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I. Introduction

I.1 Research Objectives

This research aims to build a dynamic model to describe the major
relationships within the "Wildlife and Fish" element of the Forest
Service. Our purpose is to capture the major relationships so that the
model is capable of reproducing the dynamic behavior patterns exhibited
by the important Wildlife and Fish variables. Such a model should
include not only the "physical variables” (such as "acres prescribed
burned” or "number of water developments”) but also the management
decision processes which influence those variables. Once the major
"physical relationships” and "decision relationships” are appropriately
described in the model, the latter should be able to exhibit the basic
dynamic performance patterns observed in the Wildlife and Fish (W&F)
sector. Then, such a model can be used as a "management laboratory”.
It is possible to explicate why and how particular performance patterns
are exhibited by certain variables. If some of these performance
patterns are undesirable, the model can help managers generate
alternative policies to eliminate those undesired patterns. By using
such dynamic models for Wildlife & Fish sector it is possible to
investigate the medium—to—long~term implications of various alternative

managenent policies.

1.2. Research Procedure

The first step towards building a dynamic model for the W&F sector
was the identification of major variables to be included in such a
model. A major variable is one which contributes significantly to the
creation of the fundamental performance patterns observed for various
W&F variables. Qur main resources in this step have been the related

Forest Service (FS) publications and our conversations with the FS



managers and other staff. Valuable information about what the major
variables are and how they are interrelated was obtained through these
two main sources.

These variables and the interrelationships were displayed
qualitatively by means of influence diagrams. The next stage was the
actual construction of the model for the W&F sector. 1In System Dynamics
(SD) methodology (a brief description of which was given in
Barlas (1), modeling means writing mathematical equations to represent the
relationships between the major system elements. The model equations
were written under the light of our conversations with the FS managers
and various FS publications. This phése also required the estimation of
the parameters used in the model equatiouns. Both quantitative and
qualitative data from ¥S publications and from our counversations were
used in order to estimate the model parameters. Once the parameters
were estimated, the model eqqations were input as a DYNAMO computer
program and then simulated on a digital computer to yield the "model
performance patterns”. The "model behavior” was then compared to the
"observed behavior” of the W&F sector to see whether there was a
significant discrepancy between the two. In such cases, the model
equations and/or the associated parameter values were modified to remove
any significant discrepancy. This procedure was repeated until the
model behavior was judged to be reasonably close to the real behavior.
Once this stage was reached, the model was accepted as a useful initial
description of the W&F sector dynamics but by no means as the final and
absolute model of it.

In the next section, we present this model of W&F sector. We start

with our conceptual approach to the problem and then give the influence



diagrams and the model equations. Finally, we present the behavior

patterns exhibited by major W&F model variables.

1II. The Model

I1.1 Modeling Approach
Qur conversations with FS managers and various FS publications
seemed to suggest that an effective and useful approach to this modeling
problem was to focus on major W&F activities. These activities—called
direct habitat improvement-includes:
Water Development
Openings Development
Thinning
Prescribed Burning
Seeding and Planting
Wetland Improvements
Fish Improvements
Threatened and Endangered Species Improvement
Besides these activities, there is a group of activities called
"coordination”, including coordinating on the ground with other sectors
such as Timber, Range etc., Training of the Coordination Personnel,
Contributing to Land use Planning, Multiple Use Surveys, Environmental
Statements, etc.
Thus; modeling consisted of writing equations to describe how
decisions about the above activities were made and how these activities
changed the physical condition of the land through time. Finally, since

all activities depend on availability of funds, our model included a



section called "Funds", to account for the fund request and fund

acquisition processes.

I1.2 1Influence Diagrams and Model Equations

As stated in the previous section, the W&F system is modeled around
nine major improvement activities and the fund generation process. the
influence diagrams focusing on each one of these activities are shown in
Figure 1 through 10. 1In the model these subsystems are not isolated but
they are coupled to each other. The influence diagrams are presented
separately for each subsystem simply because it was very impractical to
try to draw the entire influence diagram in one figure. In the
individual diagrams the points of major interaction between subsysteus
are represented symbolically by "Z-shaped” arrows. We now take each
influence diagram and give the corresponding equations which describe
the major relationships. A complete list of all model equations is

provided in Appendix 1.

Water Development (WD)

Water development is the process of preparing waterholes for
wildlife where the water is scarce. Waterholes deteriorate after a
certain period of time. Though this "time to deteriorate” varies
depending on many conditions, as a result of our conversations with FS
managers, we learned that a well-maintained waterhole would last on the

average for about 25 years. This process is described by:

WDDR.KL = DELAYP(WDR.JK, WDTD, WDN.K)
WDDR: water development deterioration rate

WDR: vyearly water development rate
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WDTD: WD deterioration time (25 years)
WDN: number of water developments
DELAYP: A dynamo special purpose function used when a variable is

caused by another variable after a third order time delay

The decision process by which WD activity is planned is described by the

following equations:

WDRP.K = (WDDES.K ~ WDNI.K)/WDAT + WDNI.K/WDTD
WDRP: WD rate planned
WDDES.K = 15000%(1-0.8%EXP(-0.05%(TIME.K-TIMEN)))
WDDES: desired number of water developments
WDNI.K = SMOOTH(WDN.K, WDST)

WDNI: information on the number of water developments

The first equation says that the WD plan depends on the difference
between the desired number of water developments (WDDES) and the
perceived number of water developments (WDNI). Every year, the WD
activity is adjusted by a fraction of this difference ("error"™). How
much adjustment is made depends on the adjustment time WDAT. The larger
the WDAT, the more patient is the planning decision. In the final model
run, WDAT was chosen as 10 years.

The second equation says that the desired number of water
developments starts from 3000 and increases with time and approaches
asymptotically to 15,000. These numbers were estimated based on the best
available information from wildlife reports. (The shape of the
exponential function used in the WDDES equation is explained in

Appendix 2.) The third equation represents the process by which



information about the state of water developments is collected. With
a WDST of 10 years, the equation states that the information about WD is
obtained with an averaging period of 10 years.

Once WD planned is computed, the the funds needed for WD is given

by:
FRWD.K = WDC.K*WDRP.K

Where, WDC is the unit cost of WD which is a variable as shown in the

following graph (WTAB):

100

50 1

(The effect of inflation is not included in these costs estimates so
that all are measured in 1970 dollar value)

Then, the actual yearly WD by W&F sector is:

WDWR.K = FWD.K/WDC.K



Where FWD is the funds available for WD. 1Its equation will be given
later in the "Funds” section. And finally, not all WD is carried by WDF

sector:

WDX.K = WDXF*WDWR.K
WDX: WD outside Wildlife & Fish

WDXF = Outside WD fraction (0.10)

Thus, the total yearly WD becomes:

WDR.KL = WDWR.X + WDX.K.

Openings Development (0D):

Openings Development (0OD) is the process of providing the wildlife
with the necessary openings in the Forest Area. The structure of OD
equations is exactly the same as the structure of WD equations explained
above. The only change is in the unit of measurement {acres in the case
of OD) and in some parameter values. The equations are given in the
Appendix and can be easily understood once WD equations are

understood.

Thinning (TH)

The structure of Thinning equations is also exactly the same as the
previous ones. Therefore, the model listing for this subsytem must be

self~explanatory.
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Prescribed Burning (PB)

The structure of PB subsystem is similar to the previous ones. The
only difference is in the "desired prescribed burning” (PBDES) equation

which is not an asymptotic exponential but a TABLE function:

PBDES.K = TABHL (PBDEST, TIME.K, 1970, 1982,2)

PBDES (thousand acres)
1\

800 =

The associated graph is chosen as: 600

400

200 < time

EN

+ 5
~+ t t t t

1970 72 74 76 78 80 82

Seeding and Planting (SP)

The equation which describes the planning process for Seeding &
Planting has a form different than the previous ones. For this
activity, it was more difficult to represent the physical
characteristics of the process as third order delay process. It was
more convenient to write the planning equation at a higher level of
aggregation, without having to trace the acres in "seeded condition”.

This type of equation deals with "acres/yr" and not with "acres:"
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SPRP.K = (SPDES.K~SMOOTH(SPR.JK SPST))*SPAF + SPLY.IK
SPRP : SP planned (acres/yr.)

SPLY.KL : SPWR.K Last years SP by W&F sector

SPDES.K : 10000 acres/year

SPAF : 0.20 SP adjustments fraction.

Thus, last years SP activity is adjusted depending on the
difference between the desired SP per year and the last couple of year's
average (SPST = 5 years in the final runs) SP rate. How much adjustment
is made depends on the adjustment fraction SPAF. Once SPRP is computed,
the rest of the equations for SP subsystem is the same as the previous

subsystems.

Wetland Improvements (WI)

The equations for this section is exactly the same as the SP

section except the values of constants and table functions.

Fish Improvement (FI)

The equations for this section is almost the same as the SP section
except numerical values of parameters. The only other difference is
that in this section all FI activities are carried out by W&F sector.
There is no significant FI activity within Forest Service carried out by

a sector other than W&F.

Threatened & Endangered Species Improvements (TE)

The structure of this section is exactly the same as that of Fish

Improvement sector.
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Coordination (CO)

Coordination is the name given to many different activities of
different nature (activities carried out together with other sectors
like Timber or Range, participation in Land Use Planning, Multiple use
surveys, environmental statements, training of coordination personnel).
Probably due to its nature, it was not possible to find accurate
information about how exactly various wildlife coordination decisions
and plans are made. By taking a more empirical approach, we were able
to find from the Wildlife reports that the coordination funds constitute
about a third of the total improvement budget. To yield approximately

such a ratio, the following equation was used:

COFE.KL = COF.K#*SMOOTH(FOI.K,COST)
COF.K = Coordination fraction
COST = Coordination smoothing time (3 years).

This means that CO Funds equal a fraction of the average of the
improvement funds of the last 3 years. Because of this averaging
effect, COF was not chosen as a constant of about 1/3, but it is taken
as a variable starting from 0.60 and approaching gradually 0.33. (Since
the W&F funds show a sharp increase between 1974 and 1980, this variable
COF in effect resulted in a CO fund of about 1/3 of the same year's

improvement funds).

Funds (F)
This section computes how much funds are needed for the planned

activities and how much funds are actually obtained. The needed funds
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equal planned activities times the unit cost. For example, for the

water development:

FRWD.K = WDC.K*WDRP.K

The funds needed are computed the same way for all other improvement
activities.

In addition to the improvement activities, a certain amount of
funds is needed for maintenance of certain activities (WD, 0D, TH, PB,
SP, WI, FI). How much money is needed for maintenance depends on how
much money was spent on such activities on the last couple of years (3

years):

FRIM.K + FIMF.K*SMOOTH(FORIM.JK, IMST)

FRIM: Funds needed for improvement maintenance

FORIM.KL = FWD.K + FCD.K + FTH.X + FPB.K + FSP.K +FWI.XK + FFI.K
IMST: Averaging time for improvement maintenance (3 years)

and

FIMF.X = TABHL(IMTAB,TIME.K, 1970, 1980, 2)

Thus, improvement funds fraction FIMF is variable. Data from
wildlife reports suggest that in early seventies this fraction was
extremely high {around 1.0) and dies down gradually to about 0.10 in 1980.

The total funds needed for improvement is then:

FRI.K = FRWD.K + FROD.K + FRTH.K + FRPB.K + FRSP.K + FRWI.K + FRFI.K +

FRTEI.K + FRCO.K + FRIM.K



The funds obtained for improvement is generated by the equation:

FOI.K = MIN(INDX.K*FRI.K,LIMIT.K)

This equation first says that the funds obtained is equal to the funds
requested times an economic index. Secondly, it says that the funds
obtained cannot be above a maximum LIMIT (taken as a maximum increase of
40% from the last 3 years average funds). The general economic index
INDX intends to reflect the impact of the general economic condition on
the process of fund generation. This index must be chosen as a time

function to reflect the economic condition. For example:

INDX.K = A.K*SIN(2*PL*TIME.K/PRD+PUS) + B.I

states that the index goes up and down as a sine wave with an amplitude A,
an average B a period PRD and a phase angle PHS. 1In the base run, the
average B is chosen as 1 and the amplitude A as 0 so that INDX was
always 1. This assumes no drastic economic change occurs throughout the
simulation run period. In other runs, the INDX can be chosen in a
realistic way, with a possible addition of a random term. Again, it
shoﬁld be noted that the inflation factor is not taken into account so
that all funds are in 1970 dollars.

Finally, once the improvement funds (FOIL) are available, a simple
equation generates the funds for regional office (R8) as a function of
FOI:

FRR.K = 0.15*%F0I.K
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The obtained improvement funds are distributed among the different
activities according to their proportion in the total funds requested.

For example, for water development:

FWD.K = FOI.K*(FRWD.K/FRI.K)

The same rule is used for all activities.

These generated funds are used in turn in their respective
subsystens to fund the respective improvement activities.

In this section, we gave a brief description of the important model
equations. For a complete list of equatious, the reader is referred to
the appendix. In the next section, we present the behavior patterns of

the major model variables.

IT.3 Model Behavior

After all model parameters were estimated, the DYNAMO equations
were run on a digital computer to yield the time histories for important
model variables. The simulation was started in 1970 and spanned a 50
year period ending in 2020. The resulting time histories are shown on
the following pages. Thus, the simulation did not only give a
historical reproduction (1970-1982) but also future projections (1982-
2020) for the important Wildlife and Fish variables. The first two
graphs show the time histories of the major activities {(in acres or
number per year), and the last two graphs show the time histories for

the dollars spent for those activities (in 1970 dollars). In general,
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the behavior patterns of all major variables for the historical
reproduction period were in reasonable agreement with the time histories
available (if any) for those variables. The basic behavior mode is a
sharp growth - with differing slopes — for all major activities, except
for openings development which shows a gradual decline during this
period and coordination activities which exhibits an oscillatory
behavior in the same period. All of these major behavior patterns are
greatly verified by the available historical data (USDA (2), USDA (3)).
In the projection period (1982-2020) the fundamental pattern for all
activities is one of transition to steady state.

All activities, except openings development, reach a maximum
between the yars 1980 and 1990 and then show a gradual decline pattern
until they reach their steady—-state values by the year 2010. Openings
development shows a reverse trend, reaching a minimum between 1980 and
1990 and then exhibiting - gradual growth towards its steady-state
value. 8Since these are all future projectiouns, it was not possible to
make any comparison with available data. Yet, these projection patterns
were compared to several different Forest Service projections such as
the ones in the "Recommended Renewable Resources Program™ book. The
model projections and FS projections in general looked in agreement with
each other. As a result, it was concluded that the model was an
acceptable one to reproduce and predict the basic behavior patterns of

the important W&F variables.

ITI. OBSERVATIONS AND CONCLUSIONS
An examination of the major time histories suggests that in general

they can be characterized by three modes: 1-A period of sharp growth



between 1970 and 1980, 2-A period of transition to steady-state between
1980 and 1990 and 3 ~ the steady-state period after 1990. This growth-
transition~steady state characteristic of the time histories is
relatively independent of the exact values of various model parameters.
This dominant mode of behavior is primarily determined by the shape of
the goal curves (desired values) and by the physical limitations imposed
by Forests. This means that changing the values of most model
parameters does not drastically alter the dominant mode of behavior.
The exact values of parameters do have an impact on the exact values
assumed by system variables and on exactly for how long these variables
exhibit growth, when the traunsition period starts, how long it lasts
etc. But the general mode of behavior is not an outcome of some
specific set of parameter values. On the other hand, changing the
desired value curve for a certain variables may change the corresponding
mode of behavior drastically. Similarly, a significant modification of
an equation describing how Forests respond to an improvement activitiy,
would result in a significant change in the corresponding behavior mode.

Finally, the basic behavior mode naturally depends on the
availability of funds required for improvement activities. The base run
assumes that funds are essentially obtained as they are necessitated.
This assumption can be changed by making use of INDX equation to account
for a budget cutback due to an economic recession.

To conclude, if there are no significant errors in the shapes of
goal curves and in the forms of major system equations, the major W&F
activities should exhibit the performance patterns suggested by the
simulation runs. We must finally add that this model should be accepted

only as an initial candidate and not as a final model of W&F sector.



This is true especially because the dynamics of W&F sector is in reality
influenced by the dynamics of other FS sectors such as Range, Timber,
Recreation etc. These interrelationships were incorporated in the
present model by means of some equations with a great degree of
oversimplification mainly because the focus of this research was the W&F
sector rather than the entire Forest Service. If in the future, similar
models are built for the other sectors, then consolidation of these
models into one total model should result in more credible time

histories for the major W&F activities.
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Appendix 1

The complete list of model equations.



»

WILDLIF. AND FISH MODEL.

i

ATER LeveldPreErl (#0)

A

oo
o g -
£ m

WODR o KLEDELAYPUWLRK edX s WD T Wi e )  waTER DcocVELOPMs DETERIORS RATE
wpTH=25 YEARS WETER DEVELOP. DETERIDRATION TInE
Whn=w Dl INITIEL VALLE
WMk e 3000 NUMBLm
WOML e k= SFOOTH{ AN Ko wDET) INFORMATIUN Oh WATER DEVELDOPMENTS
whET=10C YEaTs INFURPATIUN BVERAGING TINE
WORP oK { hUDES e =wlN1 oK)/ DATHWONILK/WDTU w0 PLANKED
WDDES eK2159008 1= e iR SXP (=04 055 (TIAFk=TIMNEN))) DESIRED NOe OF WD
WIAT=10 TEARS 40 AUJdUSTmMINTY TiHt
BDWR KeFuleK/wDC e YEANLY WATER DEVEL. BY WILOLIFE SECTOR
WOC JKsTABHL{wTABs TIMD WK 157051580, 2) WATFFE CEVELGPM. CUST/UNIT
WOX e K =W DXFRWIUWR oK WaAaTLA DeVELDOPM. OUTSICE wILDLIFE SECTOUR
wIXF={ele FRACTION D ODUTSIDE wlILDLIFE SECTOR
: WOR 2 KL2 WL WReRAWLUX R TOTAL (FARLY waTER DEVELUPMENT ACTUAL
0Tk
ioTE GPERIPGS DEVELLPMONT (G2
IOTE
’ KE=zDELAYP{UDR ¢ JRpLDTDTDALK) OFE &INuS LEVELUPe DETERIOR. RATE

: QGTB=5O YLARS IPESINGS LEVele TINE TU UCETERIGRATE
i Cha=(0s InITial vaLUL
DD an= 51 ALFES

) QﬂAIeﬁ“*“W1§1(3 aaﬂruDST} INFORPeTION On UPENING DEVELUPMENTS
. CNST=1C  (LheES THEFORMATION AVERAGLING TIRE

¢ LDRP Ko IDD LS ok =00 A e}/ GCATHIDAT /LT U 00D PLANNED

\ TODES e K= 20U UU LU R Li=C a9 FEXP (=0 el s (TINE,X=TINEN))) DESIRED ACRES JF Ui
. GRAT=15 Lars GpEe el PEVILURNR. AUJUSTHENT TIME

A @J&£e¥%ri?;ﬁfpﬁtg< Y;;{;Y T?5ﬂiwﬁ DOVELOPMENTS BY WwIDLIFE SECTOK
4 GUCeK=T2BRLLUTABs TIVT e LP70s. ) COST UF LPENING DEVELS/ACRE

4 ¥ &

2

(.,x‘

COX e KzliGXFEa 5000 oX LEIRd DPMENT DUTSIDE wILDLIFE SECTUOX
GoxF={.2¢ rr AT LR gPbdl Pe DUTSIDE WILOLIFE SECTOR
UOReKL=D whe K+Ilx oK TaTAL Yia Ini5 DEvELCDPMENT ACTUAL

i0TE TAIMNING (T4]

§

Trl DR e KL 0O LAYP (T el o ukp THTL s THAGK) TH
THT§=12 Yo aR3 ToAlaNINGg |
¥0£~?H FHINNLD ACR
{aRe= 1L FL ALk E
AAI KeSmid ol Vra ks 7T0ET) AFLRBETICH Ob THINNED ACRES
T4%7=1C (Eres ENF cEPATLON AVERAGING TIME
THE P R { THOES o =T 8L e XI/T 16T+ THRZIK/THIED THINNING PLANNED
v dBEEN P (=0 g 28 4 TIVY g _=TIMEnM))) THINMNe ACRIS DuSIREG
TALekInG ADJUSTMENT TIME
YZAmLY THIN ﬁlﬂC BY wILDLIFE SECTOR
CoST OF THIRNING PSR ACKE
L Feod OUTSID: s :LDLIFE SECTOR

CT DETERIORATION RATEL
KiOraTi0n TImE

N e N AT K

T owh, Th
Hima Th

™ Iy TriveIRG CUTSI0E #ILDLIFE
AL YRARLY THIAHING RATE

TETD ~T 4 T+ G S o SR & B S T SRR SR S S S R

(EunmeddhaPaTiaPdead) F3 pFFIOT CoTLRIUGRATION RATEL
PRS0 IATY mlan EFEsOT TIME TUO LeTERsURATE
TaITial PRoSCA1550 aULRb ACKRES
P e PHsT) [pdvmailile Dm PREESCRIRED BURN ACReS
WMy ng .t T I e ?5 nFOFRAATION



- PAAT

aT¢
07
CTE

.STE
iCTE
OTE
\
\

H

v o e e s

o

4
13
N
3
.
4
4
N
.
07T

[ELAN

LS
oo
e

B R S SR

LR AN

NOTE

NOTE

NOTE

e S o B O B E A o

YK o

Kad{ b
=?33%L(?£Q531y12

ek
?"f"‘”u’sh:j

P3RP
EDE

PaWsa 3L K
PRL.K=T4E
?%X-:(:’(tf)“? kl” 44
PEXFel (C

PAHaKL=PEWReK+PBX K

oK

-~
R

DING AND PLARTING
SPRP Ko L EPDLS K-S 0T (>
SPST=S YoARS S:
SPAF=(, 20
SO0 S eK=10000
SPLY dKL=EPHR K
SPLY=SPLYN
SPLYN=ZZECO
SPHR JK=F 52, f/‘GC.K
S WK=TeBHL{S
SQX.KﬂS»xrthﬂx K
QPXC-&.5£
SPZ G KL=
(j (g\;—rf‘\g
N=4000

ACRESTYE
L

F
.Ki-,)!*X.(

WeTianlh Ime¥OyvErnaly

hiﬁ?.ﬁ=(%i@f§.ﬂ*beuwf‘(
IDE S K= TA3AL{NINEST, T
WIiST=5 YEae S
WIaFs{,.25

WILYeHL=blwk oK
WILY=wiifn

wilyYM=130

WIHR k=P Lo/ alleX

WIC aX=210.0 L4a0N

sIXeK =W LAFEwI4R 4K
WIRsKL=Ww lwdaKeawlXen
Hdmd [ER

¥
s Y

Winp=30

(’{A‘)T¢;in%)l?7ﬁyl“iﬁg7)

SuiUING

Tt e AP AL KM/ vdal+Poal XLy

e 1y 70,1&"(923
?}g«i‘}‘:‘;\,;’t‘&&

PHQSCQI&&&

e
E“(Ul

PAESCH BUEN
F<ACYILN FEOGULTS
i3Tal YL asRbLY PRZ

(593

WK SPITIIH*SPR
anl FLaMTI
ARMD FLENTI

DESIFED Yia

e AfS

[N s
;3 FRLRS]

-l

A5
p%e‘f

Seafing aND LAY
1§7Q:ig8ﬁ;2} B S

abD PLANTIL
?AuIIJ\ SPoGuTsict
Tufaw YhRaRLY SETEL

{v1)

Firwla
196( 21

anly [kFp

Wik G JKpWIST
‘f:.c"(’l)?&!
*’!{.?L

-
stTLant LMPeUVE#E
LAEST YeAry woTLar

wo TLanl IrPRoVe
w 8T CF vl

wie TLANDT LnPRIV,
Foalllon «1 oLiolt
T3I750 Yuarly wil

FIse IasmrOvoimenT {F])
FIv o oMo FIOUS o ~SnluTlFr s eur s FISTII®FIS
FLi Sex=50G00 PR R unslach ACEES OF
FIxT=5% Yiosmnh - IhbnetaT o Svp
FIAF=C, 50 FISH INerOyiritl ¢
Fizgerl= FFIsR/FIU K FisH MY
Fli=Fivw
Fixn=100C
FIC e =1l5,0 N FIsd IlhFnmu
TAPLATIALT Anl pr DanGorp #2010 5
T¢ CAH{ T D adge [ULET Y)Y
[ FLXP =g 2V { T g K=
i I LRSS TAY IO, L ub s
TC IS I URE I A N 2
To YoAr LY fOoTUAL
1=
Tc
T: DER ST R =

(N
PRESC.

SPoRY Wi

LUTSIoE

. s
191 adke

PrbSC
DESIRED PR OACRES
ADJUSTRENT TIME

3Y WILCLIFE SECTOR
BURM COST PER ACRE
CUTSICE WILOLYIFE SECTOX
IDE WILDLIFE SECTOR
SCRIBLD BURNING ACTUAL

FHSPLYedK  SP PLANNELD
G INFOe AVERAGING TINME
NG ADJUSTMENT FRACTION
RLY 5P ACRES

LULTFE SECTOR

TING BY WILDLIFE SECTLR
EDING
No OUTSIDE WILDLIFE
€ wilDLIFE SECTUK
ING anl PLANTING

o

2

ACTUAL

FrawllYedK &I PLANNED
R0Ve IBFO. AVERAGING TIng
NT aDJUSTHENT FRACTION
IAPRUVENENT

a‘s‘{}

MENT BY wilLODLIFE SECTOR

Lanl
WILLCLIFE SECTCR
WILLLIFE SECTOR

INPROVEMENT AC TUAL

Lu
LAND

FHFIKedK FI PLANNED

YeoanlyY FISH IKPROVEMENT
KACINE Tihke

LJU‘T” #T FRACTION

=ATL CTualL

AT CRST FER ACRE

I#PEIVEAENT (TED)

IR «JK
LeSIREL YCAsLY

$Telabr+7e
TIdir)))
Abide T1irE

1o

x1BED SURN PLANNED

IMPROVEMENT PER wCAE

& PLARTING COST/ACKE
CTOR

TEI PLANN,
TE 1



GTe
oTe
G1¢

P r 3 B A ar @ ae e e v

FL R SRR - S 4

- Jee B % B Do P 3D 43 g g

L
]
4

Y
<O E
YOTE

~
-
k]
-
L
b)

Sp:C
PRiNT
9&14
2L LT
sLLT
LT

XA Oy Oy
e -

5

L X sJUST EXPeCTED COURDINATION FUNDS

L I e I

Y AT T T

LVERAGING TImE
Qrb;Z} 3/ ACEE U COST PER ACKR
972515805 2)90600T1I%EeKs1672) (O
CaUML YEaRL Y COUrRDIMETIDN ACRES

h;f

FRACTI

P VNS B e
X3

FRIVKEFER Do NPT LD a kP THe K+ rEP S oK tFPESF okt bd [ K+FRF WK
+FRTET qh+FRC ek ¥reli oK Fumbs NeEDEU FORK IMPROVEMENT

FRACG K= WD s KEGU KD ok PUMOS nNEeCZ0 FOR WATER CEVELOPMENT
FROD K= ULC X F DR K B # ® OPENINES DEVELOP,.
FRTH Ko THL K ¥ THRP o 1 # ¥ *OTHINNING

FRPUB«K=PAL, x*ﬁikﬁ.ﬁ w # " PRESCRIBED BURN.,

FrSPKaSrl Xe5PRP i o OSEEUING & PLANTING

FRWlsk=wil .~f-11.% v " ® o WETLAND IMPRUOVEMENT
MFI.K ?EC.K%F”PP K “ ¥ ®OFL5H IMPROVEMENT

FRT'” 2 TTCsTE TP XK # f T TR EATN.E ENDANGS, IMP,
?).%ﬂxf ?.34 # b *  COURDINATION

F&Q;J.*L FWD e Kt FUD e K+FTH KAFPRGKFIFSPF e K4FWIekR+FFI LK

FORIM=FCR AN

Fﬂ?i¥ﬁ=250000

FrlmaKsf In

I1oedre 15T rUNDS XEQUIRED FOR MAINTENANCE

FTVF.ﬁ-Tu?iu( FLakely7L 215005 2) ¥ FUNDS FRACTICONM
I457T= YZARS T BAAMTLNANLL AVERAGING TIME
Fbi¢&=“£?(IN&KsK*F%I.a, FUNDS CBTAINeO FOR IMPROVEMENT

IMDX e K=d ek In{znp a1 ™ /7Pr?Pk*)*L.h A GpiERAL ECONIOMIC INDEX
LeK=0,0 Lpex ANPLITUGE

Be=1le0 i

PRD=LI L0 FIUD

?;‘;33{:}9(, Sk

LiiT er A LIMIT ON WILDWIFLD FUNDS

LidiT=z

MAXM K= ARGE IN wWILODLIFL FUNGS

(MTH= FOoFrOR ®LINITY

LR K= Icwal OFFICE

RFoeK= S FUx RLGLU\&L UFFICE
NEEDED FOK WATER DEVELDPHENT

T T T e

i ¥ UPAKI&GB LEVELIPHM.
" " THINNING

FPleK=FC " " " PRESCKIBED BURN.
FubaXsii e n ®  SEECING & PLANTING
Fulek=sFOTek{Fnlwi o /Falen) " “ "o Wz TLANG IMPROVEH.

&
e
@
E
"
MO T

FRLeK=FL I % FFler/iFxiaK]} " ” ® o OFISH IFPEOVENENT
FlolekKerflana{ruTEL M¥/FRT K} - # ®  T&E IMPROVEMENT
FCeHKmb Tl o3 (F2 {0 ek /FETeX} “ " # O CIORDIMATION
FimMaKapFOl K {F2 it ak/FinieX) # " B IMPROVEMENT MAIN.
e Do pt APLUIE LAt Oy

Fi=2,1671¢
Tire=Tiitn
TInghzelu?7l

Tl cn T ae2020/P00 [P <=2 1/2L TP vel FAST SINMLLaATION
T owlaksl laxsddanePowss SPumwsnladpgbide TeI5s LUk
T Pdlsrl{srimprpiigrSoprbisrrlsr T isblLebInerl]

A D mw il Dane f THaesi P4 {aBf Py

s iAR= W P Lumr [T Le et/ 0x=s0

FALS APl g/ T=sT b =2/ b ar=s

o

i



LOT Sl iabyerli /2 1ol /R aC/FLlazn/FL jax

ire

l:)T'\"’ !xf"t )/‘aﬂo‘!’\/\«wCU/\,olC’/OnGb
wTﬁ%"Oiﬁ?f4(iﬁ5/lOO/7“

CTad=6/6iu/18/40f 35

FTa3eCefSt0:507/0C75 /C.)ija%“/utwﬁ

?HL’:T“chOCO/l ;O0COG/ 30000 /éCOCOC/7CCth/%k&LCv/?UPQCQ
WIOEST=000/3007 100/ 7000/000007 10000

STAR=13/ 077207070257 240

COCT=0.10/00E70408/0 lE/D 15
COFT=2008070e55/045/7043%/0.33

g8k



Appendix 2

The behavior of the exponential function used in some "desired value" equations.
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f(t) : the desired value at time t.
a(l-b): the initial value of the desired value

a: the final (steady-state) value of the desired value



