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. Abstract
A The supply of ~&tlcr quélily agricultural land in Alberta i;v» finite and diminishing.
Expans‘ion of the land base.has converjljpnall& been acheived by land clearing under limited
agroclimatic conditions. There are alternatives\to this conventional expansion and drainage is
one alternative.”lt has been.estimated that under favorable agroclimatic conditions in cast
cemral Albena there are approximately 2 million acrc§ of better quality land affected by
excess moisture. Drainage Eould relieve this constraint. However the substantive capital
financing which would be required could only be forthcoming under conditions of economic
viability: |
" The first objective of lhis. research was 1o assess the econemic viability of surface and
" subsurf ace'lypcs of designs to establish whether graihagc could be economically viable and
under what conditions. The second objective was 10 establish whether management intensilies
inf lucﬁce economic viability. The third and f ihal objective was to establish whether
landowners actually receive the benefits they éxpe_cted to receive f rom:drair_\age.

From a population of 105 drainers, 20 pairs of similar farms, differing only in the
drainage system installed were identified. The landowners of the 20 pairs of farms were
interviewed in-person to gather information about ’thé farm, farmer and drainage project.
Five péirs of farms were disqualified and the remaining 15 pairs were used i;l the analysis.

Standard project appraisal techniques were used, f ollow{ng closely the procedure
outlined by Giu:inger for World Bank projéct appraisals to establish internal rate of return .
and net present value. The internal rate of return was used as a dépendent variaﬁifc i}l a l
behavioral analysis tq“ explain why" some projects may be mbre vfable than gt_hers. Four
separate sceffarios w;:re examined in determiping project viability. Two models were examined
in the behavioral analysis. «

Under the most realistic scenario, considering all costs, cash benefits and taxes, only
ong of fifteen surface drainage projects, using a .5% opportunity cost of capital, was not

-

viyble. Four of fifteen subsurface projects, using the same criteria, were not viable.

iv
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' .
Management intensity on the whole farm explained a significant amount of the

- variation.in the viability of subsusface drainage. Viability, was related to the capital to labor- .

ratio, the cropping intensity, the land use factor in 1985, the abs;)lule change in the chpital

expenditure on equipment and the annual change in capital expenditure on equipment. The

land use factor is the most important prdictor‘of projec; viabilill}. If the hnd being

considered for drainage by \subsurf ace mcéns is no;mally used part of the time, then th

¢hances that the project will be viable are reduced. Significant relationships f or‘thc surface
y .

projects were found between the project viability and the animal units, the project age and

the absolute change in animal units.

(Y

Landowners generally scemed satisfied that they had realized bcr@t}f rom drainage.

Of the fifteen surface drainers only two felt their system did not perfarm hey expeeted.

Of fifteen subsurface Qrainérs four felt their system did not perform as expected. Fourteen of

fifteen surface drainers would drain land againv. Of fifteen landowners draining by subsurface

[ 4

. {
means, thirteen would drain land againe=——" "

’
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I. INTRODUCTION ~  ° | !

A. Overview
The supply of better quality*agriculture land in Alberta is fmne and dxmnmshmg
Ovcr lhc past de‘ concern® have been expressed over the need (0 maintain and cxpand ‘the
land base’. Agricultural uses for new land arc only one of several econom# options for the
usc of this land. This thesis addresses the ccsnomic viability’ of this agricultural use option
for Addilions to the land basc through drainage but excludes the op;;onunity cost of displaced
uses. | : ' .
Expansion of the land basc has been achieved convet;;ionall\" by. developing some of
. the poorer quality soils(CLI1 4+ )(Appendix A) and it has been pnmanly concentrated in —
Northwestern Alberta. The Northern Aiberta Devclopmem Council -estimated a requirement
of an additional 154,000 acres annually for the next 20 years‘. Maintaining the agricultural
land base may be achieved by controlling activities that contribute to the loss of already
dJc&elopcd land. The devcloped land suffers from two basnc forms of removals. The first is
Jdmoval by non-agricultural activities such as urbamzagon roads, gas plants, mines etc.
Birch*“indicates a net removal of 90,900 acreskof CLI 1,2 and 3<land and a net addition of
85,000 acres qf CLI 4,5, 6, 7 and organic tand. The second form of removal is directly
related to human interference‘with the natural hydrologic cycle through activities such as sod

breaking. summerfallowing, deforestation, irrigation canal seepage, over irrigation, over

_grazing and road construction. This interference with the natural hydrologic cycle has resalted

'Bentley, Fred C. Agricultural Land and Canada's Future. Presentgtion at Agricultural
Institute of Canada's 1981-82 Klinck Lecture. Agricultural Institute of Canada. 1981.
Environment Council of Alberta. Maintaining and Expanding the Agrtcultura] Land
Base in Alberta: Technical Report and Recommendations. ECA85-17/RR2. Environment
Council of Alberta. Edmonton. 1985. 198 pages.

’A drainage project is considered economically viable if it has lhe ability to produce
benefits sufficient to cover all costs associated with the project and the opportunity
cost of tht capitel used for the project. ’

‘Northern Alberta Development Council. The Development of New Agricultural Land
in Northwestern Alberta. Northern Alberta Development Council. NQvember, 1983.
‘Birch, A. An Inventory of Changes in Alberta's Agricultural Land Base Between
1976 and 1980. Edmonton. Alberta Agriculture. March 1982. page 34.

|
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in the fact that on many agricuitural soils the water table or,c/apillary fringe is very close to

A

the soil surface and in some cases res;xlts in surface 'pondqd' water. This high water table
‘ /
inlerfcrgs with normal plant growth by reducing the a\}a"ilablc rooting zone and limiting
aeration and generally destroying good soil Slruclurg;.v./ {BOlh wetlands and slough conditions
J ) ]

hamper normal agricultural practices by removing’fusablc land from any agricultural
production, by eausing unnecessary 'obslrucliqﬁg to the efTicient usc of the now common large
machinery, by delaying the timeliness of farm operations, causing restrictions on crop choice,
-lowering the quality and yiclds of the cro;;s grown and réduciné the length of the growing
season. In addition, throughout Alberta the underiyving- parent geological material s a salt
bearing strata and the high water table has resulted in the movement of salts from parent
’geologic material towards the soil surface. Vander Pluym et al.* estimate that Alberta has
abogl 500,000 acres of salt affected dry‘land and anblher 250,000 acres of salt affected
irrigated land. These saline soils are primgrily concentraled in the southern portion of Alberta.

Controlling the water table ma:.'w'bc accomplished in two ways. The {irst is by changing '
from agricultural practices such as summerfallowing 10 continuous cropping or the growing 'ol"
deéper rooting crpﬁs such as forages that make better use of the existing water. Tﬁis method
of controlling the water table involves institutional change that may 1ake decades. The second
method is the installation of artificial drainage systems such as surface drainage
systems(ditches) that climinate the percolalibn of excess water and alleviate the scasonal
flooding problem or subsurface drainage systems(pipe or tile) that result in a lowering of the
water table. In this study both types of drainage systems are used for similar purposes and
that is for draining sloughs, potholes or wet areas. The instailation of drainage systems
involves capital invgstment that may not be economically efficient.

Expansion of the land base by means of drainage may be accomplished on better

quality land. The fina! result is that previously agriculturally unproductive land may now be

developed or farmed more intensively.

‘Vander-Pluym, H. S. A., Paterson, D. and Holm, H. M. "Degradaticn by
Salinization.” in Agriculture Land: Our Disappearing Heritage-A Symposium.
Proceedings ®f the 18th Annual Alberta Soil Workshop. 1981.-

N2
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B.-Potential for Drainage
This thesis is concerned with the economic viability of surface and subsurface drainage

_projects from a farm producer perspective onlv and the research concerns ilsel‘lh projects -

that have been installed in east central Alberia. tast central Alberta is defined here as an area
of 36,28% square miles bounded by the 4th and 5th meredians(west to east) and the 35th and
69th townships(south to north).(Appendix B). It contains 100% of C.D.(Census Division)
10, and approximately 97% of C.D. 7, 50% of C.D. 11, 33% of C.D. 13, 13% of C.D. 12 and
9% ol C.D. 4.(Appendix B.) | )

'Apédailc and liabp‘ reported that east central Alberta cor]lains appr‘oximalely 13,971
squarc miles of CLI 1, 2 and 3 land(38.5% of the total land base) and estimated that 24'.'6% of
this better quality 'Iaﬁd, Cl.11, 2 and 3. 1s constrained [rom reaching its full agricultural‘
potential by excess water. Their work established, with 95% confidence, "that the true extent
of sloughs and wet lands is between 1.407 and 3.409 million acres on CLI 1, 2 and 3 land with
the most likely area being 2,196 million acres or ;57 acres out of each section of this better
quality land". In preparing a wetland inventory for the drainage potential in Alberta, Birch et
al.* estimated that the agri’*ﬂral area(white zone) of the provinéé contained about
10,892,074 acres of wetlands. In three river basins contained wholly or partially within the

?udy arca, there were approximately 3,382,336 acres of wetlands. These wetland acres were.
divided amongst-the Battle River basin(957,120 acres), North Saskatchewan River
basin(1,637,504 acres) and the Beaver River basin(787,712 acres) and amounted to, as a
percentage of the agricultural area(whﬁc zon;:) in each basin, 11.0%, 18.1% and 32.3%
respectively. Irrespective of the study, there is a substantial amount of good agriculluraldland

that is not being utilized to its full agricultural potential and drainage is thought to be a

remedv to this agricultural underutilization. Apedaile and Rapp® estimate that the agricultural
: g pe P g

‘Apedaile, L. P, and Rapp, E. Agricuftuﬁal Potential for Sloughs and Wetland in
East Central Alberta. Occasional Paper N@. ‘7. Department of Rural Economy
University of Alberta. Edmonton. April 1883. page 2.

- 'Birch, A., MacLock, B. and Kemper, L. An Integrated Study of Alberta's Drainage

Potential. A paper prepared for the C.W.R.A./S.C.S.A. conference on Urban and
Rural Runoff Management. Edmonton. October 1985. page 3.
‘Apedaile, L. P. and Rapp, E. "Areas Affected by Excels Water on Better Quality



potential, based on comparable adjacent productiof achievements, is conservatively $200
million in revenue per year, to which could be added cost savings from improved ficld
efficiency and economies of sizc. This‘sludy aimed at determining the economic viability of
drainage and management factors influencing that viability by examining drainaéc projects ea

post.

C. Characteristics of the Study Area

As mentioned previously, the slud_v area contains all of C.ID. 10 and appronimatch
97% of C.D. 7. This study assumed that descriptive statistics based on Agriculiural Region 4.
which contains these two census divisions, is representative of the study area in gencral. Based
on 1981 Census data, the major ficld crops, listed in descending order of acrc;:gc. are
wheat(majority spring wheat), barley, canola, oats and lamé hay'®. In 1981 Statistics Canada
estimated that the gred contained 0.72 million cattle, 0.21 million pigs‘a‘nd 1.47 'million hens
and chickens''.

Dark brown, black and gray scils’? of all CLI land ciassiﬁcalions are within the area.
The L‘x‘nderlying parent geological material is basically a calcareous glacial till. Moisture lcvcis
on the study area vary from 51 cm(20 inches) per year on the western edge to 36 cm( 14
in;:hes) per year in the south east corner of the region'’. The frost free period vérics from 100
days on the eastern portion of the region to 80 days in the west'*. Aridity and temperature are

two factors that limit full agricultural productivity'.

*(cont'd) Cultivated Land in East Central Alberta.” Agriculture and Foresiry in
(December 1983): page 32. '

'*Statistics Canada. 198/ Census of Canada. Agriculture. Alberta. October 1982
Catalogue 96-910. Tables 16-1 to 16-8.

ibid. Tables 22-1 to 22-4. , °
1?Alberta Agriculture. Alberta Forage Manual. Agdex 120/20-4. Edmonton. Alberta
Agriculture. page 38.

UMcGill, W. B. Soil Fertility and Land Productivity in Alberta. ECA82-17/1Bl6.
Edmonton. Environment Council of Alberta. July 1982. page 20.

*ibid. Page 10.

YThompson, Peggy S. The Agricultural Land Base in Alberta. ECA81-17/1B3.
Edmonton. Environment Council of Alberta. August 1981. page 16. )



. )
““Poologically the area contains portions of the parkland, grassland and Boreal Forest
ecological zones'™, The area is considered to have a high capability for waterfow!!’ often

, s
implicated in the wetlands drainage controversy, and for whitetail deer**.

). Broader Isswes -

The landowner is the same as ; manager in any other busmess This study assumed
the landowner was a rational human being with: the primary objective of maximizing his
wcll-bcing(wcalth).“;‘}jpwevcr the question arises as (o the extent that social costs and benefits
should be consiﬂ,derved.b;\‘t Howe'’ asks, what is the proper accounting stance to choose in
evaluating pfojects? Td what extent should the analysis of private projects concern itself with
social costs and benefits?®? Singh?® states that until an apﬁropriate legal and a(;counling
framework has evolved, managcment(laﬁgowners) may discharge social obligation orlly by
transgressing legal confines and ethical stanﬁards irrcsponéibly. This implies the private
cost-benefit point of view of evaluating projects is socially responsible and appropriate if
projects are within legal bounds. _ ~

An example of some of the socioeconomic issues that could be considered, as
v ,

expressed by Brande?’, are that the sloughs being drained-are important to groundwater

“Glasgow, W. M. Fisheries and Wildlife Resources and the Agricultural Land Base
in Alberta. ECA82-17/IB17. Edmonton. Fish and Wildlife Division, Alberta Energy
and Natural Resources and Environment Council of Alberta. Jjuly 1982. page 3.
Vibid. page ‘7.

'ibid. page 10.

"Howe, Clmarles W. Benefit-Cost Analysis for Water System Plamung Water
Resources Monograph 2. American Geophysicah Union. -1978. pagg 9. .

*Social costs and benefits include all costs and. benefits that are functionally relaved
to a production plan, regardless of incidence, Social costs ‘and benefits are partly
private and partly public and exceed private costs and benefits by the value of the
external diseconomies and external economies(externalities). Ciriacy-Wantrup, S. V.
Resource Conservation. Berkeley. Division of Agricultural Sciences. University of
California. 1976. page 236 and Turvey, Ralph. "On Divergences between Social and
Private Cost.” in Economics of the Environmen:. 2nd Edition. Dorfman, Robert and
Dorfman, Nancy S. (eds) New York. W. W. Norton and Company. (1977):page
187.

"'Singh, Shiv Pratap. Capital® Expendtmre Decisions( An Analytical Approach).
Allahabad. Wisdom Publications. 1978. page 18.

2Brande, Justin. "Worthless, Valuable, or What?" Journa/ of Soll and Water
Conservation (January-February 1980): 12-16. -
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hydrology and_ wildlife by pi'oviding storage, filtering and recharge for grqpn&walet and

habitat for acquatic and terrestrial plants and animals. Whiteley'’ suggests the environmental |
impacts caused by drainage. are; changes in the unsaturated soil zone water content; changes in ‘
surface Wiler"srcra’gé area; changes in waler table depth; and changes within and do"wgstrcam

of the drainage channel. Leitch’* listed flood and erosion contral, nutrient ‘recycling. historic.
educational and écicntil‘ ic value and aesthetiés as some of ihc social benefits of ,wetlahds. He
mentions that the annual social benefits f rom wetlands may -be as high as $2500 per acre for
waste assimilation and $2800 per acre for water supply(1981 $US). Surrendi’* ﬁlales "It has
been estimated that in a year of good populations and high participation by huq&ers. that the
recreationg! value of waterfowl hunting to Albertans approaches $39 million."

As mentioned earlier, soci! costs and benefits cxc/eed privatc cgsts and benefits by the
value of the external diseconomies or external economigs(externalitics). These externalities arral
often intangible and unfortunately seldom considered in privatg project analysis bccause they
are outside the privale entrepreneur’s normal iccounting stanc¢e. The privalc entreprencur is .
gev&faﬂy\ only concerned with private benefits and costs when dccndmg Whether a drainage
project will be economically viabie or not. anate benefits lﬂt excod p;lval&qmgyc an

incentive for the landowner to drain his land thereby increasing fus od fecuvé&nd*btsc and his *

relfbemg. ' ‘ LT t
. ) - |

E. Statement of Purpose ' -

Drainage requires a substantive commitment to capital financing. Contemplation of
drainage on a farm without knowledge of the costs, benefits or éonse\qucnces of the chosen
system or whether or no{ the system will be economically viable would be tantamount to pure

speculation. Yet it would appear that drainage often has been undertaken without reasonable

-

3Whiteley, H. R. "Hydrologic Implications of Land Drainage." Canadian Water
Resources Journal Vol. z—lo. 2: 12-13.

Leitch, Jay A. "The tlands and Drainage Controversy Revisited.” Minnesota
Agricultural Economist No. 626 (March 1981): page 4.

»Surrendi, Dennis C. The North American_ Waterfow! Management Plan A —_
presentation to the conference on urban and rural runoff management. October 1985.

page 12.
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evidence or understanding of the conditions under which the benefits to farmers would
outweigh the costs of the drainage to them. ' i

The purpose of this research is 1o provide gome answers to the relevant economic and
management qucstiohﬂe‘garding the feasibility of drainage projects from a private benefit and
cost poihl of view. The desired rt‘:sult is a decision making approach, easily used by
agricultural fieldmen and landowners alike for drainage. that will allow them 10 make rational

“

decisions regarding projects prior to actually vundell'uking the project.
F. Objectives of the Research
The objectives of this reseaych are:

1. To explore an effective method of assessing the private economic viability_ of alternative
drainage ciesigns in Alberta and thus establish whether a drainage project may be
economically viable and under what copdilions;. -

2. To establish whether an increase in management intensity over the whole farm, proxied
by changes in land, capital and inbut use, influence the economic viability criteria of
drainage projects and to detcmine why some drainage projects are more viable than

- others; and

3. To examine the differences between landowners' pérceived expectations from the drainage
prior 1@ drainage and the benefits they actually received from th\e drainage.

G. Organization of the Thesis

The first chapter of this thesis presents an overview of drainage issues, a description
of agriculture and water related issues in east central Alberta, a statement of purpose and the
objectives of the research. Chapter two combines a review and discussion of the theoretical‘
aspécl.s involved in the research relating to farm investment analysis and the evaduation of
project viability. Also included .is a review of the theoretical benefits associated with drainage,

a review of drainage studies assessing drainage benefits, a review of the importaqce of

management on production success and a review of the social concerns:of drainage.

/



\" Chapter three will include a description of research methodology and data analysis.
The sampling procedure will be outlined and the behavioral analysis relating the management
intensity measures to the economic worthiness criteria will be discussed. Chapter four presents
the results of the analysis, a comparison of the economic viabilities of surface and subsurf ace
drainagc'and the implications of the n;anagcmenl changes. Finally, Chapter five summarizcs

the results, presents implications regarding the economics of drainage’and draws some = *

conclusions about the economics of drainage.

“

Numerous appendices are included at the back of the thesis. Their content includes,
the CLI land classification system, a map of the study area, a description of drainage
assistance available 10 landowners, a sample of the questionnairc, some peripheral descriptive

. statistics of the drainage farms, and a list of variables used in the bc%avi"oral‘analysis. Also
: MR
included are an assortment of comments regarding drainage made by the landowners either

~

during the initial telephone contact or during the in-person interviews,

&



Il. THEORFETICAL REVIEW
A. Review of Farm Investment Analysis

Introduction

According to Aplin et al.” "Capital investment decisions may well be the most
important judger‘ncnm undertaken by management. Frequently large sums of money are
invplvcd in cxpcndiufres for land, e'quipmem.. buildings and other assets. Most such
expenditures affect operations over a series of years. Capital expenditures often are large,
permanent commitments that influence the long-run flexibility and earning power of the
busincss.‘ . This emphasizes the importance of t_:gsing capital investment decisions onteliable
forecasting and evaluation procedures.

Decisions on capital exp'”cndilureé also are among the most difficult managerial
problems. A major source of difficulty stems from the f;cl that the effects of most capital
investments occur over a cansiderable period of time in the future. Because our knowledge of
the future is impeifect, it is imperative that considerable effort be made to predict as reliably
as possible the probable costs and benefits of each investment alternative. Another difficulty
arises because, in the case of many capital expenditures, most, il: not all, of the capital must
be laid out immediately, whereas the benefits accrue to the business over time. Thus, once
management has reliable estimates of costs and benefits, it has the problem of balancing
added returns that will accrue to the business in the future years against a capital expenditure

that will be made immediately if the decision is made to invest."”

“Aplin, Richard D., Casler, George L. and Francis, Cheryl P. Capital Investment
Analysis Using Discounted C8h Flows. Columbus. Gfid Publishing, Inc. 1977. page
1. ' v
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a:"':. gdstigation accrue, is important in establishing what the bencfits and
o “. ’ —~

WRLRLe project. In instances where the ’nject is Jarge, the output of

vlhc project may inf luen'cc ‘n"l)arkct prices and affect all members of society in gencral. The

ramilications of the increased demand {0: inputs or increased production from drainage

projects being considered here, with respect to society in general, will be insignificant. Thf

landowners are considered price takers and thus subject to market prices. The evaluation ol

All the benefits and costs attributable to the drainage projects in this study arec madc using
N

market prices.

Ménion is sometimes made of the "social responsibility of the
businessman(landowner) when implementing projects. Singh?* states that "Until an
appropriate legal and accountinf frame work has evolved management can spend the
stockholders money on projects primarily designed to discharge social obligation only by

transgressing legal confines and ethical standards irresponsibly.” From the private benefit -cost

point of view this implies an individual is socially responsible if he stays within legal bounds.

Identifying Benefits anﬁ Costs

Quirin** suggests the following principles when identif ying costs and benefits of
projects under investigation: ©

1. The analysis should embrace all costs and be;lefits resulting from the adoption of the

proposed project, from the standpoint of the optimizing unit, i.e., the firm in the case of

"Howe, Charles W. Benefit-Cost Analysis for Water System Planning. Water
Resources Monograph No. 2. American Geophysical Union. 1978.

“Singh, Shiv Pratap. Capital Expenditure Decisions( An Analytical Approach).
Allahabad. Wisdom Publications. 1978. page 18.

®Quirin, G. David. The Capital Expenditure Decision. Homewood. Richard D. irwin,
Inc. 1967. page 59-60.
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private sector decisions and society or the economy as a whole in public sector decisions;
2. It should be on an incrementai basis taking iumo account the difference between the
resulting streams of costs and benefits with and without the project respectively,
3. External effects, i.e., indirect benefits and costs, should be taken into account te the
extent appropriate to the decision-making unit; '
4. Care should be taken to comparostotal benefits with total costs. The practice of
of f -setting certain benefits against cerain costs or vice versa can in mahy cases lead to
" misranking of projects;
5. Double counting should be avoided,

6. Opportynity costs are the relevant standard; and
7. An Egy?opn‘atc period should be considered.
L"itlfe and Mirrlees'* suggest that when considering profitability analysis, using

discounted cash flows, all receipts and payments must be cpnsidercd: ’ ~

1. All amounts received from the sale of outputs of the preject for each year of the life of
the project, including the sale of any buildings and equipment remaining at the end of the
life of the project; and

2. All payments made for goods and service, used by the project according to the year in
which they were made, from the date of she first expendityre until the end of the project
life. These include payments of capital costs, whethe£ for initial equipment or for .
replacements, as well as current costs. )

Thqe are numerous costs and benefits to be identified when evdluating project
viability. Fixed costs are costs that will remain unchanged whether or not a project is
implemented. Incremental costs, also known as differential costs or variable costs, are those
‘hn arise because a psoject is implemented. Beenhakker’' suggests that when analysing

projects there is a tendency to underestimate the costs associated with a project, and the ¢

1

prime reasons for this are:

“Little, I. M. D. and Mirrlees, J. A. Project Appraisal and Planning for
Developing Countries. London. Heinemann Educational Books Ltd. 1974. page 7-8.
V'Beenhakker, Henri L. Handbook for the Analysis of Capital Investments. Westport.
Greenwood Press. 1976. page 84.

»



1. Oncerwinties present in analyzing future costs;
2. Changes in the configuration of the product desired by the procurring service during the
implémenution phase;

3. Changes in quantities of output originally projecu;d; ' .
4. Deliberate underbidding by contractors; and
5. Inflation. P

C‘eenhakker indicates the proper procedure for identifying benefits is the "with and
without” test and not the "before and after” test. He states, "Some investment analysts,
however, mistahM' apply the "before and after” lcst' . That is, they examine the question,
"what are the bcncffts(}md costs) before the new investment and what will they be
afterwards, rather than, what will the benefits(and costs) be with-the new investmemt and
what would they haye been without it.'’" The difference between the two tests is thalThe

«"with and without " test acknowledg}es th& Ehinges would have transpired over l.i'mc in the
absence of the hew investment”’. According to Beenhakker benefits are defined in terms_of
their eff écl onf undamem.al objectives and in the private sector the fundamental objective is
either profit maximization or cost minimization®*. This implies the benefits associated with a

project can either be increased revenue assogiated with the implemengation of the project or

reduced costs(savings) because of the project.

Comparing Benefits and Costs

There is little argument with the fact that in a relatively uncertain world, a rational
human being prcférs a dollar today compared 10 a dollar tomorrow. This basic concept,
sometimes referred to as the "time value of money "’ is necessary in evaluating the cash flows
associated with a particular investment decision. H is necessary because in most inslar;ccs

)
investments involve the outlay of a sum of money at the beginning of the project and the

Yibid. page 8S.

ibid. page 87. .
ibid. page 87. ‘
3*Bierman, Harold Jr. and Smidt, Seymour. The Capital Budgeting Decision. New
York. Macmillan Publishing Co., Inc. 1975. page 12.

[
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realization of benefits at some future time .‘The longer into the future these benefits P“ from
the initiation of the project the greater is the risk. uncertainty and inflation associated with
them. These factors necessilate the use of discounted cash principles when comparing l\senef its
and costs that occur at difl feten; times throughout th¢ life of the project under investigation.
Discounted cash flow theory is identical to the compound interest rate ‘uegt‘ylbanks
in calculating interest charges on morigage and other self -amortizing bank loans™. FOn. --
caiculating a project's rate of return, all cash flows from the project are discounted back vf)
some reference time zero, usually the time when the inilia) cash outlay 10 initiate the préjec\t
way made. Thc_ assumption is lhé exchange rate between money now and money one pe‘n'od in
the future is as the rate of 1 now to (1 +r) one period hence'’. Because money today has.been
r.nslorically more valuable lhan‘f usure money, r is always positive. Discounting uiure values
equates all values to a present value. Once present values for all costs and bencf its are
calculated the discounted benefits and costs can be analyzed using various discounting
methods. If the discounted incemental benefits outweigh the discounted incremental costs or if
the internal rate of return is greater than the opportunity cost of capital. a pfoject ia assumed

viable.

Methods of Investment Appraisal
Four methods of project appraisal will be discussed in the following section. These are
the net present value, the internal rate of return, the benefit-cost ratio and thc-net

benefit-investment ratio. Each method employs discounted cash flows.

Net Present Vaive or Net Present Worth

Merrett and Sykes’ refer to the net present value(NPV) technique as the classic

¥Kroeger, Herbert E. Using Discounted Cash Flow "E ffectively. Homewood. Dow
Jones-Irwin. 1984.

© YMerrett, A. J. and Sykes, Allen. The Finance and Amalysis of Capital Pro;eas

London.” Longman Group Limited. 1963. page 4.

“ibid. page 21.

© -~
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economic method of investment appraisal. Schwastzman and Bﬂﬁ'l call the net paesent value
method the most helpful means of ‘determining the prof i:abilny of projects. In order 1o
implement the NPV, grilerion one must follow ';teps similar to thbse oullinefi by Brigham and
Gapenski*® and Bierman lnd'rS\midt": -

1. [Identify all rslevanl benefits associsted with the project; -
2. Choose |ﬁ appropriate discpunt rate;
3. Compute the present-value of the incremental net benefits(i.c.. the present valuc of the
gross benefits minus the present value of the gross costs); or

4. Compute the present value of the gross project benefits; and. - | p
S. Compute the present value of the gross project costs.
If the present v)aluc of the incremental net benefits or the diffcrence between the present value
of the gross benefits minus the present value of the gross costs is greater than zero, the
project would be accepted, but ~if they were less than zero the project would be rejected. The
rationale behind rejecting a project with a negative NPV is that the return on the investment
" is insufficient to cover the opportunity cost of capital(the«<hosen discount or imet"csl rmc)
and ov\would be better off to invest the money in the best alternative use.

) Recognized problems associated with the NPV melhggjn the dlf ficulty in clbosmg
the appropriate discount rate md the fact that it is an abso}\uc and not a rclative measure and

doesn't lend itself to the ptoper ranking of projects(a small highly attractive project rrfly

have a smalier NPW(net present worth) than a larger marginally acceplable project)*’.

e

-

¥Schwartzman, Sylvan D. and Ball, Richard E. Elements of Fmanaal Analysis. New
York. Van Nostrand Reinhold- €Company. 1977. page 58.

“Brigham, Eufene F. and Gapenski, Louis C. /ntermediate Financial Management.
New York. The Dryden Press. 1984. page 277.

“'Bierman, Harold Jr. and Smidt, Seymour. The Capital Budgeting Decision. New
York. Macmillan Publishing Co., Inc. 1975. page 30.

“Gittinger, J. Price. Economic Analysis of Agricultural Projects. Baltimore. The Johns
Hopkins UniVersity Press. 1982. page 329.

\
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Internal Rate of Return
The internal rate of return(IRR) method of investment appraisal, also referred to as
yicld, interest rate of return, rate of return etc.*’, calculates the discount rate which makes

the net present value of the incremental cash flow of an investment equal to zero. The usage
" »
of the IRR method is often justified on the grounds that it is a "pure number” and thus more

uscful in allowing projects of different size to be compared dg‘éclly“. It is ’the maximum
interest that a project could pay for the resources used if the project is to flecover its
investment and operating costs and still break even*’. This maximum rate is then compared to
the opportanity cost of capital, the assumption being that it is known, and if it is greater than
the opportunity cost of capital the project is accepted, but if it is less the project is rejected.
The IRR and NPV will lead to identical accept/reject decisions on independent projects.

One criticism of the IRR is the necessity of the trial and error approach to its

calculation, necessary becausc one cannot 51mph guess al the rate which will make the NPV
cqual to zero. After making an initig} ¢ estithate, an iterative procedure is followed until the
exact IRR is found». A second criticism is-the assumption that all f unds f rom the project could
be reinvested at the IRR. This criticism is particularly applicable when comparing projects;

with different IRRs and different lengths of project life. A third criticism is that in some

N

cases, depending on the shape of the incremental cash flow stream, more than one discount

rale may, make the net present value equal to zero. These-situations are apparently rare in

agricultural applications*®.

Bencf it-Cost Ratlo . -

The Bcnefn Cost Ratio(B/C Ratio) 15 defined as lhe division of the discounted
’ ~
benefit stream by the dnscoumed cost stream. The accepl/reject criteria {s a B/C ratio of 1. lf

“Bierman, Harold Jr. and Smidt, Seymour. The Capital Budgeting Decision. New
York. Macmillan Publishing Co., Inc. 1975. page 28. ‘

‘“Irvin, George. Modern Cost-Benefit Methods. London. The Macnillan Press. 1978.
page 15,

“Gittinger, J. Price. Economic Analysis of Agricultural Projects. Baltimore. The Johns
Hopkins University Press. 1982. page 329.

*ibid. page 341.

-
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~  the prgsent worth of the benefits are greater than the present worth of the costs, the ratio is
iheh greater than one and the prqjcct is accepted. Projects with B/C ratios of less than one
\\aée rejected. . ’ - .
One/méjor criticism of the B/C ratio is i'ts sensitivity to the way items arc‘netlcd out
of the cost and benefit streams. If, for example, items of expense are subtracted from 'lhc
- - penefil stream rather than added o 'thc cost stream, the proportionality of the ratio will
change and this may b ggav ~ant enough io result in wrong decisions or marginally
actceplable projects. - ¢  alty is avoided by rigorous use of incremental analysis. If
projects are 1o be comps. I, the same netting out procedure must be followed. A second
criticism of the B/C ratio is that neither numerator nor denominator can be zero, otherwise
N .
the calculationof a ratio is not possible.
The B/C ratio and the IRR will give conflicting rankings of projects. This is no

surprise since rankings given by B/C ratios using different discount rates may themsclyes
& 3

conflict*’.

Net Benefit Investment Rz;tio

The net benefit-investment rati6(N/K. ratio)*! is the only criteria mentoned earlier
that is acceptable for ranking non mutually exclusive projects. This ratio is the present worth
of the net benefits divided by the present worth ofu‘lhc investmcmr. The net benefit is taken to
be the present worth of thesincremental net benefit stream in those years after the stream has
turned positive and the investment is taken 1o be the present worth of the incremental nel
benefit ip those years of the project when the stream is negative.

It assumes that the incremental net bencefit stream is negalivc in the carly vears of d

.

project then turns positive and probably remains positive for the remaining lifc of the
pfoject. If in the later years the incremental net benefit stream‘becomes negative, because of

some equipment replacement or the like, this merely reduces the incremental net benefits. The

.

*"Quirin, David G. The Capital Expenditure Decision. Homewood. Richard D. Irwin,
Inc. 1967. page 47. '
“tibid. page 346.
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reason for calculating the N/K ratio is to select projects oh the basis of return to investment
during the initial phases of the project. Projects with N/K ratios greater than one, when
discounted at the opportunity cost of capital, are accepted, and those with N/K ratios less
than onc are rejected.

The N/K ratio is particularly useful in“raﬁking project investment decisions when
funds are not available to impliment all projects.

\(.'. Review of Drainage Bencfits

The following section reviews some important theoretical bencfits achicved by drainager
and highlights why a landowner might want to drain land. o,

In his opening paragraphs of Chapter One, Luthin** wrilcé, "A drainage “problem is
caused by an excess of water either on the surface of the soil or in the root zone beneath the
surface of the soil. If the water stands on the surface of the soil the problem is one of surface
drainage. This more obvious type of drainage problem can be remedied by providing some
method of removing the surface water.

The other type of drainage problem concerns water that ocurrs beneath the surface of
the soil. A high water table is present. Frequently the presence of the high water table is not
cvident from an inspection of the soil surface. In many instances the soil surface may appear
1o be dry, but waterlogged soil at depths of tw':) or more feet beneath the soil surface may
causc serious damage to the crops which are being grown. Methods of investigating such
problems form an important part of the engi‘neering ;Of a drainage system."

As stated earlier, this study is an attempt to compare the economic viability of
alternative drainage systems. In this respect the alternative drainage systems are classified as
surface, ref erring to ditch systems, ex;:avated earth channels for the conveyance of unwanted
Water and subsurface, the installation of plastic pipe or tile beneath the earths surface for the
conveyance of unwanted water. The classification of the drainage systems do not refer to the

location or type of water being drained, as it is understood that both types of drainage

“Luthin, James N. Drainage Engineering. Huntington. Robert E. Kreiger Publishing
Co., Inc. 1978. page 1.

I
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systems were used for similar drainage purposes. In this study, the main purposc-of4he
system was to drain temporary or permanent sloughs and not to control specif ically the height
of the ground water table.

The main purpose of drainage is (0 improve the soil water conditions that résuh ina
healthy root environment and conlribu_le to the maximum growth of the plant, increase crop
vields andlwqualily and thus enhance the agricultural use of the land, or as Sla‘llings’n states,
"drainage may make available for cultivation, highly productive acres that were not sixilYablc
for cultivation previously." In poorly drained soils the yiflds are reduced because water fills
the voids(soil pores) between the soil particles, reduces the air available to the plants and
obstructs the gases which are given off by the plant r;)otsA Poor aeration reduccs lhc‘
likelihood of root extention and growth and since the roots penetrate to within 15 inches of
the water table, a high water table allows little room for }ool development. In extreme cases
of poor drainage, the result may be pools of water which stand in lh;: ficld. and causc plant
scalding during periods of high temperatures.

Other problems associated with a saturated root zone, that contribute to reduced
yields, are cooler soils. The problems associated with cool soils are a reduction in the
decomposition of organic matter, the resultant rate at which nutrients from the natural
organic matter is mide availgble 1o the plants and a reduction in the available carbon dioxide,
the latter two probléms because of reduced microbiological activity. In addition cool damp
soils also reduce the effective germination rate of seeds anq irLsgLng cases the sceds may rot
before they have a chance to gefminate. lfx the soil is both dryer and warmer sooner becausc
of improved drainage. the seeding datc ma;‘ be advanced resulting in both a longer growing

season and crop flexibility. The reason that damp soil is cool soil is explained by Irwin®'. Sincc

the specific heat®? of water is 1 cal/gram and that of a dry mineral soil(with bulk dénsily

-

*Suallings, J. H. Soil Conservation. Englewood Cliffs. Prenlice-HallA Inc. 1957. page

. S11.

S'Irwin, Ross W. On-Farm Drainage Benefit. Final Report for the Corrugawd Plasuc
Drainage Tubing Association. University of Guelph. February 1981. 2
"Thermodynamic values are generally recorded in calories(cal) or kilocalories(kcal),
joules(J) or kilojoules(KJ). The heat capacity of a substance is the amount of heal
required to raisc the temperature of the substance by 1 degree centigrade. Values
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$ of 2.65 gms/cm3) is.0.2 calories per grém. a dry soil wfth a poresity** of 50% , has a
volumetric heat capacity of J.26 cal/gram. If one half of the pore space were filled with water
the volumetric hcat capacity would be 0.26+(0.25 x 1.0) = 0.51 cal/gram, which means that
it would take twice as long for the lulg heat to raise the lcmpcraiure of the wet soil 1 degree
centigrade. It also requires extra heat calories fo transform the water from a liquid to a
gascous state and the' wind action that carries a;\/a); the evaporated waler. aéls as; an additional
cooling agent and the higher evaporation rate may cause surface salt accutnulation.

Other factors that reduce yield include compa\cted' soil surfaces, that become. difficult
for yo;mg emerging plants o penclrale'and an undesireable soil structure which doesn't have
the optimum mix of soil particles with air and water filled voids. Wet soils are more easily
compacted than dry soils and thus are more lik‘ely 1o have crusted surfaces and poor structure.

Soils that remain sat ¥ are not subjected 10 normal drying and rewetting and thus do not

form the fissures and cracks necessary to facilitate good drainage. These fissures and cracks

also improve the aeration of the soil by allowing fresh oxygen to penetraty the sojl.

2
Regarding water holding capacity, Irwin comments on the paradox of drainage. On

one hand drainage removes soil water but the result is that through improved soil structure .
the actual amount of water available to plant roots increases, partly because the plant roots

have a greater volume of soil from which they may obtain their water and nutrients. The

nutrients are more readily available from a dryer soil for a number of reasoms#The higher

3

'microbiological activity, partially due to the warmer soil, leads to higher rates of

decomposition of the natural organic matter and thus higher rates of nitrification. Chemical

* fertilizers are more readily available because they can be applied much earlier when plants

(cont'd) are usually recordgd for 1 mol or for 1 gram of the substance considered
and in the latter case the value is called the specific heat of the substance.
Mortimer, Charles E. Chemistry A Conceptual Approach. 3rd Edition. New York. D.
Van Nostrand Company. 197§, “page 150. .

$The bulk density is the wefght of a soil divided by its volume. Luthin, James N.
Drainage Engineering. Huntington, N.Y. Robert E. Krieger Publishing Company.
1978. page 57. '

$Soil porosity is the ratio of the volume of air plus the volume of water divided
by the sum of the volume of air, water and soil, multiplied by 100, to express the
ratio as a percentage. Luthin, James N. Drainage Engineering. Huntington, N.Y. ‘
Robert E. Kreiger Publishing Company. 1978. page 57.
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utilize them most efficiently and the loss of nutricnts due to leaching is reduced. The loss of
nitrogen because of denitrif’ ic;nion”' is also reduced in dryer soils.

F;om a physical standpoint a wet soil limits the type of use that can be made of it by
not being able to suppofl agriculturgl equipment. This wet soil is more susccptiblc'llo ‘
éompac_lion than a dry soil and this compaction destroys good soil structure, hampers seed
emergence and amplifies the problems associated with poor soil slruélure. In addition,
working the soil with modified equipment, flotation lkés elc., 'incrcascs costs because of the
increased horsepower requirement and the additional wear and tear on equipment subje&cd 10
tougher conditions. Eriksson* found that at 16m drain spacings, soil structure was good and «
draft resistance to [ all; plowing was low and even. At draiﬁ spacings of 32m soil compaction
ocurred during spring tillage, resultirig in unfavorable soil structure that was difficult to
penetralé with a plow share and resulted in clodding®’.

To the landowner improved drainage means reduced costs, increased Bcnef its and more
flexible t;ianagcment strategies. One advantage is the ability of landowners 1o perform tillage
operations earlier in spring. —This wﬂl allow earlier seeding dates of betwéen one and two
weeks. Because the land is prepared earlier, the soil is warmer and drier sooner. Delays in
field operations because of spring rains are also reduced. Earlier seeding dates also mean
earlier harvesting dates and this is critical in areas that have short growing seasons and wet
fall weather. The earlier seeding also allews for a broader choice of crops or crop hybrids and

thus directly affects potential yield and returns. The second advantage allows for a more

*sStudies have shown that there are losses of nitrogen from the soil in ways other
.than leaching and plant use. One of these is denitrification, which is the

" ‘biochemical reduction of nitrates under anaerobic conditions. When soils become

"water logged, oxygen is excluded and anaerobic decomposition lakes place. Some
anaerobic organisms have the ability to obtain their oxygen from nitrates and nitrites -
with the accompanying release of nitrogen and nitrous oxide. Tisdale, Samuel L. and
Nelson, Werner L. Soil Fertility and Fertilizers. 3rd. Edition. New York. Macmillan
Publishing Co., Inc. 1975. page 145-148. '

**Irwin, Ross W. On-Farm Drainage Benefit. Final Report for the Corrugated Plastic
Drainage Tubing -Association. University of Guelph. February 1981. page 9: - -

A clod is an. artificially produced compact coherent mass of sod ranging.in size
from 5 or 10 mm to as much as 8 or 10 inches. Hausenbuillet, R. L. Soi Science.
Principles and Practices. Dubuque. Wm. C. Brown Company Publishers. 1972. page
463. '
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economical method of disease and weed control, because plants are more vigorous and better
able to compete with weeds for nutrients and a.vailablc water and better able to resist infection
by disease. Weed control methods whether nn;han}cal or chemical are more effective due to
carlier application on a dryer soil. The third maaaﬁemcm advantage allows for energy
conservation and efTicient machine use. Since field operations are performed over the entire
field at one time, doubling of operations and inefficient field patterns are climinated. The _ ..
number and type of required field operalion“s necessary to insure a proper seed betl are
reduced and it is not necessary to go back and work areas that were initially to damp. Obsts
arc reduced because there is a more efficient use of fuel and eduipmenl, the required drafl
power is reduced due to lower draft resistance of a dryer soil and labor and equipment costs
are lower due to reduced wear and tear on equipment. Wear and tear can be severe in
situations where equipment becomes stuck when trying to encroach upon a wet area.

Smedem.a" summarizes ihe.benef its of drainage as follows. 'Ber;ef its from draina‘ge of
Xgricultural land may accrue' from the improved crop growth conditions created by
d;ainage(urlier. higher, more dependable, better quality yields; wider range of mofe
demandiﬁg/attraclivc crops, etc.) or from thg'improvcd soil worliabilily conditions(earlier
planting, more workable days, lower draught requiremenis. less damage to soil‘ structure by
farm machinery, increased scope for spreading and planning of work, etc.). All in all, land
drainage may be expected to resﬁll in better yiells at lower costs, in other words higher net
returns to the farmer. These returns should always be considered in relation to the costs of
drainage improvements.” _

An economically viable drainage project will offer the landowner an improvcrﬁem in
his well bcing.b This improvement in well being can come from increased returns, because of
- an increased land base, improved crop quality or a more diversified choicé of cropsr or from
reduced costs through more efficient use of inputs such as fertilizers, herbicides, fuel and

time. These.benefits are easily assigned a monetary value. In addition to these are
: "\\S : :
‘*Smedema, Lambert K. and Iiy{:rof t, David W. Land Drainage - Planning and

design of agricultural drainage systems. London. Batsford Academic and Educational
Lid. 1983. page 4.

”
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non-monetary(intangible) benefits. An example of these benefits may be pride of ownership
or as Leitch*® found, farmers willingness to accept a loss to be rid of the real or imagined
nuisance of wetlands in their f ieids because the increase in their satisfaction was more valuable

-

than any monetary loss they may have inturred.

{
"\

D. Review of Drainage Smd‘ies' ’ R

The following sectio;m contains a review of literature that has addressed the benefns,
both physical‘snd economical, ;ssocialed with drainage projects of different sizes i.¢., ranging
from on-farm projects to dréinage of entire watersheds. .

Menz*¢® evaluated the incremental benefits associated with drainage projects at various
stages of project development against the all or nothing approach. On a 10,000 acrc farm in
California devoted to crops of alfalfa, cotton, barley, canteloupes and qug'lucc, Menz stratified /
the area into composite acreage by crop and depth to water table and calculated the net
incomes as a function of lhé depth to water table. Calculations were based on probable per

acre crop yields as a function of the depth to ground water. Menz calculated the annual total

jand incremental benefits associated with the different water table levels. He found the
- , R
optimum level of the water table to be between three and four feet, the point of intersection ¢

of incremental net income and cost curves.

Rigaux and Singh*' studied 1+ '+ ~~fits and costs of improved levels of agricultural
drainage in south Manitoba. The - -+ ted into three phases. each resulting in a
published volume. Volume one 4 © .. 7 Ing precipitation excess in terms of a storms

precipitation, the maximum poic-..e ™oistur. .cention of the soil and the average gradient

*Leitch, J. A. Economics of Prairie Wetland Drainage. A presentation at the 1982
Winter Meeting of American Society of Agricultural ?liinccrs. Paper No. 82-2543.
December 1982.

““Menz, John A. "The Economic Evaluation of a Drainage Project.” Journal of Soil
and Water Conservation (Jan-Feb 1964): 12-14.

“'Rigaux, L. R. and Singh, R. H. Benefit Cost Evaluation of Improved Levels of
Agricultural Drainage in Manitoba Precipitation Excess on Agricultural Land Research
Bulliten No. 77-1(Volume 1),:Crop Damage Analysis-The Impact' of Precipitation
Excess, Research Bulliten No. 77-1(Volume 2), Economic Feasibility of Investment,

.. Research Bulliten No. 77-1(Volume 3). 1977.

»
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_of the watershed area. Precipitation excess in this study was defined as "a relative concept
whcrc‘in moisture is excessive when the soil moisture level is greatey than what is adequate,
optimal or tolerable for the plants.” They conclude volume one by stating that the model
developed is capable of generati::g precipitation excess data which will be su;ublc in |
subscqucm'analysis of the effects of improved drainage capacity on precipitation excess and

~ the resulting averted crop damage. . .

In volume two Rigaux and Singh examincd the relationship between crop yield for
wheat, cats, barfey and flax. and precipitation excess in order to determine an estimate of
crop damage. They recognized loss, because of precipitation excess as resulting from numerous
rcasons; delayed seeding, flooding during the growing season(losses vary with the particufar
growth stage of the plant), delayed field operations(fertilizer,-spraying, harvesling). increased
operating expenses{machinery . fuel,labor) and reduction in crop quality. Rigaux and Singh
mentioned that crop damage in terms of yield reduction was directly related to the duration of
flooding and varied with plant age, soil type(clay is worst, sandy loam best), temperature,
wind factor, fertilizer application, a management aspect, weather composition, insect and
disease control techniques and, in general/. the input mix and its combination with
management and physical factors. A regression model with the dependent variable of average
yield and independent variables of nitrogen fertilizer application, phosphorous fertilizer
application, soil productivity index(based on a general productivity of soils) and precipitation

. excess for the months of May, June, July and August was specified. The results showed that
yiel(/ﬁ( in most cases were positively related to the application of nitrogen, phosphorous, soﬁ

/"'préducxivity' and May moisture excess but negatively related to precipitation in June, July and

A August. Variations existed among different equations for the same crop dependinhg on the soil

texture classification, some crops showing greater sensitivity than others. Volume two
concludes with a statement of the use of the regression results in an attempt to assess the
economic feasibility of drainage improvement based on the ability of drainage to reduce

precipitation excess.
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The objectives of volume three of this study were to identify the benefits and costs

associated with improved drainage, including interpretion df crop damage f actors.
identification of benefits and costs‘_[gr specific design and levels of development and provision
of guidelines using the approaches developed for evaluation and improvement of drainage
projects in agro-Manitoba. Steps in the analysis involved identification of existing drainage
capacity for a particular area and estimation of the present value of construction and
maimcn;ncc costs, based on incremental values for the threc levels of drainage improvement.
Only direct economic bene[ its resulting from the increased crop vields were estimated. Rigaux
and Singh found that increased drainage capacity was feasible on in only six out of fiftecn
selected drainage areas. Sensitivity analysis tnvolved varying the project life, segmenting a -
watershed area. changimg the incremental cost schedule and investigating more intensive land
use. They found that increasing the project life from 15 years 1o 50 years altered the B/C
ratio on pne dr$ain from 1.4 to 1.6, a change of about one-seventh and stated that the length
of project life may be important if the B/C ratios are near one. They found changes in the
B/C ratios, within a watershed, if that watershed's B/C ratios were calculated for the whole
watershed. They reasoned that lower segments of the watershed required greater technical
development in order to hand!e the upstreamn flows and the ratio of costs to benef ils\fncreascd
as the segmented area near the outlet decreased. Original B/C ratios were derived under the

. assumption that incrementa! costs in going from one level of development to another were
just the difference betwezn the costs of development of the two levels. When a sensitivity
analysis was done, specifically in gbing from no drainage to the first level of drainage
development, in which case the assumption of 100% salvagibility of no drainage was omitted,
only one of three projects with B/C ratios of greater than onc remained feasible. In the
sensitivity of more intensive land use Rigaux and Singh found that the change in the B/C
ratio was insufficient to make this particular watershed economically feasible. This watershed
was characterized by a large upstream portion, which imposed large downstream costs and

relatively little original crop damage because of existing heavy loam soil.



25 .
™

R.inux and Singh report a wide range of B/C ratios which were influenced by
watershed soil type, topography, proportion of land in the watershed that was used in
non-agricultural production and extent of existing drainage protection. An important
difference between the accounting stance taken by Rigaux and Singh and that taken herein is
onc of social benefits and costs versus private benefits and costs and the development of
drainage projects on a watershed scale versus on-farm drainage only.

Irwin*! surveyed a randomly selected sample of one hundred farmers to determire
their perceptions of drainage benefits. Because of non-installation in some cases dasg were
collected from only 81 farms. The questions on the survey de(h with the farm and farmer
biographics, scale and type of farm operations and cha.racterislics of the drainage system.
Some of the benefits achieved by drainage were, alleviation of spring aqd fall flooding
conditions(80% of the respondents), Qhe ability 10 grow a wider variety of crops, increased
yields, a gcncral‘lrcnd 10 growing higher value crops, increased acreage, time saving because
of larger fields, and some indication of increased management intensity base(; on increased
fcrlilgur use(nearly one half of the farmers). Irwin found that fo respondents were
dissatisfied with drainage as an Investment, 6% did not comment and 94% were well satisfied.
Over one half of the respondents, as he states were "extremely enthusiastic” in their
endorsement of drainage.

Irwin®’ in a descriptive paper on drairiage in Ontario outlined in detail the benefits
achieved by on farm drainage. Benefits include possible land use changes and mére intensive
use, reduced production costs, improved resource allocation, improved soil conditions
including improved structure, moisture regimes, temperature, traff icability and soil erosion
and poliution control. General benefits include minimizing the risks as;&ialed with weather,

f
improved timeliness of field opcrations.\iwmproved disease and weed control, energy

conservation and efficient machinery use and improved crop quality and yields. Irwin also

found that drainage improved the uniformity of livestock grazing. In the section on on-farm

“Irwin, R. W. “Field Survey of Drainage Benefits in Ontario.” 1979 Winter
Meeting-American Society of Agricultural Engineers Paper No. 79-2554. 1979.

“Irwin, Ross W. On-Farm Drainage Benefit, Final Report for the Corrugated Plastic
Drainage Tubing Association University of Guelph, School of Engineering. 1981.
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drainage ‘costs, Irwin m;nlioned the different types of costs involved in a drainage project,
namely the initial investment in ditches.m.wpumps. structures, land clearing, land
treatment, financing and maimeqance costs. he‘ ilso mentioned that drainage has been
important o Ontario a/tmen because they have shifted toward the production of high energy
crops, corn, soybeans and white beans, which respond favorably 1o good drainage. The
drainage of farm land is consistent with naturally increasing land values that ocurred between
1961 and 1976 and the notion that expensive land should be used as productively as possibic.
lrwin concludes that even though numerous attempts ﬁavc been made to show the worthiness
of drainage in terms of increases in yield needed 1o offset the cost of cirainagc. given an
inlcre_sl rate and project life and that this method shows that it will pay for itsell in a few
years, the rcél attractiveness of drainage is that it, as a method of expanding the l@d base, is
sometimes only one-tenth the cost of obtaiming new land through purchase in Ontario. In real
terms, in the 20 years between 1960 and 1979, drainage costs per acre in Ontario have
{ncreascd by a factor of only 3.3 times whereas the price of land per acre over the same
period has increased by a factor of 8.9 times. During this same period in Ontario, gross farm
receipts per acre have increased by a factor of 4.0 times.

Leitch* utilized a farm survey of farm operators who drained land, to estimate the
costs‘of constructing wetland drains, (o estimate the returns from wetland drainage and to
examine the ccono;nic feasibility of on-farm drainage. Benefits from drainage included
increased crop sales, decreased nuisance or avoidance costs and a component for the net
influence of intangibles. Analysis was accomplished usil{g‘variablc c—(:sts(cash costs), land was
~ treated as a sunk cost and machinery ownership cost were excluded on the basis that a
marginal addition to cropland would noj,change the machinery complement. Leitch considered
three combinations of the above, the first with land and machinery included, the second with
only land included and the third, thought to be the most likely, with land and machinery f

excluded. Of fifteen respondents to the survey who drained land using ditches, all had returns

greater than costs before taxes at a real 12% djicount rate with one exception. This one

““Leitch, Jay A. Economics of Prairie Wetland Drainage. 1982 Winter .
Meeting - American Society of Agricuitural Engineers. Paper No. 82-2543. 1982.



g “" ' . 27

¥

exception showed a small gain when taxes were oomidered At a res! 8% discount rate all» '.
drainage costs were recovered in five year\s‘.By exignding the project life from the standard 15 .
year period to 25 years and by including maintenance, n;l bcqef its rose by 17% at an 8%
discount rate andTy 10% at a 12% discount rate.

Nineteeﬁ responden}s from two sub-areas. drained land using tile drainage and five of
ninc in sub-area N, had a net loss under all discount rates and tax scenarios. Benefit cost
ratio averages were .6 at the §% di;counf rate and .7 at the 12% discount rate with a payback
period of greater than 50 years for both the tax and no tax scenarios. lTie_ ten respondcms'
from sub-area S, six showed positive net benef ils‘, Under the blcfore um{enan'o. the B/C
ratio was 1.5 at an 8% discount rate and 1.2 at a 12% discount rate, with a payback period of
nine and twelve years respectively. After taxes the B/C ratios were 1.2 at a{;% discbuﬁt rate
and 1.1 at a 12% discount rate with a payback period of ten and fifteen years réspectivcly.

In a study of 58 drainage projects in south central Minncsota, Leitch found that
wetland drainage was viable on a cash flow basis in all but one instance at an 8% discount rate
and all but two instances at a 12% discount rate. When supplemental field drainagé is. .
considered(the general drainage of a whole field, including the wetland area), 52 out of the 58
projects wekviable at an 8% discount metand 47 out of 52 were feasible at a 12% discgl;m
rate. - . !

Leitch iﬁcluded an intef8ting perspective on the social vs private value issue. Even
though in 1980, the U.S. Fish ;d Wildlife Service( FWS) paid an average of $847 per hectare
in incentive pzyrr;ents for wetland casements and this was grchlcr than aboul one-half of the
net dollar benefits realized by the projects evaluated in west cential Minnesota, farmers
seemed willing to drain regardless. He theorizcs.thal there ﬁ)ust exist sdome ophelimity from
drainage. beside the usual advantages(soil benefits, time and input. savingé. field oﬁcration
timeliness, increased yield. reduced weed and wjidlife problems) such that the f a)rg;‘npﬂ‘ator‘is
willing to pay to get rid of a real or imaginedﬁisahce. He suggests that those involved in
policy decisions regarding the social aspects of drainage may have to compensate wetland

. % ~
owners the full cost, including monetary and non-monetary costs, to maintain wetlands.
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Ruff** evaluated surface atfd tile drainage assuming surface drainage costs at $60 per |
acre and tilg drainage costs at $500 per acre."Because surface _dninage.isv eligible 0r a |
deductibn as a cofiservation expense up l6 25% of gross ;ncom\e'\rom Ymhing. installation
costs are fully ré.cévcr-ed.in the year of | installation if the yield is increased by 30% or morc.

7 - ‘
Tile Yrainagé was eliglble for a 10% investment tax credit. Based on higher initia! istallation
costs amortized over the lifc of the project(20 years in this case). and based on a 14% intcrest
rate and majntenance fosls of 0.2% of the total system installation costs per year of lifc, the
tile drainage of rcreé the following returns on investment. With a 30% increase in yicld the
return was 7.5% and with a 60% increase in yield the return was 20.8%. L

Congsidering a 50-50 share lease arrangement in his cxampie. there were no net
benefits until yiclds had increased at least 60%. Advantages do exist because of increascd land
values such that polenlial'buycrs are aware that drainage costs add to the effective:price of
the land. Ruff* conctudes by stating that "Good management practices reduce risk factors.
Poar ‘drainage is one factor which can negate most other recommended management of
cultural practices.”

Pedology C(;nsuluml's" pﬁncipal objective was "to develop a workable, meaningful
melhodologyv which wauld allow for systematic appraisal of the benefits and costs of drainage
for all agricultural lands in Alberta.” They intended to éonduct both a financia! analysis, at a
norﬁihal 12% discount rate and a ten year time frame and an economic analysis at a nominal
7% discour_u rate and a thirty ycar'flime frame. Costs considered wef®, initial drainage
coSls(including maintenance aﬁd operating césls): annual cost of loﬁ 'pmduchér’) mitial land
preparation éosts and annual wetland crop pfoduction. Benefits from annual wetland crop
production rc@cnue, improved timing. improved weed control, lower farm production costs,

1}
improved crop quality and less wildlife damage were considered. Benefits were assumed 10

“Ruff, Carl F. "Farm Druinage Economics.” Farm Drainage Handbook. FMH 11
01. ESO 885. Agdex 822. 1982. , -

f ‘tibid. page 6.

‘"Pedology Consultants mid Marv Anderson and Associates Lid. Farmland Drainage
in Central and Northern Alberta. Farming for the Future. Research Project No.
82-0070. 1984. ) /
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begin in year two or three of the project life depending on lhe wetland classification. They
found that in the Silver Creck area(near Camrose) the B/C ratio, for surface drainage, for ali
wetland classifications and soil Inanagement groups was 1.03,.varying from a B/C ratio of
1.65 where avérage drain depths were 0.5 meters to a B/C ratio of 0.60 where drains averaged
a depth of 2.0 meters. Sensilivity analysis, allowing prices or yields to decrease by 20%.
lowered the overall B/C rali'o to 0.87 and. excluding auxiliary benefits, to 0.68.

In the Lalby Creek area(near Peace Rivcr)i t_he overall average B/C ratio for all sioil
management groups and wetland area classifications was 1.77. The B/C ratio with yields or
prices rcauccd by 20% was 1.49 and 1.15 when auxiliary benefits were excluded. They found
that the key parameter“i'nﬂuencing the _feasibilit_v was not the wetland classification but the
combination of wetland features and the characteristics of the surrounding highlands.

» The socio-economic analysis of drainage differed from the financial analysis in four
fundamental ways, namely the use of shadow prices and costs, the addition of purely public
costs and bengf its, a longer imgr-genétalional time-frame, and the use of a social discount
rate. The overall B/C ratio for the Silver Creek basin for all soil management groups was
0.87. All sensitivity analysis reduced thié B/C ratio. For the Lalby Creek basin socio-economic
analysis, they found an average B/C ratio of 1.03, a very marginal investment decision.

In the summary of the epomnﬁNIQl_)'_s»is, Pedology Consultants state that looking at
only the potential increases it production in the wetland areas is totally inadequate and will

’Izrcatly underestimate the total net benefits of surface drainage. They feel thz;t about one third
‘of all benefits are auxilliary benefits and, although hard to quantify, are very important. They
put forward a rule of thumb for calculating approximate B/C ratios: for financial analysis the
B/C ratio= (10 times th'e net return to wetland crop/ha) divided by the on‘ farm drainage
costs per hectare; f orbpublic decision making the B/C ratio=(20 times the net return to
wetland crop/ha.) divided b): the public and private drainage costs per hectare.

Desjardins et al.** wrote that "the results have shown that sub-surface drainage of

“Desjardins, Ronald, MacDonald, Kathleen and Wutzke, Darren. The Economics of
Drainage in Alberta. Edmonton. Production and Resource Economics Branch. Alberta
Agriculture. 1984. page S7.
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irrigated saline areas is economically justifiable under mos} conditions. However under
dryland conditions, sub-surface drainage is not justified except over the very long term and
with relatively high precipitation levels. Both sub-surface and surface drainagc were shown 10
be economically feasible for non-saline cogiditions except for specific cases.”

The objectives of the Desjardinsty were to develope a simple computer modcl
which could be used to determine the economic feasibility of a drain.agc project and to

.

determine the conditions under which drainage would be economically feasible. Irrigated and
dryland salinc ‘and non-saline areas were considered. The effects of obstacles and their
position in the field were also 1aken into account. Drainage costs were taken to be $121 per

-

acre for surface drainage and SSZS(S?BWM acre Yor subsurface drainage. Pumping costs for
leaching saline ar;az! was considered. Production costs lwerc cash costs required Lo produce 2 r .
given crop with summerfallow costs included if applicable. Benefits were calculated from the
product of the yields and prices expressed as an average revenue increasc per improveg acre
over the life of the project, ass‘u'med in the base casc 1o be ten years. The net difference
between’lhe costs and benefits were used as the yearly estimate of cash flow for the life of the
project. The net ,present values for the project were calciffated ﬁsing LWO $cenarios, one
assuming no crop before drainage and the. second assuming a crop prior to drainage at
frequencies of 50, 33, 25, 20 and 0%(equivalent to no crop previously). The sensitivity
analysis involved combinations of projecl lives of 5, 10, 20 and 30 vears and real discount
rates of 3.5, 5. 7 and 10%.

The Desjardins results which»are corroborated by the work reported herc for
non-saline dryland condil_ions, are that the cost of subsurface drainage would be prohibitive if
there were a 50% chance of praucing a crop without drainage and‘may be infeasible if one
could produce a crop 33% of ihe time without drainage. If the chance of producing a crop
without drainage was onlv 25% or lower, then the costs of subsurface drainage were justified

most of the time. Surface drainage was justifiable under all previous crop scenarios. The

above results were found using a real 5% discount rate and a ten year project life.
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Sensitivity analysis revealed that on non-saline dryland conditions, at a 5% discount

rate and a five year project life none of the previous cropping frequency scenarios were

Iy

fecasible bgt for a twénty or thirty year project life all were feasible. Changing the cost of
capital 1o 3.5% made only the 50% previously cropped {requency infeasible and the 7%
discoun'l rate @Foni;he 207%: or less previously cropped f r:qt;eﬁcy' f ea}sible. Desjardins et
al. concluded that "both sﬁb-surface and surfacé drainage were shown to be economically

- feasible for non-saline conditions except for specific cases.™*’

E. Review of Management .

Farm management is sometimes defined as the art and science of making decisions
about the use of -avaﬂa/b'lgresourccs and acting upon these decisions in an uncertain world so
that the long term goals of the farm and farm family are as fully satisfied és possible. One
may ask why certain managers are more likely to achieve their desired goals than others. What
i§ the quality they have that other managers lack and is it possible to quantify these
:;nénngerial qualities. Unfortunately managerial ability is not easily quantified but numerous
individuals have attempted to explain the important effects of management on various aspects
of production. Following is a revie(w of a few of these attempts.

, According to F;eady.’f "The most difficult input to measure in farm-firm studies is
Lg.thc management or entrepreneurial factor. Unlike experimental studies where the managerial
function is excercised by the inves.tigator and remains fixed, the farm:firm research worker is

faced with observations whose genesis rests not with him but with many decision makers, each

possessing a different degree of entrepeneurial ability. Such differences would be unimportant

if managcment could be measured directly in physical terms. It could then be handled in the
manner of other physical inputs. However, a general applicable scale for measuring
management has not yet been devised. Likely it never will be, 'excei)l in terms of interaction of

such factors as time and intensity of cerebration, intelligence level, problem handling ability,
“*ibid. page 57. A .
' Heady, Earl O. and Dillon, John L. Agricultural Production Functions. Ames. %
lowa State University Press. 1961. page 223.

7N
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etc.” Heady also mentions that even though perfcct correlations will not exist there is

probably a systematic relationship between the managerial input and the variations in the 4,
y ]

e

inputs of other factors. , . ‘
Dawson and Lingard™ state the following. "For ;;n expected profit maximizing farm
with a Cobb-Douglas production function, a positive rclationship exists between management
and the variable inputs, lt}al is, "good " managers use moré of all variable inputs than do
"bad" managers. Further, it seems likely that a positive relationship exists between \
management and the fixed input since "good” managers would purch'asc more of this l’ivxcd
input if it became available than would "bad” managers. Hence the omission of the
management input would lead o (hpward) biases in the estimated parameters.”” Dawson and

Lingard conclude that management is an important input into the production process and

inclusio anagement variable should improve the statistical fit of the estimated

production Minction.

Griliches™ set out to show that the omission of managerial inputs from the
production function biases the estimate of the elasticity of output with respect to capital
inputs upwards and the eslimalc; of returns to scale.downwards. The problem stems from the
fact that the managerial input does not vary(increaée) proportionally with an increasc in xo&gl
inputs(i.e., a farmer who farms on twice the scale of his neighbor is not necessarily twice a;
good a manager nor does he have to do twice the amount of managerial work) and this leads
to an underestimate of the returns to scale. According to Griliches thc‘ovcréslimalion of the
elasticity of output with respect to capital inputs stems from the probability that .
firms(farms) with higher levels of managerial inputs are less restricted by capital inputs and

are able to substitute quality for quantity. These firms will use less labor, leading 0 an.

overestimate of returns to capital and an underestimate of returns to labor.

""Dawson, P. J. and Lingard, J. "Management Bias and Returns to Scale in a
Cobb-Douglas Production Function for Agriculture.” European Review of Agricultural
Economics Vol. 9 (1982): 1-24.

"Griliches, Zvi. "Specification Bias in Estimates of Production Functions.” Journal of
Farm Economics (1957): 8-20.
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Reiss”_disag’rees with the mefsurement ofYmanagcment as a residual value after
contribution ‘of éll other inputs have been considered. He feels that this method is ndl
satisfactory becausc it is an after the fact method"( has no prediclive value), reﬂeclsi’nomalies
(windfalls and tragedies dpart from management) and measures a residuzil output rather than
a managerial input. Reiss was interested in finding a measure for management that was able
1o predict the level of management prior to completion of a successful ﬁrocess but expressed
concern as to how“one would go about quantifying what success was in light of the fact lhél
cach individual has his own interpretation. In an atiempt to gather descripu’ve information on
managers, a questionnaire was desig‘ed lh#l asked the participants 1o describe characteristics
of different types of managers. This information was in the process of being collated at the
time of writing the article.

Yetley and Hoy™ examined a thcofelical model for estimating the direct indepefrldenl

&

impact of managerial influence on the efficiency of small agribusinesses. In this study they
regressed internal variables(lowest salary, needed }ob training, pe'rvasiveness) and external

) var'iables(price leadership, market value of farms, market share) against the observed
organizational efficiency of the firm. The residual was thought to contain variation due to the
mariagers effectiveness and error variance that represents the organizational efficiency which
the managers can potentially influence in the short term. They were successful in identilying a
mode! that was useful in evaluating managerial performance and in identif yjng the
characteristics of managers who are successful in acheiving their goal of higher levels of
organizational efficiency. Co i

Johnson™* disagrees with the notion that a managerial input has the capability of

altering the output acheived by an exactly similar amount of inputs used under exactly the

Reiss, Frank. "Measuring the Management Factor.” Journal of Farm Economics
(1949): 1065-1072. :

"Yetley, ‘Mervin J. and Hoy, Frank. "Managerial Influence on Organizational
Efficiency: An Analysis of Local Farmer Cooperatives.” Rural Sociology 43 (1)
(1978): 48-69.

Johnson, Glenn L. "A Note on Nonconventional Inputs in Conventional Production
Functions.” in Agriculture in - Economic Development. Eicher, C. K. and Witt, L.
W.(eds). New York. McGraw:Hill Book Company. 1964. pages 120-124.

-
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same condition§. Rather he feels that the superior manager i§ .ablc o maic superior decisions
about the amo&gns and combinations of conventional factors of production which will be

' _employed. In"this way the researcher is able to concentrate 0}1 the production function in
conventional le;ms and not bias the results because of some subjective managetial input e
index. ; .

Fane™ used a Cobb-Douglas relationship to examine a mcésurc of managcrial failurc
which was defined as the diffcrence between estini;e; of the theoretical minimum cost of*
factor inputs Tequired for some desired level of production and lhc‘ actual costs of using the
inputé. The idea is based on the assumption that the farmer is a price taker and attempts to
achieve some level of production at a minimum cost but because cach player does not have
perfect information he must base his managerial decisions on imperfect forccasts and thus is
not likgl)’ to acheive the minimum cost. The developed relationship involved the dependent,
proportionate loss, regressed against the independents, years of education, scale of production
measured by average sales per farm and other variables. The educational variable was us’éd as
--a-proxy for managerial efficiency and Fane found l.hal the more_highly educated armcfs had
superior managerial efficiency.

Viljoen and Groenewald’” used a Cobb-Douglas type cross-seetional prod(ﬁction
function fitted to sample data to relate an output Y (gross farm revenue) against various ,
formulations of variable inputs such as soil, labor, capital and livestock. Six different
functions were established. A geometric average of the six functions was calculated and
assumed to be the farmers expected return(Ye). The next step was the calculation of his
actual relutn(Ya). A management index was %evised by calculating M1 where
MI=(100((Ya-Ye)/Ya)) and from which a positive index indicated an above average result
and a negative index meant a below average result. They divided the original group of farmers

into three groups, above average(most efficient),average and below average(least efficient)

and made comparisons between the groups on characteristics such as land use, capital

"*Fane, George. "Education and the Managerial Efficiency of Farmers." Review of

Economics and Statistics 57 (4) (1975): 452-461.

"Viljoen, P. and Groenewald, J. A. "An Approach to Farming Efficiency Analysis
as Applied in Ruens.” Agrekon 16 (4) (1978): 6-13.
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investment and application, burden of debt, cost distribution, emcrpﬁ'se ratios and efTiciency
- factors. Im the conclusion they write that the most efficient group, when compared to the

other two groups, is more realistic and economical about mechanization, does better

qualitali‘vcly ir; wheat(measured by price) and is better in livestock production(sheep).

- ~Martinson agd Groencwald’* used cross-sectional production functions in a very
similar manner to that of Viljoen(where a high indexed enlrepfeneur produces more f rom a
certain applicalion of resources than does an entrepreneur with a low index) to test the
validity of this index approach in terms of traditional parameters. The hypothesis is that if
the index numbe\r reflects the same general trend as that provided by tradﬁional parameters, it
will serve as an illustration of the validi_ly of such an index as a parameter of farming
efficiency. Using the categories as established by the managerial index, comparisons between
groups were made regarding financial results!signif ica‘nt‘ differences) and between yield per
unit(yields per hectare etc.) where there was no signif’ |catﬁ dif ferenge between the two more
efficient groups. A multiple regression, for the whole sample, related the management index
1o a capital yield index and a cost yield index and revealed that the latter had a greater effect
on the management index than'did the capital yield index. They conclude that management or
efficiency indexes as derived from cross-sectional production functions are a realistic |
parameter of farming efficiency.

Bowman et al.” examined the relationship between 37 farm mangement factors and
the variation in herd average production and income over feed costs. On a random s;mple of
640 dairy farms they found that the 37 management factofs explained 79.9% of the variation
in the.hcr& z;verage 4% fat-corrected milk and 69.5% of the income over feed costs. The
management factors were divided into categor{és such as general(yrs. farming experience),
land and crop management, cow nul_rilipn ‘caif nutrition and management, mastitis and

milking management and.production ef f icieﬂcy. They found that the management factor

"Martinson, T. J. and Groenewald, J. A. "Management Indices from Cross-Sectional
Production Functions: An Empirical Evaluation." Agrekon 17 (1) (1978): 1-4. .
"Bowman, J. S. T., Moxely, J. E., Kénnedy, B. W. ‘pnd Downey, B. R. "The
Dairy Herd Management System and Farm Productivity.” Canadian Journal of Animal
Science 60 (1980): 495-502. v \
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associated with the greatest variation in production and income per cow was the amount of

meal fed per cow, followed by factors related 1o efficiency of production.

F. Review of Social Concerns of Drainage

Water related issues, such as slough drainage. generally cause concern about the
effecfié this drainage might have on groundwater and wildlife. As Boulding*® ;vrilcs. l
...... studies of water, though frci*: from aridity, are apt to produce a good deal of turbidity ”
Therefore, even though one may attempt to assess drainage prc;jecls from the
private(landowners) point of view, he must be aware of the associated social costs.
Unfortunately in many cases some social costs are inlangiblc. |

Higlorically environmental concerns didn't always exist. According to Brande!',
Hippocrates wrote that marshy, stagnant waters were bad for every purposc, and the USPA |
in 1§12. thought there were 70 million acres of unreclaimed land awﬁiu’ng the touch of the
engineer and the activity of the ambitious and enterprising farmer. By 1955 the USDA had a
change of attitude and stated that at least 75 million acres of wetland in the United States
were unsuited to agriculture but could be used for wildlife, forests and recreation. Brande
writes that wetlands improve water,quality by acling as filtegg, act as'storagc for excess water,
recharge groundwater, provide habitat, prevent erosion, provide recreation, aesthetics,
educational and research benefits, filter air and sound, are genetic reservoirs and provide
marginyof environmental safety. Further he feels that privale' market values, although
adequate to express values to their owners, are inadéquale to express public or social values.
He urges that proper evaluation of natural acquatic sys'lems should be made applying the tools
of economics and other social disciplines. "

Whiteley*? was concerned that di"ainage, projects alter the natural distribution of watcr

""Boulding, Kenneth E. "The Feather River Anthology” Industrial Water Engineering
3 (Decemaber 1966): 32-33. .

*' Brande, Justin. "Worthless Valuable or What? An Appraissal of Wetlands."
Journal of Soil and Water Conservation (January-February 1980): pages 13 & 15.
*'Whiteley, H. R. "Hydrologic Impligations of Land Drainage." Canadian Water
Resources Journal Vol. 4 No. 2(1979): 12-13.



37

and will héve hydrologic implications and the following effects. l)changés in the unsaturated
soil zone soil water comeni; 2) changes in surface water storage areas;.3) changes in the water
table depth; and 4) changes within and downstream of the drainage channel and will cause
deterioration in water quality. Interestingly, items 1, 2 and 3 described as environmental
impacts in.Whileleys' article are described as benefits in most drainage studies.

In addition to the above, Leitch®® feels that some of the social benefits of wetlands
include nutrient recycling, firebreaks, historic valuc, global nitrogen and sulfur cycling and
ccological diversity. He states that these benefits have been identified in literature and annual
benefits as high as $2500 per acre for water assimilation and $2800 per acre for water supply
have been estimated, but he suggests that the pressure 10 drain land will continue until a
* proper mechanism is developed 10 value the benefits of natural wetlands and until wetland
owners are givcr_m satisfactory monetary incentive to preserve wetlands.

Hammack and Brown'* have identified the wetlands of east central Alberta as an
important waterfowl] habitat area. They write, "The r(;}\ling, pothole - pocked farmlands of
central and southern Alberta, Saskatchewan and Manitoba, together with parts of the
ncighbbrilg states of North Dakota, South Dakota amd Minnesota, provide the prime duck
producing areas of the continent. The region comprises only 10% of the total continent
breeding area, yet produces upwards of 55% of the total duck population in an av'e year."

Schick"’ studied wetland changes from 1900 to 1970 on a 270 square mile block in the
Alberta Parkland, within the boundaries of the area under;s—lu‘dyrin this research, and
concluded that "the loss of wetland was a serious problem in this area with over 60% of the
original water having disappeared in only 70 years. This situation could be true for other areas
as well. Much of the drainage that has occurred represents an irrevocable loss of habitat for

waterfowl and a myriad of other wildlife species.”

“Leitch, Jay A. "The Wetlands and Drainage Controvcrsy' - Revisited.” Minnesota
Agricultural ' Economist No. 626 (March 1981): 1-5.

**Hammack, Judd and Brown, Gardner, Mallard, Jr. Waterfow! and Wetlands: toward
bioeconomic analysis. Baltimore. The Johns Hopkins University Press. 1974.

“Schick, Craig, D. A Documentation and Analysis of Wetland Drainage in the
Alberta Pdrkland. Unpublished. Canadian Wildlife Service. March 1972.
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"Alberta Environment'* is aware of the abo‘ic concerns regarding wetlands and their |
policy is to manage the Provinéc;walcr resources in support of the overall economic and ‘
social objectives of the province and these objectives are described as a "committment to a
program of balanced economic growth, the general welfare of Albertans and the present and
future quality of life.” Some philosophies practiced by the Department of Environment
include:

. ! ‘
1. Multipurpose use of water vs single purpose use;

’

2. The responsibility for the initiation of the project lics within the local government or the
individual;

3. The department is responsible to protect permanent watcr bodies from indiscriminant
drainage; and

4. This department is responsible for protecting the environment and landowners from
indiscrim{nam drainage by other landowners.

- One of the suggestions for reducing social costs imposed by land drainage, slough
consohdation, is proposed by Jensen'’. Consolidation involves establishing one larger slough,
in an out of the way corner of the field, from the numefous smaller ones that are causing the
problem. It is thought lhat\.bolh ends could bt met, i.e., getting rid of the field obstacle and
maintaining a wildlife habitat. Projects of this type would involve cooperation between

v

landowners and government people and would undoubiedly be costly and time consuming, but

would mitigate the overall social costs of draining.

'¢Alberta Environment. Drainage in Alberta - A Discussion Paper. Unpublished.
Alberta Environment. December 1983. page 22-23.

""Jensen, N. E. and Green, }--E. Slough Consolidation for Farm Drainage and
Wildlife Mitigation. Presentation at the Canadian Water Resources Association Annual

Conference. Lethbridge. June 1985. N
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1. FINANCIAL METﬁODOLOGY. SAMPLING AND BEHAVIORAL ANALYSIS
This chapter outlines the methodological procedure used iﬁ establishing project

viability. The methodological procedure closely follows the method of analysis outlined by
Gittinger** and is the method generally used by the World Bank in a priori appraisal of

projects connected with agricultural and rural development.

A. Farm Investment Analysis .

A financial or economic appraisal of a propowed project is properly conduclcd prior 10
undcné tng that project. The drainage projects dealt with in this paper have been completed
alrcady and are providing returns 1o the investors. Therefore the research reported here
amounts {0 an ex post appraisal of drainage projects to determine exactly how profitable or

¢
potentially profitabic they really are based on known costs ‘and actual experience with
benefits.

Gittinger®* suggests that there are six major objectives in a priori financial analysis of
agricultural projects. The first objective is to assess the financial effects that the project will
have on all parties involved in the project. De‘ending on the accounting stance taken, this
may involve one or more of the following, farmers, public and private firms or government.
The second objective is to make an overall judgement of the efficiency of resource use. This
is an examination of the overall returns to the prrj%:; {Lﬁgg farm investment analysis and
financial ratios . A third objective of financial ani:lz.cisv'is the assessment df incentives.

Basically this addresses the issue of whether or not the incremental returns from the project
arc large enough to compensate the investor for the add;ional effort and risk incurred. The
fourth ebjective of the financial analysis is to work out a plan that projects the financial

situation and sources of funds of the project parti\cipams and the project. This plan should

consider the timing of the investment, the repayment terms, the conditions for credit and the

“effects of inflation on both revenues and costs.

" Gittinger, J. Price. Economic Analysis of Agricultural Projects. 2nd Edition.
Baltimore. The Johns Hopkins University Press. 1982.
"ibid. page 86-87. :
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The fifth objective of the financial analysis provides a vehicle for c;oordinaling the
financial dontributions of the various project participants and addresses questions pertaining
to the availability of funds and investment capacities. The sixth objective of financial analysis
is to assess the financial management capability of thec manager of the project and to judge
whether or not this individual will require additional training to effectively manage this
project.

The above paragraphs describe the objectives of a prior: financial analysis of
agricultural projects. The research undertaken by this study was an ex post assessment of
individual drainage projects and although the six major objectives cannot ‘bc followed
precisely, the objectives that apply to the drainage project assessments will be highlighted -

Firstly, the main objecli;/c of this study, was to assess the economic viability of
on-farm drainage projects and to determine. through detailed financial analysis usmg private
beneflits and costs, whether drainage projects were worthwhile for the landowner(i.c., to
determine the rate of réturn on investment). ;All sources of funding were treated as private
funds even though some projects received grants provided by the provincial government
througt. the municipaliiics or counties via a cost sharing scheme(Appendix C).

The judgement of efficient resource use and assessment of incentives were both
judged on the basis of the internal rate of return criterion. If the IRN was suff iéicnﬂy high,
such that it was higher than the opportunity cost of capital(either the interest on borrowing
money or the return on the best alternative inveslmen'l) and provided compensation for the
risk and effort incurred by the landowner, the project is considered economically viable. The
fourth objective, providing a sound financial plan and the fifth objective, coordination of
financial contributions, were not relevant to the projects considered by this study.

Rather than as the sixth objective suggests, to assess the financial management
capability of the project manager, this study attempted to relate ex post, management
intensities to the calculated internal rate of return of the projects. Information on input use,

capital use, land use, characteristics of the farming syélem before and after project

implementation and changes of the use pf the above during the life of the project, were used
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as proxies for management intensity. A good manager is assumed to use more of a variabie
input than a bad manager* and a landoaer who manages his farm more intensely is
hypothesized to have a better project return than the landowner whé managed less intensely.
B. Preparing (he Drainage Viability Analysis o o

In thiﬁ study farm investment analysis is undertaken to establish the financial
auractivctsss ex post of igdividual drainage projects to individual land owners. This study
looks at ‘lhe acu;al costs and returns attributable to the project and [ ollowselhe principles of
discounted cash flows over the projected useful life of the project. The cash flows include
aciual cash retum's because of the project, such as crop revenues from the increased acreage.

. The cash flow also examines the non-cash components such as thefarmer's own labor used to

compiete the projéct and the labor time saved because of the project, the estimated equipment

" *time savihgs and an estimate of the dollar savings because of the elimination of grain damage

due 10 \;ratcrf owl. Returns to a project are calculated based on strictly cash benefits and based
on a combination of both cash and non-cash benefits.

Since the drainbage project occurs.-on land already owned by the farmer and since he is
already paying taxes on this land, only variable costs involved in putting the land imo{
production were considered. In some cases the cost of going around a wet area and the
resulting wasted inputs are equal %cost of inputs necessary to put the area into
production. In one sense this analysis is a partial budgeting procedure’, a method of assessing .

‘omauvcs in which the present values of all the costs and benefits are presented for the two
alternatives, with the drainage project and without the drainage project. This is a budget that

applies to only some particular investment activity and doesn't generally affect the whole

*For this assumption to hold one must also assume ‘that the particular manager is
aware of the classical production functiop theory an{rd s’ three stages and is
operating in Stage II, that is some point on the production curve where the MPP
is decreasing, less than the APP, but greater than zero. Doll, John P. and Orazem,
Frank. Production  Economics. 2nd Edition. New York. John Wiley and Sons. Inc.
1984, page 37.

"'Petersen, T. A. Advise on Methods and Techniques for Evaluating Alternatives.
Prepare and Use Partial Budgets. A Canada Farm Management Committee Pro;ecl
August 1975,
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farm operation.
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A crucial source of inrormalion in project analysis is the farmers themiselves. "ﬁ
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Interviews of farmers are negessary to galher information about a pro;ect vmh the mmﬂnéw

. . v B
being preferably in the field whete the project~o0k place. ‘..s‘ .

.

C. Elements of Drainage Viability Analysis
The following section outlines the principal elements of drainage viability analysis.
‘The accounting stance, accounting convention, farm resource use, farm production and farm

' 4
inputs will bc examined in\the context of this study.

-«

ﬂc‘uming Stance )
Discussion on chosing the proper accounting stance was p‘méd in the prcvmu‘s| h
chapter. In brief, only private costs and benefits, valued at private r’kct values, are

considered in this financial appraisal of projects.

Accounting convention for farm investment analysis

This farm investtment analysis follows the principles of discounted cash flows. This
adopted accounting convention has been called the "time adjusted” convention. Year one in
the project analysis is the accounting period in which the project investment takes place and
year two is usually the first accounting period .in which there may be incremental operating
costs or incremental benefits because of tite project. An accdunting pe'riod 1s equivalent to one
year. All benefits and costs are also assumed 1o fall at the end of the year. An exception (o
this rule is the necessity of having operating funds available at years end t;:\ cover production
expenses for the next cropping vear, i.e., the following spring. In this case if the production
on the drained land were to begin in year fwo, then enough funds would have to be aviilablc
at the end of year one to cover all costs ‘associ'aled with the project plus the costs associated

with the production of year two'$ crdps. Tt{&process wouid continue over the total life of the

project. Operating funds for the last year would be entered in the cash flow at the end of the

&\
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penultimate year, but the benefits from the last year won't appear until thévend of year

fifteen. This cohcept reflects real resqurce use in the sense that seed, fertilizers, chemicals,

fucls etc. must be available prior to sowing the crop in order 1o ensurc a crop the following
O . | ’
Cittinger®’ explains that this accounting convention is not much different from those
most commonly used. The most important differences however are the rule reserving year one
for investment only. except when operating costs are required for year two, and the
assumption that the inyestment will fall at the end of the year. He claims that it is more
common 1o include investment in year on¢ but to assumc that it will fall at the beginning of
the year, even though the discounting process assumes it falls at the end of the year. |

»

Production is then assumed-10 be increased in year one, an assumption that4eads 10 an

overestimate of the rate of return on the capital used by overestinjaling the 'fncomg .a',i'trailable

N
LY

to the farmer in the early years of the project. Another difference between thfe-;aét,:oun&ing i
’ ’ [ A

convention adopted here and that most commonly used is 2 matter of completeness such-thar

it is easy lo inadvertantly omit or underestimate working capital unless the working capital is

specifically included in the convention. ~

Farm Resopkce Use ' r o } T )’;’".f
Land use in this study¥involved determining wh‘é; use was made of the land TBvolved

in the project prior to drainage and what use was made of the land after drainage. Based on
J‘QV_}:,

the after ‘project cropping intensity, a land use}i‘%%lor vgs Bstablished that represented the

difference betweéen wf‘land use before and after. For éxample'. if the land was not used

before and W&s used every year after, the land use factor ‘Wasj 1. If the land was previously
~used in onc out of two years and after the project was used.in e\{éry year, the land use factor
’ A}
is .5. From this information one was able to obtain the incremental benefits that could be

’,
attributed directly to the{roject and the incremental working capital required to put this

P
N ~ N

: ‘- A additional area into production. 0
-

« "IGittinger, J. Price. Economic Analysis of Agricultural Prgjects. 2nd Edition.
Baltimore. The Johns Hopkins University Press. 1982. page 99. o
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The second aspect of resource use considered is labor. In drainage projects, labor is
required in the construction, operation and maintenance of the project and in putting the
additional area into production. Labor, in the behavioral analysis, is a pcrson day. A person
day is equivalent to 8 hours of work. No attempt was made (o distinguish belwcen(lhc
different qualities of the labor inp_L;l. Hired emplovees work under supervision and receive
wages, presumably cbrresponding to their input. All labor was valued at $7.50 per hour*'.
Machinery costs in mos.l cases included labor if necessary. Labor costs were charged asi
incremental costs in the year in which the costs occurred. In some cases the rémoval of the
obstacle( wet area) was a labO( saver aqd this labor saving was treated as a non-cash benefit,
vélugd at the samg value as labor costs. This study assumed the project was not so large that
additional outside labor would be required, but if i{ were rcqqired‘ ,wo:xld be available at the
going rate.

The third aspect of resourcc use is the use of capital. Capital was initially required for
the costs of the drainage system and the rehabiliiélion of‘t;;}m.ipcd area al the outset _of the
project. Incremental working capital, operating funds required to produce a crop in any given

year, had to be made available at the end of the preceeding year. Capital fcr operating and

maintaining the system was to be available as required.

Farm Production and Valuation
This subsection considers the valuation of farm production and tHe incremental

residual value on the farm resulting from the project.

LYy

The value of production of grains and oilsteds were established by multiplying the -

yearly market price’*(Appendix D)°* per bushel of, produced crop(émvencd to constant 1985
e L

[ S v R R
P I e O

™

»Alberta Agriculiure. Far Machinery Costs ﬁ a Guide to Custem Rates-Spring
1985. Edmonton. Alberta Agriculture. Agdex No. 825-4. Spring 1985,

**Prices supplied by Statistics Branch, Alberta -Agriculture. Appendix D.

** Note that projected 1984 prices were used as a proxy for 1985 prices. From
available 1985 data it appears actual 1984 prices are slightly higher than the
projected 1984 prices and projected 1985 prices are iower than the 1985 prices used
in this study.

»
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dollars via the Farm Input Price Index**(Appendix E) times the numbér of acres gained by the
project limes the land' use lactor for the drained area. For example if the area yielded 60 bu.
of wheat per acre on 20 acres of gained iand in 1982(adjusted 10 $1985 using the FIP1(0.951))
that was not used prior to the drainage(land use factor 1), the incremental gross benefit from
prod:xcuon would be $5729.(60 bu/ac x 20 'ac‘x ($4.54/bu 70.951) x 1)
Th.emvalue of tame hay was established from hay production information provide'd by
farmers based on the l;'md gaified, the land use féctor and the prices for tame hay supplied by .

Statistics Branch, Alberta Agriculture( Appendix D). Prices for areas of native hay and

the Beel Cow - Calf Manual®" the average nutritional value of taf 5
(:c

feed and that of greeni’eed(based on the average of barley and qats) it

| .99“ Mcal/Ib. of
. ¥ A e
8 Mcal/lb. of feéd.

, Therefore® if tame hay is valued at $81.00 pér ton, the value of greenfeed is assumed tobe

'$81.007ton x (1.18 Méal/lb)/(1.09 Mcal/lb) = $87.69/ion. The nutritional value of native
hay is 0.97 Mcal/Ib. of feed and would therefore command a price on the market that is less
than eitiler the price for tame hay or greenfeed(i.e., the price of native hay would be (.97
Mcal/1b)/(1.09 Mcal/Ib) x $81.00 = $72.08). .

There was some difficulty in establishing what the benefits would be from drained

. land that was. used as livestock pasture. Information was available from the survey that

W

indicated approximately how many cattle were pastured onthe gained land and for what

length of time. This information was established in most cases by determining the change in

A

- animal units or the change in the length of grazing time, by establishing both the with and

. . ) ! 4 . o gue -
wi@l drainage scenarios. If the length of grazing season was not specified, a time frame of

"

six months was used. The livestock numbers were converted into animal units. One animal

*Statistics Canada. Farm Input Price Index. Calalogue 62-004. Quarterly. Statistics T
Canada, 1971-1985.

g, .- "' Alberta Agriculture. Beef Cow-Calf Manual. Edmonton. Alberta Agnculture 1981. !‘;4

S .

page 36. ,
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unit(au) is described as a 1000 Ib. cow with calf . Othe; animals vary in their animal unit
equivalents®®. The assumptiofthat all animal units at least maintained their body weight while
on the pasturc was made. In order to accomplish weight maintainance the animal unit requires
26 lbs of dry matter per day or 800 lbs of dry matter per'monlh"., Thercfore if an extra 10

™

animal units were placéd on a pasture of 20 acres in size for 6 months, it is ¢stimated that this

‘pasture would yield (800 Ibs/au x 6 mo. x 10 au) / 2000 1bs/ton / 20 ac =1.2 tons per acre of

pasture. This pasture yield is then valued at the calculated market value for native hav For
example, in the preceding, native hay was valued at $72.08.'and—bascd on this valuc the

benefit per acre of pasture gained wouldibe 1.2 tons/ac. x $72.08/ton = $86.50/ac. The above
‘i A >

~ assumptions simplify the benefit calculu by eliminating the need 10 determine the portion

of the herd composition gains that can oé\auribuled to the gained land. Underlying these

- rather simplistic assumptions are some rather strong technological and economic assumptions.

First, vhe production on the pasture is capable of being harvesied and, second, the production

" could be sold in the market at the market price.

Non-Cash Benefits

Two basic types of non-cas‘h benefits exist. The first type, for which a vélue can be
imputed, is the landowners subjective estimate of the labor time, machinery time and input
savings because of the removal of the obstacle(wet area) and his estimate of the rcduécd
losses due to waterfowl damage, once the wet area that giay have been attracting w.alcrfowl
has been removed. Values for machinery time were calculated using the landownners estimate
of the time savings for each particular field operation multiplied by the 1985 Farm Machir;cry
Costg"°° value for his particular machinery complement. Fb_r example the landowners trattor

power was matched against the implement required for the specific operation and the

approximate size appropriate for the tractor horse power. Estimates of labor savings were

**Alberta Agriculture. Beef Cow-Calf Manual. Edmonton. Alberta Agriculture. 1976.
pages G-1 & G-2.

*?ibid. pages G-1 & G-2.

190 Alberta Agriculture. Farm Machinery Costs as a GuidegRi'Cystom Rates.
Edmonton. Alberta Agriculture. Agdex No. 825-4. Spn’ng‘&{’
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converted to monetary values by multiplying the laﬁor hours by the estimated-cost of labor as
supplied in the 1985 ;:arm Machinery- Co;ts Manual(7.50 per hour). Input savings‘were the
landowners estimate of the fertilizer, seed, herbicidés etc. that was hot wasted either because
of overlapping operations or .f rom initial application that, in a wet year, may have become
Mooded out after application. Walcrf owl damages were the landowners ‘estimate of the
quantity of products lost(bushqp of grain eic.) and converted to dollar values at the market
value for the crop in a particular year. Waterfowl damage was usually given as a loss in a
pa';ucular year tha_l seerned 1o stand out in their memory. In these cases these values were
converfed to yearly flows using information on waterfowl damage supplied by McConnell*®.
McConnell found that in 2105 townships in Alberta, damage claims were made on an average
of 4.56 vears out of a maximum of 18 claimable years or in 25.3% of the years. df these
claims 70% were attributable to waterfowl depredation. Therefore, waterfowl damage occurred
m 17 7%(25.3 x .7) of the years or in one out of 5.65 years(a spokesman from Alberta Fish
and Wildlife estimated walﬁowl damage in one out of fifteen years. m) The yearly damage
was then calculated as the estimated damage divided by 5. 65

The second type of non-cash benefits are those for which it wé)uld be difficult to
impule values. These benefits include improvements in soil structure and salinity conditions,
improvements in seed germination rates and plant drought resistance, reduced dockage,,
reduced plant parasites, reduced weed problems, advancements in seeding time, an extended
harvest season, the ability to change species grown, greater evenness in maturity of crops and

the ability 1o get on a drained field sooner after a heavy rain.

Incremental Residual Value

The incremental residual(terminal) value'®’ is treated as an inflow in the last year of

'“'!McConnell, R. D. "Compensalion' for Walérfd\;vl Depradation in Alberta with
Particular Reference to Habitat Availability.” MSc. Thesis. University of Alberta.
1984.

I ungle. Ken. Alberta Fish and Wildlife. Verbal communication. Summer 1985.
19Gittinger J. Price. Economic Analysis of Agricultural Projects. 2nd Edition.
Baltimore. The Johns Hopkins ‘University Press. 1982. page 117.
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_ the farm investment analysis and igcredilcd to the project investment. Three typés of
residuals are—riormall)' considered. The first is the salvage valuc, the assumption being that the
life of the investment is almost used up and is only worth an amount it could be sold for as
scrap. In this study neither the ditches nor the buried tile are likely 10 have any scrap value.
The second type of residual value is the working capital which is automatically allowed for
under }he accounting convention adopted for the farm invetment analysis. This involves the
addition of increases and the subtraction of decreases in working capital to obtain the residual
of working capital in the final year. The third type of residual value is the valuc of the items
that have a substantial life remaining at the end of - the project and may even have increased
in value as a result of the project inveslmém; land ;Nilh associated improvements and a
livestock herd are €xamples.

No incremental residual value was included in this farm investment analysis becausc
the useful life of the project was ass.umed to be 15 years after which time \t‘ﬁc investhent is
worth zero(iie.. without maimenance) because the drainage system is no longer functional'®*’

| This assumption also eliminates the need to establish a residual value for the increased land

value!'®s,

D. Farm Inputs
The inputs required in implementing the drainage projects were the required
investment for construction, rehabilitation, operation, maintenance and the incremental

working capital(production costs) for the project.

%In the sensitivity analysis yearly maintenafice costs equivalent 10 3% of lﬁe system
cost were considered. Theoretically a well maintained system would have an indeflinite
project life but because the longer into the future the benefits and costs occur and
the less is their present value and there was a desire to obtain a conservative
estimate, a 15 year project life was maintained even with yearly maintenance.

1]t is acknowledged the land improvement made by the. drainage system may
increase the value of the land, since land value is a function of its’ potential
agricultural productivity and drained land is more productive than undrained land.
The assumption that after 15 years the system is no longer functional and thus no
lomger contributes to productivity, eliminates the need for speculating as to the
value added to the land by the drainage system. Again, this will contribute 10 a
more conservative estimate of the project returns.



Investment

From the information obtained through the interviews, the year of the drainage
installation and the costs of the project system were established. This year served as year one

N

in the cash flow. The first set of costs involved the drainage system itself ~The set included,
' where obtaihable.' separate costs for survey and design, and often, e;)ecially in most surface
&rainagc projects, these were obtairled from Alberta Environment. Landowners supplied
insiallation and construction costs, special equipment costs and other costs if any. In cost
sharing schemes, the represemali)'(; of the local authority supplied the value of the grants.
l.andowners w” subsurface drainage projects were usually unable to differentiate between
the costs attributable to survey, design, installation and construction, special equipment and
other components. They usually paid for ihe system as a package that included all of the
previously mentioned costs. ‘

The second type of costs ;:slablished were rehabilitation costs, those costs necessary to
ready the drained land for production. Rehabilitation costs usually in;rqlve brushing, breaking,
rock picking, extra weed control and extra(more than normal) secd' bed preparaiioh. Mos: of
the time it involved the landowners labor and equipment and in some cases, special hired
equipment as well. Costs gf the hired equipment were obtained and usually labor\and
equipment hours for the landowners own equipment were obtained. The latter it_l; were
costed out according to the 1985 Farm Machinery Costs!®. If any other costs were
involvcdfc.g. lowland g;'ass seed, in special cases), these were included under rehabilitation
costs.

The third type of costs considered were the operating costs of the system if there were
any. These costs may have been for special equipment with variable costs necessary to keep
the system oﬁéralional on a yearly basis.

The final costs considered were maintenance costs. These involved any repairs that

may have been required during the life of the project to keep the system functional.

Landowners reported actual costs they had incurred during the life of the project. Most

1%Alberta Agriculture. Farm Machinery Costs as a Guide to Custom Rates.
Edmonton. Alberta Agriculture. Agdex No. 825-4. Spring 1985.
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projects were in the carly stages of their fifteen year life and major maintenance costs had
not yet been incurred. The effect of maintenance costs are discussg‘d in the measurements of
project worth,

The timing of all costs was important to the cash llows and each cost was entered

under the project year in which it occurred.
o .
Production Costs(Incremental Working Capital)

Incremental working capital entered cash flow as production costs in the vear previous
to the one in which the production was to take place. The exception to this situation was the
case in which a crop was produced on the drained land in the lirst vear of the project. In this
case the timing of the benefits from crop production and the costs of crop production
occurred at the same time the result is a slight undcrstalémenl of the production costs.

In calculating costs only the variable(cash) costs of production are consisdered. The
assumption was madc that fixed costs have been absorbed by the rest of the farm operation
previous to the project and will comim{e to be so covered. Production costs involved the costs
of seed, fertilizer, fungicides, herbicides. crop insurance, field operations and transportation.
Costs, in 1985 dollars, were based on prices supplied by the Statistics Branch.l Alberta
Agriculture(Appendix D), the 1985 Farm Machinery. Costs'®’, the Guide to Crop Protection in
Alberta(Bluebook )'** and the Alberta Hail and Crop Insurance Corporation rates'®’.

Seﬂ was valued at 1.5 times the market price for grains and 2 times the market price
for canola'®. Seeding rates were 1.5 bu/ac grains and 10 1bs/ac canola. Fertilizer costs were
the amouv'f actual product applied in pounds per acre multiplied by $0.29 per pound.
Herbicide and fungicide costs were based on the stated application rate if avaliable or the

recommended Blue Book rate multiplied by the Blue Book product cost. The.cost of crop

17Alberta Agriculture. Farm- Machinery Costs as a Guide to Custom Rates.
Edmonton. Alberta Agriculture. Agdex No. 825-4. Spring 1985.

1%"Alberta Agriculture. Guide to Crop Protection in Alberta. Part [-Chemical.
Edmonton. Alberta Agriculture. Agdex No. 606-1. 1985.

1%Alberta Hail and Crop Insurance Corporation. Canada-Alberta Crop Insurance
Premium Rates. Lacombe. Alberta Hail and Crop Insurance Corporation. 198S5.
1%ee Appendix E.
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iﬁsurance, if used by the landowncr, was based on the ;ite and crop specific rates as supplied
by Albﬂ{ Hail and Crop Insurance Corporation. Transportation costs were based on the ratés
in the 1985 Farm Machinery Costs. The number of field operations were based on a group
average as calculated on the information supplied from the Survey. Because the survey did not
gather information on all the necessary pieces of équipmem. average variable costs for each
type of equipment(labor included) were calyculated'from data supplied in the 1985 Farm
Machinery Costs. For example, the sum of the variable costs and the capacities \for various
widths of cultivators were averaged to obtain an average cost per acre of a cultivating
operatiort. The summation of the variable costs gave a total per acre cost of producion. This
lota) was multiplied by the land use factor(an indicator of the proportional increase in land
u'sc between the with and without drainage scenarios) and by the total number of acres on
which production was to occur. This resulted in total production costs for the next years

production on the land gained from the drainage project.

E. The Role of Depreciation in Discounted Cash Flow Analysis
‘
\ Depreciation is defined as the anlicipatfad reduction in the value of an asset over time,
that is brought about through physical use or obsolescence. The question often arises as to
how the depreciation cost is accounted for in the discounted measurement of project worth,_
Depreciation is not a cash outflow and is not considered in forecasting cash flows.
The cash outflow takes place at the time of the investment and depreciation merely represents
an amortization of this original expenditure- - -the accountants attempt to allocate the original
outlay over the expected life of the asset. To include both the initial outlay and the

amortization of it would be incorrect'!'. In this study the cash outflow is considered at the

time of the original investment.

""1Aplin, Richard D., Casler, George L. and Francis, Cheryl P. Capiial Investment
Analysis Using Discounted Cash Flows. 2nd Edition. Columbus. Grid Publishing, Inc.
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F. Income Taxes

The Canadian Farmers Income Tax Guide'!?, under the section entitied, "Clearing or
Improving Land" states that, "Amounts paid for clearing or levelling land, for tile drainage.or
constructing an unpaved road on the farm property are deductible expenses in the year in
which they were paid by a taxpayer who was engaged in a farming business''*.” Although tile
drainage(subsurface) is specifically mentioned, ditch drainage(surface) is also tax deductible
as an expense for improving land. During the survey, information was g;lhcrcd from the land
owners regarding whether or not they used the cost of the project as an income tax deduction
in the year in which it was installed and they were asked to recall their marginal income tax
rate for that ycér. If they could not specify the exact percentage, they were asked, in what
income tax bracket they‘thought they were(i.e., low, medium or high). Using this Farmers
Income Tax Guide, average low, medium and high marginal tax rates were calculated and used
in the cash flow analysis if the actual rates were not available. y

For analytical purposes, both income tax and non-income tax cases were considered in
the cash flows to evaluate the economic viability of the drainage projécts. Tax deductable
expenses considered were all the costs associated with the drainage system and production
except grants and the farmer's own or families Iabor. Al cash benefits were taxable.
Non-cash benef its, since they were subjective values, were not included in the income tax
calculations. In the years of a negative cash flow, negative income tax was paid(i.c., a

deduction) but in the years of positive cash flows, positive income taxes were paid.

G. Establishment of Project Worth
Once all of the farm costs and benefits have been identified, the procedure for
establishing the project viability can continue. Of the four criteria discussed carlier, only two,

the net present value criterion and internal rate of return criterion were used in actual project

'"Revenue Canada. Canadian Farmers Income Tax Guide. Ottawa. Revenue Canada.
1970-1985.

" Revenue Canada. Canadian Farmers Income Tax Guide. Ottawa. Revenue Canada.
1984. page 8.

-
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appraisals in this study.

"H. Choosing the Project Life

The project lifc is the length of time over which the economic analysis shouid be'
carried out. The project life is the length of time the investor has to try to recover his
investment and opportunity cost. A general rule is to choosc a period of time that will be
roughly comparable to the economic life of the project. For some projects the tethnical life
may be quite long even though the economic life, because of technological obsolescence, is
short. i&ascd on theoretical informa@ion supplied by Leitch''* and Rigaux and Singh''® a
project life of fifteen years was assumed for both surface and subsurface drainage projects.
This project life was éonsidercd to be technigally realistic and did not extend so far into the

o

future that the net present value of distant benefits was ppeaningless.

1. Sampling Method
The process of data collection for this research began in April 1985, with the
preparion of an inventory of on-farm drainage projects undertaken in east central Alberta
. an‘d was finished with the completion of on farm interviews during early September 1985.
Names of people who had actually drained land had to be gathered. Initial contact was
made with Water Resources Administration Division, Alberta Environment, Edmontén, who
are in charge of licensing all projects. They supplied« list of project names under their Farm
Surface Water Program and provided open access to their licensing files. The list also
contained the legal discription of the drainage project and made elimination of the projects
that did not fall within the boundaries of the study area easy. The applicable files were

examined and all names and addresses were listed for future telephone contact. Because the

rs

t

"4 eitch, Jay A. Economics of Prairie Wetland Drainage. For presentation at the
1982 Winter Meeting. American Society of Agricultural Engineers. Paper No. 82-2543.
December 1982. page S.

'“Rigaux, L. R. and, Siggh. R. H. Benefit Cost Evaluation of Improved Levels of
Agricultural Drainage_in~ Manitoba- Economic Feasibility of Investment. Research Bulletin
No. 77-1(Volume 3) page 137.
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Edmonton region of Alberta Environment did not extend to the southern part of the study

area additional names were gathcw rom l} Deer regional office.

The Water Resources AdministratioW®ivision, Alberta Environment, Red Deer also
allowed open access to their licensing files. The same procedure as previously mentioned was
used and a list of drainage projec.ls that fell within the boundaries of the study area made.
The third major contagt was C. W. Farmland Reclamation Ltd., a drainage contractor
in Olds, Alberta. This contractor had just compiled a Jist of all the drainage projects in
Alberta that he had completed, at the request of the Drainage Branch, Alberta Agriculture, in

Lethbridge. In compiling this list the firm had informed their clients that Alberta Agriculture

was doing an ‘nventory of drainage projects and that they would be mailing them a

n

questionnaire for more detailed informati all information would be kept stricthy

confidential. The list of drainage projecfs upplied but permission to contact the
individuals, at least until they had a chance to contact them, was not given. The drainage
proj.ccls that fell within the boundaries of the study area wérc listed and returned to the
contractor with the request for permission to contact these people. Some names that appearcd
on the contractors list also appeared in Alberta Environments files, -usually because some
complaint had been filed by a neighbor for example. The people whose names appear:d in the
public files were contacted directly. Permission to contact the rest of the people was finally
given in June 1985.

For additional names the Drainage Branch, Alberta Agriculture, Lethbridge. was
contacted but they would not release names of individuals who had drained land, because of a
promised confidentiality. They did say however, that the names supplied by the previously
mentioned contractor represented about 95% of the completed subsurface drainage projects
within the boundaries of the study area.

District agriculturalists and agricultural fieldmen, from the counties and municipalities
within the study area were contacted in a ﬁnal attempt to gather names and were asked if

they were aware of any drainage projects in their area. These individuals were generally not

able to supply any additional names.
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Télephonc contact with the names that were gathered began in late May 1985 and

continued until Juiy 1985. Individuals who were contacted were also asked if they were.aware

of any other drainage projects in or around their area. Many of jhe names that had appeared

in Alberta Environments files were not directly involved with drainage on their farm, but
rather appured on file because an easement on their land was required.

‘During the initial tclcphqnc contact with approximately 150 individuals, the ollow"ing
information was gathered and recorded. Name, address, phone number, legal location of
drainf:d land, the type of drainage system, contractor if applicable, size of farm, cultivated
acrca‘-gc, size of the drained area, scil type and any additional information, including the year
of drainage, the horse power of the largest tractor and the use made of the land since
drainage.

°
“Of the 150 contacts initially made, only 105 were considered usable. Of the 105 usable

sites, 58 were surf aégirainagé ;nd 47 were subsurpce drainage projects. The unusable

contacts had o be cl?gmmte&&:iuse theit#pct had neq' been completcd. they were only

involved unoughin ameﬁtﬂmmgm\mé werqdeqsi:d e” a
T‘ne fdlowfn bgm were";?ﬁqmrﬁ o réngiiip 'f A' £Of Very 8
d%snon to include or%y farms of gsnk Ql\'@ ac}e; MZSGO and blith a drained area

.’Ak Y '\ﬁ'v a "_
of at leas (cn acrds mme \vne*mide D:amed a:eas’ smlﬂ'mhq ten actes were assumed to

have no dfecyon the ra,rm gpcrahon With me i e the final set consisted of 39 surface

and 27 s dramagt pchcts - )

«.\ .

1 .
3 one of the objectives, of the study was 1o assess the economic viability of the
-y

allcrnatl’ye,,&af;age syucms based only on the dmnagc system, a matched- pmred analysis

approacig %s choscn. From thg 66 acceptable ptojects twenty pairs of farms were established,
- 5 "

the farms were malched based on similar cultivated acres, tractor

horsgo P of drai;iagc projéc;, soil type and crop grown on the drained land. The

twenty pairs of i‘nms wete interviewed in person.
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From these twenty interviewed pairs, five -pairs had to be disqualified because {our
operators were unable to supply complete information and one operator would not cooperate
ih providing information.

The final result was fifteen usable pairs on which frequency and management dala

s

were compiled.

J. Questionnaire Design
The questionnaire was designed 10 obtain information necessary to fulfill the
’

objectives of the research. Of particular interest was descriptive information about the

particular farm before and after the drainage system h“ bgﬁgallcd, use of the land bcforc'
and after the system was installed as an indicalor o£ the benwhat resulied because of the
drainage system, cost 9f the drainage system and pa ‘ about the drainage system itscll .
The f irstquafl of the qﬁcﬁlionnai‘re was pretested on three interviews and modif nZd slightly
before tiie final questionnaire was'}cady. A copy of the final form of the questionnaire used
in.on-farm interviews can/l; found in Appendix F. It was divided into seven sections as
follows.

Sectiqn A, history of draina‘gc.m provided some general backtground inf ormau‘bn about
the dr;incd area, about pcrceivéd expectations and benefits from drainage, and about the
timing of drainage and about the length of time required before the drained area was put into
production. '

Section B, biographics.vpmvided some information abqut the physical make up of the
farm. the size of the farm family and an indication of the labor intensity ol the farm.

Section {C, capital cost, operation, maintenace and rehabilitation, provfidcd
information on the cost of gekuing lthe drained area into production. Although this section was !
completed during the interviews, it proved to be one of the sections that had to be modified to
allow for proper data entry. The pre-test did not subject the questionnaire 10 multiple
installation and rehabilitation year situations. A modified form which allowed for up to four

different years of installation, rehabilitation, maintenance and operating costs was designed (0

-
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aid in data collaling". System cost information in this section had to be.supplemented with

information from repesentatives of the local authority in those projects where cost sharing
s, i )

[ 2

occurred. ,

Section D, (;imerisions of the drainage; was an attempt to find out technical specifics
about the _g;ainage;system. Landowners with subsu ace..drainage projects were generally
unable 10 rémcmber or never knew the lengths of the diff erent diamcters of tile installed. ,
Total tiie Ierig“th was obtained from information supplied by the contractor. Landownersﬁ with
surface systexﬁs were better able to "esiimate" \thc lengths, widths and depths of ditches. OF
interest was the amount of land actually lost to these ditches.

Section E, benefits, provided information abéul the benefits gained from thé drainage
system. Benef iis ranged from income tax savings, d¥eas gained and imbroved and frequencies
of land use bef or: and after(land use factor), to non-cash savings such as input and time
savings, soil and plant improvements and waterfow! damage sdvings. Modifications to aid the
collatir;g of data presented in Section E, question ten and.question 29 had to be made. The
possibility of rhorg than one use of the drained area in any given year was unamic%’ated in
question fen. The most extreme case involved up to three different uses per year on the
drained land for the past thirt,et;.n yeds. The) format of question 29 was modified to allow for
the calculation of machinery time sévings and the"dplﬂr equivalent begefits that resulted. '

Section F, imcnsity of farming.'provided' some additional information about the
structure of the farm, the machinery complement and the livestock 6n the farm both before
and after drainage. Thg landowner provided information about the machinery complement.
Méchinery values were obtained from Official G}xide: Tractors and Farm Equipment?}¢.

Section G, management intensity, was designe& to obtain information about the.
intensity of land use, use of herbicides, fungicides and fertilizers both before and after the

drainage. This study assumned that these data‘ woulq provide a key to the relationship if any

between managent®nt intensity and drainage payoff.

1¢National Farm and Power Equipment Dealers Association. Official Guide: Tractors
and Farm Equipment. St. Louis. National Farm and Power Equipment Dealers
Association. ISSN 0162-6809. 1972-1985.

. ~



Lx. ]

58

K. In-Person Interviews

. ln addition 10 the twenty pairs of landowners two exira landowners were se]eclcd 10
act as replacements in the case where the origihalé weren't acceptablc. Interviews werc
arranged via telephone calls and attempts weré made to imerﬁew people located in
approximately the same area at diffcrent times of the same day. Setting interviews in
approximately the same location on the same day allowed for as many ;S three intervicws in
one day. The interviews were divided into two groups, based roughly on similar arcas and
interviewed by one of two imerviewers.} Approximately half of the landowners werc
interviewed by each interviewer. ‘ | | |

Interviews started on August 15, 1985 and were completed b&uSepte‘mber 09, 19%5.
‘Each interview usually took an hour to complete provided the session was a straight question
and answer one. Generally, the find0wners were ‘very cooperative and available once the
interview was arranged. There were, at times, difficulties in arranéing the interviews via.
telephope because some of the interviewing took place during the harvest season. Information
obtained was mostly from the landowners memory*!” and in cases in which the drainagc had
taken place some time ago, respondents had difficulty remembering how the land had been
used over the few years preceding the project. At these times, if one started with ‘thc land us&
in 1985, the current year, everyone could remember their rotation and bzi‘cklrac,k.;o the year
before drainage. Information on yields were mostly averages but particularly good and bad
years seemed 10 stand put in the persons memorigs.

The impressions obtained from the landowners were that they had a genuinc belief

that drainage projects werdeconomically worthwhile, especially if some of the technical

o’

- protflems could be eliminated. To estimate the satisfaction or importance of the drainage to

A}

.—+ . . s . . «
"""Unlike experimental data, non-experimental data is generated inde ently of the

‘ Tesearcher; the only control he may exercise is to use some purposivlp method of

data collection ex post. Such control, being ex post, cannot be nearly so effective
as the ex ante control that is possible over experimental data. For instance,
real-world data generally being collected "after the event”, er of observation are
to be expected in the explanatory variables. This state of &f{¥rs is particularly apt
tm true with survey data where the researcher has to fely on the respondents

T of his past actions. Heady, Earl O. and Dillon, John L. Agricultural
Production Functions. Ames. lowa State University Press. 1961. page 145.
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the landowner, a question was asked regarding the amount someone would have to pay them
not to have drained this land. Answers varied from nothing, in the case where a landowner .
felvit wasn't feasible to drain the land and was better off left for waterfowl habitat to the
cxlr;mc of having the person or égency not wanting thedand drained to purchase the whole
quarter at the market price. .

L T

L. Statistical Tests, Transformation$ and Behavioral Analysis Procedure

“The f ollowing seclipns of this chapter describe ;;rocedures employed to test for correct
pairing of farms and norm:;lity of dependent variables. Also included are descriptions of
procc_d'ureé used to normalize the dependent variable and to determine which independent

variables were correlated with the dependent variable. The last two sections outline the

stepwise regression procedure and behavioral analysis.

Kolmogorov-Smirnov Two-Sample Test . ;
Kolmogorov -Smirnov two-sample test is used to establish whether two samples have

been drawn from the same population with the same probability distribution functions. The

two-tailed test is sensitive to any kind of differences between the two distributions, including

differences ir*location(central tendancy), dispersion, skewness and kurtosis''*..-When

compared to the t-test, the Kolmogorov-Smirnov two-sample test has a high power

efficiency(about 96 per ce;11) for small samples and seems to be more powerful in all cases '
than either the chi-square test or the median 1cs.t“‘. This test provides a comparison between
the cumulative f requency distributions of the surf ace and subsurface drainers and verifies or
refutes that the\ came from the same parent populalnon If two independent ranlom samples

are drawn from the same continuously distributed parent populations, and if their cumulative

frequencies(or relative cumulative frequencies) are plotted on a single graph, the difference
1 ¢ ° . N

NiSiegel, Sidney. Nonparametric Statistics for’ the Behavioral Sciences. New York.
McGraw-Hill Book Company, Inc. 1956. page 127.
1%bid. page 136.
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between the two curvés are independent of the distribution of the population'?®. The purgosc

W

of the procedure is to determine the maximum difference between the cumulative Trequencied

of the two samples and compare that difference to a tabulated valuc to establish whether or | -

not it is 100 large to be ‘reasonably attributed to chance. There are two basic procedures to be
followed, the procedure for small samples of equal size(i.c., N %, or eq. 40) and the

procedure for large samples or samples of unequal size. There is some discrepency about when

,lo apply the large sample size procedure. For exampie Siegel'’' and Mason'’® siate that the

large sample procedure should be used if N is greater than forty or the samples are ol uncqual
sifc bu.L Roscoe!?* states that this procedurc can be used if N is twenty or greater or the
samples are of unequal size.
The steps to be followed for each procedure are similar and outlined below!?*.
1. Thebretically two indcb?ﬂd_e/m samples are drawn from the same parent population(size N
"is optional), subjected to ;iif ferent treatments, and compared on some criterion.

2. The cumulative frequency or relative cumulative frequency distributions are established in
such a fashion that the imervals c;f the two §amples are directly compared z;nd the
differences between the c‘umu)gti;ve frequencies or relative cumulative frequencies are

" established and the largest of lhese‘ diff érences are designated KD for the small sample
cumulative f requency distribution procedure or D for the largé or uncqual‘ size sampics
relative cumulative frequency distribution.

3. The established KD or D are compared (o a tabulated value for the appropriate sample
size and level of signi[icance. If ‘the established values of KD or D are equal to or larger

than the tabled value the finding is significant and the null hypothesis that there is no

%oscoe. John T. Fundamental Research Statistics for -the Behavioral Sciences. New
York. Holt, Rinehart and :Winston, Inc. 1975. page 276.

inGiegel, Sidney. Nonparametric Stafistics for the Behavioral Sciences. New York.
McGraw-Hill Book Company, Inc. 1956. page 131.

2'Mason, Robert D. Statistical Techniques in Business -and Economics. Fifth Edition.

Homewood. Richard D. Iryin, Inc. 1982. page 434.

13Roscoe, John T. Fundamental Research Statistics for the Behavioral Sciences. 2nd
Edition. New York. Holt, Rinehart ‘nd Winston, lnc 1975. page 278.
134ibid.. page 277-278. :
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difference in the dislribulions of the two treatments is rejected.
\ The Kolmogorov-Smimov two-sample test was used in this study to 'eslablish_,.w};)ethe'r'- o
the surface and 'subsurface farms were drawn from the same parent population.

Wilcoxon Matched-Pairs Signed Ranks Test
| The WilCOXOI"l malchcd-pairs signed-ranks test'?* sometimes referred to as the
Wilcoxon matched -pair signed ranks test of Differences'?* is a nonparametric alternative o
the t-test, frequently used to determine if two samples are related, when the.phderlying
assumptions for the latter test cannot be met. The relative power of the Wilcoxon
malched- pairs signed ranks test is approximately 95 per cent of the t-test with small samples
and somewhat less for larch samples'?’, Nonpdr#melric statistics dispense with the need to
know about the form of the poi)ulat_ipn distribulioﬁ. It does not matter whether the |
pophlalion is normal or binomialfér beia or uniform or some other distribution. No
information is needed about tw‘-‘;;qgm of the population distribution and no assumptions need
be made about the form of the population dislributién. Nonparametric methods a're
"distribution-free" in that they apply to all distributioh?rather than only those of some
particular form'?*,
. The procedure in employing the test is as follows. The differences between any pair, '

di, is taken and rank;:d from one to N(N is the number of pair§, fifteen in this study) with
respect lo magnitude, but without respect to sign. The ranks are separated into two groups,
negative and positive differences, and assigned a sign corresponding to the diff: éyences. Each
group is summed and assigned a T value, where Ta is the sum of the positive differences and
_ Tb is the sum of the negative dif' ferences. The smaller of these diff erences is taken agthe T

value and compared to the table T value. If the relationship between the pairs is completely

‘15ibid. page 238. , : _

11¢Mason, Robert D. Statistical Techniques in Business and Economics. 5th. Edition.
Richard D. Irwin, Inc. 1982. gage 439. : '
11"Roscoe, John, T. Fundamenﬁ Research Statistics for the Behavioral Sciences. 2nd
Edition. New York. . Holt, Rinehart and Win:gon. Inc. "1975. page 241.
“Chou,Ya-Lin. Statistical Analys#§. 2nd. Edition. New York. Hglt, Rinehart and
Winston. 1975. page 536. ' )
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random the value of Ta and Tb should be the same and the value bf‘ F “((;ﬁlabe maximum in
4his situation. lf‘ there is a systematic tendancy for the bos‘uive diff cré'nces‘ 1o pc‘lairgcr or less
than the negétive differences the T valu¢ will tend to be small. A T value of 0 represents
maximally different samples. If the calculated T value(the smaller of eilhér Ta or Tb) is less
ihan or equal to the table, T, the null hypothesis, that there is no difference in the ranks of

the two samples is rejected and the alternative hypothesis that higher ranks are associated Wilh‘
one of the methods is accepted. The table T valuc for N=15 at the 5% level of significance is ‘C
25, and at the 1% level of significance is 16. Pairs with tie scores are rejected'from the test

and N becomes smaller. The Wilcoxon matched- pairs signed ranks test was used in this study

to confirm the success of the pairing of the surface and subsurface drainage farms.

y

Kolmogorov-Smirnov One-Sample Test for normality of the dependent variabl’e/\
e

One of the basic assumptions of OLS is that the dependent variable is normally
distributed*”*. The dependent variable was tested f 6r normality of distribution using the ’
Kolmogorov-Smirnov one sample test. This test of goodness of fit is used to determinc
whether an observed frequency distribution departs significantly from a hypothesized
frequency distribution. The Kolmogorov-Smirnov one-sample test is vsuggested as an
alternative to the chi-square approximation of the multinomial for testing goodness of fit 10 a
hypothesized distribution!*®. When samples are small the chi-square test is definitely less .
powerful than the Kolmogorov-Smirnov test and for large samples the chi-square test is not
applicable at all, but the Kolmo%Smlrnov lest is. These facts suggest that the

Kolmogorov-Smirnov-test may in all cases be mbre powerf ui than its allcrnauve ‘hf

chi-square test'*'. The maximum difference bctween the two cumulative frequency

distributiggs at each interval is determined and compared to a tabulated difference for a

» A, Dawid G. and Kupper, Lawrence L. ApMlied Regression Analysis and
ﬁltlvanable Methods,. North Scituate. Duxbury Press. 1978. page 41-44.
,“*Roscoe, John T. Fundamental Research Statistics for the Behavioral Sciences. 2nd
Edition. New York. Holt, Rinehart” and Winston, Inc. 1975. page 274.

131 Siegel, 'Sidney. Nonparametric Statistics jor the Behavioral Sciences. New York.
McGraw-Hill Book Compamy, Inc: 1956. page S1.

<
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particular sample size and chosen level of significance. If the calculated difference is 'grealer

than the allowable difference for chosen levels of confidence the null hypothesis of normality ,;;j
is rejecled and the alternauve hypothesis that the sample is not normally distributed is
accepted'’?. The dependent variable tested in this manncr was [ omipd to be not normally
distributed. This circumstance is commonly associated with the small sample for each of the

drai;lage types(fifieen surface, fourteen subsurface). The dependent variable was subsequénlly

normalized using the Box-Cox transformation procedure.

v
-
.

Box-Cox Trapsformations N .
The Box-Cox procedure is an i.leralive process 1o calculate the opti‘m;l power
transformation to normalize data. Aécording to Dolby'** one of the most obvious reasons to
apply transformations is when the relationship between the de;;endent variable is not linearly

related o the indepen_dcnl variable and there is no particular réason to assume that the
particular relationship is a polynomial of a particular degree. "Linearization of the functional
form is not of course, the only reason for using'a transf ormation, since"the introduction of a
lragsf ormation also may be necessary or desirable to normalize the error distribution or to
achieve greater constancy of variance” and "the problem in dealing with transformations
consists simply in dctermmmg which one should be used for a particular set of data."

Tukey'** defines a simple family of transformations that "consists of all transformations

o
which can be obtained by compounding linear transformations with one(integral or fractional)

power transformation and of all limiting forms of such transformations.” "The

transformations take on the form Tx= (c+x)p where p is any real number and cis

sufficiently large that ¢ +x is gg k. s zero over lhe rangc of data. By changing the value
v ' by '1‘ Sy

of p we obtain (C~#X)2.J‘€.+ Y g number o? usef ul transf otmations."**.” The

% Statistics for the Behaworal Sciences. 2nd.
1 ariand Winston, Inc.-1975. page 271.
1 - James L. *A quck Method for Choosing a. Transformation.” Technometrics
No -3 (August 1963): page 317- mg.- o
”‘Tukey. John W. "On the Comparitive Anatomy of® Transformations.” Anmnals of
Mathematical Statistics 28 (1957): page 619.

1Dolby, James L. "A Quick Mc&hod for Choosmg a Transfomatfgn ’chnométrics!'
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choice of c(»lhe constant added to variable x, sufficiently large such that c+x is always greater
than zero) 'made a difference as to how easily the prgoper transformation could be choosen.
Typical difficulties that result with different values of ¢ are, local minimums,
. non-convergence, large variances or zero variances. Situations could usually be resolved by
changing the value of the constant. )

Once the optimal transformation of the dependent variable was found, the Spcarman
rank correlation coefficient procedure was used to determine the correlation between the
.chosen dependent and explana‘lory variables. .

\

Spearman Rank Correlatien Coefficient

The Spearman rank correlation coefficient is a nonparametric alternative to the
pafémelric Pearson producl-momém correlation coelficient and is approximately 91 per ccﬁl
a§ efficient as the Pearson coefficient!**. Fhe Spearman rank cotﬂa.tion coefTicient ' li ~-
procedure’*’ lists the two variables to be compared, ranks cach of them from one to N, yhcrc,

N‘is‘ the sample size, takes the difference(di) betweeen each pair of ranks(paired preciscly as
the original data), squares this differcnc;(diz). sums the squared difference(sum diz)' almd .
calculaics Tor rho.(p) by subtracting the product of 6 and the sum of di2(6‘sumv diz), dkvidéd
by N3 minus N, from one. The r has the al;ilily to take on all values between -1 and +1.

. : . _ .
Variables that have a calculated r of less than -0.2 or greater than 0.2 or were significant at

the 25% level of significance are considered for further analysis.

Stepwise Regression Procedure

L]

Once ‘the important explanatory variables were established. using the Spearman

analysis, they were regresssd against the transformed dependent(IRR) to establish if therc N

»

were any concrete relationships. Based on the new regression correlation coefficients, vanables

e

1*(cont’d) Vol. 5 No. 3 (August 1963): page 3]8.

1*¢Siegel, Sidney. Nonparametric Statistics for the Behavioral Sciences. New York.
McGraw-Hill ‘Book Company, Inc. 1956. page 239. .
137 Roscoe, John T. Fundamental Research Statistics for the Behavioral Saenccs 2nd
Edition. New York. Holt, Rinehart and Winston, Inc. 1975. page 106

. ]
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with weak correlations were removed and discarded. The remainder of the explanatory
| variables were regressed against the dependent variable using the stepwise procedure. This
procedure is parliéularly uscful in cases where the pool of potential X variables(explanators)
“is large and the desire is to eliminate the non-relevant variables. The remaining variables
constitute a reasombly "good" subset of indépendent variables'**.

According to Kleinbaum*** the stepwise procedure is an automatic search procedure
that permits re-examination, at every step, of the variables incorporated in the model in
previous steps. The first variat;le to enter the model is the variable that is most highly
correlated with the dependent variable but as each additional variable is added to the model in
the stepwise procedpre. a partial F test for each variable in the model is made treating it as if
it were the most recent variable/to enter. The variable with the smallest non-significant partial
F statistic(if there is such a variable) is removed, the model is refitted with the remaining
variables, the partial F's are obtained and similarly examined and so on until no more
variables can be entered or removed.

AN

Procedure for Behavioral Anal):?is of Economic Viability
Y : -
Behavioral analysis using a linear "functional form and ordinary least squares

procedure was used in an attempt to relate the depen_dem variable, internal rate of return, to
various independent variables which afe representative of characteristics of either the intensity ’
of farm man;g:mcm. the drainage project or the landowner. The hypothesis to be tested was
that econom }bility of a drainage project may be influenced by some physical
characleri;%d"the farm or drained area and of special interest, by some aspect of the way in
which gre land owner manages his entire farm. As stated earlier, some believe that successful
managers use more of variable inputs than do bad managers. Managers rated as good, are

A

those who manage their farm more intensely by using more of variable inputs or have shown

~ad W

*

1"Neter, John, Wasserman, Willam and Kutner, Michael, H. Applied Linear
Regression Models. Homewood. Richard D. Irwin, Inc. 1983. page 430. .
19Kleinbaum, David G. and Kupper, Lawrence L. Applied Regression Analysis

Other Multivariable Methods. North Scituate. Duxbury Press. 1978. pages 231-232.
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\
a greater tendancy to increase their input use practices over time. These managers should have

a better return from their draimg; project. This approach amounts to the use of these
physical inputs as a proxy for management intensity in the behavioral analysis,

Briefly, two models using a linear functional form to relate the dependent and
independent variables were used in the behavioral analysis. In the first model, a strict‘ly
comparative model, a few variables thought 10’'be important to cach type of dr;{nagc system
were identified. These variables were combined to form onc identical equation that represented
both types drainage systems. Four assumptions were considered. The first
assumption( Assumption 1) regressed the dcpendent variable, intemnal rate of rcturn, againsi

'
independent variables representing farm and farmer characteristics before drainage. This same
dependent variable was also regressed against the independent variables representing farm,
farmer and project characteristics after drainage(1985)( Assumption I1). absolute change in
these characteristics during the life oi the project(Assumption IIl) and the average annual
change during the life of the projecl(Agsumplion IV). A list of variables can be found in
Appendix H.

In the §econd model,‘ referred to as an exploratory model, the equations of both types
of drainage systems were not restricted to the same independent variables. In the second
mode] many more variables were considered. For example rather than having an input
expenditure variable representing the summation of the expenditures on fertilizer, fungicides
and herbicides, each of these inputs was treated as a separate variable. In addition to the

" previously mentioned four assumptions, the importance of the soil classification, project size
and land use factor were examined in Assumptions V and 1V. Variables considered in the
second model are listed in Appendix 1.

The behavioral analysis used in this study was an attempt to relate farm, farmer and

project characteristics to the internal rate of return of a project. This study assumed these

characteristics were a proxy for management intensity, that is, they represented the behavior

of the farmer in choosing to farm at his particular level of intensity.

h
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IV. RESULTS AND DISCUSSION

A. Introduction

The research design was a matched - pair comparison of economic viablities for surface
and subsurface drainage projects. A sample was drawn of pairs of farms with drainage
projects compieted within thg last fifteen years. The pairing was accomplished on lﬁc basis of
CLI land classification, size of farm and agroclimatic location. Trre first section of this
chapter presents a comparison of some characteristics of landowners and farms used in the
anaiysis.

The first step in the analysis of sample data was to test the pairing of farms. The
Kolmogorov-Smirvov and the Wilcoxon matchgd-pairs tests were’ used for this purpose. The
resufts are reported here. The analysis portion of the chapter also presents results of the
measurement of project viability. The_ internal rate of return and net present vaiue are
calculated under four séparale scenarios. These scenarios examine the effect non-cash
benefits, a 50% grant or a 25% reduction in cash benefits have on drainage project viability.
Two maintenance cost situations are examined under each scenario.

The results of the behavioral analysis report the relationships between the management
intensity variables and the projects’ internal rate of returns. Two models, both having a linear
functional form and using ordinary least squares procedures for estimation, were ‘used in

establishing these relationships. Four assumptions were examined by Model I and six

assumptions were examined by Model II.

B. A Comparison of Landowners that used Surface and Subsurface Drainage Systems

The following section describes some of the characlerislic; of the landowners, their
families, farm labor requirements and equipment investments of the individuals that drained
" their land using surface versus subsurface drainage methods. Also included in this section is a
description of the perceived reasons for draining the wet area, a description of the drained

area, a description of the drainage system, its cost and effectiveness and the landowners
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opinion as to whether or™mot the drainage system was worthwhile.
All descriptive statistics arc based on a sample size of fifteen for cach type of

drainage(1$ pairs).

Years of Farming the Property on which Drainage Occurred

The mean years of farming the land where the drainage 100k placc was 23.0 vears for
surface draihers with a minimum of 4.0 and a maximum of 48.0 years. The subsurface .
‘drainers mean years of farming the land where the drain;@:boﬁacc'was 13.5 vears with a
minimum of 3.0 and a maximum of 28.0 years. ()( '

At the 5% level of significance the number of years of farming the drained land was

not significantly different, but they were differcat at the 6% level of significance.

Family Size, Hired Help and Labor Use . .

Surface drainers had family households of mean size 3.8(range 2 10 6) persons of
which a mean of 2.5 persons wére involved in farm labo; contributing a mean of 585.1(range
120 10 1235) person days per year to farm labor(one person day is 8 hours). A mean of
O:t(fange 0 to . - persons were hired to help and this hired help contributed a mean of
39.1(range 0 to 441) person days per year towards the total &mz'\ labor. The total mean farm
labor used per ye;xr was 624 .2(range .120 to 1235) person d?ys.

Subsurface drainers had family'hguseholds of mean size 3.9(range 2 to 6) persons of
which a mean of 2:3 persons were involved in farm labor contributing a mean of 485.5(range
98 to 1105) perso’days per year to farm labor. A mean of 0.3(range 0 to 2) persons were
htrﬁd “lo help and l‘h'is hired help contributed a mean of 60.1(range 0 to 520) person days per
yca(r.towards the total farm labor. The mean total farm labor used per year was 545.6(range
98 10 1105) person days. ‘

Neither the mean family household size, the number of family members contributing
to farm labor, the number of hired persons nor the total person labor da)"s used on the farm

- were significantly different between surface and subsurface drainers at the 5% level of .



significance. )
Classification of Farms h

Four of fifteen of the surface drainers classified their ar:ﬂl;j ¥$ a cash crop cnt&prise.
six of fifteen were considered as cash crop and livestock, one of nhém was considered a dairy
opcrélion. none were considered beef enterprises, ‘ﬁr of fifteen were considered to be mixed
livestock and none considered their farms to be strictly swine orientated.

/- Of the @if i”een subsurface drainers, six considered their farms t be cash crop

enterprises, four considered their farms to be cash crop and livestock, ome was consadcmg a
dairy operation, none were strictly beef enterprises, four were considered mixed liszrock'

-

operations and none considered their operations to be swine operations. . -

Farm Sizes ' T
The mean size of the surface drained farms was 828.3(range 316 20 1600) acr{s of' .
which a mean of 671.9 acres or 81.1% were owned and 156.3 or 18.9% of the acres were
rcn‘wd. Of the mean ;tal farm size 48.4%(401.0 acres) were seeded, 5.8%(14'8.3 acres') wbr'g. [ ;
fallow, 21.9%(181.7 acres) were pasture, 13.2%(109.3 aéres) were devoted to forage " Y ' .b

'
production and the remainder 10.8%(89.9 acres) were a combination of houseplot, sloughs -

R 1

and wetlands, bush and wasteland(Table 1V.1). - _L._...,_ :

¢

The mean size ©f the subsurface drained farms was 847.3(range 270 10 1920) acres ‘o'f
which 71.9%(609.1 acres) were owned and 28.1%(238.1 acres) were rented. Of the mC?; l’ota'l :
farm size 71.4%(604.9 acres) were seeded, 3.4%(29.0 acres) were fallow, 9.1%(76.9 acres)
were pasture, 4.8%(40.7 acres) were devoted to forage production and the remaining
11;4%(96.4 acres) were a combination of houseplot, §loughs and wetlands, bush and
wasteland( Ta.ble ’l'V 1). |

The Wilcoxon matched-pairs signed ranks test on he above mentioned comparisons

found only seeded acres different at the 5% level of significance. The acres devoted to forage

were different at a 7% level of significance. If one were to choose a 1% level of significance

£

o



level these differences would not exist.

Table IV.1: Farm Size and Acreage Distribution . / '
“Surface Drainage f Subsurface Drainage
Min Max Mean Min ,Max‘ Mean
w 2 -
Acres total ;16 1600 8243 270 1920 8473
Acres owned N6 1120 - 6719 0 1600 609.1
Actes rented 0 800 156.3 0 1015 2.
Acres seeded 85 1100 401.0 85 1350 604 9
“Acres houseplot 5 20 9.4 0 80 13.9
Actes fallow 0 350 483 0 00 90
Acres bush 0 160 222 0 290 52
Acres pasture 0 914 181.7 0 217 7(r.;r
Acres forage 0 478 109.3 )0 200 40.7
Acres sloughs & wetlands 0 . 130 233 0 101 30.3 .
Acres wasteland 0 405 35.0: 0 0 0
Source: Survey sesults. Y « '
’ 5

Appendix G contains a detailed description of evidence peripheral to this research

gathered in the questionnaire. This evidence concerned brcasons for draining, classification

of the wet areas, other problems associated with the wet area, the percsived benefits of
drainage, whether the system is perceived to work, proglems associated with the system,

frequency of harvest before and.after drainage, whether the landowner would drain land

-

again, the <nfluence of literature on the decision to drain and the level of com)icnsalion which

would be required to cause the decision not to drain land.

information on the size of the drained area, assorted eosts associated with drainage, bene

Appendix G also contains some data related to the drainage system. Included is

Al

(5
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»
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' 1 qf dramagc(cash and non-cash), removal of mconveniences 1mpressnons of .the usefulness of
drainage before and after and othef nmprovemems made 10 comphmem the drainage system.
Management information on the whole farm in Appendix G includes topics relating to
- farm sige(before anﬁ" after), acres improved and fallow, capital investment, the'machlnery
completqent, the livestock numbers and the 1;se of hﬁbicides, f ungicides,‘belter seeg and

A

fertilizers. , L

’ : ‘ _ Y ‘, R

C. Resu;ts of the'Keimogorov-Smirn&v Two-Sample Test \ i oot
| The Kol’mogorov-Smirnov lwo‘-sa:mple test results apply to the major characlerisﬁcs

of the farms, 'their landowners and management intensity variables, The sarcple size to be

' corjpared was fifteen for each lypc of hra'kr\age, and would have been compared using the
small sample size procedure outlined earlier but the SPSSX package uses the large sample size
procedure for'thrcompari'son. In cases of closeness of .lresult of t\he test statistic from lhe,

‘ large sample size procedure to the ‘critical value for a sz\lmple size of fifteen the tests were'

' verified manually using the small sanfle procedure. That is, if acceplancc or rejecu'on of the

y _null hypotbes_i‘s’.was to be made on a caiculated large D sample statistic be.ing ‘marginally

different( +.-10%) from the tabulated D, for the choesen level of signiﬁ"cance. 5%, the test
- ' N \

was repeated using the small sample procedure. ‘ e ' M
. \ . . ~ ‘ . - +
Tﬁe results of the Kolmogordv-Smirnov two-sample test show at the 5% level of
L ]
significance, that the two types of farms have the‘ same relative cun;wulauve frequency r )
.

dxsmbuuon Wwith respecl to 1) total Acres, 2) acres owned 3) aéres rented, 4) acres culxvated
&

3) acres seeded, 6) acres fallow, 7) acres pasturc 8) acres forage 9) famll) size, 10) family -

'labor, 11) hired labor, 12) animal units, 13) cropping intensity, 14) capn.al expenditure on
L 4 —\~ ‘ E ] ' ’ . . . A
. equipment and 15; capilal expenditure on herbicides, fungicides and fertilizer.

The test for dif ferences belwe'%l.he two types of farms regarding d-r‘ainage system - -

o \hnables»conﬂmed diff erenoé‘”l the 5% level of sxgmf icance but not at the 1% level of
. ;1gmf icance for 1) the acres gained directly f 1073 .drainage, 2) total acres gamed(the

summauon of acres directly gained and those acres 1mproved) 3) the system cost per total

. <
r

LB
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 acres ga‘ined. 4) the total cost of drainaje per t;tal a‘cres gained arid 5) the rehabilitation
time(the time required to get the first crop off). Similarities at the 5% level of significance
" were presem for 1) acres improved by dramage 2) thc total system cest of drainage, 3) the
rehabxhtanpn costfper am&nﬂ:d improved, 4) the maintenance costs per acre gamcd
and improved and the @&mﬁc\st! per ‘acre gamed and improved.
The test yesults confirmed the success of thc pairing and sqnple design in achicv'i_ng

>
the intended evidential basis for the research. Comparisons between the farms could be made
) P

based on the different draigage systems. The characteristics of the two drainage types were
different for five variables and similar for five. The differences relaje tp the size of the area
N N

_ gained directly, the size of the total acres gained(the acres gained directly plus the acres

* ’

improved), the system costs per total acres gained, the total cost per total acres gained and
}

1 ‘ . the rehabilitation time. ¥he similarities are in the size of thc improved area, the total cost of

' dramag and the rehabnhtanon'mamlena e and operaung costs per Lotal acres gamcd“"

A y 2
. - ' . -

D. Results of the Wilcoxon Matched-Pairs Signed Ranks Test R

The Wilcqxon matched - pairs signed ranks test was applied to the management-and

13

structural in(f'ormation compiled through the questi?/nnaire. Structurally the pairs of farms

- were determined to come from the same populallon There was no difference in the ranks of

-
L4 Y .‘

the pairs for the tvfo types of drainage at the 5% level of significance {or 1) total acres, 2)
acres owned 3) acres rented, 4) acres~cultivated, %) acres f allow 6) acrex, pasture, 7)’§acs

forage 8) capital’ exmndnure on equipment, 9) amma'ﬁmns 10) the capual cxpendrture on

t

herbicides, f ungxcxdes and fi enmeergp&c.qr E) 1mproved acres(culllvaled acres inclutitng
ot W .

summerfallew).” " a0

5 :

N o0 BESE -
‘ A4 . P ‘e 3
el :f signif’ 1"&4 l)qeqt!“;eeded and 2) cr0ppmg mtensu) were greatcr

At the 5%
for farms wnth bsurfm dramagc Mhal% level of §|gmf icance and 3, highef risk of

commmmg atype Il error it wou$d ﬂol be ﬁssxble to aued the null hypothesis for the abovc

. '* s
> " The total acres gained refers 10 the summation of the actual acres gained from
. “the drginage system and the acreage surroundmg the system that was improved

T . begause of the drainage.

-

. \
. v
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. @
comparisons. ‘
"Differences at both the 5% and 1% level§ of significance existed between the pairs with
respect to the CLI la.nd classification as imefpolaied from CLI maps'*. Of the fifteen pairs,
the subsurface drainége soils' hach ldwer CLI land classifications nine times, there were three

ties and they had a lower classification for the three cases where the drained orgariic soil \}/és

given an arbitrary CLI 5 rating'*’. Considering the twelve pairs of f arms with légitimate ‘,VCLl

N B
- 40
P

land classifications, the mean CLI land classification difference was 1.1'**. The mean CLI land

classification was 1.96 for farms with subsurface drainage and 3.08 for farms with surface \
) .
£  drainage.
/FF\ -
Differences in the chafact.eristigs ofthe two types of drainage projects were appVe{,\ \',_4._

at WM the 5% and M:levels of signif icance. Differences existed in 1) acres gained direcdy

o

and in"Q) the total acres gained, with surface drainage farms having higher drained acres than

L

subsurface farms, and in 3) the total costs per acre gained and improved with subsurfacg

drainagerhaving higher system cosls.' Sysg:m costs e\xclude rehabilitation, maintenance and
.
operaling costs. A difference existed at the 5% level but not at the 1% level of significance
)

betwecn thedwo types of f arms with respect to rehablluauon times. Surface drained la‘took
longer to rehabilitate than dnd subsurface dramed land in'the pro;ecl‘f examined by lh:s s&
ThIS difference is probably more closely related t¢/the nature of the area being dramed t

1

to the type of drainage system. ©

The draipage projects were not diff erent at the 5% level of significance with respect 10

the 1) lomlrystem cosls 2) rehabnmauon costs, 3) mau}tenance costs, 4) operation costs or r
* 5) the acres xmproved by dramage N .- o
k3 ; o -\ .
1'Note that cdution .must be ex‘ci@d in assummg that the gengral CLI /

classification*as found on a CLI map is representative of the land in question and
/ especially the drained area.
\ **The arbitrary classification of dramed orgamc soils to avoid the problem of
’ smissing data for suse%uem,, lysns affected the signed ranks for the CLI variable.
4 The CLI land classif’ ?fsmare measurements at an ordinal level and means have
* little  significance beyond iﬂ strative purposes. It is safe to assume that CLI 1 land
is superior to CLI 2 land "Byt this does not mean that CLI 1 land is twice as
good as CLI 2 land. In addigjon, the differgnce between CLI' 1 land and CLI 2
" land is not nmnly equivaléWf to- the difference betweﬁn'“CLI 2 land and CLI 3
land. P :

- . ) £y
<
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. - £ 3 " -
Differences that existed between the surface and subsurface farms before the drainage /
was installed and which disappear after drainagey were of interest. For example at lhé 5% level
of signif icance the capital expenditure on equipment and the ~capilal expenditure per acre on
herbicides, fungicides and fertilizers were greater for f a'rn;%wilh subsurface drains pef ore
drainage but the same as the surface drained farms after c}rainage. : *
Contrasting to increased similarities between the two gfoups f ollowiﬁg drainag'c were §

differences thay appean;d"af ter dra"x. One cxample of this phenomenon is cropping’ "'. 1

intensity after drainage(different but the same at the 1% level of significance) compared i
to beforé drainage(the same at the 5% level of significance).

Considering the extensive testing of comparisons within the pairs of farms, dnH crences
were few. The differences that did exist at 1hc\5% level of significance were related to grain -
production. At the 1% level of significance, these differences did not exist. Basic differences

between the drainage pro;ecﬁ on the other hand. did cxist at both the 5% and 1% levels of

significance ljld these differences were }}elated to the fundamental characteristics of size’ and

. I R L 4
cost of the drainage systems. ‘ -— , ,
\ N s ¢
- . N S
. ‘ » T s . s
E. Measurements of Project Viability = : ' g S !
: P

As mentioned in Chapter 111, NPV and IRR were“_calc.:ulated f or four scpa{ate
scenarios. The first scenario was the consideration of all farm costs associated with the
project, and all farm benefits(cash and imputed non-cash) and all taxes. The second was the
consideration of all farm costs associal.eci with the drainage project and only the cash:bcncr is.
plus ﬁllmes. The third was a Qonsideration of a government cost sharc grant covering 50% of -
system costs, cash benefits and taxes. ﬁle f ourlh involving a sensu‘nvny test was the
consideration of all farm costs and only 75% of the cash benef 1(%

For all seenarios the NPV at a 5% discount ratk and lhc were calculated. In

addition the NPV at 5% and the IRR were calculated when a ycarly maintenance cost based on

3% of the original system(construction) cost was considered jn place of the reported



75

‘maimenancc costs. According to Leitch'** "Estimates of the cost of ditch maintenance range p

from 3% of the initial cost per year(U.S. SCS, 1978) to*one third of the original cost every

; seven years(Goldstein, l~967)." Benchmark comparisons are made to a fictitious risk free 5% ‘
real interest paying .investment(e. g. Canaglg Savings Botﬂs) The number of individuals

.~draining land that would}nve dane better in this type of investment, are given. Mumey'*%

recently suggested that "a reasonable discount rate might be a little more than the historical < ‘
annual return, af ’lg,ua{-and-mﬂauon, on a b;oadly-d:versxf jed common share

portfolio- -per}(a‘ps eight ififen per®nt would be appropriate.” An advantage of the IRR is

LY

® \
thag should a particular opportunity ¢ost of capital.be higher than the standard used for

“Ww ‘jcompaﬁson(i.e.. 5%). it is a simple matter to lookuat the IRRs of the projects' hd.ﬁluale ‘ v
H L9 . - ]
~ (3 3 .
4 the success rhg _ : PR .
¥ " ; .
" When calculation} the IRR was nomommlﬁall); possible-because of a

negative- positive -negative cash flow this cash flow was ~assigned an IRR of -100% and shown

. as -100°%. . S
o . . - P & -
| ® , .
Scenario I - All costs, All benefits and Taxes '
. X
All cosfs associated with a project were considereq to be paid by the individual <»s. * m L

insuil'ling the drainage‘ 'system(landb&rier‘). regardlch' of who actually paid t.‘hcm» Government
v ! “ ,'é . -

grants were occasionally given towards surface drainage projects but were treated as private
» » J B
funds. Tax exemptions accrued on all costs in the year in which they were incurred. All cash

. « \ .
beMfits and non-cash benefits for which valyes wete estimated were considered and taxed

appropn(ely. . ‘ S ' y

The NPV at 5% for the surface drainage Brojecls ranged‘fﬂ)m-x-n‘% to $18‘§\3_94 with

a mean value of $51,863(Table IV-.2). ‘When the 3% yearly maimenﬁnoe cos.ls were considered

el

14 eitch, Jay A. Ecomomics of Praitie Wetland Drainage. For presentation at the

1982 Winter Meeting. American Society of Agricultural Engineers. Paper No, 82-2543.
December 1982. page 8. 4 o N
'“Mumey, G. A. "Financial Managemém; amd Could Better Methods Have Saved
Some Farms?® Agriculture and Forestry Bulletin Vol. 9 No. 2 (Summer 1986): page

»
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the NPy% ranged between S 9,342 and 8182ﬁ09 with a mean value of $48 .822(Table
IV.3) -&he IRR ranged from 5% 10 166% with a mean of 63 1%. Only one of fifteen

landowners could have done better with the 5% interest paying investment(i.e., the IRR wag®

5% but t v o « was $-724)(Table 1V.2). When the 3% yearly mainlct‘unce‘cosw were

. ‘G; between 0 and 165% with a mean of M"Only one of fifteen
Rall of with the 5% interest paying investment(Table I1V.3).
N ‘V at 5% for the subsurface dramage projects ranged from $-4,860 to $45,715
with a mean of h4 302(Table 1V.4). Whemthe 3% yearly mﬂmenance costs were conagdered"')"
the NPV at 5% ranged between $-7, 967 and $42,298 with a mean of $11 309(‘Table IV.5). The
“*IRR ranggd from -7% Q. 4%% wuh a.mean of 20.1%. Four of fif teen investors could have
done better on a 5% interest paymg mvestmenl(Table IV.4). When lhe 3% jcarly maintcnance
’ costs were consndered the IRR ranged between -100*% and 46% with a mean of 11.0%. Four

‘ﬁf teen could have done beuer on the less risky 5% mtetest paying investment(Table lV.S).

. L ]
> SR .
. ‘ .. . e . - ) ' w v . ¢
Scenario II - An Costs Cash Benefits and Taxes o Y

ot

. ln thisyscenario all costs were included and taxed as above. The only benefits mcluded
»

were the actual

sh beneflls from the increased producnon assoc%gd with the additional land

\
se of the drainage project. These benefi |ts were taxed at lledual s marginal

gained
+ . tax rate. This scenaric most conserv”ely represents the real worth of the dramagciprmecl
sxmply beq\use it does not incjude the subjective estimates of the less tangible benefits from
machimery and labor time saving, in_put cost savings anq.savif\'gs due to eliminated waterfow!
damage. The IRR caleulateﬁ ﬁhder this séenario was used as the dependent variable in the
subsequeni behav%oral analysis of economic viability. 7 e 'a‘ LT
Tﬂe surface drainage projects showed a NPV at 5%'ranging from $ -724“ 10 $189,394
"with a mean of $47.440(Table IV.2). When the 3% yearly maintenanoe costs were censidered
the NPV@5% ranged- hetwegn S 9 342 and 5182 109 with a mean of $44,399(Table 1V.3). The
IRR rangdi From®5% to 142% with 2 mean of 5&3% Only one of fifteen investors “could have ’
done better on tbe S%, mtergsl paying mvestmem(the IRR was 5% but the NPV at 5% was

ih

iV a
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" ‘fable 1V.2: Measuremqyts of Project Viability for Surh’ Drainage P'?ojects'
Without Maintenance, East Central Alberta or the Period 1972-1984.
’ ‘ R

PSU | Scenario” y Wc Il - Scenario III Scenggl;lv
;F,\ﬁ €y : o

IRR NPV@5% _ IRR® va@s% * IRR NPV@s%"  +IRR*MPV e P

<€ > YBS  % s % jE s gl Qs
. . : — et ;*M‘ i il ’.7,” . .

"d-] 29 18194‘& 23 13491 25 19R 12 7 447
.11 aem 107 41041 12 41397 67 24593

31 4 p6l6i6 a4 56137 55 59011 2 sl

a-1 3 s 30 45378 8 55015 1 6786

1 74 138023 74 138223 .95 140322 ST 94595 . gm

74 ‘26 16248 8 . 17% 18 587 1 -3795 .

81 32002 “  noe 1 sis 2 2008

9-1 - 8 13993 85 13993 165 14832 6 9826

" )

10-1 4 5 -Teg 1 s

11-1 1$ T41 142 75048 15‘2.% % ¥ 46132

1241 85 20423 9. 101%6 . 71 Y1217 30 5440

13-1 31 48137 7§ Y8BT, °,;.' S s1742 30 32756

14) 87 22746 87 22746 "1 24054 63 515785 ~

15-1 ST 189394 77 189394 191235 87 131308
61 T 19 w83 Ge 17 24787 2_8 B3 9 818

Mean 631 SI863 - 553 474 79 SIS 2 _2%523: ‘
n '5 14 S -124 « 17 5874 -1 -9465

. Max 66 189394 142 189394 165 191235 ° 90 131308

Source Sur& Results

)
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Measurements of Project Viability for Surface Draipage Projects With
Maintenance, East Central Alberta for the Period 1972-1984. .
] : ¢
A\
] "chnario I 23 Scenario 11 Scenario 111 Scenario 1V “‘
7 : |
( IRR NPV@5% IRR NPV@5%  IRR NPV@s% IRR NPV@5% "
% 1985 § % 1985 § % 1985 § % 1985 § &y
. ) u_ ! . B SR
& YM-IJ’W““ iy
1-1 = 26 pl6215 20 11512 2 1199, m" 2768 .
Iy T T -y ey A » - (
PR ’ ‘” - -‘ﬂ,ﬁu -“ e . < “,* F . “
%1 131 . 47881 106 40652 . 111 41008 66 24204 g
3-1 as 58314 . .42 52836 52 55709 9
4-1 31 46043 27 39284 52 48921
-1 - T2 136299 7 136299 93 138398
7-1 23 13741 4 ML oL 16 3366
8-1 2 012 2 ¥y e fm's
9-1 81 13233 81 13233 158 ’J1'4073 B
10-1 . 0 -9342 0 -9342 = 5130 7 -18083 -
111 165 . 87298 12 74600 \ 74927 89 45684
12-1 83 19746 a6 9498 \ 73 10540 27 463 ‘
, . - ) .
13-1 35 45974 35 45974 49 49579 28 30593 ..
14-1 84 21967 84 21967 156 23275 ¢ 60 15006
- A ~
15-1 - 74- 182109 .74 182109 . 81 183950 54 124053
16-1 16 227129 14 17949 24 26968 6 1375 v
«Mean 605 48822 527 44399 4.3 48075 345 26484
Min 0 -9342 . 0 -9342 10 3366 -7 18083
L ' .
Max 165 182109 142 182109 158 183950 89 124053

\

\

- Source: Survey Results. @
\

v
b4 ~

e
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1
Table 1V.4: Measurements of Project Vialk; for Subsurface Drainage Pro .
S Without Maintenance, East Central Alberta for the Period 1972- .
. / . .
PSU . Scenario | Scenario H( \ Scenario 111 Scenario IV

o
) *

IRR NPV@lR IRR NPV@S%T IR NPV@%  IRR NPV@S%- ‘

® 1985 § % 1985 § - 19858 % 1985 §
L |

1-2 49 9375 46 8743 &90 10042 3. 57
22 47 B4 14 - 4287 24 6303 * 9 573
3-2 2 2% (10 e6ls 10 808 100 16k
4-2 15 24812 8 6165 & 13 14909 ] -8401
5-2 12 988 3 2368 . 13 6926 a1 7408
1.2 37 13816 0 ozso a4 na 20 59
8-2 46 45715 38 36052 S8 40450 23 . 18188
92 13 s 12 ' oa% . 2% 8260 s 255
10-2 0 083 39 a6 57 46361 29 27847

‘N2 - 10 - 44 8 ms 17 6756 3\ -l
12-2 .2 -14%0 -9 -5770 -2 -1?32—4'(13/ -6828
132 17 uees. 15 14258 2% 19386 - 1 . 203
14-2 7 4860 -9 6526 - 0 1295 A3 7809
152 26 mad 12 8250 2 14261 3198
162 -4 -3588 Q2 5933 BRI 19 TH6

| | .

Mean 203 14302 63 7667 183 11863 2.1 808.67
Min 9 480 0 6526 100 <309 100 -840l
Max 49 45TI1S 4% 42164 %0 46361 3, 27847 ’

. ,

Source: Survey Results,
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Measurements of Project Viability for Subsurface Drainage Projects

Table IV.S:
. With Maintenance, East Central Alberta lo_r the Period 1972-1984.
PSU ; " Scenario | ; Scenario 11 Scenario 1l Scenario 1V
3
IRR NMV@5% IRR NPV@5% IRR NPV@5% IRR NPV@5%
% 1985 § % 1985 S % 1985 §=+ - % 1985'$
T —- ) » v .4 "
1-2 46 8603 43 7971 . 84 9270 28, 4906
] 2 .
2-2 45 22004 12 3036 20 5083 126957
. ‘ . s
3-2 -3 -740 »100* -2097 210()' -1289 -100° 2097 ¢
4-2 12 17131 4 1516 9 17229 -3 416082
! ' * ‘w/\
5-2 8 4268 -2 -7968 & 1326 8 13008
7-2 . 12579 28 9044 gag 38 10200 18 467
S T e e
8-2 4% 4298 ‘ 36 32635 54 37033 20 14770
9-2 10 3308 8 2056 20 5981 1 -2025
10-2 37 39764 . 37 39085 54 43282 26 24768
11-2 T 150 O™ sy 12 4005 1 uan
B2 3 -3900 .23 -8180 19 -414 56 -9239
- . . -
4 .
13-2 15 13323 12 9915 20, 15043 4 -1740
‘ . -~ R - .
14-2 \100* 27967 - -100° -9634 -100° -4402 -100° -J0916
15-2 23 22911 ge 3727 17 9739 -1 -6285
. . R
16-2 -10 -5543 -27 -7928 - -5305 -54 9112
Mean 11.0 11309 -3.9 4674 6.0 8870 -15.9 -40
* Min -100°  -7967 -100°  -9634  -100°  -5305  -100°  -13008
Max 46 42298 43 39085 84 43282 28 24768

)

Source: wvey Results.
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$-724)(Table 1V.2). When the 3% yearly maintenance costs were considered the IRR ranged -
between 0% and 142% with a mean of 52.7%. TW(; of fifgen investors could have done better

in the 5% jnterest paying inve§tmcnl(Table IV.3).

- Subsurface drainage ‘jecu showed a NPV at 5% ranging from $-6,526 10 $42,164

wnh a mean of $7,667(Table 1V.4). When the 3% yearly maintenance costs were considered
the NPV at 5% ranged from $-9, 634 to $39 085 with a mean of $4,647(Table IV .5). The IRR-~
ranged belween 100% and 46% wnth a mean of 6. 3%/ Five of fifteen investors could have
done bcucr on the 5% interest paying investment(Table 1V.4). When the 3% yearly
maj ve costs were considered the IRR ranged from -100‘% 1o 43% with a mean of

of fifieen inv:,stors could have done better in the 5% interesi p.aying

R ] -
investsment( Tabie lV 5). »

¢ .
The exclusmn of the non-cash benefits dnd not aJter the number of nonviable projects
o4 bl TS Y VA

at an NPV at 5%, wnlhoul the 3% mamtenance for the surface drainers, but it did increase
the ngmbcr of nonviable subsurfacc projects from four to five of fifteon. *

' ' ) ~
Scenario 11 - All Costs, Cash Benefits, Taxes and a 50% Grant\-ﬁ?.

The thlrﬁ scenario considers a situation where the govern et\\or other agcnc‘would
subsidize 50% of the Asy‘su:m costs. This grant of course ‘would not be subject t0’any tax
concessions. - - | :

Surface drainage projects showed a NPV at,S% ran’ging from 051.874 to $191,235 with
a mean of $51,115(Table IV.2). Wh“ the 3% yeerly maiﬁ;cnancc costs .were gonsidered the k
NPV ai 5% ranged from $3,366 to $183.950 with a ¥hean of $48.@75(Table IV.3). The IRR
ranged between 17% and 165% with a mean of 77.9%. None\ 05 the investors could have done
better on the 5% interest paying imvestment(Tabie 1V.2). When the 3% yearly maintenance
costs were consnd;r“ he IRR ranged bctwecn 10% and 158% with a2 mean of 74.3%. None of
the investors couldz'e done better on the S% lmerest paying investment(Table IV 3.

“ o

N Subsurface drainage projects showed a NPV at‘Sfb ranging from $-3,309 to $46,361

( » with a mean of $11,863(Table IV.4). When the 3%/yearly maintenace costs were considered

R
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the NPV at 5% ranged between §-5,305 to 84“3.,(282 with a mean of 38.8:10(Tab|c IvV.5). The
IRR varied between -1004% and 90% with a mean of 18.3%. Four of fifteen investors could
-~ have done better on tﬁe 5% inlcr;sl paying invééi"ﬁfgnl(Tablc 1V.4). When the 3% yearl)
maintenance costs were cogsidered the IRR varied iietween -100*% and 84% with a ,mcanv of
6.0%. Four of fifteen investors could have done better on the 5% intcrest paying

investment(Table 1V.$).

-

"

Scenario IV - All Costs, 75\} of Cash Benefits and Taxes , P
The fourth scenaric‘) considers all the project costswas in scenarios | and 11, with 1ax
concessions, 75% of ‘all cas‘ benefits and all tax ass'cssmw on the net b'cnef i%s #This ‘silualion
tests the sensiti\}ity of project worth to an overstatement d ben‘eﬁ(i:glo downsidc risk gn :
4 prices or yields and to éeneral downside risk and unsem‘imy that may be encountered over lh'g :\‘
projected fifteen year life of a project.
Surface drainage prowcts showed a NPV at 5% ranging between $-9, 465 and $131,308
with a meaggof $29, 523(Table 1V.2). With the 3% yearly maintenance costs considered lhc
NPV at 5% ranged between $-18, 083.and $124,053° wnh a mean of $26,484(Table1V.3). The
IRR ranged between -1% and 90% with a‘mean of 39.2%. Twqf fifteen mvcslors could have
done beuter-on the 5% interest paying investment(Table I1V.2). When 3% ycarfy maintenance
costs were considered the RR ranged betwéen -7% and 89% with a mean %‘b Two of

fifteen igvestors could havé done better on the 5% interest paying u'rvestmml(TaBlt Iv. 3)

Subsurface dramage progeg;s ppd NPV at 5% rangmg be(wﬁfs- g
¥ o, ¥

. cﬂ'«L
2

4!,‘ ¥

P4

have done better on the 5% interest paying investment. ‘Onetdf-

TAREEE A . i
fteen investors shdwed an

" IRR of 5% with an NPV at 5% of $255 indicating the drainagé‘pr’oject paid nufgipally above
S%(Table IV.i).}ph 3% yearly gnaintenance costs were considered the IRR ranged

between -100°Y and 28% with 5 mean of -15.9%. Eleven of fifteen investors could have done



. better on the 5% interest ] nt(Table 1V.5).

For surface drainage only one project in Scenario 11, considered the most

L3
likely scenario, had an IR] and a NPV at 5% of $-724. Including son-cash benefits,

Scenano I d»d not alter th jects viability. In Scenario III in which a hndowncr is ayen a

capiuﬁcnchmark In some cases the IRR nearly doubled and the mean IRR increased from
55.3% to 7M. Public subsidies of projects with these high returns is not warranted. A 25%.

vefeduction jn cash benefits made two projects nonviable and decreased the mear expected IRR

“

, 10 39.2%. Surface drainage projecis-on the whole seem viable and not overly sensitive to

changes in the structyre of the benefit stream. -
- ’

. lnélusion of the 3% yearly maintengnce costs only increased the number of nonviable
L Y .

o

projects in Scenario Il 10 twe. The number of ‘nonviable projects in Scenarios 1 and 1V

=Y

. © :
rcmiuned the same at one and two resbctively. All projects in Scenario IIl remained viable. In

all four Scenarios there was only an incsemental ¢hange in the IRR. . .

. Under Scenario 11, without the 3% yearly maintenance costs, five projects were ,

nonviable. Inclusion of the non-aash benefits decreased the' nonviable projects to f our\ahd

&, i : «
increased the mean IRR from 6.3% to 20.3%. The application of the 50% grant increased the

G q mean IRR from 6.3%sn Scengrio I to 18.3% in Scenario 11l and seduced the number of

nonviable projeqts by one. If cash benefits decreased by 25% as in Scenario IV: the number of }

yt nonviablé projects increased 10 nine. Also under Scenario IV was a marginally viable project

&
.‘ S ‘Tlh an IRR of S%and a NPV at S% equal to $255. Subsurface drainage prOjects
TR S A N\
‘ ~ pafticularly sensiti'ﬁe to reducuons in cash benefits and not pamcularly sénsmve to redud?ons‘ :

' in costs, lnclusnon of lhe 3% yearly mamkmna costs increased the number of nonviable
projects from five 10 seven under Scegario I and from nine plus‘the marginally viable project
1o eleven under' Scenario IV. The number of nonviable projects did not change under Scenario

-

I. The viability of a subsurface drainage project is sensitive to maintedance costs. *

grant ig gover SO% of the systcm costs, all projects were vublc at the 5% opponuqﬁ-reost/r )

?5
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F. Behavioral Analysis of Economic Viability . .

Introduction -
The main purpose of this research is 1o shed some light on why some projezts achieve
a better payback than others. Characteristics of the project farms and their ‘ ndovn’ers use of -

inputs and land were related 10 the IRR of Scenario 11 wher all costs, taxes apd cash benefits
i ’ ~
were considgred. Six approaches to behavioral estimation wére executed for each type of

Y

d'rainage; Data was based on lifteen observations for the surface drainage landowners and on

fourteen for the subsurface drainage landowners. The snbsurf ace systcme-havc oneless *
observation be_cause one landowner was not able to achieve any cash benefits from draining,
resulting in an IRR of -100%. Acreage was only improved and there was no change in the way,
the land was farmed. Methodologically there is a reluctance to discard an nullier. especially
when the sample size is small. According to Neter et al.'** outliers are extreme observations
whieh. in residual plots, lie beyond the scatter of the remaining rgsiduals, som_el{ncs four or.
more standard deviatibns from zero. They can cause great dffficulty. The mejh réason for

»discarding outliers, is that under the least squares method the Titted‘.line may be pulled |
dxspropomonalely toward the outlying observation causmg a mlsleadxﬁ fit. In the case of this

L ]

landowner' s failure to realwe any benefits, the two plots of IRR versus cost per acre undcr

[}

the two situatians, wnh and wnhout the outlier, demonstra}éd a complcte reversal of slopes.

/

Nevertheless under other cnrcumstances outhcrs may convey sngml‘ tcant mformauon ]
[

In lms particular instance the landowner only drained lhe land f or the cofivenience of
getting on thc dramed area earlier in the spring. Bcf ore drainage this area would normally be
" seeded later, but yields, unless the falls were extremely adyerse, would be the same. The I mal

resull from this case was that incremental cash benefns realized f rom the dnmagc wezg
ot

nonexistent although mtangnble sausf acuon may have been supstagtial . .

[ 4
14¢Neter, John Wasserman, William and. Kulner Michael H. Apphed Ltnear
Regre.mon Models. Homewood. Rndurd D lrwm lnc I%JM 114-115. ~ . .

a
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Choice of the Qependent Variable
The 4IRR from Scenario Il which consiﬂcréd all costs, only cash bencfits and taxes was
séleclcd as the dependent variable. None of.the non-cash benefits wérc included even though
these have proven to be significaht -benefits, in_thc eyes of ‘the landowners, but gencrally not
the main reason for draining lanji. . |
¢ 1

Identification of the Explanatory Variables |

., From the information gathered aboul the farms and iandowners in the year before
drainage aﬁd in 1985, a number of variab[es that were thought to be uécful in explaining why
some projgcls had better paybacks than others were identified and manipulated to simulate
different possible behavioral hypothesis for economic viabiljty. Some of lﬁc variables

identified were the size of the ﬁrm, the number of acres or proportion devoted to different

uses, the cropping intensity(a ralio of the improved acres'*” minus the summerfaliow to the

improved acres), the use of labor and capital with regards to capital investment in machinery,
fertilizers, herbicides.' fungicides and the number of livestock oﬁ the farm, converted to. |
animal units. These variables were considéred to be proxies of the landowners' managem‘cnl
qualities, reflecting the choice of combinations of Mpputs. This choice is assumed o be
representative of management intensity. The hypothesis tested is that so called "good" ) -
managers will be more succéssf ul iﬁ fnakingt their drainage viable. Other identifiabie
explanatory variables are those which are directly related to the drainage project. These |

variables include size of project and extent of land use befgre and after drainage was installed.

A list of identified variables can be found in Appendix H and I. \

G. Results of the Behavioral Analysis

-

Two models, both having a linear Yunctional form and using ordinary least squares for

estimation, were used to relate explanatory variables to the IRR achicved by the drainage

l ,
“'The infproved »-acres are all acres that have been cultivated and finclude the acres
sown to tame -hay.

<

I
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‘ projects. Model | ;eferred toas "a \strictly comparative behavioral model” used prespecified
farm, project and management “intensity characteristics chosen o: theoretical groun‘ds as
| importar}l in explaining why some i)rojects had a better pay bz;ck than othgrs. The IRR was
rcgrcssea against these specified explana}ors for both the surface and subsu;'face projects.

Examination of the. resulting equations constitutes the basis for a comparison betweenﬁ

viability behaviors of the diff erem.drainage types. Four assumptions within Model I were

_— made and these assumptions were that the internal rate of return was related to:

*1. Characteristics associated with the farm and farmer in the yéar before the drainage was
installed were used in an attempt to identify factors which, prior to drainage installation,

could predict the likelihood .of economic viability;

2. Ex post characteristics associated with the farm, farmer and project in 1985, which could .

ey

explain what made somc projects more viable;

3. The absolute difference between: the characlenstncs found in 1985 and those in the year
prior to drainage, combined with the age of the pro;ec(\were used to prowjlde msnéht mlo
why some projects were more successful than others; anﬁ

4. The average ax;nual change in farm characten‘stfcs representing an increm?ntal change.for
each project situ;tion regardless of the age of the pmjcct' asa 7compartable‘ basis for
comparison. g

The results of this analysis Tolléw the next two paragraphs.

The second mode.l. Model I, is referred to as an exploratory model. No attempt was

made to compare the two types of drainage projects using the same variables. The elirriingtion

of non-relevant variables was accompiisheg using the method described in the Spearman Rank

Correlation Coefficient section. The result of the exploratory approach would be the best
~ possible equation f or‘each type of drainage system, w'ilhoul the restriction of havinog the same
variables appear in both equations. |
In all equations the dependent variablevconlaining a one and the dependent variable

containing a two are to be associated with surface and subsurface drainage respecti’ely. The

standard errors are shown in round brackets and the t-statistics are shown in square brackets.
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{
\ .
The R? and the F statistic are also given. A list of’ the chosen variables considered in the

comparative model can be found in Appendix H, and a list of variables considered in the

exploratory model can be found in Appendix 1.

H. Model I: Strictly Comparative Behavior ' »
. r .
»
-

!

Assumption I - Vigbility explained by farm characteristics before drainage
4 . .

When the chosen variables for Assumption [ were regressed against the IRR for «

.

surface and subsurface drainage projects, no significant relationships were established. Using-
. o ' \
thi§ model it is not possible to predict project viability for either type of drainage before the

drainage system is installed. o

Assumption I1 - Viability explained by farm characteristics in 1985, after drainage
v -
It is not possible using Model 1 to establish a comparative relationship to significantly

predict project viability for bot‘h‘ the surface and subsurface drainage projects.

Assumption II] - Viability explained by absolute cl;ange in farm characteristics sifice drainage
The variables measured in terms of theirlabsolule change between 1985 and the year

before drainage for surface drainage are:

1. AAUCH, the ;:hange in the number of animal units on the farm; ahd

2. PRAGE, the age of the project in years, ‘ ( |

and for subsurface drainage they are: '

1. AEICH, the change in capital investment in equipment;

2. DUM]I, the change in land use factor.
Transf ormatio‘ns‘c-)f the dependents used in this section are as follows:

IRR] = (IRR + 13)0-2858

IRR2 = (IRR + 13)0-597
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The relationship for the surface drainage projects is as follows: Ta
' IRRI = 2629 +  0.006 AAUCH +  0.088 PRAGEI - )
/ (0.288) . (0.0026) (0.045) ,
{.000) [.03) (.08) ,
R? = 40 - sigF = .05

-

There is a positive relationsﬁip between the IRR Qnd the animal unit change ovef the
lifc of the project and lhe‘ﬁage of the project(i.c., the older the project the highe} the IRR).
This is not unexpected because there is a negativé relationship between the costs per acr'e
gained and improved and the age of the project. The older the project the less the césts per

‘acrc gained and improved, in Ireal dollars. These costs per acre gained and improved have a
reasonably strong positive correlation with the IRR. It is interesting td note that this is not
the same cost-aéc relationship that is found with subsurface drainage projects, where the
drainage costs per acre gained and improved are higher the older the project. The maxfx’num'
ag‘e of subsurface drainage projects in this study was seven years, reflecting a time of highé{

4 lan.d prices and increased economic activity. During this period thé aémand_ for drainage
inswllqlion from lar&;wners wishing to increase their land basé/was probably high, causing
inflated ﬁrices from drainage contractors. The above relationship was significant at the 5%

level and explains 40% of the variation in the IRR. The animal unit variable's coefficient was

significant at the 3% level and the project age variablé's coefficient whs significant at the 8% «

level.
The absolute change relationship for the subsurface projects was as foliows:
IRR2 = 3.383 + 0.0005 AEICH + 3.833 DUMI |
' (1.47) . (.00014) (1.59) -
[.04) [.008) - [.03)
R? = 66 sig F = .003
s
. ° There is a positive relationship between t)l;IRR and the absolute change in capital

expenditure on equipment and the ddrhmy variable representing the change in land use. Both

variables' coefficients, the constant and the equation are significant at the 5% level. The

s
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equanplains 66% of the variation in the IRR.
For co‘rrxpafison p'urposcs the IRR was related to all four variables mentioned in the -

opening paragraph for each typé of drainage. The equation for the surface drainage is as
: ’ .

follows: ‘
0 i
* IRR] = 2672 + 0.0075 AAUCH + 0.105 PRAGE -
(.335) (.003) (.061) ’
- [.0000]  [.05] [.12]
e N _

.- 0.239 DUMI + 0.000002 AEICHI
(.433) (.0000055)
[.59] ©70)
]2 = @  sigF = 20

(4
4

lThere is a positive relationship between the IRR and the animal ,uﬁil éh;ngc. the age
of the project and the change in capilq! expenditure on equipment but a negative relationship
between the IRR and the dummy variable representing lant use change, and this is opposite to
what is expected. Only the animal ur;it change variable's coefficient and the constant are )
signifiicant at the 5% level. The equation is not significant and therefore not able 0 pré&icl

surface drainage viability.

- . o . .
The comparitive equation for the subsurface drainage is as follows:

IRR2 = 5036+  0.00005 AEICH +  3.000 DUMI
(2.567) (.000016) (1.942)
[.08] [.01] [.16]

- 0.303 PRAGE + 0.007 AAUCH

*(.354) (.0159)
[.4]] [66] -
RZ = 69 sig F = .02

AN

There is a positive relationship between the IRR and the change in capital expenditure
on equipment(the higher the “capital expenditure on -equipment the greater the-project
viability) and the dumrﬁy variable representing the change in land use ahd a negative '
relationship between the project age as expetied but a sig'n- oﬁposite to that expected is found
on the animal unit change. It was expécted. that since the subsurface drainage farms had a

higher emphasis on seeded acreage, the animal units would have a negative relationship with
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the IRR. Only the capital exPenditnrc variable's coefficient is significant at the 5% Lyvel. The
equation is significant at the 5% level and explains 69% of the variation in the IRR.

When all the variables were included in both equations.v only lpe absolute animai unit’
change va'tiable;s coefficient and the constant remairied- significant ‘at the 5% level in the
surface dr‘aina;{ equation, t;ul the equation itself was not significant and thus not able to

predict project viability. In the subsurface drainage relationship the equation is signif;canl at

_the 1% levet and the vanables are able to explam 72% of the variation in, t.be IRR, but only

the absolute change in capital expenditure on equipment vanable ] coefn\&;nt remained

“significant. The subsurface dramage equauon is a better explanator of project viability than is

the surface.drainage equation.

Assumpt;on Iv.- Viability‘explained by the average annual rate of chanée
"Three variables were thought to be important in explaining the expected IRR in terms
of the average annual changes in the farms or farm management between the time the
drainage was installed and 1985. These. vanables were:
1. AUCHYR, the change per year in the ai‘mnal umts on the f arnk
2. DUMl the variable representing the change in land use. and —
3. Z16, the change in the capital expenditure on equxpmem per yeafisince the drainage took
place. )
Y, The transformed dependents used in the nvcrage annual change analysis oll(;ws:
IRRI = (IRR + 13)0-2858 -
IRR2 = (IRR + 13)0-5%7

For the surface drainage project the following equation wasAcstablish,ed: .

IRRl = 3.146 + 0.011 AUCHYR
| (.148)  (.006)
[ [.000] [.13]

e  R'=.17  sgF=.13
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There is’a positive relationship between the annual change in animal units and lhc

expected IRR but le fther the annual change in animal units coefficient nor the equation are

.sngmr icant au the % level of signifi |cancc. :

The relationship for the subsurf ace dramagc projects was as lollows:

IRR2 = 2814+  0.00011216 + 4.683 DUMI )
(1.414)  (.000033) (1.522)
[.07] [.006) .01 . ’
R? = 67 sig F = 002

»>

~

There is a positive relationship between the IRR and the change per year in cquipment
capital Véxpendilure and the du?nmy,variable representing land use change. Both variables'
coefficients and the equation are significant at the 5% level and tggether explain 67% of the
Yariation in ihe IRR. The constant term is only significant at the 7% Yeyel. \

For comparison purposes all three variables were related lof:)(

R for both types of

projeclé. For surface projects the following relationship was established:

IRR1 = 3142 +  0.0088 AUCHYR + 0.110 DUMI '+ 000015 Z16
(406) - (.0077) (.420) (.000019)
[0000)  [.28) A 0] [.45]
R? = .25 sig F = .35

None of the variables' coefficients nor the equation are significant at the 5% level.
The constant is significant at the 5% level.

For the subsurface drainage projects the following equation was established :

IRR2 = 278 + .00C11 Z16 + 4.615 DUMI + 0155 AUCHYR
(1.467) (.00003) (1.584) (.032)
[091. (.008] [.02] [.64]
= .68 sig F = .008

The additiqn of the animal unit"change per vear variable increased the R2 by an

insignificant amount(.007), reduced the F-statistic and was not a significant variable in the

Trelationship. The other variables except for the constant remain significant.
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then all the relevant variables were forced into the equation for the surface drainage
system, the equation and ail the variables' coeff icien;s proved to be not significant and
therefore unable to prédict project viability. On the other harid the subsurface drainage
equation was successful in explaining 68% of the v.ariation on project viability. The equation,

the land use factor variable's coefficient and the annual change in capital txpendijture on

equipment variabl nt were signiTicant

t the 5% level. In both equations inclusion

of the additior tions the same, was detrimental to the
overall relalionship’
. Inall of the above mentioned relauonshlps only the land use factor vanable,
coefficidpt }Jg at 5%), the absolute change in capital investment in equ:pmcnl variable's
coeff |cncm(S|g at 5%) and lhc annual change in caplul mvestr_nenl on equipment variable's
coc-ficient(sig at 5%) proved significant for the subsurface drainage projects. For the surface
drai‘nageiprojfcts only the absolute change in animal units variable's coefficient(sig at 5%) |
proved 1o be signif’ icam.}Yombinalions of ’the best explanators from each typ: of drainage,
failed to provide significant relationships.
I. Model 11: Exploratory Model *

As stated earlier the second model wa§ a exploratory model that allowed for a greater
diversity of variables. No attempt was made to com’p\re the two types of drainage projects
using th: same variables. A list of variables used in the exploratory model can be found in
Appendix K. Six assumptions within Model 11 were considered:

1. The IRR was related to:inf bmation about the farm and farmer in the year before
drainage;

2. The IRR was rela}ed to information about the farm, farmer and drainage proj~ect in 198S;

3. The IRR was related to the absolute changg in the characteristics between 1985 and the

year before drainage:,

4. The IRR was related to the average annual change in characteristics’*; -

' The .possibility of negative changes exist. Some good managers may have noticed
a nonoptimal use of inputs over the years. This analysis is not capable of
determining if the manager was or is operating in the stage II portion of the
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5. The IRR was related to a land use change factor, the size of project and estimated Cl.1

land classification; and i ‘ .

6. A repeat of 5 above, but including the previously omitted outlier. ..

Assumption | - \"iahility e‘hined by farm characteristics before drainage , ‘
No significant relationships wete found for either the surface or subsurface projects

usi;g variables relating to before drainage characteristics. Therefore it is not possible 10

predict project viability by measures of management imchsit‘y prior to the drainage project

being installéd.

*
*

Assumption 1] - Viability explained by farm characteristics in 1985, after drainage
. The variables identified as being important in explaining project viability & the
surface drainage projects were:
1. AUA, the number of animal units on the farm in 1985; and
2. PRAGE, the age of the project in years, in 1985..' 4
“The transformation of the dependent variable follows:
IRR1 = (IRR + 13)0-28%8

The following relationship between the IRR and the explanatory variables was

established for the surface drainage projects:

IRRl = 2168 +  0.004 AUA + 0.124 PRAGE
(1329) (.001) (.044) J
(.000] [.008) [.02]
R = 52 sig F = 0l

The IRR is expected to increase as the number of animal units and the age of the
project increase. The equation, the number of animal units in 1985 variable's coefficient, the
age of the project variable's coefficient and the constant were all significant at the 5% level.

The variables and the constant were able 1o explain 52% of the variation in surface project

43(cont'd) classic production function.
4



viability. . .
‘ The variables identified as being important in explajning p'.rojecf viability for the
sqbs'surflcq dnim‘ge projects were:
1. DUMI, the change in Iand use factor;
2. CfllNA. the cropping intensity iMS; and .
3. Z13, the capital {o labor ratio in 1985. | .
The transformation of ‘d\c dependent variables was as f ollows.:
IRR2 = (IRR + 13)0-5957

For the subsurface drffinage projects the following relationship was established:

IRR2 = -2659 T~ 0093Z13 +  28.468 CRINA +  4.428 DUMI
| (7.419)  * (.0035) (7.411) (1.333)
; [.008) [.026] [003] [.008]
RZ = 8 sig F = 0007 -

[

This relationship was able to explain 81% of the variation in the IRR. The equation,
all cxplanalory variables’ coefTicients and the constant, were sigm‘f icant at the 5% level. The
positive gelationship between Z13, DUML, éRlNA and the IRR2 indicates that landow_.nérs
with a Righer capital to labor ratio and higher cropping intensities that drain land never used
before, are more likely to have viable projects.

[
-Assumption 111 - Viability explained by the absolute change in farm characteristics since
drainage

For the surface drainage projects‘the relationship between the absolute change
_variables and the internal rate of return in Model Il was identical to the relationship
established under Model I, before she addition of the land use factor variable and the absolute
change in capital expdditure on equipment. See Model I, Assumption IIl, Viability explained
by absotute change in farm characteMStics since drainage.

For the subsurface drainage projects, under Model II, there was no change in the

form of the equation as established in Model 1, Assumption IIl, Viability explained by
9 '. )

4
N



,' absolute change.

) ‘ : ~ | .
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Assumption -I.V - Viability explained by the average annual rate of change '
| No significant relatioqships were found for the surf a'oc d.nlnue projects at the S%‘
lafel of significance. The best relationship is described in Model I, Assumgtion 1V, Viabilits

explained by the average annual rate of change.
. o ) , \
The variables identified as being important for exphim\ project viability for the

subsurface drainage projécts were:
). Z16, the annual change in capital expenditure on equipment;
2. DUMI, the land use factor; and

3. FCHVYR. the annual change in fertilizer used per acre.

” The transformed dependent variable is as follows:

" IRR2 = (IRR + 13)0-5%

The relationship between the IRR and the annual change variables for the subsurface

drainage projegts were as follows:

IRR2 =  3.013 + .0009 Z16 + 4.885 DUMI - 0.278 FCHYR
(1.219) (.00003) (1.311) (.126)
[.03] [.009] [.004] . [08) .
_R2 =.78 - sig F = .00]

There is a positive relationship between the IRR and the annual change in capital
expenditure on equipment indicating the greater the changc in éapital expenditure ’thc morte
likely the project will be viable, and the IRR and the dummy variable representing the change

-in land use. This particular relationship was explained earlier. There is a negative relationship
between the IRR and the annual change in fertilizer use per acre(the sign is not as

expected)’*. The elimination of the annual change in fertilizer use per acre, reduces the

'*One explanation of the negative relationship between the average anmual change in
fertilizer use per acre and the internal rate of regurn is the possibility that
landowners casily identify chemical fertilizer use as an input that can be cutback in
tougher economic times. Ten of fourteen landowners used in the subsurface
behavioral analysis had viable projects and of these ten, two reduced their use of
chemical fertilizer per acre and four did not change the quantity of chemical
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n_zl 67 apd the significance of the equation to .007.

Assumption V - Land Use Change, Soil and Project Size, Outlier Excluded

The size of project, CLI land classification and land use factor variables were
regressed against the internal rate of retusn to establish if they had any predictive gbility in
estimating project viability. No significant relationships were establisbed for the syrface
drainage projects. . '

in the relationship between the IRR and the above variables only the land wse factor
variable proved 10 be signifi;ant at the 5% level for the subsurface projects. o

The transformed dependent variable is as follows:
0.59587

IRR2 = (IRR + 13)

‘The following equation was established:

IRR2 = 2.284 + 5.063 DUMI1
(1.916) (2.069)
[.26] [.03]
=33 sigF=.03.

The relationship explains 33% of the variation in the IRR. The coefficient of variable
DUMI and the equation are significant at the 3% level but the constant term is not significant
at the 5% level The conclusion is that even if the outlier(the landowner who installed '
subsurface. drnmagc but showed no change in land use on the drained area and therefore no

cash benefits) is exciuded, the land use factor is an impertant predictor of project viability.

Assumption Vl Land Use Change Soll and Project Size, Outlier Tncluded'

The relationship exammed in this section 1s |dem|cal to the one above, but includes the

-

previously omitted outlier and increases the number of cases considered for the subsurface
Emmgz projects to fifteen. This mclusnon of the outlier aused changes in the

transformations of the dependent variable, but no change in the significance of the

L} ¢
~

*(cont’d) fertilizer used per acre over the life of the project.
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_ variables' coef ficients proved 1o be u’jnif icant.
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rehuomhipmmelkk medummy variable, thesdlmduoflhem)mfutu
surface drainage projects. ‘ _
For the subsurface drainage projects the relationship improved o the point where the

dummy variable was able 10 explain 47% of the variation in the IRR. Noné of the other two -

*

. ) - q
The rijcwly transformed dependent vatiable is: aJ—\
. ' .

IRR2 = (IRR + 101)}-33%07

! .
. o . L {
: \y resulting relationship |s_ as follows:
RR2 = 676.228 + 833.673 DUMI
(220.098) (246.673) Y
- [.009] {.008) . B

R2= 47 sigF = 005

“T Fhe ihprovements over the situation where the outlier was omitted, besides the
hpmvemenl to the Rz. included the significance of the constant term to the 1% level as -
compared to the 26% level, the improvement in the significance of the coefficient of variabie
DUMI from 3% to less than 1% and the improvement in the equation F -statistic from a
significance at the 3% level to signif icance at the 1% level, 1
. As explained carlier, the outlier was rtht; result of a landowt.ner draining land for the
sele purpose of ‘being able to get on that land carlier in the spring. There were no cash
be;acf its assqcialed with this land improvement, therefore the land use factor was zero and the
IRR was -100%. The strengthened relationship between the poor IRR and the land use
factor(taking on a value of zero) is a result of the inclusion of the strong positive relationship
between the no cﬁngc in the land use factor corresponding to no incremental gaip. Abso |
contributing to a better fit was the increase in the number of cases being tonsidered.

The behavioral analysls failed to identify important manaaemem intensity
characteristics that would aid in predicting project viability prior 1o the installation of the
drainage‘system. The behavioral analysis did substantiate the original hypothesis that

‘management intensity influences project viability after the drainage project has been ifistalled.

4



Surface drainage viability is related lo"‘t’he number of animal units on the farm in 1985'

)

and the absolute change in animal units on the farm between 1985 and the year prior to
drainage. The higher the number of animal units or the greater the absolute change in the
animal units the more viable the project. The project age variable is important in confirming

that the lower the origina! costs of the system, the greater the viability. Older surface projects

- had lower per acre costs in real terms.

The behavioral analysis of subsurfacc drainage projects also substantiates the original
hypolhcsis Thc land use factor is ponanl in predicting ;;Ojecl viability. If the area being
considered for drainage has been roducmg at least part of the time the chances are not very
good that the subsurface drainage project wnld‘be economncall/y viable. In addmon o the land .
use factor, the ca)‘)ital,-lébor ratio and the cropping intensity variables in 1985 and the
variables rcla;ing 1o changes in expenditure on equipment were important in explaining brojec_l
viability. The positive relationship betweeﬁ the pfevious]y mentioned variables and the project
vnabxllty confirms that farms that are more capfxtal intensive or have a hi }her\:roppmg

mtensity are more likely to have a viable project ._
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V. SUMMARY. RESULTS and CONCLUSIONS -

A. Purpose and Method
The purpose of this research was 1o provide some answers to cconom«y’hucstions
;
regarding t,he economic viability of drainage from a private enterprise poinl(/i;f view. The
desired results are decision making criteria to promotc rational economic éécisions regarding
anticipated drainage projects prior to actually undertaking the projeclf,f"/
The objectives of this study were: 1) to explore an cff: ecli\{f".mcthod ol assessing the -

economic worthiness of alternative drainagc designs in Alberta; ,,2’)""10' establish whether an
increasc in management intensity proxied by changes in land usc capital, and input use since
the drainage installation, influences the economic worlhines; criteria anci to determine why
some drainage projects are more successful than others; and 3) to determine the extent of
consistency between landowners' expectations from drainage and bcnel:its actually received.

“Two types of drainage design were examined, surface and subsurface. Fifleen pairs of
structurally similar farms in east central Alber/ta' differing only in the type gf drainage design
used, were randomly selected for analysis. Similarity of the farms allowed differences in
economic viability of drainage to be attributed to the type of drainage design. Standard
project appraisal techniques were empiOyed lu determine the economic viability ‘of the
drainage sysﬁtems. /

The influences of managen{enl intensity on project viability were exp;lored with two
behavioral models. The first was a slridl_v comparative mode! which examined the viability of
each drainage system using the same explanatory variables.The second was an exploratory
model with no a priori specification of the explanatory variables.

The Kolmogorov-Smirnov two sa;11ple test and the Wilcoxon matched-pairced analysis
test wére applied to confirm that the pairs of farms were structurally similar. Differences
existed at the 5% level of significance for seeded acreage and cropping intensity characteristics

only. These differences‘ were not significant at the 1% level. Only"}lhe CL1 land ci

was different at both the 5% and 1% levels of significance, principally due to the a

.

classification of drained organic soils.
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B. Limitations of Study

The results found and the conglusions drawn in this research are based on a sample
size of fifteen for each type of drainage. The small sample size reflects the small number of
drainage projects officially recorded. The lack‘of generally available government support for
drajnage combined with onerous licensing procedures either limit the number of drainage
projects or impede publig kriowledge of drainage work. o .
| Two basic problems exist with a small sample size. The tirst is a reduced number of
degrees of freedom for statistical tests and regression analysis. The second is that the
probability of commkuing a Type ll.error (to accept the null hypothesis when it is false)
incrcases as N decreases. Interpretations, conclusions and recommendations must be drawn
carefuMy.

Throughout the study the assufhplion has been made that"good managers use more of

_an input than do poor managers. Measurements of inputs have been used as a proxy for °

management intensity but there is no way of-kmowing in which stage of the classical
production function a phnicular manager is operating. A good manager, over the life of the
project, may have reduced the use ovfi some input if he discovered its' use to be nonoptimal.
Throughout this research the assumption has been that a good manager will always have
increased his use of inputs relative to the land base over time.

The market values for greenfeed and native hay were estimated on the basis of the
» ¢

. 1 ¢ ‘
-ratio of their nutritional value to the nut;‘unal value of tame hay multiplied by the market

valuc of tame hay. This procedure presumes there is a market for native hay and greenfeed,
where none normally exists. o

1985 market prices for grains, oilseeds and hay were based on Alberta Agriculture's
preliminary 1984-85 p?icesland these prices were projected until the end of the project life.
An updated version of ‘the above price information indicated that prelifninary 1985 grain and
oilseed prices may actually be lower than the ones used in the study but tame hay prices may
be higheg This means that based on cash benefits, the viability of surface drainage projects
hay be underestimated while that of subsurface drainage projects may be somewhat

dverestimated.

7/
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C. Results
&

The drainage systems had different characteristics. The construction costs of
subsurface drainage were higher than construction costs for surface drainage. The total
acreag‘c gained'*® from surface systems was highcf than thca total acrcage gained from
subsurface sysiems. Consequently the costs per total acre gained were higher for subsurface
systems. Rehabilitalion time, the lcngth’of ‘time required before the drained land became
productive, was greater for surface drained land.

Similarities between drainage systems are total costs'*'. and costs for rchabilitation,
maintenence and operation. The acres improved by drainage were similar for both systems.
Measurements of project worth Were examined under lour scenarios distinguishing between
reported maintenance and a theoretical ycariy maintenance based on 3% of the original
constryction cost. Comparisons are made against a 5% opportunity cost of ‘capilal benchmark .
1. Scenario I considered all costs associated with the project, all benefits(cash and non-cash)

and the appropriate taxes. ’
2. Scenario I considered all costs and taxes as in Scenario | above but did not include any
non-cash benefits.
3. Scenario III considered all the costs, cash benefits and taxes as iri Scenario 11 but examines
~ the effect of a cash grant equivalent 10 50% of the construction costs.
4. Scenario IV considered all costs, taxes and the effect of a 25% reduction in cash benefits
on the projeet viability.

Using the 5% opportunity cost of capital benchmark and reported maintenance costs,
“surface draina.ge was not viable in only one of fiftecn cases in Scenario I, which included all
farm costs, all farm benefits and taxes and in Scenario 11 which included all farm costs. cash
benefits and taxes. If a 50% grant was applied toward the construction costs as in &cﬁario I,
all projects were viable. When the cash benefits were reduced by 25%, Scenario 1V, two of

fifteen projects were not viable. The mean IRRs were 63.1% in Scenario I, 55.3% in Scenario

1*%The total acres gained from drainage include the acres gained directly from the
drainage system and the acres surrounding the gained arca that were improved -by
" the drainage system.

'Total costs include costs of the system/construction plus any rehabilitation,
maintenance and operating costs.



.,_) L 102
11, 74.3% in Scenario 111 and 39.2% in Scenario iV7 The inclusion of the 3% yearly
maintenance cos!rdid ol alter the mean IRRs significantly but did increase the humber of
- nonviable projqi:q in Soenqirio IV 10 two. -

Four of M subsurface drainage projects were not viable in Scenario I, with all
farm costs, ali farm benefits and taxes and in Scenario Il1, all farm costs, cash benefits, taxes
anfi a 50% grant. In Scenario 11, where all farm costs, cash benefits and laxes”éxéJ\ fepresemed. ’
five of fif léen projetts werc not viable. When cash benefits were reduced by 25%, nine of
fifteen projects were hot viable and one was marginally viable. The mean IRRs were 20.1% in
Scenario 1. 6.3% in Scenario 11, 18.3% in Scendrio IIl and -2.1% in Scenario 1V. Inclusion of
the 3% yearly maintenance costs increased the number of nonviable projects to seven in ‘
Scenario 11 and to clgven in Scefario 1V and reduced the mean IRRs substahtially in all

Scenarios., pare

In the behaviora'l'analyﬂs Medel ] was unsuccessful in establishing strictly comparable
explanations for economic viability. Variables signif icant in explaining project viability for one
type of drainage project were never siggif icant for the other.

Model 11 the exploratory model, failed to uncover any significant relatjonships
between project viability and the characteristics of vthe farrh operation in the year preceding
drainage. Viability was related however, to aspects of the farm operation prevailing in 1985,
after drainage. The number of animal units on the farm in 1985 combined with the ége of the
project exp!ained 52% of the variation in project viability. The c&mbination of the 1985
capital - labor ratio, cropping intensity and land ’usé factor explained 81% of the variation in
subsurface project viability. Put another way, viability of subsurface drainage is ﬁetler under
conditions of mechanization, more intensive cropping and higher value crops over the whole
farm. N

. The absoime change in animal units ovei-the life of the projth and project age
explained 40% of the variation in surface project viability. For the sybsurface projects the

combination of the ?bsolute change in capital expenditure on equipment and land use factor

explained 66% of the variation in project viability.
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Average annual changes in :neasures of intensification exhibited no significant
relationships with viability for the surface drainage projects. f:or suurface projects the.
combmauon of average annual change in capital expenditure on equnpmem annual'chansc in

- fertilizer use per acre and-land use faclor explained 79% of the vanauon in subsurf ace project
viability. Neither land capability classification nor project sizc were signifi icant in explaining
project viability. |

Landowners seem satisfied with the realized benefits from drainage. Only two of
fifteen surface drainers felt their System had not worked a$ expected. Four of fifteen
subsurface drainers felt their system had l‘"IO.l‘ worked as expected. Fourteen of fifteen surface
drainers would drain land again. Thirteen of fif ieen subsurface drainers would drain land

again.

D. Interpretive Conh{l;sions
A list of interpretive conclusions based on the results of this research follows:

1. Landowners contemplating drainage should consider both surface and subsurface drainage
designs. Surface drainage projects are more viah/le than subsurface projects and their
viability is not particularly sensitive 10-reductions in thé benefit stream;

. .

2. Landow;lgfs-eomemplalmg subsurface drainage and expecting an econo:mcally anble
project must be prepared to substanlxally intensify their use of the Qamed am |

Jee.—. . -
S *-’
3. Landowners comemplaung drainage by subsurf ace means must be awan thqt thc 5

economi /c,\uablhly of the project is likely to be Higher under conditions of h:ghcr.
' mechaJization and moee intensive cropping over the whole farm;
4. Landowners contemplating drainage by subsurface means should bc aware that the
viability is sensitive to reductions in the benefit stream;
5. Public agencies promoting land expansion through drainaée should consider price
stabilization policfes or insurance policies to protect the landowner§ against reductions in
< the benefit stréam;
6. Public funding:by means of cash grants is not justifiable for surface drainage projects.

" These projects are viable under normal conditions; and
)
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7. Before public funding in the form of cash grants is provided for a\subsurf ace project, the
‘ ’ \ '
potential for a change in intensity, in both the whole farm operation and the drained

area, should be examined.v
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g APPENDIX A: The Canadian Land Investory: Soil Capability for Agric;ilture

~x

' -rw‘The CLI soilﬂcapabilily for agriculture is an interpretive classification which groups
mineral soils in seven classes according to their potentialities and limitations for agricultural
use. Orga;lic soils ﬁe not placed in a capability class. The CLI classes arc an assessment of
the degree of intensity of limitations on the uses of the land for a&mullural purposcs.

The fi#st three CLl classes arevcapable of sustained production of common cultivated

-

crops. They are described as follows: , : -

CLI Class 1 - these soils have no significant limitations to use for crops.
C' " Class 2 - these soils have moderate limitations that restrict the range of crops or require

moderate conservation practic.z
[ :

CLI Class 3 - these soils have m. - »a:=  evere limitations that restrict the range of crops or

require special conservation pr.  Jes.
The fourth class is considered marginal. for arable agrigulture.

CLI Class 4 - these soils have severe limitations that restrict the range of crops that can be

grown or require special conservation practices to overcome both.
| The fifth class is capable of use only for permanent pasture or hay. |
CLI CLass 5 - these soils have very severe limitations that restrict their cqpabilily for
producing perennial forage crops and improvement practices are feasible.
Agriculture capability “of the si);th class is limited to usc for native grazing.
CLI Class 6 - these soils are capable only of producing perennial forage and improvement
practices are not feasible.

CLI Class 7 - these soils have no capability or p(;lcnlial for arable agriculture or pasture.

O - Organic soils(not placed in capability classes).

Source: International Society of Soil Science, page 96 and Canada l.and Inventory Soil -
Capability for Agriculture. - Alberta Map.
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APPENDIX B: Map Showing Ceasus Divisions and Area Under Study

\
CO s . CO V2
7
[ ]
Popce Ruvee

® Gromge Prguee

Source: Alberta Agriculture, Agriculture Siatistics Yearbook, 1983. Agdex No. 853-10.
/
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APPENDIX C: A Summary of Cost Sharing Policy on Water Management Projects

Alberta Environment'!* has recognized the need for an equitable, practical and casily
applied policy in financial assistance for cost-sharing on water rcsoilrcc projects including
drainage projects. Under the statement c;f policy, the province is prepared to cost-share wilf:
local authorities or; waler resource management projects from which direct public benefits
accrue. "Local Authority * means a city, lown,' new town, village. municipal district, couhly
or the Ministry of Municipal Affairs in the casc of an improvement district. The province will
provide a grant equal to 75% of the eligible cost of a project'*'. Ehgible costs are enginecring
costs related to project des‘ign and construction and capital costs associated with construction.
" Projects eligible for assistance are: '

1. Flood Control and Drainage;
-~ -2. Flow Regulation,
3. Emgion Control;
4.  Water Based Recreation;
5. Fish, Waterfowl and Wildlife Enhancement; and
6.. Source of Water Supply,
provided that:
1. The project is initiated by a local authority;

2. There is a demonstrated need for the project; and

3. The project is in the public interest.

[

%

4

*’Alberta Environment. Cost Sharing on Water M\anagement Projects, Position Paper
No. 5, Revised 1980. Edmonion. Alberta Environment, Water Resources
Administration Division. 1980.

')In a news releasc dated April 25, 1986, Fred Bradley, Minister of the
Environment, announced a change in the funding formula- from 75% provincial -
25% local government to 86% provincial - 14% local government for drainage and
erosion control projects undertaken under the Alberta Water Resources Grant:
Program.
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Procedure for Obtaining Assistance

‘ 'Thc procedure for obtaining assistance is divided into four phases, the first being the -
cligibility phase in which the local authority identifies a- particular water respurce problem and
the department of the environment gcarries out an ins;iecligq and delertélines whether or not it
is eligible for assistance unécr the program. The second involves a feasibility study that
investigates alternative solutions to the water problem and reports on Esu'mated costs and an
assessment of the engineeriﬂg. sﬁciologica’l and biol?ical aspects of thé solution and
rccommer;ds whether or not it should be implemented. Upon submission of this repoft f or“‘r
approval, the local authority officially requeslAs f i.nancial assistance from the depariment for '
- implementation of the project. If the project is approved the project proceeds (o the .
construction phase and a cost sharing agreecment, between the local authq;rily and the

department, is signed. The third phase involves obtaining licenses or permits and
-

right-of -ways and easements and the local authority proceeds with cc;hSlruclion. After
completion. the department inspects the project to ensure it has been constructed as planned.
The fourth phase involves submit” g @e as constructed plans and the il_er_n_ized account of
actﬁal costs, issuing a final license u1 permit and the forwarding of the grant to the local
authority. The grant is equal to 75% of the constuction and engineering cos(s of the project.
Not all projects proposed by local authorities are guaranteed f inanc‘ial assistance. It
will depend on the water management priorities established by the provincial government and

the availability of funding.
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APPENDIX D: Average Farm Value for Major Crops in Alberta

YEAR  Wheat Oats  Barley . Rye Canola Tame  Native Greenfeed
Hay Hay
-~ {

1971 4.29 1.65 2.21 2.71 7.13 70.96 76.83 63.14
1922 5.66 2.58 3.88 4.74 9.72 65.54 70.95 58.34
1973 11.19 4.25 4.74‘ 6.89 15.09 9499  102.82 61.06
1974 8.98 3.45 4.99 5.06 16.017 93.27  100.9%8 82.99
1975 7.05 2.85 4.64_ 530 10.22 85.34 92.39 75.94
1976 5.23 2.11 351 | 4.06 11.35 . 85.51 92.58 76.09
1977 5.00 1.73 291 . 4.18 11.62 86.36 93.49 79.85
1978 5.91 1.65 2.78 4.12 10.27 75.12 81.32 66 .85
1979 6.73 1.97 320 & 5.2 8.50 83.80» 90.72 74.57
1980 | 6.75 2.25 382 . 5.69 8.04 93.12  100.82 82.87
1§81 547 173 2.72 3.95 6.88 68.08 73.70 60.59
1982 4.77 1.23 2.06 2.29 6.62 75.71 81.97 '67.37
1%3 4.94 E 1.64 2.65 2.93 9.02 76.60 82.93 68.16
1984 4.62 1.53 256 > 2.56 8.07 8257  90.m 74.57
1985 4.53 1.50 2.51 2.51 1.92 81.00 87.69 72.08

Source: Alberta Agriculture. Statistics Branch. All values in 1985 dollars. 1985 prices based on
1984 prices.



APPENDIX E: Table of Farm Input Price Indices Using 1985 as a Base Year

.

YEAR  FARM lNPUTTPRlCE
INDEX
1971 Y 303
,, 1972, 32.5
T e T 379
1974 ' 44.1
1975 49.8
1976 53.5
1977 55,0
1978 | 61.9
1979, 72.2
1980 79.4
1981 92.0
1982 | 951
1983 95.3
1984 | . 981
1985 160.0

Source:Statistics Canada. Farm Input Price Index. Catalogue
62-004. Quarterly. Statistics Canada. 1971-1985.

gt
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APPENDIX F: Questionnaire Used in this Study

ECONOMIC APPRAISAL OF FARM DRAINAGE QUESTIONNAIRE
ALL INFORMATION WILL BE KEPT STRICTLY CONFIDENTIAL

1. Legal Location of Drained Land:

é
b4
1.

2. Owners Name:

3. Address:

4. Telephone No.:

*

5. Type of Drainage:

6. P.S.U. Number:

7. Date of Interview:

NOTES:

5

RESEARCH FUNDING PROVIDED BY FARMING FOR THE FUTURE

119



ECONOMIC APPRAISAL OF FARM DRAINAGE
SECTION A: HISTORY OF DRAI;JAGE .
1.  What was the one primary reason for draining”
_____To remove a wet area or standing water
___ To facilitate the removal of spring runof{

____ To control salinity

Other (please specify)

120

2. What benefits did you feel would be achieved by drainage?
___ increased crop land and returns
____ remove nuisance factor
____ climinate wasied inputs
____ control weed problems
____control wasted outputs
____eliminate hunter trespassing
____ consolidate fields
___ facilitate larger machinery
_____ aesthetics
_____ other

3. What induced you to drain the land in the first place”?
___literature ____ neighbors
_____yoursell __ contractors sales pitch

annoyance previous drainage experience, where

4.  When was the drainage system instalied?

years installed: month year

5. How has the land been used since draining?
years of no use whatsoever
years used as hay/pasture

years cropped for. cereal/otlseeds



10.

total years sinée draining
What year after drainage did you get the lirst crop off?

year
How would you classify the drained area?
____ temporary slough or pothole ~__ wet0-3mo. ___ wct 0-6 mo."
_____ permanent slough or pothole wet all year
_____ temporary wetland used f o; pasture or hay
____ permanent wetland marsh, not suitable for forage

bush or tree land

In the following diagram of your quarter section, sketch the drained area showing the

121

approximate number of sloughs, potholes or wel arcas, their distribution, and location in
the quarter. Estimate the cultivated acres before drainage and after drainage. Sketch one

diagram for each quarter drained.

I 4
Legal Location: _ . Legal lLocation: legal l.ocation:
Cultiv. Ac. Before Cultiv. Ac. Before Cultiv. Ac. Before
Cultivated Ac. After Cultivated Ac. After Culuwvated Ac. After

Was there any other problem associated with the drained area such as:
___ salinity

_  alkalinity

____other

The system works as well as you expected it to work?

Strongly Agree  Agree  Neutral Disagree  Strongly Disagree



)

11.

12.

13.

15.
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If the system ddesn't work as well as you expect it should. rank what you perceive to be -
the main problem.

design surveying
wstallation and construction engineering
soil testing ) other

4

Were the design characteristics of the system the direct result of you having a certin
cropping objective in mind?

Yes What Crop”
—_— p

No

What specific varieties of crops have you tried to grow on the drained lield and which
have been successful?

Crop - Successful — Yes No <
‘ — e
. Given the information you now knew, would you drain land again? -
‘Yes No Not Sure

If literature had been a}axlable regardmg the economics of drainage, it would have helped
influence your decision”

~-=Strongly Agree  Agree  Neutral Disagree  Strongly Disagree



SECTION B: BIOGRAPHICS

1. How long have you farmed this propeny'.’
Years .

2. What are the total acres of your farm”
Total Owned

3. How many acres are culu’vﬁed?
Acres

4. How many acres are”?
seeded
Faliow ‘

pasturc

forage land
»

¢

5. How many people are in your family household?

1 2 3 4 S 6

"

gt ™ S

Rented

8

houseplot

bush

sloughs & wetland

6. How many people are involved in farm labor on your farm?

Family members ] 2 3
Hired help 1 2

7. How many hours per week does each member contribute?

Total Hours Member
r“. Family 1 7 _wksat 0
- wksat0
___wksat0
wks ‘él 0

total weeks

]
v

10
10
10
10

20
20
20
20

No. of weeks at hours per week

30
30
30
30

& & & 8

50
50
50
50

g & & 8
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hrs/wk
hrs/wk
hrs/wk

hrs/wk
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7

Family 2

Family 3

Family 4

Hired 1

Hired 2

—

e

—

-

wks a§ 0
vks at 0
wks at 0
wks at 0
total weeks
wks at 0
wks at 0
wks at 0
wks at 0
total weeks
wks at 0
wks at 0
wks at 0
wks at 0
total weeks
wks at 0
wks at 0
wks at 0
wks at 0
total weeks
wks at v
wks ally .
wks at 0,
wks gt 0

total weeks

[

10
10
10

.10

10

10
10
10

1C
10
10
10

16
10
10
10

S o

20

S 8

20
20

20

20

20

20

20

20

20

20
20
20
20

8 8 8 8

s 8

30

30

30

8

30

8 8

30

2 &8 8 &

& & & & & & & & & & & 8

- & & &8 &

2 8 B8 B

|

3 -8

3

50

8

50

s 3

50

& & &8 8
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60  hrs/wk
60 hrs/wk
60 hrs/wk
60 hrsvwk
60 hrs/wk
60 hrs/wk

60 hrs/wk *
60 hrs/wk
60 \\_hrs/wk
6Q ' ?s/wk
- 60 hrs/wk
60 hrs/wk
60 hrs/wk
60 ‘ hrs/wk
60 hrs/wk
*60°  hrs/wk
60 hrs/wk
60 hrs/wk
60 hrs/wk
60 hrs/wk

/..7‘

i



8. HOW would you classify your farm?
. __ Cashcrop S
— Dairy . -
__-__ Mixed Livestock |

__ Othei

e

125
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SECTION C: CAPITAL COST.,{PPERATION'. MAINTENANCE & REHABILITATION

1. What was the total cost of the drainage?
*

WHO PAID

System Costs:  Year o Self - Other

survey

126 =

design

installation & construction

special equipment (pumps etc.)

other

L]
d

Rechabilitation Costs: (brushing, rocks, etc.) Year

hired equipment

labor houts ( + self)

machinery hours (own)

herbicides

other

» -

Operation Costs:

yearly operating costs

Maintenance: N -

maintenance costs year

2. s your drainage system a :ile (plastic pipe) or ditch system?

pipe ditch

”
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-

SECTTON D: DIMENSIONS OF THE DRAINAGE

1. How many feet of pipe were installed, what were the diameters of this pipe and was the -
pipe [iltered?

feet of diameter, filtered ____ vyes no
feel of diameter, filtered ' yes no
feet of diameter. filtered ____ ves no '

total length

2. What is the plannet life of the project? .
years -
3. How many ditches were dug? ' ditches

4. What was the total length of ditch? . fect
5. What was the average width? feet
6. What was the average depth? feet

7. How much land did you lose 1o iteditches of this drainage system?

acres
8. What is the planned (expéé/led) life of the ditches years
9. ‘Afler a)eavy rain or in early spring how many days does it take to remove all of the
water?
days L
#



SECTION E: BENEFITS

1.

———— —

At the time you drained your land what was the price of farm land in your area”-
Y7acre

What is farm land selling for now in your area?
$/acre

What would be the pricc of a quarter with drainage?
$/acre

Before draining you were under the impression that this investment would pay (i.c. be
cconomic)

Strongly Agree  Agrec  Neutral * Disagrec  Strongly Disagree

Has your impression of the benefits of the drainage sysiem changed since installation?
What did you think the major benefit would be before drainage and after?

Belore

After

How much would someone have 10 pay you per acre NOT 1o drain land?
$/acre

Did you use the cost of the project as a tax deduction in the year the system was
installed?

Yes No Didn't know it could be done

If ves, did you still pay income tax that year?

yes no
. —

-

If yes, how much income tax money did the drainage system save you QR what is your
marginal income tax rate”? ‘

.

—‘—%—#

Y
If no, how much of the drainage expensc was needed to bring your taxable income into
the zero tax payable range?

dollars or %

lax saving = expense x lax rate
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8. How many acres were gained, directly and indirectly, by the drainage system” (i.c. how
much land is now being used that wasn't usable before, based on a § to 10 vear average,
keeping in mind that some years have been wetter than others?)

__acres gained ! \
acres indirectly gained . '
9. What crops were grown on the drained quarter(s) the year belore drainage, what were ' e,
the average yields and how many acres were seeded 10 each crop? Include fofage (1ons,
bales) and pasture (animals/acre) values. ' , “«
Year ~ Quarter Crop . Yields ‘ Acres

10. What crops werc grown on the drained quarter(s) the vcar(s) alter drainage? What were
the average viekds on the undrained portion-and on the drained portion”? Include forage .
(tons, bales) and pasture (animals/acre) value.
Yield " Yield
Year Quarter, Crop UnDrained Drained

* _

9 - N

11. What is the productive capacity of the ditch area for hay production?
bales/tons on whole ditch system.
12. Prior to drainage what was the frequency of harvest from the drained land”
__ Never harvested
___ Used as pasture (native) A
. __ Harvested occasionally (1-4/10)
. Harvestéd every secc,)nd year (5/10)
____ Harvested in most yeats (6-9/10)

-

Every year, with losses N4
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Every year, with difficulty

13. Since drainage what has been the frequency of harvest from this land?
_ - Never harvested
___Used as pasture (native) ‘
L Hafvested occasionally (1-4/10)
_____ Harvested every second year (5/10)
____ Harvested in most years (6-9/10)
____ Every year, with losses
_____ Every year, with difficulty
____ Every year
14. Has there been a difference in the grain grade and dockage on the drained quarter since
drainage?
Dockage Dockage
Belore After .« @ .
Crop % % % Graded Before % Graded After
Wheat __ o _ 1 _2__3_ Feed 1 _2_3__ Feed
Barley L ‘ _ Malting _ Feed __ Malting __ Feed
Canola 1_2_3 » 1 _2_ 3

no difference

not sold

don't know

E5— The germination rate since drainage is higher than before drainage.

16.

17.

18.

19.

Agree Same Disagree Don't Know

If you had a salinity problem, the drainage system has controlled or reversed this salinity
problem. '

Agree Same Disagree Don't Know

The drainage system has controlled or reduced plant diseases or parasites.
Agree Same - Disagree Don't Know

The drainage system has increased the drought resistance of the plants.
Agree Same Disagree Don't Know

There has been an improvement in soil structure.

B



20.

21.

22.

23,

24.
25.

26.

27.

28.
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Agree  Same Disagree Don’t Know
What has been the difference in all risk crop insurance rates?

increased same decreased doesn 't use

Has the removal of the wet area reduced any wasted input costs and what was the value
of thesc wasted inputs? (do not include labor and machinery)

no saving _ seed value
fertilizer value herbicide value
other

Has there been any advancement of the seeding tirne after drainage”?

Yes davs

No

Has there been an extension of the harvest secason?

Yes days

No

Have you been able to change species of crops due to a longer growing scason”?

Yes " No

——

Is there any noticeable difference in lJ evenness of the maturation of the crops?

Yes No

Is there any difference in the length of time it takes the field 10 become workable after a
heavy rainfall compared to when it was not drained?

Yes days No

Have ‘you noticed a difference in the amount of grain lost or damaged duc t¢ birds or-
waterfowl? ‘

Yes No
If yes, what is the approximate value of this difference?
Value of crops lost

Value of crops gained
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29. How long did it take you to perform each operation, before and.after drainage and how
many pgrations did you perform or how much time did you save on each field

30.
31.

32.

operatipn?

Operation # of Operations

[ )
Disc

Hours Saved

Cultivate

!

Fertilize

Spraying . _,.

Harrowing

Seeding

Harvesting

Haying K

Other

Labor requirements have decreased since drainage.
Strongly Agree ~ Agree Neutral Disagree
If you agree, approximately how many hours are saved?

*
hours of labor

-

Strongly Disagree

[

For your particular situation, how would you rank the removal of the following

inconveniences as a result of drainage?'(1 = most important)

Machinery not stuck as often
Less wasted inputs
Combine not plugging up

Other benefits —
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SECTION F: INTENSITY OF FARMING

1. What type of equipment did you own the year prior (o drainage? (Plcase specify only the
largest of each).

Tractor value  Model Year HP

Cb‘mb"ne value Model Year Cyl. #n
Ctrhi»)alor value Model Year Width

Sprayer value Model Year Width

2. What equipment do you own today? (Pleasc specify only the largest of cach).

Tractor value Model Year HP
Combiwe value Model Year Cyl. width
Cultivator value Model - Year Width

Sprayer value Model Yecar Width

3. How much livestock did you own before drainage”?

Brood Cows Bulls
Other Cattle Sheep
Swine

4. How much livestock do you own now?

Brood Cows ’ Bulls ®
Other Cattle Sheep
Swine

5. How much land did vou farm prior to drainage”

total acres owned rented '
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.
SECTION G: MANAGEMENT INTENSITY

1. In the last year prior to drainage, what arca of crops were grown (acres) over the whole

farm?
) Winter Wheat Spring Wheat -
Qals Barley
Flax Canola
- Fall Ryc Spring Rye
Mustard Buckwheat )
o Canary Seec - Field Beans
- Summerfallow Tame Hay
Native Hay Pasture
Waételand Other Total Acres

2. What were the yields of these crops, on average for the whole farm over the two years
prior to drainage, in bushels per acre, tons/acre or acres per animal unit month?

Winter Wheat ' Spring Wheat
QOats , Barley

Flax \’Canola

Fall Ryé Spring Rye
Mustard = __ Buckwheat
Canary Seed Field Beans
Summerfaliow Tame Hay
Native Hay ' Pasture

Wasteland Other
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3. This year, what arca of crops are grown (acres) over the whole farm?

\i’inlcr Wheat Spring }thal
’(_).ats Barlcy(i |

Flax Canola

Fall Ryc Spring Rye

Mustard __ Buckwhcat

Canary Seed Field Beans

Summerfallow Tamc Hay

Naltive Hz:y Pasture v’
Wasteland Other Total Acres

4. What are the yields of these crops, based on an average for the whole farm over the past
two years, in bu./ac., tons/ac., or acres per animal unit month.

Winter Wheat Spring Wheat )
QOats ' | BRarley

Flax C#%ola

Fall Rye ’ SgringRye

Mustard Bugkwheat

Canary Seed Field Beans

Summerf. z}llow Tame Hay

Native Hay . Pasture

Wasteland Other

5. What weed problems did you try and control the yvear before drainage?
Quack grass Sow thistle

Canada thistle - Foxtail

& Wild oats Other
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6. What weed problems did you try and control the first crop year after drainage”?

Quack grass Sow thistle
Canada thistle Foxtail
Wild oats Other

7. Which herbicides did you usc in the year before drainage and at what rate per cultivated

acre”?
Recommended
Chemical Acres Rate Other Rate
Wild oats B
Broadleaf et

Special purpose

8.  Which of theherbicides did you use this year and at what rates?

Recommended
Chemical Acres Rate Other Rate
Wild oats > .
Broadleaf

Special purpose .

9.  What fungicide did you use the year before drainage, whal_pmpénion of your seed was

treated, at what rates, and what were the costs per.acre? [ -}
% of Seed R
Chemical Treated \ Far $/Acre
/

10. What fungicide did you use this year, what proportion of your seed was treated, at what
rates, and what were the costs per acre?
* % of Seed

Chemical Treated Rate $/Acre
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11. What prportion (%) of seeded acres was seeded with certified or registered seed or better
seed on the whole farm the year before drainage”

% of acres o

12. Whht proportion (%) of seeded acres was seeded with certified or registered sced or betier
sced on the whole farm this ycar?

% of acres
13. What fertilizer did you use and at what rates Nyou apply it the ycar before dfamagé on

the whole farm on stubble? Specify the pounds per acre of each fertilizer, the
proportionality of each fertilizer in a blend or the actual N, P,0, or K applied.

N/ac. - P,Oy/ac. Other Blends
Barley - _
whear 0000000
Canola
Oats * \

.

14. What fertilizer did you use and at what rates did you apply it the vear after drainage on
the whole farm on stubble? Specify the pounds per acre of each fertilizer, the
proportionality of each fertilizer in a blend or the actual N, P, O, or K applied.

N/ac: ' P,0O,/ac. Other Blends
Barley . | a
Wheat
Canola
Qats

15. Did you make other improvements to the drained field as a direct result of the drainage”?
such as:

Brushcutting
: Fence removal
Field enlargement

. Combinations of the above
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. APPENDIX G: Peripheral Results

Characteristics of Drained Area-History of Drainffige
Primary Reason for Draining
Participants in the survey were asked what the main reason for draining the land
was? Of f ifteen surface drainage respondents fourteen drained 10 remove a wet area or
slanding water and one drained in order to facilitate the removal of spring run-off.
Twelve of f if.lecn subsurface drainers, drained 10 remove a wet area or starding
water, two of fifteen drained 10 remove a wet area or su_mding water that was causing
salinity problems and one of fiftecn drained to remove a wet area or standing water,

facilitate the removal of spring runoff and to control salinity.

Classification of the Wet Area
-+ OF fifteen surface drainers, one drained an area that was wet between 0 and 6
months, seven drained a permanent slough or pothole that was wet all year, one drained a

temporary wetland that was used at times for hay or pasture, six drained a permanent

.wet marsh that was not suitable for pasture and none drained an area wet between 0 and

3 months or bush or treed land.

Of fifteen subsurface drainers, three drained an area that was wet between 0 and
3 months per year. four drained an area that was wet between 0 and 6 months per year,
seven drained a permanent slough or pothom wis wet all year long, one drained a
perma.‘wel marsh not suitabie for pasture and none drained a temporary wet area

occasionally used for hay or pasture or bush or treed land.

Other Problems Associated with the Wet Area
“Landowners were asked if there were any otl{éf ‘wroblcms associated with the wet

area in addition 10 -the obvious excess water problem. Of the surface drainers, fourteen of

fifteen reported no other problems with the wet area ahd one of fifteen reported the

138
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problem of peat(orgamic soil3). T

+

- Of the subsurface drainers, eight of fifteen reporied no other problems. six of

fifteen reported salinity proplcins and one of fifteen reported an alkilim‘lly problem. - '. ,,“1
' ’ . Ty
~ o Y

Perceived Benefits of Drainage %

Y

Participants were asked what they felt, prior to drainage, would be the benefits .

>

achieved by drainage. All fifteen of the surface drainers felt that one of N bengfits
would be increased cropland and returns, eight of fifteen thought a benefit would be the
removal of the nuisance factor caused by the wet area, three of fifteen theught the
Benefit would be the elimination of wasted inputs, control of -weed probms or control of
" wasted :llgpuls(product Ioss). Two'of fifteen felt it would eliminate huhlcr LECSpassers,
none felt field consolidation would be a bewnefit, one of fifteen felt the drainage would
help f acilital? the use of large machin;ry and none¢ considered that the drainage would ‘
contribute to aesthetics(beautify the land). ' 4 |
Of the subsurface drainers, twelve of fifteen felt that one of the bcncfl wouid
be increased cropland and returns, ten of fifteen feit a benefit w?uld be the removal of a
nuisafice factor, seven of fif leén felt they would eliminate input waste, thrcc‘of fifteen
ught drainage would help control weed problems, two of fifteen felt it would help
\Jomrol wasted outputs, none were concerned with hunter trespassers, six of fifteen i
) thought they would be able to consolidate fields, four of fifteen thought it would
facilitate the use of large machinery and flone considered aesthetics to be important.
Does the drainage system work? ’ *
" When asked whether the drainage sysiem worked as well as they expected it to
work, three of fifteen surface drainers strongly agreed that it did, ten of fifteen agreed it
did and t’wo of fifteen disagreed the system worked up to lhcir' expeclations,
One of fifteen subsurface drainers strongly agrwd and nine of fifteen agreed the h
system worked as ‘expected, one of fifteen remained neutral and four of fifteen disagreed

<

that the system worked as expected. -~
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L
System Problems:
When asked what they thought the major problem of the system was, one of

-

{ifteeh\ surface drainers thought it was related to installation and coristruétion and one of
rted problems not related to the system itself and thirteen of fifteen reporledv

fifteen
nohproblem. )
< ;
Of the subsurface drainers two of fifteen thughl there were design problems,
one of fifteen thought tﬁe problems were combinations of design, installation and
‘ consiruclign, one of fifteen reported combinations of design and surveying, one of fifteen
thought it was combinations of design and enginéering and ten of fifteen reported no
problems. |
—
Harvest Frequency ~ Before and Af("er

Prior ld’(drainagc twelve of fifteen surface drainers never harvested from this

drained.and, two of fifieen used the wet area asnative pasture and one of fifteen was

’

able to make use of the land on belween one and four years out of ten. Af ter dramage,

three of fifteen surface drainers used the drained area as native pasture one of f1f teen
was aple to harvest in belween six and nine years out of ten, one of fifteen was able to
‘harvest every year with losses and nine of fifteen were able to harvest gvery year.“ "

Of the subsurface drainers, ten of fifteen were never able to ha[fvest prior to
drainage, one of fifteen was able to harvest in between one and four years out of ten,
one of fifteen was able 10 harvest every second year(i.e., five out of- ten :years) wo of
fif teen were able (b har\tgst every year with losses and one.of f xf teen were able to harvest

every year prior to drainage. After drainag¢-one of fifteen was able to harvesl every

o

second year, one of fifteen was able to harvest every year with difficulty and thirteen of

b:) L am

fifteen were able 10 harvest every year. N

‘4
Drain Land Again? W - ' -
Of the surface drainers, fourteen of fifteen would drain land again and one of

fifteen would not. Of the subsurface drainers thirteen of fifteen would drain land again,

)

5
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one of fifteen would not and one of lifteen was not sure.

Influence of Literature

Landowners were asked whether or not they pereeived that available literature
information on the economics of drainage would have influenced their decision 1o drain.
Of the surface drainers, none strongly agreed that it would have made a difference, cight
of fifteen agreed, four of fifteen were neutral, two of fiftecn disagreed and one of fifteen
strongly disagreed that the information wouldrhave an effect on their decision to drain.

None of the subsurfacc.drainers st{ongl_v agreed, nine of fifteen agreed, four of
fificen were neutral, two of fifteen disagreed and none strongly disagreed that the

literaturee would have made a difference.

Compensation not to drain

Landowners were asked how much someone would have to pay or compensate
them per acre not to drain lax_ld. Of the surface drainers»w}o of fifteen woulﬂéccpl
yearly compensation of between $0 and $50 per acre, six of ﬁﬁe.e'n said between $51 and
$100 per acre, one of fifteen each said between $101 and $200, $201 00 and $1001
'andr$5000 per acre, two of fifteen of the landowners indicated that those wishing to have
the wet areas remain would have to purchase the land(quarter) and relocate them, onc of
fifteen said it depended on ihe situation(i.e., he gave permission to develop wetlands on
anolher area of his farm) and one of [ifteen couldn't place a value on it. Of the eleven
that would accept compensation, the range of this compensation was between a minimum
of $30 per acre and a maximum of $2000 per acre per year with a mecan value of $307;.3O
per acre per year.

Of the subsurface drainers, two of fifteen wanted yearly compensation of

between $0 and $50 per acre, one of fif teen of between $51 and $100 f)er acre; two of
fifteen each between $1Q1 and $200 and $201 and $500 per acn: four of fifteen?between
$501 and $1000 per acre and $1001 and SSlﬁO per acre. Noné® would demand pur 4nd

relocauon one of fifteen said it would depend on tnq snuauonfnd wwo of fifteen could
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’

not place a va‘lw on not being able to drair::);j;n that would accept compenéation,

the range of this compensation was between_a mifimum aof $50 per acre and a maximum

of $5000 per acre with a mean value of $785.00 per acrc per year.

Drainage System Specifics
Size of the drained area

J

" Surface drainers reported total gains in land area of between 15 and 450 acres,

. : [
with a mean gain of 94.0 acres. This total acreage gained included the acreage gained

(57 .
directly from the drainage system, which varied between 15 and 300 acres, with a mean of

79.7 acres plus the acreage gained indirectly(the subsequent improvement of the arca N

surrounding the area that was specifically drained), which varied between 0 and 150 acres

with a mean of 14.3 acres. ‘

“*Subsurf acé drainers reported total gains in land area o}’ between 10 and SQf |
with a mean of 28.0 acres. Directly gained acreage ranged from 0 to 50 acrougs
of Zi .0 acres. lnggectly' gained acreage varied between 0 and 50 acres with a
acres.

& ) P

Costs associated with drainage )

| Four categories of drainage costs were identified(Chapter 11, Investment). The
first set of costs i&emif ied were costs of the drainage system itself. These system costs
include costs for surveying and design, installation and construction, costs of special
equipment and other costs applicable to the system. _System costs for surf ace drainage
ranged beﬁtwcen $9.78 and $485.66 per acre with a mean cost of $162.27 per_total acre
gained. System costs for subsurface drainage varied between $121.15 and $1373.20 per
acre, with the mean cost of $525.77 pc\r total acre gained. Y

| The second ty;)e“bf cost associated with the drained land were rehabilitation
costs(costs a@aled with brushing, breaking, rock picking, extra weed control and extra

seed bed preparation). Rehabilitation costs for surface drainage systems ranged between

¢

-
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$0 and $225.29 per acre with a mean cost per total acre gained of $58.11. Subsurface
drainage rehabilitation costs varied between SO and $289.33 per acre with a mean cost per
total acre gained‘of $76.30.

. The third type of cost associated with drainage, operating costs, were not
encountered by any surface or subsurface drainers and are thus $0 per 1otal acre gained
for both.

The final costs considered werc maintenance costs. which in7volvc any repairs ol
general upkeep necessary to keep the system functional. Surface drainers reporied
maintenance costs ranging from $0 1o $9.88 per acre with a mecan mainlcnancc cost of
$1 49Aper total acre gained. Subsurface drainers reporlcd maintenance ¢osls ranging
bcm;n $0 and $8.32 per acre with a mean maintenace cost of $1.00 per acre.

"
Costs per total acre gained and improved ”A*

The costs of draining land by surface drainége methods, based only on system
" costs ranged between $9.78 and $485.66 per acre with a mean cost of $162.27 per acre.
When all costs are considered(the summation of system costs, rchabilitation costs,
operating casts and maintenance costs) the costs per total acre gained varied between
$18.88 and $631.62 with a mean cost of $221.87 per acre. *

The costs of subsutface drainage, when only system costs were considered, ranged
between $121.15 and $1373.20 per acre, with a mean of $525.77 per total acre gained.
When all costs were considered the costs per acre ranged between $121.15 and $1373.20

;;er acre with a mean cost per lotal acre gained of $603.06.

Costs per acre gained only
If on‘e considers only the acres gained from drainage, costs per. acre arc higher.
Based on system costs only, surface drainers costs per acre gained, ranged between $9.78
and $485.66 with a mean cost of $179.35. When all project costs were considered, costs
per acre gained ranged between $22.72 and $631.62 per acre with a meaf,y cost per-acre

gained of $249.03.
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of fifieen landownwers reported gained acreage and almongst these landowners, the mear
acres gained were 28.6 with a range between 10 and S0 acres. The system costs per acre

gained ranged from $157.95 to $1087.00 per acre with a mean system cost per acre gaine
of $544.38. When all project costs are consideréd, the costs per acre gained ranged from

$298.00 1o $1245.70, with a mean total cost per acre gained of $663.06.

Costs j;er acre improved only

There are no landowners using su;[ ace drainage means that reported only
improved acreagc‘. Of the fifteen Iar;downers usi;mg subsurface drainage four reported on
improved acgage and the mean size of this improved acreage was 22.5 acres, ranging
between 10 and 50 acres. The system costs of these improved acres ranged between
$121.15 and $1373.20 with mean system cost per improved acre of $676.18. When all
costs are considered, the costs per improved acreage ranged between $121.15 and $1373.2

' with a mean total cost per improved acre of $677.91.

Thg. mean total costs per acre only gained or only improved were similar($663.0¢
Vs, $677.915§‘:Jbu1 a difference exists \Qen only the system costs are considered. The mea
system costs per acre gained are less than the mean system costs per acre
improved($544.38 vs. $676.18). There is a substantiation that other costs(i.e.,

rehabilitation, maintenance and operating costs) are higher for the gained acreage versus

the improved acreage(i.e., a mean of $118.68 per acre vs. $1.73 per acre).

Project age and maintenace costs

The assumed project life was taken as fifteen years. It may be reasonable t.o
expect that maintenance costs may be encountered as the project increases in age.
Leitch'** stated that according to the U.S. SCS, 1978, maintenance costs ranged from

about 3% of the initial project cost per year to about one-third of the original cost every

1**Leitch, Jay A. Economics of Prairie Wetland Drainage. 1982 Winter Meeting.
American Society of Agricultural Engineers
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seven years. The surface projects in this study had a mean age of 5.3 years(range one to
thirteen years) and the subsurface projécts had a mean age of 3.7 ycars(range two 1o
seven years). X

The effects of a 3% maintenance cost per year are discussed in the measurements

of project viability section.

~

-

C. Benefits Associated with Drainage

There are three basic benefits associated with drainage. The first are cash benefits

from the increased production on the gained land. The second benefits arc non-cash
benefits for which values can easily be imputed(i.e.. estimates of machinery time and
labor time savings, input savings(i.c., the non waste of fertilizers, ctc. because of cither
overlapping or loss that occurs after an arca has been fertilized and is later under water)
and the savings because of the elimination of waterfowl damage. The third type of
benefits are non-cash benefits for which it would be difficult to assign a valuc. These
include improvements that may be provided because of the drainage, such as

1mprovemems to grain grade(reduced dockage) hlgher germination rates, controlled or

reduced sahmt) problems, reduced parasnes 1mproved soil structure, improved plant
drought resistance, changes in crop insurance rates, advancements in seeding time,
extension of the harvest season, abil'ity to work the land sooner after a heavy rain and the

ability to change crop species.

Cash Benefits

The calculation of value of cash benefits associated with drainage are outlined in
Chapter IlI, Farm Production and Vmuon. The landowners, during the .imcrviews
provided information on the particular crop they grew on the drained land each year since
the land was drained and the yields of these crops. These qualities were multiplied by

their value per bushel etc. for the particular year, in 1985 dollars, to estimate the total
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i
cash benefit attributable ® the drained land. The cash values were then entered in the

cash lNows as cash benefits.

Non-cash Benefits ~ Value Imputed

Non-cash benefits foMllyhich values could be imputed, included the value of
maéhinery time savings, the value of labor time savings, the estimate of input savings and
the value of grain lost or damagéd by waterfowl. !

Regarding the machinery time savings‘ surface drainers reported a mean time
savings of 10.4 hours per year(range 0 to 50 h:)urs) for an estimated mean dollar value of
$157..20(range‘$0 to $972) per year. Subsurfaee drainers reported a mean machinery time
sévings of 15.7(range 0 ‘76) hours per y’cﬁrvfor a mean estimated dollar value of
$276.80(range $0 to0 $1»408) per year.

Yearly labor time savings reported by the surface drainers were a mean of .
9.2(range O to 60) hours per year for an estimated mean dollar value of $113.07(range $0
1o $450) per year. Individuals draining by subsurface means reported a mean labor time
savings of 19.1(range O to 84) hours for a mean estimated dollar value of $143.53(range
$0 10 $630) per year.

Estimated input savings réported by those draining by surface drainage systems
ranged between $0 and $865 per year with a mean value of $130.00 per year. Subsdiface

drainers reported input savings of between $0 and $1650 per year with a mean yearly

® value of $346.70 per year.

Of\ the surface drainers, ten of fifteen reported no difference in the grain lost or
damaged by waterf c;wl. Of the five that reported differences, the mean difference was
$127.02 per year(over the life of the project). Of the subsurface drainers, thirieen of
fifieen reported no difference, one of fifteen reported a difference but couldn 't value it

@ one of fifteen reported a mean difference of $265.49 per year.
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Non-cash Benefits - No imputed value

Participants in the survey werc asked whether or not they noticed or eapericnced
other non-cash benefits associated with the drainage project. No attempt was made 1o
estimate a dollar value for these non-cash bencfits.

Regarding a noticeable difference in grain grade and dockage. only c;r.mc surface
drainage landowner noticed a dilference, nine of fifteen did not noticc a difference, two
of fifteen did not sell their grain and ghrce c;f fifteen did not know. Of the subsurface
landownersq One of fifieen noticed a difference, nine of fifteen did not notice a
difference, one of fifteen did not sell his grain and four of fifteen did not know .

Regarding an improved germination rate, two of the fil"ecn participants using
surface drainage methods gave no response, four ageed 4hat the germination rate had
improved and nine noticed no change. Six of fifteen subsurface drainers greed there was
an improvement in germination rate, four thought it was the same, four disagreed there
was a difference and one didn't know.

A ' Regarding salinity problems, five of fifteen landowners draining by surface mcans
Lo did not respond, nine of fifteen thought there was no change and one of fifteen didn't
know‘. Five of fifteen subsurface drainers did not respond, five of fifieen agreed that the
salinity problem was controlled or reversed, one of fifteen thought there was no Ehangc
and four of fifteen didn't know.

Regarding the theory that improved drainage increases the drought resistance of
plants, one of fifteen surface drainers did not respond. three of fifteen agreed that
drought resistance was jmproved, ten of fifteen thought it was the same and one of
fifteen disagreed. Fivelwf fifteen subsurface drainers agreed it was improved. four of
fifieen thought it was the same, two of fifieen disagreed and four of fifteen did not
know. Qc

Twelve of fifteen landowners using surface drainage methods agreed there was
improvements in the soil structure and the remaining three of fifteen thought it was the

same. Of the landowners using subsurface drainage methods, thirteen of fifteen noticed

an improvement in soil structure, one of fifteen disagreed and one of fifteen didn't
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know. i
) . . L : 2
Five of fifteen surface drainers reported no change in crop insurance rates, one of
fifteen did not respond and ninc of fifteen do not use crop insurance. Ten of fifteen
subsurface drainers noticed no change and five of fifteen did not use crop insurance.
Ten of fifteen surface drainers reported an advancement in seeding time and five

of fifteen did not. Among those that did report an advapncement in seeding time, the

- ﬁean number of days was 5.2(range 0 to 15 days). Eleven of fifteen subsurface drainers

noted an advancement in sceding time with a mean of 5.9days(range 0 to 21 days). Four
of fifteen reported no change.

An extension of the harvesting season was reported by seven of fifteén of the
surface drainers with a mean extension of 2.1 days(range 0 10 12 days). seven of fifleen
reported no change and one of fifteen did not respond. Eight of fifteen subsurface
drainers reported an extension of thewh;‘irvest season, with a mean extension of 5.0
days(range 0 1o 21 days) and seven of [ifteen noticéd no change.

An earlier seeding date and extended harvest date, lengthen the growing season
and the flexibility in the choice of crop species. Landowners were asked .if they were able
to change crop species because of the drainage. Only two of fifteen surface drainers said
they were and thirteen of fifteen said they were not or did not. Of the subsurface
drainers, three of fifteen answered yes to the question and twelve of fifteen answered no.

Good drainage has the ability to aliow the landowner to work a field sooner after
a heavy rain. One of fifteen surface drainers did not respond, three of fifteen noticed no

change and eleven of fifteen said there was a difference and this difference amounted to a

mean of 3.7 days(range-6 to 10 days). Two of fifteen subsurface drainers responded no

1o the question, thirteen of fifteen said there was a difference and the mean difference

was 9.3 days(range 0 to 30 days).
Regarding the evenness in crop maturity, both the surface and subsurface drainers
did not respond one of fifteen times, said there was a difference nine of fifteen times and

noticed no difference five of fifteen times.
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Removal of Inconveniences ’

Landowners were asked to rate the four most important inconvenience removals
that occurred because of the drainage. Of the inconveniences rcporlcd first imporiant,
two of fifteen surface drainers reported none, nine of fiftecn reported that machinery
was not stuck as often, three of fifteen stated less inputs were wasted and onc of fifteen
said it was thal cows were not getting stuck as often. Of the second most impostant
inconveniences removed eighl of fifteen reported nonc, three of fifteen said 1t was that
machinery was not stuck as often, two of fifteen reported it was less wasted inputs. on.
of fiftecn reported production on unusable land and one of fifteen reported improved
weed control. For the third most important inconvenience removed, cleven of fifteen
reported none, three of fifteen said it was the elimination of the combine plugging up and
one of fifteen said it was the climination of cxtra operations and time because of
overlapping. No one reported a removal of a fourth inconvenicnce.

One of fifteen subsurface draincrg)reported no first important inconvenicnce
removed, six of fifteen said it was the elimination of the machinery beipg stuck as often.,
five of fifteen said it was the elimination of wasted inputs, one of fifteen said it was the

‘ .
consolidation of fields and the enjoyment of a larger field, one of fifteen said it was the
elimination of extra operations and time because of overlapping and one of fificen said it
was not having to go around a wet area. One of fifteen reported no second most
important inconvenience removed, six of fifteen thought it was machinery not being stuck
as often, three of fifteen said it was the removal of wasted inputs and onc of fifteen said
it was the removal of production loss because of tramping swaths(i.e., with a combine).
Nine of fifieen reported n;J third most important inconvenience removed. two of fiftcen
said it was the removal of wasted inputs, two of fifteen said it was the combine not
plugging up as often, one of fifteen said it was field consolidation and the enjoyment of
a larger field and one of fifteen said it was the improved weed control. For the fourth
most important inconvenience, thirteen of fifieen reported none and two of fifteen said it

was the combine not plugging up as often.
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Impression of Drainage Benefits Before and After

Landowners were asked whal they thought the major benefits from drainage
would be before they installed the drainage'and now that the drainage was installed, what
they felt the major benefits were. There was an allowance for up to four benefits for
each situation, before and after.

Of the landowners using surface drainage means, nine of "f iftecn said the first
perceived nfajor benefit would be increased cropland 1nd returns, four of fifteen thought
it would be increased pasture, one of fifteen thought it would be expanded Cullivgled
acres al a minimum cost and one of fifteen thought it would be increased pasture and hay
.lan‘d'. Eight of fifteen did not state a second major perceived bencfit, five of fifteen
slated they thought it would be the removal of a nuisance, one of fifteen thought it
would be the elimination ol wasted inputs and one of fifteen thought it would help
control wasted output. Eleven of fifteen did not mention a third major perceived benefit,
one of fifteen thought it would be the elimination of wasted inputs, one of fifteen

thought it would help control weed problems, one of fifteen thought it would help control

" wasted output and one of fifteen thought it would help eliminate hunter trespassers. No

respondents mentioned a fourth major perceived benefit before drainage.

After the drainage had been installed eight of fifteen surface drainers said the frst
major benefit was increased cropland and returns, three of fifteen stated it was increased
pasture, one of fifteen received what they expected, one of fifteen thought he upgraded
the value of his farm, one of fifteen thought it worked better than expected and planned
to crop the drained area and one of fifteen thought it worked better than expected. Eight
of fifteen did not state a second perceived major after.drainage benefit, five of fiftcen_
stated it was the removal of the nuisance factor, one of fifteen said it was the elimination
of input waste and one of fifteen said it was the control of wasted output. For the third
major benefit after drainage, eleven of fifteen did not give one, one of fifteen stated it .
was the elimination of input waste, one of fifteen said it was the control of weed
problems, one of fifteen stated it was the control of wasjed output and one of fifteen

stated it was the elimination of hunter trespassing. Fourteen of fifteen did not report a

-6
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fourth major benefit :'md one of f fféen slatcd he had less *f\u now.

Of the landowners using subsurface 'dréinagc methods, one of fifteen reporied no
first perceived major benefit, ten of fif (eeq.?gxeq thmhl it would be increased
cropland and returns, one of fifteen thoughll‘ﬁ wou&” ﬁc full removal of a nuisance
factor, one of fifteen thought there would be incteascd ‘éonvcniencc. onc ol fifteen
thought there would be easier access 10 the land and onc of fif teen thought 1t would
remove the water. Six of fifteen did not give a second major peccived beﬁcfil, five of
fifteen thought it would be the removal of a nuisance factor, one of fiftcen thought 1
wouid eliminate wasted inputs, one of fifteen thought it would help control the weed
problems and two oi("/ fifteen thought they would consolidated their fields. Nine of fiftcen

did not report a third puice:ved major benefit, five of fifteen thought they would

eliminate input waste 4n® one of fifteen thought he would climinatc hunter trespassing.

~

Twelve of fifteen of the landowners gave no fourth nefit before drainage. two of

fifteen thought it would help control weeds and one § teen thought it would help
facili'lale larger machinery.
Afier ;he drainage had been installed, one of fifteen reported no first major
benefit from drainage, eight of fifteen reported increased croplands and returns, one of
fifteen reported a consolidation of fields, one of fifieen reported oniy a partial remova!
of a nuisance factor, one of fifteen reported the removal of the water, one of fifteen
stated that he would have received what he expected before drainage if the system worked
properly and two of fifteen stated they received what they expected. chén of fifteen did
not report a second major benefit after drainage, five of fifteen reperted a removal of a
nuisance factor, one of fifteen reported an elimination of input waste, one of fifteen
reported controlled weed problems and one of fifteen reported a consolidation of lields.
For a third major benefit after drainage. nine of fifteen reporl:d none, five of fifteen
" reported the elimination of wasted inputs and one of fifteen reported the elimination of
hunter trespassing. For the fourth major benefii, twelve of fifteen reported none, two of
fiftecn reported the control of weed problems and orie of fifteen reported the ability to

facilitate large machinery.

.
. e -
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_Other improvements t. , s.
" Landowners were asked if they made any other improvements to the drained field

after the drainage was completed. Two of ; ifteen landowners draining by surface means
did somc brs;sh cutting, eight of fifteen did a combination of brushcutting, fence removal
‘vand Tield enlargement, three of fifteen did nothing extra, one of fifteen fenced and seeded
the area and one of fif tesn brushed. fenced and seeded the area. one of fifteen of the
landownwers using subsurface drainage did some brushcutting, three of fifteen enlarged
the field, seven of f ifteen didv a combination of brushcutting, fence removal and field
enlargement and four of fifteen made no extra improvements.

Comparisons of ,Farms Before and After Drainage and the Basis for Management

Intensity
As a basis for management intensities and the hypothesis that the landowners that

manage more intensely are more likely to have a positive net present value or an internal
rate of return grea:t'er than zéro thc landov:ners were asked questions regarding land and

input use before and after Lhc mge pro)ccl These values‘tre!‘u"d later in various

combinations in the behavnoral adysls Hﬁt qelalcd lhﬁk ,lo,tmanﬁg&em mu‘:ssuay
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Farm Size, BefoFe @ mer Lo

Landowners jere sked aboul the size of lhe f arm beﬂﬁ‘e ﬁﬁd af ter the drainage

system was installed #Fa

Y
acres with a mean sv.e
i

thrk surfacc glxamagc systems vaned in size from 323 to 1600

i 0 X acrcs before dralmge was installed and vaned in size from
»
316 1o 1600 acres wn)h.,a}?o&n of 828 3-acres after dramage The subsurface drainage

farms ranged in sia f {?n 100 to 1760 acre§ with a mean size of 744.3 acres before
x i i !

drainage and rang ' qut"rom 270 to 192Q acres with a mean size of 847.3 acres after.
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" Acres Improved ‘ . R

Surface draingd farms had an improved acreagc(culli_vned land including
summerfaliow) ranging from 100 to 1400 acres with a mean of 487.4 acres beforc
drainage and a range of 120 to 1450 acres with a mean of 558.0 acres after drainage.
Subsurface drained farms had improved acreage ranging from 170 10 1600-acres with a
mean of 576.8 acres before drainage and ranged from 205 to 1750 acres with a mean of

667.2 acres after drainage.

Acres Fallow
Surface drained farms had a mcan of 55.3 acres of fallow quangc ol 010
240 acres before drainage and a mecan of 47.7 acres with a range of 0 b@auu alter

.
with a range of 0

drainage. Subsurface dramcd‘arms had a mean of 43.0 acres d*ﬂo?c drainage

with a range of 0 1o 500 acres and a mean of 29.0 acres after dr

to 400 acres. - ‘
”
A y
Capital Investment :

» La;r,ldowners were questioned about four major pieces of equipment: the year,
model and horse power of their largest tractor, the year, model and cylinder width of
their combine, the model, year and width of their cultivator and model, year and width
of their sprayer. Values were obtained for the tractor and combine using Official Guide:
T‘;aclors and Farm Equipmem”". converted 1o 1985 Canadian dollars and assumed Yo be
’ L}
L
The surface drained farms had a capital investment ranging from $0 to $114,551

representative of the capital investment on the farm.

! .
with a mean of $39,253 the year before drainage and a range of $8.685 to $132,271 with a

mean of $54,961 in 1985. The subsurface drained farms had a capital investment ranging

v '**National Farm and Power Equipment Dealers Association. Official Guide: Tractors

¥ and Farm Equipment. St. Louis. National Farm and Power Equipment Dealers
Association. ISSN 0162-6809. 1972-1985.
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from $6,300 to $219.137 with a mean of $67,670 the year before drainage and a range of
‘@ 4, 685 t 3160 616 'with a mean of $68,658 in 1985.

-

- L

L. Machinery Complegent
L] « The largest tractor hogge power was assurhed to be rcpreseﬁtative of the rest of
o . the farm machinery complememt. The surface _drainers.had a mean tractor horsepower of
| 120.1(ranging from 60 to 150 H,P.) the year before drainage and a mean tractor
horsepower of 143, 9 (ra‘ﬁémg f r;ml75 to 250 H.P.) in 1985. The\ybsurf ace drainers had
; » _ a mean tractor horsepowcy of l40.3(rangmg from 82 to 230 H.P.) before drainage and a
. mean tractor hd;sepower of 168.9(ranging 9o 300 H.P.) in 1985..The tractor
hqgsepower value was instrumental ih establishing the appropriate machinery complement
and capacities and the machinery césls used in the calculation of the values of the

- . . . . . . -\
monetary savings(because of the reduction in the time required for a field operation after

A
the wet area had been removedl associated with the drained land.

M. Livestock -
a
Landowners were asked about the numbers of livestock on their farm the year
v before drainage and in 19'8§.' Surface drainers reported a rﬁean of 32.1 brood cows, 1.1
bulls, 32.5 other cattie(i.c., replacerﬂems), 0 sheep, 9.6 dairy cows and 3.5 swine before
j . | drainage and 39.4 brood cows, 1.3 bulls, 46.4 other cattle, 0 sheep, 9.4 dairy cows aﬁd 39
swine in 1985. Subsurface drainers reported a mean of 16.9 bfl'ood cows, 0.7 bulls, 41.2
,:-w'— © 7 other cattle, 7.1 sheep, 3.0 dairy cowf and 235.4 swine before drainage and 19.1 brood
cows, 0.7 bulls, 55.1 other cattle, 7.1 sheep, 3.0 dairy cows ahd 100 swine in 1985.
‘ ' -o{or comparison purposes all animals except swine were converted to animal units.
Surface d;ainer§ had a mean animal unit equi\.'alenl of"75.9(range 0 to 181) before
Nt \"d;ainage and 973;(range 0 to 307.5) animal units in 1985. Subsurface drainers had a mean

- 2

animal unit equivalent of 63.6(range 0 to 316.5) before drainage and 79.7(range 0 to

L4
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454.0) animal units in 198§.
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Herbicide Use

Surt: ace drainers appl;ed Hérbicides on a mean of 329.0(ranging from 0 to 1400) .
acres and at a m’ean cost of $12.00(ranging from $0 to $58.75) per acre the vear before |
drainage and on a mean of 360.0(ranging from O to 1100) acres at a mcan cosl of
$13.69(ranging from $0 to $58.75) per acre in 1985. Subsurface dfainers applied
herbicides on a mean of 471.5(ranging from 50 to 1155)acres at a mean cost of ’
$17.28(ranging from $1.72 1o $49.88) per acre the vear before drainage and on a mean of
547 9(ranging from 0 10 1350) acres at a mcan cost of $20.24(ranging from $0 to $80.53)

per acre in 1985.

Fungicide Use
Surface drainers used fungicides on 6.7% of their seed al a mean cost of $0.19 per

acre before drainage and on a mean of 16.2% of their seed at a mean cost of $0.54 -per

. acre in 1985. Subsurface drainers used fungicides on a mean of 48.5% of their seed at a

cost of $1.43 per acre the year before drainage and on a mean of 48.5% at a meam cost

¥
of $1.63 per acre in 1985.

Proportion of Better, Certified or Registered Seed
Surface drainers used a mean of 37.9% better seed the year before drainage and a
mean of 60.3% in 198S. Subsurface draine{s used better seed a mean of 6§.3% of the time

before drainage gnd a mean of 65.7% of the time in 1985.

N A
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Q. Fertilizh Use
Sﬁrface drainers fertilized a mean of 343.3 acres the vear before drainage and
applied a mean of 10,352 Ibs(30.15 lbs/ac) of actual nitrogen, 7,972 lbs(23.22 lbs/ac) of

actug! p{mosphorous, 335 1bs(1.56 lbs/ac) of actual potassium and no sulfur. In 1985 they

/‘ B
fcrlil?ied)a mean of 382.7 acres and applied a mean of 17,952 lbs(46.91 lbs/ac) of actual -

nitrogen, 8,902 1bs(23.26 Ibs/ac) of actual phosphorous, 1,127 1bs(2.94 Ibs/ac) of actual
potassium and l.‘l’76 lbs(3.07 lbs/ac) of actual sulfur. v

Subsurface draincrs fertilized a mean of f194.8 acres the year before drainage and
applied a mean of 31,047 Ibs(62.75 lbs/ac) of actual nitrogen, 13,157 1bs(26.59 .lbs/ac) of
actual phosphosous, 1,277 Ibs(2.58 Ibs/ac) of actual potassium and no actual sulfur. lﬁ‘ ?
1985 they fertilized a mcan of 588.2 acres and applied a mean of 37,624 1bs(63.96 lbs/ac)
of actual nitrogen, 15,902 1bs(27.04 Ibs/ac) of actual phosphorous, 3,642 Ibs(6.19 ibs/ac)

ety |

of actual potassium and 967 Ibs{1.64 Ibs/ac) of actual sulfur.

f -



APPENDIX H: List of Variables Considered in Model 1

The following vanablcs were used as a proxy for management intensity when rclalmg Q
the internal Tate of return to the bcf ore drainage characteristics in Assumption I, Model 1. ”
CRINB - the cropping intensity on the farm the year before drainage i.c.. the ratio of all
cultivated land, including that sown 1o tame hay, minus the summerfallow area (o the
total amount of cultivated land.

AUB - the number of animal units on the farm the year before drainage.

EQINVB - the 1985 equivalent value of the largest tractor and combine used asa proxy for,
lhg' capital expenditure in equipmem‘in the year before drainage.

INPEXB - the capital expenditure on herbicides, fungicides and fcrtilizers the year before
drainqge. ‘

PRLDB - the price of land in the area the ycar before drainage.

The following vana«bles were used as a proxy for management intensity when relating
the internal rate of return to the after drainage(1985) characteristics in Assumption U, Model
. ; ,

CRINA - cropping intensity in 1985, same forrhula as described above.

AUA - the number of animal units on the farm in 1985.

DUM] - the land use factor, equal to one if the land wa‘s never used before, zero othcrwiisc.
V170 - the sizg of the drainage project which incluqcs all acres gained and improved.

The following variables were used as a; proxy for management intensity when relating
the internal rate of return to the absolute cahangc characteristics in Assumption 111, Mode! |.
AAUCH - the absdlute change in animal units on the farm(the difference between the animal

umwonﬂ&m farm in the year before drainage and the animal units on the farm in 1985).
PRA# the age of the project in years.
DUMl - the land use factor, defined above.
AEICH - the absolute cha.mge in value of equipm‘emj between 1985 and the year before

drainage. . @ . .
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The following variables were used as a proxy for management intensity when relating
the internal rate of return to the annual change characteristics in Assumption IV, Model 1.
Z16 - the annual change in capital expenditure on equipment over the life of the project.
DUM]I - the land use factor, defined previously.
Vl7b - the size of the drainage project, defined earlier.

.o AUCHYR - the annual change in animal units over the life of the project.
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The following variables were used as a proxy for management intensity &Q tfaing

the internal rate 9r return to the before drainage characteristics in Assumption i':'ﬁodgl il. ' ~)

CRINB - the cropping intensity on the farm the year before drainage i.¢., the .réiia“'o'f'a1l
cultivated land, including that sown 10 lahe hay, minus the summerfallow area to the
total amount of cultivated land.

AUB - the number of animal units on the farm the year before drainage.

EQINVB - the 1985 equivalent value of the largest tractor and combine used as a\proxy for
the capital expenditure in equipment in the year before drainage. *

INPEXB - the capital expenditure on herbicides, fungicides and fertilizers the year before -+
drainage.

PRLDB - the price of land in the area the year before drainage. )

YRSFMB - the number of years farming the property when the drainage was installed-?

TOTACB - total acreage of the farm the year before drainage.

FERTB - fertilizer use per acre the year before drainage. |

HERBB - herbicide expenditure in $/acre the year before drainaécJ

FUNGB - fungicide expenditure in $/acre the year. before drainage.

BETSDB - the percentage of seeded acres seeded with certified, registered or better seed the
year before drainage. u

SEEDACB - all acres éullivéled minus the summerfallow acreage the yedr before drainage.

TRHPB - the horsepower of the largest tractor the year before drainage.

Z1 - the ratio of the owned to total acres before.

Z5 - the ratio of the improved acres to the total acres before.

Z10 - the ratio of the labor to improved acres b, ‘

« Z12 - the ratio of the-eapital to labor use before.

L8

Z14 - the ratio of the capital to total land before.

Z17 e tatig of t MRiL§ Lo improved acres before.
e Py
“ .Téfr’}
-l :
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The f olloWing variables were used as a proxy for management intensity when telating
the internal rate of return to the after drainage(1985) characteristics in Assumption II, Model
. |
CRINA - cropping intensity in 1985, same formula as described above.

AUA - the number of animal units on the farm in 1985.

DUMI] - the land use factor, equal to one if the land was never used befp{e. zero otherwise.

Z7 - lhc number of person days labor used on the farm in 1985. ¢ |

V170 - the size of the dramage project which includes all acres gained and improved.

INPEXA - the expenditure per acre on fungicides, herbicides and fertilizer in 1985.

EQINVA - capital value of the largest tractog and the combine in 1985.

PRAGE - the age of the drainage project in 1985.

PRLDA - the price of land in the area in 1985.‘

YRSFMA - the number of years farming the property in 1985.

TOTACA - the total acres of the farm in 1985.

FERTA - fertilizer use per acre in 1985.

HERBA - herbicide expenditure in $/acre in 1985.

FUNGA - fungicide expenditure in $/acre in 1985.

BETSDA - the percentage of seeded acres seeded with certified, riegistered' or better seed in
1985.

]

RHABTM - the number of years of rehabilitation time.

Z16 - the annual change in capital expenditure on equipmcat.

Z19 - ratio of years since draining to the total years farming the property.
V168 - acres gained from drainage.
V169 - acrés improved by drainage.

Z2 - the rayo of the owned to total acres after.

Z6 - the ratio of the improved acres to the totald R
le - lhe -fatio of the labor to 1mproved acres

Z13 *ﬂu ratio of thepapnal to labor use ‘af
Sy 1o NeE s
Z15 - the faticof the capital t0 total land aftcWeg

?

M ] , : o
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Z18 -the ratio of the animal units to improved acres after.
V170 - 10tal increase in acres because of drainage(the summation of the acres gained and the

acr'cs improved). |

The following variables were used as a proxy for managcmcm intensity when relating

the internal rate of return to the absolute change characteristics in Assumption IlI, Model I1.
The absolute .change relates to the difference between 1985 and the year before drainagc.
AAUCH - the atsolute change in animal units on the farm.
PRAGE - the age of the project in years.
DUMI - the land use factor, defined above.
AEICH - the absolute change in value of equipment.
ACIBCH - the absolute change in the cropping intensity.
AFERCH‘ - the absolute change in the fertilizer use per acre.
AHERCH - the ab‘solule change in herbicide expenditure per acre. .
AFUNCH - the absalute change in fungicide expenditure per acre.
ABSDCH - the absol}ne change in the percentage of better seed u?c. ‘ .

The followjng variables were used as a proxy for management intensity when relating

»
ATACCH - the absolute change in the total acres farmed.

the internal rate of return to the annual change characteristics in Assumption IV, Model 1.
These variables represent the average yearly changes that occurred over the age of the project.
Z16 - the annual change in capital expenditure on equipment.

DUMI - the land -use factbr. defined previously.

V170 - l‘he size of the drainage project, defined earlier.

B5AA - the annual change in animal units.

Bl - the annual cha;nge in toia;l acres.

B2 - the annual change in owt@d acres.

B3 - the annual change in reni::res.
B4 - the annual change in tractorJorsepower. '

- B6 - ‘the annual change in cultivated acres including summerfallow.

B7 - the annual change in cultiQaled acres excluding summerfallow.

.



B8 - the anhuavl change in herbicide expenditure per acre.

B9 - the annual change in fungicide expenditure per acre.

BIO -

B13
Bl4

BI1S -
BI16 -
B17 -
B1§ -
B19 -
B20 -

the annual change in the percentage of acres seeded to betier seed.
- the annual change in the owned to tqtal acreage ratio.

- the annual change in the seeded to total acreage ratio.

the annual change in the improved to total acreage ratio.

the annual change in the ca‘gilal to person days labor Tstio.
the annual change in the capital to total land ratio.

the annual chinge in the animal units to improved acres ratio.
the annual change in the horsepower to inproved acres ratio.

the annual change in the cropping intensity ratio .-

FCHYR - the annual change in fertilizer use per acre.

AINPCH - the annual change in expenditures on herbicides, fungicides and fertilizer.

AUCHYR'- the annual change in animal units.

The following variables were used in Assumption V and IV in Model II. was:

V763 - the CLI land classification rating.

V170 - size of the drainage system, acres gained plus improved.

DUMI - land use factor.
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APPENDIX J: Comments Made by Landowners Regarding Drainage

The following comments were made voluntarily by landowners either during the
preliminary telephone contact or during the in-person interviews. The comments are in no
-

pafticular order and no reference is made to the type of drainage system although in some

caSés the type of system referred to is obvious.

-drained land for convenience

-grows greenfeed - barley and oats won't ripen - cattle won't eat native stufl

-m'uskeg was in production at one time - flooded during the 70's - 1985 will be a test vear

-this land was totally covered in water - up to 3 feet at some times - since drainage it has
been used as pasture and this year plans to cut hay - grass is higher than animals in some
plaFes - foresees crop production in future - in 1966 owner grew rape - became wet
during wet years - definitely worthwhile

-broke some during a dry year wﬁ;; it became wet couldn't do anything with it

-doesn’t pay - that is Canada doesn't pay - Europe does

-teally helped - controls flooded area

-couldn’t walk across - now can drive a vehicle on - very helpful

-affected quite a bit of his pasture - some years would ‘work and seed and fertilize, then have
a wet summer and not get a kerne! off - cattle in pasture always crossing wet area and
having dirty udders - feels when hay was high it was worthwhile - area affected ranged
from O to 50 acres

-very happy to have drained - land useless before

-vhad a 40 acre field and a 90 acre field - now has one good field about 180 acres

-before- cattle couldn't get on - now using,it for grazing - but feels he could grow a hay crop

-potholes and sloughs would seep from one low spot 10 another - cows had chapped udders -
oats would grow, barley wouldnv'l - weed problem - quack grass dragged all over - now
work entire field at the same time instead of going around it

-the benefit is not having to go around

-didn’t do it right - need to remove the water more quickly - system capacity too small

163
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-cost lots of money - won't get money back but convenience - last 2-3 years can't even tell if
the system is working ¢

-worthwhile at the time becausc the price of land was high - but he'd still do it again - better
than buying high priced land

-makes a difference depending on year - for getting stuck

-system wasn't installed properly initially but after corrections it works OK -'fecis‘ contractor
madc some mistakes

-had been using the land - seeded later but guring a wet year crops would get drowned out -
did help *

-benefit not having to go around - soil probably no. 3 but guesses the wet area is probably
no. |

-gained ability to farm land sooner - on way earlier - always secded but now sooner -
relatively happy - not happy with outlets

-always seeded the area but usually later - now earlier in the spring‘- in wet year didn't do
any good - last 2 years OK but feels because of dry years

-some wet areas in everyone of all 10 quarters - land was low and mudd); before

-on land sooner

-convenience more important - don't have to go around

-water ran onto land and no place to go - 60 acres covered with water and rest was low - only
good for cattle

-very worthwhile - cattle stuck before - but still need water for cattle - fully aware of fact”
that permanent sloughs may be source of recharge

-will crop eventually - good soil

-backhoe in one month ago in 1/4 foot of water - finished seeding today June 05, 1985 -
most land took one year -

-was always cultivated - usually seeded but if had a wet summer land would flood - crop
ruined -

-happy - best land - good soil

-worthwhile - land useless before



168

-weeds - slough grass - hard to value nuisance faclor - encourages ducks to nest where
sloughs arc permanent - by the time ducklings hatch areas are dry

-slough still there - not drained cothpletely -

-works terrific

-probably really benefitted 300 10 400 acres but neighbors don't realize it - ditch only on his
place - some places ditch is 56 feet wide - lost 10 1o 15 acres to ditch - gained about 70

-worthwhile - convenience - estimates 10 to 20 year payback - expensive undertaking butl on a
50 acre field that took 8 hours to work it now takes 6 hours - knocked off 2 hours plus
got rid of nuisance - real conveniencc - prescrves sanity T~ /

-water encroachment now controtled \3

-worked the first year but since then have had dry years

-couldn’t get to land

-cleared tamarack and willow - seeded to pasture

-worthwhile

-land not really gained - always cropped but got on sooner

-helps if you don't like corners

-upset because risers not finished

-well worth it - used to farm in circles

-not installed properly - pipe not located properly

-biggest problem company more concerned with outlet - didn’t really idemif&;&hmge arca -
example, sand lens seems to be source - need better engineering - bet® soil testing

-straight economics can't va]ue the inconveniences lik@ the 4 below - can't plug into a
computer - 1) how do you put a dollar value on getting stuck and ha.vihg 1o get the
neighbor to pull you out - burn out clych from slamming and jerking machifiery. 2)
combine plugs up and burns out belts - crop heavy because of double application of seed.,
3) waste anhyg;oﬁs doubling up, 4) going around sloughs full of weeds - cultivator picks
them up and drags them all over the field

-convenience is tremendous - uses a 45 foot cultivator and 80 foot sprayer - just go over the

hil! and straight through - can't believe the difference in crop yield in former sloughs*
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-now square fields 4

»

-notice a difference every year - germination cvcn"“.qo bare spots until roots hit salinity

’

-convenience to go through sloughs - yields 3 to 4 times surrounding land last year - expects
payback 10 6 years on continuous cropping

-looks good - works well - total production - input saved
-best soil -
-didn’t work too well this spring @ |

-works weli - g.ood crops lately - may not work well on heavy soil . need a lot more pipe -
expensive bugworth it - feels gQvernment should help out with high costs because high
btz:ning f ro& other places

waler ta

-gol 10 have money 1o play - $40,000 to $50,000 - at first didn't think it was worth it but
savings mainly chemicals and fertilizer - had about 50 potholes - now work a 1/2 seetion .
in the same time as it 100k to work a quarter before - cut the time in ﬁalf - pulls large )
anhydrous tank and go through about $1000 worth every 3 hours - save 3 hours, save,
$1000 - convenience - saves time, fuel, chemicals and fertilizer

\ \-slough was about 10 acres but the alkali problem was spreading

-25 10 30 year payback - convenient - El’eased |

-terrible - doesn't work - feels everything was installed wrong inlets - outlets and levels ]
improperly done didn 't supervise because he had good luck in Onlarié with a contractor

¢ that did everything right - has faith that the system could work if done right - here it

cost $1 per foot - in Ontario only $0.39 per foot l

-doesn't work - husband drained opposite to natural Tlow needs more work

-situation different from southern farmers - here drain peat land - takes several years to dry
out and before full utilization is realized

-helps sleep - not worried about cows

-inajor savings did hot come from. the large dra{hed slough but rather from the numerous
potholes that were removed wimn the major slough was drained

-doesn 't ‘work as well as expected - pas had freezing problems .

-disappointed in quality of work ' ‘ N

¢| ~‘.,,
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-did smallest possible area as a trial - wasn't satisfied with quality of work and had

personality conflict with contractor - he felt they weren't prepared Y do thefjob - lacked
proper tools - won't hire the same pg_o:plc again

*



