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A recent surge in the development of irrigated agriculture in

the Fort Rock Basin of the Oregon High Desert has resulted in two

principal types of agricultural operations in the area: cow-calf

operators and cash-crop agriculturalists. The agroclimatic

hazards associated with the present situation and the implications

of those hazards for public policy are the topic of this research.

A lack of sufficient summer precipitation for field crops and

freezing temperatures during the small grain growing season are

cited as relevant to the past failure of dry farming under the

Revised Homestead Act of 1906. The present situation is charac-

terized by attempts to mitigate the hazards of the past through the

use of irrigation technology and/or adoption of a mixed cow-calf

and irrigated hay type of operation.



A normative comparison of the Fort Rock Basin with other areas

of commercial agriculture in eastern Oregon and Washington shows

the hazard of freezing temperatures during the alfalfa growing

season to be high.

Settlement motivations, natural hazard perceptions and

mitigation strategies are examined by means of a survey of resident

agricultural operators in the area. The survey was a complete

census of the population. Cash-crop operators appear to be

motivated principally by favorable finance terms related to

establishing an operation in the area. Cow-calf operators show a

greater emphasis on quality of life as a motivating factor. Both

groups gave little initial emphasis to climatic conditions in

establishing an operation, but subsequently indicated climatic

hazards to be a major source of economic loss.

The principal hazard mitigation strategies of the two groups

stressed either reliance on irrigation technology and acceptance of

the risk of freezing temperatures during the cropping season, or

combining hay production with raising livestock.
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AGROCLIMATIC HAZARDS OF THE FORT ROCK BASIN:

PERCEPTIONS AND MITIGATION STRATEGIES AMONG

COW-CALF OPERATORS AND CASH-CROP AGRICULTURALISTS

INTRODUCTION

This is a study of the agricultural development and present

situation in the Fort Rock Basin of the Oregon High Desert. The

principles applied and hypotheses considered are taken from a

natural hazards perspective within the discipline of geography.

The thesis of this research is that rational explanations can be

found 'for the recent surge in the development of irrigated agri-

culture in the Fort Rock Basin by examining the settlement

motivations, hazard perceptions and adjustment strategies of

resident agricultural operators. This thesis may be restated in

terms of three primary research questions: What motivates people to

establish an agricultural operation in an area previously judged

unsuitable for agricultural development? What is the extent of

the natural hazards to agricultural development, and how are they

perceived and mitigated by area residents? What has been the

effect or role of public policy in relation to responses to the

first two questions? These questions are derived from a general

research problem proposed by White (1973): "How does man adjust to

risk and uncertainty in natural systems, and what does understanding

of that process imply for public policy?"

Natural hazards have been defined using Zimmermann's (1951)

concept of resources and resistances in the physical environment
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(Burton and Kates 1964). Natural hazards are potential adverse

events arising out of the physical environment which act as

resistances to human enterprises and cultural activities. Based on

this definition, a prevailing theme in natural hazards research has

been that no natural hazard exists apart from human interaction

with it (White 1974). This theme is consistent with one direction

of geographic research outlined by Barrows (1923), who saw geography

as human ecology or the study of human interaction with the environ-

ment. Additional foundations for the study of natural hazards by

geographers can be found in the works of Sauer (1925), Wright (1947)

and Kirk (1963).

Studies of a wide range of natural hazards and their social

consequences have led to the working hypothesis that reliance solely

on technological manipulation of the natural environment as a means

of mitigating hazards often results in new or increased hazards and

social costs (Burton, Kates and White 1968). This paradox was

first demonstrated by White and his colleagues in relation to floods

in the United States (White et al. 1958).

Research concerned with natural hazards related to agriculture

has dealt primarily with drought (Saarinen 1966) or frost in fruit

orchards (Jackson 1974, Ward 1974, and Boyer 1977). The natural

hazards affecting agriculture in the Fort Rock Basin have been

examined from an historical settlement perspective by Bowman (1931),

Buckles (1959) and Hatton (1977, 1982). A more economic perspective

was taken by Castle and Dwyer (1956), Jackson (1981) and Obermiller

(1981). Jackson and Lewis (1983) were the first to report research

directed toward understanding the settlement motivations, hazard
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perceptions and adjustment strategies of the present agricultural

operators in the area.

Jackson and Lewis conducted a survey of all resident agri-

cultural operators in meeting their objectives. The survey results

were reported in the aggregate. This research goes one step

further towards understanding the natural hazards of the Fort Rock

Basin by dividing the survey results of Jackson and Lewis into two

major cultural components -- cow-calf operators and cash-crop

agriculturalists -- and comparing and contrasting hazard perceptions

and adjustment strategies.

The first chapter of this study is a discussion of the history

of agricultural development in the Fort Rock Basin. Particular

emphasis is given to past agroclimatic hazards and their relation-

ship to the present situation. Also included is a discussion of

the present institutional jurisdictions over land and water

resources in the Fort Rock-Christmas Valley area.

Chapter two is a normative assessment of the degree of hazard

severity based on a comparison of the Fort Rock Basin with five

other areas of eastern Oregon and Washington. This assessment is

included because no physical examination of the extent of hazard

severity in the Fort Rock Basin in relation to areas of similar

agricultural enterprises has been completed. The physical assess-

ment presented in this study provides a frame of reference for

comparison with the perceptions of area residents, as well as some

justification of the need for further research dealing with the

natural hazards of the area.
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Settlement motivations, hazard perceptions and adjustment

strategies of cow-calf operators and cash-crop agriculturalists are

presented in Chapter 3. Included in that chapter is an examination

of the role of public policy in relation to the present situation

in the Fort Rock-Christmas Valley area.

The results of this research may find timely application in

light of a recent Presidential initiative known as Asset Management.

This initiative directs the Department of the Interior to place

renewed emphasis on disposal of surplus federal lands under the

Federal Land Policy and Management Act of 1976 (public law 94-579).

The Bureau of Land Management is currently reviewing some 16,000

acres in northern Lake county for possible sale to private

individuals under the Asset Management program (Gerity 1983).

Other public agencies may also find the results of this research

will aid in formulating effective public policy in areas subject

to agroclitnatic hazards.

Finally, examining how people perceive agroclimatic hazards

and make choices related to them will add to the literature of

geography by examining an area of frequent and multiple hazard

event occurrences.



AGRICULTURAL DEVELOPMENT OF THE FORT ROCK BASIN

The area presently known as the Oregon High Desert lies

immediately east of the Cascades Range in Central Oregon. It is an

area of broad sagebrush covered plains, basaltic lava flows, and

juniper covered volcanic cones and buttes. Near the southeastern

limits of the High Desert is the remnant basin of a pluvial

Pleistocene lake. Early writers referred to the ancient lake by

several names; the name Fort Rock Lake was first used by Allison in

1940 and is the generally accepted name at the present time

(Allison 1979). The lake's name is taken from a breached tuffaceous

cone which is a major landmark in the area.

Evaporation of Fort Rock Lake in recent geologic time left an

irregular basin extending about 40 miles east-west and some 30

miles north-south, with a major embayment in the area of present-day

Silver Lake. The basin covers an area of approximately 282,000

acres and ranges in elevation from 4,350 feet near its' center to

4,600 feet at its' western margins (Figure 1).

The old lake bottom sediments and wind blown silt and sand

from the receding lake shore became the parent material for a

friable soil. The friable soil, coupled with evidence of a large

freshwater aquifer beneath the surface of the basin, have been

attractive inducements to agricultural settlers for the past 100

years. In contrast, harsh climatic conditions, including drought

and freezing temperatures, have continued to act as resistances to

the long term persistence of agriculture.
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in his classic monograph on the topic of agricultural settle-

ment in marginal areas, Bowman (1931) described Central Oregon as a

"zone of experiment". In explaining his use of this phrase he

stated:

"Settlement habitually advances and retreats on the
outer fringe of land occupation. One kind of crop
and then another may be grown to see which will best
withstand the hazards of uncertain climate: a short
growing season that in any year may prove to be too
short or a limited rainfall that may prove to be too

small. Range land is broken into farm land and then
reverts to range again. Whether to raise livestock
or grow crops, or how to combine them, are questions
that are never settled in the mind of the pioneer
because the climate is never settled and the market
prices of what he has to produce are never settled."

C. Lewis (1979) incorporated Bowman's theme into a model of

agricultural development on what she termed "secondary frontiers".

Secondary frontiers are analogous to zones of experiment. They are

generally areas of marginal agricultural feasibility which tend to

be passed over by an advancing primary frontier. Secondary frontiers

are often reevaluated for settlement and developed for agricultural

use when conditions are perceived as more favorable.

A schematic adaptation of C. Lewis's model is presented in

Figure 2. As illustrated, agricultural development on secondary

froiitiers proceeds along five stages: 1) Bypass, 2) Rediscovery and

evaluation, 3) Crop/livestock experimentation, 4) Transition and

5) Commercialization or abandonment. The model provides a framework

for systematically reviewing the agricultural development of the

Fort Rock Basin. An examination of the agricultural history of the

area provides a clear picture of the origins of present agricultural

uses and the resulting agroclimatic hazards.
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Early settlement history

Settlement of the Oregon Territory during the westward expansion

of the United States left the Fort Rock Basin bypassed in the rush

to claim more fertile and productive lands west of the Cascades.

Reexamination of the area began as early as 1875 when the basin

was found to be a suitable winter grazing area for cattle, sheep

and horses. This type of transhumance agriculture continued over

the next 30 years.

Acceptance of the land's suitability for settlement and further

agricultural development came about primarily as a result of the

revised Homestead Act of 1909. This Act allowed individuals to

claim 320 acres of the public domain for use in establishing a

farm. Its' purpose was to raise the acreage limitation on home-

steads in hopes that this would make farming of semi-arid western

lands more feasible.

Passage of the revised Homestead Act touched off a local rush

to claim land in the Fort Rock Basin. In 1908, 99 percent of the

land in the basin was in the public domain; by 1915 only 8.6

percent remained unclaimed by private individuals (Buckles 1959).

A more complete history of this homestead period has been given in

Bowman (1931), Buckles (1959) and Hatton (1977, 1982). Questions

of interest here are some of the settlement motivations and

environmental perceptions attributed to these early homesteaders.

Buckles cited four primary sources of motivation for settle-

ment. The prospect of obtaining free land in a period when little

arable public land remained was the primary reason suggested. In

9
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addition, misinformatiOn in newspapers and government reports

concerning climatic conditions, an expected increase in the market

price of wheat and rumors of a railroad passing through the basin,

were also cited.

In terms of perceptions, Buckles suggested beliefs relating to

the efficacy of dry farming techniques as having a major influence

on settlement in the area. Human labor in the form of clearing and

plowing the ground was believed to increase rainfall, while plowing

large acreages was said to reduce chances of early frosts. Other

dry farming techniques, such as dust mulching and summer f allowing

were believed to conserve soil moisture.

Bowman (1931) believed the homesteaders were justified in

thinking the land was suitable for dry farming grain. The success-

ful establishment of wheat in semi-arid areas of Montana and

eastern Washington may have been examples early settlers looked to

as supporting the feasibility of similar enterprises in the Oregon

High Desert. Without reliable climaticdata, the homesteaders

could not be expected to know that summers were drier in the High

Desert than in other treeless regions that produced grain. Dense

forests and snowcapped peaks on the eastern horizon may have created

the impression that the area was well watered in summer. In

addition, the journals of early explorers had reported the basins

of eastern Oregon to be covered with bunchgrass.

Given the information available at the time and the prevailing

beliefs concerning the effectiveness of dry farming, it would be

unfair to say the early settlers were motivated by a blind desire
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for free land. Their motivations appear to be a mixture of somewhat

intangible factors that combine to form what Bowman called pioneer

spirit. Pioneer spirit embodied a willingness to accept uncertainty

and to experiment in a new area in the hopes of gaining security

and satisfaction from personal labor.

Experimentation and Abandonment

A short crop experiment stage early in the homesteading era

showed small grains to be the preferred crops. Initially, wheat

was tried; subsequently, more hardy grains such as rye and barley

were found to be better suited to the area. Even these crops often

failed due to a short and variable freeze-free period and a lack of

sufficient precipitation.

Early government reports cited by Buckles (1959) placed the

Fort Rock area in a region receiving 15 to 20 inches of precipita-

tion. The error of this map generalization is revealed in early

climatic records kept during the homesteading era. Table 1 shows

precipitation amounts recorded at stations throughout the Fort Rock

and Christmas Valleys for the period 1908-1920. The number of

stations which operated for short times during this period provide

evidence of the settlers enthusiasm and expectations of future

growth. However, the amounts of rainfall are less than the 15 - 20

inches annually, with a summer maximum, needed to support dry land

grain.

Frequent freezes during the summer months also plagued the

early settlers. Table 2 lists the dates of last and first killing



Table 1. Monthly precipitation during the small grain growing
season (May - September) at selected stations in the

12

U.S. Department of Commerce, Weather Bureau.

Fort Rock Basin 1908 - 1920.

Year Location

Precipitation (Inches)

May June July August Sept. Annual

1908 Christmas 0.72 0.92 0.33 0.12 0.78 6.73

Lake

1909 0.09 0.67 0.60 0.00 0.89 10.09

1910 0.70 0.63 0.66 0.00 0.90 9.12

1911 0.41 1.30 0.07 T 1.21 7.17

1912 1.87 0.98 1.22 0.72 0.49 10.27

1913 Silver Lake 0.96 1.69 1.84 1.10 0.07 11.22

1914 Cliff 1.21 0.90 0.06 0.00 0.70 10.52

Silver Lake 2.09 0.43 0.32 T 0.54 9.28

1915 Cliff 1.03 0.11 1.20 T 0.15 7.52

Silver Lake 0.77 ---- 1.36

1916 Cliff 1.47 1.33 0.39 0.36 T

1917 Silver Lake ---- 0.09 0.06 0.29 0.59

1918 Silver Lake 0.11 0.00 0.41 0.43

1919 Silver Lake T 0.24 0.00 0.00 0.98 8.36

Fremont T 0.91 0.10 T 0.63 7.23

1920 Silver Lake 0.11 0.69 0.36 0.06 0.07 8.62

Fremont T 0.56 0.75 0.41 0.33 7.18

Source: Climatological Data: Oregon, Annual Summaries 1908 - 1920.
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Source: Climatological Data: Oregon, Annual Summaries 1908-1920.
U.S. Department of Commerce, Weather Bureau.

Table 2. Dates of last killing frost in spring and first killing
frost in fall for Silver Lake, Oregon, 1908 - 1920.

Year

Date of Last
Killing Frost

in Spring

Date of First
Killing Frost Days Between

in Fall Killing Frosts

1908 June 27 August 24 58

1909 July 18 August 26 39

1910 June 24 August 13 50

1911 June 4 Sept. 18 106

1912 May 30 Sept. 14 107

1913 July 17 Sept. 9 54

1914 June 7 Sept. 9 54

1915 Missing

1916 Missing

1917 Missing

1918 Missing --

1919 July 26 Sept. 12 48

1920 June 24 August 25 62
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frosts at Silver Lake for the period 1908-1920. Data are missing

during World War I because of temporary closure of the weather

station at the U.S. Forest Service offices in Silver Lake. Killing

frosts, as defined by the U.S. Weather Bureau at the time the data

were recorded, did not denote a particular temperature but

indicated a subjective judgment on the part of the weather observer.

If the major crops of the area were killed by freezing temperatures

the observer recorded that date as having a killing frost. Most

small grains grown in eastern Oregon require about 90 days between

killing frosts to produce a full head of grain. As indicated in

Table 2, this occurred only twice in the years recorded. As a

result, many homesteaders found themselves faced with continuing

crop losses.

One response to the damage done by freezing temperatures was

to harvest hay rather than grain. At one time, a dairy operated

at Fremont on the western edge of the Fort Rock Valley. The dairy

cows were fed barley or rye hay harvested locally. Milk was

processed into cheese and other low bulk, high value products and

shipped over dirt wagon roads to Bend. The difficulty of trans-

portation proved to be too much of a barrier and the dairy was

eventually forced to close.

A second response to the climatic hazards of the area was to

raise cattle rather than depending on cash sales of grain or hay.

This required more extensive landholdings than many homesteaders

were able to purchase. The result was the sale or abandonment of

homesteads and the expansion of livestock operations.
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By the time of Bowman's field reconnaissance of the Fort Rock

Valley in August of 1930, the area had passed through a transition

stage in cash-crop agriculture and was almost completely abandoned.

As he traveled along the road from the treeline of the Deschutes

National Forest to the cross-roads at Fort Rock, Bowman noted 15

uninhabited and two inhabited houses on or quite near the road.

Along the margin of the Connelly Hills he counted some 30 more

structures, but could not verify if they were inhabited (Bowman

1931).

Much of the abandoned lands passed into the ownership of Lake

County for non-payment of taxes. Portions of the county land, as

well as additional failed homestead land,was purchased by the

Federal government under the Bankhead-Jones Act during the late

l930s. Private landholdings in the Fort Rock Basin amounted to

35.8 percent of the land area in 1941. This is in contrast to

conditions in 1915, when 91.5 percent of the land area was held

privately (Buckles 1959).

The remaining landowners in the area during this period were

primarily cow-calf operators. Some used diesel engines to pump

water onto pastures for irrigation, others relied on windmills or

continued to raise dry land hay to supplement their feed base. For

the most part the Fort Rock area remained an area of extensive

livestock raising for the next 15 years.

Reevaluation using irrigation technology

In 1956, following passage of the Rural Electrification Act,

electrical energy for powering irrigation pumps first became
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available in the Fort Rock Basin. The new technology prompted

renewed interest in the agricultural potential of the area. In

response to inquiries concerning the irrigation potential of the

area, the Oregon State College Agricultural Extension Service and

the U.S. Soil Conservation Service conducted an economic

feasibility study for the Fort Rock Basin (Castle and Dwyer 1956).

Castle and Dwyer examined the physical characteristics of the

climate and also estimated the extent of available groundwater using

data gathered by Newcomb (1952) from a sample of test wells in the

Fort Rock Valley. They then surveyed area agricultural operators

to arrive at a profile of farm organizations for the area. Castle

and Dwyer found most agriculturalists in the area raised beef

cattle and were interested in increasing feed production using

irrigation. A limited number of respondents were interested in

using irrigation as a possible means of producing a cash crop.

Survey results relating to farm and ranch organization were

used to construct farm budget analyses for each of four types

of organizations reported in the area: cow-yearling, irrigated

cash-crop, cow-yearling with irrigated alfalfa hay, and irrigated

pastures. Castle and Dwyer concluded that an opportunity existed

for livestock operators to increase their feed base by using

irrigation, but cautioned that irrigation development would be

associated with some risk and uncertainty. This risk and

uncertainty was related to the short and extremely variable freeze-

free period in the area and unknown characteristics of the ground-

water supply.
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Castle and Dwyer's findings appear to have been generally

accepted. Most groundwater development during the next fifteen

years was carried out by livestock operators seeking to increase

their feed base. However, beginning about 1972, a surge in interest

in cash-crop agriculture marked the beginning of another

reevaluation of the potential for irrigation in the Fort Rock-

Christmas Valley area. This reevaluation was associated with the

successful development of center pivot irrigation technology on the

High Plains of Nebraska, Kansas and eastern Colorado, and more

locally in the Columbia Basin of eastern Washington and Oregon

(Muckleston and Highsmith 1978).

Center pivot irrigation systems consist of an above ground

radial water line mounted on self propelled wheels. The water

line pivots around the center of the field, creating a circular

pattern. Center pivots typically cover 132 acres, with larger

acreages being possible with the addition of more sections of water

line. The major advantages of center pivot systems are their

ability to irrigate sandy or light textured soils with light and

frequent applications of water and the substantial labor savings

they offer over side roll or sprinkler pipe irrigation systems

(Figures 3 and 4).

Increasing development of irrigated agriculture in the Fort

Rock area led to an increase in population in the Fort Rock/Silver

Lake/Christmas Valley census district of from 617 persons in 1970

to 1,227 in 1980. This population growth was responsible for 50

percent of the population increase in Lake county for that

decade (Jackson 1981).



Figure 3. Center pivot irrigation of alfalfa in the vicinity of
Fort Rock. July 2, 1983. The view is to the south.

18

Figure 4. Irrigation pump used to pressurize and deliver water to
an alfalfa center pivot in the Fort Rock Valley.
July 5, 1983.
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A short crop experiment stage was also associated with the

most recent evaluation of the agricultural potential of the basin.

Mint, potatoes, sugar beets, and small grains, as well as alfalfa,

have all been tried. All of these crops met with marginal success

to complete failure, except for alfalfa. Barley is sometimes

planted in rotation with alfalfa by some residents. Rye and barley

may also be planted as a dry land crop in the corners of center

pivot fields. It should be noted that not all agriculturalists in

the area use center pivots. Many long time residents continue to

use side roll irrigation on rectalinear fields. Also, most rye

and barley is cut as hay rather than grain, though attempts continue

to be made to grow oats, barley and triticale for grain.

Institutional jurisdictions over land and water resources

Continued demand for land in the Fort Rock Basin, primarily in

the Fort Rock and Christmas valleys, has been accompanied by

renewed efforts to claim public lands for agricultural development.

The largest single landowner in the two valleys is the Federal

government. Federal lands in the area are managed by the Bureau of

Land Management and are comprised of two classes. The first are the

Bankhead-Jones lands purchased by the government from failed home-

steaders or Lake County during the homestead abandonment period.

Conditions of the Bankhead-Jones Act prohibit lands purchased under

the Act from being sold for agricultural development. Most of these

lands are located north and west of Fort Rock. The second class of

Federal lands are public rangelands. These lands amount to some

16,000 acres in the Fort Rock and Christmas valleys. Most of the
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public rangeland is located in the northern and eastern portion of

Christmas Valley and along the divide between Christmas Valley and

Peter's Creek Sink (Figure 5).

Between 1976 and 1980 the BLM received applications for

14,839 acres of public rangelands under the Desert Land Act of 1877

(Jackson 1981). The Desert Land Act allowed public land to be

entered and claimed by private individuals if it could be shown

that the land had potential for irrigated agriculture. After

public hearings on the matter the BLM denied all applications for

Desert Land Entry in the Fort Rock area.

Most recently, the Federal government has announced an Asset

Management Program (Bureau of Land Management 1982). Citing the

Federal Land Policy and Management Act of 1976, the Reagan

administration has directed that renewed emphasis be given to

disposal of public lands which can gain a higher and better use in

private ownership. One such higher and better use is the develop-

ment of intensive agriculture on lands now used for extensive

grazing. Under the Asset Management Program, Federal lands are to

be disposed of by sale at an appraised market value through a

competitive bidding process. The appraised market value will be

the minimum bid considered. In addition, rights of first refusal

to purchase at the appraised value will be given to adjacent

landowners followed by the state in which the tract is located.

All Federal rangelands in the Fort Rock Basin are currently being

reviewed for inclusion in the Asset Management program (Gerity

1983).



Figure 5. Bureau of Land Management administered lands along the
divide between Peter's Creek Sink and Christmas Valley.
March 23, 1983. The view is to the north.
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In addition to Federal lands, approximately 3,800 acres in the

area are owned by the Oregon State Lands Division of the Oregon

Department of Transportation. The state originally obtained these

lands as a result of the Federal government granting the 16th and

36th section of every township to the State of Oregon for school or

public building purposes at the time Oregon became a state. Most

of these state school lands were sold to raise revenue long ago.

However some of these lands remain in isolated areas of the state.

Jackson (1981) reported irrigation leases on 4.5 sections of these

state lands were granted in 1981.

Groundwater is also an important resource in the Fort Rock

Basin. Groundwater in Oregon is owned publicly. Rights to

pump and use groundwater are granted to private individuals through

a permit application process administered by the Oregon Department

of Water Resources. The Department of Water Resources closely

monitors groundwater pumpage and the permitted acreage granted to

irrigators. Department records of estimated pumpage show an in-

crease from 21,000 acre/feet in 1972 to a peak of about 89,000

acre/feet in 1981 (Figure 6). A sharp decline in the figure in

1982 and 1983 is probably related to the above normal summer

precipitation in those two years. Figure 7 represents increases

in groundwater rights granted to private individuals in terms of

permitted acreage. As shown by the figure, permitted acreage

increased from about 6,000 acres in 1970 to 74,000 acres in 1984.

It should be noted that the more recent figures for permitted

acreage are somewhat tenuous. Applicants receiving permits have a

specified time period in which to patent their rights to the
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Figure 6. Estimated groundwater pumpage in the Fort Rock Basin,

1956 - 1983. Source: Oregon Department of Water
Resources, Groundwater Division, Salem, Oregon.

0'0 I-

0' 0'
_4 -

'F' 0
0'- -

23

0
u. '00'



PERNITTED
ACREAGE

CX 1000)

80

o n 0 u 0
- ,

_4 - - -
YEAR

Figure 7. Acreage with permitted water rights to groundwater in the
Fort Rock Basin, 1940 - 1984. Source: Oregon Department
of Water -Resources, Groundwater Division, Salem, Oregon.

0 0
O r- N.- - _4 - -

24



25

groundwater by following through on their proposed development.

Failure to bring the land under development results in forfeiture

of the water right. For example, in 1956 the availability of

electricity was marked by a sharp rise in permitted acreage.

However, comparing acreage which was actually brought under

irrigation with the acreage granted permits showed a much more

gradual increase. Figure 7 is based on actual acreage brought

under irrigation in the 1950's and 1960's (Miller 1984).

Past government involvement in the agricultural development of

the Fort Rock Basin and the present jurisdiction of government

agencies in the management of land and water resources suggests

public policy will continue to play a significant role in the

future of the area. Formulation of effective public policy which

promotes social well being will require a complete understanding

of human interaction with the physical environment of the area.

Summary of the present situation and need for further research

The present situation in the Fort Rock Basin can be considered

the result of settlement on a secondary agricultural frontier.

Agricultural development has proceeded along two primary pathways.

The first is characterized by the long term establishment of

livestock operations. Livestock grazing began with use of the basin

for winter range and evolved to include resident cow-calf operators

who may use irrigation to grow supplemental forage for their

stock. The second pathway follows the cyclical settlement

and withdrawal of cash-crop agriculturalists. Initial cash-crop

development utilized dry farming techniques, while recent cash-crop
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agriculturalists have used irrigation technology to establish

alfalfa hay farms.

The recent surge in irrigated agriculture is illustrated by

increasing demands for land and water resources in the basin.

Applications for Desert Land Entry on Federal rangelands and for

permits to develop groundwater resources were both cited as

evidence of demand for agricultural land. Increasing agricultural

development has increased human interaction with agroclimatic

hazards and led to a period of transition in the Fort Rock Basin.

The direction this transition will follow will be influenced by the

degree of hazard severity and the motivations, hazard perceptions

and adjustment strategies of resident agricultural operators.

No comparative assessment of the degree of agroclimatic hazard

severity in the Fort Rock Basin is presently available. Chapter 3

of this research meets this need by comparing the Fort Rock area

to areas of commercial agriculture in eastern Oregon and Washington.

If these other areas are found to experience agroclimatic hazards

similar to those in the Fort Rock area, it may be reasonable to

assume the Fort Rock transition will end in long term commercial

agriculture, all other things being equal. If conditions are more

severe in the Fort Rock area, the efficacy of continued cash-crop

development may be questioned. In addition, a physical assessment

of the present agroclimatic hazards will provide a frame of ref er-

ence for comparison with hazard perceptions of cow-calf and cash-

crop agricultural operators in the Fort Rock area.



ASSESSMENT OF AGROCLIMATIC RISK AND UNCERTAINTY

IN THE FORT ROCK BASIN

The purpose of this chapter is to present a normative assess-

ment of the agroclimatic risk and uncertainty faced by agricultural

operators in the Fort Rock Basin. The terms risk and uncertainty

and their relationship to settlement and economic activity, have

been a topic of considerable discussion in the literature of both

geography and economics (Knight 1921, Gould 1963, Von Mises 1966,

Burton and Kates 1964). The two terms are sometimes used synony-

mously in the natural hazards literature, but more commonly refer

to slightly different concepts. Uncertainty generally implies a

lack of omniscience or control over the result or outcome of a

course of action. The danger of an extreme hazard event or one

of rare occurrence is often a matter of uncertainty to a decision-

maker deciding on a location for an economic activity or on a

particular investment strategy. Risk more often implies some

degree of knowledge or acceptance of a natural hazard based on a

probability distribution or relative frequency of hazard event

occurrence.

When expressed in probability terms, risk can be used as a

weighted disutility in economic decisions. For example, the damage

resulting from a 100-year flood (i.e. a flood with p = .01 for any

year) might be multiplied by its' probability of occurrence and

considered a disbenef it in a benefit-cost decision. Because a

cardinal value can be assigned to it, risk is sometimes considered

to be a form of measured uncertainty. However, as events become

27
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more catastrophic and rare in terms of occurrence, using risk to

measure uncertainty becomes tenuous.

All agricultural operations face some amount of risk and

uncertainty. However the degree of risk and uncertainty may vary

from place to place for a given type of agricultural operation.

This chapter attempts to assess the degree of one agroclimatic

hazard -- freezing temperatures. -- through a normative comparison

of areas of commercial agriculture in eastern Oregon and Washington.

Freezing temperatures during the alfalfa growing season are

considered the hazard of interest based on the agricultural history

of the Fort Rock Basin. The use of irrigation technology is assumed

to mitigate the hazard of insufficient summer precipitation for

cash-crops.

Areas of interest for comparison will have agricultural enter-

prises similar to those found in the Fort Rock Basin. In addition,

they are areas which can be considered to have reached the

commercialization stage of the model shown by Figure 2. For

purposes of this discussion, an area is considered to have reached

the commercialization stage if it is locally served by an Oregon

State University Agricultural Extension Service field station and

is within a county producing greater than 10 percent of its'

respective state's gross farm sales of alfalfa and/or cattle and

calves. County data are used because counties are the smallest

areal unit with readily available agricultural data. The areas

selected are listed in Table 3. Each of the areas selected have

soils and annual precipitation regimes generally similar to the



Table 3. Selected agricultural areas in eastern Oregon and
Washington.
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Weather Station

County Proportion of
State Gross Farm Sales (%)

Elevation
(Feet)

Hay and
Silage

Cattle and
Calves

Hermiston,
TJmatilla Co., 7.5 5.4 624

Oregon

Ephrata,
Grant Co., 27.5 16 1,259

Washington

Prineville,
Crook Co., 7 5 2,868

Oregon

Kiamath Falls,
Kiamath Co., 17 9 4,098

Oregon

The Poplars Ranch,
Lake Co., 13 7 4,316

Oregon

Squaw Butte
Experiment Station,

5 6 4,675
Harney Co.,
Oregon
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Fort Rock area on a macro-scale level. The major physical difference

among the selected areas is elevation.

Elevation is a major factor associated with the propensity for

freezing temperatures during the crop season in eastern Oregon and

Washington. During clear summer nights, high elevation basins

experience rapid rates of radiant energy loss. As energy is lost

to the atmosphere, cold, relatively dense air settles into basins

and valleys, often resulting in freezing temperatures during the

early morning hours.

Description of areas selected for comparison

A profile of the areas selected for comparison and their

similarity to agricultural enterprises in the Fort Rock Basin is

outlined below. The areas selected repr.esent a continuum of

agricultural types, ranging from irrigated cash-crops to areas of

mixed cow-calf and cash-crops and ending with an area of cow-calf

operations with no local cash-crops.

Hermiston, Oregon and Ephrata, Washington are representative

of commercial areas producing alfalfa as well as other cash-crops.

The origins and growth of cash-crop irrigated agriculture in these

areas coincided with growth in the Fort Rock Basin. Center-pivot

irrigation technology has been the primary means of bringing large

acreages of sandy, excessively drained soils into intensive

agricultural production (Muckleston and Highsmith 1978). Alfalfa

from these two areas is processed into cubes, bales or pellets and

shipped through west coast commodity brokers to dairy and feedlot

operators in Japan, Hawaii and the Pacific Northwest (Wohid 1982).
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Areas of mixed cow-calf and cash-crop enterprises are repre-

sented by Kiamath Falls and Prineville. Both locations are the

major agricultural areas in their respective counties. Cattle and

calves as well as alfalfa hay is sold locally and in western Oregon

and northern California.

The Poplars Ranch is located in the Fort Rock Valley, roughly

midway between the service communities of Fort Rock and Christmas

Valley. The ranch has been the site of a cow-calf operation using

irrigated pastures since the early 1920's. Weather data is collected

by the owner of the ranch. Climatic records for the ranch are

discontinuous, but 20 years of record are available for the period

1948-1967.

The Squaw Butte Experiment Station, in northeastern Harney

county, is operated by Oregon State University. The Experiment

Station is primarily engaged in research related to livestock

production in the Oregon High Desert. Most local ranchers produce

calves or yearling livestock for sale to feedlots. Local soils

are too rocky and thin to support crops and groundwater is not

readily available for irrigation. It should be noted that most

of the hay production listed in Table 3 for Harney county takes

place in the Malheur and Harney lake basins some 40 miles southwest

of Squaw Butte.

Relationships between freezing temperatures and alfalfa cultivation

Alfalfa is generally considered a frost hardy crop. That is,

in relation to other crops, alfalfa can withstand freezing tempera-

tures with less reduction in yield or damage to the plants.
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However, while alfalfa plants are usually not killed by temperatures

of 32°F, growth is retarded and consequently yields are not as

high (Jackson 1981). Temperatures of 28°F approach the minimum

limit which alfalfa can withstand without suffering some permanent

damage to the standing crop.

Murphy and Johnson (1976) conducted field trials for a variety

of alfalfa strains at the Central Oregon Experiment Station in

Redmond, Oregon. The results of their work suggest several

relationships between alfalfa and freezing temperatures.

Murphy and Johnson found alfalfa was at greatest risk to

damage from freezing temperatures during establishment of the

alfalfa stand and just prior to harvesting. Reseeding of alfalfa

fields in central Oregon is recommended about every five years,

depending on the extent of winter injury the plants have sustained.

Recently seeded fields are susceptible to damage by three factors:

Frost during the period of growth between emergence of the

seedlings and the formation of true leaves.

High temperatures during July and August.

Frost heaving of small plants during fall and winter.

To mitigate the danger of damage from high temperatures in

July and August, irrigators must carefully monitor the application

of water to the seedlings. Straw or stubble may be used to shield

the seedlings from the sun, or a nurse crop of oats may be used to

provide shading.

Dealing with the hazard of frost is more difficult. Spring

planting should be done as early as possible, so that the plants
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are established well enough to withstand high midday temperatures

in July and August. Yet, planting too early may expose the

seedlings to frost. If this strategy is not effective the farm

operator may choose to plant in late suimner and hope that the

seedlings become well enough established to withstand frost heaving

during the fall and winter. The ideal situation would be one in

which a planting was made early enough that true leaves and deep

roots had developed before July; yet not so early that frost

damaged the emerging alfalfa plants.

The timing and extent of harvesting alfalfa is also impacted

by the occurrence of freezing temperatures. Murphy and Johnson

recommended that alfalfa not be cut from four to six weeks before

the first killing frost of the fall season. Eight to ten inches

of top growth are needed during this period to insure that sufficient

carbohydrates are stored in plant roots and crowns. These stored

reserves are used to develop resistance to cold, as an energy bank

during the winter months, and to begin new growth in the spring.

Without these carbohydrate reserves winter survival is lessened

and the number of crown buds and rhizomes available to produce new

growth in spring is reduced. Cutting after the first killing

freeze in the fall is not as hazardous as cutting before it. This

is because root and crown carbohydrate reserves usually reach a

higher level if growth is allowed to continue until after the

freeze.



Comparative assessment of the hazard of freezing temperatures

The research results and recommendations of Murphy and Johnson

provide a standard of reference for a normative comparison of the

risk of freezing temperatures relative to the growth of alfalfa in

the five areas selected for comparison with the Fort Rock Basin.

As noted earlier, the Squaw Butte Experiment Station is in an area

with little cultivation of alfalfa. However, it is included in

this assessment as an example of conditions in the Oregon High

Desert in an area of cow-calf operations.

Descriptive statistics for the number of days between tempera-

tures of 28°F are given for each of the six locations in Table 4.

Table 5 gives the same statistics using 32°F as the base temperature.

The lowest mean number of days between freezing temperatures is at

The Poplars ranc:h. The degree of uncertainty associated with the

mean is reflected in the coefficient of variation relative to the

mean for temperatures of both 28°F and 32°F.

The uncertainty associated with the risk of freezing tempera-

tures among the six areas of comparison is illustrated graphically

in Figures C, 9, andlO. Figure 8 compares conditions at The Poplars

ranch with those at Hermiston and Ephrata, the two areas representing

cash-crop irrigated agriculture. Not only is the period between

temperatures of 28°F much shorter at The Poplars ranch, but it also

shows a much greater variation from year to year. Again, this

suggests a high degree of uncertainty in the Fort Rock Basin.

Figure 9 compares Kiamath Falls and Prineville with The Poplars

ranch. These areas are representative of a mixed cow-calf and

34



Table 4. Descriptive statistics for the number of days between
last spring and first fall temperatures of 28°F at
selected locations in Oregon and Washington, 1948 -
1967.

Table 5. Descriptive statistics for the number of days between
last spring and first fall temperatures of 32°F at
selected locations in Oregon and Washington, 1948 -

35

(1948 - 1966)

1967.

Location Range Mean
Standard
Deviation

Coefficient
of Variation

(%)

Ephrata 146 - 213 178 18 10

Hermiston 134 - 208 164 17 10.5

Klainath Falls 64 - 157 111 27 24.5

Prinevilie 54 - 111 42 32.5 77.5

Squaw Butte 2 - 129 66.5 34 51

The Poplars 1 - 80 19 16 84

(1948 - 1967)

The Poplars 1 - 48 13 12 92

Location Range Mean (x)
Standard

Deviation (s)

Coefficient
of Variation

s/it (%)

Ephrata 170 - 245 205 19.5 9.5

Hermiston 152 - 223 191 21 11

Kiamath Falls 100 - 196 149 26 17.5

Prinevilie 54 - 139 106.5 19 18

Squaw Butte 75 - 167 118 23 19.5

The Poplars 1 - 113 53 35 66
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Figure 8. Number of days between last spring occurrence of 28°F and first fall occurrence of 28°F

at selected cash-crop locations. Data: U.S. Dept. of Commerce, Weather Bureau.

240

210

180

I)AYS 150

I 20

90

60

30

0



I)AYS

250

181)

150

120

90

60

30

()
I I I I I I I I I I I

194K 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967

'(EAR

Figure 9. Number of days between last spring occurrence of 28°F and first fall occurrence of 28°F
at selected mixed cow-calf and cash-crop locations. Data: U.S. Dept. of Commerce,
Weather Bureau.
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Figure 10. Number of days between last spring occurrence of 28°F and first fall occurrence of 28°F

at selected cow-calf locations in the Oregon High Desert. Data: U.S. Dept. of Commerce,

Weather Bureau.
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cash-crop type of agriculture. All three of the locations illus-

trated show wide variations; but again, The Poplars ranch has the

shortest average freeze-free period of the three.

Figure 10 compares The Poplars ranch to the Squaw Butte Experi-

ment Station. The hazard of freezing temperatures appears lower at

the Squaw Butte Experiment Station. Both Squaw Butte and The

Poplars ranch are located in the Oregon High Desert. A partial

explanation for the difference between the two stations may be

found in the local physiography of the stations. The Squaw Butte

Experiment Station is located on the margin of a broad basin with

a southeasterly exposure. This may allow cold air to drain away

and early morning sun to warm the station. The Poplars ranch is

located on the floor of the Fort Rock Valley at the base of the

north-facing slopes of the Connelly Hills. It may be that cold air

draining off the Connelly Hills settles in the Fort Rock Valley

and remains in the shadow of the hills until midmorning. This

hypothesis seems tenuous in light of climatic data at Fremont, a

second weather station in the Fort Rock Valley located some 15 miles

northwest of The Poplars ranch. Fremont is at a slightly higher

elevation than The Poplars ranch and is on a relatively broad

plain. However, climatic records show the hazard of freezing

temperatures to be even more severe at Fremont than at The Poplars

ranch.

A complete analysis of the microclimatology of the Fort Rock

Basin is beyond the scope of this research. However, based on the

brief examination presented here, it does appear that uncertainty
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in relation to freezing temperatures is greater at The Poplars

ranch than at any of the other locations considered.

The hazard of freezing temperatures associated with the Fort

Rock Basin is expressed in terms of risk in Table 6 and Table 7.

The assessment of risk of freezing temperatures is based on

frequency data for the latest and earliest dates of occurrence for

the temperatures indicated.

The dates shown in the tables were derived by first dividing

the year into a spring half-year ending on June 30 and a fall

half-year beginning on July 1. The dates of last spring occurrence

for 28°F and 32°F, were arranged in order from earliest to latest

for the period 1948-1967. The median of these dates was considered

to have a risk of occurrence in five out of 10 years or 50 percent.

Similar rationale was used to find risks of 10 percent and 20

percent. The same procedure was used to arrive at the risk of

first fall occurrence of the freezing temperatures indicated. A

more complete discussion of the method can be found in Eichhorn,

Rudd and Calvin (1961).

What do the conditions described here suggest in relation to

the recommendations of Murphy and Johnson? In five out of 10 years

during the period 1948-1967 at The Poplars ranch, the last spring

occurrence of a temperature of 28°F and the first occurrence of the

same temperature in the fall were June 16 and August 8, respectively.

Following Murphy and Johnson's recommendation that alfalfa not be

cut from four tosixweeks before the first killing frost in fall

(in this case 28°F), a cautious farmer desiring 50 percent odds

of avoiding a freeze would cut his alfalfa sometime between June 28



Table 6, Frequency of occurrence for temperatures of 28°F or less in spring and in fall for selected

Data: Climatological Data: Oregon, Annual Summaries, 1948 - 1967, Vol. 51, no. 13 - Vol. 73, no. 13.

U.S. Department of Commerce, Environmental Science Services Administration, Environmental Data

Service.

locations in eastern Oregon and Washington.

Frequency Location

Spring: (< 28°F)

1 year in 10 later than

2 years in 10 later than

5 years in 10 later than

The
Poplars

Squaw Butte
Exp. Sta.

Klainath

Prineville Falls Hermiston Ephrata

June 30

June 29

June 16

June 29

June 27

June 1

June 16

June 5

May 28

June 16

June 4

May 12

April 29

April 22

April 9

April 28

April 21

April 3

Fall: (< 28°F)

1 year in 10 earlier than July 2 September 12 August 3 September 17 September 24 October 16

2 years in 10 earlier than July 2 September 18 September 2 September 24 October 1 October 19

5 years in 10 earlier than August 8 September 23 September 12 October 7 October 21 October 31



Table 7. Frequency of occurrence for temperatures of 32°F or less in spring and in fall for selected

Data: Climatological Data: Oregon, Annual Summaries, 1948 - 1967, Vol. 51, no. 13 - Vol. 73, no. 13.
U.S. Department of Commerce, Environmental Science Services Administration, Environmental Data
Service.

locations in eastern Oregon and Washington.

Risk Location

Spring: (< 32°F)

1 year in 10 later than

2 years in 10 later than

5 years in 10 later than

The
Poplars

Squaw Butte
Exp. Sta.

Klamath
Prineville Falls Hermiston Ephrata

June 30

June 30

June 28

June 28

June 27

June 21

June 30

June 29

June 25

June 29

June 27

June 14

May 14

May 6

April 26

May 4

May 1

April 20

Fall: (< 32°F)

1 year in 10 earlier than July 1 July 1 July 2 September 2 September 19 November 1

2 years in 10 earlier than July 1 July 28 July 2 September 14 September 27 October 26

5 years in 10 earlier than July 4 August 29 July 12 September 24 October 6 October 19
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and July 12. Assuming June 16 has a 50 percent chance of being

the last date of freezing temperatures of 28°F or less, this leaves

a 12 to 26 day freeze-free period for the alfalfa to grow before

cutting. Obviously, some growth must occur prior to June 16 in

order for a cutting to be made between June 28 and July 12.

However, the hazard of freezing temperatures suggests yields will

be lower than in areas without freezes.

Murphy and Johnson also recommend that eight to 10 inches of

top growth be allowed before the final cutting in the fall to enable

the alfalfa to develop carbohydrate reserves in the crown and

roots. Cutting after the first freeze' is said to be less harmful

than cutting before it. Assuming Fort Rock farmers follow these

recommendations it appears that two cuttings of alfalfa are about

the most that can be expected over the long term. One cutting would

be near the beginning of July and the other after the first fall

freeze (probably toward the end of August). Interviews with

cash-crop alfalfa growers in the Fort Rock and Christmas valleys

support this assessment (Jackson and Lewis 1983). One cash-crop

alfalfa grower who had been in the area for more than 10 years,

commented that local cash-crop operators claiming to take three

cuttings were probably taking three small cuttings and getting the

same yield as operators who cut twice. Other local operators

reported they had lost alfalfa stands during the winter after taking

three cuttings the previous summer.

The agricultural practices in the Fort Rock and Christmas

valleys suggest average yields will be lower than in Hermiston

and Ephrata where the risk of freezing temperatures is much less.
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The alfalfa growing season in the latter areas extends from March

through October. Local cash-crop operators generally take four

cuttings of alfalfa and obtain yields of five to seven tons per

acre (Lewis etal. 1983). In contrast, alfalfa irrigators in the

Fort Rock Basin report yields ranging from 2.5 to five tons per

acre. In 1982, the estimated average yield of alfalfa hay in

Oregon was four tons per acre (Extension Economic Information

Office, Oregon State University).

Assuming similar production costs and prices for alfalfa, the

Fort Rock cash-crop irrigator appears to be at a disadvantage in

relation to alfalfa producers in the Hermiston or Ephrata areas.

But yield alone does not determine the returns a farmer will earn

from his alfalfa. Protein content, acid detergent fiber, and

moisture levels are all used in pricing alfalfa (Ford and Willet

1983). Alfalfa hay in the Fort Rock area is reported to be high in

protein and capable of being sold at premium prices (Jackson 1981).

Risk and uncertainty, however, cast a shadow over the Fort Rock

farmer's ability to consistently produce high yields of premium

quality alfalfa.

Risk and uncertainty in other areas appears to be associated

with adoption of the mixed cash-crop, cow-calf type of agriculture

as represented by Klamath Falls and Prineville. It should be noted

that in both these areas some operations producing only cash-crops

or only livestock can be found. And livestock is also raised in

the Hermiston and Ephrata areas. But a large number of operations

in the Kiamath Falls and Prineville areas combine cow-calf operations

with raising alfalfa for forage or cash sale. Uncertain and
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variable freeze-free conditions may be related to raising livestock

in conjunction with alfalfa hay. More research would be needed to

verify this hypothesis.

Conditions at the Squaw Butte Experiment Station indicate that

other physical variables besides freezing temperatures have an

influence on the agricultural economy of an area. But perhaps

more important to this research, agricultural practices at the

Squaw Butte Experiment Station are evidence of the feasibility of

cow-calf livestock raising in the Oregon High Desert. The

agricultural history of the Fort Rock Basin also supports the

viability of cow-calf enterprises.

This chapter has examined the physical extent of the hazard of

freezing temperatures during the alfalfa growing season. Based on

a normative comparison with areas of similar agricultural enter-

prises the hazard appears to be high. But development of cash-crop

irrigated agriculture has proceeded in spite of the hazard. Why

might this be so? This question is at the core of much natural

hazards research. Burton, Kates and White (1968) observed that

understanding the long run persistence of settlement in hazardous

areas, and development of effective public policy for dealing with

it, require an examination of natural phenomena as altered by

complex social relationships. This chapter has examined the natural

phenomena suggested by historical precedent as posing the greatest

hazard to cash-crop irrigated agriculture. The social relationships

associated with the hazard are the topic of the following chapter.



SETTLEMENT MOTIVATIONS, HAZARD PERCEPTIONS

AND ADJUSTMENT STRATEGIES

The preceding two chapters have examined the history of

agricultural development and the resulting agroclimatic hazards in

the Fort Rock Basin. However, no natural hazard study is complete

without considering the cultural as well as physical aspects of

the hazard. The purpose of this chapter is to complete this study

of agroclimatic hazards in the Fort Rock Basin by examining the

settlement motivations, hazard perceptions, and adjustment

strategies of the two major styles of agricultural organization in

the area -- cow-calf and cash-crop agriculturalists (Figure 11).

This purpose emphasizes the working hypothesis given in the intro-

duction to this research. That is, that rational explanations

can be found for settlement in hazardous areas through an examination

of perceptions and motivations of residents of such areas.

Data relevant to this hypothesis have been collected by

Jackson and Lewis (1983) by means of a survey of area residents

(Appendix 1). The survey was a complete enumeration of cash-crop

agriculturalists and cow-calf operators who own land within the

Fort Rock Basin, withthe exception of the Silver Lake-Paulina

Marsh area to the southwest of the Connelly Hills (Figure 1 ). For

purposes of the survey, the Fort Rock Basin was considered to be

delimited by the shoreline of Pleistocene Fort Rock Lake. Most

agricultural development in the area has been in the Fort Rock and

Christmas valleys.
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Figure 11. Two major
Fort Rock
sale as a
calves on
1983.

styles of agricultural organization in the
Basin. Upper: Stacked alfalfa ready for
cash-crop, July 5, 1983. Lower: Cows and
the rim above Christmas Valley, July 4,
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The survey population was identified using tax assessors

records from the Lake County Tax Assessors Office. Residents of

the area owning a minimum of 160 contiguous acres were first

identified for inclusion in the survey. A population of 72

landowners were initially identified as meeting this criteria. A

survey instrument was developed and mailed to each member of this

population. Survey follow-up revealed nine respondents who were

no longer engaged in agriculture for various reasons. Of the

remaining 63 landowners, 51 agreed to participate in the survey,

resulting in a response rate of 81 percent.

The survey instrument was designed to elicit responses of

farmers and ranchers to meet five principle objectives:

Construct a profile of operator characteristics and farm

structure, tenure and organization.

Identify important motivational factors for establishing

an agricultural operation in the area.

Examine the role of government policy and government

related institutions in the recent growth of agricultural

development.

Examine perceptions of agricultural operators regarding

natural hazards to agriculture in the area.

Examine hazard mitigation and adjustment strategies used

by area agricultural operators.

Jackson and Lewis reported their results in the aggregate.

This research goes one step further towards understanding natural

hazards in the Fort Rock area by assigning survey respondents to

one of two major classes of agricultural operators. Historical



49

precedent suggests cow-calf livestock operators and cash-crop

irrigators as the primary types of agricultural organization in

the area. In addition, these two groups appear to represent two

basic hazard adjustment strategies. The former reduce the degree

of interaction with the hazard by raising livestock. The latter

group places more emphasis on technology as a means of mitigating

the effects of the hazard. The distinction between the two groups

is by no means exact, however division of the data does provide a

starting point for understanding the dynamic cultural, economic

and physical interactions which make up the agroclimatic hazards

of the Fort Rock area.

Agricultural profile of the Fort Rock study area

An agricultural profile of the Fort Rock study area can be

inferred from survey questions related to the first objective of

the survey.

Respondents were asked to indicate the type of farm or ranch

organization which best described their operation from a list of

four organization types. They were also given the option of

describing some other type of agricultural organization. Table 8

lists their responses. The results indicate cash-crop alfalfa

growers outnumber cow-calf operators by a ratio of about three to

two.

The difficulty in sharply separating the two groups is

suggested by the number of responses to the question. The 51

survey respondents gave 58 responses to the question, indicating

that some area agriculturalists sell both calves and alfalfa.



Table 8. Major types of agricultural organiztions in the Fort Rock

Basin, Oregon, April 1983. N = 51.

Number of

Type of Respondents

Organization Description (%)

50

1The total number of respondents was 51. Some respondents marked

more than one category, resulting in 58 responses to the question.

2 (3.5)

11 (19)

9 (15.5)

34 (58.5)

2 (3.5)

Cow-calf A Major enterprise is raising yearling
livestock for sale. No irrigated

feed crops grown. Use public range-

lands.

Cow-calf B Major income from sale of calves.
Feed supplemented with owner grown
alfalfa hay. May use public range-
lands.

Cow-calf C Cow-calf operation using no public
rangelands. Combines use of irri-
gated pastures with acreage in
alfalfa or barley for use as
livestock feed.

Cash-crop A Alfalfa is the chief source of
income. Barley may be grown in
rotation with alfalfa. No livestock.

Cash-crop B Other types of cash-crops listed:
mint, triticale, barley, clover seed.
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Field observations and personal interviews were used to classify

these respondents. In most instances, those who sold any livestock

were classified as cow-calf operators.

While cash-crop irrigators outnumber cow-calf operators in

terms of population, they are in a minority position in terms of

land ownership. Tax assessors plat maps show that those people who

identify themselves as cow-calf operators own an average of 2,152

acres. In contrast, cash-crop operators own an average of 462

acres.

The ages of farm or ranch operators and the number of years

they have been a resident of the Fort Rock area reflect the

agricultural history of the area. Among cow-calf operators, 67

percent have lived in the area for fifteen years or more, and 86

percent have been in the area for eleven years or more. Seventy-

one percent are 45 years of age or older, the largest group (33.

percent) being in the 55 - 64 year old age bracket (Appendix 1,

Item l5d). Only 23 percent of cash-crop agriculturalists have

lived in the area for eleven years or more. The greatest influx

appears to have been between 1973 and 1980; 73 percent of cash-crop

respondents indicated they established their operation during that

time period. This group is also somewhat younger than cow-calf

operators. Forty-six percent gave their age as 44 years or less.

Among ten year age brackets between 25 and 65 years of age the

largest group, (27 percent), among cash-crop irrigators was in the

45 to 54 year old age bracket.

Farm tenure and farm structure are nearly the same for both

groups. Almost all operators are full owners of the land they farm
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or ranch. The exception to this is leased grazing land used by

some cow-calf operators. Thirteen of the 22 cow-calf operators

surveyed indicated they used public rangelands for grazing live-

stock. In terms of farm structure, individual and family

operations are the dominant type. Only two non-family corporations

could be identified in the study area. One controls a large ranch

on the eastern margin of Christmas Valley. The ranch is primarily

used to grow alfalfa for feed hay. The second corporation is also

primarily engaged in growing feed hay.

The principal occupation of farm or ranch operators among both

groups was farming or ranching. Off-farm employment does supplement

the family income of many farm or ranch operators, but only 15

percent of those surveyed said that they spent more than half their

worktime off their farm or ranch.

In summary, the results of the survey describe an agricultural

profile of the Fort Rock-Christmas Valley area which is a reflection

àf the history of agricultural development presented in the first

chapter of this research. Cow-calf operators have been residents

of the area for the longest period of time and control the largest

proportion of privately owned land in the area. Cash-crop

agriculturalists are more recently settled and form a majority in

terms of population. Both groups have participated in the recent

surge in irrigation development in the study area. Family farms or

ranches and full owner operators are characteristic of the area.

And most area agriculturalists spend at least half their worktime

in farm or ranch activities.



Motivations for establishing an agricultural operation

Survey respondents were given a list of ten factors which

they may have considered in making their decision to take up

farming or ranching in the Fort Rock-Christmas Valley area. They

were also given the choice of listing other important considera-

tions. The factors listed included economic, physical, and social

considerations (Appendix 1, Item 1).

Respondents were asked to rate each factor as very important,

somewhat important, not important or something they did not

consider in making their decision to establish a farm or ranch in

the area. A summary of responses to the question are illustrated

in Figures 12 and 13.

Among both groups the most important considerations were land

costs and groundwater availability. Among cash-crop irrigators,

finance terms and favorable markets for crops produced in the area

were also of major importance. These economic variables were also

important to cow-calf operators, but to a lesser degree.

Quality of life was listed as a very important consideration

by a substantial majority (71 percent) of cow-calf operators.

One-third of this group also listed family ties to the area as very

important considerations. Only 16 percent of cash-crop irrigators

indicated they had family ties to the area. The cash-crop group

also felt quality of life was important, but apparently it was not

as strong a consideration as among cow-calf operators.

These responses appear to reflect the long term existence of

livestock raising and the more recent growth in cash-cropping. High
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land costs in other areas may have influenced people seeking to

enter agriculture to be favorably inclined toward the Fort Rock

area. The emphasis placed on land costs, finance terms and favor-

able markets by cash-crop irrigators suggests that this group was

willing to accept greater risks and uncertainties in the physical

environment in exchange for lower costs of entrance into the

agricultural economy of the area.

The importance placed on economic factors contrasts sharply

with the lack of consideration given to climatic factors. In light

of the past history of the area, it was expected that climate

would be an important consideration in establishing an agricultural

operation. However, 40 percent of cash-crop irrigators did not

consider climatic factors or thought them not important in their

decision to take up farming or ranching in the area. On the other

hand, groundwater availability was considered very important by

85 percent of cash-crop agriculturalists. The emphasis on

groundwater is not unexpected, given that alfalfa must be irrigated

to produce good yields. But, from a natural hazards perspective,

the emphasis on groundwater and the lack of emphasis on climate

suggests reliance on technological means of drought hazard

mitigation and either acceptance or unfamiliarity with the hazard

of freezing temperatures during the alfalfa growing season.

Cow-calf operators showed an even greater emphasis on ground-

water availability over climatic considerations. This was not

unexpected because livestock are not as seriously threatened by

the hazard of freezing temperatures. The Fort Rock Basin has no

perennial streams to provide drinking water for livestock and
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consequently most area ranchers rely on stock tanks replenished by

groundwater pumped by windmills or electric pumps. Some local

catchment basins have been dammed and "stock guzzlers" have been

installed on federal rangelands as well. Perhaps more importantly,

groundwater availability enables livestock producers to increase

their feed supply by irrigating pastures or growing feed on the

ranch. This appears to be the major use of groundwater among

cow-calf operators in the Fort Rock-Christmas Valley area.

In summary, cash-crop agriculturalists appear to be most

strongly motivated to establish an agricultural operation in the

Fort Rock-Christmas Valley area by low economic barriers to entry.

Cow-calf operators also are influenced by costs of entry, but place

a higher emphasis on intangible values, such as quality of life.

Both groups gave relatively little consideration to climatic

conditions in making their decisions to establish a farmor ranch

in the area.

The role of public policy

The role of public policy was addressed by five questions

included in the survey instrument (Appendix 1, Items 2-7). These

questions centered on three functions served by government or

government related institutions: provision of information,

provision of capital for land purchase and development, and the

provision of raw land for agricultural development.

Four public sources of information which might be used in

assessing the feasibility of establishing an agricultural operation

in the Fort Rock-Christmas Valley area were listed and respondents
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were asked to indicate the relative importance of each in their

decision to take up agriculture in the area. The public agencies

listed included the Bureau of Land Management, the Oregon State

University Extension Service, Oregon Water Resources Board and the

State Lands Division of the Oregon Department of Transportation.

Respondents were also asked to list other sources of public

information they may have considered (Tables 9 and 10).

Among both groups, information available from public sources

was generally not considered or not important in making their

decision. The Oregon State Water Resources Board (or more appro-

priately, the Oregon Department of Water Resources) was the public

agency considered greatest in importance among the four listed.

It was somewhat or very important to almost half of the cash-crop

irrigators and to a slightly lesser proportion of cow-calf

operators. Information available from the Lake county agricultural

extension agent was somewhat important to about a third of cash-

crop irrigators and very important to almost one-fourth of cow-calf

operators. The Bureau of Land Management, which controls the

largest amount of land in the Fort Rock area was of some importance

to roughly a third of the cow-calf operators, but was not

considered by nearly two-thirds of cash-crop irrigators. This

finding may reflect the use of federal rangelands for livestock

grazing by cow-calf operators.

Other public agencies listed by respondents as sources of

information were the Agricultural Stabilization and Conservation

Service, the Lake County Planning Department and the Farmer's Home
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Table 9. Cash-crop respondents' rankings of public and private

sources of information in relation to their decision to
establish an agricultural operation in the Fort Rock Basin.

Percent

Very
Important

Somewhat
Important

Not
Important

Did Not
Consider

Public

Oregon Water Resources
23 23 12 38

Board

Lake County Agricultural
8 31 12 50

Extension Agent

State Lands Division 4 4 15 77

Bureau of Land
0 19 15 65

Management

Private

Friends 38 19 4 38

Relatives 23 4 8 65

Real Estate Agents 0 12 23 65

Property Seller 15 23 15 46
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Table 10. Cow-calf respondents' rankings of public and private
sources of information in relation to their decision to
establish an agricultural operation in the Fort Rock
Basin.

Percent

Very
Important

Somewhat
Important

Not
Important

Did Not
Consider

Public

Oregon Water Resources
24 19 5 52

Board

Lake County Agricultural
24 10 10 57

Extension Agent

State Lands Division 10 0 24 62

Bureau of Land
Management

10 24 19 48

Private

Friends 10 19 14 57

Relatives 14 5 19 62

Real Estate Agents 0 10 5 86

Property Seller 10 38 5 48



61

Administration. None of these agencies were listed by more than

two respondents.

In contrast to public sources of information, private sources

seemed more important to survey respondents. The advice of

friends was very important or somewhat important to 57 percent of

cash-crop irrigators. The seller of the property was also of some

importance to respondents in both groups. Newspaper reports of

high quality alfalfa grown in the area were also cited by several

respondents. One private source of information nearly all

respondents said was not considered or not important in their

settlement decision was the advice of real estate agents.

The survey results seem to indicate that while information on

the agricultural potential of the area may be available from

government agencies, it was not utilized by the majority of area

agricultural operators in establishing their farm or ranch.

Information on groundwater availability from the Oregon Department

of Water Resources appears to have been the major informational

role played by government in the area.

In contrast to the weak role played by government in providing

information, the provision of capital for land purchase and

development appears to have been a major role of government in the

study area (Figure 14). Most farm and ranch operators in the area

use multiple sources of financing. However, the Farmert s Home

Administration, the Oregon Department of Veterans Affairs, or some

other government sponsored institution were principal sources of

financing used by 85 percent of cash-crop irrigators and 71 percent



80

70

so

50

Percent 40

30

20

I0

Oovsrnmsnl Private Land Commercial Oilier Government Private Land Commercial Olhir
Sal.a Contract Bank or 581. Balsa Contract Bank or SAL

Figure 14. Sources of financing used in establishing a farm or ranch operation.

80

TO

80

50

40Percent

30

20

10



63

of cow-calf operators. Also important to nearly two-thirds of the

cash-crop group and one-half of the cow-calf group were private

land sales contracts. Commercial banks and savings and loans were

sources of financing for less than one-third of both groups.

Inheritance, personal savings, and personal loans from family

members complete the picture of sources of financing in the Fort

Rock-Christmas Valley area. It should be noted that in personal

interviews some respondents indicated that commercial banks had

provided them with loans to purchase farm implements or irrigation

equipment, but not for the initial purchase of land. These

comments reinforce the idea of government playing a major role in

agricultural land development in the study area.

Both cow-calf and cash-crop agriculturalists indicated by

an 85 percent majority that they would use the same financing

again, if it were available. However, several respondents men-

tioned it was getting harder to obtain additional financing to

expand their operations. The increasing difficulty of obtaining

financing in the area may be related to either the recent conserva-

tive fiscal policies of the federal government or a high rate of

land turnover and loan failure in the area. For whatever reason,

the effect has been a slow down from the rapid growth of 1976 -

1980.

Respondents showed mixed reactions to the possibility of the

federal government making publically managed land for sale at an

appraised market value. Eighty-five percent of cash-crop irrigators

and 86 percent of cow-calf operators felt that if the land were



64

made available it would be purchased for agricultural purposes.

However, 62 percent of cash-crop irrigators and 38 percent of cow-

calf operators said that they themselves would not consider

purchasing the land. The present difficulty in obtaining financing

for land purchase further clouds the issue of public land sales as

proposed by the Federal government's Asset Management program.

In summary, of the three functions served by government in the

agricultural development of the Fort Rock-Christmas Valley area,

it appears that the function which has played the major role has

been the provision of capital for land purchase and development.

Though information on agricultural feasibility has been available,

it has not been utilized to any great extent. Finally, the

efficacy of making public land available for private acquisition

remains an unresolved issue at the present time.

Perception of natural hazards

The perception of natural hazards among cash-crop agricultural-

ists and cow-calf operators was examined by asking respondents to

rank the effect of several naturally occurring events on their

agricultural operation. Rankings of major, minor or no effect

were made in terms of economic loss to the respondent's farm or

ranch.

Nine naturally occurring events were listed for respondents

to rank (Tables 11 and 12). The events listed were selected based

on the area's past agricultural history and consideration of

available climatic data. Included in the list of events were two



Table 11. Negative economic impact of naturally occurring events

for cash-crop operators in the Fort Rock Basin.

65

Event Percent of Respondents

Major
Effect

Minor
Effect

No
Effect

Insect or animal depredations on crops 27 46 27

Livestock losses to predators 4 36 60

Crop losses due to variability of
precipitation

15 50 35

Livestock losses due to lack of
precipitation

0 15 85

Crop losses due to freezing temperatures
during the growing season

73 27 0

Crop losses due to hail 8 38 50

Crop or livestock losses due to snow 12 38 50

Rain during harvesting 65 35 0

Ground water alkalinity or other
contaminants

12 31 58



Table 12. Negative economic impact of naturally occurring events

for cow-calf operators in the Fort Rock Basin.
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Event Percent of Respondents

Major
Effect

Minor
Effect

No
Effect

Insect or animal depradations on crops 10 67 24

Livestock losses to predators 5 52 43

Crop losses due to variability of
precipitation

38 43 19

Livestock losses due to lack of
precipitation

10 29 62

Crop losses due to freezing temperatures
during the growing season

52 43 5

Crop losses due to hail 0 48 52

Crop or livestock losses due to snow 14 62 24

Rain during harvesting 57 43 0

Ground water alkalinity or other
contaminants

10 33 57
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agroclimatic variables considered to pose the greatest agroclimatic

hazard -- freezing temperatures during the alfalfa growing season

and variability of precipitation. Figures 15 and 16 summarize

respondents' rankings of what they considered to be the three

events having the most adverse effect on their agricultural operation.

Among both groups the naturally occurring events reported as

having the greatest adverse effects were in relation to crop losses

rather than livestock losses. Crop losses because of freezing

temperatures during the growing season were considered to have

major effects by 73 percent of cash-crop agriculturalists and 52

percent of cow-calf operators. None of the cash-crop irrigators

surveyed reported that freezing temperatures had no effect on their

economic returns. This finding contrasts sharply with the relative

lack of priority assigned to climatic considerations by nearly 70

percent of cash-crop irrigators in establishing their agricultural

operation (Figure 13).

Rain during harvesting is a common hazard for alfalfa growers

in any area where summer thunderstorms frequently develop.

However, the degree of adverse effect ascribed to it in the Fort

Rock-Christmas Valley area exceeded what was initially expected.

Rain during harvesting prevents new mown hay from becoming

sufficiently dry before baling or storage. Molding or excessive

moisture in stored hay may reduce its' value by as much as one-

third. The past two growing seasons (1982 and 1983) have been

wetter than normal and this may account for some of the emphasis

placed on this hazard.
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The number of cash-crop irrigators indicating livestock losses

to predators was also unexpected. In personal interviews some

respondents reported they leased their center pivots to sheep owners

during the early spring for grazing purposes. The reported losses

may be related to predation on sheep.

The expectations of area agricultural operators in relation

to future natural hazard events were considered in a survey item

asking respondents to predict future reoccurrences of seven

natural hazard events (Appendix 1, Item 10). Both groups expressed

uncertainty regarding five of the events listed. This uncertainty

was most strongly expressed in the responses of cow-calf operators.

A majority of this group responded that any of the five events may

occur at any time and that there was no way to predict their next

occurrence. Cash-cropagriculturalistS gave similar responses

regarding the same five events (Figures 17 and 18).

Responses to the hazards identified as having the most adverse

effect on agricultural operations -- freezing temperatures and

rain during harvest -- did elicit rather definite predictions of

reoccurrence. The strongest predictions of reoccurrence came from

the cash-crop group. A majority (54 percent) of this group

predicted freezing temperatures would occur during the next growing

season. Forty-six percent expected rain during the harvest would

also occur in the next year. Among cow-calf operators the propor-

tion of respondents predicting the two events would occur during

the next year were somewhat lower.
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The topic of groundwater problems showed some division between

the two groups. While a majority of both cash-crop agriculturalists

and cow-calf operators felt they could not predict the chances of

groundwater problems in the near future, the minority position of

both groups showed a difference of opinion. Among cow-calf

operators, 38 percent felt groundwater problems would develop within

five years, while among cash-crop irrigators, 23 percent felt

groundwater problems would never develop.

Responses to the question of hazard event reoccurrence may

a reflection of the environmental perspectives of the two

Cow-calf operators seem to be more cautious in their

outlook and show a greater reluctance to make definitive pre-

dictions concerning future hazard event occurrences. One exception

to this observation was the concern over the possibility of

groundwater problems expressed by some cow-calf operators. Cross-

tabulation indicated concerns about groundwater may be associated

with length of residence; 75 percent of cow-calf operators who

predicted groundwater problems would develop within five years had

lived in the area for fifteen years or more.

Survey item 12 presented two statements from Rotter'S (1966)

Internal-External Locus of Control Test in an attempt to better

document differences in environmental perspectives of cow-calf

operators and cash-crop agriculturalists. Rotter's test has been

used by Bautnann and Sims (1978) to study both adoption of flood

insurance by flood plain residents in southeast Texas and responses

to hurricane warnings in Alabama and Illinois (Sims and Baumann

be

groups.
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1972). The test consists of a battery of questions designed to

identify a psycho-dynamic trait known in the literature as "internal-

external locus of control". People having an internal locus of

control feel that they can exert a measure of control over what

happens in their lives. They are characterized by a greater

tendency to adopt adjustment strategies or other behavior which

reduces risk and uncertainty in relation to natural hazards.

Externally oriented individuals are those who tend to feel their

lives are governed by influences or events beyond their control.

In decisions involving natural hazards, externally oriented

individuals are less responsive to warnings of impending hazard

events and are less likely to adopt available hazard adjustment

strategies (Baumann and Sims 1978).

Based on their responses to preceding survey items, cow-calf

operators might be expected to exhibit a greater internal locus of

control, while cash-crop agriculturalists might be expected to be

more externally oriented. The survey results gave some support to

this hypothesis, but the evidence is not conclusive (Tables 13 arid

14).

In response to the external statement, "In reality, nothing

can be done to reduce losses, a person just has to take his/her

chances and accept what comes", 86 percent of cow-calf operators

either strongly or mildly disagreed. Among the cash-crop group 54

percent disagreed at least mildly.

In response to the internal statement, "A person determines

what happens in his/her life by careful planning and decision making;



Response Class

Percent of Respondents
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Table 13. Respondents' reactions to the external statement: "In

reality nothing can be done to reduce losses, a person

just has to take his/her chances and accept what comes."

Strongly Mildly Mildly Strongly

Agree Agree Disagree Disagree

Table 14. Respondents' reactions to the internal statement: "A

person determines what happens in his/her life by careful

planning and decision making. In this way he/she can

control future events and their effects."

Percent of Respondents

Cow-calf operators 15 10 19 67

Cash-crop agriculturalists 15 31 23 31

Cow-calf operators 34 52 14 0

Cash-crop agriculturalists 38 35 15 12

Strongly Mildly Mildly Strongly

Response Class Agree Agree Disagree Disagree
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in this way he/she can control future events and their effects", an

87 percent majority of cow-calf operators either strongly or mildly

agreed. A smaller majority of cash-crop irrigators (73 percent)

also agreed with the statement.

Part of the weakness of these results may be related to the

fact that the entire battery of questions on Rotter's schedule was

not administered. Perhaps more important were some respondents'

feelings of ambiguity towards the statements. In written comments

and personal interviews respondents expressed mixed feelings over

what they could or could not control in relation to agricultural

decisions. The general environmental perspective of both groups

seemed to be one of uncertainty in regards to climatic variables,

with cow-calf operators being more inclined to take precautions

and avoid risk than cash-crop agriculturalists.

Hazard mitigation and adlustment strategies

Hazard mitigation and adjustment strategies were examined by

providing respondents with a list of six strategies which might be

used in response to agricultural hazards in the Fort Rock-Christmas

Valley area (Appendix 1, Item 11). The proportion of yes or no

responses for each strategy are shown by Tables 15 and 16.

Respondents were also asked to comment on other strategies they

might have for dealing with agricultural losses due to naturally

occurring events. These comments provided additional insights to

residents' perceptions and adjustment strategies.

Hazard mitigation strategies may be broadly divided into

technological and behavioral categories. Technological strategies



Table 15. Hazard adjustment strategies of cow-calf operators)

Yes No

'Percentages may not total 100% because of non-response to some

adjustment strategies.

Table 16. Hazard adjustment strategies of cash-crop agricultur-

alists.
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Hazard Adjustment Strategy

Percent of
Respondents

Yes No

Purchase crop insurance 4 96

Plant frost-hardy crops 92 8

Supplement income through off-farm employment 58 42

Utilize irrigation 88 12

Protect haystacks from rain 62 38

Plant more than one type of crop 42 58

Purchase crop insurance 0 100

Plant frost-hardy crops 90 10

Supplement income through off-farm employment 42 48

Utilize irrigation 81 19

Protect haystacks from rain 34 62

Plant more than one type of crop 48 48

Percent of

Hazard Adjustment Strategy Respondents
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can be considered those which attempt to manipulate or ameliorate

a hazard through investment in structures or capital equipment. In

this study, installation of center-pivot irrigation systems are the

primary example of a technological response to hazard. Behavioral

strategies are those which seek to reduce negative interaction

between human activity and elements of the physical environment.

From this perspective, livestock raising is a behavioral response

to the agroclimatic conditions in the Fort Rock-Christmas Valley

area. Beyond this basic division of center-pivot irrigation

versus livestock raising, the survey results reveal a variety of

more specific behavioral and technological strategies.

The first strategy considered was the purchase of crop insurance

to offset losses. Crop insurance is most commonly provided by

the Federal Crop Insurance Corporation (FCIC). However, FCIC

insurance is available only in specified regions and for particular

crops grown in those regions. At the present time, the Fort Rock

area has not been approved for federal crop insurance. In addition,

alfalfa is not insured by the FCIC; thus, grain crops would

probably be the only insurable crop in the area if FCIC insurance

becomes available. Crop insurance underwritten by private

insurance providers is available in the area, but the cost is quite

high. As a result of this situation, only one cash-crop operator

indicated that he purchased crop insurance to offset losses.

The use of irrigation and the planting of frost-hardy crops

(primarily alfalfa) were the two most common strategies among both

groups. Some respondents said they chose the variety of alfalfa
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they planted based on its' ability to withstand freezing tempera-

tures.

The use of hay stack covers was indicated by nearly two-thirds

of cash crop agriculturalists, but only one-third of cow-calf

operators. This technological strategy helps the alfalfa grower to

maintain the value of the hay while it is in storage. The top two

or three layers of hay bales in a stack are typically reduced in

value by a factor of about one-third by exposure to rain or snow.

Rather than sell the rain damaged hay at a reduced price, cow-calf

operators feed it to their livestock. This strategy may help

explain some of the difference between cow-calf operators and

cash-crop irrigators in regards to the use of hay covers. Among

cash-crop operators who did not use hay covers a common strategy

was to attempt to sell hay as quickly as possible after harvesting,

thus reducing its' chances of being rained on while stacked in the

fields.

Another strategy for mitigating the effect of agricultural

losses is seeking off-farm employment. This type of strategy is

primarily a non-agricultural means of reducing the economic impact

of reduced yields resulting from natural hazard events. In this

respect it is not strictly a behavioral or technological strategy

because it neither utilizes structures or equipment nor reduces

hazard interaction. However, field observations in the study area

indicated it was a viable strategy which might be used by some

agriculturalists.
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The number of agricultural operators who supplement their farm

or ranch income through off-farm employment was higher than expected

in light of the agricultural profile presented earlier in this

chapter. Respondents engage in a variety of activities to supple-

ment their income. Some provide services, such as fuel delivery or

hay hauling and custom harvesting for their neighbors. Others work

in one of the two secondary industries in the local area. The first

of these is a hay cubing plant which processes alfalfa into cubes.

The second is an industrial plant engaged in processing diatomaceous

material from the old lake bottom into filler for cat litter boxes.

Most farms and ranches in the area are family operations, and family

members may contribute to the support of the family through

employment in the local service communities of Fort Rock or

Christmas Valley.

A wide range of comments regarding other strategies were made

by survey respondents. Two examples may serve to illustrate the

resourcefulness of some agriculturalists in dealing with agricul-

tural hazards. One cash-crop operator said that during the times

when his alfalfa was nearly ready for cutting, he connected an alarm

to an. outside thermometer in such a way that when the temperature

reached the freezing point the alarm would go off and he would

begin harvesting his alfalfa. This generally occurred at about

3 a.m. A cow-calf operator reported that during the calving season

he slept with his cows in order to assist in any nighttime

deliveries.
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The first of these strategies was not verified by direct

observation. However, evidence for the second strategy was observed

during a survey follow-up interview in March of 1983. An initial

visit during the evening at one respondent's home resulted in no

response to a knock on the door. A return visit the next morning

found the man at home with a new-born calf in the living room

beside the wood stove. The man explained that the calf had been

born early that morning and he had brought it into the house to

protect it from the sub-freezing temperatures which had occurred

during the night.

The hazard mitigation and adjustment strategies used by

residents of the Fort Rock and Christmas valleys illustrates that

agricultural operators are not completely at the mercy of environ-

mental conditions. However, the range of choices open to

agricultural decision makers is narrow as a result of agroclimatic

conditions. The primary means of adjustment to drought conditions

has been the application of irrigation technology. In response to

freezing temperatures during the crop growing season most area

agriculturalists rely on frost hardy crops, such as alfalfa, or

combine livestock raising with production of hay and grain. Other

hazards, primarily variability of precipitation and rain during

harvesting have been mitigated by either using hay covers or

feeding damaged hay to livestock.

The effectiveness of these hazard mitigation and adjustment

strategies will perhaps best be determined by the passage of time.

At present, it appears that technology has enabled an area of past



settlement failure and withdrawal to be brought back into pro-

duction. However, mitigation of the hazard of drought has

resulted in increasing the hazard of freezing temperatures by

increasing human interaction with the physical environment of the

area.
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SUMMARY AND CONCLUSIONS

The agricultural landscape of the Fort Rock Basin has primarily

evolved along two pathways: 1) a long term tradition of livestock

raising presently characterized by cow-calf operations, and 2) a

cyclical history of cash-crop agriculture beginning with home-

steaders' attempts at dry farming and leading to pump irrigation of

field crops, primarily alfalfa hay. Most recently, a surge in the

development of irrigated agriculture has brought new agricultural

operators into the Fort Rock and Christmas Valleys within the Fort

Rock Basin. Many of these new operators have invested in center-

pivot irrigation systems and are currently raising alfalfa hay or

other cash-crops. In addition, cow-calf operators have also in-

creased their use of irrigation as a means of increasing forage

for their livestock.

The present situation raises questions as to the settlement

motivations, hazard perceptions and adjustment strategies of

cow-calf operators and cash-crop agriculturalists. The past failure

and withdrawal of cash-crop agriculture was associated with a lack

of adequate precipitation during the summer months and a short and

extremely variable freeze-free period. Comparison of the hazard

of freezing temperatures during the alfalfa growing season among

six agricultural areas of eastern Oregon and Washington showed the

greatest risk and uncertainty to be in the Fort Rock Valley. Thus,

while the hazard of drought has been successfully mitigated through

the useof irrigation technology, the hazard of freezing temperatures

remains. Increasing development of cash-crops using irrigation

83
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technology has led to increasing economic losses arising from the

risk and uncertainty associated with freezing temperatures.

A survey of farm and ranch operators in the study area was the

principal method of addressing questions of settlement motivations,

hazard perceptions and adjustment strategies. The results of the

survey suggest that decisions related to establishing and

maintaining a farm or ranch operation in the Fort Rock Basin are

affected by several factors. These include the perception of

individuals in relation to the hazard at the time the decision is

made, the economic conditions related to the purchase and develop-

ment of a farm or ranch, the range of alternatives available to the

decision maker, individual perceptions of the effectiveness of

technology for mitigating the hazards, and a desired quality of

life.

Cash-crop agriculturalists appeared to be most strongly

motivated by low barriers to entry into the agricultural economy of

the area. Low land costs, favorable finance terms for land purchase

and development, and reports of high quality hay selling for

premium prices were cited as being most important in their settle-

ment decisions. In addition, groundwater availability was also of

high priority. In general, this group made their settlement

decisions using their own personal assessment of the feasibility

for agriculture and did not seek out or utilize information from

public sources. As Jackson and Lewis (1983) point out, these

findings suggest that high entry costs in other areas and reliance

on the effectiveness of irrigation for mitigating drought, led
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people either unfamiliar with, or willing to accept, the uncertainty

and risk of freezing temperatures to take up cash-crop agriculture

in the Fort Rock-Christmas Valley area.

Cow-calf operators also place high priority on economic

factors. But their perception appears to be influenced by long term

experience and a high value associated with a quality of life they

feel is available to them in the Fort Rock area. Choosing to raise

livestock rather than cash-crops may be related to a wider range of

alternatives considered viable at the time of land purchase and

development; or the choice may reflect greater caution in relation

to agroclimatic hazards and the effectiveness of technology for

mitigation of the hazards. Cow-calf operations require a larger

land base than cash-crop enterprises and this requirement may exclude

it as a viable choice for some individuals seeking agricultural

entry in the area. However, some cow-calf operators also started

out with small tracts of land and subsequently expanded their

operation.

Financing new land development and expansion of existing farms

and ranches has primarily been accomplished through government

related lending programs or private land sales contracts. The

principal agencies which have facilitated financing in the area have

been the Farmer's Home Administration and the Oregon Department of

Veteran's Affairs. These agencies appear to be the primary point

of contact between prospective land purchasers and public agencies.

This contact may also serve as a source of information and endorse-

ment of the suitability of an area for a given agricultural
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enterprise. Some survey respondents commented that yield estimates

used by these agencies were too high and did not allow the new farm

or ranch operator sufficient time to establish a stand of alfalfa.

These comments suggest a discrepancy between the initial expectations

of land purchasers and subsequent experience. Accurate economic

feasibility studies which take into account the risk and uncertainty

in the area, and full disclosure to potential land purchasers may

serve to reduce the social costs associated with high rates of land

turnover and farm failures (Jackson 1981, Jackson and Lewis 1983).

Both cow-calf operators and cash-crop agriculturalists appear

to be fully aware of the agroclimatic hazards of the Fort Rock area.

This awareness of hazard appears to come after experience has been

gained in the area, rather than at the time decisions are made to

purchase land or property. The hazard of rain during harvesting

was an event not considered at the beginning of this research which

was revealed through the survey results. A majority of cash-crop

operators expect freezing temperatures and rain during harvesting to

be annual events.

The major hazard adjustment strategies in the Fort Rock area

were the basis for division of survey respondents into two groups.

Cow-calf operators exhibit a behavioral strategy by adopting a mixed

livestock and feed hay type of operation. Cash-crop operators

depend on irrigation systems and the freeze tolerance of alfalfa.

Some operators attempt to sell hay as quickly as possible after

harvest to avoid rain damage to their haystacks, while others use

hay covers.
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Agricultural development in the Fort Rock Basin is once again

in a state of transition. The dynamic nature of natural hazards

suggests that the direction this transition will take may best be

determined by the passage of time. Perhaps as Bowman (1931) stated,

"whether to grow livestock or grow crops, or how to combine them,

are questions that are never settled. . . '.' However, the results of

this study suggest the earlier conclusion reached by Jackson (1981)

remains valid; high risk and uncertainty will be continuing

elements of intensive agricultural development in the Fort Rock

Basin.
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APPENDIX



Dear Mr.

One of the functions of Oregon State University as a 1and grant institution is
to conduct research and gather information that will contribute to the under-
standing and knowledge about the resources of the state. We are presently

conducting a study that seeks to understand more about the characteristics of
northern Lake County, and would like to ask your assistance in the project.
The purpose of the study is to better understand the agricultural resource

base of the area; in particular, to understand more about the evolving
organization and structure of farm and ranch operations, and to assess the
perception of area residents on the relative importance of specific

environmental conditions that may affect their operations.

We believe that your insight and experiences are valuable to this study. In

order for the results of the study to be truly representative, it is important
that we receive your response to the questionnaire.

You may be assured of complete confidentiality. The questionnaire has an

indentification number for mailing purposes only. This number serves to
assist us In checking our returns. Your name will not be placed on the

questionnaire. Responses to the questions will be treated as a group and no
individual response will be identified by a respondent's name.

Please fill out the questionnaire and send It back to us in the addressed,
stamped envelope. We would appreciate your reply by April 30. if possible.
While most of the questions only require you to circle a response category,
feel free to make further comments as necessary. We would be most happy to
answer any questions you might have regarding our study or the questionnaire.

Thank you for your assistance,

(L oJJ
Dr. Philip L. Jkson and Michael E. Lewis

Assistant Professor, Geography Graduate Research Assistant

Department of

Geography

March 31, 1983

APPENDIX I

Oregon
state.

University Corvallis, Oregon 97331 (503) 754-3141
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AGRICIJI11RE IN THE OREGON. HIGH DESERT

1. Listed below are several reasons why people live and conduct agricultural

operations in the Fort Rock/Christmas Valley area. Please indicate, for

each topic, if It was very Important, somewhat important, not important,

or something that did not Influence your decision to take up farming or

ranching in this area. If something you considered is not mentioned,

please Include It under "Other important considerations."

a. Cost of the land

k. Other Important considerations:

Finance terms

for areaFavorable market
crops or lIvestock

Invesnent potential of
theland

Investment potential for

crops and livestock

OpportunitY to combine f arm-

ing with a related enterprise

Family ties to the area

Ground water avaIlability

I. Climatic factors

j. Quality of life
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VERY
IMPORTANT

SOMEWHAT
IMPORTANT

NOT DID

IMPORTANT CONSIDER
NOT

1 2 3 4

1 2 3 4

1 2 3

1 2 3 4.

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4



2. Listed below are several public sources of information that people might

use In decidtng to take up agricultural pursuits in the Fort Rock!

Chrlstnas Valley area. Please circle the response category which

indicates whether the source was very important, somewhat Important, not

Inportant or something that you did not consider In making your decision.

3. What about private sources of Information? Please Indicate the relative

Importance each of the following information sources had on your decision

to move to this area, using the same scale as in question 2.

Advice of friends

Advice of relatIves

Real estate agents

The seller of the property

Other private sources
(Please list)

NOT DID NOT

IMPORTANT CONSIDER

3 4

3 4

3 4

3 4

4

4
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VERY
IMPORTANT

SOMEWHAT
IMPORTANT

NOT DID

IMPORTANT CONSIDER
NOT

Bureau of Land Management 1 2 3 4

Lake County Agricultural
Extenslän Agent 1 2 3 4

Oregon Water Resources Board 1 2 3 4

State Lands Dlvison 1 2 3 4

Other Public Agencies
(Please list)

1 2 3 4

1 2 4

VERY

IMPORTANT

SOMEWHAT
IMPORTANT

1 2

1 2

1 2

1 2

1 2

1 2



4. Which of the following sources of financing did you use in establishing

your farm or ranch operation In this area? Please check the appropriate

category.

_Government agencies, e.g. Farmer's Home Administration, Coimuodity
Credit Corporation, Veteran's Affairs, etc.

_Coninercial Bank or Savings and Loan

Private Land Sales Contract

_Other type of financing or means of obtaining land (e.g. Inheri-
tance). Please list:

5. Would you use the same financing again?

YES NO

6. If public land In the Fort Rock/Christmas Valley area were made available

for sale do you think it would be purchased for agricultural purposes?

YES _NO

7. If public land were available for sale at market value would 2consider
purchasing It to expand your operation?

YES NO
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8. Next, we would like to ask your opinion concerning the effect of naturally

occurring events on your agricultural operation. Listed below are several

events. Please indicate whether they are of major, minor, or no effect In

terms of economic loss from your farm or ranch.

9. In your experience, which 3 of the events listed in question 7 would you

rank as having the most adverse effect on your operation?

Greatest Economic Loss

Second Greatest Economic Loss

Third Greatest Economic Loss
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MAJOR
EFFECT

NO EFFECT

MINOR ON ECONOMIC

EFFECT RETURNS

a. Insect or animal depredations on crops 1 2 3

b. Livestock losses to predators 1 2 3

C.

d.

e.

Crop losses due to variability of

precipitation

Livestock losses due to lack of

precipitation

Crop losses due to freezing temperatures

during the growing season

1

1

1

2

2

2

3

3

3

f.

g.

Crop losses due to hail

Crop or livestock losses due to snow;
either during the growing season or due

to blowing and drifting In the winter

1

1

2

2

3

3

h.

i.

Rain during the harvest period

Ground water alkalinity or other

contaminants

1

1

2

2

3

3
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11. People often have various strategies to deal with agricultural losses due

to naturally occurring events. Your answers listed below will help us
better understand how land owners deal with uncertainty in the natural
environment of the Fort Rock/Christmas Valley area. Do you:

10. How soon would you predict each of the events listed below will reoccur?
When will it happen again?
(Please circle your response)

WITHIN NEVER NO WAY TO PREDICT

NEXT FIVE HAPPEN EVEN MAY OCCUR'

REASON FOR LOSS YEAR YEARS AGAIN AT ANY TIME

a. Animal depredations 1 2 3 4

b. Variability of precipitation 1 2 3 4

C. Freezing temperatures 1 2 3 4

d. Hall 1 2 3 4

e. Losses due to snow 1 2 3 4

f. Rain during harvest 1 2 3 4

g. Ground water problems 1. 2 3 4

a. Purchase crop insurance to off-set losses

(Please circle
your response)

YES NO

b. Plant frost-hardy crops to guard against losses from frost YES NO

c.

d.

Supplement farm or ranch income with off-farm employment

Utilize irrigation to off-set losses due to lack of
precipitation

YES

YES

NO

NO

e. Protect haystacks from rain YES NO

f.
g.

Plant more than one type of crop

Other strategies or coninents you may have:

YES NO
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12. How would you react to the following statements? (Please circle your

responses)

In reality, nothing can be done to reduce losses, a person just has to

take his/her chances and accept what comes.

STRONGLY MILDLY MILDLY STRONGLY

AGREE AGREE DISAGREE DISAGREE

A person determines what happens in his/her life by careful planning and

decision making. In this way he/she can control future events and their

effects.

STRONGLY MILDLY MILDLY STRONGLY

AGREE AGREE DISAGREE DISAGREE

13. Organization--Please indicate below the type of farm or ranch organization

which best describes your operation by circling your answer choice.

Cow-yearling operator--major enterprise is raising yearling livestock for

sale. No Irrigated feed crops grown. Use public rangelands.

Cow-yearling operation supplemented with owner grown irrigated alfalfa hay

to provide fed for livestock. Public rangelands also used.

Irrigated pastures--these pastures are used In place of public

rangelands. Combines cow-calf operation with considerable acreage in

alfalfa or barley for use as livestock feed.

Irrigated cash crop--alfalfa is the chief source of income. Barley is

grown in rotation with alfalfa. No livestock.

Other

14. Please circle the category below that indicates the number of years you
have been a resident of the Fort Rock/Christmas Valley area.

2 years or less 3-5 years 6-10 years 11-15 years 15 years +



Which of the following age groups applies to you? (Please circle)

Under 25 years old 45 - 54 years

25- 34 years 55 - 64 years

35-44 years 65 years or over
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15. These final questions will help us to correlate the results of this study
with Information in the Census of Agriculture.

Tenure of operator: Please circle the response that best describes your

farm or ranch structure.

FULL OWNER - All lands are owned by the farm or ranch owner

PART OWNER - Both owned and leased lands are utilized

TENANTS - All lands are leased or rented from others

Type of Farm Structure

INDIVIDUAL. OR FAMILY OPERATION_-excluding parternships and corporations

PARTNERSHIPS--including family partnerships

CORPORATIONS--including family corporation
If a corporation, are there more than 10 stockholders? YES NO

Principal Occupation of Farm or Ranch Operator

FARMING OR RANCHING - more than 50% of your worktime is spent in
farming or ranching work on your own operation.

OFF FARM OR RANCH EMPLOYMENT - more than 50% of your time is spent
working at non-farm nployment. Please list the type of work you
do off the farm or ranch.
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16. We very much appreciate your
participation in this study. As a final

point, we would like to ask if there are any topics related to

environmental risks In the area,
government policy toward land use or any

other topic relative to agriculture you feel needs to be examined more

closely. Feel free to use as much space as you need; and again, thank you

for your cooperation.


