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SELECTED REFERENCES ON FROST 
Note: References marked with asterisks (*) contam discussions of methods of frost protection. 
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(1912); vol. 4, p.310-341, inch tables, 10 figs. 
(1912); vol. 5, p.1-18, inch tables, 5 figs. (1912); 
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Second Pan American Scientific Cong., Proc., vol. 2, 
inch tables, 13 figs. In press. Washington, 1917. 

Reed, William Gardner: The probable growing season. 
U. S. Weather Bur., Mo. Weather Rev., vol. 44, 
p.509-512, 4 figs. Washington, 1916. 

Reed, William Gardner, & Tolley, Howard R.: Weather 
as a business risk in farming. Geog. Rev., vol. 2, 
p.48-53, inch tables, 4 figs. New York, 1916. 
Abstract in LI. S. Weather Bur., Mo. Weather Rev., 
vol. 44, p.354-355. Washington, 1916. 

Smith, J. Warren: Predicting minimum temperatures 
for frost protection. Ohio Naturalist, vol. 15, 
p.405-408, 1 fig. Columbus, 1915. 

Spillman, W. J., & others: The average interval 
curve and its application to meteorological phenom¬ 
ena. U. S. Weather Bur., Mo. Weather Rev., vol. 
44, p.197-200, inch tables, 2 figs. Washington, 

1916. 

*TJ. S. Weather Bureau (Humphreys, W. J., & others): 
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Washington, 1915. 

* Wilson, Wilford M.: Frosts in New York. New York 
Cornell Agr. Exp. Sta., Buh 316, p.505-544, figs. 
135-151. Ithaca, 1912. 

Bibliography of Frost and Frost Protection. 

Buynitzky, Eleanor: A selection of books and papers 
. . on [frost] . . . forecasting. In U. S. Weather 

Bur., Weather forecasting in the United States, p. 
357-358. Washington, 1916. 

Reed, William Gardner, & Feldkamp, Cora L.: A selected 
[annotated] bibliography of frost iu the United 
States. U. S. Weather Bur., Mo. Weather Rev., 
vol. 43, p.512-517. Washington, 1915. 

U. S. Department of Agriculture: Experiment Station 
Record, Washington, monthly. (Current.) 

TJ. S. Weather Bureau: Bibliography in Monthly 
Weather Review. Washington. (Current.) 

Sources of Frost Data. 

TJ. S. Weather Bureau: Summaries of climatological 
data of the United States by sections (tables). 
Various dates. Each section is revised and reprinted 
when the previous edition is exhausted. Summaries 
for the whole United States were collected as U. S. 
Weather Bureau Buh W. Washington, 1912. 

TJ. S. Weather Bureau: Climatological data for the 
United States by Sections (tables), 13 numbers a year 
(12 monthly and No. 13, annual summary) since 
1914. “Printed at the several Section Centers, 
assembled and bound at the Washington Office for 
service use and exchange.” (Current.) 

TJ. S. Weather Bureau: Monthly Weather Review, 
Washington. Monthly. (Current.) 

TJ. S. Weather Bureau: National Weather and Crop 
Bulletin, Washington, weekly during the crop- 
growing season (April-September), monthly during 
the remainder of the year. (Current.) 

Instructions for Reporting Frost. 

TJ. S. Weather Bureau: Instructions for cooperative 
observers. Circulars B and C, Instrument Division, 
ed. 5. Washington, 1915. 



FROST AND THE GROWING SEASON 

Definition of Frost.—The occurrence of the last 
frost in spring and the first in fall are especially 
noted by the observers of the Weather Bureau. 

Three distinctive frost types, based on degrees of 
severity, are recognized, namely, “light,” “heavy,” 
and “killing,” A frost that has no destructive effect, 
although tender plants and vines in exposed places 
may be injured, is recorded as “fight.” The desig¬ 
nation “heavy frost” is descriptive of a condition that 
in itseK is more severe than a fight frost—that is, the 
deposit of frost is heavier and the temperature falls to 
a lower point, although the staple products of a locality 
are not seriously injured. The term “killing frost” is 
used to define a frost, or temperature condition, of 
sufficient severity to be generally destructive to the 
staple products of the locality. The distinction be¬ 
tween the terms “heavy frost” and “killing frost” is 
one that has reference more to the effect of the frost 
than to the amount of deposit. Two frosts may appear 
equally severe so far as the deposit is concerned, yet 
little dam age may be done by one, while the 
other may be generally destructive to vegeta¬ 
tion. In such cases the former is recorded 
“heavy frost” and the latter “killing frost.” 

A low temperature condition of sufficient 
severity to be destructive to vegetation may, 
in fact often does, occur without an actual 
deposit of frost, because of cloudiness, or other 
cause. Such an occurrence is considered 
equivalent to a “killing frost” because the 
effect on vegetation is much the same as that 
occasioned by an actual deposit of frost 
sufficient, to cause destructive effects. It 
occasionally happens in spring that vegeta¬ 
tion has not advanced sufficiently to be 
injured by frost at the time of its last occur¬ 
rence, and in the fall the staple crops may 
have matured before the occurrence of the 
fii-st killing frost, making it difficult to 

primary importance; the period during which frosts 

occur is longer in the North and in the more elevated 

parts of the country, but the relations between altitude 

and the occurrence of frost are complex. Differences 

in elevation in the same region are often more impor¬ 

tant than altitude above sea level. Even in the case of 

comparatively small differences of elevation the dis¬ 

tribution of frost and its relative severity often present 

complications owing to the tendency of the coldest air 

to collect in the lowest parts of the region. In more or 

less inclosed valleys, the hillsides, possibly even the 

hilltops in some cases, are less subject to frosts than the 

valley bottoms. The problem, however, is one of 

great complexity, and thermal surveys' of particular 

regions are necessary before detailed statements as to 

occurrence, distribution, and severity of frosts can be 

made with any degree of certainty. 

Frost Records.—Because the period available for 

plant growth is largely confined to the time between 

the last killing frost in spring and the first in fall, the 

FROST RECORD AT 
FROST IN SPRING  
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Figure 1. The dots Represent the dates of occurrence of last and first killing frost in each 

year; the blank portion of the diagram is the time free from killing frost. 

determine bv direct observation the proper killing-frost 

dates. In such cases the last date in spring on which 

a temperature of 32° F. was recorded, or the first similai 

condition in fall, is regarded as the date of the last or 

the first killing frost. Frosts less severe than killing 

are in most cases of minor significance to agricidture, 

although the difference between killing frost and those 

less severe is often a matter of opinion of individual 

observers. Records of the occurrence of frosts have 

been kept since the establishment of the Weather 

Bureau in 1871 and by many people interested in 

agriculture or climatology for varying periods. The 

longest available records are those for Peoria, Ill. 

(see fig. 1), and St. Augustine, Fla., each of which 

began in 1866. 
The Occurrence of Killing Frost.—Frosts are of 

agricultural significance only when they occur at the 

time of year that vegetation is active. During the 

winter months they are of little significance to agri¬ 

culture except in limited areas in the South and South¬ 

west; during the summer, except in some of the more 

elevated areas, they do not occur. Dangerous frosts 

in the spring are those which occur after growth has 

begun. Frost occurs spasmodically and large areas are 

subject to visitation on the same date. A period then 

frequently follows without frost over the whole area. 

Later frost may occur covering another large area 

generally not coextensive with the first. 

Characteristic types of frost weather are shown by 

the three series of weather maps, figures 6 to 15. 

The six maps on. the upper part of the page show the 

advance of low temperature conditions over the Gulf 

States and Florida for two severe frosts, one an early 

spring frost and the other a late fall frost. The four 

maps of the western part of the country show weather 

conditions accompanying a severe frost in southern 

California. These maps, selected from a large number 

on file at the Weather Bureau, have been introduced to 

show conditions favorable to the occurrence of frost. 

Frost conditions are complicated and the ability to 

recognize weather types indicating frost can be acquired 

only after considerable experience and a wide acquaint¬ 

ance with differing conditions shown by the weather 

maps. It is, however, often possible to foretell the 

occurrence of frost locally from the weather of the 

afternoon preceding, and many farmers are able to 

make successful local forecasts for frosts from casual 

observations of weather conditions during the day. 

The thermograms (fig. 2) show the march of tem¬ 

perature at two stations in the Middle West at which 

killing frost in fall was reported on the morning of 

October 27, 1914. The rapid rise of temperature in 

the morning after a night with frost is characteristic, 

but the details of temperature changes during frosts 

are far from uniform. 
Conditions Favoring Killing Frost.—The occur¬ 

rence of killing frost depends upon a number of con¬ 

ditions, among which latitude and altitude are of 

dates of these frosts and the periods between them are 
the most significant statements of frost occurrence 
which can be recorded. These dates in any locality 
are subject to wide variations from year to year; figure 
1 shows them for Peoria, Ill., for each year of the rec¬ 
ord. The shaded area shows the time of year when 
killing frosts occur and the unshaded area the time 
free from killing frosts; agriculturally these may be 
regarded, respectively, as the time not suitable for 
plant growth and the time available for the growth of 

crops. 
Frost records are available from about 4,000 regular 

and cooperative stations of the Weather Bureau. Of 

on the morning of October 27. 

these records about 600 cover the full period of 20 years 

(1895-1914), adopted for most of the climatic material 

in this Atlas. About 1,800 cover more than 10 but less 

than 20 years; the other 1,600 are for shorter periods, 

but none less than 5 years. The records were all made 

under the direction of the Chmatological Service of the 

Weathex Bureau and have been carefully verified by 

officials of the bureau familiar with the districts and 

the locations of the stations. The data represent as 

nearly as possible the exact occurrence of the frost 

dates in the years of record. 

Dispersion of Frost Dates.—^The most note¬ 

worthy fact regarding these critical frost dates is their 

extreme irregularity. This may be seen by examining 

the Peoria record (fig. 1) and the records for other sta¬ 

tions (see figs. 5, 17, 19, 22, 24, and 26). These dia¬ 

grams show for selected stations the actual occurrence 

of frost in all the years of the record for each station, 

59 years in the case of Peoria. The stations were 

selected from those having the longest records to 

illustrate different dispersions. The dates of these 

critical frosts are of agricultural significance in that 

they show in each year the time between which no 

injurious frosts occurred. As different crops require 

periods of varying length to reach maturity, a knowl¬ 

edge of the length of the season without killing frost 

is of importance in the selection of regions suitable 

for particular crops. Figure 1 shows by the blank 

space in the middle the length of the frostless period 

for each year at Peoria. Figures 28, 31, and 33 give 

similar information for other stations. In these dia¬ 

grams the length of the line shows the period without 

killing frost for each year. 

The irregularities are so great that some method of 

summarizing critical frost dates and the lengths of the 

periods without killing frost must be adopted when any 

considerable number of records are under considera¬ 

tion. In the case of a single station the complete rec¬ 

ord showing the dates in each year furnishes detailed 

information. The record at Peoria (fig. 1) shows that 

in the 59 years no killing frost in spring 

occurred after May 11 and none in fall before 

October 1, giving a period of 143 days during 

which no frost occurred in the entire 59 

years. In very many years the period is 

longer, however, and many days available 

for plant growth will generally not be used if 

these dates are taken as the extreme limits 

of the growing season. The question the , 

farmer must decide is the degree of risk he 

is able to incur in order to make use of this 

longer period. The risk involved in planting 

at different dates must be determined by 

means of the mathematical summaries which 

can be made on the basis of the detailed 

information contained in the record. 

Average Dates.—The simplest of all 

summaries is the arithmetical average. In 

the case of frost the average date of last 

kilhng frost in spring is the time when the chance of 

killing frost falls to one in two; that is, in about half 

the vears it will occur on or after the average date ana 

in other years it will be earlier. For records covering 

less than 20 years the average is the only type of sum¬ 

mary which can be obtained with usable accuracy. 

The double-page maps of average dates of last kilhng 

frost in spring and of first killing frost in fall show for 

the 20-year period 1895-1914 the summarized frost 

conditions of the United States. It should be noted, 

however, that on the average dates the chance of 

killing frost is large, crops growing on these dates 

being subject to frost damage one year in two on the 

average. 
Last Killing Frost in Spring.—The average dates 

of last killing frost in spring are showm by figure 3. 

East of the Rocky Mountains lines have been drawn 

for the 1st, lith, and 21st day of each mmnth from 

March 1 to June 1, and from the Rocky Mountains 

westward for the 1st of each month only. Over the 

eastern section the lines trend east and west in general, 

although they bend more or less northerly in the prox¬ 

imity of bodies of water and large river valleys, while 

the bend is southerly in the vicinity of highlands. 

In the East latitude is the more general control of 

frost occurrence, while in the West altitude, modified 

by oceanic influence along the Pacific coast, is the 

more influential factor. This makes mapping of the 

western third of the United States on a small scale 

exceedingly difficult, and this difficulty is increased 

by the fact that habitations (the only places where 

continuous records can readily be obtained) are as a 

rule restricted to the lower slopes where frost conditions 

are less severe than in the mountains. The result is 

that only very general conditions can be shown for 

this western portion of the country, as each station 

presents problems peculiar to itself, and in any given 

area of small extent the occurrence of frost may vary 

considerably from that shown by the map. The com¬ 

plications introduced by the high mountains and deep 

valleys and the exceedingly irregular character of the 

surface have made it impossible to draw lines at 

intervals of less than one month. 

The earliest date fine shown is that of March 1. 

This line skirts the coast of South Carolina and of 

Georgia, crosses northern Florida, and extends west¬ 

ward through the Gulf States. Southwestern Arizona, 

the greater part of the Colorado Desert, the coast of 

southern California, and other favored regions in the 

West also have their last kiUing frost in spring before 

March 1. In these regions frost conditions are irregular, 

but killing frost occurs every year except at places 

having exceptionally favored locations. A line has been 

drawn marking off that portion of the country in which 

killing frost is liable to occur annually. North of this 

line it may be expected every year, although there is 

an occasional winter without it. The area south of this 

line, in which frost does not occur annually, includes the 
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OCCURRENCES OF LAST KILLING FROST IN SPRING 
(departures from the average date) 

AVERAGE 
DATE 

DAYS AFTER AVERAGE SCALE OF SHADES DAYS BEFORE AVERAGE 

O 30 20 
STATIONS iMiaret 

DALE ENTERPRISE.VA, 
POLYCONIC PROJECTION TOPOGRAPHY COMPILED AND DRAWN FROM DATA FURNISHED 

, BY U. S. GEOL. SURVEY BY F. J. MARSCH N ER. OFFICE OF FARM MANAGEMENT, 1915 
MARCH 1 TO 31 

BEFORE MAR I 
GRAND RAPIDS. MICH 

IlL.ING FROST- 
!Li; ANNUALLY BISMARCK, N.DAK 

ROSALIA. WASH. 

MEMPHIS, TENN 

107 105 103 109 123 125 

Figure 3 / 

PREPARED BY 

WILLIAM GARDNER REED 

CHARLES FRANKLIN BROOKS 

AND 

F. J. MARSCHNER 

1916 

o RjeguLoj' Weather Bureaa StatLorts 

• Cboperaiive Wocdher Bureaiub StaXioTts 

X AgriculturctL CoUbeges 

U. Regular Weather Bureait StaHoTis and Agrie. Colleges 

n (ktoperaii^/eWeeiiJtherBureau, Stations cmdAgric.CoHeges 

Capitals, Regular Weather Bureau, Stations 

Capitals, Rjeg. Weather Bureau, Sta. and, Agric. Colleges 

if. Oxpilals, Cooperative Weaduer Bureau, StatLons DATES OF 
FROST 

^ I MAY 1 2-1 6 

APR. 29 TO MAY 2 | 

UTapr. 24 vAr—1 

IV APR. 20-2 l\ Q 

IV APR. 10-13) \ 

/ VI APR 9-1 if \ 

vn mar. 22-24^ 

25-VJJIl FEB. 25-26 J 

K NO KILLING FROST 

Scale 1:8,000,000 
Kilometers 

100 200 300 400 500 

Statute Miles 
loo 200 115 300 

109 107 105 103 99 LoiLgitude West 97 of Greeirwicli 95 

Figure 3 shows the average of the dates on which the last killing frost in spring has occurred. In the East and Middle West the tines are drawn for the 1st, 11th, and 21st of each month; from the Rocky Mountains westward for the 1st of each month only. The only Weather Bureau station in the United States where killing frost does not occur is Key West, Fla. Except for the peninsula of Florida, the coast of the Gulf of Mexico, and 

favored localities in Arizona and California frost occurs every winter. These localities in California are situated mostly in the foothills and along the coast of southern California and in the San Francisco Bay region. The earliest date for which it is possible to draw a line showing the average time of last killing frost in the spring is March 1, while the latest date is June 1. Occurrences of the last killing frost before March 1 and after June 1 are 

too irregular to permit the drawing of average date lines. Along the northern margin of the cotton belt the last killing frost in spring occurs usually about April 11, along the northern margin of the corn belt about May 11, and in northern Maine, in the Green Mountains of Vermont, in the Adirondacks, in the Iron Ranges of upper Michigan, and in northeastern Minnesota about June 1. At the higher elevations in the West there are large areas, utilized 

mainly for summer grazing for sheep and cattle, in which frost occurs after June 1. The dates of last killing frost vary year by year from the 20-year average date indicated on the map. The insert map (figure 4) shows the dates for one year—1914. ' I n other years the dates and the areas covered may be different. The graph (figure 5) for five representative stations shows, by means of a dot for each year of the record, the dates of occurrence of the last killing 
frost in spring with reference to the average date for the station. 



ATLAS OF AMERICAN AGRICULTURE WEATHER MAPS SHOWING CONDITIONS FAVORABLE FOR FROST 

Observations taken at 8 a. m., 75th meridian time. Air pressure reduced to sea level. ISOBARS (continuous lines)pass through points of equal air pressure. ISOTH ERMS (dotted lines) 

pass through points of equal temperature; they are drawn for every 10 degrees. SYMBOLS indicate state of the weather: Q clear, 3 Partly cloudy, 0 cloudy, R rain, S snow. Arrows fly with 
the wind. 

Figures 12, 13, U, and 15. This pressure distribution is typical for frost in southern California, 

temperatures below freezing tor four successive periodsaveraging 4 hours for the first, 4 hours for 

freezing for a total of 30 hours, below 25° for 12 hours, and below 20° for 2 hours. 

u,e miuoay nours the temperature did not rise much above 50°. Citrus fruit was subjected t< 

the second, 13 hours for the third, and 9 hours for the fourth. The temperature was generally belov 
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TIMES IN THE 20 YEARS 1895-1914 THE LAST KILLING 
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TWICE 

OCCURRENCES OF LAST KILLING FROST 
DEPARTURES FROM THE AVERAGE DATE OVER 5 TIMES 
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3 20 years 1895-1914 the last killing frost in spring has been 10 days or more later than the average date, and indicates the relative dependability of the 

Imnrlel’LMe'”"-?!? |3). The Variations are wide in the western part of the country, but owing to the differences in local conditions exact mapping is 
P . ■ ® 3®'^ the portion of the United States west of the Rocky Mountains experience the most frequent variations of considerable amount in the date of last killing frost in spring while 

areas in northern Georgia and in eastern Colorado and western Nebraska show the least frequent variations. The graph (figure 17) shows for each year of the record at three representative stations the actual date 
ot the last killing frost in spring with reference to the average date. 

UNITED STATES DEPARTMENT OF AGRICULTURE 

WEATHER BUREAU. CHARLES F. MARVIN. CHIEF 

NUMBER OF TIMES IN THE 20 YEARS 1895-1914 THE FIRST KILLING FROST 
WAS 10 DAYS OR MORE EARLIER THAN THE AVERAGE DATE 

— — Based on Records of about 700 Stations 

IN FALL 

OCCURRENCES OF FIRST KILLING FROST 
DEPARTURES FROM THE AVERAGE DATE 
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Figure 18. This map shows how many times in the 20 years 1895-1914 the first killing frost in fall has been 10 days or more earlier than the average date, and indicates the rdrti3"°depen7aSTrthr 

different portions of the map of average date of first killing frost in fall (figure 20). The most frequent variations of 10 days or more are found in the Western States, southern Texas, Florida, and northwestern 
Ohio; the least frequent variations in the Texas Panhandle and western Oklahoma and in western Nebraska and southeastern Wyoming. The graph (figure 19) is similar to figure 17 above. 

A’ 
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UNITED STATES DEPARTMENT OF AGRICULTURE 

WEATHER BUREAU, Charles F. Marvin, Chief 

AVERAGE DATES OF FIRST KILLING FROST IN FALL 
ON Records from about 4,000 Stations, Based OF WHICH ABOUT 700 COVER THE FULL 20-YEAR PERIOD 1895-1914 

WASHINGTON, D. C. 

.the. 

Isle Royal 

S u.J> e r 

^ifiLleLa^^k V 

Qeeaver] 'hi 

-i'. 

-^Marthas V\n®^ 

^ )J 

-.. . / '^'- 

•alhai't 
MusJfo, 

^iutianllo 

tAnepd 

;>seS 

I Figure 21 

FIRST KILLING FROST IN FALL 
0M AFTER DEC. 1 

killih] 
Houstoiis 

V/— ' -^fjietweston— 
^^\ V-UNG 

, ^!'**'Galvcstjon 

frost 

annualC! 
HALF THE 

loJjOL^ordxL 

Jupiter 
Figure 22 

OCCURRENCES OF FIRST KILLING FROST IN FALL 
(DEPARTURES FROM THE AVERAGE DATE) 
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Figure 20 shows the average of the dates on which the first killing frost in fall has occurred. In the East and Middle West the li CNSRAVEO AND PRINTED BY THF- U.S.OFOLOGiCAL.SURVEY 

These localities in California are situated mostly in thrfoothills'and\lorg\L\Zt%Tsotuw^^^ Mountains westwarljo^r ^sj^oj^each month only. The only Weather Bureau station in the United States where killing frost does not occur is Key West, Fla. Except for the peninsula of Florida, the coast of the Gulf of Mexico, and favored localities in Arizona and California frost occurs every winter. i nese localities in L^aiirornia are siiuaiea mostly in me Tootmils and along the coast nf Rnn+hoKi, r'.,i'T ■ invru uuc — ■ - , , l:11• „ , , ' . ^ ^ ,, . , , ^ 
the northern margin of the cotton belt the first killing frost occurs on the average about October 25, along the northern margin of the corn bpirahol t n .'"'f ^ Francisco Bay region. The latest average date map is December 1 Frost usually occurs after this date in the Florida peninsula, the Texas coast, southwestern Arizona, southern California, and in a portion of the Great Valley of Californi'a. Along 

indicated on the map. The insert map (figure 21) shows the dates for one year-1914. In other years the dates and the areas covered mav r^Tu'^ northern boundary of the United States early in Septe^ 'n the higher regions ^ the West the first killing frost occurs before September 1, in fact, is likely to occur any time during the summer. The dates of last killing frost vary year by year from the 20-year averages 
may be different. The graph (figure 22) for five representative stations shows, by means ot a dot tor each year of the record, the dates of occunence of the first killing frost in fall with reference to the average date for the station. 
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Figure 23. This map shows the dates after which killing frost is likely to occur only one year in ten on the average. Lines have been drawn for the 1 st, 11th, and 21st of each month for the East an i e 

West and for the 1st of each month from the Rocky Mountains westward. At Key West. Fla., frost does not occur. The March 1 line crosses the peninsula of Florida, and m the West includes the southwestern 

portion of Arizona and the coast of southern California. Along the northern margin of the cotton belt only one year in ten is the last killing frost likely to occur as late as April 21, and along the northern margin 

Of the corn belt as late as May 25. Frost occurs, later than June 1 in one-tenth of the years along the northern boundary of the country and in the more elevated regions, especially in the West. The graph 

(figure 24) shows the actual dates of the last killing frost in spring with reference to the average date for each year of the record at three representative stations. 
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Figure 25. This map shows the dates before which killing frost is likely to occur only one year in ten on the average. It shows for fall frost information similar to that shown for spring frost by figure 23. The 

line for December 1 follows more or less closely the corresponding line for March 1 in figure 23; and the line for September 1 that for June 1. Along the northern margin of the cotton belt the first killing 

frost in fall is likely to occur as early as October 11 only one year in ten, while along the northern margin of the corn belt it is likely to occur one year in ten as early as September 11. The graph (figure 26) is 

similar to figure 24 above. 
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FROST AND THE GROWING SEASON 

Figure TI. This map shows how many times in the 20 years 1895-1914the season without killing frost was 15 days or more shorter than the average and indicates the relative dependability of different portions of 

the map of the average number of days without killing frost (figure 29). The variations are wide in the western part of the country, but owing to differences in local conditions exact mapping is impracticable. 

The portion of the United States west of the Rocky Mountains and the Gulf and South Atlantic coasts experience the most frequent variations of two weeks or more in the length of the season without killing frost, 

while the Great Plains area experiences least frequently variations of this amount. The graph (figure 28) shows the actual length of the period without killing frost for each year of the record at two representative stations. 

southern half of the Florida Peninsula, the immediate 

coast of the Gulf of Mexico, and that of southern Cah- 

fomia. Killing frost occurs in fewer than half the 

winters only in southern Florida and the region around 

San Diego, Cal. With the exception of Key West 

and some of the neighboring keys, frost has occurred 

in all parts of the United States; and over by far the 

greater portion of the country it is practically certain 

to occur every year. 

In places along the northern boundary of the United 

States and at the higher altitudes in the western part 

of the country the average date of last kiUing frost in 

spring is later than June 1; this area includes about 

one-eighth of the whole country. A large portion of 

the western United States is included in this area, but 

in some localities within this region frost conditions 

are much more favorable for agricultural work. 

Variations in the Dates of Spring Frost.—In 

order to show how far the average dates represent the 

frost conditions which actually occur, some statement 

of the variations is necessary. It is, however, not pos¬ 

sible to state this additional information with the same 

degree of accuracy as that for the average dates .because 

of the much smaller number of records of sufficient 

length to give significant results. Figure 16, based on 

about 700 records, shows the number of times in the 20 

years 1895-1914, the last killiag frost in spring was 

10 days or more later than the average date. This 

map may be regarded as a measure of the variability 

of the dates of last killing frost; it shows for the whole 

country some of the information which is given by the 

diagrams of dispersions of frost dates (figs. 1, 5, 17, 

and 24). The variations are found in general to be 

smaller near the Atlantic Coast and in the strip of the 

country just east of the Kocky Mountains. The 

greatest variations are those in the section west of the 

Rocky Mountains and also in the regions where frost 

is less common, particularly in Florida and along the 

Gulf Coast. Frosts are more common in the valley 

bottoms than on the lower slopes, but the depths to 

which the valleys fill with cold air differ from time to 

time and from place to place, so that stations on the 

lower slopes are subject to widely varying frost con¬ 

ditions. • The greater variations in the West should be 

taken into account in using frost maps of this portion 

of the country. Variations in dates of last killing frost 

are of little significance where frost is not of annual 

occurrence—that is, in Florida, along the Gulf Coast, 

and in portions of California and Arizona—because in 

these regions the type of agriculture is such that the 

occurrence of any frost is dangerous and proper pro¬ 

tection of plants depends more upon timely warnings 

than upon general statements of the time of year in 

which ftosts may be expected. 

The security from damage by frost is indicated by 

figure 23, which shows the dates on which the proba¬ 

bility of frost falls to 10 per cent. This map is similar 

to figure 3, except that it shows the conditions some¬ 

what less accurately because of the smaller number 

of stations available (about 600 as against 4,000 for 

the large map). The lines showing these dates have 

been drawn for the same intervals as those in figure 3— 

that is, for the 1st, 11th, and 21st of each month east 

of the Rocky Mountains, and for the 1st of each 

month to the westward. The line showing when the 

chance of killing frost is 10 per cent or less on March 1 

corresponds more or less with the line of annual occur¬ 

rence of killing frost. In the West, in Florida, and 

along the Gulf Coast the chance of kfiling frost falls 

to 10 per cent about 30 days later than the average 

date of last killing frost in spring. In other portions 

of the country the difference is smaller, but is commonly 

not less than 10 days. The areas in which the chance 

of spring frost is greater than 10 per cent on June 1 

include the region along the northern boundary of the 

United States, elevated areas in the Appalachian 

Mountains, and the greater part of the higher altitudes 

of the West. 

Average Dates of First Killing Frost in Fall.— 

The average dates of first killing frost in fall are shown 

by figure 20, which is based on records for the same 

stations as were used in preparing figure 3. The 

regions which are not subject to annual frost are, of 

course, the same on both maps. The area for which 

the average dates of first killing frost are earfier than 

September 1 is much the same as that for which the 

average dates of last Idlling frost in spring are later 

than June 1, although somewhat smaller in extent. 

Throughout both maps the general similarity is striking, 

the differences being mainly those of detail. 

Variations in the Dates of Fall Frost.—Figures 

18 and 25 for fall frosts are similar to figures 16 and 20 

for spring frosts. The differences in the variations of 

the dates of spring and fall frosts are small; the features 

shown by the maps are, therefore, much the same, 

although they differ in detail. 

Average “Growing Season.”—Figure 29 shows 

the length of the period between the average date of last 

killing frost in spring (fig. 3) and the average date of 

first killing frost in fall (fig. 20). The lines have been 

drawn for 10-day intervals in the eastern and central 

United States and for 30-day intervals in the West- 

The length of the period varies from 365 days at Key 

West, Fla., to considerably less than 90 days in the 

extreme northern portion of the country and the more 

elevated portions of the West. The large area in which 

the average length of the period without killing frost 

is less than 90 days is an important feature of this 

map and is essentially the same as that in which the 

average dates of last killing frost are later than June 1 

and those of first killing frost earlier than September 1. 

The region is, for the most part, not available for 

general farming; where the rainfall is sufficient it is 

mostly forested. 

Variations in Length of Growing Season.— 

Figure 27 shows how many times in the 20 years 

1895-1914 the period without killing frost was 15 

days or more shorter than the average. It was pre¬ 

pared from a simple count of the years in which the 

number of days between last killing frost in spring 

and first killing frost in fall was 15 days or more 

shorter than the average. In many years the period 

was less than 15 days shorter than the average, but 

as it began before the date of last killing frost this 

portion can not be considered available. The general 

features are similar to those shown by figures 16 and 

18. It may be regarded as an mdication of the varia¬ 

bility of the season without frost in different parts of 

the country. It shows for the whole country informa¬ 

tion similar to that given for selected stations by 

figures 1, 28, 31, and 33. 

Figure 32 shows the number of days available for 

plant growth in about four-fifths of the years. The 

intervals between the lines are the same as in figure 29— 

that is, 10 days in the East and 30 days in the West. 

However, the records are not of sufficient length to 

justify mapping on a scale as large as that of the double¬ 

page map any data for the growing season other than 
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Figure29showstheaverage length of the season Without kill mg frost for the East and Middle West the lines are drawn for lO-day i ntervals; from the Rocky Mountains westward for 30-day intervals only. At Key West. Fla., the frostless season covers the whole year. Throughout most of Florida, along the coast of the Gulf of Mexico, and in favored localities in Arizona and California, the average season without killing frost 

IS more than 260 days. Along the northern margin of he cotton belt ,t is about 200 days, along the northern margin of belt from 140 to 150 days, in northern Maine and northern Minnesota where hay potatoes, oats, and) barley are the principal crops, it is about 100 days, and in the higher regions of the West it is less than 90 days. There is very little agriculture, except that based upon wiId hay and grazing, where the average season between kiII,ng 
frost IS less than 90 days. In such regions frosts are likely to occur in any of the summer months. The length of the season without killing frost varies year by year from the 20-year average indicated on the map. The nsert map (figure 30) shows the length of the period without killing frost in one year-1914. These periods may be of different length and the areas of different extent in other years. The graph (figure 3i) shows the length of the frost is less than 90 days. In such regions frosts are likely to 

season at three representative stations for each year of the record. 
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Figure 32. This map shows the approximate length of the season available for the growth of many crops in about four-fifths of the years. This period is measured by the number of days between the date on 

which the chance of spring frost falls to 10 per cent and that on which the chance of fall frost rises to 10 per cent. Lines have been drawn for 10-day intervals in the East and Middle West and for 30-day intervals 

from the Rocky Mountains westward. In the southern part of Florida and of Louisiana and in parts of California this available growing season is 240 days or more; in northern Maine, northern Minnesota, and 

North Dakota, and in the more elevated regions, especially in the West, it is less than 90 days. The graph (figure 33) shows for two representative stations the actual length of the period without killing frost for each 
year of the record. 
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the average length of the period without kdliag frost. 

The length of the season shown by figure 32 varies from 

15 days shorter than the average period without killing 

frost in some localities to 50 days shorter in others. 

The differences between the two maps are greatest in 

those regions where departures of 15 days or more (see 

fig. 27) are most numerous. In the regions having 

90 days or less without frost in four years out of five 

general farming is limited largely to small grains, 

grasses, and potatoes, and in general the area is much 

the same as that in which the average period without 

killing frost is less than 90 days, although of course 

somewhat greater in extent. The longest safe growing 

season is found in the states bordering the Gulf of 

Mexico, in southern Arizona, and portions of California. 

The safe growing season in the eastern United States 

varies from about 240 days along the Gulf of Mexico to 

100 days or less in Minnesota and the Dakotas, and 90 

days or less in parts of the Appalachian Mountains and 

the higher altitudes in New York and New England. 

In the more elevated regions of the West the safe season 

is less than 90 days. This map represents in general 

the number of days expected to be available for the 

growth of crops in a sufficiently large proportion of the 

years to enable the organization of farm enterprises on 

that basis with a reasonable chance of success. 

Suitable Planting Dates.—It is essential that 

crops be planted late enough to be safe from too great 

risk of spring frost and at the same time early enough 

to permit maturity before the risk from fall frost 

becomes too great. When the selection of planting 

dates is made, the chance of damage by spring frost, the 

advantages of maturity for early markets, and the 

length of the growing period of the crop must aU be con¬ 

sidered. In the intelligent selection of planting dates 

the additional profits from early maturity must be 

weighed against the possibilities of loss from spring 

frost, and in regions where the growing period of the 

crop is such that fall frost may result in damage before 

maturity, planting dates should be selected which will 

give a reasonable chance of safety in the spring and 

also in the fall. Greater risks can also be taken at least 

on a part of the crop where the cost of replanting is 

comparatively small and the profits from early market¬ 

ing are considerable. 

The risk of frost may be determined mathematically 

if the record is of sufl&cient length. From a study of the 

long records in the United States it appears that any 

record of more than 20 years may be used as a basis 

for such computation. There are in the United States 

records of about 600 stations, which are suitable for 

this purpose. A study of general farming conditions 

has led to the conclusion that, for many crops, profit in 

the long run will result if crops are lost by spring frost in 

not more than 10 per cent of the years. In other 

words, the date when the frost risk falls to 10 per cent 

appears a reasonable time for planting certain crops, 

especially those sensitive to frost. Figure 23 shows 

the dates upon which the frost risk falls to 10 per cent. 

A crop which is not in a condition to be damaged by 

killing frost before the dates shown by figure 23 (for 

example, at Peoria, April 29) will be safe 9 years in 10 

on the average. This means that only 10 years in a 

century will have killing frost after that date and not 

that one year in each decade is subject to killing frost 

after April 29. On this scale only the general con¬ 

ditions over wide areas can be shown, and the records 

must be consulted for information in regard to particu¬ 

lar places. In general, the date upon which the chance 

of loss becomes small enough to justify the risk of plant¬ 

ing is in different sections of the country from 10 to 30 

days later than the average date of last kilhng frost. 

Suitable Harvest Dates.—The amount of risk 

which can be assumed in fall does not differ greatly 

from, that which can be assumed in spring, and the risk 

may be computed in the same manner. Figure 25 

shows the dates upon which the chance of killing frost 

in fall rises to 10 per cent, which for Peoria is October 

G. After this date there are fewer than nine chances 

of safety in ten. These dates are from 10 to 30 days 

earlier than the average date, the difference between 

the two dates for any station being about the same as 

the difference between the similar dates in spring. 

The Season Available for Plant Growth.—The 

number of days available for plant growth is an 

important factor in determining the availability of 

any region for a particular crop. The length of this 

growing season is conveniently stated in the number 

of days free from killing frost, although the length 

of the day, the amount of sunshine, and probably 

other factors tend to modify the period required. 

Even when the length of the growing season and the 

total amount of heat received are sufficient, it does 

not necessarily follow that crops wiU mature, as favor¬ 

able temperatures during critical periods of growth 

are necessary for normal plant development. The 

three factors—^length of growing season, total heat, and 

temperatures reached—operate on plant development 

more or less independently. As in the case of frost 

dates, some method of summarizing the period without 

killing frost must be adopted when more than a very 

small number of places are considered at one time. 

Figure 29 is a map of the average number of days with¬ 

out killing frost for the United States. Crops in a con¬ 

dition to be damaged on the average date of last killing 

frost in spring wiU be lost in half the years, hut half of 

those surviving spring frost, and not harvested until the 

average date of first killing frost in fall, will be lost by 

fall frost. Therefore, for crops requiring, the full 

length of the season to mature, the average period 

without killing frost is available to the farmer in only 

about one-fourth the years. 

If a region is to be regarded as available for a 

particular crop, loss from spring and fall frosts must 

not occur frequently enough to consume the profits of 

the years without such losses. The results of the 

studies of the chance of killing frost in spring and fall 

provide a method of determining the chance of a grow¬ 

ing season of any given length. For example, if the 

chance of safety from frost after a certain date in 

spring is 90 per cent, and if the chance of safety from 

frost before another certain date in fall is also 90 per 

cent, then the chance that the period between these 

two dates will be free from killing frost in any given 

year is 81 per cent. This means that, in the long run, 

frost damage would not occur in this period four years 

in five. This may be regarded as the season safely 

available for the growth of many planted crops; it is 

shown by figure 32. The number of days indicated 

by the map is the period after the dates shown by 

figure 23 which wiU be free from kiUing frost in about 

four-fifths of the years. In general the length of period 

in which the chance of killing frost is small enough 

to permit profitable agriculture is, depending on the 

locality, between 15 and 50 days less than the average 

number of days without killing frost. 

William Gardner Reed. 
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