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Agricultural water supplies are becoming increasingly uncertain in the western

United States due to elevated demands from competing water users, environmental

restrictions on surface water withdrawals as a result of the establishment of the

Endangered Species Act in 1973, and potential climatic changes. Since many rural

communities in the West are economically dependent on irrigated agriculture, reduced

water supplies may significantly impact the agricultural sector.

The objectives of this study were to: 1) estimate the impacts of reduced surface

water supplies and elevated instream flow requirements on commercial agriculture in

the Milton-Freewater area of northeastern Oregon and 2) estimate the value of

irrigation water and the cost to transfer water from commercial agriculture operations

to instream use assuming a water market existed (i.e. voluntary transfers to a

hypothetical buyer).
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Two models written in the General Algebraic Modeling System (GAMS) were

developed to estimate economic impacts. Each model represented one irrigation

district in the area with its characteristics in terms of irrigated acreage, crops grown,

irrigation practices, and water usage. The models were then modified to reflect

changes in surface water supplies, increased minimum stream flow requirements, and

the existence of a water market, which allocates water to non-agricultural uses.

Results indicate that with reduced surface water supplies (10% reduction in river

levels) and higher stream flow requirements (additional 5 cfs left instream), both

districts (Walla Walla River Irrigation District and Hudson Bay District Improvement

Company) experience reductions in net revenues ranging from 0.9% to 4.2 % in Walla

Walla and between 11% and 15% in Hudson Bay. Moreover, the reduction in irrigated

acreage led to negative impacts on labor income with more significance in the senior

right holder district (declines vary between 0.7% to 4.1% in Walla Walla and from

0.7% to 2.5% in Hudson Bay). In the presence of a water market, while net revenues

decreased due to retiring irrigated acreage, income from water market activities

increased steadily to reach $2.4 million and $2.9 million in Walla Walla and Hudson

Bay respectively. At relatively low prices per acre-foot (about $19 in Hudson Bay and

$25 in Walla Walla) majority of irrigation water was transferred instream (80% to

90%) and row crop and apple acreage was retired. High-valued wine grapes were

taken out of production when prices were in excess of $100 per acre-foot, while only

adding approximately 2 additional cfs instream. In addition to the long-term sale of the

water right, a market for land fallowing was established for the field and row crops.

Producers were offered per acre payment to fallow land and transfer water instream.



Prices per acre accepted to fallow land and leave irrigation water for instream flow

enhancement were on average about $63.
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Estimating the Value of Irrigation Water Transferred to Instream Flow: A Case Study
of Umatilla County, Oregon

1. INTRODUCTION

Water has been of great importance to Oregon's economic development,

preservation of biological diversity and scenic beauty. The Columbia River for

example, serves as a corridor of economic trade, as well as a valuable source for

irrigated agriculture, recreation, hydroelectric power generation and maintaining

critical habitat for many endangered anadromous fish.

With water being so valuable not only for Oregon, but also for many western

states, conflicts among water users become inevitable given that the number of users

continues to increase while most streams and rivers are already fully appropriated. In

the past, increased demand for water was met by developing new water sources. Some

of the man-made reservoirs built to retain river water have as their home many of the

western states; Hoover Dam in Nevada and The Central Valley Project in California

are two of the many examples of developing additional water storage and distribution

sources in the West. These concrete structures, however, have limited ability to meet

new demands for water. Increased consumptive use due to rapidly growing urban

population, climate change and loss of snow pack, together with elevated

enviroimwntal concerns, have created a situation in which adequate water supplies

have become a major concern for the America's West.

The major water user in the West is irrigated agriculture. It accounts for 80 to

90% of all water consumed in the seventeen western states (USDA). Given short

supplies, irrigators either produce non-irrigated crops (which tend to be less profitable)
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or fallow their land. Annual water supply levels and the seniority of individual water

rights determine how much water is available each growing season, but the arid

climate and different soil productivities, irrigation technology and effectiveness also

play a role in determining how much land can actually be irrigated.

Agriculture however is not the only water user affected by short supplies and fully

appropriated streams. Diverting water for agriculture affects aquatic and wildlife

habitats, recreation and pollution abatement. Historically, instream water uses have not

had a legitimate water right status. In recent years many western states including

Colorado, Idaho, Montana, Alaska, Nevada and Arizona, have passed legislation

identifying instream flows as a beneficial use. In 1987, the Oregon State Legislature

created an instream flow right as well, and authorized any person (public or private) to

purchase, lease or receive as a gift any water rights for instream use (ORS 537.348).

The legal structure for water markets exists in Oregon and dozens of market

transactions (mostly by Oregon Water Trust) have occurred in the past decade to

maintain and enhance stream flows.

1.1 Oregon Water Law

Oregon's water law, like many other western states, is based on the doctrine of

prior appropriation. The doctrine is commonly characterized by its "first in time, first

in right" principle. Under the doctrine of prior appropriation, a water right provides the

right to use water through appropriating it, which involves diverting water from its

source and applying it to beneficial use. According to ORS 536.300 beneficial uses of



water are irrigation, mining, recreation, fish life, wildlife, pollution abatement,

drainage, power development, reclamation, domestic, municipal and industrial usage

and reservoir control. The date in which the water was first put to beneficial use

determines the priority of a water right. The priority of a water right determines the

superiority of the right over other rights of later priority. During times of water

shortages, earlier (senior) water rights are permitted to use water, and later (junior)

water rights may be entirely denied use.

1.2 Problem Statement

One rural area heavily dependent upon irrigated agriculture is Umatilla County,

Oregon. A particular area within the county, Milton-Freewater, has recently been

greatly affected by governmentjmposed restrictions on water usage. Prior to 2000

irrigators annually dewatered the Walla Walla River below Milton-Freewater. Just

before the 2000 irrigation season, the Walla Walla River Irrigation District (WWRID),

Hudson Bay District Improvement Company (HBDIC) and Gardena Farms Irrigation

District #13 were notified that the United States Fish and Wildlife Service (USFWS)

had filed a complaint against them for "taking" of Bull trout (Salvelinus confluentus).

Bull trout are listed as threatened under the Endangered Species Act (ESA) and any

activity that harms them is prohibited. The USFWS determined that dewatering of the

Walla Walla River by the irrigation districts resulted in "taking" of the fish. This led to

negotiations between local irrigators, environmental groups and USFWS, which

resulted in an out-of-court settlement to restore flows to the Walla Walla River.

3
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From as early as the late l800's, the Oregon portion of the Walla Walla River

(from Milton-Freewater north to the state line) has been dry due to a combination of

irrigation diversions and natural geologic features. In 2001, the agreement resulted in

Walla Walla River flowing continuously through the summer from mouth to

headwaters for the first time in over a hundred years. This agreement requires that

WWRJD and HBDIC release 25 cubic feet per second (cfs) of water into the river. The

flow restoration of the Walla Walla River, however, bears great consequences for

local irrigators. Since the settlement agreement was signed in 2000, local farmers have

been experiencing diminishing water availability for their crops and in the heat of the

summer not only junior, but some "late" senior right holders have been without

surface water for irrigation. In addition, many of the soils in the area are shallow and

do not retain water well. Moreover, WWRID and HBDIC have long canals, most of

which are open ditches. These ditches result in some seepage and although some of

this "lost" water may become available for crop usage elsewhere in the Milton-

Freewater hydrological system, it is likely that some seepage will be lost due to deep

percolation or will drain into areas outside of WWRID and HBDIC boundaries.

Finally, steelhead are also present in the Walla Walla River and are listed as

threatened under the ESA. This has farmers worrying about the possibility of another

complaint or lawsuit filed by the USFWS and/or any environmental group and while

the preservation of fish species is important, being able to farm as a source of income

is a primary objective of local irrigators.
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Natural water supply fluctuations may be worsened by global climate changes. In

the face of these conflicts, it is important to understand the value of irrigation water to

agricultural communities and the ways in which producers alleviate and adjust to

changes in the water supply. Markets for water even though not perfect, might help re-

distribute limited water supplies, when compared to government policies calling for an

immediate reduction in water usage by the agricultural sector in favor of wildlife.

Water markets provide incentives for more efficient allocations because they are based

on decentralized decision making: producers or environmental groups would be

willing to pay a price for an additional unit of water put to an alternative use; farmers

would also gain based on their willingness to forgo irrigation when being offered an

equal or sometimes greater value opportunity. Markets guarantee flexibility and the

opportunity to buy and sell forces right holders to consider water's opportunity cost.

Transactions are voluntary and buyers and sellers will participate only if they believe

they have something to gain. Markets allocate economically scarce water resources by

asking participants to evaluate the benefits and costs of the transaction and decide the

economically optimal choice. Markets would promote the efficient distribution of

water and raise the average value of water use in agriculture; in addition, a well-

developed market might create the mechanisms and information needed to facilitate

water contracts for instream use (Jaeger and Mikesell, 2002).
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1.3 Objectives

Information on the value of water in alternative uses can help farmers determine

whether to sell their right or continue irrigation, or enviroimental organization seeking

to purchase water rights for instream flow protection. The value of water can be used

to estimate the opportunity cost of allocating water to a particular use and it also

assists buyers and sellers in making well-informed market decisions. This research

will: estimate the impacts of reduced surface water supplies and elevated instream

flow requirements on the commercial agriculture in the Milton-Freewater area of

northeastern Oregon, look at the effects of selling water, and the consequences of

these changes on the overall economy of the area. In addition, this study will make an

attempt to infer the amount of groundwater currently pumped by irrigators as a

supplement to their surface water use.

1.4 Thesis Organization

This thesis is organized into four remaining chapters. Chapter 2 contains a

literature review of past studies of the value and importance ofwater to agricultural

producers and the overall economics of water allocation. Chapter 3 provides a

theoretical background for the mathematical programming models constructed for this

analysis and then describes the methodology and specific empirical models utilized in

obtaining farm level empirical estimates. Chapter 4 presents and analyses model

results under each scenario. Finally, Chapter 5 summarizes the project findings and

suggests areas for further research.



2. LITERATURE REVIEW

There is a large body of literature examining the economic value of water in

various uses, ranging from agriculture to urban and hydropower generation uses. This

literature review focuses on three areas of this work. First, it will discuss research on

the value of water to farm-level production. Second, this chapter will review studies

addressing farmers' response to water supply shortages. Finally, potential third party

effects will be discussed briefly.

Current conflicts over water in the arid climate of the western United States

involve competition among alternative uses and between water resource development

and other natural resources lost by that development. To mitigate for these conflicts,

an economically efficient allocation of water would promote the idea of the marginal

benefit of the employment of the resource being equal across uses, and thus come a

step closer to maximizing social welfare. This potential equilibrium can be achieved

through the operation of price signals in a competitive marketplace for the resource.

However, water is a natural resource that has many of the characteristics ofa common

property resource and a public good and markets have proved to allocate it

inefficiently among users. For example, water for irrigation is one of the oldest and

most senior water rights and historically farmers could and did divert large amounts

for irrigation of their crops. In recent years however, with increased environmental

concerns, the establislmient of the Endangered Species Act in 1973, and the legal

recognition of instream flow as a water right holder, farmers have experienced

increased pressure to leave water instream for the preservation of endangered fish

7



species. Maintaining and improving habitat for fish populations has a high social

value. Several studies for Western and Southwestern states suggest that the value of

increasing stream flow for fishing and other recreational activities ranges from $25 to

$132 per acre-foot (as cited in Colby, 1989).

Water markets still do not function well enough to be able to re-allocate water

from irrigation to instream. This has led to increasing government interventions

(USFWS and ESA enforcement) in water allocations and as a result many irrigators

have suffered sudden, government imposed water supply curtailments. A case in point

is the Kiamath Basin located in southwestern Oregon and northeastern California. A

study done by Oregon State University and University of California (2002, pp. 282)

examined the effects of the transfers of water from agriculture to the environment that

occurred in the basin in 2001. The outcomes were based on estimated 86% reduction

of irrigated land, causing a loss in agricultural output of $85 million (50%) and a loss

in regional employment of 3.3%. Even though transferring of water did not have as

severe consequences for the region as predicted (due to government relief and

compensation), the region as a whole suffered from the sudden water curtailment. This

example illustrates that government regulations and the abrupt enforcement of the

Endangered Species Act (ESA) could be a much more costly method of allocating

water among competing uses and economic impacts are likely to spread from

agriculture through the other sectors of the local economy. Retiring irrigated land

often leads to losses of fann jobs, crop production, and farm income. In addition, the

extent to which other sectors will be impacted depends largely upon the structure of

8



the local economy. In the area where agricultural production is reduced and the

agricultural sector and other sectors are interdependent, the farms that remain may be

insufficient to support services of the "linked industries" such as local packinghouses,

seed, fertilizer, and machinery distributors. These non-hydrological third party effects

have the potential to diminish the welfare of the local community. Additional induced

impacts reflect changes in household spending as income decreases due to changes in

production in the indirectly impacted industries. Moreover, hydrological effects of

reduced water supplies also affect the local economy; diminished return flows and

increased instream flow requirements provide less water for downstream users,

resulting in reduced agricultural output and loss of farm net revenues.

2.1 Value of Water to Farm-level Production

In the West, water has historically been allocated by legal institutions, rather than

by market forces. The fundamental difference between the two is the fact that markets

rarely trade private property (selling of the water right) whereas government

institutions allow different users to put water to beneficial use such as irrigation,

hydropower generation, and domestic and municipal use. Because of this allocation of

the resource, there has been a lack of transactions from which to determine

agricultural, urban and hydropower value of water. To offset that, resource economists

have developed techniques to estimate water values, which depend, among other

things, upon the type of agricultural production, prices for agricultural inputs and

products, and the production technology used.

9
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Water can be classified by its use as an intermediate or a final good (Gibbons,

1986). It is an intermediate good when it is used in the production of another good or

service, such as the irrigation of crops or generation of hydropower. It is a final good

when the consumer uses it directly, for example in the household or for recreational

activities.

Because water is an intermediate good for agriculture, its value will depend on the

value of the final product sold. Shulstad, Cross and May (1978) derived water values

by comparing returns over costs for irrigated and dryland production and found that

soybeans water value was $67 (dryland) compared to rice ($97) and cotton ($127) per

acre-foot (Unless otherwise specified all water values are adjusted for inflation and

expressed in 2004 dollars). Another study (Condra et al., 1975) specific to the Texas

High Plains used linear programming to estimate value of water for several crops. The

results showed that the short-run net value of water ranged from $28 for wheat to $255

per acre-foot for soybeans, while the long-run values range was from $0 to $85 per

acre-foot.

Like Condra et al., a majority of other studies utilize linear programming (LP)

models to estimate the value of water for crops grown in specific regions. Shumway

(1973) developed an LP model for two subregions of the San Joaquin Valley to

estimate the irrigation water demand for barley, alfalfa, potatoes, sugar beets, melon

and cotton. Values ranged from $95 to more than $172 per acre-foot in region one and

in region two, values were from $65 to $159 per acre-foot. Another study done by

Washington State University Agricultural Research Center measured irrigation water
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values in the Yakima River Basin of Washington state and reported rankings from $46

for alfalfa to $393 per acre-foot for apples (as cited in Gibbons, 1986). Additionally,

Adams and Cho (1998) report values for four zones of the Klamath Irrigation Project

in Southern Oregon and Northern California. In areas of the project where low-value

crops dominated, such as pasture and hay, the value of water was $26 per acre-foot; in

regions dominated by high-value crops (potatoes, onions, sugar beets), the value of

water was $93 per acre-foot. Turner (1995) reports water values for two irrigation

districts in Oregon: North Unit Irrigation District (NLJJD) and Central Oregon

Irrigation District (COlD). For a mixture of crops grown in NUID, prices varied from

$69 to $175 per acre-foot. For COlD the range was between $31 and $107 per acre-

foot. Another study by Cormor (1995) suggests that at very moderate water prices ($25

per acre-foot) irrigators will participate in the market and sell their water rights.

Young (1984) provides estimates of water values for corn, alfalfa, and pasture in the

Platte Basin in Colorado. Corn water values were estimated at $72 per acre-foot, while

values for alfalfa and pasture were below $72 per acre-foot. Young noted that the

value of water for growing specialty crops was considerably higher, but on the other

hand, specialty crops used less than 10 percent of the basin's water. Young concluded

that 90 percent of the water used in the basin had a value of less than $55 per acre-

foot. Finally, in a Colorado study of the forgone benefits of irrigation water

transferred for urban use, the average value of water used to irrigate a crop mixture of

alfalfa, sorghum, and corn, was found to be $46 per acre-foot (Taylor and Young,

1995).
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The economic value of water can also be determined using hedonic price analysis,

which is a technique employing econometric methods to estimate the price of a

property amenity (in this case, water rights appurtenant to the land) by comparing the

price of property with the amenity to price of property without the amenity. In an

analysis of the value of water in Malheur County, Oregon, it was found that it ranged

from $10 per acre-foot for less productive soils to $50 per acre-foot for more

productive soils (Faux and Perry, 1999). In a similar study done by Heffner (1999) on

the value of water in the Kiamath Basin, prices reported were $49 per acre-foot for

class V soils (low productivity land) and $249 per acre-foot for class I soils (high

productivity land). Jaeger (2004) also estimated the value of water based on the soil

class for the Klamath basin and reported average values of $10 per acre-foot for class

V soils and $11 1 per acre-foot for class II soils1.

The marginal value of water depends on the value of the crop to which it is

applied, as well as on the quantity of water used by the crop. As the water supply

decreases, the marginal value of water increases. In Adams and Cho (1998) for

example, the marginal value ofwater for different areas with specific crop mixtures

was $49 for the low-value crops and $213 per acre-foot for the high-value crops when

supply was reduced by 0.69 acre feet per acre. Bernardo et al. (1987) also finds that

the marginal value of water increases when supply is limited; in a study of the

Columbia Basin in Washington state, when water was restricted its marginal value

increased from $0 per acre-foot to $7 per acre-foot. Wyse (2004) reports marginal

The variation in the value ofwater is due to different soil types, mixture ofcrops grown on each soiltype, and available irrigation water



water values for six different farm types in the Vale irrigation district of Maiheur

County, Oregon, ranging from $20 to $150 per acre-foot.

Finally, a more direct approach for determining water value is to look at water

market activities, which although not many, have increased their number in the past

decade. Water market activity can and does give water prices directly. An example of

such an activity are the projects for instream flow protection implemented by the

Oregon Water Trust (OWT). Data from OWT suggests that prices per acre-foot for a

permanent sale of the water right and transferring water for instream use in Oregon

were on average $10.4 and short-term (one-year lease) of irrigation water instream

required average prices of $26.3 per acre-foot (as cited in Jaeger and Mikesell, 2002).

2.2 Response to Water Supply Shortages

The value of water to irrigators depends on farmer's ability to adjust to water

shortages, and factors, such as crop mix decisions, crop prices, fixed and variable costs

of production, acres planted, the choice of irrigation technology, financial situation,

and flexibility to allocate permanent labor resources play a role in determining the

value of irrigation water to growers. For farms with high adaptability (responses to

water shortages can be offset easily by substituting capital and labor for water), water

use reductions can be offset with relatively little impacts on farm profits. Bernardo et

al. (1987) reports a reduction on returns to land, management and fixed costs of only

8% while at the same time, water supply is reduced in excess of 36% and consumptive

crop use declined by 29%.
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When faced with limited irrigation water one option available to irrigators is to

substitute crops in production. In an econometric analysis of western Bureau of

Reclamation (BR) irrigation districts, Moore and Negri (1992) found that water

allocations determine crop acreage decisions and irrigators tend to allocate less land to

high-water usage crops such as alfalfa and fruit trees and more land to low-water

usage crops such as barley. In addition, Moore, Gollehon, and Carey (1994) conclude

that before an acreage decision is made the water prices have a significant impact on

the final crop mix allocation; however, once the mix is decided upon, water prices do

not affect further allocations like adding or lowering particular crop acreage (Even

though this study focuses on effects of water prices, results would be similar in a

scenario of water supply shortages, since as water availability decreases, its implicit

marginal value tends to increase). A study of the Kiamath Basin in Oregon suggests

that farmers would substitute from high-water usage crops to less-water intensive

crops with decreased surface water supplies. However, once crop switching is no

longer economically feasible, land is fallowed (Burke, 1999).

Another way of responding to water supply shortages is adoption of more

efficient water saving irrigation technologies. As economic theory would predict,

farmers would adopt a new technology only if it is advantageous, i.e. when the profits

resulting from the new technology exceed profits from the current technology used

(Negri and Brooks, 1990). A study of the Snake River Basin in Idaho (Hamilton,

Whittlesey and Halverson, 1989) concluded that with decreasing water supplies

farmers improved the irrigation efficiency of their systems. In addition, the users of
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groundwater are more likely to adopt water saving irrigation technologies like

sprinkler and drip (since it would cost them less to convert to pressurized systems

when compared to surface water users who already have an established gravity-fed

irrigation system) and with increased prices for water, irrigation adoption rates also

increased (Caswell and Zilberman, 1995). On the other hand, while introduction of

water markets may induce adoption of alternative irrigation technologies by some

farms, it may also delay adoption by other farms. With a market, a farm has the option

to purchase additional water, thus postponing new irrigation technology adoption

(Carey and Zilberman, 2002).

Studies have shown that water saving irrigation technologies are more

economically desirable on farms with lower quality soils that do not retain water well

enough (Caswell and Zilberman 1986, Dinar and Yaron 1990, Negri and Brooks

1990). Drip and sprinkler irrigation apply water more uniformly on the field allowing

growers to switch to more frequent, smaller volume applications resulting in less

runoff, deep percolation and residual water in the soil profile.

In addition to investing in more efficient irrigation technologies and substituting

crops in production in response to water supply shortages, irrigators can vary their

total level of production by fallowing acreage. This alternative is typically utilized

only in severe water supply restrictions or high enough prices on the water market (if

it exists) so producers would sell their right and permanently abandon crops.

Hamilton, Whittlesey and Halverson (1989) found that profit-maximizing irrigators

would begin idling land only when water supplies were reduced to 63% of normal. A
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similar study on the Walla Walla River Basin in Washington (Willis and Whittlesey,

1998) revealed that with surface water shortages irrigators tend to increase

groundwater usage and when it was exhausted growers would begin fallowing land

(mainly low-value crops). A study of the Malheur River Basin in Oregon (Connor,

1995) also suggests that crop acreage will decrease when water supply becomes more

limited.

Finally, the adoption of any of the strategies explained above will depend on the

type of farm and the experience of the individual farm operator. Negri and Brooks

(1990) concluded that farm size and slope of the field would play a role in determining

what irrigation to be used, with small farms being more suitable for pressurized

sprinklers because total water losses would be smaller (on small farms with gravity-

fed irrigation system, the water loss through the conveyance system constitutes a large

share of total water losses, therefore making small farms a better candidate for a

pressurized irrigation system). In the case of perennial tree fruits, the age of the tree

would also have an impact; younger trees respond better to modern technologies

(because they have relatively restricted root zones and can easily overcome the

transition shock during changeover year) when compared to older trees with deeper

root systems (Dinar and Yaron, 1990). In addition, farmers age and experience

influences the choice of irrigation technology; older, more experienced farmers are

sometimes less likely to adopt more modem technology (Dinar and Yaron, 1990).



2.3 Third Party Effects

Water is unique in its physical aspects of supply when involving diversions from

rivers and streams and like many other commodities, the exchange of ownership to a

water right involves change in the location or purpose of use, in addition to high

transportation costs. These changes may have an affect on the supplies of other users

on the stream (Hartman and Seastone, 1965). Numerous public concerns come into

play when transfers of water diversion rights are proposed. These include concerns

over public access to water for recreational activities, environmental and cultural

purposes, and concerns over impacts on rural communities whose economies depend

on water.

In order to be socially optimal, water transfers in a competitive market need to be

perceived by the public to be fair and equitable, i.e. parties giving up water should

often be compensated, in addition to those injured (e.g. junior right holders,

downstream users, wildlife) by changes in return flows or point of diversion (Howe et

al., 1986). Moreover, effective water allocations should reflect public values (such as

water availability for recreational and/or environmental uses) that may not be

adequately considered by the individual users. For example, in stream water quality

and quantity may generate large public values (scenic and recreational) that might be

of a little importance to individual water users (Howe et al., 1986).

The establishment of markets for water and their outcomes may be inefficient if

they create externalities that result either from user consumption of the resource or

directly from the buyer-seller transaction (e.g. through changes in return flows or

17
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ground water levels). In the case of water resource, its sale often creates positive

and/or negative impacts on third parties. For example, persons indirectly left

unemployed (workers in a packing shed) as a result of the fallowing of the irrigated

acreage in the area will not be compensated by the buyer or the seller. Studies have

shown that some water transfers are associated with decline in county level income (as

in the case of the California water bank). Hewitt (1998) reports that the two counties

that supplied 25 percent of the water to the Bank experienced income level reductions

ranging from 3.2 percent to 6.5 percent for residents not participating directly in the

water sales. In addition, several businesses associated with agricultural production

suffered a substantial and unexpected reduction in business.

Many off-stream uses of surface water, such as irrigation, return a proportion of

water diverted back to the stream system and these return flows are used by

downstream users. Every time a water transfer is being proposed, other irrigators in

the area could experience reduction in flows at their diversion point, which would

make it impossible to divert the full amount specified in their legal right. Therefore,

for an efficient transfer ofwater to take place, these third-party impacts need to be

accounted for. In Oregon for example, when a transfer is proposed, the Oregon Water

Resource Department (OWRD) will not allow it if third parties are prevented from

exercising their right and withdrawing all water they are legally entitled to. As a way

of preventing these third party effects, the OWRD transfers only a portion of the total

water offered and determines a quantity to be left in the river for downstream water

users in order to avoid possible negative effects ofreduced surface water for irrigation.
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Two institutional procedures (with variations between states) are currently used to

protect third parties from possible hydrological externalities. In some states transfer

proceedings are handled by district courts, and in other states proceedings are handled

by an administrative agency. In both cases, the purchaser files a petition to change and

must provide evidence ofno damage to other water rights (if third parties protest the

transaction). Then the Court or the State Engineer rules on the proposed transfer,

based on evidence, law and precedent cases (Hartman and Seastone, 1965).

When it comes to instream flow protection, a number of obstacles prevent

environmental interests from being served better by market transactions. In stream

flow rights are recent appropriations and have low priority relative to other water

rights. They also are year-round, rather than seasonal and often extend along a stretch

of a stream rather than being diverted at a single point. These characteristics make

instream flow rights particularly difficult for water transfers (Saliba and Bush, 1987).

Every time a water transaction is being proposed, the possibility of decreased stream

flow caused by the transfer of water out of the area-of-origin can result in substantial

environmental damage to endangered fish species.

In some western states (Washington) the amount of water allowed for transfer is

based on historic consumptive use restricting it to the levels at which it would have

been used by the crops if irrigation were to be continued (consumptive right). In other

states (such as Oregon) the sale ofwater is based on the full amount given to the

irrigator in his original paper water right. A study of the Malheur River Basin

(Connor, 1995) suggests that a failure to impose restrictive non-impairment provisions



(limit sales of water to consumptive use, rather than paper right amount) on water

market transactions leads to negative return flow externalities and substantial

reduction in flow available to downstream users when water prices exceed $38 per

acre-foot.
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3. ECONOMIC THEORY

3.1 Welfare Economics

Adam Smith (1904) described the market process as an "invisible hand" which

uses price signals to guide self-interested individuals and profit-maximizing firms to

buy, sell and pursue those activities in which they have a comparative advantage.

Smith argued that the value of output is maximized, all participants are better off and

resources are allocated and used efficiently. The concept of efficiency was addressed

by Vilfredo Pareto and later modified by Kaldor and Hicks. Potential efficiency was

defined as reallocation that can improve at least one individual's well-being without

decreasing the well-being of anyone else.

Markets however, are not always efficient and do not distribute resources in an

effective maimer. They do not consider non-use values (such as recreation and wildlife

preservation) and create externalities to third parties (such as decreased return flow as

a result of a water transaction upstream). Therefore, the criterion of maximizing social

welfare rather than just improving the well-being of individuals needs to be

considered.

The notion of social welfare is based upon maximizing society's well-being and is

typically represented as a function that aggregates the individual utility functions to

come up with one version of a social utility function. If one person is made better off,

then a little bit of his goods can be taken away from him and he still will be better off
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(concept known as continuity of the utility function). These extra goods can be

redistributed to other members of society and they will also be better off.

When individual transactions occur, participants would ideally need to consider

the well-being of the society as a whole for that transaction to be efficient. Collective

values need to reflect individual transactions and participants need to be confronted

with the full social cost of their actions. Markets prices therefore need to incorporate

public goods and externalities (positive and/or negative) otherwise society as a whole

will lose (in economics, this is known as a deadweight loss).

3.2 Perfect Competition and Profit Maximization

Economics can be defined as the allocation of scarce resources among competing

uses (Nicholson, 2002). Theory underlying economic studies helps us understand how

and why individuals make allocation decisions. Although the theory does not always

predict actual decision-making, it often provides a close approximation. For example,

with respect to the firm, the economic study is directed towards maximizing profits

subject to resource constraints such as capital and labor.

The basic features of a perfectly competitive market (as discussed in Nicholson,

2002) are: 1) a large number of independent buyers and sellers, 2) homogeneity of the

product, 3) finns are price takers (demand curve is perfectly elastic), 4) no barriers to

free entry and/or exit, 5) profit maximization is the goal of each participant, 6) buyers
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and sellers have complete knowledge of market conditions, and 7) transactions costs

are zero; buyers and sellers incur no costs in making exchanges.

A firm's production decisions can be characterized by a production function

(Henderson and Quandt, 1980)

where y1 = vector of outputs, i 1. . .

= vector of inputs, j 1. . .

The assumptions underlying this production function are: 1) it has Continuous

first- and second-order partial derivatives unequal to zero for all its solutions and 2) it

is an increasing function in outputs and a decreasing function in inputs.

Using the above defined vectors, profit maximization can be expressed as total

revenues less total costs, or

= piyi - cjxj (2)

where H profit
p1 vector of output prices

vector of input costs

Inputs are combined to produce the profit maximizing level y based on

technological constraints. Only certain combinations of inputs x are technologically

feasible to produce output y. This is illustrated in Figure 1 for one output j and one

input x.
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Figure 1. Production Function

Figure 1 shows a possible shape of a production function. All possible

technological choices facing a firm are located under the line, while the line represents

the maximum possible output production for any given level of input. Mathematically,

profit maximization subject to technological constrains on the production function can

be expressed as

L py - cjxj + f(y .. . .,xm) (3)

where L = constrained maximized profit
= Lagrange Multiplier, a variable used to solve constrained problems

The first order conditions required for a maximum are found by taking the partial

derivatives of the above expression with respect to y, x and 2:

Yi =f(X1)

(5)
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,Xm)0 (6)

assuming y, x > 0 for every i, j

With some manipulation, the above system of equations results in the optimality

conditions for output as

prjç i,k1,...n (7)
pkfk aYk

Thus for every pair of outputs i and k, the rate of product transformation yi'yk,

must equal the ratio of their prices holding all other inputs and outputs constant.

In the production process, the value of an input such as water is measured by its

contribution to increasing physical output, such as additional pound of apples. The

value of that increase in physical units can be determined by multiplying the increased

output by the price of the output. For example, the marginal value of an additional unit

of water (known as the Marginal Value Product or MVP, of water) can be calculated

by multiplying the price of apples by the marginal product of water. Mathematically,

the MVP of water is the partial differential of the production function with respect to

the input, in this case, water:

f(Water, Labor, Capital) * Priceappies (8)
a Water
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When the production function exhibits diminishing returns, the marginal value

product of the input (water) will decline as input level rises. In order to maximize

profits, firms (in this case, farms) will utilize an input up to the point where the

marginal cost of the input is equal to the marginal value product of the input. MVP is

an important concept in economics, because it underlies the demand (or willingness to

pay) curve for that input. It is the maximum amount the producer would be willing to

pay for an additional unit of the resource.

MVP

MVP0 P0

Figure 2. Input Demand Curve Constructed from MYP

In the above figure, at the quantity Qo, the MVP is equal to MVP0. This is the

maximum amount the producer would be willing to pay for one more unit of Q. If the

producer faces a market price for the input P0, then he would demand quantity Qo.
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3.3. Substitution Theory, Marginal Analysis and Linear Programming

If the original production function (1) was simplified to a single output Y and two

inputs X1 and X2, the result is a new function Y =f(x1, X2). The marginal rate of

technical substitution (MRTS) is then:

- = aY/E)x1 = MPx1 MRTSXIX
ax1 aY/ax2 MPx2

where MP is the marginal product of the factor of production x,j.

Capital

Water Applied

Figure 3. Factor Substitution Isoquants for Apple Yield

The above equation explains the substitutability between the two inputs

(substitution between water and labor, or water and capital) and the curves in Figure 3

are isoquants; along each individual curve, the output is the same, but the combination

of inputs varies. For example, combinations of inputs along isoquant A enables

production of 700 lbs of apples per acre, while every combination of inputs along

isoquant B enables production of 1000 lbs of apples per acre. Isoquant B represents

YieldB = 1000 lbs/acre

YieIdA = 700 lbs/acre

(9)
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more total output because higher amounts of each input are used in the production

process. As one moves along the isoquants to the right, water is substituted for capital,

while holding output constant.

In order to maximize returns to the farm's resources, growers need to produce

their outputs using the least expensive combination of inputs. To do this farmers can

substitute inputs so that the MRTS of the two inputs is equal to the price ratio of input

prices, or PricecapitailPricewater.

K2

Capital

K1

Wi W2
Water Applied

Figure 4. Cost Minimization Subject to a Given Level of Output

C1 and C2 in the above figure are the isocost lines; total costs are the same for all

combinations of inputs and the slope of the isocost is equal to the price ratio of input

prices. In order to minimize the costs of producing a given level of output, the farmer

should produce on isoquant A (if desired output is 700 ibs) where output is the same

along the isoquant, but combinations of the inputs vary (for example, flood irrigation
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requires less capital but significantly more applied water than sprinkler irrigation). To

increase production from 700 to 1000 lbs per acre, producer would move from point F

to point F.

Substitution between x1 and x2 is continuous meaning that along a particular

isoquant there are an infinite number of combinations of the two inputs that can be

used to produce the same level of output. A firm operating with fixed proportions of

inputs will always operate along expansion path P (Figure 5) or locus of cost

minimizing strategies (Nicholson, 2002). The expansion path describes how a firm (a

farmer in this case) can minimize inputs in order to produce any level of output Y.

K2

Capital

K1

Wi W2
Water Applied

Figure 5. Expansion Path P of an Apple Producing Farmer

Since in LP models inputs are not continuously substitutable, the isoquants are no

longer curved, but are rather "L" shaped representing fixed proportions of the inputs

used in the production process. Because the proportions of inputs to outputs is fixed,
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to achieve a higher level of production a farmer would have to increase them; however

this may not represent the least cost method of production. To allow for input

substitution in LP, a construction of multiple technologies is needed in order to

represent an isoquant. This results in an approximation of the curved isoquant from

Figure 6 and enables the model to choose between multiple production technologies.

Farmer can choose which expansion path is most suitable for him, i.e. he can choose

how to produce his product. For example, some farmers would choose to operate

along P3, which could represent a less costly means of producing the output, such as

flood irrigation, while other farmers can choose to operate on Pi or P2, which could

represent less water intensive irrigation technologies, such as rotator or a micro

sprinkler.

K2

Capital

K1

Wi W2

Water Applied

Figure 6. Different Expansion Paths for an Apple Producing Farmer
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3.3.1 Linear Programming

Linear programming (LP) is a mathematical optimization procedure used for

maximizing or minimizing an objective function subject to a set of fixed resource

restraints. LP is useful in modeling and quantifying economic relationships and is

particularly helpful in explaining profit-maximizing/cost-minimizing theory of the

firm. In the case of agricultural production, the objective could be to maximize net

returns or yields, or minimize costs, and the constraints may include limits on land,

capital, water, and specific rotational constrains.

LP can be used to analyze the economic decisions of the perfectly competitive firm

(in this case, farm), given some specific assumptions. Hazell and Norton (1986) list

the following as major assumptions in LP:

Optimization: There is an objective function to be optimized. This assumption

is reasonable for this study, since it is generally assumed that farmers' behavior

is consistent with maximization of profit.

Fixedness,' At least one constraint is not equal to zero. This applies to the study

in question, since both land and water resources are finite and limited.

Finiteness.' A finite number of activities and constraints is required. The

assumption fits this study, since the activities are limited to specific set of

production and crop choices, and the constraints are limited to defined

production requirements.

Determinism: All resource endowments, resource requirements, and objective

function coefficients are known constants. For example, the parameters in the
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production process for a specific crop are assumed not to vary between

irrigators and are known to the analyst. In addition, specific enterprise budgets

and feedback from farmers assures a level of relative accuracy in the

parameters utilized in the model.

Continuity: Fractional resource and activity levels are possible. In the LP

models for this study, there are fractional quantities of labor that could be

utilized on every acre.

Additivity: Additivity between activities must exist, i.e. contributions to the

objective function or resource use constraints are summed to obtain total

quantity. For example, the value of apple production does not vary depending

on the value of other decision variables such as cherries or grapes; the total

product value for the farm is the sum of the individual crop production values.

Proportionality: The price and resource requirements for each unit of the

decision variable are constant in a way that the total contribution of each

variable to the objective function is proportionate to the level of production.

For example, the constant price implies a competitive market in which the farm

is a price taker, and the fixed resource use constraints assume constant returns

to scale and a linear expansion path from the origin. The assumption is

reasonable in this study since all agricultural products are sold on competitive

markets and the production of any commodity is not large enough to influence

the price for that commodity.



3.4 Description of the Linear Programming Models Developed in this Study

3.4.1 Study area

The study area is located in Umatilla County in northeastern Oregon. According

to the 2000 Census the county has 70,548 inhabitants. The largest town, which is also

the county seat, is Pendleton with a population of 16,354. Native Americans also

inhabit the county; the Umatilla Indian Reservation was established by the Treaty of

Walla Walla in 1855. It became an 800 square mile home for the Umatillas, Walla

WalIas, and Cayuse tribes and is located immediately southeast of Pendleton. The

Umatilla Confederated Tribes have 1,400 enrolled members.

Tree fruits, grain, and cattle, dominate land usage in the county and give a

strongly agricultural base to the county's economy. Recreation, primarily in the Blue

Mountains, and tourism, most notably for the annual Pendleton Round-Up, are also

important to the local economy.

The town of Milton-Freewater (population 6,470, 2000 Census) is located in the

northeastern corner of Umatilla County, with Walla Walla and College Place in

Washington being its closest neighbors. As the hyphen suggests, Milton-Freewater

was once two towns. Milton was established by William Samuel Frazier in 1872 and

was named for the English poet, John Milton. Freewater was established north of

Milton in 1889 by a group of men who did not like the way things were run back in

Milton. The name Freewater was adopted, because one of the attractions of the new

town was free water for all home sites. The two towns remained separate until 1950,

when they merged city governments and names.
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The climate of the area is characterized by low annual precipitation, moderate

temperatures and a relatively long growing season. Monthly average temperatures

vary from low 40s in January to high 80s, low 90s in July. Average annual

precipitation is approximately 14.5 inches of which only 2.1 inches occurs in the

months of June, July and August. (SCM, 2003). Irrigated soils are comprised mainly

of Freewater gravelly silt loam and Freewater very cobbly loam. These soils were

formed in mixed alluvium on the flood plain of the Walla Walla River. The surface

soils (top 20 inches) are generally very cobbly loams and gravelly and very gravelly

loams with a moderate permeability. Below the surface soils are extremely gravely

and extremely cobbly, loam and sand soils with very high permeability.

There are two irrigation districts that serve local producers: Walla Walla River

Irrigation District (WWRID) and Hudson Bay District Improvement Company

(HBDIC). Senior water rights (pre- 1903) are concentrated in WWRID with allotment

of l6.8gallons per minute (gpm) per acre, while junior right holders (post- 1903) are

served by HBDIC and their water allotment is 8.5gpm per acre. Crops commonly

produced in WWRID are apples, cherries, prunes and plums, and wine grapes. Crops

in HBDIC are mainly alfalfa hay, wheat, sweet Walla Walla onions, apples and wine

grapes. Combined these crops represent over 90% of the crop acreage in the two

districts. Table 1 represents current acreages for each crop. Agricultural production

data for these crops were obtained from local producers, county Extension agents, and

the irrigation districts. These data were used to compile cost sheets for each crop. The
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sheets summarize economic costs and adding the returns for each crop describes one

common set of production practices given a set of farm characteristics.

Table 1. Acres of Crops Planted in Each District

35

3.4.2 Data and methodology

The data collected for this study were used to estimate profits, costs, and revenues

for each district and apply it to the linear programming models developed for this

research.

Prices, Yields and Revenues

Orchards, as perennial crops were assumed to have 25 years productive life with

full production capacity of 45 bins per acre (900 pounds in a bin) reached in year

seven for apples, year six for cherries with maximum yields of 4.6 tons per acre, and

prunes and plums with 12 tons per acre. Wine grapes reach their maximum yields of

3.5 tons per acre in year four. Alfalfa was calculated as a four-year stand with average

Crop
Walla Walla River Irrigation
District (acres planted)

Hudson Bay District
Improvement Company
(acres planted)

Apples 3000 560
Cherries 150
Wine Grapes 400 288
Prunes 250
Plums 100
Alfalfa 3192
Sweet Onions . 400
Wheat . 2128
Totals: 3900 6568
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yields of 6.125 tons per acre. Wheat and onions yield 90 bushels and 16 tons per acre,

respectively2. Data on maximum yields were taken from Umatilla County averages,

Umatilla County Extension Service, WWRID, HBDIC, and local producers.

Prices for crops were acquired from Umatilla County averages for the last five

years (NASS) and local producers (Tom Dame!!, Ron Brown, Keith Truax, personal

communication). Table 2 summarizes average prices growers get for their crops. Wine

grapes have higher than the average prices for the county, however, this is due to the

fact that wine grapes are handpicked, resulting in a higher quality fruit3. Alfalfa hay

prices were also taken from local producers, since it was determined that state

averages overestimate prices producers get for their crop in Milton-Freewater area4. In

addition, wheat income was adjusted for government payments of two types: direct

payments ($0.52 per bushel paid on the 85 percent of base yield) and a small counter-

cyclical payment of $0.03 5 per bushel.

Table 2. Average Prices Received by Farmers

2
Yields for the field crops are lower when compared with other regions in Oregon, however, these

crops are grown by junior right holders who often experience water supply reductions and consequently
water quantities are not sufficient for higher yields per acre.
3Thomas Waliser, personal communication
'

Angela Locati, personal communication

Crops Prices received ($)
Apples
Cherries
Wine Grapes
Prunes
Plums
Alfalfa
Sweet Onions
Wheat

0.19/lb
1345/ton
1700/ton
220/ton
220/ton
85/ton

5.54/501b bag
3.20/bu
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Since orchards and wine grapes are perennial crops requiring establishment years

and upfront capital and machinery, present values for the costs and returns for these

crops were computed and annualized over a twenty-five year period using a 5% rate of

return. The resulting net annualized income was used in calculating revenues per acre

(see Table 3). The net revenues were based on conversations with local farm

appraisers and data from the Umatilla County tax assessor, who suggested that an acre

of land that would be planted with orchards would sell from $2,000 to $2,500 and for

an acre that would be planted with wine grapes prices ranged between $3,000 and

$3,500 per acre. Therefore, the annualized net revenues5 reflected the value of land

using 5% interest rate. In addition, since orchards utilize different irrigation

teclmologies, annualized returns per acre were recalculated for each irrigation system.

Costs of production

The costs of production for the perennial tree fruits and wine grapes were

incorporated in calculating annualized net revenues per acre. As mentioned above,

alfalfa was calculated as a four-year crop, with year one being establishment year and

the remaining three years resulting in full production. The total establishment and first

year harvest costs were partially offset by the harvest and sale of 3.5 tons of alfalfa per

acre. The remaining cost was amortized over the three years left and average of costs

The annualized net revenues are in fact expected net revenues that a farmer would receive each yearfor a 25 year period, assuming costs and prices are kept constant. The net revenues reflect more
accurately the value of an acre of land, which tends to stay fairly stable and does not fluctuate much
when compared to fluctuations in costs of operation and prices received for crops grown. In addition,
calculated net revenues reflect a long-term sale of the water right (which tends to be less expensive)
rather than a short-term lease of irrigation water instream, where farmers would still have fixed costs
and consequently would require higher prices for transferring water and faliowing cropland.
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and yields was used in calculating net revenue per acre (see Table 4). All equipment

used in the production of these crops was depreciated over 25 years using the straight-

line depreciation method:

Dep=PP-SV (10)

where PP = purchase price
SV = salvage value
L = useful life

Interest rate on operating capital and equipment was set at 7% and payments were

calculated using the average value of the equipment multiplied by the interest rate, i.e.

Payment ((PP+SV)!2 * 0.07) (11)

Ground water is used extensively in the two districts to supplement irrigators'

surface water usage in the mid-season when river levels are lowest and crop water

needs are highest. Therefore, an estimation of ground water pumping cost was

included in the development of the models for each district. There are two ground

water aquifers in the Milton-Freewater area. A basalt aquifer ranging in depth from

125 to 2,000 feet below the surface and a shallow gravel aquifer, primarily recharged

by precipitation, irrigation return flows, and seepage from canals and ditches. For this

study, it was assumed that a majority of irrigators get their groundwater from the

gravel aquifer, and pumping costs were calculated for a depth of 50, 75 and 100 feet

and the average cost of the three depths was used. The sprinkler pressure was assumed
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to be an average of 40 psi with exception of drip irrigation where the pressure was 20

psi. The average pumping rate was set at 8.4 gpm per acre (local irrigators suggest that

rates vary from 8.6 gpm to 11.2 gpm per acre), motor and pump efficiency was

assumed to be 0.88 and 0.75 respectively for a combined efficiency of 0.66 (Marshall

English, personal communication). The price per kWh was determined using Pacific

Power & Light Company schedule and was set at 3.579 cents. Pumping cost, C, was

computed using the following formula:

C=P*E
(12)

where E is the energy consumed in kWh and P is the price per kWh

E was computed as E t*kw (13)

where t is the time (in hours) and kw is the kilowatts per hour

Kw, the rate of energy consumption, is q*tdh!3960 (14)

where q is the pumping rate in gallons per minute (gpm) and tdh is "total dynamic

head" (the sum of lift, head loss, and the pressure at the pump in psi multiplied by

2.3 06).

The hours of pumping needed to apply acre-inches (d) required by the specific crop

were determined using

t = (d*27180)/(q*60) (15)

Therefore, the cost of pumping was:

C = p*(27180*d*thd)/(60*3960)6 (16)

Surface water for WWRID is distributed through approximately ten canals and

6
Marshall English, personal communication.



* Prunes and Plums have the same annualized net revenues as cherries

Table 3. Annualized Net Revenues and Implied Value of Land

Apples
Cherries*
Wine grapes

Flood Impact sprinkler Rotator Minirotator Micro sprinkler Drip
120
121

0

124
126

0

124
126

0

124
126

0

124
126

0
0

159

Implied value of land using 5%
Apples
Cherries*
Wine grapes

2,410
2,411

0

2,482
2,510

0

2,482
2,510

0

2,482
2,510

0

2,482
2,510

0

0
0

3,172



Table 4. Estimated Costs of Production Per Acre by Crop

* Orchard and wine grape costs are average of a 25 years period and across irrigation technologies.

** Prunes and plums have same costs as cherries

'' Costs were calculated based on the assumption of a four-year stand of alfalfa and average costs were taken

Sources: Oregon State University Extension Service, Washington State University Extension Service, WWIRD,

and HBDIC producers

Land
Apples* Cherries** Wine grapes Alfalfa*** Onions Wheatpreparation, trees and seed

Fertilizer, Chemical and Irrigation
Laborandrepairs
Overhead/interest/insurance/deprecjatjon
Harvesting
Other (taxes, management fees, trellis

194
476

1,825
1,825

926

110
602
856

1,247
1,454

371
357

2,489
1,086

445

6
55
40

184
39

100
340
158
378

2,259

11

80
47

122
23

material, tape)
Total:

302
5,546

270
4,538

295
5,044

45
368

45
3.180

45
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ditches totaling 30.4 miles (SCM, 2003) and HBDIC maintains five canals and ditches

with a combined length of 35.6 miles (John Brough, personal communication). The

water serving the two districts is diverted at the Little Walla Walla River (LWWR)

diversion and redistributed at the "Frog", a centralized distribution facility. At the

"Frog" the two districts divert water for their respective patrons. All of the ditches in

the two districts are open canal ditches and only a small portion of the whole system

has been piped (Eastside canal serving WWRID patrons was piped in 2001). This

results in water losses from the ditch system. For the purposes of this study, it was

assumed that there exists a ditch loss from the "Frog" to each WWRID patron of 30

percent, and from the same location to all HBDIC patrons the loss is 35 percent7. In

addition, there is a ditch loss from LWWR diversion to the "Frog", which is between 9

and 1 7cfs (Brent Stevenson, personal communication).

The numerous irrigation technologies utilized by WWRID and HBDIC were also

incorporated in the specific models explained below. Currently, irrigation district

patrons predominantly use surface irrigation methods (Thomas Darnell, Ron Brown,

personal communication). Surface methods include flood irrigation (FL), in which

furrows for water application have been made between the rows of planted crop,

various types of sprinkler irrigation, ranging from impact sprinklers (IMP), rotator

(ROT), minirotator (MINIROT) to microsrpinkler (MICRO), wheel lines (WH) and

drip irrigation (DR). Drip irrigation is used exclusively on wine grapes, while the rest

of the irrigation technologies are used on the orchards as well as the row crops and

The percentages may not be exact, since there is no record that documents ditch losses. The higher
percent for HBD1C was based on the fact that the district has longer and wider canals and therefore
more wetted area, resulting in higher losses.
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field crops. In reality, the efficiency of an irrigation system is based on several factors

including soil type, slope and uniformity of fields, degree of management for

individual systems, and climatic conditions. This study used a single efficiency and

deep percolation rating for each system. Irrigation efficiency and deep percolation was

assumed uniform across crops. The flood system was assumed to be least efficient

strategy considered with an efficiency rating of 55 percent. That is, 55 percent of the

water applied to the field was assumed available for plant uptake. Different sprinkler

systems efficiencies ranged from 70 to 80 percent, and drip irrigation was considered

the most efficient with 85 percent efficiency rating (Tom Young, personal

communication).

Crop water needs for each month of the growing season (May through October)

were obtained from Oregon State University Extension publication EM 85308. Since

wine grapes were not listed for Milton-Freewater area, irrigation requirements for

them were obtained from local producers (Thomas Waliser, personal communication).

3.4.2 Specific LP models

Two linear programming models using the General Algebraic Modeling System

(GAMS) were constructed to simulate the response of irrigators from Walla Walla

River Irrigation District (WWRID) and Hudson Bay District Improvement Company

8
Crop water needs for the period May-October are as follows: apples and cherries: 3.1 af, grapes: I af,plums and prunes: 2.8 af, alfalfa: 2.2 af, wheat: 2 af, onions: 2.2 af



IHudson bay canal
Not Accurate

Walla Walla River Irrigation District

1 inch equals3685 feet

Old Milton Ditch Diversion

Walls Walls River
From North and South Forks
Flowing North to ORM/Aaorde
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Figure 7. Diversion Points for WW1UD and HBDIC.
Source: Brent Stevenson, Walla Walla River Irrigation District.

44



45

(HBD1C) to various water supplies and the resulting effects on farm net revenue. It

was decided that the two irrigation districts would be represented in separate but

sequential models because the demand for water in HBDIC (junior right holder) did

not influence the demand of WWRJD (senior right holder). The leftover water not

used in WWRID was the surface water the ITIBDIC had for irrigation.

Initially, a baseline model for each district was created to represent current

conditions in the area in terms of water supplies, irrigation technologies and crops

grown. The baseline models maximized farm net returns with the production of a

specific crop with given irrigation technology and yield levels without including a cost

for land. Land price is excluded because it is almost totally determined by the

irrigation water available and its value in agricultural production, thus profits include

returns to land owners. If the land cost were included in the model, the result would be

an additional fixed cost for each crop.

Objective Functions

The objective in this model was to maximize total profits within each district. In

WWRJD, net annualized income was used in determining net revenues from

production. In HBDJC the objective function consisted of two parts: annualized net

revenues for orchards and wine grapes, and in the case of field and row crops, net

returns were calculated as total crop revenue minus total costs.

The two objective functions were defined using the following sets:

C set of five crops grown in WWRID
R set of three field crops grown in HBDIC
O set of two perennial crops grown in HBDIC
I set of six irrigation technologies used in WWRID



II set of one irrigation technology used for the field crops in HBDIC
III set of six irrigation technologies used for the perennial crops in WWRID
M set of six months

In summation notation, the objective function for WWRID would therefore take

the following form:

56 6

( (R *AI)) - (0.74 * Gm)) (17)

where R = annualized net revenue for each crop c with each irrigation
practice i

A,1 = acres of crop c irrigated with technology i
Gm = ground water amounts used in month m
0.74 = ground water pumping costs per acre-inch

For UBDIC, the objective function was expressed in the following way:

26 31
(Rev0,111 * A0111) + ((Pr * Cy1,11) * Ahbr,ii) +

o=1 iii=1 r=l ii=l

((Ahbw,jj) * Wi) + ((Ahb,1) * w2) - ± ((Ahb1,1) * (Lr * W) +
r=I u=I

6

Tvc111 + FC1) - ( 0.87 * Gwm) (18)m=1

where Rev0111 = aimualized net revenue for each crop o with each irrigation
practice

A0111 = acres of crop o irrigated with technology iii
P1 = prices received for each crop r
CYr,ii = maximum yields per acre of each crop r irrigated with

technology ii
Ahbr,ii = acres of crop r irrigated with technology ii
Wi wheat revenues from government direct payments per bushel
W2 = wheat revenues from government counter-cyclical payments
L1 = labor hours per acre required for producing crop r
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W = labor wage per hour
Tvc r,ii = variable costs per acre for crop r with irrigation technology ii
Fcr = fixed costs per acre for crop r with irrigation technology ii
GWm = ground water amounts used in month m
0.87 = ground water pumping costs per acre-inch in month m

Constraints

The objective functions were maximized subject to limits on land, annual water

availability, a priority in water use, legal water diversion constraint, and certain

rotational constraints. WWRID and HBDIC irrigators are limited to existing

production acres and may not utilize irrigation water on land that does not have

appurtenant water rights. The land constraint thus limits the acres of production of

each crop with its respective irrigation practice to the total number of acres in each

district. For WWRID the limit was expressed as:

A - Acres 0 (19)

where Acres total acres planted of crops c in the district

Each crop produced in the irrigation districts has certain water needs for every

month of the irrigation season (May-October). In addition to that, water applied has to

be accounted for irrigation efficiencies for each irrigation practice used on the

particular crop. In WWRID crop water needs were expressed as:

WWm = A,1 * (Cc,m/ E1)
c=1 i=1

where Wwtm = total water needs for all crops in month m

(20)
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Cc,m water needs for crop c in month m in inches
E1 percent efficiency for irrigation technology i

At the "Frog" both districts divert the majority of their water and distribute it to

patrons through a ditch system. Even though WWRID has the priority to use water

(since its patrons are mainly senior right holders with pre-1903 water right), a court

decree from 1931 limits the amount of water that WWRID can take from the "Frog"

and deliver to its users. The decree assures that some water would be left for the junior

right holders in HBDIC. Amounts that WWRID can divert are as follows:

May 1 to June 1: 64.5cfs (3,966 acre-feet)

June ito June 15: 61.Scfs (1,830 acre-feet)

June 15 to October 15: 58.5cfs (13,924 acre-feet).

In the model this constraint was expressed in the following way:

WIm<Dm (21)

where Wlm = water diverted from the Little Walla Walla River for month m
Dm = decree for month m

WWRID also receives water from two other diversions: Eastside canal and Milton

Ditch, which was closed in 2004 and its users started diverting water from the Little

Walla Walla River. Therefore, the total water available for WWRID users comes from

four sources (including ground water) and is explained as:

Wltm < Wlm + Esmdm + Gm (22)

where Wltm = total water available for irrigation in month m
Esffldm = water diverted from Eastside Canal and Milton Ditch in month m
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The amount of water left in the "Frog" after WWRID diverts its share flows to

HBDIC users. Since the two models were developed as sequential models, the amount

leftover for junior users was determined in the senior district model and was entered as

a parameter in the junior district model:

Leftm=Wm - Lm - WIm (23)

where Leftm leftover water passed on to HBDIC to use in month m
Wm = available water in the Little Walla Walla River in month m
Lm = conveyance losses from Little Walla Walla to the "Frog" in

month m

As mentioned above, there is some ditch loss within the two districts. To account

for that, water requirements for each month were increased by 30 percent in WWRID;

in GAMS, this was expressed as:

WWtm * Cl <Wltm (24)

where WWtm total water needs in month m
CI conveyance loss adjustments

Finally, a global limit (determined using current irrigation practices and crop

water needs and then increased by 10 percent) was put on the ground water used in the

district, which restricted usage to less than the amount available:

Gm<Gwl (25)

where Gwl = available ground water



In HBDIC, limitations on acreage planted was separated between the field and

row crops versus the orchards, because different crops used different irrigation

technologies; some were allowed to choose between different types of sprinklers

(orchards), while others were limited to only one irrigation practice (row crops):

Ahbr,jj - Trc 0
r1

A0 - Acres0 0
iii=1

where Trc = total acreage planted in row and field crops
Acres0 total acreage planted in crops o

Field and row crops produced in HBDIC are grown in specific rotations. In any

average year, certain proportions between these crops need to be in place in order to

accurately represent the acreage typically planted in each specific crop. Onions

comprised 12.5% of alfalfa acreage, and wheat accounted for about 67% of alfalfa

acres. The acreage proportions for the crops take the form:

1
1

0 125 * Ahb = Ahb0,a,u
ii=1 u1

O67*Ab =Ahb,1'-' a,n
ti=1 ii1

Since there are two major groups of crops in HBDIC, separate monthly water

needs were expressed. One reason behind this option was that row crops were limited

to wheel line irrigation methods, while orchards and grapes ranged from flood and

50



51

different sprinklers to drip irrigation. Second, when a market for land was established

to offer price per acre in exchange of land fallowing and leaving irrigation water

instream, only row crops were allowed to be retired, since a short-term fallowing is

not an option for orchards and wine grapes:

Hb2r,m Ahb1,11 * (Cflr,m/ E1) (30)ii=1

Hb3o,m * (Cno,m / Eff11)
inl

where Hb2r,m
Cflr,m

Eff11

Hb30,m
Cflo,m
Eff11

Total monthly water requirements were determined for HBDIC by combining the

requirements for the row crops and orchards with the following constraint:

3 2

Hbtm = Hb21,m
+

Hb301, (32)

where Hbtm total water requirements in month m

Whatever amount of water was not used by WWRID was available to use for

HBDIC patrons. In this model, ditch losses were also accounted for in determining

water requirements for crops grown for each month. The difference with WWRID is

that it is assumed that the ditch losses in HBDIC are higher (35 percent) because of

water requirements for crops r in month m
crop r water needs in month m
efficiency of irrigation technology ii
water requirements for crops o in month m
crop o water needs in month m
efficiency of irrigation technology iii

(31)



longer ditch systems. The other source of water for irrigators in that district is

groundwater:

Hbtm * Cl Leftm + GWm (33)

where Cl conveyance loss adjustments
Leftm leftover surface water from WWRID in month m

Again, limits on ground water pumped were set to assure that the amount used

was less than the amount available:

GWm Gwl (34)

where Gwl = available ground water

In addition to the baseline models, this study utilizes several other versions of the

linear programming models. For this project, data on river flows was averaged across

43 years; however, this fails to explain the consequences on net revenues and acres of

crops planted when river levels are lower than usual. For that reason, one scenario was

tested to explain the effects of a drought year in the region. When surface water

availability decreases, this harms not only local irrigators, but also endangered fish

species present in the area, and may lead to increased USFWS minimum stream flow

requirements. Therefore, a scenario simulating the above explained condition was

created and its effects on the local economy were examined. When a potential for

water markets was created in the region, it looked at prices at which irrigators would
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be willing to forgo irrigation, sell their water right, fallow their land and leave the

water instream for fish passage and survival. A one-year lease of the water for

instream use was not a feasible option, since most of the crops are perennial orchards

and vines, thus not irrigating for a year would result in tree die off and a large cost for

the farmers. To look at effects of a short-term lease, a market for land "fallowing" was

simulated for the field crops (alfalfa, onions, and wheat), where a price per acre was

offered to growers to fallow the land and leave the water that otherwise would have

been used for irrigation instream. The study also looked at long-term sale of the water

right for the row and field crops, and prices farmers would accept to permanently

retire from farming. Results from each scenario analyzed are discussed in the

following chapter.



4. R1SULTS AND DISCUSSION

This chapter presents and discusses the results from the linear programming

models developed for the WWRID and HBDIC. First, results in terms of crop

acreages, ground water usage, quantity ofwater sold and impacts on labor wages from

each scenario for the WWRED are reported and compared to the base case. Second,

results for HBDIC presenting crop mix, acreages planted, ground water usage, amount

of water sold, and number of acres fallowed under each scenario were compared to the

base case. Also included is an explanation of the changes to farm labor income in the

irrigation district.

4.1 Walla Walla River Irrigation District

4.1.1 Baseline scenario

To estimate the economic impacts of water supply variations and establishment of

water markets on the WWRID farmers, a baseline linear programming model

representing WWRID crop acreages, crop water requirements, and current irrigation

technologies was created. Given the historical information on river flows and available

irrigation water, the model maximizes total profits. Since most crops in the district are

tree fruits, it was assumed that their acreages were fixed and crops were not rotated

every year. Therefore, the acreage in the base model corresponds to the acreage

reported by farmers, extension agents, and the irrigation district and is presented in

Table 5.
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Table 5. Model Allocated Acreage and Reported Acreage

The baseline model results for crop net revenue and district revenue are presented

in Table 6. Since apples have the largest share of acres planted, net revenues are the

largest with 76% of district revenues. Grapes come second with 13% (as previously

explained, grapes are handpicked, thus selling prices for the area are higher than the

average prices for the county). Prunes, cherries, and plums have 6.4%, 3.9%, and 2.6%

of total net revenue respectively.

Table 6. Crop Revenues as a Percent of Total Net Revenues for the District.

Annualized crop revenues are higher with sprinkler irrigation for every crop,

therefore, flood irrigated acreage did not enter the optimal solution. All tree fruits were

The baseline model was constrained to give the same acreage as reported by local irrigators, the
irrigation district, and the extension agents.
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Crops Base model allocations9 Reported data
Apples 3,000 3,000
Cherries 150 150
Wine grapes 400 400
Plums 100 100
Prunes 250 250
Totals: 3,900 3,900

Crops Revenues ($) % Of total revenue
Apples 372,360 76
Cherries 18,825 3.9
Wine grapes 63,432 13
Plums 12,550 2.6
Prunes 31,375 6.4
Total revenue for the district 487,137
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sprinkler irrigated, and wine grapes utilize drip irrigation. In reality, there is some

apple and cherry acreage irrigated with gravity-fed irrigation, however, data on exact

acreages was not available and therefore, the extent of divergence from the irrigation

practices in the area is not known.

Apart from surface water, ground water is also used for irrigation as a supplement

to the surface water right. It is especially important in the heat of the summer (July and

August) because river flows are lowest and crop water needs are highest. As expected,

the model also utilized ground water in the months of July and August, with 1,058 and

227 acre-feet pumped in these months.

Labor wages for each crop are presented in Table 7. Again, apples being the crop

with most acreage irrigated have the largest share, followed by grapes, prunes, cherries

and plums. Grapes come second not only because their irrigated acreage is second

highest in the district, but also because grapes being handpicked require more labor.

Table 7. Labor Wages for Each Crop as a Percent of District Net Revenues.

Crops Labor wages ($) % Of total revenue
Apples 7,254,780 80
Cherries 297,819 3.3
Wine grapes 823,880 9
Plums 198,546 2.2
Prunes 496,365 5.5
Total labor income for the district 9,071,390
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4.1.2 Dry year scenario

The model developed for the district was also used to simulate the effects of a dry

year on net revenues, crop acreages, and water usage in WWRID. The rationale

behind this scenario was prompted by the fact that when surface water availability was

determined, the data reflected average quantities for the last 43 years; however, this

fails to explain the consequences on net revenues and acres ofcrops planted when

river levels are lower than usual and how these changes in surface water supplies

affects local irrigators. This scenario decreased the available surface water by 10

percent'°, while keeping ground water amounts constant (even though keeping ground

water constant may not be realistic, there is no record that documents amounts

pumped in the two districts, therefore quantities were determined based on current

cropping patterns and crop water needs, and were then increased by 10 percent).

Dry year simulation resulted in decreased acreage for apples because apples have

the lowest annualized net revenues, thus the model chose to fallow some acres. The

reduction in crop acreage was not as significant as expected, partly because irrigators

offset surface water shortages by pumping more ground water. However, it was not

enough to irrigate all crops in their full acreages from base case. The rest of the crops

did not experience any changes. Table S shows crop acreages under dry year scenario

and compares them to base results.

10
For most parts of Eastern Oregon, a 10 percent decline in river levels is not considered significant for

a dry year conditions to exist; however, Walla Wall River is spring-fed and its levels tend to be
relatively stable throughout the summer, so a 10 percent decline in river levels could be representative
of drier conditions in the study area.



Table 8. Crop Acres Under Base Case and Dry Year Scenarios

Reductions in apple acreage resulted in crop revenues decreasing by

approximately 1% (from $372,360 to $369,029) and were the same as in the base case

for the rest of the crops. Total district net revenues also decreased by about 1% (from

$487,137 to $482,631). The ground water amounts decreased slightly in July to 1,022

acre-feet (compared to 1,057 acre-feet from base case) but almost doubled the

amounts in base case (394 acre-feet compared to 227 acre-feet) for the month of

August. The reason behind this is that ground water was not in higher demand in July

(month with highest crop water needs), since some apple acreage was fallowed;

however, in August increased ground water pumping was essential for meeting crop

water needs of the rest of the crops. As expected, labor income decreased for apples

and remained the same for the rest of the crops; the reduction in labor income from

apples was approximately 1% and the total labor income for the area was reduced by

0.7%.
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Crops Dry year Base case % Change
Apples 2,973 3,000 -0.9
Cherries 150 150 0
Wine grapes 400 400 0
Plums 100 100 0
Prunes 250 250 0
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4.1.3 ESA scenario

In 2000, WWRID entered into a civil penalty agreement with the United States

Fish and Wildlife Service (USFWS) and under the terms of the agreement, the district

agreed to bypass 25 cubic feet per second (cfs) into the Walla Walla River for the

stretch north of the city of Milton-Freewater to the state line. In addition, climate

changes may also contribute to reduced availability of water. Tn such a case, chances

of environmental groups or government agencies demanding more water left instream

for fish passage and survival are quite realistic. Producers therefore may face not only

reduced river levels, but also be required to leave additional water instream for

wildlife preservation (this case can also be analyzed under the assumption of a severe

drought).

The model was further modified to reflect leaving additional 5 cfs (1,780 acre-feet

for the irrigation season of 180 days) into the Walla Walla River, due to increased

USFWS minimum flow requirements. This resulted in reduction in acres planted, and

consequently, in a negative impact on crop revenues, total net revenues for the district

and jobs lost. Apple acreage decreased by 5.2% to 2,844 acres (from 3,000 acres in

base case), while all other crops remained in full production. In reality, cherries, or

prunes and plums would be the crop to reduce planted acres first (local irrigators

suggested that cherry acreage has been decreasing over the past several years, and

many farmers would prefer fallowing prunes, plums, or cherries instead of apples, Ron

Brown, personal communication) In addition, when economic costs and returns for

every crop were developed and net revenues were annualized, the information used
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did not reflect a particular farm; rather it was an average for the farms in the area.

Therefore, even though the model suggests that only apple acreage will go out of

production, this may not reflect individual farming decisions in WWRID. It is

important also to note that the model was not allowed to switch acreages between

crops, i.e. fallowed apple acreage could not be used to plant more water efficient

grapes for example. The reason behind this construction of the model was that Oregon

law does not permit fallowed land to be planted with other more water-efficient crops

and in order to do that, a producer needs to engage in a conserved water project with

the OWRD, show evidence that the acres can be irrigated with less water, and consider

all possible third party effects.

Consequently, labor returns from apples went down by 5.2% and district revenues

were reduced by 4.2% (to $466,656 from $487,137 in base case). The results were not

that significant because the necessary improvements (utilizing water saving irrigation

technology, for example) have already been implemented by the local growers.

Whatever acreage was not fallowed utilized all surface water available and required

additional ground water. Pumping amounts were lower for July (854 acre-feet from

1,058 acre-feet in base case) and almost tripled in August (562 acre-feet from 227

acre-feet). Again, this was a result of reduced apple acreage, which translated into

lower pumping rates in July, but a substantial increase in August to ensure enough

water for all remaining crops.



Table 9. Changes in Net Revenues, Labor Wages, and Ground Water Usage inEach Scenario.

4.1.4 Establishing a market for water

The establisimient of a hypothetical water market was created for the purpose of

acquiring water for insteam enhancement. At different prices, environmental groups or

potentially government agencies were assumed to be willing to pay for additional

acre-feet of water put to instream use. Producers' willingness to forgo irrigation in

exchange of a per acre-foot payment was estimated based on the model. Irrigators had

the choice to either farm, or sell their water right and fallow their land and the model

made the profit maximizing choice. Since the crops grown in this district are perennial

tree fruits and wine grapes, one-year or split-season lease was not an option because

farmers would have lost all their trees if they decided to forgo irrigation for a year and

sell their water. Therefore, the scenario modeled was based on the assumption that this

was a long-term selling of the water right and land fallowing.

The LP model was modified to represent the existence of a water market. The

changes occurred in the objective function and in one of the water constraints. The

61

Change from base case:
Scenario NR ($) Labor Wages ($) Ground water used (acft)
Dry year -4,506

-0.9
-64,900

-0.7
1,588

10.3
ESA
%

-20,481

-4.2
-311,236

-4.1
1,588

10.3
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objective function was modified to incorporate an additional source of revenue for the

growers in terms of dollars received for selling water.

( (R *A1)) ( (0.74 * Gm)) + (SIflm * Pr)c1 i1 m=1 m1

where Sjflm
Pr

= amount of water sold on the market in month m
= price per acre-inch

The constraint that reflected the changes made allowed farmers to irrigate with

surface and ground water after subtracting the amount ofwater sold (if any):

Wltm Wim + Esmdm + Gm - Sinm

At prices below $1.2 per acre-foot, farmers did not participate in the water market

and chose to irrigate their crops. When the price was set at $1.2 per acre-foot or

higher, farmers would sell all their extra water for every month of the season and still

produce all their crops. The extra water comes from additional diversion from the

Little Waila Walla River (LWWR). In the absence of a market, farmers from the

district would only withdraw water necessary to meet crop needs each month and

therefore not take water up to the full amount of their decree (as previously explained,

WWRID and HBDJC have a court decree which stipulates that WWRID can divert up

to a specified amount each month of the irrigation season; the decree assures that some

surface water would be left for the junior district right holder). When a price per acre-

foot was offered, farmers had the incentive to withdraw the full amount of their decree

each month of the season and sell the extra water. Between $25 per acre-foot and $27
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per acre-foot, the supply curve became very elastic; apple and cherry growers fallowed

the land and sold their water right for instream use, followed by prune and plum

producers; and at $103 per acre-foot or higher, grape acreage was fallowed and the

rest of the water was sold (Figure 8). Apples and cherries went out of production first

because their annualized net revenues were the lowest. Grapes were the last crop to be

fallowed because first, grapes bring the highest annualized net revenues, and second,

grapes are extremely water efficient, therefore irrigation would not have resulted in

significant amount of water being used instead of sold. In economic terms, the

marginal value product of apples and cherries was low, compared to the marginal

value product of grapes, which explains why apples were fallowed first and grapes

last. Even though prunes and plums have the same net revenues as cherries, they

require less water, therefore it is rational to see that these crops would be kept in

production longer and would require higher prices for land fallowing.
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Figure 8. Estimated Supply Curve in WWRID.



Quantity of water sold started at about 5,400 acre-feet (23 cfs spread over four

months, since no water was sold in July and August), and kept increasing to finally

reach 23,600 acre-feet (additional 43 cfs spread over six months, since all water

including ground water was sold on the market and all irrigated land was fallowed)

(Figure 9)11
However, at lower prices per acre-foot, water that was offered on the

market (without changes in cropping patterns) was actually water that would have

been left instream if a payment had not been offered. Therefore, prices of $25 per

acre-foot or higher would be more appropriate when stream flow enhancement is the

primary objective.
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Figure 9. Cost of Acquired Water and Amount of Water Left Instream.

On every graph (both for Walla Walla district and Hudson Bay district) the amount of water leftinstream at every price offered was spread evenly over a period of six months. However, at low pricesper acre-foot of water, quantities transferred were usually only in part of the season.
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As a result of the water market, district income increased steadily with the

increase in water price (from zero to $2.4 million), but income from farming kept

decreasing to drop to -$12,600. This negative impact results from the pumping costs

for ground water; when all crop acreage is fallowed, farmers still pump the ground

water that would usually be used for irrigation, and transfer it instream in exchange for

a payment (see Table 10); farm labor wages also declined and eventually became zero

because with each additional crop going out of production jobs were lost'2. The

significant impact on labor income is due to the fact that perennial tree fruits and wine

grapes require extensive amount of labor per acre and therefore, when these crops are

fallowed this results in a number of workers being displaced and labor income from

farming drops substantially (the proportion of labor income to the total income from

farming generated in the area was approximately 95%). The water market activity

proved to be beneficial for the farmers; even with relatively low prices per acre-foot of

water ($25/af) income generated from participating in the market exceeded net

revenue from farming in the absence of a market by 11% ($539,387 compared to

$487, 137).

12
A water market was also simulated in a dry year and increased minimum stream flow requirements.While the prices accepted per acre-foot did not change, generally quantity of water transferred instream

decreased, and net revenues and labor income were significantly lower. In addition, in a scenario wherethere was an arbitrary increase of income from farming of 10%, prices accepted per acre-foot of water
increased by 9.5% for cherries and apples, 8.7% for prunes and plums, and 10.7% for grapes.



Table 10. Changes in Net Revenues, Labor Income, and Water Market Income.
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4.2 Hudson Bay District Improvement Company

4.2.1 Baseline scenario

As with Walla Walla irrigation district, a baseline linear programming model

representing crop acreages and water requirements, plus current irrigation

technologies was developed for Hudson Bay irrigation district. HBDIC patrons are

junior right holders and the linear programming model representing the district utilizes

surplus surface water after WWRID had diverted their amount, plus ground water.

This model also maximizes total profits, given crop acreages, irrigation choices and

available water. In addition to the apples and wine grapes, row and field crops are

grown in the district. As with WWRID, tree fruit and grape acreage is kept fixed,

based on the assumption that growers do not rotate these crops every year. The

acreage allocation for the row and field crops in the base case was compared to the

acreage reported by farmers, extension agents, and the irrigation district. Individual

crop modeled acreage differed slightly from the reported acreage (0.2% for alfalfa,

Price per
acre-foot NR from Water Total($) Total farming market Farm labor income

cfs ($) % Change income ($) income ($) % Change ($)(Base
case) 0 0 487,137 0 0 9,071,390 0 9,558,527

1.2 15 487,138 0 6,499 9,071,390 0 9,565,027
25 60 94,777 -81 539,378 1,518,791 -83 2,152,946
27 64 50,852 -90 635,289 823,880 -91 1,510,021

104 66 -12,580 -103 2,467,449 0 -100 2,454,869



0.4% for sweet onions, and 0.3% for wheat). Table 11 summarizes GAMS allocated

acreage and compares it to reported acreage for all crops in the district.

Table 11. Model Allocated Acreage and Reported Acreage.

Individual crop revenues and district net revenues are presented in Table 12.

Alfalfa is the biggest contributor to the total revenue of the district (since it has the

most planted acreage), followed by onions, apples and wine grapes respectively.

Wheat is the only crop, which is a source of net loss to producers; however, it is grown

in rotation with alfalfa in order to prepare the soil for onions, a much more profitable

crop that requires a lot of nitrogen in the soil. In addition, this study used Umatilla

county average prices for wheat for the past five years. Conversations with growers

suggested that the past several years wheat prices have been unusually low, which also

explains why wheat does not bring any net revenues to farmers.
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Crops Base model allocations Reported data
Alfalfa 3,187 3,192
Onions 398 400
Wheat 2,135 2,128
Apples 560 560
Wine grapes 288 288
Total acreage: 6,568 6,568



Table 12. Individual Crop Revenues as a Percent of District Net Revenues.

% Of total revenue

105

30
-24
19

13

In this district, irrigation technology for the row and field crops was only allowed

to be wheel/hand line sprinklers. The model chose to irrigate apples with sprinklers

(higher net revenues) and grapes with drip irrigation. These results are consistent with

the information provided by farmers (John Zerba, personal communication).

Since the district patrons are junior right holders, ground water usage is much

more extensive than the one in WWRID (for this district, ground water amounts were

also determined based on current cropping patterns and crop water needs and were

then increased by 10%). Surface water is scarce and often times there is none available

in the heat of the summer. Therefore, the baseline model utilized ground water for

each month of the irrigation season, except October. Usage varied from 536 acre-feet

in May to 6,511 acre-feet in July and 4,874 acre-feet in August. June and September

were months with moderate amounts used, since in June there is usually still some

surface water available, and in September, most of the crops are harvested, in addition

to lower crop water needs.

The model also estimated labor income for each crop. Results are summarized in

Table 13 below:
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Crops Revenues
Alfalfa 375,274
Onions 105,952
Wheat -84,330
Apples 69,507
Wine grapes 45,671
Total revenue 357,966



Table 13. Labor Income by Crop as a Percent of Total Income.

Crops
Alfalfa
Onions
Wheat
Apples
Wine grapes
Total labor income

Labor wages
108,345
50,787
85,487

1,354,226
593,194

2,192,039

% Of total revenue

S

2

4
62
27

Not surprisingly, apples and grapes were the biggest contributors to total labor

income in the district, with 62% and 27% respectively. Establishing and maintaining

an orchard or a grape vine for a period of 25 years required much more labor than the

one-year crops, such as onions and wheat, or the four-year alfalfa stand.

4.2.2 Dry year scenario

The model developed for this district was also analyzed when river levels were

lower than usual (10 percent decline) and results on irrigated acres, water used, labor

wages, and district net revenues were examined. As expected, crop acreages of the

row and field crops declined because irrigators were able to fallow some land on the

yearly crops, whereas fallowing land for a year for apples or grapes is not an option (if

fallowed for a year, perennial trees would die and would require re-establishment).

The reduction in row crop irrigated acreage resulted in lower crop revenues (a decline

of about 6%), whereas crop revenues for apples and grapes remained unchanged. The

decline was not as substantial as expected, partly because the patrons in the district

already used more water-efficient sprinklers for irrigating their crops, and partly
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because farmers rely mainly on ground water to meet their crop water needs. Total

district net revenues also decreased as a result of the water shortage and labor income

was impacted negatively for the field crops (see Tables 14, 15 and 16). Ground water

amounts for the month of May almost doubled when compared to base case to lessen

the impacts of reduced surface water availability (1,017 acre-feet compared to 536

acre-feet), increased for the months of June, July and September (22.7%, 2.3%, and

3 8.4% respectively) and remained the same for August. The slight increase in July and

no change in August was expected, since even in full water years, irrigators did not

have surface water (or had meager amounts) for these months and ground water was

the predominant source of irrigation. The increased pumping for the rest of the season

was also expected, because reduced surface water availability needed to be offset with

additional ground water quantities in order to meet crop needs of the remaining

irrigated acres.

Table 14. Acreage Irrigated in Baseline and Dry Year Scenarios.

Crops Dry year Base case % Change
Alfalfa 3,000 3,187 -5.8
Onions 375 398 -5.8
Wheat 2,010 2,135 -5.8
Apples 560 560 0
Wine grapes 288 288 0
Total acres: 6,233 6,568 -5.1



Table 15. Percent Change of District Revenues in Dry Year Compared to
Baseline.

Table 16. Labor Income in Dry Year and Baseline.

4.2.3 ESA scenario

HBDIC also signed the civil penalty agreement with USFWS for leaving 25 cfs

into the Walla Walla River north of the town of Milton-Freewater to state line.

Therefore, a scenario, which simulates dry weather conditions together with increased

USFWS flow requirements, was analyzed for the district as well. The resulting

reduction in irrigated acreage was much more severe partly because more water

(additional 5 cfs) needed to be left instream, and partly because there was less surface

water available after WWRID diverted the amount that would meet crop water needs
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Crops Dry year Base case % Change
Alfalfa 353,378 375,274 -5.8
Onions 99,772 105,952 -5.8
Wheat -79,411 -84,330 -6.2
Apples 69,507 69,507 0
Wine grapes 45,671 45,671 0
Total revenue: 320,234 357,966 -10.5

Crops Dry year Base case % Change
Alfalfa 102,027 108,345 -5.8
Onions 47,825 50,787 -5.8
Wheat 80,501 85,487 -5.8
Apples 1,354,226 1,354,226 0
Wine grapes 593,194 593,194 0
Total income: 2,177,773 2,192,039 -0.65
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in that district. Irrigated acreage for row and field crops declined by nearly 10% when

compared to baseline acres, while more high-valued tree fruits and grapes kept their

acreage the same as the one in base case, namely 560 acres of apples and 288 acres of

wine grapes. Ground water quantities were used extensively every month of the

irrigation season, except October, since in this month, surface water is enough to meet

crop water needs (which are generally lower at the end of the season), in addition to

most crops already been harvested. Ground water used in May doubled the amount in

base case, increased in June and September by 22% and 53% respectively, and

remained the same for July and August when compared to baseline scenario. The

reduction in surface water supplies was large enough to cause significant changes in

ground water pumped in months in which there is usually enough river flow to meet

crop water needs (May, June and September), resulting in higher pumping costs and

consequently lower net revenues for the district.

The reduction in irrigated acreage and the additional costs of increased ground

water usage resulted in lower district net revenues of 15% when compared to baseline

revenues, and labor income was reduced by 2.5% of base case income. The significant

decline in net revenues was expected, because row and field crops are grown in

specific rotations and with the exception of wheat (bringing net loss rather than

revenue for growers), alfalfa and sweet onions are relatively profitable crops, thus

fewer acres in production would have a large negative impact on district net revenues.



Table 17. Changes in Net Revenues, Labor Wages, and Ground Water Usage.

4.2.4 HBDIC-establishing a water market independent of WWRID

Hudson Bay district was first examined independently of the Walla Walla district

to see how producers would respond to an establishment of a water market for the

purposes of stream flow enhancement. This scenario was motivated by the fact that

junior right holders in the district are still considered "senior" right holders, relative to

instream flow priority dates and the rights would be acquired at lower prices (when

compared to senior right holders with priority dates in the late 1 800s). In addition, the

majority of the irrigated acreage in the district is planted with row and field crops,

which can more easily forego irrigation and leave unused water instream than

pereimiaf tree fruits and grapes. Finally, when the senior right holder district (Walla

Walla) operates normally, i.e. without a market for water, its patrons only divert the

amount of water that their crops need, rather than the amount allowed for by a decree.

Therefore, when there is no market for water in WWRID, more surface water is left

for Hudson Bay patrons to use.

The model was modified to represent the existence of a market for water in which

non-agricultural water users (environmental groups) would offer per acre-foot
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Change from base case:
Scenario NR ($) Labor Wages ($) Ground water used (acft)
Dry year -37,733 -14,266 16,760
% -10.5 -0.65 9.5
ESA -54,211 -55,659 16,760
% -15.1 -2.5 9.5



74

payment to producers in exchange for leaving irrigation water instream. Since

fallowing of all irrigated acreage was the primary objective of this case, a short-term

lease of the water was not an option and the scenario describes a long-term selling of

the water right (an option of one-year lease or split-season lease was examined,

however, this scenario was not modeled because there was no available information on

crops, costs, labor requirements, and yields for just part of the season). In a split-

season lease a producer agrees to only irrigate for part of the season (say May through

July), leave his crops dry for the rest of the season (August through October) and

transfer irrigation water for stream flow enhancement. A payment from OWRD to the

grower is negotiated, and third party effects are taken into account when agreeing

upon the quantity of water left instream. As appealing as this sounds, in reality it is

extremely difficult to identify all third party effects, and transaction costs are

sometimes high enough to discourage many parties from entering into a split-season

agreement. Therefore, the scenarios examined here only involve long-term selling of

the water right and fallowing irrigated land, or a one-year fallowing of land in

exchange for a per acre payment (analyzed later in the chapter).

Changes made reflected the objective function and one of the water constraints:

2 6 31
I

(Rev * A ) + ((P1 * Cyr,jj) * Ahb1,11) + ((Ahb,1) * Wi) +0 Iii 0,111
o=1 ui=1 r1 ii1 iiI

1 3 1 6

((Ahb,1) * w2) - ((Ahbrii) * (Lr * W) + Tvcr,jj + Fc1) - ( 0.87 * GWm) +ii=1 r1 ii=1 m1

(Sinm * Pr)
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where Siflm = amount of water sold on the market in month m
Pr price per acre-inch

Hbtm * Cl Lefim + GWm - Sinm

When the water market for purposes of instream flow enhancement was

established in the district, producers did not participate at prices lower than $1.2 per

acre-foot. At $1.2 per acre-foot, about 2,800 acre-feet of October water were sold. The

reason for the low price is that in October there is enough surface water to meet crop

needs, in addition to lower crop requirements (most of the crops are already harvested

in October); therefore the economic value of the water in this month is extremely low

and growers offer it on the market for an additional source of revenue (in this district,

as with Walla Walla, in the existence of a market, producers offer water that otherwise

would have been left instream). When the price was increased to $11 per acre-foot,

additional 1,397 acre-feet were sold without any changes in cropping patterns. The

extra water was actually ground water, which was not used for irrigation and thus was

made available for sale. Even with pumping cost as a factor, it was more profitable

(profit from an acre-foot of ground water pumped and then sold was approximately

$0.6) for the farmers to pump the water out of the ground and put it instream in

exchange for a payment. At $19 per acre-foot or higher, all row and field crops were

fallowed and the water used for irrigation (including all ground water) was sold.

Apples and grapes, as more high-values crops required higher prices; at $24 or higher

per acre-foot apple acreage was fallowed and irrigation water was offered for instream



use and at $100 per acre-foot or higher grapes were taken out of production and the

additional water was offered on the market (Figure 10).

Figure 10. Estimated Supply Curve in HBDIC.

Quantities of water sold started at approximately 2,800 acre-feet (47 cfs offered

on the market in October, when river flows are high enough to sustain wildlife) and

kept increasing steadily to peak at a little less than 30,000 acre-feet (about 83 cfs

spread over six months, since the 30,000 acre-feet are offered on the market only at

prices of $100 or greater and all irrigated acreage is retired) (Figure 11). The large

amount is mainly due to the fact that ground water was assumed to be used much more

extensively in this district (when compared to Walla Walla) and the amounts allocated

to Hudson Bay were eleven times higher than the ones in WWRID, so producers in

HBDIC pumped the ground water and put it istream in exchange of a payment. Here

again, some water that would have been left instream in the absence of a market was
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offered when one existed. The significance of that water is not as important as is the

one in Walla Walla, because in this district, the excess water is offered in the end of

the season when crop water needs are lower and most crops are already harvested.

Therefore, prices of $19 per acre-foot or higher would be more appropriate when

stream flow enhancement is the major objective of the water market.
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Figure 11. Cost of Acquired Water and Amount of Water Left Instream.

Overall, net revenues from farming decreased steadily from $360,000 to

$168,000 (again, the negative number is a result of substantial ground water

pumping costs; even with apples and grapes still in production, large ground water

costs offset any positive contributions to net revenue from farming), while income

from participating in the water market increased from zero to about $3 million. With

acreage going out of production, labor was left idle, thus wages continuously

decreased from $2.2 million to zero when all crops were fallowed and water was
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transferred instream. With row crops going out of production the impacts on labor

were not significant, mainly due to the fact that row and filed crops require little

labor per acre and therefore, when these crops are fallowed results indicate a decline

of about 11%; when orchard acreage was retired however, many workers were left

idle, resulting in additional 62% reduction in farm labor income (Table 18).

Table 18. Changes in Net Revenues, Labor Income, and Water Market Income in
JfBD1C.

78

4.2.5 HBDIC-establishing a market for water when WWRID also
participates

As previously explained, instream flow rights are junior to all irrigation rights. In

recent years, environmental groups or government agencies interested in acquiring

more water for wildlife preservation have started to increasingly target more senior

right holders and purchase those rights to ensure that even in dry years there will be

enough water in the river for fish passage and survival. Since senior water rights are

more "secure", this scenario was developed to reflect the existence of water markets in

Price per
acre-foot
($)

Total
cfs

R from
farming
($) % Change

Water
market
income ($)

Farm labor
income ($) % Change

Total
income
($)(Base

case) 0 0 357,966 0 0 2,192,039 0 2,550,005
1.2 8 357,966 0 3,347 2,192,039 0 2,553,352
11 12 343,381 -4 45,215 2,192,039 0 2,580,635
19 73 -53,515 -115 501,298 1,947,419 -11 2,395,202
24 81 -123,021 -134 696,873 593,194 -73 1,167,046

100 83 -168,693 -147 2,937,963 0 -100 2,769,270
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both districts, with Walla Walla (senior right holders) selling their water first, and

Hudson Bay selling after all irrigation water from WWRID was purchased for

instream use. Apart from enviromiiental groups requesting water from senior right

holders first, the presence of a market in WWRID leads to diversion of the entire

amount allowed for by a decree, leaving Hudson Bay patrons with lower quantities of

surface water for irrigation.

When WWRID diverted the entire amount of water they were entitled to, lower

quantities of surface water in HBDIC translated into some acreage of the row crops

being taken out of production (about 7% decline). To compensate for reduced surface

water supplies, growers pumped additional amounts of ground water to meet crop

needs (ground water amounts were determined using current cropping patterns and

irrigation technologies and were then increased by 10%; therefore, the additional

water mentioned above is the extra 10 percent given to the district). At $1.2 per acre-

foot or higher some 298 acre-feet of water was sold on the market in October due to

the fact that crop needs are lower at the end of the season and most crops (row and

field crops, and some apple varieties) are already harvested. At $19 per acre-foot and

higher row crops were taken out of production and all water (including ground water)

that otherwise would have been used for irrigation was sold. Apples and grapes as

higher-value crops were fallowed at higher prices, namely, $24 and $100 per acre-foot

(Figure 12).
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Figure 12. Estimated Supply Curve HBDIC When Market Exists in Both
Districts.

Quantities of water sold started at 298 acre-feet (about 5 cfs left instream in

October, a month when river flows are high enough to ensure fish passage and

survival) and kept increasing steadily with more acres taken out of production; when

row crop land was retired water left instream amounted to additional 20,400 acre-feet

or 65 additional cfs (the large amount is due to the fact that all ground water was

pumped and sold at prices of $19 per acre-foot or higher) and when the remaining

apples and grapes were fallowed, the rest of the irrigation water (about 3,700 acre-feet

or 10 cfs) was transferred instream. In this scenario as well, some water (298 acre-

feet) would have been left instream in the absence of a market; however, since the

model assumes that irrigators are profit-maximizers, when a market exists, producers

take advantage of the opportunity to earn additional revenues. Therefore, for a better

representation of the functioning of the water market and the changes it causes, prices

of $19 per acre-foot or higher should be considered a starting point (Figure 13).

80



2,500,000

2,000,000

1,500,000

. 1 000 000

500000

0

0 10 20 30 40 50 60 70

total cfs acquired for ins tream use

cost of water - - - - cfs transferred instreani

120

100

80

60

4o

20 ;;
C.?

0

Figure 13. Cost of Acquired Water and Amount of Water Left Instream in
HBDIC.

The reduction in planted acreage resulted in lower labor income and district net

revenues from farming, while at the same time with additional acreage retired, income

from participating in the market steadily increased from zero to about $2.4 million

(see Table 20 for detailed results). At every price offered per acre-foot of water, net

revenues were lower when compared to net revenues from the baseline scenario, even

though with prices below $19 per acre-foot impacts were not significant. The 12%

reduction in net revenues from farming is due to the fact that producers in Hudson Bay

already experienced reduction in irrigated acreage when the Walla Walla district

participates in the market and withdraws all the water. As expected, labor income

decreased steadily and eventually became zero when all irrigated crops were taken out
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'
As with WWRID, market was simulated in a dry year, increased flow requirements and increased

income from farming (by 10%). Results again indicated lower quantities of water transferred, net
income and labor wages. With the 10% increase in farming net revenues, only prices for water used on
row crops increased by 6.3%.
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of production'3, with substantial impacts when orchard and grape acreage was retired

(due to much higher labor requirements for these crops when compared to row and

field crops).

4.2.6 HBIIMC-short term lease of water through land fallowing in exchange of
a per acre payment

Oregon water law requires that the full water right be used at least once every five

years to avoid forfeiture. With alfalfa, wheat, and sweet onions comprising almost

90% of the acreage planted in HBDIC and a market which pays irrigators a per acre

fallowed payment, growers have the option to forego planting and irrigation of these

crops for consecutive years and receive payments for not farming. This is not the case

with perennial crops, such as orchards and grapes, that require substantial upfront

capital and equipment and positive returns are received after six or seven years into

the useful life of an orchard or vine.

For these reasons, a market for land, rather than water was established in HBDIC.

Farmers were offered a payment per acre to leave their land fallow, thus not use water

for irrigation and leave it instream for wildlife preservation. It was established

independently from WWIRD, because as explained above, this option was not

available for the perennial trees and vines.



The linear programming model was modified to offer a per acre payment for the

row and field crops with some changes reflecting these conditions on the objective

function, land constraint, and one of the water constraints in the model:

2 6 3 1 1

(Rev0, * A0,1) + ((Pr * Cy11) * Ahbrjj) + Y ((Ahb,1) * Wi) +( iiiI i-=1 ii=1 - - -

((Ahb1) *

(Acfall,11 * Price)
r1 ij1

where Acfallr,ij
Price

Ahbr,jj + Acfall1 - Trc 0
r=l ii=l r=1 iil

Hbtm * Cl Leftm + GWm - (Acfallr,jj * (Cflr,m / E11))
r1 H1

The objective function incorporated an additional source of revenue for the

farmers if they decided to participate in the market and fallow their land in exchange

for a payment. The land limit constraint was modified to represent fallowed and

production acreages, which could not be more than the available acreage in the

district, i.e. farmers could not plant or lease land they did not own, and the water

constraint excluded the water associated with the fallowed acreage from the available

water for irrigation. This constraint therefore ignored third party effects, suggesting

that all water that could have been used for irrigation was protected. In reality this is

= number of acres fallowed of crop r with irrigation technology ii
= price per acre
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31 6

w2) - ((Ahb r,ii) * (Lr * W) + TVCr,ii + Fcr) - ( 0.87 * GWm) +r=1 -1
m=1



84

not the case; OWRD usually protects only a portion of the water leased and leaves the

rest of it for other downstream users.

Producers did not start participating in the market (supply curve was very

inelastic) until the price per acre reached $60 (Figure 14). At $60, 3,133 acres of row

crops were fallowed (out of these 1,745 were alfalfa, 218 onions, and 1,169 wheat),

and about 8,400 acre-feet (approximately 24 cfs) were left for instream enhancement.

This resulted in a decline in labor income of about 6% and net revenues from farming

decreased by about 50%, while income from land fallowing increased from zero to

$188,000. When the price per acre reached $65 or higher, the rest of the row crop

acreage was fallowed and additional 7,500 acre-feet (21 cfs) were transferred instream

(Figure 15); the source of labor income were the remaining apples and wine grapes,

and land retirement income almost doubled. Net revenues from farming were only

about $19,000 due to the fact that ground water is pumped and transferred instream;

therefore ground water costs significantly reduce positive contributions from growing

apples and grapes. The impacts on labor income were not as severe as the ones

witnessed in the other scenarios, mainly due to the fact that in this scenario only row

crops were affected, i.e. only row crop acreage requiring very little labor was

fallowed, while all orchards and grapes kept their full production acreages and labor

requirements (Table 19). As expected, the loss of crop acreage and returns from

farming were offset by the prices paid for every acre of fallowed land, plus the

additional sources of revenue coming from farming of apples and grapes.



Figure 14. Estimated Supply Curve in HBDIC in Exchange of a Per Acre
Payment.
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Table 19. Changes in Net Revenue, Labor Income, and Market Income When
Fallowing Acreage.
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Price
per acre
($)

Total
cfs

NR from
farming
($) % Change

Land
fallowing
income ($)

Farm labor
income ($) % Change

Total
income ($)

(Base
case) 0

60

65

0

24
45

357,966
178,079

18,699

0

-50

-95

0

187,964

371,800

2,192,039
2,058,066

1,947,419

0

-6.1

-11.2

2,550,005
2,424,109

2,337,918



Table 20. Changes in Labor Income, Net Revenues, and Water Market Income When Both Districts Participate.

Price per
Total cfs
under

Base case
NR from

Market
NR from Wateracre-foot

($)
market farming farming Base case labor Market labor market Totalconditions ($) ($) % Change income ($) income ($) % Change income ($) income ($)

0 0 357,966 315,722 -11.8 2,192,039 2,174,992 -0.8 0 2,490,714
1.2 0.8 n/a 315,722 -11.8 n/a 2,174,992 -0.8 358 2,491,072
19 58 n/a -53,515 -115 n/a 1,947,419 -11.2 397,307 2,291,21124 66 n/a -123,022 -134 n/a 593,194 -73 566,885 1,037,057

100 68 n/a -168,693 -147 n/a 0 -100 2,398,509 2,229,816



5. CONCLUSION

The establishment of the Endangered Species Act in 1973 resulted in increased

uncertainty about irrigation water supplies due to legal requirements to protect

endangered species habitat. Many agriculturally-dependent rural communities in the

western United States have already experienced reductions in the amount of water

available for irrigation due to govermnent-jmposed restrictions on surface water use.

One such community is the town of Milton-Freewater located in the northeastern

corner of Oregon. In 2000, the USFWS filed a complaint against the two irrigation

districts in the area for "taking" of bull trout, which resulted in a civil penalty

agreement where the districts had to bypass 25 cfs into the Walla Walla River for fish

passage and survival at the expense of local producers.

The farm-level impacts of reduced water supplies and elevated minimum stream

flow requirements were examined through the development ofa linear programming

(LP) models for the two irrigation districts in the Milton-Freewater area of Umatilla

County, Oregon. The models simulated one year of agricultural production in the

Walla Walla River Irrigation District (WWRID) and Hudson Bay District

Improvement Company (HBDIC). The models were modified to also include a market

for water, which could reallocate water from irrigators to instream uses through

measuring willingness to sell and willingness to buy certain amounts of water. Since

many of the crops grown in the two districts are perennial tree fruits and grape vines,

only a long-term sale of the water right was represented by the annual model results,
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because a short-term (one-year lease or a split-season lease of the water right) was not

an option for orchard farmers.

Results indicated that reduced surface water supplies and increased minimum

stream flow requirements have negative consequences on the overall economy of the

region, labor income, and acres irrigated. As expected, declines were more severe in

Hudson Bay irrigation district, because its patrons are junior right holders getting their

surface water from the surplus left from Walla Walla district. In the middle of the

summer however, when river levels are lowest and crop water needs are the highest,

there was not much surface water left for irrigation. To compensate for that, producers

in the district used ground water much more extensively. Moreover, in low water

years, additional pumping in this district might not be adequate to meet crop water

needs. As a result, in Hudson Bay, row and field crops were reduced, in favor ofmore

high-valued apples and grapes.

In Walla Walla irrigation district, with decreased surface water availability, long-

term apple acreage was retired first, which was surprising given the fact, that in the

past several years cherry acreage has been declining steadily. However, when the

model for this district was developed and annualized net revenues were calculated,

they were based on an average costs and revenues across farms, rather than on

individual farming operations. Hence, the decline in apple acreage may not represent

choices of each individual operator and farming practices.

With the establishment ofa water market, farmers in the two districts were given

the option to: 1) continue farming, or 2) permanently sell their water right for instream
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enhancement and fallow their land in exchange of a payment per acre-foot sold. Both

districts started participating at very low prices per acre-foot ($1.2 per acre-foot).

Water that was sold however, was generally offered at the end of the irrigation season

when crop water needs were lower, most crops (all row crops, most apple varieties,

cherries, and early prunes) were already harvested, and river levels were sufficient to

sustain wildlife. With increasing prices for water (to $25 per acre-foot), profits from

the market exceeded net revenues from farming and more acres were retired from

production. Orchard farmers however accepted lower than expected prices per acre-

foot, while at the same time transferring significant amounts of water instream

(including ground water); approximately 45 cfs were transferred when apples (about

3,000 acres fallowed at prices higher than $25 per acre-foot) in Walla Walla district

were retired and additional 4 cfs when prunes and plums were fallowed (350 acres).

Grapes on the other hand, required much higher prices per acre-foot (in excess of

$100) in exchange for less than 2 additional cfs transferred instream. These results

were somewhat expected, given the fact that grapes are extremely water efficient (they

only require about one acre-foot of water throughout the irrigation season, in addition

to relatively high returns per acre). With the water market transactions farm net

revenues steadily decreased to drop to -$12,600 (the negative number represents

ground water pumping costs, since producers offered it on the market as well), while

water market income kept increasing with more acres going out of production in

exchange for a per acre-foot payment to peak at $2.4 million. Farm labor income was

severely affected by the establishment of a water market. Since orchards and wine
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grapes require extensive amounts of laborper acre, when these crops are retired, while

the producer gains from transferring his water instream, hired labor is largely

displaced, resulting in significant loss of income (from $9 million in the absence of a

market to zero when all irrigated acreage is fallowed).

In Hudson Bay irrigation district the water market translated into row and field

crops being fallowed at relatively low prices of $19 per acre-foot, while at the same

time transferring the majority of irrigation water instream, including ground water

(since row and field crops comprise about 90% of the irrigated acreage in the district).

As with Walla Walla district, orchards and grapes required higher prices in exchange

for small amounts of additional water transferred instream (approximately 10

additional cfs). In this district as well, income from the water market activities was

increasing steadily (from zero to $2.9 million), while at the same time labor wages

dropped to zero (from $2.2 million) when all acreage was retired (the impact on labor

income was not as severe as the one in Walla Walla district, because in Hudson Bay

row and field crops comprise almost 90% of the irrigated acreage but are not labor

intensive crops, therefore less labor would be left idle upon land fallowing).

In both districts crop switching was not allowed in the model, producers could not

take orchards out of production and grow more water efficient grapes as a way to sell

"saved" water on the market. The reasons behind that were that Oregon water law

states that water rights are appurtenant to the land, and therefore the rate and duty for

each individual producer is determined based on a particular crop grown in addition to

soil characteristics. To be able to switch to crops that bring higher returns while at the
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same time require less water, a farmer needs to engage in a conserved water project

with the OWRD, where existing water right would be modified to reflect the lower

quantities of water used. Since this option was not examined in the study, the model

was not adjusted to reflect crop switching. If it were allowed, most of the irrigated

acreage in both districts might have been planted with grapes (not taking into account

associated risks from extreme weather conditions, such as frost), and left acreage

could have been used for relatively high-valued orchards. This in turn would have

increased the price for water in excess of $100 per acre-foot. In addition, transfers of

irrigation water among producers within the two districts were not analyzed in this

study. A well-developed water market, which would transfer water from low-valued

crops to high-valued crops would lead to improved efficiency in agriculture in the area

and would increase the value of irrigation water in both districts.

Finally, the presence of row and field crops in HBDIC led to examining a

scenario where producers would be offered a per acre payment to fallow their land and

leave irrigation water instream. Since Oregon water law requires that the full water

right be used at least once every five years, row and field crop producers could engage

in leases for several years (stream flow is also considered a beneficial use and

producers would not face the risk of forfeiture of their water right) and leave irrigation

water for instream enhancement. On average, producers in Hudson Bay accepted a

minimum price of $60 per acre to retire land for a year. This result is surprisingly

close to the one reported by the Oregon Water Trust (OWT), where the average cost

per acre to protect water instream for 2003 under standard lease was $64.98 (Ryland



Moore, personal communication)'4 The results from this study were also similar to

results from Jaeger and Mikesell (2002) and Perry and Faux (1999) who report

average prices per acre of fallowed land of $60.

5.1 Study Limitations and Recommendations for Further Research

Linear programming provides the tools to solve farm production optimization

models such as those developed in this research but is also has some limitations. The

models developed in this thesis were based on one-year crop production activities,

which contained simplifying assumptions. Prices, yields, and production operations

were assumed to represent the region in a static manner. In reality, many factors can

impact the production decisions on a particular farm, including climatic conditions and

disease. Off-farm conditions may also vary as input and output markets fluctuate over

time.

The WWRID and HBDIC models do not depict any particular individual farm.

Therefore, the supply curves and the water sales do not completely reflect the actual

irrigators' water supply functions to instream uses. What this research provides is

insight into the likely choices that irrigators could make, given various water

availability assumptions. Individual irrigators would sell based on their own specific

production settings and choose when and at what price to retire irrigated land. In

addition, this research did not analyze in depth ground water amounts and pumping

14
For additional information on the value of irrigation water and a comparison of estimates from this

and other studies, see Chapter 2
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costs; it approximated the quantity of water pumped from the ground and used average

depths, sprinkler pressures, and pumping rates when costs of pumping were

calculated. Finally, all pereimial crop yields, costs, and prices were taken on average

across varieties; in reality there are about 10 apple, 2 cherry and 4 grape varieties

grown in the research area.

This research was an attempt to investigate the economics of commercial

agricultural water supply to instream uses in the Walla Walla Basin based on

representative production characteristics. Further research is needed to determine the

role of other factors, which impact production activities and water supply to instream

uses. In addition, evaluation of soil and field characteristics including slope and

productivity in these districts would indicate how different land attributes impact crop

production, activities, yields, and how water is used. Finally, a more comprehensive

hydrological model that would include a more detailed evaluation of the role of

ground water in the production process is needed.
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