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ABSTRACT

Daily air temperature, relative humidity, vapor pressure deficit, solar
radiation, precipitation, wind, and evaporation are tabulated for April
I - September 30 for the 15-year period, 1953-1967. Soil temperatures
at 4-inch and 12-inch depths are given for the 9-year period, 1959-
1967. Quadratic curves, obtained from a pooled regression computer
program applied to the actual data, are presented for comparison.
Peak of the curve for solar radiation occurred June 28, evaporation
July 8, vapor pressure deficit July 12, and air temperature July 23.

A publication of the New York State Agricultural Experiment Station, Geneva, a
division of the New York State College of Agriculture, Cornell University, Ithaca,
a statutory college of the State University of New York.

Cover: General view of weather station at Darrow Farm.



GROWING SEASON WEATHER
AT GENEVA, NEW YORK

1953-1967

N. H. Peck, M. T. VitrtuMm, and G. H. GiBss!

PRECIPITATION and maximum and minimum temperatures have been
recorded daily by the New York State Agricultural Experiment Sta-
tion at Geneva since 1883. Records for the first 58 years, 1883-1940, are
summarized in the 60th Annual Report of the Experiment Station (15),
and for 1890-1963 are included in a Cornell Rurban Climate Series (7).

The Environment Sciences Service Administration (ESSA), former-
ly the Weather Bureau, of the U. S. Department of Commerce, pub-
lishes Geneva precipitation, air temperature, evaporation, wind, and
soil temperature data monthly (1), and Geneva data are also included
in a series of reference bulletins dealing with climatological factors
that affect agriculture in the Northeast. These regional bulletins use
information from approximately 160 locations for the 30-year period
1926-1955 (5, 6, 8, 9, 10, 11, 12). The Geneva precipitation and
temperature data in the above publications were always obtained by
the official cooperative weather observer from instruments located near
the Experiment Station greenhouses.

As agriculture becomes more complex, there is an increasing need
for more information on the physical, chemical, and biological re-
sponses and reactions of plants to their environment. Thus, starting in
1953, miore detailed weather observations were initiated in conjunction
with a comprehensive irrigation experiment which was located on the
Darrow, or Fruit Breeding, Farm 2.4 miles due west of the Experiment
Station. Daily observations at this site, latitude 42° 5% north and
longitude 77° 03’ west, were recorded during the 6 months of the
growing season, April 1 - September 30, for the 15-year period 1953-
1967. Solar radiation was intercepted on top of the Food Research
Laboratory at the Experiment Station, latitude 42° 5% north and
longitude 77° 00" west. Altitude at the Darrow Farm is 750 feet above
sea level. The surface slopes gently to the east. Except for a low peach
orchard 400 feet to the west, there were no obstacles in the direction of
the prevailing northwest wind. The soil at the Darrow Farm site is
classified as a Lima silt loam—a moderately well-drained soil formed
from glacial till composed of a mixture of limestone and calcareous
gray shale (17, 18). All instruments were located within a fenced area
40 feet x 30 feet in size. Bluegrass sod was maintained inside the fence,
and for at least 20 feet in all directions outside the fence (cover photo).

*Associate Professor, Professor and Head of Department, and Experimentalist in
Vegetable Crops Tespectively.



PROCEDURE

Daily observations, made in accordance with the standard procedures
followed by cooperative weather observers (2), were recorded at 8:00
a.m. Eastern Standard Time except for solar radiation which was re-
corded on True Solar Time. Daily observations were recorded for the
24-hour period ending at observation time. Hourly temperature and
relative humidity, taken from hygrothermograph charts, were recorded
at the end of each hour.

Awr Temperature, °F

Maximum and minimum air temperatures, expressed in degrees
Fahrenheit, were measured by standard U. S. Weather Bureau maxi-
mum and minimum thermometers mounted 60 inches above the sod
surface in a standard Weather Bureau instrument shelter (Fig. 1). The
mean of 24 hourly air temperature readings for each day was calculated
from readings taken from a continuously recording hygrothermograph
located in the same shelter.

Fig. 1: Interior of standard
instrument shelter showing

minimum and maximum
thermometers mounted on the
horizontal crosspiece (above), and
hygrothermograph which continuously
records relative humidity

and temperature (below).
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Fig. 2: Sling

"% psychrometer used to
measure wet-bulb
and dry-bulb
temperatures.

Fig. 3: Pyrheliometer unit on
top of Food Technology
Laboratory.

Relative humidity (per cent)

Relative humidity, expressed as per cent of saturation, was recorded
by a continuous-chart hygrothermograph (Fig. 1). The human hair
element used to measure relative humidity was checked occasionally
against wet bulb-dry bulb thermometer readings with a sling psychrom-
eter (Fig. 2).

Vapor pressure deficit (inches of Hg)

Vapor pressure deficit, expressed as inches of mercury, was calculated
for each hour by multiplying the saturation vapor pressure corre-
sponding to the observed temperature, as compiled by Marvin (18), by
the difference between 100 and the observed relative humidity. Vapor
pressure deficit values were calculated for each hour from the hourly
temperature and relative humidity readings, and the daily vapor pres-
sure deficit values are the averages of the 24 hourly values for each day.

Solar radiation (g cal/cm?)

Solar radiation was intercepted by an Eppley 50-junction pyrheliom-
eter (Fig. 3), and was recorded on a continuous chart potentiometer.
Solar radiation, expressed as gram calories per square centimeter per
day, was obtained by adding the readings for each 20-minute period
during the day, in accordance with instructions of the official “Manual
of Radiation Observations” (3).




Fig. 4: Standard rain gage on left, and recording rain gage on right.

Day length (minutes)

Day length, expressed in minutes from sunrise to sunset for latitude
43° north, was obtained from tables in the U. S. Naval Observatory
Nautical Almanac (4).

Precipitation (inches)

Precipitation, expressed as inches per day, was measured in a stand-
ard Weather Bureau rain gage with an 8-inch diameter top (Fig. 4).
Charts from a recording rain gage were available for checking precipi-
tation measurements, and for determining intensity of precipitation
over short time intervals.

Wind (miles)

Wind, expressed as miles per day, was recorded by a 3-cup anemom-
eter mounted 1.5 feet above the sod surface immediately adjacent to the
evaporation pan (Fig. 5).

Fig. 5: Standard 4-foot diameter pan for measuring evaporation with hook gage in
still well, and 3-cup atometer for measuring wind.




Evaporation (inches)

Evaporation, expressed as inches of water evaporated per day, was
measured from a free water surface in a standard Weather Bureau
Class A evaporation pan 4 feet in diameter (Fig. 5). Water was main-
tained approximately 10 inches deep within the pan, and the pan itself
was mounted 4 inches above the soil surface on an open wooden frame
surrounded by bluegrass. A hook gage and still well were used to make
evaporation readings.

Soil temperature (°F)

Soil temperature, expressed in degrees Fahrenheit at 4-inch and 12-
inch depths below the bluegrass sod surface, was recorded by a dual
pen continuous chart thermograph (Fig. 6) for the 9-year period 1959-
1967.

Fig. 6: Recording thermograph
for measuring soil

temperature at

4-inch and 12-inch

depths.

Computations

Data for each weather factor were analyzed with a pooled regression
computer program to determine the curve of best fit based on the least
squares technique. These pooled quadratic curves are useful in smooth-
ing the day-to-day and year-to-year variations which occur in the daily
values of actually observed weather.
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RESULTS

Average daily values for each weather factor for the growing seasons
from April 1 through September 30 for the 15-year period 1953-1967
are given in Table 1. Individual daily values for all these weather
factors during April 1-September 30 (1953-1967, except soil tempera-
tures 1959-1967) are available from the Vegetable Crops Department,
New York State Agricultural Experiment Station, Geneva, N. Y. An-
nual means of these growing season weather factors are given in Table
2. Pooled quadratic curves for these weather factors obtained from the
pooled regression programs are shown in Figures 7-16.

Air Temperature

The highest maximum air temperature recorded any individual day
during the 15 years of growing seasons was 99°F on July 23, 1955 and
the lowest was 21°F on April 4, 1954. The mean maximum air tem-
perature for the 15 years was 71°F, with the highest annual mean of
74°F in 1955 and the lowest of 67°F in 1956 (Table 2). The curve for
maximum air temperature peaks at 80°F on July 24 (Fig. 7).

The highest minimum air temperature recorded for any day during
the 15 years was 78°F on August 13, 1953 and on June 29, 1959 and
the lowest was 10°F on April 4, 1954. The mean minimum air temper-
ature for the 15 years was 52°F, with the highest annual mean of 55°F
in 1955 and in 1959 and the lowest of 49°F in 1963 (Table 2). The
quadratic curve for minimum air temperature peaks at 60°F on July
24 (Fig. 7).

Using the mean of 24 hourly air temperature readings for each day,

Fig; 7: Pooled quadratic curve for ‘maximum,. minimum and - hourly mean -ai
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the highest daily mean was 84°F on September 2 and 3, 1953 and the
lowest was 18°F on April 4, 1954. The mean hourly air temperature
for the 15 years was 61°F, with the highest annual mean of 64°F in
1955 and the lowest of 58°F in 1956. The curve for mean air tempera-
ture peaks at 69°F on July 23 (Fig. 7). Air temperatures calculated
from the mean of 24 hourly readings are almost identical to those
obtained from averaging the daily maximum and minimum air tem-
peratures (Tables 1 and 2, and Fig. 7).
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Relative Humidity

The highest maximum relative humidity of 100 per cent was recorded
on many days during the 15 years, and the lowest was 45 per cent on
May 17, 1967. The mean maximum relative humidity for the 15 years
was 95 per cent, with the highest annual mean of 99 per cent in 1965
and the lowest of 91 per cent in 1955 (Table 2).

The highest minimum relative humidity for any day was 100 per
cent on 6 different days during the 15 years and the lowest was 11
per cent on September 30, 1957. The mean minimum relative humidity
for the 15 years was 49 per cent, with the highest annual mean of 57
per cent in 1965 and the lowest of 40 per cent in 1963 (Table 2).

Using the mean of 24 hourly readings of relative humidity for each
day, the highest was 100 per cent on 15 days during the 15 years, and
the lowest was 33 per cent on May 10, 1962. The mean hourly relative
humidity for the 15 years was 74 per cent, with the highest annual
mean of 83 per cent in 1965 and the lowest of 69 per cent in 1955 and
1963. The curves for maximum, minimum, and mean hourly relative
humidity are shown in Figure 8.



Vapor Pressure Deficit

The highest vapor pressure deficit for any day during the 15 years
was .591 inches of mercury on July 1, 1964 and the lowest was .000
inches on 15 days. The mean vapor pressure deficit for the 15 years
was .173 inches, with the highest annual mean of .194 inches in 1963
and the lowest of .120 inches in 1965 (Table 2). The curve for vapor
pressure deficit peaks at .220 inches on July 12 (Fig. 9).
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Solar Radiation

The highest solar radiation for any one day each year during the 15
years averaged 791 gram calories per square centimeter, and the lowest
was 30 gram calories per square centimeter on April 7, 1967. The mean
solar radiation for the 15 years was 469 gram calories per square centi-
meter per day, with the highest annual mean of 509 gram calories per
square centimeter per day in 1955 and the lowest of 424 gram calories
per square centimeter per day in 1965 (Table 2). The curve for solar
radiation peaks at 552 gram calories per square centimeter on June 28
(Fig. 10).

Day Length

Day length at Geneva expressed in minutes from sunrise to sunset
is 763 minutes on April 1, reaches a maximum of 922 minutes
about June 21, and declines to 708 minutes on September 30 (Table
1 and Fig. 11).

DAY (ENGTH

T aveusT . . SEPTEMBER

' cufr,ve_ffqr .:dziy: léngth,

Precipitation

The highest precipitation for any day during the 15 years was
2.90 inches on August 14, 1955 and daily lows of 0.00 inches occurred
on many days each year. The mean precipitation for the 15 years was
.09 inches per day, with the highest annual mean of .13 inches per day
in 1958 and the lowest of .07 inches per day in 1964. The curve for
precipitation is shown in Fig. 12.
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Wind

The highest wind for any day during the 15 years was 398 miles on
April 5, 1963 and the lowest was 0 miles on August 20, 1961. The mean
wind for the 15 years was 89 miles per day, with the highest annual
mean of 102 miles per day in 1964 and the lowest of 78 miles per day
in 1962. Wind was the only weather factor where the lowest numerical
values occurred during the middle of the growing seasons (Fig. 13).
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Evaporation

The highest evaporation of water from the Weather Bureau Class
A evaporation pan for any day during the 15 years was .478 inches
on July 4, 1966 and the lowest was .001 inches which occurred on
13 different days. The mean evaporation for the 15 years was .175
inches per day, with the highest annual mean of .198 inches per day
in 1955 and the lowest of .144 inches per day in 1956 (Table 2). The
curve for evaporation peaks at .222 inches per day on July 8 (Fig. 14).
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Fig, 14: Pooled quadratic curve for evaporation.

Soil Temperature

Maximum soil temperature at the 4-inch depth under a bluegrass
sod during the 9 years of growing seasons from 1959-1967 had a mean
of 65°F. The highest maximum temperature recorded for any day
was 90°F on July 31, 1959 and the lowest was 32°F on April 3 and
4, 1964. The curve for maximum soil temperature at the 4-inch
depth peaks at 74°F on July 27.

Minimum soil temperature at the 4-inch depth during the 9 years
had a mean of 58°F. The highest minimum temperature recorded
for any day was 74°F on July 30 and 31, 1959 and on July 29, 1963,
and the lowest was 32°F during the first part of both April 1964 and
April 1965. The curve for minimum soil temperature at the 4-inch
depth peaks at 66°F on July 30.
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Maximum soil temperature at the 12-inch depth under a bluegrass
sod during the 9 years had a mean of 61°F. The highest maximum
temperature recorded for any day was 81°F on July 31 and August
1, 1959, and a low of 82°F on April 4-8, 1965. The curve for maxi-
mum soil temperature at the 12-inch depth peaks at 70°F on August 3.

Minimum soil temperature at 12-inch depth during the 9 years had
a mean of 60°F. The highest minimum temperature recorded for
any day was 79°F on August 1, 1959 and the lowest of 32°F on the
first part of both April 1964 and April 1965. The curve for minimum
soil temperature at the 12-inch depth peaks at 68°F on August 4.

The curves for soil temperature are shown in Figure 15.
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DISCUSSION

Curves obtained from the pooled standard quadratic regression
computer program are shown in Figure 16. Units have been omitted
from this chart so that the slopes and the peaks of the curves may be
compared on a relative basis. Note that the solar radiation curve
closely follows day length, except the solar radiation curve peaks
on June 28, whereas the day length curve peaks about June 21. The
mean air temperature, calculated from averaging 24 hourly readings
each day, lagged farthest behind day lengths. The air temperature
curve peaks on July 24.

Vapor pressure deficit and evaporation curves fit very closely to
each other, and have similar lags behind day length and solar radiation.
The vapor pressure deficit peaks on July 12, and the evaporation curve
peaks on July 8. Vapor pressure deficit and evaporation have been
shown to be very closely related to evapotranspiration by vegetable
crops (14 and 16).
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