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EXECUTIVE SUMMARY

Obdectives, Scope and Organization

The purpose of this report is to provide market values for
leasing agricultural water for instream flow purpocses and to
develop a structure for lesase agreements. This information is to
assist Montana Department of Fish, Wildlife and Parks (DFWP) in
implementing House Bill 707 which provides for the development of
a pilot instream flow water leasing program. The agency can lease
water rights for the purpose of maintaining or enhancing
streamflow for the benefit of fisheries. DFWP has received
approval tc investigate potential leases at two sites in
southwest Montana: Swamp Creek in the Big Hole drainage near
Wisdom and Big Creek in the upper Yellowstone drainage near
Emigrant.

The specific tasks addressed by this repcrt are as follows:
1. Economic Value of Instream Flows.

&. Collect and summarize the available information regarding
the economic value of agricultural water which has been sold
or leased for instream flows in other states and the methods
used to determine these values.

B. Based on (A), propose methods for calculating a
defensible fair market price for leasing agricultural water
for instream uses in Montana. Fishery benefits should not be
considered. in these calculations.

C. Following approval of the methods by DFWP, compute the
range and the average prices for leasing water {in dollars
per acre-foot and dollars per cfs) that is currently used to
irrigate alfalfa, wild hay and small grains using direct
gravity diversions and sidewheel and center pivot sprinkler
irrigation methods for the following counties: Beaverhead,
Breoadwater, Deer Lodge, Jefferson, Lewis and Clark, Meagher,
Park and Ravalli.

IT. Value of Potential BRig Creek and Swamp Creek Leases.
A. Collect and summarize the specific information that is
needed to derive the value of leased water for Big Creek and

Swamp Creek sites now under investigatiocn.

E. Using the approved methods, develop defensible, fair
market values for leased water at the two sites.



ITI. Structuring Lease Agreements.

A. Meet with DFWP and, separately, with at least two (Z)
potential lessors to determine important issues which need
to be addressed by a lease, including contractual
parameters. Conditions or other steps needed to ensure that
2 lease does not harm the interests of other appropriators
must also be addressed.

BE. Summarize the various types of lease options, including,
hut not limited to flow amount, pericd of use, payment
schedule, length of lease and monitoring.

~The structure of this report follows this task outline. After an . .

introductory section (1) and a review of the econcmics literature
on valuing irrigation water (2}, Section 2 provides & summary of
actual water market transactions {(Task I.A.}. Section 4 proposes
specific methods for this application {Task I.B.). Section 5
describes the county and crop specific water valuation results
using the general methods (Task I1.C.).

The potential value of the Swamp Creek and Big Creek leases is
provided in Sections § and 7 respectively {Tasks II.A. and II.
B.}.

The structure of lease agreements is discussed in Section 8
(Tasks 1I11.A. and III.B.}. Section 8 actually goes beyond the
scope of these tasks and provides draft lease language for many
of the specific lease options. The latter was Task III.C. in the
original scope proposed by DFWP.

Section 9 provides an integration of the economic and legal
components by examining the implicatlions of specific lease
provisions for lease cost. Section 10 provides conclusicns.
Appendix A. describes the mathematical procedure for converting
acre-foot values to a cublc feet per second (cfs) basis.

The primary authors of the economics section are John Duffield
and Chris Neher. Mark Josephson and Richard Josephson authored
Secticn 8. Specific informaticn on the two potential leases was
obtained through meetings with Fred and Jack Hirschy in Wisdem on
September 21, 1990 and with Bruce and Connie Malcolm and John
Ragsdale on September 23 in Emigrant. Ernle Harvey, a dairy
farmer in the Bitterrcot Valley, also participated in these
meetings.

Theporetical Cverview

With regard to the basic econemics tasks there are two general
cases upon which agricultural water valuation can be based.
First is the case of foregone agricultural production resulting
from the change from irrigated to nonirrigated croplend. The
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second case is that which arises when there is an increase in the
supply ©f water due to an increase in irrigation efficlency, or
constructicn of 2 public work such as a reserveoir. We will
discuss the case 0of foregone production first.

Before proceeding to that case, we need to make a few
observations about market structure. Agriculture 1s a relatively
competitive industry and irrigation withdrawals account for the
greatest share {96%} of water withdrawals in Montana {Glbbons,
1986}, (Given this competitive market setting, the demand side
for the case of displaced agricultural productien could be highly
elastic and therefore doeminate price. Alternatively, f£for the
case of augmented guantity supplied, cost considerations may
dominate price where the scale ¢of investment is large relative to
the market. However, the latter situation implies a monopoly
will exist in the given market. EBven for the demand side case,
there is not a single unified water market in existence in
Mentana and perhaps never would be given the spatizl limitation
due to water transport costs. Accordingly, from a market
structure perspective, for any given stream the situation may be
better characterized as monopolistic or cligopolistic {few
sellers} on the seller side and a monopsony {(DFWP) on the buvex
side. The basic result from these types of concentrated markets
is that price is indeterminate, This is one way of saying that
the actual market price In these spatially limited markets is
going to be the result of negetiaticon or bargaining.

Accordingly, the values we compute are not "market prices®" per se
but points of departure in the bargaining process.

Yazluation Based on Displaced Production

The value of a given diversion depends not only on the guantity
of water diverted but also on the guantity and guality of the
land base, rainfall, crop types, type and efficiency of
irrigation system and other inputs such as labor, power, and
management {irrigation scheduling) peculiar to the land to which
the water right is assigned. The follcowing is an exzmple of the
radical influence which cverall irrigation efficiency alone can
have upon acre/foot water wvalues.

Example: Overall efficiencies of irrigation systems can
range from approximately 10% to 75%. If an acre/foot
of water at the crop vields $1008 then the value at the
diversion {depending on efficiency} could be anywhere
from $10 to $75 acre/foct.

Because of this instability of acra/foot water values it is
better to work from a land base {value of water per acre] to get
the total wvalue of 2 diversion. This example alsoc {llustrates
the need for site specific hydrological investigations.
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Countv-level Comparison Method of Water Valuatiso

A good reference point for valuing a potentizal agricultural water
lease is estimation of the net return to the irrigated land that
would be taken out of production. We estimated this value by
comparing yields on irrigated and nonirrigated cropland. Our
data base was actual county-level historical production data for
19806-1988 in eight Montana counties, collected by the Montana
Agricultural Statistics Service. This approach provided water
value estimates for most crops in most counties. Where there was
either no irrigated or no nonirrigated production of a crop
within a county, estimates of water value could not be derived.
Where the value estimates are based on small acreages the
estimates may be unreliable and are noted as thus in the text.

Because on average irrigated cropland may tend to be highex
gquality scils than nonirrigated, the county-level comparisocn
values should represent the average upper limit to agricultural
water values. HNote that these water values are just that -
averages. Site specific values could vary considerably depending
on the site characteristics {as noted above} and the actual net
irrigation water available to the plants. A factor which is
difficult to guantify and will vary considerably from site to
site is ground water which is available tc deep rooted plants
like alfalfa. Additionally, actual site specific values will
depend on a given farms economic situation and whether the farm
can forego the producticn on their complex. For example,
vertical integration or further processing of cxops on site (feed
or milling} and also crep rotation practices will effect the
actual value tc a given farm.

Because it is impossible to predict precisely the extent to which
a crop in a certain area is meeting it's maximum water needs it
is best to use site specific yields where possible. Alsc in
general given uncertainty over the actual amount of water used by
a given crop, it is better to start with values derived from the
amount of land irrigated. The average county-level compariscn
approach is such a method. This is preferable to starting with 3
water based value ({per acre/foot of water used}.

Table E1 shows & comparison of per acre short run water values by
crop and county. Short run value means that only the variable
costs of producticn such as labor or pumping costs are deducted
from gross crop revenue. In the long run, the net value would
alsc be reduced by the amount of major investments in eguipment
or the ditch system. The point of distinguishing short run and
‘long run here is that they correspond in a general way to the
appropriate price as a function of lease term. A farmer who
leases irrigation water on a short term lease is stuck with his
investment cost. Accordingly, on & short term lease he is out
the difference o0f his gross crop revenue and the costs he can
contrel in the short term (for example, labor and power use that
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varies with irrigation}). By contrast, a long term water lease
provides the lessor the opportunity te forego investment costs
associated with irrigation as well as variable costs,

The range across crops and counties shown in Table El is due to
three primary factors - yields, prices, and water avallability,
The variation across counties for a given crop is primarily due
to the yield difference associated with irrigation in that
county. OCther things equal, counties with relatively high
rainfall, such as Park county, will show crops benefiting less
from irrigation. There alsoc appears te be systematic differences
across counties in terms of water availability to the crop. This
is a function of water supplies, soil types, and average
~conveyance and application efficiencies {see the detalied-
discussion below in Section 5j.

The differences across crops for a given county appear to be
mainly a function of yields and prices. For example in
Broadwater county, the bushels per acre extra yield due to
irrigation is similar for the three major small grains: bharley,
cats, and spring wheat with yileld differences of 33, 43 and 35
extra bushels per acre respectively. {Mote that this detailed
information for each crop and county is provided in Tables 5-58
in the main report below.) However, while ocat and barley prices
are similar for 1987-198% ($1.73 and §2.23 per bushel
respectively), the value of spring wheat is relatiwvely higher
{£3.49/bushel}. BAs a result the short run net wvalue for oaets and
barley in Broadwater are similar at around $65/acre, while spring
wheat wvalues are almcst double at $112 (Table El1}.

Again locking at Broadwater as an example, for the hay crops,
alfalfa and ¥Yother havs", prices are similar per ton (65 and 58
dollars/ton for Montana 1987-19893% average)} but alfalfa production
is much more responsive to lrrigation with a yield difference in
Broadwater of 2.23 tons/acre versus only a .7 tons/acre
difference with "other hays". Accordingly, the net value per
acre due to irrigaticn cof alfalfa in Broadwater {($125} is much
higher than the wvalue to irrigating other hays {($21)}. These net
values of course alsc reflect estimated production costs as
described below.



Table E1

Short Run Per Acre Water Values
By Crop and County

County Rifalfa Barley Gats Ooth.Hay E&.Wheat W.Wheat
Beaverhead 119 61 - 15 186 1g=
Broadwater 125 66 £5= 21 112 74
Deer Lodge 80 67" - - 37 -
Jefferson 87 55 E0 140 33= -
Lewis & Clk 101 52 55 14 93 -
Meagher ©8 48 35= 7 29> -
Park 51 42 43~ 19 27" 51+
Ravalll 100 64 69* 44 125 6

Note: The values are based on the assumption of the use of flood
irrigation and summarize Tables 23 to 28. Cells marked with an
asterisk are estimates based on 2 small acreage sample,and

thus may be unreliable.

In order tc¢ compute dollar values per acre foot from the dollar
per acre values cf Table El, it 1s necessary to know how much
irrigation, on average and by county and crop, was actually
applied 1980-1%88. This value is not known. For purposes of
completeness, we illustrate in the main repcrt that follows,
values per acre foot derived from Table El1 on the assumption that
sufficient irvigation is available toc meet the maximum plant
needs for a given site and climate. Thls has the effect of
understating acre fooct values if maximum piant needs are not met.
Additionally, we compute these acre foot values at the point of
diversion for a variety of irrigation systems with varying
convevance and application efficiencies (see for example the
notes tc Table E2). We feel the dollar per acre vzlues of Tahle
El give a good general reference for a preliminary estimate of
the lease value of a given diversion in a given county where the
associated land base and crop type are known. These estimates
will generally always be impreoved by examining the site
production history. Should there then De an interest in
computing 2 value per acre foot at the peint of diversion, 2
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meaningful estimate can only result from site level hydroclogical
investigations.

Une approach would be to measure the cumulative diverted flow at
the point of diversion over the groewing season and simply
dividing inte the total land based crop value associated with the
diversion. To develop a generalized set of acre foot values we
had to instead assume water use at the crop and alternative
irrigation system efficiencies and work back to the point of
diversion (Tables 35 to 58 below}). The general values per acre
foot may not be appropriate for some sites. This is because of
tremendous variation across sites in the efficiency of irrigation
systems - for example due to soil types in unlined ditches and
the length of the ditches and thelir level of maintenance.

Crop-water Production Methed of Water Valuaticon

The second valuaticn methodology employed was the crop-water
production function method of water valuation. Estimated crop-
water production functions are based on carefully conducted
agricultural experiments which examine the effect of varying
amounts of water inputs on the yield of a certain crop. Due to
the lack of available production function studies eon most of the
creps of interest to DFWP, estimates of water value could be
derived only for alfalfa hay. The production function approach
provides the best basis for estimating value per acre/foot of

water at the crop. The value per acre foot of water consumed by
the plant based on Montana alfalfa hay price average for 1387~
1989 is $148.563. However, to derive the value per acre foot at

the point of diversion, again one needs to know the conveyance
and application efficiency of the irrigation system. Taking
these factors into account can lead te acre foot values ranging
from $19 to 872 {Table E2}.

The maijor use of the production function approach in this study
is for validaticn and interpretation of the county comparison
estimates. We found that the actual county level nonirrigated
alfalfa yields are generally consistent with yields based on the
production function relationship with SCS average rainfall as the
only water input. Examination of actual jirrigated yields using
the production function relationship show, not surprisingly, that
on average irrigated lands in Montana are not irrigated in such a
way {either due to management practices, labor inputs, irrigation
scheduling or water avallability) as to have the full maximum
{evapotranspization} water needs of the plants met (see Tables
£3-65 helow!. ABccordingly, to derive value per acre estimates
from the producticon function approach would reguire knowing the
a2ctual site specific crop water use including ground water. An
alternative is to assume the crops have sufficient net irrigation
to mee:t their maximum ET needs {as estimated by the 5CS8). This
would overstate the value per acre due to irrigation for most
counties and sites {(Tables 61 and 62 helow).

e



Table EZ

Marginal Values of Irrigation Water
For Alfalfa Hay
Montana DNRC Production Functlons

MPP Crop Price Conveyance Eff. FPield EfEf. AC/FT Vzlue
_ié Y R T SR
19 65.15 25 £5 74,15
.19 £5.1% .50 .50 37.1¢
.19 £5.19 .50 .65 48.31
.13 65.19 .75 .50 55.74
19 £5.19 75 £5 72.48%

Note 1: The crop Price for Alfalfa is a three year average for
1586, 1587 and 1%88.

Note 2: Field, or application, efficiencies for well maintained
and managed systems are approximately:

Sidewheel ... cccvecsosana £5%
Handline .. ..ceoccoososas £5%
Centey PIvol .:.:ccocovcon £5%

Graded Border (flood) ... 50%

Graded Furrow (flood) ... 50%
{Montana DNRC Efficiency Filgures)
Convevance efficiencies vary greatly. SCS (Montana Irrigation
Manual) notes that conveyance efficiencies as low as 25% are not
uncommon in Montana. '

Note 3: The Marginal Physical Productivity (MAP) of water was
derived from Montana DNRC (1989) average of four crcp-water
production function studies., The average function was

Yield = .63 + .19 ET. ET 15 in inches.
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Table E3 shows the scope of application in this study of the two
general methods used for estimating the value of foregone
preoeduction.

Table E3
Agricultural Water Valuation
Methcodelogies and Scope of Application

Crop—-Water Comparison of
Crop Production Functions Irr. and Honirr. Yields
Alfalfa Hay Yes Yes
wWild Hay - e CND e ¥es. ... ..
Emall Grains
Barley No Yes
Cats No Yes*
Spring Wheat Mo Yes®
Winter Wheat No Yes™

= Asterisk denotes that care must be taken in interpreting values
for certain counties as estimates are based on small acreages and

may be biased.

Analvsis of Actual Water Tramnsactions

Another way to value water for leasing purpcses is to look at
actual transactions, It is very difficult to £ind water leasing
transactions which are exactly comparable to the type of lease of
interest to DFWP. Transactions seem to £all into three broad
classes: 1} sales of water by 2 governmental agency from water
projects such as dams or jirrigatien diversion projects, 2) sales
or leases of water rights to municipal users and 3) sales or
leases to conservation organizations for instream uses. Table E4
provides a comparison of recent water right transacticons in the
Western U.S.. It must be noted that while some of the
transactions are temporary leases others are permanent sales of
rights. These permanent sales have been amortized at a real
jnterest rzte of 4.6% in order to get the estimated annual lease
value of the sale. It must alsoc be noted that several of the
transactions involve the sale of subsidized water, and thus do
not reflect the full supply cost of the water. The reported
water values are the values at the point of diversion and thus
can be expected to be significantly lower than at the crop dollar
per acre/foot water values.

The values reported in Table E4 show a range of § 1.00 to $50.00
per acre/foot-year. These transactions all took place in 1388 angd
1989. This range represents & significant refinement over
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previous estimates of the range of water lease values {(McKinney,
1989%. This refinement is largely because we distinguish between
annual lease prices and permanent transfer prices and amortize
the latter into comparable annual values.

The transactions reported here do not, however, provide exact
comparable sale precedents for DFWP leases hecause they are
primarily in other states and therefore representative of
possibly very different supply and demand conditiocons.
Additionally, most transactions have not been based on displaced
agricultural production but are rather from large water ’
develcpment projects where supply side considerations {long-run
average cost of the project) dominate prices. Nevertheless,

these transactions do indicate a general range of values which is

consistent with the range of acre/foot values presented in this
report. For example, the value per acre in Table E1 for azlfalfa
ranges from $51 to $125 per acre and for "other hays" average
around $20 per acre. Assuming flood irrigation at 50%
application efficiency and conveyance loss of 50%, and assuming
actual crop net irrigation water use varying from 6" to 127
across Montana counties, the short run values per acre fo0ot at
the peint of diversion could be as high as 525 to $30 facre foot
for alfalfa and around $5 /acre foot for "other hays®. These
values are within the range of the actual transaction prices.

The county-level comparison and preduction function methods of
agricultural water valuatiocn presented here have established the
general range for production related values of water. These
values are a good starting point for negotiating water leases,
but may be the least part of the actual negotiated price. HNot
surprisingly there is some variation in water value across Crop
and county. Nonetheless, a significant finding of this study is
that the plausible range of crop production-related values for
Montana water is in fact fairly narrow. Additional site specific
details regarding hydrolegy, weather and irrigation efficiency
are needed in order to improve and refine the value estimates
derived from these general metheds in any specific case.
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Table E4

Comparison of Actual Westerm U.S. Water Right Transactions

For Purposes of Instream Flow

Trapnsaction

§1588-1585)

Type

A/F Price Of Sale

Annual

Lease Value

Prime
Purpose

Montana DFWP

Callf. Fish and Game
calif. Fish and Game
The Nature Conservancy
Colorads Fishing Club
New Mex. Nat.Res.Dept.
The Nature Conservancy
The MNature Conservancy
Potlatch Corporation
Central Utah W.C.D.
Univ. of Colorado

Calif. Fish and Game

25.

15.

23.

33.

50,

.50

Go

€7

0C

a0

.00

oo

.00

.64

Lease
Lease
Lease
Lease
Lease
Lease
Permanent
Permanent
Lease
Lease
Lease

Lease

2.

25,

is.

0c

.80

.E5

.58

Go

67

.08
.52
.00
.00
.00

.64

Fisheries

Fisheries

Fisheries

Wildlife

Fisheries

Recreation

Wetlands

Instream

Pollution

Fisheries

Wetlands

Fisheries

Analvsis of the Proposed Swamp Creek Lease

We turn at this point to a brief summary of our analysis of the
proposed Swamp Creek leass.
displaced agricultural preduction of the general type discussed
above. (A discussion of the general case of valuing on the supply
side and an application to the Blg Creek site is develaped

below.}

This is a case of potential

We begin with a2 discussion of cur findlngs based on site specific
production history. The basic facts of the case,
point on informal discussions with Fred Hirschy and subject to

further verification,

are as follows:

~- Swamp Creek diversion serves approximately 600 acres

ziw
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-~ Cattle graze it for 5 months {mid-May to mid-Gctober)

-- Current production is relatively low {(approx. 10 acres per
cow/calf pailr

~— If investment in an irrigation system was made the irrigated
land could sustain 2 acres per palr yield

-~ If no irrigation is done production will fall to approximately
20 acres per pair

~- Estimated amortized cost of irrigation improvements plus
annual labor costs are $§ 3000 per year {$4-55 per acre)

-~ Estimated market wvalue of land as leased pasture is $14 to §18
pDer AUM

-- Hirschy water right is for 135 miner‘'s inches oxr 3.2375 cfs

-- Hirschy wants the term of the lease to be at a minimum 5 and

possibly 10 years.

A key fact concerning the site is that the land has only been
partly irrigated in recent years. Fred Hirschy is contemplating
investing in the irrigation system and getting the land up to
full production, which may take five years or so. We compared
the no-lease situation, where grass production improves with full
irrigation as in Figure 1, to two lease alternatives. The first
is one where Hirschy retains "flood rights”., Under this
alternative Hirschy would make needed investments 1n the
irrigation system and would irrigate using only seasonal flood
rights. Under this scenario Fred Hirschy estimated that his
producticn would be 1/3 of the production he could get under fulil
irrigation. The second lease alternative would be for no
irrigation to take place. Takle E5 shows a compariscn of the
lump-sum and annual values cof these lease alternatives for two
possible lease terms, 5 year and 10 year.

The annual lease cost based on foregone productien is around
$8,000 per year for a five year term or $11,000%per year for a
ten year term. In general, annual prices of longer term leases
would be lower. The longer term lease is mere per year in this
case because of the special circumstances where in the first five
years the field would be still coming into full productien. The
lump-sum and annual values derived in Table E5 are based on a
real 4.6% rate of interest. Use of this parameter to compute
present value lump sums implies the assumption that agricultural
prices based on 1987-1989% will keep up with inflation (see
discussion in Section 91}.

There is some potential savings for the state in allewing the
Hirschys tc retain their flood rights, however, due to added
costs of irrigation improvements which the landowners must bear
under this option, the savings are not large. It should be noted
that the key assumption in the "flood xights" opticn is what
production is possible under flood rights irrigation. DFWP may
wish to refine Fred Hirschy's estimate using site level hydreclogy
since a change in this parameter would have a large effect on
lease value.
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Table E5
Summary of Costs of Blternative Swamp Creek Lease Optiens

5 Year Lease 18 Year Lesse

Lomp-8Sum Costs of
Lease Options

B. Lease with
Flcod Rights $ 34,125 s 83,081

C. Lease with
No irrigation § 37,693 $ 53,282

Average Year-
To-Year Costs of
Lease Options

B. Lease with
Flood Rights $ 7,785 ¢ 10,551

C. Lease with
No Irrigation s 8,610 $ 11,847

Note: The net present value figures in the preceding two tables
are calculated using a real discount rate of 4.6 %.

We also provided an estimate of the Swamp Creek lease value under
the assumption that the land was already under full production.
Such an analysis would be appropriate for 2 lease that might
start 5 years from now. For this situation the general county
comparison method could be applied. The county method, by the
way, is implicitly for the "no irrigation® lease option given the
data it is based on irrigated versus nonirrigated preduction.

The county method alsc reflects the assumption that the site is
currently producing the crop “"other hays" (wild hay in this case}
at the Beaverhead County average.

in 2ddition to use of the county compariscn methed of valuation a
valuation under the assumption that the land was currently
producing at its potential {as estimated by Fred Hirschy] was
also made for the no irrigation coption. The site method 1s based
on Fred Hirschy's estimate of likely production for this specific
field. It should be noted that the site is not really hay
ground, but is used for pasture. Site specific production was
therefore measured and valued in terms of animal-unit-months
(AUM's ). Table E6 shows the comparison of these twe value
estimates. Note the two methods are in fairly close agreement
with a toital lease value of 518,402 from the county method and
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$15,900 for the site methcod. The values per acre are $30.87
{county method} and $23.34 (site specific methcd). The
Adifference of course reflects the assumptions about what level of
production 1s possible and also the relatlonship of hay crop
price to AUM lease price. The correspondling values per acre foot
at the point of diversion are $13 to S1l.

The estimates in Table Ef are representative of lease costs under
the assumption that the ground is in full production. Actually,
Swamp Creek is a special case where the land is ngt currently in
full preduction. In fact the land has not been fully irrigated
for some vears and ditch improvement is underway at present.
Accordingly, the value in Table E6é are for purposes of
comparisons only and are not to be construed as the recommended
basis for negotiating a lease in the near term.

Fred Hirschy estimates that if the irrigation system is improved,
full production might be reached in five years. A site specliic
estimate that takes account of current actual and likely future
production levels yields a tctal per year lease cost of
approximately $7800 and $11,800 for a 5 and 10 year lease
respectively. These value estimates are detailed in Section 6
below. These are the recommended values for the department to
use for valuing forgone production in initial negotlations with

Fred Hirschy.

Note that the estimates are based on certain parameters and
assumptions develcoped through informal discussions. The
department may wish to review these assumptions with Fred
Hirschy sheould formal negotiations proceed, or, better yet,
provide Fred with a copy of this report for his review. It may
be that the Swamp Creek case is one where the most advantageous
arrangement for both sides might be one of providing Hirschy with
floocd rights. This 1s a variant of the stand-by eor hybrid lease
with provisions for lessor’s use of water as described in Section

§.
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Table E6

Compariscn of County and Site Specific Value Estimates
Swamp Creek Lease Under Assumption of
Full Production (600 Acres)

County HMethod Site Method
{5 Year Delayed Lease]

Water Value per Acre 5§ 30.67 $ 26.50
Total per year lease cost $ 18,402 $ 15,%00
Acre/Foot Value

{1417.5 ac/ft total) $ 12.5¢8 $ 11.22

valuation Based on _the Cost of Submly

The second case we examine 1s where the value of water in a given
market is dominated by the costs of an increment in the guantity

of water supplied. This is typical in an area where most water
s made available through a basin-wide reserveir and irrigation
project. Here water is priced (aside from subsidies} to cover

the costs of the investment and operation of the system. An
example of a transaction in this type of situation in Montana is
DFWP's purchase of water from Painted Rocks Reservoir in the
Bitterroot Valley. This situation would also typlfy cases where
other types of investment, for example in improved irrigation
system efficiency, would also in effect increase the supply of
water potentially available for instream flows. The price will
of course also depend on market structure.

Analysis of the Proposed Big Cxeek Lease

As described in detail in Section 7, Big Creek is a site where
irrigators are considering replacing a very inefficient ditch
system with a buried pipeline. The improvement in cverall
efficiency (from perhaps as low as 12% at present) is likely to
be such that a good guantity of water could remain in the creek.
At present the creek bed is entirely dry for several months a
yvear below the point of diversion. The analysis of the potential
value of salvaged water on Big Creek presented several
challenges. First, since the lease would not result in any
displaced agricultural production, as in the case of Swamp Creek,
neither of the two general methods used to value displaced
production could rightly be applied. Rather it was determinsd
that the value of the salvaged water should be based more ©OD the
costs of supplying that water; the costs of the pipeline. As we
detail below, we considered three different methods for
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estimating this supply cost-based water value. DBecause cf a lack
of complete knowledge of preoject costs and benefits (as detailed
in Section 7 below) two could not be undertaken. All three rest
on different principles concerning what is a "falr" way to share
the costs of the Big Creek project between DFWP and the

irrigators. MNote that from the theory cf the firm perspective,
this is an example of the general problem of allocating joint
costs among several gualitatively different outputs - 2 problem

which has no general sclution in microeconomic theory.

A valuation method which was applied allccates pipeline
construction costs between agricultural water users and 1lnstream
benefactors based on the proportion of water each uses. This is
one possible outcome of negotiations and is based on a "fairness®
principle that costs be shared based on relative use. Note that
project costs are based on very preliminary estimates from Park
County SCS - with a large range of from $210,000 to $350,000.
Additionally, these costs exclude the costs of sprinklers and
other mevable irrigation capital investment that ranchers will
need to make. A point for negotiation is whether these costs
should also be shared. These SCS estimated costs may also be
reduced depending on SCS cost sharing; the extent of this cost
sharing is also uncertain., For purposes of this a2nalysis we
assume cost sharing of zero. Table E7 shows the results of this
analysis.

Based on the "fairness " principle wherein each water user shares
in the total costs based on the expected amount of water they use
(see Section 7). DFWP's share of total costs would be 43%. This
iz based on an estimated 20 cfs taken by the pipeline for the
mid-June through September pericd, which would leave 135 cfs in
the creek below the diversion. Accordingly, 43% of the 210,000
to 350,000 project cost is $%0,30C to $150,500. These would be
possible lump-sum lease cost estimates for initial negotiations.
Another way to compute water share (an issue for negotiation}
might be to look at the full irrigation season as the time hasis
for the irrigator's use and include DFWP's water use as the sum
of negative differences between actual daily average flows at
present and the desired instream flow level (15 cfs?) also over
the irrigation season. Site specific hydrological investigations
would be needed to evaluate this approach.

To compute the per year costs cf the lease, an agreement needs to
be reached on the appropriate term and discount rate. For
example, with a 20 year term based on preject life and a real
4.6% discount rate, the per year cost is $6973 to §$11,653. It is
interesting to note that the associated per acre focot values ($2
to £4) estimated with those parameters are within the range of
other supply cost based transactions cbserved in the West (eg.
Painted Rocks water sold at $2.00 acre/foct, Snake River Water
Bank water sold at $2.50 acre/fcoot).
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Table E7

Big Creek Supply Cost Based Water Values
Costs Shared on the Basis of Amcunt of Water iUsed

Discounting Option
286 Year 4.£8%

Total Project Cost 210,23% -~ 350,402

Annual Amortized
Cost L 16,303 -~ _27r171
Total Acres Invcolved 1177
Cost / Acre / Year 13.85 -- 23.08
Total Acre/Feet
June 15 - Sept 30 7428.72
Average Acre/Foot Value 2.19 -- 3.66

Implied "Fair® Cost
Share to DFWP $ 6,973 ~— $ 11,653

Pending site specific hydrological investigations and more
complete project engineering and evaluation of potential net
returns to the irrigators, it is difficult at this point to
further refine these estimates.

Should further information become available, DFWP may wish to
examine the other possible approaches described below in Section
7. ¥For example, ancther way to look at the problem is to compute
the DFWP cost share necessary to make the project feasible for
the irrigators. {0r alternatively, tc reduce their risks
sufficiently that the project actually can proceed.) Sufficient
information is not available to examine the case from this
standpoint at present.

nrafting Leagses for Instream Flow

Section 8 below details concerns, provisions and possible
alternative lease forms identified by Josephson and Fredricks. Inm
general, however, the diverse nature of Montana agricultural land
and water rights appurtenant to it dictate that leases be drafted
on a case by case basis. Despite the legislative mandate for
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DFWP to develop a complete model lease, attempting to develop 2
generic "model®™ lease may prove an inefficient use of time and

resources given the high fact-dependent nature of these leases.
It is advised that DFWP rely on a model form only as a starting
point and take care to design the lease to the specific demands
of the individual situaticons.

Reccmmendations

The average county and crop level values per acre assoclated with
irrigation developed below should provide a good reference point
for estimating lease values. The same can be saild for market
tvansactions evidence from other reglons. Somewhat surprisingly,
the range of values we have identified 1s not extremely large.
Nonetheless, there is considerable variation from farm to farm in
what irrigation water is worth to a specific operation. Factors
such as avallability of groundwater, on-farm processing of crops,
crop rotation practices, soil fertility, and existing investments
can all affect the production value of water.

Given this site-specificness of the problem, agencies wanting to
lease water should anticipate the need to examine the facts of
ezch situation individually.

Ancther general observation is that the interplay of lease
options and economics is falrly complex (see Section 9}. For
every lease element, from term to water amount and timing, there
is ancther permutation of lease price. A recommendation that
comes out of our discussions with Ernie Harvey and others is that
the agency should consider having someone {or several people)
familiar with both the law and agriculture do the actual lease
negotiation. The impression of the economists invelved in this
project is that Richard Josephscn, who is sensitive to the
concerns of farmers and ranchers but also knows the law, would be
a good candidate.

specific recommendations by Josephson and Fredricks regarding
lease structures and changes in Montana law are detailed in

Section 8.
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1. INTRODUCTION

This report provides estimates of market values for leasing
agricultural water in celected Montana ceounties for instream flow
purposes. Additionally, gection & by Mark and Richard Josephson
=xamines the legal elements of lease agreements.

Ohiectives

The cbjective of this project was defined by three specific
tasks. Tasks I and II involve estimating the value of water in
agricultural use while task I1I involved structuring lease
agreements. The general scope and approach to the valuation tasks
is as fellows.

Task I: The objective of Task I was to estimate the range and
average price for leasing water that is currently used to
irrigate alfalfa, wiid hay and small grains using a variety of
irrigation technologies and for eight Montana counties:
Beaverhead, Broadwater, Deer Lodge, Jefferson, Lewis and Clark,
Meagher, Park and rRavalli. The general approach suggested by
Montana Department of Fish, Wildlife and Parks (DFWP) in thelr
request for proposals was: review the practice and experience in
water leasing for instream flow in other states {(Task I.A.), then
propose methods based on this review (I.B.}, and finally apply
the method to selected Montana crops and locations. This general
sequence was followed in this study.

Task 1II: The obijective of Task Il was to estimate the value of
water for two specific streams: Blg Ccreek and Swamp Creek. The
seguence of this task was to first collect site speciflic
information (Task II.A.), apply the approved methods {II.B.} and
document the work (II.C.J.

ceneral Methods

A R e e e Brrapirr

our general approach to these tasks was to first review the
agricultural economics literature on irrigation water valuation
and ronsult with local and state agencies involved in these
issues. This literature review is summarized in Section 2 below.
After consultation with DFWP, we also began a review of Watex
Market Update to identify recent instrezm fiow lease
tyansactions. Further information on these transactions was
gathered by contacting the parties invelved. This review af
sctuzl market transactions is summarized in Secticn 3.

The most defensible way to estimate a fair market value fox
irrigated water is to lock at actual transactions in comparable
situations. Not surprisingly our review of actual transactions
2id not identify situations that are sufficiently comparable to

the case at hand. The alternative is to examine the nature and
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extent of the potential market for irrigation water in the given
case. Our discussion here is limited to market prices that are
derived from agricultural use of water. It is beyond the scops
of this analysis to consider the effect on price of the
recreational value of water used to augment instream flows.
Depending on the situation, the prices or values computed beliow
may be considered minimum estimates of possible transaction
prices where the potential upper limit to possible transaction
prices is the {unguantified) recreaticnal/fishexry value,

The fair market price will of course be a functicn of both supply
and demand. There seem to be at least two general cases in
Montana with regard to the market situation. In one case, the

. price of water in a glven area may be dominated by the supply of
water made available through a reservoir or other major public
water investment. Given fairly elastic supply throughout the
range of pessible demand, price will bz dominated by the costs of
the investment. For example, ameortized investment costs are the
primary basis for prices actually paid for water from Painted
Rocks Reservoir in the Bitterroot.

Another common type of situation is one where supply in the short
run is essentially fixed and price is dominated by demand-side
factors. A typical case is one where the market is very limited
spatially (due to water transport costs and legal setting; and
the only potential alternative use is irrigation on a well-
defined {and limited) land base. In this case the value of water
is largely tied to the value of the irrigated agriculture that
would be displaced.

For the situation where price is dominated by the demand side,
there are two basic approaches that economists use to valuae
irrigation water: crop-water production functions and farm
budget analyses. In order to provide a sound overview c¢f the
problem, we chose to implement both methods. The crop-water
production function follows directly from basic microeconomic
theory. Since water is an input to agricultural preduction, the
value of water is its contribution to production {(marginal
product) times the price of the crop. The farm budget analysis
approach was implemented in two ways: using county-level
historical production data for specific crops on both irrigated
and nonirrigated soils and by exemining the production history at
the specific Swamp Creek and Big Creek sites. The limitations of
each method, key assumptions and computational details are
summarized in Section 4.

To conclude this summary of general methods, in the absence of
directly comparable transactions, it is necessary to first
characterize the market for the specific water that may be
leased. Two common situations are cne where the market is
deminated by supply (due to investment in water development) or
sne where it is dominated by demand-side considerations (the
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value of displaced agricultural producticon}). In any application
to a specific stream it 1is first necessary to determine the
general extent and type of market. For example, it may be in some
situations that demand for a given stream is dominated by a non-
agricultural use, such as municipal water. This is the basis for
water market transactions at upwards of g1000/acre~foot in the
Southwest U.S. However, for the problem at hand, we have limited
surselves to water values based on the demand derived from
irrigated agriculture.

Scope of the Estimastes

Estimated irrigation water values for the crops and counties

1listed. in Task 1 are described in Section 5. These estimates are

hased on our two general methods for valuing displaced
agricultural production: the production function approach and
county-level historical comparisons. As detalled below, the
production function approach was applied only for alfalfa (due to
the limited studies available that utilize this approach}). The
county-level comparison was done for all the crops and countles
listed above.

Section & and Section 7 summarize the site specific estimates of
the value of leased water in Swamp Creek and Big Crsek
respectively. The value estimates in Swamp Creek are derived
using the county level general method for valuing irrigation
water and actuzal production history in that drainage. Big Creek,
by contrast, is z case where the potential supply of water will
be augmented by investment in 2 more efficient irrigation system.
This water is best valued on the supply side - at the cost of the
investment in the irrigaticn system as described in Section 7.

2. LITERATURE REVIEW OF AGCRICULTURAL WATER VALUATIORN

Gifficulties Inherent in Water Yaluation

Economic theory would suggest that the best method for estimating
the value of water in irrigated agriculture would be to observe
the prices paid by farmers for that water. Such observations
would allow the construction of a demand schedule based on
guantities of water ysed at variocus price levels. However,
acrerding to Colby {1%89), the prices that farmers pay for water
do not vary significantly within regions and it is therefore not
possible to estimate this type of water demand functicn {Colby,
1989). Rather, more indirect estimation methods are often used
to determine the agricultural value of watexr. These alternative
metheods, which include farm budget analysis and crop-water
procduction functions, present challenges which direct observatlion
of market activity dees not. These limitations and difficulties
as outlined by Young and Gray {1872 are discussed below.
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{1} Difficulties in getting = consistent measure of productivity
from water inputs

B} Agricultural production is a highly complex and
variable endeaver. Unlike laboratory experiments, studles of
crop vield-water input relationships vary from one study to the
next. This is true because factors such as plant disease, pests,
climactic conditions and differences in managerial skills cause
crop production from constant water inputs to be highly variable.
it is neither practical nor possible to control for a2ll of these
variables across studies.

Bi Crop yield response to water inputs is very sensltive
to haw that water is combined with other inputs. The combination
of water and fertilizer is perhaps the most important combination
of inputs to the growing process, and the relative proporticns of
these two inputs can have dramatic effects on Crop vield,
combinations of water with capital investments in water
distribution eguipment are alsc important in determining
irrigation water productivity,

Ci A consistent measure of productivity from water inputs
is Aifficult alsec because there are many possible crops which can
be grown and many varleties of sach of these crops all varying
somewhat in Input reguirements and vield.

D A further complication is that all water inputs are not
egual. Crop response is inhibited by salinlty, if any, in the
water.

E} A final complication which adds to the difficulty of
getting a consistent measure of crop-water preoductivity arises
from the fact that productivity cf water tends to vary widely
cver the year. The productivity of water increases as the length
of time since the last moistening increases. 2dditionally, watex
productivity varles over the 1ife cycle of a plant. Indeed,
water application near harvest time might 284 little to the yield
of a crop or might even decrease the guality of the existing
yield.

{2} Difficulties in measuring water inputs

There 1s a basic difference between the amount of water diverted
anto a farmers land and the amount which is made zvailable to the
root zone of the plants for use. This difference arises because
there are two types of loss which ocrour before the water reaches
the plants. The first is conveyance loss which arise through
seepage from unlined or poorly lined ditches and evaporaticon loss
from the same. This type of loss can be substantial with poor
conveyance systems leosing 50% or more of available water before
reaching the application system (USDA 80il Conservation Servicel.
The second type of loss is application icss from evaporation and
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runoff. The efficiency of applicaticn systems range from
approximately 50% for graded furrow application to 65% for center
pivot and sidewheel sprinkler applications {(Montana D¥RCY. The
result of these two sources of irrigation inefficiency is that
the value per unit of water used in agriculture is much lower
when measured at the point cf diversicn than when measured as
evapotranspiration leosses from the field.

{3} Unrealistic pricing of inputs and outputs

Tt is often Alfficult to determine the true value of water to
agriculture because neither 21l inputs nor all cutputs of the
production process are accurately priced. ©On the output side
 agricultural prices are often held artificially high by
government price supports. These artificial prices tend to
inflate the value of water as applied tc agriculture. Many
inputs to agriculture are not priced fully and thus z2iso inflate
rhe calculated value of water. These inputs are such factors as
managerial skills, specialized knowledge and return to risk
bearing. Returns to management skills can account for 25 to 33
percent of the value typically assigned to water inputs {(Young
and Gray, 1972}.

(4) Length-of-run of water valuation study has an effect on the
value of water.

The more inputs to the productive process that are considared
variable, the lower the marginal value of water as an input will
be. This means that the short-run value of water will be larger
than the long run value of the same water.

Both crop-water preduction function estimates and farm budget
study estimates are complicated by these difficulties; production
functions by the first two and budget studies by the last two.
While it is possible to control or correct for some of these
complications water wvalus estimates derived from these methods
must still be cautiously applied to other sites and other methods
of productien.

There are basically three metheds for determining the value of
irrigation water in the absence of functioning water markets.
These are: comparisons of yields from irrigated and non-ixrrigated
acreage, farm budget analysis {(including linear vrogramming} and
crop-water production functions.

Conpariscns of Yields from Irricated and Honirrigsted Lands

when irrigated and dryland production of a crop occur within a
homogeneous farming area and factors such as soil type and
weather are similar, differences in net profits can be attributed
to irrigation (Gibbons, 1986). In practice this methodalogy is
not often used but it provides a fairly stralghtforward
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methodology for calculating water values and was the preferxed
method of the United States Water Resources Council {Gibbons
p.2%). The difficulty in applying this method is in finding
farms in the same areas, with similar soils, growing the same
crops in a dryland and irrigated manner.

The comparison of irrigated to dryland production is a special
case of a more general water valuation methodology known as farm
crop budget analysis. This type of analysis estimates the
maximum revenue share of water as an input to crop producticn.
Tctal crop revenue minus all non-water input costs leaves a
residual amount equal to the maximum amcunt 2 farmer would be
willing to pay for water and sti1l cover the costs of production.
This residual therefore represents the cn-site value of water.
This amount can be divided by the total number of acre feet of
water used in the producticn process to determine the willingness
to pay per acre foct for the water. This willingness to pay can
be either a short run or a long run value, depending on whether
or not fixed costs of production are included in the analysis
{Gibbons, 19867,

Farm crop budget analysis generally calculate on-site values fox
water. These on-site values are not directly comparable to
instream flow values because the costs of acguiring the water and
transporting it to the field are not accounted for. If these
costs ars considered the resulting pet value of water is
comparable to instream or other “at the scurce” values. An
example of the difference between on-site and net values of water
was shown by Lacewell, Sprott and Beattie {(1974}. Their farm
crop budget study found that the cn-site value of water in wheat
production was $27.00 per acre foot while the net value was only
$15,00 per acre foot.

Table 1 shows 2 comparison of farm Crop budget analyses for
alfalfa, wheat, and barley. The acre foot value estimates are
short run, on-site estimates unless ctherwise noted.

Table 1 shows significant variation in the water wvalues
associated with alfalfa, wheat anéd barley across studies. This
is understandable given the varlability in productivity of
farmland across the west, and the differing methodologies across

the studies.

Crop-Water Production Function Estimates

Crop-water production function estimates are not dependent on
economics of crop production and thus are not related te costs of
production, either fixed or variable. Rather, these marginal
values are related conly to the selling price of the crop and the
physical productivity ~f the water unit (Gibbons, 1386). The
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relationship between inputs and outputs in the crop production
process can be expreéssed as & mathematical production function.
When all other inputs are held constant the marginal value of an
acre foot of water can be calculated as the marginal physical
product times the crop price. Table 2 shows crop-water
production function estimates of acre foot water values from
U.S.D.A. contrcllied experiments in Arizona, New Mexico, Colerado,
Texas, Idaho and Washington. The values for wheat and alfalfa
are shown.

pable 1: Farm Crop Budget Analysis Water VYalue Estimates for

Alfalfa, Wheat and Barley.
Value Estimates (per Acre Foot)

Study Aifalfa Wheat Barley
Lacewell et al. {1974; e 15z -
Wwillitt et al. (1875} 20= 18= 5®
Lacewell et al. (1575} - g2 -
Kelso =t al. {1973} 25-41 30-32 27-35
Martin et al. (1979} 24 40 32
Shumway {(1573) 26= - 2=
Washington State U. (1972) 10 52 -

Note: All values are indexed to 1980 crop prices. Dashes denocte
missing valuas.
1 yaiues are net water values.

o

* Yalues are long run values.
gource: D.C. Gibbons, "The Economic Value of Water?, Resources

for the Future, (1586), Washington D.C.



Table 2: Crop-Watexr Production Function Estimates of Water Value
for Alfalfa and Wheat. :

value {per Acre Foolt}
Etate ARliialfa Wheat

Washington

Ayer et al. (1583) - 5%
Arizona

Ayer and Hoyt (1981} 25 22
Mew Mexico

Hovt (1982} : 25 : S L
Texas

Hoyt (1382} - 35

Mote: A1l values zre indexed to 1580 crop prices and reflect on-
site values.

Spource: D.C. Gibbons, "The Economic Value of Water™, Resources
for the Future, (1386), Washington D.C.

3. REVIEW OF WATER LEASING MARKET TRANSACTIONS

While farm crop budget studies and crop-water production
functions can provide theoretical values for water used in
agricultural production, these values only address one side of
the water transaction eguation. For many situations, the
theoretical values cited in the previous section represent the
maximum amcunt a farmer would be willing to pay for the water and
hence are probably overstatements of the true market driven

prices which would exist for water for agricultural uses. Such
prices would be determined by the interplay of supply and demand
forces. However, it should be noted that what a farmer 1=

willing tc pay will alsc depend on the economics of the specific
operation. Fer example, some operations may be vertically
integzated with crops grown for feeding on-farm stock. In this
case, the crop value may actually understate the value in the
operation. Additionally, some Crops are grown in rotation with
payoffs to legumes, for example, based in terms of multi-year
affects on other crop production.

It is interesting to examine recent water transactions in ocrder
to compare prevailing water prices in the western U.8. to the
theoretical values. This section provides a discussion of the
types of and extent of water market activity in the West, as well
as examples of market determined water values.



Their are two types of water rights which are sold in western
water markets: the right tc a certain guantity of water in a year
(usually referred to as water leasing) and the right to a flow of
water each year into the indefinite future., The value of the
second type of water right (permanent right) is egual to the
discounted present value of the stream of annual values. This
discounted present value is a2ffected by the time horizon, the
interest rate and expectations of inflation {(Young, 1584). The
capitalized value is normally 12 to 20 times the annual value,
This implies a discount rate of between approximately 5% and 8%.

rermanent Sales of Consumptive Water Rights

The prices of these water rights tend tec be determined by
lang-run expected supply and demand within a certain spatial
market. Short-run water supply conditions seem to effect the
market prices paid for these permanent rights only teo the extent
that the short-run conditions are viewed as likely to be
permanent.

Examples:
(i} Colorado-Big Thompson Prodject (CBT)

Permanent shares (each for .7 af/yr) sell for a relatively
stable price (1989 approximately $1500 af) [Water Market Update
{(WHMU}), Dec. 19851}

{ii} Renc Nevada Area
Water right prices arcund Reno have stabilized in the 2000

to 3000 dollars per acre foot range. [WMU, Dec. 19831

{i1i)City of Albuguergue has a standing offer to buy rights
for 51000 af. Transactions at this price continue to occcur.
[WMU, Dec., 13891

(iv} Denver, Coloradc
Prices for water rights are currently rising, and are
appreaching $5000 af. [WMU, Dec. 1983}

Temporary Leasing of ®Water Rights

Temporary leasing of water rights is generally designed as a
short term hedge against drought effects or water shortages. The
prices paid for these short term lease:s are highlyv sensitive to
expectations about the short term supply of water.

Examples:
{1} Yuba County {CA} Water Agency {(YCWA)

In 1989 YCWA in anticipation of drought conditions later in
the year sold water to several entities at $45 af. Later In the
vear, when rains eased drought conditions the prices of these
leases dropped to $11 af.



{ii) East Bay Municipal Utility District (CA} {(EBMUD; was
the second largest buyer of YCWA water at the $45 price . When
rains eased the drought conditicns later in the year EBMUD sold
36,000 af of the original €0,00C which they purchased to the
california State Watexr Resources Control Board to enhance salmon
migration and wetland hzbitat. The reselling price was §5 af.
[WHMU, Gct, 19851

{111} {EBMUD} attempted a hedge against future drought by
offering & long term contract to purchase water from local
irrigators for $50 af in those years deemed critically dry by the
state. In a letter to EBMUD the manager of the local irrigation
district =2a3id the district had no water te sell at any price
since all supplies appeared to be needed by local irrigators.

in some areas the price of temporary transfers of water is
set by a "water bank" or a governmental entity and transfers
cccur on an ongoing basis between those with surpluses and those
needing more.

Examples:
{i} East Coclumbia Fasin Water Bank.

In 1985 3 irrigators leased 1000 af for between $10 and $17
af from neighboring irrigators with surpluses. [WMU, Oct. 139683]

(i1} Upper Snaks Water Bank.
Tn 1985 over 100,000 af were traded between irrigators and
Idaho Power Company for $2.50 af.

Cemparable Instream Flow Watexr Leases

The following list of transactions provides a review of water
purchases in the western U.S. which were made for the purpose of
enhancing streamflows to henefit fish or wildlife. The detalls
of the transactions wexre obtained from Water Market Update (WU,

1987 Montana DFWE
The Montana DFWP spent $20,000 to lease 10,000 acre feet of
water from Painted Rocks Reservoir to augment the low flows in
the Bitterroot River. [WMU, Aug. 15871
Acre-Foobt Values 87 .00

1989 California F and G

The California Fish and Game bought 30,000 af from EBMUD to
support £ish and wildlife habltat.
[WMU, Cct. 19891

Acre-~-Foot Value £5.00

1989 Califcrnia F and G

The California Fish and Game bought 45,000 af from the
sureau of Reclamations Central Valley Project to improve stream
flows for Chinock Salmon and improve wetlands.

1€



[WMU, Nov. 19893]
Arre-Foot Value g5, 85

1589 The Hature Conservancy

The Nature Conservancy and cther supporters purchased 3200
af of water from the Upper Snake Water Bank for $80060 to ald
starving Trumpeter Swans.
{WHMU, Mar. 198%]

Acre-Foot Value £2.50

1989 Colorado Fishing Club
B Colorado fishing club is leasing 18 af of water for 5450
to augment evaporative losses from thelx fishing ponds.

Acre-Foot Value “525;09.”.

1984 New Mexico Natural Rescurces Department

The Natural Resources Department paid the city of
Albuguergue 2.35 million dollars to lease 000 af/year for 25
years. The water is used to malintain 3 recreational reservolr
and augment weekend rafting flows in the Ric Chama.
TWwMU, June, 15891}

Acre~Foot Value £15.¢67

1589 The Nature CORsServVancy

The Nature Conservancy closed a net purchase of 74 acres of
wetlands and 6 cfs water right from Formation Spring for
"ecological purpeses”. This was a permanent transfer of water
rights and not a short term lease.
{WwMU, April, 19851

Acre-Foot Value £23.00 permanent

1988 The Nature COonservancy
The Chevrcn Corporaticn donated 200,000 af of water, at an

estimated value of $7.2 million to the Nature Conservancy to
maintain instream flows on the Gunnison River.
[WMU, APR. 1988]

Acre~Foot Value £33 permanent

1988 Potlatch Corporaticn
The Potlatch Corporation purchased 30,000 af from upstreanm

reservoirs to dilute its effluent.
{WMU, Oct. 19881

Acre~Foot Value 51.080

1988 Central Utah Water Conservancy District
the CUWCD purchased 9500 af from a number of private and
local governmental sellers to augment low winter flows in the
Prove river. [WMU, Dec.l13988]
Acre~Foot Value 5¢. 40
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1388 University of Colorado

The U of C purchased 12.5 af from the city of Boulder to
offset evaporative losses in recently constructed wetlands
replacement ponds.
[WMU, Dbec. 1%881

Aore-Foot Value 7.00

1988 California Dept. of Fish and Game

The Californiz F and G purchased 45,000 af fxrom the Bureau
of Reclamation's New Melones water into the Stanislas River. The
release will facilitate Salmon Migration and later will be
diverted into wetlands.
[WMU, Nov. 19881

Aore-Footb Value 5,64

1988 Colorado Department of Natural Resources

Attempting to purchase 750,000 af of Yampa river water
rights to protect endangered £ish for $6 million.
{wMyU, oct. 1988]

hore-Foot Value §8.00 Pending

4., METHODS FOR VALUING AGRICULTURAL WATER IK MONTANA

Introduction

In the absence of comparable sales for establishing falr market
price, it is necessary to use alternative methods for estimating
the value of leased water. As noted previously, the value of
water depends on both supply and demand factors. For purpcses of
this report, we examine two possible cases. These cases will be
defined by the spatial extent of the market and the changes being
considered to make instream flows available.

Case A is where the potential alternative uses of a given water
right are limited to irrigated agriculture. The market is
spatially limited and it is possible to identify the likely land
hase for this agriculture. In this case the value of the water ls
a function of the size and guality of the irrigable land and on
the climate, feasible crops, and application of other inputs
{capital investment in the irrigation system, type of system,
fertilizer, labor input, management and irrigation scheduling,
ete.). Feasible methods for valuing agricultural production that
would be displaced by instream flows include crop-water
producticon functions, county level histerical production history,
and site specific production history. The latter two approaches
are variants of a farm or enterprise budget approach.
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Anocther plausible situation, Case B, is where the value of water
in a given market is dominated by the costs of an increment in
the guantity of water supplied. This is typical in an area where
most water is made available through a basin-wide reservolr and
irrigaticn project. Here water is priced {aside from subsidies)
to cover the rosts of the investment and operation of the syctem.
This situaticon would alsc typify cases where other types of
investment, for example in improved jrrigation system efficiency,
would also in effect increase the supply of water potentially
svailable for instream flows. The price will of course also
depend on market structure.

These twe simple cases abstract from a larger set of possible
 determinants of fair market price. For example, in certain
loccations prices may be dominated by the demand for municipal
water, industrial uses, hydroelectric use, private recreational
uses or augmented flows to improve water guality (dilution of
polluticon concentrations). Our focus is limited toc the Case A and
B situations described above which are thought to be most
relevant for future leasing of instream flows in Montana.

The two cases and specific methods we investigated are summar i zed
in Table 3. Each case and specific method will be discussed in
turn.

Table 3

Alternative Valuation Methods for Leased Water for Instream Flows

ALL CASES WHERE AVAILABLE

Market transactions evidence for comparable sales.
CASE A: DISPLACED AGRICULTURAL PRCDUCTIOHN
Method 1. Production Function Approach.

Method 2. Aggregate County-level Productiom History on Irrigated
and Ecenirrigated lands.

Method 3. Site Specific Production History.

~ASE B: INCREASED SUPPLY THROUGH WATER DEVELOPHMENT INVESTHENT

Method 4. Estimate costs (supply pricej.
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Methods for BEstimating the Value of Water in Irrigation Use

Where instream flows will be made avallable by foregoing
agricultural production, the value 0f the water is dependent on:
a. the land base {acres), b. the crop type, ¢. the market price
for the crop, &. the level and costs of other inputs ({(labox,
management, capital investment, type of system}, and e. the
contribution of water teo production.

Methods 1 to 3 generally make use of the same information on
items a2 to 4, but differ in how the effect of water on crop
yields is determined. Method 1, the productlon function approach,
is generally based on agricultural experiment station controlled
experiments where the amount of water is systematlically varied
for 2 given crop. The assumptions necessary for applying this
approach to a Montana site are: 1) soils and cother envircnmental
conditions are similar between the experiment and the Montana
site and 2) other inputs (fertilizer, labor, etc.) are at similar
levels.

Method 2 an@ 3 estimate the effect of water on ylelds by iooking
at actual production history on the sites o0f interest. Method 2
uses aggregate county level production records on irrigated and
nonirrigated soils. Method 3 examines the productien history for
the specific site, The key assumption of Method 2 is that
irrigated and nonirrigated lands in a given county are egqually
productive. This probably overstates the water value given that
the better scils are more likely to be irrigated. The problem
with Method 3 is that production history may nct be available for
the site in a2 with-and-without irrigation state or that the
history is short and is difficult to interpret given climatic
cycles, In order to derive values per acre foot of water, both
methods 2 and 3 require a2 further assumption of the amount of
water the irrlgated sites received during the production history.
For method 3 this may reguire on-site hydrological
investigations. For elther method an alternative is to assume
that the crops received the necessary "net irrigation® computed
by the Soil Conservation Service for the given county, taking
into account maximum potential evapotranspiraticon and rainfazll.
Additionally, methods 2 and 3 require cost data. All three
methods reguire price information.

As we describe below, all three methods can be used to compute
both 2 value pex unit of water (acre-foot or cfs over a given
period; cr a total value for 2 given land base {(under the
assumption of available *net irrigation®). The latter {total}
value would seem to be the most useful estimate for purposes of
lease negotiation as it is a preliminary estimate of a plausible
lease price for a given right. additionally 1t is necessarily
tied to the factual situation that actually determines the wvalue
of a given right or diversiocn: the land base and the production
made possible on that base by irrigation including short and long
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term production and pessibly the use that producticn has in the
overall farm operation.

Where the productien difference due to irrigation can be
observed, the total net value associated with irrigation of a
given land base and crop type can be fairly easily estimated,
however, we would note that the value per acre~-foot must be
carefully defined. For example, sSuppose that the net crop value
of a given irrigation diversion is estimated to be to be $1000
per year. If 100 acre-feet are Giverted over the season, this
implies a value of $10/AF. However, if conveyance loss (in the
irrigation ditch} is 50 percent and application efficiency is,
say, 50 percent also only 25 acre-feet are avallable to the plant
root zone. Thus the value per acre-foot at the crcp is $40.
Accordingly, care must be exercised in the use of acre-focot
values.

This point is noted because the production function approach
begins with an acre-foot value at the crop and can be used to
derive a total value for a given diversion. Conversely, the
production histery {(or farm enterprise budget) approaches begin
with a total value computation based on the acreage and crop. AD
assumption {(or hydrological measurement) about water used is
necessary to convert this to an acre-foot value at the crop.
additional assumptions about conveyance and application
efficiency (eor hydrclogical measurement} may be necessary to
convert this to an acre-foot value at the diversion point. The
computations necessary for each approach are detzailed below.

Method . Production Function

The production function approach is based on the microeconomic
profit-maximizing model of the firm. A basic result of this
model, which is available in any basic ecconomics text, is that
the business firm will be willing tc pay & price for inputs egual
to the contribution of that input to production (marginal
product) times the value of the output or:

Wi,c,s = MPP3 * Pj (1}

where, for the case at hand:

wi,c,s = the short run value nof water per acre foot at the crop
for crop 3.

MPPd = marginal physical product for crop 3 (from the economics

literature)
Pj = crop price, based on Montana historical price series.

Then, given net irrigation per acte for the given crop by county
(Nij) and total acres for the given crop {(Aj}, total short run

value is given by:
Ti,s = Wi,c,s ¥ Wij * AJ (21
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The value is "short run® in that an assumption of the model is
that the change in production is given geterus paribus {alli other
inputs are fixed at some given level). Aococordingly, this is a
short run since at least some inputs {(such as investment In the
irrigation system, the amocunt of land, etc.) are fixed. The key
assumption of the model is that Hij is equal to the maximum net
irrigation as identified by the SCS for that crop and county - in
ather words that sufficient water is available to the plant to
achieve maximum potential evapotranspiration for the site. This
may not be an appropriate assumptiocon for a given case {due to
limits on amount or timing of water availability or the limits of
a given type of system in particular soils {floed irrigation in
gravelly or sandy soils}. Accordingly, it may be necessary to
modify Nij to some ratic of Nij based on site hydrology
investigations or simple computations based on the diversion and
efficiency of irrigation conveyance and application systems.

2 short run value per acre-foot can alsc be computed at the
diversion point given overall system efficiency (conveyance times
application efficiency or "Ek" where there are k permutations of
conveyance systems (unlined ditch, lined ditch, pipeiine, etc}
and application systems (flood, center-pivot sprinkler, etc.}}
or:

wWi,d,s = Wi,c,s * Ek {3)

2 detailed application of this method to Montana countlies and
crops is provided in Section 5. The fact that the preduction
function approach yields a short run value ralses the issue ot
when short run values are appropriate to use. The shoxrt run -
long run distinction would apply to the type of lease, but not
necessarily the length of the lease. A grower with a lease that
specified a call on water in dry years would be in the short run
situation Sust as much as cone with 2 one year lease. With a
fairly thick market in second hand irrigation eguipment, the
crucial factor putting a producer in the long run situation weould
he the fact that the lease was for water every year, not that its
term was 10 years instead of 5.

Method 2. County Productiopn History

The analytical basis for Methed 2 1s the ohzerved difference
between irrigated and nonirrigated lands for a given crop and a
given county or Qij, with units of tons, bushels or AUM's per
acre~-year. This method begins with an estimate of total net wvalue
to irrigation water on a given land base AJ {acres} or:

T4,s = gid * Ri,s * Al (45

where R3,s is the net ingome per unit of production (eg. per ton
cf alfalfa, etc.) in the short run or PI minus averagde varizable
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costs (labor, management, power for pumping, etc.;i.
Alternatively, this approach can also be used to compute 2 long
run total wvalue, T3i,1 or:

T, = Qi3 * R3,1 * AJ (5}

where R3j,1 iz price, PJ, minus total average costs {(including the
costs of the irrigation system) for the enterprise. T3j,1 will be
lower than T3,s because it factors in the costs associated with
investing in the irrigation system. In the short run a rancher
will need to be compensated for the difference between price and
variable costs (labor, power, etc.) because he is stuck with the
costs of his investment. In a long run situation, where the

vancher has not yet made the investment or would need to reinvest
over the term of the lease in his system, the net return he would
actually forego is lower - because it includes the cost of hils
investment. This is an analytical reason for expecting lower Pper
year lease costs for longer term leases.

The net foregone value assoclated with not irrigating a given
1and base can also be used to compute the vslues per acr= at the
crop (We,.) and at the point of diversion (Wd,.). The definition
of these is the same as for the preduction function approach,
except that both long and short-run values can be computed:

Wwe,35,s = Ti,s/(Nij * Aj) = (Qij * Rs,J)/N13 (6)
we,3,1 = Ti,l/(Nij * AJ) = (Qij % R1,J3/Ni3 (7
wad,j,s = Wc,3,s * EK {8}
wa,i,1 = We,3,1 * Ek (9)

where variables are as previously defined.

For the Case A situation, it may be noted that the market
transactions reported in the preceding section would be mest
comparable to the diversicn water price (wd,.} shown here. The
equations indicate that these prices are directly proportional to
conveyance and application efficiency and could therefore vary
considerably.

Method 3. Site Production History

Method 3 is, like Method 2, a type of farm or enterprise budget
analysis that takes into account production, prices and costs.
The analytical steps {eguations 4-9) and variable definitions are
identical for these two methods. The only real difference is the
bacis for determining the gain in production associated with
irrigation {(Qij). For Method 3, 0ij is estimated from production
history on the site {(or adjolning or nearby fields of similar
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quality). Additionally, Method 3 can potentially provide a more
defensible estimate of the actual water made available tc the
plant {Nij) through on-site hydrelogical investigations. Scme
erspective on Nij can also be gained from simply comparing the
diversion right (given efficiency of conveyance and application;
o the estimated net irrigation need computed by SCS. An unknown
may be the effect of "flood rights" or natural subirrigation.

By contrast, there is no obvious way to validate the actual
amount of water made available to the plant on a county~average
masis. The default assumption is, ©f course, to use the SCS "net
jrrigation® estimates.

Method 4. Supply Price Based on Investment Cost

The preceding methods describe approaches for valuing irrigation
water based on displaced agricultural production or a Case A
situation. An alternative situation is where the market price In
2 local potential or actual water market may be dominated Dby
investment alternatives that can increase water supplies. The
most obvious situation is investment 1In water storage, suth as an
upstream reservolr, that makes water available during the
irrigation/recreational season that was previously lost in the
spring runoff. The value of this water is simply the amortized
present value of investment and cperation and maintenance of the
project over 1its useful 1ife (Cl) divided by the available

storage (5} or:
wd,¥ = C1l/8 (109

Alternatively, for a project with fully amortized investment, a
short run price that covers continuing variable costs is:

Ws,1l = Cs/8 (11}

This case seems fairly simple for a reservoir type of
application. A more complex variant is where other types of
investment are made, such as in Improved efficiency of an
irrigation system (for example change from & ditch to & pipeline
and from flood to sprinklier). One way to lock at this case is
that there are actually multiple outputs from the project: water
conveyed to a field at some ievel of pressure {which can displace
pumps with a gravity sprinkler) pius water now available toc be
diverted in the stream. This raises the issue of how costs should
he shared among the outputs and how the output guantities are to
be defined.

From an economic efficiency standpolint, this is similar to the
~ase of & business firm with multiple outputs. A basic analytical
vesult in this area of microeconomic thecry is that there is no
clear way to allocate Jolint costs of production. An alternative
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is to examine the problem from the standpoint of *falrness®.
Several approaches seesm possible. One is toc simply assume that
the uses are eguasl in "worthinessY and share costs based on
actual water use., Where "IY is the water diverted for irrigation
and MF" is the instream flow increment from the investment, then
the share paid for instream flow of the total investment C1 might
he the rvatio of F/(I + F)}. An issue is whether C1 should inciude
just the costs of a conveyance system or also the ranchers
investment in sprinklers, etc.

An alternative "fairness" proposition would be to compute cost-
shares in proportion to net returns. This would reguire an
independent estimate of what the instream flow is worth.

A third proposition would be to develop a simulation model of
alternative price and producticn combinations projected cut for
the life of the project. Prices and production cculd be based on
the variance in the actual historical record for the given crop.
2 number of these prodject "futures™ ceould be run and the
statistical distribution of net return to irrigators over the
life of the project ccould be computed. The effect on net returns
of having an increasing share of investment costs covered by
instream flows could alsoc be computed. A "falr share" might be at
+he level which reduces the possibility of a negative net return
to the irrigation investment (from the irrigator's standpoint) to
some specific low probability, such as 1 percent. In other words,
it may be "fair" for instream flow payments to reduce project
uncertainty from the ranchers standpoint to near =zero.

Cnce cone deviates from the simple reservoir-type supply cost
model, there is no clear analytical basis for a falr sharing of
investment costs in a multiple-ocutput model. Accordingly, it may
be necessary to examine all three {or more) of the "fairness®™
based scenarios and estaklish a price through negctiation.

It is also possible in some situations that a value could be
assigned based on displaced agricultural production, for example
if the land base is large and there are many feasible alternative
levels of investment (scale of the project). However, given a
iimited land base asscciated with a project, more typically the
feasible or least-cost state of the project may be well defined
with the net return beyond some point being near zero.

5. RESULTS OF CENERAL METHCODS FOR VALUING IRRIGATION WATER IN
SELECTED MONTANA COUNTIES

several of the assumptions of the general methods for vaiulng
agricultural water have Deen touched on thus far. Before
proceeding with an analysis of those methods, and the water
values which are estimated using them, it is Important to note
the limitations of the two methods. Perhaps most important 1is
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the fact that both methods are based on the use of aggregated
data and, therefore, provide only "ballpark" estimates of the
value of any particular water right. The county specific
comparison of yields of irrigated and nonirrigated 1iand prowvides
average water values for most crops in each county, but these
estimated values will not necessarily egual the water values on
any specific farm. A second limitation of the general methods
lies in the fact that they dc not provide value estimates for ali
crops in all counties. Comparisons of irrigated and nonirrigated
vields could not be made in counties where there was elither no
irrigated or no nonirrigated land for a particular crop.
Additionally, in cases where there was a very small amount of
land in a county planted in a particular crop, estimates which

- were -made should be viewed with caution..

A limitation specific to the yield comparison method of valuation
lies in the estimation of costs associated with different types
of irrigation systems (flood, wheel line and center pivet). All
farmers who irrigate using a flood system do not have the same
per acre costs of irrigation. The same is true fox sprinkier
irrigators. Qut of practical necessity the cost estimates (both
short run and long run) reported here are average costs from
which case specific costs may vary widely. The average short run
cost of flood irrigation used here is an average representative
cost of the labor needed for handline irrigation (roughly $20 per
acre for alfalfa and wild hays and $10 per acre for small

grains). This is assumed to be the maximum cost assocliated wit
flood irrigation. In many cases actual costs will be lower, and
estimates should be adjusted to reflect this. Power costs for

sprinkler pumping were assumed to be 44.225 Kkwh per acre/inch
pumped priced at a 1989 average agricultural rate of 4 cents kwh
(Fogel and Luft, 1980). Laber, cperation and maintenance of
sprinkler systems were assumed to be $7.05/acre for wheel lines
and %14.25/acre for center pivot systems {(Grelman, 199%0).

Finally, long run eguipment costs were assumed at an original
cost of $250/acre for wheel lines, $350/acre for center pivot
systems and $50 for flood. While investments in flood irrigation
can be sizable {(traveling dams, lined ditches, etc.) there are
many flsod irrigatien systems which with a minimum of maintenance
operate on very minimal investments. These investments were
amortized over 20 years at an assumed real rate of 4.6% {(DNRC,
1989). Again, these are average figures which may vary widely
depending on topography, and system design. It is notewocrthy
that all three types of irrigation systems are not used routinely
on all crops even though water wvalues are reported for these
systems. Wild hay, for instance, is almost always flooded as
sprinkler ixrigation is not economically feasible (Bjergo, 1350},

One final word of cantion deals with costs and revenues not
addressed in this report. An lrrigation system which appears
uneconomical using these numbers might be much more attractive
when hidden sources of revenue such as government price supports,
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matching funds for system improvements are considered or further
on-farm processing (such as using hay for feeding cattle}. Alsc,
the existence of a high pressure pipeline which conveys water to
faymers can eliminate power pumping costs, and thus make 2
sprinkling system more attractive and the water 1T uses more
vaiuable.

The crop-water production function value estimates were used
primarily as a wvalidation of the county-lavel comparison
methodology, But it can alsc be viewed as 2 stand-alsone
valuation method for at-the-crop water used for irrigated
alfalfa. Because use of this method depends on the avaiiability
of research data for specific crops, its use was limited to
valuing water used in the proeduction of alfalfa.  However, since
2lfalfa constitutes 33% of the harvested cropland in the eight
counties of interest, this method is significant as a valuation
technique for water used on Montana cropland. Table 4 shows
which crops each method is capable of addressing.

Table 4

Agricultural Water Valuation Technigues
Methodologies and Their Limitations

Crop-Water Comparison of
Crop Production Functions Irr. and Nonirr. Yields
Alfalfa Hay Yes Yes
wild Hay No Yes
Smaii Grains
Barley No Yes
Oats No Yes
gpring Wheat Mo Yes*
Winter Wheat No Yes*

ng values

« acterisk denctes that care must be taken in interpreti
creages and

for certaln counties as estimates are hased on small ac
may be biased.
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Comparison of Ixrigaeted and Monirrigated Production Based on
Y g prical DaLa

Comparing vields of irrigated and nonirrigated lands is a special
case of a more general method of agricultural water valuation
known as farm budget analysis. This comparison methed looks at
crop yields from irrigated and nenlrrigated lands which are
similar in productivity to determine the addition to total vield
which irrigation brings about. This comparison methedology has
been the preferred methed of the United States Water Resources
Council {(Gibbons, 1986). 1In the research literature this method
is not often used because of the difficulty in finding irrigated
and nonirrigated lands growing ldentical crops which have the
same soils, exposure, rainfall, etc.. A general applicaticn of
this method is possible in the case of Montana agriculture
because of the existence of two sources of Montana agricultural
data. The Mcntana Agricultural Statistics Service {MASS}
publishes a yearly summary of county~-by~county acres harvested
and average yields for each crop grown in Montana. These
statistics are published for both irrigated and nenirrigated
cropland in each county. This MASS data base combined with Soil
Conservation Service estimates of crop specific water consumption
for each county provide the information necessary to perform the
comparison. Of course a county level data base dees not
guarantee 1dentical scils, exposure and rainfazll. As noted
previously, it is likely that the better soils are irrigated
which implies that the fcllowing estimates may provide an upper
bound to the influence of irrigation water on crop yield.

In implementing this county specific historical yield comparison
four general steps were followed: 1) & gross Crop value per acre
was calculated for both irrigated and nonirrigated lands in each
county, 2) The average per acre difference in gross crop value
was calculated for each crop in each county, 3) lirrigation costs
f5r three alternative types of irrigation technologies were
subtracted from the average per acre difference in crep value to
arrive at a net value per acre of irrigation water, 4i the net
value per acre was divided by the county and crop specific
irrigation reguirements as specified by the BCS to arrive at a
per acre/focot value of lirrigatlon water.

Tabies 5-16 show for both irrigated and nonirrigated cropland the
average number of acres harvested, the average yield per acre,
the 3 year {1987, 1988 and 1989) price for the crop and the gross
crop value per acre. Because of the large year to year changes
in crop unit prices due to market conditions, we did not bother
to correct the 1987-198% price series for the relatively small
change due to inflation in these years. The prices can be
interpreted as being in approximately 1588 dollars. Missing
cells in the tables indicate that none of the Ccrop was grown
using a specific method {irrigated or nonirrigated) in a specific
county. Tables 17-22 show the difference in average yislds
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between irrigated and nonirrigated croplands and how that
difference trancslates into the average difference in the gross
value of the crops Grown per acre. Certain vield differences are
marked with an asterisk. This denotes that one or both of the
average acreages upoen which the Gifference is based was lowex
than 500 acres. Therefore, values derived from these asterisked
vield differences should be interpreted with cauticn as 1 orx 2
particularly well, or poorly, managed farms, or farms with very
different s0il gualities, could significantly affect the value
estimates. Tables 23-34 subtract average annual irrigation costs
for flood, sidewheel and center pivot systems from the gross
difference in value per acre from Tabies 17-22. Tables 23-28
subtract out conly short run costs of operating the systems in
order to estimate short run values for the water. These short
run costs are labor costs of operating the systems, electrical
costs and other operation and maintenance costs. Tables 285-34
additicnally subtracts ocut long Tun costs associated with the
systems. These costs include the amortized cost of any eguipment
used in the irrigation process. It is in this set of tables that
the assumption that all crops reach their maximum, or potential,
evapotranspiration level Dbecomes most significant. While it may
be reasonable to assume that sprinkler systems such as a
sidewheel or center pivot system provide an adeguate level of
water to crops to meet thelr potential ET needs the assumption 1is
not as reasonable in the case of flood irrigation. Because of
the inefficiencies of many flood systems, crops watered this way
often fall short of their maximum ET levels and ylelds are
reduced. The result of this potential bias may be that the wvalue
figures for flood irrigation are somewhat overstated. There is
no obvious way around this problem other than site specific
hydrolegic investigations.

The per acre crop value which is added by irrigation can be
converted into a per acre/foot values if the amount of irrigation
water used in the crop production process is known {focllowing
eguaticons & to 9 inp sacticn 4). Tables 35-40 show CIop and
county specific net irrigation requirements. These regquirements
are from the SC& Montana Irrigatiocn Manual and were calculated in
that publication for weather stations throughout Hontana.

certain counties of interest to DFWP 4id noct have reporting
weather stations so irrigaticon requirements for nearby weather
stations in the same climactic zone, and of a similar altitude,
were used in proxy. The net irrigation reguirement figures Erom
tables 35-40 were then used te convert the per acre net value of
irrigation water flgures to per scre focot values. The results of
these calculations are shown in tables 41-58.

Recommendations for Use of county Comparisen Tables

The computational detall (53 tables) included with the county
comparison method of water valuation Is provided to facilitate
wee of the method and it's estimates. The aim of the authors was
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to present the derivation of the estimates in & transparent
manner which would previde maximum flexibility in applying the
estimates to actual water leasling cases. FoOr example, 1f the
yvields, costs or irrigation efficiencies assocliated with a
particular water right Aid not match the assumed values used in
the average value calculations alternative figures can be plugged
in to the tables at any point, and the new (more site-tailocred)
estimates can be calculated. When site-specific cost, yield or
efficiency estimates are avallable these should be used in place
5f the average or assumed values in the tables in order to
provide the most accurate inputs to the value estimation process.
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Table 5
Irrigated Montana Cropland
Average Acreage and Yields, by County
1980~-1988
Alfalifa Hay

County Acres Yield/acre Price Gross/acere (8}
. Beaverhead 4G, 388 3.31 £5.13 215.78

Broadwater 13;533 .. .3,52... ..65;i§ o ﬁf§9{7

Dearlocdge 5333 2.84 65,19 185.14

Jefferscn 10,956 3.13 65.15 204,04

Lewis & Clark 20,5311 3.140 £5.19 202.09

Heagher 5511 2.61 £5.1% 176.15

Park 26,256 2.568 £5.19 174,71

Ravalli 19,733 3.54 £5.19 230.77

Notes: Acres = Average Harvested Acres
Yield/acre = Yield in tons per acre
Price = Three year averags price (1587, 1988 and 15897

25



Table &

Nonirrigated Montana Cropland
Average Acreage and Yields, by County
19801988
aAlfalia Hay

County Acras Yield/acre Price Gross/acre (§}
Beaverhead 1111 1.18 £5.19 76.92
Broadwater 1378 1.28 6€5.19 84.10
Deerlodge 211 1.31 £5.189 85,40
Jefferson 911 1.49 65.1%9 57.13
Lewis & Clark 5389 1.24 £5.15 B0 .83
Meaghex 2689 i.2¢ £5.1% 82.14
Park €511 1.59 £5.19 1032.65
Ravalli 889 1.76 £5.19 1i0.82
Notes: Acres = Average Harvested Acres
vield/acre = Yield in tons per acre

price = Three year average price (1587, 1988 and 1989)
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Table 7T

Irrigated Montama Cropland
Average hcreage and Yields, by County

198061584
Barley
County ACYes Yield/acre Price Gross/acre (§)
Beaverhead 7567 £8.9 2.28 157.408%
Broadwaterx 8189 6£9.3 2.28 i58.40
Deerladge 389 64.56 2.28 147.29
Jefferson 1855 £4.0 2.28 145.%2
Lewis & Clark 4811 55.0 2.28 134.32
Meaghsr 19869 57.1 2.28 130.15
Park 2433 60.% 2.28 138,17
Ravalli 4044 £7.9 2.28 154.81
Hotes: AcCres average Harvested Acres
Yield/acre = Yield in bushels per acre

Frice

Three year average price {1987, 1988 and 1989)
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Fable &

Monirrigated Montana Creopland
Average Acreage and Yields, by County

13801988
Bariey
County Acres Yield/acre Price Gross/acre (§)
Beaverhead 215¢ 37.8 2.28 86.18
Broadwater 160,244 3509 .28 81.85
Deexrlodge 287 30.8 2.28 70.22
Jefferscn 1611 35.4 2.28 80.71
Lewis & Clark 3985 31.¢8 2.28 1Z.50
HMeagher 14,45¢6 31.86 2.48 72.08%
Park 7060 37.7 Z.28 85,56
Ravalli 1844 35.3 2.28 BO. 48

Notes: Acres =

Average Harvested Acres

vield/acre = Yield in bushels per acre
Three year average price (1987, 1988 and 1989

Price =
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Trable 9

Irrigated Montana Cropland
Average Acreage and ¥Yields, by County

1%86-1988
Oats
County Acres ¥ieldsfacre Price Gross/acre {3}
Beaverheaad 489 75.8 1.73 131.13
Broadwater 5867 75.7 1.73 130.53
Deeriodge - - - -
Jefferson 622 Fa.4 1.73 121.79
Lewis & Clark 300 £7.8 1.73 116.%5
Meagher 489 65.7 1.73 113.70
Fark 778 68.7 1.73 118.85
rRavalli 767 76.7 1.72 132.69
Notes: AcCres Average Harvested Acres
vield/acre = Yield in bushels per acre

Price

Three year average price {1987, 1988 and 1389)
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FTable 10
Nonirrigated Montana Cropland
Average Acreage and Yields, by County

1980~1988
Cats

County Arres ¥Yield/acre Price Gross/acre (8}
Beaverhead - - - -
Broadwater 244 32.3 1;73. o 55,88
Deerlodge - - - -
Jefferson 167 30.1 1.73 52.07
Lewis & Clark 133 30.90 1.73 51.90
Meagher £33 3%.9 1.73 £9.03
rark 355 38.1 1.73 €5.91
Ravalli 144 31.6 1.73 53.£3
Notes: Acres = Avsrage Harvested Acres

vield/aczre = Yield in bushels per acre
Price = Three year average price (19587, 1588 and 1589}
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Table 11

Irrigated Montana Cropland
ARverage Acreage and Yields, by County

1980159488

Other Hays
County Acres Yield/acre Price Gross/acre (4§}
Beaverhead 45,650 1.45 57.78 B3.78
Broadwater 43850 1.66 57.78 §5.91
Deerlodge 6100 i.36 57.78 78.58
Jefferson 14,087 1.50 57.78 B5.67
Lewis & Clark B375 1.64 57.78 54.76
Meagher 26,863 1.56 57.78 9¢.14
Park 18,338 1.78 57.7¢ 162.85
Ravalli 15,925 1.88 57.78 108.83
Notes: ACcres = Average Harvested Acres

vield/acre = Yield in tons per agre

Price = Three year average price (1987, 1588 and 1989

31



Table 12
Monirrigated Montana Cropland
Average Acreage and Yields, by County
19830-1%88
Other Hays

County Acres ¥Yield/acre Price Gross/acre [§})
Heaverhead 2913 .85 57.78 43.11
Broadwater 825 .95 57.78 54.89
Deerlodge - - - -
Jefferson 1175 .98 57.7% 56.672
Lewis & Clark £263 1.985 57.78 EG.ET
Meagher 4725 1.09 57.78 £2.98

Park 3850 1.11 57.78 £4.14
Ravalli £25 .78 57.78 45.07
Notes: Acres = Average Harvested Acres

Yield/acre = Yield in tons per acre
Price = Three year average price (1987, 1988 and 1385)
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Table 13

Trrigated Montana Cropland

Average Acreage and Yields, by County
1i%80~-198%
Spring Wheat

County Acres ¥Yield/acre Price Gross/acre {5}
Beaverhead 5622 60.1 3.49 208,75

Broadwater 9400 °0.2 343 210.10
Deerlocdge 122 38.7 ”méqéé i .”.léé;QGMH
Jefferson 189 39.7 3.49 138.55
Lewis & Clark 1500 52.5 3.49 183.23
Meagher 200 27.3 3.49 95,28
Park 322 34.0 3.43% 118.67
Ravalli 309 53%.6 3.43 208,00
Notes: Acres = Average Harvested Acres

Yield/acre = Yield in bushels pexr acre
Price = Three year average price (1987, 1988 and 15833
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Table 14
Nonirrigated Montana Cropland
Average Acreage and Yields, by County
1980-1588
Spring Wheat

County Acres Yield/acre Price Gross/acre (3}
Beaverhead 2544 27.90 3.49 94.23
Broadwater 8077 Z5.12 3.49 §7.35
beerlodge 244 25.2 3.48 87.95
Jefferson 15¢7 27.2 3.49 94.93
Lewlis & Clark 1656 23.1 3.49 80.62
Meaghar - £33 i6.2 3.4%3 56.54

Fark 1878 23.4 3.43 81.€7
Ravalli 311 20.8 3.49 72.5%
Notes: Acres = Average Harvested Acres

vield/acre = Yield in bushels per acre
Price = Three year average price {1987, 1988 and 1989
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Table 15

Irrigated Mentana Cropland
Average Acreage and Yields, by County

15806-1988
Winter Wheat

i%

County Brres Yield/acze Price Gross/saczre (3}
Beaverhead 260 44, 3.42 151.51
EESAAWEEEE ggq L 3,42 190,48

peerledge - - - -
Jefferson - - - -
Lewis & Clark 122 26, 3.42 89,26
Meagher - - - -
Pazrk 388 48. 3.42 165.19
Ravalll 178 38, 3.42 133.04
Notes: Acres kverage Harvested Acres

vield/acre = Yield in Bushels per acre

Price Three year average price (1387, 1988 and 1%89)



Tahle 16
Monirrigated Montana Cropland
Average Acreage and Yields, by County
1980~1988
Winter Wheat

County Acres Yield/facre Price Gross/acre {5}
Beaverhead 3785 35.6 3.42 121.75
Broadwate? o ig;é@é' R 'ji;im”' T teelse
Deerlodge - - - -
Jefferson 5444 32.7 3.42 111.83
Lewis & Clark 10,789 30.8 3.42 105.34
Meagher 7411 27.3 3.42 93.37
Park 9722 30.7 3.42 104.99
Ravalll 1366 34.3 3.42 117.31
Notes: Acres = Average Harvested Acres

yield/acre = Yield in bushels per acre
Price = Three year average price {1987, 1988 and 1989}
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Table 17
Irrigated v. Monirrigated Land
pifference in Yield and Gross Crop Value
13801988
Alfalfa Hay

County Yield Diftference Gross Difference (35}
Beaverhead 2.13 138.8¢6
Broadwater 2.23 145.39
Deerlodge 1.53= 9%.,74
Jefferson 1.64 108.91
Lewis & Clark 1.86 121.2¢6
Meagher 1.35 87.97
Park 1.09 71.06
ravalli 1.84 119.95

Note:Values marked with an asterisk are based on small acreage
estimates and thus may be unreliable.
vield Difference is in tons per acre.
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Table 18
Irrigated v. Nonlrrigated Land
nifference in Yield and CGross Crop Value

1980-31988
Barley
County Yield Difference Gross Difference (§)
Beaverhead 31.1 70.51
Broadwater 33.4 76.15
Deerlodge 33. 8= 17.07
Jefferson Z28.5% £5.21
Lewls & Clark 27.2 61.82
Meagher 25.5 58.14
rark 22.9 52.21
Ravalli 32.6 74.33

Note:Values marked with an asterisk are based on small acreage
estimates and thus may be unreliable.
vield difference is in bushels pexr acre.
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Table 1%

Irrigated v. Wonirzigated Land
pifference in Yield and Grxoss Crop Yalue

158G-1388
oats

County Yield Differencs Cross Difference {(§)
Beaverhead - -
BEoadwater @B 75.05
Deerlodge - -
Jefferson 40, 3= £5.72
Lewis & Clark 37.6* £5.056
Meagher 25.8= 44,867
Park 30.6~ 52.94
Ravalll 45,7~ 73.06

Note:values marked with an asterisk are based on small acreage
estimates and thus may be unreliable.
vield difference is in Bushels per acre.



Table 20
Irrigated v. Monirrigated Land
nifference in Yield and Gross Crop Value

1s80-1588

Other Hays
County Yield Difference Gross Difference (%)
Beaverhead . B0 34.87
Broadwater .71 41.02
Deerlcdge - -
Jefferson .52 306.058
Lewis & Clark .55 34.05
Meagher .47 27.16
Park .67 36.71
Ravalll 1.14 £3.56

NHote:values marked with an asterisk are based on small acreage
estimates and thus may be unreliable.
vield Aifference ls in tons per acre.
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Table 21
Irrigated v. Monirrigated Land
Difference in Yield and Gross Crop Valus
19801588
Spring Wheat

County Yield Difference Gross Glfference (5}
Beaverhead 33.1 1i5.52
Broadwater 35.0 322.15
Deerlodge 13,5+ 47.11
Jefferson 12.5= 43.62
Lewis & Clark 29.4 102.61
Meagher 11.131= 38.74
Park 10.6= 37.00
Ravalli 3g.8~ 135,41

Note:values marked with an asterisk are based on small acreage
estimates and thus may be unreliable.
Yield difference is in bushels per acre.
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Table 22
¥rrigated v. MWonirrigated Land
pifference in Yield and Gross Crop Value
15801948
ginter Wheat

County ¥Yield Difference Gross Differsnce (5}

Beaverhead 8,7 25.76
Broadwater . ... 24.86 ... .. .. 8413

Deerlodge - -

Jefferson - -

Lewis & Clark (4.7} {16.08)

Meagher - -

Park i7.6= £0.,2¢

Ravalli 4.6 15.73

Note:vValues marked with an asterisk are based on small acresages
estimates and thus may be unreliable.
vield differences are in bushels per acre.
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Table 23

Short Bun Net Value of Irrigation to Cropland
Per Acre Estimates for Verying Irrigation Systems

19801988
Alfalfa Hay

County Irr. System Gross Value Annuz2l §.R. g.R. Het
Pexr Acxe Irr.Cost Valuesacre
Beaverhead Flood 138.8¢ 20,00 118.85%
Wheel Line 138.86 26,63 112.22
Center Bivet. .138.86 1 33.83 10s.062
Broadwater Flood 145.39 246.00 125,37
Wheel Line 14%5.3% 36.17% 109.21
Center Pivot 145. 36 43,37 i62.61
Deerlodge Flood $9.74~ 20.008 79.74
Wheel Line 99, 174+ 21.47 78.27
Center Pivot 59,74~ 2B.67 71.G7
Jeffterson Flocd 166,81 20,00 B8.91
Wheel Line 106.91 27,27 79.64
center Plvot 106.91 34.47 T2.44
Lewis & Clark Flood 121.2%6 20.00 i901.25%
Wheel Line 121.26 36,17 85.09
Center Pivot 121.26 43.37 77.8%
Meagher Floed 87.97 20.090 68.0C1
Wheel Line 87.37 Z26.58 61.43
Center Pivot 87.97 33.78 54,23
Park Flood 71.06 20.008 51.086
Wheel Line T1.806 32.05 39.01
Ccenter Pivot 71.08 39.25 31.81
Ravallil Flood 115.95 20.00 $9.55
Wheel Line 119.95 34.43 85,52
Center Pivot 119.95 41.63 T78.32

* Asterisk denote

samples and thus may be unreliable.

s values which were derived from small acreage

Note: Gross value per acre is the average additional gress Crop
value of lrrigated over nonirrigated land.
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Table 24
Short Run Met Value of Ixrigatien to Cropland
Per Arre Estimates for Varying Irrigation Systems

1%80-1%88
Barley
County Irz. System Gross Value Annual 8.R. 5.8R. Het
Pery Acre Irr.Cost Value/acke
Beaverhead Flood T0.91 106.00 EG.51
Wheel Line 70.51 17.96 52.94
Center Pivotl . 36.91 . 25,18 45,74
Broadwater Fleod 76£.15 1G.00 £6.15
Wheel Line 76.15% 23.8¢ 52.30
Center Pivot F6.15 31.0¢6 45,10
Deerlodge Flood 77.07= 10.00 £7.06
Wheel Line T7. 07 13,78 832,75
Center Pivot 77.07= 20,48 5. 55
Jefferson Flood £€5.21 146.890 55.21
wheel Line £5.21 21.40 43,81
Center Plivot £5.21 28.60 36.61
Lewis & Clark Flood £1.82 10.68 52.02
Wheel Line 61.82 23.8¢ 38,16
Center Pivot £1.82 31.06 30.86
Meagher Flood 58.14 10.00 48.14
Wheel Line 58.14 19.13 3%.01
Center Pivot 58.14 26,33 31.81
park Flood 52.21 106.06 42.21
Wheel Line 52.21 18,77 32.44
Center Plvot 52.21 26,987 25.24
Eavalli Flood 74.33 14.00 £4.33
Wheel Line 74.33 20.39% 53.94
Center Pivot T4.33 £27.59 46,74

® seterisk denotes values which were derived from small acreage
samples and thus may be unrellable.

Hote: Gross value per acre is the average additional gross crop
value of irrigated over nonirrigated land.
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Table 25

Short Run Net Value of Irrigation to Cropland
per Acre Estimates for Varying Irrigation Systems

198G-1988
Gats
County Irz. 8ystem Gzreoss Value Annual S.R. 8.R. Ket
Per Acre Irr .Cost Valuesacre
Beaverhead Flood - - -
wWheel Line - - -
Center Pivet - _ T -
Broadwater Flood 15.05= 10.00 £5.08
dWheel Line 75,05 23.8¢& 51.23
Center Fivet 75,056 31.0¢ 44.63
Deerlodge Flood - - -
Wheel Line - - -
Center Plvot - - -
Jefferson Filood £9.72= 18,060 £Eg,72
Wheel Line £9.72= 21.40 48,32
Center Plivot 9,72+ 28.60 431 .12
Lewis & Clark Flood £5,05= 10.00 55.05
Wheel Line £5.05= 23,88 41.1%9
Center Pivot 65,05 31.0¢ 33.86%
Mezghery Flood §4.67= 10,00 34.563
Wheel Line 44 .67 1%.13 25,50
Center Pivot 44.67+ 26.33 1B.38
Park Flood 52.54= 1c.o60 47.94
Wheel Line 52.94+ 13.77 33.17
Center Pivot 52.54+ 26.87 25.%97
Ravalli Flood 79.08 10.600 £9.086
Wheel Line T9.06= 20.39 58.87
Center Pivot 78,06 27.589 §1.47

* roterisk denotes values which were derived from small acreage
samples and thus may be unrellable.

Note: Gross value per acre is the average additional gross Crop
value of irrigated over nonirrigated land.
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Table 2§

Short Run Met Value of Irrigation to Cropland
Per Acre Estimates for Varying Irrigation Systems

1980-1988
Dthezr Hays
County Irx. System Gross Value Annual 5.R. S.R. Het
Per ACTe Izr.Cost Value/acre
Beaverhead Flacod 34.67 20.00 14,67
Wheel Line 34.87 24,89 .78
Broadwater Flood 41.072 2¢0.400 21.602
Wheel Line 41.02 31i.44 3.58
Center Pivot 41.402 38.£4 2,38
Deerlodge Flood - - -
Wheel Line - - ~
Center Plivot - - -
Jefferscn Flood 30,05 20.00 10,45
Wheel Line 3G.05 25.78 4,26
Center Pivot 30.05 32.%8 ~2,.54
Lewis & Clark Flood 34,09 20.090 14.¢9
Wheel Line 34.09 31.44 Z2.65
Center Pivot 34.09 3B8.&84 -4.55
Meagher Flood 27,186 206.00 T.16
Wheel Line 27.186 25.98 i.1¢8
Center FPlvot 27.1¢ 33.18 ~5,07%2
Park Flood 36.71 24.60 i8.71
Wheel Line 36.71 25. 3¢ .36
Center Pivot 36.71 36 .56 2.1¢
Favalli Flood £3.56 20.00 43.5¢
Wheel Line £3,.5¢& 30.28 33,28
Center Pivot €3.556 37.48 26,08

* rcterisk denotes values which weze derived from small acreage
samples and thus may be unreliable.

Note: Gross value per acre is the average additional gross Crop
value of irrigated over nonirrigated land.
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Table 27

Short Run Net Value of Irzigation to Cropland
Per Aere Estimates for Varying Irxzigation Systems

i9B8G~-1988
Spring Wheat

Countvy Izr. System Cross Valve Annual B.RE. 8.R.Hel
Per Arcre Irr.Cost Valuesacre
Beaverhead Flood 115.52 16.008 165.862
wheel Line 1i15.52 17.97 97.55
Center Pivot 115.52 25.17 860, 35
Broadwater Flcocod 122.1% 10.00 112.15
Wheel Line 122.15 23.88% 9B.29
Center FPivot 122.15 31.06 51.09
Deerlodge Flood 47.11= 10,460 37.12
Wheel Line £7.11= 13.28 33.84
Center Pivot §7.11= 20.48 26.64
Jefferson Flood 43.62" 10.66 33.62
Wheel Line 43,62 21,40 22.23
Center Pilveot 43.62* 2B.&0 15.03
Lewis & Clark Flood i0z2.81 10.00 92.61
Wwheel Line 102.61 23.86 78.75
Center Pivot 1062.61 31,08 71.55%
Meagher Flood 3B.74~ 1c¢.00 28.74
Wheal Line 38.74= 19.13 1%.¢1
Center Piveot 38.74" 26.33 12.41
Park Flood 37.00= 19.00 26.59%9
Wheel Line 37.00" 15.77 17.22
Center Pivot 37.00= 26.5%7 1¢.4a2
Ravallil Flood 135.41 10.00 125.41
Wheel Line 135.41 20.39 115.02
Center Plvot 135.41 27.59 i07.82

= asterisk denotes values which were derived from small acreage
samples and thus may be unreliable.

Nota: Gross value per acre is the average additiocnal gross Crop
value of irrigated over nonirrigated land.



Table 28

Short Run Met VYalue of Irrigatiom to Cropland
Per Acre Estimates for Varying Irrigation Systems

1%80-1988
Winter Wheat

County irz. System Gross Value Aanual 8.R. 8.R. Het
Per ACEe Irr.Cost Value/acre
Beaverhead Flood 2% .76= 10.400C 15.75
Wheel Line 29.76* 18.41 11.35
Center FPivot 29 .76 25.61 4.15
Broadwater Flood 84.13 10,00 T4.13
Wheel Line §4.13 18.88 £5.25
Center Plvot 584.13 26 .08 58,05
Deexrlodge Flood - - -
Wheel Line - - -
Center Pivot - o -
Jefferson Flogd - - -
Wheel Line - - -
Center Plivot - - -
Lewis & Clark Flood {16.08)= 16.00 ~26 .07
Wheel Line {16.08 = 15.88 -34.9¢
Center Fivot {16.G8)= 26,08 -42.16
Meagher Flood - - -
Wheel Line - - -
Center Pivot = - -
Park Flood &£G.20= i16.900 B0.91
Wheel Line £0.20= 14,88 45,31
Center Plvet 60, 20= 272.09% 38.11
Ravailil Floecd 15.73= 15.60 5.73
Wheal Line 15,73~ 15,36 0.37
Center Pivotl 15.73+ 22.56 -5, 83

* msterisk denctes values which were

samples and thus may be unreliable.

derived from small acresge

Note: Gross value per acre is the average additional gross Crop
value of irrigated over nonirrigated land.
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Fabhle 29

Long Run Net Value of Irrigation to Cropland
Per Acre Estimates for Varying Ixrigation Systems

15801988
2lfalfa Hay

County Irzr. System Gross Value Annual L.R. L.BE. Eet

Per Acre Irr.Cost Yaluefacre
Beaverhead Floeod 138.8¢ 3.88 114.98
Wheel Line 138.86 19.3% $2.84
_Center Pivot 138,88 o 27.14 77.88
Broadwater Flood 14%, 39 3.88 121.50
Wheel Line 145.3% 1%.39 89.82
Center Plivot 145,39 27.14 74.87
Deerlodge Flood 99 .74+ 3.88 75.86
Wheel Line 9g, 74w 19.39 55.885
Center Pivot 59.74= 27.14 43.53
Jefferson Flood 106.91 3.88 83.03
Wheel Line 106,581 13.3% 60,26
Center Pivot 106.91 27.14 45, 30
Lewis & Clark Flood 121.2¢ 3.88 897.38
Wheel Line 121.2¢6 15.39 £5.7C
Center Pivot 121.26 27.14 50.75
Meagher Flood 87.57 3.88 64.13
Wheel Line 87.97% 19.3% £2.04
Center Plvot 87.97 27.14 27.09
Park Flood 71.06 3,88 47 .18
Wheel Line 71.08 19.3% 19.63
Center Pivot 71.06 27.14 4,67
Ravalli Flood 119.85 3.88 95,07
Wheel Line 11%.95 i9. 3% £6.13
Centery Pivot 119.55 27.14 51.18

* artarisk denotes values which were gderived from small acreage
samples and thus may be unrellable.

Nete: Gross value per acre is the average additicnal gross crop
value of irrigated over nonlrrigated land.
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Table 30
Long Run Net Value of Irrigation to Cropland
Per Acre Rstimates for Varying Irrigation Systems

1g980-1988
Barley
County irr. System GCross Value Annual L.R. L.E. Het
Per ACre irr.Cost Yaluesacre
Beaverhead Flood F7G6.91 3.88 57.03
Wheel Line 7C0.91 18.39% 33.5¢
S _Qenter Pivot 7G.91 27.14 18,646
Broadwater Flood 76.15 3.88 £2.29
Wheel Line 76.15 1%.3% 32.%81
Center Pivot 76.15 27.14 17.96
Deerlodge Flood 77.07= 3.8E £3.19%
Wheel Line 7,070 . 19.39 44,40
Center Plivot T7.87= 27.14 29.45
Jefferson Flood £5,21 3.88 51.33
Wheel Line £5.21 158.3% 24.43
Center Pivot £5.,21 27.14 9,47
Lewis & (Clark Flocd 61.82 3.88 48,14
Wheel Line £1.82 19.3% 18.77
Center Pivot £1.82 27.14 3.82
Meagher Flood 58.14 3.88 44.26
wWheel Line 58.14 15.35% 12,62
Center Plvot 58.14 27.14 4,87
Park Flood 52,21 3.88 38.33
wheel Line 52.21 19.3% 13.06
Center Pivot 52.21 27.14 ~-1.90
Ravallil Flood F4.33 3.88 £0. 45
Wheel Line 74,33 19.3% 34.55
Center Pivot 74,33 27.14 19.&6¢C

* peterisk denctes values which were derived from small acre=age
samples and thus may be unreliable.

Mete: Gross value per acre is the average additiocnal gross crop
value of irrigated over nonirrlgated land.
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Pable 31

Long Run Net Value of Irrigatiom to Croplang
Per BRcre Estimates for Varying Izxrigatiom Systems

138019488
Oats
County Izz. System Gross Value Annual L.E. L.R. Met
Per Acre irr.Cost Vazluelacre
Reaverhead Flood - - -
Wheel Line - - -
~Center Pivot -~ 7 7
Broadwater Flooad 75,05 3.88 £€1.20
Wheel Line 75.05= 19.3%3 31.84
Center Pivot 75,05 27.14 1£.89
Beerlcdge Flood - - -
Wheel Line - - -
Center Pivot - - -
Jeffexrson Flood £5.72» 2,88 55,84
Wheel Line 69 .72+ 15.39 28.94
Center Pivot £9 .72+ 27.14 13.986
Lewis & CTlark Flood £5.05= 3.88 531.17
Wheel Line £5,05~ 19.39 21.81
Center Pivot £5 .05 27.14 £.85
Meagher Flood 44.867= 31.88 30.76
Wheel Line §4.67% 1%.39 £.12
Center Pivot 44 67+ 27.14 ~8.84
Park Flocod 52.594= 3.88 39.606
Wheel Line 52.94*= 15,35 13.78
Center Plvot 52.94~ 27.14 ~1.17
Ravallil Flood 79.08" 3,88 £5.18
Wheel Line 79.06" 15.35 39. 25
Centey Pivot 75.06= 27.14 24,33

* acterisk denctes values which were derived from small acreage
samples and thus may be unreliable.

Neote: Gross value per acre is the average additional gross crop
value of irrigated over nonirrigated land.
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Table 32

Long Run Met Value of Irrigation to Cropland
Per Acre Estimates for Varying Irrigation Systems

15680-198%
Other Hays
Ceounty Izz. System Gross Yaluoe Annual L.E. L.E. Het
Per ACre Irr.Cost Value/acre
Beaverhead Flood 34.67 3.88 14.79
Wheel Line 34,87 1%.39 -3.61
Center Pivat 34.87 27.14 ~24.56
Broadwater Flood 41.02 3.88 17.15
Wheel Line 41.02 18.3% -5 .81
Center Pivot 41.02 27.14 ~24,78
Deerlodge Flood - - -
Wheel Line - - -
Center Pivot - - -
Jefferson Flood 30.465 3.88 £.17
Wheel Line 30.05 19.39 -15.1%2
Center Pivot 30.85 Z27.14 ~30.608
Lewis & Clark Flood 34.09 3.88 10,21
wheel Line 314.09 19.39 ~16.74
Center Blvotl 34.09 27.14 ~31.6%
Meagher Flood 27.16 3.88 3.28
wWheel Line 27.1%6 15.39 ~18.21
Center Pilvot 27.186 27.14 -33.1¢
Park Flood 36.71 3.48 14.84
Wheel Line 36,71 19,39 -13.03
Center Pivot 36.71 27.14 -24.98
Ravalli Flood £3.56 3.88 39,868
Wheel Lins £3.56 19,393 13.90
Centexr Pivot £3.5¢ 27.14 ~1.086

* acterisk denotes values which were derived from small acreage
samples and thus may be unreliable.

Note: Gross value per acre is the average additional gross crop
value of irrigated over neonirrigated land.
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Table 33
Long Run Net Value of Irrigaticn to Cropland
Per Acre Estimates for Varying Irrigation Systems
19861588
Spring Wheat

County Irr. System Gross Value Annual L.R. L.R. Het
Per Acre Irr.Cost Yzluesacre

Beaverhead Flood 115.52 3.88 101.64
Wheel Line 115.52 19.39 TB.16
_Center Pivet 115,52  27.14  63.21
Broadwater Flood 122.15% 3.88 1068.27
Wheel Line 122.15 19.39 78.91
Center Pivot 122.15 27.14 £32.95
Deerlodge Flood 47.11+ 3.588 33.24
Wheel Line 47.11= 19,39 14.45
Center Plvot 47,11« 27.14 ~0.50
Jefferson Flood 43.62* 3,88 729.75
Wheel Line 43.62= 19.39% 2.843
Center Pilvot 43.62= 27.14 -12.11
Lewlis & Clark Flood 102.61 3.88 88.73
Wheel Line 182.61 19.39% 59, 3¢
Center Pivot 102.61 27.14 44,41
Meagher Flood 38.74= 3.88 24.85
Wheel Line 38,74~ 15.38 0.22
Center Pivot 38,74~ 27.14 ~-14.73
FPark Flood 37.00+ 3.88 23,12
Wheel Line 37,066 19.328% ~72.1%
Center Pivot 37.00= 27.14 ~-17.12
Ravalli Flood 135.41 3.88 121.53
Wheel Line 135.41 19.35 45,64
Center Pivet 135.41 27.14 80.68

* acterisk denotes values which were derived from small acreage
samples and thus may be unreliable.

Mote: Gross value per acre is the average additional gross CYop
value of irrigated over nonirrigated land.

53



Table 34

Long Run Net Value of Irrigation to Cropland
Per Acre Estimates for Varying Irrigation Svstems

19801988
winter ¥Wheat

County Irr. System Gross Value Annual L.R. L.R. Net
Per Acre irr.Cost Value/acre
Beaverhead Flood 23.7¢6= 3.588 15.88
Wheel Line 25.76= 19.33 -8,05
Center Plvot 29.76* 27.14 -22.99
Broadwater Flood £4.13 3.88 FTG.25
Wheel Line 84.13 19,39 45.86
Center BPivot 84,13 27.14 30,91
Deerlodge Flood - - -
Wheel Line - e -
Center Pivot - - -
Jefferson Flood - - -
Wheel Line - - -
Center Plvot - - -
Lewis & Clark Flood {16.08)= 3.88 ~25.956
Wwheel Line {1e.08}~ 19.3% ~-54.34
Center Plivot {16.08)* 27.14 ~&9, 30
Meagher Flood - - -
Wheel Line - - -
Center Plvot - - -
Park Flood 50.20= 3,88 46,31
Wheel Line £0,20° 15.3% Z25.972
Center Pivot 60,28= 27.14 19.87
ravalli Flood 15.73= 3.88 1.85
Wheel Lins 15.73= 19.3%9 ~19.,02
center Pivot 15,73~ 27.14 -32.57

“ aeterisk denctes values which were

samples and thus may be unreliable.

derived from small acreade

Mote: Gross value pexr acre is the average additional gross CIop
value of irrigated over nonirrigated land.
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Table 3%

Montana Crop Irrigatlion Reguirements
Estimated Seasonal Consumptive Use, SCS TR-21 Method
By County?®
Bifalifz Hay

County Wezther Station Elevation et Izrigation/im.
Beaverhead Dilion 5216 13.99

Lima £275 8.15
Broadwater Helena

{Lewis & Clark) 3828 16,46
beerlodge Lima

{Beaverhead} 6275 .15
Jefferson Boulder Scheocol 4904 11.43
Lewis & Clark Helensa 3828 16.4¢
Heagher Harlowton

{Wheatland} 4168 11.464
Fark Livingston 4450 14.13
Ravalli Darby 3880 14.89

Hamilton 3529 16.4086

i 1f more than one weather station representative of agricultural
zones occurs in a county the irrigation regqulrements are
averaged. If there is no station in the county a nearby weather
station of the same climactic zone and similar elevation was

used.
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Table 36
Montana Crop Irrigation Reguirements
Estimated Seasonal Consumptive Use, 8C8 TR-21 HMethod
By County?
Barley (Spring Grain)

County Heather Station Elevation Bet Irrigationsin.
Beavsaerhead Dillon 521¢ §.83

Lima 6275 3.52
Broadwater Helena

{Lewis & Clark} 2828 9.50
Dearlodge Lima

{Baaverhead} 6275 3.52
Jefferson Boulder Scheol 4304 .11
Lewis & Clark Helensas 3828 5.50
Meagher Harlowton

{Wheatland} 4160 £.83
Park Livingston 44%0 7.19
Ravalilil Darby 3880 7.41

Hamilton 3529 T.67

2 1f more than one weather station representative of agricultural
zones occurs in a county the irrigation regquirements are
averaged. If there is no station in the county a nearby weather
station of the same climactic zone and similar elevation was

used.
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Table 37
Montana Crop Irrigation Reguirements
Estimated Seasonal Consumptive Use, $CS TR-21 Method
By County?®
Gats {(Spring Grain)

County weather Statlion Elevation Het Izrigation/in.
Feaverhead Dillon 5216 B8.83

Lima £275 3.52
Broadwater Helena

{Lewis & Clark} 3828 9.50
Deerlodge Lima

{Beaverhead) £275 3.52
Jefferson Boulder School 4504 8.11
Lewis & Clark Helensa 3g28 9.50
‘Meagher Harlowton

{Wheatland: 4180 6.83
Park Livingston 4430 7.15
Ravalli Darbhy 3880 T.41

Hamilton 352% T.67

* 1f more than one weather station representative of agricultural
zones occurs in a county the irrlgation requlrements are
averaged. 1I1£ there is no station in the county a nearby weather
statiop of the same climactic zone and similar elevation was

used.
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Table 38
Montana Crop Irrigation Reguirements
®otimated Seasonal Consumptive Use, S§C8 TR-Z1 Hethod
By County?
other Hays (Irrigated Pasture)

County Weather Station Elevation Het Ixrigation/in.
Eeaverhead Dillon 521¢ 12.02

Lima 6275 8§.15
Broadwater Helena

{Lewis & Clark] igz8 13.79
peerlodge Lima

{Reaverhead!} £275 §.15
Jefferson Boulder School 4504 14.59
Lewis & Clark Helena 3828 13.79
Meagher Harliowton

{Wheatland)} 4160 16.70
Park Livingston 44399 iz.61
Ravalli Darby 3880 12.97

Hamilton 3529 13.29

* 1f more than one weather station representative of agricultural
zones occurs in a county the lrrigation regulrements are
averaged. If there is no station in the county & nearby weather
station of the same climactlic zone and similar elevation was

used.
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Table 39
Montana Crop Irrigation Regqulrements
Estimated Seasonal Consumptive Use, B8CE TR-21 Hethod
By County®
Spring Wheat (Spring Grains]

County Weather Station Elevation Bet Izrrigation/in.
Beaverhead Dillon 521¢ B,83

Lima £275 3.52
Broadwater Helena

{Lewis & Clark} 3828 9.50
Deerlodgs Lima

{Beaverhead) 6275 3.52
Jefferson Boulder Echool 4904 84.11
Lewis & Clark Helenz 3828 5.58
HMeagherx Harlowton

{Wheatland} 41690 £.83
Park Livingston 44s0 7.19
Ravallil Darby 3BBO 7.41

Hamilton 3529 F.67

* 1f{ more than one weather station representative of agricultural
zones occurs in @ county the irrigation regulrements are
averaged. 1If there is no station in the county a nearby weather
station of the same climactlic zone and similar elevation was
used.
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Table 40

Montana Crop Irrigation Reguirements
Bstimated Seasonal Consumptive Use, SCS TR-21 Method
By Counby?
Wwinter Wheat (Spring Planting)

County Weather Station Elevation Net Irrigation/in.
Beaverhead pillion 5216 £.42
Broadwater Helena

{Lewis & Clark) 3828 £.89
Deerlodge - - -
Jefferson - - -
Lewis & Clark Helena 3828 £.69
Meagher - - -
Park Livingston 44350 4.43
rRavallil Hamiltoen 3523 4,70

i 1f more than one weather station representative of agricultural
sones occurs in a county the irrigation reguirements are
averaged. If there is no station in the county & nearby weather
station of the same climactic zone and simllar elevatlon was

used.
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Table 41
Average Acre/Feoot Irrigation Water Values
By System Efficiency
Alfzlfa Hay
Flood Ixrigation

Short Fun Values Long RBun Values

County 25% 50% 75% 258  50% 75%

‘Beaverhead 16,16 32.%1 48,31 T 15.58° 31.16 7 46.74
Broadwater 11.43 22.85  34.28 11.07  22.14  33.22
Deerlodge 14.68  25.35  44.03 13.96  27.93  41.89
Jefferson 11.41  22.81  34.22 10.70  21.7%  32.6%
Lewis & Clark 9.23 18.45 27.68 8.87 17.75 26.62
Meagher 5.24 18.48  27.72 8.71 17.43  26.14
Park 5,42 10.84  16.26 5.01 10.02 15.03
Ravalli $.69  19.37  29.06 8,31 18.62  27.53

HNote: Field, or application, efficiencies for well maintained and
managed systems are approximately:

gidewheel ...cceeosssxcsa . B5%%
Handline .. .ccvsococsscas £65%
Center Piveot ....... veee. B5%

Graded Border (flood) ... 50%

Graded Furrow {flood} ... 50%
{Mcntana DNRC Efficiency Figures)
conveyance efficliencies vary greatly. 5C& {Montana Irrigation
Manual} notes that conveyance efficiencies as low as 25% are not

gncomnon in Montana.
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Table 42

Average Acre/Foot Izrigation Watexr Values
By System Efficiency

Rifaifa Hay

Sidewheel Sprinklier Irrigation

Short Run Values

Long Run Values

County 25% 50%  75%

25% 50% 75%
Beaverhead 1$.77  39.54  59.30 16.35 32.71  49.06
Broadwater 12.94  25.88  38.81 10.64 21.28  31.92
peerlodge 18.73  37.46 56,18 14.09 28.18  42.27
Jefferson 13.59  24.17  40.76 10.28  206.56  30.84
Lewis & Clark 10.08  20.16  30.24 7.78  15.57  23.35
Meacher 10.85 21.70  32.55 7.43 14.85 22,28
Park 5.38 10.77 16.15 2.71 5.82 8.13
Ravalli 10.77  21.54  32.32 8.33  16.66 24,99

Note: Field, or application, efficiencies for

managed systems are approximately:

Sidewheel ...cvccancoscces £5%
Handline ...coc50css3:0333 £55%
Center Pivot ... avseoo £5%

Graded Border (fleood} ... 50%

Graded Furrow {(fleced) ... 50%
{Montan2a DNRC Efficiency Flgures)
Conveyance efficiencies vary greatly.

well maintained

EC8 {Montanz Irrigaticn

and

Manual) notes that conveyance efficiencles as low as Z25% are not

vnocommen in Montana.
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Tahle 43
Average Acre/Foot Irrigation Water Values
By System Efficiency
Alfalfa Hay
Center Pivot Sprimkler Irrigation

Short Run Values Long Bun Values
Cenvevance Efficiency
County 25% 50% T5% 25% 50% 75%
Beaverhead 18.50 37.00 55.540 13.72 27.44 41.1¢6
Broadwater 12.08 24.17 36.25 8.87 17.74 25.61
Deerlodge 17.01 34.01 51.02 10.51 21.02 31.53
Jefferson 12.36 24.72 37.08 7.73 15.46 23.19
Lewis & Clark 3.23 18.45 | 27.68 £.01 12.02 18.04
Meagher 5.58 15.1¢ 28.73 4.78 3.57 14.35
Park 4.3% B.78 13.17 0.54 1.25% 1.93
Ravalll 9.87 15.73 29.60 £.45 12.88% 15.34

Mote: Field, or application, efficiencies for well maintained and
managed systems are approximately:

Sidewheel .....:c0:0000023 £5%
Handline ....ceoococossros £5%
Center PIvol v ceceoceocss 65%

Craded Border {(floocd) ... 50%
Graded Furrow {flood} ... 50%

{Montana DNRC EBfficiency Figures)
Conveyance efficiencies vary greatly. SCS {Hontana Irrigation
Mznual} notes that conveyance efficiencies as low as 25% are not

uncommon in Montana.
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Fable 44

Average Acre/Foot Irrigation Water Values

By System Efficiency
Barley
Flood Irrigation

Short Fun VYalues

Long Run Values

Convevance Efficiency

County 25% 50% 75% 25% 50% 75%
Beaverhgad 14.81  29.61  44.42 13.86  27.73  41.59
Broadwatex 16.45 20.89 31.34 5,83 18.67 29.5%¢
Daerlodge 28.58 57.16 B5.74 26.93 53.85 83.78
Jefferson 16.21 20.42 30,63 9,45 18.9¢ 28.48
Lewis & Clark 8.21 16,43 24.64 7.60 15.20 22.8%¢
Meagher 12.57 21.14 31.72 9.72 19.44 29.1¢
Fark 8.81 17.61 26.42 .00 16.00 23.59
Ravalli 12.8¢ 25.59 38.3% 12.03 24.05 36.08
Mote: Field, or application, efficiencies for well maintained and
managed systems are approximately:

Sidewheel ....c2:05+ s s £5%

Handline ...::e0020s3¢2:23 65%

Center Pivot ... 0004 65%

Graded Border {(flcod) 5C%

Craded Furrow (flood) 50%

{Montana DNRC Efficiency Figures)

Conveyance efficliencles vary greatly.

88 (Montana Irrigation

Manual) notes that conveyance efficiencles as low as 25% are not

uncommon in Hontana.
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Table 45

Average Acre/Foot Irrigation Water Values

By System Efficiency

Barley

gidewheel Sprinkler Irzigation

fhort Ruan Values

Long Run Yalues

County 25% 50% 75%

50%  75%
Beaverhead  16.73  133.46  50.20 10.61  21.21  31.82
Broadwater 10,73  21.47  32.20 6.76 13.51  20.27
Deerlodge 35,34 70.67 106.01 24,80  49.1%  73.7%
Jefferson 10.53  21.07  31.60 5.87 11.75  17.62
Lewls & Clark 7.83  15.67  23.50 3.85  7.71  11.56
Meagher 11.14 22.27  33.41 5.60 11.20  16.81
park . 8.86 17.60  26.40 3.54 7.08  10.62
Ravalll 13.95 27.90  41.85 8.94 17.87  25.81

Mote: Field, or application, efficiencies for well maintained and

managed systems are approximately:

Sidewheel ... ccoenanseacs £5%
Handline ....os0:00020405 £5%
Center Pivol ... cs0sc00s £5%
Graded Border {(flood} ... 50%

Graded Furrzow {(£locd) ... 50%
{Montana DNRC Efficliency Figures)
Conveyance efficiencies vary greatly.

5CE (¥Montana Irrigation

Manual} notes that conveyance efficiencies as low as 25% are not

uncommon in Montana.
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Table 4¢&

Average Acre/Foot Irrigatiom Water Values

By System Efficiency

Barley

Center Pivot Sprimkler Irrigation

Short Ren Values

Long Ron Values

County 25% so 5% 25% 50%  75%
Beaverhead 14.46  28.51 43,37 5.88 11.76  17.64
Broadwater $.26 18.51  27.77 3.69  7.37 11.06
Beerlodge 31.35 62,70 94,04 16.31  32.63  48.%4
Jefferson 8.80 17.61  26.41 2.28  4.55  6.83
Lewis & Clark 6.36 12.71 19.07 c.76  1.57  2.35
Meagher $.08 18.16  27.24 1.33 2,67  4.00
park 6.85 13.69  20.54 ~0.51 -1.03  -1.54
Ravalli 12.09  24.18  35.26 5.07 10.14  15.21

Note: Field, or application, efficiencies for well maintained and

managed systems are approximately:

Sidewheel (..cccoccsnrcsns 65%
Handline ... e ceaoosss20s £5%
Center Pivol ...c.:ce00ce0 65%

Graded Border {flced} ... 50%

Graded Furrow {flecod} ... 50%
{Montana DNRC Efficiency Flgures)
Conveyance efficiencies vary greatly.

§C8 (Montana Irrigation

Manual! notes that convevance efficliencles as low as 25% are not

gncommon in Montana.
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FTable 47

Average Acre/Foot Irrigation Water Values
By System Efficiency
Dats
Fiocod Yrrigation

Bhort Run Values Long Run Values

Convevance Efficiency

County 25% 50% 75% 25% 50% 75%
Bea?érhé#d - e - - - -
Broadwater i0.28 20.55 30.83 5.66 1%.33 28.99
Deerlodge - - - - o -
Jefferson 11.05 22.09 33.14 16.33 20,68 30.9¢8
Lewis & Clark .69 17.38 26,48 8.08 16.16 24.24
Meagher 7.61 15.21 22.82 €.75 13.51 20.26
Park G.9¢6 17.582 26.87 §.15 16,30 24.45
Ravallil 13.74 27.4¢8 41.22 12.97 25.94 38.%0

Mote: Field, or application, efficiencies for well maintained and
managed systems are approximately:

Sidewheel ....¢00ccscoces 6£5%
Handlineg ....cco0c0s00030 £5%
Center Pivot . ....ci:cco0-- £5%

Craded Border {(fleood) ... 50%
Graded Furrow {(flood) ... 50%

{Montana DNRC Efficiency Figures}
Conveyance efficiencles vary greatly. S8CS {Montana Irrigation
Manual} notes that conveyance efficlencies as low as 25% are not

uncemmon in Montana.

57



Tahle 48
average Acre/Foot Irrigation Water Values

By System Efficiency
Cats

Sidewheel Sprinkler Irrigetion

Shert Run Yalues

Long Run Values

County 25% 50% 5C% 5%
Beaverhead - - - - - -
Broadwater 190.51 21.03 31.54 £.54 13.07 19.61
Deerlodge - - - - o ke
Jefferson 11.62 23.24 34,86 £.96 13.92 20.87
Lewis & Clark 8.46 16.9%1 25,37 4.48 8.95 13.43
Meagher 7,28 14.56 21.84 1.75% 3.49 5.24
Park $.00 17.99 26.93 3.74 7.48 11.21
Ravalli 15.17 30,35 45,52 10.16 26.32 30.48

Mote: Field, or application,

managed systems are approximately:

gidewheel]l ..csoscc0ccn00s

Handline ....
Center Plvot

Graded Border (flood)
GCraded Furrow {flocd)

oooooo

eeeeeeeeeeee

e = & @

{Montana DNRC Efficiency Figures)

Conveyance efflciencies vary greatly.
Manual! notes that conveyande efficiencies 25 low as 25% are not

uncemmon in Montana.,
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Fable 49

Bverage Acre/Foot Irrigation Water Values
By System Efficiency
Cats
Center Plvot Sprimkler Irrigation

Short Run Values Long Run Values

County 25%  S0%  75% T25% 50%  75%

Beaverhead - - - -- o -
Broadwater 9.04 18.07 27.11 3.47 £.93 1G.490
Deerlodge - - - - - -
Jetferson 9.89 i9.78 2%.66 3.36 £.72 12.65
Lewis & Clark 6£.58 13.85 20.93 1.41 2.81 §.22
Meagher 5.23 14.45 15.68 ~2.52 -5.05 -7.57
Park 7.04 14.09 21.13 -0.32 ~0.64 ~3.95
rRavalllil 13.31 26.62 39.94 6.25% 12.5% 18.88

Hote: Field, or application, efficiencies for well maintained and
managed systems are approximately:

Sidewhesl . ... occescacse £5%
Handline .....cccec0s0050c¢ £5%
Center Pivolb ...ciceusees 6£5%

Graded Border (floocd! ... 50%
Graded Furrow {flood}) ... 50%

{Montana DHNRC Efficiency Flgures)
Conveyance efficiencies vary greatly. 8CS (Montana Irrigation
Manual) notes that conveyance efficlencies as leow as 25% are not

uncommon in Montana.
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Average Acre/Foct Irrigation Water Values

Table 50

By Bystem Efficiency
Othexr Hays
Flood Izxrigation

Short Run Values L.ong Run ¥alues
Convevance Efficiency

County 25% 50% T5% 25% 50% 75%
Beaverhead 218 4.36  6.54  1.60  3.21  4.81
Broadwater 2.2% 4.57 &.86 1.87 3.73 5.60
Deerledge - - - - - -
Jefferscon 1.42 2.85 4.27 8% 1.75 2.62
Lewls & Clark 1.53 3.07 4.80 1.11 2.22 3.33
Meagher 1.00 2.01 3.01 .46 92 1.38
Park 2.23 4.45 &£.68 1.7¢6 3.53 5.29
Ravallil 4.%8 9.95% 14.33 §.53 9.07 13.80
Note: Field, or applicaticn, efficiencies for well maintained and

managed systems are app
Sidewheel
Handline
Center Pivot
Graded Border

# 5 @

e m 3 &

Graded Furrow {(flood}

roximately:

eeeeeeeeeeee

aaaaaaaaaaaa

(flood)

{Montana DNRC Efficlency Flgures)

Conveyance efficliencies

vary greatly.

£CE {(Montana Irrigation

Manual} notes that conveyance efficiencies as low as 25% are not

uncommon in Montana.

Th



Short BRun Values

Fahle 51

Average Acre/Foot Irrigation Water Valuss
By System Efficiency

Other Hays

Sidewheel Sprinkler Irzigation

Convevance Efficiency

Long Run Values

County 25% 50% 75% 25% 50% T5%
Beaverhead 1.89 3.78 5.67 -1.8% ~3.72 ~5,5%
Broadwater 1.35 2.71 4,06 -1.39 -2 77 -4.16
Deerlodge - - - - - -
Jefferson 0.78 1.57 2.35 ~-2.78 -5.57 -8, 35
Lewis & Clark 0.37 ¢.75 1.12 -2.3% ~-4.73 -7.10
Meagher 0.21 0.43 0.84 ~3.32 ~-6.64 ~%.395
Park 1.45 2.88 4.34 -1.55 -3.190 -& .65
Ravalli 4.94 9.95 14.33 2.06 4.13 £.1%
Note: Field, or application, efficiencies for well mzintained and
managed systems are approximately:

Sidewheel ....:c00-09s0020 £5%

HanCline ...:c:ec:scco0oa 65%

Center Pivol ....ccocecss 65%

Graded Border (flocod) 50%

Graded Furrow (flocod} 50%

{Montana DNRC Effilciency Figures)

conveyance efficiencies vary greatly.

SCS {(Montana Irrigation

Manual) notes that conveyance efficiencles as low as 25% are not

uncommon in Hontana.
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Pable 52

Average Acre/Foot Irrligation Water Values

By System Efficiency

Other Hays

Center Pivot Sprinkler Irxrigation

Short Run Values

Long Run Values

County 25% 50% B 7%%

25% 50% 75%
Beaverhead C.58 1.060 1.5¢ -4.,95 ~%.50 -14.25
Broadwater 0.34 0.67 1.01 ~3.50 ~7.80 -10.58
Deerlodge - - - - - -
Jefferson ~0.54 -1.98 -1.62 -5.5%4 -11.08 -1¢6.6€2
Lewis & Clark ~G.64 -1.25% -1.93 ~4.,48 -5.96 -13.45
Meagher -1.10 ~-2.19 -3.29 ~6.04 ~12.03 -18.13
Park 6.33 G.E7 1.00 ~-3.8¢ -7.73 ~-11.%9
Ravalli 3.87 7.75 11.62 ~0.16 ~0,31 -0, 47

Mote: Field, or application, efficiencies for well

managed systems are approximately:

Sidewheel .....cc00005 eo. B5%
Handline ...... e e s s e e 65%
Center Fivolt .20 cocscsn £5%

Graded Border (flood} ... 50%

Graded Furrow {£flocd} ... 50%
{Montana DNRC Efficiency Figures;
convevance efficiencies vary greatly.

maintained and

8C8 {Montana Irrigation

Manual)! notes that convevance efficiencies as low as 25% are not

uncommon in Monfana.
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Table 53

Average Acre/Foot Irrigation Watexr Values

Short Run Values

By System Efficliency
Spring Wheat
Filood Irrigation

Convevance Efficiency

Long Run Values

County 25% 50% 75% 25% 50% 75%
Beaverhead 25.63 51.26 76.960 24.69 49.33 74.67
Broadwater 17.71 35.472 53.12 17.10 34.18 51.25%
Deerlodge 15.82 31.563 47.45 14.1¢ 28,33 42.49
Jefferson 6.22 12.44 182.66 5.50 11.40 16.51
Lewis & Clark 14.62 29.24 43.87 14.01 28,42 42.03
Meagher £.31 12.62 18,33 5.4%6 18.972 16.38
Park 5.63 11.2¢6 16,89 4.82 5.65 14.47
Ravalli 24.35 49.90 74.85 24.18 45,36 72.53
Note: Field, or application, efficiencies for well maintained and
managed systems are approximately:

Sidewheel ...ccc0ccoco0aass 5%

Handline ..cececonvioonnas £5%

Center Pivot .....c.cc00 65%

Graded Border (f£icod} 50%

Graded Furrow {£flcod) 50%

{Montana DHNRC Efficiency Flgures)

Conveyance efficiencies vary greatly.

SC8 {(Montana Irrigation

Manual) notes that conveyance efficiencies as low as 25% are not

uncommon in Montana.
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Table 54

Average Acre/Foot Irxrigatlion Water Values

By System Efficiency

Spring Wheat

gidewheel Sprimkler Irrigation

Short Run Yalues

Long Run Values

County 25% 0% 5% S5t so% 75%
Beaverhead 36.80 61.61  92.41 24.68  49.36  74.05
Broadwater 20.18  40.35  60.53 16.20  32.39  48.59
Deerlodge 18,75  37.4%  56.24 B.0L 16.01  24.02
Jefferson 5.34 10.69  16.03 0.68  1.37 2.05
Lewis & Clark 16.16 23.33  48.49 12.19  24.37  36.56
Meagher 5.60 11.20 16.79 0.66  0.13  0.19
Park 4.67  9.34 14.01 ~0.59  -1.17 -1.76
Ravalll 29.75 59.50  89.24 24.73  45.47  74.24

Hote: Field, or application, efficiencies for well maintained and

managed systems are approximately:

Sidewheel ..ccsc0:09¢ sess. B5B%
Handline ... ceoaccenoases £5%
Center Pivot ... s5000000 65%

Graded Border {£flocod} ... 50%

Graded Furrow {(flocod) ... 50%
{Mcntana DHNRC Efficiency Flgures)
conveyance efficiencies vary greatly.

8C8 (Mentana Irrigation

Manual) notes that conveyance efficienclies as low as 25% are not

uncommon in Montana.
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Table 55

Average Acre/Foot Irrigation Water Values

By System Efficiency

Spring Wheat

Center Pivot Sprimnkler Irrigation

Short Run VYalues

Long Run Values

Conveyance Efficliency

County 25% 50% 75% 25% 50% 5%
Reaverhead 28.53 57.06 85959 1§,96 39.9%2 55.88
Brcadwater 18.70C 37.40 56.10 13.13 26.25 35,38
Deerlodge 14.76 23.51 44.27 ~-0,28 -0.58 ~-3.83
Jefferson 3.561 7.23 1¢.84 ~2.91 -5.82 -8.74
Lewis & Clark 14.69 25.37 44.06 5.12 18.23 27.35
Meagher 3.54 7.08 180.63 ~4.,21 -8.41 -~12.€2
Park 2.72 5. 44 8.1¢ ~-4.64 -%.28 ~-13.93
Ravalli 27.85 55.77% £3.66 20.87 41.73 £2.60

Mote: Field, or application, efficiencies for well maintained and

managed systems are approximately:
Sidewheel ....:ivccc00000¢ . £5%
Handline .....:c00s000:050 65%
Center Pivot ............ 65%
Graded Border (flood) ... 50%
Graded Furrow {(flood} ... 50%

{Montana DNRC Efficlency Flgures)

Conveyance efficiencies vary greatly.

8CE {Montana Irrigation

Manual) notes that conveyance efficiencies as low as 25% are not

pnoommon in Montana.
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Table 56

Average Acre/Foot Irxrigation Water Values

By System EBffliciency

Winter Wheat

Flood Yrrigatlion

Short Run Values

Long Run Values

County 25% so% o 75% 50% 75%
Beaverhead 4.62  9.23 13,85 3,791 7.42 11.13
Broadwater 16.62  33.24  49.86 15.75  31.50  47.26
Deerlodge - - - - - -
Jefferson - - - - - -
Lewis & Clark  -5.85 <-11.6% ~-17.54 -6.72 -13.43 -20.15
Meaghex - - - - - -
Park 17.00  33.95  50.99 15.68 31.36  47.05
Ravalli 1.83  3.66 5,45 .59 1.18 1.78

Note: Field, or application, efficiencies for well maintained and

managed systems are approximately:

Sidewheel ....c0cacosessa £5%
Handline ...ccesras20ee0 s 65%
Center Pivob ... ccnarooss £5%

Graded Border (floocd} ... 50%

Graded Furrow (flood) ... 50%
{Montana DNRC Efficlency Figures)
Convevance efficiencies vary greatly.

808 {Montana Irrigatlion

Manual’l notes that conveyance efficiencies as low as 25% are not

uncommon in Montana.
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Table 57

Average Acxe/Foot Irrigation Water Values
By System Efficiency

Winter Wheat

Sidewheel Sprinkler Irrigation

Ehort Run Values

Long Run Valoes

County 25%  S0%  75%

50% T5%
Beaverhead 3.45  6.89 10,34 ~2.44 -4.88  -7.33
Broadwatex 19.02 38.684 57.05 13.37 26.74 40.10
Deerlodgs - - - - - -
Jefferson - - - - - -
Lewis & Clark -10.19 -1£.38 -30.57 -15.84 ~31.68 -47.52
Meaghex = - - - - -
Park . 15,94 39.89 59.83 11.41 22.82 34.23
Ravalli 0.15 0.31 0.46 ~7,.89 -15.78 ~23.867

Mote: Field, or application, efficiencies

managed systems are approximately:

gidewheel ocsconsssascos £5%
Hapdline ....cccosocses0s: 55%
Center Plvot ....¢... see.. HB5%

Graded Border {(flocod) ... 50C%

Graded Furrow (flood}) ... 50%
{Montana DNRC Efficliency Figures)
Conveyance efficiencies vary greatly.

for well meintained and

5CS8 {HMontanaz Izrrigztiocn

Manual) netes that conveyance efficlencies as low as 25% are not

uncommon in Montana.
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Table 58

Average Acre/Foot Irrigation Water Values

By System EBfficiency
¥inter Wheat

Center Piveot Sprinkler Irzigation

Short Run Values

Long Run Values

Conveyance -1
County 25% 50% 75% 25% 50% T5%
Beaverhead 1.:2¢6 2.52 3.78 -6,%8 -13.97 ~-20.95
Proadwater 16.5%2 33.864 50.76 9.01 18.62 27.03
Deerlodge - - - - - -
Jetferson - - - - - -
Lewis & Clark -12,2% -24.58 ~36.87 -20,20 -40.40 -560.60
Meagher - - - - - -
Park 16,77 33.55 50.32 4.83 .65 14.48
Ravallil ~4.83 ~5.67 -8.50 -14.10 -28.1% -42.29%

Hote: Field,

or appiication,

managed systems are approximately:

Sidewheel ...ccccecaoz233 £5%
Handline ...:.... cesseecs B5%
Center Pivot ...... oo s w s 5%

Graded Border {(flood) ... 50%
Graded Purrow {(£flced) ... 50%
{(Montana DNRC Efficlency Figures)

Conveyance efficiencies vary greatly.

efficiencies for well

maintained and

8CS {Montana Irrigaticn

Manual} notes that conveyance efficlencles as low as 25% are not
uncommon in Montana.
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Cron-water Production Function Water Valuation

As was discussed in Section 4, the production function approach
to agricultural water valuatlion is based on the profit-maximizing
model of the firm., The basic result of thls model is that the
husiness will be willlng to pay a price for inputs to the
production process which is egual to the contribution of that
input to production. The contribution of an input is measured by
multiplying that input's marginal product hy the market price for
the output {(Eguation 1, Section 4). In applylng this
stralghtforward approach to the problem of agricultural waterx
valuation two pleces of information were necessary: 1} marginal
product estimates for agricultural water and 2} price information
on agricultural commodities.

Marginal product of water estimates were drawn from the economlcs
literature. Crop-water production function experiments (which
yield these estimated marginal products) are closely monitored
agricultural studies in which varying amounts of water are
applied to a crop in order to detezrmine how crop yield varies
with water applicaticn. ©Of the crops studled in this manner only
alfalfa was compatible wlith the crops of interest teo DFWP.
2lfalfa does, however, constltute 33% of the cropland in the &
counties of interest to DFWP and thus, at the least, provides a
measure of validation for other wvaluation methodologies.

In apn effort to minimize the effect of differences between the
scils and climactic conditions of the experimental alfalfs crops
and Montana crops production, function estimates for several
different studies were averaged. Specifically, twe separate
groups of alfalfa crop-water production functions were averaged
in order to provide a range of marginal product estimates. The
first group of seven studies, which was surveyed by Sammis (1381)
inciuded studies in North Dakota, New Mexico, Nebraska and
Nevada. The estimated functions were all linear in specification
and of the form: Yield = Constant + MFP {Evapotranspiration}.

The second group consisted of four studles surveyed by DNRC
{1589}. These studies were conducted in Idaho, North bDakota,
Nevada and Utah and were alsoc all linear in specificaticn. The
fact that all of these estimated relationships are linear in
specification simplifies their interpretation in regards to
marginal water values. A linearx form necessarily implies that
the marginal product of the water input will be the same
throughout the entire range of water input reductions.

Therefore, whether we are investigating a 190% or 190% decrease In
irrigation water applied to an alfalfa field, the per acre/foct
value of the water will be the same.

Tables 59 and 60 show the calculation of the acre foot values for
water used to irrigate alfalfa. These tables provide water wvalue
estimates for a broad range of conveyanceé and distributien
efficiencies, following Eguaticns 1 and 3 in 8Becticon 4. As was
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done in the compariscn of irrigated and nenirrigated method of
valuation, the average alfalfa price paid tc farmers for the
vears 1987, 1982 and 1989 was used in the value calculations. It
can be seen that there is a broad range for the value estimates.
As was discussed in Section 4, this range is directly driven by
the varylng efficiencies of the conveyance and application
systems. For this reascn the use of acre foot values for water
can be misleading and a more stable measure of value can be found
by tying 2 particular water right to a specific land base.

Tables 51 and 62 show the per acre values for water used to
irrigate alfalfa in the counties of interest to DFWP, following
equation 2 (where A, = 1). Computation of these tables require
an assumption of how much water is used in a given county. For
“QUIDOSES”DE'illustraticn'WE“used-the-SCSmEaiGulatedmmaximum~-~-~.~
possible net irrigation (maximum ET}. Accordingly, these tables
are maximum possible values. One would need to know actual
irrigation water use at the site to use this method correctly in
a given case.

As was done in the comparison methodology above, if an SCS
estimate of net irrlgation needs in a county was not available an
irrigation estimate from a nearby weather station of similar
climactic zcne and elevation was used in proxy. It is lmportant
to note that the per =acre values in these tables are ®at-the-
crop” values in the sense that they are per unit of land. Glven
the total acres in production it is strxaightforward to then
compute a tctal lease value using acres times unit acre price
from Table 61 (following Equation 3, Section 4)}. Again, The key
assumption is that the crop in a given case is actually supplied
with the SCS maximum possible net irrigation requirements listed
in Table 61. This may not be true on a glven site if, for
example, there is limited water and, especizlly for sandy scils,
conveyance is by unlined ditch ané application is by flocd
irrigation.
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Tahle 5%

Marginal Values of Irrigation Water
For Alfalfa Hay
Montana DNRC Production Functions

Dellar per
HEP Crop Price Conveyance EEF. Field Eff. AC/FT Value
.19 £5.15% .25 | .56 - lé.éé
.19 65.18 .25 .65 24.15
.19 £5.1% .50 .50 37.18
.19 £5.16% .50 .65 48.31
L15 £5.19 .75 .50 55.74
.18 £§5.1% .75 .65 72.46

Note 1: The crop Price for Alfalfa is a three year average for
1986, 1987 and 1588.

Note 2: Field, ox application, efficiencies for well mrintained
and manzged systems are approximately:

Ssidewheel ... c-cs o226 22¢ £5%
Handling ..... et e s s e e £5%
Center Pivolt .. .csceeccsa 65%

Graded Border {fleod) ... 50%

Craded Furrow {flcod) ... 50%
{Montana DNRC Efficiency Figures)
Conveyance efficiencies vary greatly. B8§CS {Montana Irrigation
Manual}! notes that conveyance efficiencies as low as 2Z5% are not

uncommnon in Montana,

Note 3: The Marginal Physical Productivity {MPEP ) of water was
derived from Montana DNRC (1%8%) average of four crop-water
production function studles. The average function was

vield = .63 + .1% ET. ET is in inches. The MPP is the change
in units of production {tons in this example) for a one unit
change in a variable lnput {in this case one additional acre-inch

of waterl.

81



Table &0

Marginal Values of Irrigation Water
For Alfaifa Hay
Sammis Production Functions

MFP Cxop Price Conveyance Eff. Field Eff. AC/FT Value
s . N— : ..‘és... o .ESG. _1595%
.159 £65.19 ‘ .25 .65 20.21
.158 65.19 .58 .50 31.09
.159 £5.19 .50 .65 40.42
. 159 £5.19 .75 .50 46.64
.158 £5.19 .75 €5 £0.64

Note 1: The crop Price for Alfalfa ls 2 three year average for
1986, 1987 and 1588.

Note 2: Field, or application, efficiencies for well maintalined
and managed systems are approximately:

gidewheel .....:cccovo0es9 £5%
Handline .. : 010 00sscses £5%
Center Pivel . .- covaas- £5%

Graded Border {(flood} ... 50%

Graded Furrow (flood) ... 50%
{Montana DNRC Efficiency Figures)
Conveyance efficlencies vary greatly. S8CS5 {Montana Irrigation
Manual) notes that conveyance efficiencies as low as 25% are not

gyncommon in Montana.

Note 3: The Marginal Physical Productivity (MPP} of water was
derived from Sammis {1981} average of seven crop-watet production
function studies. The average function was

Yield = x + .153% ET. BT is in inches
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Table &1

Maximum Possible Per Acre Values for Watex
Irrigated Alfalfa
Montana DERC Production Funciions

Maximur Possible

County ACFFT Value Irz. Regulire, Yalue Pexr Acre
Beaverhead 148,63 11.067 137,11
Broadwater 148.63 16.46 203.87
Deerlodge 148.63 8.15 100.94
Jefferson i148.63 11.43 141.57
Lewis & Clark 148.63 16.4¢ 203.87
Meagher 148.63 11.64 136.74
Park 148,63 14.13 175.01
Ravalll 148.863 15.47 1%81.87

Note: Acre/Foot value is an "at-the-crop®” value for the water.
That is, it assumes a 100% efficliency of the conveyance and
distribution systems. The values per acre are independent of the
efficiency assumption, but do reguire the assumption that the
irrigation regquirements are met.
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Fable 62
Maximum Possible Per Acre Values for Water
Irzrigated Rlfalfa
Sammis® Production Functions

Maxipum Fossible

County AC/FT Value Irr. Regulre. Value Per Acre
Beaverhead 124.38 11.907 114.74
Broadwater 124,38 16.4% 170.61
Deerledge 124.38 .15 84.47
Jefferson 124.38 11.43 118.47
Lewis & Clark 124,38 16.46 170.61
Meagher 124.38 11.04 114.43
Park 124.38 14.13 146.45¢
Ravalll 124.3¢8 15,47 160,34

Note: Acre/Foot value is an "at-the-crop" value for the water.
That is, it assumes a 100% efficiency of the conveyanceé and
distributicn systems. The values per acre are independent of the
efficiency assumption, but do reguire the assumption that the
irrigation regulirements are met.
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Comparison of Countv-level and Crop-water Production Function
Results

I+ is interesting to look at the results of the two general
methods of valuing agricultural water and attempt to explain any
differences between them. Table 63 shows a comparison of the
short run per acre water value estimates for alfalfa ftrom Table
23 and the per acre water value estimates from Table 63. In all
counties, not surprisingly, the maximum possible production
function water values are higher than the county-level values. In
several cases {(Park, Ravalli, and Lewis and Clark counties)} the
production function values are significantly higher. This
primarily indicates that in actuality crops In most counties ars
“'not being supplied with the maximum amount cf water in the roct -
zone when needed. Differences between maximum and actual water
applications are not the only reason experiment station yields
are higher than county averages. There are also wide differences
in harvesting practices, fertilizing, weed control, scil, fall
and winter grazing of hay fields, etc. The MPP c¢f an acre foot
will be higher for the better producers. Assuming that maximum
yvields are comparable to experiment station yvields could glve a
very rough handle on the range of ylelds needed to give observed
average yields. This and related explanations are discussed
below.

One explanation lies in the basic differences between the county-
level method of water valuation and the production function
method, There is a fundamental difference in the data upon which
the two types of estimates are based. The county-ievel dzata
consists of average acreages, and average yields within counties.
The production function data, on the other hand, is based on a
small number of veryv clesely controlled agricultural experiments.
As a result of this difference, crops raised in the controlled
production function settings receive a level of attention to
input needs that is impractical in the general farming setting.

Oone of the key assumptions of the county-level comparison method
of water valuation is that the crops are receiving enough water
to meet their maximum svapotranspiration needs. While this may
be a reasconable assumption in the case of the crop-water
production function experiments (where water needs and soil
moisture are very closely monitored) in the day-to-day practice
5f Montana farmers, particularly those using flood irrigation, it
may not be so reasonable. In an effort to further explain the
differences between the county-level and preducticn function
estimates Table 64 shows the amount cof net irrigation application
that the net difference in crop yields cof irrigated and
nonirrigated lands implies, This implied net irrigation amount
was calculated by dividing the tons per acre net difference In
yiald from Table 17 by the DNRC average MPP of water to alfalfa
sroduction (.1%). The implied actual rainfall plus s0il moisture
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amounts were calculated by dividing the average nonirrigated
yield {tons per acre) by .13.

A comparison of the implied actual alfalfa water use and the 8(CS
ralculated potential water use (both detailed in Table 64} is
shown 1n Table 65. This comparison is presented as ratios of the
implied actual amounts to the SCS potential ET amounts. Note
that actual observed production on nenirrigated lands and the
production implied by SCS rainfall and 20il moisture plus use of
the production function methed are very similar {(the ratios in

column 1 of Table &5 are close to 1}. This indicates a
consistency between the methods and validates the use of the
production function relaticnship. Given this, what the second

column in Table 65 illustrates is that in most counties, maximum
possible ET is not being met by net irrigation, but rather some
fracticn.

gnly in the cases of Beaverhead and Deer Lodge ceounties are the
overall ratios guite close to 1.0. In both of these cases the
weather station at Lima was used to determine maximum ET
reqguirements (in the case of Beaverhead county Lima data was
averaged with Dillon data and in Deer Lodge county Lima data was
used as proxy in the absence of any Deex Lodge county weather
stations). At an altitude of over 620C feet, the Lima station
probably underestimates the actual ET requirements for Deer Lodge
2nd Beaverhead counties somewhat. There are two effects of this
probable understatement; 1) the per acre value cof irrigation
water in these counties is overstated and 2} Table 65 may show
that irrigated alfalfa in these counties is receiving a highex
percentage of it's potential ET needs than is actually true. In
general Table 65 shows that 1n most counties {Park, Meagher and
Lewis and Clark in particular) the irrigated alfalfa crops are
not reaching their potential ET levels. This of course assumes
t+hat all other inputs into crop production (soll type,
fertilizer, etc.) are constant across sites within counties and
thus, differences in yields are driven by varying applications of
water.

obviously in order to apply the production function approach, one
needs to know the actual water available toc the crop. Merely
assuming maximum irrigation needs are met is not valid. We
emphasize again that the values in Tables €1 and £2 are maximum
possible values.

To summarize, there is some uncertainty about the actual amount
of irrigation water available to crops on average by county.

This implies that for the production function appreoach the values
per acre foot at the crop (Tables 5% and 60) are fine to use 1f
vou know the actual acre foot use at the site. 1In general,
however, it's better to use the county-level average based value
per acre {(Tables 23 to 34) to estimate total lease values.

8¢



To get acre foot wvalues of water from the county average methed,
it's necessary to assume how much water is actually avallable to
the plant. For purposes of Tables 41-58, we assumed that the 2CS
maximum possible was available to the crops. Since we know from
the comparison in Table 65 that this is probably not true in most
counties, The acre foot values in Tables 41-58 may understate
true acre foot values. This is hecause we are dividing actual
yields and retuzns by an assumed amount of water - with the
latter likely overstated. The basic problem is the lack of
county average hydrologic information.

The compariscn of the twoc general methods of waterx value
estimation leads us to the following conclusions.

1) The county-level compariscn method is best for estimating
the per acre value of a water right. This method will return the
average upper limit te the agricultural per acre value of the
water. The county-level comparison methed is appropriate where
doubt remains as to whether the cropland of interest receives the

potential ET level of molisture calculated by S5CS.

21 The production function methed of water value ecstimation
is appropriate where it 1s known that the cropland of interest
receives all the water it can use in a growing season. In this
case the value per acre will not be overstated, as it will be if
the crop water use falls below the potentlal ET level.
Alternatively, the production functicn approach glves a good
estimate of value of water per acre foot 1f one happens to have
information on site specific hydrology. In 211 cases the
production function method can only be used for calculaticn cof
per acre/foot values for alfalfa.
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Table 63

Comparison of Per Acre Water values of
production Function and County-level Compar ison Hethods

Alfalfa
Maximum Possible Botual
County Production Function County-level
Per Acre Value Per Acre Value
Beaverhead 137 119
Broadwater 2G4 125
Deer Lodge 101 80
Jefterson 142 87
Lewis and Clark 204 161
Meagher 134 &8
Park 175 51
Ravalli 192 166

Mote: The production function values are based on the use of
DNRC's average functions. DNRC's functions were used since they
were more representative of climactic areas similar to Mentana
than were Sammis' functlons.

The county-level water values are rased on flood irrigation
values from Table 23.
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Table 64

Implied Actual Water Use v. S5CS Haximum Potential
Evapotranspiration
Alfzalfa Hay

Actual 1980-88
Count Average Yields

{Tons/Acrel

No lrr.*Izxzr . .=Diff.=

2.13

&

BMax imum
Implied Actual 8C8 pPotential
Water Use {in}=® ET {in}™

R4+8¥ Irr. Total R+8H Irr.® Total

.21 11.21 17.42 £.89 11.07 21.12

Beaverhead 1.18 .31

Broadwater 1.128 52 2,23 .79 11.74 18.53 7.31 16.46 23.77
Deer Lodge 1.31 B4  1.53= £,.8B% B.05 14.54 .64 £.15 15.15%
Jefferson 1.4% .13 1.64 7.84 B.63 16.47 7.23 11.43 18.6¢6
Lewis & CK 1.24 .16 1.86 £.53 §.78 16,31 7.31 16.486 23.77
Meagher 1.25 LBY 1.35 £.63 TF.10 13.73 9.67 11.04 20.72
Park 1.59 .68 1.08 8.37 5.74 14.11 $.91 14.13 24.04
Ravalli 1.70 .54 1.84 .94 §.88 18.52 FT.70 15.48 23.18
i From Table &

#= Prom Table 5

2 From Table 17

« pased on DNRC average production functiomn: Yield {Tons/acre) = X

+ .19 {Inches water}.

% gpurce: S5C5 Mcontana Ixrigation Guide

®= From Takle 35

R+8M = Net rainfall in 2 normal year plus usable soil moisture.
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Table &5

Ratios of Implied Actual Water Use to Haximum S5CS Fotential ET
Alfalfa Hay

County R+SH ¥et Irrigation Total ET
Beaverhead .94 1.01 .96
Deey Lodge 1.04 .99 .99
Jefferson 1.08 .76 .B8
Lewis & Clark .88 .59 59
Meagher ,65= .64 .66
Park .85 .41 .59
Ravalll 1.06 .63 .80

Note: The walues are the implied actual water use values from Table
64 divided by the SCS maximum potential water use {ET; values from
the same table.

* Note use of Wheatland County weather station {(given the lack of
weather data for Meagher County)} may have caused this substantial
deviation from a ratioc of 1.00C.

Note that rain plus soil moisture (R+SM) is the water input basis
for nonirrigated yields, while net irrigation water input is the
hasis for the additional vields (over nonirrigated lands} on
irrigated lands. Total water use explains total yvield on irrigated

lznds.
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&. RESULTS OF SITE SPECIFIC ESTIMATES OF VALUE OF IRRIGATIOR
WATER ON SWAMP CREEK '

tntroducticon: Extent of the Market and Type of Change

The Swamp creek water right which is currently being investigated
for possible leasing by DFWP is owned by Fred Hirschy's wife,
Lynn, of Wisdem, Montana. This right is the senior degresd right
on Swamp creek and is diverted at the creek's lower—most
diversion. This diversion is located approximately 2 1/2 miles
above the mouth of the creek and has been used to irrigate about
600 acres of wild hay and pasture. The Hirschy's water right is
for 135 miner's inches {or 3.375 cfs) which is diverted between
April 1 and October 30 providing & total diverted volume of
1417.5 acre/feet per year.

The proposed Swamp creek lease provides a case of displaced
agricultural production in the valuation of agricultural water.
The guestion is at what price Fred Hirschy might lease the water
for instream uses to DFWP versus using it to irrigate that land.
The market for this water iz a limited one with the DFWP lease
appearing to be the only feasible alternative water use to
continued irrigation. The appropriate method of calculating the
minimum value of this right is by estimating the value of the
lost pasture grass production which would result from keeping the
water instream. This will be done in two ways. First, a value
will be calculated based on the Hirschy land's speclific
production history. This initial water value will bhe based on
estimates of different production levels under varying irrigation
scenarios provided by informal discussions with Fred and Jack
Hirschy. A second estimate of the value of the Swamp Creek lease
will be derived from the comparison of irrigated and nonirrigated
wild hay production for Beaverhead county.

Value Based on Site Specific Production Histor

In a discussion with Mark Josephson, John Duffield and Ernie
Harvey on September 23, Fred Hirschy explained his position on
the desirability cf and =zlternatives to leasing hls water rights
on Swamp Creek to DFWP. The current situation is one where the
pasture has been only partially irrigated for some time and so
preduction is in decline from earlier full production practices.
However, production is still higher than 1f no irrigatlion had
heen undertaken in recent years. In essence Fred Hirschy
presented three possible scenarios. One option would be to zllow
the native grasses to go unirrigated, in which case productivity
would drop slightly from present levels. A second option would
he to make an investment in improvement of The irrigation system
and begin irrigation of the land, In which case productivity
would rise for 5 years and then level off at a much higher level
than it currently has. The third possible irrigation strategy
tand the one he would like to pursue if DFWP goes through with



leasing) is to retain flood izxrigation rights (there i3 some
guestion as to whether Montana taw would zllow this type of lease
structure) in which case he must make improvements in the
irrigation system {as in the first case) and he expects
production to be 1/3 of full irrigation praduction. These three
scenarics are shown graphically in Figure 1. To summarize
production by option {(and based on the assumead facts listed
below), the current situation is cne of about .5 AUM/acre.
Option 1 is no irrigation or .25 AUM/acre. Option 2 is full
irrigation or 2.5 AUM/acre. Optiocn 3 is flood rights or .85
AUM/acre (see Figure 1.

The following information on the Hirschy land was provided by

" Fred Hirschy in informal discussions. In case of any possible
misunderstanding on our part from these limited discusslions, it
would be wise if formal negotiations proceed teo perhaps first
validate (through further discussions with Fred or by providing
him with this report for review) that the following are agreed
upcen facts.,

proximately o000 acres
id-May to mid-Cctober;
y low {approx. 10 acres per

-- Bwamp Creek diversion serves 3p
-- Cattle graze it for % months (m
-~ Current production is relativel
cow/calf pairx
~— If investment in an irrigation system was made the irrigated
land could sustain 2 acres per palr yield
~—- Tf no irrigation is done production will fall to approximately
20 acres per palr
—— Fetimated amortized cost of irrigation improvements plus
annual labor costs are $§ 3000 per year ($4-$5 per acre]
—— Fstimated market value of land as leased pasture is §14 to glg
per AUM
-~ Hirschy water right is for 1325 miner's inches or 3.375 cfs
~- Hirschy wants the term of the lease to be at a minimom 5 and
possibly 10 years.
We have used these assumptions in the following computaticns.
The lower value of the AUM lease price range ($14) was used as
this seems more comparable with lease prices in other markets.
Civen the above information it is possible to construct three
operational time lines which calculate net crofits from grazing
under the three scenarics. Table 66 computes yearly income fox
each of the three scenarios for the next five years.
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Fable &6
Analysis of Swamp Creek Lost Production Values

current Conditions {Year O}
Lease Value of Pasture $14/7AUM

morovements No Iry, Flood Rights
# AUM/Acre/Year .5 .5 .5
s/Bcre/Year g7 . 87 g7
* 600 Acres $4200 42060 &42040
w Added irr.. costs. B B8
Lezse Income £4200 $4200 54200
Year 1

Lease Value of Pasture $14/AUM

Improvements No Irr., Flood Rights
% AUM/Acre/Year .75 .375 .60
$/Acre/Year $10.50 §5.25 88,40
% 500 Acres=s $6300 3150 5G40
- Added irr. costs {83000 0 {83000
Lease Income $§3300 $3150 20440
Year 2

Lease Yalue of Pasture 3514/AUM

Improvements Mo Irrx., Flood Rights
8 BUM/Acre/Year 1.25 .25 LT0
g/ Acre/Year $17.50 8§3.5¢ 89.88
* £00 Acres £10500 §21040 g588¢0
- maded irr. costs {§3000; 0 {83000
Lease Income 87506 2100 52880
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§ AUM/Acre/Year
¢/hcre/Year

* 600 Acres

- &dded irr. costs

Lease Income

¥ AUM/Acre/Year
$/Acre/Year

*# 600 Acres

- added irr. cosis

Lease Income

Lease Value of Pasture £14/AUM

% AUM/Acre/Yeazx
$/Acre/Year

¥ 600 Acres

- Added irr. costs

Lease Income

Year 3

Leasse Valilue of Pasture $14/AUM

Improvements

1.75
$24.50
§1470GC
{83000

No 1rx.

.25
$3.50
$2100

Flood Rights

75
£10.50
$6304
{$3000)

§ 11700

Year 4
Lease Value of Pasture $14/BUM

Improvements

2.25
£31.50
$18900
{§3000)

No irr.

.25
$3.50
$2100

Flood Rights

.80
$11.20
$6T720
{$300G)

Year 5

Improvements

2.50
$35.900
$§210C6¢0
(83000

Flood Rights

L8133
§11.6¢%
$6997
{$3000)

$18,000
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In order to determine the value of the Swamp creek lease based on
it's site specific production hlstory we must compare the
outcomes of the possible scenarios outlined above. 1£ the
Hirschy's were not to lease thelr water for instream DuUrposes
they would be faced with the decision of whether to let the land
go unirrigated, or invest In irrigation improvements and operate
it as irrigated pasture. We make the assumption that they would
choose the alternative with the highest net return; that is, to
invest in the irrigation improvements and fully irrigate 1t in
the fFuture.

Table 67 shows a range of possible lease options and the net
present value cf the stream of net returns asscciated wlth each.
The lease options are (A} not lease, {(B) lease with flood rights
or (C) lease with no irrlgation rights. As noted, in this
analysis we have chosen to use the lower end of the potential
pasture lease prices ($14/AUM} estimated by Fred Hirschy. This
figure was chosen based on discussions with local SC8 personnel.
It should be noted that these estimates are the estimates of lost
production over the term of the lease which could be interpreted
as the minimum amcunt that Fred Hirschy {under this set of
estimates and assumptions) might be willing to accept foxr the

alternative lease scenarios. Fred Hirschy has, by the way, made
it clear that he expects the lost production value to be a small
part of the total lease value. (5See the discussion in Section 9

on indemnification:.

Table 68 shows both the lump sum estimated cost of the Swamp
creck lsase under three different production cptions and two
different lease terms and the average year-to-year cost of the
same options and terms. The twe lease terms are described as
follows: 1) a five year lease which begins at the present time,
hefore any improvements are made te the irrigation system on the
Hirschy land, 2} a ten year lease which begins at the present
fime as in scenario 1). The three production cptions cerrespond
to the three cptions examined in Table 66: full irrigation (ng¢
lease of water), no irrigation and retain flocod rights., Figure 1
shows the changes in assumed productivity over the range of these
lease scenarios based on the information provided by Fred

Hirschy.

The lump sum values for the two lease terms show significant
initial benefits to the state associated with securing a lease
agreement in the near term, before planned land improvements Ccan
re made. AdQitiocnally, there are benefits to the state
associated with allowing the Hirschys te malntaln flood rights
and partially lrrigate thelir land. Lease option B {allowing the
Hirschys to retain flood rights has an estimated net present
value of §34,125 for the five years, or an average year-to-year
payment value of $7795, and a net present value of §83,081 for a
ten year lease, or $10,551 per year. Leass option € (n¢
irrigation) shows a net present value of §37,633 for it's five
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year life, or a year-to-year value cf & 8,610, and a net present
value of $93,298 for a ten year lease, or £11,847 per vear. For
any leases negotiated in the next year or 5o, the appropriate
value is about $7800 pexr year for a 5 year lease oI $10,500 per
year for a 10 year lease. AS the lease term gets longer (0%
negotiations are delayed), the foregone opportunity to Fred
Hirschy approaches the net foregone full yearly production valiue
of about $14,000 per vear for the flocd right coption. Note that
the potential saving to the flocd right option is greater if
hirschy's producticn under this option is greater than 1/3 of
full irrigation production. This is an important assumption to
examine, if possible, through site level hydrological
investigations,

value Based on County Level Historical bata

Direct analysis of the Swamp creek water values using the Ccounty
evel historical data is somewhat problematic as the Hirschys
have used thelr pasture grass acreage as rattle forage ratherx
than a harvested crop. However, by assuming the creop's value as
forage is the same as its value as harvested native hay we Can
make an analysis based on the county level data. It might be
noted that yields from well managed pasturs are generally higher
than corresponding hay ylelds, particularly for grasses.
Accordingly, the estimate we derive below based on county level
average yields may be conservative.

Tt is important when using the county level comparison of
irrigated and nconirrigated crop yields to input any site specific
data which is available intc the caliculations. In the case of
Swamp Creek, Fred Hirschy has estimated that long term
improvements to the ditches and irrigation costs amount to
approximately $4.00 per acre/year. This amount was substituted
for the $20.00 per acre assumed lrrigatlon cost in Table 6€5. For
the Swamp Creek case the only values of immediate interest are
those for flood irrigation. These amounts are shown in beld in
table 68. As was discussed in Section 5, the best use of the
county-level comparison value estimates is as a land based value.
Thaet is, the per acre water values should be used in preference
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Table 67
Swamp Creek Lease Optlons
Returns on Alternative Leasing Strategies

Lease Term

Lease Optiom YR 5 Year 1% Yeax
&. Neot Lease 1 3300 330640
2z 7500 7500
3 11760 11700
4 15500 15300
5 18000 18400
& 184460
7 18000
g 18G00
9 12000
10 18060
B. Lease with 1 2040 2040
Floed Rights 2 2880 2880
3 3306 3300
4 3720 3720
5 39357 3937
& 3587
7 35487
8 33857
9 3997
10 3597
¢, Lease wWith
Ng Irr. 1 3150 3150
i 2160 2100
3 2106 2100
4 2160 2100
5 2100 21600
2 2100
7 2100
g 2108
g 2100
i0 2100
Het Present Values
&. Hot Lease 47,890 116,821
B, Lease with
Flood Rights 13,765 27,740
¢, Lease with
Mo Irzx. 10,187 17,5358
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Table &8

Summary of Costs of Alternative Lease Options

Lease Term

5% Year i1 Year

Lump~8Sum Costs of
Lease Options
BE. Lease with

Flood Rights $ 34,125 883,081
C. Lease with

Mo irrigation s 37,653 § 93,282
BAverage Year-
To-¥Year Costs of
Lease Options
BE. Lease with

Flood Rights g 7,795 ¢ 10,551
C. Lease wWith

No Irrigation $ 5,610 g 11,847

Note: The net present value figures in the preceding two tables
are calculated using a real discount rate of 4.6 %. These
figures may be recalculated for any discount rate using the
following formula:

)
NPVa§ Re(i+i)~F
D=
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to the per acre foot values. For the Swamp Creek lezase the per
acre water value {from Table 69} is $30.67. With a total
irrigated acreage of 600 acres the total vearly value of the
lease would be § 18,402. This value assumes that the Hirschy land
is as productive for wild hays as the average wild hay land in
Beaverhead County. This value would be for an irrigated versus
non irrigated case and ls somewhat larger than, but similar to
the estimated yearly value based on Fred Hirschy's expected full
production level - $15,300 for the no irrigation option. {The
latter is derived from 18,000 less 2100 for years after year 5 in
Table &73. This shows some consistency and validation between
the several approaches.

The ceounty~-level comparison method of valuation suggests that the
Hirschy's water is worth $12.38 per acre/foct at the point of
diversion, given the estimated total diversion of 1417.5 acre
feet. Site specific hydrolegic investlgations would, of course,
refine these estimates.

Table 69
ANALYSIS OF SWAMP CREEX WATER VALUATIOH USIHRG
COUNTY LEVEL HISTORICAIL DATA

OTHER HAYS
BEAVERHEAD COUNTY

Y1ELD DIFFERENCE  0.60

CROP PRICE 57.78

GROSS VALUE DIFFERENCE 34.67

S.R. FLOOD COSTS 4.00

MET IRRIGATION REQU. 16.09

S m. VALUE/RGRE FLOOD  30.67

L&, FLOOD CosTS  3.88

L R. VALUE/ACRE FLOOD  27.79
per =cre short run value of Swamp Creek water right g 30,67
MHumber of acres ® 500
Total annual value of Lease $ 18,402

Note: S.R. indicates short run costs and values and L.R.
indicates long run costs and values.
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Comparison and Recompendation

Table 70 shows a comparison of the various estimates. The
county-level comparison method assumes that the land is producing
at the Beaverhead County average production level. This method
estimates that the Swamp Creek water right would be worth $30.67
per acre. This translates into a per year lease cost of $18,40Z2.
However, we know that the Hirschy land is cuxrently producing
below it's potential and only after approximately five vears of
impreovements will it be producing at it's capacity. If we invoke
the assumption into the site speciflc method that the land at the
beginning of the lease 1ls producing at it's maximum, the per acre
value of water for the site speclfic method is $26.50 {calculated
masnfullnproduction“returnsnof_$18;Gﬁa_miﬂﬂﬁ.noﬂilﬁig@ted U
production returns of $2100, or $15,900 divided by 600 acres).
This value is lower but guite similar to the per acre estimate
of the comparison method of $30.67. One reason for this
Adifference may be a higher per acre procuction of average
Beaverhead County wild hay crops than what the Hirschys expect
from their flelds.

More realistically, value can be based on actual and gxpected
production. The site method allowing the Hirschys to retain
flood rights estimates the water to be worth £12.99 per acre oY
$7,795 per year. The site method which assumes all irrigation
stops values the water at $14.35 per acre or a total lease cost
of 8,610 per year. Assuming an irrigated land base of 600 acres
and a total filow of 1417.5 acre feet, the acre/foot water value
for the site specific method is $5.50 for the flood rights option
and $6.07 for the no irrigation option.

The county-level comparison method estimates in this case
validate the general upper range to possible value based on
production loss. It should be noted that the estimates of both
methods are sensitive to assumpticns about the price of the
foregone commodities; in the case of the county methed, wild hay,
and for the site method, lease value per AUM. Additicnally, both
estimates are sensitive to the level of irrigation costs {assumed
to be $4.00 per acre}. If the default cost of $20.00 per acre
were used instead, the values for both methods would be
substantially lower. Careful attention should be directed at
compiling the best revenue and cost estimates possible when
applying these methods as accurate estimation of water values for
a specific site depends on using the most complete and accurate
information avallable.

Wwe conclude that the site specific estimate here, based on
~urrent actual or expected foregone production (Table 70y, is the
nest estimate of foregone preduction value at about $7,800 to
8,600 per year for a 5 year lease OX $10,500 to $12,000 per year
for a 10 vear lease term. Additicnally, we conclude that the
option of allowing the Hirschys te retain flood rights on thelir
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property and thus maintain a level of irrigated production should
Le examined. This option would present a savings to the state.

Table 70
Comparison of County and Site Specific Value Estimates
Swamp Creek Lease {Five Year Term)

Full Production

County Method Site Hethod
(Mo Irrigation) iNo Irrigetion)
Water Value
per Acre £30.67 $24.590
Total per year
lease cost £18,402 £15,900
Acre/Foob Value £12.98 $11.22

Current Actuwal and Expected Production
{8ite HMethod}

Flood Rights Ho Irrigaticn
Water Value
pexr Acre £12.98 $£14.35
Total per year
lease cost $7,735 $8,610
Acre/Foot Value $5.50 56,407
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7, Results of Site Specific Estimates of Value of Izrrigation
Water on Big {reek

Introduction; Extent of the Market and Tvpoe of Change

The value estimates in the case of Swamp Creek are derived using
both the county historical productlivity figures and the site
specific production history. The Swamp creak example is a case
cf water valuation based on the foregone value cf agricultural
production. Big Creek, by contrast, is a case whexre the
potential supply ¢f water will be augmented by investment in a
more efficient irrigaticn system. The value of the water in this
case wiill be dominated by the supply side of the market - that
~is; by the cost-of the investment im the lrrigatlion system.

The market for water on Big Creek is a spatially constrained one.
Nine people acting as one company desire to lease surplus
agricultural water to the state for instream uses. The market
for water on Big Creek, therefore, consists of a single buyer and
a single seller. The market price in this instance is
indeterminate and depends on bargaining between the parties. At
one extreme the price might be as low as the minimum long run
average cost. At the other extreme the price would be set at a
level which would maximize profits for the seller. In oxder to
determine the profit maximizing price level, however, the seller
would need to have knowledge of the total fisheries benefits
which would accrue from leaving the water instream. Because of
the difficulty in knowing the potential benefits to fisheries
from the lease the best starting point for analyzing water values
is at lcong run supply costs.

Unfortunately, the results from an analysis of long run costs are
not cbvicus as they would be for a reservoir with basically one
type of output - released water. An investment in the new
pipeline on Big Creek would actually result in two gualitatively
different outputs: 1) the saved water which the new efficiant
conveyance system makes available in the creek and 2 water
delivered to the fields at a given head. The latter output is
gualitatively different in location and by being under pressure
at the point of delivery. The value of the "saved? water in this
instance depends on how costs are shared between these two
sutputs. This situation is analogous to allocation of costs
amcng joint products, however, there is no analytical sclution to
this problem in microeconomic theory. Lacking an analytical
solution, we approached the problem another way. In this
analysis three pcssible permutations of cost sharing were
identified; two of them based on "falrness criteria®™ and one
based en the financial feasibility of the pipeline project.
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Value Based on the Supply Cost of the Saved Watex

The first "fairness” based method cof estimating water values is
for all users of water right to share Jeointly in the costs based
on the amount of water each uses. The period of greatest concern
for DFWP is mid June through the end of September. During this
pericd the water rights of interest use approximately 35 cfs, or
59.42 acre/feet of water per day. Rough SCS estimates of water
requirements show that the irrigators operating with the proposed
pipelines would reguire 20 cfs, thus leaving approximately 15 cfs
as surplus. Over the peried of interest thls would amount to
4245 acre/feet of water for the irrigaters and 3184 acre/feet of
surplus water for DFWP. This ratio of 57% for the irrigators and

43% foy DFWP could be used to allocate prolect costs. {(The ratle -

would be similar if longer [eg. May to Cctober! or shorter
periods were chosen.}

In February of 1590 the Livingston S5CS cffice compiled estimated
cost figures for the Big Creek project. These estimates were
very rough since they were done before any engineering work at
the site had been undertaken. Using twe dlfferent equipment
price levels SCS estimated the total cost of the pipeline
component of the Big Creek project to be between $210,239 and
$350,402. This is a considerable range and indicates the
preliminary nature of the estimates. Using an estimated iife of
20 vears and a real discount rate of 4.6% the estimated annuszl
amortized cost of the pipeline ranges between $16,302.71 and
$27,171.47. Table 71 shows how these figures translate intoc per
acre and per acre/foot values. Also shown is the 35CS estimates
for the financial 1ife of the project; 10 years at 9 percent
interest.

Based on the "fairness " principle wherein each water user shares
in the total costs based on the amount of water they use the per
vear costs of the Big Creek lease to DFWP would be §68%73 to
$11,653. These estimates, of course, assume a specific discount
rate (4.6%) and estimated life of the preject (20 years). It is
interesting te note that the per acre foot values estimated with
this method are within the range of other supply cost based
transactions cbserved in the West (eg. Palnted Rocks water sold
at $2.00 acre/foot, Snake River Water Bank water sc0ld at $£2.50
acre/foot). The acre/foct water values calculated here are, of
course, highly sensitive te the length of irrigation season over
which the saved water is allocated.
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Table 71
Big Creek Supply Cost Based Water Values
Costs Shared on the Basis of Amount of Water Used

Discounting Optlcn

20 Year 4£.6% 18 Year 9%

Total Project Cost 21G,23% ~- 350,402 210,239 -- 350,402
Annual Amortized

Cost 16,303 -- 27,171 32,759 -~ 54,600
Total Acres Involved 1177 1177
Cost / Acye / Year 13,85 -- 23.08 27.84 - 46.40
Total Acre/Feet

June 15 -~ Sept 3¢ T428.2 F428.2

Bverage Acre/Foct Value 2.19 == 3,64 4.41 -~ 7.35
Implied "Fair® Cost
Share to DFWP & 6,973 -~ § 11,653 § 14,041 -~ § 13,402

The second “"fairness" based method of allocating costs of the Big
Creek pipeline would be to share costs based on the benefits that
each water user receives from the water. In this instance the
Big Creek agricultural interests would derive a certain level of
nenefits from the water as an input into their production
processes. Likewlse, DFWP (as stewards of the public interest)
would derive a certain level of fisheries benefits from leaving a
porticn of the water instream. Under this method of cost sharing
the irrigators and DFWP would share the costs of the oipeline
based on the ratioc of their total water-derived benefits.
Unfortunately, we are limited to describing = broad outline of
this method since total potential fisheries benefits at the site
are unknown, and are beyond the scope of this study.

A final way to look at this problem is te recognize that DFWP ‘s
interests are served just as long as the project is built, The
guestion then bacomes - how large & cost share must DFWE assume
for the irrigators to choose to proceed with the project. In
this method an examination would be made of varying shares of
total costs to be covered by DFWP and how these shares affect the
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certainty that the farmers will achieve a desired ievel of net
returns to irrxigation. In other words, the farmers would first
determine a level of financizal risk {risk in this case is
dlrectly related to the variability of commodity prices) which
they are willing to accept in undertaking the pipeline project.
The lease price for salvaged water would in this case be based on
the total costs and benefits to farmers and the varliability of
crop prices. In the case of an extremely efficient pipeline
project and high, stable crop prices the lease cost could be very
small or even zerco. Conversely, if the pipeline offers low
additional benefits to farmers and is constructed in an
environment of low or erratic crop prices the lease cost could
approach the total annualized cost of the system. In any event,
computation of this possible negotiated outcome would reguire
precise cost and revenue estimates. To this noint ne detailed
engineering work has been done on the Big Creek project by S8CE,
therefore, addressing this third method is alsc bevond the
current scope of this study. Additionally, net project revenues
have not yet been computed for this project,

valuaticn of salvaged water on Big Creek is a difficult problem
in the absence of detailed cost and benefit estimates. Alsg,
ewing te the unigue single buyer, single seller nature of this
market traditicnal economic theory does nct suggest an cbvious
solution for the market price level. Rather, the lease price in
this case will be a negotiated price depending heavily on the
motivations and intentions of the parties involved. An estimated
water value based on consumption based cost sharing suggests a
value hetween & 2.19 and & 3.66 acre/foot. These acre/foot
estimates correspond to a preliminary total estimated lease price
of § 6373 to $ 11,653 per year. This estimate only includes
investment cost on which 8CS computes a cost share - fixed,
underground distribution systems. A majer point for negotiation
is whether costs need also include the farmer's investment 1In
moveable, nonunderground sprinkler eguipment.
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&, DRAFTING LEASES FOR INSTREAK FLOW

INTRODUCTION

In 1989 the Montana Legislature passed House Bill 707 which
allowed the Department of Fish, Wildlife and Parks to lease water
rights on a temporary and experimental basis, for the purpose of
enhancing and maintaining instream flows. As the legislative
history demonstrates, much controversy surrcunds the idea of a
state agency leasing water rights for instream flows.

We prepared this report pursuant to Tasks III. A. and B. of
the research contract between Bicecconcmics Assocciates and the
Montana Department of Fish, Wildlife and Parks. Under these
tasks, we were responsible for summarizing the legal aspects of
possible lease cptions based upon the law and other information.

To prepare the report below, we reviewed, of course, the
laws relating to leasing water rights for instream flows.
Additiocnally, we reviewed 21l testimony and materials presented
at the House and Senate committee hearings on HB 707. We spent
several hours interviewing each set of propesed lessors and
viewing the areas of the proposed leases as well as many hours of
discussion among ourselves and Biceconomics Asscociates con
instream lease issues. In general, we tried to cbtain as much
information as possibkle relatlng to water leasing or water
transfers for instream flows in the West from state agencies,
case law, laws of cther states, law review articles, water

treatises, etc.

the

The result of all this follows. We hope the following
provides helpful guidelines in drafting leases for instream
flows., In our review of the two specifically proposed leases we
were struck by the highly fact specific nature and differences in
the two areas. While we think the situations chesen by DFWP hold
a high chance of success for instream flow leasing, we cannot
stress enough that the individual leases for distinctive areas
should be carefully tailored to that specific situation. Thus, a
lease for one area may not lock at all like a lease for another

area.

With the above in mind, we attempted to structure the
components of this report in a manner similar to how the
components of a lease should be structured.
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PARTIES:

The lease should accurately identify the legal names of the
parties. Particularly, the true legal owner of the water right
{Statement of Claim}, the Lesscor, should be identified. In
Montana, water rights are normally transferred by a deed which
transfers the land to which the right is appurtenant. Section
85-2-424, MCA, reguires a DNRC Form 608 to be filed when a
transfer occurs. However, failure to file a transfer form with
the DNRC does not invalidate the transfer or tha new owner's
right to use the water'. Sometimes parties forget to file these
forms. Also, both the Water Court and Department of Natural
Resources and Conservation should be contacted te ascertain the
name of the owner of the water right. oOften the DNRC will -
receive nctice of the transfer well before the Water Court.
Therefore, Water Court records may not always show the current
owner of a water right. These records should be in proper corder

before DFWP signs a wvater lease.

The lease should accurately identify whether the owner is:

a corporation

a partnership

- an individual

in jeoint ownership

- some other entity (e.g., trust or estate)

§

There may be situations where water rights are actually held
by corporations or trusts which cwnership entity is not properly
identified on DNRC or Water Court records.

To protect itself, the DFWP may consider conducting title
search of the underlying property to confirm ownership and any

lienhclders.

The proper signature on the lease of the legal owner is
necessary to secure a binding lease.? If the water right is
owned by an entity, we recommend the Department secure
appropriate resclutions or documentation from the entity
prescribing who is authorized to sign the lease on behalf of the

entity.
PURPOSE OF LERSE:

The lease should contain some sort of statement of purpose
related te the provisions of Section 85-2-436, MCA. A written
statement of the purpcse of the lease may be 1mp@rtant to protect
against a challenge to the lease that the state acted without

authority or irrationally.
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TERM:

The lease provisions sheould identify the number of years
DFWP will lease the water right, e.g.:

This lease conmences on , 1850, This lease
and all rights of DFWP shall terminate upcn the earlier of

, 1994 or the expiration or repeal of the
law authorizing DFWP to enter this lease for instream flows,
unless terminated earlier or renewed under other provisions

of this lease.

Section 85-2-436(1) (e}, MCA, authorizes an initial lease for
up to 4 years with renewals for up to 10 years. Both the Swanmp
Creek and Big Creek parties indicated they were not willing to
lease water for only 4 years. Fred Hirschy stated that it would
not be economical for him to lease his water right for a periocd
of less than 5 years. He indicated a term of less than 5 years
is not sufficient time to make practical and economical ranch
decisions regarding the land he otherwise irrigates with the

leased right.

The Big Creek users expressed interest in a 20 year term.
They propcse to lease “salvaged" water obtained from installing
more efficient irrigation systems., These systems will require
the users to make significant economic decisions. Thus, the Big
Creek users desire a lease term which provides them the security
to make these decisions.

PAYMEHNT :

The lease should identify the amount, conditions and timing

of payment. These elements of payment will be highly dependent
upon the specific fact situation of each lessor and the ability

of DFWP tc pay. Some paynment opticons follow:

1. 8traight lease. The simplest method of payment would be a
straight lease payment similar tc the following:

FWF shall pay Dellars ($ y per
year as the annual rental for the term of the lease with the
first payment due on or before ., 19%0, and
subsequent payments on of each

succeeding vear.

A straight lease would require payment whether or not the
DFWE needed the water in any given year. Variations on a
straight lease could include payments made monthly during the
period of use or a lump sum payment made up front by DFWF for the
entire lease term discounted to present value.
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The Big Creek users indicated they would be most interested
in a lump sum initial payment which covered the entire lease
term. From their standpoint, this typs of payment would provide
them the most security in making the econocmic decision teo move to
more efficient irrigation systems. Inherently, there may be a
concern that the ranchers de not want to be subject on 2 year to
year basis to the budget status of DFWP.

2. Dry year or Stand-by lease. This option would reguire
payment toc the lessor only when DFWF calls for the water. This
type of lease opticn would reguire specific definiticns and
conditione for when the DFWP may call on the water and how
payment is to be calculated.

The lease would provide DFWP the right to call on the water
right for instream-flows when certain minimum stream flow levels . .
are reached. The method and place of measurement for determining
the pivotal stream flow should be spelled ocut in the lease.

Additionally, the lease provisions should spell ocut the
notice DFWP must provide the lessor to exercise its lease of

instream flows in any given year.

Alsc, the lease provisions should define either how much the
lessor will be paid in absolute terms if the DFWP calls on the
water or upon what factors the payment will be determined in any
given year. Factors include compensating the lessor for lost
preoduction revenues, disruption of planning, and any expenses
incurred before being notified the land could not be irrigated

that season.
An example of this type of payment provision follows:

Prior to March lst of each year, the DFWP will notify the
lessor in writing whether it will exercise its coption to use
lessor's water right for instream flows. If DFWP notifies
lessor of its intention to use the water right for instream

flows, DFWP shall pay to lessor an amount of
dollars ($ )} on or before April lst

Gf tnat year. If DFWP fails to notify lessor by March 1st
of any given year, then DFWP shall be deemed to have waived
its right to use lessor's water right for instream flows

during that year.

Obviously, there are many variations on this type of
provision. For instance, the notice provisicns could be
shortened or be worded to place more flexibility in the hands of
DFWP. E.g., "The DFWP shall give lessor two weeks prior written
notice of the date within the Period of Use it will begin
exercising its power to use the water right for instream
purpeses.® In other words, one of the decisieons that should be
made in drafting this type of lease should be whether the DFWP
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has the power to exercise its rights only on a year to year bagis
or upcn a discreticnary basis within any season. If made on a
year to year basls, the notice date should be carefully
considered. O©On one hand, DFWP would need time to analyze and
predict upcoming stream flows based on snowpack, precipitation
and other conditions. ©n the other hand, the lessor will need
lead time to make sound ranch decisions.

Payment options cculd be added. E.g., "In addition te this
payment, DFWP shall pay lessor's reascnable éexpenses incurred
during the present calendar year in preparation of the land for
irrigation prior to DFWP's notice of its intention to exercise
its power tc use the water right for instream purpcses.®

However, the more flexibility the DFWP has in payment and in
exercising its power tc use the water instream, the less
certainty the irrigator has in making sound eccnomic decisiocns.

A "stand-by® lease leaves the lessor/rancher facing substantial
uncertainty in planning crop or livestock rotations, marketing
strategies, and in equipment and other material purchases, On
the other hand, stand~-by leases in which DFWF pays for crop or
production loss in a particular year is probably cheaper than
purchasing the water right or paying for it whether it is needed

or not.

Both the Hirschys and the Big Creek users stated that they
were unwilling to face this type of uncertainty in a lease. Both
wanted payment regardless of whether DFWP needed the water or
not. They indicated that being left to a season to season (or
part of a season to part of a season) notice of use for instream
flows with payment conditioned upon use contained too puch
uncertainty for them to make rational ranch decisions.

For the Big Creek users, a stand-by type lease is
particularly disruptive because of the type of crops they grow
with irrigation. For them to irrigate, for instance, in May and
June and then have DFWP call on the water for the rest of the
season is a complete waste of time, water and crop because the
type of crops grown need water most of the summer to be of any
value at all. In situations where a lessor is irrigating pasture
or where at least some irrigation during the summer is better
than none, a stand-by lease may be the most beneficial for both

parties.

3. Hybrid leases: ¢ne solution to the uncertainty presented by
a pure stand-by lease is to incorporate elements of a straight
lease. For instance, a lessor probably, at least, needs notice
on a year to year basis rather than being subject to bzing cut
off at any point in an irrigation season. Additicnally, an
initial "option® type payment could be paid by DFWP upfront with
additicnal payments conditicned upon actual calls for water.
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Ideally, these additicnal payments should be fixed sc the parties
do not end up in a dispute over the reascnableness of additiocnal

expenses.

For example in Utah a city paid a farmer $25,000.00 up front
for a 25 year *"dry-year® cption granting the city the right to
use the water when certain dry vear conditions were met. The
agreement provided that in any year the option was exercised, the
city must pay the farmer an additional $1,000 and 300 tons of hay

to maintain the farmer's livestock.

WATER RIGHT(S) SUBJECT TC LEASE:

Cne of the most difficult tasks of the leasing process will
be defining the water right leased, both in size and shape, and
defining how the water right may be used for instream flows. The
lease should expressly describe the water right leased and DFWFP's

rights to protect it.

Essentially, twe provisions in the lav circumscribe the
water right to be leased. Section 85-2-436(2)(d) states the

following:

The maximum guantity of water that may be leased is the
amount historically diverted by the lessor. However, the
amount historically consumed, or a smaller amount if
specified by the department in the lease authorization, may
be used toc maintain or enhance streamflows below the

lessor's point of diversion.

Section 85-2-402, MCA, allcws the DNRC to authorize a lease
if the fcllowing condition is met:

The proposed use will not adversely affect the water rights
of other persons or other planned uses Or developments for
which a permit has been issued or for which water has been

reserved.

The lease should be drafted to meet the conditions imposed
by these sections of the law.

The general elements of & water right include the following:

Priority date

Flow rate

Volume

Place of use

Periocd of use

Point of Diversien
Means of conveyance
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The lease should describe the Statement of Claim{s) upcn
which the lease is based., A&ttached as an exhibit should be a
copy of the Statement of Claim(s) or the Temporary Preliminary or

Preliminary Decree abstract(s).

Hext the lease should describe the porticn of the water
right which is consumed and, thus, protectable bslow the lessor's
point of diversion. Defining the amount consumed "reguires
kncwledge of the entire irrigaticn or water use system, the
amount diverted, the return flow, the climate, and the vegetation

recelving water {crop and non-crop).®

However, "consumed® should not be limited to only water used
in the growing process. Since the water leased is for
maintaining instrean flows "consunption properly includes all
water lost to the stream... . Thus, irrlgation water which seeps
into deep aquifers not tributary toc the stream or which cecllects
on the surface and evaporates is also tconsumed'"® and should be
included in the amount protected. Another similar way to define
"consumed® is by the amount of water irretrievably lost to the

system.

The amount historically "ceonsumed®™ will depend entirely upon
the individual histerical, climatical, hydrolegical, geclogical,
agricultural, etc. facts cof each case. Without a statutecry cor
administrative rule mandating a particular method of determining
the amount "consumed®, the "legal® method should be any method
which can be rationally defended. 1In cother words, to protect
itself from challenge, the DFWP should have a written record of
how it determined the amcunt "consumed® for purposes of &

particular lease.

We believe an "irretrievably lost®™ type standard is in
accord with Montana water law and, in theory, assures the maximum
amount possible will be protected while not adversely affecting
other appropriators. Upstream junior appropriaters from the
target right have always been subject to the full diversicnary
(as opposed to consumptive) entitlement of the appropriator.
Similarly, downstream junior appropriators have never relied on
waters irretrievably lost by the senior appropriator's diversion
and use. The key as discussed below is to define consumption in
a manner which does not decrease the timing or level of return
flows nor increases the historical levels of beneficial

consumptive use.

The following is an example of how this portion of the lease
could read: (For simplicity's sake, we have used the elements of
the Hirschy right instead of blanks.)

Lessor's water right represented by Statement of Claim Ho.
41D-W~194957 is the subiject of this lease. Statement of
Claim MNo. 41D-W~194957 [or decree abstract of statement of
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claiz no.] is attached as Exhikit A and is fully
incorporated by refezrence to this lease. Lessor hereby
leases this water right to DFWP for maintenance and
enhancement of instream flows on Swamp (Creek.

However, X c¢.f.s. is the amount of Lessor‘s diversionary
entitlement historically consumed. ©Only ¥ c.f.s8. shall be
used to maintain or enhance streamflows below the Lesscr's
point of diversion unless the Dept. of Natural Resources and
Conservation specifies a2 smaller amount in its authorization

of this lease.

Lessee shall have the right to use X ¢.f.s. pursuant to the
terms of this lease tc maintaln or enhance stream flows for
the approximately 2.5 mile length of Swamp Creek from
‘lessor's point of diversion in the NWINEXSWhY of Sec. 20,
T.25., R.15W., PMM, to the confluence of Swamp Creek with
the Big Hole River. Lessor's point of diversion and the
protected length and location of the stream reach is shown
in detail on the map attached as Exhibit B incorporated into

this lease by reference.

The pricrity of the water right leased is [same date as
Statement of Claim].

Section B85-2-436(2)(d), MCA, allows the DFWP to lease the
full amount of Lessor's diversicnary entitlement, but use only
the amount consumed for instream flow protection below lessor's
point of diversicn. Thus, apparently DFWP has the right, just as
the owner does, to demand the full diversionary entitlement from
upstrear junior appropriators. However, in the protected
stretch, DFWP can only demand from downstream junior
appropriators the consumed amcunt be left in the stream {after
accounting for whether the protected stream stretch is a
naturally losing stretch of stream and historjical irrigaticn

practices of the senicr appropriateor/lessor.)

In the Big Creek and Swamp Creek situations, the potential
for adversely affecting downstream junior appropriators is small
since there are no junicr appropriators within the protected
stretch or within a reasonable distance downstream from the

protected stretch.

The Big Creek users propose to lease "salvaged” water to the
DFWP., Additicnally, they intend to enter an agreement amnong
themselves where they all agres to share a common priority date
for all their water use.® FEssentially, the goal is te lease to
DFWP the water salvaged under this contract. Therefore, the
lease drafted for these users should make particular reference to
any private agreements of the lesscrs and how the private
agreement affects the amount, priority date, etc. of the water in

the hands of the LFWPR.
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LESSEE'S USE:

As noted above, a primary hurdle the leasing arrangement
must overcome is the DFWP lease and use not adversely affect
other appropriators. Thus, the lease should anticipate possible
adverse affects and contain provisions which mitigate these
affects or circumscribe DFWP's use to prevent the affects. 1In
general terms, an instream flow lease usse could result in the

following adverse affects.?

1. Reduced Return Flows

Reduced return flow is the most common injury likely to
cccur without careful definition and planning. The manner in
__whlch the lessor irrigates may be preducing return flows upon

which others downstream rely. By leaving that water in the
stream, there is potential for it to geographically and
hydrelogically miss the reliant downstream appropriater.

The potential alsc exists for an abuse in the timing of
return flows. In some situations, an irrigators early season use
and spreading of water on fields contributes to return flows
later in the drier part of the seasen. Thus, if the water stays
instream, this adversely affects the "delay®™ upon which the

downstream appropriator relies.

Opponents to HB 707 consistently argued against the bill
precisely because instream flow use of histerically diverted
water would deplete aguifers, wells and the return flows upocn

which downstream appropriators rely.

Initially, choosing stream reaches and rights which do not
rely on or centribute to return flows is the best way to mitigate
or prevent this harm. In the Big Creek and Swamp Creek situation
there do not appear to be any appropriaters who rely reascnably
on the return flows or timing of the return flows of the rights

proposed to be leased.

Reduced return flows can be prevented by properly defining
the amcunt "consumed® and by accounting for mnatural strean losses
or gains in the monitoring and enforcement of the protected
stretch of stream. In cases where the timing of return flows is
important, m1t1gat1an measures night include some scrt of storage
facility t@ insure return flows are released when historically

available.'®
2. Changes in the Seasonal Period of Use

As DFWP recognized in the legisiative battle to pass HE 707,
the lease must take inte account "the shutoff of a diversion
associated with 2 water right under normal irrigation practices,
harvesting, climatic conditions, and cooperative practices with
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other irrigators.®'' Of course, an extension of the pericd of
use of the leased right can cause injury if the CFWFP would seek
the right to demand the water right from junior appropriators
outside the period of use in which the lessor has the right to

demand water.

the lessor's stated period of use could alsc cause injury.

However, mere shifts in the dates of use within

For

example, if DFWP takes the full volume reguirement of the
lessor's apprepriation in August, rather than spreading it over
the entire irrigation season as was done by the lessor, could
cause immediate harm to junior appropriators even if the total

volume used remains the same.

] Given the factors listed above, there are certain times
during the irrigation season, the senior appropriator allovs
junior appropriators, whether upstream or downstream, to use the

water because the senlor appropriator has nc need for it.

For

instance, during harvesting, the senior appropriator has no
beneficial need or use for the water, therefore, historically

this water is available to the junior users.

3. Stream Conveyance Losses

Ancther form of potential harm to other appropriators is
structuring the DFWP's right of protection in a manner vhich
forces junior appropriaters to participate in increased strean

conveyance losses. For instance, assune

water from the lessor and determines that 3 c.f.s.

OFWP leases 5 c.f.8. of
is the amcunt

consumed., 3 c.f.s. is the amount protectable below lessor's
pcint of Qiversion. Assume DFWF has a monitoring device within
the protected stretch, but 1 mile below lessor'’s point of

diversion. Assume hydrologically that 6

c.f.s. must be flowing

by lessor's point of diversion to supply 3 c.f.s. at the

monitoring device.

Assume water flows grow short and DFWP starts

locking to upstream appropriators from lessor’s point of

diversion to £fill

the 3 c.f.s. protectable right. DFWP will not

have the right to demand from upstream junicr apprepriators that
they supply water to this monitoring point to fill completely the
3 ¢.f.s. right if stream loss is such that the junior
appropriators are supplying more than 5 c¢.f.s. at the point of
lessor's diversion. In the example given, junior appropriators
would have to contribute 1 c.f.s. mere than historically required

to meet lessor's senior right to provide
monitoring point.

Thus, the menitoring plan should be
the lease in a manner which demonstrates
not be harmed. The monitering plan must
stream losses or dewatering which occurs

stretch. ™

1ié

the 3 c.f.5. at the

expressly described in
other appropriztors will
account for natural

in the protected



For the most part, the potential for lnjury will occur in
two situations: One, when the DFWP calls on upstrean junior
water rights in a manner not consistent with or more demanding
than lessor'’s historical use and demand for water: and, two, 1f
there are junior appropriators belcw lessor's point of diversion
within or reascnably close to the protected stretch. In the
latter situation DFWP, in its monitering and use plan, must be
careful not to deprive or prevent the downstream junicr
appropriator's use of water which has ctherwise been avallable
for this downstream user regardless of or due to the lesscr's use
of his senior right. As mentioned above, factors to consider
include stream loss or gain', return flows, historical
irrigaticn, harvesting and use patterns.

Again, by selectively choosing stream stretches which de not

include downstream appropriators within or near the protected
stretch, the DFWP will substantially reduce potential harms and
make lease drafting that much easier.

Additionally, applying the above considerations may require
the DFWP to define its period of use within the lessor’s periocd
of use and consider limitations on the total "protectable” amcunt
of volume. For instance, it may be necessary to lock at the
ratio of average days the lessor's water is actually diverted
from the stream compared to the entire number of days in the
lessor’s claimed period of use. From these figures the lease
provisions may be worded as follows:

Lessor's period of use is from May 1 to october 31st of each
irrigation season. DFWP's right to enforce the leased water
right for instream flows shall not exceed X number of the
total number of days between May 1 to Oct. 31st. {X = amount
of days on average the lessor is actually diverting water. ]

or,

Lessor’s period of use is from May 1 to Cctober 31st of each
irrigation season. Lessor on average uses and consumes
approximately Y acre-feet in total volume during this
irrigation season. DFWP shall have the right to enforce its
instream fleow lease until, as a result of Lessor's not
diverting the water leased, a total of ¥ acre-feet have
flowed by Lessor's point of diversion as measured under the

Monitoring Flan.

In the first example, more detailed language may be needed
in which an actually calendar of enforceable days or weeks is
appended to or included in the jease. In the second example,
more detailed language may be needed to define how Y acre-feet
will be measured and deemed to have been used.
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The DFWF and a particular lessor may also consider limiting
DFWP's pericd of use to something less than the Lessor’s. For
example, Fred Hirschy indicated he would be willing to lease his
water right for August and September only as opposed to May
through September. In his case, he indicated he could and would
use the water between May and July. However, Mr. Hirschy stated
the lease price would be the same whether DFWP leased the water

for 2 months or & months.

On the other hand, the Big Creek users would gain no benefit
from leasing water only in July and August, for example, because
the tvpe of crops they irrigate are not benefitted from
irrigating only in May and June and could die or be retarded if

left dry in July and August.

Assuming no déwnstream appropriators exist within or near
the protected stretch, a simple lease provision which protects
against harm and against natural stream dewatering could read as

follows:

DFWP shall have the right to enforce its lease of Lessor's
water right for no mere than days [or use total veolume
amount] within the period of May 1 to September 30th of each
year. DFWP may enforce this right against upstreanm junior
appropriators in accordance with law only to the extent of
securing a2 maximun of [amount of Lessor's diversionary
entitlement] c.f.s. at Lessor’'s point of diversion. Nothing
herein shall grant the DFWP the right to demand water from
upstream junior appropriators if the water demanded wili not
otherwise naturally reach Lessor's point of diversion.

If there are no downstream appropriators invelved, then
there is no need to be concerned about protecting the "consumed®
amount within the protected stretch (except against applicants
for new appropriaticns or diversions within that stretch). Thus,
the need only is to get the maximum amount allowable to Lessor's
point of diversion. This cuts down on monitoring needs and makes
the instream right easily enforceable by a water commissioner.
Montana law prohibits a downstrean seniocr appropriater from
making demand upon an upstream junior appropriator where the
water, if otherwise left in the stream, does not reach the senicr

appropriators point of diversien.

HONITORING PLAN:

The lease should define what types and where monitoring devices
will be placed and the schedule for monitoring. For example,

Prior to ' , 1930, DFWP shall install monitoring
devices 2t the positions located on the map attached as
Exhibit B. Once installed DFWF shall monitor stream flows
accerding to the schedule attached as Exhibit ¢. LFWP shall
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pay 211 costs of installing and maintaining the moritoring
devices znd shall provide the perscnnel necessary to
complete the monitoring schedule.

ACCESS:

The lease should expressly provide DFWP access ©o the stream and

monitoring stations. If necessary, 2 map of routes could be
attached to the lease. Additionally, time limitations on access
or notice to Lessor requirements should be added to the lease if
necessary. We recommend the inclusion of the fellowing type of

language:

Except as expressly provided for DFWP's duties under this
lease, nothing herein grants any perscn, agency oOr other
entity a right of access te Lessor's property except as may

otherwise be provided by law.

LESSCR'S USE OF WATER:

The lease should define whether or not the Lessor has the
right to use the water right within the DFWP's period of use, if
certain conditions are met. Fred Hirschy, for example, indicated
that he would like to use the water if the stream level is above
a certain critical amount. Likewise, in the Big Creek situation
the lease should make clear that DFWP is leasing only salvaged
water and the Big Creek users have the right to use the other

poertion of the water rights.

In cases not dealing with salvaged water, care should be
taken in drafting any right of Lessor to use the leased water
right during the period of DFWP's right to protect the instrean
flow. If not careful in tying this provision to others in the
lease, problems coculd arise with 1) the calculatiocn of the volurme
or days DFWP is entitled to protect, 2)the Lessor being accused
of actually making a new appropriation for which no permit has
been issued, and 3) disputes between the DFWF and Lesscr over

measurements and monitoring.
RESPONSIBILITIES AND CBLIGATICNS OF BOTH PARTIES:

The lease should expressly spell out the identifiable rights
and duties of both parties not set forth elsewhere in the lease.

1. Who will pay the transaction costs? Presumably DFWP will
pay for the following types of costs and the leasa should make

this clear:
~ necessary hydrological or other-types of studies

= title searches
- legal fees and costs associated with the DNRC authorization for
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change process
~ any £iling or administrative fees asscciated with lease

- satisfying state and federal laws'

- compensation to impaired water users
- costsz of mitigating adverse affects or environmental impacts.

2. Consider adding a statement to the effect:

DFWP will actively and diligently pursue its duties to
moniter and enforce Lesscr's water rvight for instream use to
insure ne abandonment or diminishment of the Lessor’s water

right occurs.™®

3. The lease should state who 1s responsible for pursuing the
underlying Water Court adjudication of the water rights at issue.
. Presumably the owner will be responsikle for these actions, fees
and costs. However, DFWP may desire notice of Water Court
actions concerning the leased right to be in a position to
protect its leasehold interest if necessary.

4. Ccnsider: "When finished with conducting any activity under
this lease, DFWP shall return Lesscr's gates, fences and property
to the condition as found when the activity was started.”

5. Consider: "Lesscor shall not unreasonably interfere with
DFWP's rightes and duties under this lease.®

6. Consider: ®"DFWP shall diligently perform all duties and
cbligations required by the Montana water leasing statutes, the
DNRC authorization of lease and cther laws, rules and

regulations.®

7. A provisien similar to the following should be added:

Should a water dispute occur regarding the administration
and distribution of DFWP's leased water right and other
rights, DFWP shall take all actions necessary to defend,
pursue, or ctherwise participate in any court or
administrative action involving the administration or
distribution of DFWP's leased right. Further, DFWP shall
comply with or otherwise perform according to any valid
order regard the administration or distribution of the
leased water right. DFWP shall pay any and all costs and
fees associated with such actions including but not limited
to the amounts assessed against DFWP for a water
commissioner's appointment, fees and expenses incurred in
the commissioner’'s administration and distribution of the

DFWP's and others’ water rights.™

In general, the guarantees and obligations of each party should
be listed and defined in the lease.
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DEFAULT

The lease should contain provisicns defining the conditicns
of default, e.g.:

DEFAULT: Upon failure of either party to carry cut any
material provisions of this lease, the other shall serve a
written notice specifying the default. The cffending party
shall have 30 days from the date written notice of default
is deposited in the U.S. Mails to correct the default. If
the default if not corrected within 30 days of nctice, {or,
if such default is curable but requires acts to be done or
conditions to be remedied which, by their nature, cannot be
done or remedied within such 30 day period, if the DFWP does
not commence the same within such 30 day pericd and
thereafter diligently and continucusly prosecute the same to
completicn), then the Lessor shall have the remedies listed

below.

REMEDY ON DEFAULT: If an event of default occurs, Lessor
may terminate this lease and retake possession without
additional notice. In addition, the Lessor may pursue any
cther remedy at law or equity applicable te the situation
and such remedy or remedies shall be cumulative tc the

extent not inconsistent.

NOTICE

The lease should define how notice is given, e.g.:

NOTICE: Any notice to be given hersunder shall be in
writing and shall either be served upon the party perscnally
or served by registered or certified mail, return recelipt
requested, directed to the party to be served at the address
of the party set forth on the first page of this agreement.
A party wishing to change his designated address shall do so
by notice in writing tc the other party. Notice served by
mail shall be deemed complete when deposited in the United
States mail. Rejection or other refusal to accept or the
inability to deliver because cf changed address for which no
notice was given shall be deemed to be receipt of the

notice.

TERMINATION

Tn addition to terminaticn by default or by expiraticn of
the lease term, the parties may want to spell out other
conditions of termination. For example:
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1. In the sig Creek situation, the lease should spell cut what
happens if due to circumstances beyond anyone's contrel (Acts of
God), the lessors irrigation systems producing the salvaged water
are destroyed? The lease should spell out whether the lease

terminates.

2. HMay consider including a provision that the parties may
terminate the leass upon mutual agreement.

3. May consider including a provision that cone party may
terminate the Lease upon, for example, one year's notice to the
other. This provision would prcbably not be desirable to elther

party.

In any event, if the lease is terminated, by conditions cther
than expiration of the term or default, the lease should spell
cut whether any annual payments shcould be prorated to the date of
termination, or whether any portion of lump sum payments shculd

be refunded.

RENEWAL:

The conditions for renewal should be defined in the lease.
Frankly, it is unlikely any new lessor will be willing to make
renewal of the lease mandatory if DFWP chooses to keep paying.
Therefore, more likely a provision as follows should ba included:

Pursuant tc Section 85-2-436(e), MCA, the parties may renew
this lease by mutual agreement for up to 10 years. The
parties agree that any mutual agreenment to renew this lease
includes the right to renegotiate its terms and payments.
If the parties agree to renew this lease, DFWP shall be
responsible for all fees, costs and duties required under
Section 85-2-436({e), MCA, for providing nctice of the lease
renewal and, 1if necessary, securing a2 new lease
authorization from the DNRC.

MISCELLANEQUS:

The following miscellanecus provisions should also be added
to a lease in some form:

1. Time shall be of the essence of this agreement.

2. A provision regarding attorney's fees should be added. Under
Montana law parties may contract to provide the winner of a sult

with attorney's fees from the loser. This type of provision can

sometimes be a strong incentive to settle shert of geing to

court.
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ATTORNEY 'S FEES: If either party defaults in their
performance and the other party employs an attorney because
of such default, the defaulting party agrees to pay, on
demand, all costs, charges and expenses, including
reasonable attorney's fees, reasonably incurred at any time
by the other party because of the default.

In the event the Lessor shall be reqguired toc appear in
a Federal bankruptcy proceeding because of an action
commenced by the DFWP or the DFWP's creditors, the DFWF
agrees to pay the Lessor's reasonable attorney’s fees, court
costs, witness fees and any cther costs caused by said
bankruptcy action and said sums shall be due by the DFWP to
the Lessor upon demand. This clause is intended to be bi-
lateral in the event the Lessor becomes the person involved

in a bankruptcy proceeding to protect DFWP's interest in
this agreement. .

3. The lease should make clear whether or not it is subcrdinate
to mortgages and liens. HMost likely, a lessor wiil desire

subordination of the lease to prevent the lease from interfering
with any financing arrangements. Therefore, consider adding the

following type of language:

This lease and DFWF's interest in Lessor's water right are
and shall be subject, subordinate, and inferiocr to any liens
or encumbrances now existing or hereafter placed on the
property {(which property as an includes the leased water
right as an appurtenance}, all advances rade under any such
liens or encumbrances, the interest payable on any liens or
encumbrances, and any and all renewals er extensions of
liens or encumbrances.

If DFWP is concerned that the Lessor will be subject to
foreclosure during the lease and is concerned a lender will want
the property without this lease, the DFWF may consider, as a
separate matter, asking the underlying contract for deed,
mortgage or lien holder, to consent in writing to the lease.

The DFWP may consider providing language in the lease which
requires the lessor tc give the DFWP notice if the lessor
encumbers the property to which the water right is appurtenant

during the lease term.

4. Does a Form 608 or other notice need to be filed with Water
Court or DNRC to protect DFWP's interest? The lease should
define which party has responsibility in providing notice of
DFWP's interest in the water right.

5. The lessors were very concerned about DFWP holding them
harmless and indemnifying them for any suits or actions which
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arise cut of the leasing arrangement. For instaznce, while the
law makee it clear that the water right reverts to the lessor
upon expiration of the lease, that may not stop sone entity from
trying to maintain the rights instream. The lessors expressed

the concern that while this type of suit may not succeed, the
lessors do not want to pay for the cost of defending it. Thus,
the following type of provisicon should be addressed in the lease:

DFWP shall indemnify and hold Lessor harmless for all
liability, claim, loss, cost, damage, penalty or expenses
sustained by lesser, including attorney's fees and other
expenses of litigation arising out of the following:

a. On account of or through DFWP's use of the leased water
right and Lessor's property;

b. Arising cut of, or directly or indirectly due to, any
failure of DFWP in any respect to promptly and faithfully
satisfy its cbligations under this lease or for the willful
or negligent viclation of any law, statute or crdinance by

DFWP;

c. Arising cut of, or directly or indirectly due tc, any
accident or other occurrence causing injury te any person ox
persons or property resulting from the DFWP's use of the
leased water right, resulting from DFWP's use of Lessor’s
property associated with the use or resulting from any DFWF
improvements installed and maintained under this lease;

4. All claims arising from the conduct or management of
this lease by DFWP or arising from any act or negligence of
DFWP or its agents, contractors or employees associated with
the management, conduct, obligations, improvements installed

or duties required under this lease;

e. All claims of whatever nature challenging the reversion
of the leased water right to the Lessor upon the proper
termination expiration, default cr otherwise of this lease:;

and,

£. All claims of whatever nature challenging Lessor’s water
right or attempting to diminish Lessor's water right in any
manner arising due to or based upon Lessor’s icase of the

water right toe DFWP.

Additicnally, in the event of any claims made or suits
filed, Lessor shall give DFWP proumpt written notice, and
DFWE shall have the right to defend or settle the same;
PROVIDED HOWEVER, that for any claims made or suits filed
concerning paragraphs (e) or (f) above, Lessor retains the
right to participate in such suit as a separate party with
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counsel of Lessorfs cheolce and DFWP shall not have the power
to settle such suit except with the consent of Lessor.

This indemnification and heold harmless provision should be
specifically drafted to meet the needs of the parties to the
lease. The above iz only given as an example.

€. While Section 85-2-436(2), MCA, appears to imply that DFWP is
the only entity which can hold leases for instream flows, the
following provision should probably be added to a lease! )

L I's DFWP shall not assign or sublet

lease.

7. Virtually all pre-1973 water rights in this State are
_undergoing adjudication. As a practical matter, if we were to
wait for final adjudication before leasing a water right (or
undergoing any other type of water development), these programs
in Montana weuld be on hold for decades. For example, the
temporary preliminary decree for the Big Hole area is not even
cut yet, and the upper Yellowstone's is just in the temporary
preliminary decree stage. Therefore, the lease should recognize
that the water right leased is subject tc the adjudication, e.g.:

DFWP leases the Lessor's water right subject te the Montana
Water Court adjudication process. Nothing herein shall be
used as evidence to diminish Lessorfs water right claim in

the Montana Water court adjudication.

8. The following provisions should also be added:

LIENS: DFWF agrees that DFWP will commit nc act or incur
any obligaticn which will cause a2 lien to be filed against

the leased water right.

NCN-WAIVER: A waiver by the Lessor of any default or breach
by the DFWF of any of the covenants, terms or conditions of
this lease shall not bar the Lessor from Lessor’s right to
enforce such covenants, terms or conditions or to pursue the
Lessor's rights arising out of any subsequent default or

breach thereafter.

ENTIRE ACREEMENT: This agreement contains the entire
agreement and understanding of the parties and supersedes

any and all pricr negotiations and understandings. This
agreement shall not be modified, amended or changed in any
respect, except by written document signed by all parties

hereto.

BINDING EFFECT: The provisions of this leazse shall be
binding upon the heirs, personal representatives,
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administrators and successors of the parties in 1like manner
as upon the original parties, except as provided by mutual

written agreement.

NO PARTNERSHIP: It is expressly understood and agreed that
this lease shall not be deemed to be or intended to give

rise to a partnership relaticnship.

The above discusses the general types of provisions and the
drafting principles for a water lease under Section 85-2-436,
MCA. In this process, we attempted to guide the drafter to use
the lease as much as possible for addressing the issues and
standards which arise under Sections 85-2-436 and 85-2-402, MCA,

for lease authorization.

Section 85-2-436(1)(b), HMCA, requires DFWP tc develop a
complete model lease. If we learned any thing in our preparation
of this report, we learned that the heart of any water lease will
be highly and necessarily specific to the water right and strean
stretch proposed for leasing. Thus, we advise the drafter to
rely upcn a model form only as a starting point and take care to
design the lease to the specific demands of the individual
situations. Given the material we researched and viewed from a
variety of sources including from the DFWP, we believe the DFWP's
best course of action would be tc start drafting specific leases.
Frankly, despite the legislative mandate, attempting to develop a
generic "model% lease may prove an inefficlent use of time and
resources given the highly fact dependent nature of these leases.

Finally, in developing this report, several reccmmendations
occurred to us for enhancing the instream leasing process or

laws:

1. A bill similar to the failed $.B. 450 should be passed
providing a definition of salvaged water and its ability to be
leased, Otherwise, irrigators have no incentive to go to more
efficient systems. "State law could provide that water presently
diverted and used under an existing water right that can be
conserved without injury to other water rights {(and other
protected interests) may be transferred to a new use with the
same prieority as the original right.¥® Prejects in Wyoming and
california exist where public entities finance the water right
owner's irrigation imprcvements sc the entity can use the
conserved water.?' This is precisely what the Big Creek users
would like. Oregon has enacted a law allowing conversion of
"conserved” water te instream use under a "consumed or

irretrievably lost"” standard.®
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2. Section 85-2-436(1)(e), MCA, should be amended to authorize
longer initial lease terms of at least 5 years.

3. Consider modifying the lav regarding lease authorization,
i.e, change authorization from DNRC, to include expressly in the
law (as in Colorado and Utah) that injury tc other rights could
prevent the lease authorization only if terms and conditions
could not be devised to mitigate the injury or if satisfactory
compensation cannot be made to adversely affected water right
cowneras. Additicnally, consider enacting authorization for =
“trial period® lease to see 1f injuriss happen.

4. While the abandonment statute clearly states that an instream
lease in no way constitutes abandonment, consider adding language
to the statutes clearly stating an instream lease in no way can
be used to diminish any element of the Lesscor's right upon
reversion to the Lessor or in the adjudication process.

5, Identify any wetlands or environmental laws which may be
triggered by DFWP (state agency) instrean lease actions or by
dewatering areas irrigated for long perieds for the purposes of
considering what exemptions in the law may be regquired.

€. Consider seeking legislative autherity for rule making under
the instream lease statutes for the purpose of adopting standards
and guidelines for applying the principles discussed in this

report.

7. Throughout the legislative history of HB 707 and in our
interviews of the potential lessors, many pecple mentioned that
this water leasing soclution will not be feasible in all areas and
that the key to a long-term sclution for instream flows is
storage, particularly, increasing cff-stream storage facilities.
Unfortunately, no one can afford these facilities. Many people
recommended the state consider and develop new methods which
encourage environmentzally sound development of relatively small

storage facilities.

8. Section 85-2-436(2)(d), MCA, and Section 85-2-402, MCA, are
somewhat redundant in that applying "adverse affect”™ principles
of water law requires, we believe, only the amcunt consumed is
protectable below the lessor’s peint of diversion. However, the
controversy surrcunding the passage of this statute demands this
language from a pelitical perspective. The following amendments
to Sec. 85-2-436(2)(d) may be helpful for clarity:

a, Define "historically diverted® as meaning ®diversicnary
entitlement®. Relate the maximum amount capable of being
ieased to the amcunt the lessor "legally® has the right te
divert. This would help aveoid someone from using the
leasing process as a forum to adjudicate or litigate the

lessor's water rights.
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k. Ceonsider changing the 2nd sentence to read similarly to
the feollowing:

However, only the amount historically consumed, or a
smaller amount if specified by the department in the
lesase authorization, may be protected against other
rights below the lessor's point of diversion for the
maintenance or enhancement of streamflows.

Based our analysis, we believe the present "may be used to
maintain or enhance streamflows¥ language means what is said in
paragraph k. above., However, the present language could be
construed to mean that a lessor pust keep diverting the
diversionary entitlement less the amount consumed. See, &.9.,

footnote 13.

One may also consider expressly stating that the amount

which may be called upon _; the lessor's peint of diversion is
the total amcunt leased, i.e., lessor's diversionary entitlement.

Under the current language, one may argue the DFWP can only call
on the amount consumed from upstrean appropriators eventhough
historically the lessor had the right toc call on upstream
appropriators for the full amount of the diversionary

entitliement.



1. §85-2-403(1), MCA.

2. For example, in Mocre v. Adolph, 47 St. Rept. 730 (1990}, the

Montana Supreme Court upheld a district court’s ruling that a
signature of a son on behalf of a father on a water contract was
invalid where there was no written evidence the father gave his
son the authority to sign or ratified his son's signature. The
Court invalidated the assignment of the water contract 25 years
after the son purportedly signed for the father and despite
evidence the father orally agreed te the son’s signing,

3. ©On the other hand, the Hirschys, for instance, indicated they
would desire the power to use the water right when the level of
the Swamp Creek was abcove the ¢ritical minimum levels.
Regardless, of whether payment is conditiconed upon use or not,
the lessors right to use the water should be clearly defined in

the lease.

4. Colby, ¥"scurces of Water I: Agriculture - The Deep Pool?®, p.
24, in Moving the West's Water to New Uses: Winners and Losers,
(11th Annual Summer Program, Natural Resources Law Center,
University of Coclorado Scheol of Law, 1980).

5., Kreag, "Transferring Conserved Water: the Oregon Experience, "

p. 11, Moving the West's Water to Wew Uses: Winners and losers,
{11th Annual Summer Program, Natural Rescurces Law Center,

University of Ceclorado School of Law, 193%C).

&. Gould, "Water Rights Transfers and Third-Party Effects®,
XXIIT Land and Water L. R. 1, 20-21 (19828). Interestingly,
Exhibit 15 presented at the Montana House of Representatives
Committee on Natural Resources hearing on HB 707 on February
1989 stated many methods of consumptive use estimation are
available. This exhibit stated that the DNRC generally uses the
Blaney~-Criddle method which concentrates on crop consumpticn of
water, but the exhibit recognized irrecoverable losses cccur
depending on the irrigation practices, conveyances systems and
hydrogeclogy of the particular area. The above cited article
criticizes the Blaney-Criddle method for estimating consuppticon
particularly where the estimate is for the purpose of determining

the amount which may be transferred to instream flows.
See, Lamb, "guantifying Instream Flows: Matching Policy and

Technology,® Chapter 2 of Instream Flow Protection in the West,
(MacDonnell, et.al., eds., 198%), for a discussion of the various
technigues for guantifying instream flows.

17,

7. It should be noted that at numercus places throughout the
legislative history of HB 707 references are made that only the
consured portion can be leased below the lesscor's point of
diversion. See, Minutes and Exhibits of February 17, 158% House
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Committee on Natural Resources hearing on HB 707 and Minutes and
Exhibits of March 15, 198% Senate Committes on Agriculture,
Livestock and Irrigation hearing on HE 707. We think it would be
more accurate under Section §5-2-436(d4), MCA, to refer to the
"consumed® amount as the amount that can be "protected” below the

lessor's point of diversion.

8. By contract, appropriators can adjust their priorities as
amonyg themselves. . 4D Te er Rights of Fort Lyon Canal

Co., 51% P.2d 954 (Colc. 1974).

%. See, Doney, Montana Water law Handbook, Sec. 2.9, pp. 75-80
{1581) for a discussion and comprehensive list of cases and law
concerning the "no adverse affect® rules.

10. GBee, Gould, supra n. 6, p. 18,

11. Exhibit 2, "Questions and Answers on the Instream Flow
Leasing Bill”, Senate Committee on Agriculture, Livestock and

Irrigation Hearing on March 15, 198%.

i2. Gould, supra n. &, pPp. 14, 27.

13. Another form of conveyance loss harm may exist where there
are multiple users of a ditch and DFWP propcses to lease only ons
of the rights in the ditch. In this case, the amount "oconsumed"
by ditch conveyance and seepage may not be properly leased or
protected instream. In all probability a portion of the
diversionary entitlement of the leased right in this scenarios,
contributes to and supports the flow of the other rights down the
ditch. In other words, each right helps carry the cther down the
ditch and the combination of rights results in less conveyance
loss in the ditch than if, for instance, only cne right were
conveyed down the ditch. Appropriaters remaining in the ditch
may argue the instream lease of one right increases the amount
water they lose to the ditch's conveyance loss. Therefore, in
this scenaric, the DFWP may not be entitled to lease the full
right without accounting for the burden that will be placed on
the remaining ditch users.

Likewise, the legislative history of HB 707 contains
references tc concerns that taking water cut of inefficient ditch
systems for instream flows will deplete wells or other water
systems which rely on the inefficient seepage. The guestion then
arises whether the lesscr is mandated to keep a certain amount of
flow in a ditch to prevent adverse affects. The law probably
does not demand an appropriater maintain his inefficiency. For
example, what is the difference between lezsing the right for
instream flows and the appropriater lining his ditch or just
quitting irrigation and using the land for scmething else? In
the latter twe scenarics, it is doubtful that others can force
the appropriator to maintain the inefficient system.

of
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14. A downstream junior appropriator within the protected
stretch will be interested, in particular, in protecting natural
stream gains for use. For example, assume lesseor is entitled to
1 c.f.s. a2t a point 1 mile above DJA (downstream junior
appropriator) whe has a 1.5 ¢.f.s junior right. Assume that the
stream flows 2 c.f.s. at the DJA's diversion point even when
lessor is depleting the stream at hle point of diversiocn by
diverting an entire 1 c.f.s. Assume further that lesscr’s 1
c.f.s. is entirely consumed. If DFWP leases the 1 c¢.£f.8. for
instream flows, it may not have the right to demand DJA stop
diverting at least ¢.5 ¢.f.s. if DJA's water right is from
natural stream gains even though DJA's diversion is in the

protectable stretch.

15. See, Doney, supra n. 9, p. 71 and the cases cited therein.
16. One reason given in the legislative history of the need for
HE 707 relates to the fact that instream flow water reservations
under Secticns 85-2-316 or 85-2-331, MCA do neot have a sufficient
pricrity date to do anything but maintain the "status quo®. If
the DFWP desires to enter leases which allow the Lessor to use
the water right in certain situations during the DFWP's period of
use, the DFWP may consider backing up the lease with an instrean
flow reservation. This would give the DFWP an identifiable,
protectable and legal reservation of a certain minimum which
could help alleviate the potential problems listed.

17. For instance, in a given case, will any envircnmental

assessments or impact statements be regquired? Or, in a given
case, will the change of use of water to instream dry up any

protected wetlands?

18. Despite the fact that Secticn 85-2-404(4), MCA, states that
a lease does not in any way constitute abandonment, the potential
lessors were very concerned that a lack of diligence on DFWP's
part once the right is leased would result in claims that the
lessor's right is somehow abandoned or limited upon reversion to

lessor.

13. One of the primary concerns of oppeonents in the legislative
hearings concerning HB 707 was the concern that DFWP would not
pay its fair share of water commissicner fees and expenses if a
water commissioner was needed to administer the water rights on a
stream. Thus, a provision expressly stating DFWP is subject to
these types of actions shculd be added to a lease for clarity.
However, regardless of this provisicen, HE 707 included a
provision that Section 85-2-436 and 437 were subject te the
provisions of Title 85, chapter 2, part 4. This provision of HB
707 ies not codified in the MCA, but is valid law found at Sec. 9,
Ch. €58, Laws of Mont. 138%. Section of 85-2-406, MCA, which
applies to the water leasing provisions, gives the district court
supervision of all water distribution which provisions reference
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the appointment of & water commissioner in the event of
controverey. Therefore, by law, DFWF is subject to the water
commissioner statutes which Include apportionment of water

coamissioner fess and expenses.

20. HacbDonnell, “Shifting the Uses of Water in the West: An
Overview®™, p. 25w7§ I » West's Water to New Uses: Winners
and ILosers, (lith Annual Summer Pregram; Hatural Resources Law
Center, University of Colorado School of Law, 1990).

21. Id.

22. See, C.R.8. Secticns 537.455 through 537.500 and 540.510,
and Oregon Administrative Rules 650-18-01C to 090. See alsc,

Kreag, “Transferrlng Conserved Water: The Oregon Experience,®
Losers, (llth

Annual Summer Program, Natural Resaurces”Law'CenLer; University
of Colorade School of Law, 19%0).

23. See, Macbonnell, #Shifting the Uses of Water in the West:

An Overview", p. 22, Moving the West's Water to New Uses: Winners
and Iosers, (11lth Annual Summer Program, Natural Rescurces Law
Center, University of Colorado Schocl of Law, 19906). See alsg,
the Cregon, Wyoming and Utah laws allowing sale, lease or change
for instream flows, respectively found at O.R.S. Sectlion 536.322;
W.S. Section 41-3-1001 through 1014; and, U.C. Section 73-3-3.
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%. IMPLICATIONS OF LEASE PROVISIONS FOR LEASE COST

This section describes the implications of specific lease
provisions for the actual lease cost. The provisions described
include those developed by Mark and Richard Josephson in Section
8.

Term and Annual or Lump Sum Pavment

The term and type of payment for a lease can obviocusly vary. On
Swamp Creek, Fred Hirschy indicated he would consider a2 5 or a 19
year lease term. On Big Creek, the potentlal lésscrs may want a
term of 20 years to correspond to the life of their Iinvestment.
Payment may be typically annual or an up-front lump sum. The Big
Creek parties indicated a preference for the latter. We agree
with the Josephsons that lump sum payments can be derived from
annual payments by discounting over the lease term to present
value. The relationship of term, payment type and interest rate
is given by the formula:

A= P o* {I{il + 1liny({21 + 1}7™ - 1}

where A is an annual payment, n is the term and P is the present
value (lump sum eguivalent of the annual payment stream). This
relationship can of course be solved for P when A is known.

The effect of term on the annual amortized lease cost for the
Swamp Creek case was developed previocusly. In this case, becauses
the agricultural return foregone is increasing over time {as the
land comes in to full production), longer term leases have higher
amortized annual values. For most cases, unless annual fees are
indexed to some measure of inflation {such as the consumer price
index), annual fees will probably be independent of the term, The
guestion of whether to agree to an inflation-index adjustment
depends on whether it is assumed that agricultural returns will
actually increase with inflation over the term of the lease.

When computing up-front lump sum eguivalents of a given stream of
annual value of foregone agricultural production, the same issue
must be addressed. If it is assumed that agricultural net returns
to irrigation would keep up with inflation, then it is
appropriate to compute P using a real discount rate (4.6 percent
is suggested previously, based on the real rate identified by the
Montana Department of Natural Rescurces and Conservation). This
is of course eguivalent to computing an inflated annual value
{growing at some rate of inflation, for example say & percent)
and using the corresponding nominal or market rate of intexrest of
10.6 percent. On the other hand, 1f agricultural returns that we
have computed above based on 1987 teo 1983 averade prices are
assumed to be constant in current dollar terms for the life of
the lease, then it is appropriate to discount with the nocminal
rate {(which implicitly includes inflationary expectations). This
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is an important point for negotiation.

In any case, once agreement is negotiated on the annual lease
cost, an appropriate discount rate, and the term, it is
straightforward to use the formula given above to compute an
equivalent up-front lump sum. Chviocusly the term and cholice of
discount rate and expectations about trends in the annual value
greatly affect the lump sum value. For an annual lease wvalue of
£1000 per year, the lump sum value of a five year leass
discounted at 10 percent is only $3,751. The lump sum for a 10
yvear lease discounted at 4.6 percent and the same annual leaseg
value of £1000 is 37,874,

FPor cases like Big Creek, one has as a starting point an up-front
lump sum value (the DFWP cost share of the irrigation system
improvement investment). In this case, annual lease values, if
appropriate and agreeable, would probably be based on amortizing
the investment cost using a nominal (market) rate of interest.
This is because in this case the irrigators, to the extent they
are not able to actually cover the investment up-front, will have
to borrow at market rates. Accordingly, they would probably
negotiate an amortized annual payment from DFWP {for DFWP's cost
share) using their actual interest costs. Again, one can compute
the annual fee (A} given the lump sum cost (F) using the formula
above., For example, suppose the ceost is §100,000 present value.
At 10 vears and 10 percent interest the annual cost is $16,270,.
Oon the other hand, a 20 year lesase at 4.6 percent is only $7750
per year. Note that it would be possible to negotiate an annual
payment schedule {(say 10 years) that is different than the life
of the lease {say 20 years}.

Other Payment Structures

Josephsons identify several other payment structures. One is a
dry year or standby lease. In this case the lesscr is notified at
scme point in the year as to whether the lessee will take the
water that year. Both Big Creek and Swamp Creek parties have
indicated they are not interested in this option. Values for
these cases would be case-specific. Cne would have tc compute the
value foregone by the rancher of not having water in & given
year. This is straightforward enly if there are no multi-year
effects. For example, one year {or even a month! of not
irrigating could damage future Crops {of alfalfa, for example)
for years to come. Computing a lump sum payment in such & case
would be especially complex, as it would have to be tled to
expectations about the hydrological cycle.

A variant is a hybrid lease with an up-front lump sum for the
aoption to purchase plus & vearly compensation paid if the option
is used. The vearly compensaticen value in such a case could be
ferived from the foregone annual production values described
above. It would be difficult to tie the value of the option
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itself to agricultural production.

Amount of Water and Timin

We suggest in the preceding sections that the best way to derive
a total lease value is to look at the foregone agricultural value
+ied to the land base served by the existing irrigation system.
Should less than the full diversionary right be leased {as
opposed to protected}, some fraction of the full possible
foregone producticn value could be computed. To do s0 would
require site specific hydrclogy. What should make a difference to
the lessor is the actual lost production. Estimating plausible
lease values from the amount of water at the point of diverslion
{the diversion right) is difficult given the variability in the
share of diverted water that actually is usefully dellvered to
the root zone of the crop during the growing pericd. As noted
above, this depends in part on the conveyance and application
efficiency of the irrigation system.

Computing the value to having water for just part of the growing
season or for a limited number of days over the seascon will
reguire site-specific investigations. It is possible that thers
may be few cases where potential lessors would consider partial
season leases. This may be especially true for crops 1like alfalfa
where a stand can be permanently damaged by not irrigating for
even part of the growing season. As the Josephsons note, some
crops need water most of the summer to be of any value at 211.

For Swamp Creek, Fred Hirschy has stated that the lease price
will be the same whether the lease period is twoc months or siXx.

On Big Creek, partial season leasing is also not an attractive
option, given that the salvage water is based on a long~texm
investment. Given the assumption of a fixed scale to the
irrigation project, the necessary cost share from DFWP will be
independent of whether the water is needed in cnly one month or
six.

Bs the Josephsons discuss, two provisions of the law limit the
water right to be leased: that it can only be for the amount
consumed and that the use will not adversely affect other
parties. This is a redundancy in the statute in that the only
reason for limiting to amount consumed is to avoid adverse
affects. In any case, its pessible that DFWP and the lessor may
hoth want to lease the full diversionary right. But suppose only
half of it is deemed to be Yconsumed?. Does this mean that the
rancher has to continue to divert half of his former right? This
may do the rancher no good as it may not even be enough to
overcome Aitch loss and result in measurable irrigation at the
field. In this case the production loss is the same as the full
right, yet DFWP only gets half the benefits. This is 2 point of
the statute that may need clarification. The purpose for
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mentioning it here is to further iilustrate that the amount of
water leased may, within some range, not affect the lease price,

The Josephscns wisely recommend that for the present the state
should select cases where there are no downstream appropriators
involved, s¢ there is no need to be concerned about protecting
the "consumed® amount. They judge that DFWP has found several
such cases in Big Creek and Swamp Creek. In both situations, the
potential for adversely affecting downstream Jjunicr appropriators
is =mall since there are no junior appropriaters in the protected
stretch or within 2 reascnable distance downstream of this
stretch.

Miscellaneous
While the focus of this paper is on foregone production value, it
appears from discussions with Fred Hirschy that the production
loss may be the lesser part of total lease value. Some
compensation may be negotiated, perhaps like the beonus payment in
53l leases, to overcome the percelved risks and uncertainties in
this pilot leasing pregram. There is a fear, fcr example, that
some entity may try to maintaln instream rights upon expiration
of the lease. The Josephsons make the recommendation that the
state indemnify the lessors for any sults orx actions which arise
out of the leasing arrangement.

Having a clear provision on this point may yield the state

considerable economies in terms of the "bonus" aspect of 2 total
lease price.
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9. CONCLUSIQNS

The valuation of agricultural water is a complex problem, Unlike
markets for many goods, water markets, and agricultural water
markets in Montana in particular, are genmerally spatially
censtrained. This is due to the high cost of water transport
relative to the current market demand for alternative in-state
uses. That is, the market for the water primarily exists only
on-site or instream. This constraint suggests that lacking
examples of comparable leasing activity, water lease prices
should be based on potential displaced agricultural production.
Two methods of estimating this displaced preduction value were
presented here: county-level historical comparisons and crop-

_water producticn function estimates. The production function

estimates are only available for alfalfa and provide 2 good
estimate of value per acre foot at the crop. To extrapeolate to a
total value one needs informaticn on site specific hydrologies.
The production function estimates are short run values which are
comparable to the short run values estimated using the county
comparison approach. For purposes of estimating the value of
long term leases long run water values were computed using the
county cemparison method.

The =cre/foot water values estimated using the county historiceal
data method presented in this report are average values. It must
ne understood that there is considerable variation across farms
and farmers perhaps particularly with regard to water
availability and thus, wherever possible actual on-site cost and
revenue estimates should be used in place of the assumed mean
estimates when applying this method.

In general, the ceounty-level comparison method should be used for
the estimation of per acre water values. These per acre values
dc not make the guestionable assumption that all crops meet their
maximum ET needs and thus are more reliable than the per
acre/foot values which do rely upon this assumption. The
production function method of water valuation can be used to
determine acre/foot water values for irrigated alfalfa hay.

137



References
Bijergo, Allen. Personal rommunication. October, 189%0.

Colby, B.G. 1%89. Estimating the Value of Water in Alternative
Uses. Natural Resources Journal. Vol. 29, Spring, 19%89.

Fogel, V. and Luft, L. 1980, Enterprise Costs In Migsoula Countyv.
Cocperative Extension Service, Montana State Unlversity, Bozeman.
Bulletin 1242.

Gibbons, D.C. 1986. The Ecconomic Value of Water. Resources For
The Future. Washington, D.C..

Greiman, Wiillam, G. 1990. Computer Aided Evaluation of the Value
of Water for Irrigation. Master Thesis. Department of
Bgricultural Engineering, Montana State Unlversity, Bozeman.

Fredrick, X.D. and Hanscn, J.C. 19%82. Water for Western
Agriculture. Rescources for the Future. Washington, D.C..

Lacewell, R.D., J.M. Sprott and B.R. Beattie 1574. Value of
Irrigation Water with Alternative Input Prices, Product Prices,
and Yield Levels: Texas High Plains and Lower Rioc Grande Valley,
Texas Water Resources Institute Technical Report no. 58. College
Staticon, Texas.

Montana Department of Natural Resources and Conservation, 1583.
The Montana Irrigator's Pocket Guide. Montana DNRC, Helensa,
Montana.

rtment of Natural Resocurces and Conservation, 1583.
Reservations Eccnomic and Financial Evaluation;
Irrigation Projects™. Mimeo.

USDA Soil Conservation Service. Mentana Irrigation Guide. USDA
Sc0il Conservation Service, Bozeman, Montana,

USDA Scil Conservation Service. Montana Irrigation Manusl. USDA
Soil Consexrvation Service, Bozeman, Montana.

Water Market Update. Steven J. Shupe Editor. Shupe and
Associates, Sante Fe, HM.

Young, R.A. 1984, Local and Regional Economic Impacts. in Water
Scarcity Ed. Ernest Engelbert. University of California Press,
Berkeley, CA.

Young, R.A. and £.L. Gray, 1972. Econcmic Value of Water:
Concepts and Empirical Estimates. Report to the National Water
Commission. National Technical Information Service. Springfield,
VA,

138



ADDENDIY A: Acre/Foot to Cublic Feet Per Second Conversions
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Units of water can be measured in two ways; as a stock or
specific veolume of water at vest, or as a flow of water over 2a
period of time. The water values presented in this report are
given for acre/feet of water, a stock amount. It may be of
interest, however, to know how an acre foot value translates into
the terms in which water rights are often granted, namely, cubic
feet per second cor miner's inches (in Montana one Miner's inch is
1/40th of a cfs).

In order to translate acre/feet into cubic feet per second two
pleces of information are necessary.. First, and ocbvicusly, cne.
needs the original number of acre/feet to be translated. Second,
cne must know the length of time over which the flow will be
allocated. fThe following eguation shows the form of the
transformation.

Acre/Feet x .5042

CFS=
MNumbar of Days

Conversely, in crder to translate cubic feet per second into
acre/feet the following transformation is employed.

Aore/Fest = CFS % 1.968358 x Numbsr of Days
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