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ATMOSPHERE VOLU ME 6, 1968 

USING A COMPUTER TO ESTIMATE NORMALS OF TEMPERATURE AND 
DERIVED VARIABLES FOR ANY POINT ON THE GREAT PLAINS I 

2 
G.D.V·. WILLIAMS 

AGROMETEOROLOGY SECTION, PLANT RESEARCH INSTITUTE 

CANADA DEPARTMENT OF AGRICULTURE, OTTAWA 

INTRODUCTION 

CLIMATE IS ONE OF THE MOST IMPORTANT FACTORS IN DETERMINING THE USE_ 

FULNESS OF LAND FOR AGRICULTURE, FORESTRY OR OTHER PURPOSES. THERE IS IN_ 

CREASING DEMAND FOR CLIMATIC DATA TO ASSIST IN THE OBJECTIVE ASSESSMENT OF 

LAND CAPABILITY, PARTICULARLY IN SOME RATHER THINLY POPULATED AREAS WHICH 

OFTEN HAVE QUITE SPARSE CLIMATOLOGICAL OBSERVING NETWORKS. 

THE AGROMETEOROLOGY SECTION HAS RECENTLY DEVELOPED TWO COMPUTER PRO_ 

GRAMS FOR ESTIMATING NORMALS OF CERTAIN CLIMATIC ELEMENTS OF PARTICULAR 

INTEREST TO AGRICULTURE, FOR ANY POINT ON THE CANADIAN GREAT PLAINS. ONE PRO_ 

GRAM IS FOR USE WITH THE IBM 1620, THE OTHER FOR THE IBM 360-65. REGRESSION 

COEFFICIENTS DEVELOPED BY DR. J. W. HOPKINS OF NATIONAL RESEARCH COUNCIL1S 

DIVISION OF BIOSCIENCES ARE USED TO PREPARE REGRESSION ESTIMATES OF TEMPERA_ 

TURE, GIVEN THE LATITUDE, LONGITUDE AND ELEVATION OF THE POINT. THE TEMPERA_ 

TURE ESTIMATES ARE THEN EMPLOYED BY THEMSELVES OR IN COMBINATION WITH ESTI_ 

MATES OF OTHER ELEMENTS FROM OTHER SOURCES. TO COMPUTE NORMALS OF CERTAIN 

DERIVED VARIABLES, USING METHODS ADAPTED FROM VARIOUS OTHER AUTHORS. 

THE PROGRAMS HAVE BEEN USED TO PREPARE ESTIMATES FOR HUNDREDS OF LOCA_ 

TIONS, AND SOIL SCIENTISTS HAVE FOUND THE RESULTS VERY USEFUL IN CLASSIFYING 

LAND CAPABILITY FOR THE ARDA CANADA LAND INVENTORY. THE PURPOSE OF THIS 

PAPER 15 TO DESCRIBE THE METHOD AND TO INDICATE SOME FURTHER IMPROVEMENTS 

AND MODIFICATIONS WHICH ARE BEING MADE. 

1. CONTRIBUTION NO. 163 OF THE PLANT RESEARCH INSTITUTE. 

THIS IS A MODIFIED VERSION OF A PAPER PRESENTED AT THE FIRST NATIONAL CON_ 

GRESS OF THE CANADIAN METEOROLOGICAL SOCIETY HELD AT CARLETON UNIVERSITY, 

OTTAWA, MAY 24_26, 1967. 

2. SECONDED FROM METEOROLOGICAL BRANCH, CANADA DEPARTMENT OF TRANSPORT. 
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CHOICE OF ELEMENTS AND METHOD OF COMPUTATION 

NORMAL MONTHLY AND ANNUAL MEAN TEMPERATUf\ES 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 1931_60 PERIOD 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 NORMAL5. IT WAS THEREFORE 

DECIDED TO HAVE THE COMPUTER PROGRAMS MAKE 39 DIFFERENT ESTIMATES OF TEM_ 

PERATURE NORMALS FOR EACH LOCATION I . 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 2.4 TEMPERATURE MAPS, 12. EACH FOR 

THE MAXIMUM AND THE MINIMUM, WERE AVAILABLE· FOR THE PERIOD AND AREA RE_ 

Qu�RED. 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_ 

1NG 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. IT 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 1931_60 TEMPERATURE NORMALS. 

THE nLEAST_SQUAREsn REGRESSION TECHNIQUE IS 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 BE£N UPDATING AND EXPANDING HIS METHODS, USING N~MALS FOR THE 1931-60 

PERIOD FOR 2.06 CLIMATOLOGICAL STATIONS (INDICATED BY THE DOTS ON THE MAP, 

FIGURE t). 

IN 1965 HE DEVELOPED A TRIVARIATE QUADRATIC MODEL OF THE FOLLOWING FORMI 

WHERE N STANOS FOR NORTHWARD (LATITUDE), W FOR WE,sTWARO (LONGITUDE) AND U 
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FOR UPWARD (ELEVATION). THE TEMPERATURE NORMAL, T, IS THUS ESTIMATED FROM 

LINEAR, SQUARED AND CROSS_PRODUCT TERMS OF LATITUDE, LONGITUPE AND ELEVATION. 

THERE ARE ACTUALLY 36 SETS OF THE REGRESSION COEFFICIENTS 01 TO 0101 ONE 

SET FOR ESTIMATING THE NORMAL MEAN DAILY MAXIMUM. ONE FOR THE MINIMUM AND 

ONE FOR THE MEAN AIR TEMPERATURE, FOR EACH MONTH OF THE YEAR. " IN THE PUB_ 

LISHED NORMALS, BASED ON OBSERVED"· DATA, THE NORMAL MEAN TEMPERATURE FOR A 

MONTH IS THE AVERAGE OF THE NORMAL MEAN DAILY MAXIMUM ANO THE NORMAL MEAN 

DAILY MINIMUM. HOWEVER, SINCE THE RELATIONSHIP BETWEEN THE NORMAL MAXIMA 

AND LATITUDE, LONGITUDE AND ELEVATION DIFFERED FROM THE CORRESPONDING RELA_ 

TIONSHIP INVOLVING NORMAL MINIMA, THE BEST ESTIMATE BASED ON REGRESSION ANA_ 

LYSIS WITH THE NORMAL MEANS MIGHT NOT ALWAYS BE THE ARITHMETIC AVERAGE OF 

THE BEST ESTIMATES OF THE NORMAL MAXIMUM AND THE NORMAL MINIMUM. SO IT 

SEEMED LOGICAL TO PREPARE THREE SEPARATE SETS OF REGRESSION COEFFICIENTS, 

RATHER THAN TO CALCULATE THE MEAN FROM THE MAXIMUM AND THE MINIMUM. 

AN INDICATION OF THE RELIABILITY OF THE ESTIMATION PROCEDURES CAN BE OB_ 

TAINED BY COMPARING ESTIMATES FOR CLIMATOLOGICAL STATIONS WITH THE PUB_ 

L�sHED NORMALS. SUCH A COMPARISON WAS MADE FOR SEVEN STATIONS, ONE EACH IN 

THE NORTHWEST TERRITORIES, SASKATCHEWAN AND MANITOBA AND FOUR IN ALBERTA. 

FOR EACH MONTH OF THE YEAR,GIVING A TOTAL OF 84 CASES. IN SS OUT OF THE 84 CASES 

-rHE ESTIMATED NORMAL MEAN MAXIMUM WAS WITHIN ONE DEGREE OF THE PUBLISHEO 

NORMAL. IN 79 CASES IT WAS WITHIN TWO DEGREES. AND IN ALL 84 WITHIN THREE DE_ 

GREES (TABLE 1). 

THE DIFFERENCES WERE GR~ATER FOR MINIMUM TEMPERATURES, IN ONLY 27 OUT OF 

84 CASES WERE THE ESTIMATES OF NORMAL MINIMUM WITHIN A OEGREfi: OF THE PUB_ 

LISHED NORMALS, AND SOME OF THE DIFFERENCES WERE NEARLY FIVE DEGREES. AS 

MIGHT BE EXPECTED THE DIFFERENCES FOR THE MEANS WERE INTERMEDIATE BETWEEN 

THOSE FOR MAXIMUM ANO MINIMUM TEMPERATURES. 

--------------------------
TABLE 

NUMBER OF MONTHS IN 84 (12. MONTHS 

ESTIMATED ANO OBSERVED WAS ~ 

X 7 STATIONS) WHEN 01 FFERENCE 

MAX. 55 79 8. 

MIN. 49 67 76 

MEAN 51 73 8' 

--, 
I 
I 
I 

I 
BETWEENI 

5 OF ! 
I 

I 
I 

84 I 
I 

1-------------------------------
I 

---.l 

THE DIFFERENCES SHOULD NOT BE CONSIDERED SIMPLY AS "ERRORS". THE REGRES_ 

SION TECHNIQUE IS A SMOOTHING TECHNIQUE, WHICH IN THIS APPLICATION TENDS TO 

REMOVE LOCAL EFFECT. AN ESTIMATE FOR A PARTICULAR LOCATION MAY GIVE A BETTER 

REPRESENTATION OF THE AERIAL CONDITIONS WITHIN. SAY, A 20 MILE RADIUS OF THAT 

POINT THAN WOULD THE RESULTS OF ACTUAL OBSERVATIONS AT THE POINT. WHICH 

MIGHT HAVE BEEN STRONGLY INFLUENCED BY SOME VERY LOCAL EFFECT. IT ALSO 

SHOULD BE NOTED THAT THE DIFFERENCES WERE GENERALLY LESS IN SUI)1MER THAN IN 

WINTER, WHICH WAS CONVENIENT SINCE IN AGRICULTURE CONDITIONS DURING THE GROW_ 

ING SEASON ARE OF MOST INTEREST. 
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POTENTIAL EVAPOTRANSPIRATION (PE) DATA IS WIDELY USED IN IRRIGATION AND SOIL 

MOISTURE STUDIES (BAIER, 1965). THE ESTI MATION OF DAILY LATENT EVAPORATION FROM 

SIMPLE WEATHER AND ASTRONOMICAL DATA WAS DESCRIBED BY BAIER AND ROBERTSON 

(1965), AND THE CONVERSION OF LATENT EVAPORATION 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 ESTI MATES 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 "HEAT UNITS") HAVE A NUMBER OF 

APPLICATIONS IN AGRICULTURE. GROWTH RATES OF VARIOUS CROPS ARE CONSIDERED TO 

BE PROPORTIONAL TO THE DEGREE_DAY ACCUMULATIONS ABOVE VARIO US 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 ESTI MATED NORMALS OF DEGREE-DAYS ABOVE 4Z0 F ARE OF PARTICULAR INTEREST 

TO THE SCIENTISTS INVOLVED IN LAND CAPABILITY STUDIES. DEGREE_DAYS BELOW 

VARIOUS BASES. PARTICULARLY 650F, ARE OF INTEREST TO ENGINEERS AND FUEL COM_ 

PANIES IN CONNECTION WITH THE HEATING NEEDS OF BUILDINGS. 

THE "GROWING SEASON" IS SOMETIMES CONSIDERED AS THE PERIOD FROM THE TIME 

WHEN THE ANNUAL CURVE OF DAILY MEAN TEMPERATURE RISES ABOVE 4Z0 F IN THE 

SPRING UNTIL THE TIME WHEN IT FALLS BELOW 4Z0 F IN THE FALL. FOR SOME CROPS THE 

SEASON ABOVE TEMPERATURES OTHER THAN 4Z0 F 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 3Z0 F 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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THE PRAIRIES THE AVERAGE FREEZE_FREE SEASON IS APPROXIMATEL.Y THE SEASON WITH 

MEAN DAIL.Y MINIMUM TEMPERATURE ABOVE AI.SOF. THE PROGRAMS USE THE SINE_WAVE 

INTERPOLATION METHOD TO DETERMINE THE BEGINNING AND ENDING DATES OF THE 

NORMAL. FREEZE_FREE SEASON BY· INTERPOL.ATING WITH THE ESTIMATED MONTHL.Y 

NORMALS OF MEAN DAILY MINI MUM TO FIND THE OATES WITH THE APPROPRIATE MEAN 

MINIMUM IN EACH CASE. 

THE IMPORTANCE OF THE "FREEZE_FREE_ FASON IN AGRICUL.TURE ARISES FROM THE 

FACT THAT FREEZING DAMAGES MANY PLANTS. SOME PL.ANTS CAN WITHSTAND AIR TEM_ 

PERATURES MUCH L.OWER THAN 320F BEFORE SUCH DAMAGE OCCURS. IN MANY AGRI_ 

CUL.TURAL. APPL.ICATIONS. AN AIR TEMPERATURE OF zaOF IS CONSIDERED AS A "KIL.L.ING 

FROST". THE PROGRAMS THEREFORE COMPUTE DATA FOR FREEZE_FREE SEASONS BASED 

ON BOTH 32 AND 280F. THE LATTER ARE COMPUTED BY ARBITRARIL.Y SUBTRACTING A 

DEGREES FROM THE MEAN MINIMUM TEMPERATURE VAL.UES 7JSED IN COMPUTING THE 

FREEZE_FREE SEASONS BASED ON 3Z0F. THIS PROCEDURE WAS CONSIDERED TO GIVE ESTI_ 

MATES FOR THE 28 DEGREE FREEZE_FREE SEASON OATES WHICH WERE, FOR AL.L. PRACTICAL. 

PURPOSES. JUST AS ACCURATE AS THE 32 DEGREE FREEZE_FREE SEASON DATES. 

THE PROGRAMS AL.SO COMPUTE THE NUMBER OF HOURS OF DAYLIGHT IN EACH FREEZE_ 

FREE SEASON AND. SEASON ABOVE ANY BASE TEMPERATURE. THIS DATA AL.SO IS OF 

INTEREST SINCE PLANTS RESPOND TO THE L.ENGTHS OF PHOTOPERIODS AS WELL. AS TO 

TEMPERATURE. 

USING THE PROGRAMS 

A SAMPL.E OF THE OU PUT FROM ONE OF THE PROGRAMS FOR ONE L.OCATI6N IS GIVEN 

IN TABL.E Z. EACH TIME THE PROGRAM IS RUN. A SET OF 97 STANDARD CARDS PL.US ONE 

CONTROL. CARD ARE REQUIRED AS INPUT. PLUS THE L.ATITUDE. L.ONGITUDE AHD ELEVATION 

FOR EACH L.OCATION FOR WHICH ESTIMATES ARE TO BE MADE. SUN. WIND AND DEW POINT 

DATA (SHOWN UNDER "MONTHL.Y VAL.UES FOR THIS L.OCATIONn IN THE SAMPLE OUTPUT) 

MUST AL.SO BE ENTERED FOR ANY L.OCATION FOR WHICH~POTENTIAL. EVAPOTRANSPIRAT,ION 

IS TO BE COMPUTED. AND STANDARD DEVIATION DATA (nSDn) FOR ANY FOR WHICH DEGREE_ 

DAY COMPUTATIONS ARE TO BE MADE. 

THE PROGRAM WRITTEN IN FORTRAN II. DEPARTMENT OF AGRICUL.TURE PROGRAM NUM_ 

BER 102S_060a TAKES ABOUT TWO MINUTES TO PREPARE THE ESTIMATES FOR EACH L.OCA_ 

TION USING THE IBM 1620. PROGRAM 102.5_0803, IN FORTRAN IV_E TAKES TWO OR THREE 

SECONDS PER L.OCATION USING THE IBM 360_65. 

THE OUTPUT AL.WAYS INCLUDES, FOR EACH L.OCATION, THE 3!i1 TEMPERATURE NORMAL. 

ESTIMATES AND THE FREEZE_FREE SEASON DATA. AL.SO INCLUDED ARE THE VALUES, OB_ 

TAINED FROM THE STANDARD INPUT CARDS. OF THE LENGTH OF DAYLIGHT IN HOURS (DL.). 

AND THE SOLAR RADIATION AT THE TOP OF THE ATMOSPHERE IN CALORIES PER SQUARE 

CM PER DAY (ClO), FOR THE 15TH OF EACH MONTH AT THE NEAREST WHOL.E DEGREE OF 

LA TI TU DE L.I NE • 
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THE PE IS COMPUTED AND OUTPUT ONLY IF THE SUN. WINO AND DEW POINT DATA HAVE 

BEEN ENTERED. DEGREE_DAYS ARE COMPUTED AND OUTPUT ON-LY IF THE STANPARD DEVI_ 

ATION DATA HAVE BEEN ENTERED. AND SOME BASE TEMPERATURES HAVE BEEN IND I CATED 

BY THE CONTROL CARD. DEGREE_DAYS CAN BE OUTPUT FOR UP TO NINE DIFFERENT BASES 

I N ONE PASS THROUGH THE COMPUTER. WHEN THE CONTROL CARD INDICATES DEGRE E _DAYS 

ABOVE CERTAIN BASES ARE TO BE COMPUTED, THE PROGRAM Al...SO COMPUTES SEASONS 

WITH MEAN TEMPERATURES ABOVE THOSE BASESt WHETHER OR NOT THE STANDARD DEVI_ 

ATION DATA ARE AVAILABLE, AS THE STANDARD DEVIATIONS ARE NOT REQUIRED IN THE 

SEASON CALCULATIONS. 

WHERE SUN, WIND. DEW POINT AND STANDARD DEVIATION DATA HAVE BEEN ENTERED 

FOR A LOCATION. ,THEY ARE ALSO SHOWN IN THE OUTPUT. 

A TECHNICAL BULLETIN DESCRIBING THE BASIS OF THE PROGRAM IN DETAIL AND L I ST_ 

ING THE FORTRAN II VERSION, WITH SAMPLE INPUT AND OUTPU.T. IS AVAILABLE FROM 

THE AUTHOR (WIL.LIAMS AND SHARP. 1967). 

FURTHER DEVELOPMENT 

THE USE OF GROWING DEGREE_DAYS ASOVE A SASE TEMPERATURE SUCH AS 42 ASSUMES 

THAT FOR A PARTICULAR CROP A SPECIFIC NUMBER OF DEGREE_CAYS ARE REQUIRED TO 

MATURE THE CROP. M.Y. NUTTONSON IN THE U.S.(1957). HOWEVER, HAS SHOWN THAT THE 

DEGREE_DAY REQUIREMENT VARIES WITH LATITUDE DUE TO THE VARIATION IN DURATION 

OF DAYLIGHT AND HAS PROPOSED COMBINING PHOTOPERIOD AND DEGREE_DAYS TO OBTAIN 

"PHOTO_THERMAL UNITsn,. 

THE PHOTOPERIOD AND DEGREE_DAY DATA CAN 8E COMBINED IN VARIOUS WAYS. WORK 

UNDERWAY IN THE AGROMETEOROLOGY SECTION (ROBERTSON. 1966) SUGGESTS THAT IMPRO_ 

VED RESULTS CAN B E OBTAINED BY SUBTRACTING SOME BASE NUMBER OF HOURS FROM THE 

PHOTOPERIOD BEFORE COMBINING WITH DEGREE_DAYS. THE PR'ESENT AUTHOR PROPOSES TO 

SUM THE PRODUCTS OF DEGREE_DAYS ABOVE A BASE SUCH AS 420 F AND THE PHOTOPERIOD 

ABOVE SOME BASE SUCH AS 10 HOURS. IN DOING THIS, USING MONTHLY NORMAL DEGREE_ 

DAY VALUES AND MEAN MONTHLY PHOTOPERIODS. THE SINE_WAVE INTERPOLATION METHOD 

IS TO BE USED TO ESTIMATE DEGREE_DAY AND PHOTOPERIOD VALUES FOR ANY POINT IN 

TIME, AND THE PRODUCT IS TO BE INTEGRATED FOR PERIODS OF A MONTH OR '-:-ESS, THAT 

IS, 

PHOTO_THERMAL UNITS 

WHERE T IS TIME 

F, (T) = DAIl.Y DEGREE_DAYS ABOVE DEGREE_DAY BASE 

F Z(T) = PHOTOPERIOD ABOVE PHOTOPE'RJ-OD BASE 

F J (T) AJ COS T + BJ COS T + CJ 

_CONTINUED ON PAGE 117 
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ATMOSPHERE VOL.UME 6 1 1968 

SU MMER RAINFALL IN I NO IA 

A REVIEW OF MONSOONAL AND EXTRAMONSOONAL ASPECTS - II 

A. K. CHAKRAVARTI 

IN THE EARL.IER PART OF THIS STUDY (ATMOSPHERE VOL..6, NO.l.1968), IT WAS 

SHOWN THAT THE ATMOSPHERIC DISTURBANCES AND PERTURBATIONS RELATED TO SUM_ 

MER RAINFAL.L. IN INDIA CAN BE DIVIDED INTO THREE BROAD GROUPS. VIZ. 

I.' 

2. 

AND 3. 

AIR MASSES AND FRONTS IN THE MONSOON CIRCUL.ATION, 

UPPER ATMOSPHERIC PERTURBATIONS, 

EXTRATROPICAL. DI STURBANCE S. 

MANY METEOROL.OGISTS STIL.L. BEL.IEVE IN AIR MASS ANAL.YSIS AND FRONTAL. EX_ 

PLANATIONS FOR THE SUMMER RAINFAL.L. IN INDIA AL.THOUGH THERE IS MUCH CONTRO_ 

VERSY REGARDING THE NATURE OF FRONTS AND THE ROL.E OF THE INTER TROPICAL. 

CONVERGENCE (ITC) ZONE. HOWEVER, WITH INCREASING KNOWL.EDGE OF THE UPPER 

ATMOSPHERIC CONDITIONS. MORE AND MORE THEORIES ARE BEING EVOL.VED REGARDING 

THE DIRECT CONNECTION BETWEEN SUMMER RAINFAL.L. AND THE UPPER (SOO_ TO 1S0_MB) 

L.EVEL. ATMOSPHERIC FL.OW AND PERTURBATIONS. MOREOVER, EXTRATROPICAL. DISTUR_ 

BANCES AL.SO CONTRIBUTE A FAIR AMOUNT OF RAINFAL.L. DURING THE SUMMER 

MONSOON SEASON. IN THIS STUDY THE ROL.E OF THESE REMAINING TWO GROUPS OF 

DISTURBANCES WIL.L. SE EXAMINED. 

UPPER ATMOSPHERIC FL.OW PATTERNS AND RAINFAL.L. 

A. SURST OF MONSOON RAINFAL.L. 

A VERY SIGNIFICANT STUDY IN THIS DIRECTION IS YIN'S (1949) HYPOTHE!SIS OF THE 

BURST (OR SUDDEN ONSET) OF THE MONSOON. HIS STUDY HAS SHOWN THAT THE 

ADVANCE OF THE MONSOON (EQUATORIAL. CONVERGENCE ZONE) OVER IND[A IS CL.OSEL.Y 

L.INKED WITH THE WESTWARD DISPLACEMENT OF A L.OW LATITUDE TROUGH AT THE 

SOO_MS·. L.EVEL. FROM 85° E. LONGITUDE TO 75
0 

E. L.ONGITUDE. HE BEL.IEVES THAT THE 

ADVANCE OF THE MONSOON OVER INDIA IS RETARDED DUE TO A BRANCH OF THE 

WESTERL.Y JET STREAM SKIRTING THE SOUTHERN MARGIN OF THE HIMALAYAN MOUN_ 

TAINS. AS SUMMER ADVANCES. THE BRANCH OF THE WESTERL.Y JET [S DISPLACED 
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NORTHWARD OF THE MOUNTAINS. THE TROUGH SHIFTS WESTWARD RAPIDLY, AND THE 

BURST OF MONSOON COINCIDES ABRUPTLY WITH THE COLLAPSE OF THE SOUTHERN JET. 

ALTERNATE RETURN AND COLLAPSE OF THE JET SOUTH OF THE HIMALAYAS CAUSE 

BRE~.K AND BURST CONDITIONS IN THE MONSOON. ULTIMATELY, THE JET DISAPPEARS 

DURING THE FULL MONSOON SEASON. HOWEVER. ON THE BASIS OF INVESTIGATIONS 

MADE BY PISHAROTV AND DESAI (1956), YIN'S HYPOTHESIS MAY SE CRITICIZED ON TWO 

COUNTS, 

1. THAT THE BURST OF THE MONSOON OVER SOUTH INDIA IS LARGELY UETER_ 

MINED BY THE GENERAL CIRCULATION IN THE SOUTH INDIAN OCEAN AND 

OCCURS EVEN WITHOUT THE DISAPPEARANCE OF THE UPPER WESTERLY CUR_ 

RENT SOUTH OF THE HIMALAYAS. 

2. THAT THIS WESTERLY CURRENT MAY PREVENT THE BAY OF BENGAL BRANCH 

OF THE MONSOON FROM EXTENDING UP TO BIHAR OR UTTAR PRADESH. BUT 

DEFINITE INSTANCES HAVE BEEN FOUND WHEN THE ARABIAN SEA BRANCH 

OF THE MONSOON HAS EXTENDED UP TO PUNJAB DUE TO AN ACTIVE WESTERN 

DISTURBANCE SOUTH OF THE HIMALAYAS. 

ANOTHER STUDY. MADE BY KOTESWARAM (1958A) HAS ALSO INDICATED THAT THE 

WESTERLIES MAKE INCURSIONS INTO WEST PAKISTAN EVEN -AFTER THE BURST OF THE 

MONSOON. HOWEVER, THE WESTERLIES DO NOT DISAPPEAR COMPLETELY FROM THE 

SOUTH OF THE HIMALAYAS UNTIL THE SUB_TROPICAL ANTICYCLONE IS ESTABLISHED 

OVER THE HIMALAYAS. ON THE OTHER HAND, HE HAS GIVEN A DIFFERENT EXPLANATION 

OF THE BURST OF THE MONSOON OVER PENINSULAR INDIA. HE CONTENDS THAT THE 

BURST OF MONSOON ALONG THE MALABAR COAST IS ASSOCIATED WITH THE ADVANCE 

OF THE EASTERLY JET STREAM (KOTESWARAM. 1958B). 

FLOHN1S (1958) INVESTIGATION PRESENTS A MORE COMPLEX PATTERN OF UPPER 

ATMOSPHERIC CIRCULATIONS CONNECTED WITH THE BURST OF THE MONSOON. HE THINKS 

THAT THE BURST OF THE MONSOON IS LINKED WITH THE FORMATION OF A HIGH PRES_ 

SURE AREA OVER THE TIBETAN PLATEAU DURING JULY AND AUGUST. THE FORMATION OF 

THIS CELL RESULTS IN THE REVERSAL OF THE NORMAL TEMPERATURE AND PRESSURE 

GRADIENTS BETWEEN THE 600_ AND 300_MB. LEVELS. THIS REVERSAL ACTS LIKE A 

SWITCH COLLAPSING THE WESTERLY JET ALONG THE SOUTHERN HIMALAYAS. AND 

ALLOWING THE ADVANCE OF THE ITC ZONE THE EXTENSION OF THE EQUATORIAL 

WESTERLIES, AND THE BURST OF TH.E MONSOON. 

THE RECENT INVESTIGATIONS INTO THE EASTERLY JET STREAM AND THE TIBETAN 

HIGH PPESSURE CELL HAVE THROWN MUCH LIGHT ON THE MONSOON CIRCULATION AND 

CAUSES OF RAINFALL IN INDIA. IT IS REALIZED. HOWEVER, THAT A BETTER UNDER_ 

STANDING OF THE NATURE OF THE BURST OF MONSOON AND SUMMER RAINFALL IN INDIA 

WILL BE ACHIEVEO BY A THOROUGH KNOWLEDGE OF THE WESTERLY JET, THE EASTERLY 

JET. THE TIBETAN HIGH AND THEIR RELATIONSHIP .WITH THE MONSOON TROUGH. UNDER 

THE PRESENT CIRCUMSTANCES, SUCH A DETAILED INVESTIGATION WOULD APPEAR TO 

BE DIFFICULT DUE TO THE LACK OF UPPER AIR DATA PARTICULARLY FROM TIBET AND 

THE NEIGHBORING MOUNTAINOUS COUNTRIES. 
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8. EASTERLY JET STREAM AND RAINFAL.L. 

SOME OF THE MOST REVOL.UTIONARY CONTRIBUTIONS REGARDING THE SUMMER RAIN_ 

FAL.L. OF INDIA HAVE BEEN MADE WITH THE DISCOVERY OF AN EASTERL.Y JET STREAM 

IN THE TROPICS. KOTESWARAM HAS POINTED OUT THAT THE CORE OF THE EASTERL.IES 

IS NEAR 15° N. LATITUDE. 7'HEY REACH VEL.OCITIES OF 80 TO 90 KNOTS OR MORE 

BETWEEN 30,000 TO 40.000 FEET ABOVE SEA L.EVEL. (KOTESWARAM, 19S8A). IN THE LOW 

L.ATITUDES, THE WESTERLIES (SOUTHWEST MONSOON) ARE REPL.ACED EVERYWHERE BY 

THE EASTERL.IES AT SaO_Ms. MUCH OF THE GENERAL DISTRIBUTION OF SUMMER RAIN_ 

FAL.L. IN INDIA HAS BEEN ACCOUNTED FOR BY THE EXISTENCE OF THIS EASTERL.Y JET 

STREAM. EXTENSIVE RAINFAL.L. AND CL.OUDINESS OVER NORTHEAST INDIA EAST OF 750 

E. LONGITUDE, HAVE BEEN EXPL.AINED AS A RESUL.T OF THE ENTRANCE AND ACCEL.ERA_ 

TION OF THE EASTERL.Y JET STREAM ASSOCIATED WITH THE LARGE SCAL.E ASCENT OF 

THE AIR. ON THE OTHER HAND, DROUGHT PREVAIL.S WEST OF '1:0 E. DUE TO THE EXIT 

AND DECEL.ERATION OF THE JET ASSOCIATED WITH THE L.ARGE SCAL.E DESCENT OF THE 

AIR. SOUTH OF THE CORE, THE PATTERN IS REVERSED SO THAT THE WESTERN PART OF 

THE PENINSULAR INDIA IS RAINIER THAN THE EASTERN PART WITH THE SL.IGHT MODIFI_ 

CATION IMPOSED BY THE WESTERN GHATS. THE RAINFAL.L PATTERN DURING JUL.Y AS 

REL.ATED TO THE EASTERL.Y JET STREAM IS SHOWN IN FIGURE I. 

THERE IS, HOWEVER, SOME CONTROVERSY REGARDING THE NATURE AND THE SOURCE 

OF THE EASTERL.Y JET STREAM. KOTESWARAM (1958A) HAS OBSERVED THE FORMATION 

OF A HIGH PRESSURE AREA EXTENDING FROM THE 700_ TO 500_MB. L.EVEL.S DUE TO THE 

HEATING OF THE TIBETAN PL.ATEAU. THE EASTERL.Y JET STREAM HAS BEEN DESCRIBED 

AS THE EQUATORWARD OUTFL.OW FROM THIS HIGH PRESSURE CEL.L.. IN A SUBSEQUENT 

STUDY, FL.OHN (1958) HAS AL.SO CONTENDED THAT THE FORMATION OF THE HIGH PRES_ 

SURE CEL.L. IS DUE TO THE HEATING OF THE MID_TROPOSPHERE OVER THE TIBETAN 

PL.ATEAU. ACCORDINGL.Y, THIS HIGH PRESSURE AREA L.EADS TO THE FORMATION OF A 

DEEP AND PERSISTENT EASTERL.Y FL.OW ABOVE THE 500_MB. L.EVEL. WHICH IS THEN CON_ 

CENTRATED INTO THE EASTERL.Y JET STREAM ABOVE 150 MB. FL.OHN STATES IN THE 

SAME PAPER THAT THE SEASONAL. WARMING OF THE TIBETAN PLATEAU CAUSES A 

NORTHWARD MIGRATION OF THE TROPICAL. EASTERL.IES WHICH EXTEND TO THE STRATO_ 

SPHERE TO FORM THE EASTERL.Y JET NEAR THE TROPOPAUSE. ON THE OTHER HAND, 

RAMANATHANlS (1958) VIEW IS THAT THE UPPER L.EVEL. EASTERL.IES ORIGINATE FROM 

THE HIGH L.EVEL. ANTICYCL.ONIC CEL.L. LYING OVER THE PACIFIC AND EASTERN ASIA. 

IT IS NOT CL.EAR WHETHER THE EASTERL.Y JET IS PRODUCED BY _ 

(t) AN OUTFL.OW FROM THE SOUTHERN MARGIN OF THE TIBETAN HIGH 

PRESSURE CEL.L., 

OR 

(Z) A VERTICAL. EXTENSION AND CONCENTRATION OF THE TROPICAL. 

EASTERL.IES, 

FROM THE FOREGOING ANAL.YSIS, IT SEEMS MORE L.IKEL.Y THAT THE MERGER OF BOTH 

(I) AND (Z) AND THEIR CONCENTRATION AT HIGHER L.EVEL. PRODUCES THE EASTERL.Y JET. 
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A SIGNIFICANT POINT, HOWEVER, IS THAT A DISTINCTION HAS BEEN MADE BETWEEN THE 

UPPER EASTERLIES COMING FROM THE PACIFIC OCEAN OVER INDIA BETWEEN 500_ TO 

300_MB. LEVELS AND THE EASTERLY JET STREAM RUNNING OVER THE UPPER EASTER_ 

LIES AT THE 200_MB. LEVEL (KOTESWARAM AND GEORGE, 1958). BELOW THE SOO_MB. 

LEVEL OF UPPER EASTERLIES, THE SOUTHWEST MONSOON CURRENTS (EQUATORIAL 

WESTERLIES), EXTEND 10,000 TO 20,000 FEET ABOVE SEA LEVEL AND REACH AS FAR EAST_ 

WARD AS THE SOUTH CHINA SEA AND WESTERN PACIFIC (KOTESWARAM, 1958A). THE 

EASTERLIES EXIST ONLY AT HIGHER LEVELS REPLACING WESTERLIES EVERYWHERE AT 

THE 500_MB. LEVEL EXCEPT IN A NARROW BELT BETWEEN THE AXIS OF THE MONSOON 

TROUGH AND THE SOUTHERN MARGIN OF THE HI MALAYAS. WHERE THEY DESCEND DURING 

THE SUMMER MONSOON SEASON, FIGURE 2. HOWEVER. RECENT INVESTIGATIONS INTO 

THE CAUSES OF SUMMER RAINFALL IN INDIA HAVE EMPHASIZED THE DIRECT ROLE OF 

PERTURBATIONS AND VELOCITY INCREASES IN THESE UPPER EASTERLIES, AND HAVE 

ASSIGNED ONLY AN INDIRECT AND PASSIVE ROLE TO THE SOUTHWEST OR THE BAY OF 

BENGAL MONSOONS. 

C. MONSOON DEPRESSIONS AND RAINFALL DUE TO UPPER ATMOSPHERIC PERTURBATIONS 

IT HAS BEEN DEMONSTRATED THAT _ (1) THE SURGES IN THE EASTERLY JET STREAM. 

AND (II) THE EASTERLY WAVES IN THE UPPER EASTERLIES HAVE SEPARATE INFLUENCES 

IN CREATING DEPRESSIONS AND CAUSING RAINFALL DURING THE SUMMER SEASON. 

(1) SURGES IN THE EASTERLY JET STREAM 

KOTESWARAM AND GEORGE (1958) HAVE oeSERVED THAT THE OCCASIONAL STRONG 

WINDS AS SURGES IN THE EASTERLY JET STREAM HAVE A DIRECT RELATIONSHIP WITH 

THE FORMATION OF SURFACE DEPRESSIONS AND SUBSEQUENT RAINFALL. THEY HAVE 

NOTED THAT A PRE_EXISTING SURFACE TROUGH OVER THE NORTHERN PART OF THE 

BAY OF BENGAL INTENSIFIED INTO A DEPRESSION WITH THE APPROACH OF A WIND 

MAXIMA OR A SURGE IN THE EASTERLY JET STREAM. FURTHER, THE DEPRE.SSION 

TENDED TO DISSIPATE AND THE CIRCULATION WEAKENED WITH THE PASSAGE OF THE 

WIND MAXIMA. 

(11) EASTERLY WAVES AND MONSOON DEPRESSIONS 

THE SAME AUTHORS HAVE ALSO NOTED THE RELATIONSHIP BETWEEN THE EASTERLY 

WAVES AND THE FORMATION OF MONSOON DEPRESSIONS. THESE WAVE_LIKE DISTUR_ 

BANCES HAVE BEEN OBSERVEO IN THE UPPER EASTERLIES BETWEEN 500_ AND 300_MB. 

BELOW THE EASTERLY JET STREAM (KOTESWARAM AND GEORGE, 1958). THREE IMPORTANT 

FEATURES OF THE EASTERLY WAVES WERE POINTED OUTI 

t. THE PASSAGE OF AN EASTERLY WAVE WAS ALWAYS PRECEDED BY UNSETTLED 

WEATHER OR THE EXTENSION OF THE SEASONAL (MONSOON) TROUGH FROM 

THE LAND TOWARDS SOUTHEAST INTO THE BAY OF BENGAL. 
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z. IF THE SEASONAL TROUGH HAD ALREADY EXTENDED OVER THE BAY OF 

BENGAL THEN THE PASSAGE OF THE WAVES RESUL., TED IN THE FORMATION 

OF A SURFACE DEPRESSION. 

3. WHEN THE WAVE HAD OVERTAKEN AND PASSED THE TROUGH. THE DEPRESSION 

WEAKENED .. 

A SIGNIFICANT CONCLUSION DRAWN FROM THIS STUDY IS THAT THE PASSAGE OF AN 

EASTERLY WAVE OR A SURGE IN THE EASTERLY JET STREAM WOULD USUALLY TRANS_ 

FORM A TROUGH INTO A DEPRESSION. THE DEPRESSION BORN OVER THE BAY OF BENGAL 

TRAVELS INLAND AND PRODUCES WIDESPREAD RAINFALL ALONG ITS TRAJECTORY. THE 

PATH OF DEPRESSION MAY BE DETERMINED BY THE POSITION OF THE ITC ZONE, THE 

LATTER IN TURN MAY BE AFFECTED BY THE COLLAPSE OF THE WESTERLY JET STREAM 

SOUTH OF THE HIMALAYAS AND THE EXTENSION OF THE EASTERLY JET STREAM OVER 

INDIA. THUS THE FREQUENCY AND AERIAL EXTENT OF SUMMER RAINFALL IN INDIA ARE 

MORE DIRECTLY RELATED TO UPPER ATMOSPHERIC FLOW PATTERNS THAN TO THE SUR_ 

FACE CIRCULATION. 

THE ONLY OTHER DETAILED STUDY OF EASTERLY WAVES AND THEIR INFLUENCE ON 

RAINFALL IN INDIA IS THAT BY SRINIVASAN (1960). HIS STUDY IS SI..,IGHTLY DIFFERENT 

FROM THE PREVIOUS ONE. IN THE PREVIOUS WORK THE EMPHASIS WAS ON THE EASTER_ 

LY WAVES OR THE SURGES IN THE JET STREAM AND THEIR ROL.E IN THE FORMATION OF 

DEPRESSIONS. IN THE SUBSEQUENT WORK SRINIVASAN HAS ANALYZED THE NATURE OF 

EASTERLY WAVES OVER INDIA AND THEIR DIRECT ROL.E IN DETERMINING THE RAINFALL 

PATTERN WITHOUT THE FORMATION OF SURFACE DEPRESSIONS. 

THE RAINFALL PATTERN ASSOCIATED WITH THE EASTERLY WAVES ACROSS INDIA IS 

DIFFERENT FROM THAT ASSOCIATED WITH THE EASTERLY WAVES OBSERVED OVER THE 

CARIBBEAN SEA, ALTHOUGH BOTH TYPES OF WAVES MOVE FROM EAST TO WEST. IN THE 

CARIBBEA:N EASTERLY WAVES. WHERE THE VELOCITY OF THE BASIC CURRENT DECREASES 

WITH HEIGHT, CONVERGENCE AND DIVERGENCE IN THE LOWER TROPOSPHERE PREDOMIN_ 

ATE AND CREATE THE WEATHER IN THE REAR OF THE TROUGH LINE (RIEHL. 1954).ON 

THE OTHER HAND. IN THE EASTERLY WAVES OVER INDIA. WHERE THE VELOCITY OF THE 

UPPER EASTERLIES INCREASES WITH HEIGHT, THE UPPER DIVERGENCE AHEAD OF THE 

TROUGH AND THE UPPER CONVERGENCE IN THE REAR OF THE TROUGH ARE DOMINANT. 

THESE CAUSE WEATHER AND RAINFALL AHEAD OF THE TROUGH LINE (SRINIVASAN. 1960). 

HOWEVER, TWO IMPORTANT CONCLUSIONS MAY BE DRAWN REGARDING THE RAINFALL 

FROM THE EASTERLY WAVES DURING THE SUMMER MONSOONS, 

1. THAT OVER A MAJOR PORTION OF INDIA AND PARTICULARLY IN THE GANGES 

PLAINt THE SUMMER RAINFALL IS PRIMARILY RELATED TO THE PASSAGE OF 

EASTERLY WAVES AND JET MAXIMA .. 

Z. THAT THE PASSAGE OF THE EASTERLY WAVES CREATE ACTIVE CONDITIONS 

AND RAINFALL AND AN ABSENCE OF THESE WAVES MAY PRODUCE WEAK 

AND EVEN DRY MONSOON CONDITIONS. 
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THE INVESTIGATION BY SRINIVASAN HAS DEMONSTRATED THAT THE PASSAGE OF AN 

EASTERL.Y WAVE DOES NOT AL.WAYS LEAD TO THE FORMATION OF A DEPRESSION AS 

CONTENDED BY KOTESWARAM AND GEORGE (1958). ANOTHER STUDY BY RAMANATHAN (1958) 

HAS AL.SO CONFIRMED THAT THESE WAVES ARE NOT ESSENTIAL. FOR DEPRESSION FORMA_ 

TION. AN ANAL.YSIS OF THE SYNOPTIC CONDITIONS IN WHICH AN EASTERL.Y WAVE FAIL.S 

TO DEVEL.OP A MONSOON DEPRESSION MAY BE FOUND IN THE WORK OF CHAKRAVORTTY 

AND BASU (1957). THESE AUTHORS HAVE OBSERVED AN INVERSE RELATIONSHIP BETWEEN 

THE EASTERL.Y WAVES ,AND THE DISTURBANCES IN THE WESTERLIES OF THE NORTH. AC_ 

CORDING TO THEM. A NUMBER OF CASES HAVE BEEN NOTICED WHEN THE EASTWARD PAS_ 

SAGE OF WESTERN DISTURBANCES ACROSS OR NEAR THE EASTERN HIMAL.AYAS HAS PRE_ 

VENTED THE EASTERL.Y WAVES FROM DEVEL.OPING INTO DEPRESSIONS. 

IT APPEARS. THEREFORE. THAT MONSOON DEPRESSIONS MAY FORM INDEPENDENTL.Y 

AND GIVE RAINFAL.L.. SI MILARL.Y. EASTERL.Y WAVES MAY CAUSE RAINFALL. WITHOUT ANY 
• 

SURFACE DEPRESSION. AND ON CERTAIN OCCASIONS AN EASTERL.Y WAVE MAY DEVEL.OP 
• 

A DEPRESSION WHICH SUBSEQUENTL.Y PRODUCES RAINFAL.L.. 

THE GENERAL. CAUSE OF RAINFAL.L. IN OTHER PARTS OF INDIA HAS AL.SO BEEN ATTRI_ 

BUTED,'BY SRINIVASAN (1960). TO EASTERL.Y WAVES. HIS OBSERVATIONS ARE MADE OVER 

THE GANGETIC WEST BENGAL.. THE EXTRAPOL.ATION WORK FOR THE REST OF THE COUN_ 

TRY IS DOUBTFUL. IN VIEW OF THE COMPL.EX NATURE OF THE ITC ZONE, EASTERL.Y 

WAVES, WESTERN DISTURBANCES. AND THE EASTERL.Y JET STREAM. A MORE DETAIL.ED 

INVESTIGATION IN OTHER PARTS OF INDIA IS NEEDED TO ASSESS THE INFL.UENCE OF 

EASTERL.Y WAVES ON THE RAINFAL.L. OVER THE REST OF THE COUNTRY. 

WESTERN DISTURBANCES AND SUMMER RAINFAL.L. 

ANOTHER TYPE OF ATMOSPHERIC DISTURBANCE WHICH AFFECTS THE SUMMER RAIN_ 

FALL OF INDIA IS KNOWN AS THE WESTERN DISTURBANCES. THESE DISTURBANCES. 

WHICH RESEMBL.E EXTRATROPICAL. CYCL.ONES. ARE THE DEVEL.OPMENT OF EASTWARD 

MOVING WAVES IN THE EXTRATROPICAL. ZONAL. WESTERL.IES AND ARE SUPPOSED TO BE 

AN ASPECT OF THE INTERACTION BETWEEN THE TROPICS AND THE EXTRA TROPiCS. HOW_ 

EVER. ANY SHARP FRONTAL. CHARACTERISTICS HAVE NOT BEEN RECORDED IN THE WES_ 

TERN DISTURBANCES (RAMASWAMY. 1966). THESE DISTURBANCES ARE MOSTL.Y CONFINED 

TO NORTHERN INDIA GENERAL.L.Y NORTH OF 2.00 N. LATITUDE. 

UNTIL. RECENTLY THE WESTERN DISTURBANCES WERE THOUGHT TO OCCUR ONL.Y DUR_ 

ING THE WINTER. BUT NOW IT HAS BEEN FOUND THAT THEIR INFL.UENCE DURING THE 

SUMMEr!: MONSOON IS AL.SO QUITE SIGNIFICANT. PARTHASARATHY (1958) HAS OBSERVED 

THAT THESE WESTERL.¥ WAVES MOVING ACROSS THE L.OWER HIMAL.AYAS ARE AS IMPOR_ 

TANT AS THE EASTERLY WAVES IN DETERMINING THE INTENSITY AND DISTRIBUTION OF 

HEAVY RAINFAL.L. DURING THE SOUTHWEST MONSOON PERIOD. 

A SIGNIFICANT FEATURE OF THE WESTERN DISTURBANCES, HOWEVER, IS THAT THEY 

PLAY A DUAL. ROL.E IN AFFECTING THE SUMMER RAINFAL.L. OVER INDIA. UNDER PARTICU_ 

L.AR SYNOPTIC CONDITIONS, THE DISTURBANCES HAVE A POSITIVE EFFECT AND INCREASE 

THE RAINFAL.L., WHEREAS UNDER OTHERS, THEIR E.FFECT IS NEGATIVE AND THEY DE_ 

CREASE THE RAINFAL.L.. 

- CONTINUED ON PAGE 109 
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ATMOSPHERE VOLUME 6, 1968 

ADJUSTMENTS TO THE WEATHER - CHOICE OR CHANCE? 

W.J. MAUNDER AND W.R.D. SEWELL. 

UNIVERSITY OF VICTORIA 

I. INTRODUCTION 

"CANADA HAS VERY SPECIAL NEEDS FOR METEOROLOGICAL. SCIENCE". THESE COM_ 

MENTs BY PROFESSOR BREWER, PRESIDENT OF THE NEWLY FORMED CANADIAN METEOR_ 

0LoG�cAL SOCIETY. IN ATMOSPHERE (BREWER 1967), POINT TO THE GROWING AWARE_ 

NESS OF THE IMPORTANCE IN CANADA ':'F" ~ETEOROLOGICAL SCIENCE. IN VIEW OF THIS, 

IT IS IMPORTANT FOR US TO REALISE THAT LITTLE THOUGHT HAS BEEN GIVEN. IN THE 

PAST, TO WHAT MAY BE CALLED THE NON_SCIENTIFIC ASPECTS OF METEOROLOGY IN 

CANADA. FURTHER. BECAUSE OF THE ASSUMED IMPORTANCE OF WEATHER SENSITIVE 

ACTIVITIES IN THE ECONOMY, IT IS CLEAR THAT THERE 13 AN URGENT NEED FOR RE_ 

SEAR«;:H ON WEATHER IMPACTS AND ADJUSTMENTS TO THE WEATHER IN CANADA. TO THIS 

END, THIS PAPER EXAMINES SOME ASPECTS OF METEOROL.OGICAL. SCIENCE WHICH THE 

CANADIAN METEOROLOGICAL SOCIETY IN ITS FIRST YEARS, MIGHT WELL ENCOURAGE. BY 

SO DOING, WE BELIEVE THAT THE SOCIETY WILL BE USEFULLY SERVING THE PURPOSES 

FOR WHICH IT WAS FOUNDED. 

Z. THE SETTING 

WEATHER AND CLIMATE PRESENT MANKIND WITH A CHALLENGE. HE CAN EITHER AC_ 
o 

CEPT THEM AS GIVEN AND ALTER HIS PATTERNS OF ACTIVITY TO ACCOMMODATE THEM, 

OR HE CAN TRY TO ALTER THE PROCESSES WHICH PRODUCE THEM. 

IN THE FIRST CASE MAN CAN EITHER _ (A) DO NOTHING, (B) RE_SCHEDULE ACTIVITIES 

(PROVIDING HE HAS FAITH IN THE WEATHER THAT IS FORECAST). OR, (C) IMPROVE "THE 

TECHNOLOGY OF WEATHER PROTECTIONII SUCH AS, BY DEVELOPING DROUGHT RESISTANT 

CROPS, "HURRICANE PROOFn CITIES, OR MORE ECONOMICAL AIR_CONDITIONING. IN THE 

SECOND CASE HE CAN TRY TO ALTER THE AMOUNT OR TEMPORAL DISTRIBUTION OF PARTI_ 

CULAR WEATHER ELEMENTS, BY ALTERING THE ATMOSPHERIC CIRCULATION IN RELATION 

TO A SMALL AREA (PLANT), A MEDIUM AREA (CLOUD, STORM), A LARGE AREA (RIVER 

BASIN, STATE, URBAN AREA). OR AN EXTENSIVE REGION (EUROPEAN OR PACIFIC). 

FOR THE MOST PART MAN HAS CONCENTRATED HIS ATTENTION ON THE FIRST AL TERHA_ 

TIVE. SEEKING, OUT THOSE LOCATIONS WHERE THE CLIMATE IS NOT TOO SEVERE F"OR 
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THESE ARE IMPORTANT BECAUSE 

(A) IF THE PRESENT USE OF PRESENT WEATHER FORECASTS IS NOT KNOWN, THEN 

IMPROVEMENT OF WEATHER FORECASTS _ FROM THE CLIENTsr VIEWPOINT _ 

MAY' BE A WASTE OF TIME. 

(B) IT IS PROBABLE THAT MORE EFFECTIVE USE OF PRESENT DAY FORECASTS 

WOUL.D ACHIEVE SIMILAR, IF NOT BE;TTE;R. 'RE;SUL.TSI THAN AN IMPROVEMENT 

IN THE ACCURACY OF WEATHER FORECASTING. 

(e) IF WE KNOW WHAT THE WEATHER IS GOING TO BE, AND WHAT THE EFFECT 

OF THAT WEATHER WILL BE,THEN WE ARE IN A POSITION TO ALTER OUR PRO_ 

DUCTION SCHEDULE, PLANT A DIFFERENT TYPE OF CROP, OR CALL UPON 

THE RAINMAKER, 

BUT 

(D) IF WE 00 NOT KNOW THE IMPACT OF WEATHER ON AN ACTIVITY. OR AN AREA. 

THEN WE ARE HARDLY IN A POSITION TO KNOW HOW MUCH TO MODIFY THE 

WEATHER AND WE SUREL.Y SHOUL.D NOT MODIFY THE WEATHER IF WE 00 NOT 

KNOW WHAT THE RESUL. TS OF SUCH MODIFICATION WIL.L. BE. 

4. THE USE OF WEATHER INFORMATION 

IT IS GENERAL.L.Y ASSUMED THAT THE PROVISION OF BETTER INFORMATION WIL.L. L.EAD 

TO BETTER DECISIONS. MUCH DEPENDS, HOWEVER. ON THE WAY IN WHICH PEOPL.E USE 

WEATHER INFORMATION. WE AL.L. PAY FOR WEATHER SERVICES EITHER DIRECTL.Y OR IN_ 

DIRECTL.Y, BU.T HAVE WE MUCH SAY IN WHAT TYPE OF INFORMATION IS GIVEN TO US? HOW 

OFTEN, FOR EX~MPL.E, HAVE YOU BEEN ASKED WHAT TYPE OF WEATHER INFORMATION YOU 

WOUL.D L.IKE TO HAVE. OR, PROBABL.Y EVEN MORE PERTINENT. HOW OFTEN HAS THE CANA_ 

DIAN METEOROL.OGICAL. SERVICE ASKED THEIR CL.IENTS WHAT TYPE OF INFORMATION OR 

SERVICES THEY REQUIRE? IS THE METEOROL.OGICAL. SERVICE AWARE OF THE VALUE OF ITS 

PRODUCT1WE UNDERSTAND THAT SOME SUCH STUDIES HAVE BEEN MADE. INCL.UDING AN IN_ 

VESTIGATION BY K.T. MCL.EOD ON THE "WEATHER REQUIREMENTS" OF PUBLIC UTIL.ITIES 

IN METROPOLITAN TORONTO,AND IN THE LAST 12 TO t8 MONTHS THE U. S.WEATHER BUREAU 

HAS SPONSORED A NUMBER OF STUDIES TO DETERMINE THE VAL.UE OF THEIR WEATHER 

FORECASTS. 2. 

ONE INDICATION OF THE VAL.UE OF WEATHER INFORMATION IS THE PRICE THAT PEOPL.E 

WOUL.D BE PREPARED TO PAY FOR IT IF THEY WERE CHARGED. IF WEATHER FORECASTS 

2. C. VON BICKE~T OF THE UNIVERSITY OF DENVER, FOR EXAMPL.E, IS ENGAGED IN A 

SOCIAL. PSYCHOL.OGY STUDY OF HOW PEOPL.E ARE USING WEATHER INFORMATION. 
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HUMAN COMFORT AND WHERE ECONOMIC ACTIVITIES CAN BE PURSUED AT REASONABLE 

COST, AND TRYING TO DEVELOP WAYS OF REDUCING THE IMPACT OF VARIATIONS IN THE 

WEATHER. ATTEMPTS TO MODIFY THE WEATHER HAVE BEEN MADE SINCE THE DAWN OF 

CIVILISATION BUT SOME CLAIMS AS TO SUCCESS HAVE BEEN REGARDED WITH MUCH 

SCEPTICISM, ESPECIALLY BY THE SCIENTIFIC FRATERNITY. IT SEEMS, HOWEVER, THAT 

THIS SCEPTICISM IS DECLINING FOR, ,RESULTS OF RESEARCH IN SEVERAL COUNTRIES, 

SUGGEST THAT WAYS HAVE BEEN FOUND TO MODIFY THE WEATHER IN CERTAIN CIRCUM_ 

STANCES. 1 

3. ECONOMIC AND SOCIAL ASPECTS OF METEOROLOGY 

ALTHOUGH THE RAISON DIETRE OF THE METEOROLOGICAL PROFESSION IS ROOTED IN 

MANlS SEARCH FOR MORE EFFICIENT ADJUSTMENTS TO VARIATIONS IN THE WEATHER, 

IT IS CLEAR FROM AN APPRAISAL OF THE LITERATURE THAT THE WORLD OF METEOROLOGY 

HAS N.OT THOUGHT VERY MUCH ABOUT WHAT ONE COULD CALL THE ECONOMIC AND SOCIAL 

ASPECTS OF THE PROFESSION. AS THOMPSON (1966) RECENTLY SAID _ "LITTLE ATTEN_ 

TIOI'" HAS BEEN GIVEN BY METEOROLOGISTS TO THE NON_SCIENTIFIC GAINS OF THEIR 

PROFESSION". AS WE LOOK TO THE FUTURE _ WITH ITS EVER GROWING TECHNOLOGY, 

WORLD WEATHER WATCH PROGRAM, AND THE POSSIBILITY OF ACCURATE LONG_RANGE 

WEATHER FORECASTING, AS WELL AS THE GROWING CONCERN OVER WEATHER MODIFICA_ 

TION AND AIR POLLUTION, IT IS ·IMPERATIVE THAT WE TAKE A LOOK AT THE ECONOMIC 

AND SOCIAL IMPLICATIONS OF ALTERNATIVE ADJUSTMENTS TO THE WEATHER. 

SUPPOSE THAT A MAJOR SNOWSTORM IS FORECAST FOR OTTAWA NEXT MONDAY. 00 

YOU _ (A) ACCEPT THIS, AND ADJUST ACCORDINGLY, OR, (B) TRY AND PREVENT THE SNOW_ 

STORM OCCURRING (PERHAPS ALTER ITS PATH TOWARDS EXPO INSTEAD)? IN EITHER CASE, 

IF WE KNOW SOMETHING ABOUT THE IMPACTS OF A SNOWSTORM IN LATE MAY IN OTTAWA. 

THEN WE WOULD BE IN A BETTER POSITION TO DECiDE WHICH OF THE ABOVE ACTIONS WE 

WOULD TAKE. BUT DO WE KNOW WHAT THESE IMPACTS WOULD BE? 

IN LOOKING AT THE QUESTION OF ADJUSTMENTS TO THE WEATHER, TWO ITEMS SEEM TO 

STAND OUT AS BEING MOST IMPORTANT. THESE ARE! 

(A) THE USE OF WEATHER INFORMATION, 

(B) THE IDENTIFICATION OF WEATHER IMPACTS. 

1. ON THE MICROSCALE, WEATHER MODIFICATION IS A REALITY, AND THERE HAS BEEN 

LITTLE SCEPTICISM FOR A NUMBER OF DECADES (SEE, FOR EXAMPLE, MUNN, 1966). 

NEVERTHELESS, THERE IS STILL CONSIDERABLE DOUBT AS TO JUST HOW lfSUCCESSFUL" 

THE WEATHER MODIFIERS HAVE BEEN CONSIDERING THE OVERALL EFFECTS IN AN 

AREA. 
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WERE SOLD TO THE C ~ C AND TO THE NEWSPAPERS. AND IF PEOPLE WERE CHARGED FOR 

CALLING THEIR LOCAL WEATHER OFFICE FOR THE LATEST FORECAST. FOR EXAMPLE. WHAT 

WOULD BE A FAIR CHARGE TO MAKE FOR THIS INFORMATION7 FURTHER. HOW MUCH WOULD 

THE C B C, THE NEWSPAPERS, AND 1 JOHN CITIZEN' BE PREPARED TO PAY FOR THE WEATHER 

FORECAST? 

UNLIKE SOME SCIENTIFIC ORGANIZATIONS, METEOROLOGICAL SERVICES HAVE A D:JAL 

FUNCTION TO PERFORM, THE FIRST COULD BE CALLED THE SCIENTIFIC ANALYSIS AND 

PREDICTION OF THE ATMOSPHERE. IT IS HOWEVER, THE SECOND FUNCTION THAT DISTIN_ 

GUISHES THE METEOROLOGICAL SERVICE FROM OTHER DEPARTMENTS OF STATE, NAMELV. 

IN ITS SERVICE TO ITS CONSUMERS, IN OTHER WORDS, THE METEOROLOGICAL SERVICE 

HAS A PRODUCT WHICH IS READILY "SALEABLER TO A VAST NUMBER OF PEOPLE. IN MOST 

CASES THERE IS NO CHARGE FOR THE SERVICE, BUT THIS IS NO REASON WHY THE VALUE 

OF THESE SERVICES SHOULD NOT BE ASSESSED. FURTHER, AS TAXPAYERS. WE SHOULD 

BE VITALLY CONCERNED ABOUT SEEING THAT THE INFORMATION AND SERVICES PROVIDED 

BY THE METEOROLOGICAL SERVICES ARE USED TO THE FULLEST POSSIBLE ADVANTAGE. 

5. WEATHER FOREC ASTING 

ONE ASPECT OF THESE SERVICES, AND RIGHTLY OR WRONGLY, THE ONE BY WHICH THE 

MAN IN THE STREET ASSESSES THE METEOROLOGICAL PROFESSION, IS WEATHER FORE_ 

CASTING. WE HAVE A LOT TO LEARN ABOUT THE SCIENCE OF WEATHER FORECASTING, AS 

WE ARE ALL AWARE, BUT THERE ARE SOME ASPECTS OF WEATHER FORECASTING _ THE 

NO;.{_SCIENTIFIC ASPECTS _ OF WHICH WE ARE, IN MANY CASES, TOTALLY IGNORANT. FOR 

EXAMPLE, CONSIDER THE FOLLOWING: 

(A) HOW MANY PEOPLE READ THE WEATHER FORECAST IN THEIR LOCAL NEWS_ 

PAPER OR LISTEN TO A WEATHER FORECAST ON THE RADIO, OR LOOK AT 

THE T.V. WEATHERCAST OF THESE, HOW MANY REMEMBER WHAT WAS 

SAID AFTER 5 MINUTES, 1 HOUR, OR NEXT MORNING? 

(8) HOW OFTEN 00 THE THOUGHTS OF THE WEATHER FORECASTER GET 

THROUGH TO THE AVERAGE PERSON1 (THIS DEPENDS IN PART ON HOW THE 

THOUGHTS OF THE WEATHER FORECASTER ARE "TRANSLATEDh INTO Tt£ 

WEATHER FORECAST,3 AND HOW THE WEATHER FORECAST IS "TRANS_ 

LATEDII THROUGH THE MEDIUM OF RADIO, TV, OR NEWSPAPER TO THE 

AVERAGE PERSON). 

3. IN THIS REGARD IT IS INTERESTING TO NOTE THAT THE U. 6. WEATHER BUREAU HAS 

RECENTLY INTRODUCED PROBABILITY STATEMEN-r:S INTO THEIR DAILY WEATHER FORE_ 

CASTS. NEVERTHELESS, IT IS DOUBTFUL IF A FORECAST OF A "20 PER CENT CHANCE 

OF: RAIN" MEANS THE SAME THING TO THE WEATHER FORECASTER AND HIS MANY 

CONSUMERS. 

- CONTINUED ON PAGE 105 
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ATMOSPHERE VOLU ME 6, 1lHiS 

CENTENNIAL WEATHER 1967 

. M. K. THOMAS 

MOST OF CANADA EXPERIENCED COLDER AND STORMIER WEATHER THAN NORMAL IN 

1967. ALTHOUGH IN MOST MONTHS TEMPERATURES AVERAGED ABOVE NORMAL IN BRITISH 

COLUMBIA AND ALBERTA, CENTRAL AND EASTERN CANADA EXPERIENCED ABNORMAL COLD 

IN SEVERAL MONTHS OF THE YEAR, AND STATIONS IN THE EASTERN ARCTIC REPORTED 

THIS TO BE THE COLDEST YEAR IN THEIR METEOROLOGICAL HISTORY. THE DROUGHT IN 

NOVA SCOTIA ENDED EARLY IN THE YEAR, BUT THERE WAS A DRY SUMMER IN SOME 

PARTS OF THE PRAIRIE PROVINCES AND IN SOUTHERN BRITISH COLUMBIA. UNUSUALLY 

ABUNDANT SNOW FELL DURING THE SPRING IN SOUTHERN ALBERTA. AND DURING THE 

EARLY WINTER IN NORTHERN ONTARIO AND IN CENTRAL NEW BRUNSWICK. ON THE WEST 

COAST OF BRITISH COLUMBIA A NEW CANADIAN RECORD FOR PRECIPITATION ON ONE DAY 

WAS ESTABLISHED. 

COLD 

EASTERN CANADA WAS PI.JIt.GUED BY A NUMBER OF EXCEPTIONALLY COLD MONTHS. IT 

WAS THE COLDEST FEBRUARY IN MORE THAN THIRTY YEARS IN ONTARIO AND QUEBEC, AS 

DEPARTURES FROM NORMAL EXCEEDED 12 DEGREES IN SOME LOCATIONS. THE SPRING 

MONTHS WERE MARKEDLY COOL IN THE ATI.JIt.NTIC PROVINCES. SEVERAL STATIONS RE_ 

PORTED THE COLDEST MARCH SINCE 1923, AND BOTH APRIL AND MAY WERE THE COLDEST 

ON RECORD AT SOME STATIONS. AT HALIFAX, N. S., APRIL AND MAY TOGETHER WERE 

THE COLDEST TWO SPRING MONTHS SINCE 1882. 

IN THE CENTRAL PROVINCES OF ONTARIO AND QUEBEC, MANY STATIONS REPORTED 

THE COLDEST MAY IN THE PAST SIXTY YEARS. JUNE WAS WARMER THAN JULY AT SOME 

STATIONS IN SOUTHWESTERN ONTARIO, THE FIRST TIME THAT SUCH AN ABNORMAL TEM_ 

FERATURE PATTERN HAS OCCURRED AT TORONT~ SINCE 1895. IN ADDITION, TEMPERATURES 

IN SOUTHERN ONTARIO WERE SIGNIFICANTLY BELOW NORMAL IN AUGUST, SEPTEMBER AND 

NOVEMBER. 

APRIL WAS EXCEPTIONALLY COLD THROUGHOUT ALL OF WESTERN CANADA IN 

SOUTHERN ALBERTA, WHERE MEAN TEMPERATURES WERE NEAR FREEZING, IT WAS 10 TO 

12 DEGREES BELOW NORMAL, MAKING THIS THE COLDEST APRIL ON RECORD. IN THE 



ARCTIC, FROBISHER BAY, N.W.T. REPORTED TEMPERATURES 18 DEGREES BELOW NORMA!

IN FEBRUARY, AND IN NOVEMBER RESOLUTE REPORTED 13 DEGREES BELOW NORMAL_ 

BOTH NEW LOW MONTHLY RECORDS. APRIL WAS AL.SO BITTERLY COLO IN THE HUDSON BAY 

AREA OF THE SUB-ARCTIC, AS WAS JUNE ALONG THE WESTERN ARCTIC MAINLAND COAST. 

BOTH RESOLUTE AND FROBISHER BAY REPORTED 1967 TO BE THE COLDEST YEAR ON RECORD. 

WARM 

AT TORONTO, A MAXIMUM TEMPERATURE OF 61 0 ON JANUARY 25 WAS THE WARMEST 

JANUARY TEMPERATURE ON RECORD SINCE OBSERVATIONS WERE BEGUN IN 1840. IT IS IN_ 

TERESTING TO NOTE THAT THIS RECORD WAS ESTABLISHED IN THE TRADITIONAL 

IIJANUARY THAWII PERIOD. MAY WAS AN EXCEPTIONALLY MILD MONTH IN THE NORTHEAST 

ARCTIC, WHERE SEVERAL STATIONS REPORTED TEMPERATURE ANOMALIES RANGING TO 12. 

DEGREES. IT WAS THE WARMEST AUGUST ON RECORD ON THE ISLAND OF NEWFOUNDLAND, 

WITH MEAN TEMPERATURES RANGING TO 7 DEGREES ABOVE NORMAL. ABNORMALLY WARM 

SPELLS OCCURRED IN WESTERN CANADA DURING THE LATE SUMMER, AS BOTH AUGUST 

AND SEPTEMBER WERE THE WARMEST SUCH MONTHS ON RECORD AT SEVERAL LOCATIONS. 

FOR TEN CONSECUTIVE DAYS _ AUGU!3T 11-2.0, COLUMBIA GARDENS. NEAR TRAIL, B.C. 

REPORTED MAXIMUM TEMPERATURES OF 100 DEGREES OR MORE. DURING THE FIRST WEEK 

OF SEPTEMBER MANY STATIONS IN ALBERTA AND SASKATCHEWAN REPORTED THE HIGH_ 

EST TEMPERATURES EVER REPORTED IN THAT MONTH, INCLUDING A TEMPERATURE OF 1010 

AT EMPRESS, ALBERTA, ON THE 5TH. OVER THE MONTH AS A WHOLE, THIS WAS THE 

WARMEST SEPTEMBER IN MANITOBA SINCE 1948, IN SASKATCHEWAN SINCE 1938, AND THE 

WARMEST ON RECORD IN ALBERTA. 

WET 

IN NOVA SCOTIA, 1965 AND 1966 HAD BEEN TWO OF THE DRIEST YEARS ON RECORD, BUT 

THE DROUGHT WAS BROKEN BY THE LATTER HALF OF 1967 AFTER THAT PROVINCE REPOR_ 

TED SEVERAL· MONTHS OF ABOVE NORMAL PRECIPITATION, CULMINATED BY DECEMBER 

TOTALS THAT EXCEEDED 13 INCHES AT. MANY STJI.TIONS. 

ON THE PRAIRIES, EXCESSIVE RAINFALL AND RESULTING FLOODS WERE REPORTED 

FROM THE AREA SQJTHWEST OF CALGARY LATE IN MAY. HEAVY RAINS IN ONTARIO DURING 

JUNE PRODUCED MUCH DAMAGE, AT TAVISTOCK 13.2.7 INCHES OF RAINFALL WERE RE_ 

PORTED, THE MOST RAIN EVER REPORTED AT ANY STATION IN ONTARIO DURING JUNE. JULY 

AND AUGUST WERE ALSO WET IN PARTS OF ONTARIO, BUT IT WAS IN BRITISH COLUMBIA 

THAT PRECIPITATION BECAME EXCESSIVE DURING THE LATTER PART OF THE YEAR. THE 

NORTH COAST AREA OF BRITISH COLUMBIA REPORTED TWICE NORMAL PRECIPITATION IN 

JULY, AND ABNORMAL AMOUNTS AGAIN IN SEPTEMBER AND OCTOBER. RAINFALL IN 

VANCOUVER AMOUNTED TO 17.87 INCHES IN OCTOBER, THE WETTEST MONTH ON RECORD 

SINCE JANUARY 1935. CONSIDERABLE RAINFALL ALSO OCCURRED AT QUEBEC AIRPORT, 

WHERE THE JUNE TO AUGUST PRECIPITATION TOTALLED 19.52., THE GREATEST SUMMER 

ON RECORD SINCE 1943. 
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DRY 

THERE WERE DROUGHT AREAS IN WESTERN CANADA DURING THE SPRING AND SUMMER, 

WHERE REGINA, SASKATCHEWAN REPORTED THE DRIEST SUMMER ON RECORD, AS BUT 2.69 

INCHES OF PRECIPITATION FELL. OVER THE PERIOD FROM APRIL THROUGH AUGUST, FAR 

SHORT OF THE NORMAL 9.80 INCHES. IT WAS ALSO A VERY DRY SUMMER IN SOUTHERN 

BRITISH COLUMBIA, CAUSING A PERIOD OF HIGH FOREST DANGER AND CRITICAL WATER 

SHORTAGES. 

SNOW 

RECORD SNOWFALLS WERE REPORTED IN SOUTHERN ALBERTA LATE IN APRIL AS TWO 

STORMS, A WEEK APART, BROUGHT TOTALS OF FROM 60 TO 80 INCHES OF FRESH SNOW TO 

STATIONS IN THE AREA. A THIRD STORM, EARLY IN MAY, ADDED A FURTHER 6 TO 

8 INCHES. EARLIER NEW MONTHLY SNOWFALL RECORDS HAD BEEN ESTABLISHED AT SOME 

STATIONS ON THE PRAIRIES IN JANUARY, AT FREDERICTON, N. B. IN FEBRUARY, AND IN 

SOME PARTS OF NOVA SCOTIA IN MARCH. BL.IZZARD CONDITIONS ON MARCH 29_30 DIS_ 

RUPTED 'COMMUNICATIONS AND TRANSPORTATION IN SASKATOON AND REGINA ON THE 

PRAIRIES, AND THE EASTER WEEKEND STORM L.EFT FROM t TO AL.MOST 4 FEET OF FRESH 

SNOW ACROSS A LARGE PART OF THE MARITIME PROVINCES. EARL.Y IN DECEMBER A MA_ 

.JOR STORM L.EFT OVER 2. FEET OF SNOW ON PARTS OF NEW BRUNSWICK, AND FREDERICTON 

REPORTED A RECORD 31 INCHES ON DECEMBER 4,AND 59 INCHES OF SNOWFAL.L. DURING THF 

MONTH. BOTH CAL.ENDAR YEAR AND WINTER SEASON SNOWFAL.L. RECORDS WERE ESTA_ 

BL.ISHED IN SUCH WIDEL.Y SEPARATED REGIONS AS THE YUKON, SOUTHERN AL.BERTA AND 

NEW BRUNSWICK. IN THE SUB_ARCTIC UNUSUAL.L.Y HEAVY SNOWFAL.L.S WERE REPORTED 

IN THE SOUTHERN YUKON DURING THE 1966_67 SEASON, AS INDICATED BY A TOTAL. OF 79 

INCHES AT WHITEHORSE. IN SOUTHERN AL.BERTA, ANNUAL. TOTAL.S AS HIGH AS Z94 INCHES 

AT WATERTON PARK HEADQUARTERS weRE REPORTED, WHIL.E THE 157 INCHES AT 

L.ETHBRIDGE DURING THE WINTER OF 1966_67 MADE THAT THE SNOWIEST WINTER ON 

RECORD. THE CAL.ENDAR YEAR 1967 WAS THE SNOWIEST ON RECORD AT BOTH FREDERICTON 

(185 INCHES) AND MONCTON (2.0a INCHES). 

GREATEST PRECIPITATION IN ONE DAY 

A NEW CANADIAN RECORD OF PRECIPITATION ON ONE DAY WAS ESTABL.ISHED AT 

UCLUEL.ET BRYNNOR MINES, B.C •• WHERE 19.2.6 INCHES OF RAIN FEL.L. ON OCTOBER 6. THE 

TOTAL. FOR THE MONTH AT THIS WEST COAST STATION WAS 72.60 INCHES, SOME 7 INCHES 

SHORT OF ANOTHER AL.L._TIME CANADIAN RECORD. THE PREVIOUS R,ECORD FOR THE 

GREATEST PRECIPITATION IN ONE DAY HAD BEEN ESTABL.ISHED AT HENDERSON LAKE, 

ALSO ON THE WEST COAST OF VANCOUVER ISLAND, ON DECEMBER 30,192,6 WHEH 16.61 IH_ 

CHES FEL.L.. 
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FOG AND SUNSHINE 

IT WAS THE FOGGIEST SUMMER· ON RECORD AL.ONG THE ATLANTIC COAST OF 

NOVA SCOTIA. WHERE AT YARMOUTH, FOG WAS REPORTED ON 85 OF THE 92 DAYS IN JUNE, 

JUL.Y AND AUGUST. THE ATMOSPHERIC CIRCULATION WAS SUCH, HOWEVER. THAT 350 MILES 

TO THE NORTH AT SYDNEY, ONE OF THE BEST VACATION SUMMERS ON RECORD WAS 

REPORTED, AS THERE WAS IN NEWFOUNDLAND. DESPITE THE GENERAL COLD AND STORMY 

WEATHER ACROSS THE COUNTRY, MANY STATIONS REPORTED NEW BRIGHT SUNSHINE 

RECORDS, SUCH AS 236 HOURS AT GANDER, NFL-D. IN JUNE, 354 HOURS AT PRINCE GEORGE, 

B.C. IN JUNE. 351 HOURS AT WINNIPEG IN 
o 

AUGUST .. 344 HOURS AT EDMONTON IN AUGUST. 
o 0 

322 HOURS AT VANCOUVER IN AUGUST. 
o 

346 HOURS AT REGINA IN SEPTEMBER. ON THE 

OTHER HAND, VICTORIA HAD THE DULLEST OCTOBER SINCE SUNSHINE RECORDS WERE COM_ 

MENCED IN 1914, AS BUT 83 HOURS WERE REPORTED. 

CENTENNIAL WEATHER IN THE LARGE URBAN AREAS 

MONTREAL. 

CENTENNIAL. YEAR IN MONTREAL. WAS COOL. AND RELATIVEL.Y DRY, AND IN GENERAL., 

THE WEATHER WAS EXTREMEL.Y FAVOURABL.E DURING THE PERIOD OF EX P 0 FROM APRIL. 

27 TO OCTOBER 30. BOTH TEMPERATURE AND PRECIPITATION AVERAGED NEAR NORMAL., 

THERE WERE NO EXTREMEL.Y HOT DAYS, AND BUT ONE PROL.ONGED PERIOD OF WARM, 

HUMID WEATHER FROM JUL.Y 19 TO 2A. PRIOR TO THE OPENING OF EX Po. HOWEVER. BOTH 

FEBRUARY AND MARCH HAD BEEN EXTREMEL.Y COL.D IN MONTREAL., AND FEBRUARY, WITH 

AN AVERAGE TEMPERATURE OF 70 , WAS THE COL.DEST MONTH ON RECORD IN THE Z6 YEARS 

OF OBSERVATIONS AT DORVAL. AIRPORT. 

TORONTO 

NINE MONTHS OF 1967 WERE COL.DER THAN NORMAL.. THE JUL.Y MEAN TEMPERATURE 

WAS L.OWER THAN THAT FOR JUNE, AND AT NO TIME DURING THE SUMMER DID THE TEM_ 

PERATURE GO ABOVE OOOF. BOTH FEBRUARY AND MARCH AVERAGED 5 DEGREES BEL.OW 

NORMAL., AND A TEMPERATURE OF _IZO REPORTED ON FEBRUARY 12. WAS THE COL.DEST 

REPORTED IN TORONTO SINCE EARL.Y 1950. 

VANCOUVER 

THE YEAR 1967 WAS WET WITH PARTICULARL.Y HEAVY FAL.L.S IN OCTOBER WHEN 17.87 

INCHES FEL.L. IN THE CITY, MORE PRECIPITATION THAN IN ANY OTHER MONTH SINCE 1935. 
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THE SUMMER MONTHS WERE WARM AND DRY. AUGUST WAS DRIER AND SUNNIER THAN ANY 
• 

PREVIOUSLY ON RECORD. OVER THE YEAR FOG OCCURRED AT THE AIRPORT ON ONLY 30 

DAYS, A RECORD LOW AND LESS THAN HALF THE AVERAGE NUMBER OF DAYS. 

WINNIPEG 

AT WINNIPEG, 1967 WAS THE FOURTH CONSECUTIVE YEAR WITH A BELOW NORMAL 

ANNUAL MEAN TEMPERATURE. AFTER A COOL, WET SPRING, JUNE WAS A PLEASANT 

MONTH, BUT IN JULY HEAVY RAINSTORMS OCCURRED,INCLUDING ONE ON THE 23RD DURING 

THE OPENING CEREMONIES OF THE PAN_AMERICAN GAMES. AUGUST WAS THE SUNNIEST 

ON RECORD, AND A PROLONGED DRY SPELL IN SEPTEMBER GAVE IDEAL HARVESTING 

WEATHER. 

OTTAWA 

1967 WAS COOL A·ND WET. FEBRUARY WAS THE COLDEST MONTH IN THE LAST 31 YEARS, 

AND MAY, THE COLDEST SINCE AT LEAST 1890. 

HAMI LTON 

MAY WAS AN EXCEPTIONALLY COLD MONTH, JUNE WAS VERY WET, AND JULY AND 

AUGUST COMPARATIVELY COOL. EARLY WINTER SNOWFALLS WERE LIGHT, WITH LITTLE 

SNOW ACCUMULATION ON THE GROUND UNTIL AFTER CHRISTMAS. 

QUEBEC 

AFTER FOUR CONSECUTIVE EXCEPTIONALLY COLD MONTHS, NORMAL TEMPERATURES 

RETURNED IN JUNE, BUT EACH OF THE SUMMER MONTHS WAS WET, WITH A RECORD TOTAL 

OF 19.52: INCHES FALLING DURING THE THREE MONTHS. 

EDMONTON 

AUGUST AND SEPTEMBER WERE REMARKABLE MONTHS. AUGUST WAS BOTH THE 

WARMEST AND SUNNIEST EVER RECORDED IN THE CITY, WHILE SEPTEMBER WAS THE 

WARMEST AND THE SECOND SUNNIEST SEPTEMBER EVER REPORTED. 
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CAL.GARY 

CAL..GARY REPORTED MORE BRIGHT SUNSHINE, 2470 HOURS, THAN ANY YEAR ON RECORD 

SINCE 1933, WHEN SUCH OBSERVATIONS WERE BEGUN. DURING THE FIRST HAL.F OF THE 

YEAR TEMPERATURES WERE GENERAL.L.Y BEL.OW NORMAL., AND THERE WAS ABUNDANT 

SNOWFAL.L., WITH THE LAST MEASURABL.E FAL.L. OCCURRING ON JUNE 10. THIS RESUL.TED IN 

ONE OF THE LATEST SEEDING OPERATIONS ON RECORD, BUT THE EXCEEDINGL.Y WARM, DRY 

SUMMER MONTHS PERMiTTED A NORMAL CROP TO BE HARVESTED IN NEAR RECORD TIME. 

HAL.l FAX 

THE MOST I MPORTANT WEATHER FEATURE OF 1967 WAS THE ENDING OF THE SERIOUSL.Y 

DRY CONDITIONS THAT HAD PREVAIL.ED THROUGH 1965 AND 1966. IN 1967, NEARL.Y 67 INCHES 

OF PRECIPITATION FEL.L, MAKING THIS THE WETTEST YEAR SINCE 1910. BOTH JUL.Y AND 

AUGUST WERE RECORD FOGGY MONTHS. AND OVER THE YEAR AS A WHOL.E, THERE WERE 121 

FOGGV DAYS, THE MOST ON RECORD. EXCEPT FOR THE lZS DAYS IN 1946. 

ACKNOWLEDGMENTS 

THE MONTHL.Y METEOROL.OGICAL SUMMARIES PREPARED BY ABOUT 40 OBSERVING 

STATIONS WERE OF GREAT ASSISTANCE IN PREPARING THIS REPORT. THE ASSISTANCE OF 

THE REGIONAL. METEOROL.OGISTS AND OFFICERS_IN_CHARGE OF SEVERAL. WEATHER 

CENTRAL.S AND OFFICES IS AL.SO GRATEFUL.L.Y ACKNOWLEDGED. 

INTER ALIA 

THE PRODUCTION STAFF IS L.EARNING AS IT WORKS. AN INNOVATION IN THIS ISSUE 

IS BREAKS IN THE ARTICLES. WHIL.E IT IS RECOGNIZED THAT "CONTINUED ON PAGE xxn 

CAN BE A L.ITTLE ANNOYING, THE STEP HAS BEEN TAKEN IN THE INTEREST OF ECONOMY. 

OUR FOL.ICY OF FIFTY FREE REPRINTS TO AUTHORS HAS BEEN RATIFIED BY COUNCIL.. IN 

ORDER TO CARRY IT OUT AT A REASONABL.E COST, THE PAGING OF THE I SSUE MUST BE 

SPECIAL.L.Y ARRANGED TO MINIMIZE EXTRA PHOTOGRAPHING AND OTHER LABOUR AT THE 

FRINTERS. 

WE HOPE THAT YOU LIKE OUR NEW LOOK, AND 'THAT YOU DO NOT FIND THE BREAKS IN 

THE ARTICL.ES TOO IRRITATING. 

ERRATTA 

1. VOL.... 6, NOS. 1 AND 2. INSIDE FRONT COVER. SUBSTITUTE V. TURNER FOR v. MARSH 

UNDER ASSOCIATE EDITORS. 

_ CONTINUED ON PAGE 115 

to. 



" ." '" '" LA SOCIETE DE METEOROLOGIE DE QUEBEC 

PAR G •. OSCAR VILLENEUVE 

/ 
POUR FAIRE SUITE A UN RAPPORT PU3LIE DA.NS ATMOSPHERE (VO!... V (4):31_.13) 

". " -",. ~ ". 
ET CONTINUER LE RECIT OE:SACTfVITES DE LA SOCIETE DE METEOROLOGIE DE Q\..JESEG 

NOUS NOUS DEVONS DE MENTfONNER !...E5 NOMS DES MEMBRES DU CONSEIL DIADMINIS_ , . ~ , 
TRATIOI'I ELUS EN AVRIL 1967, LES CAUSERIES PRESENTEES AU COURS DE LA DERNIERE 

ANNEE ET LA COMPOSITION DU NOUVEAU COI'ISEIL DIADMINISTRATION ELU POUR LE PRO_ 

CHAIN EXERCICE 1968_69. 

/ 
EN AVRIL DER"IIER, LE COI'ISEIL DTADMINISTRATION ETAIT COMPOSE COMME SUIT: 

PRESJDENT 

VICE_PRES] DENT 

/ 
SEC. _TRES. 

CO:-lSEI LLERS 

LAWRENCE_J. O'GRADY, PH. D. 

DIRECTEUR , 
DEPARTEMENT DES SOLS , , 
FACUL TE DTAGRICoJL TUR"E DE LIUNIVERSITE LAVAL. 

RENALO NAUD, M.A. 

PROFESSEUR DE MATHEMATIQUES ET DE METEOROLOGIE 

FACUL.TE DE FORESTERIE DE LTUNIVERSITt LAVAL 

MICHEL FERLAND, M.A. 

CYNTHIA WILSON, GEOGRA?HE 

JULES DIO:-lNE, IN:;. F. 

CLAUDE PESANT, ING.C. 

RAYMOND PERRIER, M.A. 

J._GUY FRECHETrE, M.F. 

REPRESENTANT A LA SOC!ETE DE METEOROLO:;IE DU CANADA: G._O. VILLENEUVE. 

AU ·::OURS DE LIANNEE 1967_68, LA SOCIETE A TENU Q,JATRE Ri"IJNIONS DlINFORMA_ 
, " 

TION ET UNE A.5SEMBLEE GENERALE DES MEMBRES. LE CONSEIL D1ADMIN1STRATION 

S'EST RC:UNIT TROIS FOIS, SOIT EN SEPTEMBRE 1967, JANVIER 1966 ET AVRIL 1966. 

LES CO:-lFERENCIERS INVITES AU COURS !JE LIAN!"I.E:E PAR LA SOCIETE FUR~ENT PAR 

ORDRE CHRO:-lOLO:i1 QUE I 

2.6 OCT03RE 1967 J._G. FR~CHE:TTEI M.F~.R. NAU:I. M.A., C. P::;SA:-..IT, ING. 

ET R. R.:>Y. ING. 

lIREC!-IERCHES ET P~OJETS EN CO:JRS SUR LE BASSIN EXPERI_ 

" MENTAL DU R<JISSEAU DES EAUX VO:""EES. FORC::T MO:-..lTMORENCY". 
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29 NOVE MB RE 1967 RAYMOND P'ERR1ER. M.A. 

, 
16 FEVR1ER 1968 

2.1 MARS 1966 

"LA METEOROL.OG1E EN FRANCE ET EN ANGL.ETERRE" .. 

REV. CONRAD EAST. S.J •• PH.D. 

• nCOMPARISON DU RAYONNEMENT SOLAIRE EN VIL.L.E ET A LA 

CAMPAGNEn. 

VICTORIN LAVOIE. D. SC. 

"ASPECTS ECOLOGIQUES, PHYSIOL.OGIQUES ET ECONOMIQUES 

DES BL.EUETIERES DE LA REGION DU LAC ST_JEANn. 

LA REUNION DU 21 MARS ETAIT SOUS L.UfGIDE A LA FOIS DE LA SOCII::TE DE METEO_ 
" ".." ,. 

ROL.OGIE ET DE LA SOCIETE LINNEENNE DE QiJEBEC. EL.L.E SE TERMINA PAR UN VIN 
,- ~ 

D'HONNEUR GRACIEUSEMENT OFFERT PAR LA SOCIETE L.INNEENNE. PARMI L'AUDITOIRE 

DIUNE CINQUANTAINE DE PERSONNES. ON REMARQUAIT DE NOMBREUX FONCTfONNAIRES 

PROVINCIAUX ET DES PROFESSEURS DE LIUNIVERSITa::: LAVAL. 

LA SOCII::TE A SUGG'ERE AUX RESPONSA2LES AD HOC DE L1UNlVERSITE LAVAL. LE 

MAINTIEN DES COURS DU SOIR DE METEOROL.OGIE AU COURS DU PREMIER SEMESTRE 

1968_69. 

AU COURS DU PRINTEMPS 196B, LA SOCfi'TE' EST ENTREE EN POURPARLERS AVEC LA 

SOCIETE CANADIENNE DE METEOROLOGIE AU BUT OE FORMER ASSOCIATION DANS L.E 

SENS QUE LA SOCIETE DE METEOROLOGIE DE QUEBEC DEVIENNE UN CENTRE LOCAL. OE 

LA SOCIETE DE METEOROLOGJE OU CANADA. DANS CES {CHANGES DE: VUES. LA SOCIETE 

DE QUEBEC A MANIFESTE L.E .DESIR DE MAINTENIR SON AUTONOMJE ADMINISTRATIVE 

TOUT EN PARTICIPANT DANS LA MESURE DU POSSIBLE AUX ACTIVITES. D'INTERET 
~ , 

METEOROL.OGIQUE. LA DISCUSSION SE POURSUIT OANS UNE ATMOSPHERE DES PLUS 

SYMPATHI QUE. 

,,~ ~ ,. \ 

LA SOCIETE REITERE SES VOEUX DE LA CREATION A LA STATION AGRONOMIQUE DE 

L.IUNIVERSJTE LAVAL DIUN CENTRE DE RECHERCHES EN BJOCL.IMATOLOGIE. ELLE SE 

PROMET DE FAJRE DES DEMARCHES DANS CE SENS AU ::::'OURS DE LA PROCHAINE ANNEE , , 
EN INSTIGUANT LES AUTORITES DE LA FACULTE DIAGRICULTURE DE LAVAL DE DONNER 

• SUITE SERIEUSE A CETTE PROPOSITION. 

DES SUGGESTIONS REPETEES FA1TES AUX RESPONSASLES DU MINISTERE PROVINCIAL 

DE LIAGRICUL.TURE PAR L.ES MEMBRES DU CONSEIL DE LA SOCIETE ONT FAVORISE 

LIECLOSION DfUN COMITE PROVINCIAL DIAGROMETEOROLOGIE QUI DEVRA t SOUS PEU, 

'ETRE RATIFIE PAR QiJl DE DROIT. 

CE RESUME DtACTIVITES DE LA SOCIET~ DE JVIETEOROL.OGIE DE QU~BEC. PUlSE DANS 

LE DISCOURS DU PRC:SIDENT, SERAIT INCOMPL.ET SANS LA MENTION DES MEMBRES DU 

CONSEIL D'ADMINISTRAT'DN ELUS POUR LA PROCHAINE: ANNEE. CE SONT 

, 
PRESIDENT 

VICE_?RE:SIDENT 

SEC._TRES 

LAWRC:NCE_J_ O'GRADY, PH. D. 

RENALD NAUD, M. A. 

MICHEL FERLAND. M. A. 

_ CONTINUED ON PAGE 120 
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_ CONTINUED FROM PAGE 96 

(C) WHAT EFFECT DOES THE WEATHER FORECAST HAVE ON 'JOHN CITIZENI7 DOES 

HE RE_SCHED;JLE ANY OF HIS ACTIVITIES BECAUSE OF THE FORECAST? DOES 

IT MAKE ANY DIFFERENCE· WHETHER OR NOT THE FORECAST IS ACCUR.,\TE? 

FOR EXAMPLE, DOES AN hACCURATEh FORECAST OF WET WEATHER AFFECT 

THE COMMUNITY IN ANY W~Y? D~ES IT AFFE::T SHOPPERS, TRANSPORT, 

TOURISM, ETC.? FURTHER, DOES AN "INACCURATE" FORECAST HAVE DIF_ 

FERENT EFFECTS FROM AN ACCURATE FORECAST? 

(D) ARE LONG_RANGE FORECASTS (5 DAYS AND 30 DAYS) USED BY 'JOHN CITIZEN'? 

HOW MANY PEOPLE ARE INFLUENCED IN THEIR DECISIONS BY THESE FORE_ 

CASTS? DOES IT MAKE ANY DIFFERENCE HOW ACCURATE THEY ARE? 

AS A POSTSCRIPT IT MAY BE APPROPRIATE TO MENTION THE 1967 PRESIDENTIAL AD_ 

DRESS TO THE ROYAL METEOROLOGICAL SOCIETY BY DR. G. D. ROBINSON REPORTED 

BRIEFL.YIN NATURE (ROBINSONt967). THE AD:JRESS HAD AS ITS PRINCIPAL THEME A 

WARNING THAT WEATHER FORECASTING MAY HAVE BEEN SERIOUSLY OVERSOLD. DR. 

ROBINSON WAS CONCERNED THAT PLANS FOR THE COLLECTION OF METEOROLOGICAL DATA 

ON A WORLD_WIDE SCALE, VALUABLE IN THEMSELVES, HAD BEEN JUSTIFIED BY PROMISES 

OF GREAT ECONOMIC BENEFITS FROM IMPROVEMENTS IN WEATHER FORECASTING AND EVEN 

FROM WEATHER CONTHOL. ACCORDING TO DR. ROBINSON, IT MAY BE HARD TO KEEP THESE 

PROMISES, 

THE EXTENT TO WHICH THE WEATHER WA S PREDICTABLE WAS RAISED. ROBINSON 

INDICATED THAT THE GLOBAL ATMOSPHERIC RESEARCH PROJECT WAS PLANNED ON THE 

ASSUMPTION THAT IF THE INITIAL STATE OF THE ATMOSPHERE IS KNOWN WITH SUFFI_ 

CIENT ACCURACY, LARGE SCALE MOTIONS ARE PREDICTABLE nAS A DETERMINATE PHYSI_ 

CAL SYSTEM FOR A PERIOD OF APPROXI MATELY TWO WEEKSn, THE PROPOSALS OF THE 

WORLD METEOROLOGICAL ORGANIZATION FOR WHAT IS KNOWN AS WORLD WEATHER WATCH 

HAVE BEEN SIMILARLY JUSTIFIED. OR. ROBINSON WAS CONCERNED TO TEST THIS CLAIM, 

AND PARTICULARLY THE TRUTH OF THE ASS U M P T ION THAT THERE IS NO FUNDAMEN_ 

TAL LIMITATION OF THE PREDICTABILITY OF THE ATMOSPHERE, BUT ONLY PRACTICAL 

LIMITATIONS ARISING FROM THE LIMITATIONS OF COMPuTING MACHINERY ANO METHODS 

OF MEASUREMENTS, 

THIS IS NOT THE TIME OR PLACE TO FULLY DJSCUSS THE IMPLICATIONS OF WHAT 

DR. ROBINSON IS SAYING, AND THERE WIL.L BE MANY WHO DISAGREE WITH HIS FINDINGS, 

BUT IT IS WORTH NOTING THAT HE CONCLUDED, ACCORDING TO NATURE, THAT - ••••••• 

FOR PHENOMENA CHARACTERIZED BY A SCALE OF 5,000 KM, PREDICTABILITY IS LIKELY TO 

BE L.IMITED TO 5 DAYS. EVENTS WITH A SCAL.E OF 5KM WILL. PROBABLY BE PREDICTABLE 

FOR ONLY 2. HOURS IN ADVANCEh. 4 

4, IT SHOULD BE NOTED, HOWEVER, THAT CLI MATOLOGICAL FORECASTING (AS CONTRASTED 

WITH SYNOPTIC FORECASTING) CAN BE HIGHLY SUCCESSFUL ESPECIALLY IN SUCH EN_ 

GINEERING PROBLEMS AS THE DESIGN OF DAMS, BUILDINGS, STACK HEIGHTS, SPACE 

CRAFT, ETC. 
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6. WEATHER MODIFICATION 

MUCH HAS BEEN WRITTEN IN RECENT YEARS ON WEATHER MODIFICATION. THERE ARE, 

OF COURSE, CLAIMS ANO COUNTER CLAIMS AS TO WHAT CAN AND CANNOT BE DONE, BUT 

THERE NOW SEEMS TO BE AGREEMENT THAT IN CERTAIN AREAS. UNDER CERTAIN CIRCUM_ 

STANCES AND AT CERTAIN TIMES, WEATHER MODIFICATION IN THE FORM OF AN INCREASED 

PRECIPITATION OF THE ORDER OF 10 TO 15 PER CENT CAN BE ACHIEVED, AND THAT THE 

DISPERSAL OF COLD FOG, AND THE SUPPRESSION OF HAIL AND LIGHTNING ARE FEASIBLE. 

NEVERTHELESS, LITTLE THOUGHT HAS GONE INTO SOME FUNDAMENTAL QUESTIONS REGARD_ 

ING WEATHER MODIFICATION. THE BASIC SCIENTIFIC QUESTION MAY WELL BE _ CAN YOU 

MODIFY THE WEATHER] BUT THE MORE FUNDAMENTAl... QUESTION IS _ SHOULD VOU DO SO, 

WHERE SHOULD YOU DO SO, AND WHAT SAFEGUARDS ARE THERE EITHER IN THE FORM 

OF LAWS OR COMPENSATION TO PROVIDE FOR THE ERRORS WHICH OCCUR. THE QUEBEC 

WEATHER MODIFICATION CONTROVERSY A FEW YEARS AGO EMPHASISES THE FACT THAT 

THE ECONOMIC, SOCIAL. ANO POL.ITICAL IMPL.ICATIONS OF WEATHER MODIFICATION CANNOT 

BE IGNORED. 

IN CANADA THERE HAVE BEEN A FEW OPERATIONAL. PROGRAMS FOR WEATHER MODIFI_ 

CATIONS. IN CONTRAST, IN THE U.S., FRANCE, ITAL.Y, U.S.S.R. AND AUSTRAL.IA, TO MEN_ 

TION ONL.Y A FEW COUNTRIES, NOT ONL.Y HAS THERE BEEN A SUBSTANTIAL. RESEARCH EF_ 

FORT TO LEARN MORE ABOUT THE MECHANICS OF THE ATMOSPHERE, BUT ALSO AN IN_ 

CREASING EFFORT TO IMPROVE THE STATE OF THE ART OF WEATHER MODIFICATION. EVEN 

MORE IMPORTANT, IN THE U.S. AT LEAST, THERE IS GROWING CONCERN WITH REGARD TO 

THE ECONOMIC, POLITICAL AND SOCIAL ASPECTS OF WEATHER MODIFICATION AS WELL. 

THESE ASPECTS WERE EXPLORED IN A SYMPOSIUM HEJ...D AT B~ DER, COL.ORADO IN JULY, 

1965, WHICH CULMINATED IN THE PUBLICATION OF A MONOGRAPH "HUMAN DIMENSIONS OF 

WEATHER MODIFICATION" (SEWELL. 1966). THE NATIONAL SCIENCE FOUNDATION SUBSE_ 

QUENTLY ESTABLISHED A TASK GROUP ON THE HUMAN DIMENSIONS OF THE ATMOSPHERE 

TO EXPLORE THESE MATTERS IN GREATER O=::TAIL. THIS GROUP CONSISTING OF LAWYERS, 

POLITICAL SCIENTISTS, GEOGRAPHERS, ECONOMISTS, SOCIOLOGISTS, TWO METEOROLO_ 

GISTS, AND A NUMBER OF ADVISORS HAS MET SEVERAL TIMES IN THE LAST 12. MONTHS, 

AND THE REPORT WILL BE PUBLISHED LATER THIS YEAR.S 

7. WEATHER SENSITIVE ACTIVITIES 

THE NATURE AND SCOPE OF A WEATHER FORECASTING PROGRAM, AND THE DECISION 

WHETHER OR NOT TO MODIFY THE WEATHER, BOTH DEPEND UPON A KNOWLEDGE OF THE 

WEATHER SENSITIVITY OF VARIOUS ACTIVITIES. 6 

5. ONE OF THE PRESENT AUTHORS, W. R.D. SEWELL, WAS THE CHAIRMAN OF THE TASK 

GROUP. THE OTHER AUTHOR, W.J. MAUNDER, ACTED AS AN ADVISOR TO THE TASK 
GROUP. 

6. IT 15 IMPORTANT TO REALISE THAT ACCURATE \oYEATHER FORECASTING AND SUCCESS_ 

FUL WEATHER MODIFICATION TO THE CLIENT MAY BOTH HAVE SIMILAR· EFFECTS. FOR 

THE CLIENT SUCH AS THE PRAIRIE FARMER IS NOT US~ALLY CONCERNED A90UT WHY IT 

RAINS, BUT ONLY THAT IT DOES RAIN. THAT IS, THE CONSUMER )S CONCERNED WITH 

WHAT IT DOES, NOT WHY. 
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WHAT ARE THE WEATHER SENSITIVE ACTIVITIES, AND WHAT PART DO WEATHER VARIA_ 

TIONS PLAY IN THESE ACTIVITIES1 CONSIDER, FOR EXAMPLE THE FOLLOWING_ 

(A) WHAT IS A SIGNIFICANT WEATHER VARIATION? 

10 F"t ZOF, OR MORE TEMPERATURE 

In, 2n OR M"ORE PRECIPITATION 

10 HOURS SUNSHINE, 20 HOURS SUNSHINE 

(B) ARE THESE SIGNIFICANT WEATHER VARIATIONS THE SAME FROM ONE AREA TO 

ANOTHER, ONE MONTH TO THE NEXT, AND FROM ONE TYPE OF ACTIVITY TO 

ANOTHER? FOR EXAMPLE, DO SIMILAR WEATHER VARIATIONS, IN FACT, EF_ 

FECT ICE CREAM SALES MORE THAN GASOLINE SALES, B.C. MORE THAN 

ALBERTA, THE TOURIST IN WINNIPEG MORE THAN THE TOURIST IN OTTAWA, 

JULY RETAIL SALES MORE THAN AUGUST RETAIL SALES? 

(C) WHAT EFFECT DOES A SIGNIFICANT WEATHER VARIATION HAVE ON THE 

WEATHER SENSITIVE ACTIVITIES. WHAT EFFECT DO THEY HAVE FOR EX_ 

AMPLE, ON AGRICULTURAL PRODUCTION, THE TOURIST, RETAIL SALES, UN_ 

EMPLOYMENT, ICE CREAM SALES, AIR CANADA, GASOLINE SALES, SPORT, 

HOME HEATING COSTS, ETC.? DO THESE EFFECTS VARY FROM ONE MONTH 

TO THE NEXT, FROM ONE AREA TO ANOTHER AREA, OR FROM YEAR TO YEAR? 

(D) WHAT ARE THE OVERALL CREDITS AND DEBITS ATTRIBUTED TO WEATHER VA_ 

RIATIONS, WHAT FOR EXAMPLE, IS THE IMPACT OF A LONG, HOT. DRY SUM_ 
MER ON TOURISM IN B. C.. A SNOWSTORM ON THE ECONOMY OF SASKA_ 

TCHEWAN, A 10 PER CENT INCREASE IN SUNSHINE ON RETAIL SALES IN 

METROPOLITAN TORONTO, AND THE 1966 CLIMATIC YEAR ON THE ECONOMY 

OF CANADA? 

(E) ARE THERE AERIAL DIFFERENCES IN THE CREDITS AND DEBITS FROM WEA_ 

THER VARIATIONS? DOES, FOR EXAMPLE, CONSIDERING THE TOTAL CANA_ 

DIAN ECONOMY,A WARM WINTER IN B.C. 'COMPENSATE' FOR A COLD WIN_ 

TER IN ONTARIO, OR A DRY SUMMER IN QuEBEC 'COMPENSATE' FOR A 

CLOUDY SUMMER ON THE PRAIRIES? 

ALTHOUGH SOME. RESEARCH HAS BEEN UNDERTAKEN TO ANSWER QUESTIONS SUCH AS 

THESE, MUCH ?-lAS STILL TO BE ACCOMPLISHED, AS NOTED BY THOMPSON (1966) SOME OF 

THESE STUDIES HAVE ALREADY BEEN COMPLETED. IN THIS PAPER HOWEVER, IT MAY BE 

MORE APPROPRIATE TO BRIEFLY MENTION A REPORT BY A STAFF WRITER OF" TH E 

WIN NIP E G T RIB U N E WHO HAS RECENTLY COMPLETED A STUDY OF THE COST TO THE 

AVERAGE MANITOBAN OF A WINTER (TREMAYNE, 1967). IN THIS ARTICLE TREMAYNE SAYS 

THAT MANITOBANS INDULGE IN A PERVERSE SORT OF LUXURY DURING THE WINTER. BOAST_ 
• 

ING THAT THEY CAN TAKE THE WORST THE ELEMENTS THROW AT THEM. BUT AS TREMAYNE 

MENTIONS, "IT COSTS uS PLENTY FOR THE PnlVILEGE OF ENDURING THE RAVAGES OF WIN_ 

TER". USING INFORMATION GAINED FROM NUMEROUS SOURCES,TREMAYNE ESTIMATES THAT 

AN AVERAGE WINTER COSTS MANITOBA'S 959,000 RESIDE':NTS $2A6.846,800 OR $257.40 PER PER_ 

SON. WHAT, ONE MAY WELL ASK. IS THE COST IN OTHER PARTS OF CANADA, CAN A BETTER 

USE OF WEATHER FORECASTS AND WEATHER INFORMA'nON LESSEN THESE COSTS, AND 

HOW MUCH DO THESE COSTS VARY FROM ONE WINTER TO ANOTHER1 
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IF WE HAD ANSWERS TO AL..L.. THE FOREGOING QUESTIONS, THEN _ 

1. WE WOULD BE IN A BETTER POSITION TO EVALUA'-E WEATHER FORECASTING PROGRAMS, 

2. THOSE INVOLVED IN WEATHER SENSITIVE ACTIVITIES COULD OPERATE MORE EFFI_ 

CIENTL..Y, AND 

3. THE ECONOMICS OF WEATHER MODIFICATION PROGRAMS COULD BE MORE PRECISELY 

DETERMINED. 

ONCE THIS STAGE HAS BEEN REACHED, AOJUSTMENTS TO THE WEATHER WIL..L.. BE LESS 

OF A CHANCE (AS THEY ARE TODAY', AND MORE A MATTER OF CHOICE. 

B. A GUIDE TO THE FUTURE 

WE HAVE MENTIONED SOME OF THE PROBLEMS IN METEOROLOGY AS WE LOOK TO THE 

FUTURE. IF TOMORROW'S WEATHER IS TO BE MORE A MATTER OF CHOICE THAN CHANCE, 

WHAT SHOULD BE DONE? 

FIRST, RESEARCH ON THE ECONOMIC AND SOCIAL ASPECTS OF WEATHER, WEATHER 

FORECASTING, AND WEATHER MODIFICATION MUST BE UNDERTAKEN .. 

SECOND, TO DO THIS. METEOROLOGY MUST BROADEN ITS VISION BY ACTIVELY EN_ 

COURAGING RESEARCH IN THE SOCIAL.. AND ECONOMIC ASPECTS OF THE PROFESSION. THIS 

COULD BE DONE BY ENCOURAGING METEOROLOGISTS TO LOOK ANEW AT SOME OF THESE 

PROBLEMS, AND METEOROLOGISTS BECAUSE OF THEIR INTEREST MAY BE THE BEST PEOPLE 

TO DO THIS. IN ADDITION, EMPLOYMENT OF SOCIAL SCIENTISTS IN THE METEOROLOGICAL 

SERVICE SHOULD BE GIVEN PARTICULAR CONSIDERATION, AND SPONSORING OF RESEARCH BY 

SOCIAL SCIENTISTS SHOUL.D BE UNDERTAKEN. THERE MUST BE A TREND AWAY FROM THE 

NOTION THAT ONLY MATHEMATICIANS AND PHYSICISTS CAN MAKE A CONTRIBUTION TO 

METEOROLOGY. NO ONE QUESTIONS THE NECESSITY OF MATHEMATICS AND PHYSICS 

IN METEOROLOGY,BUT WE SHOULD ALWAYS BE CAREFUL.. TO REMEMBER THAT METEOROLOGY 

EMBRACES MANY THINGS BESIDES THE PHYSICAL SCIENCES. 

ON THE CREST OF THE AMERICAN METEOROLOG'ICAL SOCIETY, FOUNDED IN 1919. WE FIND 

THE WORDS _ INDUSTRY, COMMERCE, AERIAL AND MARINE NAVIGATION, PUBLIC HEALTH, 

AGRICULTURE. ENGINEERING. W'TH THIS IN MI~D. PERHAPS IT IS NOT TOO LATE FOR US 

TO LOOK AT METEOROLOGY AND THE ROLE OF THE METEOROLOGIST IN CANADA AND ASK 

THE QUESTION, WHAT ARE WE TRYING TO ACHIEVE? 

- CONTINUED ON PAGE 115 
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- CONTINUED FROM PAGE 9Z 

A. POSITIVE EFFECTS OF WESTERN DISTURBANCES ON SUMMER RAINFALL 

(1) BHULLAR (t95Z) CONTENDS THAT THE ONSET OF MONSOON OCCURS UNDER THE IN_ 

FLUENCE OF A WESTERN DISTURB.ANCE. AN EXAMINA,jON OF RECORDS OF THE 

ONSET OF' THE MONSOON FROM 190t TO 1950 HAS INDICATED THAT FOR TWELVE 

YEARS THE WESTERN DISTURBANCES CAUSED THE ARRIVAL OF THE MONSOON 

EITHER FROM THE BAY OF BENGAL OR THE ARABIAN SEA. 

(11) PISHAROTY AND DESAI (1956) HAVE ALSO OBSERVED THAT DURING THE MONTHS 

OF APRIL AND MAY THE WESTERN DISTURBANCES MOVE ACROSS NORTH INDIA 

AS CLOSED CYCLONIC SYSTEMS ON THE SEA LEVEL CHARTS. ON THOSE OCCA_ 

s�oNs' WHEN THE WESTERLY TROUGH EXTENDS TO VERY LOW LATITUDE ZOO TO 

1S\) N., THE ADVANCE OF THE FRESH MONSOON OR EASTERLY WAVE FAVOURED 

THE FORMATION OR INTENSIFICATION OF DEEP DEPRESSIONS ON THE SOUTH_ 

EASTERN COAST OF' INDIA. 

(111) THE SAME AUTHORS HAVE ALSO NOTED DEFINITE INSTANCES WHEN AN ACTIVE 

WESTERN DISTURBANCE HAS SERVED TO EXTEND THE ARABIAN SEA BRANCH OF 

THE MONSOON (WITH HIGH HUMIDITY AND RAINFALL) INTO PUNJAB VIA EAST_ 

ERN RAJASTHAN. BEFORE THE EXTENSION OF THE BAY OF BENGAL BRANCH EVEN 

UP TO THE EASTERN UTTAR PRADESH. 

(IV) IN ANOTHER INVESTIGATION. MOO LEY (1957) OBSERVES THAT THE PASSAGE OF A 

WESTERN DISTURBANCE ACROSS NORTHWEST INDIA LEADS TO THE PRE_SEA_ 

SONAL EXTENSION OF' THE BAY OF BENGAL MONSOON CURRENT RESULTING 

IN WIDESPREAD THUNDER AND RAIN IN WESTERN UTTAR PRADESH AND PUNJAB. 

FURTHER, EVEN THE SEASONAL ACTIVITY OF THE MONSOON OVER PUNJAB AND 

WESTERN UTTAR PRADESH IS SOMETIMES INCREASED WITH THE PASSAGE OF 

WESTERN DISTURBANCES ACROSS THE NORTHERN FRINGE OF INDIA. 

(V) A VERY SIGNIFICANT CAUSE OF SUMMER RAINFALL OVER NORTHWESTERN INDIA 

WAS RECENTLY DISCOVERED BY VENKATARAMAN AND RAO (1965). THE HEAVY 

RAINFALL OVER A LARGE AREA IN NORTHWEST INDIA. FAR FROM THE ORO_ 

GRAPHIC INFLUENCE AND THE PATH OF A MONSOON DEPRESSION. COULD BE EX_ 

PLAINEO ONLY BY ANALYZING THE UPPER AIR CIRCULATION. IT WAS FOUND 

THAT UPPER LEVEL DIVERGENCE AHEAD OF A TROUGH IN THE WESTERLIES AT 

THE 500_ TO ZOO_MBa LEVEL HAD CREATED LOW LEVEL CONVERGENCE AND 

WIDESPREAD RAINFALL. MOREOVER, UNDER THE INFLUENCE OF THE UPPER 

TROUGH. THE WESTERLY JET STREAM WAS PUSHED SOUTHWARD AND FURTHER 

CONTRIBUTED TO THE UPPER DIVERGENCE AND LOWER CONVERGENCE. 

THE DISCOVERY OF A DIRECT RELATIONSHIP BETWEEN THE WAVES IN THE WESTER_ 

LIES AND "THE RAINFALL DURING THE SUMMER MONSOON SEASON IN INDIA IS SIGNI_ 

FICANT. IT INDICATES THAT THE SHORT WAVES IN THE HIGH LEVEL WESTERLIES. WHICH 

PROVIDE THE IDEAL SETTING FOR CYCLOGENESIS AND PRECIPITATION IN THE TEM_ 

PERATE LATITUDES (RIEHL, 1965), ALSO CONTRIBUTE TO THE MONSOON RAINFALL OF 

109 



'NDIA DURING THE SUMMER. THE GRCWING EVIDENCE,THEREFCRE, INDICATES THAT THE 

WEATHER DURING THE SUMMER IN INDIA UNDER THE TROPICAL MCNSCCN CIRCULA_ 

TICN IS NCT CCMPLETELY INDEPENDENT AND SEPARABLE FRCM THE WEATHER IN THE 

EXTRATRCPICS (WESTERLIES). MANY HIGH LEVEL PERTURBATIQNS CF THE WESTERLIES 

DC CRQSS INTO. INDIA. 

B. NEGATIVE EFFECTS CF WESTERN DISTURBANCES ON SUMMER RAINFALL 

(I) IT IS INTERESTING TO. NCTE THAT THE SAME WESTERN DISTURBANCES HAVE. 

CN CCCASICNS. CREATED A BREAK IN THE MCNSCCNS AND DRCUGHT CONDITICN. 

ACCQRDING TO. THE ANALYSIS BY PISHARCTY AND DESAI (1956), A QUICK SUC_ 

CESSIQN QF WESTERLY WAVES DURING THE MCNSCQN SEASCN LEADS TO. THE 

1BREAK MQNSCCN' CCNDITICN. IN THIS CASE, WESTERLY WAVES DIVERT THE 

SQUTHEASTERN BAY CF BENGAL CURRENT INTO A SCUTHWESTERLY CURRENT 

WHICH THEN MCVES TCWARDS THE EASTERN HI MALAYAS PRcDUCING RAIN IN 

THE LATTER AREAS. SIMILARLY, EASTERN DEPRESSICNS ARE ALSO. DEFLEC_ 

TED MQRE AND MCRE TO. THE EAST BY THE WESTERN DISTURBANCES UNTIL THE 

MQNSQCN GRADUALLY WITHDRAWS FRQM THE NQRTHERN INDIA. 

(11) A DIFFERENT EXPLANATICN HAS BEEN ADVANCED BY MCCLEY (1951) FCR THE 

IBREAK MCNSQCN' CCNDITICN. ACCORDING TO. HIM, THE DRQUGHT CCNDITICN 

IS DUE TO. THE SIMUL TANECUS ABSENCE QF EASTERLY WAVES AND THE MCRE 

FREQUENT PASSAGE CF WESTERN DISTURBANCES RESULTING IN THE NQRTH_ 

WARD SHIFT CF THE MCNSCCN TRCUGH. THUS A BREAK IN THE MQNSQQN CCCURS 

QVER NCRTH INDIA BUT THERE IS HEAVY RAINFALL IN THE FQCTHILLS QF THE 

HIMALAYAS. THE RAINFALL IN THE LATTER AREA IS, PRQBABLY, DUE TO. THE 

CCNVERGENCE CF MQNSCCN CURRENTS AGAINST THE MCUNTAINS, AND THE 

WESTERN DISTURBANCES PLAY CNLY A PASSIVE RCLE. 

(111) IN ANCTHER INVESTIGATlcN, CHAKRAVQRTTY AND BASU (1957) CQNCLUDE THAT 

WHILE THE EASTERN DEPRESSICNS HELP THE ADVANCE CF THE MQNSQQN, 

THE WESTERN DISTURBANCES HAVE A 'RETARDING EFFECT'. THE EASTERN DE_ 

PRESSICNS DO. FCRM, BUT WEAKEN AND DISAPPEAR BEFCRE PENETRATING 

FARTHER INTO. THE INDIAN LANDMASS IF A WESTERN DISTURBANCE IS PRE_ 

SENT THERE. THIS CBSERVATIQN CQNTRADICTS THE CCNCLUSIQNS REACHED 

BY THE PREVICUS AUTHQRS NCTED UNDER THE PQSITIVE EFFECTS. THE PQSI_ 

TIVE QR NEGATIVE INFLUENCE CF WESTERN DISTURBANCES QN THE SUMMER 

RAINFALL CF INDIA PRESENTS A VERY COMPLEX PRCBLEM. DESPITE THE CON_ 

TRADICTQRY VIEWS. NO. ATTEMPT HAS BEEN MADE TO. EXPLAIN CLEARLY HQW 

THE WESTERN DISTURBANCES EITHER ATTRACT QR REPEL THE MCNSCONS DUR_ 

ING THE SAME SEASON. IT APPEARS, HCWEVER, THAT THERE ARE TWO. MAIN 

FACTCRS, VIZ., (1) THE FREQUENCY AND (2) THE PATH CF WESTERN DISTUR_ 

BANCES WITH RESPECT TO. THE AXIS CF THE MQNSQCN TRCUGH, WHICH DETER_ 

MINE WHETHER THERE WQULD BE RAINY OR DRY CONDITIONS. A DETAILED IN_ 

VESTIGATICN CF THESE .ASPECTS SHOULD FURTHER QUR UNDERSTANDING OF 

THE NATURE CF SUMMER RAINS CVER NCRTHWEST AND NCRTH INDIA. 
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CONCLUSIONS 

THE POPULAR EXPLANATIONS THAT THE SUMMER RAINFALL IN INDIA IS RELATED TO 

ELEMENTS WITHIN THE WARM MOIST MONSOON CURRENTS SUCH AS DIFFERENT AIR 

MASSES, FRONTS, DEPRESSIONS OR EVEN THERMAL CONVECTIONS AND OROGRAPHIC CON_ 

VERGENCE ARE FAR FROM ADEQUATE. IN FACT, IT IS OBSERVED THAT THE DEPTH OF 

MONSOON WESTERLIES DURING SUMMER MAY INCREASE UP TO 6 KM. OR MORE EVEN 

OVER NORTH INDIA YET, THERE MAY BE NO RAINFALL (SRINIVASAN. 1960). THERE IS 

GROWING EVIDENCE THAT MOST DISTURBANCES LEADING TO PRECIPITATION ARE INI_ 

TIALLY GENERATED BY THE UPPER ATMOSPHERIC FLOW PATTERNS. 

GREAT SIGNIFICANCE HAS BEEN ATTACHED TO THE ITC ZONE IN DETERMINING THE 

PATH AND FREQUENCY OF MONSOON DEPRESSIONS, THE CONVERGENCE OF DIFFERENT AIR 

MASSES, AND THE INTENSITY AND PATTERN OF THE DISTRIBUTION OF RAINFAL.L. OVER 

INDIA. HOWEVER. THE POSITION. MOVEMENT AND THE- STRENGTH OF THE ITC ZONE IN 

TURN, ARE DETERMINED BY HIGH L.EVEL. FLOW PATTERNS SUCH AS THE WESTERL.Y JET, 

THE EASTERL.Y JET AND THE TIBETAN HIGH PRESSURE CEL.L.. AL.SO THE IBURST' OR THE 

IBREAKI OF THE MONSOONS ARE PRINCIPALL.Y ASSOCIATED WITH THESE UPPER ATMOS_ 

PHERIC CIRCULATION PATTERNS. 

HIGH L.EVEL.. ATMOSPHERIC PERTURBATIONS MAKE A SIGNIFICANT CONTRIBUTION TO 

THE SUMMER RAINFAL.L. THE EASTERL.Y WAVES AND THE SURGES IN THE EASTERLY JET 

STREAM ON MANY OCCASIONS HAVE LED TO THE FORMATION OF SURFACE DEPRESSIONS 

OR HAVE INDUCED RAINFALL WITHOUT SUCH DEPRESSIONS. SIMILARLY. THE HEAVY PRE_ 

cip�TATIoN ALONG THE WESTERN GHATS HAS BEEN FOUND TO BE ASSOCIATED WITH THE 

LOW LEVEL WESTERLY JET STREAM OR WITH SURGES IN THE EQUATORIAL WESTERLIES 

AND IS NOT DUE MAINLY TO OROGRAPHIC OR CYCLONIC CONVERGENCE. 

FURTHERMORE. IT HAS BEEN DISCOVERED THAT THE SUMMER RAINFALL IN INDIA IS 

ALSO AFFECTED BY THE WESTERLIES OF THE MIDDLE LATITUDES. THE WESTERN DIS_ 

TURBANCES HAVE BEEN FOUND TO HAVE BOTH POSITIVE AND NEGATIVE EFFECTS ON THE 

RAINFALL OF THE COUNTRY. THE PROBLEMS OF POSITIVE OR NEGATIVE EFFECTS ARE 

NOT CLEARLY UNDERSTOOD AND NEED FURTHER INVESTIGATION. BESIDES THE INFL.UENCE 

OF WESTERN DISTURBANCES. THE RAINFALL OVER NORTHWESTERN INDIA IS ALSO RE_ 

LATED TO WAVES IN THE UPPER WESTERLIES AND THE WESTERLY JET STREAM. 

THE GENERAL SUMMER RAINFALL PATTERN IN INDIA IS PARTLY DETERMINED BY THE 

EASTERLY JET STREAM THROUGH CONVERGENCE AND DIVERGENCE ASSOCIATED WITH ITS 

ENTRANCE AND EXIT OVER THE COUNTRY. HOWEVER, THERE ALSO SEEMS TO BE SOME 

CONCENTRATION OF SPECIFIC ATMOSPHERIC ACTIVITIES PRODUCING PRECIPITATION IN 

PARTICULAR PARTS OF THE COUNTRY. FOR EXAMPLE, GREATER ACTIVITY OF _ 

(A) THE ITC ZONE, EASTERLY WAVES AND SURGES IN THE EASTERLY JET OVER 

THE GANGES PLAIN AND THE SURROUNDING AREAS. 

(B) THE WAVES IN THE WESTERLIES AND THE WESTERLY JET STREAM OVER 

THE NORTHWESTERN INDIA. 
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(C) THE SURGES IN THE EQUATORIAL WESTERLIES ALONG THE WESTERN COAST 

" HAVE BEEN OBSERVED DURING THE MONSOON SEASON. 

HOWEVER, IN ANY ANALYSIS OF THE GENESIS OF WEATHER OR RAINFALL IN INDIA, 

THREE IMPORTANT FACTORS MUST BE TAKEN INTO CONSIDERATION: 

1. THE HIGH MOUNTAIN BARRIERS IN THE NORTH RESTRICTING OR MODIFYING THE 

OIRECT NORTHERN INFLUENCES OVER THE COUNTRY. 

Z. THE LOCATION OF THE NORTHERN PART OF THE COUNTRY IN A TRANSITIONAL ZONE 

WITH RESPECT TO THE INFLUENCES OF BOTH THE WESTERLY AND THE EASTERLY JET 

STREAMS DURING THE SUMMER. 

3. INDIA'S APPENDAGE TO THE SOUTH OF THE BIGGEST LANDMASS OF THE WORLD AND 

AT THE SAME TIME ITS PENINSULAR PROJECTION INTO THE SUB_TROPICAL AND TRO_ 

p�cAL SEAS AND OCEANS. 

ALL THESE FACTORS MAKE INDIA A PECULIAR REGION SUSCEPTIBLE, TO MULTIPLE 

WEATHER INFLUENCES. THE PRESENT PROBLEM IS NOT ONLY TO EXAMINE THE INDI_ 

VIDUAL ROLE OF SURFACE DISTURBANCES AND UPPER AIR PERTURBATIONS WHICH DETER_ 

MINE THE RAINFALL. BUT TO ESTABLISH THE INTER_RELATIONSHIP BETWEEN THEM AND 

TO EVOLVE AN INTEGRATED PICTURE. THE FOCUS OF RECENT INVESTIGATIONS HAS AL_ 

READY SHIFTED FROM THE SURFACE TO THE UPPER ATMOSPHERIC ~ONDITIONS. IT HAS 

BEEN DEMONSTRATED THAT WHILE THE MONSOONS PROVIDE THE SOURCE OF MOISTURE, 

THE UPPER ATMOSPHERIC PERTURBATIONS ACT AS 'TRIGGERS' r-OR RELEASING RAIN_ 

FALL. IT WJLL, THEREFORE, BE PREPOSTEROUS TO LIMIT THE CONCEPT PURELY TO 

MONSOONS. SINCE THE CAUSES OF SUMMER RAINFALL IN INDIA APPEAR TO BE SIGNIFI_ 

cANTLy LINKED TO THE EXTRAMONSOONAL CIRCULATION AND PERTURBATIONS. 
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INTER ALIA _CONTINUED FROM PAGE 102 

ABOUT OUR MEMBERS 

THIS COLUMN 15 INTENDED TO INCLUDE INFORMATION ABOUT MEMBERS OF THE SO

CIETY. HOWEVER. THROUGH HUMILITY OR SOMETHING ELSE, MEMBERS HAVE NOT BEEN 

PASSING ALONG RELEVANT INFORMATION. THE FOLLOWING TWO ITEMS ARE INCOMPLETE 

BECAUSE THEY ARE WRITTEN FROM SECOND OR THIRO HANC INFORMATION. 

DR. W. MOROZ HAS L.EFT THE UNIVERSITY OF TORONTO AND THE ONTARIO DEPART_ 

MEN'· OF HEALTH TO BECOME A PROFESSOR IN FACULTY OF ENGINEERING AND DIRECTOR 

OF THE ENVIRONMENTAL CENTRE AT PENN STATE UNIVERSITY. 

MR. L. SHENFELD HAS LEFT ONTARIO HYDRO TO ACCEPT A POSITION WITH THE AIR 

POLLUTION CONTROL SERVICE OF THE ONTARIO DEPARTMENT OF HEALTH. 

BREWER,A.W. 

(1967) 

MUNN. R.E. 

(1966) 

ROBINSON. G. D. 

(1967) 

SEWELL, W. R. D. 

(EDITOR)(1966) 

THOMPSON, J.C. 

(1966) 

TREMAYNE, T. 

(1967) 

- CONTINUED FROM PAGE 108 
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THE WAY AHEAD. ATMOSPHERE, 5(1): (2) 

DESCRIPTIVE METEOROLOGY. ACADEMIC PRESS. NEW YORK. SEE 

CHAPTER 22. 

POOR OUTLOOK FOR FORECASTS. NAT U R E, 2141 443. (REPORT 

.OF PRESIDENTIAL ADDRESS TO ROYAL METEOROLOGICAL SOCIETY) 

HUMAN DIMENSIONS OF WEATHER MODIFICATION. UNIVERSITY OF 

CHICAGO, DEPARTMENT OF GEOGRAPHY,RESEARCH SERIES,NO.IOS. 

THE POTENTIAL ECONOMIC AND ASSOCIATED VALUES OF WORLD 

WEATHER WATCH. WORLD WEATHER WATCH PLANNING REPORT, 

NO.4, W. M.O. GENEVA. 

MANITOBANS CAN TAKE COLD WEATHER _ BUT IT COSTS. 

THE WINNIPEG TRIBUNE, MAY 8, 1967, PP. 1,7. 
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_CONTD. FROM PAGE 86 

THE RESULTING INTEGRALS WILL BE ADDEO TO OBTAIN THE NORMAL TOTAL PHOTO_ 

THERMAL UNITS FOR A SEASON, SUCH AS THE FREEZE_FREE SEASON. 

A NEW PROGRAM IS BEING DEVELOPED WHICH WILL COMPUTE THESE PHOTO_THERMAL 

UNITS, AND THESE ESTIMATES SHOULD BE QUITE USEFUL, FOR EXAMPLE, IN COMPARING 

THE CLIMATE OF NORTHERN AND SOUTHERN ALBERTA FROM THE STANDPOINT OF LAND USE 

CAPABILITV. 

THE NEW PROGRAM WILL ALSO INCORPORATE SEVERAL OTHER MODIFICATIONS AND IM_ 

PROVEMENTS. IN PLACE OF THE TEN_TERM QUADRATIC MODEL USED IN THE PRESENT PRO_ 

GRAM,A NEW 22_TERM QUARTIC MODEL RECENTLV DEVELOPED BV DR. HOPKINS AND INVOL_ 

VING UP TO THIRD AND FOURTH POWERS OF THE VARIABLES WILL BE USED. DERIVED VARI_ 

ABLES WILL BE COMPUTED USING UN_ROUNDED VALUES OF THE TEMPERATURE ESTIMATES. 

IT IS ALSO EXPECTED TO BE ABLE TO HAVE THE PROGRAM MAKE REGRESSION ESTIMATES 

OF THE STANDARD DEVIATIONS, SO THAT IT WILL NOT BE NECESSARV TO PREPARE STAN_ 

DARD DEVIATION ESTIMATES IN ADVANCE AND INCLUDE THEM AS INPUT FOR EACH LO_ 

CATION FOR WHICH DEGREE_DAYS OR PHOTO_THERMAL UNITS ARE TO BE CALCULATED AS 

IS THE CASE WITH THE ORIGINAL PROGRAMS. 

THE REGRESSION ESTIMATES OF TEMPERATURE SHOULD BE MADE ONLY FOR LOCATIONS 

IN THE REGION FROM WHICH THE 1:1A:T;D. USED IN DEVELOPING THE REGRESSION COEFFI_ 

CIENTS WERE OBTAINED. THAT IS THE CANADIAN GREAT PLAINS IN THE CASE OF THE PRE_ 

SENT PROGRAMS. REGRESSION ANALYSES MIGHT BE CARRIED OUT USING DATA FROM OTHER 

REGIONS. HOWEVER, TO PERMIT THE ESTIMATION OF TEMPERATURE AND DERIVED VARI_ 

ABLES IN THOSE AREAS. THE AGROMETEOROLOGY SECTION HAS RECENTLY BEEN EXPERI_ 

MENTING WITH THE ESTIMATION OF JULY MAXIMUM TEMPERATURES IN BRITISH COLUMBIA. 

THERE IS SOME INDICATION THAT IN SPITE OF THE OCEAN AND THE MOUNTAINS IT MAY BE 

POSSIBLE TO MAKE USEFUL ESTIMATION EQUATIONS FOR TEMPERATURE NORMALS IN 

BRITISH COLUMBIA. IN THAT AREA AND ELSEWHERE IT SEEMS LIKELY THAT ACCURACY 

MIGHT BE IMPROVED BY ADDING TO THE PRESENT VARIABLES (LATITUDE, LONGITUDE AND 

ELEVATION) OR BY REPLACING SOME OF THEM. WITH SOME NEW VARIABLES RELATING TO 

LOCAL TOPOGRAPHY AND DIRECTION AND DISTANCE TO LARGE OPEN WATER AREAS, ETC. 

ACKNOWLEDGEMENTS 

THE REGRESSION COEFFICIENTS WERE PROVIDED BY OR. HOPKINS IN' PRIVATE COM_ 

MUNICATION. THE PROGRAMS FOR MAKING THE ESTIMATES OF TEMPERATURE AND DERIVED 

VAR.IABLES WERE WRITTEN BY W. R. SHARP OF THE AGROMETEOROLOGY SECTION,USING THE 

FACI LITI ES OF THE CANADA DEPARTMENT OF AGRICULTURE DATA PROCESSING SERVICE AND 

THE CANADIAN GOVERNMENT CENTRAL DATA PROCESSING SERVICE BUREAU. 
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MOISTURE AND PLANT GROWTH (A REVIEW). INTERNATIONAL J. 

OF BIOMETEOROLOGY 9. 5_20. 

INTERPOLATION TABLES FOR DAILY VALUES OF METEOROLOGI_ 

CAL ELEMENTS. QUART. J. ROYAL METEOROLOGICAL SOC. 

69(300). 160_162. 
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TEMPERATURE NORMALS, NORTHWEST TERRITORIES. 
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PP. 5. 
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HEAT UNITS AND CROP GROWTH. CANADA DEPARTMENT OF AGRI_ 

CULTURE PUBLICATION 1042. PP. 35. 

AGRICULTURAL METEOROLOGY. CORRELATION OF AIR TEMPERA_ 
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TABLE 2 

LAT. a 55 II. LONG. :=::' 119 22. ELEVATION (FEET) = 2.500. BEAVERJ...ODGE COA 

eLI MATIC VALUES SHOWN ARE ESTI MATES PREPARED BY COMPUTER 

r-----------------""f------------------------------------------------ I 

I ~_~~_~=~~ __ ~~~~ __ ~~~~_~_~~_~~=_~~~~~~ __ ~=~~~ __ ~~~~~~~~-~=~~_~~~~_J 
1-' 

I MEAN MAX, 16 22 33 49 62 61 72 69 61 SO 32. zt 46 I I I 
I MEAN MIN. -3 0 11 26 37 44 41 44 37 29 14 2. 24 I 
I MEAN 6 12. 22 38 50 56 60 57 49 39 23 11 3S I I I 
I I ! PE 0.0 0.0 0.0 0.0 5.0 5.1 5.5 4.3 2.6 1.1 0.0 0.0 23.6 I 
J OEG. DAYS ABOVE 32. 99 47 63 265 558 72.0 868 775 510 267 148 55 4375 I 
I I 
I DEG. DAYS ABOVE 42 25 10 14 111 2.62 420 558 465 2.22 98 63 15 2263 I 
I I 
I DEG. DAYS BELOW 65 1829 1464 1333 810 465 274 164 ZSZ 480 806 1260 1674 10831 I 
I I 
I DEG. DAYS BELOW 32 904 609 375 93 0 0 0 0 0 52. 418 726 3177 I 
I I 
I I 
I I 
I SEASON ABOVE 32 DEG. FROM APR. 4 TO OCT. 30, 209 DAYS, 3080 HOURS DAYLIGHT I 
I I 
I SEASON ABOVE 42 DEG. FROM APR. 24 TO OCT. 9, 168 DAYS, 2585 HOURS DAYLIGHT I 

I FREEZE_FREE SEASON (32) FROM JUNE 5 TO AUG. 26, 82 DAYS, 1348 HOURS DAYLIGHT I 
I FREEZE_FREE SEASON (25) FROM MAY 18 TO SEP. 12, 117 DAYS, t887 HOURS DAYLIGHT I 
I I 
I I 
I I 
I MONTHLY VALUES FOR THIS LOCATION I 
I I 
I I 
I SUN 77 108 157 214 269 266 300 25a 181 133 81 65 I 
I I 
I WND 166 168 180 223 230 211 194 175 la7 192 163 154 I 
I I 
I OF 0 0 18 29 40 47 51 49 42 32 17 0 I 
I I 
I SO 114 82 54 52 28 24 18 22 2S 41 82 87 I 
I I 
I DL. 7.7 9.7 11.7 14.0 16.1 17.3 16.9 15.1 lZ,8 10.6 a.5 7. Z I 
I QO 144 282 480 720 914 1011 971 813 587 363 188 115 I 

I I 
I I 
I • -----------------------------------------------------------------------
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METEOROLOGIST 

To become involved in the development and utilization of 

applications of meteorology in the fields of hydrology, air 

pollution control and other aspects affecting utility opera

tion. Other duties include participation in wa[~r resource 

management as well as providing specialized forecasts and 

climatological information. 

Postgraduate training in meteorology with several years 

experience in forecasting and/ or meteorological research is 

required. 

Salary to $13,000 depending on qualifications and ex

perience. 

Location-Toronto. 

For further information telephone collect, Area Code 416, 

368-6767, local 2-2504 or write giving full details of 

qualifications to: 

Employment Officer, 
Professional and Management Staff, 
Ontario Hydro, 
620 University Avenue, 
Toronto 2, Ontario. 
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