETE,



FILE 1 (ZCALCII)

35.000
50.000
65.000
19. 090

FILE 2

x09~
0.66
8.168
..au
8.6
8.77
1.69
2.67
3.69
h.78
§.38
3.25
1.681
2.%%1
3.08%¢
2.€930
2.9046
3.15¢
2.257
iem11
1.759
0,865
0.792
1.252
1.96
10.49
17.880
32.66
,.,3
9.69
3.73
z.ss
2.71
0.01
.84
6.6‘
8.020
0.109
0.185
0.226
0.163
0.147
0.073
Q.037
6.019
.09
0.086
0.006
8.50
9.00
.90
25.00
&B.GD
19.00
100
1008

65.000
$0.000
35. 000
48,000

(WTRSHED)

0.17
0.90
1.75
1.96
1.45
1.39
0.77
0.38
De1?
0.09
0.05
0006
7.859
16,135
185,674
18,967
14,052
13.156
7.116
LY T
24190
0.565
0,815
Je 0
0.31
1.60
10.0%
30.69
3.08
5.21
306
1.57
0.78
Dobd
0.25
0ek2
7.806
15,545
16,594
18,930
12.350
11,768
5.8%¢6
t. z?h
1.935
0. 612
0,927
3,378

1.000
1.020
1.000

FILE 30 (HARASS)

0.62
0.53
0.56
0.23
[ PY H
0.03
0. 07
0. 07
0.3%
[ PX 1
,. ‘5
0.35
0.11
0.58
.. “u
0. 41
0.38
0.65
0.97
0.30
0. 11
0. 49
u. bo
o. ‘~
‘. ‘o
0.43
9.85
0.24
0.12
u. b!
[ PY 14
Bet3

0.38
Dob1
0.24
0.28
0.21
0.18
0.1¢
9.1%
Debte
0.56
0.13
0.2¢4
0206
8.26
0.20
0.21
0.52
0.%%
0.16
0.2
0.?5
0.2%
0.21
0.20
0.50
0.57
0.16
0.28
0.23
0.25
0.19
0.22

0.13
0. 35
0. 21
o 36
0. 19
0e 26

0.26
0.29
g.21
c.10
0.17
Do 16

0. 2%
0.20
0.25
0. 1%
0.17
0.13

0.2
0.19
0.25
0o 16
0.15
c. ‘3

9.07
Deld
0.13
Ceb)
0.27
0.27

0.55
g0.21
Doblbe
Qef8
%.12
0.13

Ne.b9
C.29
0.39
De12
.32
J.11

0.5
0.29
D.39
0.13
.11
0.11

0. 31
0. 27

0.19
0. 11

0. 10
0.2

0. 09
u. ’2

FILE 1(ZCALCI)

2.122
2.369
2.704

55.85
50.58
“5.17
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FILE 31 (HARASS)

0. 15
0. 62
o. ”
.. ~°
0.20
8. 07
.08
0.13
.52
.. '?
'. sz
0.12
0.23
0.53
Be 46
u. 29
0. €7
0. 03
0.47
0. 11
0.25
0. 45
u. 5?
0.3%
0.55
0. 11
0.10
Be b
0.27
D. 62
0.37
0.29
.57
.05
0.33
0.16
09.26
°.~1
0.39
.. 35

0.32
0.22
0029
0.23
‘..’5
0.15
0.15
0.12
0.2¢8
0009
0.18
0.21
0.19
0.17
0.21
0.2¢
0,23
0.10
0.2
0.23
0.?0
n.?u
0.20
0.313 .
0.28
0.20
0.1%
€.20
0.20
0.20
0.22
0.2
0.27
..1“
0.24
0.8
0.21
0021
.22
0.25

0.53
0. 11
0. 30
0o 24
0.12
0. 20
0.23
.19
%. 22
0.25
0.19
0. 07
0.65
0.13
0.12
0.1%
0.10
8.25
0. 21
0. 09
Co bt
0e15
D.13
0,15
C. 1%
0. 32
0.17
9. 51
[ PR}
Ce16
0.1%
D.20
0,16
Ja P76
0.21
0.24
3.39
0. 15
D. 1%
0.17

0.5
De26
0.13
Deb3
0.29%
de26
J.27

O.b64
0.11
0.€9
0e23
0.03
0.11
0.15

8.2
.11
9.57
feN9
0.12
0.13
n.n;

0.37
.55
Qe26
u.lz
g0.12
Be22
023

J.55
0.2?
0.132
Gelw
0.11
0.13
0.12

0. 30
c.’i
0, ¥2

G.3F
Ce1n
D.:2

.12
.12

e 27

0. 17
0.1+
9. 11



FILE 32 (HARASS)

S.9108¢0
9. 014620
8.00170
0.000821
8. 012980
9.01000
0.00100
1.250%¢

1. 25000 125.000
0. 87690 6274.771%
1.01020 726.500
1.13010 7°0.1u1
9.91290 10.+1.229
1. 40660 831,290
11430 B8736,680
0,78610 u28,7AD
1.66020 56G.E70
1.65250 ©91.820

20 7694,
30 1715 4.
&0 25809,
50 Jrxgss,
60 “1591.
78 “ir17.
” 55332,
9 6146438,
100 62034,
110 r21240.
120 Te€9S,.
130 80762,
148 84317,
150 87363,

1.08 2.10 8.22
1.09 1.00 0.51
1.00 1.00 5.10
1.00 1.90 0.00
1.00 2.00 n.33
1.00 1.30 Y62
1.00 1,09 2.05
75.6C9
FILE 38 (HARASS)
1362, 4796, 805, 0.
2874, 10421, 1768, v.
5329, 15311, S000. 0.
8772, 13467, 3357, 0.
151185, 22438, 11045, 0.
21040, 25575, 13058, o.
26247, 27527, 16559, a.
31111, 28745, 14559, s.
315515, 23229, 15497, g.
39430. 28974, 15843, 0.
%2951, 27932, 15304, 0.
46236, 260040, 14895, 0.
48977, 25090. 14521, 0.
51201, 24000, 14061, 0.
FILE 39 (HARASS
s 2 1
.20 247.1 43560,
2207 88 L1}
6 2 1
0.20 247.1 43560,
2207 88 1

-— Two Examples)

1.0
162

1.6
162
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FILE 33 (HARASS)

G1381081
7582€50
3604736
196211
7094520
32288
5666447
7268393
757
2992708
3496037
473388
4361796
7127A3
2610461
1168194
75562467
6935136
1160184
€108234
7721643
13156
4189990
3016392
657224
3764039
3040293
22765138

mancsesne
Lyave s

356387
72377462
5086473
29507152
6550907
5402621

96087
1656238
6995055
2619774
4014530

100

64
100

-1}

2069
2069
2085
2085
117

“117 .

“133
“133
2069
2063
2085
2085
117
wit?
“133
“133
2069
20€9
2085
2085
“117
G117
“133
4133
2069
2069
2085
2025
2157
“133
“133
20€9
2069
2085
2085
tl1?7
117
4133
4133

& re =

1772721
66155497
1772721
6615437
1772721
6615347
1772721
6615337
1772721
66151347
17722721¢
6615337
177272:¢
6E159%17
1772721
66158317
1772721
6615447
t772721
6615837
1772721
6615337
1772721
5615847
1772721
6615317
1772721
6615347
arreTTi
S61i55337
1772721
6615847
1772721
6615387
1772721
6615487
1772721
66153487
1772721
6615387



S MW avenrune

N dN
N~ ®

A

158

159

160

161

162
1 15
2 15
3 15
4 15
5 15
6 15
7 10
s 12
69-1190
70-102
71-100
y2-100

158-1900

159-100

168-190

161-190

162-189

15
15
15
15
15
15
10
13

- %3
- &3
-159
-1590

-158
-159
-158
-152
-159%

32126232 25%.
32124132 326,
32126632 653,
32121132 1056,
32320132 1845,
32121132 182t
22116132 193¢,
2231164632 3¢,

4§ 4

12131432 &t
12111132 317.
1112432 €66,
11121132 9840,

§ § i

112%31431 1521,
11231631 31125,
11233531 i%5%.
11233331 2373,
11263631 €58,

FILE 35 (HARASS - Example)

15
15
15
15
15

10
10

- &3
- &3
- 60
- 69

=153
=153
-159
=159
=159

s2.
5C.
50.
59.
52.
5.
59. 18
50. 13

f 4

5%. 63
5. 62
35. 1
5. 1

& vt W

35. «&
35. 55
3. 35
35. 5¢&
35. 6¢

15
15
15
15
15

10
10

- &3
- &3
-150
-150

%

-150
=150
=150
-150
=150

15
15
15
15
15
15
10
10

- 43
- &3
- 68
- o8

:

-150
-15)
=159
-159
-159

FILE 34 (HARASS - Example)

15

15

15

15

15

15

19

10

- &3

- &3

- 60

- 60

- 52

- 36

- 35

- 35

- 35

& 11

9 11

16 29
51 &3
57 o1
100 131
227 229
309 33
1561 1562
1531 0
13 18
25 52
1175 1877
1355 1354
1357 1363
1393 1654
1673 1630

[ ] [ ]

12 ]

[ ] ]

56 $7
65 e
133 13¢
229 230
] 9

L] [

] ‘0

19 3
55 ]
1391 1053
1353 1352
1363 1678

1655 1631 1639 1€97 168
]

(4} 72
1647 226

[ ] 9
0 ]
0 ]
L} |
1059 ]
2 [ ]
133¢ 1397

AN~
WA, o

-~
FL KRN X N.-J

w
(-

A~ @

|

- &3
=150
-150

-150
=150
=150
=150
-150

S o
MA S heooo

..vﬂﬂﬂ AN B8O

A aoa'ge...

G008 A0 seoe

15
15
15
15
1t
15
30
10

-350
-150
-1%¢0
~150

=150
-1%0
-150
-150
=150

AW OODODODODOB O

0000 AN caon
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20

25
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&0

[ 17
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Appendix E. COMPUTER PROGRAM AND DATA FILES FOR HARP

PROGRAN MHARP( INPUT, OUTPUT, TAPE3D=z72/80, TAPEX1=TAPE3O,

? TAPE23=JUTPUT, FAPII2z160/360, TAHPE33, TAPEIGET2/A0,

3 TAPZ 3S5=72/80, TAPC3b=TAPE3D, TAPEYI?=72/80, TAPE3IA-TAPE 3D,
[ TAPE 3YsTAPE3O, TAPEWO, TAPE29=INFUT, TAPELl, TAPE2)

THIS PROGRAK CALCULATES THE PRESENT NET VALUE CF EACH HARVEST AND
ROAD ALTERNATIVE., INPUT I5 PROVIDED FRGM THE MARASS PROCGRAN,

DIMENSINON CONST{2¢242) s TLENGTHI2,2) 4 TSIZE(38,4),C0ST(12),TLI2)
DIMENSIOM CONCOSTUI) 2GRVCOST (8) (CCSTHTINIZ) (COSTRP2(2),TS57(2, 28}
DIMZINSION RCOSTUS4)RPATIT(A8) 4CPAINT(38),CONSTRE(SE)
DIMENSION BORESUS,33),VOLTIVIS,38),TENERCY(88),HTOST(BE)
DINENSION KREGCOST(38),CECUIP(868),CLABORIL2),CSETUPLEE)
DIMEINSION VALIS5) (TASTURNIBS) ,CINDIXI3),2INDEX(3)

DIMENSION NA 1621 4NUCLI62)RLGULIE2I oWDI162) 4NAGELT)

OIMENSION MHALTUS9,7) (MCALT (88,7} 43FVCLILE+5),BLCCS(BS,5)
OIMENSION RIGGERS(88),0SLAY(S),ILANDGIS) yCUTROANIS) yCHGTIHE(S)
DIMENSION SSTUPCT(S) (HLASORIS) ¢HECUIPIS) (ENERGY(S) 4CINIS5),3F (5)
DIMINSION BFBLIS)(BLIS)¢SY(S5),COU5)CIUS) TALSD RI(EDISTUINSI(S)
OIMENSION TZ(5),5Y0IST(98,5),COSLOPE(38,5),DISLAT(85)

DIMENSION TAGLINE(BA) JRE(SI,NS(L62),M4(1€2)

INITIALIZE AND READ TN THE CRIVIAG DETA FILES.
INAY=0 _ ‘
TTURNS=TENG=RE GxRGHT WAY= 0.0
CONST(1,1,1)=CONST(1,142)=CONST(1,2,1)xCCNST (2514130, 0
CONST(2,2,2) 2CONSTU2,2,11=CONST(241,202CCNST(142,2)=0.0

THIS READ FILF CONTAINS THE 3JASIC INFORPATICN THAT SETS UP THE

ALYCOUATTUT QCTHE AAMSTAZICHD AL Tao8  TEQMATTIUD HIMOCOY  nwCeDE. .

a - ne Tuc LK} LOX A A XY ialt ] L ad ol ol pdreup e as Lol Bl - - .
MUMBER OF YELRT FOR Tug ALTEMNATIVIC 005 2t n o sIgeIuTy

IN THE BLTZANATIVEY! NILKS-~NUMOE® OF S LOCKS? INDEX=«ESTRILTIHES
JF THE USER WISHES TO CXAMINI MORE THAN ONE LEVEL OF PFICE a&N)
COST INDICIES: AND DZTAIL--ALLOKWS THZI USER TO DECIDE TO READ IM
THE INFORPMATICY FOR THE HAIVEST COST REGRESSION EOQUATICNS 3L0CKk
BY BLOCK (FINE RESOLUTION) CR FOR DRAINAGE AVERAGES (=1.0 AND
=0.0 RESPECTIVILY.

READ(29,800) NALT NYEARS (NSEGSoNBLKS,INDEX,DETVAIL

800 FORMAT(5110,F10.1)

NAV=NALT
THIS READ FILE ESTABLISHES THE ORIGINAL LENGTM OF ANY EXISTING R0aDS.

READ (30,2010 (TLENGUM{L1,K)3TLENGTHIZ2,K) (K=1,2)

881 FORMAT(4F10.2)

THIS READ FILE CONTAINS THE COST ELEMENTS FOR ROADSt GRVCCST--

COST OF IOCKING FOR NEW CONSTRUCTICN? (CONCCST--CONSTRUCTICKN CNST

FOR VARIOUS 0AD STANDARDS: TCTOSTMTN«=-VEALY MATNTENANCE COSTS

PER MILE! PLANTB--FIXZID COST PER AC?E FNR OLANTING: PLANTPT~--

COST OF PLANTING PER TRES] TRIESPA~-NUMAER OF TREES PLANTEN PZZ ACRE:S
VAL=-VALUE Cf STUMPAGRS PEXI 1000 POARD FEET AT THME 4ILL: CINIEX-=-

COST INDEX PEP YEARS: AND RINDEX-~RETURNS (PRICED INDEX PER VEAR,

READ (31,810} (GRVIHSTIK) ,K=1.8)
READ(31,810) (CONCOST(K) (K=1,8)
READ(31,811) (COSTMIN(XY ,COSTRPRIK)¢K=1,2)
READ(31,812) PLANTI,PLANTPT, TREESPA
READ(31,213) (vacL M) ,¥=3,5)

READ(31,814) (CINOEXIK),RINDEX(K)oK=1,3)
810 FORMATISFIO0,. 2) .
811 FORMAT («F10.2)
¢S5 812 FORMAT(3F10.2)
813 FORIMAT(SF10.2)
816 FORMAT(6F10.2)



200

THIS READ FILLC ESTAOLTSHES THE VOLUME ANO ACRES OF TIMBER MHARVESTEN
EACH YSAR, IT 1% A FILE PROODUCED BY THME HARASS PROGRAM (FILE
FRON LUN NUP3IER L9, ALSOt TENERGY--TOTAL ENERGY PER YEAR USFD
TO HMARVESY 8 UNTT: 2CHST--ANNUAL TOTAL ROAD COSTSY PEPAIRS--
ANNUAL COSTS T2 R0av nUE TO UNPROGRAMMED DAMAGE AND FAILURES:
CONSTRO~-BNKUAL COYSTRYUCTION CNSTS PSR ALTERNATIVES CMAINT--
ANNUAL MAINTENANCE COSTST TRETURN-~ANNUAL GROSS RETURNSY NEG-
CO3T-=ANNUAL REGEWTRATION COSTS: TSIZ2E--THE SIIE OF

RANTOM ROAN EROSIOY EVENTS THAT REQUIRE REPAIRS TO KESP THE ROAD
SYSTES OPEN, TO BE READ IN NEXT REAO FILE FRCK FILE CREATED

BY THZ HARASS ©R0DGRAM (FILE FROM LUN NUMBER 45).

70

75

OO0 ND

.0
DO 397 Js1,NYEARS

TENZRGY(J)I=D,D
RCOSTEJI=REPAIRS (JI=CONSTRC(JI=CMAINT(I) =0,0
HCOST(II =TFETURNI(JI)=REGCOST(JI=0.0
L4 READ(32,820) (ACRES(MGJ) JVOLTIMINGJY ¢Hz1,5)
020 FOIMATI(SING,S(FS.1,F10.1))
. TSIZECJS 3)=TSI25 (J,eb)=0,0
397 CONTINUE
WRix=1
[ [ ] WR2=x1

c
C THWIS SECTION READS IN TH® VARIOUS ROAD OAMAGE AND FAILURE EVENTS
C AND CREATES YEARLY TOTALS FOR ALL EVENTS LARGER THAN 10 Cu3lIC
C VYARDS. “R1 AND HR?--COUNTERS TO IDENTIFY EYENT TYPET TS2--
[ 13 C YEARLY TOVALS FCR ROAD DAMAGE AND ROAD FAILURE EVENTS.
c
D0 400 J=1,NYEARS
TS2U1, I =TSIZE (3,4 3) o
TSZE2,0)=TSIZ2E (I o)
188 JFEMRY NE.Jo ANDMR2.NEL J) GO TO 400

399 READIIZLL309 MTZNM,TSIZECIe3) 4 MR2,TSIZE(J44)
B30 FORMATII2¢30XeY3,12X,F10.195X913,12X,F10.1)
JFESTENL,ED.10) GO TI 400
IF USRI BV D78 1e 0251381902000 WS9 3}
105 JHERMPZ b le ) 152624 I0Z1SL 20 ) ISILE WU oe)
JF e ,2C. 0. AND,. NR2.E2.0) GO TO 399
JF(URL.EQ.J) GO TO 399
JFIuR2,EC.J) GO TO 399
JK=Jey
110 TF I ZC.IK) TSIZE(IK3IZTSIZE(U, D)
IFIMR2 EC JK) VSIZEUIKo)I=TSIZENY, &)
JFEURYL JNE.JK) TSIZE(MR1,3)zTSIZETS,3)
JFIYR2NE.IK) TSIZE(MR2,6)=TSIZE(Y,4)
TSIZEC(Je 3I=TSIZE(J,b)=0,.0

115 488 CONTINUE :

D0 890 J=1.NVYEARS

URITE(214208) YS5Z(1,J0),752¢€2,9)

980 CONTINUE

. 208 FOIMATULIK (2F15,2)
12%
THIS READ FILE IS THE SAME ONE UTILIZEO IN HARASS UNDER THE SAHE
LUN NUM3ER, HERE, ROAD STANDARN, ROAD SURFACING, SLOPE TYPE, AND
ROAD LENGTH AND WINTH ARE READ IN INS, AM, NU, RLGs ANC WD QESPECTIVELY,)
ALSO,LUN 35 CONTAINS THE ALTERNATIVE INFORNMATICN USED IN HARASS TO
SCHIDULE THE YEAP AF CONSTRUCTION FOR EACH SEGMENT (NAGE-~-BY THE
RESPECTIVE ALTZCSNATISE NUNSER--NALT), RGHTWAY IS THE TOTAL ACRES
CLEARED FOR RDALC CONSTRUCTION.

125

OO0

02 401 J=1,NSEGS
130 READIIL,660) NS(J) JNMIJ) ¢ NUCJ)4RLG (I, HD(Y)
[ 1Y ] FORMAT 19X 311, UX,FBa19Flal,S4X)
READEIS,850) (NAGE(K) 4K=1,7)
[ 17 ] FORMATI1DX ,7110)
NACJI=NAGE (NALT) ) .
13% TFINB(I)oGT.0) RGHTHAY=RGHTHAYSRLG (J)*HO(JII /63560, 8
[1}] CONT INUE -
WRITE(21,211) RAOHTWAY
213 FORMATUIH (F20.21
90 &02 J=1,NBLKS
189 READU3I7,050) (MHALT (Je K)o MCALT (JoK) oKx1,7)
e6s FORMAT (10X 1415} .



145

159

155

1€5

1rs

175

195

3155

208

285

210

AN NHOO

o000

a0000an

A0

AN OO

YHEST NCXT FCW READ FILFS CONTAIN TrF IAFORMATION NECFSSARY 70 RUN

THE MATVEST COST LQUATICRS, OTPENIIAG TN WKWfTMER THE USER WISHES TO

READ IN DAVA PY ALOCLLS DETAIL=1.0) 0O By NRAINAGES (DETAIL=0,0),
CEPTAIN PRICEDURLS APZ DICTAYED, JIF9yCL--RORAD FELT PER TURN?Y
BLOGS==NUMIER DF LOGS PED TUINT  S¥DIST=-=-ACTUAL SLOPE DISTANCE FOR
YARDING? COSLIPE—GLOPE OF LINE DI8WN FROY SPAR TOWER TOP TO
PLACE DF HODXKINGS DISLAT=~DISTANCE IN FEEV FOR LATERAL

YARDING FOPR PAATIAL CUT SYSTIMST TAGLINE~=LENGTH OF THE TVAGLINE IN

FEEY FOR WELICOPTER YARDINGS RIGGERS=-=-NUMBER OF RIGGERS.

IFCOETAIL.EQ.8.00 GO TO &02
00 380 «K=1.5
READ (6D B851) BFVOLEIX)I BLOGS I, K)o CDSLOPE (JK),SYDIST I, KD
861 FORMATI0F10. )
398 CONT INUE
READ (6 B.252) DISLATIJI TACGLINE (JIRIGGERSLY)
862 FORMAT 13F10.3)
402 CONTINUS
IFIIETAIL.EQ.1.0) GO TO &0¢
59 &85 X=1,5
READI3€.C70) BFVIL 11,K)+BLOGS 114X COSLCPE(1,K),SYDIST(1,4K)
arp FORUATILF10.3)
&05 CONT INUE
READI3€E.871) DISLATI1),TAGLINE (1) .RIGGERSIN)
878 FOIMATI3IF10.3)

HARVEST COCST EQUATION VARIAELES PEAD IN HERE AREY ODELAY=-=THE

OELAY TIME FACTDR FIR £ACH YAIDING SYSTEY?  BLANOG--NUMBER OF
LANDINSGS PR UNIT MAREESTEBSS CUTRIAL--NUM3ER OF YARDING ROADS 7O

HARYEST A& UKIV (3LDSKk FOR THIS STUIVI! CNGTINE-=TINE REQUIRED

201

TO CHANLE NURU> (TANILNL)S Sz ivurii==CuitTs OF INITIAL 3€7US 2% LANDING:

HLAZIR=-TCSTS IF L29D> FOI LALY STBIc™ PUY UNE NUUR OF OFPERATIONS
HEQUIP==CTC3T5 OF E2UIPMINT FOR EACH SYSYEM PER HOUR OF OFERATION?
AND ENZRSY-~-&EMOUNT OF FUZL CONSUMED P2 1800 B0ARD FEEYT OF TINBER
HARVESTED FO2 EACH SYSTEW,

&34 READ (32,050 “IDELAVIKY K=1,5)
READ (38,8300 (3LANISIN) ,Kk=1,5)
READI3IE,E30) (CUTIADIK) ,x=1,5)
READC(IEL, 8300 (CNSTIREIK) ox=1,5)
READI38, 8300 ISETUOCTIL) oK=1,5)
RE£D (30,0300 (A4LA3DK) ,x=1,5)
READ I8, 8300 (HZCQUIPIK) K=1,5)
READ (38,8300 (ENEGTINY(K=1,5)

888 FORMATISF10.2)

HARVEST CCST EQUCATION COSFFICIENTS AREY  CON--THE CONSTANT?
BF-~COZF, FCR BFYOLE 3IFIL~-COEF. FOX AFYOL/3LOGS: BL-=-COEF. FOR
BLOGS? SY--COEF, FOR SYIIST; CD--CJEF. FOR COSLOPE? 0I--COEF,
FOR DISLAY: TA—COE®., FOI TAGLINE? RI--CNEF, FOR RIGGERS,

READ€39,831) (CONIK) X=1,5)
READ 135, 831) (3F i) K=1,5)
READI3C,851) (BFBLICI,X=1,5)

QEAD I3, 831)
READ 139, 831)
READ 139, 831)
REAJ139.881)
READI3I, 831)
READ 139, 851)

1N x=1,5)
ISYIK) 4K=1,5)
ICHIKIKk=1,5)
101 1K) yK=1,5)
(TAIK)oK=1,5)
IRIIK) 4X=1,5)

881 FORMATISF1D.5)

NOW ALL YHE ORIVING

INFOIMATION AAS @EEN READ IN. THE LOOP DN 410
IS A YZARLY LCIP FOR THE (INGTH OF THE ALTESNATIVE IN WHICH YEARLY
TOTALS FOR COSTS. 2ETURNS, ANO CERTAIN VOLUMES OF PRODUCYS ARE
DETERWINED., AFTEC THIS LOIP, TMIN VHI PIESENT NET vALUE (PNV) FOR
SEVERAL INVEREST RATES AND VARIOUS PRICE AND COST INOICIES ARE
CALCULATED.
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3NN NaNaNsl
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00000

202

00 410 NYR=1,NYEARS

THIS SECTION SZTS UP AND CALCULATES TME BASIC CONSTRUCTION

AMOUNTS BY RDAD TYP: AND JLCPE PLACEMENT EACH YEAR. VALUES FOR TYPE
OF Q0A&7, AMCUNT CO4STRUCYED FOR EACH TYPE ON GASIC SLOPES AND RIGNT
OF MAY CLEAREOD APE D=TeR™INED,

00 520 N=g NSEGS
NA INI=NAIND ¢ 1

IF(NAEN) .NE.D) GO TO 520

NSSFNS IND

WMz AR N

NUU=NY (N}

IFAINUU.EC. 1. 0% NUUL.EQ. 2) NPP=1
IFENUULEQ. 3o CO NUYLED. &) NPP=2

CONSTENSS, KMM, NPP)=C CNGT (NSS ,NMY,NPP) ¢ (RLGINI 1 /5280, 0
RGMT HAYZRGHMT WA Y4RLGINY *WDIN) /43560, 0

TLENCTFINSSyN44) = TLENGTHINSS NMN) ¢CONST INSS NMM,1) ¢
F4 CONST INSS+NHN, 2)
528 CONT INVE
NRITE(214212) RGHTWAV  TLENGTHIS 1) TLENGTH (1,20, TLENGTN(2,1),
F4 TLENGT M2, 2)
212 FORMATI(IH (5F15.2)

THIS SECTION CALCULATES ANNUAL ROAD RELATED COSTS.

COST{1)=CONST(2+1+1) " (CONCOST{1)45RYCOST (1))
COSTE2)=CONSTI2:1,2)%(CINCOSTI21eGIVCOST (2D}
COSTU3I=CONSTI2,2,1) % ICOINCOSTIINIGGRVCOST ()
COSTE&)I=CONSTI24 2,21 (CINTOST (4} eGRVCOST (4))
COSTIS)I=COL3TI1411) ®LCANCOST(5)eGRVCOSTISH)
COST(62=CONLSTI1,1,2)%(CONTOTT(EICIVCOST (R))
COST(7I=CONSTLL,2:112(COKTASTATICGAVCOST (YY)
COSTINI=CONSTI12.2)*{CORCOST L) *GRVCOST (A D)
TLCLI=TLENGTHIL, 1) ¢ TLENGTHIL . 2)
TLE2)=TLENGTHI2, 1) eTLINCTH2,42)
COSTEII=TL 11 CD25THTNTY)
COST{10)=TL(2) ®*ZOSTHYTINI(?)
COST(11)=TSZ2(1,NY)CISTAC2(1)
COST112)=TS2 (2. NYR}®COSTRPR(2)}
REPAIRS(NYR)I=COST(11)¢CSTIL2)
CHAINT INYII=COST €92 ¢COST (1)
CONSTRCIAYRITCOSTI1)¢CISTI2) ¢COSTI3) ¢COSTILI ¢CNASTIS)+COST(6)
4 *COSTUPIeCOST(S)
RCOSTUINYR)ZRFPAIRS(NYP)ICHMAINTINYR) ¢CONSTRCINYR)
00 600 xL=1,12
COST(KL)=0.0
600 CONT INUE
03 630 L=1.2
00 620 K=1,2
00 610 J=1.2
CONSTUJeKelL)=0.0
6190 CONTINUE
620 CONT INUE
630 CINT INUE

THIS SECTION CALCULATES ANYUAL TIMIER MAQVEST RELATED ECONOMIC
AND ENZRGY OUTLAYS, VA4LUES 00 TOTAL OOLLAR COST AND TOTVTAL ©NERGY
CONSUMPTION FOR A MARVEST JPIRATICN CN CNE BLOCK ARE OETERMINED

N=NYR
IF(DETAIL.EQ.1.8) GO TO 750
00 740 X=1,5
SFVOLINL K =AFVOL (1 ,X?
SLCGSINGKI=BLOGS 11 ,4K)
SYBISTINXI=SYDIST (1.4}
COSLOPE(NGK)ZCISLOPE (1 ,K)
48 CONT INUT
DEISLAT(NI=DISLAT (1)
TAGLINEIN)I=TAGLTNEC(L)
RICGERSILI=RIGLERS (1)
750 MCxCALTIN,NELT)
MMEMHALT (NG IELT)
TFIMCLEQ.3.ANDeMH EQ,0? GO TO 778
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IFCIC.EQ.1 AND.MH.EQ. YD)
IFANC.EQ. 1 AN MK EN, D)
IFINC.EQ.2.ANDMHE DY)
IFCMC. EQ.1 JANDMH,ED,2)
IFINC.EQe2 e AND (M, 52.2)
TYINEZCONIK) $AFIKI® FFVIL N KD ¢BFBLUKDI* (AFVOL {NyX)I/BLOGSIN.K))
Fd CBLIK)I*BLIG L INGK) S YIK)OSYDISTINGK) ¢COUIKI®COSLOPE (N,K)
3 CCI(KI®DISLATINI*TAIK) *TAGLINEIN)ORT(KI*RIGGERS (N)
00 760 JL=1,5
TELILI=(ENERGY IKI*VNLT INCIL,N))/Z71000,0
TEHGETENGeTEZ (L)
RECIL) =ACRES (JL NI P (PLANTB¢PLANTPTOTREESPA)
REG=REGeFZ LIL)
TURNS(JIL = VOLT IMLUIL o N) /RFVOL (N,K)
TTURNS=TTURINS* TURNS (JL)

XXX XX
nohowoHn
N N -

760 CONT INUE

HTIME= ((TTIMEC TTURNSSICLAVIK) ) (CNGTIMECK) P {CUTROAO(K)=1.00))/6D.8
CLAJORINYRI=HT TMESHL AJOR (K)

CEQUIP (NYO)=HTINZ®HTOUIP (K)

CSETUP (1YR )= SETUPCTIK) *JLANDG (K)
MCOSTUINYRIEGLADICINYR)I 4G ZQUIPINYRIGCSETUP INYR)OREG

TENZRGYUINYR) =TENG

REGCOST(NYR) =€

TTUONS=TENG=REG=HTIE=0,0

G0 70 7%¢

770 HCOSTINYR) =TENERGYINYR)=REGCOSTINYR)=D,0

CEQUIP(INYR)I=CSETUPINYRI=CLABORI(NYRI=0.0

THIS SECTION RETURNS A& VALUE FOR GROSS RETURNS FOR THE ANNUAL
VALUZ OF TOTAL TIN%ZR HARVESTED

780 90 790 J=1,5

TRETURN(NYR) =TRETURNINYRI ¢ ( \ALEJI*VOLTIN(I,NYR})I/Z1000.0

790 CONT INUE

(%]
(2]

3
-
£
(@]

ANR Aes
wwr w

»
-

*q
“
2
in
(L)

M0 CINT INUE

THIS SECTION WRITES OUT ANNUAL TOTALS FCR ALL MAJDOR COST COMPONENTS
FOR EACH HARVFST ALTERINATIVE,

ENGY=0.9 .
MRITE(1,830) NALY

890 FORMAT (1H] 459X o2SUMYARY TASLE FOR2/

1H +56X,2C0OSTS AND RETURNS FOR2/
IH 251X, 2HARVEST AND ROAD ALVERNATIVEZ,13/
1H obDX,5212=2)7//
IH o11Xe03(2=2),2X,6302-2),3X,12(2~2)/
1H 27X 42904D COSTS2,39X, 2HARVEST COSTS2,36X,2T0TAL 2/
IH 24X 17 (2-2)431X420(2=2),32X,2ZRETURNSE/
1H 4122Xe12(2=2)77)
WRITE(L, 891)

BNOVEIWUN

891 FOIMATI(INH 411X, 2CONSTRUN- MAINTE- REPAIRS TOTAL ROAQ?,5X,

1 2ENEAGY IN - REGEMNER- E£QUIP- LABOR SETUPZ2, 31,
1 2TOTAL HARVEST2/ .
2 IH oIXg2YEAZ e6Xo 2TIONZ o6X o ZNANCE 2,16X,2C0STS2,7X,

2  GALLONS ATION NENT2,27X,2C0STS27/

IH 02Xe 60 2~2) s IX,U43(2=2)42X,63(2~2)//)

D9 791 NYR=1,NYEARS

Nz NYR

TENG=TENERGY (N)

MRITE(1,832) NyTONSTRC (NI CMAINT(N),REPAIRS(N) 4RCOST (N},
2 TENEGY (N) 4 REGCOSTIN) yCEQUIP(N) 4CLABORIN) oCSETUP(N),
3 HCOSTIN) s TRETURNIN)

892 FORMAT(LIH 216,4X43F10.2.F12.294Xe5F10,2,F12.2,06X,F12.2)

ENGYZENG Y+ TENERGY (")

791 CONTINUE

MRITE(1,893) RPGHTHAY

893 FORMAT (LM o///7//25%X . #THE AMOUNT OF FOREST CLEAREO?,

2 1Xy#FOR FORZST RNAN RIGHT=OF~WAY WAS32,F10.2+2X42ACRESE)
WRITEE1,836) ENAY

896 FORMAT(AH o/ //7725¥,2THE TOTAL ENERGY CONSUMEO PERE,

2 IX y#HARVEST ALTERNATIVE WASZ,F15.2,2Xy2GALLONS®)



204

k1Y) c
C TMIS CONCLUDES WRITJING OUT ALL ANNUAL GROSS FIGUPES. NOW THZ
C PROGRAM ENTE2S THE LID0OPS NECESSARY TO CALCULATF VARIOUS PRISENT
C NEYT VALUES FOR EACH ALTFINATIVE. ThE LCOPS JINVOLVED APE ON STATE-
C MENTS 46D,430, AND 420,
365 c

DO &40 IDS=1,INDEX
RINz0.01
DO &30 INT=1,15
PNY=CTT=RTT=0.0
370 CCTRC=CCTkM=CCT2R=CTTHReCCTHEZCCTHL=CCTHS=0. 0
D) 420 NVY=1 ,NYEARS
ANNRIN=(1,D¢2IN) **NY
CINY=11,D¢CINIZXITILE D)) "*NY
RINY=(3. 04 INITX LI DIV I SoNY
375 CTRC=CONSTRCINY)*CINY
CTRMzCMAINTINT)*CINY
CTRI=AEPATRS (NY) *CINY
CTRTaRCOST (NY) *CINY
CTHR=REGCOSTIMY) *CINY
E 3.1 CYME=CEQUIPINY)SCINY
CTHL=CLABNR(INY) *CINY
‘CTHS=CSZTUPINY) *CINY
CTYHH=4COSY (NY) *CINY
CTRC=CTRC/ANNITIN
385 CTRM=CTR®/ ANNIIN
CTARR=CTRIZANNRIN
CIRT=CTRTZ ANNRIN
CTHR=CTHR/ ANNRIN
CTHE=CYHEZANNRIN
3e0 CTHLE=CTHLZANNRIN
CTHS=CTHS/ ANNRIN
CTHH=2 THH/ ANNRT Y

CTan YA ATIW T AT UNSOTUC 20T s TUS
S-S Mo e & A R SR I R A - R0 ot 0N 3 2

.

CATRGEATTI . AP B
M AR s AT

395 CCTHS=CCTHSeCTHS
CCTRR=CCTRR+ZIRR
CCTHR=CCTHReCT MR
CCTHE=CCTHT ¢LTHE
CCTHL=CCTHL*CTHL

©00 CCIRC=CCTIRCeLTIC
RYI=(TRETUANINYI IS ( (1, D+RINDEXCIDED ) **NY)
RT=RT/ANNRIN
PNV=RT=-CT+PNYJ
CTI=CTTeCY

[ 1.} RTT=RTT¢RY

&20 CONT INUE

THIS ENDS THE FIRST LOOP AND A NET PRSSENT VALUE FOR A SINGLT
DISCOUNT RATE IS DETZRMINZI, NOW & NcHW OISCOUNT RATE WILL 32

619 EMPLOYED To CALCULATE ANOTHER PRESINT NET VALUE. '

TYHIS SECTION WRITES DUT THE ANNUAL COST AND PRICE INDICIES, THE
ANNUAL DISCCUNT RATE. JISCOUNTZU RETURNS, OISCOUNTED COSTS, AND

€15 THE PIISTNT RET VALUS FOR ZACH COMPLETE HARVEST AND ROAO ALTZRNATIVE,

QOO0 0O0

IF(IMAY.NE. DV GO TO 792
IHAY=IHAYeL )
WRITE(2,1000) Nay
428 1800 FORMAT (1H1,37X,231JMMARY TASLE FORZ/
1H 35X 2T«E PR/]ESEINT NET VALUER/
1H 30X 2CALCULATIONS AT VARICUS INTEREST2/
IH o30X,2RATES AND PRIICE AMD COST INCICIES2/
IH 28X, 2FNA HAIVEST AND KOAD ALTERNATIVEZ,IGW/
1H 218xX.56(z=2)//7)
WRITE(2,1013) ] : )
1018 FOIIMATUIH o 2XoZANNUAL PRICE ANNUAL COST 'ANNUAL OJISCIOUNTZ,SX,
2 DISCDUNTED OISCOUNTED "PRESENT2/7 .
1IH +3Xe PINDEX 297Xy PINDEX Ze9NLZRATE Zo10Xo2RETURNS 2,
9Xe2C0STSZ2,8X o ZNTT VALUE?//
1IH 26 (1 Xy Fmwrmmrnoncnraag 1X}//)

Vs WN

425

438

FWUUN



435

660

65

.50

792

1020

213

793
1038
78

C=100.0°CINDEX(YDE)
R2100. B*RINDEXNLINT)
RAs1DD.I°RIN
MRIVOC2,10700 R Lo, ATF,CVT PNV
FOIATLIM JSloR,Fhofoul) 1 SFL18,.2)
IFCINTZ0.15) GD TD 79
HRITEG21421%) CLUIRCoCCTRMGCCTRRICCTHRICCTHEZCCTHLCCTHS
FORMAT(LH 47F15,2)
GO TO 794
WRITELZ2,103M)
FOINATIIH 4 27)

RIN=RINeD,08

c .
C THIS ENOS THE INTEREST RATE CHANGE DO LOOP.

c

c

€ THIS ENDS THE 0O LOOP WHICH CHANGES THE COST INDEX RELATIVE T0

830
(13

CONTINUE
CONT INUE

C YHE PRICE INDEX.

c

sTorP
END

205
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