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Abstract:

The purpose of this study is to provide a summary and an application, of a relatively new methodology
for performing an economic analysis of grain cropping sequences. The primary objective is to analyze
viable grain cropping sequences in Montana using a dynamic programming framework.

A model is formulated using long-term crop experiment data and the results of a recent Cost-Returns
Survey to generate an optimal cropping decision rule. This rule, which is conditional on land use the
preceding year and available soil moisture at planting time, tells the individual farm decision-maker
whether he should plant spring wheat, plant barley, or fallow.

Production data are from the Havre branch of the Montana Agriculture Experiment Station, from 1917
to 1947. Cost data are taken from a study by Dr. Walter G. Heid, Jr., E.R.S., Bozeman, Montana.

Some historical factors affecting grain cropping decisions are discussed, as are the mathematical
applications used in the study. The primary model utilizes stochastic Dynamic Programming. Multiple
regression is used to explain the grain production relationships.

Three optimal policies were developed based on different sets of assumptions. Two of these optimal
policies were compared with fixed decision rules. It was demonstrated that the optimal policies would,
on the average, provide higher expected returns than either a rigid wheat-fallow or continuous barley
alternative policy.

A qualitative discussion of several environmental factors is included.
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ABSTRACT

The purpose of this study is to provide a summary and an
application of a relatively mnew methodology for performing an economic
analysis of grain cropping sequences. The primary objective is to
analyze viable. grain cropping sequences in Montana using a dynamic
programming framework.

A model is formulated usimg long-term crop experiment data and
the results of a recemt Cost—-Returms Survey to generate an optimal
cropping decision rule. This rule, which is conditional on land use
the preceding year and available soil moisture at planting time, tells
the individual farm decision—maker whether he should plant spring
wheat, plant barley, or fallow. o

Production data are from the Havre branch of the Montana
Agriculture Experiment Station, from 1917 to 1947. Cost data are
taken from a study by Dr. Walter G. Heid, Jr., E.R.S., Bozeman,
Montana. ’

Some historical factors affecting grain cropping decisions
are discussed, as are the mathematical applications used in the
study. The primary model utilizes stochastic Dynamic Programming. .
Multiple regression is used to explain the grain production relation-
ships.

Three optimal policies were developed based on different
sets of assumptions. Two of these optimal policies were compared
with fixed decision rules. It was demonstrated that the optimal
policies would, on the average, provide higher expected returns
than either a rigid wheat-fallow oxr continuous barley alternative
policy. ‘ ’

" & gualitative discussion of several envirommental factors
is included. -
: ' §




CHAPTER I
INTRODUCTION
THE PROBLEM

More and more, in Montana and elsewhere, the drylandrgrain
farmer is questioning the determimants of his cropping decisiomns, and
considering alternatives 6ther than the now-traditional wheat~-fallow-
wheat-fallow-...system. As in-all forms of competitive producti?e
activity there are many preséu?es exerted on the dryland grain farmer
to induce him to be more efficient in the totality of his operations.

One of these férées, a prgblem of large proportions and far;

reaching implications, is that of the saline seep areas now appearing

. and growing in many of Montana's grain producing regions. The mag-

nitude and récent growth of the saline ééep problem facing the dryland
grain farmer in pafts of Montana amd other parts of thg U.S. and
Canada appears to be directly relatéd to the way he useé soil ;Qistdre
as reflected in the cropping seﬁuences to which he sﬁbjects his land-.l
Récent developments in techmology inéluding better tractors,

bigger and more efficient impleménts, pesticides (to include fungi-

cides, herbicides, and insecticides), -chemical fertilizers, and new

¥c.f. Proceedings, Saline Seep~Fallow .Workshop, Feb, 22-23,

- 1971, Great Falls, Montana, Published by Montana Cooperative Extension

Service.




plant varieties all contribute to the relevance of the investigation.
With uncertainty in grain markets, in government programs, in

actual production activities, and in envirommental implications, it is

both timely and necessary to better understand the economics of crop-

ping decisions.

THE PURPOSE
The purpose of this study is to provide a summary and an
application of a relatively new methodology for performing an economic
analysis of grain cropping sequences. By including available soil

moisture as a decision variable, a change in the cropping system can

be suggested which will more fully utilize soil moisture and at the

same time maintain or improve the economic position of the farm firm.

The use of dynamic programming permits the problem to be considered

over a time horizon of any length, and data needs for future analysis

can be estimated.

. THE OBJECTIVES

. The primary objective of this study is to analyze viable
grain cropping sequences in Montana using a dynamic programming

framework in a manner similar to that presented by Burt and Allison
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in 19632. By using the dynamic programming -model to look at costs of

production and production functions it is possible to generate a
conditional decision rule which will tell the individual operator what
cropping sequence he should follow in order to maximize the present
value of his net returns for an infinite time horizon. The term
"yiable" restricts analysis to those alternatives which are deemed
realistic by the producer for the time period and location studied.
Crops other than g£ain could conceivably help alleviate thé saline
seep proﬁlem.more rapidly, but would create other management problems
with regard to enterprise combinations, maehinerf investment, and
managerial knowhow. "Grain cropping sequences' refers to the cropping
pattern of the individual cash~-grain farmer, i.e. what crops or fallow
periods (which fof purposes of analysis are treated as crops) he sub—'
jects his land to over time. Data 1imitatioﬂs have restricted the
analysis tola consideration of the cropping alternatives of spring
wheat, barley, and fallow.. It is immedigtely clear that these threé
alternative ‘uses of land are not all-inclusive. Cgrtainly purely |
livestock-supporting alternatives such as range, pasture, or hay are

possibilities, as is winter wheat, Ungyailability of data and the

2OScar R. Burt and John R. Allison, "Farm Management Decisions
with Dynamic Programming', Journal of Farm Economics, Vol. XLV,
NO. 1, February, 1963 -
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complexities of the model have served to constrain the study to
preclude these alternatives. They should be considered if and when

the model is put to practical use.

SOURCES OF DATA

Production data and transition probabilities were generated -

from experiments done at the Havre branch of the Montana Agricultural

Experiment Station, from 1917 to 1947. Cost data are taken from a

study done by Heid.3

3Dr. Walter G. Heid, Jr., Farm Production Economics Division, -

Economic Research Service, W.S,D.A., Stationed at Montana State
University, Bozeman, Montana : '




CHAPTER II

HISTORICAL PERSPECTIVE

HISTORICAL SUMMARY

To gain perspective on the problem, it is helpful to look at
the historical determinants'of cropping decisions in Montana dryland
grain producing regions. Farming in Montana before the-1900's was
for the ﬁost part practiced on a small scale adequate enough to pro-
vide for the needs of the placer mining communities and the fur trad-
ers.1 The real expansion of agriculture into Montana, however, did
not take place until the eariy 1900's. At that time farmeré came
from the humid areas of the east; first in small numbers, and then
after the passage of the Enlarged Homestead Act of 1909, they came in
great numbers.2 Alth&ugh the weed-reducing benefits of occasional
sumnmer fallow had beén recognized by earlie% farmers in some of the
Qalleys of the regién, most of the new farmers brought with them the
agricultural capital and techmniques of their former homes. They came
to Montana prepared to farm as they had before, and for a numbér of

years many did. The rains in the first years after the passage of the

,IMhry Wilma M. Hargreaves, Dry Farming in the Northern Great .
Plains (Cambridge: Harvard University Press, 1957), p. 29. '

. 2Merrill G. Burlingame, K. Ross Toole, Robert G. Dunbar, A His-
tory of Montana (New York: Lewis Historical Publishing Co., 1957)




Homesteaq Act were very good. Then things-changed, and a five-year
drought began in 1917; - 1918 was drier, and 1919 even drier still,

Many Weré disillusioned and left; those who stayed adapted to the semi-
arid naturé of the region and changed their farming techniques.

The technique which was adopted came to be known as "dry farm-
ing'". Burlingame charactefizes dry farming as '"the culture of drought-
regsistant plants by means gf moisture—conser%ing tiliage practices."3
The major element in dry farmingAwas the inclusion of the %ractice of
sumner fallow. With the establishment of the Montana-Agricultural
Station and many railroad field statioms, new ;echniques‘were speedily
developed, tested, and disseminated.4' The first half of the twentieth
century has been characterized by the use of many differentafillage
‘techniques and many varieties of equipment. Basic to'virtually all of
them since the early twenties has been the préctige of summer fallow.
Through time,agronomic reéearcﬁ has shown that summer fallow not only
conserves soil moigture, it permits soil nitrificatiop (thus replen%
ishing the nitrogen removed by cropping), it conFrols Weeds, it contr&is

certain soil-borne plant diseases, and in the case of some operations

it allows the operator to take care af:much.more acreage than he could
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if he were to crop it every year. An increasingly important factor
favoring an alternate crop-fallow sequence has been the advent of the
U.S; Government.wheat and barley programs, whicﬁ require the setting
aside of certain percentageé of one's wheat or barley "allotment." By
taking land out of production and subsidizing thg farmer, the govern-
ment can both limit the supply of grain and help to provide the farmer
a better return. When 1and.is set aside it is commonly left fallow;

and cropped on alternate years.

CURRENT CROPPING SYSTEM

The choice of whether to plant wheat or barley has been and is

"one of economics, i.e. the most profitable alternative is generally

taken. The broad aéceptancé of the summer fallow. technique has already

.been mentioned. While there are available data from several long-term

cropping egpe;iments in variéus parté of the state, which pfovide
meaﬁingful information:réléfing to production relétionshiés, there is

a éreat shortage- of information deéling with what deqisions have beén
made by individual farmefs on a gpecific plot of land. These decisions
are not explained or recoréed in the Montana Aéricuitural Statistics,
as they have beeﬁ_lost in'théAaggregation process. The aggregate
figures of.iand in wheat and barley are of,ﬁalue to reflect the magn%f;
tude of the‘dryland grain indusfry in Montana. Table _1 shows the

total harvesfed dryland,aéres of Barley,‘spfing wheat, and winter

*
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wheat for the state of Montana in the years 1948 to 1969.5

) 5Alth_ough‘the cropping decision is an economic one, it is
‘generally not made in a purely competitive free market environment.
One very significant "mon-market" factor which has served to limit
alternatives and to change the profitablility of alternatives has '
.been _the U.S. Government Farm Program.




TABLE 1:

.~

Harvested Acres of Dryland

Barley, Winter Wheat, Spring

Wheat™; Montana, 1948-1969°

Year "Barley Winter Wheat Spring Wheat
48 750,100 1,505,000 3,146,700
49 409,800 1,382,300 . 3,699,500
50 723,600 1,111,300 3,645,600
51 357,600 1,303,400 4,379,800
52 367,600 1,610,700 %.959,000
53 441,800 1,487,100 4,292,800
54 1,153,500 1,641,600 2,911,500
55 1,270,800 1,989,100 2,254,900
56 965,600 1,183,100 2,496,900
57 1,626,500 1,811,200 1,748,800
58 1,489,600 2,310,000 1,903,200
59 1,770,600 © 1,702,500 2,058,300
60 1,628,200 1,958,200 1,687,600
61 1,374,000 2,022,500 1,449,300
62 1,699,000 1,653,000 1,474,300
63 1,420,500 1,854 400 1,820,800
64 1,443,000 1,797,000 1,804,900

' *Dﬁrum included_iﬁ Spring Wheat from 1948-1954.,

6Table from various years of Montana Agricultural

Statistics




Table 1 (continued)

190

Year Barley Winter Wheat Spring Wheat
65 1,214,400 2,288,600 1,645,500
66 1,548,700 2,110,800 1,398,700
67 1,161,600 2,776,700 1,641,000
68 1,062,000 2,720,000 . 1,395,000 .
69 1,510,000 2,282,000 1,072,000




11

" In the absence of published information as to historical
time-patterns of dryland agricultural land use, Mr. Norris Hanford, an
established dryland farmer of Fort Benton, Montana;'was consulted re-
garding those practiceslwhich he has followed in the past several years.
The following table shows his cropping practices for four pieces of land
‘for the years 1955 to 1971. Although this table is not meant to be a
picture of what all dryland grain farmers are doing in Montana, it |
" does provide an indiéation of what is being done in the absence of

broader published.information.
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TABLE 2: Historical Cropping Sequences - Norris Hanford Ranch, Fort
Benton, Montana . '

Year Field A Field B Field C Field D
: (102.1 Acres) (97.8 Acres) (151.5 Acres) (119.5 Acres)

1971  Barley Bar;ey Barley Barley
1970 Barley Barley Wheat Barley -
1969 Fallow Whea£ Fallow Fallow
1968 Fallow Barley Wheat Wheat .
1967 ° Fallow Barley Wheat Fallow
1966 Barley. Fallow Fallow Wheat
1965 Wheat Wheat Wheat - Fallow
1964 Fallow Fallow Fallow Wheat
1963 VWheat Bariey Wheat Fallow
1962 Fallow - Fallow Fallow Barléy
1961 Wheat - Wheat Barley Fallow
1960 Fallow Fallow Fallow Wheat
1959K Barley Wheat Wheat Fallow
1958 Wﬁéat " Fallow - Fallow Barley
i957 Fallow " Barley Wheat Barley
1956 Ba;ley Fallow Fallow Wheat

. 1955 Wheat  Wheat Barley“ Fallow




i3

~

While no attempt is made o analyze the above set of cropping
decisions, Table_é_'shows the.frequency of choosing each of the three

alternatives in the period 1955 through 1971.

TABLE 3: Array of Cropping Decisions made on Norris Hanford Ranch,
Fort Benton, Montana, }9355-1971.

Cropping Decision Number Percentage of Total
Barley . 19 28.0%
Wheat 22 32.4%

Fallow 27 39.6%

Total 68 100.0%




Plant Disease

The mathematicél portion of this analysis is so structured as
to rule out .the consideration of any alternatives other than spring
wheat, barley, and summer fallow. .Although data and technical con-
straints were the primary determinants of such restriction of the

analysis, another factor is important to winter wheat growers. In

. areas of high moisture a wheat fungus, known as Cephalosporium Stripe,

preys on winter wheat. According to Mathre7, winter wheat, in a
wheat~fallow-... sequence, is very susceptible to the fungus, which

is formally known as Cephalosporium Gramineum. In affected areas, bot-
anists are recommending that spring crops can be grown for 5 or 6 years
until the fungus is killed off. This conveniently supports the ex-
clusion of winter wheat as an alternative. Because of plant pathogenic
problems assgciated With‘the continuous cropping of wheat, this analy-
sis includes a consideration of the cropping system when wheat foliéw—

ing wheat is not permitted.

ZFrom a personal discussion W1th Dr. Don Mathre, Botany-Micro--

blology Department, Montana State University, Bozeman, Montana.




CHAPTER III

THE MODEL

DYNAMIC PROGRAMMING AND THIS APPLICATION

This study is éoncgrned with the management decision facing
the individual farmer who for any reason haé made the decision to
raise either dryland spring wheat, dryland barley, o£ let the land
lie fallow. The anélytical framework used is an adaptatich of the
methodology first presented by Burt and Allison.1 The methodology

' and is consistent with the

can be éalied "Dynamic Programming,'
definition presented by Bellman.2
In order for a problem to be validly comnsidered in a dynamic
programming framework it muét meet certain requirements. One of these
is that it must be a mnlti-sfage process. In the case of the cropping
decision problem,-it,is clearly multi—stage.‘ The stage is the time
interval into which the prbcéss is divided. At each stage a decisiqh
must be made. Since this analysis has been restricted to the three
mentioned alternatives, there is only one time each year—-planting

-

time in the spring--that a decision must be made regarding what to

) _-lOscar,RJ Burt and John R. Allison, fFarm Manégement Decisions.’
with Dynamic Programming,' Journal of Farm Economics, Vol. XLV, No. 1,
February, 1963 '

) _zRichard Bellman, Dynamic Programming, (Princeton University
Press, 1957} o o
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plant. The interval between stages, then, is taken to be one year,
beginning and ending at planting time in the spring.

If a sysfém is to be considered using dynamié programming,
then it must fit the'definitional iimitations of a Markov process.
Fundamental to Markov pfocesses are the concepts of'the "state" of a

system, and "state transition."

A system is said to occupy a state
when it is coﬁpletely described by the values of variables that define
the state. When those state variables change to values describing
another state,; the system makes a state.transition.3 Changes in state
variables can be téken to be a continuous process, or a discrete-time
process. In this analysis,'although conceptually it is realized that
fhe physical éystem is confinuous; i; shall be treated as a discrete-
time process. A proceés can be treated as either deterministic or
stoéhastic. The stochastic nature of the’sqil moisture and crop
response has necessitéted.that Fhis ahalysis be carfied out in a
stochastic_framewofk. )

Evalﬁation.of the dynamiq pxogramming_problem'reguires 5
precise statement and definition of the prob;emlincluding all relevant

variables. It has been shown above that the cropping decision problem

3Ronald A. Howard, Dynamic Programming and Markov Processes;" -

* (The M.I.T. Press, Cambridge, Massachusetts, 1960) ‘ _ -
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is a multi~stage process. If the Markov requirement is met, then
each state is fully defined by its state variables, and is independent
of any étate.variables at any other stage. The problem is one of
solving a sequential decision process. It can be evaluated using what
Howard calls value iteration.

After defining the recurrence relation and the relevant vari-
~ables, the value iteration process can be better conceptualized. The
decision process requires solution of the recurrence relation

V. (n) = Max [qk(n) + B ? Pk.(n) V. (n-1)]

i k 1 j=i 1] N

where

Vi(n)- is the'present value of the total expected net

return in n stages, starting from state i, if
an optimal policy is followed.

o]

k is the decision alternative variable; in. this
" model, k =1, 2, 3, where k = 1 = fallow; k = 2 =
plant barley; k = 3 = plant wheat.

q?(n) ) is the term for expe%ﬁed immediate returns, given
the ith state, the k™ decision alternative, and
the nt ‘stage. )

i

=1, 2,...,m is the index for the state occurring
in stage n.

- Ibid.
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j =1,2,...,m is the index for the states occuring in

stage N-1.
k . sq . . -
Pij(n) is the probability of making the transition from

state i in stage N to state j in stage N-1 given
the k'™ decisiom alternative.

8 . ig the discount factor; B = 1/(1+r), where r is
the yelevant periodic interest rate.

The value iteration procéss uses a fechnique"of iteration of
the recurrence relation to gene?ate a policy, which defin%fﬁthe
decision to be made fo& a given state, at each staée for all possible
combinations of stages and states; Dynamic programming yields the
optimal policy for decision processes of any length. 1In this case,
that optimal ?olicy is defined as one which maximizes the present value
of net returns over the entire planning horizoﬁ. An optimai policy
haé the property that ﬁhétever fhe initial state and decision are, the
rémaining decisions must cénéfiﬁute an optimal pélicy with regard to

)

the state resulting from the first decision.

In the value iteration process, u, the.stage variable, repre- -

sents the number of stages remaining in the planning horizon. If a
planning hofizon ofIZOIyears is being.considered; at the beginning n
would assume a value Df'ZO, and at thehﬁeginning of the 20th year

would assume a.value of 1. From a conceptual viewpoint this is the

reverse of .the normal t, t+l, t+2,..., t+n convention of treating

a.time variable. The value iteratrive process, however, begins at
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the end of the planning horizon, and works back to tﬁe present. In
so doing, an optimal policy is generated for all time periods ub to
the total number considered in the iteration.

Priof comments have emphasized the potential pathogenic prob-
lems associated with the inclusion of the continuous wheat élternative.
This problem has been considered in two frameworks: (1) A sixteen-
state (4 = 1,2,...,16) model where the continuous wheat élternative‘
is allowed,.and (2) a twenty—four state (1 = 1,2,. . .,24) modellwhere
the alternative of planting wheat after wheat is not permitted. The
flexibility of the model is one of its ﬁieasing qualities. As new
- information becomes'available; or as institutional structures such
as government programs change, the model can be adapted to handle a
wide range of'changes.

The. foundation of the dynamic programming anaiysis lies in
the recurrence relation, and the economic foundation of the recur-
rence relation lies in the q?(n) tefm, the expected immediate returﬁé
in stage n given the ith state and the kP decision alternative. The
model as structured for this application has either sixteen or twenty-
four states. This analysis assumes that.a state is complgtely
.defined by.the croéping decision in the preceding stage, and the level-

of available moisture in the soil profile. The sixteen state model -

assumes that the decisicn in the preceding state could have been one
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of two alternatives: (1) fallow, or (2) crop. Wheat 6r barley are
treated the same in this case. In the sixteen state model this is
sufficient as it describes the transition with respect to soil moisture
and the previous crop...With eight levels of available soil moisture,
it is possible to completely describe all possible states with sixteen

. states, as table 4 shows. -

TABLE 4 : Descriptive Matrix of States in the Sixteen State Model

Land Use in the Preceding Stage

Fallow Crop (wheat or barley)

9
10
11
12
13
14
15
16

Moisture

Level

o~ HS~WLWN
o~V PN R
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The twenty-four state model does not allow the wheat-wheat
alternative, and requires an additional eight states beyond the 16
state model in order to do this. In the twenty—four state model there
are again eight levels of available soil moisture, but the state is
also described by the decision in the preceding stage, to include
fallow, wheat, or barley as the decision, rather than jﬁst crop or

fallow. The following matrix shows the 24 states in this model.

e

TABLE 5: Descriptive Matrix of States in the Twenty-four State
Model.

Land use in the preceding stage

Fallow Barley Wheat

1 1 .9 17

2 2 10 18

Moisture 3 3 11 19
Level 4 4 12 20
5 5 13 21

6 6 14 22

7 7 15 23

8 8 16 . . 24
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Productionr Functions

Expeéted immediate returns are assumed to be unrelated to the
stage of the process, and hence are a function of the state and the .
decision alternative at any sfaée. Expected immediate returns is the
difference between gross returns and variable costs. Once a.commodiyy
priée has been determined, pricé’times yield determines gross returns.x
The problem is to determine yield for each state. 1In order to deter-
mine yield in this study it was necessary to analyze production data

from the Havre Branch of the Montama Agricultural Experiment Station,

" and generate production functions which would provide this information.

The production data was analyzed im a multiplehregression modei, ana
was finally fitted into a logari?hmic function where yield was esti-
mated as a functidn of the'loéarithm of available -soil moisture and
the 1ogarithm‘of.five different pxecipitation variables. The state
variable ié soil moisture, so it was necessary to take the expectation
with respect to Pregipitation‘in order.to isolate the‘felation;@ip
between yield and soil moisture; The' soil moisture vériable was
included as the state variéble; anﬁ'pﬁysically measured each year at
planting/decision tiﬁe. The regreséion values and matrix of expected

immediate returns can be found im the next chapter.
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Costs of Production

The second important element in the determination of the ex-
pected immediate returns is the costs of prodﬁction. In the caée of
the production functions, it was only necessary to estimate the func-~
tions for wheat and barley. ﬁéwever, because the fallow alternative
does carry with‘it real out-of-pocket costs it is necessary to estimate
costs of production for all three alternatives.

The analysis is carried out using variable costs only to meet
the short run assumption of economic analysis. The determination of
costs of production is explicitly internal to the individual farm
firm. Chapter 6 confains a qualitative discussion of some potential
extérnal costs. Chapter 4 contains a table showing the complete break-

down of costs of production.

Transition Probabilities
The recurrence relation contains the term Pij’ which is the
probability of making the tramsition from state i to state j given
decision alternative k. This term is essential to the model, as it

represents our knowledge of the historical relationship between soil
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moisture level and cropping decisions? It'has been pointed out that
the definition of é MérkOV'process requires that a state be completely
defined by its state variables. The transition probabilities provide
a;means to estimate those state variables givep an initial state.
States i and j depend on moiéture level and on cropping decision in
the preceding stage,'we a?é_really concerned with the changes in mois-

ture levels associated with states 1 and j. With the stated assump-

-,

s

tions regardidg homogeﬁeity of cro? water use, it is necessary to
analyze the four cropping‘qémbinations fo determine tﬁe probébilities
of chaﬁging moisture levels: - Considering- time t-1 and time t, and
assuming that wheat ;nd barley have identical soil moisture consumption

patterns, there are four possible crop sequences that can occur. They

are crop-crop, crop—fallow,'fallow—cfop, and fallow-fallow.

‘Experimental information was available for the combinations of

crop-crop, crop-fallow, and fallow—crop. Since the experiment which

has provided the data for this study did not include the fallow—fallow_:

alternative, it was assumed that the fallow-crop experiment would

provide the same information as the fallow-fallow experiment. The

. ’ -

5It should be mentioned that the state variable is inches of
available water at differemt levels in the soil brokern down by feet.
To a degree, then, this discrete breakdown by feet ignores the

" continuous distribution of the water in the soil profile.
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soil moisture reading is taken at seeding time, before crop consumption
of moisture. Hence, only three separate linear regressions over avail-

able soil moisture variables in different times were required. These

regressions, for each experiment, gave the relationship

M= flm )

where , : _ ‘
Mt'= available soil moisture in time period t
Mt—l = available soil moisture in the preceding time period.
In a linear regression, the function takes the form

M, = a -+ b(Mt—l) + e , where a is the y intercept, b is thehregreséion

coefficient, and e is an error texm. Figure 1 shows a hypothetical

plotting of this regression line.

FIGURE 1 : Hypothetical Regression of Moisture in Time t over

Moisture in Time t-1l.

t-1

B =
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One of the assumptions of linear regression is that the popu-
lation being estimated is normally distributed around the regression
~line. The regression line is, then, the locus of the means of these
normal distributions. The normal distribution around one point of the
hypothetical regression line is represented by the familiar bell-shaped
curve in figure 1.

Once the mean and standard deviation of a normal distribution
are knéwn, the distribution can be transformed into standard form

using the transformation equation

where

b~
[}

the mean of the Mt observations.

8

g the standard deviation of the Mt's.

Z

the standardized wvalue for Mt'

Ig a standardized normal distribution the mean is equal.to
zero, the standard deviation is equal to one, and the area under the
curve is equal to one. By standardizing the distribﬁtion of Mt'é, it
is possible to measure the area under the distribution curve, and.
therefore'approximéte the probability of ébserving some Mt given
Mt—l. ' |

The regreséion‘parameters are -tabulated in the following chap~

ter,




" CHAPTER IV

" DATA PREPARATION

The precgding chapter'deélt with the model without discussing
the analysis of actual data. Thé présent chapter is concerned with
the steps involving data preparatién and analysis which precede the
_running of the dynaﬁic progrémmiﬁg model; The theory and assumptions

behind these steps have been discussed.

P
G

"Proddction Functions

Using multiple regression, data were analyzed from four ex- .
periments extending over the 31 years from 1917 to 1947. Those exper-
iments were continuous spring wheat, continuous barley, barley-£fallow,

and spring wheat-fallow. Regressions were structured so as to give

Y

£ (ASM PO,Pl,P ,P 1?4),

where

.Y Yield in bushels

i

ASM Adgusted 3011 moisture (observed soil moisture minus
four inches)

P0 = Pfecipitation,in inches from seeding to emergence

?l = Precipitaion in inches fr;; emergence to tillering

fz ="Precipitation in inches from ti;lering to headiﬁg
HPSJ=~Precipitation in inches from heading to soft doﬁgh

P& = Precipitation in inches from soft dough to harvest
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Soil moisture is read at flanting time in the spring,.to a depth of
four feet. Because all observed walues of soil moisture were gréater
thaﬁ four inches the'value used'in the analysis is know as adjusted
soil moisture (ASM), and is equal to actual soil moisture minus four
inches.

The reiationsﬁip used in.estimating crop yields for the

matrix of expected immediate returns was in the form

Y = f[In(ASM+1), 1n(P0+l), ln(Pl+l), ln(P2+1),

1n(P3+1)', In(P,+1)]

By taking the natural logarithm of the variable plus one
[1n(variable +1)], the possibility of having to take the logarithm
of zero was £u1ed out. This ﬁas done because the logarithm of zero
is not defined,’

Table 6, 7, 8, and 9 are the regfession values for the four

experiments analyzed.




TABLE 6: Regression values for Production Functions
Continuous Wheat Experiment

Variable Mean  Standard = Correlation VRegression Standard Error

Computed

Deviation XVsy Coefficient of Reg. Coefficient T Value
In(ASMHL) 1.185° 0.3023  0.4147 8.572 2.394 ©3.581
ln(P0+l) 0.6667 0.3502 0.3413 2.625 ‘ 2.121 01.238
ln(Pl+l) 0.8458 0.3804 0.7331 7.717 2.026 3.809
ln(P2+1) 1.031 0.4203 0.5363 8.145 1.737 4.689
ln(P3+1) 0.6617 0.3361 - 0.2335 3.885 1.916 2.027_
ln(P4+l) - 0.5370 0.2948 0.2664 | 0.8246 2,214 0.3725
Dependent
Yield " 7.833 7.037 -

‘Inte;cept . ~22.02 . R Squared -+ 0.8164 Std Error - SY*X

3.371

6¢C




TABLE 7: Regression values for Production Functions

Continuous Barley Experiment

Variablé Mean  Standard Correlation Regression Standard Error Computed
‘ Deviation XVsy Coefficient of Reg, Coefficlent T Value /
‘In(ASM+1l)  1.185 0.3023 ° '0.2153 5.584 3.977 1.404
‘In(pytl)  0.6667 0.3502 0.2104 1.665 3.523 0.4727-
im(eg#l)  0.8458 0.3804 - 0.6848 . 10.79 3.366 3.207
- In(P,+1) 1.031 [0.4203 - 0.5797 10.05 2,886 - . 3.481

'ln(P3+l) 0.6617 6.3361 0.8959Ew01 0.9027 3.184 0.2835
ln(P4+l) 0.5376 0.2948 0.7705E-01 -3.467 3.678 - =0.9427
Dt.apendent‘. o

Yield’ - 8.780 8.609 .

Intercept ' ~17.18 R Squareﬁ ' 0.6615 STD Error =- SY'X 5.661

0t

0




TABLE 8: Regression values for Production Functions
Continuous Barley-Fallow

' \Vgriablé" Mean  Standard Correlation Regression Standard Error Computed
' Deviation - X VS Y Coefficient of Reg. Coefficient T Value
In(ASMFL)  1.775 0.2088 - 0.3441 . 24.00 10.56 2.273
1n(P0+l) . 0.§667 0.3502 0.1163 . —0;6539' 6.242 -0.1048
'ln(Pi-Fi)- " 0.8458 0.3804 0.6262 © 7 15.16 6.306 2.4041
ln(32+l)‘ 1.031 0.4203 0.5062 15,46 5,302 2.916
1n(P+1) 0.6617 0.3361 --0.2565‘E=02 1.648 5.988 0.2752
ln(P4+l) 0.5370 0.2948 0.7441E—0; ~5.515 6.565 -0.8401
'.Dependeﬁt_ | i
Yield _ 18.49 14.28
- STD Error~--SY°'X 10.i7

Intercept ~50.56 R Squared  0.5937

I




TABLE 9 ¢ Regression values for Production Functions
Continuous Wheat~Fallow Experiment

Variable Mean Staﬁdard Correlation Regression Standard Error Computed

» Deviation XVsy Coefficient of Reg. Coefficient T Value
ln(ASM+1)' 1.775 0.2088 '0.3358 18.77 7.079 2.652
ln(PO+1) 0.6667 0.3502 0.2255 .. 1.526 . 4,185 0.3646
1n(P1+l) ».0.8458 0.3804 0.6465 10.34 - 4,228 2,446
lﬁ(P2+1) 1.031 0.4203 0.4837 10.37 3.555 2.917
1n(P3+l) | 0.6617 0.3361. 0.2240 8.127 4,014 2.025
1n(P4+l) 0.5370 0.2948 A 0.1396- —2;005 4.401 -0.4554-
Dependeﬁt | |
Yield - 15.79 10.25

6.821

Intercept - . =42,28 R Squared . 0.6456 STD Error--SY - X

(43
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As the individual farm operator has no control over the preci-
pitation variables, and no prior kmowledge beyond‘what history has
given him, the precipitation variables became parameters in the yield
rélationships. This gives

Yie1§ = f(ASM / PO,...,P4).
where .

Y = Yiéld_in bushels : &

ASM = Adjusted soil moisture e

PO,...,P4 = expected value of the fivé>precipitation variables

the means of the five variables for the period
of the experimental data.
Thus yield becomes a function of adjusted soil moisture apd‘the mean
values of the five precipitation variables.

The next step Wés to make the change froﬁ'a continuous
_production function to a discrete production schedule which would be
compatible with the eight discrete moisture levels defining the staﬁes-:
of the process. Table 10 shows this schedule for the midpoints of the

eight moisture levels and for each of the four cropping possibilities.

i -




TABLE 10: Schedule of Yields for Four Treatment Combinations and Eight Moisture Levels

Actual Soil Moisture Level

Yield (Bushels)

i Midpoint Range Wheat Barley
(inches) (inches) Continuous Fallow Continuous Fallow
1 4.51 0 - 5.0 1.1437 0.0 4.4174 0.0'
2 5.5 5.0 - 6.0 5.5225 0.0 7.2699 0.0
3 6.5 6.0 - 7.0 8.4067 5.9896 9.1487 5.9607
4 7.5 7.0 - 8.0 10.5610 110.7068, 10.5520  11.9923
5'_‘ 8.5 8:0 = 9.0 12.2812 l&;£734 11.6728 16,8083 %2
‘6 9.5 9.0 = 10.0 | 13.7131  17.6090 12.6054 20.8176
7 - -10.5 10.0 - 11,0 14.9398 20,2950  13.4045 24,2521
8 115l 11.0 - ; 22.6443 14,1034 27.2560

16.0127

The assumed midpoint of 4.5 for the 0-5.0 range and 11.5 for the open-ended range

observations.

' bounded below by 11.0 were chosén on the basis of an inspection of the distribution of sample
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Upon inspection of the schedule of ‘yields for both barley and
wheat, there is an.épparent inconsistency. This can be best pictured
b§ observing Figure 2 which is a graph of the two schedules (continu-~
ous and fallowj for wheat, and Figﬁre 3 which is a graph of the two
schedules for barley. 1In both cases, the lower moisture levels pro-
duce a greater crop yield for the contimuous crop than for the crop
preqeded by fallow. Beéause there is no apparent answer to this
inconsistency5.the decision was made tc use the upper énvé%gpe of the
two curves as a production schédule for both crops, and to adjust the
matrix of éxpected immediate returﬁs by assuming different levels of
nitrogen fertilizer application and the corresponding changes in costs.
This will be mentioned further in the discussions of costs of produc-

tion, and the matrix of expected immediate returns.
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FIGURE 2: Yield Schedules for Wheat, based on Regression Analysis
of Experimental Data

Yield (bushel)
25
20 .
15 ,/..---'““”.".""

10 v '/'/

12 3 4 5 6 7 8

Moisture Level

o oleeinisieitie o0 snOntinuous Wheat

————————————— Wheat Following Fallow

FICURE 3: Yield Schedules for Barley, based on Regression Analysis of
Experimental Data

Yield (bushel) il
25 7 o

20 -
5 o

10 ,.............-.., 2

g 2 3 4 5 6 7 8
Moisture Level

a'aie sieiere sisieieve s CORMCINUOUS Barley

————————————— Barley Following Fallow
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Table 11 is a schedule of those yields and actual soil moisture

levels which were used in developing the matrix of expected immediate

returns.

"TABLE 11: Yields and moisture levyels for wheat and barley, as used
in the Dynamic Programming Model.

s

8 11.5

Moisture Level Midpoint Wheat Yield Barley Yield

(Inches) (Bushels) (Bushels)

1 _ 4.5 1.1437 4.4174

2 ~ 5.5 5.5225 7.2699

3 6.5 8.4067 9.1487

& ERX 10.7068 11.9923

5 . 8.5 14,4734 16.8083

6 9.5 17.6090 20.8176

7 10.5 20.2950 24,2521
| 22.6443 27.2560
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Costs of Production

Table 12 shows the breakdown of costs for the three decision
alternatives. Although there are only three decision alternatives,
there are two costs each for the alternatives of wheat and barley. As
was mentioned in the previous section, this was done in order to in-
clude the differential between crop following crop and crop following

fallow in the expected immediate returns. By using the same production

~,
.

schedules for continuous aﬁd fallow treatments, there is mno allowance
for thé beneficial effects of fallow other than the sforage of soil
moisture. Thus it was necessary to adjust the costs of production to
reflect this beneficial effect. The gssumption was made that the ef;
fect of fallow was to increase the available nitrogen in the soil by

20 péunds per acre. The difference in costs,;then, bétween continuous
cropping and crop-fallow, is in the cost of 20 pounds of nitrogen
fertilizer. It is assumed that thé operator applies 20 pounds to each
acre at planting time after a year of fallow, and applies 40 pounds ’
'per acre at planting time after crepﬁing, Whén he haé made the decision

‘to crop.
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TABLE 12: Variable Costs of Production™

Wheat Barley Fallow
After Fallow After Crop After Fallow After Crop

Tractor, Operating .92 .92 .93 .93 1.45
Equipment, Operating? .79 .79 .82 .2 .13
Hired Labor <52 .52 .51 .51 .90
Material 1.70 1.70 1.30 .30
Hired Labor - Hauling .38 .38 .38 .38
Fertilizer .76 3.52 1.7 3.52
Other Operating Costs
Pickup .14 W14 W14 . .14 : 14
Car .13 .13 .13 .13 .13
Service Trucks .04 .04 .04 .04 .04
Shop Tools .16 : .16 .16 .16 .16
Hauling (Truck) .46 46 .46 46
Auger - .01 .01 .01 .01
Tadirect Cos :54 .70 .88 .66 ) .84 .29
Interest on Operating (!ap:l.t:al5 .31 .39 .29 . .37 .13

Total 8.02 10.04 © 759 9.61 3.37

1Cost data are taken from an ER3 Costs and Return Survey conducted by Dr. Walter G.
Held, Jr., Farm Production Economics Division - Economic Research Service, U.S.D.A., Stationed
at Montana State University, Bozeman, Montana.

2Includes .03 for top—d'gessing of fertilizer for wheat and barley,

3Ass::mes 20 pounds of N following fallow, and 40 pounds of N following crop.
N assumed to cost §.8¢/pound. .

I*Assumed to be 10% of costs (Excl, interest on operating capital).

5Includeé charge for all operating capital, borrowed for 6 months at 8%.
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Expgpted Immediate Refurns

By multiplying price by yield for each state, and subtracting
the costs of productien for the activity under consideration the ex-

pected immediate returns are determined. This uses the relationship

k _ rdfe
q; = 0 y) c, 1
where

k - . © o _th Eone

q;-= Expected jimmediate returns for the K = alternative
in the 1 state,
Y? = Yield for the Kth alternative in the ith state,
' . th .

Pk = Assumed market price of K commodity.

i .o . . . th
Ck-=4Var1able production costs associated with the K
) alternative in the ith state.

i = The state index-

K = The decision index; K =1,2,3, = Fallow, Barley, Wheat.

The model was run three times. The first was the sixteen state
model using price set 1. The second was the twenty four state model
using price set 1. " The third was the twenty four state model using

price set 2, Table 13 show price sets 1 and 2.

-~




TABLE 13:

and 3.

£1

Prices Used in Analysis

Price Set

Price of Wheat

Price of Barley

$1,.25 per bu,

$1.00 per bu.

$.90 per bu,

$.80 per bu.

Table 14 lists the expected immediate returms for rumns 1, 2

N




TABLE 14: Expected Immediate Returns, Runs 1,2 and 3,

State

Run Number Two

Run Number One Run Number Three
Fallow Barley Wheat Fallow Barley Wheat Fallow Barley Wheat
1., =337 -3a61 -6e59 ~3¢37 =346t =659 ~3.37 4,05 —6e88
2. =337 ~1e05 ~1e12 ~3e37 =105 -1ei2 ~3,37 ~1277 ~2450
3. =337 164 2449 ~3437 164 2449 ~3437 ~0e27 39
4, =337 3420 536 =337 3420 Se36 ~3¢37 2400 2069
5. ~3.37 T7e54 10.07 =3437 TeS4 10.07 ~3637 5¢86 6045
6.. =337 1115 13.99 ~3¢37 11e15 13.99 =-337 .07 S e59
7. =337 14424 1735 =3,37 14624 17435 ~3.37 11481 12627
8. -3437 16494 20.29 ~337 16494 20429 =337 14.22 14«62
9, =337 ~5e63 ~8e61 =337 ~3a63 ~8e51 =337 -6407 -850
10. -3e37 ~3e¢07 ~3s14 =337 «~3407 -3¢14 ~3e¢37 ~3e79 ~8¢52
11. ~3637 =-1238 47 =337 -«1s38 47 -3.37 -2429 -1e63
12. ~3637 l1¢18 334 =337 lala 3e34 =337 ~ ~Q402 +67
13, =3.37 5452 8405 ~3.37 Se52 8405 -3.37 3484 4443
14, =337 9413 11497 ~3.37 Sel3 11497 =337 705 757
15. «3:37 12622 19433 ~3e37 12422 1533 =3.37 Fe79 10625
16, =3.37 14092 18627 ~3437 14092 18.27 ~3e37 12420 1260
17. . =337 ~5¢63 . =337 -5+07
18. ~3.37 -3.07 ~3.37 ~3.79
19. =337 ~1438 =337 -2e¢29
20. ~3437 le18 =337 ~0402
21, =337 SeS52 ~3437 3¢84
22. =3+37 9413 ~3637 7205
23. =3+37 12422 ~3.37 9e79
24, ~3437 14492 ~3.37 12420

Yy




CHAPTER V

: ‘GEN_ERA?.‘_IQN QF AN QPTIMAT, CROPPING DECISION
" RULE USING DYNAMIC PROGRAMMING

Up fo this point the theory underlying dynamic programming
has been discussed{ and the assumptions underlying the analysis
have been specified, This chapter presents.the findings of the
model itself as well as a discussion of the results.-

In Tdables 15,16 and 17 the letters F, B and W reprasent
the decision which is recommended in the optimal policy, and denote
the decisions to fallow, plant barley, and plant.wheat. The eight
mois£ure levels, when combined with the 1énd use in the preceding
 stage, define the state variable. These moisture levels are defined
in Table 10 in Chapter 4. 'The.state variable is that variable whose
value is détgrmined at decision time, and upon which the decision is
based. In the decision process, the producer knows what he did with
fhe land in the previocus stage, and he measures the moisture in the
first four feet of soil at planting time. Knowing thé values of these
variables, the decision-maker uses the model and its optimal policy

to tell him whether to fallow, plamt wheat, or plant barley.

The optimal policy is a set of conditional decision rules.
The decision is based on the state of the system at the. time a deci- - -
sion must be made. If the land is moist and fertile the decision

will 1ikely be to plant.a'crop. If the land is very dry and short of
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Nitrogen, the decision will likely be to try to imﬁro&e the conditions.
for the following year by allowing the land to lie fallow for a fear.
Theloptimal policy developed here is optimal in a stochastic sense.
That is to say that the model is ome that allows the farm decision-
maker to make optimal use of his moisture on a probabilistic‘basis. ]
By studying the physipal cropping system'it is possible to better
understand the likelihood of increasing soil moisture through the
process of fallow. B§'using this mnderstanding in the formulation of
a decision-making model, it is possible to develop a flexible cropping
policy. - Such a policy allows comtinuous cropping in moist years, but
also allows for fallow where ig is likely to be most advantagebus.

' A decision based on the optimal pelicy could turn out wrong, but it

is the decision mos£ likely to be successful based on the available

knowledge of the system.

SPECIFIC RESULTS OF THE THREE RUNS
The stageé variable, n represents the number df‘years left in
the planning horizon. In interpreting Tables 15, 16 and 17, n = 1
represents that one point in time when the planning.ho;izon of the

decision~maker is one year; n = 2, 2 years, and so on.

--;c;fu M.S. -Stauber and Oscar R. Burt, "Crop-Fallow or Contin-

' uvous Cropping: Which-is More Profitable?’ Big Sky Economics. Coop-
erative Extension Service, Montana State University, Bozeman, Montana,
April 1971, _ : :
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From a conceptural standpoint the results of the three runs
are what would be intuitively expected with one major exception., The
model, at stage n = 1, tells the decision-maker that he should choose
alternatives whiéh are expected to yield negative immediate returns.
~Those decisions are starred in each of the three tables of results.
Stage n = 1 represents that point in the decision process when only
one year remains. He is therefore, not likely to fallow, since fal-
low incurs a cost and is only included in his set of possible alter-
natives because it can better his position in future stages by
increasing soil fertility and available moisture, The decigion—
maker is equally unlikely to plant a crop when he can be reasonably
sure of incurring a loss because of low expected yield. 1In the case
of those'decisions which are starred, his logical decision is to do
nothing at all, 'In so doing he foregoes alternatives which are
expected to have negative immediate returns, maximizing his return
functién by choosing zero returns. The fourth alternative,'tg do
nothing, can easily be iﬁcluded in the mbdel. This alternative.

“should be included when this model is further developed or applied.

Run Number One. Run number one is over the sixteen state model,where

the alternative of spring wheat following spring wheat is allowed.
Price set.1l is used to determine the expected immediate returns.

Table 15 summarizes the optimal policy for stages one through
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five. Burt and Allisonm have demonstrated that dynamic proéramming
will converge to a uniform optimal policy for an infinite planning
horizon as n Becomés 1arge.2 While it is not obvious from Table 15,
the model has converged to that pelicy in stage n = 3, The policy did

remain constant throughout the remainder of the fifty iteratioms that

© were computed; The pelicy at m = 5 is that policy which the model

suggests is optimal for all stages, n > 2. In state set (1-8) the
policy is to fallow at the three lowest moisture levels, éﬁa plant
wheat at all other levels. In statres 9 -~ 16 the policy is to fallow

at the four lowest moisture levels, and again plant wheat at the re-

’maining higher moisture levels. ©Ower a period of time then, one migﬁt

~see any combination of wheat and fallow alternatives chosen. In the

optimal policy for an infinite time horizon the alternative of barley
was not éﬁosen in any state or stage. Combuter print-out for
n=1,...,20 can.Bé;found in the Appendix. Included in the print-out
is the net present value of expectgd returns for all states and all:

stages up to stage n = 20.

Run Number Two. Run number two is the twenty-four state model, where
. ; .
the wheat-wheat alternative is nct allowed. Price set 1 is used to

determine the expected immediate returns.

2Oscar R. Burt and John R, Allison, "Farm Management Decisions
with Dynamic Programming" s Journal of Farm Economlcs, Vol. XLV

~No. 1, February, 1963.

}




TABLE 15 : Optimal Decision Rule in Stage N = 1,,..,5; Run Number One

State Descriptors Stage of the Decision Process
State 1 Moistuie Land Uae in Preceding Stage N=1 N=2 N=3 N=4 N=35
Level Stage
*3
1 1 4 F F F r ¥
2 2 P B* F F F 2
3 3 F W P F F F
4 4 F W F w W W
5 5 F W W W w W
6 6 F W W W W W
2 7 F W w w w W
8 8 F W W w W W
9 1 ¢ P ¥ ? P F -
10 2 ¢ B* F F P F
11 3 c W F F F F
12 4 c W F F F F
13 5 C W W W W W
14 6 C W W W W W
15 7 c W Vi W ) W
16 8 (¢ W W W W W

1The eight moisture levels are defined in the preceding chapter; the moisture level is
based on the number of inches of available soil moisture in the first four feet of the soil
profile at the time of spring planting.

2In this sixteen state model, for state definition, wheat and barley in the preceding
stage are treated identically and labeled crop. This assumption is lifted in the twenty-
four state model.

3Starred decision alternatives provide negative immediate returns. In those cases
the optimal policy is to do nothing at all.




48

Table 16. summarizes the optimal policy for stages one through
six and ten. This run converged at the tenth iteration, The optimal
- decision rule‘fo; an infinite planning horizon is found in the far
right column, n = 10. When the decision in the preceding stage was
to fallow, the rule says to fallow again at the three lowest moisture
levels, and plant wheat at all other levels. When the decision in the
preceding stage was to fallow, the rule says to fallow again at the
three lowest moisture levels, and plant wheat at all other levels.
When the decision in the preceding stage was to plant wheat the model
says to fallow at the five lowest moisture levels, but now says to
plant barley at ghe three higheét_levels.
There are two characteristics of this decision rule which
' are particularly valuable to decision-makers. One is that in states
follo&ing fallow the model says to plant wheat at moisture level four,
while in Both alternativés following a crop:the decision is to fallow
at the same moisture level. The other characteristic is the presence
"of tﬁe barley alternative in the optimal policy for states 22 through
24. Because the whéat-wheat sequence was mnot allowed,vthe model chose

the next best_alterﬁative, which in this case was barley.

Run Number Three. Run number three is another twenty-four state model

-where--the wheat~wheat- alternative is not allowed. Price set 2 is

used to determine the expected immediate returns.




TABLE 16: Optimal Decision Rule in Stages N = 1,.,.6, and 10; Run Number Two

State Descriptors Stage of the Decision Process
Stata 1 Moisture Land Use in Nl N=2 N=3 N=4 N=5 N=§ N=10
Level Preceding Stage
*1

1 1 F F F F F P F ¥
2 2 F B* ¥ ¥ ¥ ¥ F ¥
3 3 F W P ¥ ¥ F F F
4 4 F W F W F W W W
5 5 F W W w W W W W
6 6 F W W W W W W W
7 7 P w W W W w W W
8 8 F w W W W W W w
9 1 B P F F ¥ ¥

1 2 B B* ¥ F 3 F g ;:
1 3 B w F F F F F F
12 4 B W F s F P ¥ ’
13 5 B W F W W w W W
14 6 B w W w w w W W
15 7 B 1 W W W 1Y W 1%
16 8 B W W w W W w W
17 1 W F F F F F F F
18 2 W B, F F F ¥ F 5
19 3 1) B F F F F F F
20 4 W B F F F F F F
21 5 W B F B F B F 2
22 6 W B B B B B B B
23 7 W B B B B B B B
24 8 W B B B B B B B

1
Starred decision alternatives provide negative immediate returns, In those cases
the optimal policy {s ta d¢ nothing at all,

6%
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Table 17 summarizes the optimal policy for the first five
stages for run.number three. The model converged at the fifth iferr
ation, so the oétimal decision rule for an infinite planning horizon
can be found in stage n = 5, This optimal rule is slightly different
than that for run number two. The difference in model structure be-

“tween runs two and three was a slight change in the assumed prices “
received for wheat apd bariey. The changes had the effect of increds-—
ing the relative price of_bérle& in run number three, and hence
making barley a slightly more éttractive alternative.

The optimal policy for an infinite planning horizon is: to
fallow at the first three moisture levels and plant wheat at all others.
following fallow; to fallow at the first four moisture levels and
plant wheat the remaining four following barley; and fallow at the
first four moisture levels. and plant barley the remaining four follow-
ing wheat.

0f particular interest onm run number three wgs.the opfimal
policy in stage ﬁ = 2. Here, in states 6, 7, 8, 15,'and 16, thé
policy is to plant barley so that wheat‘(which cannot follow wheat)
can be planted in stage n = 1.

The Appendix contains computer output up to sfage n= 20 for

B

runs 1, 2, and 3.




TABLE 17 : Optimal Decision Rule in Stages N = 1,..,,5; Run Number Three

State Descriptors Stage of the Decision Process
State 1 Moisture Land Use in
Level Preceding Stage N=1 N=2 N=3 Ne=4 N=35

1 1 F F* F ¥ F F

2 2 P B* ¥ F P F

3 3 F W ¥ F F F

4 4 F W F w F w

5 5 F W W W W w

6 6 F W B W W w

7 7 F W B W W w

8 8 F W B W w w

9 1 F F* F F F F
10 2 F F) F F F F
11 3 F W F F F F
12 4 F W F F F F
13 5 F W F W W W N
14 6 F w W w w W
15 7 F W B W W w
16 8 F W B W W W
17 1 F F; F F F F
18 2 F F* F F F F
19 3 F B F F F F

*

20 4 F B F F F F
21 5 F B F B F B
22 6 F B B B B B
23 7 F B B B B B

2 8 P B B B B B

lStarred decision alternatives provide negative immediate returns,
the optimal policy I8 to do nothing at all.

In those cases

IS
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COMPARING THE OPTIMAL POLICIES WITH FIXED DECISTON RULES

In order to provide a meaningful basis for comparison with
the optimal policies, two models were formulated and computed using
fixed decision rules. They were structured and run in a dynamic
programming framework so that .the same moisture level transition prob-
abilities could be used. .

The first comparison model uses the fixed decision to con-
tinuously plant barley, regardless of the soil moisture £§Gel.

The second comparison model uses the fixed decision to follow
a rigid wheat, fallow, wheat, fallow,... sequence.

Table 18 shows the computer print-out for stage n = 20, for

runs 1 and 2 and the two comparison models.




TABLE 18: Fixed or Optimal Policies; A Comparison of Present Value of Expected Returns at stage n = 20,

RUN #1 GRAIN CREP lei,16

TSTAL EXPECTED RETURNS IN STAGE 2d

STATE POLICY RETUIN STATE PBLICY
1 1 +54°36454E492 7 3
2 i 3 3
3 i ) : 9 i
4 3 k"r“i-‘;f ne 10 : &
S 3 v 52983INV7E+02 11 1
6 3 0676332920402 12 1

RUN#2 GRAIN CREBP , 1e4,24

RETUSN
2 71834152E402
¢75709015E+02
854036456E402
+55C03733E+02
e 55944443F 402
e 56890030E+02

TOTAL EXPECTED RETURNS IN STAGE 29

RET N
.5“r°=ow.c*~g

STATE PaLICY

A s e e b g
O\UI&‘(‘,!\)P‘O\D
WWwWwWwes o

W70832640F402

, CONTINUBUS BARLEY,PRICE SET 1

TETAL EXPECTED RETURNS IN

STATE PILICY RETURAN STATE PsLICY
- 1 ®e178153%9E+02 4 :
e 1 "s145938742E+(2 5 1
3 1 e 1292256RE+%2 6 g

WHEAT FALLO~s PRICE. SET 1

TOTAL EXPECTED RETUANS IN

STATE PBLICY ST;TE PBLICY

1 1
2 i 8 %
3 1 ) by
4 1 10 ¢
5 ¢ i1 1
6 1 574123 111E+02 i2 1

RETURN
1S0223804E+02
-5C3“3?“6E¢:g

51795974E402
,qﬁ4~ 382F402
15575523 vEe 02
0597°9240E402
06328894 TE4C2
166364355£402

STAGE 2C

RETURN
=e10024244E402
*¢5335675352E+04
"¢ 13684664E408

STAGE .29

ZTURN
061069977E402
204305151E+02
e47153900E+C2
V43TA5674ER2
1483274014E402
1 49884105E+02

STATE PBLICY

i3 3
14 3
15 3
16 3

STATE PBLICY
17

18
19
20
24
e2
23

24

LAV IV EAVE S S e S

STATE PsLICY
7 i
8 i

STATE PBLICY
13

i
14 i
{5 1
16 i

RETURN
«S9R811336E+02
0639086765402
067457772E+02
070598694E402

RETURN
«50023804E+02
.SUR”QQaAr+Oa
05179507

05359
257287 6“":¢CE
160559340E4C2
163460770402

RETURN
0209071832404
054699591E+04

RETURN
vS0738266E4+02
¢51585571E+02
+52401578E+02
+53182643E402

€S
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There is no evidence to suggest that the dryland grain farmer
strictiy adheres to such rigid decision rules as those considered in
the two comparison models. They do, however, provide some very inter-—
esting results for comparison purposes. Table 19 summarizes some
figures from Table 18, TFirst, the four models are compared when each
begins a twenty year period at the highest level of moisture. Then;
each 1s compared when the period is initiated at the lowest level-of
moisture. 1In each case the returns follow this order: run number
one, run number two, wheat—fallow, and continuous barley.

TABLE 19: Fixed or Optimal Policies; a comparison of present value
of Expected Returns at Stage n = 20, 1 =8 and 1 =1.

Initial State Run #1 Run #2 Continuous Wheat—-
: Barley Fallow
i=28 $75.71  $70.53  $5.17 . $64.31
i=1 $54.09  $50.02 -$17.82 $35.38

From a comparison based on identical conditions, the optimal
‘policieé yield the farmer a higher set of expected returns than the
fixed policies. It is significant to note that if the individua; were
ta followithe policy of strictly continuous barley he would most likéiy-
go broke. t should be poin£eé out, however, that the results are

valid only for the area from which the data were generated.




NN : ' CHAPTER VI
OUR ENVIRONMENT

EXTERNALITIES

This analysis has been a study éf the internal decision pro-
cess of fhe individual producer. Assumptiohs have included constant
commodity prices, constan£ technology, constant costs, and a fully
internal accounting of the costs of production. This chag;;r is con-
cerned with the last assﬁmption.

Tﬁe current Widespread environmental concern; and the substan-~
tiél environmental problems affecting agriculture in Montana and else-
where, suégést that there may be some aspects of a purely internal
(i.e. internal to the individual firm under consideration) cost
accoun?iﬁg system which should be considered from a broader perspective.
SuchAcosts may résult from the use of herbicides, peéticides, commer-
cial fertilizers; from individual farming practices that créate arez-
wide problems such as saline seep and erosion; from qther causes.

if the future should show that significant gxternal costs
accrue when any.or all of the. decision alternatives facing the indiv-
idual producer -are chosen, then the priaciple of social optimality
&ictéteslthat thef should be considered in the analysis of his
.. decision pfocess. A broader defimition of tosts -(and gross returns

as well) could have a significant effect on the optimal policy. This
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effect Would_be felt in a situation where the decision-maker paid
the full cost, and where costs of one activity changed at a différent
rate than the coéﬁs of other aétivities. If the costs associated with
fallow should go up, ceteris paribus, we would expect him to fallow
less. If the Eosts of producing wheat relative to barley should
increase, the optimal policy would reflect the change.

This chapter discﬁsses the potential,existeﬁce of costs. assot-
iatéd with (1) the fallow alfernative, and (2) using chemicals in any

alternative. This discussion utilizes a familiarity with the produc-

tion activity, but is conceptual rather than empirical due to the lack-

of relevant information. Without trying to discount this discdssioﬁ,
it is suggested that normative conclusions mnot be drawn until more

information is available.
- FALLOW -

It is generélly accepted today that in certain situations

allowing land to lie fallow conﬁributes to the probleﬁ of saline

seeped lands. If saline seep takes productive land out of production,

or if it causes changes in the productive activity which increase
operating costs, then it comstitutes a cost in itself. If its appear-
ance is totally a function of the management decisions of an indivi~ '

dual operator, and if it appears omly on his land, then it is an

. internal cost. That is, he necessarily beafs'the full cost of his
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~

activity. If, on the other hand, one man bears the cost due to the
actions of another man adjacent or even far-removed from his property,
that cost is an external cost. It is generated outside his sphere of

activity and control. It was apparent from the Saline Seep-Fallow

Workshop1 that the hydrology of many of the affected areas is very
complex. That means that if the saline seep difficulties are due to
producers’ cropping decisions, they probably overlap from one man's
operation onto another's. When that hydrologic system is better
understood, the economist will be in a position to estimate the true
cost of a cropping decision. Even with this estimate, however, the

institutional framework will likely dictate who bears that cost.

THE USE OF CHEMICALS

The multiple benefits of summer fallow practices have been
mentioned earlier. Today, through the use of modern chemicals, the
producer can overcome many of ‘the problems faced by the early grain-
farmer witﬁﬁut having to resort only to summer fallow. In fact, the

practice of summer fallow can be made even more efficient using

1Highwood Alkali. Control Association Saline Seep~Fallow Work-
shop, Proceedings of a Workshop Held at the Rainbow Hotel, Great Falls,

Montana, February 22-23, 1971, (Bozeman, Montara: "Cooperative
_Extension Service, 1971). ‘ _
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modern chemicals. According to Smika, the-use of herbicides has

made it possible to greatly increase fallow period water storage
efficiency.'2 The purpose of tﬁis section is to discuss the scope of
pesticide use in Montana agriculture, and to suggest that there may
be real costs associated with the use of chemical pesticides which are
not being reflected in the market price which the farmer pays for the
chemicals.

Although the use of inorganic materials for pest &ntrol has
been seen for over a century, the greatest use aﬁd rate of increase
have come since World War II. The following éﬁote shows the status
in 1952. YNewer and more effective pesticides continually come into
use. With these new deVeiopménts, acreages of farm crops and farmland
treated for pests have egpanded.markedly. Purchases of power sprayers
and fowe; dusters in recent years have been iarge, more than six’ times
the avérage annual purchases of the prewar period."3 From a U.S.D.A.
study, the following figures were given as percentages of small.grain

crop acres treated with herbicides to control weeds, for the 48

adjacent states: 1952, 127%; 1958, 20%; 1964, 237; 1966, 29%.

L

2D E. Smika, Summer Fallow for Dryland Winter Wheat in the
.Semiarid Great Plains, Paper No. 2413, Journal Serles, Nebraska .
Agricultural Experiment Station-

) 3Albert P. Brodell, and others. Extent and Cost of Sﬁraying
.and Dusting on Farms — 1952. Statistical Bulletin No. 156, U.S.D.A.,
Agricultural Research Service.
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From the same study, comes the report that in the "mountain' region
of the U.S., which includes.Montana, 50% of wheat crop acres Weré
treated with herﬁicides in 1966.é

Inspection of data frém a survey by Heid in 1969 showed
that even gfeater increases in pesticide use have taken place in the
three or four years since 1966. In data from a random sample of 31
wheat farmérs.in the triangle area of north-central Montana, 1007 of’
.thdse surveyed reported using. herbicides on their wheat crops for weed
control. Ail but one of those 31 reported using the herbicide 2,4-D.
Preliminary analysis of.the farmers using herbicides shows between 90
and 95% of the acreage being covered. From that same survey in the
triangle area, 747 of the farmers reported that they use treated seed.5
The seed is treated with a chemicai—compound for protectioﬁ against
ground diseases such as smut .

Chemical pesticides are ﬁidely used in Montana. If one listens

to the voices of doom, our downfall rides with the sprayplane.m Much-

has been said about the evils of chemical pesticides in recent years.

------ 4A.'usti_n Fox, and others. Extent of Farm Pesticide Use on Crops

‘in 1966. Agricultural Economic Report No. 147, U.S.D.A., Economic
Research Service. .

5Data from a survey by Walter G. Heid, Jr , Farm Productlon .’_
,ﬁEconomlcs Division, Economic Research Serv1ce U.S.D.A., Montana
State Unlver31ty, Bozeman Montana.
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If even a fréction-of what has been said about them is true, there are
external costs associated with their use. The level at which they
should be used depends on the nature of the costs and benefits associ-
ated with their use, and should be expected to vary.with many other
variables.

In a statement which may not be totally valid todéy, Rachel -
.Carson has very eloduently discussed the economics of pesticide use
as seen through her eyes. |

The chemical weed killers are a bright new toy. They
work in a spectacular way; they give a giddy sense of power
over nature to those who wield them, and as for the long-range
and less obvious effects——-these are easily brushed aside as the
baseless imaginings of pessimists. The "agricultural engineers"
speak blithely of '"chemical plowing" in a world that is urged to
beat its plowshares into spray guns. The town fathers of a thou-
sand communities lend willing ears to the chemical salesman
and the eager contractors who will rid the roadsides of =
"brush"--for a price. It is cheaper than mowing is the cry.
So, perhaps, it appears in the neat rows of figures in the
official books; but were the true costs entered, the costs not .
only in dollars but in the many equally valid debits we shall
presently consider, the wholesale broadcasting of chemicals
would be seen to be more costly in dollars as well as infinitely
damaging to the long-range health of the landscape and to all
the varied interests that depend on it. .

'6Raéhél Carson, Silent Spring; (Boston; Houghton Mifflin, 1962)




CHAPTER VII
SUMMARY

The seed of this sfudy was a concern over the saline seep
proﬁlem. The concern grew and took shape as an economic analysis
of the determinants of grain cropping decisions. The analysis in~
cluded a sﬁrvey of historical determinants of cropping decisions,

‘gnd a quantitative analysis designed to provide a croppingmpolicy
which would be optimal for a planning horizon of any length.

This study is an gffort to take a relevant problem of our
time, consider it din its economic environment, and in a positive
sense apply current economic technology in the form of dynamic pro-
gramming to provide understanding to help glleviate that problem.
Many factors in addition to saline seep add éo the pertinence of the
study.

While much of the study is very tgchnicél in nature, the
result is a product which shéuld be understood by mést people in-
volved in grain producfion. An optimal'crdpping decision policy has
been.devéioped which is not constamt, put is conditional. A condi-

tional policy is one which says that if you observe A, then you should

do B; if you do not observe A or observe something else, then do
C. The set of optimal policies which are presented in this study

tell the individual producer: "If soil moisture is a certain level
P
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at planting time, and the field was cropped the preceding yéar, you
shogld plant a crop, or you should not.,'" The policy is>a flexible
‘one, as opposed to the traditional crop—fallow—crop—fallow..l fixed
decision rule. It allows the farmer to make the best use of his
soil moisture, and maximize his expected returns over any Iength

planning horizon as well.

CONCLUSIONS

It mﬁst be bointéd out, however, that the comparisons were
made with experimental data, and om a rigidly fixed bias. Although,
.there is no reason to assume that the average dryland grain fafmer
~in Montana is likely to use such a rigid decision rule, neither is
there an indication that he is,'in a probabilistic sense, taking
optiﬁal advantage of the soil moisture resource in his production
activities.’

Knowledge of soil moisture ai spring planting.time is a_prad—
tical decision variable. Currently there is a techniﬁue using a
buried neutron source, which provides a measure of soil moisture with
‘very little effort.

Government programs now allow greater flexibility to the
individual produéer in farming his\ﬁon—program acres. An optimal
cropping policy would be of:value in éuch situations today, even

if there were no changes in the programs. However, should there be
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more rest?ictive program changes, an optimal policy of cropping de-
cision-making could be used to determine the economic value of pro-
gram participation. For example, lowering the maximum payment limit-
ation could have the effect of forcing producers out of the assistance
prograﬁ. Table 18, in chapter 5, is a summar? of expected returns
following four différent decision policies, two fixed and two optimal.
) Frgm this comparison, it is clear that the optimal policy generated
through the use of dynamic programming does in fact provide a better

decision rule than the fixed policies with which it was compared.

RECOMMENDATIONS

The major difficulty encountered in formulating this analysis
was bélancing the trade-off between the many years of data needed to
_estimafe.thé tfansition probabiiitiesl and the desire to use the
most current.information regarding the-production activity, such as
current prqduction.techﬁiques, and a broader set of alternatives.

In addition, when tﬁe model is considered for application to an in-
dividual fa?merfs decision-making process, hoW realistic are thg data
-ﬁeéds? The major problem to be foﬁnd in applying this to an indiv-
idual‘farmeris‘operation is going to be the generation of the transi-
tion probabilities. 1In future developmerit and application of this.
model, an effort should be made £9 develop alﬁethodology for gener-

‘éting'tranSition probabilities in the absence of .long~term physical
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data for the specific plot under consideration.

This analysis has not fully considered the govermment pro-
grams. With the potential of mény modifications of the government
pfograms, such as greater payment limitations, the implications of
such changes on the policies of grain producers should be considered.

To the best of the knowledge of the author, this optimal

policy methodology has never been tested in the field. With the

P
R

growing interest in programmed decision-making models, field
experiments should be using them to determine their relevance to

real-world applications.
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