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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

magnified when forest harvest and road activities are implemented in

steep, sometimes unstable terrain, characteristic of much of our

Western forest land.

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

harvest and forest road alternatives in terms of several model products;

3) building an economic model which evaluates added capital costs

associated with the erosion potential of each harvest and road



for expected road and slope erosion evIts.

The basic goal of this forest system study was to provide land

managers with a tool for obtaining additional measurement parameters

for proposed harvest and road alternatives. In order to illustrate

how such a tool may be applied, the study concluded with an appli-

cation of the complete methodology for ten well specified harvest and

road alternatives. These alternatives ranged from highlead clear-

cutting to helicopter partial cutting to no harvesting at all. Out-

put of system analysis for these alternatives demonstrated that harvest

and road capita]. components and erosion consequences can be integrated

jointly into the decision making process.
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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 of 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 1nanagement entity responsible for

land being so treated. Erosion events can reduce site productivity,

delay area treatment, destroy capital investments, disrupt multiple

use objectives, and create severe public reactions.

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 quantitative

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 construction

costs; maintenance costs; forgone access cost; harvest costs; silvi-
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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 userts 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 inak:ing

process.

Study Objective

The purpose of this study is to develop and demonstrate a

methodology which will integrate potential erosion consequences into

the bundle of costs and benefits associated with a projected forest

use. I 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 benefits was 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

Aristotlets 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 nxrtal 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 imique par-

ticular. I believe, on the contrary though, that common factors

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 theni 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:

3



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; if 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 definitions.

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 forest managers. These schedules were used in

4
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conjunction with a hydrologic model of a selected Western Oregon

watershed to develop the family of "a priori" first principles: the

appropriate probability functions.

My third step involved structuring a system i&del which simu-

lated harvest and road alternatives over a rotation of nearly 90 years.

The products from this ndel 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 i&del.

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 capita]. 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:

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 functions

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.

6



where:

EV

ss

P(EV
I SS)

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 conditions.

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(Ev ) P(SSIEV )
P(EV ISS) = j j

P(EV1)P(SSIEV1) + . . . +P(EV)P(SSIEV)

erosion event j,
on-site eco-system condition,

posterior probability of erosion event j occur-
ring on sites with eco-system condition SS,

7

P(EV) prior probability of event j occurring anywhere,

P(SSIEV ) likelihood of forest site with eco-system condi-
tion of SS being associated with all historical
events j: called conditional probability of SS
given EV 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 udel developed in this study.



Selecting Erosion Events and
8

ppropriate 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):

Of f 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):

Rockslide - downward and usually rapid movement of newly
detached segments of the bedrock sliding on bedding, joint
or fa4t 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 kv

physical factors related to road erosion events:

1) Road Age - there are four variable states:

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

2) Road Standard - there are two variable states:

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'

3) Road Surface - there are two variable states:

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

4) Slope Class - there are four variable states:

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

5) Soil Type - there are four variable states:

a) Shallow non-cohesive ---- 0-20 inches of .mconsoli-
dated soil materials (potential effective rooting
zone) in unified soil classification system cate--
gories: GW, GP, GM, GC, SW, SP, SM, and SC,



Deep non-cohesive ---- 21f inches of unconsolidated
soil materials (potential effective rooting zone) in
xiified soil classification system categories: GW,
GP, GM, GC, SW, SP, SM, and SC,
Shallow cohesive ---- 0-40 inches of iconsolidated
soil materials (potential effective rooting zone) in
unified soil classification system categories: ML,
CL, OL, MG. CR, OH, and PT,
Deep Cohesive ---- 41-+ inches of unconsolidated
soil materials (potential effective rooting zone)
in unified soil classification system categories:
ML, CL, OL, MG, CII, OH, and PT.

6) Landform Class - there are four variable states:

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 dra:inage,
Huinmocky slope ---- area with warped appearance,
usually associated with past slumps, many small lakes
and or undrained depressions,
Streamside slope ---- any slope that is neither a
headwall nor a hununocky 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),
Normal slope ---- any slope that is neither a head-
wall, a hutninocky, nor a streamside slope.

7) Bedding Plane categories - there are five var±able states:

a). Dips steeply with the slope,

Dips gently with the slope,

Horizontal bedding,

Dips gently against the slope,

Dips steeply against the slope.

a) Fractured steeply with the slope,

+SLOPE

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

10
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Fractured gently with the slope,

Horizontal fracturing, \+. SLOPE

Fractured gently against the slope,

Fractured steeply with the slope.

11

I-SLOPE

/7%/44 SLOPE

Eight independent variables were identified to repreaent the key

physical factors related to slope erosion events.

1) Average Age Main Timber Type - there are five variable states:

0-5 years,
6-10 years,
11-20 years,
21-40 years,
41-80(+) years.

2) Harvest Method - there are four variable states:

Skyline (one-end suspension),
Helicoptor, (complete suspension),
Highlead(full-length skidding),
No harvesting (previous 20 years).

3) Silvicultural Method - there are three variable states:

Clearcut (includes patch cut),
Partial cut (less than 70 percent reinova].),
Natural forest (never harvested).

4) 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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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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trated to be hi.ghly visible and apparently important in the forest

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

lated 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 eight variable 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.



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:

13

"TENS" "UN ITS"

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 applied to this "uncertain, no-data

problem't (Bayesian analysis) required information on 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 frequency 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



Table 1. Summary data for the Road
and Slope Erosion Survey

* # * * * * Percent trne spent on these Problemsa * * * * * *

14

Averages 11.486 22.057 14.800 11.343 9.857 41.514

When working on the five problem areas showr, each respondent's time is divided accordingly.

Respon-
dent

Number

*

Yeare *

expe- *

rience *

*

llydro-

logic
Harvest-
ing

Road
engi-
neering

Geo-
logical

Soil & *

stabil- *

ity *

*

Profes-
ional

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 JO 10 40 30 43
7 J5 10 3D 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
hi 15 5 89 1 0 5 45
15 6 0 5 5 0 90 41

16 15 20 10 5 30 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 J2
25 11 5 75 S 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

31 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
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previously, the problem was divided into road erosion and slope

(non-road relat ed) erosion components.

Undtr cach of these prb I iin ui'un'nt8 a 8crIe$ of quest t.oni wiiH

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 - Slope class

Directions - Answer the three questions circled frotn 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%.

0 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%.

(Z I wager $ 10 the acre of forest affected was on a slope of
O-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%.



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
rence of the designated erosion

ranking of 4 leastlikely and a

21-50% Slo'e
1 2J4

circle the

the most likely category of occur-
event. A ranking of 1 is st

likely.

71-+ Slose51-70% Slope 0-20% Slope

l®34 l23
appropriate number for ranking)
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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 coimnon 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 conmion denominator property. Possible combinations for this exam-

ple encompass circled sets: 1,4,6 (0-20%); 1,3,5 (21-50%); 2,3,6,

(51-70Z); and 2,4,5 (greater than 71%). Two key assumptions governed

this approach and the consequent 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 genera]. 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:

23 4



Quest ion

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,

10/990 Is the ratio of the probabilities a debris avalanche!
flow will affect either a 0-20 percent slope or a 71i-
percent slope,

150/850 Is the ratio of the probabilities a debris avalanche!
flow will affect either a 21-50 percent slope or a 71I-
percent slope.

When a debris avalanche/flow has occurred, the following holds:

Pr(O-20)+Pr(2l-50)+Pr(5l_70)+pr(71i-) 1.00

Or, the sum of the probabilities 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(O-20) + Pr(21-50) + Pr(50-70) + Pr(7l-+) 1.00
Pr(71-+) Pr(71-+) Pr(71-+) Pr(71-+) Pr(71-+)

and substituting:

10 150 300 1.00
990 + + + 1

Pr (7 l-+)

Then solving first for Pr(71-+) then the other probabilities yields:

Pr(O-20) = .006 Pr(2l-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.

17
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The means and standard devit ions 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 list ring for each respondent 's replies and sample questionnaires

are on file n 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 'tblind 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 rim a one month period under the designated climatic conditions.

Note that one possible outcome in each event set - road and slope

erosion - is ttnothingI. 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:



Road Erosion Events

Average Age Main Timber
(Years)

El - 0-5
E2 - 6-10
E3 - li-20
E4 - 21-40
E5 - 41-80- +

Silvicultura]. Method
Ci - Clearcut
C2 - Partial cut
C3 - Naturai Forest

(never cut)

Siope Erosion Events

Harvest Method
Hl - Skyline
H2 - Heiicopter
H3 - Higblead
H4 - No harvest

(20 years)

Bedding Piane Dip Bedding Piane Fracture Angle
Xl - Steeply with slope Yl - Steeply with slope
X2 - Gentiy with siope Y2 - Gentiy with slope
X3 - Horizontal Y3 - Horizontal
X4 - Gently against siope Y4 - Gentiy against siope
X5 - Steeply against slope Y5 - Steepiy against slope

Si - Secondary
S2 - Primary

Road Age (years)

Ml - Gravei
M2 - Spot Stabilized

Slope Ciass (percent)
Ri - 0-5 Ui - 0-20
R2 - 6-i0 U2 - 21-50
R3 - li-20 U3 - 51-70
R4 - 2i- + U4 - 71 - +

Ti - Nothing Di - Nothing
T2 - Of f Road Erosion D2 - Rockslide
T3 - Road Damage D3 - Debris Avaianche Fiow
T4 - Road Faiiure D4 - Slump Earthfiow

D5 - Creep

Soii Type Landforni (Slope)
Vi - Shaliow non-cohesive Wl - Nora1
V2 - Deep non-cohesive W2 - Streambank
V3 - Shaiiow cohesive W3 - Huimnocky
V4 - Deep cohesive W4 - Headwali

Tabie 2. Key to Parameter Identification
i9

Road Standard Road Surface



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

>( = mean

= standard
deviation

20

EVENTS EVENTS

Road T2,. T3.. T4 Slope T2.. T3 T4
Age X/G Class

Ri .58/.16 .491.15 .48/.17 Ul .061.06 .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 .551.19 .49/.15 .50/17

1.00 1.00 1.00 1.00 1.00 1.00

EVENTS EVENTS

Road T2.- T3- T4- Road T2- T3 T4
Stan -
dard

Sur-
face

'La

Sl .36/.12 .38/.18 .40/.21 Ml .44/.11 .45/.14 .43/.13
S2 .64/.12 .62/.18 .60/.21 M2 .56/.11 .551.14 .57/.13

1.00 1.00 1.00 1.00 1.00 1.00



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

E 1.00 1.00 1.00 E 1.00 1.00 1.00

= mean

a standard
deviation

21

EVENTS EVENTS

Bedding
Plane
Dip

T2.
x/o x/o

I4
x/(y

Fracture
Angle

T2,,
x/a

T3
x/a

T4
x/o

Xl .40/.17 .40/.15 .46/.19 n .411.19 .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

E 1.00 1.00 1.00 E 1.00 1.00 1.00

EVENTS EVENTS

Soil T2. T3. T4 Land- T2. T3. T4.
Type x/G x/O form

vi .351.17 .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 .191.11 W3 .21/.13 .25/.14 .26/.15
V4 .21/.13 .26/.16 .29/.18 W4 .44/.17 .391.18 .39/.19
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= mean

o = standard
deviation

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

24

ROAD EROSION EVENTS

Climatic Tl T2,. T3 T4

Condition X/cY x/cY

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 .141.14 1 .00

SLOPE EROSION EVENTS

Climatic
Condition

D2 D3 D4, D5,

E

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

Wet .53/.29 .07/.08 .111.11 .10/.08 .191.15 1.00

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



Given a dry climatic sttc, a perspective of per acre,
per month, $1000 to wager, and the 1iowledge that one
of the two events noted in each question has occurred --

I wager $ 995 nothing occurred and I wager
$ 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.are interpreted::

when the monthly climatic condition is "wet" (pre-condition),
each mile of road has a probability of 0.58, 0.22, 0.L3, 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-
salts or ttaveragell 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 ta 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 dedUce

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. DETE1U'flNING A STUDY AREA MD
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

probler'i as one dominated by debris avalanche/flows. The basic for-

mat ion 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 tither is primarily large second growth Douglas-fir (result-

ing from numerous area fires). This 75-150 year old tither serves as

a potentially very valuable standing component of the Siuslaw National

Forest timber resource. flowever, due to area instability many erosion

problems have emerged during and following recent efforts to remove

some of this prime tither. 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 tLand Suitability Analysis."

The goals of this analysis are threefold (USDA FS, 1974):

Determine immediate needs of the land manager to
understand potential risks and hazards to specific
land areas from current timber sale decisions,

Develop a Forest Timber Management Plan which
stratifies the timber growing base into land
suitable and unsuitable for harvesting under
current logging system techniques,

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. DEVLOPINC A HYDROLOGIC MODEL

FOR THE HARVEY CREEK DRAINAGE

Water plays a key role in determining erosion potential. The

rationale for building a hydrologli: model was to simulate nnthly

values of selected watershed variables which would help describe this

role. These variables 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 content 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 assumptions

has neither been conclusively supported nor refuted by previous hydro-

logic and geologic research. They are employed here for 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 conflict with,

previous 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 nnthly information for selected watershed variables. Since this

information was not available, statistical techniques and reg-

ression analysis were app] It'd to otI)vr arca hydrologic anti climiito-

logic station data to construct mi artlfic:ial data base. Six statfoii

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 cliinatologic factors for each locale led to the decision

to utilize cliinatologic information froi 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 (USD1) Geological Survey(1970) reports

that the Alsea River Basin and Harvey Creek Drainage both have annual

runoff of 60-70 inches. Orwig (1973) identified seven independent

basin variables as keys to monthly runoff in the Oregon Coast Range:

airniass 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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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 nnthly 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

Modeling 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 predicting 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 years

of data from the Honeytnan 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 Honeyan State

Park data. Table 8 describes regression results. Appendix A reports

monthly precipitation data for Alsea Fish Hatchery, Honeyman State

Park, and predicted data for Alsea Fish Hatchery.



Hatchery station appeared to be a reasonable application. Combined

with the existing 22 years of data, this provided a total of 42 sample

Sample size - n 22
* - indicates
P1 , i 1, 12

value is in natural logarithmic imits
- the dependent variable, Alsea Fish

Hatchery precipitation for month i
(inches).

i 1, 12 - the iidependent variable,IIoneym
state precipitation for month i
(inches)

F - Value & V1 & V2 - Test of model variable signi-
ficance and the appropriate
degrees of freedomv1 andy2

R2 - a measure of the proportion of total variation
about the mean of P explained by the regression.

MSE - mean square error, an estimate based on n-2 degrees offreedom 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

on the current regression equation.
a - standard deviation estimate for the indicated samples,

not for the regression tlequationfl

All regression results were examined in a number of different

ways to evaluate reliability of six basic regression asswnptions

(Knienta, 1971):

Error term is normally distributed,
Expected value of the error term is zero,
Variance of the error term is a constant,
Error terms are not correlated in tine and/or
space,
Each explanatory variable is non-stochastic,
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

Key to Table 8 (After Draper and Smith, 1968).
35
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points of inth1y data for fitting and fit testing.

All distribution fitting and fit testing were based on Btatis-

tical procedures outlined in Fishman (1973), Brownlee (1965), Wetherill

(1972), and presentations by Scheurman (1974). Dennis Dykstra,

Department of Forest Engineering at OSU, provided assistance through

collaberation on computer programming for distribution fittfng. Three

continuous distributions were fit where appropriate to each inth's

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

Probability Density Cumulative Distribution
Function (pdf) Limits Function (CDF)

1) f(x)

f

(x/A) ifO<x<o- -
(x/A)2) f(x) F(x) le

0 if x<O

2;;

0

(xp)2/2a2 x

<x< F
le

(x)

--
-

if 0 < x <

if x < 0

_(x/8)C
F(x) = l-e

Symbol Explanation Symbol Explanation
x Random variate e Va1ue 2.7183

Mean A Mean and shape parameter
cr2 Variance a Shape paramater

Value 3.1416 Scale parameter

Table 9 illustrates results of fitting and fit testing. In all in-

stances, the X2 test for the two parameter Weibull distributions yielded

non-significant (only poor fits are significant) results. In only two

cases, March and April, did either the normal or exponential produce a

better x2goodness of fit result. Due to closeness of March and April
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38

n = 42 v = degrees of freedom = (# of cells)-(# parameters)-(l)

All Chi-square (x2) 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

Table 9. Precipitation Distribution Fitting

Month

Wc Ibuil

Paran' te rs Weibull

x2

Normal Exponential

2 2
January 2.609 18.967 x - 1.286 x 9.240 NOT FIT

February 2.804 14.052 1.104 x2 2.360 NOT FIT

March 3.150 13.156 x2 1.623 x2 = 1.243 NOT FIT
"=3

April 2.257 7.116 x2 = 2.582 x2 = 2.053 NOT FIT
"=3

May 1.811 4.590 x2 = 4.070 x2 = 10.480 NOT FIT
v=3

Jinie 1.759 2.190 x2 = 2.906 x2 = 4.220 x2 = 16.283
"=3

July 0.845 0.565 x2 = 5.020 NOT FIT = 7.582
"=3

August 0.792 0.815 x2 = 1.553 NOT FIT = 3.047
"=4

September 1.262 3.408 x2 = 7.880 x2 = 9.409 NOTFIT

October 1.681 7.869 x2 = 3.072 x2 = 4.769 NOT FIT

November 2.551 16.135 x2 = 1.077 x2 1.699 NOT FIT

December 3.084 18.674 x2 = 3.702 x2 = 4.912 NOT FIT
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Weibull and Normal fits, and because of difficulties of simtilating

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 (NLE), pre-

sented by Fishman (1973), and through the aid of a FORIRAN IV program

which can be found in Appendix B.

Runoff

Similar to precipitation modeling, monthly 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 scanned. 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 1(2.

This approach allows for development of iire significant models than

does "stepwise regression" or maximization of the R2 value alone

(Draper and SmIth, 1968). Table 10 reports regression analysis results.



Key to Table 10 (after Draper and Smith, 1968).

Sample size -
* - indicates
Ri, i 1, 12

i = 1, 12

y - level of

n - 20.
value is in natural logarithmic units.
- the Alsea River at Tidewater runoff

values for month i.
- the Alsea Fish }Iathery precipitation

values for month i.
significance.

F - value & vi , v - Test of model variables 'joint'
significance and the appropriate
degrees of freedom v1 nd V2

R2 - a measure of the proportion of total variation about
the mean of the dependent variable explained by
regression.

NSE - nan 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 orig:inal dependent variable.
or YHAT - symbol for the predicted value of y based
on the current regression equation.

a- 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 nnthly lake evaporation (LE) for the Harvey Creek area. Combined

with two regression equations developed by Mustonen (1968),for

estimating evapotranspiration in a humid environment, this yielded

evapotranspiration functions for the 12 months. Mustonen presented

two ma:in equations:

40

ET .88LE. (P. +i 1 1

R2= .76 = .75,
for the growing season,
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where: S, i 1, 12 soil water

S. i1, 12 = soil water
1-1,

= 64.11 +25.56 - 98.81,

content for month 1,

content for inth 1-1,

therefore: AL = -9.14 Inches.a

i =1, 12 = precipitation for month i,

R., i 1, 12 = runoff for month i,

ET., i=l, 12 = evapotranspiration for inth 1,
and AL, i = 1, 12 net subsurface inflow and outflow for

month i.
Interception losses, 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 - S_1 S) equals zero.

Because average values reflect long term conditions, where the subscript

'a' denotes annual averages and
a' Ra and ET are known:

tS = 0.0 = P - R - E + AL ,
a a a a

AL R +ET -P
a a a a

ET1 is evapotranspiration for month i in inches and LEi and P

are month i lake evaportation and precipitation, respectively. The

growing season is April through September, and dormant season 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 mode].

integrating function. All variables are measured in inches of

water.

Si 5i-1 + 'i - - ETi +
i - Ii

42
LEi for the dormant season,

= .83 a .37.



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:

I aiAL AL
i a P R

ai ) a

where:

AL,, i 1, 12 subsurface water loss for month i,

= annual average subsurface water loss,

i 1, 12 = precipitation for month i,

ai'
i = 1, 12 average precipitation for month i,

Ri, i = 1, 12 = average monthly runoff for month i,

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 S. is accounted for:
i-1

S = S - P. - R. - ET + AL.1 i-1 1 1 i 1

This initial value can be set at any reasonable arbitrary level to

initiate model operations. A value of S1 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:

S/s.d., where

e is volumetric soil water content, S soil water content In inches,V

)]
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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

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 suary for variable

averages from a 150 year model rm 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 assumption: potential levels can be Indexed by frequency 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 Sutnmar' of Variable Averages
from a 150 Year Hydrologic Model R and
Actual Recorded Long-tera Averages.

(data all in inches of water)

* Exact values used for dormant season evapotranspiratlon in the
model for these six months, reason for exact equality.

45

Month
Avg. Precipitation Avg. Runoff Avg. EvapotranBpjra-

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*

Decenter 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



Two main hydrologic variables are directly related
to erosion potentials. They are: precipitation
and soil water content. The following fimctianal
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/flo%qs, how-

ever, the weights indicate that precipitation amotmt 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 Roaa and Slope Erosion.

Road Erosion Events

(T2) (T3) (T4)

Coefficients Of f Road Erosion Road Danage Road Failure

Slope Erosion Events

(D2) (D3) (D4) (D5)

Debris Slump Creep
Coefficients Rockslide Avalanche/flow Earthflow Acceleration

47

a a & &

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

100.0 100.0 100.0 100.0

a a a

b 68.5 58.0 50.7

17.7 16.9 21.0

a 31.5 42.0 49.3

100.0 100.0 100.0



z.
1
=[b() + a(®.

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

b, a = coefficients,

P.,, 1 = 1, 12 = Harvey Creek Drainage precipitation
value for month i,

"am = Harvey Creek Drainage maximum monthly
average precipitation value,

= 1, 12 = Harvey Creek Drainage monthly
volumetric water content for month i.

Notice the consistently high standard deviations for each b/a pair

in Table 12. Subsequent contact with several 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 ?!trend1 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 pairs

for each event type.

Utilizing the ZETA Function, 150 years of monthly precipitation

and soil water content simulated from the hydrologic model, and

and four slope erosion events. A complete data listing of each
48

respondent 'S repi i&s and sample questionnaire an' on file in the

Fo ri's t Ing 1n'r lug Ik'partinen t at OSU.

'These seven coefficient pairs were to be used in the functional

relationship (to be called the ZETA Function):



Coefficients

b

Coefficients

Table 13. General Pair Assignnients

frr Hydrologic Coefficients
frr Road and Slope Erosion.

Road Erosion Events

(T2) (T3) (T4)
Of f Road Erosion Road Damage Road Failure

(D3) (D4) (D5)
(D2) Debris Slump Creep

Rockslide Avalanche/flow Earthflow Acceleration

50 65 35 35

50 35 65 65

49

65 65 50

35 35 50

Slope Erosion Events

b

a
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coefficients from Table 13, three 1800 member (12 uonths for 150 years)

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

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

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

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

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

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 distributions.

It was found that ZETA k population components for the four sununer

nnths, Jun - Sep, behaved in a nearly exponential manner (Figure 5).

Monthly observations for Oct - Nay had a more uniform bell shaped res-

ponse (Figure 6). Table 14 reports important population statistics for

parent 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. TheWeibull and Normal

functions were used for fitting; Table 15 reports results. Fits and tests
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Distribution

Table 16. Tests of

E(X) V(X)

WZETA k Distributions.

110 for the Three

Hypotheses at y = 0.001
EQUAL EQUAL
E(X) V(x) 's

EQUAL
d's

EQUAL

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

Distribution

Table 15. Erosion Index Distribution Fitting
Parameters and Statistics.

Weibul]. Normal 2xv
Parameters Paramet ers Weibull

p, a Test

2xv
Normal
Test

WZETA 1

WZETA 2

WZETA 3

&

&

=

=

=

=

=

=

2.122
55.85

2.369
50.58

2.704
45.17

a

&

&

=

=

=

=

=

=

49.38
24.66

44.81
20.18

40.23
16.02

x2

x2

x2

=

=

=

=

=

=

9.173
10

5.149
10

6.393
10

x2

x2

x2

=

=

=

=

=
=

40.800
10

38.791
10

13.068
10



V'2 (.608) /n

and 4) =
---L

I 2.lnL' i N(0,1) ,Y =.001.

\/IiO9/n
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were conducted in the manner outlined in the Precipitation section

of thh; chapter. A!! fits were non-significant and best for the

WcIbuI.t function. F'igurt 7 illustrates the three Wetbull distributions

superimposed on the appropriate population histograms.

Similarity among Weibull parameters, and , 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, H, that there was no significant difference. It

entailed rejection of:

Equal expected values --- E(x) = E(x),

Equal variances V(x) = V(x1),

Equal shape parameters
--- =

and 4) Equal scale parameters =

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

1) E(x) = 8 [ r (1 + l/cx) ]

and 2) V(x) = 2(r (1 +2/a) - [r(1+ l/)])

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

E(x0) = E(x1)
[E1 E(x)]

N(0,1), y = .001,

V(c0) = v(x1) --- [V(xi)1 F y = .001,[Vjj ViP\j

= ln(âi) - N(0,1),y = .001,
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Here, ais the pooled variance estimate of V(Xi) and

a2 [nl) V(x) + (m-l)V(xj)] [ a + n - 2 ]

The vand \)represent degrees of freedotn,Y the level of significance

tested for, I and j respective population indicators, and in and n

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

test results. In all three cases the H was rejected. This dennstrates
0

that the emphasis on importance of prcipitation and soil water content

levels results in different erosion potential index distributions.

Hence, knowing both variables, P. and S., provides nre 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 P. and
Si

into an erosion model. The first involves

stochastic simulation of P. and S with subsequent calculation of
1 1

monthly zi values from the ZETA Function:

zi =[b(P/P) + a (®,) ]

The second approach centers on direct random simulation of the nnth1y

z. values from the three Weibull distributions:
1

-(z. /55.85)2.122
ZETA 1 - F(z.) = l-e 1

1

-(z/5O.58)2369
WZETA 2 - F(z.) = l-e1

WZETA 3 F(z ) = l-ei"47
i

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

be referred to simply as ZETAk populations.)
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In each case, the monthly z1 values serve as the stochastic

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 analysis is nre thoroughly understood, a nre sophisticated

modeling procedure, which employs the second approach, is recommended.

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

ment of either approach.



and

and

Vi. CONSTRUCTiNG EROSiON PROBABILITY
FUNCTIONS TAiLORED TO HARVEY CREEK
CLIMATOLOGICAL AND HYDROLOGICAL

CONDITIONS

This study has d'fined ;i\'t'n erosion events and three erosion

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

off road erosion T2,
road damage T3,
road failure T4,
rockslide D2,
debris avalanche/flow D3,
sluinp/earthflow D4,
creep (slow mass flow) acceleration D5;

ZETA 1 for indexing erosion potentials
for events T2, T3, and D3,

ZETA 2 - for indexing erosion potentials
for events T4 and D2,

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 T.

(j = 2,4) and D. (j = 2,5) over the range of the appropriate z..values

in each ZETA k population. Allow that:

G.(z.) = Pr(T,Jz.)

H.(z.) Pr(Djz.)
J 1 J 1

I

I

0 <G.(z.) <1.0

o <-1
0 < II.(z.) < 1.0J 1

0 < z. <

These two functions express the probabilities for T. and D. "given

the condition of z : e.g., conditional probabilities of T. and D..1
J J

The reader will recall that Table 7 reported three conditional

probabilities for each T. and D. obtained from the empirical
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Two events in Table 7, Tl and Dl, are 'nothing' events and have
deterministic probabilities based on calculation of the other T.
and D. probabilities and an initial assumption of mutually exclsive,
exhautive event sets. These two 'non-events' are referred to
further only where computationally necessary.

3The i =1,8, defines the period October through May, the period of
consequential erosion occurrence for the subject study area.

2 61
probability survey. The three climatic conditions were qualitative

descriptors: dry, normal wet, and very wet. Quantitative values in

z can he determined for tIicst thre' conditions for each T. and 1). by
1

.1 3

applying: 1) definitions of dry, norm31 wet, and very wet; and 2)

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

z,1 - be z. value for the average October, (dry, n1)

z
12

- be z value for the average December, (normal wet, n2),

z - be z value for the once in 50 year
i3 in

climatic condition, (very wet, n=3).

Recall the defining ZETA Function:

3

= [b(P./P) + a (s.) ] i = 1,8

Here:

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

Z, = 1,8, on b/a pair 50/50 defines z1 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
J

z values) for each

erosion event. The probabilities are taken from Table 7 and the

z1 values were calculated by inserting precipitation and soil water

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

year extreme into the appropriate ZETA Function.



Table 17. Pairings for z Values and 62
in

Event Probabilities

See discussion on the empirical probability survey, Page 18.

EVENT CLA.SS I)rv Norm.il Wet V'ry Wet

Road Erosion (g.. z )
ii ii

(g. z )
ij 12

(g.. z )
J 13

T2 - ZETA 1 (.02
I
31.0) (.22

I

72.0)* (.32
I

125.0)

T3 - ZETA 1 (.02 31.0) (.13
I
72.0) (.22 125.0)

T4 - ZETA 2 (.01 27.0) (.07
I 63.0) (.14 I 105.0)

Slope Erosion (h
I

z )
ij 11

(h. . z )

'J i2
(h..

I

z )1] j3

D2 ZETA 2 (.02 27.0) (.07
I
63.0) (.07

I
105.0)

D3 - ZETA 1 (.01
I
31.0) (.11

I
72.0) (.19

I
125.0)

D4 - ZETA 3 (.01
I

23.0) (.10 55.0) (.15
I

85.0)

D5 - ZETA 3 (.03 23.0) (.19
I
55.0) (.23

I
85.0)

*NOTE: e.g., when z. = 72.0, probability of T2 = 0.22

The temporal and space relationships established for the probabilities
4

from Table 7 were on a per month per mile and per month per acre basis:

probabilities/month - mile for all

probabilities/month - acre for all D..

The intention was to use Table 17 and an assumption about a general

form of the G.(z.) and H.(z.) to estimate crude mathematical function

forms. However, due to limitations of the questionnaire approach

used to acquire Table 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 aspect of the



Study (1) , Fiksdal (1974a), 6)

Study (2), Fiksdal (1974b), 7)

Study (3), Morrison (1975), 8)

Study (4), Swanson and
Dyrness (1975), 9)

Study (5), O'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 onemonth, December (z.2),
for event D3 is .11/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)(lO,000) (80) 88,000 debris avalanche events
expected in just 80 Deceinbers. The actual number of

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

erosion problem, Table(s) 7 (and 17) probabilities are "gross"
63

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

ing d iscuss ion based øíì C'I1II) I r i ti1 evidence.

A thorough review of ;Iva ii ;ibt c research underlines this poini.

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

for three road (Ti) 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;
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67
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 nre

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:
6

b
I (-Az)1

Q.(zi) a L 1 - e i
j -c.

When a = 1, b = 1, and c 0 this distribution is the exponential CDF.

Manipulation of the four parameters a, b, c, 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:

were used on the general form:

5

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

To specify the forms for G4(z1) and H4(zi).
7

J J
With several (qlz) data points, ordinary least squares methods

could be utilized here.

6

(l_eZ) [Az - (A2z2)/2]

-Az b = 1qa(l-e ) -C,

q a(Az-A2z2/2) - c,

q A(z) - B(z2) - C7



for D4,

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

Note that:

A2B/A, a-A2/2B,andl.0

Initially & was set equal to 1.0 and two (qjz) points were

estimated for the seven erosion events from Table 20 data and intui-

tive analysis of time and space relationships. Two equatis of

q A(z)-(A2/2)z2_C were formed from each (qlz) pair and solved for A

and C simultaneously employing the quadratic equation. lnowing A, C,

and a allowed calculation of A and c. The A and c were then plugged

into the function (l_eZ) - c and evaluated. If the original, assumed

data point pairs of (qjz) were not violated, the function for that event

was specified by A and C, with a1 and b=l. 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 Iz) pairs. The following seven (DF's) functions were specified

in this manner:

-01 2
G2(z,) (1 -e

Z) - 0.221
for (0.01 65) and (0.30

J
125) for T2,

G3(Zi) = (l-e°i) - 0.51 for

(0.0
I
72) and (0.20 125) for T3,

GL(z1) (l_e_7Zi) - 0.10 for

(0.0 J 63) and (0.05 105) for T4,

-.00001zH(z) (l-e j) for1
(0.OjO) and (0.001

I 105) for D2,

H3(z) = (l_e0l2Zj)2 -0.33 for

(0.0J 72) and (0.25
I 125) for D3,

H(z) (l-e0j) - 0.42

for (0.0
I 55) and (0.15 85)

115(z) = (l-ej) - 0.05

for (0.0J 55) and (0.10 85) for D5.



8

See Table 20.

9

The z values are calculated either directly from simulated
Si andP and the appropriate ZA Fi.uctions or simulated from
the threJWeibull distributions on z. (e.g. from the F(z1) functions).

69
Because there is a relatively high nuirber of evts per kra2

for all T8 calculations were handled iixre conveniently in units

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

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

is extremely low on a per acre basis, calculations were handled on a unit

basis of events/month - Ian2. These new temporal and space units can be

adjusted by multiplying or dividing by a constant. For computational con-

venience, these new units were utilized for this study. Each function has

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

G (Zi) defined: 63:31
2 0 elsewhere,

G(zi) defined: 71.33 < z <

0 elsewhee

C (z) defined: 61.98 < z
0 elsewhere,

H (z.) defined: 0.0 < z
2 0 elsewhere

H (zi) defined: 71.20 < z
0 elsewhere

H (zi) defined: 54.47 <
0 elsewhere,

and 7) H (z ) defined: 51.29 <
5 i 0 elsewhere.

These CDF forms, used in conji.uction with the appropriate
9

values , specify the conditional. probability relationships for seven

erosion events as tailored to the Harvey Creek Drainage climatological



variable state, conditional probabilities.10

10
To be derived from Tables 3-6.

and hydrologic variables. Exact on-site probabilities are determined
70

by applying Bayesian analyBis to the values, the event conditional

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



11 These probabilities are the products of either the ZETA Function

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

VII. EMPLOYING BAYESLAN ANPLYSIS
71

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-

ulatiori of on-site event probabilities employs the Bayesian formula:

P(Ev ) P(SSIEV )

P(EvISS)
j j

P(Ev1)P(SSIEV1) + . . . +P(EV)P(SSIEV)

where:

EV erosion event j,

SS site (variable) state,

P(EV ISS) posterior probability of event j, occurring
j

on sites with variable state SS,

P(EV ) prior probability of event j occurring
anywhere,

P(SSIEV ) likelihood of site with variable state
j

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

Tables 21 and 22 allow for calculating 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(EVJISS) ). For

now, ignore the need for P(EV) the "prior" event probabilities.
11
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Table 21. Conditional Probability Table for Cause of Road
Erosion and Eight On-Site Variables, Given
that the Specified Event has Occurred.

Road Age Road Standard

Event Ri R2 R3 R4 Evt Si S2

Ti .08 .18 .34 .40 Tl .62 .38

T2 .58 .24 .10 .08 T2 .36 .64
T3 .49 .25 .14 .12 T3 .38 .62
T4 .48 .25 .14 .13 T4 .40 .60

Road Width Slope Class

Event ML M2 Event Ui U2 U3 U4
Ti .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 Vi V2 V3 V4 Event Wi W2 W3 W4

Ti .23 .28 .35 .14 Ti .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 .12 .23 .26 .39

Event Xi X2 X3 X4 X5

Ti .07 .i6 .19 .27 .31
T2 .40 .20 .17 .12 .11
T3 .40 .2i .17 .12 .10
T4 .46 .19 .15 .ii .09

Fracture Angle
Event Yi Y2 Y3 Y4Y5
Ti .07 .15 .24 .27 .27

T2 .4i .2i .14 .13 .1].

T3 .44 .20 .13 .11 .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.

Bedding Plane Dip
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Main Timber Age Harvest Method

Event El E2 E3 E4 E5 Event Hi H2 H3 114

Di .iO .i2 .19 .27 .32 Di .20 .25 .12 .43
D2 .29 .26 .i8 .i5 .i2 D2 .23 .i9 .45 .i3
D3 .36 .33 .i5 .09 .07 D3 .25 .20 .46 .09
D4 .28 .28 .20 .i3 .ii D4 .27 .20 .41 .i2
D5 .35 .25 .17 .i2 .li D5 .26 .2i .39 .14

Silvicuitural Method Slope Class

Event Cl C2 C3 Event Ul 1J2 U3 U4

Dl .15 .32 .53 Dl .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 .11 .20 .32 .37
D5 .57 .27 .16 D5 .05 .14 .26 .55

Soil Type Land Form

Event Vl V2 V3 V4 Event Wl W2 W3 W4

Di .17 .29 .30 .24 Dl .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 .i6 .28 .24 .32

Event Xl X2 X3 X4 X5
Dl .07 .15 .20 .28 .30
D2 .53 .i7 .13 .09 .08
D3 .45 .20 .15 .10 .10
D4 .42 .20 .16 .12 .10
D5 .41 .21 .16 .11 .11

Fracture Angle

Event Yl Y2 Y3 Y4 y5
Dl .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 .11



The conditional probability for all events for any cell type

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

culated in the following manner.

Select a category of erosion events, either
T4or D4. For illustration purposes D4 is
ued. -'

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

Extract the appropriate columns under each
variable state (Vl, Wi, U2, U3, E2, and ES)
from Table 22 and set up a matrix form.

Cell CL1 Cell CL2

Event E2 U3 Vl Wl Event ES U2 Vl Wl

For each matrix accomplish the simple
iterative procedure:

for each Row j1,5: (E2)(U3)(vl)(wl) Cl

(E5)(U2)(Vi)(wl) C2

Then, the conditional probability for each set of
particular on-site conditions, given that D4 has
occurred, is: -'

5
P(,U3,Vl,WijD ) (Cl )/ E Cl

.1 j=l
5

.P(E5U2VlWlID) (C2)/ E C2
jl

74

Dl .12 .11 .17 .40 Dl .32 .22 .17 .40
D2 .26 .25 .52 .12 D2 .12 .09 .52 .12
D3 .33 .25 .47 .11 D3 .07 .10 .47 .11
D4 .28 .32 .10 .14 D4 .11 .20 10 .14
D5 .25 .26 .33 .16 D5 .11 .14 .33 .16



Completion of these steps for cells CL1 and CL2 resulted in

the following conditional probabilities:

for CL1 for CL2

Event P(CLlID) P(CL2ID)

To calculate the actual. probability of event T or affecting

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

following.

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

Solve all C (z1) and H (z1) for the posterior
probabilitis or all and D4 (the P(EV)).

For example, assume the 50 yea storm event (i.e. the
very wet situation) has occurred, then:

FOR: ZETA 1 ZETA 2 ZETA 3

=

75

125, z 105, z1 85,

and from the C (z. ) and H (a ):
I. ii. ii

units P(T2) = .289
of: P(T3) = .203

events P(T4) = .063
month-acre P(Tl) = 1.0 - P(T2) - P(T3) - P(T4) .445,

and:

units P(D2) = .001
of: P(D3) = .274

events P(D4) = .153
nnth-km P(D5) .031

P(Dl) 1.0 - P(D2) - P(D3) - P(D4) - P(D5) = .541

Dl .061 .690
D2 .287 .098
D3 .311 .053
D4 .091 .045
D5 .250 .114



3) To illustrate ue of theBe probabilitieB employ the
P(Dj) with the conditional probabilitieB calculated
for CL1 and cL2.

Event P(cLlIDj) x P(Dj) a1/Ea1 P(DjIcLl)

' tetnporal/

space units
are

per
2

per

J month
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1

Event P(CL2ID) x P(Dj) = a2/Ea2 P(DjIcL2)

Dl .690 x
D2 .098 x
D3 .053 x
D4 .045 x
D5 .114 x

.941 tetnporal/

.008
IBpaCe units

.020 are

.030

J

per km

.001
per
month

.3961 E = 1.000
2

For a hypothetical watershed which has 15 km2 of CL1 type land and

for the 50

x Area = EF2

x 50 = 0:4
x 50 = 1.0
x 50 = 1.5
x 50 = 0.1

EF1 EF2 Expected Frequency for Event

1.2 0.4 = 1.6 rockslides
6.2 1.0 7.2 debriB avalanches
3.3 1.5 = 4.8 slumps
0.1 + 0.1 = 0.2 creep events accelerated

Remember, that Ll and CL2 differ in two ways. First, CL1 has much

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

steeper terrain (2 1-50 percent vs. 51-7 0 percent). Changing

these two factors had a substantial impact on the expected

.033/Ea .286

.009/Ea1 .078

.048/Ea1 .416
= .025/Ea1 .217
= .0003/Ea1 .003

= .1153 E 1.000

.541 = .373/Ea =

.031 = ..003/Ea2 =

.153 = .008/Ea2 =

.274 = .012/Ea2 =

.001 = .0001/Ea2
2

50 km2 of CL2, the expected event frequencies

year storm are:

(EF) for

Event P(DICLl) x Area = EF1 P(DICL2)

D2 .078 x 15 1.2 .008

D3 .416 x 15 6.2 .020
D4 .217 x 15 = 3.3 .030
D5 .003 x 15 0.1 .001

Dl .06]. x .541
D2 .287 x .031
D3 .311 x .153
D4 .091 x .274

D5 .250 x .001



77
frequency outcomes. In this way, the method outlined .o far provides

one quantitative measure of how differing variable states affect the

expected erosion frequencies. A second auth measure wa a10 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 appropriate 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 (O'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 Weib1l parameters, hence no fit

test, and the larger class was fit against some 80 actual event

sizes. For this study, four out of five T3 events were assumed to

be from the smaller size class (O'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.



Road
Erosion

Slope
Erosion

Table 23. Summary Table for Erosion
Event Size Distributions.

Event Welbull Parameters x2
Type

a B

N - not fit, empirical

estimates, therefore,
no statistics reported.

x - no x2 statistic reported due
to small wicertain parent population.

78

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

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
T4 0.8760 6274.77 6.28 5
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Limited information was available on rockelides (D2),

however, 66 recorded events could be identified to be directly

associated with rockslide activities. Therefore, one size 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 class 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

dennstrated 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 yoi.uig stands,

recently cut areas, immediate stream banks, and shallow transitional

(cohesive to non-cohesive) soils was fit with .a Weibuj.l 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. Appropriate tests were

conducted.

Very little 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 contribution80

was made by fitting a Weibull distribution to the small nuither (nearly

30) of the "related" events. Because reasonable fit testing requires

at least 40 saniple points and because of the unsure relationship

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

this fit is reported. 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 Hj(zi)

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 this 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 techniques required to

accomplish a dynamic system view of each alternative in a changing

Harvey Creek Drainage.



12See Chapter III.

VIII. SPECIFICATI 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 Headquarters in Corvallis, up-to-date resource

inventory materials were 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. Tither age classes correspond roughly with

tither types and a detailed age class map is 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 horizontal (*3°). Additionally,

steep sloped areas in the Harvey Creek Drainage result from

highly steepened fracture angles (Burroughs et al, 1971, and Swanston,

1975). Therefore, all slopes exceeding 50 percent were assumed to be

underlain by horizontal bedding planes fractured "steeply with" the

slope. Slopes less than 50 percent were assumed 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 Creek 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 into a series of smaller, uniform cells measuring sixteen

81
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FIGURE 8. Harvey Creek Drainage
Soil Type Map.
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Figure 9. Harvey Creek Drainage
Slope Type Map.
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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.
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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 coimnon 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 ES 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 forest).

This compromise with reality was adopted in order to have a homogene-

ous data base for initial conditions. Such homogeneous initial condi-

tions help to simplify ordinal alternative comparisons by reducing the

potential sources of variation in each outcome set f or 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).

87
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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 i1Lvrnntivüs 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 attempt was made to determine the opti-

mal block harvest scheduled which minimized such costs; a simple em-

pirical assignment 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 interpretations of Bulletin 201 (McArdle, et al,

1961).

Data pertaining to the existing road system was also provided by

Siuslaw National Forest personnel (Saurbier, 1975). Approximately

six miles of primary gravel surfaced road (52, Ml) has been constructed

in the past 15 years. Appropriate variable states for road standard

(Si), road surface (Mi), slope class (Ui), road age (Ri), landfortn

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



Table 24. Block Cutting Schedule.

Year Block Year Block Year Block Year Block
Cut Cut Cut Cut

89

1 1 23 65 45 34 67 76

2 60 24 19 46 33 68 74

3 2 25 54 47 73 69 27

4 3 26 11 48 72 70 26
5 59 27 10 49 21 71 24
6 4 28 9 50 48 72 46
7 58 29 64 51 49 73 43

8 57 30 68 52 79 74 41
9 5 31 67 53 80 75 39

10 6 32 20 54 81 76 40
11 15 33 53 55 35 77 38

12 61 34 12 56 32 78 37

13 16 35 13 57 31 79 75

14 17 36 14 58 30 80 36

15 62 37 83 59 22 81 29

16 18 38 70 60 23 82 28

17 56 39 69 61 47 83 25
18 55 40 71 62 45 84 84

19 7 41 50 63 44 85 85

20 8 42 51 64 42 86 86

21 63 43 52 65 78 87 87

22 66 44 82 66 77 88 88

Stand
Age

Table 25. Yield Tables for Unthinned Stands of
Four Tither Types (Actual Volume
in Scribner Board Feet per acre).

Type I Type II Type III Type IV

20 7998 1342 4796 805
30 17154 2878 10421 1748
40 25809 5329 15311 5000
50 33955 8722 19467 8357
60 41591 15185 22888 11045
70 48717 21040 25575 13058
80 55332 26247 27527 14559
90 61438 31118 28745 14559

100 67034 35516 29229 15487
110 72120 39430 28978 15843
120 76695 42951 27992 15304
130 80762 46236 26000 l488
140 84317 48977 25000 14521
150 87363 51201 24000 14061



access component for all alternatives considered. 90

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. Headvalls 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
14

both clearcut and partial cut. The mixed alternatives (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 timbr was clearcut by the

helicopter skycrane. This provided minitnal 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 fl 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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Use of trade names or equipment designations in this report
does not imply endorsement by either Oregon State University
or the project researcher.

92

An infinite number of, such alternatives could be devised, but

netary constraints dictated this somewhat limited approach. These

ten alternatives provide for a wide range of reasonable 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:

right-of-way cleanup,
trimming cut banks,
end-hauling,
twenty-five year flood design for culverts, drain-
age ways, and stream crossings,
stabilizing all cut banks and fill slopes,
outsloping all midslope roads with burms,
clearing drainage ways of all debris during
construction,
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
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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. 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 particular harvest system employed for a specific alternative.

Road segments 1-70 were primary gravel (S2, Ml), 71-125 secondary

gravel (Si, Ml), and 126-162 secondary spot stabilized (Sl, M2).

Density of forest access requirements re dictated by the

yarding capabilities of particular harvest systems employed. Recall

that the harvest systems assumed for each alternative in this study

are delineated in Table 26. Figures 14-16 and Table 27 present

general system specifications for the systems selected. Haulback

line capacities for the West Coast Falcon and Smith Berger Marc I

systems dictated limits on maxiinum.yarding distance allowed when

these systems are used. For this study a maximum yarding distance of

1200 feet was assumed for the West Coast Falcon system (all higliLead

settings) and one of 2100 feet was assumed for the Smith Berger Marc I

(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 needbe established 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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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.



IX. THE NARVEY 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 conditions,

slope erosion, and road erosion associated with a set of proposed

harvest alternatives. Appendix D contains a program listing and

samples of all relevant data files utilized in operational rims.

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 nxdel operations.

The basic premise of ILABASS is that the stochastic nature of

climatic and hydrologic parameters control the stochastic properties

of erosion phenomia 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

states. 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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various harvest and road alternatives. Table 28 presenta a listing of

significant model assumptions, constr.iinta, and special featurea.

The model structure has general applicability. However, the spe-

cific HARASS form presented here must be modified somewhat. HARASS

utilization reqi4res simulation of monthly precipitation and

soil water content levels (Si) to use for determination of monthly

values. Each new area of application requires development of a new

watershed model which simulates montly and Si.

The new watershed model can be incorporated into HARASS by its re-

placement (in synonomous form) of subroutine WTRS}IED. 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, Q..(zi), functions for each event type in T. and

any new ZETA k populations must be scaled to these initial populations.

If this scaling was not accomplished, new Qj(zi) would have to be

developed for each model use. The scaling factor recommended

16
This study area has no significant snowfall, therefore P is monthly
precipitation delivered to the watershed. In areas whici experience
snowfall accumulation, P represents the monthly water amount in in-
ches delivered to the sob surface layer, e.g. January snowfall melt-
ing in }tarch provides for March and none for Janaury. This requires
inclusion of a snowmelt component in the appropriate areas.



AS SUMPT iONS

Road segments and
forest cells are
mutually exclusive.

Road and slope
erosion events are
wutually 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 content
provi
ot erosion potentials.

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

Event probability
functions have the

Qj (zj) form
presented.

"Bayes Theo rem"is
applicable.

Event size distri-
butions represent
reality as presented.

Table 28. Key HARASS Assumptions,

Constraints, 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
sumner cutting period.

All partial cuts are
40 Z.

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
back to zero.

Road right-of-way

widths are 50 and 35
feet respectively
for S2 and Sl.

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 coluiir mul-
tipl icat ion approach

is used to calculate
Bayesian conditional
probabilities.

A random number func-

tion simulates up to 40
streams of random num--
ber Integers (1,83886081.

The zi values can be
calculated through
either a watershed
model or siu1t-cd
from 3 continuous
Weibull distributions.

Numerous harvest
alternativcs can be
specified by keying
several internal
program options.

Once tiuber regenera-
ted and over 40
years old niodel trans-
fer H and Ci states to
114 aJ 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,
all on-site variale
states and totals,
means and standard
deviations.
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The watershed ndel Any cell with a road
does represent reality. has a 20% area reduction.
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is:

FACTORK

[ :: ]/[:: I
Here:

hk
mean of ZETA k population for Harvey Creek
Drainage.

a
hk .... standard deviation of ZETA k population for

Harvey Creek Drainage,

U
nk .... mean of ZETLk population for new drainage basin,

nk .... standard deviation of ZETkk population for new
drainage basin.

When the user has replaced WTRSHED with a new watershed model,

FAcroRk is read in for use in subroutine ZCMJCI. All new z values

are multiplied by the appropriate FACTOR.K in this subprogram. For this

study, FACrORIK (k =1, 3) was set equal to one. If the option to employ

Weibull distributions for simulating new z values is selected,

FACTOR.K should be multiplied times all z values in each ZETA k

population prior to fitting the new. and 8k parameters. Then, simu-

lation of values in HARASS from subroutine ZCALCII requires no

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 ZA k populations, he may fit new

Q (zi) functions to the new ZETA k populations just as was done in Chapter

VI. Regardless 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 cothines basic theoretical components

of watershed modeling, Bayesian analysis, and elementary activity

scheduling, processing, monitoring, and updating. The key to

its structure is found 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.



annual construction costs,
annual. maintenance costs,
annual road repair costs,
annual total road costs,
annual harvesting energy
requirements,

annual regeneration costs,
annual harvest equipment
costs,

X. THE HARVEST AND ROAD PRESENT
NET VALUE MODEL -- HARP.

The Harvest And Road Present net value ukdel (HARP) is a FORTRAN

IV analytical. model which determines over time the following:

106

annual harvest labor costs,
annual harvest setup costs,
annual total harvest costs,
annual. total tither sale
returns,
alternative discounted returns,
alternative discounted costs,
alternative present net value.

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 gineering Department at OSU.

Figure 18 is a stylized flow diagram of major model processes.

HARP was designed and built to be used in conjntction with HARASS.

Key output from HARASS serves as input for HARP:

table of road damage (T3) and road failure (T4)
events by month, year, location, and size in
cubic yards,

table of annual road construction by type (Si,M1)
and annual acres and timber volume harvested

by type.

Additionally, review of Appendices D and E will illustrate 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 udel 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 constructi 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 makea no

sense to plan a costly construction procedure which will prove futile.

A point of interest is that the Siuslaw National

Forest engineering staff "does not recommend inidslope roads for the

Harvey Creek Drainage. However, inidslope roads are included as a

viable option for this study in order to determine what might be

expected to occur if they were constructed, both from an erosional

perspective and from a "total" cost perspective. Another important

point is that the relatively high construction costs for the secon-

dary roads (very nearly equal that for primary roads) is due to their

normal location in rougher 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 type, volume, and location of tither harvest as well as

acres harvested. All costs relationships are based primarily on

work reported by Dykstra (1974 and 1975) dealIng with production and

cost equations for a variety of harvest systems and conditions.

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:

determine single turn time in minutes for a
particular system under specific site conditions,

calculate total number of turns required to
harvest a unit,

determine number of yarding road changes and
number of landings per unit,

calculate total harvest time in hours from --

Harvest Time -[(Turn Time)

(Number of Turns) (Delay Coefficient) + (Road Change Time)

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

then: Harvest Costs 4(Harvest Time ) (Labor cost/hour +

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

Single turn time In minutes is calculated from regression equations

taken from Dykstr&s work. The basic form is:

Turn Time = a + b(X) + c(X) + d(X) + e(X)

f(X) + g(X) + h (X) + i (X)

where:

a ... regression constant,
b ... b - i are regression coefficients,

board feet volume per turn,
X2 ... volume per turn/number logs per turn,
X3 number logs per turn,
X1 slope yarding distance in feet,
X5 chord slope in percent,
X6 ... lateral yarding distance in feet,
X7 ... tagline length In feet,

number of riggers.

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

variable X1 - 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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17

See also, Chapter VIII, Figure 10.

to the tailhold. For helicopters, this is the slope of a line
112

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 nre

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 gallons 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 relative cost for regeneration. Based on

information provided by Lindner, et al (1975), the nuniber of trees

planted per acre was assumed to be 375. For this study, this forces

regeneration costs to be a constant $52.50 per acre. Any model user

can modify the basic equation by changing the values of 15, .10, nd

375 which are included as input data.

Annual harvest returns are based on the value of.

each timber type and the volume harvested nnua1ly 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
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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
T .e (1975 Dollars)

Type I

Type II

Type III

Type IV

Douglas-fir High Site

Douglas-fir Low Site

Douglas-fir Mix (60%)
High Site

Douglas-fir Mix (60%)
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. Also 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). In 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 user can modify an input file to alter

the cost and price indicies employed. The discounted costs, discounted

returns , and PNV are calculated from:

DC = [ (Tci)
(l+R)n

]
i= 1

n n n
DR

= [ (TRi)(l+RI) /(l+R) ] , and PNV DR - DC.

1=1

18

These are 'optimistic" mill values.

175.00

150.00

150.00

125.00



Here:

DC .... discounted costs,
DR .... discounted returns,

TCi.... total annual costs for year i,

TRi.... 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 pro4ucts 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 identification,

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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XI. 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 models do not provide "decisions", they

provide "information" which may be integrated into the decision making

process. Both HARASS and HARP are tmodelshI and as such are tlabstrac_

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 dennstrates examples of ndel products

from HARP. These two models were analyzed in 30 trial rtnis 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 specified 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 submit each alt-

ernative to numerous rims under different, independent random number sets.

This would have allowed for a nre thorough evaluation of the Impact

natural variation 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 fnsyc STATISTTCS
rOR ALTEDNaTIVE NO. j,IzZzI

OFF ROAD EROSTON

YEAR MONTiI SEG- SITE TN YEAR MONT,4 SEG- 517E TN
MINT CUBIC TO. MUll cueic YD.

1 2 15 19.2
1 2 16 Shq.7
1 2 21, 5.9
1 3 9 105.1
1 3 II 83.3
1 3 17 169.2
1 3 1 39.0
1 3 26 25.1

6 2 9 192.1
4 2 16 126.5
4 2 22 5.6

6 3 9 67.4

6 3 31 66.1
6 3 2 131.0
7 4 31 30.0
5 3 31 1191.6

10 4 2 3.1
10 6 5 370.1

10 6 6 78.2
10 6 9 92.1

10 '. 32 12.5
10 . 31, 66.0
13 . IsO 1.O

tisnrnsflflt
SUNMARY DATA SUMMARY DATA

TOTAL TOTAL
EVENTS SIZE

23 3570.0
MEAN SIZE STO. SIZE

155.2 276.3

QOAO DAN*r.E ROAD FATLUR

1 2 7 228.3

1 3 5 132.9
1 3 9 243.9

1 3 17 69.7
1 3 21 316.7
1 3 29 176.9
1 3 30 10.7
1' 2 4 173.
4 2 7 189..

Ii 2 21 711.1,
4 2 21, 142.
4 2 26 261.
6 3 9 397.6
6 3 16 42.2

6 3 31 79.9
6 3 32 137.7

10 4 1, 259.1
10 1, 5 169.3

10 5 1725.3

10 4 9 72.3
10 4 17 32.7

4 20 349.1
10 4 26 41.2.6

lEAR ICW,N $r. ST7E TN
MINT CUBIC YO.

1 2 18 6049.3

4 2 9 1114.7

6 3 25 7466.1

10 1, 17 12907.6
10 4 tO 22339.6

U. U

!UPNARY CATA

TOTAL TOTAL TOTAL TOTAL
EVENTS 517E (VENTS SITE22 6637.7 6 51004.1
MEAN SIZE ITO. SUE MEAN STZE ITO. SIZE210.8 162.2 8634.0 0049.0
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considerations.'9 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 udels for the ten

operational runs is presented in Tables 35-38. The extensive

alternative analysis which follows is based on this data and is

intended only to demonstrate the type of analysis possible.2°

Analysis of the Alternatives

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:

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.

Skyliiie clearcutting on all cells except headwalls and
streaniside 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 test:Ing expenses and operational
run costs totaled nearly 7,000 dollars. Final nxdel 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 alternative 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 nxde1 runs.

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

to be included. This In format ion would be available for any
intensive alternative analysis.
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Highlead clearcutting on all cells except headwa].ls
and streamside strips, which were not harvested at
all. Access system included existing six miles 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 running skyline system from this
road network were partial cut by that system. Ml
other blocks were helicopter ci.earcut. No special
cutting restrictions were applied on headwalls ad
streamside strips.

No harvesting or new road construction planned.
This represents the ttstatus 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 headwaj.ls and
streamside strips.
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These ten harvest and road alternatives ci be evaluated in

terms of numerous decision maker criteria. The criteria set

employed depends directly on the goals of the uianageaent agency

and the primary decision maker. The decision maker criteria set

considered for this analysis is:

minimize total road related costs,

mInimize road construction costs,

minimize road maintenance costs,

minimize road repair costs,

minimize total. harvest costs,

minimize harvest labor costs,

minimize harvest equipment costs,

minimize total road and harvest costs,

maximize total gross returns,

maximize total net returns,

minimize annual road erosion rates,

minimize annual slope erosion rates,

and 13) minimize annual total erosion rates.

Table 39 presents data for each harvest and road alternative 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.
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Table 39. Decisicm Maker Criteria and Ordinal
Comparisons for Ten }Iarvest and Road Alternatives?

a
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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ALTERNATIVES

}LANAGERIAL
CRITERIA 1 2 3 4 5 6 7 8 9 10

Total Road 1377 2040 2477 1377 2040 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

nanceCosts 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

fiarvest Equip- .s5i 206 281 964 132 1457 0 1,13 213 1554

mentCosts 10 3 5 6 2 7 1 9 4 8

Total 5444 2675 3564 2534 2475 3365 487 3241 2724 3510

Costs 10 4 9 3 2 7 1 6 5 8

Total Gross 9154 9154 9154 3665 3665 7843 0 5974 5974 9932

Returns 2 2 2 5 5 3 6 4 4 1

Total Net 3710 6479 5590 1131 1190 4478 (487) 2733 3250 6422

Return 5 1 3 9 8 4 10 7 6 2

Annual Road 2.74 3.93 5.19 2.74 3.93 2.74 1.21 2.74 3.93 2.74
ErosionRate 2 3 4 2 3 2 -3. 2 3 2

Annual Slope 4.14 5.32 9.97 0.96 0.96 3.67 0.96 1.30 1.30 5.69
Erosion Rate 4 5 7 1 1 3 1 2 2 6

Annual Total 6.88 9.25 15.16 3.70 4.89 6.41 2.17 4.04 5.23 8.43
Erosion Rate 7 9 10 2 4 6 1 3 5 8



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 alternative 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 information. Total road costs as a percentage of all

costs, and road repair costs as a percentage of all road costs for each
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alternative are:

Alternative
Total Road Costs Repair Costsx 100%Total Costs x 100ZTotal Road Costs

ONE 25.0 48.0
TWO 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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Road related costs are the only costs for Alternative Seven.
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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 labor cost criteria was the higblead option, Alterna-

tive Three. This cost component was from 2-7 times greater 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;

Alternatives Two, Five, and Nine. The partial use of helicopter har-

vesting (and the concomitant high equipment costs) for Alternatives

Six and Ten caused these two options to be placed eight and ninth

respectively in terms of total harvest cost criteria.



Manipulation of data in Table 39 reveals additional helpful

information on harvest related cost criteria. The percentages of

harvest and labor costs to all hnrvest costs, and total harvest

costs to all expenses for each alternative are as follows:
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Note that all alternatives which employ any helicopter harvesting,

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 quite significant. Also important

is that all alternatives not employing the helicopter system are dotnina-

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. Outlays here are

150 percent higher 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

Labor Costs Equipment Costs
Total

Harvest Costs
Alternative Total Harvest Total Harvest

Cost
(Note: all

Cost
Total Costs

ONE 10.0
times 100%)

88.0 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

WINE 53.0 31.0 25.0

TEN 22.0 73.0 61.0
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might be normally expected. Harvey Creek Drainage is quite steep

and highly dissected. Selection of a hlghlead system for such an area

is questionable on efficiency grounds, and application of Dykstr&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 quott alternative,

number Seven. The least cost alternative, when timber is 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
Total Gross X

Total Gross
Returns Returns

x 100%

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, redu-

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.

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
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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 groas 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

clearcut 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. Ecisting 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 annual road slope, and total erosion rates to the "status quo"

or existing background levels of Alternative Seven are as follows:

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 represent 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 re only four basic road systems employed for

Alternative
Annual Road
Erosion Rate

Annual Slope
Erosion Rate

Annual Total
Erosion Rate

l.2l/yds- acre 0.96/yds - acre 2.l7/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
SD 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
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all ten harvest and road alternatives: the existing, helicopter,

skyline, and highlead access road networks. The right-of-way for

these four 8ystems 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 construc-

ted across ridge tops just above headwall areas. This illustrates 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 headwafls. Almost all

remaining events were associated with either midsiope roads (slopes

greater than 50 percent) or roads on nx,derate slopes with shallow non-

cohesive soils. Roads required for skyline harvest yielded erosion

events which were associated with headwal].s 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. Midslope roads 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 mnidslope 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 percent

of total slope events and total slope erosion volume nxved for

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

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

follows:

Alternative
Debris Avalanche/flows
as Percent of Total

Slope Events

Debris Avalanche/flows
as Percent of Total
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
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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 streainside strips, and 40 percent

on steep normal slopes. Significantly, blocks clearcut had less than

10 percent headwall occupancy and less than 25 percent streatnside

strips, yet over 50 percent of all events occurred in these cells.

For Alternative Ten, helicopter clearcutting 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 headwa1ls 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 streainside strips. All other cells in the clearcut blocks

were on normal slopes with the inajortly 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

though almost all headwalls were partial cut only 12 events resulted.

On the other hand, a small percentage of all clearcut areas contained

headwalls, yet 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 percentage of skyline clearcut

blocks contained streainside 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. This level resulted even though care was exercised

to limit 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 renval 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 never

appeared.

All of this information taken collectively can have an impact

on how the analyst 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,



road erosion rates are directly proportional to acres of
right-of-way cleared, regardless of the terrain type,

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

partial cutting of streamMide strips and headwn]ls
had little impact on the total erosion level,

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

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. If

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 minimize all erosion he would maintain the ttstatus quott or

possibly partial cut all stands accessible 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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problems lend themselves to this type of analytical. procedure?

questions are appropriate and require discussion.

Perspective

These

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 laiowledge 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

XII. METHODOLOGY PERSPECTIVE 144
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 niethodology do

for him? Could a competent analyst have guessed the relevent model

outcomes correctly prior to analysis and precluded a substantial

investment of time and money? Does this niethodology provide a nieans

for evaluating indirect or direct impacts of timber harvests and

forest roads? If the methodology has desiiable utility, how might it

be employed by research analysts and field specialists? What types of



evaluate "niultiple alternative outcome comparisons" in addition to
145

individual outcome analysis. For example, could the logging eng:ineer

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 answer to these rhetorical questions is: most probably not.

However, following application of this study's methodology, the logging

engineer and erosion expert would be much nre 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 payments, 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 harvest opera-

tions or road placement. Indirect impacts, such as how much sediment

enters the streams, how many spawning beds uiay be destroyed, or how

sediment can affect downstream water treatment costs are also beyond

this study's scope.

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 inatricies

in Tables 21 and 22 and the form of event probability functions

(Q (zi)) are acceptable. Where there is disagreement with this assuin-

ption, the niatricies and functions can be modified to produce agreement.

Once this assumption is accepted, application of the study nethodology

reduces primarily to a problem of data gathering, alternative specif 1-

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:

existing road system, to include location, standard,
surface, and age;

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

slope classes;

soil types;

landform classes;

bedding plane angles;

fracture angles;
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historical harvest methods;

historical silvicultural methods.

This information should be gathered at ap scales of no less than

two inches to 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: 1) precipitation; 2) runoff; and 3) evapotranspiration. Water-

shed ndeling can proceed as was presented in Chapter V. The main pro-

ducts will be soil water content (S.), precipitation (P.), and monthly

ZA values (z.) 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 Q(z1)

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 the 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 concern.

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 iidel imdifications which will help generate more

realistic deductions.

Research analysts 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 lead 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 calculations.

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 corn-

pletc 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" comparative 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

cutting unit is:

road standard and surface, 6) slope class(es),
planned,

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

harvest method planned, 8) landform(s),

silvicultura]. method planned, 9) bedding plane angle(s),

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 much of this type of data is needed depends

on how complex and complete the analysis must be.

At the simplest level, a 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 analyst*. For example,

assume the following was calculated:

Pr (Road Segment (l)/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 ohance of
affecting road segment (2). Road segment
(1) is five times more susceptible (35/7)
to road failures than segment (2).

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 and 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 z (within
1

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 exactly 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 erosii "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 and

calculating 12 z values for each ZETA k function. These values can

then be utilized exactly as the three z 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 sFecialist wishes to be, he can use his imagination to develop

several different crude measures for marginal erosion impacts.

Cost and returns analyses may be conducted by applying approp-

riate production functions 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 WV analysis, such as done by HARP, is not

recoimnended for field applications unless some type of automated

calculation support is available. If this is the case, the PNV

equations on pages 114-115 can be applied to annual cost and return

components without having to employ the HARP computer program. If

a complete WV analysis is required, the field specialist should

work with a trained analyst or researcher to set up an entire EARASS,

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 conBtraints

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

computational facilities, and the imagination of each potential user.



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. &amination 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:

the finite variable states define adequately individual
and collective erosive characteristics of any forest
site,

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

the rule that all members of a class have like characteris-
tics is applicable for this study.
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were:

1) Road erosion
road age,
road standard,
road surface,
slope type,
soil type,
landforin type,

bedding plane angle,
fracture angle.
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The finite variables for the two separate erosion classes defined

2) Slope erosion
tither age,

harvest method,
silvicultural method,
slope type,
soil type,
landforin type,

bedding plane angle,
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 Q (zi) function

families. Because no single body of thought 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 charac-

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 this study was

devoted to constructing the analytical framework necessary for obtain-

ing such testable hypotheses. This entailed gathering, mapping, inter-

preting, and coding substantial amounts of hydrologic, clitnatologic,
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model was constructed for the subject study area 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 wdel, HARASS, produces the

testable hypotheses on on-site erosion consequences. Neither a goal

nor a product of this study was to titestfl 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 nxdel, HARP, is an analytical

nxdel 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 prinary research goal for this study.

The final goal of this study was to demonstrate "how" this

methodology can be applied. The forinating and subsequent HARASS and

HARP evaluation of ten different harvest and road alternatives

accomplished this goal. A methodology which will help integrate

erosion data and certain related capital investments into the decision-

making process. was developed and dennstrated.



Evaluation of the Methodology Pr.ffered

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 improper conditional probabilities (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 cause 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 assumptions 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 nxdel 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 ignored. If this matrix is synergistic the

calculated probability will be less than the actual, and if it is

antagonistic the reverse occurs. Crude estimates can be made for

these inatricies, but determination of the synergistic, antagonistic

156
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aspect is not within the scope of current Iow1edge. How critical, the

mutually exclusive reStriction really Ia may be 1uiown only through

future hypotheses teating.

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

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: Q. (z1). 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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each function equation. Once zigIn, 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

probabilities. Little need be said about this restriction except.

that how accirately hypotheses can be developed from this theorem

depends only oi the non-refutability of the three key methodology

assumptions and the three HARASS restrictions just discussed.

Assumptions regarding erosion size distributions were also

important. For the most part these size distributions were based on

existing data and represent the composite current knowledge. More

indepth future research on event sizes may indicate that the functions

employed should be altered or replaced. Such a change will not impact

the methodology; it only will lead to minor internal nodel modifica-

tions.

Numerous other restrictions were employed throughout the struc-

turing of HARASS and HARP, however, those of major interest have

been discussed. Because of .the hypothetical nature of the completed

methodology presented and lack of any rigorous hypotheses testing,

one u1ght 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 sjte 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 1.7]. cubic yards per

acre. O'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. In a study

of 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 reported by HARASS for slope

erosion varied froTn 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 frequency level for all road and slope events ranged frotn

0.0024 to .0238 per acre. The range for all harvest alternatives

except the highlead alternative was 0.0051 to 0.0136. Again, 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-

lin (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 erOsion 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 st studies due to meaBurennt

technique limitations. This will cause an increase in both total

events and total volume of material uved 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 PNV 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 high-side 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 Norrisckl (1975) more than 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 Dyrness

reported an increase of 30 times 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



The following conclusions have been derived from a study designed

to develop and dez&nstrate a methodology for integrating specified

erosion problems and capital components Into the decision makIng process:
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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 laiown, 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

reality and as such only yields "relative," not "absolute" Information.

The importance of this comment cannot be overstated, and any attempt

by myself or any potential user of this methodology to ignore this

f act would be a serious error. Additionally, the method presented

herein offers an analytical tool which can be employed under "office

conditionst' in order to evaluate forest site impacts. Use of the

methodology without well integrated on-site activities cai 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 problenE currently

troubling forest managers; it has been to develop a process by which

the systems contributing to these problems can be more formally struc-

tured and evaluated. Hopefully, this has been achieved.

Conclusions



enough expertise exists to allow use of the Aristotlean
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method for developing deductions on the particular from hypotheses

about the general for the analysis of forest erosion processes,

an erosion index function family does exist, and for this

study was represented by a functional form which integrates the corn-

bined relationship of precipitation and soil moisture content levels,

frequencies of slope and road erosion are quite small in

time and space, but can be represented functionally by an exponential

type function based on a specific erosion index family for each

mutually exclusive erosion event,

erosion event size distributions .can be represented by

continuous function forms,

the Weibull distribution has a "wide't range of applicabil-

ity for analysis of many forest eco-system variables which have num-

eric values greater than or equal to zero,

development of an erosion simulation model which is a logical

consequence of the above five conclusions is within current state-of--

the-art techniques,

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-systein and the

forest operations cost structure,

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,



the first 10 years after road construction appear to be

tiost critical for road erosion events simulated herein,

the first 20 years after initial cutting appear to be

post critical for slope erosion events simulated herein,

together, slope erosion and road erosion can create sig-

nificant economic impact on the forest investment capital structure,

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 d.ts files n this app.ndz are:

$otthly runoff in thches of water as recorded
at Tidewater, Oregon on the Alsea River free

1933-1974.

Ii4st.d nthly precipitation and actual pr.-
cipitation in inches of water for Als.a Fish
9atchsrp, Orsgon. Siaulated dat. covers 1933-1931

aed actual data 1932-1974.

Actual aonthly precipitation n inches of water for
Bcuay.sn State Park, Oregon froc 1933-1974.

This inforeation was used to develop a watershed del for the
Harvey Creek Drenage near taedsport, Oregon.

1) Runoff data for Tidewater, Oregon.

MAR APR kAY JUN JLU AUG SEPT OCT V DEC

10.51 10.64 3.01 1.08 0.74 0.37 0.47 3.36 13.22 22.74

14.67 4.98 1.48 0.83 0.46 0.30 0.31 1.31 2.18 7.39

13.33 5.20 2.34 1.23 0.64 0.45 0.31 0.64 1.79 13.44

5.94 7.62 2.32 1.09 0.30 0.28 0.31 0.46 7.77 6.25

3.96 4.14 2.39 1.27 0.63 0.35 1.18 1.75 2.28 3.81

9.67 8.02 5.62 2.05 0.76 0.46 0.35 0.66 11.19 5.70

17J.. 4.Sb 4.4.', Ls O.ój u.31 0.36 1.UL j.l4 U.lhj.:l u.ij j l.2 O.6. 0.4 0.42 2.21 7.53 5.35

7.97 10.78 6.38 1.37 0.81 0.45 0.47 1.01 8.22 5.26

9.11 2.73 1.74 0.97 0.61 0.44 0.32 0.36 4.20 25.61

3.31 2.61 1.85 0.87 0.46 0.32 0.20 0.40 4.09 9.04

14.65 2.96 1.14 0.60 0.40 0.23 0.23 0.48 3.65 11.76

8.14 4.87 1.87 0.85 0.41 0.25 0.21 1.90 2.34 10.20

7.03 2.94 1.99 2.22 0.71 0.81 0.74 2.72 9.45 19.88

7.07 3.19 2.03 1.14 0.71 0.38 0.51 1.29 2.64 10.54

4.51 3.40 2.53 0.94 0.49 0.29 0.31 0.81 3.70 13.50

14.66 8.82 2.25 1.39 0.79 0.43 0.89 1.08 8.86 19.18

13.53 7.60 2.69 1.25 0.36 0.33 0.34 0.31 1.60 10.04

5.21 3.04 1.57 .0.78 0.41 0.25 0.62 0.71 20.24 21.51

Siaulated Precipitation Data for Alsea Fish Hatchery
on the Alsea River

!i J_ 2
11.94 3.35 8.70 2.45 QO3 0.95 6.48 4.99 6.62 22.14
7.71 3.86 3.51 0.60 0.41 0.56 2.18 9.66 18.78 20.64

14.31 4.65 1.52 1.50 0.43 0.26 3.84 5.00 8.45 9.97
7.29 3.43 5.40 1.33 0.68 0.20 0.75 0.49 10.14 15.22
8.35 12.69 3.64 4.64 0.13 1.63 2.77 6.27 21.68 18.87

21.44 3.88 2.17 0.69 0.31 0.08 2.71 6.79 13.72 8.19
8.73 2.59 2.14 2.86 1.16 0.90 0.17 7.51 6.24 20.03

12.79 4.23 3.46. 0.15 0.75 0.19 3.81 9.49 3.31 15.75
4.25 4.65 13.13 2.33 0.07 0.77 8.67 3.48 14.56 23.68
6.72 6.71 5.65 2.85 1.63 0.12 0.11 3.25 22.26 24.21

11.51 5.82 3.26 2.15 0.72 1.63 0.11 14.00 9.07 7.13
8.02 8.45 3.01 1.24 0.08 0.17 2.22 3.17 12.86 7.64

16.20 8.48 5.79 0.22 1.14 0.38 4.32 1.74 23.08 12.14
10.14 5.48 1.82 2.94 0.80 0.18 3.53 11.73 18.42 16.25
11.83 6.44 1.33 5.10 1.46 0.90 2.61 20.69 12.40 11.22
11.70 11.22 5.64 1.24 1.25 6.72 4.07 15.18 13.38
8.33 2.54 5.22 0.91 0.63 0.50 3.31 4.45 13.30 13.17

13.81 5.52 2.94 1.26 0.54 1.33 2.71 15.08 17.88 13.44
13.59 3.60 3.86 0.53 0.86 0.28 2.71 10.38 .14.45 15.93
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I33 22.70 12.19

1934 13.94 3.53

1935 11.78 7.46

1936 18.35 10.98

1937 16.13 19.72

1938 13.34 15.86

1939 12.58 12.44

1940 11.33 22.47

1941 16.33 5.49

1942 11.88 14.14

1943 13.56 8.55

1944 8.08 11.44

1945 13.15 15.21

1946 14.72 11.50

1947 11.82 6.69

1948 14.27 1.6.82

1949 4.73 20.15

1930 27.77 15.03

1931 18.97 12.02

JAN PEB

1q33 9.06 6.71

1956 22.62 10.84

1q37 5.00 .10.28

1938 12.43 16.35
1q39 18.37 11.98

1960 3.42 15.34
C.7 1.76

. 9.03

1963 2.93 10.61

1964 21.29 5.66

1963 20.71 6.82

1966 19.09 6.07

1967 15.29 7.67

1968 8.30 13.10

1969 13.71 12.65

1970 23.70 10.52

1971 19.80 5.88
1972 19.86 9.50

1973 10.69 3.08
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'3) ?r.cipitstioi Dsts tOT oo.yazt Stst. ?$Tk, OT.gon

i! ! !E8 MAP. APR MAT JUN JIL AXIC SZPT OCT 1109

1933 15.11 9.78 10.02 2.73 10.15 3.10 0.04 1.13 3.35 5.05 2.75 17.76
1934 11.03 2.69 6.27 3.20 3.28 0.50 0.55 0.64 1.95 9.34 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 4.59 7.87
1936 14.59 8.77 5.90 2.81 5.78 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 0.04 2.40 6.73 11.05 6.44
3939 9.94 9.99 7.16 2,05 1.47 .3.79 1.35 1.06 2.41 7.39 2.30 16.03
1940 5.94 18.50 10.78 3.54 3.22 0.08 1.01 0.13 3.26 9.18 10.64 12.55
1941 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 5.41 5.90 6.11 3.78 2.19 0.09 0.36 3.39 21.04 19.45
1943 10.73 6.76 9.63 5.04 2.95 2.62 0.96 1.98 0.36 13.19 5.61 . 5.59
1944 6.34 9.16 6.54 7.63 2.62 1.25 0.10 0.15 2.01 3.31 10.04 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 8.41 4.72 1.04 3.94 1.07 0.16 3.04 11.19 16.55 14.58
1947 . 9.33 5.24 9.92 5.64 0.39 5.03 1.96 1.07 2.32 18.56 9.51 8.88
1948 11.30 1.3.68 9.80 10.45 6.10 1.29 1.68 1.92 5.54 4.15 12.76 16.63
1949 3.68 16.51 6.81 2.01 5.55 0.86 0.85 0.56 2.57 4.34 10.56 10.46
1930 22.23 12.17 11.71 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 11.90 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 20.55 12.64 12.47 7.87 8.45 2.55 0.40 3.64 2.61 5.02 15.69 19.02
1934 18.80 8.68 7.73 6.07 1.81 4.38 0.72 2.99 2.62 6.98 10.39 16.66
1955 7.77 L38 11.54 1l.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 2.04 11.77 2.15 12.53
1957 7.78 10.35 16.66 4.68 3.38 2.25 0.75 1.51 1.97 7.62 4.00 20.21
1955 12.76 15.03 8.04 8.13 1.27 1.70 0.01 0.81 3.07 4.50 15.18 10.12
1959 24.86 11.40 8.71 2.36 4.34 3.06 0.87 0.81 7.56 6.24 4.57 5.97
Qfl 12.51 14.51 11.20 7.76 10.11 0.59 0.09 2.07 0.91 7.32 18.77 5.09

161 7.73 17.06 15.%1 %.77 7.61 1." ...- .. 6t
1962 4.96 10.6q t.fl7 4.Ofl 4.3 1 10 0 1 ?.44 2.90 .2i 12.66 6.'
1963 5.05 10.65 9.49 12.16 5.54 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 3.34 2.61 1.49 1.29 2.48 14.01 20.51
1965 20.57 4.43 2.03 5.06 2.57 1.26 0.54 0.74 0.58 3.69 13.61 15.04
1966 15.26 8.06 14.68 1.94 1.10 1.53 1.01 0.32 2.92 5.14 13.88 12.38
1967 19.06 7.10 9.52 7.74 2.06 0.95 0.01 o;oi 2.06 7.20 6.70 12.18
1968 9.83 10.77 8.78 3.53 3.99 3.46 0.72 7.21 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
1971 16.61 8.41 13.41 9.61 2.35 2.98 0.38 3.24 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 5.61 3.28 10.39 2.24 2.84 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 3.16 0.11 0.43 1.37 10.05 15.18
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Appendix B. COMPUTER PROGRAM FOR ESTIMATING
WEIBULL SHAPE AND SCALE PARAMETERS

This program was written by
Detinis Dykstra of the OSU
School of Forestry, Depart-
ment of Forest Engineering in
Corvallis wd collaborated on
by this project researcher.

ITERATIVELY !NO GAMMA. TH SHAPE PAR&MTR.
CAMMAO=SQRT(C(8-FLOAT(N)'(A"2))(FLOAT(N-1H)A)

C

C

1
C FUNCTION C !S flSHMANtS FUNCTION F cUNCT!ON i

1i3 C IS 141$ cUNCTION Ft.

uS ITREC
Sib ST(Pz1.
47 XLASTzI.
46 QTTG(GANMAO.N,X,C)H(IAMAO.N,X,C)Ic lOT LT. 0.) VLAST=-1.
50 GAIqMA=GAMWAO-(STIP'XLAST)
SI 130 QT*G(GAMP4A0.W,X,C)H(GMA0,N X,C)
52 IF COT LT. 0. AND. XLAST .6+. 0.) GO TO 135
53 IF COT CT. 0. AND. XLAST LT. 0.) GO TO 135
SI, 13g. GAMNAGAMMA0-(STEP'XLAST
55 ITERITFReI
Sb GANMA0=GAMA
57 60 10 130
58 135 STEP=STFPfl.
59 I CSTFP LT. .001) GO TO 13b

XLASTEXLAST' (-I.
GO TO 13i

136 GAMMAsGANMAOlGGANMA0,W,X.C)H(CAMAO,W,X.C))
ITEQzITER,l

6*. TZABS(GAMMA-CAMMAO)
IF IT LT. .00001) GO TO 10
GAMA0EGAMMA
GO TO 130
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&

S

PROGRAM WUBULL

THIS DROGRq COMPUTES STTMATES CR THt WEIULL
C O!STRIqUTIOP4 PARAMTFRS 8(TA AND GAMMA, AS5UPING THAT

5 C THE LOCATION PARANET(R, ALPHA, IS EQUAL TO ZERO.
6 C TIlE METHODOLOGY US(D IS THU F PAXIMUW LIxIMooD
7 C (STINATTOPI AS OESCRIEO 9Y C. S. FISHMAN IN CoNCEPTs
B C A;iD WETHO')S IN DISCRETE VNT DYGITAL IMULTICtr, JCP$N
9

IC
C
C

WILEY SONS 1973, P. V.6. C&NA TIIE $14*PE PARANtTE,
CORRESPONDS FISHMANiS ALPK* AN 8TA THE SC&LE

11 C PARAMETER (OR CHARACTERISTIC LIFE) IS ALO ISHMANtS

U RQUIRS DATA INPUT (OBS(RVATIOWS) PROM LOGICAL
15 C UPIIT NUMBER 5.

DIMENSION X(1500)
18 NC
19 100 NzN+1
20 x(w)*cFINcs)
21 I IX(N).LE.0.0 X(N)=0.00001I IEOF(5)) GO TO 110
23 GO TO 100
2 110 NN-1

COMPUTE flSHNANtS A (THe ARITHMFTIC stAN) B (T$E
27 C R&W SlId OF SOUARS), AND C (THE LOGARItHMIC MEAN).

C
A=BzC.0

30 00 120 I1.N
31 A=A+X(I)
32
33 CXC+ILOGFIX(I)))

120 CONTINUE
35 A=A,cLUAT(w)
36 CzCcLOAT(W)
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SB 160 FORMAT SSIWEIBULI. PAPAMETER ESTIMATES.s.'vo BETA HAT ' S.

J j6 6FV GANNA NAT E3.6.AFtOTHE ESTIMATION OF GAMMA S,*HA REQUIRED iTERATIONS.,)S
$3 CALL EXIT

END

S5 FUNCTION GSGANMAO.N,X,C,

THIS FUNCTION CORRESPONDS TO FISHPANSS FUNCTION F.
S9 OINENSION XII)

1'X2'

XIXI.IIX I)"&AMMAO)1OGF(X(I,),
3 100 I1,N

X!I1.IXII"GAMNA0
150 CON NU

(FLOAT (NI/GAMMA) I. (FLOAT (N) C)-IULOAT (N)XI l/Z?)
RE TURN

Ri. END

FUNCTION HIGANMAO,N,X,C,

THIS FUNCTION CORRESPONDS TO FISHMANSS FUNCTION FS.ISO
1O C

i10

OIMENSION 1(1)
03 Z1'X2zX3'S
0 DO 150 I1.N
OS
106

X X ((X(I)"&AM4A0)LoGrxunn
0 100 CONTINUE

109 HZ(FLOAT(IO/IGAM4AO'2))_((FLOAT(N)X1)FX2).((FLOAT(N).
110 1 1X3"2))F(X2"2))

RETURN

ii
150 CONTINUE

1,0 BETAD

WRITE (61.160) IITA,GAMMA,ITER

RETAV(RETA/FLOAT(N) I'' Ii. #'GAMMA)

00 150 I.1,N
BETA.RETA.IXU) "GAMMA)

COMPUTE BETA. THE SCALE PARAMETER.

PRINT RFSuLTS.



Appendix C. COMPUTER PROGRAN FOR THE HARVEY CREEK
WATERSHED AND EROSION INDEX WDEL

84001
P.00LM HARVEYW;

1.115 RoCA' I A IMtJLAT JUN JUTTM ro SIMULATING
0.00' C TH'I P'[CP'ITATION. UIOv A°1Lt1S9II'ATI0N, AND
0400" C (ouu1 H4TN CJrTr'T T" ''vF 4*T.'-
0'Gt. C Sir') Iti 511T ,IMrUU. t'Ln(;Ic fl) AP.ALYI C T.it

0.00? C Y)ePCT 1 V1T3US C FNT:ATIP4S OF bH GROUND
0.001 C hA1 COP.TtT AND P C1P1T1TI,J LE1EL.

C
0.013 OIM1.NCION (T(1?).c1?) ,PU2.P(12).AL(12).ALF(12)
0.011 IMEPSIU4 PDU?) ,TP(1') ,TT1,.1E!(12),1GI12)

0IIETJSI04 IA(12) ILZ) .IL..) ,LFit.(12)
0.013 DI1uWIoN 4IETA(12) .Z1A(12,?).(7),A(7)
0.014. UNSTfl' 'ill?) .4(12), x(12),.(12)
4_l5 DuEl TiN ?'(1),P.'.(j2)
D.Olb 0C)(.10T) (1.(<) .JC(K),IR(K),I(:1,12)
0.017 100 cJ'MA1(3(3.(.17))

- PEtO(C,.) (1(T).*L(I),I1.12)
0401 101 ).p(AT(2F1).2)
0'020 D(,1O2) l.LPiA(J), BETA (J),Jj,j)
4.2. 1.2 F.).MAT(F..!)

4.ED(7.1.3) ((K1),L('(1) .klrl,3)
0.023 103 F.MAT(?F1O.3)
0.02. RD(.10.) (1K),(),.(r1,12)
04125 1.'. FOMAT(?r1.2)
0.026 PtAD(10.l0,) (R.P(K1) ,PA('(1),XL1,121
0'027 105 F3MAT(213.3)

0402 C
0.033 C PRINT TNt MAIN IARLE HEADINGS
04u31 C
0.03? wiTE(31.200) (I.I1.T
04033 200 c3..MAI (1,11.4. ,V'1'.T'LY g. 3, ATrCS,4., sup.oCFs,Ex

0.035 2 IH ,5.,A'.t,.1,CC'&TE4TS///)
u436 WPITE(33,.03)
0.037 4.00 FO411( liii .3*.SYFLLY$,.X.44ATS,5X.?ANNUALS.4.X
0.C33 2,S*NNUALS/
0.03 3 1$ ,3,*°ECI ,SI,SETS/
D.C...) 4. EN ,11x,:AT YEAR 404//I)
0.04.1 C
3'P42 C t.OW T.lE LIITIN0 Ce" TLNT5 L'lGT'. COtl!1.%NTS A

0.04.3 C 70 S. READ P4. EETELIS'iS HOW FAP '"IC 411ES TO
0,04.4 C U'4 Ill PA.Jr,OI 'RIMEC NE-A1E'S TO T4QT P.W
3'45 C THE J SETS T1 ;iU O TEtS THE OOEL IS TO E RUN.
0+04.5 C THE SOIL )P AMI PV0 SCtLE IrIS 'ETA CALCUL AT!O4, £4'D
0.04.7 C .1LL i. ALTE'i) r.FT I IsT rw u'4s TC - EFLECT THE
na COE
o.o'. c
04050 GEO:I'4(9)
3,.5j ALT=FFII(9)
0.052 GMIN:FFTN()
0.053 GM.AFF!N()
3405. S0L0PtFIfl(9)
0.055 PAJrrFI4( )

0.055 I=FFPI(9)
DeC57 JPFFI9)
0.051 G0=GSEED
0,05 C
04165 C P.0W WE WILL RUI THE PANflCM HUNTER GENEATO° U Fc° £
0.061 C FEW °)IFTS TO START IT AT . NEW PLACE EACH RUN.
3.16? C
0+063 03 10 TPP=1,TP
0.06' riO 10 J1.12

0.066 10 COITINUE
0.067 C
0+161 C TIE PECIPITTI0N LEVELS FO EACH NOITIl AQE NOW
0.069 C CALCJLATED FROM T44LVE JISTIPiCI WEIBULL DIS1RI-3UTIeNS.
0.070 C
04u71 C £OOIIIONALLY. FOLLOWII', THAT 1-IS LEVELS 0 'JN3FF,
0.072 C £1. AI0 GOU4) wLTE COTEN1 WILL SE CALOULATED AS
0.073 C THIS IS THE ,iEAT OF Tr MODEL.
O'u7. C
0+075 DI 350 I=I,JP
0.076 CD 300 J:1.12
0.077 IJ)=AI3(A,l1J)(J),03,16u7)+IC(J),e3'1'36I7)
04073 U(J) I Ii) I134d08.
007'
0.00 P(J)6ETA(J)(W(J)'L.O/ALPHA(J)))

0.001 IF(PIJ) .11.0.0) P(J)=J.10301
3.8Z 33 C3ITIP.UE
0.003 C
0.00'. C CALCULATE IT FQD EACH MOPITH.
0.05 C
0+066 00 301 1=1.6
0.007
O+Ge 3d CONTINUE
04069 (10 302 Ir.'.12
0.090 ETlI)=0.90ALE(I)(lPlI),O..0)"O.20)
0+4.91 32 C0'ITV.UI
0.092 C
0.093 C CALCJLATE r.pouNr,wAto LOS FOR EACH MONTH.
0+09' C
0.09 DO 34.5 1=1,12
0+096 £LlI):DAP(I)*LTlP(I)/PA(I))
3,97 31,5 CO'TINUF
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o,oq c
0.09 C CALCULATI THE RUIOF FO EACH MONTHil(..j C
0,10.
0.102 2.1.o90'-(1l
0.103
0.10..
0.105 (')3b7'(P1')'':.. ?I (P1 )=..1'))
0.lOt,
0.107 (R 4.0 .1. - (',I G (31(7)=.2L.c,..,7..pl7)
0.109
0.110
0.311 R(_):.l.9'1'(P(1 )'.'1)4'.j_p.(;(7)...jjqp
0.112 (l1).02M,.073P( ll)G.'.7w(l0)..01P(q)-.011'p(8p
0.113 P(1 )690(11)+.01.3'P(lu)(11) (11)
0.115 PPUO):P(1U)
0.116 PP(2)='(1Z1
0.117 0) 3.9 KLrl.12
0,11 IF(lxL).LT.a.0) R(KLJ=0.0
O'I1 349 CJNTINUE
0.120 C
0.121 C C4LCULAT 1H LFVEL fl CDOND WAT( CONTENT USING A BASIC
0.121 C WAT[ BALANCE EQUATION.
0.123 C
0.121. OD 305 1=1.12
0.125 GIl )=GO.P(I)-'(! I-El (1)-AL (I)
0'12 IF(i).Ll.C.MIN) G3IrGMj
0.127 IF(G(I).GT.GA) ,(1):!,MA
0'12 C
0.123 C CALCULATE THE. TH?EE GENERAL ZETA VALUES.
04130 C
0.131 O 3j3 '=1,7
0.133 303 COT1.UE
0.134 &..=GII)
0.135 305 COITINLJE
0.136 03 30'. 1=1.12
0.137 IT[(31.j1) (I),&lI).R(I).tT(1),A1(Ip, IZETA(I,tI),1Ir1,31,j FDiAT(H ,i10.3)
0'13 w1TE (3...221) (ZETA(I.JlC).J.(=j,3)
U.l1.d 221 FO'MLTl1U ,jri3)
0.11.1 l.-Ilt(35.231) P(1),G(I),(I),EI'(1),A1(I)

1 JM..I(1r1 ,'1U.)1.. C3.lI:..E
0'11.. D) 3.7 I.1.'I

sITE (36.232) PIll .G(I).P(I).FT I1).A1lI)
0.11.6 2.32 F MAl11' ,F10.3)
0.11.7 TTE (7,233) I 'ETA(I.J) .J<=.3)
O.11. 233 F0'MIT(XH ,3F10.3)
04143 307 C3T1NUE
0.150 03 3 1.1.12ITE(3,232 PIll .GlI),Pl1),ET(1),31(I)
0.152 IlE(3.233) (ZETA(I, JK) .Jic:1.3).5j 3L0 CDIT1P.0
0.15'. 0) 306 (P1,12
0.155 AP=AP,P(K)
O'15b A:ARl.(P)
0.157 AETAET,ET(VD)
0s153 TP(KP)TP(IC') ,P1l(P)
0+159 T4(KP)=T ((P)4(S(P)
0.160 TET(XPJ=TLTIKD),ET('D

0.161 TGlP)TG(IP) .G(KP)
0.162 306 CO1TItvJE
0.163 W1TL(3,2l2)
0.16.. 202 cOMATl1H .1,1/I)
0.165 C
04166 C W9ITE OUT THE 5UMMAY DATA FOR THE ANNUAL TABLE
0.167 C
0'1b WRITE (33,431) AP,G132) ,AR,AET
0.169 401 FDM4Tl1W ,4F0.3iPAETA=...
0+171 350 CDTINUE
0.172 C
0.173 C WRITE OUT THE SUMMARY AVERAGES TA9LE
0+17'. C
0.175 00 351 r1,12
0.176 TP()=TP(K)/(F1OAT IJP))
0+177 T((K)rlP(K)/(FL)ATIJP))
D.I7S TG(K)=TGIK)/ IL3AT (JP)

TEl(K).1l(K)/lFLuAT tIP))
0+100 351 C3T1PUE
0.101 WITEl32,.jj)
u+132 5.0 FO.MAT (IM1,IOA,l. (3k, IAVRAGES)/
0.103 2 IH .13,tPECIP-:.3*,:RuNoFF:,4x,:EVApO_:
0.101. b.1.X,*GPOUN)$/
0.105 3 j$ ,13X,STATICPS,14X,$TANSpI-:,2X, AWA1Es/hI .33).PLTION*,4x,sCONTENTA,,,)0.17 00 352 KK1:1,12

I.TCTE (3.,5..1) TD(KI(L I, T(KICL) ,TET(.(s(Lt,TG(KI(L)
0+1 501 FOM4T(1H 10x,F10.3)
0+390 352 CONTIPsUL
04191 END
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Appendix D. COMPUTER PROGRAN
AND DATA FILES FOR HARASS

ROGRA .IAPA$S(Ip'uT, OUTPUT, TAPCrYpq, TAPF2TApEI,
2 T10126:OUTPUT. T .$'7?AO, TAL3tetAp5j0, TAPF3?-TAp(3g,3 TAO(3iAp;3, TAD,. rT?#M0, TAP3ç:7,,50, TArrr7,.(fl,
1, fAPE3772o, TAPF':T4PE3O, TbPE19IIPjT, TAPEI.5, TAPE,55 , TAPcI.7, TAPL.I, TADE9 )

C

C THIS OGQAK IS A FOT.A IV SIMULATION MODEL H1CH S!MULATFS 0V(R
C TIME THE HARVEsTING, ')A3 rCN5TNUCTICP,, TIMB(, GROWTH. SLOPE ECSIOH,C AND ROAD ECSION AS3DIATE,) ITI IJV SET OF PROFOSED HAV(ST ALTER-10 C NATIVES.
C

COIMON/OhE/7!T A13. A) , p1.)NTHc, Ii, 12, 13 p1 G1l2
2 PZIA),CZI')

.2
3 *LPHAI7).ALD)AT(6),(TAD(7).ETAT(6)

2
3 MqOAD,MTy

2
3 NV11),Nh(12),Jx(1.,2), Y1162)
1,

S

2

2
3 ,TX(,5),tT.I(i.)

C

C
35 C AICON?LTSp. IPPRCPRIATE TNTTIALIZATIOI STEPS.

C

OI1ENSXO VLT (lSO.S).NR(162),XcCADl2,o7),p.Typ(e,l)
DIMENSIOP HCUTSED(5I),MIIALT( 08,') ,MCALT I0A,7),NAC(7)CIIENSIO U) (5).Ut(.),CMI5),T.Gu.,162) ,IRRQ),pHpz,
IlFHSI')) FPZ(,8)

0
I1I2Io:I: I5I6:t7=t0: IR:KSKIP=0
COST(1,a::cNsT(j,:csr(?,1)cc,T(??)loO

1,5 C

C READ X'4 ALL RASIC MO)L DATA, TO IM&uDF PRO0AIL1TY MATkITES,
C SITE STATE DATA, ALTEPATIVE DATA, tN GENCAL CON19L IPFOMATIC.
C

350 gj,1,

THESE VALUES ARE THE CD)ITICNAL PC2ABILITIES FCD. EVFPTS 1,t?,Tj.T.AND T5) NOTHING, OF CAC EOSIOH, OA DAPAGE, ANG OA') FAILUREFOD YAQIAELESS TS--OO STANOARD, TH--OSURF4CE, TU--SLOp(rLs5.TV--SOIL TYPE, TW__LANOrOi. TX--?E0)ING PLA ANGLE, AOTY--FICTuRE ANGLE OF TH TECOING ?LANr.

RlAD(30,300) (TS(K,I) ,I'1,2)
REA(3C,3O0) (T'l('(,I) , In,?)
PEAt30,302 (Tu (K,I),In1,

1,0 READ(3o,302) (TV(K,I),11,1,)
RE*D(30,3J?) (TW(K,I) .1.1,1,)
EA')(3C,302I (TR('c, I) ,Z-1,.)

REA)t3C,303) (TX ('(,I),InI,5)
REA(30,303) (TYtI(,I),1:j,5)

£5 350 CONtINuE
300 FORNAT(2r5,J)
301 FOMATUF5.s
302 FOMAT(,F5.3)
303 FOAt5F5.T,

10 00 351 K1,5
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50 C

C

C

C

C
Sc C

C

I

S

Is

20

25

30



C

C THESE VIILCS A'f THr C3N)IT TONAL PRC9AqIIIT uS FOR LV'NTS 01,02,
C 03, 0¼, IN) Dt NOT.4ING. QCSKS1IDS, t,EOT5 AVA1A'CHE5, SLUMPS,
C AW, CEEP ACr.ILrRATION F1 vAIA1ESs Cr.--SII¼ICULIURAL METHOD,

75 C 0USLDPE CLACS. ')V--OIL TYPE, W--1ApflFCM, D--0EODftiG PLANE
C ANGLr, DI...HA.VrST MCTP.00. flY--BEDDING PLAtE ANGLI, OY--Fqaciu
C ANSIL OF THE RE)OIN& PLANjS, ANU 1L--YIM!3E AGE CLASS.
C

RtAF)(JI,DI) I(.C,I),Ir),3)
EA)(,53,O? (DU(,I),I:1.I.)

REAO(31,30?) (!)VCC,I) .I1.'.)
REAO(31, 302 (D'41'C.! ), j:j,4.)
REAO(JI,30?) (4(<,I),I1,l,)
REAO(33,303) (')T ('(.1) ,jrj,)

05 READ(33,303) (OY(1C,I),I:I,5)
READ(3I,303) ()E(K,I),I1.5)

351 CONTINUE
C
C HIRE, THE GLAHA AO uLADA SETS ARE THE PARAPETERS EMPLOYEr) IN THE
C SUOROUTINE F'CALC P) CALCULLTE THE U!.!VERSAL PRObAILIITES FOR
C tHE LXPONE'4TIAL FODN 3N QDA.) APD SLEE EROSIOP EVENTS. THESE PARA-
C METES MAY RE MODiFIED IF RESEARCH INDICATES SUCH IS NECESSARY.
C THE AL°HATI AL?HAC. OCTAT. ANt) DETAD SETS AE Tilt WEIqULL SHAPE
C AND 4i 3ARA4ETES US D FUNCTIOPS 51211 AND SIZED TO SIMULATE

55 C EfT 51215 IP CU3IC YARDS. NCELS ESTALISMES THE P.UHRE OF CELLS,
C NDLKS THE NUMBER OF RLDCS. NYEARS, TH NUPP.ER OF YEARS TO a SIMJLATI
C IECS THE WORD LENGTH T3R TL !xTR.LL CCRE STORAGE NECHAtISM EMPLOYED,
C )JTYP(S THE tU3ER OF TIMIER TYPES NPLOY) BY THE USER, MONTHS TIE
C NUMeR OF ICNTHS OJT O EACH YEAR bIEN SIGNIFICANT EROSION IS A

100 C RLAtJSTIC PCSSI&ILITY. WALT THE ALTNATIVE tUHBER, IOPTI3N THE OPTIOP
C 10 EITHER USE ESTALISHFD (WEIULL) FU'ICIICS OR A EASIC WATERSHED
C MODEL TO SIPULAIt THE EROSICH pARAETEq.S ZETA 1, ZETA 2, AND ZETA 3.
C HHILAN THE C°TICN Ii OR O TO REAC HARVEST ALTERAT]vE DATA IN ev
C !)!VS OR CELLS, MLIMIT (I OR 0) II THE USER WISHES TO LIMIT

105 C HAvE5TING C'l STAM5D AND HEADWALL CELLS WHEN TH 8LOCK °EAD IN
C *TPR,4'H IS USED (MHPL4N1). MCPLLM AND MCCLIM THE HARVEST AND
C TLVICULTURAL LIMITS ID E PLACED OH THE CELLS WHEN MLIWIT1,
C ROAOPC1 THE DECIMAL VALUE OR THE PNCENT OF ANY CELL A HOAD RIGHT-
C OFWLY WILL OCCLJDY. AQESM THF SELLING PAPAWETER FOR SCALTNC SLOPE

ITO C EROSION EWEHT PRO3A3ILITIES (2N7.1) IF CELLS MEASUPE') IN ACRES)
C SOEET THE SCALING FACTOR FOR ALL ROAD EROSION PkOA3ILITIE5 SET
C '.30 WhEN ROAD LENGTHS AND WIDTHS ARE MEASURED IN FEET, CSIZE
C IS 'HE BASIC CELL SIZE WHEN CONSTANT SIZED CELLS ARE USED.
C

115 REAO(32,305) (GLA"OA(K),CA(sc),G(K),Gc(ic) ,K=2,4)
REAO(32,305) (HLANOA(K),H4(.) ,H3(),HC(K) :2,S)
REAO (32, 120) (ALDHAT ().BETAT (X),M2,E)
READ (32, 120) (LLPHAD(K),ETAfl(K),K?,r)
READ(3, 3)17) NCELS,NBL.CS,NYEAS.W!EGS,IECS.NTYPES,HOWTHS

12B RE*3 (1°,307) NALT,I3PTION,MHPLA%,PLIlIT,PAGE,nC4L1M,NCCLIM
REA) (Ic, 306) °OAJ?CT,ACRES.(M, SOFEET,CSIZE

305 FORMAT (F1O.5,FjI.?,F13.2,F10.2)
120 FORMAT(FI0.5,F10.1)
307 FORHAT(7II0)

225 305 FORMAT (4F10.3)
C
C TS THREE VARIA'5LES ARE SFEOS FOR THE ¼0 RANDON NUP))1ER GENERATORS
C USE!) IN THE FUNCTION RANOM.
C

130 REID(33,300) (IR(IC),IA(K),IC(K),KI,I,0)
30a FORMAT (3110)

C
C THESE STEPS READ IN THE OASIC 10 YEAF DCREMEWI YIELD TAOLE
C APOC EMPLOYED FOR THIS MODEL. FIVF TIMBER CLASSES ARE

135 C ALLOWED FCR A 150 YEAR TADLE BEGINNING AT YEAR 20 AND
C PIOVINS IN TENS TO YEAR 150. THIS CAN E REPLACED BY YIELD
C FUNCTIONS IF SUCH RECOHE AVAILABLE TC ANY USER.
C

JU5e20
lAS ASO REA)(3P,315) (VOLT(JUS,N),NrI,5)

.315 FORMAT (5X,SFIO.1)
JU S- .1') II)
IF(JUS.LF.150) GO T!)
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C

11,5 C NOW THIS SF15 UP ANNUAL YIELD TAOLr5 FOR ALL T1HBE' TYPF. FROM THE
C TEN YEAR INCLM T YIELD TARLES JUT READ IN ABOVE.
C

DO 399 MTIM-20,t5B
00 'SOt MTY:1,NTYP5

ISO NTIM1pTIM/t0
'4TI"?10'TIMt
1Tj43Tp_MTM
MTIMl.HTIM2.t0
VITVOLT (MT IN'., MTY) VOLT(I4TIM2,N1yI

155 V1V1/10.0
TIP'3FLOAT(MTIM3)
V1TIM3v1
VOLT (MTT H, MT Y) Vt. VOLT (IT IMP, MT Yl

1.01 CONTINLE
160 399 COHTTNUE

00 '.03 MJ=1,19
00 '.02 MK:I,NTYPES
VOLT (MJ,MPO'O. 0

1,02 CONTINUE
lES '.03 CONTINUE

C
C TNIS SCTIOP. CALCULATES THE INITIAL PCAO EGMEhT EVFNT COtITIOF.AL
C PO3A3ILITIE$ AFTER THE INITIAL CONOITTCS ARE RFA) IN.EACM ALT-
C ER;4TUE WILL HAVC A DIFFERENT SET CF !FITIAL CONDITIONS AlD HENCE A

170 C DIFF*NT SET OF EVENT CONDITIONAL PRO9AILITIES.
C

00 35? I1,NSfGS
C
C THESE VARIABLES ARE TH )ASIC CODING FOR EACH SET OF SIT' VARIABLES

175 C FOR ALL. RCAD SEGMENTS, HR--ROAD AGE, NS--ROAD STAP.)AR, NP--ROAO
C 5u.CE, --SiurE '4ujt. IT:, NLA4U.r,
C fl !,i JjN(. LANLS, ANU NY--NAC,UR ANI.Lt OF T"E BEJING PLANES.
C RLG IS THE PLANED FOR OR EXISTING ROAC SLGMENT LENGTH Z'i FEET.
C NC i THE ROAD WI9TH, HP THE BLOCK NUMBER THE ROA) SF&P:T BEGINS

lOB C IN, 1N3 THE TEN NCL VALUES AE FOR UP TO TEN CIFFEL1T CELLS THE ROG
C SEGNZNT OCCUPIES.
C

RA134,3) NR(I),H$(I) ,NM(T),u(I) ,NV(fl,P.W(I, ,NX(I),
2NYII),RLG(I) ,W I) ,P49K (I), (NCL (I,JK) ,J'('I, 10)

312 FORMATL3X,8It,F6.j,F1,.o, !'.,1015)
KRNR( I)
hSZPlS(3)
'MNN( I)
UNU(I)
V?NV( I)
WNW(I)

KXzNXL I)
IYP4Y(I)
CALL ROADEVT

JO 355 k=t,'.
TGL'C,I)=T(K)

355 CO'ITIHUE
('E10135,319) (NAGE(K) ,X=j,7)

319 'OR'IAT(lOX,?IjQ)
NAII)=KAGE (NALT
TF(NA(I.LT.0 GO TO 357

00 320 kkK1,10
ICRDNCLI,KKX

IF(ICRD.NE.0 IROAD(ICRO)=1
320 CONTINUE
357 CONTINUE

C

C WFw THE VARIABLE MHPLAN IS EQUAL TC 1, THE OATA DRIVING FACN HARVEST
C ALTERNATIVE IS READ IN IN A 0LOC RESOULTION AND EACH CE.L IS LATER

210 C ASSIG'IEO THAT SET OF HARVEST CONSTRAINTS ANC CATA SETS. WHEN THE
C VALU OF PHFLAH TS EQUAL TO 0, THIS DAtA IS TC CE FORMATU AND RFA)
C TN BY CELL. THIS SCO4O ALTRNAT1E ALLOWS F1.. Of cLEAHJLI)y 4N
C FINER RESOULTION, HO4EVER THE PEPOGqAMPIG DATA ACCUULATTQp.,F
C MATTING, AND DATA F ILE ESTA°L.ISIIMFNT ARE M'JCH MORE INVOLv). HEPICE215 C HHPLAN EQUAL TQ I IS A TRADEOFF IN FCOKCNICS APj IIPE WIll. A SACOI_
C FICE IN QESCLUTION.
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C

C NOW THE DATA FOR THE CELLS IS READ IN AND THF INITIAL PRODABILIIIES FO
C THE EVENTS AND ON-SITE CONDITIONS ARE CALCULAICO AND SlOPED IN AN

220 C EXTERNAL CORE STORAGE DEVICE.
C

IF(WHPLAN.ED.0I GO 10 31
f0 317 j.j,NBLKS

C

225 C WHEN THE HHPI*N IS .1 AND ALTERNATIVE DATA IS READ IN BY OLOCKS,
C MCUlS! IS THE YEAR IN .HICH THAI 1CCK IS TO BE HARVESID. MTYF
C IS THE TI3ER TYPE I' THE 3LOCK, MHALT AND NCALT (SEVEN OF THEM)
C ARE THE SEVEN DIFfERENT HARVESIIN& AND SILVICVLTUNAL ALTERNATIVES FOR

C EACH LOCK. WHEN HMPLANO, THIS DATA IS. READ DIRECTLY INTO ACM CELl.
230 C COMPONENT ANO NONE FLEI3IL ITT IS AFFOROEO.

C
READ(37,3161 NCUT5EQ(JI,NTYP(J),(II4ALT(J,KI,NCALT(J,KP,K1,7)

316 FCQHAT II3,SX,I2,1Irj)
317 CONTINUE

235 31 DO 1511 ICELL:1,NCELS
READ (16,310) NLg,NOrL ,ME,MH,NC,HU,MV,pW,NX,ply

3j ORNAT (I3,lx,IS,1', Ru P

JH( 1) DSI?E (1 ) 1.0
JSIZE(2):DST7E(3POSX7E(l.)=DS17El5)0.o

21,0
F)') SLIP (1) si
NOSL IP 12):NDSL IP (3) NDSLIP (4) (SL IP(5 )
ZEVENT (ICELL )O
IF(NHPLAW.ED.0) GO TO 322

2115 1CHl'HALT(N3LK,NALT)
:CC.PCALT(NDLK,NALT P
ITYDE=HTYP (N9L K)
MCYRz-NCUT5EQ(N01S()

LL 5: Cs TiE
250 IF(PIF.EO.1P MTAG:S

IFINE.EO.2) "TAGEIO
IF(ME.EO.3) 'iTACE:20
IF(NE.EO.4) MTAGE=40
IFIHE.IQ.5P MTAGE:MAGE

255 '$ROADXIROAD(ICELL)
if (IROAD(ICELLP.EQ.i) CELLS=U.0-RCADCT)CSIZL
IOBD( ICELL) Ø
IF(NLIPIT.EO.OP GO TO 95

00 96 KAS2,4
250 TF(HW.(Q.KLS) MCF4:MCHLTM

IF(NW.(0.KASP MCC:MCCLTM
9G CONTINUE

O TO 95
32 READ(37,MIP 'CYN,MCM,PCC,M1AG( ,CELLS,JTYpE,MQcAT)
311 FOQ$AT(10X,T3,IX,I1,1X,Il,jX,T3,lX,F4.0,1X,I3,y,lI)

9 CALL SLOPEVT
CALL WRITECS(NdLK,IEC$'(ICELL-l),IFCSP

354 CONTINUE
C

270 C NON BEGINS THE MAIN PROGRAM ACTIVITY. WE START WITH A WATERSHED IN A
C CONDITION SPECIFIEI) 9Y INITIAL SITE AN') ROAD VARIAILE STTS.THESE
C STA E S ARE ALICREO EACH YEAR AS DEFINED DY THE SUBJECT ALTERNATIVE
C LAYOUT. EACH P3NTM, PRECIPITATION ANO SCIL WATER CONTENT ARE CHECKED,
C VAR1A3LE STATES UPDATED, NONIMLY EVENT FROBADILITIFS CALCULATED, AND

275 C EVCNT OCCURRENCE CHECKED. THIS IS REPEAIEO FOR THE NUMBER OF YEARS
C COVERED BY THE SUBJECT ALTERNATIVE.
C

CO 39 NYR1,NYARS
IF(IOPTICN.EO.1P CALL 7'ALCI

20') IF(IOPTICN.EO.21 CALL WTRSHEO
IF(IOPTICN.EO.21 CALL ZCALCII

C

C CALCULATE THE NINE IJMIVERSAL $ONT)LY PROBABILITIES.
C

205 00 350 j=1,MOPITHS
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GD7(2,J)=,PZlT,)CPh(4,J):1.f
HPZ( 2, J) P7 13, J)HP? ( 4,J )-HFfl5,J)1.O
IFLZLTA(1, J) .1.6 hI) G°112,J):0.0
IF(ZET*U,J) .lt.?1.i) GPZI3,J)zO.0

290 IF(2(1At2,J),I..b1.T, GPfll.,Jpo.o
IFLZETA(1,J) .LE.?1.0I H'ZI3,J)3.0
IF UETA3,J .LE.S..U) HO7(4,,J)Q.0
IF(ZITA(3,J) ir.si.op HPZ(5,J)I3.0
IF F7 t3,J). .T,T .ANfl.iPZ Il., J) .E. 0.0 .ANO.HPZ IS,J) .EO .0 .0)

25 2 HZ(2,J):0.0
358 CONTINUE

C

C NOIIC IHAT WITH T4 1!P'1T5 iLACFO 000VE ON TH ZETA VALULS EOUIPF
C 91F0'E AIT C) IH U1IVSAL PRDELOILIIIES IS MCE THAN ZERO TS!AELI$ES

300 C THE FACT THAT OS! EO1ON ACTIViTY ECCUS VPDER MOPE UNUSUAL cir-
C CUNSTANCES THAi UN OMALLY OS(RS. TNt! IS A REFLECTION CF IOrtP
C RE!AC'i AND ZjEOUN1 EVALUATION CF SUCH IN THIS PDOJECT.
C

CAiL PRCA1C
C
C C$I.EL!L ATE EVEPT PRO3ATIIIT!ES FOR,)F1EINE PCINTS CF OCCUQENCE,
C ANO O.4TPLJT 5UMADY DATA FO E.CH EVL' CCCUEP.CE OVQ lhL LIGHT
C WL MONTHS THAI MAKE UP THE YEAS. (CIN WITH RCAD EROSION.
C

3i0 00 33? J1,flO'1THS

SE:NSEGS
35 DO 3t P4KS,KSE

IF PZ(Z,J).EO.D.0.ANO.GP7(3,.J).EQ.0.0.*ND.GPZ.,J).EO.0.0)
315 .. GO TO 36'

IFVIA(N).LT.0 GO TO 364
DO 34.3 K?,.
PGP2t'.J)GPZlK,J)(RLGLN)'I,OU,)/SCFEET)

340 COP.TINUE
320 PGPZ(l,J)l.0-PGPZU,J-PGPZ3,J-FGPZR,J

O 360 k'l.'.
TTI4(K) sT GI K,'4) 'PGZ(4C,JJ
ISUNTTSUMT4TTM (4()

350 CONTINUE
325 00 3I K=l,'.

TMGLK, P4)=T TMLOFISUMT
361 C3TT1NUE

UT (2)(IRAN( IR'N,lS) F33iA50T. p
UT(3J=(IQANlIN,j6,83580A.)

33'I UT(..)'tIRAN(I,17)F3358608.)
TSUMTV. 0

00 3T K:2,4
IF(TP'(X,N).LT.UT(K)) GO TO 32

C

335 C TS'ZE IS THE EVENT SIZE FC EVENTS 12. T3, AND T4 A CALCULATEO
C IN FUNCTION SuET.
C

TSIZItK,N) SIZET (5T ,)
P.TSLIP(K,PUr1

34,0 00 TO 363
362 p,TSLIPIK,'4):0
363 CONTINUE

GO TO 355
364 TMG(I,N)=1.II

34,5 TMG(2,N)=TWG (3,N)=TMG(4,N)O. 0
NTSLIP(2,NJ=NTSLIP(3,p,)zNT5LIF(4,N)O

365 CONTINUE
tF(N.LT.PISGSP GO TO 363
KSEkS-I

350 K571
GO TO 359

C

C NOW CALCULATE SIMILAR COMPOP.!NTS FOR SLOPE EROSION ACTlVITIF.
C



355 360 Ir(Mp7(?.J).rr).o.n, KSlflP.1
Ir(KSKID.rO.1I (;r) f() Ub
KSo((IRAN(Ti1.L)I/a15bOR.)'NCEL.SI1.0)
KSDE'NCELS

367 00 375 ICFL1KS.KS)E
CALL qrAOfCS(N3LK.1CSIICELL-1),IECS)

00 31,1 K2.S
PHP? IK.J)IIPZ (K. JO (CE LLSIACRESKM)

31,1 CONTINUE
PHP(1,J):1.0-PHP7(2,J)PHPZI3,J)PHPZ(1,.J)-PHPZIG,J)

35 O) 3I K1,5
C(K)zD& (K) 'iic'Z (K .J)
OSUMDDSUMDDM (K)
CONTINUE
0) 369 K'1,5

370 DMH(K)DM(KIFDSUM)
36 CONTINUE

UD(2)z(IRAN(1RP1.19)/6353601L.)
UD(3)(IRAN(TRN,20)F306E0.)
UO(I.)iIN(IQN,?1)I030660'L.1

375 UD(5)=(IRAN(IR),22IF034606.)
0SLMD0. 0

00 371
IF(DMH(K).LT.U9(K)) GD TO 370

C

305 C 057?E 15 THE EVENT SIZE FO EVENTS 02, 03, Cl., AND 05 AS CALCULATiD
C IN THE FUNCTION SIZED.
C

DSIZE(K) SI7r.)(SOr.K,MW.MH.NV)
IEVENT (ICELL)z1

355 tDSLIP(K)rl
GO TO 371

370 KIJSLIP(K)=0
3't C!IHUC

395 2.P'1D.N0SL1P(5).D.0) GO TO 375
CALL WRITECS(MOLK,IECS'(ICELL-l) ,IEtS)

37 CONTINUE
KSDE.PE.NC!LS) GO TO 376

(SDEzKSO-1
395 KSDZI

C

C HE AE SOME COIIMNTS AOUT IPIPORTANT A9IA0LES uso IN THE SECTION
C A9L.V.. KS,KSE,KSD,AND KO ARE ALL INTEGER VALUES USED TO !'ETEINF
C RA'CO4LY WHERE THE TASLE OF ROAD SEGMENTS AND CELLS ARE ETEREO EACH

C T1'.F. THIS INSURES THAT THERE 15 A NEW ENT POINT EACI- MONTH, AND
C 9(j THE POSSIBILITIES OF SOME PAI1ERN FPERGLINf, SIMPLY DUE TO
C THE )DER OF SEGMENTS AND !LLS IN 'ME CRIGIKAL DAT.! FILES..
C THf NTSLIP AND NOSLIP VAIABLCS INDICATE WI-ETHER Q NOT A
C ou SLOFE EROSION EVENT HAS OCCbQED(rl) OR HAS 1:UT OCCUEO (0).
C THE UT AND LID VARIAJLES A9 SIMPLY I.Aht)CM NUMBERS )ITWEFN ZERO AND
C ONE '!O TO CHECK AGAI4ST FOR EVENT OCCIRRENCE. WHEN THE FRO8AILITY
C FOR AN EVENT IS EQUAL TO OR GREATER THAN THE VALUE OF TIIIE ANOCM
r NUMPR THEN THE EVENT IS SAID TO HAVE DCCURRED. TNT TrIG AND D'1
C ASLES ARE THE EVENT PROBABILITIES FOR TI-IS MONTH FOR THE APPROPRIATE

1,10 C ROAC SEGMENT OR CELL. THE RL& ANO NO VARIABLE IN TMHE RflI)
C GMEMT PORTION SCALE THE PRODARILITIES TO A PER MONTH PER
C ACRE SASIS. TIlE CELLS AND ACRESKM DIVISION HELPS SCALE THE
C VALUES FOR SLOPE EROSION PTOCAqILITIES TO A PEP MONTH pETS

IJA M.
C ONCE THESE VALUES HAVE CEEN CALCULATED AND CHECKED AGAINST TIlE QANOOM

his C NUNERS TO SEE IF AN EVENT OCCURED THE MODEL MOVES OW.
C

GO TO 367
C
C NOW WRITE OUT ANY EROSION DATA FOR SLOPES AND ROADS RECORDED FOR
C MONTH J
C

376 CALL WPITEI

181



182

C
C THIS COHF)NEPlT UPOATE CELL IWO SEGMENT VARIABLE STATES BASED CN

i,c C MONTHLY AND YFAPLY CHAN(.ZS. tAcH rOWIM, AFTER SOME ROAD (VENTS, THE RO

C AGE FOR THAI SEGMENT IS StT OACK TO ?ERO FO SOME 73 AND 74 FVt4I.

C FOR SLOPE EVENTS THE 71M3EQ AGE IS SET RACK TO ZERO FITh ANY AFFECTED

c t.ELLS cc SCMF 03 ANT 04 EVENTS. AT YEAR END, THE MCDEL SIMULATES T.iE

c ALTcRNATIVE ROA1 CONSTRUCTION AND TIMBER HARVEST. THIS REQUIRES RE

1,30 C SETTING TIMEER AGE TO 'O FOR CELLS CUT AND BEGINNING A ROAD SEE.-

C MENT AT AGE ZFO. FO EACH CELL INVCLVEO WITH A NEW DOAD THRE IS

C A 20 DERCENT EOUCTION IN ARtA FOR THE 1.6 ACRE CELLS. THIS PROGRAM Nil
C ALLOW A USER TO ALTER THE °RCENT IF THE USER HAS A 3ASIC CELL SIZE

C LARGER OR SMALLER tHAN 1.b ACRES, OR FOUR SOUARE CHAINS. ONCE A CELL

C IS HARVESTED, IT SHALL REMIIN IN THE HARVEST METHOD CLASS FOR 20

C YEARS AFTER WHICH IT SHALL LE MOVED TO H4, NC HARVSING. THE CELL

C SHALL 3E MOVED FNOM CT, N.VEQ CUT.TD EITHER CI OR C?, CLEARCIJT AND

C PARTIAL CUT. AND xP! IHER INDEFINITELY. ALL CF THESE CHANGES WILL

C REOUIR UPDATI:4E. THE CELL AND SEGMENT CCNDITIDNAL PROBABiLITIES TO

C DEFLECT THE OIFFERINT ONSITE CONDITIONS AS ALTERED.

C
DO 181 NI,WSEGS
I,(NTSL3PI1.N).0.E.0R.NTSL1,1..l.) GO TO 378
O TO 3I

31 IF(TSIZrt4,N).L1.3000.0) GO TI) 381
NA IN 8:0
Ic(NRIN).EO.1) GO TO 311
PR(W)'1
(RiND I N)

KSSNSIN)
I(MrNP' (14)

SCUiNU (N)

V*NV(t4)
,(sIzNbIN)

S(YiNX(N)
kY1NY INS

CALL RCAOEVT
00 377 K:I,4
TG (SC .W)T I K)

3? CONTINUE
383 CONTINUE

F(SCSKIP.EO.II GO TO 10
DO 39', KIKI,NCELS
IFIIEV(WT(kIK).E0.0) GO TO 386

.t5 ICELLIKIK
CALL REAOCS(MALK.IECS'IICELLI),IECS)
IF(0!I2E I2).LE .c000.0.AMD.DSIZE( 3) LE.5000.O.AWO.OSAZZ (4)

1 LE.5000.0.ANO.OSIZE(58.LE.5000.0) GO TO 385
MTAGEXO

(iTO IFIME.(O.1) GO 10 385
ME '1

CAL). SLOPE VT

313 WDSLIPI)ZNDSLIP(3)NOSLIOI4):NDSLIP(5)r0
OSIZE(2)&)SIZEIT)iOSITEI)OSI2E(S)D.0

1,75 CALL WRITECS(NLl(,IECS(ICELL_1),IECS)
IEVENI IKISC)0

386 CONTINUE
C

C THE 3OVE STEPS UPDATE THE SYSTEM STATE AND CONDITIONAL PPIBA3ILITIFS
C DUE ID CHANGES DROUGHT AROUT BY MONTHLY ROSICI EVENTS. NOW WE 9EGIN
C UPDATING THE SYSTEM FOR ANNUAL CHANGES OUE TO ROAO BEING BUILT AND
C TIMPER BEING HARVESTEO.
C

10 KSKIP:0
3$? CONTINUE

C
C THIS SrCTION DETERMINES WHICH ROAD SEGMENTS ARE 10 BE BUILT EACH
C YEAR AND THE LENGTH AN TYPE OF SUCH ROAD CCNSTRUCIION IS QEC3RO(D.
C

00 352 Nil ,NSEGS
NA(N)NAIN)'i
IFft(A(N).LT.0) GO TO 392
U(MAIN).GT.0) GO TO 399



00 303 JK31,9
ICROtNCL (N,JIC)
rc(ICRD.NE.o) 1OOIICNtn,1

300 C3NTIYIUE
NSS.ISIN)
NM I NM (N I
C0IiT(NS, HIM) sCNST IP4SO,NMM).RLG(NI

309 IF((.GE.0.A4D.uAlwi.tF.;p NQIN)'1
IFINAINI .GI.5.AIJ.H?,(N).LE.IG) NQQ(NI2
IF(MA(NI.C,T. I).AO.'4A(N).LE.2Q, NR(N.3
IF(UAU:.GT.20 11R(wI=l.III (NI .tG.NR(NII CD 10 392
I(R(N)rNRR(N)
KRaNR (N)
KS 'N S ( N)
KNaNIIINI
KU'NU (N)
KV*NV(N)
KX.N1(N)
KW'NW(I)
KY Y I F! I

WHEN ROAD SEGP'ZWTS AE BUILT 1MEV MLIST l'AVE A PROBABILITy CALCULATE-.
THAI IS A CCNO1TICNAL POA91LITY i'ASIEO ON ALL CN-lTE VIA3LE5.

CALL ROADEVI
520 CO 391 KT1,

TGIK,N):r(K)
3':I CONTINUE
39: CONTINuE

C
525 C SECTIOP. 0t1EMINES WHH £CES AQE TO E HAVE5Tr

C QFC')S IIE ACRES AND TYPE AS WELL AT VCLUMES CF U'P 'EM3ED cAp rIUaL ASL. CLu IM: .iIOi UATE CC
C FO ALL HvESILO ACQ (tCUSE LI1.UiL.ES 1' If STT1 OF Ci-SIT
C V*RIA)LES FC AVST TYPE. SILVICJLTURAL TYPE AHU TIMBEr AGE530 C )H.MC,A1O PF) EOUIRE Cp4AGE5 IN TESE PROeA2ILI,jEs.
C

00 19'. ICEu1,IcE1S
CALL RFADFCN3LIC,ItCS(ICELL.i),IECS)
NT AGE' NT AGE I
IF(MTAGE.G1.150 MTAG j5o
MCYRzP'CVReI
IFIMCYR.LT.0I CO IC 393
IFIICYP.NE.0) GO TO 393
'ICzMCC
M'l,MCH
IF(iF'.1O.'..N).MC.Er,.3, GO TO 3cT
IFIMC.13.2 PCTCUTQ,.0
V0LTII4(MTVPE)=V)LTIMI.ITVI.EI.ZVOLT (MTAGE.,1TYP CLLIIF4MC.( .21 VOLTIMZMTYPrI=DrYCUT.VOLTI,. .jypr
ACRESI PIT VP.I AC5 (ITYPE),CELLS
IFIMC.tQ.n NTACEMTAGE,2
IFC4C.t. CD TO 393
NTACIzO
NE' I
CALL SLOPE VT

0' TOA DI N)
IF (IROAD (MI. EQ.IICELLS: (1. 0-RCAUFCT) 'CIZE
IRCAOZN).0
CALL WcITECSIPI3LK,IECS.IICELLII ,IEC$)
GO IC 391.

393 IF(MTAGE.GE.0.ANQ.My,E.LE.5) MMEI
IFIITAGE.&T.5.AND.WTAG.LE.lOI ''=2
IFIMTAGE.CT.I0.ANO.NTAGE.LE.23) MMEz3
IF IMTAGE.G1. 20.ANO.MTAGE.L(.4C) WME4
IFI'(TACE.CT.l,QI MM5
IFIMTAGE.GT.2ifl 'H".
IFINTAGE.CT.4o) NC'T
IF(ME.E.HME) Go 10 493
NEa'IPIE
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C

C

CAlL SLOPET
IRCAC.CA(NI
IF (TROAD (NI. EQ.1ICtL(S(i. ORDADPCT) CSIZE
IQCA0(Ii) sQ

4Q3 C1&L IIPITECS(NL, IECS'(ICELLll,IECS)
394. COW? XNUZ

C
C I41T OUT THE ANNUAL eIAPVtT AND 0AC CCNSTUCTIDN DATA AND RTUPN
C 10 CALCULATE A'4OTIIER YEARSS DATA.
C

CAlL W1TE2
30 395 I,5
VDLt!M()sD. 0
ACR!5(Ic)O.0

395 C3NT1NU
30 391 Ki,?

DO 39.' Isle?
CONSTIk, J)zD.tl

396 COlT P4UE
39? CDT!'IU!
39 C1T1NUE

Si 'W

7J3DUTTkE D0VT
C

C
C T41' 5U!'RDCA CALCULATES THE Ct(0lTIDAL F0BiBlLlTlES OQ THE
C fDU 3A) fi0SX0N £VE'IYSt

"11ONlSlXlTl Tel (4, 2), TS 1'., 2) ,TU (4, 4I,TV(,'.),T l('.,4)
1V( ,),T(,TG(.,162l,SJ$T,l(,lCP,l(S,Ku,Kv,I(W,KX,Ky,
lxi'. .5) , TIN (4)

,D 35
TS(C,i(S) "eltK,KN)'TU(K,KU)'TV(k,kVp.TW(y ,l(w)

?'Tik,kX)'TY Lk ,v)
'UTs5LT.T(K)

35!' CDWTXNU
00 356 kzj,4
li(lsTi()ISUT

356 t0ITPIUE
UTO.0

C
C

¶UDUTIt4E SLOPE VT
C

C

C TH,, SLI3PDG1fl C&LCULATZS THE CONOITIOPAL co0A1LlT!rs FOQ THE
C Fl1: SL0E EDOSION EVENTS.
C

LODNlTIEElN3Lk.NCL,elE,MH.NC,MU.Mv,Mw.ex,,fl,elCyR .MCH,NC, elTirE,
7 D&(51. Del$4(5l.SiZEi5,sscp(s) cICILL, IECS,C(LLS,
3 i0AD,NTYP
COliO%lFlfElD(5t,0!(5,,)H5,4),CC(5,3),D(5,4.),0V,4),OW(5,4),

7 0X(5.Sl,DY(5,5),SUMD
DO 52 k=l.5
0(ls0E(k,i')'DH.c,lsOCi(,NC..DU(i,Nu,.cv(K,.q.).ow (K,P4WI

20X1(.NX)'OV (iC,MT)
SUN0ESLM.D( ()

352 CONTINIF
00 353 l.5
T)iKI-0iKll5UMD

35 COT1$iUE

Eli,
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I C

C

SUtIROUTINE ZCALCI
C
C
C THIS SUBPROGRAM DLTEPMINIS VALUESOF ZETAI, ZETAZ, AND ZTA3 UNDERC ORT ION I. THIS OPTION tMPLOYS INVERS TANSFCITPIAIION ON THE WEI3ULLC FUNCTION FOR ZTA? NUN 7TA1 AND ZETA3 CALCULATED FROp 'FGRESSICNS
C ON THE DETERMINED VALU! OF 7112. FO THIS CCEL EIGHT 71 TA VALLES
C FOR EACH ZETA (1,2, AN) 31 ARE SIMULATED PER YEAR. THIS is SCAUSE
C THE ZETA CISTRINUTIONS USED COVER ONLY THE EIGHT WET NONTHS,OCTCOER
C THROUGH MAT. IF A USER DEVELOPS A ZETA FUNCTION FO USE HAT COVERSC MORE OR LESS THAN ONfHS HE ONLY I.EEO INSERT THE FUNCTIOP DARAC METERS AND SET NONTHS1NUN)SR OF MONTw5 COVERED BY THE FUP1CTION.
C

COMS(0N/ZERo/IR(o),Ia(¼i1,,1c(¼o),IpoN(O,
OINENSION ALDHA3I,TETA(3)
TF(X1.NE.0) GD TO 300

20 RE*O(1,Ioo) LPHI),9Ta(I) ,I1,3)I! I 1.1
100 FCR'IAT (2FlfI. )
300 Ofl 20 I:j,PONTf4S

UIRAN(IRRN, 1T)/3qqo.
25 lf(-ALOGU.o-u)

ZETA(2,N8ETA(2)I(w(1.o,ALpHA(Z)))
ZETA (2,N )1. 21 59'ZTA 2, N) -5 0
ZETA (3,1)=O. 78f.1 'FETAl?, N).5.0g0

20 CONTINUE

TI) RN

I C
C

SUBROUTINE ?CALCII
C

C
C THiS SUBPROGRAM DETERMINES VALUES OF ZETA 1, ZETA ?, AUD ZETA 3 uHt
C OPTION 11. THIS OPTION ElPt.OYS THE SIMULATEC VALUES OF NPNTHLY PRL-
C CI'IT AT ION AND SOIL WAT CCP1TENT FRC THE WATERSriE 'lQ0& L (SU 3c0U-tIM WTQSHCO) ANT) THE BASIC ZETA FUNCTICH. EIGHT VALUES FO ZETA 1,
C ZETA 2, AND ZETA 3 ARE CALCULATFO NNUALY FCR THf O1THS OCTr)5
C THPJUCH MAY. THESE AR THE MONTHS DI Sic-NIFICANT EOSIOPs PDTENT)ALC FOP 'ARVEY CREEK DAIN4GE. IF A U5R DETERMINES THAT MO'' ,D FENERC MO'I'HS SHCULD SE TNCLUOEO HE SHALL CHANGE THE VALLk OF "CPTH5 TO
C REFLECT THIS DIFFEEMCE. THIS OPTION IS THE ONE FO' Lc-N.L1 USE
C UNTIL A WEIBULL FUNCTION IS FIT FOR THE AREA UNDER STUDY FOR THE
C THlEE ZETA OISTRIBUTIDNS.
C

CONMON/ONE/ZETA(3, 0) ,MCNTHS, II ,I2,I3,ø(12),G(12) ,PZ( 5, ,GZIAI
DIMENSION A31,q(3),WFACTOR(3,

20 IF(13.NE.0t GO TO 300
READ(I,100) (A(I),f)(I) ,WFACTOR(I) ,I:1,3)

100 EOR'4AT(JFIQ. 3)
REAO(j,101) PAVG,5OILQP

101 FORNAT(ZFIO.3)
25 I3I31

300 00 21 IZ1,MONTHS
00 20 K1,3
ZETA (K.I)uO IC) 'P21 D 1/PA VG)+( (A (IC1'GZ (II )/SOILOP I
ZETA (IC,)=wFAc TORIICI 'ZETA(K,t)

30 20 CONTINUE
WRITf(2(,I9f)) (ZETA(K,I),IC,I,3)

390 FONAT(1N ,3F10.Jt
21 CONTINuE

RETURN
33 END

I
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I

C

5 C

C THIS SUAPROGRAPI IS A WATESI4ED SINULATIEPI MCOEL FOR THE HARVEY CK
C DRAINAGE. ANY uSCR CAN A)*PT THIS TO FIT ANY SUBJECT AREA. THE PRO-
C DUCTS OF THE MOOFI. ARE UMOFF. (VAPOTRAPISPIRATION, PRECIPITATION.
C AND GROUND PIATF CII1fNT PER MONT)) It) It.CHEE CF wATER. THE (*TTE TWO

ID C PRODUCTS A( INPUf ro SuIROUTINE ZCALCII FOR CALCULATION OF THE
C THREE MONTHLY ZETA VALUES.
C

C

C
su3ROuTItd WTRSHEO

DIMENSIOP' E,(12).(t2),AL(12).ALF(12I,AAL(I2).RR(12).PA(t2)
DIMENSION PP(i?I ,TAU2I.ALPHA(12),U(12),W(12),RA(12)

15 DI'as3O 3R)1?)

- CDMMON,O,ZEIA(3,BI,NCNTHS,I1,12,13,P(12),G(12).PZ(0),CZ(eI
IF(12.M.0) GO TO 330
AP,ARzATO. 0

20 12z121
C

C READ IN TPE BASIC DAIA
C

REAO(2,120) (LL U) ,AL(I ),I1,12)
25 R(A)(2,121fl (ALDMM(I ),ET(II,3:i.12)

READf2,120) (PP(I),RlI),I1,12)
READ(2,12fl) (RAPLI) ,PALT t .ii. 1?
REAO(2.121) GSEFO.ALT,GMIN,GMAX.!DIL9P,PAVG
REAO(?,1221 IP,J°

i2U FOMAT(F10.3.F1O.3)
121 FORIAT(F10.3)
12i. TCMAT(I8)

C
C VA°1*BLES ALE AND AL AE HARVEY CREF LAkE EVAPOTRAI4SPIRATION
C Ar GROUND WATER LOiS MON'HLY wEL&E STIATES. ALPHA
C AND AETA ARE TE SHAPE AND SCALE PARAMETERS FCR THr i2
C PRECIPITATIDN WEIAULL DISTRI3UTICNS.PP AND RR ARE PECIP
C ANC RUNOFF MEASURES FOR THE LAST wATE. YEAR OP RECORD.
C RP AND PA AFE MCNTHLV AVERAGES FO EPCENT RUNOFF )OE
C Ir4E TOTAL) AN) INCHES CF PRECIPITAT3OH. GSEEO SEEDS WATER
C C NT FOR MODEL INIIIALIZATION. ALT IS THE AVERAF.L AN-
C NLiAL. SUD_SURACE ROUNO WATER LOSS. G1N AD GMAY APE
C LOWER AND UPPER LIMITS FOR GROUND WATER CONTENT. SCILO
C I. TIlE AVERAGE WATES.4ED SOIL DEPTH. PAVG IS THE AVERAGE
C PFCIPITAT ION FOR THE MONTH WITH THE HIGHEST AVENACE.
C

C A. MODEL WAQIAOLES Aqs ET, FWFOTRAN5PIRATION C,
C G.'4O WATER CCNTEHT P DRECIPITAIIC4 R, RUNOFF: AAL,
C M,.e1Y SUESUFACE GRDL.ND WATER LOSS. Fl AWO GZ AE THE

so C PID AID SOIL WATER CONTENTS FCQ CCTCRENAY TO )E USCO
C IN !ETA CALCULATIONS. VARIA?LE US 3 I MONTHLY RANO')M kUH'3ER AID )
C IS USED TO HELP SIMULATE THE MDNTHLY PR!CIFITATIO' A1ULS FROM THE
C ME3UL DISTRIBUTIONS.
C

55 C RUN )E ANDOH NUMIER GENERATORS TO A NEW STARTING POINT EACH TII'.
C

DO 21 IPPl,IP

DO 20 K1,12
IRR(K) IRANLIRRN,X)

ee 20 CONTINUE
21 CDWTINLE

C

C SIMULATE 1 MONTHLY PRZCIPITATICP VALUES FOR TWELVE MONTHS BEGINNING
C WITH OCTOBER AND ENDING WITH SEPTEMBER,
C

300 00 22 K:1,12
U(K)wIRAPl(IP°N.K)F6S'iB 1.
W)I(ALOGLI.OUK) I)
Ft ZT(TA( KIWI WI IC II1.0 FALPHA IC I)

70 IF(PtIC).L5.O.0) P(IC)zQ.00001
22 CONTINUE

186



105

C
C CALCULATE PICNTI4LY EVAPOHAISPIR*TIOp4,
C

75 DO 23 I?1,6
III

23 COtfiINUE
DO 2 Ii7,12
CT (I)0. 50'ALE II)' ((P II) .0. O) 0.20

00 21. COtfllNL'E
C

C C*LCUL*TE $CHTHLY GROUND WATER LCSS (SUBSURFACE LOSScS).
C

DO ?0 IT1,12
as

26 CONTINuE
C
C CALCULATE HCNTHLY RUNOFF
C

90

'5

355' (P (8)' '. 385)'(P(7) (C (5 ) 305)
U) ' (0 ( ) S l,4l)' ( P(6) 'S 12;)

(11).028.073'P(11)e.1.7S(jO)e.Ol8p(9).Øj1p(8)RI 12): .46. 05 .6SD (11) 30)
R(1I):R(11)

PP(1 ) gD (it!)
PP(12)P (12)
GO 25 KL:1.12
IF(R(s(L).LT.0.0) l'CL)s0.0,ç rnJTTWI'r

C
C CAL?LATE MCNTHLY GROUND WATER CONTENT F0OM A SIMPLE WATER !ALANCE

110 C (J*T1DN.
C

00 26 I1,12
Gil) ZGSEED.P U )-R( I)-E TU)-AAL IT)
IC(G(Ij.LT.Gp(XN) G(I)=G*IIP1

113 IFIG(I).GT.GMAx GtI):64Ax
26 CONTINUE

C
C TRANSrER eAcK TO MAIN PRGQAM WDNTHLT VALUES FOR OCT.--MAY.
C

120 00 ? Jsl,PIDNTHS
P2 (J)zP(J)

27 CONTINUE
WRITC(26,695) (°2(K),'zj,b)

125 WQITE(?6,q90) (G?('C),K:1,5)
690 CI*T(1H ,6F8.3)

RETURN
END

C
C

PUNCTTCN IRAH(IRPPN,K
C
C
C THIS FUNCTION CALCULATES AND RETURNS I PANDO NUMBEC EACH TIME
C SUMNONEO FOR 0 OIFRENT STREAMS CF R*bCON UMdES.
C

0I'KSToN IRPPWU.0

IR(K):ANDIA'ID( IA (K) 'ZR (l( ) .6368607) IC (K), e366607)
TRPPN(KzIK
IRINSIAPPN (K)
Pt TURN
END
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I C
C

SuIROUTIPiE PRCALC
C

C
C THIS SJODROGRAM CALCULATES MONTHLY UNIVERSAL PROBA3ILITIES FOR ThE
C FOUR ROAI) ANO FIVE SLOPE EROSION EVENTS WHEP THEY ARE Not ouii. 2EO.
C

COMMON,ONE/ZETA( 1.8) ,MC'ITHS, 11,I?,13,P(121 ,G (171 ,PZ (8) ,C2( 81
II COMMONITPiO/GP2(W,8I,'2(5.I),GLANtW),HLAN0A(5I,GI(4,),

P NA(5),G(l,),N8(5),GC(1.).HC(5),Is.ALPHAO('),
3 *LPHATl6I,!TAD(7I,0ETAT(6),UXOl5),UXT1'),WOD(5I,
1 WT(1.),SOE(5I,STE()

00 11 Jzj,MONTH%
IF(GPZ(!,J).E0.0.')) GO TO I
GRit 2,.)) '(GA (2)' .0-EX (-GLAlDA (2)'ZETA (I,.))) I' 'GB (2) ) -CC (2)

I IFIGPZ(3,J)dQ.0.0) GO TO 2
Gp2(3,JIx(GA(3I(1.0_EXD(GLAMCA(3I'2ETI(1,J)))'*GB(3))CC(3)

2 iFIGPZ(,J).LO.0.0) GO TO 3
20 GD?(l..J)(GA(hl(I.0_XD(_GLAMOA(IZETA(2,J)))GB(h1)).GC()

3 icHPZ(2,JI.EO.O.3) CC IC 4.

NPZ(2,J)(HA(2)(1.)EXP(HLAMOA(2)'ZETA(2,J)))''HB(2))HC(2)
1 I(HP2(3,J).fQ.0.) GO TO 5

HPZI3,J):(HA(3)' (1.)-K'(-HLANOA(3I'2ETA(1,J)))"H0(3))HC(3)
75 1 !F(HPZ(4,J).(O.0.OI GO TO S

MPh 4., J) (HA (4.)' (1 .O-EX (-HLAPSt)A )' TA 13,.))) ) "HIll.) I-NC (4.)
S TF(HPZ(5,J).EQ.0.0l CO IC 7

I4P7(5,JI(HA(ct'.8-EXPHLAMD5I'2ETI(3,J)))''HB(5I)HC(5)
7 00 9 K:2,4.

30 IF(GP2(K,J).LT.fl.000) GPZ(K,J)TV.000
CONTINUE
00 10 k2,5
TF(HDZ(K,J).LT.0.000) HPZ((,J)t.000
-- -

35 11 OOTI'UE
CO B IzI,NONTHS
WQTTE(26,391) (CPZ(<,T),2,l.)
,1q1T5126.8921 (HPZ(<,I) ,K:2,5I

59j FO.4ATUH ,JFIO.5)
$0 FORWAI(IH ,4.F10.5)

B CONTINUE
RETURN
END

C
C

C Y71S SET CF SUBQOUTT4FS ESTASL!5P4 THE CABILITY TO ACCESS £
C P[U0O EXTERNAL COQE STOQACE FACILITY FC THE COC c4.00. i'qs

S C S £CCOWLISHD OUE 10 T'E VERY LARGE CCRE REQUIREMENTS FOR
C THIS SflULAIION PROG1AM.
C

C
SURROUTINE WRITECI CFW, EFW. WHO I
VIMZPdSIO FECS(35)
INTEGER UN
3ATA ( IFST I P

ENTRY WRITECS
IF (IFST.NE.I) GO TO 101

15 IFST s 0
CALL FILEWAI FECS, 3LLFN, LFECS, 3LPRL, 81920, ZLRT. 110
CALL OPENM( FECS, 3L1-')

180 CALL 'UTI FECS, CFW, 10 NWO, EFW
RETURN

to ENTRY READEC
ENTRY REAO!CS
IF (IFST.EQ.1) CALL STOPR( SHREADEC, 101
CALL GET( FECS, CFW, EFW 0, 0, 10 WHO

RETURN
EN')
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I SUSROUTIPiE STQPeU RTNAMF, ISTOP 0
O!NEWSIQt MESOFLII.)
ENCODE I 1,0, , prs3FL ) ISTOP, RTNAPE

I FONAT j) STOP , 13, 12W 1t ROUTINE A?, NH
5 CALL SYSTEHI 52, PESBFL

ST9P 2777
ENO

I C

C
FUNCTION SIZETCSTEE,k)

C

S C
C THIS FUNCTICH RETURNS VALUS FOR EVENT SIZES FCR THREE ROAD EROSION
C EVENTS' CFF ROAD EROSIOPi, ROAD OAfIAGE, AND ROAD FAILURE.
C

C

10 C TwC 3ASIC SIZES FOR OFF ROO EROSION AND ROAD DAiAGE ARE ENPLOYED.
C SMALL CF RCAD EVENTS )CCU APPROXIMATELY 9 CUT OF 10 TIMES AND
C ROAD DAMAGE EVENTS ARE SMALL ABOUT N CUT OF S TIMES. SMALL MEAPiS
C APPR3XINATELY LESS THAN t CU3IC YARDS. THIS FUNCTI9N IS SET UP TO
C HANDLE THIS DISCRIMINATION AND MULTIPLE SIZE SIMULATION.

15 C
OI'I'NSIOI STEEl'.)
COIION/ZERO/ IR 0) , 1*1 ) IC ll0 , TR! l.0)
CONION/TwO/GPZ , 5) ,HPZ(5, 0) ,GLAPDA 14) ,HLAMOA (5) ,GA (Ii)

2 HA1S),G3('.),H515),Gc),P'Cl5),II,,ALPHADI7),
20 3 ALPHAT(6),eETA?),9ETAT(b),UXC(5),UXTl'.),WOO(),

WT IN ), SOE (5) ,S TE II. )
rr(Ic_NF.p) GO T)

GO to 20
25 10 IFI<.NE.3) GO TO 20

KEV3zI(IRANIIRRN,31)/5358601.)5t.0)
20 IFIK.EO.2.ANO.KEV2.EO.t) GO TO 30

!F1'C.EO.J.AMO.ICEVi.EO.t) GO TO NC
IFIIC.EO.2) UXT (K)IRAN(TRRN,26)/53!YEOA.

30 IFIIC.EO..3) UXT(3)zIRAN(IQRN,27)I03A503.
IFCC.EC.4) UXT (4)=IRAN(IQN,2B)/8306B05.
NT tIC)z -ALOG 11 .-UXT ('C)))
5T ZEIK )z BE TA TI K) WI (K) CA(PHAt I K)) )
GO TO 50

35 30 UXT(2)ITRAPdIIRRN,3'.1/0358600.
NT 12)z (-ALOG (I .-UXTI2)))
STEE(?):BETA TI 5) '(WI (2)''(1.OIALPHT (5) ) )

CO T 0 50
40 UXTI 3)IcAN( IRRPI,35)/535!600.

40 NTI3)T(*LOGII.UXT(3)))
srEE(3)eETATI6)'(wT(3)''u.0,ALpI'Ar(6)))

30 5IZET'STEEK)
RETURN
END

I C

C
FUNCTION SIZED(SOEE,K,MNW,NMH,MHV)

C5. C
C THIS FUNCTICH RETURNS VALUS FOR EVENt SIZES 2CR FOUR SLOPE EROSION
C EVENTS. THEY ARE ROCKSLIDS,0E0RIS AVALANC)'E, Sf.UMPc, AND CREEP.
C EXPECIE) SIZES OF CEE? EVENTS ARE ONLY VERY ROUGH ESTIMATES 9ECAUE
C LIMITED OATS AVAILABLE TO USE FOR SIZE ESTIPATION. WHEN SUCH DATA

10 C IS AVAILAeLE THE PROGRAM IS EASILY NCDIPIEO TO REFLECT MORE ACCURATE
C SIZES OF THE CREEP EVENTS.
C

OTMENSION SDEE(5t
CONNON/ZO/IRINO),IA('.0),IC(l.0),IRRNINO)
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15 COAHON/TWO/GPZ),i),HDZ)1,a),CLA,1DAIl.,u%AprnAI5),&a)i,),
2
3
1. NT (¼),SDC() ,5TI'.)

CONFTNRIE/toILs(,NEL ,ME,MII,MC,MU,NV,M14,Ml,MY,MCYR,MCH,MCC,MT*GE,
l0 2 OG(5,0)5),DSIZE5,1.OSLT(5),ICELL,IECS,C(LLS,

3 IROAD,HTYPE
C

C SMALL SLUNPS AND DE3IS AVALANCHES OCCUR 0)1 SLCPES HARVESTED AND
C ON STA8APKS. SMALL SLUMPS ALSO CCU jP THE PO?l-C')HEIV S')ILS.
C THIS cuNT1cN IS wITrEN T'3 HANDLE SUCH OIrFERENTIATII)N
C IN CALCULATING EVE'lT SIZES.
C

Irl.EO.Z.C.K.Eo.5) CC TO 10
JFIK.EC.3.A?1O.MMW.EO.3) GO TO 20

30 IF(K.EC.3.iNO.MMH.NE.,) G.) TO 20
IF(K.EO.1..ANC.MM.!'3.3) GO to 30
IF(K.(C.1..AMD.MMH.N.) CO 10 30
IF(.EC.1..A'lO.MMV.E0.1) GO TO
Irl.!C..AHD.MV.E).?) GO TO 30

3; 10 IFI.EC.2) UX2)TATN,23I/e3A5EoA.
Ilw.EC. 3) U'1(3) :I.A1 A.
IFIC.EQ.1.) ux C.

JFI(.EC. 5) UO(5)zIA.4(IcN,29)/AJeAE0A.

S0EE (K) zeE TA K) 14)0) Ic) II. 0/AL PHAD IX) )
GO TO 1,0

20 UX')(3)ZIPAPI IR',3A)/53!ó0t.
1.DD(3)a(.ALOGU..Ui()))
soEEI3eETaDlw'1wo13)"Ii.o,ALpHAv),)
GO TO 1.0

30
UU(1.)z(-AL3G( 1. -UK))..)) )

1.0 SIZEO5OEEliC)
50 RETURN

END

I C

C
SUROUTIKE WR1TE2

C

5 C
C YHTS SUOPROCRAH WRITES CUT ALL HARVFST AD CAD 8UILDTN DATA FOR
C YEAR. THE INFORMATIOH IS TO USED IN A COST APALYST'. PDGAN.
C

COH'ION/FCURT5I!).,1! ,HT5iIP),t6?) ,N5EGS,N8LKS,NCELS,NY,
10 2 kYEAR5,J,(1ô2),-jv2),)1f,2),Icu(jb2), PIV(1E2),

3

WOPI/SE VEN/CO'ST (2, 2), ACRES (5) , VOLT IMIS) , IA
IF(II.NE.00GO P3 300

13 hRITE(1.9,0) HALT
50 cO1ATI1H1,l.A,*AP1.IUAL 0AD C0NSTRUCTTOi AN') TIM0EIF

2 IN ,53X,/HAV!5Y SUMWAHY SYATISTICSt,
3 IN ,3sx,co ALTERNATIVE NC.,1x,j3I/
1. IN ,1.1.X,1.1(A*)/F

20 5 IN ,11.XRDA3 CCHSTRUCYI3N OATAA,1.I.X,*YIMOER HARVEST DAT&:/
1. IN ,10K,30(A-Ab,31.i,2?l:-*))
bRITEl4,1.1)

q1 FON&Tl1w ,3K,*YEA SECONDARY SECCN')A PRIMARY PIHAqY*,2K
2,*TI3E.l TYPE 1 TIMOER TYPE 2 TIMSER TYDE 3 TIMSER TYPE *,1K

25 3,*TIPa!q TYPE S YEARS/
IN ,I2,AGAVEL*5X,ASPCTA,3X,AGRJVEL*,5X,*Sp0TA/

S IN .20,sT*0ILIZEcs,1ox,sST&EILIZEC,,
55(2K,SACES VOLUME S)F
1. IN ,AX,5(5,Ut3)Al)A)/

30 7 IN .ex.4(z.,s(FEET)s),1x,5(gx,s(rrT)s)//
A IN .IX,5(* A,2b,5)



I3zII,
300 WRXfE(,k92).y,

2VOLTIH(1,p=5,5p
35

92 FORMAT (iN ,3X.13,l.X,l.F10.2,S(F5.1,FiC.I),ix,13)
QE TURN
END

I C
C

SUSROUTINE WRITEI
C

5 C
C THIS SUePROGAM WRITES OUT ALL EROSION ACTIVITY RECORDED EACH MCNTH
C AND HAINTAIIS A FILE OF TNTE.NAL SUMMARY STATISTICS FOR FINAL CUTPUT
C AT EPdB CF fINE PERIOD COVFING EHIS HARVEST ALTERNATIVE.
C

In TPFENSIDN TN(.),TNT(1I,DNN(5),ONMD(5)
011ENSIOP NUNO4S),SUMTTT ),5UMO(5I,VARTl,VAPD(5, ,TMEAN(l.)
I1ENSIOk NUNT()

o:McNszo OMEAN(5),TSTD(,DSTG4 .USST4'SI,U5SDII,CSST(( ,csois
CCIMON/ONE/ZEIA(3,8(,MITHs,ji,j?,IT,P(12(,G(12,,pT(e),c.z(s)

15 COMMON/T HRIE/HBLK,NCEI NC ,MI. ,V, MW,NX,MY,MCYR, NCN.MCC, NI
(5) OMH (5) ,DSIZE (5) ,NCSL IP (5 ), ILELL. IECS ,CELLS,

)ROAO,MfYP(

NYEARS ,J,NR ( 15 2) lii?) ,N5 (162) ,Nu t lo?) ,Nv ( l2)
20

1FU6.NE.0)GO TO 300
C

IZ T . 7 :;.0 :': ::lC::
25 L.

Iu-16e1
C

C WPT' TABLE HEADINGS FOR CNE TABLE YPf SUMMARY, EV!T Y EVENT.
C

35 k' ITE(A5,'.SQ) HALT
i.s FOkMATUHI,30X,:ROA) EROSION SIAVISTICS,,

IN ,31X,FOR ALTrRNATIVE NC.S.1X,IIF
1 IN ,27,2glt=s//

1 IN ,5X,SOFF ROAD EROSION$,15x,SROAO CAMA[,Ox
,OAO FAILURES!

IN ,325U-t),cx)!!
1I ,3(iX,iYAR MONTH SEG- SIZE IS.6V)/
IN ,3(125,SMENT CUIC YO.t..Y)F
IN ,3(IX.t---------------------S,5X)/)

An IRITE6,AE0) HALT
60 IO1AI(iHi,96X,SSLOPE EROSION STATTSTICSS/

2 1(4 ,?X,tFOR ALTERNATIVE C.,ix,I3/
AN ,43X,30(SS)/!
IN ,AX, !QOCXSLICE ,11iX,:t(BI5 AVALANCH,FLCuSt, lix

,ISLUMP EARTHFLDWS$,i2x,CR((F *CG(LEQATICNSS/
5 IN ,'.(f--
F D ,AUYR. MON. CELL SIZE IN.kx)/

,4(?OX,:CUBICS,5x(/
1(4 4(2QX,SYARDS,5X(/

50 0 1(4 ,4(t -
C
C SET STATISTICAL SUMMATION VARIABLES TO ZERO.
C

DO 2qB I(T1,4.
55 SUMTTT (((('0. 0

USST(K):0.0
CSST (IC)0.0
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115

.120

125

C

C

C

C
C

2'

1,

301
302

IS TO (K 0. 0

61 UMT (K)z0
790 CONTINUE

DO 799 i,5
SuNr)Ik)o.m
USSO(K)z0.r
CSS3(KIzO.0
OS TO (K Iz 0. 0
VA (K 0. 0
NUMD(IC)0

295 CONTINUE
70 C

C WRITE OUT LACH EVENT DATA SET, EVENT !Y (VENT.
C
C -DC' 01D EROSION £VN!S FIRST.
C

300 DO 30? Nz1,'l((.S
90 301 Ks?,'

0 10 3Ø
USST(K)USS (KI'11
WUWT(.C)xpUwT IC) eNTSLP
SUNTTT (KPZSUNTT1,TI2(S(,NI
IF(I(.EC.2t (.0 TO 2?
Ir(,c.Ec.3) & T '3
IrIc.EO.i.p GO To ?

2 RIT((l,5,'p NY,J.4.TSI2C(K,P
GD TC 301

2' WRITE(i,5,31
GD TO 301
RITE(I.5, NY,J,N,tSXZ(k,w,
rOqAT(1p, ,iX,I3,1x,I3,2,Il,,-jO1)
FCRNIT (IN ,311.I3,3x,13.zx.14.F,31,
roq*T(1N 3X ,73,3X,73,2x,14,,l(.l)
CONY IdL(

'NTI'4UE

O. '.OPE £CSIO EVENTS SECND. KSPJ IS YNE VAJAeIZ OEP.OTls(.C-'FNE (SKIPU O A9S(I (KSKIPsII OF wy ri.Ly EUE'1S
A *LL. bHEN TIEE AE NCNE, THIS WIOLE SECTION I

1rKSkI.Ec.1) 50 TO 341
01) 304 KIrl,WCELS
!(TEVEIT(KIP.(fl,0) GO TO 30a
NLLKI

CALL (AQEC5
90 303 kz2,
TF(NDSLIP(KI.Eo.o) GO TO 103
USSO(K1zIJ5! ((P '3S37E(Ic'DSI7 (K)
fUWO(C)zPDrUc N)SLI 011
SUND (K PSUO ('C) )SI !EI so
TF('C.(o.2s GO TO 25
1F01.EC,31 GD TO 26
Tr('C.EC.s.p GO TO 7
IFOC.EC.51 GO TO 20

25 WITE(46,l?) NV,J,N31.IC,$CEL,OSI7r('C)
GO TO 303

7 WIt((s,o,13) NY,J.LK,NC(L,DS17c(S(p
(.0 TO 303

PT WRITE(46,) NYR,J,N9LK,NCEL,C'SIZE(KP
GO 70 303

25 wqITEg6,j5j
12 FOPAT (III .13, 1K.I3,2X,I4,x,4,ç31)
13 FORNAT (Ps .301,13, ll,13,?X,Il,,IX,I4.F10l)
14 FORWAT (IN 6OX.I).11,IJ,2X,I.,,3X,I4 I10 1)
15 FORUT (IN SOXIi.I*,I3,21,j4,ly,TF1Cl)

303 CONTINuE
304 C3TIwu
340 1FENYR.LT.NYEAS.OR.J.LT.MONTHS, GO TO 307
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C

C I ALL YEARS F THE At.TRHATIVE AL rI,!SI4ED, CALCULATE AND
C OUT THESE S MptAQ' STATISTICS.

130 C

DO 305 '2,h
IcINUWTIK).EC.t) G3 TO 305
THUISFL.CAT(P,UMT (K))
TNT(su 'FLOAT (HUNT (K) -I)

135 TNEAW(k) ISUMTT I (K)/TP (K)
CSST (K )= ( SUN TTI( K) UTT T ( K)/TN( K)
VAT (K): (USSTCIO-;SSTK )/TNT (K)
TSTO(K)z53T (A'T(K) )

305 CONTINUE
* e 00 306 K:2,5

IF (HUI(K.o.fH O TO 306
OHN(KZFLO&T (NUM3(K)
ONWO (K):FLCATIP4U'J (K) -1)
DNEAN(Ks5tiDo D4IK

I S
VAD(K):(US3(lK).c55O(K) )/JI4WD(K)
ST0(sC)5QRT IvLO(Kp )

306 CO'TINUE
C

ISO C 00 ROAD ER3SION SU"NAT FIRST.
C

WRTTE(q5,I,51) INUMT(K) ,SUMTTI (K)
&5 cO4AT(1 ,/5lSt)I!

1*1 ,3I1X.SUMMRY OATAV,11X)/
I 3 S IN ,3(t-- 1,16))!!

IN .3(2x, ITOTLLI,IOX,*YpTALt,Ax)/
IN ,3 (2X,IEIIENTS: ,91, SSIZES.Cx)/
IN ,3(3X,14,k,X,Fj3.j,4x))

WR ITE (AS ,7 95IIT1A' K) , STJ (K) ,K:2, 4)
360 798 HNAT (1t 13 (2w, SN0N SI fl ST:. sizt, 7X)!

B IN ,3(2X,(j0.1,21,F10.1,6X),,
9 IN ,S5($'S))

C
C WC. .)CT THE SLOPE EWSION SUMMARY.

115 C

¼11E(luS,461) ('4UM(K) ,SLMO(K) ,K=25)' r)MAT(j ,I15(1zt)//
IN ,4(IX,ASUIWARY DAIAV,1?x3/

3 IN 111(1

170 1*1 ,4(2X,1TOtAtt,1OX,tIOTAL,øK),
5 Iii ,l. (2X,1EllEhT5 ,9X,tSIZ( S,9)/

II ,A(3X,I4,S),F1.I,4x))
w:T(A6,s(n (OMEAX),tSTJ(K) ,Pcr?,5)

007 'LMAT(1H ,4(2X,1I!A'j S1Z STO. SIZE1,7x)!
175 6 IN ,'(2X,FIfl.1,21,F1Q.l,6y1,,

IN ,I1S(ts))
C

C TN) SETS UP HEADINGS FOR TH SECOND TAELE TYPE--Svv S*1ATT5T'.:
C CEL. 1! CELL.

leo C

307 IIA.HE.j) GO TO 308
C

C WHEW 1IM IS NOT EQUAL TO ZERO, DC NCT WRITE CUT THE TABLE HEAD-
C ING', SKIP TO TI9E DATA WRITE OUT SEGMENT.

us C

!t.i00
WRITE(A?,470) HALT

AiD FORN*T(1NI.43x,AA0 E.ZSION STATISTICSA,
2 1*4 ,4AX,AFO ALTERNATIvE NC.1,jX,!3/

*98 3 1(4 ,A0X,2q(Szt)/)
WR!TE(7,99)

A99 FOMAT(1H ,X,tSE&NENr SEGMEP(r EVENT EVENT ROAD ROAD ROAO*
A,IK,ISLOFE SCIL LAND- BECOING DEOCING PRECID- SOIL yEARS
A,I A, SNONTHI!

I'S S 1)4 ,t '4UM3ER LENGTH TYPE SIZE AGE STAND- WIDTHS
5,Il,SCLASS TYPE FORM 'LANE PLANE I*ATIOP WATERS!
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IN ,3X,SDARO CLASSS,20X,,OTP FRACTURES,9X,,CONTFNT,,7 IN ,2SX,ICU9ICt,L.JX,1ANGLF,,
6 114 ,tjX,s (FEET) TIK) YARDS R(K) 5(K) (1(K) U(iC) VK)S700 6,2X,tw(i() X(K) Y(K) pjp G(J)tI9 114 ,1 20 (t-t)//)
WqITr(e.3,4,PO) HALT

460 FOMAT(lI.1,l,?X,,LOpE EROSION STATISTICs,l
2 114 ,l.3X,tFOI ALTERNATIVE WC.,,1x,II,

705 3 IN ,.gx,3o(t://
IN ,lIX,,rELL 'ELL EVENT EVENT TIN lIAR- SILVIC SLOPE,A,tX,tSCIL LAND 0OIN c(EOflIPG PRECIP SCIL YEL MCNTHt.gS IN ,f NUM3ER 5IZ TYPE SI7 BER VEST ULTURE,5,IX,fCIA$5 TYPE FORM PLANE PLANE ITATION WATq/210 114 ,32),tAGE TYPE CL655,,20x,,DIp FRACTURE,6,9A, tCONTENT t/

7 IN ,ISX,tCUSICt,.3X,SANGLE,,I IN ,IlX,t(ACES) 0(K) YARDS E(K) H(K) C(K1 U(K) V(' )tB,2X,sw(K) A(K) Y(K) P(J) G(J)S/215 9 III ,120 (t-S)//)
C

C W.ITE OUT EVENT DATA FOR
C
C DO RtA0 EROSION FIRST.

220 C

30 00 310 Nz1,NSfG
O 309 K!,4,

IF(?4TS(IP(K,N).EQ.fl) GO TO 309
WRITE(I,?,4,7) N eRLG(N),K,I!I7E(K,K),NR(N)NI(N)NM(N)PU4225 ?NV(N).NW(N),NX(N).NY(PJ),P(J)G(J)N,RJ471 FORMAl (IN ,ex, I5,2X,Fg.I,21,I2,F9. ,1x,3(I2,i.xJ2,, 12,L.X,F7.2,i A,F?. ','X,I3,3x,I7)

309 CONTINUE

3t0 rONTINUr
230 C

C NOW DO SLCPE EROSION.
C

JF IICSICIP.EO.1 GO TO 3'.1
Dc? 312 KII.NCELS

235 1F(IEVENTKI).E.oJ GO TO 312
ICELL=KI
CALL REACECS(N8LI(,IECS(jCE(L_1) ,I!C!)

00 311 K2,5
I(NDSLIPK.E.D GO TO 331

240 NRITE(l,5,l.e1) KI,CEL(S,IC,D5I7ErK .ME,MP,MC,MU,HV,NW,PX,MY
.P(J),G(J) ,NY,J

461 FORMAT (1(4 ,3X, I5,3X.F6.1,3l,I2,1,F6.Q l'(2x12 2N) ,1X,3(12,l,x;
311 CONTINUE

245 312 CONTINUE
34.3 RETURN

TNI ENDS TP4E MAIN PROGRAM AND ALL RELATED SUBROUTINES AND
FUNCTIONS. HARASS IS NCW 4OMPLETE.

EACH EVENT CELL OY CELL.

I C
C
C
C

S C
C
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FILE 32 (HARASS) FIlE 33 (HARASS)

1.11130 1.00
1.01030 1.0')
0.00110 1.00
0.00031 1.00

2.00
1.110
1.00
1.00

0.22
0.51
0.10
0.00

1.134101
7502650
3604734

194211

2069
2069
2005
2085

1772721
4615007
1772721
6615087

0.01200 1.00
I.010'lO 1.00

2.00
1.00

I) .33 7094520
32288

4117
4117 .

1772721
661537

0.00100 1.00
1.25O0 75.CCO

1.03 3.05 366644?
7268393

4133
1.133

1772721
661'001

1.25000 125.000 4757 2069 1772'1
0.97600 b?71..71') 2992700 2069 6615107
1.01020 724.600 31.96037 2085 1772771
1.13080 7'O.l't 473.300 2085 6615007
.qieoo 10.1.22') 4361796 4117 1772V2
1.40660 4531.283 712703 1.117 661501
1.14t30 a736.50 2410461 1.130 1712721
0.70610 4426.78 1168191. 1.133 6615017
1.66320 5'C.570 7556247 2069 1772"l
.1.03260 491.870 6935131. 2069 6615l'7

1160181. 2005 t72721
6108234 2085 661501?
7721419 .117 1772721

13156 1.117 661531'
4ieqgqo 1.133 1772721
0016392 1.113 661500w
6657221. 2069 1777721
3764039 2069 66101
3040293 2005 177?7'l
2276518 2085 6615517

35&5L7 .117 1;;;
723771.2 1.133 1772721

FILE 38 (HARASS)
50061.73
2950752

4133
2049

661500'
1772721

6550907 2069 66110'
51.02491 2005 1772721

96007 2005 6615101
20 '598. 132. 4796. 905. 0. 11.56233 4117 1772721
30 17154. 2813. 101.21. 1740. a. 6995055 1.117 661500'
60 25909. 53?9. 15311. 5Q0 1. 2619774 1.13.3 1712721
50 33955. 37??. 191.47. 8357. II. 4014530 1.133 6615137
60 41591. 15105. 22o19. 1101.5. 0.
71 41717. 210'.0. 7975. 11058. 0.
ID 53332. 2621.7. '75'?. 14559. I.
90 61430. 31110. 287.5. 11.559. 1.

100 67034. 35514. 29229. 15417. 0.
110 72120. 391,30. 28970. 1531.3. 0.
120 76693. 42951. 27992. 15304. 0.
130 30762. 1.6236. 26000. 14015. 0.
140 81.31?. 4977 25000. 14521. 0.
151 87363. 31201. 21.000. 14061. 0.

FILE 39 (HARASS -- Two Examples)

0 2 j I 100 3

0.20 247.1 43560. 1.6
2207 88 88 162 64 6 8

6 2 1 1 100 6 3

0.20 247.1 43560. 1.6
2207 Be 33 162 64 6 8
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Appendix E. COMPUTER PROGRAM AND DATA FILES FOR }IARI'

PROGRAM H*RP( INPUT, OUTPUT, TAPE3OT?F80, TAPEI*TAP(30,
P TAPE2I=3UTPUT, TAP?=t0IJ0, T1PE33, TAPEi?2FA0.
3 TAPE357?80. TAP3brTAPE3O, T*PE?*7?F8O. TAPE3BTADE3D,' TAPE3*T*PE30, T*PE,0. TAPEZ9:INFUT. TAPE), TAPIZI

5 C

C THIS POCRAN CALCULATES THE PRESEIT NET VALUE CF EACH hARVEST AND
C ROAD ALTERN*TIV. INPUT IS PROVIDED FROM TI-f HARASS PRO&R*M.
C

DI'fNSIO CONST(?,2,2),TLENGTH(2,2),TSIZE($8.RI,COSTU2I,TL(2)
Be OIMEWSIOP

DIMENSION RCCST( ),P*TRS()8I,CPAIT(B8J,CONSTPC(3B)
DIMENSIOP. ACR(S(5,3I ,VOLTIML5,S8I,TEPIERGY($5I.NCOST(BB)
DIMENSION rcrccoST3J,CfCuIPu$,CLA8oRe!l.CSTUP(eBI
DIMENSION VAL(5),TRETjRN(3)I.CIPOEk(3I.DINDtX(3)
DIMENSION NA (16?I,NUCIG?I,RLGIG2I,WO(162),N*&E(7I
OIMENSIO PIPIALT( ,?MCALT(),?),VCL(t8,5I,8LCGS(AB,5)
OIMENSIO ,CUTROA5I,C1CTIME(I
DIMENSION SETUDCT(5),HLA3RI5),MECUIP(5),EUERGY(SI,CON(5),3F()
DIIENSI3P. 8PL c5),OL(5I,Sv(51.co(5),cI(51,TA(5I ,RI(S),TURNS(5)

20 DIMENSION YE (5) ,SYOIST(e,5) ,COSLOPE (S,5),DISLAT($B)
DIMENSION TAGLINE(8) ,RE(5),N5(1B21,NM(1(21

C
C INITIALIZE AND READ TN THE CRIVIPG DATA FILES.
C

75 IWAYO
TTUQNST ENG= RE GzRGHT WA Yr 0.0
COMST(1,i,t)CONST(1.1.2)CON!T(i,2,2)*CCNST(2.1,i)Z0.fl
CONSt(2.2,2)zCOST(2.2,1)rCONST(2.1,2)ZCCNS1(1,2.2)0.0

C

30 C THIS READ FILE CONTAINS THE *SIC INFOQPATICN THAT SETS UP TIlE
t. AS?COUA?VsJt DC?.IP rn,enr.cr sap p_a. rnh,a?ypr snp.,oro. s.wr.oe_
C !E' C' FC T°E E!:T: :r--r' r 5:
C IN THE ALTERNATTVE N3LKS--NUH9EQ (F RLOCNS: IDEX--ESTA?L!3HEs
C IF THE USER WISHES TO EXAMINE MORE THAN ONE LEVEL OF ICE AN

35 C COST INDICTES; AND OETAILALLOWS THE USER TO DECIDE TO PEAO i
C THE IN'ORpATID FOR THE HARVEST COST REGRESSION EQUATICHE 3LOCK
C BY BLOCK (FINE PESOLUTION) CR FOR DRAINASE AVERAGES (=1.0 AND
C 0.O RZSECTIVELY.
C

REIO(29, 600) NALT,NVE*RS,NSEG5,NBLKS,INDEX,DETATL
BOO FoMlT(5I10,F10.1)

NA r NI IT
C

C THIS READ FILE ESTABLISHES THE ORIGINAL LENGTH OF ANY EXISTING ROADS.
$5 C

R!AD(30,l01) (TLENGTII(1,K),TLENGTN(2.K) ,Kz1,2)
001 FORiAT(F1O.2)

C
C IHIS READ FILE CONTAINS TIlE COST ELEMENTS FOR ROAOSI GRVCOST--

50 C COST OF ROCNIN FOR MEW CCNSTPUCTICN CONCCST__COPSTRUCTICP CST
C FOR VARIOUS ROAD STANDAR')S COSTNTN-YEARLY MAINTENANCE COSTS
C PER MILE: PLAPITB--F!XED COST PER AC F DLANTING PLANTPT--
C COST OF PLANTING PER TREE; TREESPA--NuER OF TREES PLAtTEO PE ACRET
C VALALUE cr sTuM=ar,E PER 1000 POARO FEET AT THE MILL: CINIEX--

55 C COST INDEX PEP YEAR: AND RINEX--QETURNS (PRICE) INDEX PER YEAR.
C

REID(31,B10) (GRVDOST(K).KrI.8)
REAO(31,810) (CONCOST(K),KrI,e)
QEAD(31,812) (COSTMTN(I(I ,COSTQPR(W),Icz1,2)

so RE*O(31,612) PLANT3,PLANTPT.TREESA
REAOI3I,E13) LVAL(M).1.5)
REIO(31, All,) (CIIIOEX(XI,PINOEX(SC),K*I,3)

$10 FOR&T(3F1O.?)
811 FORM*r(F10.2)

*5 812 FORM*T(F10.2)
$13 FORMATSFTO.2)
81l FORMAT(6F10.2)

199



200

C
C THIS READ rar ESTALTSHLS THE VOLUPE AND ACRES OF TIMBER HARt5TE')

70 C !ACI4 YEAR. IT I A FILE PRODUCED BY TME HARASS PROGRAM (FILE
C FROM LUN dUrBIR .9) *1501 T(N(RCY--TOAL ENERGY PER YEAR USFO
C O MAV(S! A UNfl 'C')ST"ANNUAL TOTAL ROAD COSTS; PEPAIRc--
C ANNUAL COSTS TO ROAJ JUE TO UNPPOGRAPMEO DAMAGE AND FAILURES:
c cowsT:--ANUAL cCF;TR'JcTIoN costs PCR ALTIQPdATIVL CHAINT--

75 C ANNUAL NAINTEUA'JC COSISI IRETURN--ANNUAL GROSS RETURNS: 'EG-
C COST--ANNUAL REGERAT ION COSTS; TSIZE--THE SIZE OF
C RANOOM ROAD EROSIO) rVENTS THAT PEDUIRE REPAIRS TO KEEP THE ROAD
C SYSTEI OPEN, TO BE READ IN NEXT READ FILE FRCK FILE CREATED
C BY THE HARASS PROGRAM FILE FROM LUN NUMBER

S. C
DO 397 J*1,NYEAQS
Th SE RG V ( J) 0 0

I3ST(J)TFETUR (J)sRE&COST (J)0. 0
IS READ(32.0?0) (AES(M,J),VOLTIM(M,J),Mzi,S)

$20 FO4AT(51X,5(F'5.I,FtO.i))
TSIZE(J,3)T!IZ! (J,l.)0.0

397 CONTINUE
RRIXI

9$ NR2sI
C

C THIS SECTION READS IN TN! VARIOUS ROAD DAMAGE AND FAILURE EVENTS
C AND CREATES YEARLY TOTALS F0 ALL EVENTS LARGER THAN ID CUBIC
C YARDS. MRI AO 'I--COUNTERS TO IDENTIFY EVENT TYPE: TSZ--
C YEARLY TOTALS FCR ROAD DAMAGE AND ROAD FAILURE EVENTS.
C

00 450 J1,NYEARS
TS7(1,J)TSI2(J,3)
TS7(2,J)T!IZE (J,1.)

III IF(R1.NE.J.ANO.M?.NE.)) GO TO OB

399 RE*3(33,830* NTEN.MI,T5IZE(J,3) ,MR2,TSIZE(J,4)
$30 FORWAT (12,30X.13,12K.F10.1,5X,13,12X,FiO.I)

JFIITEN.EO.10) GO TO '.00
I %L.J IL%1,JI'IL1t%J,JP

5.5 3I(MP?..L.J l(Z,J):I51I?,J)$ISI1IJ,I.)
IFINRI.EC.C.AND.MR2.EQ.0) GO TO 399
IFINRI.EC.J) GO 10 399
IFINR2.EC.J) GO TO 399
JkJ.1

110 IF IMRI.EG.JK) TSIZE(JK,3)TSIZE(J,3)
IFIMR?.EC.J<) TSIZE(JK,'. )TSIZEJ,I,)
IFIWRI.NE.J() TSIZE(MR1, 3)zTSIZEJ,3)
IFI'1R2.NE.JK) TSI7E(MR2,4)=TSIZE (J,4)
TSIZEIJ,3)TSIZE (J,1.)=Q. C

115 SS CONTINUE
00 950 .11.NYEARS
NR1TE(Z1.20) TSZ(1,J),TS? (2,J)

955 CONTINUE
205 FORMAT (1)4 ,2F15.Z)

1?B C
C THIS READ FILE IS THE SAME ONE UTILIZ!O IN HARASS UNOR THE SAME
C LUN NUMBER. I4ERE, ROAD STANDARO, ROAD SURFACING, SLOPE TYpr,
C ROAD LE'l&TH AND WIDTH ARE READ IN UNS, NM, NU, RLG, AND ND QESDECTIVELY.)
C ALSO,LtJN 35 CONTAINS THE ALTERNATIVE INFORMATICN USED IN HQASS TO

125 C ScHEDULE THE YEAP F CONSTRUCTION FOR EACH SEGMENT INAGE--BY THE
C RESPECTIVE ALTENATI4E NUMBER--HALT). RGHTWAY IS THE TOTAL ACRES
C CLEARED FOR ROAC CONSTRUCTION.
C

03 401 J1,NSrGS
130 REIDl3A,60) MS(J),NM(J),NU(J),RLG(J),WD(J)

$1.5 rRMAT (q,3I1,4.K,F6. 1,F4..0 ,54X)
READ(35,050) (NA&C(K),K1,?)

$50 FORMJT(10s,7110
NA IJIN*GE (HAL TI

135 IFINAIJ).GT.0) RGHTWAY=RGHTWAV,RLG(J)'WD(JIF3560.0
S1 CONTINUE

ITEl2i,?1i RIHTWAV
211 FORMATI1H ,F20.2(

00 40? J1,N8LKS
145 *EAQI3T,IIoO) (MNALT U, K),MCALT (J,K) ,K1,7)

$65 FORMATIIOX,I.I5)



C
C 1H1S 1tXT FEW RIA) FILES CENTAIW 74 !AFDRWATTON NECESSARY TO RUN
C THE HARVEST CO51 I2iIAIICS. DCPINI EN Wp4fTWtR THE USIP1 WISHL! To
C REA) IN lilA PT LOC(S I3CTAIL.1.SI C V (IPAIWAS oFtAX1o.o,,
C C'PTAIN P CEOURES A"E DICTATED. IVVCL--HORAO FELT PER TURWI
C SLOGS--WJM3EQ 01 LO& PE IURHI SV151--ACTUAL SLOPE DISTANCE FOR
C TARDING OF LINE DAWN FROl SPAR TOWER TOP TO
C PLACL OF NOO!NG: DTLAT--!lISTAP,CF TN FEET FOR LATERAL

155 C YARDING FOR PARTIAL CUT svSrMs; TAGLIWE--IENGTH OF THE TAGLINE IN
C FEET FOR NELICoTER YAWTNG RIGGER5--ShUI8ER OF RIGGERS.
C

IF(DETAIL.ED.I.OI GD TO O2
DO 390 (1.5

155 trA0140.Sb1I SFVOL(J.).BLOGS(J,(I.CDSLOPE(J,K),5yDIST(J,K)
S61 F9RIAT (F1O. 31
395 CONTINUE

REAOIS.5E2I DISIATIJI .TAGLINE(JI,RIGGERSIJI
$62 FORMAT (3F10.31

IES 102 CONTIPWT
IFI3ETA!L.LT.l.0) GO TO 101
5O 115 E1.5
R!aOfl.e7DP 5FVOi(1,),5LOG5,I,,,CD5LCpE(l.K),5yDI5T(1,

S70 FORIAT 1l.F1C.3)
1(5 105 CONTINUE

REAO(36.A71) DISLAT(1),TAGLIN(11),RIGGERSIII
S71 FORIAT (3F10.31

C
C HARVEST COST (UAT1ON VAQI$!LES DEAD IN HERE AREI DELAY--THE

175 C DELAY TIE CTDQ F3R ICH YARDI1G STSTM BLANOG--NUNeER OF
C LANDINGS PER U'IIT WARVESTEO: CuTR3AG--uM9Ea OF YARDING RDADS TO

C HARVEST A UNIT 15L3 FOR THIS STUOTI! CNGTINE--TIH REQUIRED
G 10 CWANb HUau ITICJjl.); IUr..--Cui F IiITILL 3ET: E;
C NLAS3R--CCSTS F eR taLl YIc ' t.Nt nuuc yr EiIG,

175 C MEOUIP--CCST3 3F E)UIPMNT FOR ELCU SYSTEl PER HOUR OF OPERATIOp;
C AND (NERT--AMUNT O FUEL CONSUNE RED 1500 901R0 FEET OF TIMBER
C NARV!STEO FD EACH SYSTEM.
C
151. R(&013!,eSfl 1D!LAY(kI.1C1,5)

110 REAOI3S,830 (9L$(),1,5)
tEAO(30,pAC (CJTRAD(.=1,
EAO131,s3sI 1CNGTIMEIk),'c1,5)
NAD135,e3C) 1S!TJDCT(c).c=1.!,
A)13e,S50I (HLA3DRII(),k1,5J

EAOC3S,eS5) 1.lCUIP1I,K=1,5
READC3A,030 IENER&V((I.k=1,5)

535 FORMAT (SF10.2)
C
C HARVEST COST FOUATIO!I COEFFICIENTS AREI COW--THE CONSTANT:

1°0 C 3F--COEF. FCR scvot: 5F31--COEF. COR FV3L5OGs BL--COEF. FOR
C 3LOGS SY--COEF. FOR SYMST; CD--CQEF. FOR COSLOPE; OlCOEF.
C FOR DISLAT; TA_._COEC. FOR TAGLINE: RICEF. FOR RIGGERS.
C

READ(39,$31) (CON().k=t.5)
195 READ(39,551 (3F(lO,K-1,5)

REAOI3C.5S1) (B1BL1.=I.5)
REAO(3°.SAl (31('CI,Kl.S)
5EA0139,5311 (SYc,=1,5

&D(39,s31) (CflS(I.kI,5)
PUS 1EA3139,e5 (DI('O.k1.5)

REA)(3.3A1 1TA($(I,k=1,)
NCAO(39.IAII (RI(K),K=1.5)

531 FOR'IAT(SFlV.Sl
C
C NOW ALL THE DRIVING INFORMATION HAS SEEN READ IN. THE LOOP ON 10
C IS A YEARLY LC3P FOR THE LENGTH OF TWE ALTFR$JATIVE IN WHICH YEARLY
C TOTALS FOR COST!. RETURNS, AND CERTAIw VOLUNES OF PRODUCTS ARE
C DETEPNT'EO. AFTED THIS LO)P. THEN THE PRESENT NET VALUE (PNVJ FOR
C SEVERaL INTEREST RATE3 AND VARIOUS PRICE AND COST INDICIES ARE
C CALCULATED.
C

201

2S5

211



202

00 1,10 NYR1,NYEARS
C
C THIS SECUON TS UP 11D CALCUIAIES THE BASIC CONSIPUCTION

215 C ANOUNIS BY RDA TY°E AT icp PLACEMENT EACH YEAR. VALUES FOR TYPE
C OF QO1, AMCUPJ CO1STRUC7E1 OR tACIi TYPE ON BASIC SLOPES AND RIGHT
C OF WAY CL(AREO AE DTLQINE).
C

00 520 $rl,N5EG5
220 NAINNA(N41

IF(NA(N).NE.0J GO TO 520
NSSrNS (N)
NMPl (N)
NUUNU (N)

225 IF(NUU.EO.1.OD.WUU.EO.2) NPP=1
IcINUU.EO.3.C.NUV.ED.) NPP:2
C0NSTtNSS,NMM,NPP):CCNT(NSS,NNM,NPP),(RLGtN)),5280.o
RGHTWAYZRGHTWIY,RLG( N) 'WO(N143560.l

TLENGTI(NSS,NMMPXTLENG7H(NSS,NNM),COPIST(NSS,NMN,1I,
730 2 CONSTNSS,Nrni,2)

520 CONTINUE
WRTTE(2j,21') RGHTWAY,T1!HGTHII,1),TLE$&TH(1,2),TLENGTH(2,I,

2 TL(NGTI(2,2
212 FORMAT (IN ,SFIS.2)

235 C
C THIS SECTION CAlCUlATES ANNUAl ROAD RELATED COSTS.
C

COST(1)COPIST(2,j,t)(CONCOST(1),GRVCOST(1))

2¼0 COST(3J=C')NST(?,2,1tCmCn3r(3),GvCOST(3,)
COST I1,)COPST(Z, ',2) (C)N"03T (I.) +GRVCOST (4))
COSTI)=CO!.3T(i.i.11scNcOsTS),Gqvco5T(5))

COST (7 1= C3PS 1(1. 2.1) ( CO 3T (7) VOOSt (7)
rflcTfICOp:sT(1.2..(CouCosj),GpVCgsT(,))
TL (1 ) TTL ENOTMl 1) TI .' Yf4( 1. 2)

TL(?)=TLE1&TM(2,I),TlOTwc2,2)
COST 19)=Tt.lj )COSTMTNTI)
COST (i0)=TL(? 3STMTN(')

230 COST (11) zTSZ (1 ,IYR) CSTR0( I)
COST (12) TSZ (2.TIYR 'COSRPR(2)

PAIQS(pY)COST(1j).C15j (12)
CMAINT (NYR)=C0ST IA) +COST U3)

233 2 COST(?*,CnTf)
RCOST (NYR)RFP&I RS(IYD) 'CHAINT (MYR 'CONSTRC(NYR)

00 600 Li,i2
COST (KL)=0 .0

600 CONTINUE
2t0 03 630 11.2

00 620 K1.2
00 610 J'i.2
CONST(J.ec,L=0.0

610 CONTINUE
265 620 CONTINUE

630 CONTINUE
C

C THIS SECTION CAlCUlATES AN9UAI TTN9ER HARVEST RElATED ECONOMIC
C AND ENERGY OUTLAYS. VALU TOTAL OOLLAR COST AND TOTAl ENERGY
C CONSuMTIOP1 FOR A HARVEST OPERATION CM CHE BLOCK ARE DETERMINED
C

WNYR
IF(OETAIL.E0.t.0 GO 10 750
00 71,0 K1,5

275 SFVOLIN,K)xOFvOl (1 ,K)
BLCGSN,K=$LOG5I1 ,K)
SYDIST (N,'O=!YDIST (1 .w)
COSLOPE(w,pc)=c,sIgpcfj,,(,

740 CONTTNU
200 DISLAT (N)DIl1T (1)

TAGLINEp=TA&LTIj)
R1GGERS(e=RIG&RSu'

750 MCMCALT1N.MALT
IIN2MKILT (N,JAlT)

205 IF(MC.EQ.3.ANO.iii.E.. GO TO 770



203

1F('lC.(Q.1.ANO.MH.Q. 1) K1
ir IP,C.EQ.I .APr).4H. E. 1 (:2
IF (MC.13.2.AHD.MH.t.J. 1) K3
IFI1C.L.1.AI1.MH.E1.2P KI.

790 IFC.EQ..A.MtI..fl (:5
III xl eF 1K)' gF tN,K) 'BFBL 1K I' (flFVCL lN,K I/9LOGS (N. K))

7 8LIKI'BLOf,KI4TIs(I'SYOIST(N,K),COU().CD5LOPf(N,I()
3 CI(K)'D1L.T(M).fA(KI'TAGLINE(N),RT(K)eqI&&Eqs(N,

D 160 JL:1,c
295 ,t(JLIEGT(K,IVr1LTI,l.JL,Np,,L000.o

T(H&ZTEPJC.'TEIJL)
RE (JLI A CR ESIJI, N) ' IPL ANTBG PL AN TPT'TRE ESPA I
R!GREG'RE (.11)
TR45 ( JI ) V3 IT P'( ii, 1I qF VOL (M,K)

300 TTURNSTTURNS.TUR)S(JL)
760 COINUE

HTIME I TT I4E TI) I I AT (K I), (CNGT IME IK).(CUTPOAOIK) -1.0)) )/60.0
cLA,ORYR)HTtMHLA IOR IP
CEQUIP I'1Y° p :iiT tMF'WO')t (xl

315 CSEiUPYR)..ETUDCT(K) 'ILANDG(K)
HC3ST(NYRCLANT4QUIP(HTRI,CSETtjPINyR).REG
TERT(KYP TEG
REGCOST(NYR) :Rr
TIUDHSrTFP1GRG:HTIIE:D. 0

310 60 TO 150
710 HCOSI(NVR) :TE?ERrYINTP:REGCOST(NYRI:O.O

CEUIP YR):CSETUP(4TR)rCLABOR ('CVRP=O.O
C

C THIS SECT ION RETURNS A VALUE FOR GROSS RETURNS FOR THE ANNUA.
315 C VAL(E OF TOTAL TIMSER HARVESTED

C
780 0 190 J1,5

TRETURNINYRP:TRETURN(NYR)GUAL(J)'VoLTIMIJ,NYR))/l000.o
791 CONTINUE

4.

C s... . ..T T' r 19C _CC CN CLT?:.
C

610 CDNIINUE
C

325 C THIS SECTION NRITES OUT ANIUAL TOTALS FCR ALL MAJOR COST CQHP3NP4TS
C FOR EACH HAKIFST ALTERIATIIIE.
C

ENGY=0.5
WRITtU,8I0I HALT

330 890 FORiATI1N1,5X,SSU4MARY TA3LE FOPS,
2 1)4 ,SbX,tCOSIS AN') RETURNS FOPS!
3 iii ,5jX,SH4vEST AND IOAD ALTERHATIVES,13/
6 1)4 ,).OX,52I$:SP//
5 III ,IIX,I.315-tP ,'X,63($-Sl,3x,12(S-S)/

335 6 III ,2?X,5D3A) COSTSS,39X,SHARVEST COSTSS,36X,STOTALt/
7 j14 ,21.x,j7(s-sp,31x,2Q (t_S),32X,SRCTURNSS/
8 III ,j22X,12(t-t)F!)

WRITE( 1, 8911
891 F0R4*T(1)4 ,jjX,C)NSTRU(- MAINTE- REPAIRS TOTAL ROAO,5x,

31.0 1 SENEGY IN RE&EHCR EQUIP- LABOR SETLJPt,3,
1 STOTAL HARVESYt!
2 III ,3x,SYEAs,6x, STIONS,6X,SNANCES,1IX,SCOSTSS,7X,

2 S GALLONS 8110)4 MENTS,?TX,SCOSTSS//
3 III ,2X,6(X-S),1X,1.3U-S),2X,63(,-g),/)

315 00 191 NTR=1,NTEARS
N' MY R
TENGTENEGY (H)
WRITE(i,892) N,roSrRcIN),cMAzNTIw),acPAIRS(Np,RCOsT(Np,

2 TEN GYNP,REGCOSTINP,CEOUIPHO,CLABORINP,CSETUPINP,
350 3 HCOST(NP,TFTURlIU4p

S92 FOR'AT(IH ,16,1.X.3F10.2,Fj2.2,1.X,SFIO.2,F12.2,1.x,F12.2)
£NGYzENGTGTENER&T (9)

791 CONTINuE
WRTT!(i,893) PGI4TWAY

355 893 FORMAT (114 ,/I/?5,S1Ht AMOUNT OF FOREST CLEAREOS,
2 1X,SFO FOREST ROAI) RIGHT-OF-WAY WAS'S,FiO.2,2X,:LCRESS)

WRIT!(1,891.P EI'Y
896 FORMAT(IH ,///25Y,sTHE TOTAL ENERGY CONSUMED PFRS,

2 IX,SHARIESI ALTERNATIVE WASS,F15.2,2X,SGALLONSSP



360 C
C THIS CO'.LJDES iRiTJN OUT ALL ANNUAL GROSS FIGURES. NOW THE
C PRO(.RAM ENTL TIlE L30a5 N!CESARY TO CALCUIATr VARIOUS PRESENT
C NIT VALUES FOR EACH £LTrNATIVC. ml LCOPS JNvOLv(Q A ON STATE-
C MINTS 40,3Q, AND b20.

365 C
DO '.4,0 ID!'l,!N!)Ex
RP4:0. Di

DO 430 INTsl,15
PNVCTTRTT 0.0

370 CCTCCCTN=CCTRRICITIIR.CCTHEZCCTHL.CCTHSZ0. 0
D3 420 NY1,NYEAR3
lNNRIP1=(l..3IN) "NY
CINYzI I.fleCI?J)EXUCEU ''NY
RIPY( 1.D'R!N)Ex (IDE) I "NV

375 CTRCCONSTRC (NY)'C IN!
CTRNCNAINT(N, I'C!NY
CTRR=REPAIqSy) 'CI9Y
CTRTRCOSTv'CINy
CTHR'REGCOST 11!) 'CINY

3!0 CTHEZCEDU!D(NY).C!Nv
CTHL=CLA0'RINV I 'CINr
CTHSCSETUP(NY) CINY
CTHHHCOT (NY) 'CINY
CTRC=CTRCFAt.INRI 'I

365 CTRPICTRHFANNRIN
CT CTRRFANRIi
CTRTCTRT,ANIN
CTNCT,A'eIRIN
CTHCTIIEIAN'IRIN

300 CTHLzCTHLA.1NIN
CTWSCTHSFANNRI
CTNH=THH/ At1'4R11

395 CCTHS:CCT$lS.CTHS
CCTRR=ccTR,Tqq
CCTHR=CCT$IR.CTHR
CC THE' CC T+4 £ * CT HE
CC T I4LCC TNL * CT ML

600 CCTRCCCTC.CTec

RTRTIANNRIN
PNV=RT-CT.PN
CTTZCTT,CY
RTT=RTT.RT

620 CONTINUE
C

C THIS ENDS TI'! FIRST LOOP A NET PRESENT VALUE FOP A SINGLE
C DISCOUNT RATE IS DETERNINE). NOW A NEW DISCOUNT RATE WILL E

4,15 C EMPLOYED TO CALCULATE ANOTHER PRESENT NET VALUE.
C
C

C THIS SECTI3N WRITES OUT TM! ANNUAL COST AND PRICE INOICIES, THE
C ANNUAL OIScuNT RATE. )ISCOUNTEO RETURNS, DISCOUNTED COSTS, a

415 C THE PRESENT NET VALUE FOR EACH COPPLETE HARVEST AND ROAD *LTERNATIE.
C

IF(IWAY.WE.01 GO TO 792
IWAYzIWAY,1
WR!TE(2,i000) NA

620 1000 FORIAT(lHi,37x,,3,JMIADY lADLE FOR/
2 1W ,35XST4E PRE5NT NET VALU(f/
3 IN .30X.VCALCULATIONS AT VARICUS INTEQESTS/
6 IN ,30X,VR*IES AND R!CE ANi) COST INCICIESt,
5 IN .2,x.scoR HARVEST AND ROAD ALTERNATIVES,14,

425 6 IN ,lSX,5o(ts)///)
WRITE(2,IDID)

loll FORMATIH .2X.SANNiIAL PRICE ANNUAL COST ANNUAL OISC3UNTt,5x,
2 1 DISCOUNTED OISCOUWTFD PRESENT,/
3 IN ,3X,SINT)E S,?X,VINr)Ex S,91,SRAT( S.ICX.SRETURNSS,431 3 9X,SCOSTS*,Sx,s,l!T VALUEV//
4 III .6(IX,S

204



4 .0

C45 C THIS NOS THE INTEREST RATE CHANGE DO LOOP.
C

A30 CONTINUE
41,0 CONTINUE

C
450 C THIS ENDS THE 00 LOOP WHICH CHANGES THE COST INDEX RELATIVE TOC THE PRICE INDEX.

C

ST OP

END

19? CalOO.O.CIW)EX,XDr,
RaIDO. 0'RIN)fx u.)r)
RA.l D0.'2i
WNJI(?,lO?fl, H.C.A,.UrC7,p,

IlPO I)IATIIH
IlIIWT.Q.l5, GO TO 7'
WRIT(?1,?1 1)

CIIRC.CCINN,CCTIR,CCTHR,CCTHECCTNLCCTS213 FOAI(1ij ,1F15.?t
GO TO 79

793
1,30 FONAT(1H ,/,
79', RIN:IN.0.o1

205
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