








CHOICE OF ELEMENTS AND METHOD OF COMPUTATION

NORMAL MONTHLY AND ANNUAL MEAN TEMPERATURES ARE COMMONLY USED TO INDI-
CATE THE TEMPERATURE CLIMATE OF A LOCATION, MONTHLY NORMALS OF MEAN DAILY
MAXIMUM AND MINIMUM TEMPERATURES GIVE CONSIDERABLE FURTHER INFORMATION
FOR SUCH AGRICULTURAL PURPOSES AS THE CONSIDERATION OF PLANT GROWTH. MON-
THLY AND ANNUAL AVERAGES OR NORMALS OF MEAN, MEAN DAILY MAXIMUM AND MEAN
DAILY MINIMUM TEMPERATURE FOR THE 193160 PERJOD ARE AVAILABLE FOR MANY STA —
TIONS (CANADA TRANSPORT 1962, 1964, 1965A, B, C), AND MOST POTENTIAL USERS OF THE
ESTIMATES WOULD BE FAMILIAR WITH THESE PUBLISHED NORMALS, 1T WAS THEREFORE
DECIDED TO HAVE THE COMPUTER PROGRAMS MAKE 39 DIFFERENT ESTIMATES OF TEM-

PERATURE NORMALS FOR EACH LOCATION! ONE EACH FOR THE MEAN DAILY MAXIMUM,
THE MEAN DAILY MINIMUM AND THE MEAN TEMPERATURE FOR EACH MONTH AND FOR

THE YEAR. IT WAS DESIRABLE THAT THE ESTIMATES RELATE TO THE 1931-60 PERIOD, SO
THAT THEY WOULD BE COMPARABLE TO CURRENTLY AVAILABLE PUBLISHED NORMALS.

SUCH ESTIMATES MIGHT, OF COURSE, BE MADE BY INTERPOLATION BY HAND OR US-
ING ELECTRONIC SCANNING DEVICES, IF AT LEAST 24 TEMIsERATURE MAPS, 12 EACH FOR
THE MAXIMUM AND THE MINIMUM, WERE AVAILABLE  FOR THE PERIOD AND AREA RE —
QUIRED., THE ISOTHERMS WOULD PROBABLY HAVE BEEN PLACED ON SUCH MAPS RATHER
SUBJECTIVELY, AND THEY WOULD NOT ADEQUATELY REFLECT THE EFFECT OF ALTITUDE
AT ANY PARTICULAR POINT.

MAKING THE ESTIMATES BY HAND FROM MAPS WOULD BE EXTREMELY TIME CONSUM
ING IF A LARGE NUMBER OF POINTS WERE INVOLVED, IT WOULD ALSO MEAN THAT WHEN—
EVER NORMALS OF A DERIVED VARIABLE, SUCH AS GROWING DEGREE-DAYS, WERE RE-
QUIRED FOR SOME LOCATION THE TEMPERATURES WOULD FIRST HAVE TO BE ESTIMATED
BY HAND FOR THAT POINT AND THEN USED AS INPUT TO A COMPUTER PROGRAM TO PRE-—
PARE THE DEGREE.DAY ESTIMATES. USING A COMPUTER TO PREPARE MAPS FROM THE
AVAILABLE NORMALS AND THEN TO SCAN THEM TO INTERPOLATE THE TEMPERATURES
WOULD BE INEFFICIENT AND WOULD INVOLVE UNNECESSARILY ELABORATE INPUT AND
OUTPUT FACILITIES, 1T THEREFORE SEEMED MOST LOGICAL AND EFFICIENT TO MAKE
THE ESTIMATES USING A NUMERICAL TECHNIQUE WHICH WAS AS OBJECTIVE AS POSSIBLE
AND WAS BASED ON THE AVAILABLE 193160 TEMPERATURE NORMALS.

THE WLEAST-SQUARES"™ REGRESSION TECHNIQUE 1S A WIDELY USED AND PRACTICAL
STATISTICAL ESTIMATION PROCEDURE., NEARLY 30 YEARS AGO HOPKINS SHOWED HOW
REGRESSION TECHNIQUES COULD BE USED TO ESTIMATE TEMPERATURE NORMALS FOR
LOCATIONS IN CENTRAL AND SOUTHERN ALBERTA AND SASKATCHEWAN (1938), RECENTLY
HE HAS BEEN UPDATING AND EXPANDING HIS METHODS, USING NORMALS FOR THE 1931—-60
PERIOD FOR 206 CLIMATOLOGICAL STATIONS (INDICATED BY THE DOTS ON THE MAP,
FIGURE 1),

IN 1965 HE DEVELOPED A TRIVARIATE QUADRATIC MODEL OF THE FOLLOWING FORM}
T = Dyt DyN + DWW+ DyU + DsNA Dg w2k Dyu2 + DgNW + DgNU +DjoWU

WHERE N STANDS FOR NORTHWARD (LATITUDE), W FOR WESTWARD (LONGITUDE) AND U
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POTENTIAL EVAPOTRANSPIRATION (PE) DATA IS WIDELY USED IN IRRIGATION AND SOIL
MOISTURE STUDIES (BAIER, 1965), THE ESTIMATION OF DAILY LATENT EVAPORATION FROM
SIMPLE WEATHER AND ASTRONOMICAL DATA WAS DESCRIBED BY BAIER AND ROBERTSON
(1965), AND THE CONVERSION OF LATENT EVAI';"ORATION TO POTENTIAL EVAPOTRANS-
PIRATION WAS DISCUSSED BY HOLMES AND ROBERTSON (1958) . THESE TECHNIQUES HAVE
BEEN ADAPTED FOR USE IN ESTIMATING NORMAL MONTHLY PE (IN INCHES) IN THE PRESENT
PROGRAMS, THE PE ESTIMATES ARE MADE USING THE TEMPERATURE NORMAL ESTIMATES,
TOGETHER WITH PHOTOPERIOD AND SOLAR ENERGY DATA AND ESTIMATES OF SUN, WIND,
AND DEW POINT FOR EACH LOCATION OBTAINED FROM OTHER SOURCES OR MADE FROM
MAPS AND ENTERED AS INPUT DATA TO THE COMPUTER PROGRAMS,

GROWING DEGREE-DAYS (SOMETIMES KNOWN AS WHEAT UNITS") HAVE A NUMBER OF
APPLICATIONS IN AGRICULTURE. GROWTH RATES OF VARIOUS CROPS ARE CONSIDERED TO
BE PROPORTIONAL TO THE DEGREE--DAY ACCUMULATIONS ABOVE VARIOUS BASE TEMPERA
TURES (HOLMES AND ROBERTSON, 1959), THE USUAL METHOD OF COMPUTING DEGREE-DAYS
EMPLOYS DAILY MEAN TEMPERATURES, WHICH ARE NOT AVAILABLE IN THESE PROGRAMS,
H.C,S. THOM (1954) SHOWED HOW MONTHLY MEAN TEMPERATURE NORMALS, TOGETHER
WITH STANDARD DEVIATIONS OF MONTHLY MEANS, COULD NE USED IN COMPUTING NORMAL.
DEGREE-DAYS. IN THE PRESENT PROGRAMS THE TEMPERATURE NORMAL ESTIMATES ARE
USED TOGETHER WITH STANDARD DEVIATION NORMALS ESTIMATED FROM OTHER SOURCES
(KENDALL AND ANDERSON, 1966) TO ESTIMATE DEGREE—-DAYS ABOVE OR BELOW ANY BASE,
THE ESTIMATED NORMALS OF DEGREE-DAYS ABOVE 420F ARE OF PARTICULAR INTEREST
TO THE SCIENTISTS INVOLVED IN LAND CAPABILITY STUDIES. DEGREE-~DAYS BELOW
VARIOUS BASES, PARTICULARLY SSOF. ARE OF INTEREST TO ENGINEERS AND FUEL COM-
PANIES IN CONNECTION WITH THE HEATING NEEDS OF BUILDINGS.

THE "GROWING SEASONW® IS SOMETIMES CONSIDERED AS THE PERIOD FROM THE TIME
WHEN THE ANNUAL CURVE OF DAILY MEAN TEMPERATURE RISES ABOVE 420F IN THE
SPRING UNTIL THE TIME WHEN IT FALLS BELOW 420F IN THE FALL. FOR SOME CROPS THE
SEASON ABOVE TEMPERATURES OTHER THAN 420F MAY BE OF INTEREST. BROOKS (1943)
PROVIDED TABLES WHICH COULD BE USED TO INTERPOLATE TO FIND THE DATES OF BEGIN-
NINGS AND ENDINGS OF SUCH SEASONS USING MONTHLY TEMPERATURE NORMALS. HIS
TABLES AIDED THE USER IN COMPUTING THE DATE CORRESPONDING TO A PARTICULAR
TEMPERATURE, ASSUMING THAT THE TEMPERATURE FOLLOWED PART OF A SINE-WAVE
CURVE FITTED TO THE MONTHLY TEMPERATURE NORMALS OF THREE CONSECUTIVE MONTHS.
THE PRESENT AUTHOR CONSIDERED BROOKS'! ASSUMPTIONS TO BE ADEQUATE, BUT FOUND
THAT IT WAS BETTER TO ADAPT BROOKS' FORMULAS THAN TO HAVE THE PROGRAMS
USE THE INTERPOLATION TABLES, WHICH HAD BEEN DESIGNED FOR HAND USE.

NORMAL DATES OF FIRST AND LAST FREEZE AND LENGTHS OF FREEZE—-FREE SEASONS
ARE OF CONSIDERABLE INTEREST TO AGRICULTURISTS, IN ORDER TO ESTIMATE THESE IN
THESE PROGRAMS, SOME RELATIONSHIP BETWEEN THE AVAILABLE TEMPERATURE NORMALS
AND NORMALS OF FIRST AND LAST FREEZE DATES WAS NEEDED, CHAPMAN AND BROWN
(1966) REPORTED THAT THE AVERAGE LAST DATE IN THE SPRING AND FIRST IN THE FALL
WITH TEMPERATURES OF 320F OR LOWER IN THE SCREEN WERE THE DATES WITH CERTAIN
NORMAL DAILY MINIMUM TEMPERATURES, AND IN THE PRAIRIES THESE EMPIRICAL VALUES
DEPENDED ON ALTITUDE, FOR INSTANCE, AT ALTITUDES BETWEEN 2600 AND 3000 FEET ON
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