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Weather systems over the Canadian Archipelago are specified 

t~.'ice dai ly in terms of surface pressure patterns and these patterns are 

grouped into 22 types with LundIs method. These pressure types, with 

the assumption of geostrophic flow, are interpreted using tendency equa­

tions expressed in terms of thickness, vorticity advection, and velocity 

divergence. Within this system of classification, large and some small­

scale features are distinguished and their synoptic characteristics are 

detected. Pressure types and their station precipitations do not show 

persistent relationships because the connection between the assumed geo­

strophic circulation and the actual flow pattern is not persistent. 

Precipitation is, however, in close relationship with the 3 dimensional 

variation of vertical velocity as is demonstrated in two cases. Discrep­

ancies between the calculated and measured precipitations are considered 

to be due to the sparse observation network, organized boundary layer 

vertical \'elocities, and the shortcomings of the model used for the cal­

culation of total vertical velocities. 
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INTRODUCTION 

The weather and precipitation of a region are its important 

"natural resources". Knowledge of the spatial distribution of the amount 

of precipitation and an understanding of the weather systems yielding pre­

cipitation are essential prerequisites to the formulation of a model for 

the study of the arctic atmospheric water balance. This goal is still far 

away since, at present, arctic precipitation is being measured only at a 

few scattered rain gauges and snow plots. Therefore, the object of this 

study is to see if it is possible to identify precipitation characteristics 

based on the analysis of weather systems and, on the bases of the character­

istics deduced, to make suggestions for the establishment of an atmospheric 

water balance model. For this analysis the summer of 1968 has been chosen. 

The fact that there were in existence weIl organized collections of data 

and reliable precipitation measurements for summer day conditions in 1968 

was a deciding factor in the selection of this particular summer. 

Since the analysis of weather is an important aspect of this study, 

an attempt will be made to classify weather types and to seek a connection 

between weather systems and their related precipitation conditions. This 

connection, whether it is a direct or an inverse connection will be explained 

br assessment of the current, large-scale kinetic and hydro-dynamic charac­

teristics associated with at least some of the weather systems. Such an 

appraisal of the kinetic or thermo-dynamic characteristics of arctic weather 

systems and the local influences on the circulation within given states of 

weather may lead to a better understanding of the particular large-scale 
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vertical motion fields as precipitation producing systems. The kinetic 

characteristics of the weather systems will be determined by wind field 

analysis, and the thermo-dynamic conditions will be determined by the ad­

vection of heat and of cyclonic rotation as measured on the 500 mb weather 

maps. 

The sparse records, both in terms of space and time, of arctic 

precipitation form a major difficulty for the study of arctic climatology. 

In this study, therefore, synoptic-analytical methods are invoked to assess 

the physical characteristics related to the horizontal distribution of 

precipitation. Interpolation between the precipitation values of instan­

taneous weather systems is not justifiable. However interpolation between 

temperature and pressure values is quite acceptable. The analysis of 

weather elements other than precipitation measured at distant points fre­

quently involves the use of interpolation and extrapolation at intermediate 

or edge locations. Although the main area of interest of this study is 

the Canadian Archipelago, difficulty of extrapolating atmospheric wind con­

ditions over this area of interest suggested the analysis of a region larger 

than the Canadian Archipelago itself in order to reduce errors in analysis 

around the edge of this region. The surface and upper air stations used 

in this study are shown in Figure l with the extent of the area of interest 

outlined with dash-lines. The observation network is discontinued outside 

the northern and northwestern edge of the Canadian Archipelago; therefore, 

the surface and upper level maps will be analysed to estimate the possible 

weather elements along the edge zone. 

The sequence of the steps for the execution of the analysis will 
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be the identification or specification of the weather systems, their class­

ification. and their interpretation in terms of kinetic and thermo-dynamic 

processes producing given precipitation fields. Finally. suggestions for 

the establishment of an atmospheric water balance model will be made. 
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CHAPTER l 

PRINCIPLES FOR THE SPECIFICATION OF THE WEATHER SYST~fS 

a) Approximating the wind fields of the weather systems 

with pressure patterns 

Large-scale vertical velocity, the main factor causing' organized 

precipitation, depends largely on the speed and direction of the wind in 

relation to pressure systems, topography, land-ocean distribution and mois­

ture sources. A survey of the horizontal wind field within synoptic-scale 

motion systems is a major prerequisite for the estimation of the instan­

taneous precipitation patterns. If the wind field of the instantaneous 

weather systems were devoid of local and temporal disturbances and re­

mained stationary, continuous in space at least for a short time, (Jarvis 

27), the synoptic pressure maps would be considered as the mean flow charts 

of at least a few minutes showing the average state of the general circula­

tion in a spatial context. For the consideration of the geostrophic flow 

the pressure maps represent smoothed motion patterns containing only the 

large-scale circulation features. Therefore the assumption of geostrophic 

condition can be regarded as a very general approximation of the represen­

tative wind field. 

According to Saltzman (47), and Petterssen (44), (45) the actual 

circulation patterns of the arctic undergo periodic fluctuations duc to the 

fact that thcy œaintain their statistical quasi-balanced normal state. In 
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the second approximation of the description of the wind field, therefore, 

the fluctuating nature of the circulation types must be taken into con­

sideration. A stratified sampling of arctic circulation will establish 

motion types and thus can be expected to demonstrate the spatial and short 

term characteristics of each fluctuation. Sorne variability within each 

motion type is however likely to occur. The operational twice-daily 

(00 and 12 G~IT) surface pressure maps seem to be sufficient sources for 

the separation of the fluctuations in the arctic tropospheric motion since, 

according to Petterssen (44), only small pressure pattern changes can be 

expected during a 12 hourly period. The limitations of these pressure maps 

when used for wind analysis, however, cannot be disregarded. In the prox­

imity of the ground, the motion field is essentially modified by frictional 

forces, whereas in the free atmosphere semibalanced geostrophic conditions 

prevail. Pressure patterns of the free atmosphere, therefore, may diverge 

from the surface patterns, and the upper geostrophic circulation may, 

according to Petterssen (44) and Hromov (24), ev en be opposite to the 

lower geostrophic motion. Surface pressure maps reflect the large scale 

geostrophic wind conditions above the boundary layer, and pressure charts 

of the standard isobaric surfaces represent the generalizations of the 

upper air motions. Since the periodic fluctuations of the characteristic 

wind field in weather systems are largely represented by instantaneous 

surface pressure patterns, one may assume that the characteristic large­

scale vertical velocities are similarly associated with particular surface 

pressure patterns. Court (9). for example. recommended the application of 

the princip les of map pattern climatology to the study of instantaneous 

weather and large-scale precipitation systems. since large-scale weather 

patterns are frequently associated with particular precipitation fields. 
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Therefore, it would seem justifiable to substitute surface pressure 

patterns for the physical characteristics of the lower troposphere. Con­

sequently, attention will now be drawn to the description of the physical 

characteristics pertaining to the surface pressure patterns. Large-scale 

organized precipitation and its vertical velocity field, according to Jarvis 

(26), always possess recognizable physical characteristics of propagation 

components. These components, such as, the advected sensible heat, the 

cyclonic rotation patterns, the precipitable water content of the advected 

warm air, and the confluence or difluence of the isobars and upper level 

baroclinic waves are always associated with particular pressure features 

of the upper and lower layers (Jarvis, 26). The main regulators of the 

lower pressure features, the upper tropospheric baroclinic waves, are 

recognizable on the pressure maps of the free atmosphere. The surface 

pressure features, overlapped by the baroclinic waves, are more or less 

the modified expressions of the map patterns at the upper standard pressure 

surfaces. The overwhelming dominance of the surface circulation in the 

formation of the arctic weather beneath the region of the upper baroclinic 

wave pattern cannot be emphasized enough. For this reason, then, in this 

thesis the study of surface circulation will take precedence and the anal­

ysis and consideration of these baroclinic waves will be omitted. 

The successive assessment of the physical characteristics and 

the propagation components of the large-scale precipitation of the weather 

systems are very complicated to analyse. Consequently, several scientists 

have recommended the consideration of a more accessible parameter. For 

example, Saltzman (4;), Bryson and Kuhn (7), Hastenrath (23). and Lydolph 

(31) have called attention to the fact that the differences in the physical 
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processes in the free atmosphere and in the boundary layer of the air-

sea-Iand interface bring about localized friction-induced velocity diver-

gence and the deflections of the large-scale currents. Jarvis (27), 

Soucier (48), Petterssen (44), and Kagawa (29) agree that pressure features 

are associated with particular streamline systems. These systems, with the 

exception of the boundary layer, agree weIl with the geostrophic conditions. 

Significant discrepancies exist near the ground between the surface pres-

sure patterns and the actual wind conditions, and these discrepancies are 

necessarily reflected in the related streamline patterns. For the purpose 

of generalization it is assumed that, although a shallow boundary layer can 

alter the local appearances of the macro-synoptic conditions near the 

ground, an instantaneous modification of the synoptic conditions by surface 

friction and localized diabatic processes can hardly affect the general 

character of the atmospheric circulation when the oscillating circulation 

is investigated over a large region during a short period of time. l The 

frequency distributions of divergences and convergences for both cyclonic 

and anticyclonic flow patterns given in Figures 33 and 34 (a detailed dis-

cussion of these figures will be given later) clearly indicate that the 

highest frequencies are associated with zero divergence, that is, with a 

flow that behaves like a geostrophic wind devoid of acceleration, conf lu-

ence, and difluence. Therefore the delineation of the current circulation 

patterns in time and space can conveniently be based on the related surface 

pressure charts representing the geostrophic flow patterns rather than on 

the surface streamline patterns. 

1 This statement is based on the personal communication between the 
vriter and E.C. Jarvis, O'Neil, H.L. Ferguson, Oepartment of Transport 
of Canada, ~eteorological Branch, and Professor R.A. Bryson, Wisconsin 
University, Department of ~Ieteorology, Madison, ~isconsin. 
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In the present study the weather types are classified in terms 

of surface pressure patterns and their characteristic streamlines are used 

for selected analyses and illustrations. The actual streamline-pictures 

present the true flow patterns of the pressure maps, but they still show 

static and instantaneous images of the wind fields with the exclusion of 

the time-dependent variation of the circulation. 

b) Interpreting the time-variation of the pressure patterns 

with tendency equations 

According to Hromov (24), Jarvis (25), Lee (35), and McPherson 

et al. (38) a measured surface pressure is a report of a given thermo-

dynamic condition in the vertical column of air and local pressure changes 

are equivalent to changes in the thermo-dynamic conditions above. The time-

dependent fluctuating weather systems, when classified in terms of pressure 

patterns, are delineated on the basis of the variable thermo-dynamic con-

ditions of the lower troposphere. This type of interpretation of pressure 

fields is undertaken in order to bridge the gap between the problem of air 

pressure and the complex vertical velocity problem. The principle can be 

expanded and clearly illustrated by means of arguments borrowed from synop-

tic meteorologists. 

Thus, following Hromov's (24) example, one can write the logar-

ithmic form of the static equation of pressure differentiated with respect 

to time, as 

dPo = 
dt 

gz ..Mm 0 PaRTI dt 
( 1 ) 
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By replacing the differentials with finite differences, as measured during 

the period ~t = 12 hours, the fol1owing tendency equation is obtained: 

= b ~P 
P 

gz 
Po R Tm (2) 

Equations (1) and (2) are valid if the requirements for a static equilibrium 

are satisfied; that is if the vertical pressure gradient is able to counter-

balance the weight of the unit mass of air, and if there is no vertical 

acceleration. According to Hromov (24) the latter can exist for a short 

distance for a brief time in the case of strong convection, which is how-

ever very rare over the arctic. 

If the upper level pressure change 6p is equal to zero in equa-

tion (2) then the change of surface pressure 6po is made up entirely by 

the second part of the same equation. The change of the mean virtual tem-

perature, 6Tm, in the upper layer is associated with heat advection, 

vertical motion, release of latent heat, mixing and radiation. 

If isothermal conditions are maintained, that is Tm = constant, 

then 6Tm is equal to zero. The upper level pressure change in this case is 

made up entirely of upper tropospheric divergence which is not detected in 

the surface flow pattern. Isothermal conditions of the arctic circulation 

are frequently encountered in the so-called "cold lows" in which the iso-

therms are parallel with the isobars. This condition has also been pointed 

out by Bare (19) who showed that arctic weather systems are frequently 

associated with cold lows and concentric isotherms, that is, with a lack of 

temperature discontinui ties along the flow Unes. 
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Hromov (24), and Petterssen (44) indicated that the upper diver-

gence is reflected in the value of àp, since 

Ct> 

oP 
ot = !gDIV pV dz • 

z 

( :3) 

Namias (39) has shown that the effects of topography, surface friction, 

and kinematic disturbances in the lower boundary layer can aIl be expressed 

in terms of divergence at upper levels despite the upper geostrophic con-

ditions assumed. Namias' reasoning is fully explained by the Bjerknes 

equation quoted in Hromov (24), 

co 

oP f -.dCl -:- gpV- dz ot dn 

z 

co 

f -oVd - gP oS Z 

Z 

co 

- fgVOVP) dz + (gpw)z • 

z 

(4 ) 

where the first term on the right represents the horizontal confluence of 

the streamlines, and the second term indicates the horizontal velocity div-

ergence along the streamlines. The third integral is for the density 

advection represented by the scalar product of the density gradient, Vp, 
-. 

and the horizontal wind vector, V. The fourth expression for the consid-

eration of the sea level pressure changes can be disregarded since w = 0 

on the surface. 

Since equation (4) as it stands is very difficult to interpret 

and calculate, it is customary to introduce simplifications. This can be 

achieved by following the arguments of r-fcPherson et al. (38) where i t is 

shown that the first two terms on the right can be replaced by the integrated 

value of velocity divergence in the vertical column and the third term can 

be replaced br the temperature or thickness advection of the 1000 - 500 mb 

layer. Furthermore Jarvis (25) has pointed out that the divergence 



- 11 -

term comprising the first two terms on the right of equation (4) can be 

approximated with the absolute vorticity advection at 500 mb level. There-

fore it follows that equation (4) can be calculated in terms of two rela-

tively simple elements: thickness advection, and the vorticity advection 

on the 500 mb level. 

,"ne approximate relationship between the pressure tendency and 

the advection of the absolute vorticity at the 500 mb level can be rapidly 

and easily expressed by Ferguson's (15) equation for the lower troposphere. 

Accordingly, 

c 
2.65 

(5) 

where c is a coefficient expressing the effect of the diabatic processes 

and vertical motions and AÇa is measured from the 500 mb vorticity chart by 

using Ferguson's (15) "Geostrophic Advection Scale" and Harley's (20) 

correction factor. 

Ferguson's (15) other approximative tendency formula 

oc- c (6 ) 

utilizes the geostrophic advection of the mear. virtual temperature. An. or 

simply the thickness advection between the surface and 500 mb level as 

measured with Ferguson's (13) advection scale. The interpretation of equa-

tions (5) and (6) seems to be more convenient than that of equation (4) 

and these two components are easily accessible from the 500 rob charts. 
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Penner (43), on the bases of the two components, vorticity advec-

tion and thickness advection, introduced his equation of the large-scale 

vertical velocity for the 600 mb level as adjusted for the polar stereo-

graphic charts, 1:20,000,000 scale in the form 

-w 6 = 0.16 A 
f ta + 

0.12 
-f A • h 

(7 ) 

Hence it follows that pressure tendencies in the form of either equation 

(4), (5), or (6) serve not only to explain the thermo-dynamic changes of 

the time dependent pressure patterns but also to describe the large-scale 

vertical velocity potentials of the pressure changes. These thermo-dynamic 

conditions are localized in certain parts of the pressure field and accord-

ing to Petterssen (44): ... "a rapid pressure decrease and cloud formation 

are most likely over the regions of strong positive (cyclonic) vorticity 

advection, and cyclonic vorticity advections are associated with warm ad-

vection beneath the 500 mb level in the warm sector of the lows and highs, 

that is, in the southerly confluence zone between the foreparts of the lows 

and the rear of the highs". Lee (35) expressed the same philosophy based 

on equation (3) by saying that surface pressure falls are associated with 

net divergence and warm advection, while pressure rises are associated 

with net convergence and cold advection in the vertical column of air. It 

follows from equations (3) and (4) that constant atmospheric surface pressure 

can still be associated with vertical velocity aloft under certain condi-

tions, as for example, ~hen a low-Ievel velocity divergence is overlapped 

by a convergence field above it. Equations (S) and (6) can similarly in-

dicate constant surface pressure values ~hen the sign of the thickness and 

vorticity advection changes ~ith elevation and the upper level values are 
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able to counterbalance the magnitude of the lower ones. These conditions 

occur in the majority of the cases. 

Ferguson (13), Harley (20), McPherson (38), Penner (42), (43), 

Petterssen (44), and Sutcliffe et al. (49) suggested that equation (7) is 

applicable to a model atmosphere which is composed of baroclinic waves of 

the upper levels overlapping the pressure features of the lower levels. 

This model applies to weather systems with closed contours near the surface 

and an upper trough. This is the type of weather which produces the most 

vertical motion. 

It will be apparent from the foregoing discussion that the com­

plicated link between the surface pressure changes and the lower tropos­

pheric motion can be looked upon as the product of a number of thermo­

dynamic processes inherent in the motion field associated with the fluctuat­

ing and travelling pressure features provided that geostrophic conditions 

.. are present in the free atmosphere. By using equation (7) the complicated 

and multi-layered atmosphere can be reduced to a single layer model of the 

1000 - 500 mb levels. Hence the baroclinic weather systems classified in 

terms of the surface pressure patterns can be expected to represent a par­

ticular distribution of vertical velocity provided that baroclinic condi­

tions prevail. In cold lows associated with a baratropic atmosphere, when 

equation (7) is not applicable due to the lack of advection at the 500 mb 

level, the effect of the lower levels is dominant in the creation of a 

vertical velocity field. Under these conditions the confluence and dif­

luence zones of the pressure t)~es can be expected to be associated with 

vertical velocity fields. A multi-Iayered divergence calculation for a 
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barotropic atmosphere, according to Bellamy (5), Kuhn (33), Landers (34), 

and Thompson (52), can provide an accurate estimate of the large-scale 

vertical velocity field. The vertical velocity in pressure coordinates on 

the top of a layer can be expressed by means of the average velocity div­

ergence of the top and bottom of the layer as 

(8) 

One might conclude from the previous discussion of equations (7), 

and (8) that if geostrophic conditions are maintained characteristic pres­

sure features will produce typical vertical velocity fields and precipita­

tion characteristics. This is, however, not the case since low- and upper­

level divergences do frequently modify the distribution of vertical 

velocities. Before commencing the analysis of vertical velocities, 

therefore, it will be necessary to classify the weather systems in terms 

of pressure patterns. 
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CHAPTER 2 

CLASSIFICATION 

a) Description of the method and technique of classification 

In the present thesis the quantitative classification of the 

surface pressure maps has been carried out on 246 sets of numerical data. 

Each pressure map has been numerically specified. For this specification 

the pressure samples were extracted for the months of May, June, July, and 

August, 1968, from the 00 and 12 GMT surface maps at the scale of 1:20,000, 

000 published by the Central Analysis Office of the Canadian Department of 

Transport in Montreal. Sea-level pressure values read at 25 points were 

used to describe the map patterns for each of the 246 surface maps. The 

location of the sampling points used for classification is presented in 

Figure 2. Each row of the sampling network is separated by a distance of 

5 degrees latitude. The position of the points along each row is subject­

ively determined in order to avoid using pressure readings from mountainous 

terrain since surface reduced pressure fields over high mountains bear 

little relation to the winds at the gradient wind level. The sampling 

network is believed to provide an adequate general summary of the pressure 

maps. The method of classification used has taken into account the object­

ive that the existence of the general s>~optic patterns should be recognizable 

and that the locali:ed small-scale pressure features of the ~eather systems, 

possibly of great importane for the local climate, should not be sacrificed 

and filtered out ~ith the method used. The classification of the sea-Ievel 

pressure maps was done according to Lundis (36) method. 
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The essence of Lund's method is to seek out individual maps 

which show great resemblance to other pressure maps. The resemblance 

or similarity between pressure patterns is determined quantitatively 

with linear correlation. The correlation is performed in such a way 

that each of the digitized 25 pressure values of the first map is 

correlated with the corresponding value on the successive second, third, 

and finally n-th map. The mean correlation coefficients of the first 

map with the second, and the first with the third, and so on successively 

to the n-th map are calculated. Then in turn the second map is correlated 

with the third, fourth, to the n-th map, the third with the four th and 

successive maps, and continuing in this way to the correlation of the 

(n-l) map with the n-th map. The resulting vast number of correlation 

coefficients are organized and recorded in a correlation matrix and the 

classification of the pressure patterns is performed on the matrix. 

The classification is carried out by counting row-wise and 

column-wise the correlation coefficients above 0.7. The reason why 0.7 

has been selected will be discussed later. The individual map which 

resembles most closely the most weather charts is indicated by the highest 

number of counts and considered by Lund to be representative of that group 

within wnich a high correlation of the pressure values can be expected. This 

group is called a type. By disregarding aIl the maps of the first type, a 

second count will result in the establishment of another type. The process 

is repeated until there are no maps left to count. 

In the present work the computerized calculation of the correlation 

coefficients for the 246 maps required 42 minutes on the CDS 3100 computer. 

The results of the correlation values equal to or higher than +0.70 along 
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with the lower and upper confidence limits on 5% confidence level were 

listed on the output sheets and the correlation values were manually 

plotted on a 246 x 246 symetric correlation matrix. Table 1 shows a 

part of the correlation matrix with the sum of the row and column 

totals on the right side of the table as obtained at the first count. 

The first values on the left in the count column are the enumerations 

of the cases when the row-dated maps correlated with other maps at a 

correlation coefficient equal to or higher than +0.7. The second number 

on the left represents the column counts. The subdivision of the totals 

into row and column subtotals made count-checking easier. The maps 

associated with the most correlation coefficients of >0.7 were selected 

and designated as ty?e A. For the first count, both column- and row-wise, 

there were 44 maps whose correlation with the map of July 3, 1968, 12 GMT, 

equalled or exceeded 0.70. Therefore the surface map, July 3, 12 GMT, was 

selected as the representative map of the type A group. The relationships 

between the map of July 3, 12 GMT and the similar charts are expressed 

through their correlation coefficients circled on Table 1. This table 

shows onl1' a small portion of the matrix. AlI the type A cases were re­

moved from further consideration by crossing out with a thin line aIl the 

correlation values associated ,,'i th these maps along the appropriate rows 

and columns of the correlation matrix. The maps to be disregarded for the 

next recounting are checked off on the right side of Table 1. AlI the 

totals and subtotals were erased on the original matrix hefore recounting. 

The recounting of the high correlation values was made on the rest of the 

maps and type B "'as se lected as !-Iap July 28, 00 GIT, which was h ighly 

correlated with 24 other maps. The above process was repeated until no 

cases remained with correlations of 0.70 or higher. 
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After the process of recounting and the separation of the 22 

types there remained only a few maps having no correlation with each 

other and any other maps already classified. This group of pressure 

patterns is declared unclassifiable and indicated with the letter W. 

For each pressure type a list has been set up by enumerating aIl the 

individual-member maps and their correlation coefficients with the 

type-representative map within that group in a succeeding time sequence. 

This list has been checked against the computer printout of the correlation 

coefficients and a search was made to find out whether individual maps 

already classified had higher correlation with other type-representative 

maps or note In a number of cases a rearrangement or reclassification of 

the individual maps was found to be necessary. Information about the types, 

the representative surface maps of the types, the result of the reclassifi­

cation, and the Mean correlation coefficient within each type is shown in 

Table 2. The discussion of column number 5 in this Table will be presented 

in the next chapter. The summary of the whole classification is presented 

in the Map Type Calendar, Table 3. In this table correlation values of 

three digit numbers are indicated on the right side of the class-name of 

each individual map. Since type-representative maps correlate with them­

selves at a value of I.O,these units are not shown. Similarly unclassifiable 

cases are not designated with any correlation value in Table 3. The final 

demonstration of the weather types is presented in a series of maps beginning 

with Figure 3 and ending with Figure 24. In each of these figures there are 

four maps. Each map designated A in this series of figures is a type­

representative map which is sufficiently representative of the established 

weather types. The B figures represent the Mean pressure patterns of the 

individual maps for the type. The deviation of the instantaneous pressure 
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patterns from the Mean is represented by a series of C maps. The detailed 

discussion and the interpretations of these and the series D maps are 

reserved for the forthcoming chapters. 

At this stage the preliminary work on the classification has 

been completed. However before one can begin to interpret the results, 

one major subjective point of the classification, the effect of the 

acceptable lowest limit of the correlation coefficients on the validity of 

the classification, requires further explanation. 

b) Acceptable correlation coefficient 

By following Lundis (36) reasoning the assumption is made that 

by lowering the lowest limit of the correlation coefficients, the number 

of cases within each group can be increased. According to Lund exactly 

the same map would have been chosen as a member of a certain type if either 

+0.90 or +0.60 had been used instead of +0.70 as the "lowest acceptable 

correlation coefficient". The use of a lower "value", results in the 

inclusion of more cases in each type but it definitely does not cancel 

out existing high correlations with other estahlished ty~es already taken 

into consideration, since maps being correlated with two or more types 

were assigned to the type with which the)' were most highly correlated 

within the narrowest confidence limits. This rearrangement has previously 

been sho~n in the fourth column of Table 2. 

Follo\o;ing Lund' 5 example, in this study the lm.est correlation 
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coefficient a?plied 50 far was +0,7, Hence 0= the 246 maps examined for 

the suœ~er of 1968 aIl but 28 maps (approximately 11% of the total) were 

correlated by a value of +0.70 or higher with one or more of the type­

representative maps. The question is, whether one can reduce the number 

of unclassifiable cases by lowering the limit of the acceptable correlation 

values. To test this, a second computer correlation has been carried out 

and correlation coefficients equal to or greater than +0.6 were listed. 

Through this second run, correlation has been performed only for the type­

representative maps and the unclassifiable cases. If this lower correlation 

value is acceptable as a sufficient indication of representativeness then 

the number of unclassifiable cases is reduced from 11% to 6% of the total 

cases. The effect of the lowered correlation coefficients to +0.6 is 

demonstrated in the fifth column of Table 2. The greatest change occurred 

among the unclassifiable cases whose number was almost halved. Two maps 

were added to the type D and type R, while only one map increase was found 

in the types: E,F,I,K,L,~,O,U, and V. 

A third correlation run, when correlation values ~+O.S were listed, 

resulted in a further reduction of the 15 unclassifiab1e cases to four maps, 

that is, 1.63% of the total cases. By lowering the "lowest acceptable 

correlation coefficient" to >+0.5 it would have been possible to place 

eleven more maps into the '~·!ap Type Calendar" already shown in Table 3. 

Rearrangement of the maps due to the lowest correlation values of lcss than 

0.6 but higher than 0.5 is indicatcd in Table 3 but unlistcd in Table 2. 

:\fter the third run of calcülation it seemed necessary to check the validity 

of the thcoretical classification by consulting actual ma?5. 
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An inspection of the eleven maps brought into the classification 

through the third correlation run referred to above do es in fact reveal 

a definite resemblance to some of the weather types already established. 

However, the low correlations do not warrant unconditional acceptance of 

this third amendment to the pressure pattern classification. Both Lund's 

experiment and the present study revealed that the number of unclassifiable 

cases could be reduced but not eliminated by the lowering of the acceptable 

correlation values. The visual inspection of the maps showed that systems 

with deep or weak lows frequently correlated with their representative 

maps at a correlation coefficient of slightly higher than +0.6. No visual 

correlation was ever apparent between >+0.5 and <+0.6. Consequently, 

it was decided to use +0.6 as the dividing point between map patterns and 

to reject the value of 0.5 as the lowest acceptable correlation coefficient. 

The classification 'method and technique described made possible 

the separation of the pressure types and the classification of the 

individual weather maps by presenting the types in static pictures. The 

time-dependent nature of the arctic circulation and the recurrence of the 

weather types which have as yet not received mention will be demonstrated 

through the correlation matrix. 

c) Correlation Matrix 

In order to assess the importance and the potential of the 

correlation matrix in the classification, it was necessary to observe 

the shape and the pattern of the matrix. Sot every correlation 

coefficient was plotted on the matrix but only those correlation values 
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of >0.6. These values were not evenly distributed but clustered in 

recognizable patterns, especially along the diagonal of the matrix as 

illustrated in Tables 1 and 4. Clusters along the diagonal formed smaller 

and larger triangles and the off-diagonal concentration of the correlation 

values into certain patterns could also be observed. In several instances 

the shapes of the triangles were not fully covered by high correlation 

values. Only the outline of the triangles were recognizable. The empty 

spots in the triangles of the Tables 1 and 4 are believed to be caused by 

the variability of weather and correlation values at lower than 0.6. If 

six hourly observations had been used, these gaps might have been reduced 

since the twice daily observations at 00 and 12 GMT cannot provide more 

than two daily snapshots of the continuously changing weather phenomena. 

It seems from scrutiny of Tables l and 4 that clusters can be 

formed by a persistent pressure pattern. This conclusion was reached 

after these clusters were broken down into the occurrences of the component 

weather types by the indication on the matrix of only the correlation 

values associated with a given type of weather. In Table 4, for example, 

the correlation values of type C weather are circled. It can be seen that 

if these circled maps were eliminated the clusters would disappear both in 

Tables 1 and 4. Off-diagonal concentrations along the columns and rows of 

the cluster-triangles demonstrated the cyclic recurrences of type C 

weather which was itself representative of a particular synoptic regime. 

In both the vertical and horizontal column of Table 4 type C weather can 

be seen to have twice reappeared 4.5 days after its previous occurrence. 

The persistence of this t>~e was also expressed through the size of the 

area occupied by the clusters. A similar representation of the 
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correlation values for any other type is possible on the matrix and the 

cyclic nature of any type can be demonstrated. Besides the classification 

potential of the correlation matrix, another potential technique of using 

the matrix can also be offered here. This technique would make possible 

the study of the cyclic reappearances of the weather systems. A strong 

type C weather spell might have been compared with upper tropospheric 

pressure waves. 300 mb pressure waves might have been resolved into their 

harmonie wave components and their possible association with the cycles of 

the surface pressure types might have been sought. These are interesting 

aspects but the discussion of these relations is omitted in this study. 

In addition to these observations it is suggested that this 

method of classification can be applied not only to map patterns but to the 

classification of, for example, radiosonde ascents, radiation curves, wind 

profiles, temperature curves of a site, and to many other curves provided 

that the relationship among the curves is linear. Unfortunately the 

relationship among the pressure maps as pointed out by Hare et al. (19), 

and Robinson et al. (46) is not linear. 5trictly speaking the specification 

of the maps should have been done with orthogonal polynomials but the 

error introduced with the assumption of a linear relationship is, as 

pointed out by Robinson et al. (46), insignificant. Therefore, one can 

interpret with confidence the results obtained using lundIs method of 

classification. 
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CHAPTER 3 

INTERPRETATION OF THE CLASSIFICATION RESULTS 

a) Interpretation of: and experimenting with, the 

classification results 

To be able to judge the validity of the method of classification 

used one must first examine the success of the separation of the type-rep­

resentative maps. It was assumed that if there was a similarity between 

type-representative maps then the types had not been successfully separ­

ated. Therefore these maps were correlated with each other and the calcu­

lation proved that none of them correlated with one another at a 

correlation value of >+0.5. The absence of a high positive correlation 

between the type-representative maps suggests that the separation of the 

type-representative maps was successful. Further support of this sugges­

tion is provided by the visual inspection of the individual maps within 

each type. This indicated that the classification was quite sensitive even 

in the detection of the localized small-scale isobaric features which 

showed up as small waves on the isobars. 

After the positive correlation run, another experiment was con­

ducted on the type-representative maps taking into consideration the nega­

tive correlation coefficients. An assumption was made that a correlation 

run of the opposite pressure patterns would result in a high negative cor­

relation. The dissimilarity between the type-representative maps, observable 

also by the visual inspection of these maps, is quantitatively portrayed 
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through the high negative correlation coefficients presented in Table SB. 

The most remarkable examples are shown by the type-representative maps of 

N and C at a correlation value of -0.811. 

After the completion of the statistical experimentation on the 

type-representative maps the next task is the critical review of the type 

mean maps in Figures 3B - 24B. Visual inspection and comparison of the 

type mean maps with the individual maps clearly shows that the mean maps 

are simplified reproductions of the type-representative maps. The devia­

tions of the individual pressure maps from the mean ~aps presented by the 

Figures 3C - 24C reveal only localized increases in the standard deviations. 

An additional generalization of the large-scale features is provided 

through further experiments. A positive correlation run of the type-mean 

maps revealed that type A mean map was highly correlated with type L, U, 

l, and D me an maps and similarly type E mean map highly correlated with 

type V and T maps, as has been shown in Table SA. Hence one can notice 

that the grouping of the pressure types in terms of the large-scale forma­

tions would be statistically possible using Lund's method. A further gen­

eralization. that is, a grouping of the large-scale weather systems is 

feasable if the motion of the pressure patterns is examined in a moving 

corrdinate system. 

The constant pressure patterns, which have 50 far been studied 

only at a fixed system, in fact move, rotate, and deform horizontally "dth 

a velocity C relative to the fixed system. Hence the changes of the pres­

sure values with the lapse of time can be looked upon in a moving coordinate 

s)'stem moving with the pressure pattern and expressed by Petterssen's (44) 
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+ (9) 

Applying this concept, through the visual inspection of the Mean maps, one 

can easily recognize the following changes: 

a) if type A Mean pressure pattern is shifted 5 degrees of latitude dis-

tance to the northwest, it corresponds to a type L Mean map; 

b) if type A me an pressure pattern is rotated 70 degrees to the west 

around its cyclone centre in the Foxe Basin, type A pattern becomes a 

type U Mean map; 

c) if the two cyclone centres of the type A Mean map are separated a dis-

tance of 15 degrees latitude along the same trough axis, it is the 

same as type 1 Mean map; and 

d) if the upper cyclone centre of the type A Mean map is shifted a dis-

tance of 15 degrees latitude to the southwest, the pattern is like 

that of a type 0 Mean map. 

Similar observation of the type E Mean pressure pattern reveals that: 

a} the type E Mean pattern becomes type V if its two cyclone centres are 

meriodionally separated, and 

b) the type E Mean map becomes type T if its two cyclones are separated 

along a northeast-southwest axis. 

Hence through the preceeding correlation of the type Mean maps and the con-

sideration of the displacement of the pressure patterns it can be argued 

that weather types A, L, U, l, and 0 seem to comprise a general group. 

Similarly the weather systems E, Y, and T can be interpreted as another 

general group of weather. Hence the principle of generalization or 
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grouping of weather types has been demonstrated although the interpretation 

and the discussion of the weather types needs to be done for the individual 

types separately. 

In addition to generalization or grouping of the weather systems 

it is necessary to examine the dominance of the weather types by taking 

into consideration their persistence or variability. Despite the varia­

bility of arctic weather, type C was dominant during the end of May and 

early June, for example, with a persistence of 168 hours in one spell; 

type D in early May lasted 108 hours, while others existed for less than 

12 hours and for as long as 72 hours. The non-persistent or rare types 

tended to occur either in early Mayor the end of August. This suggests 

that these patterns are really more representative of conditions in another 

season than of summer weather. Patterns Z and Rare recognizable only by 

the end of August while types C, J, K, M, N, and S with their May and June 

appearances are rather transitional types from winter to summer circula­

tion. 

The frequency with which one type was followed either by itself 

or by another type is shown in Table 6. (The table must be read from the 

top downward). The whole numbers indicate the frequency with which one 

pressure type was transformed into another type and the figures in brackets 

express the percentage of the succession. The column totals in Table 6 

are equal to the total occurrences within that type. Type C, with the 

highest persistence, reappeared in 80\ of the cases while the less stable 

pattern, type V, repeated itself only in 25\ of the cases. For aIl the 22 

types the pressure patterns reappeared in an average of 57\ of the cases. 
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The experimentation with the positive and negative correlation on 

the time-dependent, persistent, and transitional weather types suggests the 

need for a synoptic interpretation of the weather types. Yhe preceeding 

statistical analysis cannot explain the relationship between the weather 

types and the characteristics of the physical processes likely responsible 

for precipitation. The synoptic interpretation of the types however can 

be expected to throw some light on this relationship. 

b) Synoptic interpretation of the large- and small-scale 

pressure features of the weather tYpes 

Synoptic interpretation of the pressure types will be done through 

the joint consideration of the maps already used for classification purposes, 

and the maps of the thermo-dynamic and kinetic characteristics. The follow­

ing are included in the classification maps: 

i) the location of the centres of closed cyclones and anticyclones 

as compiled from the individual maps (Figures 30-240) where dots 

indicate cyclone centres and little squares the centres of highsj 

ii) the Mean surface pressure maps (Figures 3B-24B); and 

iii) The standard deviation maps (Figures 3C-24C). The thermo-dynamic 

characteristics, the thickness and vorticity advections, can be obtained 

by means of Ferguson's (15) method from the 500 mb thickness and absolute 

vorticity maps. The kinetic parameters can be deduced from some of the 

related streamline patterns (Figures 25, 26, 27, 28). By the discussion 

of these parameters a general s>~optic background is provided for the in­

terpretation of the closed cyclones and anticyclones, which are the large-

scale pressure features of the weather types. Finally the synoptic aspects 
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of the lower boundary layer producing small-scale weather features will 

be discussed taking into consideration the kinetic variables. 

i) Interpretation of the large-scale pressure features. When dealing with 

the large-scale features of the weather types an interpretation of the pres­

sure centres is presented firstly in relation to 

a) the mean pressure, type representative maps, and secondly, 

b) the standard deviation maps. 

The survey of the locations of the pressure pattern centres has been 

carried out over the whole map area which is much larger than the section 

classified. Reference to Figures 3D to 24D indicates that cyclone centres 

occur along the trough lines or cyclonic areas, while anticyclone centres 

occur along the ridges and around the high centres of the mean maps of aIl 

the weather systems. If the dots and squares are mixed over a region it 

indicates that the weather systems are variable. A mixture is, for example, 

observable over the southwest corner of the type D weather maps during 

middle August. Since the pressure sampling network did not extend over the 

southwest corner of the map area, the existence of the arctic front assoc­

iated with the strong trough zone of the type D representative map is not 

apparent when this classification technique is applied. As a result of the 

intensification of this low system and its intrusion in between the two 

high centres during late summer a correlation smaller than 0.70 occurred 

between the individual and the type-representative map. The 10calized 

variability of the large-scale patterns can be detected not only through 

the mixture of the Iow and high pressure centres but aiso through the ob­

servation of the related maps of the standard deviations. 
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In order to obtain information about the pressure centres in re­

lation to the standard deviation maps, the pattern of both pressure centres 

and standard deviation were compared to the heat regimes of the large-scale 

pressure features. Visual inspection and comparison of the related pres­

sure centres and the standard deviation maps suggested that weather types 

in which high pressure was dominant, were associated with low standard 

deviations. The highest standard deviations over anticyclonic areas occupied 

the western and north-western warm sections of the anticyclones. The most 

variable weather types were always associated with the low pressure domin­

ated features and stable weather always occupied the cold sections of the 

anticyclones. When the mixture of the low and high pressure centres 

occurred over the warm sectors of the weather systems it was found that the 

magnitudes of the related standard deviations (caused by the localized suc­

cession of the lows and highs) were higher than the magnitudes found over 

the homogeneous sectors of the pressure centre maps. Over low pressure 

systems the highest standard deviations similarly coincided with the warm 

sectors of the cyclones, that is, with the location of cyclogenesis. The 

close agreement between the patterns of the standard deviation maps and the 

cold and warm temperature regimes of the mean pressure patterns led to the 

consideration of the thermo-dynamic parameters of the pressure types. 

For the general description of the thermo-dynamic characteristics 

a comparison has been made between the charts of 500 mb thickness, vorticity, 

and standard deviation. After the inspection and comparison of these charts 

was completed, it was found that the highest standard deviation over the 

western and northwestern sections of the anticyclonic areas was associated 

with a strong and warm southerly wind component. These conditions were 
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found for the high pressure dominated types; C, D, F, G, M, N, and Z. The 

position of the maximum thickness advection was always in good agreement, 

when calculated according to equations (2) and (6), with the southerly flow 

regimes of the closed cyclone centres. This was true for the southeaster1y 

and easterly sectors of the low pressure systems. After this qualitative 

investigation, a case study of the map of July 3, 12 GMT, 1968 was conduct-

ed, and it was found that the maximum thickness and vorticity advections 

coincided with the positions of the highest standard deviations. After 

this case study the investigation was extended to aIl the type A individual 

maps. The ana1ysis of the 500 mb thickness (~) and vorticity advection 

(A~ ) fields for aIl the individual type A maps however revealed that ha1f a 

of the maps were found without significant advection fields or, if positive 

vorticity advection existed, there was no thickness advection field asso-

ciated with it. The centres of the maximum warm advections were indicated 

with dots and the centres of th~ maximum cold advections were represented 

by X marks in Figure 29. The position of the maximum positive vorticity 

advections (A~ ), that is, cyclonic rotation, of the type A individua1 a 

maps (Figure 30) were marked with dots and the anticyc10nic rotation 

centres with X symbols. The superimposition of the Figure 29 on Figure 

30 suggested that the sum of the 1arge-scale vertical velocity parameters, 

(An + A~a) of equation (6), seldom reached a positive value that could 

possib1y produce precipitation. The lack of coincidence of the 500 mb, + 

~, and + A~a patterns suggested the possibi1ity of randem vertical ve10-

city distribution not only within the type A weather group but within other 

types as weIl. One might assume that the kinetic components of the vertical 

velocities introduced in equation (8) would show the same random appearance 

as the time-distributions of the thermo-dynamic variables. For this reason, 



- 32 -

then the kinetic parameters of the large-sca1e pressure features will be 

interpreted next. 

The kinetic parameters were derived from the 3-dimensional, actual 

wind conditions demonstrated for selected cases through the surface, 850, 

700, 600, and 500 mb streamlines of the type A, D, and E representative 

weather conditions in the Figures 25, 26, 28, and for the one type U 

weather shown in Figure 27. The construction of the stream1ines has been 

carried out with the same technique used and recommended by Soucier (48), 

Petterssen (44), and Kagawa (29). In the figures, the presentation of the 

500 mb stream1ines is omitted for the sake of convenient demonstration. 

Visual inspection of the streamlines and their pressure patterns reveals 

that the surface stream1ines deviate substantial1y from the surface pressure 

patterns. The upper stream1ines however weIl resemble their related pres­

sure maps from the 850 mb level upward. The centres of the closed low and 

high pressure features and their related confluence and difluence points 

for the selected cases are in close agreement at aIl 1evels. In support of 

this qualitative observation, a quantitative correlation of the streamlines 

with their related pressure patterns will be provided. 

On the basis of the visual inspection of the stream1ines it was 

expected that kinetic analysis in support of the observation would show 

either areas or structural lines along which organized streamline patterns 

might be shown. The kinetic analysis was accordingly aimed at the charac­

terization of the large-scale features which had organized regional or 

linear structure that could not be explained in terms of local causes. The 

kinetic analysis was carried out for one single type U weather condition 
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(July 14, 1968, 12 GMT) since this particular occasion produced more pre-

cipitation at Frobisher Bay than any other day of the summer period an-

alysed. In order to show the distribution of the horizontal velocity div-

ergence the isotachs were superimposed on the streamline pattern of 

Figure 28. For this kinetic analysis the velocity divergences of the sur-

face wind field and the associated relative vorticities were calculated 

along a grid of 170 points. The calculation was performed with Graham's 

(17) Del Computer and the results (both positive cyclonic and negative 

anticyclonic vorticities and the related values of positive divergences 

and negative convergences) were plotted on two maps. The technique of cal-

culation will be presented in Chapter Sa. The kinetic expressions of the 

streamline features are shown on tlle distribution maps of relative vorti-

cities and divergences in Figures 31 and 32. By superimposing the maps of 

Figure 28, 31 and 32 it is possible to observe the correlation of the con-

fluence and difluence zones with their related divergence values. The 

vorticity values were read from the related map (Figure 31) along the 170 

grid points and plotted against the divergences obtained from Figure 32. 

The point pattern of the divergence distribution was converted into two 

histograms and frequency polygons: one representing the kinetic conditions 

in anticyclonic rotation (Figure 33), and the other in cyclonic rotation 

(Figure 34). This association between the relative vorticities of the 

surface air currents and the related velocity divergences resulted in a 

wide scatter of dots with a central concentration of a circular pattern. 

S -1 Figure 33 has shown that the mean divergence, 0.04 x 10- sec t was very 

close to zero, that is, the anticyclonic flo~ ev en on the surface generally 

behaved geostrophically. The slight skewness, 0.55, ~as possibly due to 

the influence of the relatively few and horizontally separated zones of 
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divergences of large magnitudes clearly recognizable on the stream1ine 

map. Tanner's (50), and Essenvanger's (12) studies on the reso1ution of 

frequency curves into their component normal curves suggests that the 

slight skewness and the high kurtosis, 4.23, of Figure 33 were similarly 

due to component curves. By means of Tanner's (50) technique it became 

possible to point out one main convergence component over the cyclones of 

° h f 3 -5 -1 d dO F1gure 34 wit a mean 0 -.5 x 10 sec an a 1vergence component 

-5 centered at the value of 0.4 x 10 . The comparison of Figure 33 and 34 

implies that the high kurtosis of Figure 33 with dominant geostrophic f10w 

provides a much more stable weather condition than the cyclonic systems of 

the same weather condition with a 10wer kurtosis of 1.59. The comparison 

of Figures 33 and 34 proved that large-scale cyclonic pressure features 

can in general be characterized as having zones of convergences and large-

scale anticyclones with divergences. 

According to equation (8), and likewise in agreement with the 

conclusions obtained by Deordorff (10), and Kondratyev (30, 31), it can be 

expected that the large-scale organized convergences would be in good 

agreement with the large-scale vertical velocities and that these zones 

were made visible by characteristic cloud patterns. Visual inspection and 

comparison of the surface streamlines with cloud patterns indicated that 

c~oud patterns and streamlines were closely connected. This close con-

nection seems to be in accord with the conclusions made by Boucher and 

Newcomb (6). The cloud patterns of the satellite cloud pictures for the 

type A, E, B, and L representative weather conditions resembled so much 

their related surface streamlines, that one could attribute great importance 

to the boundary layer in the generation of the large-scale and low cloud 
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patterns composed of Sc, Cu, or St forms. The clouds of the representative 

weather systems mentioned above were lined up along the linear or curved 

confluence lines of the related streamline patterns. Oifluent streamline 

structures were associated with cloudless skies. On the other hand, when 

wave clouds were present they formed rows at right angles to the flow of 

the 700 mb winds. In aIl the cases when wave clouds occurred, the surface, 

the 850 mb and the 700 mb streamlines were of the same direction. 

ii) Interpretation of the small-scale pressure features. In addition to 

the large-scale pressure features of the different weather-type systems, 

the esistence of the small-scale features could be detected by the form of 

clouds, the wind patterns, and the pressure waves, as weIl as by local 

weather phenomena. The surface pressure waves connected with troughs and 

ridges for example were clearly recognized on several type-representative 

maps. Troughs were usually associated with one or more meso-scale cyclonic 

vortices, cases in point being on the type A, (Figure 25) and type 0 (Fig­

ure 26) surface streamline maps. At the upper level these vortices on the 

type 0 map joined and formed a much larger single cyclonic flow pattern. 

Ridges of the type A, 0, and E representative maps were accompanied by 

difluent streamlines or with cyclonic outflow on the surface maps and 

anticyclonic vortices at upper levels, above their surface ridge areas. 

Since the localized surface vortices in Figure 26 were represented in the 

small waves of the surface isobars, their morphology might be expressed 

both in terms of the surface pressure values, and the streamline patterns. 

Hence it was expected that the small-scale features would be detected on 

the individual maps. The observation provided the interesting point that 
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within a type not every individual map exhibited small-scale pressure waves. 

Small-scale flow features were noticed over the southeast coast 

of Baffin Island and the southwest coast of Greenland only on the 12 GMT 

surface synoptic charts. The local morning occurrences of the weather 

types A, H, l, L, and U with cyclonic centres over the Foxe Basin region 

were frequently associated with small-scale pressure waves and westerly 

surface winds on the east coast of Baffin Island flowing against the pres-

sure gradient. When these cyclonic outflows mix with the moist southwest-

erly winds of the coastal Davis Strait area, they can cause coastal fog, 

obstructing the insolation necessary to melt sea ice. Such favourable 

potential conditions for coastal fog formation occurred 38 times with 

weather types A, H, l, L, and U during the morning observations of the 1968 

summer. Similar small-scale weather features could frequently be observed 

along the southwest coast of Greenland, south from Egedesminde. This 

statement is supported by a kinetic analysis of the morning weather condi-

tion on July 14, 12 G~rr. On this occasion, the relative cyclonic vorticity 

(Figure 31) along the southwest coastal zone of Greenland ranged between 

5 -1 0.5 - 2.5 x 10- sec and was associated with a velocity divergence of 

5 -1 0.3 - 1.4 x 10- sec (Figure 32). Therefore it can be assumed that the 

glaciated parts of the arctic, if associated with katabatic cyclonic out-

flow, could bring about meso-scale shallow streamline features especially 

in the early morning. These features were in fact observed frequently on 

the 12 ~IT surface maps. The existence of these small or meso-scale sur-

face features was never detected on the 850 mb charts since the average 

elevation of the inversion which took place at Egedesminde was below the 

900 mb level. The continuation of the small-scale or meso-scale features 
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further inland could only be recognized with difficulty. The presence of 

these features was usually unnoticed because of the lack of local observa-

tion. 

The small-scale features discussed were observed in coastal situa-

tions. However, it is desirable to see small-scale circulation features 

superimposed on the large-scale flow patterns for an inland situation. For 

this purpose a synoptic study of local wind observations at Inugsuin Fiord 

will be made. Daily, four surface wind observations 70 miles from the coast 

line at the head of the Inugsuin Fiord provided wind data for analysis. 

Since the wind directions were estimated by the position of a flag raised 

at the head of the Inugsuin Fiord, a o ±30 error due to the subjective 

nature of the observations has been assumed. The overall frequency of the 

diurnal wind directions, as given in Table 7, shows a slight day time domin-

ance of the up fiord northerly and northeasterly winds along the longitud-

inal axis of the fiord. The high frequency of the easterly winds from the 

steep and shaded tributary valley at 00 GMT shown in the Table 7 may be 

caused by the katabatic winds from the eastern slope of the valley. The 

table also shows a day-time high frequency of the easterly winds. This 

frequency might be attributed to large-scale geostroph~c flow modified by 

fohn effects. These effects are revealed on the thermo-hygrograph and 

baragraph records which frequently show temperature rises, coinciding with 

falls in humidity and pressure. Barry and Jackson (4) at Tanquary Fiord 

S.~.T. grouped wind data to emphasize the diurnal dominance of certain wind 

directions. Barry's (4) example together with subjective observations 

suggested using a similar grouping here. If the wind direction at 

Inugsuin Fiord were grouped into two major regimes, one into S - SE - E, 
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and the other SW - W (this latter one flowing along the Inugsuin River 

valley, the exit of the fiord head), the diurnal march of the wind direc­

tions would be more apparent (Table 7B). The grouped up fiord flow in­

creased from 06 till 00 GMT, while the westerly down fiord wind regime 

decreased during the daytime and the highest frequency occurred at local 

midnight (06 GMT). The 12 GMT (07 a.m. L.S.T.) wind observations at Inug­

suin Fiord grouped for weather types A, H, l, L, and U and tabulated in 

Table 7C revealed only large-scale up fiord and meso-scale down fiord 

winds. The relatively low frequency of the non-geostrophic westerly winds 

was associated with weak pressure gradients and a mean 40% strato-cumulus 

cloud coyer. The dominant geostrophic flow in an up fiord direction 

appeared with a higher wind velocity than that of the westerly winds and 

an almost overcast low and middle level cloud coyer. It is revealed from 

Table 7C that the precipitation potential (cloudiness) of the large-scale 

weather types A, H, l, L, and U over Inugsuin Fiord was higher during the 

dominance of the large-scale weather than under the influence of the meso­

scale features of the same weather systems. 
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CHAPTER 4 

WEATHER TYPES AND THEIR RELATED STATION PRECIPITATION 

On the basis of the conclusions concerning cloudiness at Inugsuin 

Fiord one might assume that large-scale individual cyclonic features, if 

not suppressed by small-scale patterns, could produce more precipitation 

than single anticyclones. This suggests that weather types with dominant 

large-scale cyclonic features could produce more precipitation than systems 

dominated by conditions of high pressure. The aim of this chapter therefore 

is, firstly, to group precipitation data of the standard gauging stations 

according to the established weather types, secondly, to analyse and 

interpret these data, to compare the precipitation values with the large­

scale pressure patterns and, thiTdly, to see whether any persistent 

relation exists between station precipitation and weather types. 

For this reason station precipitation data have been listed, and 

organized for each weather t}~e. The contribution of the weather t~es to 

station precipitation for the 1968 summer has been shown for 18 Canadian 

and 2 Greenland stations in Table 8. The table ~as constructed on the 

basis of the 6 hourly total precipitation data for the Canadian stations 

and of the 12 hourly totals for the t~o Greenland stations, Egedesminde 

and Sarssarssuaq. AlI the stations had full coverage of data for !-tay, June, 

July, and August, except one, Inugsuin Fiord for ~hich data exist only for 

the period ~Iay 2S to August 23, 1968. Table 8 thus provides a comprehensive 

summaI]" and cross section of the summer precipitation conditions which can be 

used for relevant interpretation. 
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After an inspection of the partial percent ages of Table 8 one 

might consider that the major portions of the station summer precipitation 

totals were due only to a few weather types. The table clearly indicates 

that if >10% contribution is arbitrarily considered significant, the partial 

contributions of the weather types A, B, 0, E, F, l, L, and W to station 

totals were quite substantial. '~en high partial percentages occurred they 

usually occurred at stations which were near the large-scale cyclones observed 

on the type-representative and mean surface pressure maps. lndividual weather 

maps were similarly inspected for each station precipitation and the observ­

ations revealed that the actual precipitation totals were frequently measured 

within the cyclonic patterns of these weather types. The inspection also 

revealed that high station precipitation seldom occurred and low values were 

frequently observed. 

It would appear from Table 8 that certain weather types never 

yielded precipitation at sorne stations and other types provided only 

insignificant proportions of the summer totals. Weather types C, K, M, N, 

S, T, and U did not exceed a 10% contribution to the total precipitation at 

any station. Individual weather maps revealed that low partial percent ages 

«10\ contribution) could be attributed to one or mote of several factors: 

a) anticyclonic conditions ncar the station; 

b) local disturbances in the boundary layer; 

c) distant or particular relative position of the 

stations to the large-scale cyclones of the 

weather types; 

d) distant position of the station to the cluster 

formed by the closed cyclone centres of Figures 30-240; and finally, 
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e) the proximity of the station to the small-scale 

surface pressure troughs, indicating the possible 

existence of small-scale cyclonic streamline vortices. 

In addition to an analysis by weather types a comprehensive sum­

mary was made for cyclonic precipitation and anticyclonic precipitation 

irrespect ive of the weather classification type with which each was associated. 

A statistical experiment was carried out on the 12 hourly precipitation values 

of 7 arctic stations to see whether cyclones produced more precipitation than 

did anticyclones. These sampling stations were Eureka, Coral Harbour, Fro­

bisher Bay, Ft. Chimo, Hall Beach, Isachsen, and Mould Bay. The purpose 

was to break down precipitation rates into two groups; one was accompanied 

with cyclonic, and the other with anticyclonic surface isobars. When the 

station was within the confluence zone between a cyclone and an anticyclone, 

the sign of the geostrophic vorticity determined under which condition that 

particular precipitation would be listed. On the basis of the two groups of 

data two histograms and two cumulative frequency distributions of the May 

precipitation were constructed. These are shown in Figure 37. The 100 

precipitation values on the left for cyclonic flow pattern and 76 anticyclonic 

precipitation values on the right were derived from aIl the rain-producing 

systems that occurred in May, 1968. As expected the cyclonic precipitation 

was slightly higher than the anticyclonic precipitation. Precipitation from 

both sources was mainly in the trace and very light rainfall regimes, with 

a greater emphasis on this concentration for measurements from anticyclonic 

than from cyclonic patterns. It is sho.~ in Figure 37 that only 10% of the 

total anticyclonic cases could produce precipitation totals greater than .01", 

whërèas for cyclonic cases approximatel,.. 30\ of the 12 hourly precipitation 
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totals were higher than .01". Moreover 10% of the cyclonic precipitation 

totals exceeded .10". The shapes of the two cumulative frequency curves 

suggest that cyclone dominated types provided higher contributions to the 

summer total precipitation than the high pressure dominated types. 

It would appear, therefore, that weather types can be ranked accord­

ing to their partial contribution to the summer total precipitation of the 20 

stations listed in Table 8. If >10% contribution is arbitrarily considered 

significant, the rank of the weather types in the production of precipitation 

can be written as types: E,A,W,B,F,I,L,V,D,R,J,P, and Z. The high con­

tribution of the unclassifiable cases is partially due to the inherent 

shortcomings of the weather type classification applied in this study. On1y 

patterns were c1assified and constant pressure gradients were assumed for the 

instantaneous weather systems of various intensities. Thomas and Thompson 

(51) reported large variations in the annual amount of station precipitation 

over the who1e arctic and attributed these differences to the occurrence of 

synoptic conditions of variable intensities that were a1so expressed in the 

cloud patterns. Hence the variation in precipitation could be understood 

from cloud patterns as weIl. 

It is to be noted that the spira1ling cloudy and cloudless patterns 

of the large-scale cyclones, as observed on the satellite photos of the type­

representative maps A (Figure 35), B, E (Figure 36), and L, for example, 

cannot provide homogeneous precipitation patterns, even over the central 

area of the cyclones. The expected amount of precipitation which can be 

measured by a sampling station should largely depend on its position relative 

to the cloud cover. Hence both space and time variation in precipitation can 

be understood from cloud patterns. 
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The variable aspect of precipitation can be interpreted more 

conveniently from statistical tables than from cloud patterns. Consequentl~ 

it was decided to use this method to describe in detail the variable nature 

and the internaI structure of the partial precipitation values~ables 9-31). 

The amount of precipitation <.01", called a trace, was listed in the tables 

but excluded from the type totals. The calculated mean precipitations and 

their related standard deviations for each type for each station resulted 

in higher standard deviations than mean values owing to the haphazard 

nature of precipitation. The presentation of the mean and standard deviation 

results was omitted in this study since Tables 9-31 and Figure 37 revealed 

that most of the weather types occurred more frequently without, rather than 

with, precipitation and the bulk of station precipitation was produced by 

only a few cases. The excessive time-variation of the station precipitation 

for each type is clearly indicated in Tables 9-31. The spatial variations, 

however, could not be deduced from these tables directly. 

Sharp differences in the spatial distribution of the daily 

precipitation were noticed by Barry and Jackson (4). Similar'discrepancies 

have been observed in this study in the spatial distribution of precipitation 

due to each weather type: weather types Gand 0 for example contributed 

significantly to the station total at Inugsuin Fiord while at other stations 

the contribution of these types remained very low (Table 8). The outstanding 

control of the local topography on precipitation is clearly portrayed through 

the comparison of the type 0 station precipitation measured at Clyde and 

Inogsuin Fiord which are 15 miles apart (Table 23). Type 0 weather systems 

precipi tated only .19" water or equivalent moisture at Clyde whi le 1.10" 

was measured at the head of Inugsuin Fiord. The reduction of the precipitation 



- 44 -

at Clyde was possibly due to the lee effect of the orography while the 

mountain ranges were responsible for the orographically-induced uplift, and 

additional precipitation at Inugsuin Fiord. The 43% contribution of type 0 

precipitation to the summer total at Inugsuin Fiord should not be over­

emphasized, however, since the summer total of Inugsuin precipitation was 

calculated for a shorter period than the whole summer. Conclusions on the 

relative anomaly of the type G precipitation at Inugsuin Fiord (Table 15) 

should not be carried too far on the basis of the three occurrences. 

The high variation of station precipitation shown in Table 8, and 

Tables 9-31 suggest that statistically not much relationship can be pointed 

out between moving weather systems and their related station precipitation 

totals measured in a fixed, coordinate system. Both the occurences and the 

amounts of individual precipitation totals within the types in no way showed 

any systematic pattern of distribution. In Table 32 there are two examples 

showing the time variations of the precipitation which occurred at two stations. 

This table presents the precipitation associated with type A weather at Coral 

Harbour, and that for type E weather at Frobisher Bay. Both stations were 

close to their respective low centres and these two types were highly ranked 

according to their partial contributions to the summer precipitation totals. 

Table 32 does not indicate an adequate connection between station precipitation 

and the related weather systems deduced for the whole Canadian Archipelago. 

~ben no precipitation was recorded, a good relationship could be observed 

between pressure features and the cloudless sections of the weather types 

where high pressure patterns were predominant and the standard deviation 

maps (Figures 3C-24C) indicated low values. High persistence was shoft~ by 

certain pressure types that never produced precipitation at some stations. 
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For example, not even a trace was reported in lnugsuin Fiord when the weather 

types C, D, E, l, J, K, and S prevailed. By contrast, relationship between 

station precipitation and weather types was loose and requires some comment. 

lt seems reasonable to assume that a classification of cyclones 

considered in a coordinate system moving with the cyclone centres would 

result in a better relationship between pressure patterns and station 

precipitation than that achieved by the procedures used 50 far. The large­

scale of the present classification has provided a good general description 

of weather types but when the objective is to classify weather conditions 

in terms of precipitation then Yorgensen et al. 's (28), and Korte et al.'s 

(32) "moving cyclone classification" is likely to be more effective. To apply 

the methods used in these two studies to the arctic, however, is unpractical. 

The authors depended on several hundreds of rain gauges for their classification 

areas and the fact that there are only a few arctic gauging stations would 

make it impossible to provide more than a maximum of 3 or 4 precipitation 

measurements for each of the areas covered by any one closed cyclone. 

Figure 37 provides another reason for the rejection of "moving cyclone 

classification" for the arctic. This figure clearly reveals that precipitation 

was frequently associated with anticyclonic pressure patterns. Consequently, 

a better relationship can be expected between the pressure patterns and 

station precipitation only at those portions of the weather systems that 

are associated with large-scale vertical velocities. Hence it is now nec­

essary to determine the role of vertical velocities in producing precipita-

tion. This will be examined with reference only to the two weather types, 

A, and E, since these two weather types caused the highest partial contribu­

tion to the summer total precipitation of many stations. 
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CHAPTER 5 

INITIAL PRECIPITATION RATES OF SELECTED WEATHER CONDITIONS 

a) Calculation techniques of the total vertical velocities 

and precipitation rates 

The synoptic interpretation of the pressure patterns in an 

earlier chapter (Chapter 3(b)), provided a two-dimensional evaluation of 

the large and small-scale pressure features associated with the different 

weather types. However, it has been demonstrated in this last chapter that 

there is an inadequate statistical relationship between the two-dimensional 

surface weather-systems and the precipitation recorded at a given station. 

Hence, attention should now be drawn to examining the three-dimensional 

physical processes of the precipitation field. 

Among the underlying physical processes the pseudo-adiabatic 

cooling expressed in the actual vertical velocity is considered in aIl 

precipitation models to be the most important generator of large-scale pre-

cipitation. Following this work of Harley (21), (22), Penner (42), (43), 

Petterssen (44), and many others it is considered here that the total 

vertical velocity of a precipitation field is the resultant of component 

processes, su ch as the large-scale vertical velocity (-W6), effective 

vertical velocity (w
E6

), orographic vertical velocity (wm), and latent heat 

vertical velocity (wL). The theoretical presentation of these components 

has been omitted here, as it is adequately discussed in the references. 

Consequently, information will be given only on the techniques of calculation 
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used in the present study. Both single and mult~layered models will be 

used for the calculation of the vertical velocities and with these results 

a tool will be provided in section b of this chapter to explain the 

relationship between vertical velocity and precipitation. 

i) Large-scale vertical velocity (-w6). Vertical velocity of a single-

layer model. The first component of total vertical velocity, large-scale 

vertical velocity (-W6), for a single-layer model has been calculated with 

Penner' s equation (7) by using Ferguson' s (13), (1S) "Advection Scale" and 

McPherson et al.' s (38) "Component Vertical Veloci ty Chart". The large-

scale vertical velocities were expressed in pressure coordinates, in 

-3 -1 
w6 x 10 mb sec units (or mb per 1000 sec, numerically almost equal to 

-1 1 cm sec ). For ascent, the vertical motion was considered negative and 

for descent it was considered to be positive. 

Vertical velocity of a multi-layered model. Vertical velocities in a multi-

layered atmosphere have been calculated according to equation (8) by cons id-

ering the divergence fields and by making the assumption of continuity. The 

success of calculation in equation (8) depended on the representativeness of 

the calculated divergences. 

To approximate the representativeness of the divergence values, 

winds have been sampled from the isogon and isotach charts of the surface 

and the standard pressure surfaces at the three apices of sixt Y equilateral 

triangles vith a height of 30 latitude distance (3.34 x 105 metres). Each 

triangle vas numbered and the locations of the triangles vere fixed on a 

transparent overlay constructed for the polar-stereographic charts in a 
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scale of 1:20,000,000, as shown in Figure 38. The upside-down, unnumbered 

triangles were omitted from the divergence calculation. It was intended 

that the divergence field would be smoothed by the omission of these areas. 

According to Landers (34), this smoothing is desirable when the main ob-

jective is to calculate large-scale vertical velocities. 

For the computerized calculation of divergences, Graham's (17), 

and Ferguson's (14) combined methods have been used by summing up the par-

tial velocity divergenc~s at the three apices of the equilateral triangles 

and dividing by the height of the triangle. Finally, the calculated diver-

gence values were corrected according to Panofsky's (40), (41) correction 

terme This correction was due to the convergence of meridians. The sig-

nificant effect of latitude and the magnitude of the meridional wind com-

ponents on the values of divergences have been demonstrated in the correction 

chart (Figure 39) constructed with Panofsky's (40), (41) formula. It should 

be mentioned that the chart has al 50 been used to correct relative vortici-

ties (~). Figures 31 and 32 already. introduced in chapters l(a) and 3(b), 

were also corrected according to Figure 39. When the corrections were 

executed the calculation of divergences was considered complete. 

Before calculating the vertical velocities another correction is 

necessary since the vertical velocity is reduced by the height above mean 

sea level. The elevation of the surface has been offset by correcting the 

expression p in equation (8). To achieve this correction a table of 
\ 

deductable pressure values was constructed (by assuming the validity of 

the U.S. Standard Atmosphere) for 15 triangles (Table 33). Then with the 

corrected surface pressure values the vertical velocities were calculated 



- 49 -

according to equation (8) for the top of each successive layer, using 

Bellamy's (5) step-wise method. Penner's (43) and Harley's (21) arguments 

that the vertical velocity at 600 mb level was the representative value for 

large-scale precipitation processes were similarly applied for both equa-

tions (7) and (8). Therefore large-scale vertical velocities (-w6) were 

calcu1ated for the 600 mb surface. 

ii) Effective vertical velocity (wE6). The second component, the effective 

vertical velocity expressing the sum of the large-sca1e vertical ve10city 

(-W6) and an increment (w ) proportional to the initial unsaturation of the s 

atmosphere, has been calculated using Harley's (22) empirical approximations 

for the 6t = 6 hourly period and 600 mb surface. The effective vertical 

velocity component based on empirical approximations has been termed here 

"prognostic effective vertical velocity". 

iii) Orographie vertical velocity (wm). The estimation of the orographie 

vertical velocity has been made using Harley's (21) tables and charts based 

on Vederman's (53) model. However, due attention was paid to the important 

role p1ayed by temperature inversion and atmospheric stabi1ity in orographie 

up1ift as has been envisaged by Elliott et al. (11), and Bugaev et al. (8). 

The consideration of stability must not be neglected oecause the high 

frequency of the arctic summer inversions has been found by Vowinckel et 

al. (54) over the polar ocean. Similarly frequent inversions are expected 

during the summer on the Canadian Archipelago. Therefore, despite 

Harley's (21) technique of using geostrophic winds for the calculation 

of the orographie vertical velocities. in this study the surface streamlines 

... ere used in the calculation ",-hen the surface elevation '-'as less than 2500 

feet. Abo\"e this level the vind field of the 850 mb streamlines ... as used 
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for the assessment of the orographie vertical velocities. It was also 

assumed that the bending effect of the orography on the airstream pattern 

would be taken into consideration by using streamline data. In other words, 

streamlines were interpreted in this study following Namias' (39) method 

as being the orthographie projections of the horizontal wind components on 

the undulating terrain in that they reflect the combined effects of bending, 

friction, and stability. 

For the practical calculation of the orographie uplift selected 

streamlines were used with a simplified or smoothed contour map of the arctic 

(Figure 40). As a demonstration of the application of the simplified 

orography, vertical velocities were calculated with Harley's (21) tables for 

iv) Latent heat vertical velocity (wL). For the calculation of this para­

meter Harley's (21) method has been accepted. The method uses a graphical 

process for finding the latent heat vertical velocity using the 700 mb 

temperature. By adding the latent heat vertical velocity to the sum of the 

components so far discussed, the total vertical velocity becomes known. 

v) Rate of precipitation (PR). A knowledge of the total vertical velocity 

and precipitable moisture made possible the calculation of the expected 

amount of precipitation or the rate of precipitation at the time of 

observation. The amount of the precipitable water was readily esticated 

using Fergusons's (16) method based on the dew point values from three 

levels. Harley's (22) chart for adjusting precipitable water to orographie 

elevation was also consulted for the construction of the caps showing the 
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amount of precipitable water. The rate of precipitation was obtained using 

Harley's (21) method. Maps of the precipitable water adjusted to orography 

were superimposed over the total vertical velocity charts and the precipita­

tion rates were read directly from Harley's (21) chart. 

b) Synoptic interpretation of the large-scale vertical 

velocities and precipitation rates caused by two 

weather conditions 

With the computing techniques presented in the previous section a 

sequence of calculations was performed on the type A and E representative 

weather conditions and the distribution of the component processes was 

calculated one-by-one for both cases. In this section the calculated 

distribution of the component processes will be compared with the related 

satellite cloud pictures. Localized deviations of the actual processes 

from the calculated values will also be detected and an explanation will be 

sought for meso-scale cloud features by the analysis of the three-dimensional 

motion field. With the knowledge of the variation of the three-dimensional 

component vertical velocities, the relation between station precipitation 

and the total vertical velocities will be described for the two weather 

conditions. 

i) Large-scale vertical velocities. The distribution of the large-scale 

vertical velocity (-W6), the first component process, has been calculated 

for the type A ~eather condition using Penner's equation (7) for a single­

layer atmosphere. Generally one might say that no thickness and vorticity 

advection field ~as detected on the 500 mb level Rith the eAception of the 

southern region. ~Iost of the map area, therefore. ~as characterized ~ith 
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parallel contours, thickness, and vorticity lines. A vertical velocity 

component due to the thickness advection, could be detected only over the 

Labrador-Ungava region and the southern portion of the Davis 5trait area. 

The advection of the absolute vorticity brings about a wider field of large­

scale vertical velocity than the thickness advection. The component vertical 

velocities are not presented for this weather condition. However, the type A 

isanabats due to their thickness and vorticity advections are shown in 

Figure 43. The positions of the surface fronts (Figure 3A) and the southerly 

flow regimes of the surface and upper level streamlines (Figure 25) are in 

good agreement with the negative field of vertical velocities (Figure 43). 

The comparison of the 500 mb pressure map with the isanabats of the 600 mb 

level revealed that ascending motion took place in advance of the 500 mb 

trough and a descending regime has been observed in front of the ridges just 

as it was predicted at the end of chapter l(b). Again applying the single 

layer model for the calculation of the large-scale vertical velocity of the 

type E weather condition, one might clearly observe that the pattern of the 

vertical velocity component due to thickness advection (Figure 44) was assoc­

iated with the confluencing southerly flow regime of the surface, 850 mb, and 

700 mb level streamlines (Figure 27). The pattern of the vertical velocity 

component due to vorticity advection is shown in Figure 45. One can clearly 

observe in this figure that the cyclonic vortices were shifted with the curved 

general flow counterclockwise around the central part of the map area. The sum 

of the two components, the large-scale vertical velocity, calculated with 

Penner's equation (7) is presented in Figure 46. The 500 mb pressure 

patterns and the 600 mb isanabats indicate the same relation with each other 

as has been shown above for the t>~e A weather condition. The two-dimensional 

demonstration of the 600 mb vertical velocities by Figure 43 and 46 could 
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not suggest the three-dimensional structure of the isanabat field. The con­

sideration of a multi-Iayered atmosphere could be expected to reveal more 

detail. Therefore to increase the sensitivity of the calculation the vertical 

velocity pattern was also calculaterl for both weather conditions using 

equation (8). 

The result of the vertical velocity ca1cu1ation according to 

equation (8) is presented in the 600 mb isanabat maps of type A and E repre­

sentative weather conditions given in Figures 47 and 48. The calculations 

were based on three atmospheric layers: surface - 850 mb; 850 - 700 mb; 

and 700 - 600 mb. 

Vertical velocities, divergences, and relative vorticities were 

ca1culated for the surface, 850, 700, 600 and 500 mb levels. The results 

were listed in computer output sheets. However, by accepting Harley's (21) 

technique only the 600 mb isanabat maps were drawn and the rest of the data 

were consulted only in the three-dimensiona1 analysis. No tables exhibiting 

these data are presented in this study, although the relevant values will 

be quoted in the texte Type A 1arge-sca1e vertical velocity in Figure 47 

and isanabats of the type E representative weather condition in Figure 48 

produced a much 1arger field of negative vertical ve10city than that obtained 

from a single-layer mode1. The cloud patterns showed more agreement with 

the isanabats estimated using the divergence method than ~ith the vertical 

velocities obtained using Penner's equation (7). 

In order to demonstrate the high sensitivity of the ca1culation 

obtained by means of equation (8). a vertical streamline cross-section ~as 
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constructed between Fort Chimo and Alert in Figure 49 for the type A 

representative weather condition. The centres of the sampling triangles, 

orography, and the horizontal surface winds were drawn along the horizontal 

axis, and pressure heights along the vertical axis of the figure. The upper 

numerical values indicated vertical velocities in cm sec- l and the lower 

ones horizontal-meridional wind components in m sec-la Northerly winds were 

shown in the diagram with negative signs and southerlies with positive signs. 

Vertical velocities had zero values along the plotted dashed line. It 

should be noted that the scale of vertical velocity has been exaggerated one 

hundredfold with respect to the scale of the horizontal component. The 

vertical vortex between points E7 and CS was a shallow circulation feature. 

The weak northerly component of the surface wind between Thule and Clyde 

was clearly observable from the surface streamline map. The negative sign 

of the surface wind was reversed at the 850 mb surface because the 0.10 x 10-5 

-1 -5 -1 sec surface divergence and the 0.52 x 10 sec divergence at 850 mb level 

over the triangle are a C5 brought about descending motion. The small lateral 

extent and the shallow nature of this descending motion was observed with the 

3-layered model but left unnoticed with the use of the single layer model 

since disturbances in the boundary layer were not detected in the thermo-

dynamic conditions of the 500 mb level. Therefore it was decided to base 

further calculations on equation (8) and to disregard the isanabats 

assessed with Penner's equation (7). Hence the selection of the 3-dimensional 

model and the rejection of the single-layer model was justifiable and the 

former model seemed especially useful in the explanation of agreements and 

discrcpancies between the cloud patterns and isanabats and the detection 

of small-scale atmospheric features. 
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By using the 3-dimensiona1 mode1 for the ca1cu1ation of vertical 

ve10cities, especia11y good agreement has been found between the negative 

vertical ve10city field and the cloud pattern of the type A weather condi­

tion over Baffin Bay and Davis Strait region shown in Figure 35. Simi1ar1y 

good agreement has been found for the same weather condition over the samp-

1ing triangle 13 covering northern James Bay and Be1cher Islands. For this 

area the c10ud1ess spot of Figure 35 was indicated with descending motion 

in Figure 47, and the samp1ing triangle 12 direct1y behind it provided high 

cyc10nic vorticity, genera1 ascent, and overcast alto-stratus cloud cover. 

The difference in cyc10nic rotation between points 12 and 13 amounted to 

as much as +2.2 x 10-5 sec- 1 in relative vorticity. This type of intensi-

fied cyclonic vorticity behind the cold front at point B of Figure 35 is 

simi1ar to that which has been previous1y described by Adamy (1) as a sec­

ondary front. In Figure 35 this secondary front is shown by the 700 mb 

trough and the upper 1eve1 bent occlusion just behind the disturbance on 

the primary cold front. The diverting .effect of the 700 mb trough on the 

circulation pattern is c1early shown just west of point B in Figure 35. 

Since the large-sca1e vertical velocities obtained with equation 

(8) were integrated up to the 600 mb 1evel, the existence of vertical vel­

ocities below the 850 mb 1evel was frequently suppressed by upper level 

subsidence and not indicated by the 600 mb isanabat maps. Furthermore the 

850 mb vertical velocities were averaged for a thick 150 mb layer and low­

level vertical velocities were possibly smoothed out. Hence discrepancies 

were expected between the 600 mb isanabats and the related cloud pictures. 

Indeed such discrepancies occurred over F3, FS, and G3 sampling triangles 

of the type A representative map in which the 600 mb descending motion was 
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associated with stratus and strato-cumulus cloud coyer. The related sur-

face kinetic field at points F3, F5, and G3 produced -0.53, -0.54 and -0.68 

-5 -1 x 10 sec convergences respectively, while for the 850 mb level at the 

same points 0.61, 1.92 and 1.33 x 10-5 sec- l divergences were calculated. 

The type A satellite picture in Figure 35 revealed 9 cyclonic cloud belts. 

However, only three cloud belts were detected by the calculation of both 

the surface, 850 rnb strearnlines and the 3-dimensional vertical velocities. 

This discrepancy is possibly due to the scant observation network, the size 

of the grid distance, and the smoothing technique used. Similar discrep-

ancies were observed during the prevalence of the type E weather condition 

over the Labrador and Ungava Bay region shown in Figure 36 where the stratus 

cloud cover could be explained by the strong surface convergence of 

-5 -1 -2.29 x 10 sec over the sampling triangle 16. Low level strato-cumulus 

appeared over the sarnpling triangle E2. It was probably generated by a 

-5 -1 surface velocity convergence of -0.84 x 10 sec , despite the (00 mb 

descending motion. The low level ascending motion was terminated below 

the 850 mb surface and the thin strato-cumulus cloud coyer spread beneath 

the 850 mb level. The complicated striations in the strato-cumulus cloud 

pattern over the Hudson Bay area express the presence of meso-scale vortices 

(Figure 36), the existence of which was concealed in the strearnline trough 

of Figure 27. Only a dense surface wind observation network would be able 

to expose such vortices. Hence the dominance of the boundary layer in the 

formation of organized strato-cumulus cloud cover is self-evident, although, 

its existence is hardly recognizable on the 600 mb isanabats. Thick alto-

stratus cloud covers were however always identifiable within the vertical 

velocity field of the 600 mb surface. 
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The amount of strato-cumulus cloud cover was always in excess of 

the alto-stratus clouds for both type A and E weather conditions. Hence 

one might suggest that vertical velocities due to organized boundary layer 

processes in lateral extent surpassed the area of the large-scale vertical 

velocities extending up-to or higher than the 600 rnb level. According to 

the writers personal observations at Inugsuin Fiord, arctic snow-showers 

were frequently associated with low level strato-cumulus cloud cover. 

Judging by the great lateral extent and frequent occurrence of strato-cum-

ulus cloudiness, there is likely to be greater possibility for shower-type 

of precipitation than for heavy snow-fall. This suggestion has been con-

fined in the two weather conditions exarnined in depth. Nevertheless, on 

the basis of Figure 37 it would be possible to use this as a general 

principle for the rest of the weather types. Generalization based only on 

large-scale vertical velocity would provide better results if the other 

component vertical velocities were also taken into consideration. 

ii) Effective Vertical Velocities. The distribution of the effective 

vertical velocity for the type A representative weather condition is shown 

in Figure 50. According to Harley's (21) recommendation the increment (w ) s 

was related to ât • 6 hourly interval. The type A weather system existed 

24 hours before and persisted 36 hours after the observation. It has been 

assumed therefore that the calculated precipitation, with the consideration 

of the 6 hourly interval, might be comparable to the actual 6 hourly total 

precipitation. The high degree of unsaturation greatly reduced the size 

of the negative vertical velocity field and the actual cloud cover was more 

extensive than suggested by the effective vertical velocity. Due to per-

sistent weather the actual àt might have a value of 36 hours, and thereforc 
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the positive increment (w ), working against the negative vertical velocity, 
5 

would become zero. Consequently somewhat weak as cent could bring about 

cloud cover. A persistent weak ascent with its adiabatic cooling could also 

cause more cloudiness than a short-lived strong uplift. 

Another map of the effective vertical velocity representing the 

type E weather condition has been shown in Figure 51. The weak ascending 

motion at the edge of the sampling triangle network, at points 12 and 13, 

over the southern part of the Hudson Bay has been eliminated on Figure 51 

because of the high unsaturation found at 700 mb level. The weak ascent 

over southern Hudson Bay associated with 90% relative humidity near the 

surface, however, has produced cloud cover at an elevation lower than the 

700 mb surface. The great extent of the cloud cover of Figure 36 suggests 

the dominant role of the low level saturation in cloud formation. This 

suggests that the calculation of effective vertical velocities based on 

the unsaturation observed at the 850 mb level, rather than on the dew point 

depressions of 700 mb as recommended by Harley (21), would provide an 

effective vertical velocity pattern revealing a much better agreement with 

the actual clûud cover than the pattern that was based on the 700 mb dew-

point spread. 

iii) Orographic Vertical Velocity. Orographic vertical velocities are 

shown in Figures 52 and 53. Figure S2 was calculated using Harley's (24) 

method and Figure 53 using streamline winds. The magnitude of the w m 

patterns due to strong geostrophic winds (Figure 52) surpassed the value 

of the orographic vertical velocity estimated with the weak streamline 

winds. Differences in the magnitudes of the w patterns obtained with m 
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gradient wind and those calculated with streamline winds were quite signif­

icant aIl over the arctic. especially over south Greenland and Ellesmere 

Island. The surns of the effective and orographic vertical velocities 

(wE6+wm) are presented in Figure 54 for type A weather and in Figures 55 

and 56 for the type E representative weather condition. 

iv) Latent Heat Vertical Velocity. The latent heat vertical velocity com­

ponent has been added graphically to the isanabat fields of (wE6+wm) and the 

result, the total vertical velocity. for the type A representative weather 

condition is presented in Figure 57, and for type E in Figure 58. The isana­

bat field was slightly increased for both cases with the component wL added. 

As a generalization one might observe that this addition did not change the 

position of the zero total vertical velocity isanabats substantially from 

the zero lines of large-scale vertical velocities but rather that it modi­

fied the intensities of the patterns. 

v) Rate of Precipitation. The calculation of precipitation rates using 

Harley's (21) chart required the knowledge of total vertical velocities and 

the distribution of precipitable water. The latter, unadjusted to surface 

elevation, was calculated using Ferguson's (16) overlay for the type A and 

E representative weather conditions. The results of their analysis are 

presented in Figures 59 and 60. One can easily observe that the areas of 

high precipitable water values shown in these two figures were associated 

with the confluence of moist southerly streamlines sho"~ in Figures 25 and 

27. By contrast the regions of confluence of the northerly dry air corres­

pond weIl with the troughs of lower precipitable water values shOM~ in 

Figures 59 and 60. The overwhelming influence of the surface streamline 
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patterns on the distribution of precipitable moisture indicated by these 

correspondences suggests that the atmospheric water vapour was concentrated 

beneath the 850 mb surface. Similar observations over the arctic have al-

ready been reported by Barry and his associates (3), (4). The agreement 

between the surface streamline patterns and the "precipitable water adjusted 

to orography" is demonstrated clearly in Figures 61 and 62. 

A comparison of the precipitation recorded at selected stations 

with the calculated precipitation by the method described ab ove is presented 

in Table 34 for the type A weather condition. Only slight discrepancies 

have been found between the measured and calculated amounts. Good agree-

ment has been found for the following stations: Isachsen, Frobisher Bay, 

Port Harrison, Inugsuin Fiord, and Clyde. Slight discrepancies occurred 

at Alert and Baker Lake where traces were reported when the calculated 

effective vertical velocity suggested that condensation was impossible due 

to high unsaturation at the 700 mb surface. However the weak vertical vel-

-3 -1 ocity of -0.75 x 10 mb sec at Alert on the 850 mb level might have brought 

about a precipitation rate of -.02" since the air at the 850 mb elevation 

was saturated. A similar condition was found at Baker Lake. Calculation 

for vertical velocity revealed subsidence for this station at the 600 mb 

level. There was a weak ascent of -0.42 x 10-3 mb sec- l in the saturated 

layer below the 850 mb surface which was able to form a shower-type of 

precipitation of 0.01". Clearly, therefore, Harley's (21) contention that 

vertical velocity at the 600 mb level is a dominant cause of precipitation 

did not apply i~ this case. The discrepancy between calculated and mea-

sured precipitation at Goose Bay was possibly due to edge effect since this 

station ~as outside the sampling network. Great discrepancy has been found 
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for Coral Harbour where the heavy precipitation of 1.15" for a 12 hourly 

period was possibly brought about by the intrusion of the precipitation 

along the saturated 850 mb surface where the clouds and the associated pre-

cipitations were intruding with the 850 mb streamlines. Similar intrusions 

of heavy cloud layers into the subsiding zones of cyclones have previously 

been reported by Deardorff (10), and Kondratyev (30). 

A comparison between the calculated and measured precipitation for 

type E weather is presented in Table 35. The values for initial precipita-

tion rates shown approximate weIl the actual values for Resolute and Frobisher 

Bay. The eastward moving streamline pattern in Figure 58 probably caused 

the high precipitation prior to the observation over Fort Chimo. The under-

estimation shown in the table for Baker Lake and Mould Bay was possibly due 

to the edge effect around the sampling network. A slight convergence of 

-0.03 X 10-5 sec-l 1 h . ht h d d h t· over sac sen mlg ave pro uce s ower-type ra.ce ln 

the saturated layer beneath the 850 mb level. The lack of measurable pre-

cipitation, despite the 0.03" precipitation rate calculated for Clyde, might 

be due to lee effects and evaporation in the dry lower atmosphere which had 

o a mean relative humidity of 85% and a temperature of +5 C. 

Careful consideration of the agreements and discrepancies between 

the calculated and observed precipitation discussed above suggests a sequence 

of thoughts and conclusions. A first source of error between calculated and 

observed values was possibly due to the calculation of mean divergences 

within the layer. between the surface and 850 mb. This first layer some-

times proved to be too thick a layer for effective calculation since verti-

cal velocities and saturation producing clouds occurred weIl below the 850 

mb level. Hence it is believed that the introduction of an intermediate 
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height between the surface and the 850 mb level for the calculation of the 

large-scale vertical velocities would increase the accuracy of calculation. 

A second source of discrepancy can be attributed to low level 

saturation. The existence of a saturated layer associated with weak ascent 

below the 600 mb level would favour cloud formation despite the results of 

the calculations done for the 600 mb level. This low saturated layer, as 

indicated for example by the type A and E representative weather conditions, 

has been termed here, "active layer" and it usually took place at a height 

lower than the 850 mb surface. Because of this active layer the calculation 

of the total precipitable moisture from the surface to 500 mb level seemed 

to be largely meaningless if the actual condensation took place at an ele­

vation lower than the 700 mb surface. Hence it is necessary to emphasize 

the inactive role of the atmospheric moisture lying above the active layer 

in the condensation leading to precipitation. In the majority of cases, 

however, the vertical velocity was not terminated below the 850 mb level 

rather increased upward. Under these conditions the consideration of the 

total precipitable moisture did not overestimate the precipitation rate. 

Despite the various discrepancies mentioned it would appear that 

vith the available observation network it is possible to obtain reasonably 

accurate information about precipitation characteristics under given weather 

conditions when streamline technique is applied in the interpolation of the 

surface wind field. The main objective, the characterization and synoptic 

interpretation of the vertical velocity parameters, and of the processes 

producing precipitation has been completed for two types of weather con­

ditions. The generalizations and conclusions dravn from these two cases 
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might be a useful tool in the formation of a model for the study of the 

atmospheric water balance. 
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CONCLUSION 

This first attempt at a quantitative weather classification for 

the whole Canadian Archipelago in terms of surface pressure types provided 

a useful characterization of the different large-scale pressure patterns 

and also of some of the small-scale features superimposed. However, sub­

jecting such a large area to classification introduced the problem of in­

cluding conditions over small areas, such as Inugsuin Fiord and Southern 

Hudson Bay. These smaller areas could be characterized with less types 

than could the whole area. Indeed, it may weIl be that to have confined 

the study to small are as would have produced a better relationship between 

the station precipitation and the pressure patterns than the study, as a 

whole, has shown. However the reduction of the area to be classifi~d 

might result in the filering out of the large-scale lower tropospheric 

waves, the only links, that might provide an explanation of the relation 

between local and macro-scale weather conditions. According to Figure 37 

only a low percentage of the total snow occurrences could significantly 

contribute to the station totals, and therefore one might attribute greater 

glacio-hydrological significance to these few cases than to the rest of 

the occurrences. However no special attention was paid to these extraor­

dinary cases since the purpose of this study was to characterize the weather 

systems and the precipitation in general over the whole Archipelago and 

not over a small portion of the arctic. Hence there was no reason to re­

duce the classification area and to study only weather conditions with high 

precipitation. For a mass synoptic analysis of the arctic precipitation 

patterns it is suggested that the manual streamline analyses and the 
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graphical addition of the parameters so far practised for the assessment of 

the precipitation characteristics should be substituted by a completely 

computerized technique, and that the introduction of an intermediate level 

between the surface and the 850 mb height would increase the accuracy of 

calculations. 

An important reason for making this study was to try to formulate 

a model for the study of the atmospheric water balance that might be used, 

despite the scattered precipitation data over the arctic, to provide in­

formation on the precipitation patterns associated with different weather 

types. The experience gained suggests that any estimation of the atmospheric 

water balance would involve sampling streamline wind data along the same 

triangular network as shown in Figure 38, and evaluating precipitable 

water by calculations, which should be adjusted to orography. In addition 

the importance of the active layer should be considered if attention is to 

be drawn to the determination of precipitation patterns, and attention must 

be drawn to the correction of the moisture-flux divergences due to conver­

gence of meridians as shown in Figure 39. However, water balance calcula­

tions, considering aIl these factors, would be just as complicated as the 

assessment of the initial precipitation. Furthermore the results of the 

moisture-flux divergences would indicate, not the precipitation but rather 

the differences between precipitation and evaporation if the terms for 

storage and runoff were disregarded. Hence precipitation investigation 

by calculating the initial precipitation patterns by the techniques des­

cribed in this thesis seems a more feasible procedure than to attempt to 

estimate precipitation through moisture-flux divergences. 
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Nwnber of 
Station Cases with 

Measurable 
Precipitation 

Alort 4 

Dakor Lak.., 5 

Chut'chi 11 5 

Clyde 7 

Coppermino 6 

Coral lIarbour 10 

Eget!osminde 4 
fluroka 1 

FOl·t Chimo 16 

Frobbher 9ay 14 

Goose BRy 8 

1101) Ucstch 8 

Inugsuin Fiord 5 
~n a 19) 

3 1.1 chsrn 

MOl~!Ù 9&j' 1 

Narssarssuaq 10 

Nitchequoll 19 

Port lIarrison 6 

Rosolute 3 

Sachs Harbour 2 

~ 

Total 0 
- - ---- ----- - f Weatl -- - -- -- T' .. - - .. 

Cases with Precipitation in lnches 
Occurrence no 

of Pre~ip~tation Surnmer Type Percentage of the 
TTace (Trace Excluded) Total Total Summer Total 

4 19 6.03 .42 6.96 , 
4 18 2.99 .29 9.69 
3 19 6.10 .30 4.91 
4 16 5.91 .88 14.89 
1 20 2.10 .45 21.42 
3 14 8.52 3.38 39.67 

- 23 4.52 .31 6.85 
1 25 .63 .05 7.93 
2 9 6.60 2.01 30.18 
3 10 8.21 1.40 17.05 
3 16 14.31 2.50 17.47 
3 16 3.48 .39 q.20 
- 14 3.93 .14 3.56 

1. 73 .16 9.24 8 16 , 
1 1 2 24 .56 .02 3.57 

- 17 6.63 .99 14.93 
1 7 16.70 2.47 14.79 
5 16 5.15 .31 6.02 
2 22 3.01 .14 4.65 
1 24 1.21 .05 4.13 

Precipitation Related to Weather Type: A 
Table 9 
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Number of 
Station Cases with 

Measurablo 
Precipitation 

Alol't 10 
nakor l.nke 2 
Churchill 5 
Clyde -
Copponnine 1 

Coral Ifurbour 3 

l:g,odu sm i. nde -
I;uroka 1 
I:ert Chimo 5 

Frobisher Bay 2 

l;ooso Bay 9 

11011 Deneh 2 

Jm~Suin Fiord 2 
~. 16) Isuc sen -

l-Ieuld Bay -
Nnrssnrssuaq 4 

Nitch~quon 13 

l'ort Harrison 7 

~eSOl\lto~ 2 

S:ac:hs Harbour 2 
"----

• 

Total 0 - ~~~- - - ---- ----- -f Weather T B: 19 
Cases with Prec~itation in lnches 

Occurrence no 
of -Precipitation Surnmer Type Percentage of the 

Trace (Trace Excluded) Total Total Sumer Total 

4 5 6.03 1.08 17.91 \ 
1 16 2.99 .13 4.34 
1 13 6.10 .61 10.00 
3 16 5.91 - -
- 18 2.10 .01 ,47 
2 14 8.52 .15 1. 76 
- 19 4.52 - -
- 18 .63 .10 15.87 
1 13 6.60 .58 8.70 -
1 16 8.21 .06 .73 
2 8 14.31 1.52 10.62 
4 13 3.48 .02 .57 

- 14 3.93 .05 1. 27 
8 11 1. 73 - -
1 18 .56 - -
- 15 6.63 .36 5.42 
- 6 16. '10 4.30 25.74 
- 12 5.15 1.29 25.04 
2 15 3.01 .14 4.65 
- 17 1. 21 .09 7.43 -Precipitation Related to Weather Type: B 

Table 10 
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Number of 
Station Cases with 

Measurable 
Precipitation 

Alert 5 

8aker Lake 2 

Churchill 5 

Clyde 3 

Coppormino -
Coral Harbour 2 
Egodosminde 2 
r:uroka -
Fort Chimo 1 

Frobisher Bay -
Goose Day 1 

lIa11 Beach 2 
1 InlO~suin Fiord -R .. 19) 4 lsa sen 

~:(lU Id Bn)' 1 
t\~.·!;sar:;su~q 3 

Ni tche"quon -
Port Harrison -
Reso1ute 2 

~Rchs Harbour -

.. 
............... ~~ .......... ~ ... V ... """'0'-11'1 .... - &YPt7 C ; .lU 

Cases wi,th Precipitation in Inches 
Occurrence po 

of Precip~tation Sununer Type Percentage of the 
Trace (TraceB~clude~) Total Total Summer Total 

1 14 6.03 .23 3.81 , 
- 18 2.99 .07 2.34 
2 13 6.10 .41 6.72 
2 15 5.91 .16 2.70 
- 20 2.10 - -
- 18 8.52 .04 .47 
- 18 4.52 .04 .88 
1 19 .63 - -
- 19 6.60 .01 .15 " 
4 16 8.21 - -
2 17 14.31 .01 .06 
- 18 3.48 .02 .57 

- 19 3.93 - -
l1 5 1. 73 .10 5.78 
5 14 .56 .01 1. 78 
- 17 6.63 .23 3.46 
- 20 16.70 - -
- 20 5.15 - -
5 13 3.01 .03 .99 
1 19 1. 21 - -

Precipitation Related to Weather Type: C 
Table 11 
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NWf,ber of 
Station Cascs with 

Measurable 
l'recipi tation 

Alort 3 

Dakcr l..ak8 1 

Churchill 5 

Clyde 8 

Copponnine 4 

Coral lIarbour -
Egcdosminde 2 

hur"ka 3 

Fort Chimo 7 

Frobisher Bay S 

Goos~ Day 10 

Hall Deach 4 

lnufsuin Piord -n :0 10) 
lsachsen 2 

~ould Day 1 

Narssarssuaq 2 

Nitchcquon 12 

Port. Harrison 6 

Kosolute 3 

Sachs Harbour -

.. 
- - ---------- -

~- - . --Total 0 f Weather T 
Cases ~~th Precipitation in Inches 

Oc'~urrance 1)0 

of Precipitat,ion Sununer Type Percent age of the 
Trace (Trace Excluded) Total Total Sununer Total 

2 
1 

17 6.03 .13 2.15 \ 
4 17 2.99 .02 .66 
4 13 6.10 .39 6.39 
2 12 5.91 .33 5.58 
1 17 2.10 .17 8.09 
3 19 8.52 - -
- 20 4.52 .18 3.98 
- 19 .63 .08 12.69 
5 10 6.60 1.08 16.21 
7 10 8.21 .38 4.62 
1 11 14.31 1.05 7.33 
2 16 3.48 .12 3.44 

- 10 3.93 - -
7 13 1. 73 .26 15.02 
3 18 .56 .01 1. 78 

- 20 6.63 .07 1.05 
2 8 16.70 1.45 8.68 
1 • lS 5.15 .16 3.10 
- 19 3.01 .06 1.99 
2 20 1.21 - -

Precipitation Reluted to Weather Typo: 0 Table 12 
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Number of Cases with 
Station Cases with Occurrence no 

Moasurable of Pr~qipitation 
Precipitation Trace (Trace Exclud~d) 

"lort 6 1 8 

Dakor Lake 5 - 10 
Churchill 8 1 6 
Clydo 4 1 10 
Copponnino 7 - 8 

Cornl Uarbour 5 1 9 
Egodosmindo 6 - 9 
~ureka 2 - 13 
Fort Chimo 7 3 5 
Frobishor Bay 4 3 8 
Goose Bay 4 - 11 

Hall Beach 2 - 13 
Inugsuin Fiord - - 14 

W • 14) 3 5 7 lsnc sen 
1 

Mou1d Day 3 6 6 
Nnrssarssunq 11 - 4 
Nitchequon 5 1 9 
Port Harrison 5 3 7 
Resolute 3 2 10 
Sachs Harbour 1 2 12 

Precipitation Related to Weather Type: E 

.... 

Precipitation in lnches 
Sumer Type Percentage of the 
Total Total Sumer Total 

6.03 .49 8.12 , 
2.99 .66 22.07 

6.10 .88 14.42 

5.91 .74 12.52 

2.10 .37 17.61 

8.52 .65 7.62 

4.52 .35 7.74 

.63 .14 22.22 

6.60 1.03 15.46· 

8.21 .70 8.52 

14.31 .54 3.77 

3.48 .10 2.87 

3.93 - -
1. 73 .35 20.23 

.56 .07 12.50 

6.63 2.76 41.62 

16.70 .89 5.32 

5.15 .92 17.86 
3.01 .10 3.32 
1. 21 .04 3.30 

-

Table 13 
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Number of 
Station Cases with 

Measurable 
Preci1>itation 

Alert -
Baker Lake 2 
Churchill 3 

Clyde -
Coppennine 2 

Coral Harbour 4 

l:gcdesminde 2 

Eurcka 4 

Fort Chimo -
rrobisher Bay 2 

Goose Bay 7 

lIall Beach 5 

Inugsuin F~ord 1 
(n • 5 

Isochsen 5 

Mould Ruy 1 

Norssarssuaq -
Nitchcquon 2 

Port Hnl'rison 3 

Resolutc 6 

Sachs Harbour 4 

.. 
- '1 1'- -Total 0 f Weath F : 13 

Cases with Precipitation in Inches 
Occurrence no 

of Precipi~~tion Summer Type Percentage of the 
Trace (Trace ~cl,~ded) Total Total Summer Total 

- 13 6.03 - - " - 11 2.99 .07 2.34 
2 8 6.10 .17 2.78 

- 13 5.91 - -
- 11 2.10 .05 2.38 
1 8 8.52 .12 1.40 

- 11 4.52 .24 5.30 . 
- 9 .63 .16 25.39 
1 12 6.60 - -
2 9 8.21 .04 .48 
2 4 14.31 .70 4.89 

3 5 3.48 .13 3.73 

- 4 3.93 .01 .25 
4 4 1. 73 .18 10.40 
6 6 .56 .02 3.57 

- 13 6.63 - -
- 11 16.70 .23 1. 37 

- 10 5.15 .24 4.66 
3 4 3.01 .52 17.27 
3 6 1. 21 .39 32.23 

Precipitation R~lated to Weather Type:F 
Table 14 
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Number of 
Station Cases with 

Measurnble 
Precipitation 

AlcTt 3 
8aker Lake -
Churchill -
Clyde -
Copponnlne 4 

Coral Harbour -
Egedosminde 1 

Euroka 1 

rort Chimo 1 

Frobisher Bay 2 

Goose Buy 3 

Hall Beüch 3 

rm.ir.~uin FiQrd 1 
~n • 3) Isac sen 2 

1 
~~ould Ru)' 1 

1 ~~a rsslU'sSUetq -
Nitchequon 4 

Port Harrison -
Rosolutu 5 

Sachs Harbour 2 

..J l .,---- '-_________ ~ .. 
• ., ...... "' .... " .... gll .. g u .... n~;;c&"u~J." lypU U; lU 

,Cases with Precipitation in Inches 
Occurrence no , 

of Pre.cipi.tation Sununer Type Percent age of the! 
Trace (Trace Bxcluded) Total Total Sununer Total 

3 4 6.03 .03 .49 , 
- 10 2.99 - -
1 9 6.10 - -
2 8 5.91 - -
2 4 2.10 .20 9.52 
1 9 8.52 - -
- 9 4.52 .07 1.54 

- 9 .63 .01 1.58 
1 8 6.60 .01 .15 
2 6 8.21 .08 .97 
- 7 14.31 .67 4.68 

3 4 3.48 .33 9.48 

- 2 3.93 .66 16.79 
1 7 1. 73 .02 1.15 

1 8 .56 .03 5.35 
- 10 6.63 - -
1 5 16.70 .97 5.80 
- 10 S.15 - -
1 4 3.01 .18 5.98 
2 6 1.21 .06 4.95 

Precipitation Related to Weather Type: G Table 15 
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Number of 
Station CRSes with 

Measurable 
Precip~.t&~ 

Alert 2 
Baker Lake 2 

Churchill 5 

Clyde 2 
Coppennine -
(;01'" 1 Harbour 1 

Egcrlosminrle 2 

I:ureka 1 

Fort Chimo 1 

l'robisher Bay 3 
Goose Bay 3 
lIall Beach 2 

Inugsuin Fiord 2 
f,n .. 7) Isoc \sen -

~Iould Bay -
Nars~arssuaq 2 

Nitchequon 1 
l'art Harrison 1 

Rosoluto 1 

Sachs Harbour -

.. 
• "' .. u.. u"''''u .... ,"11"''101 VI. nta".II"r 1 ype H; { 

.Cases with Precipitation in lnches 
Occurrence no 

of Precipitation Sununer Type Percent age of the 
Trace (Trace Excluded) Total Total Summer Total -- 5 

1 
6.03 .26 4.31 " 1 4 2.99 .03 1.00 

- 2 6.10 .71 11.63 

- 5 5.91 .02 .33 
- 7 2.10 - -
1 5 8.52 .01 .11 
- 5 4.52 .21 4.64 
- 6 .63 .01 1.58 
- 6 6.60 .37 5.55 
- 4 8.21 2.11 25.70 
- 4 14.31 .09 .62 
- 5 3.48 .07 2,.01 
- 5 3.93 .48 12,21 
1 6 1. 73 - -
- 7 .56 - -
- 5 6.63 .05 .75 
1 5 16.70 .53 3.17 
- 6 5.15 .07 1. 35 
2 4 3.01 .06 1.99 
- 7 1. 21 - -

Precipitation Re1atcd ta Weather Type: H Table 16 
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Number of 
Station Cases with 

Measurable 
PreciJ».itation 

Alert 3 
Baker Lake 6 
Churchill 5 

Clyde 1 

Copponnine 3 
Coral Harbour 3. 
Egcdoslnindo 3 
nUl'elea -
Fort Chimo 2 

Frobishel' Bay 2 

Goose Bay -
Hall Beach 4 
Inugsuin Fiord -(n • 10) 
ISllcnsen -
~~ould Ray 1 
Narssarssuaq -
Nitchcquon 3 

Port Uarrison 3 

Resolute 1 

Snchs Harbour 1 

.. 
----- -""'''''' ....... ''''' .. '''''''' V~ n~G .. lIg.&. lypO.1. ~U 

Caseswith Prec~itation in lnches 
Occurrence no . 

of Precipi t,{ltion Sununer Type Percent age of the 
Trace ,(Trace Exclud~d) Total Total Sununer Total 

1 6 6.03 .72 11.94 \ 
1 3 2.99 .56 18.72 
- 5 6.10 1.24 20.32 
- 9 5.91 .11 1.86 

- 7 2.10 .35 16.66 
2 5 8.52 .14 1.64 
- 7 4.52 .08 1. 76 
- 10 .63 - -
- 8 6.60 .12 1.80 

- 8 8.21 .41 4.99 
3 7 14.31 - -
1 5 3.48 .12 3.44 
- 10 3.93 - -
4 6 1. 73 - -
3 6 .56 .01 1. 78 
- 10 6.63 - -
1 6 16.70 .78 4.67 
- 7 5.15' .41 7.96 
2 7 3.01 .02 .66 
- 9 1.21 .01 .82 

Precipitation Re1ated to Weather Type: 1 
Table 17 
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Total 0 - f Weather T - . -
Number of Cases with 

Station Cases with Occurrence ·t:l.0 
Moasurable of Precipit.ation 

Precipitation Trace (Trace Excluded) 
Alort 3 - 6 
Rakcr Lake - 2 7 
Churchill 1 1 7 
Clyde 1 - 8 
Coppcrmine 1 1 7 
Coral Uarbour - 1 8 
ligcdosminde - - 9 
Eureka 1 2 6 

Fort Chimo 2 - 7 
Frobisher Bay 1 1 7 

G"ose Bay 6 2 1 

Hall Beach 2 1 6 

Inugsuin Fiord - - 4 
(n • 4) 

lsacHsen 1 3 5 
Mould Bay 2 2 5 

Nurssars5uaq - - 9 

Nitchequon 1 - 8 
Port lIan'hon - - 9 
Resolutc 3 2 4 
Sachs Harbour 2 - 7 

Precipitation Related to Weather Type: J 

.. 

Precipitation in lnches 
Surnmer Type Percent age of the 
Total Total Summer Total 

6.03 .10 1.65 " 2.99 - 1 -
6.10 .01 .16 

5.91 .07 1.18 

2.10 .19 9.04 

8.52 - -
4.52 - -

.63 .01 1.58 

6.60 .03 .45 

8.21 .01 .12 

14.31 .53 3.70 

3.48 .03 .86 

3.93 - -
1. 73 .02 1.15 

.56 .16 28.57 

6.63 - -
16.70 .01 .05 

5.15 - -
3.01 .12 3.98 

1.21 .03 2.47 

Table 18 
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Number of 
Station Cases with 

Measurable 
Precipitation 

Alort 2 
Baker Lake 2 

Churchill -
Clydo 1 
Coppermine 1 
Coral Harbour 2 

Egcdesminde -
Hurcka -
I:ort Chimo -
Frobisher Day -
Gooso Bay 1 
lIa11 lJeach 2 

Inugsuin Fiord -fn .. 4) 
4 Isac\sen 

f.lould Bay 
1 

3 

~arssarssu&q -
Nitchoquon 2 

Port Ual'rison -
Reso1uto 3 
Sachs Harbour -

.. 
Iu .. a4 U,","UJ.J.'1:UI\.g UI: tlt.'ül;ner type ~: H 

Cases with Precipitation in Inches 
Occurrence no 

of Precipi tation Sumer Type Percentage of the 
Trace (Trace Exclucled) Total Total Summer Total 

2 4 6.03 .06 .99 \ 
2 4 2.99 .11 3.67 
1 7 6.10 - -
1 6 5.91 .01 .16 
- 7 2.10 .01 .47 
2 4 8.52 .27 3.16 

- 8 4.52 - -
4 4 .63 - -
3 5 6.60 - -
3 5 8.21 - -
- 7 14.31 .04 .27 
4 2 3.48 .04 1..14 
- 4 3.93 - -
4 - 1. 73 .08 4.62 
3 2 .56 .05 8.92 
- 8 6.63 - -
- 6 16.70 .12 .71 
- 8 5.15 - -
2 3 3.01 .13 4.31 
5 3 1.21 - -

Precipitation Related to Weather Type: K 
Table 19 
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....j ;. .~~_.,----- ... -._- ---

i).+ ... 

.......... ............ ............ u.&. "ça."in;;.L~ Alpe L; 1.:1 

Number of Cases with Precipitation in Inches Station Cases with Occurrence no 
MOllsurable of Precipitation Surnmer Type Percentagc of the 

Precipitation Trace (Trace Excluded) Total Total Sumrner Total 
Alort 3 - 10 6.03 .06 .99 " Baker Lake 1 1 11 2.99 .02 .66 
Churchill 2 3 8 6.10 .36 5.90 
Clyde 6 - 7 5.91 1.69 28.59 
Co!,>pennine 2 - 11 2.10 .02 .95 
Corn 1 lIa"tbour 1 3 9 8.52 .06 .70 
EgcJesminde 6 - 7 4.52 .78 17.25 
I!ul'oka - - 13 .63 - -
rort Chimo 2 1 10 6.60 .05 .75 
Froùisht}r Bay 4 2 7 8.21 )25 3.04 
[,o05e Bay 7 1 5 14.31 2.17 15.16 
Hall Beach 9 1 3 3.48 .80 22.98 
Inul;suin Fiord 2 2 6 3.93 .25 6.36 (n = 10) 

1 12 1. 73 Isachsen - - -
~10"ld Bay 1 - 12 .56 .01 1. 78 
Nnr~sorssuaq 2 - 11 6.63 .10 1.50 
Nitchequon 4 - 9 16.70 .48 2.87 
rort Hllrrison 1 - 12 S.15 .01 .19 
Rosolute 2 1 10 3.01 .03 .99 
Sachs Harbour - - 13 1. 21 - -

Precipitation Related to Weather Type: L 
Table 20 
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Number of 
Station Cases with 

Measurab1e 
Precipitation 

Alcrt 2 

Daker Lake 1 
Churchill 2 
Clyde -
Coppermine -
Coral lIarbour 1 

Rgedesminde -
Eureka -
Fort Chimo 1 

Frobisher Day 1 

Goose Bay 5 

lInll Deach 3 

Inugsuin Piorù 2 
kn • 2) 2 l,ne sen 

~'ould Bny 1 

Nnrssarssunq 1 

Nitchequon 1 

Port Harrison -
Resolute 1 

Sachs Harbour -

.. 
• ., ...... ""''''',U ........ "' ... VA nçC&I..U:J.l- lyptl M ; 0 

Cases with Precipitation in Inches 
Occurrence no 

of Precipitation Sununer Type Percent age of the 
Trace (T~ace Excluded) Total Total Sununer Total 

- 4 6.03 .04 .66 " 1 4 2.99 .01 .33 
- 4 6.10 .13 2.13 
- 6 5.91 - -
- 6 2.10 - -
- 5 8.52 .09 1.05 
- 6 4.52 - -
1 5 .63 - -
- 5 6.60 .09 1. 35 
1 4 8.21 .02 .24 
1 - 14.31 .32 2.23 
- 3 3.48 .16 4.59 

- - 3.93 .02 .50 
3 1 1. 73 .08 4.62 
2 3 1 .56 .01 1. 78 
- 5 6.63 .04 .60 
- 5 16.70 .08 .47 
- 6 5.lS· - -
4 1 3.01 .l1 3.65 
1 5 1. 21 - -

Precipitation Related to Weather Type: M 
Table 21 
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Total 0 f \\'cath - -,1 ~- •• - -

Number of Cases with Precipitation in Inches 
, 
1 Station Cases with Occurrence no 

Percentage of the l Moasurable of Precipitation Sununer Type 
Precipitation Trace (Trace. Exclude4) Total Total Summer Total 

I\lcrt - - 5 6.03 - - "-
Ilaker l.nko - - 5 2.99 - -
Churchill 1 - 4 6.10 

1 

.01 .16 
Clyde - - 5 5.91 - -
Copponnine 1 - 4 2.10 .04 1.90 
Cornl Ilarbour 2 - 3 8.52 .34 3.99 
f:gcdusminùe 1 - 4 4.52 .02 .44 
Eurekn - - 5 .63 - -
fort Chimo - - 5 6.60 - -
Fl'obisher Bay - - 5 8.21 - -
Goosu Day 1 1 3 14.31 .01 .06 
Hall OtlQch 4 - 1 3.48 .30 8.62 
Inugsu\n Fiord M M M 3.93 M M f,n D 0) 

3 15ac\scn 1 1 1. 73 .08 4.62 
~lould Day 1 2 2 .56 .02 3.57 
Ntll'~sarssullq - - 5 6.63 - -
Nitchoquon - - 5 16.70 - -
l'ol't lIarrison - - 5 5.15' - -
Resolutc 2 1 2 3.01 .06 1. 99 
Sachs IInrbour 1 1 3 1. 21 ,02 1.65 

--
Precipitation Related to Weather Type: N 

Table 22 
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Number of 
Station Cases with 

Measurable 
Precipitation 

Alert -
Daker Lake 1 

Churchill 1 

Clyde 1 

Coppermine -
Coral Uarbour 1 

Egedosminde 2 

l:ureka -
Fort Chimo -
Frobisher Bay 1 

Goose Bay -
Hall Beach -
lnugsuin Piord 5 

hO • 5) Isac sen -
Muu 1 d R:1)' -
N~rss:1rssuaq -
Nitchequon 1 

Port Harrison -
Resolute 1 

Sachs Harbour -

.. 
Total 0 - - f h -.1 ... _.-

Cases with Precipitation in Inches 
Occurrence no 

of Precipitation Sununer Type Percent age of the 
Trace (Trace Excluded) Total Total Sununer Total 

- 5 6.03 - - , 
- 4 2.99 .07 2.34 
- 4 6.10 .02 .32 
- 4 5.91 .19 3.21 
- 5 2.10 - -
- 4 8.52 .75 8.80 
- 3 4.52 .13 2.87 
1 4 .63 - -
- 5 6.60 - -
- 4 8.21 .24 2.92 

- 5 14.31 - -
2 3 3.48 - -
- - 3.93 1. 70 43.25 

5 - 1. 73 - -
- 5 .56 - -
- 5 6.63 - -
- 4 16.70 .22 1. 31 
- 5 5.15 - -
- 4 3.01 .04 1.32 
- 5 1.21 - -

Precipitation Re1ated to Weather Type: 0 
Table 23 
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Number of 
Station Cases with 

MeesuTable 
Precipitation 

Alort 3 
lIukcr Lake 2 

Churchill 4 
1 C!ydll -

Coppormino 2 

Coral lIarbour 3 

f:gotlosminde 1 

F.urcka 1 

Fort Chimo 1 

Probisher Bay 1 

Gooso Bay 3 

lIa11 Doach 3 

Inugsuin Piord -
f.a1\ • 3) bac son 1 

Mould Day -
~nrSSDl"SSuaq 1 

Nitchcquon 4 

Port Harrison 3 

Rosolute -
Sachs Harbour -

" r .. Total 0 f W, T 7 

Cases with Precipitation in Inches 
OcCUTl"anCe no 

of Precipitation Sununer Type Percentage of the 
Trace (Trace Excluded) Total Total SUllum,r Total 

1 3 6.03 .91 15.09 , 
1 4 2.99 .02 .66 
1 2 6.10 .14 2.29 
1 6 5.91 - -
1 4 2.10 .02 .95 
2 2 8.52 .22 2.58 
- 6 4.52 .10 2.21 

- 6 .63 .02 3.17 
- 6 6.60 .13 1.95 
1 5 8.21 .41 4.99 
2 2 14.31 .76 5.31 

- 4 3.48 .07 2.01 
1 2 3.93 - . 
4 2 1.13 .01 .51 
. 7 .56 - -- 6 6.63 .03 .45 
1 2 16.70 .59 3.53 
- 4 5.15 .25 4.85 
1 6 3.01 - -
- 7 1.21 - -

Procipitation Related to Weather Type: P 
Table 24 
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Number of Cases with Preci~itation in Inches Station Cases with Occurrence no 
Measurable of Precipitation Sununer Type Percentage of the 

Precipi ta t ion Trace (Trace Excluded) Total Total Sununer Total 

Alort 3 - 1 6.03 .32 5.30 " naker Lake - - 4 2.99 - -
Churchill 3 - 1 6.10 .50 8.19 
Clydo - - 4 5.91 - -
Coppermine - - 4 2.10 - -
Coral Harbour 3 - 1 8.52 1.10 12.91 
llgedesminde - - 4 4.52 - -
Eureka - 2 2 .63 - -
Fort Chimo - - 4 6.60 - -
Frobisher Bay 1 1 2 8.21 .02 .24 
Goose Bay - - 4 14.31 - -
Hall Beach 1 1 2 3.48 .20 ~.74 
lnugsuin Piord M 

1 

M M 3.93 M M (n • 0) 
Isachsen 3 1 - 1. 73 .21 12.13 
t-Iould Bay - 1 3 .56 - -
Narssarssuaq 2 - 2 6.63 .35 5.27 
Nitchequon - - 4 16.70 - -: 

Port. Harrison - - 4 5.15 - -
Resolute 1 1 2 3.01 .02 .66 
Sachs Harbour - 1 3 1. 21 - -

-Precipitation Related to Weather Type: R 
Table 25 
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·.1 ... ..i~ 

- - -~--- - ... --- _ _ r ..,'_ U .. .., Total 0 f 

Number of Cases with Precipitation in lnches Station Cases with Occurrence no 
Measurable of Precipitation Surnmer Type Percent age of the 

Precipitation Trace (Trace Excluded) Total . Total Summer Total 
Alort 1 - 4 6.03 .14 2.32 , 
IJakor Lake 1 - 4 2.99 .01 .33 
Churchill 1 1 3 6.10 .01 .16 
Clydo - 2 3 5.91 - -
Coppennin" - - 5 2.10 - -
Coral lIaTbouT - - 5 8.52 - -
Egcùosminde 2 - 3 4.52 .06 1.32 
f:ureka - - 5 .63 - -
Fort Chimo 1 1 3 6.60 .06 .90 
Frohlsher Bay 2 1 2 8.21 .19 2.31 
Goose Boy - 1 4 14.31 - -
Hall BCllCh 1 - 4 3.48 .05 1.43 
Inug!'uin Fiord - - 2 3.93 - -(n = 2) 
Isachsen 2 2 1 1. 73 .02 1.15 
Mould Bay - 2 3 .56 - -
Narssarssuaq - - 5 6.63 - -
Nitchequon 2 - 3 16.70 .26 1.55 
Port Harrison - 1 4 5.15 - -
Resolute 1 2 2 3.01 .01 .33 
Sachs Harbour - - 5 1.21 - -

Precipitation Related to Weather Type: S 
1... 

Table 26 

1.0 
0\ 



.. 

Numbor of 
Station Cases with 

Measurable 
Precipitation 

Alort 2 

8aker Lake 1 

Churchill -
Clyde -
Coppermine 1 

Coral IInrbour 1 
Egedesminde 2 

HUI'oka -
Fort Chimo 1 

Frobisher Bay 1 

Goose Bay 1 

Hall Beach -
lna~s\lin Fitlyd 3 

(n .. 3) 
JSBcllsen -
1olo1J hl 8a)' -
~urssal'ssuaq 2 

Nitchequon 1 

Port Hllrri~on -
Resoluto -
SDchs Harbour -

.... 

• - -_... -,.., .................... " UA. "~G ,",IIÇ~- .1. ypç 1 ; '+ 

Cases with Precipitation in Inches 
Occurrence no 

of Precipitation Summer Type Percent age of the 
Trace (Trace Excluded) Total Total Summer Total 

- 2 6.03 .42 6.96 , 
- 3 2.99 .08 2.67 
- 4 6.10 - -
3 1 5.91 - -
- 3 2.10 .01 .47 

- 3 8.52 .20 2.34 
- 2 4.52 .12 2.65 
2 2 .63 - -
1 2 6.60 .02 .30 
1 2 8.21 .01 .12 

- 3 14.31 .14 .97 
- 4 3.48 - -
- - 3.93 .38 9.66 
1 3 1. 73 - -
1 3 .56 - -
- 2 6.63 .07 LOS 

- 3 16.70 .17 1. 01 

- 4 5.15' - -
1 3 3.01 - -
- 4 1.21 - -

--

Precipitation Related to Weather Type: T rrable 27 
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-

Number of 
Station CRses with 

Measurarle 
Pree i P~.!!!. i on 

Alort 3 
Baker Lnko -
Chul'chill 2 
Clyde 3 
Copponnlne -
COl'111 Harbour 6 
ligcùosmindo 2 

Eureka -
I:Ol't Ch imo 2 

Frobisher Day 2 

Goose Bay 6 
lIall Beach 4 

lnugsuin Fiord 3 
(n Il 10) 

1 ISllch!'en 

~Iould Bay -
Nar~sarssuRq 2 

Nitchequon 6 

Port Harrison 3 
Res01ute -
Sachs Harbour -

~ ---~-------_._--_._-- ... --_ ... _.- ------ ------... 

Total Occurrence of Wcather Typo U: Il 
\ 

Cases with Precipitation in lnches 
OCCut'"Nilce no 

of Precipitation Sununer Type Percentage of the 
Trace (Trace Excluded) Total Total Sununer Total , 

1 7 6.03 .06 .99 , 
- 11 2.99 - -
- 9 6.10 .06 .98 
1 7 5.91 .51 8.62 
- 11 2.10 - -
1 4 8.52 .71 8.33 
- 9 4.52 .10 2.21 
- 11 .63 - . 
- 9 6.60 .37 5.55 
1 8 8.21 .59 7.18 

- 5 14.31 .83 5.80 
1 6 3.48 .30 8.62 
1 6 3.93 .11 2.79 
2 8 1. 73 .01 .57 .. 
- 11 .56 - -
- 9 6.63 .20 3.01 

- 5 16.70 .76 4.55 
1 7 5.15 .35 6.79 
- 11 3.01 - -
- 11 1.21 - -

Precipi tation Relatcd to ~Yeather Type: U 
Table 28 
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Number of 
Station Cases with 

Measurable 
Precioitation 

Alert 2 

Baker Lake 3 
Churchill 2 

Clyde 1 
Coppennine 2 

Coral Harbour 1 
l:gedesminde 5 
Eurekll 1 

F01't Chimo 4 

Frobisher Boy 4 

Goose Bay 1 
IIn11 Beach 2 

Inugsuiil Fiord 2 
~n • 7) 

1 ISRc scn 

Mould Bay 2 

Nansarssuaq 6 

Nitchequon 5 

Port Harrison 4 
Reso1ute 4 
Sachs Harbour -

... 

• V' __ • ",..~~ ..... ~ .. ""'" v&. In"G"'.l~A Iypç: y • 0 

Cases with Precipitation in Inches 
Occurrence no 

of Precipitation Summer Type Percentage of the 
Trace (Trace Excluded) Total Total Summer Total 

2 4 6.03 .42 6.96 , 
l 4 2.99 .41 13.71 
- 6 6.10 .05 .81 
2 5 5.91 .01 .16 

- 6 2.10 .08 3.80 
- 7 8.52 .03 .35 
- 3 4.52 .62 13.71 
2 5 .63 .01 1.58 
1 3 6.60 .15 2.25 . 
1 3 8.21 .42 5.11 

- 7 14.31 .01 .07 
2 4 3.48 .13 3.73 
- 5 3.93 .11 2.79 
2 5 1. 73 .05 2.89 1 

1 3 3 .56 .04 7.14 
- 2 6.63 .87 13.12 
- 3 16.70 .81 4.85 

- 4 5.15 .44 8.54 
1 3 3.01 .61 20.26 
1 7 1. 21 - -

--

Precipitation Related to Weather Type: V 
Table 29 
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~ 

- -- . 
1 Number of Cases with Precipitation in Inches 1 1 

Station Cases with Occurrence no 
Moasurab10 of Precipitation Summer 1 Type Pe:rcentage of theÎ 

Precipitation Trace (Trace Excluded) Total Total Sumlller Total 

Total Occurrencc of W~atheT ~Z : 3 

I\lert -
1 - 3 6.03 - - It, 

Baker Lake 1 - 2 1 '2.S9 .01 .33 
1 

1 

1 

Churchill 1 - 2 
1 

6.10 .07 1.14 1 

C1yJe - - 3 5.91 - -
Coprcnnino - - 3 2.10 - -
C:orn 1 Ihu'bour - 1 2 8.52 - -
llgcdosruindl' 2 - 1 4.52 . 02 .44 
~ul'cka - - 3 .63 - -
Fort Chimo 1 1 1 6.60 .09 1.35 
Frobisher Boy - - 3 8.21 - -
Goose 811y 2 - 1 14.31 .77 5.38 
Hall Dcach - - 3 3.48 - -
Jnugsuin Fiord M M M 3.93 M M 

"n = 0) Isac scn - 1 2 1. 73 - -
Mould Day - , - 3 .56 - -
Narssarssuaq - - 3 6.63 - -
Nitchcquon 1 1 1 16.70 .09 .53 
Port Harrison 1 - 2 5.15 .06 1.16 
Ro&olute 1 1 1 3.01 .02 .66 
~:lI.:hs Harbour 2 - 1 1. 21 .47 38.84 

Precipitation Related to Weather Type: Z Table 30 
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,u ".u. U\;\;U.(" .("1I;:nl\;e or nea 'tnerrype W : 15 
Number of Cases with Precipitation in lnches Station Cases with Occurrence no 
Measurable of Precipitation Sumer Type Percentage of the 

Precipitation Trace (Trace Excluded) Total Total Swnmer Total 
Alert 3 2 10 6.03 .14 2.32 \ 
Baker Lake 2 3 10 2.99 .42 14.04 
Churchill 2 1 12 6.10 .03 .49 
Clyde 5 1 9 5.91 1.19 20.13 
Coppermine 3 2 10 2.10 .13 6.19 
Coral lIarbour 1 - 14"' 8.52 .26 3.05 
Egudosrlinde 6 - 9 4.52 1.09 24.11 
Eureka 1 1 13 .63 .04 6.34 
Fllrt Chimo 5 1 9 6.60 .46 6.90 
Frobisher Bay 4 2 9 8.21 .87 10.59 
Goose Bay 10 - 5 14.31 1.65 11. 53 
Hall Beach 3 3 9 3.48 .10 2 .. 87 
!nugsu.i.n Horù 1 - 7 3.93 .02 .50 

kn • 8) 3 4 8 1. 73 hac sen .10 5.78 
toll)u \.1 na)' 4 - 11 .56 .10 17.85 
Nurssarssukq 2 - 13 6.63 .51 7.69 
Nitchequon 6 2 7 16.70 1.49 8.94 
Port Harrison 3 - 12 5.15 .64 12.42 
Resolute 5 2 8 3.01 .61 20.26 
Sachs Harbour 2 2 11 1. 21 .05 4.13 

Precipi tation Related to Weather Type: W 
Table 31 
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STATION 240Zlno 

PIIECIPITATION 

T 
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T 
0 
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.nl 

.01' 

.'10 
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TYPE E CORAL HARBOOR STATIoN 2301000 

DATE HOUA PRECIPITATION 

b" ~ b 0 0 
"8 S q 12 0 
68 5 10 n T 
68 5 10 12 0 
68 6 14 0 .18 
MI 1 2 li' 0 fI" 7 J " .S5 fI" 7 J li' 1.15 
68 7 4 0 .25 
fl8 7 4 12 .04 
"8 7 8 0 0 
"R 7 li 12 .27 
"ft 7 Ci Il 0 
"li 7 li 17 0 
68 ., 11 0 0 
611 ., 2. 12 .n 
68 7 29 12 .03 

"" 7 JO 0 0 
bh 7 JO 17 0 h" 1 JI 0 0 
"8 Il 6 12 .11 
f,8 ft ., Il 0 
"8 8 ., 12 0 
nA 1\ 17 17 0 
bit li III Il , 
"ft R III 17 T 
6ft Il \9 n ..!!L 

3.38 

HtAN --------------- .1?~7 

iSlANDAHO OFVIATION ----------- .270;" 

Type E station precipitation for Frobisher Bay and type A precipitation for 
Coral Harbour during the summer of 1968 Table 32 
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TYPE A 
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Triangle 
Value Deductible from the 

Location Mean Elevation Surface Pressure 

Al 331 ft. - 4 mb 

A2 525 ft. -12 mb 

82 863 ft. -27 mb 

83 1,056 ft. -35 mb 

C5 469 ft. -10 mb 

D7 1,543 ft. -57 mb 

E8 950 ft. -31 mb 

FI 375 ft. - 6 mb 

F7 400 ft. - 7 mb 

F9 2,256 ft. -78 mb 

G5 363 ft. - 5 mb 

G7 769 ft. -22 mb 

H8 719 ft. -20 mb 

JI 713 ft. -20 mb 

J2 450 ft. - 9 mb 

Surface pressure corrections due to the mean elevation of the 
equilateral triangles 

Table 33 



Colculated FR 
STATION for 600mb 

6hr-1 

lsachsen .03" 

Frobisher Bay .05" 

Gooee Bay .13" 

Port Harrison .06" 

Alert 0 

Baker Lake 0 

lNIQIuin Fiord .04" 

Coral Harbour 0 

Clyde .03" 

A 
v 

TYPE "A" July 3, 1968, 12 GMT 

Obeerved P" If dlscrepancies occurred 
GMT GMT Helght of the -CIl Dewpolnt CIIE af calculated Pr for 

06-12 12-18 active layer at that helght Spread actfve height the active helght 

- .03" - - - - -
.03" T - - - - -
.72" T 1+-- Extrapolated vaU. Station Is outslde the scmpllng grld ~ 

.07" - - - - - -
- T 850mb -0.75 Saturated -0.75 .02" 

T - 850mb -0.42 Saturated -0.42 .01" 

.02 - - - -
L 

~ 

.60 .55 « 850mb /;~ - -c,# cf'~ ,." q,fJ' 
T - -

COf11)Orison of station precipitations with calculated ·precipitatlon rates. Table 34 
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o 
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TYPE "E" Aug. 2. 1968, 00 GMT 

Calculated PR ObIIrvedp" If dlacrepancles occurad 
STATION for 600 mb GMT GMT HelQht of the ·-w Dewpomt 

6h;' 06-12 12-18 actIce layer at that helght Spread 

RlIOlute .03" T T - - -
FrobIIher .02" T T - - -
Fort Chlmo .15" .35 T - - -

Baker Lake - T - EdQI .ffect 

IlGChIen - T T ~«850mb Sat\l'ated 

Mould 'Bay .01 .03 ~ EdQe efled -
Clyde .04" - - P~bIe Eva~lon' ,. 

of station precipitations wlth calculated precipitation rates. 

~ 

wE Pr 

- -
1 

- -
- -

Surface 
Convergence 
-.œ x IO-Isec-I 

Table 35 
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ESSA 6 Satellite Photo, July 3, 1968, 17:40 ~4T 
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