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DRY CLIMATES OF CE1TRAL »ID EASTEITh OREGCW 

CHAPTER I 

fl'. TRODUCTION 

Few states have the great diversity of climates that 

is found in Oregon. One can travel in a matter of a few 

hours from the very wet slopes of the Coast and Cascade 

Ranges in western Oregon, into regions of eastern Oregon 

that evince a dry clinate in numerous ways. Here the 

annual rainfall is low and erratic and the natural vege- 

tatiori is dominated by sagebrush. Soils are those com- 

monly found in a dry land area, being for the most part 

chestnut and seirozem. The land use too is of a nature 

which reflects meager precipitation, consisting mostly of 

dry farming, grazing, and irrigation where possible. 

This study is concerned with the dry climates of 

Oregon which are found in the "dry shadow" east of the 

Cascade Mountains. These climates are much more exten- 

sive than other climate types found within Oregon, 

occupying about one-half of the state. 

This thesis has as its organizational basis the 

Kuppen classification of world climates which is one of 

the best known and most widely used today. The late 

ladimir Kòppen had developed and perfected his 
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classification through a period of over fifty years. It 
is essentia1l' his last modification which is used here 

to define the dry climates of Oregon. 

Fes. des diversity of climate in Oregon, the dry 

realm east of the Cascades holds a unique position in the 

pattern of world climates. This is evidenced by Kppen's 

1931 classification as set forth in his Handbuch Der 

Klimatology. A considerable portion of the area in 

question was classified as a special type, the "Oregon 

Klimate," because it was to be found nowhere else in the 

world. 

The 1931 Kppen classification and xcent climatic 

data were used in a study of the region. There have 

been other climatic analysis in Oregon but these utilized 
1ppen's 1923 classification and data from older sum- 

maries were used. Several such works have been done ori 

the entire climate pattern of the state, but rio examina- 

tion has concentrated on the dry climates of Oreon. It 
will have a comparative value with earlier studies which 

have been concerned with the dry climates of the West in 

general or In particular the dry climates of Oregon. 

Finally, lt is hoped that the research will contribute 

to a better understanding of the area. 

The latest sectional sunuar of Climatological Data 

of the United States Weather Bureau for Oregon has been 
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the chief source for this thesis. Fifty-two Individual 

station records o1 both temperaLure and precipitation 

were utilized as the basis for the map and classification 

of the climate types. In systematic fashIthe following 

data were collected: name of station, county, elevation, 

mean annual temperature, mean annual precipitation, tem- 

perature of the coldest month, temperature of the warmest 

month, and seasonal distribution of precpitation. Sta- 

tions with temperature but no precipitation records or, 

vice versa, wore used only as indicators. 

Additional research was carried out in the Oregon 

State College library and the library at the University 

of Oregon. Several theses from the latter campus were 

consulted, Other sources of iníormation used are indi- 

cated in the appended bIblIographj. 

To the author's knowledge, there Is a dearth of 

written material on the climates of the state. It is 

hoped that this thesis will stimulate further climatic 

research in Oregon. Later, a second examination of the 

region could utilize the data compiled In the thesis to 

appraise the climate resource of the area In terms of Its 

relationship to different economic activities. 
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CHAPTER II 

CONTROLS Ar1D ELEMENTS 

The primary elements of weather and climate are 

temperature, precipitation, pressure, and wind. Varia- 

tion in the elements over the earth is influenced by a 

number of direct arid interacting controls, chief among 

which are latitude or sun control, land and water rela- 

tionship, winds and air masses, altitude, mountain bar- 

riers, ocean currents, and storms. "It is these controls 

acting with various intensities and in different combina- 

tions that produce the changes in the elements which in 

turn give rise to differences of weather and climate." 

(26, p.4) 

Climatic Controls 

Latitude 

Latitude or sun ccntrol primarily affects the 

amount of solar insolation that is received. The effect 

of latitude is evidenced by the proressive decrease of 

temperature from tropical regions to the poles. In cet'- 

tain climatic situations the effect of other controls may 

modify this progression. 

Oregon is located between 42° and 46° north latitude. 

At the summer solstice the aeraL,e length of day between 



sunrise arid sunset In Oregon is fifteen and one-half 
hours. Conversely, at the winter solstice the average 

length of day between sunrise and sunset is eight and 

one-half hours. Ori the former date, the sun's rays are 
at an angle of approximately 70 degrees above the south- 
cru horizon at noon. This is only 20 degrees from being 

vertical at this time of year. The sun's rays on the 

latter date are at an angle of only 23 degrees above the 

southern horizon at noon. During the summer months the 

direct rays of the sun accomplish more effective heating 
than the oblique rays of the winter. In addition, the 
longer hours of daylight in the summer means more hours 
of insolation. 

Pressure and Winds 

The Pacific High Pressure Cell is a feature of the 

general circulation which influences the climates of 

Oregon. During the four months of June, July, August, and 

September the northeastern quadrant of this high pressure 
cell is along the coast or extends inland over much of 

Oregon. As the warm season wanes, a change In pressure 
takes place over the ocean as well as over the land. 
During October the high pressure cell begins to dissipate 
and move southward. At this time a drop in pressure is 
effected in the Gulf of Alaska and the Bering Sea, the 



7 

Aleutian Islands, and southward over the ocean to Japan. 

This low pressure area that develops during the fall is 

the Aleutian Low. 

During the cooler part of the year Oregon is dornin- 

ated by another feature of the general circulation, the 

Southwest oster1ies. One of the most characteristic 

features of the esterlies is the cyclonic storm, a major 

cause of precipitation in the mid-latitudes. Cyclones 

an their associated fronts moving eastward in the 

Westerlies Zone contribute a major proportion of Oregon's 

precipitation. During the part of the year when the 

Subtropical High Pressure Cell Is In its expanded and 

northern-most position, the esterlies and their asso- 

ciated cyclones are a less significant feature. Current 

research indicates that the size and shape of the exten- 

siori over Oregon often modifies incoming fronts, and some 

are either blocked or diverted to the north. As a result 

Oregon receives very little precipitation during the 

summer months (36, vol. 34, p. 28-37). The high pressure 

cell during the summer of 1929 was prolonged over the 

northern Pacific and a loner than usual dry season was 

recorded as a result (2, vol. 47, p. 449-451). 

The last major pressure cell considered is the Great 

Basin Anticyclone. Stagnation of this high over the 

Great Basin brings dry weather to the Pacific Coast 



States, except for occasional showers along the coasts of 

Oregon and Washington. It is best developed during the 

winter and only occasionally during the summer. Its In- 

fluence during winter brings cold weather and clear skies 

to central and eastern Oregon. The air Is stable and 

passing cyclones of the Westerlies tend to be modified 

or diverted. 

Topography 

The area nere considered Includes all of the state 

lying east of the Cascades and comprises approximately 

50,000 square miles. About half th northern boundary is 

formed by the Columbia River and the rest by the 46th 

parallel. A majority of the eastern boundary is formed 

by the Snake River and by a line running due north and 

south from the mouth 01 the Owyhee River. The 42nd 

parallel is the southern boundary. 

The northern half of the area is largely occupied 

by several mountain masses which, in general, are 

referred to as the Blue Mountains ¿md the Wallowa 

Mountains. These latter ".....are only one of half 
a dozen mountain groups or "ranges", all of 
the others being includcd wider the general 
name of Elue Mountains" (6, p. 249). 

The highest peak Is located in allowa County and rises 

to a height of 10,003 feet, whereas, along the Columbia 

River the elevation in many places is below 500 feet. 



The lowest point is at the confluence of the Deschutes 

end the Columbia, the elevation here being only 150 feet. 
These mountain masses are the source of many of the 

streams of the region including Crooked, Malheur, Burnt, 

Powder, and Grand Ftonde Idvers. In addition, tnere is 

the Silvies River, which flows southward into the Great 

Basin, an area of interior drainage. 

The southern half of the region is a plateau rising 
to elevatiis of 4000 to 5000 feet. umerous small 

depressions are found here, end macky are occupied by 

brackish lakes. Others have water only duriig the 

rainy periods, drying up with the advent of warm weather. 

The more important include Goose, Varner, Abert, Sumner, 

Barney, and Malheur Lakes. 

Rising above the average elevation in this southern 

plateau are fault block ridges. Most of these are 

oriented north-south. The most important is Steens 

Mountain with an elevation over 9000 feet (27, p. i). 
The Cascade Mountains, which 11e to the west of the 

region, form a barrier against the modifying effects of 

the moist winds. As the moisture bearing winds rise 
over the Cascades, they are cooled adiabatically and lose 

much moisture through condensation and precipitation. 
Descending winds are heated katabatically and as a result 
western Oregon is wet and humid while eastern Oregon is 
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dry. The Blue and Wallowa ountains to the north are 

also effective in causing orographic precipitation. In 

the main, however, central and eastern Oregon is a region 

of light precipitation, low relative humidity, rapid 

evaporation, abundant sunshine, and wide ranges of tem- 

pera ture. 

Many local controls are present. Mountain and val- 

ley winds are common phenomena, and there are at times 

strong winds through the Columbia River Gorge. Steens 

Mountain and others effect a local dry shadow condition 

on their leeward sides. Baker which lies on the lee side 

of the Elk Horn Mountains is an example. There are many 

other conditions which may be attributed to local 

topography. 

Alti tude 

High elevations over most of central and eastern 

Oregon have a modifying influence ori temperature (fig. 2). 

During the summer months when insolation is at ita 

greatest intensity this area experiences temperatures 

lower than would be expected. 

To show tne effect of altitude on temperature while 

latitude is constant, mean annual temperatures for twenty 

stations were plotted against the altitude (figure 3). 

All the stations entered on the graph were within on.e 
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Source: Atlas of Oregon Agicu1ture 

Figure 2 
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degree latlide of one another. It will be seen that 

when altitude increases the mean annual temperature 

decreases. 

Continentali ty 

Central and eastern Oregon reel the influence of 

continentality despite location relatively close to a 

large water body. The Cascades are an effective barrier 
to marine influences from the west. This is evidenced 

by meager precipitatlOEl and large ranges of temperatures. 

The air has a limited amount of moisture, a factor which 

contributes to temperature extremes. Radiation is riot 

retarded by the blanket effect moist air produces result- 
ing lr low nightline temperatures. Conversely, the ease 

with which lrso1ation penetrates the atmosphere contrib- 
utes to effective daytime surface heating. Diurnal tem- 

perature ran;es in the summer may be as much as 50°F. 

The increase in temperature range from the Cascades 

through eastern Oregon indicates the increasing effect 
of continentality. 

Air asses 

Since the region is influeiod and dominated by vary- 

ing pressure systems at different times of the year, air 
masses of varied lgins are present. Puring the winter 
continental polar air (cF) that has its source region 
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over the cold polar wastes occasionally penetrates the 

Great Basir.1. Yhen this happens, cold air spills into 

central and eastern Oregi with ensuing subfreezing tern- 

peratures arid scow. 

Polar maritime (mP) air which grèatly affects the 

weather of North America has as its source the northern 

part of the Pacific Ocean. This region in winter is dorn- 

mated by the Aleutian Low. By the time the air reaches 

central and eastern Oregon lt Is greatly modified. Be- 

cause the surface of the plateau is cold it rapidly 

lowers the temperature of the lower layers of the air 

mass. A tendency toward stability results and is strength- 

ened on occasion by the Great Basin Anticyclone. These 

factors contribute to the limited precipitation of ceri- 

tral and eastern Oregon. During the summer subsidence 

associated with the Pacific High is a factor again limit- 

Ing precipitation. 

Still another air mass occasionally contributes to 

the weather of the area. This is the maritime tropical 

(mT) which during the w-inter sometimes moves northward 

reachlng Oregon and Washingtxi. Occasionally, precipita- 

tion in eastern Oregon Is from this source during the 

winter. This air mass Is not found as far north as 

Oregon in the suimner (6, p. 163-168). 
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Storms 

Storms that enter eastern Oregon as a result of the 

previously mentioned pressure cells and air masses corì- 

tribute to the weather and climate of the area. Some- 

times the development of cyclonic storms ir the eastern 
Pacific off the coast of Oregon and their subsequent 
passage will cause considerable property damae. 

One such storm occurred on October 25, 1950, when a 

cyclone developed about 800 mlles off the coast of Oregon. 

The strong winds and heavy rainfall that preceded and 
accompanied the subsequent frontal passages caused wide- 

spread damage. Forty to s1xtj per cent of the clover 

seed fields in eastern Oregon were destroyed. This is 

not a typical situation, but such storms do occur (23, 

p. 191-195). 

As iother example, in 1931, a considerable part of 

Washington and Oregon experienced an extraordinary dust 
storm which was borne on strong northeast winds that seem 

to be common to both states. The week previous was 

marked by the end of a 'et spell in both states. In turn 

this was succeeded by clear skies and veri low relative 

humidity. As a result layers of the soil had dried out 

so thoroughly, that the strong northeast winds whipped 

up great amounts of dust from the dry areas and carried 
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them to the west and slth in a groat dust cloud. The 

strength of the wind was such as to overcome and blow 

down frail structures and tall trees (4, vol. 59, p. 411- 

413). 

Climatic 11ements 

Precipi Lati on 

As elsewhere in the dry climates of the world, 

eastern Oregon is characterized by sparse and unreliable 

precipitation. Meagerness is the keynote throughout. 

The mean annual precipitation for the period from 1931 

through 1952 is about 11 inches. In many sections, as 

little as seven inches are more typical (figure 4). 

It is a general rule that dependability of precipi- 

tation varies directly with the annual amount, or that 

precipitation variability increases as the annual amount 

decreases. In dry climates annual precipitation may varï 

between 30 and 250 per cent (26, p. 140). Mean annual 

variation in the dry climates of central and eastern 

Oregon, however, la not as great as in many other regions 

having dry climates. Perhaps one of the main reasis is 

the concentration of precipitation in the cooler part of 

the year. Rainfall is less dependent upon surface heat- 

ing in the summer, and more dependent upon the cyclonic 
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storms that enter the realm duri:g the winter. These 

tend to be a more reliable source of moisture as compared 

to convectional storms. 

Mountainous northeastex Oregon haz the least varia- 

bility, averaging l per cent. The orographic effect of 

the mountains tend to produce greater amounts of precipi- 

tation as well as more reliable precipitation. Most of 

central and eastern Oregon has a variability of about 23 

per cent. 

Forms of Precipitation 

Both rain and snow are commonly experienced in cen- 

tral and eastern Oregon. The precipitation average for 

the region is nearly 11 Inches. Annual snowfall accounts 

for nearly 20 per cent of the total precipitation, 2 

Inches of iow being an annual average amount. 

Precipitation Tjpes 

V'inter precipitation is brought by cyclones, 

whereas, much of the summer precipitation is of a local 

convectional origin. Orographic influences are felt 

throughout the year. During the winter months when the 

continental anticyclone Is absent, cyclonic storms of the 

esterlies penetrate Interior Oregon. In suner eastern 

Oregon lies to the south of the cyclonic belt and comes 
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wider the Influence of the stable eastern end of the 

Subtropical High (26, p. 279). 

( , Much of the prec1ptation of both seasons is due in 

part to the orographic effect and is produced by rising 
of an air mass over mountains and plateaus. Because of 

their altitude the Blue Mountains receive abundant pre- 
cipitation, averaging 15 to 50 inches. Thunderstorms 

occur on i averabe of five to 20 days per year in ceri- 

tra]. and eastern Oregon (Ibid. p. 219). /0roraphica11y 
induced snowfall of winter is enough to last throuh the 

long, dry summers on the Steens Mountain (3, p. 17). 

Winds 

Winds from the south end southwest are most frequent 
during the winter, arid from the rorthwest and west in the 

suimner. The winds from the south and southwest bring 
moist and unstable air, whereas, those from the northwest 
tend to bring drier and more stable air. 

There are many local winds which are the result of 

topography. Gorge winds are connon1y felt in the 

Columbia hiver Valley. Foehn or Chinook winds occur on 

the lee side of mountain barriers. binds associated 
with highs and lows are experienced throughout the year 

but are stronger during the winter months. 
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Temperature 

Because of the extent of and variation within the 

dry climates of Oregon it is difficult to speak of 

typical temperature conditions. Any such remarks must 

be admittedly general. 
Some stations have mean monthly temperatures exceed- 

Ing 700 in July, but most are between 60° and 70°. The 

lowest mean monthly temperatures are recorded in January, 
averaing between 200 and 350 The northern and eastern 
sections have the highest mean annual temperatures arid 

the southern and western the lowest of eastern Oregon. 

Annual ranges of temperature increase from west to 

east. Just east of the Cascades the annual range is 34O 

The ranges increase eastward until at the Oregon-Idaho 

border it is over 50° (fig. 5). 

}xtreme s 

Extremes in temperaLure are a characteristic of the 
dry climates. Umatilla in northeastern Oregon has 

recorded a high of 1170 in the month of July. Moreover, 

all of the dry climate stations employed in the climate 
map have had extremes above 1000 during this month except 

Hart Mountain Refuge, located at 5900 feet above sea 

level. The lowest temperature as _460 recorded at 
Danner in southeastern Malheur County duriLg ie month 
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of February. In addition, every station used in con- 

structin the map had absolute minimums for January below 

_100. 

Along with large annual ranges the area experiences 

considerable diurnal temperature range. Beulah in 

Malheur County is used to illustrate this point in 

figure 6. Summer is the season with the greatest diurnal 

ranges, see figure 6. The largest daily range of summer 

occurred on July 9th with a low of 500 and a high of 

1000. The smallest range came on July 1 when the high 

was 740 and the low 500 producing a range of 240. During 

January the greatest range took place on the seventeenth 

with a low of -12° and a nigh of 28° showing a range of 
4Q0 In this same month the smallest diurnal range of 

temperature occurred on the 22nd with a range of 100. 

Killing Frost and Average Length of Frost-Free Season 

There are frosts of varying degrees of severity. 

Killing frost is defined by Trewartha, as 

"a temperature condition of sufficient severity 
to be generally destructive to the staple 
products of a locality." 

When it is difficult to determine the destructive results 
by observing conditiìs in a given area the first date in 

autumn and the last date in spring on which temperatures 

of 32° occur are used. This is the basis for the length 
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of frost-free seasons used in this study. 

Some plants are killed when the temperature barely 

drops below the freezing point; others will survive. The 

number of degrees below freezing required to do serious 

damage varies not only with the plant but also with the 

duration (30, p. 120). 

The number of days between the average last killing 

frost in spring and the first in autunn is shown in 

figure 7. Tn much of the southern section of the dry 

climates, the average frost-free season is under 100 days, 

while in the northern area it is about 160 days. There 

is, in general, an increase in number of frost-free days 

from the sou th to the north, owing to a difference in 

elevation. In the north-central part of Oregon along 

the middle Columbia River the length of frost-free season 

is somewhat over 200 days locally. Some areas along the 

rivers have the greatest number of frost-free days. f- 

good example would be those spots along the Snake ar 

Columbia Rivers. By contrast there is a portion of 

south-central Oregon which has an average frost-free 

season of less than 80 days. The areas having a frost- 

free period of between 100 and 200 days are the principal 

agricultural districts. 



CHAPTER III 

CLASS IFICATIOL S 

Descriptive 

Several studies of the climate of Oregon have been 

made, some of which were principally descriptive in 

natire, whereas, others have employed various climate 

classifications. 

Most of the early climate studies of Oregon were 

largely descriptive. One of the first involving eastern 

Oregon was made by Reed, who, in 1915, divIded eastern 

Oregon into two different regions--the Gieat Basin Dis- 

trict and the Snake River District. He made this differ- 

entiation on the basis of the amount of precipitation 

each area received. The boundary separating them closely 

followed a line between the streame flowing into the 

Snake and Columbia Rivers on the one hand and those 

emptying into the Great Basin on the other (10, p. ls). 

In 1925 Ward included eastern Oregon in the Northern 

Plateau Climate Province. Criteria for defining this 

province were topography and precipitation. Vtard indi- 

catad that this was an area of scanty precipitation, and 

that topographically it was higher than the majority of 

the area to the south of the Oregon border which he 

defined as the Southern Plateau Climate Province (30, 

p. 11-22). 
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The same year Smith presented the most comprehensive 

discussion on Oregon climates of those using the descrip- 

tive method. The ;eneral nature of climatic contrasts 

was recognized arid causes for these contrasts were dis- 

cussed. Varmest stations, coldest stations, rainfall, 

and growing season were among the points considered 

within the several areas of the state (24, vol. 8, 

p. li-26). 

Empirical 

A different approach to the study of climate is 
exemplified by the work of KSppen and Thornthwaite. In 

such studies climates are defined by numerical boundary 

criteria such as annual precipitation, critical tempera- 

tures, and seasonal distribution of precipitation. In 

some instances empirical formulae were used to establish 
critical boundaries. 

It was not until 1931 that the above type of climate 

classification was applied to eastern Oregon. Russell 

employed the Kppen classification in a study of the 

dry climates of the United States. Although a later 

(1928) modification by Kppen as available at this time, 

Russell chose to use the 1923 vers5o: because the later 
revision resulted in an unrealistically small area of dry 

climates in t1 United States. highteen out of 20 
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stations in eastern Oregon originally classified as 

having dry climates would have been classified as humid 

according to the 1928 system. 

Although the classification was basically Kppen's, 
Russell made certain modifications. For instance Russell 

used the January isotherm of 320 as the boundary between 

the low latitude and mid-latitude dry climates, whereas, 

Kuppen employed the mean annual isotherm of 64.4°. Any 

station having an avera,e annual temperature below 4.4 
was considered as a mid-latitude dry climate by Kuppen. 

Russell suggested that the climate boundary based on this 
temperature figure was located too far south and did not 

properly reflect the vegetation in western United States. 
Russell indicates that the regions of greatest develop- 

ment of sagebrush are north of the January isotherm of 

32° and therefore should be included in the mid-latitude 
dry climates. In addition, Russell advocated a wider 

variety of rainfall regimes within the dry climates 

(21, vol. 5, p. 31-33). 

Using Kppen's 1923 classification along with his 

)own modifications, Russell classified nearly all of 

eastern Oregon as BSk with a small portion of BWh in the 

north along the Columbia River. The B Indicated climates 

in which potential evaporation exceeds precipitation, the 

S a semi-arid climate arid the arid, the h indicates low 
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latitude and the k mid-latitude. The majority of eastern 
Oregon he therefore classifiedas a semi-arid mid-latitude 

climate (figure 8). 

Hopson also made use of Kppen's 1923 system of 

climate classification. In it she employed Russell's 
32°F. isotherm for January as a boundary between mid- and 

low-latitude dry climates. Hopson recognized a precipi- 
tation regime with a cool season maximum, She also noted 

a spring maximum although she did not modify the classi- 
fication because of this factor. 

Hopson classified the majority of eastern Oregon as 

BSk with large areas of BWk in southern and in east 
central Oregon. Small areas In the lower parts of north 
central Oregon were also classified as BWk (figure 9). 

Hopson modified K&ppen's classifications as follows: 

the letters h-b applied to that station which had a low 

range of temperature (below 71°F. In the hottest month 

and above 32°F. in the coldest month). The only statii 
with these qualifications was Mitchell, Oregon. K-a was 

used for those stations having mean monthly temperatures 

below 32°F. and above 71°F. (lO, p. 23-25). 

Kuppen In his "Handbuch Der K1Imato1ogie' published 

in 1931 In German and in 1936 In English, presented a 

further revision of his classification. A portion of 
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southeastern Oregon he classIfied as BS whereas the re- 
mainder of central arid easteni Oregon. was c1as1fied as 

humid. The relative uniqueness of Oregon's climate is 
here roted by Kppen, and he set it aside as the "Oregon 

Klimate" unknown elsewhere in the world (figure 10). The 

temperatures and seasonal regime of precipitation result 
in the climate fitting into a rather unique place in the 

classification (31, vol. 2, p. J194-J195). 

In 1953 Edward J. Jones made a climate study of 

Oregon using Thornthwaite's 1948 method of classification. 
In this study the majority of central nd eastern Oregon 

was shown as semi-arid with an arid section in the south- 
east encompassing virtually all of Malheur County and 

another arid section in the north along the middle 

Columbia River (13, p. 12). 

Present Classification 
In the present classification of dry clim9tes in 

central and eastern Oregon, the dry-humid boundaries 
(B/H) have been established by using K&ppen's latest 
(1931) classification. That portion of the classifica- 
tion which pertains to the dry climates includes a 

formula which is used to determine the boundary of the 

dry climates. The formula is r .44t -8.5, where r is 
the maximum rainfall In inches for a dry climate having 
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a mean annual temperature of t(°F.). Three variations of 

this formula are suggested; each fits a different pre- 

cipitation regime. The variation is in the amount sub- 

tracted from the product of .44 and t. here the rainfall 

regime is one of even distribution throughout the jear, 

8.5 is subtracted as in the formula stated above. The 

other two variations apply to precipitation regimes which 

have a marked winter maximum or summer maximum. Commonly, 

a station with a marked seasonal maximum will have a 

wettest month which is representative for the season. 

In the application of the formula, this wettest month 

must be compared to the driest month in the opposite 

season. The relativo contrast between wettest and driest 
month serve as a basis for determining the precipitat.il 
regime. 

To illustrate the application of the formula, 

Andrews in the dry area of southeastern Oregon was chosen 

as an example. The mean annual precipitation for Andrews 

is 10.99 inches and the mean annual temperature 46.70F. 

Kuppen's formula is executed as follows: 

r .44t -8.5 
r : .44(46.7) - 8.5 

- R Q R 
a. - - 

r 12 " 

The rule for determining a dry climate is as follows: 

If r is less than the annual precipitation of the station 

in question, the station is considered as having a humid 
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climate; however, if r is more than the mean annual rain- 

fall the station is dry (B). 

Problems were encountered with Kppens 1931 system 

of classification. Much like Russell's problem with the 

1928 system of Kppen's, the 1931 system tended to con- 

tract the dry areas. Technically the rainfall regime of 

central and eastern Oregon has a winter maximum. Nearly 

all of eastern Oregon classifies as a humid climate using 

the formula applicable to stations having a winter maxi- 

mum of precipitation (figure 11). 

The control of 1titude causes difficulty also. As 

mentic»ied in a previous chapter the effect of latitude is 
modified by topography and altitude. Because of the high 

elevation over most of the region the mean monthly summer 

temperatures are lowered. As a result the dry-humid 

boundary, which is largely determined by temperature, is 

lowered to the point that most of the stations in eastern 

Oregon fall on the humid side. 

In contrast to this are the several evidences of the 

dry character of central and eastern Oregon. These in- 

dude (1) scanty precipitation, (2) vegetation peculiar 

to a dry area, (3) soils that are characteristic of dry 

regions, and (4) land use suited to dry lands. All 

indicate that this is truly a B climate area. The modi- 

fication of the use of K&ppen's formula in this study and 
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the reasons for the modifîcat'on follow. 

Precipitati on Distribution 

In view of the importance to be attached to the 

precipitation regime in this study, a few introductory 

considerations seem in order. 

Actually, Kppen is not very definite in regard to 

the exact meaning of "chiefly in suninier" and "chiefly in 

winter" with respect to the B climates. Many students 

of climate, therefore, have used the same definition of 

seasonal maximum for the B climates as are used for humid 

climates. In order to qualify as a suniner maximum a sta- 

tiori must have ten times as much rain in the wettest 

summer month as in the driest winter month. In order to 

qualifj as a winter maximum a station must have three 

times as much rain in the wettest winter month as in the 

driest summer month (26, p. 382). 

Preston James interpreted Kpperi's 1931 classIfica- 

tion as follows: 

"The phrase 'chiefly in summer' is interpreted 
as meaning that at least 70 per cent of the 
total annual rainfall comes in the summer six 
months (April to September, inclusive, in the 
Northern Hemisphere). 'Chiefly in winter' 
means that at least 70 per cent comes in the 
winter six months (October to March, inclusive, 
in the Northern Hemisphere) . If less than 70 
per cent is concentrated in either six month 
period, therA the rainfall is said to be evenly 
distributed." (12, p. 373) 



To illustrate the precipitation regime of' this area 
graphically, precipitation data for 40 statiis were 

utilized from all over central and eastern Oregon (figure 
12). Using the months of the year as the abscissa and 

precipitation in inches as the ordinate, mean monthly 

precipitation values for each station were plotted to 

determine the seasonal distribution. First the area was 

divided into fourths with ten stations assigned to each 

fourth to see if differences in regime existed in the 

several parts. o great difference in regLr:e was indi- 
cated so the 40 statiois were placed on one graph. 

Plotting all of the stations on the same graph makes the 

regimes clearly evident. Southeastern and south-central 
Oregon have 62 per cent of the rainfall coming in the 

six winter moiths and north-central and northeastern 
receive 63 and 58 per cent respectivelr during this time. 

The graph shows a decided summer minimum from July 

through September with precipitation for the remaining 

months rather evenly distributed. 
In view of the above the author feels justified in 

distinguishing the precipitation regime of central and 

eastern Oregon as one of even distribution rather than a 

winter maximum. The area does not qualify as having a 

winter maximum according to James' interpretation of 

K3ppon's indefinite criteria. KZppen, also, has stated 
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that the precipitation of this particular area is one of 

even distribution except for the dry summer minimum. In 

addition, this area could just as easily be said to have 

a spring maximum as a winter maximum. An average of 29 

per cent of the total annual precipitation is received 

from April through June vthich is the same amount that is 
received from January through March. In view of the Im- 

portance of a late spring maximum with respect to agri- 

culture it would seem somewhat more realistic to point 

/up the spring maximum rather than the winter in a situa- 
tion which finds the two seasons equal. Lastly, both 

Russell and Trewartha found it necessary to digress from 

a strict application of the K&ppen formula because it 
resulted in too great a restriction of B climates in most 

of this area. 

Climatic Boundaries 

From the map it will be noticed that, except for 

areas classified as highland, the bulk of the region 

comes under the classification of ESk or mid-latitude 

steppe with sorne spots of BSh in the north where the 

marine influence is extended through the Columbia Gorge 

(figure 13). Within the mid-latitude, subdivisions have 

been made on the basis of elevation, temperature, and 

precipitation including snowfall. Vegetation, soils, and 
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lcrìd use have beor used as indicators of dry climate 

characteristics. The rorthern portion of the BSk is 
labeled the Columbia Valley Subtype or BSkvs and the 

southerr region is the Oregon High Plateau Subtype or 

J3Skps. The transition areas within the subtypes have 

also been established on the basis of elevation and 

precipitation including snowfall and temperatures. 

i.levat1on within the transitions is higher than the drier 
area. Furthermore, all stations in the transition zones 

are within one inch of the dry-humid boundary. The 

Columbia Valley transitizì is called the ESlcvt, meaning 

that the area is one of transition (t) arid is more humid 

than its surroundings. The southern portion or Oregon 

High Plateau Subtype has been treated in the same manner 

and is classed as the BSkvt or Oregon High Plateau tran- 

sition (figure 14). In addition snowfall is greater in 

these areas than in the surrounding dryer regions. 
The boundary of the highland climate category was 

founded on steepness of slope and elevation. A map 

having contours at one thousand feet intervals was 

utilized in determining the highland climate area. The 

four thousand foot contour was followed as the lowest 

elevation while anything over this contour was classed 

as hgh1and, except where the contours were more than a 
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quarter of an inch apart. For example, ari area between 
four arid five thousand feet if contours were more than 

a quarter of an Inch apart on the map lt would not be a 

part of the h1güand, but rather a high plateau. This 

method was used to classify the highlands of northeastern 

Oregon and the boundary to the west on the east side of 

the Cascade Mountains between the humid and highland 

climate. 

The principal reason why the writer objected to 

classifying northeastern Oregon as a Db climate as Kppen 

did is because steep slopes tend to cause a great deal of 

diversity. Temperatures and precipitation data are very 

different from place to place although it may only be a 

matter of a few miles. This follows Trewartha's modifi- 

cation of Kuppen's system. 
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CHAPTER IV 

DRY CLIMATE TYPES 

Mid-Latitude Steppe 

Using the classification outlined in the previous 

chapter the majority of central and eastern Oregon is 

classified as a mid-latitude steppe climate. The climate 

occupies over one-half of the state. 

The control of coritinentality is associated with the 

extreme temperatures within this climate. Daily tempera- 

tures of over lOO e riot uncommon during July and 

August. On the other hand, temperatures below zero occur 

during the winter months. Daily rangea are highest 

during the summer. Annual temperature ranges are large. 

Mean January temperatures fall below 320 whereas mean 

July temperatures occasionally rise above 700. Mean 

annual temperatures average about 50°. 

In chapter III a brief discussion was presented as 
to the method used in subdividing the mid-latitude steppe. 

It will be recalled that the subdivision was made on the 

basis of elevation, precipitation including snowfall, ìd 

temperatures. As indicators of the several climate types 

vegetation, soils, and land utilization are cited. These 

criteria are used throughout in differentiating the 

several subtypes within the mid-latitude steppe. 
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Columbia Valley Subtype 

The Columbia Valley Subtype is located in the 

rorthern portion of the mid-latitude steppe. Elevation 

in thi s sub type i s the lowest of the several subdivisions, 

averaging 1700 feet. The figure cited indicates a mean 

between the lower portixìs near the Columbia lUver and 

the higher portions to the south. 

Topography for the most part is rolling with some 

knolls rising above the surrounding terrain. Steepness 

of slope becomes greatest along rivers which have cut 

their way to the Columbia from the highlands to the 

south. 

Mean annual precipitation is 9.40 inches. The 

greatest deviation within the subtype occurred at Dufur. 

In 1935 a deviation of 6.32 inches below the mean was 

recorded. In this subtype average variability is 24 per 

cent. It is the hiest within central and eastern 

0reg. Snowfall averages 15.6 inches and amounts to 15 

per cent of the total precipitation. Percentages of 

total precipitation represented by snowfall are cited in 

each subtype. These were computed arbitrarily assuming 

a one-inch water equivalent to one foot of snow. 

Earli er it was suggested that latitude was one of 

the caitrols effecting temperatures in central arid eastex 

Oregon. A casual observaticii would lead one to believe 
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the opposite in this case. This subtype which Is the 

northern-most of the areas subdivided has the hlLhest 

arnua1 temperatures. A1ttude Is the principal modifying 

factor, this region heine the lowest in central and 

eastern Oregor. 

Annual temperatures in this subtype average 4990 

with a mean annual rance of 3E340. Dufur is used to 

illustrate the mean aru:ual temperature ranges. Mean 

January temperature is 30.10 and the meen July tempera- 

ture is 68.0° (Fiure 15). 

1ean maximum temperatures oecur during the month of 

July. The highest mean maximum was recorded at i-Iermiston, 

92.3e. The lowest meen minimum temperature ror July was 

42.4° at Prineville. During January Prineville recorded 

the lowest mean minimum, 18.3°. Redmond registered the 

highest mean maximum for this month with 42.1° (figures 

16 and 17). 

An average of the several frost-free seasons for the 

statiais included Within this subtype is a relatively 
meaningless fiure. Because of diversity of terrain and 

differences in elevatiai an average is not representative. 

Earliest date of beginning of frost-free season was 

March 22 at Umatilla. The latest date for the beginning 

of the frost-free period was June 30 at Prineville. The 

earliest date ending the frost-free season occurred at 



52 

Pr1revi11e on July 1. The latest date ending the frost- 
free season was recorded at Jmati1ia ori iovember 12. At 

Madras the averae length of frost-free season Is 50 days 

arid at Umatilla the average length of the frost-free 

season is 186 days. Redmcd is used to illustrate the 

frost-free season in this subtype (figure 18). This is 
not a typical station, however, typical stations are not 

present. As was pointed out above because of the diver- 

sity of topography and elevation over rrst of the area 
temperature differences are considerable. 

Vegetation within this subtype varies. For the area 

as a whole, sagebrush, palouse-like grass, and juniper 

woodland predominate (figures 19 and 20). What appears 

to be an anomalous situaticn is sagebrush growing al ong 

the Columbia River. Inland from this palouse-like 

grassland and juniper woodland dominate there faxiing 
does not occupy the land (figure 21) (3, p. 81-83). 

Soils for the most part are brown and chestnut. 

Immediately along the Columbia River soils have an alka- 

line quality whereas on the rolling hills to the south 
they are found to possess a neutral quality. The latter 
appear to be more conducive to crop agriculture (figure 
22). 

In the portion of the region to the south of 

Arlington and Dufur dry farming is practi cod and wheat 
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Figure 19. Note the scattered juniper rees and 
sagebrush. Scanty vegetation witnessed 
here is characteristic of much of central 
and eastern Oregon. In the background 
Smith Rocks dominate the scene. 

Courtesy of Oregxì State Highway Deparent 
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Figure 20. Juniper trees east of 
juniper trees do not 
but the exception to 
in this area. 

Bend. As a rule 
attain large size, 
the rule is found 

(Courtesy of Oregon State Highway Board) 
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Figure 22 
GENERALIZED SOILS 

i 

Generalized Soils 

(Typical series are indicated in parenthesis) 
by ELLIS G. KNox 

i \S'clI to poory-drairied, acit, nearly level snil 
from iliy materials ors terraces aiid floodpkiinc 
(Chehalis, Wapato, Willamette, Amity, Dayton). 

Reddish, seid claycy, well-drained rds oir hills 
J (Aiketi, Siles, Josephine, lloomer) 

r- - i Very acid, strongly leached, clayry, friable. well- 

LJ drained soils on hills ( Astoria, Hemh,r . Blanch- 
----- lv) . rVell- to p()o! ly-drained, nearly level soils on 

ltoodplains and terraces close to 're coast a,d 
thong rivers ( Mehalem, Brenner, Copiille, 
Knappa, Tillanirok). 

Redrish, acid, clavey, well-drained soils on hills 

1_ _ (Josephine floomer) Brcsn slightly a id s -.- :, .... 
(Laughin, Dixotiville, Siskiwyou) and ark 
colored, sticky, ' ay soils (Climas, Pho' 'r ) on 
hills and in s Lll.)s. Well- tù poorly l airied, 
nearly level soils ori floodplstis anti terraces 
(Medford, Ag te, Umpqua). 
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Slightly acid, l,rosvn, welh-d rained soils on obier- 

. 

I 

_____J 

tsiii nid hiLhi l)late uts I urnice at ils ii I'.] titi 
:r:, . al li tiscl djotning counties t lapine). 

LNearly black, silty, granular, slightly acid well- 
- -- .-- drained ta,ils '1 rolliitg hills i Aitie,,a. P,l,tu'e I. 

- 

Nearly blark, well- to poorly-drained. nearly level 
nearly neutral soils iii srllevs 

- 
Dark brown, nearly tsutral, frishle, well-drained 

!. 
ir soils- silty ori rolling hills iii tire Columbia laiit 

('trValla Walls, Condon, Mtrrow)- -nearly level 
with wet and alkali soils in vallevs-varial'le in 
textiile, depth, and stoniness on hills in t,thier 
areas. 

- Brttvn, nearly neutral, friable, wr-tl-drained soils- 
si ' y on ni Ihing hills iii tile Columbia Rasiii ( Ritz- -- viile)-loamy to clayey. mosti' pumice, on cell- 
trat ()i, gon plateaus ( iJeschintes, Agency, Mati- 
ra. I--nearly level will) wet md ailoshi soils in 
sa deys- - variable in tea 'tre, depth, auth sloniness 
lIti hills in nl lier areas. 

i -- T I b'hbt colored, rlkahae soils, lictially dry iiiìicss irrt- 
r:_m:.::I high Mountains 

[__ ___] 
l Wt lì wet alkali soils n vslles -. 

3ource At1a of Oregon Agriculture 
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and barley are important. Crops aro grown every other 

year with an intervening year of fallow. This method is 

indicative of a dry area and the system of fallowing is 

used so as to store rnoistur In the soil. Some irriga- 
tion is practiced In the dryer portions of this subtype. 

Columbia Val ley Transi ti on 

A second climate type is recognized in the n'thern 
portIon of the mid-latitude steppe region. This Is dis- 

tinguished from the Columbia Valley Subtype on the basis 

of elevation, precipitation including snowfall, and 

temperatures. 

It occupies a transition zone which exists between 

the dry Columbia Valley Subtype and the more humid 

climate classified as Highland. Therefore, It is labeled 

the Columbia Valley Transition. Precipitation Is within 

one inch of the dry-humid boundary. Temperatures are 

lower than the drier area due to an increase i eleva- 

tion. Average elevat1 is 2100 feet, about 400 feet 

higher than the Columbia Valley Subtype. 

Mean annual precipitatIon averages 12.27 inches. 

Heppner re4stered the highest deviation. In 1942 a 

figure of 6.33 inches below the mean was recorded. 

Variability is 22 per cent within tìds subtype. Snowfall 

averages 21.3 inches or 15 per cent of the total 
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Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov . Dec. 

1931 

- 

- 
- 

- 

- 

_____ 

- 
_____ 

_____ ____ 

___ 

___ 

- 

- 

- 

_____ 

_____ _____ 

932 

- 

_____ _____ 
933 

_____ ____ 

- 
1934 _____ _____ 

935 

936 

_____ 

I 937 
938 

_____ 

_____ _____ 

939 

_____ 

_____ _____ _____ 

1940 
- 
- 

_____ 

____ 
_____ 
_____ 

_____ _____ _____ _____ 
1941 

_____ _____ 
_____ ____ ____ ____ 

1942 

_____ _____ 

_____ _____ _____ 

1943 
_____ _____ _____ 

_____ _____ _____ ____ 
1944 _____ _____ _____ ____ 

- 
____ 

- 
- 

1945 _____ _____ _____ 

1946 

1947 

_____ 

_____ 

948 - _____ _____ _____ _____ _____ 949 _____ _____ _____ 

950 
No dota available 

-____ 
I 9 5 I 

Frost Free Record of Pendleton, Oregon Figure 24 
I 93 I - I 95 I 

Source: (J . S . Weather Bureau 
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precipitation. 

Mean annual temperatures for the stations within the 

Columbia Valley Transition average 45.3°. The annual 

range averages 38.70. Heppner is used to Illustrate the 

mean annual range. Mean January temperature is 31.80 and 

the mean July temperature is 68.00 (figure 23). 

Mean maximum temperatures occur in the month of 

July. The highest mean maximum within this subtype was 

recorded at Pilot Rock. It was 9Q,50, The lowest mean 

minimum for July occurred at Antelope, 46.90. 

Mean minimum temperatures are recorded in January. 

The lowest mean minimum occurred at Antelope registering 

19.60. The highest mean maximum during January was 

recorded at Pilot Rock, and was 40.50. 

The average number of days between the last killing 

frost in spring and the first in fall is 154 days. 

Pendleti recorded the longest frost-free season with 

167 days. Conversely, Condon had the shortest, totaling 

133 days. Pendleton is used to illustrate frost-free 

season and is shown in fIgure 24. 

The earliest date of the beginning of frost-free 

season in the spring occurred on March 23 at Moro. 

Latest date of frost in the spring was recorded at the 

same station on June 10. Earliest date ending the 
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frost-free season occurred on September 12 at Moro. The 

latest date ending the frost-free season occurred at 

Pendleton on November 20. 

In this section of palouse prairie, blue bunch wheat 

grass is characteristic in those aroas not given over to 

agriculture. Associated soils are brown and chestnut, 

reflecting the dry nature of the region. Land use In 

this subtype cOElsists of large scale wheat farming and 

cattle ranching. 

The Oregon High Plateaus 

The Oregon High Plateau is the next area of con- 

sideration. It is located in south-central and south- 

eastern Oregon. In all respects it Is differeit from the 

northern plateau previously discussed. Elevation is much 

greater, averaging over 1300 feet higher than the area 

discussed above. This increase Is reflected in the mean 

annual temperatures. The lower plateau averages 50.50 

and the Oregon High Plateau averages 48.1°. 

Subtypes of this high plateau have been created 

U8iflg the same criteria as were used In the preceding 

discussion. These subdivisions are here recognized as 

the Oregon High Plateau Subtype and the Oregon High 

Plateau Transition. 
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Oregon High Plateau Subtype 

Elevation within the Oregon High Plateau Subtype 

averages 3100 feet. Those stations having the least 

elevation are located adjacent to the Snake River. 

Precipitation in this subtype receives the lowest 

recorded in the state, averagthg 8.97 inches. Mean 

annual snowfall averages 20.8 inches or 18 per cent of 

the total precipitation. Deviation is the largest at 

Huntington. In 1944 an amount of 8.01 inches above the 

mean was recorded. Average annual variation in this sub- 

type is 22 per cent. 

Mean annual temperatures average 49.10 with an annual 

range of 49,9O Paisley illustrates the annual tempera- 

ture range with a mean January temperature of 29.6° and 

a mean July temperature of 68.6° (figure 25). 

Mean maximum temperatures in this subtype are 

recorded in July. The highest mean maximum occurred at 

Huntington with 94.4°. The lowest mean minimum tempera- 

turo for July was 4330 and occurred at Lake. 

The mean minimum temperatures in this subtype occur 

in January. The lowest mean minimum temperature was 970 

at Baker. Highest meen maximum for January was 40.00 at 

Lake. 

Average number of days between the last killing frost 

of spring and the first of fall was 121 days. Adrian 
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recorded the longest frost-free season totaling 147 days. 

The shortest frost-free season occurred at Lakeview 

amounting to 85 days in all. 

Frost-free data are generally lacking for this area. 

Only four out of fifteen staticns recorded frost-free 

season data. These did present a good areal distribution, 

however, within the subtype. 

Three stations are used to illustrate the frost-free 

season. These are Burns in the northern section, Paisley 

located in the western part of the region, and Baker 

located in the extreme northeast (figures 26, 27 and 28). 

The earliest date of the beginning of frost-free 

season occurred at Adrian on April 6. The latest date 

of las t frost in the spring occurred on June 30 at three 

out of the four stations concerned. The earliest date 

ending the frost-free season in the fall came on July 28 

at Paisley. The same station recorded the latest date 

ending the frost-free period, November 4. It Is evident 

that frost could occur in any month on this high plateau. 

Sagebrush is the dominant type of vegetation throu- 

out most of this climate subtype (figure 29). Only occa- 

sionally will a tree be seen. Palouse-like grassland is 

evidenced near Burns in the north. Juniper woodland and 

aspen groves occur on the higher elevations of the 

Steens Mountain. 
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Frost Free Record of Paisley, Oregon Figure 27 
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1947 - 
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- 
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(949 _____ _____ 
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avouable 195 I 

Frost Free Record ofBaker , Oregon Figure 28 
Source U . S . Weather Bureau 
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Figure 29. Sagebruah and alkaii«e i: as these 
are typical throughout southeateZr Oregon. 
In the background the teexi Mountain and 
Sheephead Mountain form a distant skyline 
far across the extensive acres of the 
Alvard grazing lands. 

(Courtesy of Oregon State Highway Board) 



Soils are seirozem and brown, which reflect a true 
dry land condition. In relation to this and because of 

scanty precipitation, grazing appears to be the best use 
of the land. Sheep and cattle are the most common domes- 

tic animals that utilize the range. Hay is grown in the 
irrigated portions, alfalfa being the principal type. 

Oregon High Plateau Transition 
This climate subtype is located mainly in Lake and 

Barney counties. A separate isolated area is in south- 
eastern Malheur County centering around Danner. No addi- 
tional stations in Oregon and adjacent parts of Idaho were 

available for comparison, hence, that area is not desig- 
nated this subtype on the map. 

Elevation averages 4500 feet. This subtype is over 
1000 feet higher than its counterpart. 

Average annual precipitation is reflected by this 
increase In elevation, it being lO.85 inches. All of the 
stations are within one inch of the dry-humid boundary. 
In addition, snowfall amounts to 31 per cent of the total 
precipitation. Mean amival snowfall averages 38.4 

inches. It is the most received within the dry climates. 
The greatest deviation occurred at Barney Branch Expon- 
ment Station. In 1940 a total of 6.46 inches above the 
mean was recorded. Average annual variability for the 
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region amounts to 22 per cent. 

Temperatures within this subtype are lower than the 

Oregon High Plateau Subtype. Mean annual temperatures 

average 4530 with an annual average range of 40.30. 

Illustrating the annual temperature range is Barney 

Branch Experiment Station. It has a mean January tern- 

perature of 21.20 and a mean July temperature of 66.50 

(figure 30). 

Mean maximum temperatures occurred in July at 

Frenchglen with a recording of 91.40. The lowest mean 

minimum for July was 44.3° at Hart Mountain Refuge. 

The lowest mean minimum occurred in January at 

Barney Branch Experiment Station recording 9.6°. French- 

glen was the station having the highest mean maximum for 

this month with 40.6°. 

The average number of days between the last killing 
frost in spring and the first of fall is 79 days. This 

is the shortest frost-free season in central and eastern 
Oregon. Danner is used to illustrate the frost-free 
season as is shown in FIgure 31. 

Earli est date of the beginning of the Cros t-free 
season was April 30 at Valley Falls. The latest date of 

the frost-free season came on June 30 at all of the sta- 

tions that have frost records. Earliest date of the 

ending of the frost-free season in the fai]. occurred at 
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I 948 

- 

- 
- 
- 
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1952 ____- _____ 
953 _____ _____ 

___ 

- 

1954 _____ 

- 955 
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_____ _____ 

Frost Free Record of Donner Oregon 
193C-1956 Figure 31 

Source: U S . Weather Bureau 
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Freeinont on July 1. The latest date of the ending of the 

frost-free season as on October 10 at Danner. 

Sagebrush is the dominant type of vegetation in this 

subtype (figure 32). Juniper woodland arid aspen groves 

are located in the higher areas. 

Soils are brown and seirozem. Where moisture is 

plentiful and grass will grow some seasonal and migratory 

grazing is practiced. 

Low-Latitude Steppe Type Climate 

Three isolated areas of hot steppe climate are 

located on the lower plateau to the north in central and 

eastern Oregon. One is located in northern Umatilla 

County centering around Echo and Milton. Another is 

along the middle Columbia River. The last area centers 

on Mitchell and Dayville. Five stations represent the 

hot steppe region (Figure 13). 

Mean annual precipitation is 12.01 Inches. Devia- 

tion was the hiiest at Big Eddy with a figure of 10.36 

Inches in 1950. This was above mean annual precipitation 

of 13.51 Inches. Average annual variability Is 22 per 

cent. Snowfall in this climate type averages 14.6 inches, 

or about nine per cent of the total precipitation. 
Mean annual temperatures average 52.50, wIth a mean 
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Figure 32. Sagebrush dom1ries the landscape in 
£fl9fl parts of central and eastern Oregon, 
truly reflecting the dry nature of the area. 
In the background is Wagontire Mountain, 
rising 6500 feet above sea level. This is 
a good indication as to the general elevation 
of the Oregon High Plateau. oe that 
Wagontire Mountain does not rise very high 
above the surrounding terrain. 
(Courtesy of Oregon State Highway Board) 
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annual range of 39.4°. BIg Eddy is used to Illustrate 

the annual temperature range. It has a mean Januarr tern- 

peratu.re of 33.10 and a mean July temperature of 73.1° 

(Figure 33). Mean monthly temperatures in this subtype 

do not drop below 32°, hence, the classification of hot 

steppe. 

Mean maximum temperatuies occur In July. Echo 

recorded the highest mean maximum with 91.90. The lowest 

mean ndnimum temperature for this month was 50.20 recorded 

at t)ayville. 

Mean mInimum temperatures occur during Jenuary. The 

lowest mean minimum was 22.80 and was recorded at 

Daiville. The highest mean maximum for this month was 

430 recorded at the same station. 

The average number of days between the last frost In 

spring and the first in the fall Is 195. The longest 

frost-free season was found at Big Eddy, totaling 214 

days. Echo recorded the shortest with 170 days. 

Earliest date of beginning of frost-free period was 

February 23 at both The Dalles and Big Eddy. Latest date 

of the beginning of te frost-free season was May 12 at 

Echo. Earliest date ending the frost-free period In fall 

occurred at Echo on September 12. The latest date ending 

the frost-free season was Ìovember 27 at The Dalles. 

Vegetation in these fragmented areas of hot steppe 
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Figure 34. Typical dry climate vegetation of central and 
eastern Oregon. Picture indicates general 
view in the vicinity of Dayville. 
(Courtesy of Oregon State highway Board) 
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Figure 35. tìis portì of the low-latitude steppe, 
which is located in the area of Palouse 
Prairie, Blue bunch wheatgrass (Agropyron 
sicatum) and scattered western juniper 
(Juniperus Occidentalis) are characteristic. 
(Courtesy of Oregon State Highway Board) 
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climate are palouse prairie like grassland, sagebrush, 

oak woodland, and juniper (Figures 34 and 35). 

Soils are chestnut and promote the growing of wheat 

and barley near the Columbia River, Southward in the 

area around Dayville and Mitchell, hay crops are raised 

and general farming is practiced. 

Humid Continental Cool Summer Type 

Adjoining the dry climates of central and eastex 

Oregon are fragmented areas of Db type climate. Since 

this is not a dry c)$mate it is not described in detail. 

Within this climate type the temperatures of the coldest 

month fall below 32e, explaining the letter D. Tempera- 

tures in the warmest month do not exceed 71.60 thus delmn- 

ing b. This climate is one of temperature extremes, 

although in Oregon it does have a marino modification. 

Nevertheless, absolute minimum temperatures fall very 

low as witnessed by a _340 at Wallowa in January. 

The most extensive portion extends along the base 

of the Cascades on the west to whore it joins the dry 

climate type east of Friend, gond, Chiloquin, and 

Chemult. Another section of Db is located in the 

vicinity of the Ochoco Mountains. Still another is 

located in the northeastern corner of the state. 



Mighiand Type Climate 

The last type considered is the highland. This was 

established on the basis of slope and elevation. It is 

located in the northeastern portion of Oregon and encom- 

passes the Blue Mountain Group. 

Classification was not extended to the stations 

within this area. Because of diversïty of terrain there 

is a marked difference in temperatures and precipitation 
within a short distance. Local climates prevail. 
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CHAPTER V 

SUMMARY A]D CONCLUSIOTS 

The dry shadow effect of the Cascade Mountains is a 

major factor causing most of central and eastern Oregon 

to be semi-arid. Only where highlands are located does 

the mean annual precipitaticti rise above fifteen inches. 
In some sections seven inches are more typical. Other 

controls include latitude, pressure and winds, altitude, 
end land arid water relationships. 

Cyclonic stonus dominate the precipitation patterT 

of central and eastern Oregon. As a consequence, pre- 

cipitation although low, is more dependable than other 
dry climates of the world. Mean annual deviation aver- 

aees approximately four inches. Variability is low for 

these dry climates, not exceeding 24 per cent. 

Mean annual temperatures average 50.30. Mean 

monthly temperatures vary several degrees above and below 

the annual mean. As a result, anrLual temperature ranges 

are large. July is the month in which mean maximum tern- 

peratures occur. Mean minimum temperatures are recorded 

during January. Daily temperature ranges in the suiiner 

are commensurate with the greatest annual temperature 

ranges occurring within the region. 

The frost-free season in central and eastern Oregon 



does not average over 150 days. In some of the higher 

areas frost is apt to occur in any month. 

The classification of the dry climates of Oregon 

has presented a number of problems for students of cli- 
mate. Evidence of this is found In the several studies 

made in central and eastern Oregon. The region was cited 

as unique by K&ppen when he classified much of it as the 

"Oregon Klimate" stating that this climate was to be 

found liowher else in the world. Many writers have sug- 

gested solutions to the problems presented by this area. 

In this study a somewhat different solution has been 

proposed. 

One of the chief problems of the area centers around 

precipitation distribution. The precipitation regime in 

the area is one which is unique. Technically, the rain- 

fall regime qualifies as a winter maximum, whereas, in 

most of the dry climates of the world the precipitation 
comes during the warm season. 

In this study the above problem has been emphasized 

as the chief factor which causes difficulty in using the 

Kb'ppen climate classification. It is the writer's belief 
that the designation of a winter maximum for this area is 

inaccurate, that the climate is better described as having 

evenly distributed rainfall. Support for this belief 

include (1) evidence cited indicating that the spring 



maximum is quantitatively equal to the winter maximum, 

(2) the importance of a spring maximum in relation to 

agriculture, (3) Jamest interpretation of Kppon's in- 

definite criteria for a rainfall maximum regime in a dry 

area, (4) K&ppen's own statement concerning the precipi- 
tatiori regime, (5) the need on the part of other clima- 
tologists to modify the Kuppen classification as in the 

cases of Russell and Trewartha, and (6) identification of 

the precipitation regime or central and eastern Oregon as 

one of even distribution results in a climate classifica- 

tion for the area which agrees with the several evidences 

of the nature of the climate. 

Central and eastern Oregon although dry, dc have 

diversity. Five types of dry climates are found within 

the area. Differences noted include elevation, precipi- 
tation, and temperatures. Indicators used to illustrate 
the dry nature of the region were vegetation, soils, and 

land use. 

This thesis has been written utilizing the latest 
version of a classification that is used today by students 

of climate the world over. Except for modifying the in- 

terpretation of the precipitation regime, the classifica- 

tion is essentially in its original form. 
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APPENDIX 

CLIMATOLOGICAL DATA FOR FIFTY-TWO STATIONS UTILIZED Th STUDY 

Mean Mean Tempera- Tempera- 
Station Annual Annual ture ture Highest Lowest 

Precipi- Tempera- Warmest Coldest Tempera- Tempera-e 
tation ture Month Month turo ture 

COLUMBIA VALLEY SUBTYPE 

1. Arlington 8.92 54.1 75.5 31.9 114 -23 
2. Dufur 11.44 49.9 68.0 30.1 109 -28 
3. Hay Creek 10.08 48.2 65.8 32.0 110 -25 
4. Hermiston 8.5]. 53.1 74.7 30.9 112 -29 
5. Kent 10.79 48.3 68.0 29.5 105 -19 
6. Madras 9.03 47.4 65.7 29.6 110 -34 
7. Prineville 9.46 46.5 63.4 29,6 102 -30 
8. Redmond 8.17 48.5 66.0 31.5 105 -24 
9. Umatilla 7.71 53.4 75.1 31.7 117 -23 

COLUMBIA VALLEY TRANSITION 

10. Antelope 12.48 48.2 67.0 29.6 107 -27 
11. Condon 12.16 47.7 66.9 28.7 106 -22 
12. Heppner 12.90 50.0 68.0 31.8 107 -18 
13. Moro 11.61 49.5 69.0 29.5 111 -23 
14. Pilot Rock 13.48 52.1 72.0 31.9 11]. -20 
15. asco 11.60 50.7 70.6 30.3 113 -21 

OREG HIGH PLATEAU SUBTYPE 

16. Adrian 8.76 51.5 75.9 28.3 108 -35 
17. Andrews 7.74 48.9 71.7 28.2 107 -29 



Appendix, continued 

Mean Moan Tempera- Tempera- 
Station Annual Annual ture ture Highest Lowest 

Precipi- Tempera- Warmest Coldest Tempera- Tempera- 
tation turo Month Month ture ture 

18. Baker 8.67 44.2 65.0 21.]. 100 -30 
19. Beulah 11.08 48.4 71.5 23.2 105 -25 
20. Harper 8.12 48.7 72.3 25.5 106 -32 
21. HuntIngton 10.89 53.4 79.3 28.6 110 -15 
22. Lake 8.37 45.0 65.3 27.0 109 -40 
23. Malheur Branch 9.22 50.7 74.6 25.3 104 -17 
24. hyssa 10.02 51.8 75.9 28.0 108 -13 
25. Owyhee Darn 8.47 52.4 73.6 29.5 110 -10 
26. Paisley 9.26 48.5 68.6 29.6 103 -29 
27. Plush 8.17 47.8 68.2 29.6 101 -24 
28. Vale 8.53 50.9 73.7 27.3 110 -26 
29. Voltage 9.21 46.4 67.5 25.4 100 -26 
30. Varm SprIngs 8.0]. 49.2 72.7 25.5 109 -34 

OREGcV HIGH PLATEAU TRANSITION 

31. Danner 10.99 46.7 69.1 24.7 109 -46 
32. Fremont 10.01 43.0 61.0 25.9 104 -39 
33. Frenchglen 11.89 48.1 70.9 29.5 107 -26 
34. Barney Branch 9.43 44.2 66.5 21.2 105 -42 
35. Hart Mt. Refuge 10.25 43.7 62.2 26.4 98 -23 
36. Squaw Butte 11.58 44.8 66.8 23.3 104 -24 
37. Valley Falls 11.70 46.9 66.2 29.4 105 -39 

L0V-LATITUDE STEPPE 

38. Big Eddy 13.51 53.9 73.1 33.4 110 -22 



Appendix, concluded 

Mean Mean Tempera- Tempera- 
Station Annual Annual ture ture Highest Lowest 

Precipi- Tempera- V'armest Coldest Tempera- Tempera- 
tation ture Month Month ture ture 

39. Echo 10.19 53.8 74.8 32.4 112 -24 

40. Daj-ville 11.36 50e7 68.8 32.9 109 22 

41. Milton 13.78 53.7 74.8 32.6 107 -17 

42. Mitchell 11.23 50.2 68.9 33.6 106 -24 

HTThID COTTINENTAL COOL SUMMER TYPE 

43. Bend 12.14 46.7 64.1 30.1 104 -26 

44. Chemult 27.38 41.3 59.3 24.1 102 -30 

45. 16.70 44.6 62.5 27.1 103 -28 

46. Enterprise 13.03 43.5 62.9 22.8 107 -36 

47. Friend 16.40 45.0 63.6 25.9 104 -22 

48. Fossil 14.35 47.2 64.7 28.4 106 -24 

49. Grizzly 13.61 45.2 62.4 26.7 102 -28 

50. Ochoco Ranger 
Station 19.45 43.3 61.9 23.5 lOO -27 

51. Round Grove 16.78 43.6 62.0 26.5 87 -29 

52. a1lowa 17.66 45.4 65.6 24.4 108 -34 

Source: U.S. Weather Bureau - Climatological data 1931 through 1952. 


