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FOREWORD 

Climate plays a pe rvasive role in human activit ies and in 

all p rocesses of  life , fo rming an integ ral pa rt o f  the envi ronment .  

Today technology has advanced to whe re we a re able to compensate fo r 

many o f  the vaga ries o f  the weathe r; howeve r, we should plan to us e 

to advantage the benefits o f  the atmosphe re ,  including the exploitation 

of o u r  inexhaustible natu ral ene rgy sou rces such as sola r radiation 

and wind . In building design much can be done to minimize requi rements 

fo r ene rgy resources by climatically sound design . In u rban planning 

the e ffects of the u rban heat island and its associated ai r pollution 

can be minimized with sound land-use planning . S imila rly , coope rative 

studies by climatologists and othe r p ro fessions can eliminate o r  minimize 

adve rse effects of climate in othe r a reas of o u r  society . A g reat 

deal of basic info rmation on the elements of climate is requi red o r  

could be  used by planne rs and oth e r  decision-make rs in a l a rge nu mbe r  

o f  p ro fessions o r  activities . In the pa st the climatologis t has la rgely 

supplied mean values of atmosphe ric condit ions with respect to time o r  

season . Now the re is an inc reasing need fo r detailed statis tical 

p resentations of the va rious climatological elements with emphasis on 

space as well as t ime . Howeve r, if climatological information is to 

be intelligently applied , a dual education p rob lem has to be ove rcome . 

F i rs t  we have to educate climatologists (and meteo rologists ) to th ink 

in terms o f  these special app lications , and seco ndly , we have to educate 

the use rs in the intelligent use of climatological (and meteo rological ) 

info rmat ion and p ro jections . 

With these va rious conce rns in mind , the Alb e rta Climatological 

Committee (now renamed an Association ) selected the topic "Applica tions 

o f  Climatology " as the theme fo r the wo rkshop . With the time available 

speake rs we re invited to discuss o r  give examples of  how climatic data 

can be appl ied in a n umb e r  of a reas . F rom this it  was hoped that 

g reate r dialogue and inte raction would develop between supplie rs and use rs 

of  climatic data , and that the Committee would receive feedback o r  guidelines 

as to whe re they should put thei r futu re effo rts in this a rea . One 

reco mmendation received by the Co mmittee du ring the Annual Meeting 
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on the afte rnoon of  the Wo rkshop was that they should plan a simila r 

workshop next yea r. 

These P roceedings repo rt the seven pape rs given at the 

mo rning wo rkshop session, eithe r in full o r  in extended summa ry ,  and 

indicate o the r refe rences giving mo re detail . The P roceedings also 

include the b rief repo rts p resented by a n umb e r  of agencies and 

unive rsit ies with an inte rest in climatology ; a repo rt f rom the Alb e rta 

Ag rometeo rology Adviso ry Committee ; an outline of the Peace Rive r Land 

Evaluat ion P roj ect ;  and o the r highlights f rom the Annual Meeting in the 

afte rnoon . 

C .  W .  Gietz , W .  E .  Ke rr, B .  Janz , and J .  M .  Powell planned 

the meeting . The Committee wishes to thank Albe rta Envi ronment fo r 

p repa ring , p rinting , and mailing the publicity b rochu re ,  which was 

all coo rdinated by the sec reta ry ,  W .  E .  Ke rr. We thank D r. G .  T .  Silve r, 

Di recto r of the No rthe rn Fo res t Resea rch Cent re ,  Envi ronment Canada 

�o r  his opening wo rds o f  welcome , fo r the facilities fo r the meeting , 

and fo r pub l ishing the P roceedings o f  the meeting . We also thank 

Mrs .  P .  Logan , o f  the No rthe rn Fo rest Resea rch Cent re ,  Envi ronment 

Ca nada , fo r edito rial as s is tance . Finally we w is h  to  thank all pa rt i

cipants fo r making the meeting a success . 

J .  M .  Powell 
Chai rman 
Alb e rta Climatological Association 
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WORKSHOP 

APPLICATIONS OF CLIMATOLOGY 



INTRODUCTORY REMARKS 

J .M .  Powell 
Northern Forest Research Centre 

Enviro nment Canada 
Edmont on 

As an introduction to this workshop I would like to tell you 

something about the Alberta Climatological Committee . Some of you prob

ab ly knew nothing about the commi ttee and its work until very recently . 

It was formed following an informal meeting attended by 8 persons from 

six agencies on March 23 , 1967  under the sponsor ship of the Res earch 

Council of Alberta and at th e initiative of Professor R .W. Longley . At 

the second meeting on June 5 ,  19 67 , at which 16 representatives were 

present , it was deci ded that representatives from the following widely 

separated interest groups should be on the committee : the old Meteoro

logical Branch , Department of Transport ;  Alberta Department of Lands and 

Forests ; Federal Depar tment of Fores try ; Alberta Department of Agri

culture ; Private Indus try ; and the Univers ity of Alberta.  These agencies 

were selected as representative of known interes t groups with the 

intent ion that they should maintain communication with other agencies or 

firms in their own area . The immediate goals of  the committee at that 

time were es tablished as follows : 

1) To establish and maintain at a central location a registry 

of the climatological and related data that are being 

collected wi thin the province and to make such information 

available upon request 

2 )  T o  dis cover from different users and potential users the 

nee ds for data not now being obtained and to investigate 

ways and means of obtaining them 

3 )  T o  prepare a bibliography o n  the climate of Alberta 

4)  To act as a consultant for users of climatologi cal data 

on sources and use of  data to the limi t of the time and 

abili ty of the members 

Since the initial meeting s ,  the committee has met on an average 

of twice a year for a half-day session , first under the chairmanship of 

Professor R .W .  Longley of the University of Alberta from 1967  until his 

retirement in 197 3 ,  then under Ed Stashko , Alberta Forest Service , from 
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19 7 3- 19 7 6 , t llen during the last year under my chairmanship . In October 

1969 the cont inuing committee membership was formally expanded to in

clude a T:lcmber from the University of Calgary and a second repres entat ive 

from pri vate indus try .  On two previous occasions the meetings have been 

o pen to all interes ted agencies . The active membership on the co mmittee 

has been on an informal basis . During our meetings last year 10 agencies 

were represented , with an avera ge attendance of 15 persons . 

The work of the committee over the years has produced some 

positive action which can be summed up as follows : the pub lishin g of a 

number of items , helping to make improvements in the climatological net

work , and acting as a forum for discuss ion by generators and users of  

climatolo gi cal dat a. 

Among the published items are : 

1 .  "Climatic maps for Alberta. "  July 1968.  

2 .  Meteorological data in Alberta not collected by the Atmospheric 

Environment S ervice . First prepared in July 19 68 and the latest 

edition in October 19 7 2 . 

3 .  Climate £i Alb erta,  wi th dat a for Yukon and Northwes t Territories . 

Tables of temperature , precipitation and sunshine 19 7 1- 1975 . The 

data are supp lied by the Atmospheric Environment Service and 

published by Alberta Enviro nment .  

4 .  Bib liograph y of climatolo gy for the Prairie Provinces 1957-1969 , 

compiled by R . W .  Longley and J .M .  Powell , University of Alberta. 

Studies in Geography , Bibliographies 1 .  University of Alberta 

Press . 1 9 7 1 .  

5 .  A director y of  climate and related courses and persons interested 

in climatolog y in Alberta,  comp iled by J . M .  Powell.  Environment 

Canada , Canadi an Forestry Servi ce , Northern Forest Research Centre , 

Edmonton . Information Report NOR-X-1 7 2 .  Dec . 1976 .  

A current proj ect is the comp ilation of a hydrometeorolo gical 

data source sheet for Alberta indicating the agencies involved,  the types 

of data collected , whether such data is published , and the sources of 

information . We should hear more about the pro gress wi th this this 

afternoon . \·Je are also present ly updatin g the inventory of climatolo gi

cal data not colle cted by the Atmospheric Environment Servi ce in Alberta. 
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-=:oday 's workshop is a new venture for the commi ttee . As indi

cated ear lier , one of the prime goals o f  the committee has always been 

to dis cover from users their needs for climatological data and to find 

better ways of disseminating the available data to users . Sometimes 

potential us er s are not aware of the data available .  At other times 

they know that the information they want is not available , but they fail 

to re cognize that their problem might be solved by adapting the data 

whi ch have been collected. Consultation with a climatologis t could help 

the us er reexamine his problem in the light of the availab le data.  

We believe our various pub lications have helped the user and the pub lic 

at large become more knowledgeable ab out the available data .  The 

pub lication C limate of Alberta is availab le free for any s chools or 

persons wishing to receive it . Today we have invited speakers to tell 

us some of the ways they are applying exis ting climatologi cal data in 

their own special fields o f  interest .  We have also included speakers 

who have collected their own climatological data and applied i t .  

We hope that as a result o f  this workshop certain climatological 

needs of  the present or potential user can be  identi fied , on whi ch the 

committee can take future action . If any of you in the audience have 

concerns we hope you will express them today or to the committee at 

some future date . This afternoon after the workshop we wi ll continue 

wi th the annual meeting o f  the Alb erta Climatological Commi ttee , and 

a ll of you are welcome to attend to hear the brief rep orts from some 

of the agencies represented and t o  partake in other dis cuss ions . 



APPLICATIONS OF CLIMATOLOGY 

Richmond W .  Longley 
Professor Emeritus , Department of Geog raphy 

University of Alberta,  Edmonton 

ABSTRACT 

Cons ideration is given to the large amount of weather data 

recorded in Canada. Thes e data are processed by the C limatological 

Divis ion , At mospheric Environment Service , and some of their summary 

data are published.  The extent to which the pub lished data are used 

by the general public is cons idered.  Also , examp les of the need for 

data not supplied by the published d ata are presented . The ques tion 

is then rais ed about processing the data in other ways to make the 

results more us eful to the general publi c .  
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Climatological data present summaries of  the weather of a 

dis trict.  As  wi th other statis tical prob lems , a condens ation of 

weather data is necessary in order that it  may be  used effectively . 

The simplest measures are the mean values ,  often on a monthly bas is , 

but other data are us eful to s ome people . Climatological data are 

used by the general pub lic and also by some scientists whose research 

treats the variabili ty o f  weather in ti me and space . 

The mass of climatological data is extremely great . A recent 

issue of Monthly Record of Meteorological Observations in Canada pub

lished by the Atmospheric Environment Service contains over 250 , 000 

items . (This count includes the ob servations of days with zero pre

ci pitation , which are indicated in the booklets by blanks . )  Of these 

items , about 200 , 000 are raw data; the others are derived values such 

as the total precip itation for the month or the mean hourly wind. The 

Atmospheric Environment Se rvice publishes other monthly j ournals , a 

Radiation Bulletin , an Upper-Air Bulletin ,  etc . , which increas e the 

amount of published raw dat a .  O ther data are not published . Hourly 

observations are taken at airports , each containing about 10 items , but 

these are not usually published .  Private s tudies in micrometeorology 

and other phas es of meteorology produce many more . One concludes that 

t he number of individual items o f  weather data recorded in Canada is 

about one -third of  a million each mont h. 

The Climatological Divis ion o f  the Atmospheri c Environment 

Service s tores and process es the dat a collected by the divis ion. As 

wi th all s tatis tical treatment of  data ,  the processing omits some infor

mation that s ome people may wish , but this summarization of the mass of 

data produced is necessary for effi cient use .  For example , the 30-year 

normal May maximum temperature for Brooks is derived from 1860 observa

tions and is the average of half of  these . 

There are many texts which dis cuss , brie fly or at length , the 

a pplications of climat ic data. Griffith (1966)  dis cusses climate as it 

relates to the following topics : soi l ,  vegetation , agr iculture , forestry , 

animals , the comfort , clothing , health , and food of  humans , building , 

hydrology , transportation , indus try , communications , and military science . 
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Climate and weather affect all these in vary ing degrees . A pertinent 

ques tio n is to know what climatic information a s tudent of one of these 

fiel ds mus t have to understand the pas t  or to plan for the future . 

For example , how much information does a medical s tudent need in order 

to relate the climate of a district to the health of the inhabitants ? 

For many situations , the climatic normals provide sufficient 

information to determine the answers to the ques tions that arise .  Of 

these , the mos t-used normals are the mean monthly maximum and minimum 

temperatures and the mean monthly precipi tation . The soil scientist 

relates mos t of the differences he finds in soils to the differences 

in these normals . The clothing merchant adop ts his purchases to meet 

the demands determined by the average temperature and precipitation . 

Work out of  doors , i . e . , farming and road building , can be planned on 

the basis of  climat ic means . O f  course ,  the day- t o-day operations are 

often adj us ted because o f  changes in the weather , but such climatic 

data as mean number of days with precipitation warn the planner that 

these changes are probab le .  Military s t rategy considers the probable 

weather as it is described by the means . For example , the dry Polish 

autumn promp ted the Germans to choose the dat e of 1 September 1939 for 

their at tack on Poland. 

There are s ituations where further data are neces sary but these 

data can be es timated from the means . The growth of plants is determined 

by the temperature as well as by the supply o f  mois ture . Plant scientists 

relate p lant growth and maturing to the n umber of heat units , the degree 

days above a certain base . T his quantity fo r a specific period is re

lated to the mean temperature of the period , but the relationship is not 

exact when the value varies about the base temperature . Similarly , the 

heat required . for a bui lding is related to the mean temperature , but 

again the relationship is not exact when the temperature varies above 

and below the b ase temperature . The corrections in these cases are not 

usually s igni ficant . 

T o  the agriculturalis t ,  the occurrences of fros t and other 

critical temperatures are important . And the soil s cientist wishes to 

know the frequency of  freeze-thaw cycles . The Atmosph eric Environment 

S ervice does p Ublish fros t data to meet the need,  but does not attempt 
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to cover all the critical values such as , for example , the winter 

temper a�ure which damages peach trees . Some guide to the occurrence 

of t hese latter values is given in the mean of the monthly minimum 

temperatures and the extreme values , both of which are published . The 

snow load on the roof of a large building can at times be excessive 

and cause the roof to collap s e .  Architects are anxious to  know the 

probable maximum snow load in order to p lan for this additional pres

sure , and so to keep the building safe when the weight of snow is 

heavy . 

S t re amflow ,  excess ive mois ture , and periods of  drought are 

all related to weather and climate .  The mean s treamflow is related to 

the mean precipitation , account being taken of the loss es through 

evaporation and ground f l ow. But floods are related to exceptional 

s ituations that cannot be detected by examining means . Neither can 

we s tudy the variation of soil moisture and the probability o f  drought 

from mean dat a .  Hydrologists who study such phenomena need to go to 

the original data to obtain the answers to their questions . The Atmos

pheric Environment Service pub lishes s torm data for s ignificant s to rms 

to aid the hydrologist in some o f  his s tudies . 

The foregoing has touched on only a sample of the ways that 

climatic data are applied , but I think it is a representative samp le .  

A knowledge of the mean temperature and precipitat ion seems to be  

adequate for  many users . Additional data on  the occurrence of frosts 

are helpful to agriculturalists . They , o f  cours e ,  are aware , when they 

use the data ,  that i t  applies to a specific location and that the 

occurrence of f ros t varies locall y, even fr om one p art of a farm to 

another . 

The physical reaction of a p erson t o  the weather is related 

to the temp erature , occurrence of precip itation , humidity , wind speed , 

and so lar radiation . Mean monthly values of  all these ma y be  obtained 

from climatic normals , but these fail to assist in knowing the periods 

of unpleas ant weather during the month. Scientists have developed 

complex formulas to g ive the measure of discomfort , but these use 

concurrent values .  T he wind chill and the comfort index are two of 
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these meas ures . There has been very li ttle study on the variation in 

discomf oLt from one region to another based on thes e measures . To do 

this , one mus t refer to the raw data , which are unpublished . 

Airline companies plan their s chedules using mean upper-leve l 

winds , and these are available from the Climatolo gical Division. But 

other activi ties of mankind are related not to the mean wind but the 

extreme . The stress on a building or a bridge depends on the wind 

strength . The architect must prepare for the worst condi tions . He 

then mus t know the extreme observed wind speed and its probable maximum 

in the area of interes t .  These are sometimes not available from climato

logical records . 

Some users then need to know not only the means but also some 

information on the dis tribution of values . The publications of the 

Atmospheric Environment Servi ce usually give the recorded extremes for 

temperature and precipit ation . It may be that data in another form 

might be  more useful . For examp le , the publication might list the 75th 

percentiles or the 90th percentiles . A discussion between the users of 

the data and the Climatological Divis ion might be  helpful in determining 

the mos t  us eful s t atis tics for publication . 

As noted , there are some measures based on weather data that 

cannot be derived accurately f rom published normals . These can be 

calculated only by specialized treatment of the data. Although the 

Atmospheric Environment Service might be helpful in sorting th � data,  

the us er mus t b e  willing to put considerable effort into the work o f  

ob taining the values he needs . 

Although the amount of weather data is large , some scientists 

may not be  able to answer their questions from the information available . 

Consider t he di fference b e tween t he conditions on the south bank and the 

north bank of the North Saskat chewan River.  Because of the difference in 

absorbed solar radiation , the sides have different climates . This is an 

example where microclimate makes a di fference . If  someone feels that 

suc h micro climatic differences are significant to his work , then it is 

neces sary that he arrange for his own observation s. The Atmospheric 

Enviro nment Service cannot be responsible for determining the micro -
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climatic differences across Canada . There are too many , and they are 

too com plex . At times the standard observations can be  used to detect 

diff erences , but this can be cons idered a s ide-effect of the task o f  

the C limatologi cal Division to evaluate the Canadian climate . 

One may wonder how many of the millions of data that we 

collect annually are used . When we have long-term and well- eared-for 

stations at Lethbridge and Medicine Hat , are we using the data from 

the intermediate stations--Winnifred , Hays , Vauxhall , Bow Island , and 

Taber--sufficiently to warrant continuing them ? The residents of 

these towns want to have local weather data .  And , of course ,  we would 

like to have all we can get . But the law of diminishing returns enters . 

At what point does the addition of an extra station cease making a 

significant contribution to our climatological knowledge ? I do not 

know . 

BIBLIOGRAPHY 
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LCv�L HISTORY AS A SOURCE OF CLIMMTIC INFO�TION 

Keith D .  Rage 
Division of Meteorology 
Dep artment of Geography 

University of Alberta 
Edmonton 

ABSTRACT 

Loca l or community history in its many forms contains 

numerous observations of the impact of weather and cl imate on life 

and property , and of weather events of small time and space s cales 

that are usually los t between official weather .s tati ons . Large 

numbers of local his tories have been compiled by community organiza

tions in re cent years and t hese are being used as sources o f  data for 

a s tudy of tornadoes in Alberta. Preliminary results , bas ed on a 

small unverified samp le , are shown for southern Alberta (Townships 

1-25)  and south-central Alberta (Townships 26-50) . Special attention 

is paid to pos s ible temporal and spacial b ias exhibited by these dat a 

and by the official list o f  Alberta to rnadoes , to  interpre tation prob

lems and to date-time verification problems . Formulas for estimating 

average lengths and widths of tornado dest ruction path s from cen sus 

and local h is tory statis tics are presented as examples to illustrate 

the kinds o f  p arameters and assump tions that will be  needed in future 

quantitative analys es . 
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INTRODUCTION 

Is is probably true to say that most local history of Alberta 

since it became a province in 1905 exists un written in the minds of 

those who experienced the events of days gone b y. Nevertheles s ,  many 

records do exist as potential sources of information on past weather 

and climate .  Some o f  the most common and accessible kinds o f  records 

are the following : 

Archives 

Newspapers and other periodicals , diaries , letters , official 

documents , photographs , unpublished manuscripts , taped 

interviews . 

Books and Pamphlet s  

Biographies and Autobiographies 

Anniversary booklets 

Tourist booklets 

Travel accounts 

Church , School , Town , Muni Cipal District , County His tories 

Community and Regional Histories b y  one or a fe w authors 

Community Histories compiled by local organizations . 

The number of community histories compiled b y  local organiza

t ions for Alberta and other provinces has increased dramatically since 

the mid-1960s , stimulated perhaps b y  j ubilee and centennial celebrations , 

but continuing unabated to the present . More than 50% of  the content 

of such books is in the form of individual famil y histories often prepared 

by family members who participated in the events that are described , or 

by direct descendant s of such family m embers . It is this latter , largely 

unedited type of history that has proven to be , in the writer 's experience , 

an important source of certain kinds of information on past weather and 

climate .  

With a few maj or excep tions the type of  infor mat ion found in 

local histories may be classed as the impact of weather and climate on 

life , property , and act ivities , rather than the more familiar numerical 

statist ic s  of common weather elements .  Examples are hail , winds , 

lightning , summer frost , blizzards , drought , floods , severe winters , 
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and local weather peculiarities when these events were accompanied by 

serious �mpact or attracted attention because of rarity , beauty , or 

other reasons . A light fro st in July , for example , may p ass almost 

unnoti ced but a "black fros t" in July will be  remembered by many as 

d maj or event . Not all events are catas trophic . Favourable crop 

weather , mild winters , and locations relatively free of frost , hai l ,  

o r  des tructive winds , for example , are mentioned frequently . Many o f  

the events lis ted above are large-scale e vents that are known from 

exis ting climatic records at widely spaced stations . However , local 

histories , including newspapers , represent the only comprehensive 

sources of data for small-scale events that have a maj or impact on 

individuals or families . 

TORNADO CLI MATOLO GY FOR ALBERTA 

In 19 7 5  a small data collection proj ect was initiated as a 

b asis for studies of the climatology of tornadoes in Alberta .  At first 

sight it s eems logical to turn to the archives of daily and weekly ne ws

papers as a source of data for such a study . However , when one considers 

that between 100 and 200 newspapers are published each year in Alberta 

alone it  is obvious that a comprehensive search is not feas ible in a 

small proj ect . It  is believed that some 600 , 000 to 800 ,000 newspaper 

issues exis t .  At an optimistic rate of perusal of 10 minutes per issue 

one person would be  occupied for more than 50 years even if no new 

is sues appeared . 

Local his tory books and booklets represent a much more manage 

able source o f  information on tornado occurrences in Alberta . A tornado 

is an example of a small-scale weather event that may have serious impact 

wi thout being observed or recorded by conventional weather stations . In 

subsequent sections of this paper I hope to illus trate the usefulness of  

such books as s ources of special kinds of  data.  However , the pr pj ect is 

in its infancy and the results mus t be viewed as the tentative , perhaps 

speculative , res ults of a progress  report . 

The initial obj ective was to gather all recorded data on date , 

time o f  day , location , direction of  motion , p ath length and width , number 

of funnels , and damage for each tornado . It was hoped that adequate 
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s amples could be obt ained for an alyses of mean p ath length and width , 

frequency distribution of  p ath lengths , v ar i ations in torn ado fre

quencies with latitud e ,  proximity to the Rocky Mo unt ains , and proximity 

to h ail frequency maxima, and for studies of tornado occurrences in 

rel at ion to synoptic-sc ale fe atures of the we ather m ap .  

An import ant step tow ard these go als was realized m any ye ars 

ago in the well-known public at ions of  McKay and Lowe ( 1960) and Lowe 

and McK ay (1962 ) . In subsequent years annual lists of know torn ado 

occurrences in Albert a were prep ared by C . E .  Thompson of the Atmospheric 

Environment Service , Environment C anad a. The complete off icial list to 

1970 w as published by the Albert a Emergency Me asures Org aniz at ion (1971)  

(now Albert a Disaster Services ) .  These d at a, together with information 

from the Albert a We ather Centre of the Atmospheric Environment Service 

for 1971-7 5 ,  represent the st arting point of the present proj ect . 

As expected , the offici al list of  Albert a  torn adoes exhibits 

possible sp at i al and tempor al bi as .  The spati al distrib ut ion of 

occurrences (Fig . 1) shows a t endency for cl ustering of point s aro und 

Edmonton and C alg ary and over the region between the two m aj or cities . 

This m ay be re al or it m ay be due to the f ac t  that m aj or sources of 

informat ion h ave been the we ather offices in Edmonton and C alg ary , 

dr awing upon local observat ions and loc al newsp apers . In addit ion, 

the Albert a  H ail Proj ect with f ield he adqu arters at Penhold h as been a 

m aj or source of dat a since its beginning in 1956 .  

The solid-line histogr am in  Fig . 2 represents 5-ye ar total 

torn ado occurrences from t he offici al list for the period 1905 to 197 5 .  

The initi al rise in frequencies after 1950 is  attrib uted t o  incre ased 

attent ion to the problem by st aff  m embers in the Edmonton we ather office . 

Further incre ases after about 1960 are attrib uted to d at a  from the 

Albert a H ail Proj ect . It seemed cle ar in 1975  that f urther d at a  collec

tions were needed in order to obt ain much more det ailed information on 

individu al tornadoes and to test the v alidity of the app arent time and 

sp ace v ari ations . 

At the present t ime , little can be  s aid about intensities or 

true frequencies o f  torn adoes in v arious p arts of  Alberta.  McK ay and 

Lowe (1960) c ame to the tent at ive concl usions th at pr airie torn adoes 
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we re mos t frequent in July , mos t f requent in late af te rnoon and evening , 

and i nc reased in f requency eas tward f rom Albe rta to southe rn Mani tob a. 

Wi th rapid u rban g rowth and inc reasing numbe rs of  maj o r  indus t rie s and 

powe r plants s catte red ac ross the p rovince it seems re asonable to re

ex amine the p roblem and t ry to imp rove ou r unde rstanding of  the cha racte r

is tics of  such sto rms in this a rea . In addition , because Albe rta is 

thought to be a ma rginal region fo r t o rnado development , an adequate 

data s ample may shed some light on the i r  f o rmation . F rom a s ampling 

point of View , local his to ries a re ve ry at t rac tive because they tend to 

focus on the time p e riod f rom fi rst homesteads to the 19 30s--a p e riod 

of maximum rural population density in Albe rt a .  Ave rage areas of  

individual inhabited farms have inc reased g reatly since the days of 

ho mes tead and p reemp tion qua rte r sections . 

PROGRESS  REPORT FOR TO WNSHIPS 1 TO 50 

At the time of w rit ing 96  books had been logged , including 60 

that desc ribe the histo ries of individual families within dist ricts south 

of Township 51 . The dist ricts included we re not always defined explicitly 

but usually could be determined fai rly p recisely f rom the text . The 

ave rage a real cove rage was found to be 6 . 2  tow nships ( 5 7 1  km2) pe r book, 

with a range f rom 0 . 5 to 22  townships .  

The dist ributions o f  a real cove rages in Townships 1-25 and 

in Townships 2 6-50 a re shown in Figs . 3 and 4 .  These dist ricts rep resent 

26 and 19 %, respectively , of the total su rveyed ag ricultu ral land s in 

each tow nship belt . The spatial and tempo ral cove rage is not ran dom,  

but this is  not necessa rily a p roblem because the statistics needed 

to estimate actual cove rage a re available f rom towns hip maps and f rom 

the histo ry books . Fo r example ,  one may find that a pa rticula r community 

histo ry includes desc riptions of 37 f a rms fo r an ave rage pe riod of 30 

yea rs out of a maximum possible cove rage of 60 fa rms fo r 70 yea rs in 

one tow nsh ip .  Random sampling of such data f o r  individual townsh ips 

in a region should p rovide the co rrection facto rs needed to remov �  

systemat ic space and time sampling e rro rs . 

In o rde r to avo id a rbit ra ry p relimina ry decisions about the 
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definition 0_ a tornado , all reported occurrences of destructive winds 

were logged . Instances of  relat ively minor damage such as removal of 

shingles or roofing mat erials , blowdown of one or a few trees , or broken 

windows were not included unless accompanied by addit ional evidence 

that a tornado had passed . Nontornadic destructive winds known to 

occur in Alberta are those associated with cold front s ,  synop tic-scale 

pressure gradients accompanying intense low-pressure centers , fire 

whirls , chinooks , mountain pass or valley winds in f ixed geographical 

locations , and thunderstorm downdrafts . The last-named are the most 

difficult to dist inguish from tornadoes because both are associated with 

thunderstorms . In the absence of observat ions of funnel clouds the 

principal clues are :  

(a) Low-pressure effects (exp losive or lifting) associated with 

tornadoes ; mis s ile effects  

(b) Narrow path or small area of damage 

(c) Evidence of rotary motions 

No evidence has been found to date of  significant damage due to dust 

devils in Alberta . 

The histories referre d to above described 169  destruct ive wind 

event s .  Of these 91 were identified tentat ively as tornadoes , either 

because they were called tornadoes (cyclones ,  twisters , or whirlwinds )  

or because o f  the nature of the damage . Only 7 of  these coincided with 

events in the offic ial list of tornadoes in Alberta.  In each case 

addit ional evidence and con �irmat ion of dates and t imes will be sought 

in local archives and local newspapers . 

Five-year total tornado frequencies derived from local histories 

from all parts of  Alberta are shown by the dashed histogram in Fig .  2. 
The abrupt rise from 1900 to 1910 is attributed to the rapid settlement 

of land in those years ,  and the decline after 1930 is attributed par tly 

to declining rural populat ion density , particularly in some districts , 

and partly to the tendency for local histories to neglect events of  the 

more recent past in favour of those of earlier days . It seems clear 

from Fig . 2 that alterna tive data sources such as local newspapers are 

needed fo r the period 1930-1960 . 

The spatial distribut ion o f  reports derived solely from local 

histories in southern Alberta (Townships 1-2 5 )  and south-central Alberta 
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(Township s 26-50) are shown in Figs . 5 and 6 .  When we sum the 

occurr ences in Figs . 5 and 6 we f ind standardized frequ enc ies 

of 0.2 per 10 000 km2 per year in southern Alberta and 0.4 per 

10 000 km 2 per year in south-central Alberta for the p eriod 

1900-197 5 .  Kessler and Lee (197 6) have published stat istics for 

the United States , but the numbers are not comparable because 

of the restrictions in the present stud y to areas covered b y  the 

sources of dat a .  Comparable stat istics for Alberta can be ob ta ined 

onl y if we d ivide the total number of known or suspected tornadoes 

for the province as a who le (205 at the time of wr it ing) b y  the 

total area of the province (653 530 km2) .  The result is . 04 per 

10 000 km2 per year for 1900 to 197 5 .  A frequenc y of . 08 per 

10 000 km2 per year for the per iod 1953-197 4 is given b y  Ke ssler 

and Lee (1976)  for Montana . 

THEORE TI CAL ES TIM ATES OF ME AN TORN ADO P ATH LENG THS , WID THS , AND ARE AS 

If adequate samp les of unbiased tornado frequenc y data can be 

obtained , and if certain basic assump t ions can be mad e about t hese 

frequenc y d istribut ions , then it  should be possible to est imate the 

average area of tornado damage paths and from this the " true" frequenc y 

of occurrence . The required assumpt ions are (a) that the true frequenc y 

distribut ion of tornadoes is constant over a selected period of years 

and over a selected region and (b ) that group s of buildings such as 

farmstead s , schools , churches , or villages and towns are randoml y 

d istributed in distance and d irection with respect to the distribut ion 

of tornado damage paths . Assumpt ion (b ) is necessar y because almost 

all known tornado occurrences involved damage to one or more b uildings 

in such groups . If an addit ional assumpt ion is made that dama ge path 

widths are statisticall y independent of damage path lengths it should 

be possible to estimate mean path widths and lengths separatel y. The 

est imates referred to above require knowledge of certain parameters 

that ca n be obtained from local histories or from census dat a .  

Let If represent the number of farmsteads an d N the true 
T 

number of tornadoes in a region of area � and within a spec if ied 

time period T. If l� and L represent the mean width and mean length 

respectivel y of tornado damage paths , then the area of inf luence AT' 



'-. 26 
,.� 

l �-----------;----.---------------.--------��?-----------------------------------� I 

�\ .......... ;. 
"iJ I 25 

'" 

IH 

. \ I 23 

N
t , 

• •  f \ 22 
I �2t 

• I 120 

• 

• I 19 

� 16 
\17 
! 16 
! I 15 
� 
i '4 
i 13 � I 12 

• ALBERT A • 
� 
\ .. I ;10 LEGEND 

CITY 

TOWN 

IN ()IAN RESERVE 

CONSERVATION AREA 

BOUNDARY 

'1::::3 
• 

ITlID 
iii 

Se A l; l III! IP ______ � _____ � ............. -r 

REFER£NCE-ALeERTA GOVERNMENT 
LAhOS Imd FORESTS 84SE MAP 19�1 

o • 
•• ••• 

i 19 
i \ 8 

t 
i 7 
t 

• t � 

I 3 U \: 
TY \ . 

) , _ _  • __ • _. __ < __ • __ • __ • _ _ __ ._ • __ • __ • _. __ • \ l-.. -.-�- _._._"--... ----.J ' 
• • • 

30 29 28 27 26 2� 24 23 '2 21 20 19 16 11 16 IIJo 14 13 12 II 10 9 8 7 6 !» 4 3 2 I 

Fig. 5. Locations of tornadoes derived from the initial sample of local histories 
(townships 1-25). 

. 

tv 
tv 



\ 
'. 
� t;\ "'. { " 

\....... \) 

'�<. 
v-, 

'-, / 
"\. 
/ t\') ,f\ N \�.J '>" -

...... ". 
\: / 
I <��"' , . \,· .. · ........ -· .. )'1 

i ALBERTA ====-1 \ ·LEGEND 
""'N 
ItOAN HSE'N£ 
C.ON$EIII ...... TIOH "IIIEA 

sulltvtvCO AIiIE" 

u 
• 

rnm 
--
--.... 

� L

.

E 
��� 

ft£F[.EHC(-"'I.BE�T ... C'O ... lA:. .... !�l 
lAIoiD$ ... " fOfU::S·So eA!:>l ..... P ,9:'1 

------_. 

, , . 

'. 

(� 
" ,  

'\� 

'!I , .. ,21 ,2& ,2' ,24 I 21 122 ,21 ,20 , 19 1'8 .17 , t& , " • '4 ,13 I 12 , II 

D 
D 

Cr 0.' ~ 

CJ .,L: 
o 

_· ___ m____ \ 

.. 
o ·  
, 

to • V e I ,. • e I '!I 

G 
o 

0 
0 

'. t 
!u I 
� 
r I� 
'n i 
1« 
I" 
1 .. 2 
, 

\: 
1� i» 
tn 
! ! )6 
; " , i ,. , 

D r 131 
• i 

�>O 
i .. 
. 
I" 1 i 27 

�" ; .. I 
'28 ' 27 ' ,'6 ' 2') , 24' 2) , 22' 21 ' 20' ,<;, , Ie ' 17 ' It!! ' I� I ... I I'l ' 12 ' II ' ICl I 9 • e ' 1 I 6 ' !I ' .. ' " I 2 I 

Fi 9. 6. Locations of tornadoes derived from the initial sample of local histories 
(townships 26-50). 

N 
w 



24 

assumed t c  be rectangular , is 

A.r = (W + R, ) (L + R, ) ( 1 )  

where R, is the diameter of a circle having area equal t o  the mean 

farmstead area in � . The number of farmst eads expected to suffer 

damage (Nl) is given by 

N 
1 

(2) 

Similarly , if S is the number of rural schools in �, and 

if AS 
is the area of influence of tornadoes that damage school buildings , 

then t he number of schoolyards expected to suf fer damage (N ) is given 
2 

by 

N 
S NT A

S = ( 3 )  
2 AR 

where 

A
S 

= (W + d )(L + d) (4)  

and d is the  d iameter o f  a circle having area equal to  the mean area 

of a schoolyard . 

One additional equat ion is needed in order to solve for the 

unknown quantities N
T

' W, and L .  The necessary equation can be derived 

from a consideration o f  the probabilities o f  damage to one or more 

farmst eads by one tornado . 

Let the probability of having exactly one farmstead within 

the influence area A.r be p (p <l) . If the probabilities of damage to 

sequent ial farmsteads are independent of each other then the probability 
n of having exactly n f armste ads with A.r is p where n is an int eger 

(n � 1 ) . The probability P of  damage to one or more farmsteads is 

obtained by summ at ion 

00 p 
P = t pn = (1 _ p ) 

n =l 

( 5 )  
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From (2) the expected value of n in area � is 

But 

M A 
n = T 

n 

� 

= L: 
n=l 

n 
n p 

p 
= �--.,.....,.-

( 1  _ p) 2 

The solution to ( 7 ) , subj ect ot the condition p < 1 is 

p = 

� (2n + 1 )  - (4n + 1 )  

2n 

( 6 )  

( 7 )  

( 8 )  

Now , i f  N i s  the number of tornadoes that resulted in damage to 
3 

one or more farmsteads in Area � and time T 

N
T

P 

N
3 

= N
T

P = �--� 
( 1  - p )  

Combining ( 8 )  and (9 )  

� 
N = N {(2n + 1)  - (4n + 1) 1 

3 T 1 
. (4n + l ) � - 1 

( 9 )  

UO) 

Therefore , given observations of N 1 , N2 , N 3 , M ,  �, .Q" and d ,  

equat ions ( 1 ) , (2), (3), (4), ( 6 ) , and (10)  can be solved for the 

unknowns N
T

' W ,  and L .  

An alternative estimate o f  W can b e  obtained in the following 

way . Consider a subsample of all tornadoes that having caused damage 

at one farmstead moved on to cause damage at a second farmstead at 

distances greater than or equal to r .  The assumed path is shown in 

Fig . 7 .  

The area (W�) r would be expected to contain N4 farmsteads 

where, 

Therefore ,  
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Farmstead area of diameter � 

Fig . 7 .  Dimensions of tornado damage path 

(N,+ = 1, 2 ,  . . .  ) (ll ) 

For a given r ,  the width W must be assumed constant . However , as r 

varies W may vary also , and (11) permits a rough check on variations 

of W with L if adequate samples are available . 

If , in a significant number,of cases , the path of damage is 

intermittent then the value of W estimated by (11) will be too small . 

If multiple tornadoes occur in proximity the estimate of W based 

on (11) may st ill be useful but ,  of course , it will be no longer the 

path width for individual tornadoes .  Finally , it is evident from 

Fig . 7 that W will not be sensitive to path curvature as long as the 

curvature is not excessive . Large curvatures of long-path tornadoes 

should be apparent from the observations , and appropriate corrections can 

be introduced into (11) . 

The parameters M and � will vary from place to place within 

A and from year to year within T .  However ,  reliable mean values 
R 

can be obtained by proper sampling . 

, The stat istics N l , N2 , N3 , and N,+ derived from farm histories 

will require correction factors because not all farms are included for 

all years . It should be possible to estimate these correction factors 
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b y  sampling supplementary data in the community histories . Alternatively, 

the value of M can be equated to farms that are described in the 

histories rather than to all farms . Incomplete coverage is not expected 

to be a serious problem for rural schools or for villages and towns . 

No attempt has been made to estimate N
T

' W ,  L ,  and � 
because currently available data samples need additional confirmation 

and expansion . Nevertheless it seems clear that , in principle , all 

necessary parameters can be obtained from local histories or from census 

data . If adequate samples are available , it should be possible to 

estimate frequencies and dimensions with reasonable confidence and to 

carry out certain tests for the presence of bias in the data.  It would 

be naive to suppose that absolute values of N
T 

can be derived . However , 

relative values of N
T

' e . g . , from region to region , should be possible . 

Furthermore , as shown by (11) , not all tornado path characteristics of 

interest require knowledge of the true frequency N
T

. 

SUMMARY AND CONCLUSIONS 

Community histories compiled by residents and local organizations 

represent potential sources of data on the impact of weather and climate 

on life, property,  and activities and on important small-scale weather 

events .  Such histories are now available for a large fraction of the 

total agricultural lands of Alberta.  

A progress report is presented on the results of attempts to 

use local histories as sources of data for a climatology of tornadoes 

in Alberta . The histories show no evidence of spatial bias but exhibit 

a preference for the years prior to the 1940s . Verification of dates 

and times by reference to local newspapers and archives may be necessary 

in some cases . 

Formulas for estimation of "true" tornado frequencies and 

damage path characteristics  are derived using two or three key 

assumptions . The required parameters in these formulas are available 

from local his tories and census data . It is concluded that local 

histories can be valuable supplements to conventional sources of 

climatic data . 
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CLI�TOLOGICAL ASPECTS OF WIND AND SOLAR ENERGY 
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(presented by T .  Newton) 

ABSTRACT 

The increasing concern for energy and the renewed interest in 

alternate energy require climatologists to provide more and better data . 

The data needed for wind and solar energy calculations are discussed . 

INTRODUCTION 

Solar energy is a broad classification and from many points of  

view, it is  expedient to  consider solar energy as  the insolation onto the 

earth's surface , and the air movement that occurs because of this insola

tion as potential wind energy . 

I shall consider wind energy first .  

WIND ENERGY 

It has been estimated that the wind power of  the atmosphere 

available for turbines is of the order of 2 x 101 0  kW (World Meteorological 

Organization , Geneva) . According to an NSF/NASA estimate , the USA has 

enough harnessable wind to generate 1 . 28 x 109 kW . h  of  electrical energy 

per year (Machine Design , May 20, 1976) . This is about one-half the 

annual output of all fossil fuelled generating plants in the U . S . A .  Dr . 

Templin o f  the Low Speed Aerodynamics Laboratory of  the National Research 

Council in Ottawa says that the wind power potential of the James Bay 

area is equivalent to the hydro potential--without the flooding . Calcula

tions show that some 22, 000 wind generators , s imilar to the NASA test 

model in Ohio , placed in Southern Alberta could generate the equivalent 

annual thermo electric power in all Alberta . 

It is not necessary to try to reconcile the above data since 

mos t  calculations have been based on very sparse meteorological data . It  

illus trates that the power in the wind , if properly harnessed , could be 

significant . 
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It is my intent to show the type of climatological data needed 

in order to get a quantitative appreciation of how much wind power one 

might expect in any given location in Alberta. 

Power is energy per unit time . The kinetic energy of any 

moving partic le is 1/2 mV2 where :  

m is the mass o f  the particle 

V is the velocity of the particle 

The volume of wind moving with a velocity V through a given area , 

A ,  per unit time is A times V .  

The mass per unit time is  pAV , where p is the air density . 

The power of the wind having a velocity V and a density p 

passing through a propellor of area A is therefore :  

Power = 1/2 mV2 = 1 / 2  (pAV)V2 = 1/2 pAV3 

The power in the wind is proportional to the density of the air , 

the swept area of the propellor , and the cube of the wind velocity .  

Professor Betz at Gottingen in 1927 was able t o  show that the 

maximum power (not energy) that any windmill could extract from the wind 

was only 16/27 or 59 . 3% of  the power contained in the wind . This was 

obtained by a momentum balance on the wind passing through the rotor ; 

details of the derivation are given in several elementary texts . 

With this information and an annual average wind velocity, the 

annual power potential for a given area can supposed ly be calculated . But 

the average of the sum of cubes is generally not the same as the cube of 

the average of the sums . This means that by simply cubing the average 

annual velocity for the given location the correct estimate of the annual 

power in the wind will not be obtained . The data needed for the location 

are the number of hours the wind b lows at given speeds . The smaller the 

wind speed increment , the more exact is the calculation . It  is a formidable 

task to obtain this data from anemograph records by evaluating mean veloc

ities over short intervals of time . Computers have solved this problem, 

and the Atmospheric Environment Service can provide the data in a suitable 

form for some locations . 
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The data for twelve such locations in Alberta were obtained from 

the Atmospheric Environment Service and were used to calculate the tables 

of the Research Council of Alberta repor t ,  Wind Power in Alberta (Hawrelak 

et al.  197 6) . These data were used to plot the very illus trative velocity 

duration curves in the report , which show on an annual basis the per centage 

of time winds exceed any given velocity . 

Wind energy is site-dependent and for maj or installation , exten

sive surveys should be conducted . 

The influence of height has been studied , and the often-used 

rule is that wind speed increases with the one-seventh power of height . 

The power in the wind should therefore increase with the three-sevenths 

power of height above the ground . This approach is adequate for most  

preliminary design calculations . 

Wind machines require a minimum speed before they can produce 

power . The historical data can be used to estimate the longest period 

that the wind blows below this minimum speed . The longer the available 

data , the mor e reliable is this es timat e .  

Maximum wind speed data are required for design purposes only . 

It is unlikely that wind machines would be designed to extract the 
energy from winds blowing at their maximum velocities . 

It is desirable to know the diurnal variation of wind speed .  

For example, a wind generator for household power generation would prob

ably need to provide most  power in the early evening and nighttime hours . 

Also,  in the next section on solar energy , the difference between wind 

speeds dur ing daylight and nighttime hours is necessary information . 

In site selection and design of wind power generation stations , 

prevailing wind direction must be considered . The climatologis t mus t 

therefore provide : 

1 .  Maximum wind speed data 

2 .  Maximum duration of calm or very light winds (say 13 km per hour) 

3 .  Hourly wind speeds throughout the year and possibly for as 

many years as they are available 

4 .  Diurnal variat ion o f  wind speed 

5 .  Prevailing wind direction 
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SOLAR ENERGY 

Approximately 4 , 000 MJ are incident on each metre each year in 

the Edmonton area . This is a significant amount of energy . However , 

application of this energy to domestic water heating, space heating , 

grain drying, swimming pool heating, s team generation, photovoltaic 

electric power generation , etc .  requires more data than j ust an annual 

amount of insolation . 

The examples listed above require energy for part or all of the 

year , and some depend on direct or beam energy while others can use both 

direct and diffuse energy . 

The instrument to measure the amount of  insolation is the 

pyranometer , which depending on how it is installed , can measure diffuse ,  

direct , o r  total radiant energy . 

There are more than 50 stations across Canada measuring total 

radiation on a horizontal surface but only three are located in Alberta 

(Beaverlodge , Edmonton , Stony Plai� and Suffield ) .  This is very sparse 

coverage for an area as large as Alberta , but there may be some changes 

in the near future . 

At the present time , the latitude and the total radiation data 

are used to predict both the direct and diffuse components of radiation . 

Generally a correlation such as that of  Liu and Jordan (1960) of the USA 

is used . But in Canada the errors could be significant , especially when 

a comparison is made with the more recent and Canadian study by Ruth and 

Chant (1976) . It is evident from the graph that other factors not con

sidered in these correlations are important . 

Although solar radiat ion data are not as site-specific as wind 

data are , microclimates do exist ,  and only a multitude of  observation 

stations could identify them. 

Three separate instruments could provide hourly direct , diffus e ,  

and total radiation data . If funds are available for only two ins tru

ments ,  then values for the third could be obtained by difference since 

direct radiat ion plus diffuse radiation equals total radiation on a 

horizontal surface .  This installation will give hourly insolat ion data . 
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Insolat ion on  nonhorizontal surfaces can be obtained by  calcu

lat ion provided that a good estimate of the albedo can be made .  The diffuse 

radiat ion calculat ions assume on isotropic sky . The direct radiation cal

culations depend s trictly on geometry . A study has j ust commenced to 

verify the validity of the assumptions in calculat ing insolation on non

horizontal surfaces . 

The amount of  insolat ion that can be cap tured dep ends on the 

physical properties of  the incident surface .  It  also depends on ambient 

temperature and wind conditions . For this reason , in quantitative solar 

energy calculat ions it is necessary to know the ambient air temperature 

and wind speed and direct ion for the per iods when solar energy is captured . 

Generally this means that average air temperature and wind data are 

needed for daylight hours . Similar data for nighttime hours for heat loss  

calculat ions would also be useful . The climatologist should therefore  be  

prepared to provid e :  
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PRECIPITATION MEASUREMENT BY WEATHER RADAR 
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ABSTRACT 

Precipitation measurements are of  prime importance in s tudies 

of  meteorology , climatology , and hydrology . These measurements can be 

improved by weather radars used in conj unct ion with convent ional rain 

gauges and snow gauges . 

Weather radars , s imilar to the radar operated by the Alberta 

Research Council at Penhold Alberta , are able to determine the variability 

in precip itation patterns , a fundamental limitation of  mos t  gauge networks . 

Because weather radars can also provide a quantitative measure of falling 

prec ipitat ion , such measurements can be used to interpolate between 

gauges , thereby providing improved estimates of areal precip itation 

amounts .  The improvement is considerable, s ince over an area of 1000 km2 
the amount of  showery precip itation accumulated during a I-hour period 

measured by 10 gauges can be correct to within about 40% ; a radar cali

brated with the same gauges can provide an estimate  to better than 20% . 

Advances in d igital radar data management have now made pos s ible 

easy use of  improved prec ipitation es timates for agricultural applica

tions that depend upon measurements o f  precipitation, hydrological appli

cat ions such as flood forecast ing , and other climatological purposes . 

1 .  INTRODUCTION 

It is well known that precipitation observations occupy a central 

role in studies o f  meteorology and climatology . Such observations serve 

a multitude of  purposes , and it is not surprising that other fields such 

as agriculture and hydrology commonly require information on precipitation 

amounts at the surface . In this regard , cons iderable attention is given 

to various methods for determining characteristics o f  falling precipitation . 
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As a result of variability in precipitation patterns , traditional methods 

of pre�ipitation measurement by gauges ( e . g . , rain gauges and snow gauges) 

are sometimes limited . Fortunately , these limitations can often be 

overcome by using a weather radar in conj unction with the gauges . 

Recognizing the critical need for accurate precipitation measurements , 

this report provides a s hort review of  the success to be  expected in 

measuring precipitation with both a weather radar and gauges . 

Although conventional gauges probably provide the mos t accurate 

measure of precipitation at a point on the surface ,  variability in pre

cipitation patterns implies that a network of  gauges is required to measure 

precipitation amounts over an area . The accuracy of areal precipitation 

amounts is then determined by the density of  gauges within the network . 

This problem of  es timating precipitation amounts us ing gauges remains far 

from solved (Rainbird 196 7 )  although recent s tudies ( e . g . , Zawadzki 197 3 )  

provide significant contributions . On the other hand , weather radars o ffer 

two fundamental advantages for precipitation measurement .  Mos t  impor tantly , 

they are ab le to remotely estimate distributions of  precipitation amounts 

over areas as large as 50 000 km2 • In addition , weather radars detect 

precipitation that would go undetected by many gauge networks . For 

example , intense s torms 10 km across can pass undetected through a network 

of rain gauges spaced 20 km apart . It follows that weather radar data 

used in conj unction with surface gauge data probably provide one of the 

mos t  accurate estimates of precipitation falling to the surface . 

Advancements in radar meteorology have continued since the 1940's 

when radars were first used to observe the weather , and when the first 

quantitative relationships between radar measurements and surface rainfall 

rates were established (Marshall and Palmer 1948) . A s ignificant achieve

ment was the implementation of  computers to record the large quantities 

of radar data . It is now possible to use radar data quickly and easily 

to determine precipitation rates or areal precipitation amounts . The 

results of improvements in technology have therefore made improved esti

mat es of precipitation available .  However , there are new challenges in 

data management . Solutions to these challenges are in progress (Ramsden 
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et al . 1976)  and are considered further in thi s  report ;  it is shown 

that weather radar precip itation measurements can be  made more readily 

available for easy use by nonradar meteorologists . 

Although the utility of  digitized weather radar prec ipitation 

data is recognized elsewhere in f ields such as hydrology (e . g . , Cummings 

et al . 1974 ; Green 19 75) , it was fourld in a recent s tudy by Barge et al . 

(1976)  that weather radars add a new dimension to precip itation observa

tions in Alberta . Although the capabilities o f  weather radars extend 

far beyond the ability to measure precipitation falling to the surface 

(Battan 1973) , Appendix I lists some practical uses of precipitation 

measurements ! . Other uses such as forecasting wheat yields from rainfall 

data (Lomas 1972) , and river basin management and reservoir s luice opera

tion (Harding 1972)  depend upon improved estimates of precipitation . 

Weather radar s ,  subj ect to the qualifications outlined in sec . 3 ,  provide 

such measurements . 

2 .  PRINCIPLES OF WEATHER RADAR MEASUREMENTS 

This sec t ion briefly outlines principles behind the measurement 

of rainfall by radar . A more detailed account can be found in Battan (19 7 3 ) . 

Radar Detection o f  Precipitation 

A radar per iodically (e . g . , 300 t imes per second) transmits from 

an antenna a pulse of  microwave radiation, the duration of  the pulse 

being typically a few microseconds , the peak power transmitted usually 

several hundred kilowatts , and the frequency in the gigahertz range . When 

this pulse of microwave energy intercepts precipitation , some of  the 

energy is scattered back to the antenna , where i t  is detected and processed ; 

result ing data can be displayed on a cathode ray tube indicator or possibly 

stored on computer-compatible magnetic tape . The time between transmission 

of the pulse and recep t ion o f  the backscattered radiation determines the 

range of the precip itation from the radar , while the antenna position 

determines the azimuth and elevation of the precipitation with respect to 

the radar s ite . The magnitude of the received power is a measur e  of  the 

precipi tation intens ity . 

Such weather radar measurements are currently made in Alberta near 
Red Deer and Edmonton . 
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For spherical particles , small compared to the wavelength of 

the transmitted radiation (Rayleigh scattering) , the average received 

power from a unit volume can be represented as 

P
r 

= C l K I 2 
� E D . 6 

r 1 
unit 
vol 

(1)  

where C is a constant representing radar dependent parameters , I K I 2 is 

the dielectric constant , r is the range from the radar to the particles , 

and Di is the particle diameter . Equation ( 1 )  can be written as 

P = C l K I 2 
r � Z  

r 

where Z is the reflectivity factor . 

(2) 

For an assumed dielectric constant 

when the conditons for Rayleigh scattering are not fulfilled, Z can be 

replaced by Ze ' the equivalent radar reflectivity factor . Since Z is the 

sum over a unit volume o f  the s ixth power of  the particle diameters , it  

is usually expressed as mil1imetres to the s ixth power per cubic metre 

(mm6m_ 3 ) .  

Rate of Precipitation 

The rate of  precipitation (R) is defined as the flux of water 

volume reaching the ground per unit time . - The precip itation intercepted 

by the radar beam can also be interpreted in terms of  flux . A s ingle 

drop contributes to the precipitation rate according to the relation 

where wi is the fall speed o f  a raindrop with diameter Di . The precipi

tation rate from a unit volume is j us t  

(4) 

vol vol 
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Terminal fall speeds of water drops have been measured and found to be 

a function of the drop d iameter (du Toit 1967 ) . Very small drops 

(D < 80 �m) fall according to Stoke ' s  law with a terminal speed propor

tional to the square of  their diameters .  For drops with very large 

diameters (D > 4 . 5  mm) the terminal fall speeds is nearly independent of  

diameter . Therefore,  the contribut ion to the precipitation rate for very 

small and large drops is as follows : 

(5) 

and 

(6) 

Z-R Relationships 

It has been shown that both the precipitation rate (R) and the 

reflectivity factor (Z)  are related to the diameter of precipitation 

particles . It is therefore possible to relate the precipitat ion rate to 

measurements of the reflectivity factor . From equations (1) and (2) it 

is apparent that the contribut ion to the reflectivity factor from drops 

in any one diameter interval is 

(7 ) 

For very large drops equation (6) shows that 6Ri aDi
3 so that 6Zi a (�Ri) 2 . 

Therefore , if all the drops in a unit volume are very large 

(8) 

Similarly , for a unit volume containing only very small drops , equations 

(5) and (7 ) show that 

, (9 ) 
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Consequently , the reflectivity can be related to the precipitation rate 

by an express ion of the form 

Z = AR
b 

(10)  

where , based on the arguments above , 1 . 2  < b < 2 .  The actual values of 

A and b depend upon the distribution o f  the raindrops with size . 

Calibration o f  the Radar 

Marshall and Palmer (1948) measured the distribution of raindrops 

with size in stratiform rain and found an exponential relation between 

the drop diameter and the number of  drops per unit volume . They found a 

Z-R relationship to be  

Z = 200R1 • 6 (11)  

(note the exponent lies within the l imits  determined above ) . It is well 

known that the distribution of raindrops with size varies with t ime , 

geographical location, �nd meteorological conditions , so that equation (11) 

cannot generally be  used to determine precipitation rates from radar 

measurements .  Therefore ,  it is necessary to determine the appropria te Z-R 

r elat ion by measuring raindrop s izes or measuring R with a rain gauge and 

comparing to radar measurements of  Z .  The latter method is most common 

but there are l imitations that must be considered (see sec . 3) . By 

combining equations ( 2 )  and (10) it  is possible to relate the average 

received power to the precipitation rate : 

P 
r 

where C now includes the dielectric cons tant as well as the radar 

parameters . Rearranging equation (12)  gives 

R = (r::r) l ib 

(12)  

(13)  
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The calib rat ion problem is to determine A and b by comparing rain gauge 

measurements of  R with radar measurements of Z .  As an example , the 

parameters A or b can be determined by comparing rain accumulations at a 

particular gauge with �P l ib over that gauge for intervals of  1 h .  The 
r 

values of Pr used in the summation would be mean values of the average 

received power for some appropriate area (say 2 km2 ) above the gauge . .  

If there are several rain gauges within the area of  radar coverage then 

the calibrat ion can be determined for appropriate areas around each gauge . 

Once the calibration is  complet e ,  other measurements of Z can be inter

preted in terms of  areal rainfall rates and amounts .  The spatial and 

temporal stability of  such calibration relationships then determines the 

accuracy of further radar-derived precipitation measurements made else

where . 

Resolution 

The spat ial resolution of radar measurements is determined 

primarily by the s ize o f  the radar antenna . Beam widths about 1 0  are 

common, which implies about 2 km resolution in azimuth at 100-km range 

from the radar . Although the resolution in range can be as small as 

half a pulse length of the transmitted radiation, the received s ignal is 

usually averaged over range intervals of about 1 km .  Therefore,  within 

100 km distance from a radar the spatial resolution can easily be 2 km. 

The temporal resolution depends upon the time interval between sequential 

observations immediately above specified surface locations . This time 

interval depends upon the rate of rotation of the radar antenna and can 

be as small as a few seconds , but for hydrological use it can be greater 

than 30 seconds . 

The resolution requirements of  radar measurements are fairly 

obvious , while on the other hand determination of the accuracy of quanti

tat ive measurements can sometimes be a bewildering affair . The complexity 

of the problem unfortunately cannot be overlooked. The following section 

considers the accuracy o f  radar measurements of precipitation . 



41  

3 .  ACCURACY 

The shortcomings of rain gauges mentioned previously , especially 

their inability to provide areal estimat es of precip itation, are somewhat 

overcome by radar techniques . S ignals received by radar a fter scattering 

from prec ip itat ion are interpret ed in terms of rainfall amount as 

described above. However , fundamental limitations of radar techniques 

and the var iable nature of p rec ip itat ion lead to uncertainties in the 

interpretation of radar signals . Some of the causes (perhaps not all ! ) 

of errors in radar estimat ion of rainfall or snowfall are listed in Table 

1 .  Notwithstanding these difficulties , it has been shown, for example,  

by Wilson (1970) , that the radar accuracy of precip itation estimation can 

be improved if the radar is calibrated against rain' gauges , an excitement 

shared by Lowing et al . (1975)  who indicated "The rain gauge alternative 

in radar estimat ion of rainfall is comparatively inaccurate for areal 

est imat ion of rainfall . "  

Table 1 .  Some sources of  error in the measurement o f  rainfall 
or snowfall which result from the precip itation dis
posit ion itsel f ,  or which are inherent in radar 
techniques . 

- Frequency of radar data collection 

- Errors in electronic radar calibration 

- Anomalous propagation 

- Att enuat ion of the radar beam 

- Errors due to radar averaging of preC ip itat ion 

- Nonuniform f illing of  the radar beam 

- Radar beam intercepting the melt"ing level 

- Presence of hail Qr other hydrometeors 

- Variat ions in d istributions with size of raindrops 

- Variat ions in snow crystal type 

- Vertical air mot ions which affect fall-speed of raindrops 

- Evaporat ion or growth of precip itat ion below the radar beam 

In r ecent years there have been s ignificant advances in radar 

calibrat ion and data analys is procedur es . These steps facilitate more 

precise comments on the accuracy of precip itation measurement by radar . 
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Therefore, it is considered expedient to dwell upon the ability of  a 

radar-rain gauge system to quantitatively measure precipitation, rain 

gauges being used to calibrate the radar . 

To assess the accuracy of  radar precipitation measurements an 

exact standard is required that is considered to r epresent , for example,  

the amount of rainfall over some spec ified area . Because  rain gauge 

networks are usually s tructured with less than an infinite densi ty of 

rain gauges , such networks cannot represent areal rainfall exactly .  How

ever , some studies have considered the rainfall measured from a relatively 

dense network (1 gauge per 7 km2 , Wilson 1970 ;  1 gauge per 3 km2 , Woodley 

et al . 197 5 )  to be a measure of actual average rainfall . Other s tudies 

(Harrold et al.  197 4 ;  Collier et al . 1975)  have used the radar echo 

intensity pattern to interpolate between gauges within a dense network 

to obtain an "optimum" field . In all the above cases the difference 

between calibrat ed radar measurements and the "actual" or "optimum" 

measurements is considered as a measure of accuracy . 

The philosophy of  precipitation measurement by radar is to 

utilize a radar calibrated against some number of  surface measuring 

precipitat ion gauges , the number of calibration gauges being less than 

that required to obtain the "actual" or "optimum" measurements referred 

to above . With a few calibration gauges the areal rainfall is determined 

using a radar to provide the spatial precipitation d istribution and the 

gauges to specify the precip itation magnitude (Wilson 1976) . The precipi

tat ion measured by radar is determined by comparison of radar and sur face 

precipitat ion measurements to establish an appropriat e  Z-R r elationship . 

Such Z-R relat ionships are then applied to radar measurements elsewhere 

(where there are no rain gauges) and therefore used to improve areal 

precipitat ion measurements . 

To determine quantitative areal precipitation measurements with 

radar , either a climatological Z-R relationship is used2 , or a Z-R r ela

tion is derived using a rain gauge in the vic inity of the precipitation 

2 Z = 200 R 1 • 6 is a typical "climatological" Z-R relat ionship (Marshall 
and Palmer 1948) . 
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being observed . Although useful in general,  the "climatological" rela

tionship clearly cannot apply to specific precipitation events ;  it is 

therefore limited in its spatial and temporal stab ility . Examples of  

the use of  the climatological relationships are cited by Wilson (1970)  

and Brandes ( 1975) . Calibration relationships derived closer in space 

and t ime to the precipitation being observed were used by Harrold et al . 

(1974)  and Collier et al . (1975) . Regardless of the calibration rela

tionship , however , it is recognized (Wilson 1976)  that the utility of 

calibration factors decreases with increasing distance from surface

located calibrat ion gauges . Rainfall over an area is therefore better 

estimated using a scattered distribution of gauges (rather than one) to 

specify the precipitat ion magnitude in adj ustment of spatial precipitation 

distribut ions measured by radar . Although the accuracy of total rain

fall obtained by radar-rain gauge systems is improved by increasing the 

calibrat ion gauge dens ity , other parameters  are even more important in 

understanding the accuracy of a radar calibrated with rain gauges . In 

fact , the chance of each individual calibration gauge being rained upon 

is extremely important in the design of  a calibration gauge network 

needed to support operat ional adj ustment of  radar rainfall estimates 

( Smith and Dixon 1976 ) . 

Each rain gauge calibration s ite  can be compos ed of one gauge 

(Wilson 1970)  or a cluster of gauges (Woodley et al . 19 7 5 ;  Collier et 

al . 197 5) . The adj ustment of the radar pattern using calibration sites 

can then proceed in several different manners . Within a specified area , 

precipitat ion from one or more calibration sites can be compared to 

radar measurements taken over the sites . Such comparisons can be com

bined to give an average adj ustment factor (Woodley et al . 19 7 5 ;  Harrold 

et al e 19 74)  to be applied to radar measurements a t  o ther locat ions . 

Alternatively , radar measurements can be  adj usted using calibration sites 

by weighting the radar measurements according to their invers e  distance 

from the calibration s ite . In this manner , single adj ustments can be 

obtained for small individual regions called subcatchment areas (Collier 

et al . 197 5 ) . Similar t o  the weighted adj us tments are field adj us tment 
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factors described by Brandes ( 19 7 5 ) . Field adj ustments , although they 

require a network of gauges as calibration sites , are considered to be 

better than average adj ustments .  The field adj us tments ensure that the 

derived radar-rain gauge precipitation field closely fits the actual 

gauge measurements , but at the same time the radar-observed detail between 

gauges is retained . Although it is common to adj ust radar rainfall 

es timates by simply multiplying by an adj ustment factor ,  it is now 

recognized that such procedures sometimes give unsat is factory results 

(Cain and Smith 19 7 6 ) . Clearly , progress is still being made towards 

using radar to determine areal rainfall amounts . 

Once a radar-rain gauge calibration Z-R r elationship is obtained 

by one of the adj ustment methods mentioned above , it is used in conj unction 

with other spatial precipitation measurements determined by radar to 

obtain the areal rainfall . The amount of precipitation accumulated dur ing 

various periods of  time over specified areas , derived from gauge-adj ust ed 

radar measurements ,  is then compared with the accumulated amount of  

precipitat ion obtained from "actual" or "optimum" measurements . A summary 

comparison of the average error in gauge-adj usted radar estimat es for 

var ious experiments is given in Table 2 .  In this table the average error 

in accumulat ed prec ipitation is defined by 

I R  - R I /R 
a , o  e a , o  

R = "actual" or "optimum" rainfall 
a , o  

R = gauge adj usted radar estimate 
e 

It is apparent from this table that the average error in accumulat ed 

amounts is between 9 and 28% . 

Fig . 1 shows the mean absolute percentage d ifference (modulus 

of average error) between radar estimates of accumulat ed rainfall us ing 

one calibration site and "optimum" estimates ( Collier 1975 ) . The accuracy 

so indicated is given in terms o f  the time during which the accumulat ed 

amounts were measured and the area over which the measurements were taken . 



Table 2.  Comparison among experiments of the average error in gauge ad justed radar estimates . 

EXperiment [Reference] 

Data Source Wi lson r'70] Brandes [ i75] Wood l ey [175] Wi lson [' 75] 

Oklahoma Oklahoma F lorida Great Lakes 
Thdrstms Thdrstms Showers Summer 

Area S ize (kma) 3500 4000 570 1 70 

Time I nterva l storm storm 24 h 24 h 

Radar Range (km) 37-95 37-95 65- 1 40 95- 1 1 2  

Col lection Frequency· 6- 1 2  1 2  1 2  6 
(per h, ) 

Ca l ibration Gauge Densi'l ' 1 / 1 1 00 1 /900 1 /3250 1 /275 
(l / km ) 

Adjustment Procedure* A F A F 

Average Error (%) 28 1 3  -20 24 

* A - average adjustment, F - fie ld ad justment , and W - weighted ad justment . 

Harrold [ 174] 

Wa l es 
Rain 

500 

1 h 

1 2-48 

60 

1 /700 

A 

1 4  

Col l ier f '75] 

Wal es  
Rain  

700 

3 h  

1 2-48 

60 

1 /700 

W 

9 

Wi Ison [ 175] 

Great La kes 
Winter 

855 

24 h 

1 8-64 

6 
� VI 

1 /800 

F 

1 5  
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The curves presented were derived using a new radar calibration determined 

each hour . For a specified area and increasing per iods of time, the 

error decreases mostly because meteorological factors that influence the 

accuracy of each calibrat ion event tend to cancel out with t ime . If  

instead the calibrat ion r elat ionship was determined over a 6- to l2-hour 

period , and used to determine radar-adj usted rainfall measurements over 

that period , the error could be great er than that given in Fig . 1 .  This 

is because pvecipitation events which occur dur ing the longer period 

( e . g .  6-12 hours ) could cause bias in the type of rainfall which fell 

into the calibration gauge.  For example,  over a long time period , much 

of the rain which fell into a calibration gauge may have been due to a 

small convective storm lasting a short time , while most of  the rainfall 

over the area of interest may have been due to widespread rain . Because 

convect ive and widespread rains may produce different calibration adj ust

ments to be applied to the radar measurements , it is clear in this case 

that the convect ive adj ustment may not be appropriate for much of the 

area of interest .  Therefor e ,  the applicability of individual rain gauge

radar calibrat ions decrease with t ime and changing precipitation condi

t ions .  

I t  i s  shown in Fig . 1 for a fixed t ime period o f  integration 

that the error in measurement of accumulated rainfall decreases with 

increasing area . For small areas wind drift appears to degrade the 

accuracy (Harrold et al . 1974 ) . Errors due to the representativeness 3 

of the calibration rain gauge tend to cancel out with increasing area; further 

increasing the ar ea causes greater errors since the calibration rain gauge 

is no longer representat ive of  the larger area . That the calibration 

gauges lose their representativeness with range was also mentioned by 

Wilson (1970) . 

Fig . 1 can be also used to determine the accuracy in the move

ment of average rainfall rates , which can be considered as the amount 

of acctmlulated prec ipitation divided by the t ime interval during which 

the precip itat ion was collected . Depending upon the accuracy of  the 

calibrat ion Z-R relationship , it appears from Fig . 1 that the areas less 

3 In context her e ,  the representativeness of  calibration rain gauges 
refers to their ability to represent distribut ions with drop size (and 
the corresponding calibrat ion Z -R relationship ) over �xtended areas . 
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than 50 km2 and time intervals less than 10 min , say , the accuracy in 

measurement of precipitation rate is worse than 35% . Average rat es 

calculated over large areas or using data collected over longer p eriods 

of time can be expect ed , on the basis of data presented in Fig . 1 ,  to be 

somewhat more accurate .  Instantaneous radar measurements o f  precipitation 

may be less accurate .  Based upon the var iability of climatological Z-R 

relat ionship s .  Stout and Mueller (1968) indicate  that for any one measur e

ment of Z the rainfall rate will be between 0 . 66 and 1 . 52 times the true 

rat e 68% of the time . They also indicate that uncertainty in the radar 

measurement of Z after electronic calibration is about the same as that 

introduced by uncertainties in the Z-R relat ionship . Instantaneous 

rainfall rates therefor e .  using a climatological relationship , could 

deviate from the true rate by as much as factors 0 . 2-0 . 5  or 2-5 .  Such 

is the case for instantaneous radar rainfall rate measur ements in Alberta 

because a climatological Z-R relationship has not been established for 

this region . Some improvement , however . might be expected using a Z-R 

relat ionship derived from radar-rain gauge comparisons made close in 

space and t ime to the precipitat ion being measured . 

The accuracies ind icated in Fig . 1 are generally better than 

those obtained in other experiments . This is also evident from Table 2 

where smaller average errors are reported by Harrold et a1 . (1974)  and 

Collier et a1 .  (1975) . It is suggested by Collier (1975)  that the prime 

reason for the smaller errors may be because the maximum range from the 

radar was smaller than in some other studies , and that the "actual" 

rainfall was more  accurately known . Fig . 2a shows the performance of a 

radar-rain gauge system as a func tion of range taken from Collier (19 7 5 ) . 

Although it  is not clear how these results were obtained , it appears 

that the accuracy remains relatively constant with increasing range until 

about 100 km.  The accuracy then beings to diminish quite rapidly with 

range . 

Shown in Fig . 2b are accuracies when temperatures at 850 mb 

(about 1 . 5  km above sea 1eave1 ) are below freezing . It  is apparent that 

at a fixed range ( 60 km, say) rainfall is measured less accurately when 
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the atmo sphere is cooler . This is in agreement with studies conducted 

in Wales (e . g .  Harrold et al . 1974) , which indicate that radar measure

ments of  rainfall , made when the radar beam intersects the melting level , 

agree less perfectly with "actual" or "optimum" measurements of rainfall . 

Such results are especially relevant for precipitation measurements in 

Alberta because the climate is subs tantially cooler than that of Wales . 

Fig.  2b also shows the ab ility of radars to measur e snowfall . 

In broad agreement with earlier results reported by Carlson and Marshall 

(1972 ) , it is evident that snowfall is somewhat more difficult to measur e  

than rainfal1 4 • The accuracy of  snowfall measurement also diminishes 

much more rapidly with range than for measurement of rainfall . 

Summary of  Accuracies 

Based upon the foregoing d iscussion it is possible to general

ize the accuracy estimates . Such generalizations substantially agree 

with Wilson (1976) , who suggests that radar precipitation estimates 

between 10 and 20% can be obtained for the following approximate condi� 

t ions : 

area 2: 100 km2 
integration time interval 2: 3 h 

radar range 50-100 km 
calibrat ion gauge density 2: 1 per 3000 km2 
collection frequency S > 6/h 

precipitation amounts > 1 mm/h
- 1 

Smaller errors are likely for collection frequencies > l2/h,  new calibra

tion Z-R relationships at leas t every 3 h, and the melting level to be 

located ent irely above the radar beam. 

It is important to emphas ize that results obtained in other 

parts of  the world are not necessarily applicable in Alberta . With this 

proviso , it is expedient to compare the accuracy of a radar-rain gauge 

sys tem to rain gauges alone , especially in the context of its applicability 

to Alberta . 

4 

5 

Convent ional measurements of  snowfall at the surface are sometimes 
inaccurate . Such inaccuracies cannot be overlooked sinc e they degrade 
any adj ustments made to the radar measurements of snowfall . 

If  the radar collects data less frequently , important rainfall changes 
may pass undetected by the radar . 
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The mean difference between es timat es and "optimum" or "actual" 

rainfall ,  appropriate for Wales , as a function of rain gauge numbers is 

illus trated in Fig . 3 taken from Collier ( 19 7 5 ) . This diagram indicates 

the accuracy of radar estimates for gauge calibration s ites distributed 

over 1000 km2 • The accuracy of rain gauges without radar is also shown . 

It is evident for this 1000-km2 area that the accuracy which can b e  

obtained using a radar and more than one calibration gauge site i s  usually 

better than 20% . The radar-rain gauge system is particularly superior 

over rain gauges for shower rainfall measurements . In typical showers , 

a radar system calibrated using two rain-gauge sites gives the same 

accuracy as a rain-gauge network of  about 50 gauges over 1000 km2 • 

In an att empt to apply the r esults of Fig . 3 to Alberta , Fig . 4 

was drawn as a first es timate of  the expected accuracy of precipitation 

measurements using a radar and existing rain gauges in the Fort  McMurray 

region . For the purposes her e ,  the radar was assumed to b e  located at 

the Fort McMurray airport . A range of  100 km is indicated . Within this 

distance , Fig . 2a indicates that precipitation can b e  measured to better 

than 20% , provided that there are sufficient calibration sites . Each 

rain gauge with recorded data having a t ime resolution o f  1 h or better 

was treated as a calibration site . According to Fig . 3 ,  precipitation 

within an area of 1000 km2 in the vicinity of the calibration site can b e  

measured with an accuracy o f  about 20% . Therefore, those  circular areas 

of 1000 km2 within 100 km range and centered over each rain gauge are 

shown on Fig . 4 to depict the total area within which precipitation may 

be measured with 20% accuracy . Circular areas that overlap imply a gauge 

dens ity greater than 1 per 1000 km2 and therefore an accuracy better than 

20% . Extreme caution must be exercised in the use of  Fig . 4 ,  since the 

data used to derive the d iagram were obtained in Wales , and intercontinental 

transfer of such results may be questionable . Furthermore ,  attempts to 

interpolate between the gauges to adj ust the radar measurements are not 

cons idered . It is also assumed of  course that the calibration sites ( if 

rained upon) are r epresentative of  the 1000-km2 circular area . The 

accuracy possible using a radar in conj unction with the rain gauges 
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illus trated in Fig . 4 can be clearly unders tood (despite uncertainties 

ment ioned above) with reference to Fig . 3 .  For each of the circular 

areas , to measure showery prec ipitat ion with similar accuracy , about 20-50 

rain gauges would be required . 

In summary this section shows the advantage of a gauge-calibrated 

radar system for measuring areal precipitation amounts . The next section 

considers the prob lem of  data management for such a system. 

4 .  DATA MANAGEMENT 

The preceding sections have demonstrated that weather radars 

and precipitation gauges can provide improved prec ipitation measurements .  

To realize this improvement ,  it is of prime consequence tha t the data be 

r eadily accessible and in a form easy to comprehend . Unfortunately , this 

is not the case for most weather radar facilities . Typically , raw radar 

data are recorded on computer-compatible magnetic tapes as numbers 

(e . g . binary numbers ) which mean nothing to someone who wants a rainfall 

rat e .  The data must therefore g o  through several steps b efore they are 

in a useful format . Transformation of  the raw radar data , for example , 

into maps of  accumulated amounts of  precip itation is a problem in data 

management .  The philosophy b ehind proper management of radar data ,  which 

has previously been over looked by many , will be outlined in this section . 

Fig . 5 is a schematic diagram representing various steps 

required to transform radar data into a s imple and useful form . The first 

step is associated with recording the received signals on computer-compatib le 

magnetic tape . Weather radars , such as the Alberta Hail Radars at Red 

Deer , provide informat ion about the three-dimensional structure o f  pre

cipitation, a necessity for someone studying the morphology of thunder

storms . However , to provide useful measurements of precip itation falling 

to the surface , it is required that frequent observations at a low eleva

tion b e  provided .  

I n  the second step ,  electrical calibrations and the radar 

equation (see sec . 2) convert the raw digital data values to received 

powers and/or equivalent radar reflectivity factors , as described in Barge 
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et al. ( 19 7 6c) for the Alberta Hail Radars .  The data are now in the 

units usually required by radar meteorologists . To make the radar data 

easy to use ,  it is important that this second step be carried out 

quickly and automatically , without burden to the data I.analyst .  This 

prob lem has been cons idered by Humphries et al e ( 19 77 ) . A procedure 

has been developed whereby the electrical calibrations and radar con

stants appropriate for each day are s tored on computer files . This allows 

any data analyst not familiar with the radar-computer system to access 

the radar data without becoming involved with radar-computer log books 

or calculations of radar constants . In fact , the data are automatically 

converted to values of received power or reflectivity at the time the 

digital data are first examined � 

Others , for example hydrologists , who require maps of accumulated 

amounts of precipitation require a third operation upon the received 

radar signals . As mentioned in Sec . 2 ,  a Z-R relationship is needed to 

transform the radar data from values of reflectivity to values of  rainfall 

rates or accumulated amounts .  Depending upon accuracy constraints , this could 

entail a simple climatological relationship such as Z = 200 Rl � 6 (Marshall 

and Palmer 1948) or a sophis ticated process using a gauge network to 

calibrate the radar . Also , nonmeteorological echoes should be removed 

from the data . This can be carried out automatically by a computer 

program or interactively with a facility like the one described by Ramsden 

et al . (1976) . Regardless , the data at this s tage represent rainfall ,  

with appropriate time and locat ion information . 

After the third step the rainfall data in a s tandard format 

can either be stored on magnetic tape for future use or used directly 

by programs developed for the fourth step . These pro grams , for example , 

might calculate accumulated rainfall amounts and present the results in 

the form of  tables , graphs , or maps . 

In order fo r the potential of  improved precipitation estimates 

by weather radar to be fully realized it is important that provision for 

nonradar meteorologists to carry out the steps above be considered . This 

is allowed for in step two where consideration of radar constants and 
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provis ion t o  access radar data i s  taken into account automatically . 

Also , in s tep three , standard formats o f  rainfall data facilitate 

straightforward construction of computer programs to compute various 

funct ions o f  rainfall , such as accumulated amounts . In other words , 

to realize the potent ial of weather radar data in precipitation measure

ment , it is necessary that details to carry out the first three steps 

described above remain invisible to a data analyst . It  is also important 

that the programs developed to analyze the rainfall data be easy to use 

by analysts not familiar with computers . Thus , with a requirement for 

precipitation information, a data analyst in step four need merely decide 

upon a particular data output format for various funct�ons of rainfall 

by using simple computer instructions . Such a facility is described by 

Ramsden et al . (1976)  whereby it is possible to readily analyze the 

radar data without detailed knowledge of computers or radars . 

To establish the data management scheme outlined above, both 

radar meteorologists and computer experts are required in the development 

s tage . However , once a data management system is established it is ' 

possible to derive precipitation measurements and quickly present them 

in a particular form without concern about calibration procedures , data 

quality , or computer programming details . 

SUMMARY 

Among the most noteworthy achievements in radar meteorology 

are the observations presented by Marshall and Palmer (1948) , which have 

made quantitative precipitation measurement capabilities o f  weather radar 

easily understood and well known . Following such contributions , it is 

now possible to obtain improved estimates of precipitation rates and/or 

accumulated prec ipitation amounts at the surface by using weather radars 

in conj unction with surface gauge networks . This brief review shows , 

for example , that a radar and one calibration rain gauge per 1000 km2 

can measure accumulated amounts of showery rainfall to within about 20% .  

To obtain the same accuracy with rain gauges alone, a network o f  50 

gauges per 1000 km2 is required . 
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The ability to successfully handle large volumes of weather 

radar cata with d igital computers has been another significant accomplish

ment of radar meteorologist s .  Consequently , precip itat ion measurements 

b y  weather radars can now be more readily available for easy use .  This 

report develops an approach aimed to make the impr oved precip itation 

estimates more accessible to fields other than radar meteorology . Although 

some problems remain in the management of large volumes of weather radar 

data , steps to overcome these problems are already in progress (Humphr ies 

et al. 197 7 ;  Ramsden et al.  197 6) . 

The usefulness of weather radar has not yet been fully r ealized 

in fields other than radar meteorology . For example , fields such as 

agricultur e ,  hydrology,  and climatology commonly r equire estimat es of 

areal precipitat ion amounts at the surface .  In fact , it was found recently 

by Barge et al. (1976b)  that weather radar adds a new dimension to preCipi

tat ion measurements in Alberta . With the quantitat ive precipitation 

measurement capabilities of weather radar r easonably well understood , 

and with rapid and easy data handling possible , it follows that weather 

radars can become even more commonp lace in providing improved measurements 

of prec ip itation.  
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APPENDIX I 

SOME PRACT ICAL APPLICATIONS OF PRECIPITATION MEASUREMENTS 

This appendix lis ts some practical applicat ions of precipitation 

measurements .  Such measurements are usually made with surface gauges , 

but improved estimates are ava ilable by using weather radars in conj unc

t ion with sur face gauges . The list is not intended to be complete; it 

is mer ely t o  give examples of act ivities that may find weather radars 

useful. Although a more extensive bibliography on radar as a tool for 

prec ipitat ion measurement is given by Barge et a l .  (197 6b )  the references 



59 

included here ar e intended to be of spec ific interest to agricultural , 

met eorological ,  hydrological , climat ological , et c .  ac tivit ies carr ied 

out in Alberta.  With respect to hydrological app lications , special 

reference is made to Flanders (1969 ) and Kess ler and Welk (1968 ) . A 

s ignificant s tudy entitled Use of  Ground-Based Radar in Met eorology 

is presented by the World Met eorological Organizat ion as Technical Note 

117 8 .  

- Farm management ,  crop indices 

(Lomas 197 2 ; Mihara 19 7 4 ;  Gardner 1965)  

- Sever e weather warnings 

(E1vander 197 5 ;  Zit tel 19 7 6 )  

- Public interest 

(Bigler 1969) 

- Agr icultural planning 

(Kohler 1958)  

- Drought 

(Krueger 1968)  

- Forestry 

(Krueger 1968) 

- Wat er management 

(Green 197 5 ;  Harding 1 9 7 2 )  

- Reservoirs and dams 

(Harding 19 7 2 )  

- Floods 

(Green and Clark 1 9 7 4 ;  Hud low and Clark 1968)  

- Identificat ion o f  impor tant prec ip itat ion events (significance) 

(Blackmer and Duda 19 7 2 )  

- Irrigat ion wat er dis tribution 

(Kohler 1958)  

- Construc t ion 

(Kohler 1958)  

- Land use - pollution 

(Changnon 1 9 7 5 ;  Barge et a1 . 1 9 7 6b )  

- Communicat ions Systems 

(Drufuca 197 4 ;  Marshall et a1 . 197 6)  
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INFLUENCE OF FERTILIZERS, SOIL NUTRIENTS, AND WEATHER ON 
BARLEY AND FORAGE YIELDS IN CENTRAL ALBERTA 

G . R . Webster , Professor of Soil Scienc e ,  
Univers ity o f  Alberta , 

Edmonton , Alberta , T6G 2E3 

ABSTRACT 

Field fertilizer experiments on barley and forage were con

duc ted each year at six locations between 1964 and 1 9 6 9 .  At each site 

a barley experiment and a forage exper iment each received nitrogen , 

phosphorus , and potassium at five rates . Regression equations were 

derived relating barley and forage yields to various independent 

variables : applied nitrogen and phosphorus , soil tests for nitrogen 

and phosphorus , a "weather" term , and soil order (separated Chernozemic 

from Luvisolic soils ) .  The "weather" term for the barley was a rather 

sophisticated one involving stress days that occurred during the grow

ing season . Climatological data , soil moisture measurement s ,  and growth 

characterist ics of the plant were required for the stress day calculation . 

The regression equation relating yields to the various independent 

variables explained 55% of the yield variat ion . 

The "weather" term for the forage mixture involved only soil 

moisture in the spring plus rainfall up to the first cut . More informa

t ion on such items as roo ting characteristics of forage species is 

required before a more meaningful term can be generated . The regression 

equation relat ing forage yield s to various independent var iables-

applied nitrogen and phosphorus ,  soil tests for nitrogen and phosphorus , 

soil moisture in spring plus rainfall up to the first cut , and a soil 

order term -- explained only 30% of the yield variation . 

METHODS 

Field fertilizer experiments on barley and forage (brome

alfalfa mixture )  were conducted each year at six locations between 1964 

and 1 9 6 9 .  Three sites were located on Black Chernozemic soils and 

three on Gray Luvisolic soils . At each site a bar ley experiment and 

a forage experiment each received five rates of nitrogen , five rates 
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of phosphorus , and f ive rates of potassium applied in a central 

composite design . The fertilizers were applied annually to plots  

that retained their treatment identities throughout the course of  

the study . 

Each spring soil samples were collected from each of the 48 

individual plots at each site using a core sampler . The plot cores 

were divided into four samples representing depths of 0-15 , 15-3 0 ,  

30-61 and 61-91 cm . Soil analysis for nitrogen , phosphorus, and 

potassium and soil moisture were performed on the samples . 

Regression equations were derived relating barley and 

forage yields to various independent variables : applied nitrogen , 

applied phosphorus , applied potassium ,  soil test for nitrogen , soil 

test for phosphorus , soil test for potassium, a "weather" term, and 

a soil order term (separated Chernozemic soils from Luvisolic soils) . 

SUMMARY AND CONCLUSIONS FOR THE BARLEY STUDY 

The yield of barley was regressed on linear and quadratic 

terms of applied nitrogen and phosphorus for each sit e ,  and the amount 

of yield variat ion explained by the regression equations for 17 site-years 

was 23% . When soil test for phosphorus was added to the model in 

addit ion to applied nitrogen and phosphorus , 38% o f  the yield variation 

was explained . 

A rather sophist icated "weather" term was developed involving 

a stress-day concept . Atmometers were installed at the beginning of 

the study to measure evaporation ; however , the readings were not reliable . 

Consequently , instrument s were installed at each site to measure air 

humidity and wind for the calculat ion of potential evaporation by the 

Penman method . Daily soil moisture budgets were calculated using 

potential evaporat ion , precipitat ion , and soil moisture contents by a 

method similar to that used by Baier and Robertson. For the purposes of  

stress analysis , the root zone was divided into f our depths and the 

growing period into seven intervals of physiological development . A 

value for daily moisture index of  1 . 125 (45% of  the maximum value of 

2 . 50)  was chosen as the criterion for a moisture stress day . This choice 

was made after stress frequencies resulting from several criteria had 
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been examined on yield and moisture data collected external t o  the 

present study . 

Barley yields were regressed on applied nitrogen and phosphorus , 

soil tests for nitrogen and phosphorus , a dummy variable for soil order , 

and the "weather" t erm involving stress days . The amount of yield varia

t ion explained was 55% . This equation should be useful for agencies 

such as grain companies and government departments who each year commence 

in early summer predic t ing what the f inal yield of barley will be on the 

Western Prairies . The equation should be useful for interpreting yield 

response of barley for fertilizer experiments conducted in the past , 

provided , of course , that appropriate soil moisture and meteorological 

parameters are available . For further details , the readers are directed 

to the following publications : 

Heapy , L . A .  197 1 .  Produc tion of Gateway barley as influenced by 

fert ilizer , soil test levels and moisture stres s .  Ph . D .  Thesis , 

Univ . Alberta . 

Heapy , L . A . , G . R. Webster , H . C .  Love , D . K. McBeath , U . M. von Maydell 

and J . A . Robertson . 1 9 7 6  Development of a barley yield 

equation for central Alberta.  2 .  Effec t s  of soil moisture 

stress . Can . J .  Soil Sci . 5 6 : 249-2 5 6 .  

SUMMARY AND CONCLUSIONS FOR THE FORAGE STUDY 

The yield of forage was regressed on linear and quadratic 

terms of applied nitrogen and phosphorus for each sit e ,  and the amount of 

yield variation explained by the regression equations ranged from 11 to 

7 7 %  for the various individual s ites . When the data were pooled on a 

site basis (all cuts for all years at a site) the foregoing variables 

explained only 6-38% of the yield variat ion . When data were pooled on 

a yearly basis (all cuts for all s ites for each year ) only 6-12% of the 

yield var iation was explained . Hence , applied nitrogen and phosphorus 

explained an unsatisfactory amount of yield variation for all groupings .  

When soil test for phosphorus was added to the model in addit ion to applied 

nitrogen and phosphorus the yield variation explained was only 13% , which 

is again unsatisfactory . 

The model was expanded to include a dummy variable for soil 

order (separated Chernozemic soils from Luvisolic soils)  and a soil 
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moisture term . Actually , two versions of the soil moisture term 

were tested in turn ; the f irst was so il moisture in the spring and 

the second was soil moisture in the spring plus rainfall up to the 

f irst cut . Regression analysis was done for 21 site-years regressing 

forage yield on the following variables : applied nitrogen , applied 

phosphorus , soil test values for phosphorus , soil moisture (spring) , 

and soil order . Only 29% of  the yield variation was explained . The 

analysis wa s repeated only subst ituting soil moisture in spring with 

a term for soil moisture in spring plus rainfall up to the first cut .  

Only 30% o f  the variat ion was explained . This soil moisture term was 

not nearly as effective as the more sophisticated "weather" term used 

for the barley experiments .  However , more research is required on such 

items as rooting habits of forage sp ecies before a more meaningful 

weather term can be developed for them. More information may be obtained 

from the following publicat ion : 

Webster , G . R . , D . K . McBeath , L . A .  Heapy , H . C .  Love , U .M .  von Maydell 

and J . A .  Robertson . 197 6 .  Influence of fertilizers , soil 

nutrients ,  and weather on forage yield and quality in central 

Alberta . Alberta Inst . Pedol . Pub l .  No . M-7 6-l0 . 145 pp . 



URBAN HEAT ISLAND IN CALGARY : DIURNAL PATTERN AND TIME TRENDS 

Lawrence C .  Nkemdirim 
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Calgary , Alberta T2N lN4 

ABSTRACT 

A study conduc ted in 1975 shows that urban heat island 

intensity has almost doubled in the 10 years since the last 

comprehensive survey of the island was undertaken . During that 

period the populat ion of the city grew almost 50% , from 300 000 

to about 450 000 . The diurnal distribution of intensit ies has 

a double maxima , with the higher value occurring by midmorning and 

a secondary one j ust before midn!ght . T�ile heat overload may be 

responsible for the morning peak (the act ive peak) , it is suggested 

that the midnight maximum (the passive peak) is prompted by different ial 

cooling between c ity and country . Elevat ion is not signif icant in 

the determinat ion of the form of  the temperature field but the general 

topography is responsible for much of the complexity observed in 

the spatial and temporal distribution of temperatures . 

INTRODUCTION 

Urban heat island is the name given to the elevated temperature 

surface found in most c it ies in the midst of lower regional temperatures . 

The concept is not new . In fact , studies of heat islands have been conduc

ted for most cit ies in North America and Europe .  

The brief report presented here i s  based on a study of  tempera

ture fields in Calgary that was begun in 197 4 .  Only the surface pattern 

is considered ; report on the atmospheric f ield will be presented at a 

later date.  This is  not the f irst study of urban temperature fields in 

Calgary . Yudcovitch (19 67 )  had conducted a survey of  surface temper

ature patterns in the c ity in 1965 / 6 6 . Consequently , we have two sets of 

data that indicate the change in urban heat island intensity and it s 

distribution over the past 10 years . 
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Data for this study were obtained from a network of 28 

permanei:;'; thermograph stations distribut ed in the city and out lying 

district (Fig . 1) such that the network ref lected variations in topo

graphy and land use intensity . A number of stations were placed at 

point s that automob ile transects suggested were crit ical to an 

accurate representation of the form of the temperature f ield in the 

study area . Data gathering was begun in September 1974  and was 

concluded in August 1 97 5 .  

Urban heat island intensity was computed as the difference 

between the average temperature in the inner city (downtown and Ogden) 

and the average temperature over t he rural stat ion out side the city . 

The use of the average for the rural locations should contain some 

of the problems which may arise from the presence of sources and sinks 

in the thermal pattern over the area . 

DIRUNAL PATTERN OF URBAN HEAT ISLAND INTENSITY 

Fig . 2 is the mean diurnal pattern of heat island intensit ies 

during the observat ion period . The maj or characterist ics of the pattern 

are as follows . 

1 .  There is always a positive temperature d ifferential (in the 

mean) between the city and the surrounding country in all hours . The 

lowest mean intensity is in excess of 5 ° C .  This runs counter t o  observa

t ions in many c ities where dayt ime intensities are negat ive , as observed 

for summer periods in London , England (Chandler 1962)  or minimal enough 

to lie within the margin of instrumental error (Ludwig and Kealoha 1 968 , 

for Albuquerque and New Orleans ) .  

The consistently high diurnal intensity maintained in the study 

area may be attributed to its climate .  Calgary is one of the few fair-s ized 

cities to be found north of latitude 50° . Sunnners are short and coo l .  

There is no month with a mean temperature of up t o  18 ° C ,  the threshold 

temperatur"e on which computations for heating requirements are based . 

Subsequent ly , i t  is the rare month when buildings are not heated by 

fuel burning . Fossil fuel burning pours large quantities of anthro-

pogenic heat into the atmosphere .  This type of energy is more differential

ly applied in favor of the built-up area . The result is the persistently 

high temperature differential between city and country . The valley 

location of the city discussed below also contributes significantly to 
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the high differentials . 

2 .  The distribution is bimodal . There are two peaks : a primary 

one ( S O C )  occurs in midmorning and a secondary maximum ( 7 . 2 ° C) is observed 

j ust before midnight . The primary peak about midmorning may be caused by 

the combined effects of  physiography , wind velocity , differential energy 

input , and depth of the mixing layer . 

The physiography of  the study area is  shown in Fig . 3 .  The mean 

elevat ion of  the area i s  about 1100 m msl . It is an area of rolling hills 

and flat plains . Elevat ion drops generally from northwest to southeast . 

There is a height differential of  more than 200 m between the highest and 

lowest point s .  A prominent feature o f  the city is the presence of the 

floodplains of the Bow and Elbow river system which run through the middle 

of the city .  East and west of the floodplain , the land rises st eeply to 

the west and gently to the east . These features give the c ity the shape 

of an inclined bowl . The core of the city containing the head offices 

of many f irms and maj or retail outlets is located almost in the middle of 

the bowl . Res idential development follows the river and the terraced hills 

surrounding the river system .  

During the morning rush hour , significant quantities of heat are 

added to the atmosphere of the central c ity by vehicular traffic . The 

bu ildup of heat along Macleod Trail South , a maj or north-south artery 

during the morning rush hour (Yudcovit ch 1967 ; Truch 1 9 7 7 )  attests to the 

significance of this energy sourc e .  Emiss ions from off ices are also 

enhanced by the greater energy release from poorly insulated buildings as 

thermostats are turned up . The net result of this is the buildup of a 

heat "overload" within the core of the city . 

Dispersion of  the energy is impeded by the following factors : 

1 .  The regional winds in the morning on the average prevail from 

the NW (Fig . 4 ) . The c ity center where the heat buildup occurs 

is protected from the winds by the shape of the valley . A 

protect ion model is illustrated in Fig . S ea) . 

2 .  Le ighton (1966)  shows that the regional winds have to be 

unusually strong to flush out the valley air where protection 

as in (a) occurs . Fig . 6 shows that morning winds are in 

general weaker than af ternoon winds . These morning winds may 

not be suffic iently strong to  penetrate the valley to induce 
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the horizontal mixing necessary to dissipate the energy . 

Nkemdirim (1976)  shows that a shallow mixing layer persists 

through midmorning in Calgary . Whereas the energy required 

to enhance the mixing layer is present , the regional wind 

strength appears to be insufficient for the des ired eros ion 

of the inversion base above the. city . 

The midmorning peak may be called an active peak because heat

ing is the forcing funct ion . The peak contrast s  with the passive maximum 

which occurs j ust before midnight . That maximum is presumably caused by 

the differential cooling between c ity and country of the classical urban 

climate  literature . The switch of the winds from SE to NW (Fig . 4 )  

short ly after dusk also corresponds to buildup in  the intensity of  the 

heat differential . 

Breakup of  the inversion over the city occur s by midday . This 

event corresponds to  a switch in wind direction (Fig . 4 )  to the southeast 

where enhanced penetration into the c ity center and industrial sector is 

offered . Fig . 5b schemat ically illustrates a ventilation process with 

which these winds may be assoc iated . It  also corresponds with a p ickup 

in the strength of the wind (Fig . 6) . Indeed , the combination of  the 

two factors in the presence of available energy could completely explain 

the breakup of the invers ion . The vert ical and horizontal mixing of  

the energy a t  a time when the rural port ion is  coming off its own 

heat overload following the midday peak insolation may be responsible 

for the smaller d if ferential noted observed through the afternoon . 

TIME TRENDS 

l .  

2 .  

3 .  

The main result s o f  Yudcovitch ' s  1965 work are as follows : 

the mean annual heat island intensity was 3 . 8 °  C .  

the diurnal distr ibution o f  intensities was marked by a primary 

peak at about 2300 hours and a secondary one about 

midmorning . 

the maximum intensity was about 17 ° C .  

During the decade following the completion of  the study , 

the city ' s  populat ion has grown 50% from a little over 300 000 to 

450 000 . The 197 5 study showed that the intensity of  the island was 

6 . 7 ° C ,  an increase of 80% over the 1965 figure .  With only two points 

to work with , it is not possible to d iscus s the form of  the growth 



76  

curve . Averages , however , indicate an annual growth rate of 6%  

compoun(: 2d in the heat island intensity , or  about • 25° C/year . 

Thus it can be argued that a 1% population increase has induced the rise 

of about 1 . 5% in the urban heat island intensity . 

It is extremely doubtful that this growth rate can be sustained , 

especially given the possibil ity that an urban heat island has a built-in 

"self-destruct" mechanism which may be triggered when the phenomenon 

attains a very high value.  However , the figures given above may well 

illustrate the form of urban heat island growth at the lower end of city 

size spectrum . Lawrence (1968 ) , for example , noted an increase of only 

2 ° F  ( l . l O e )  in 20 years in Manchester , England . 

The maximum intensity increased at a slower rat e ,  from 17 °C 

to 28 ° C .  This i s  about three-quarters o f  the increase in the annual 

mean . While it may be premature to suggest that the rate of increase 

in maximum intensity is always below similar rate in the annual mean , 

there may be sufficient theoretical j ustification for the construction 

of a hypothesis with universal applicat ion , based on the evidence presented 

above . 

The double peak was repeated . But the timing of  the primary 

and secondary peaks were reserved . In the course of  the decade , the 

downtown area has seen a marked change in fabric . The change in skyline 

is probably the best indicator of the degree of this change .  The structural 

change not only implies a significant increase in the amount of thermal 

energy released into the atmosphere from the buildings , it also offers 

additional protection against wind erosion of  the energy . Thus , the 

active peak seemed to have gained more impress ively in its growth than 

the passive one . 

Finally , the present limits of Calgary ' s  built-up area 

include what used to be open country when the 1965 study was conducted . 

I f  the two experiment s were conducted over the same areal unit , what is 

now the intraurban different ial should be comparable to the urban/rural 

contrast reported in the 1965 work. The gain in intensity in such a case 

from 3 . 8 ° e  to 10 . 6 ° e  would have been even more impressive . I t  wil l ,  

however ,  be  difficult to  j ust ify such a comparison since i t  i s  held that 

the intraurban different ial in the 1975  study is dependent on internal 

differences in the urban morphology of the built-up area . 
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CONCLUSION 

The report presented in the foregoing section is part of a 

comprehensive study of Calgary ' s  urban climate .  I t  appears t o  us that 

this is one of the few continuous intensive surveys of urban temperatures 

ever undertaken . It is also a s tudy which we hope may assume some 

importance in urban climate studies for subarctic cities , especially 

those set in areas with strong topographical control.  The work raises 

some important questions about the growth of urban heat island intensit ies 

in modest-sized cities . 
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THE IMPORTANCE OF CLIMATOLOGICAL DATA 

TO THE ENVIRONMENTAL CONSULTANT 

Brian R .  Croft , 

Stanley Associates Engineering Ltd . , Edmonton , Alberta 

ABSTRACT 

The environmental consultant uses climatological data for a number 

of purposes : describing baseline conditions for environmental impact 

assessment , assessing air pollut ion potential and control methods ,  and 

assessing impacts that the climate may have on a development . The 

climatological parameters primar ily used are wind , temperature ,  and 

precipitation . Inversions , mixing height s , and humidity are often used ; 

other parameters such as sunshine , storms , fog , visibility , hail , and blow

ing snow are sometimes used . Climatological data are obtained from a 

number of sources including government data summaries such as Canadian 

Normals and Climate  of Alberta , from Atmospheric Environment Service 

papers , and from j ournals . Informat ion retrieval is initially difficult . 

Recent studies are discussed with particular emphasis on the role of 

climatological data . The process by which environmental consultants 

determine data needs , acquire dat a ,  and put them to 4$e are discussed . 

Finally , current problems in the reporting format of climatological data 

are d iscussed especially those associated with data, interpretat ion. 

Recommendat ions are made for improving data reduction ,  report ing , and 

abstract ion . 

INTRODUCTION 

Today ' s  environmental consultant must be prepared to use climatological 

data for a number of purposes . A brief general discussion of the author ' s  

experience with the applicat ion of climatological data is provided here . 
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1 .  Description of Baseline Conditions for Environmental Impact 

Assessments 

The purpose of  an environmental impact assessment is to assess the 

impact a proposed development will have on its surrounding environment . 

The f irst step in such an assessment is full description of the 

existing environment prior to development . Climatology of the area 

is usually provided and can be based on existing data from 

nearby stations or data collected over a number of  months at the 

specific location . 

2 .  Assessment of Air Pollution Potential and Control Strategies 

This applicat ion of climatological data may or may not be part of 

an environmental impact  assessment . Here the obj ective is to determine 

the climat e ' s  influence on emissions from s ingle or multiple sources 

and to develop control strategies that can reduce the effect of 

emissions to  acceptable levels . 

3 .  Assessment of Climatological Impacts  

This application of climatological data is often overlooked since 

"environmentalists" are usually concerned with the effects man has 

on nature . But nature can also have s ignificant effects on man . 

This paper discusses the importance of climatological data to these 

environmental applications . 

CLIMATOLOGICAL PARAMETERS 

The prime climatic elements used in the environmental applications 

previously ment ioned are temperature ,  wind , and precip itation . These 

parameters are normally described in terms of annual and monthly averages 

and , just as important , in terms of extremes , ranges , and d istributions 

of recorded data . Furthermore , inversions and mixing heights play an 

important role in air pollut ion studies . Sometimes o ther parameters 

are used , including fog , humidity , storms , visibility , hail , blowing 

snow , sunshine , and evaporat ion . 
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DATA SOURCES 

The maj or , and often the only , source of climatological data is 

the Atmospheric Environment S ervice (AES)  of  Environment Canada . 

AES has the responsibility for establishing and maintaining 

observing s tations and for collect ing and analyz ing the data on 

a national basis . Often t his is done in collaboration with 

provincial and other agencies . A number of basic data summaries are 

published by AES and these are described briefly below. 

1 .  Canadian Normals (1941 - 1970)  

Volume 1 - Temperature 

Volume 2 - Prec ipitation 

Volume 3 - Wind 

Climatic Normals (1931 - 1960) 

Volume 3 - Sunshine , Cloud Pressure and Thunderstorms 

Volume 4 - Humidity 

These normals provide monthly and annual means , extremes , and 

percent frequencies for observing stations across  Canada . 

2 .  Hourly Data Summaries 

These have been compiled for over 100 locations , usually airports , 

from the regular hourly weather observations . These summaries 

provide more detail than the normals and include the following 

elements : 

dry and wet-bulb t emperatures 

wind speed and direct ion 

mean temperatures and standard deviations 

mean dry and wet-bulb temperatures at the four synoptic 

hours and maximum wet-bulb temperatures 

observat ions of thunderstorms , rain , freez ing rain , snow, 

hail , fog , and blowing snow 

average values of wet and dry-bulb t emperatures for each hour 
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3 .  General Summary of Hourly Weather Observation 

Data from many stations across Canada were summarized every year 

under this program ,  which was discontinued in 1961 . Tables provide 

records of hourly observat ions for each month of the year for a 

variety of condi tions . This  summary was designed for aviation 

purposes . 

4 .  Climatological Studies 

This series of  climat ic studies have and are being prepared for 

different regions in Canada . Over 20 have been published , of  

which 7 or 8 have applicat ion in Alberta . 

5 .  Canadian Meteorological Memoirs 

This series is s imilar to t he above studies and was generally 

prepared prior to the mid-1960 ' s .  

A catalogue entitled Selected Publications in Climatology and Applied 

Meteorology is available from AES for o.rdering purposes . 

In addition , Alberta Environment annually publishes Climate of Alberta , 

which contains t emperature ,  precip itation , and sunshine data compiled by 

AES .  Data for the Yukon and Northwest Territories are also included . 

An important source o f  data and data analyses are the reports , articles , 

and pap ers published each year by meteorologists and climatologists . 

An excellent b ibliography of these repor ts is the 197 3 publication 

compiled by Morley K.  Thomas of AES :  A Bibliography of Canadian 

Climate 1958-197 1 .  

Another source o f  climato logical data that has only recently become 

s ignificant is maj or industrial plants .  These plants have been required 

by Alberta Environment to collect wind and temperature informati on at 

some air quality monitoring stations . These data are correlated to air 

pollution levels and a "pollution rose" can be plotted . 
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In addit ion , the environmental consultant may require raw data , which 

are available through AES ,  or may require special analysis of data for 

a specific locat ion , in which case arrangements can be made with the 

Edmonton AES office to have a special computer analysis carried out in 

Toronto . 

It has been found that basic climatological information can be retrieved 

easily and rapidly after one has become familiar with the maj or data 

sources outlined above . However , becoming familiar with the many sources 

can take time and on occasion can be frustrating . This is discussed later . 

RECENT APPLICATIONS OF CLIMATOLOGICAL DATA 

This sect ion briefly d escribes th ree studies with emphasis on the determination 

o f  data needs , data acquisition , and the final use for the data . The 

following d iscuss ions provide the reader with three examples of environ

mental uses for climatological dat a .  

1 .  Planning and Land Development 

A number o f  proj ects have been carried out which fall into this 

category . The example cho sen is the proposed annexat ion of 7 , 000 

acres of  land to the north boundary of Calgary . This potential 

development has been called Calgary North. 

Climatological data were used in this overall environmental impact 

assessment to : 

- determine the effect o f  city emissions on Calgary North 

- determine the effect of emissions from a nearby sour gas plant 

on the development 

- determine the effect of Calgary North ' s  emissions on adj acent 

communit ies 

The data required to conduct this study were primarily wind speed 

and wind direction . Wind direct ion was the most important because 

effect of emissions on a specific area is related largely to firstly ,  

the frequency with which wind blows toward the area and secondly , the 
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quantity of emissions . 

wind data from the Canadian Normals was used to determine the 

annual average wind rose , which was the time period most 

relevant to this planning type study . City emissions were 

then found to cause a calculated and measured air quality 

level at Calgary North . The frequency with which wind caused 

these concentrations in this area was compared with expected 

frequencies at other potent ial city growth areas . 

Impact of the gas plant was analyzed through dispersion 

calculations , wind direct ion frequency , and inversion frequency 

data . This analysis was much the same as for city emissions 

discussed above as was the analysis for the effect of Calgary 

North ' s  emissions on adj acent communities . 

An interesting outcome of  this study was the presentation of 

results before the Provincial Local Authorit ies Board at which 

t ime the meaning of common meteorological and climatological 

terms had to be explained very carefully . 

2 .  Industrial Development 

The example used here is an environmental overview study that was 

undertaken for a 1500 MW coal-fired power plant and associated 

strip mine . Climatological data were used to describe baseline 

conditions , assess air pollution potential , assess control 

strategies , and assess climatological impact . Climatological 

data used in this study included temperature , precipitat ion , 

wind , fog , inversions , and mixing heights .  All of these para

meters were important and were used in addressing problems 

associated with both the power plant and the strip mine . For 

example , the more significant problems considered were : 

plant location , method of cooling (pond or tower) , fog or steam 

impac ts , mine and plant area runoff , air quality (before and 

after ) , stack height , and fugit ive dust . 

For some of  these problems data were needed to describe the worst 
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case situation (ie . air quality) whereas other problems 

required sufficient data to determine occurrence probabilit ies 

(ie . fog and runoff)  and some problems needed only annual average 

condit ions (ie . fugitive dust ) . 

It should be emphasized that the environmental consultant , when 

carrying out an impact study , spends a significant amount of time 

determining all potent ial impacts . The impacts having been 

identified , it is possible to determine the high-priority impact 

areas . These receive the maj or emphasis in determining degree 

of impact and evaluating control strategies for mitigation . 

This was an overview study ; therefore , addit ional obj ectives included 

ident if ication of knowledge gaps and recommended studies for the 

detailed environmental impac t  assessment that will be required if 

the proj ect proves to be feasible .  

3 .  Applied Research 

A proj ect was recently completed for the Alberta Oil Sands Environmental 

Research Program (AOSERP) that investigated the magnitude and 

occurrence of fog in the oil sands area and it s associated problems . 

Climatological data were used to describe baseline fog conditions , 

assess potent ial fog conditions , and assess fog-pollutant interaction . 

Data used in this study included parameters affecting fog formation , 

frequency , growth , persistence , drift and interaction with pollutants 

including fog , t emperature , wind , humid ity , inversions , and mixing 

heights .  

These data were obta ined from the basic sources discussed previously ,  

through literature searches , and through close cooperat ion with AES 

to obtain obscure or litte-known informat ion . During this study some 

problems were encountered in data reporting and interpretation . 

PROBLEMS IN DATA REPORTING AND INTERPRETATION 

This sect ion provides a brief d iscussion of problems that arose during 
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the AOSERP fog study and includes some recommendations for 

alleviating these and similar problems . During the fog study 

a number of data sources were searched and relevant fog data 

abstracted . The problems encountered were : 

1 .  Variations in the Definition of Fog 

The international definit ion is a visibility reduction to 1 km 

or less caused by water droplets or ice crystals . A number of 

data summaries (mainly those developed for aviation use) used 

a visibility criteria of 9 . 6 km ( 6  miles ) .  

2 .  Variat ions in the Time Dis tribution o f  Fog Occurrence 

The problem mentioned above was compounded by the time period 

for which fog is observed and reported . Airport observers 

normally record meteorological parameters on the hour ; however , 

it was learned through discussion with AES that "special" 

observations are sometimes made between the hour observations . 

Whether or not a data summary included these "specials" was 

vague . Also , some dat a summaries indicated only the number 

of days during which fog was observed . This confusion , combined 

with variat ions in the visibility criteria,  proved to be 

frustrating . Authors of some data summaries attempted to 

resolve the problem and the following example was extracted 

from a 1969 summary of nat ional fog data by the Meteorological 

Branch : 

In this summary a day with fog is a day on which the 

visibility was reported to be less than 5 / 8  of a mile . 

This does not imply that fog existed for the whole day 

or during any precise portion of the day , but means that 

it did occur dur ing at least part of the 24-hour period . 

In this part icular summary the author also indicates that 170  

of  the 285 stations reported made observations around the clock 

while the 115 did not . But that is the only indication of a 

variation in the daily observat ion routine . The 24-hour stat ions 



86 

were not identified nor was it indicated over what t ime period 

observat ions were recorded at the other stations . 

RECOMMENDATIONS 

To reduce the potential of data mi sinterpretation , it is recommended that : 

1 .  Future data summaries should include a more comprehensive descrip

t ion of the raw data used in the summary . This should include all 

parameters which may affect the ultimate interpretation and 

applicat ion of  data from the summary .  

2 .  Users of climatological dat a summaries should be aware of the data 

limitat ions and should discuss the way raw data is collected , recorded , 

reduced , and summarized with airport weather observers and AES 

offic ials . 



ALBERTA CLIMATOLOGICAL COMMITTEE ANNUAL MEETING 

REPORTS 



CHAIRMWN 'S REPORT 

John M. Powell 

During the past year the Alberta Climatological Committee has 

held three meet ings . The first , last February , was our Annual Meeting , 

at which we received 12 agency or section reports and discussed other 

ongoing topics . Other meetings were held in June and October . Through 

the year some 10 agencies were represented , and two retired meteorologists 

were also in attendance .  

Topics for discussion have included the annual publicat ion of 

Climate of Alberta , installation of recording p recipitat ion gauges , winter 

climatology programs at selected Alberta Forest Service Ranger Stations , 

a prototype PVC Stevenson Screen , Wheat Pool Climatological Records , Red 

Deer Dam proposal , snowfall water equivalents , metrification , support from 

other agencies for the Alberta Forest Service fire-weather network of 

climatological stations , snow survey and snow pillow data , value of long

term climatological stations and the representativeness  of stations , avail

ability of climatic data on microfiche and on magnetic computer tape , wind 

data in industrial reports , chinook studies and t imber b1owdown , the 

establishment of a mesoc1imatic zonation study in the Peace River Region , 

and the status of  the "Medicine Lodge" stations . 

In addition to the above , several of which we will hear more of 

this afternoon , A directory of climate and related courses and of persons 

interested in climato logy in A lberta was compiled by myself and published 

by the Canadian Forestry Service . This directory lists references on 

climate published since 1969 by Alberta authors . Your secretary , Elliot 

Kerr , has also been busy comp iling an Alberta Hydrometeorology Data Source 

Sheet . Work has also begun on an update of the inventory of climatological 

data collected in Alberta but not published by the Atmospheric Environment 

Service .  The last inventory was published in October 197 2 , and much climate 

information has been collected since . 
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Your chairman was invited to attend the March 24 , 1976  meeting 

and workshop of the Alberta Agrometeorology Advisory Committee (AAAC) in 

Lethbridge , at which time an opportunity was taken to inform them of  the 

past and present act ivities of the Alberta Climatological Committee . The 

AAAC is in its infancy , and we plan to maintain a good liaison with this 

new specialist interest committee . This should not be difficult , because 

three members of their present executive are regular members of our com

mittee . A brief report from the AAAC is on our agenda this afternoon . 

In mid-January this year your chairman also had the opportunity 

to be an invited observer and part icipant in the two-day meeting of the 

Canada Committee on Agrometeorology , held in Winnipeg . Once again I was 

able to inform them of  the past and present activities of  the Alberta 

Climatological Committee . 

During the past year we lost the services of  two act ive members 

of our Committee . Don Storr , hydrometeorologist with the Atmospheric 

Environment Service , retired and settled in warmer climes on the coast 

of British Columbia , and Peter Lester of the Environmental Sciences Centre 

(Kananaskis) of  the University o f  Calgary , who was undertaking studies o f  

the chinook , returned t o  San Jose State University in California . We shall 

miss these two members , and I wish to record our appreciation for their 

input to the work of this committe e .  At this time I would also like to 

record my appreciation of and thanks to our secretary , Elliot Kerr , for his 

work during the year , and to Ben Janz and Conrad Geitz , who helped Elliot 

and me plan for the workshop this morning . The workshop was a new venture 

for the committee , and I shall be interested to hear later whether you felt 

it was a success and fulfilled its purpose and whether the committee should 

consider something s imilar another year . 

The committee would also l ike to know whether it should consider 

a more formal structure and seek a regular source of funding with which to 

plan its program and proj ects . This is the second year we have had an 

annual meeting with agencies invited to present brief oral or written 

reports for inclusion in the minutes . The committee plans to put together 

a proceedings of today ' s  ac tivit ies : the papers presented at the morning 
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workshop and the highlights of this annual meet ing , together with the 

agency reports . However ,  to publish the proceedings and thereby main

tain communication with those that attended today and with others 

interested in the work of the commit tee requires funding. Perhaps 

the committee should seek to reestablish the sponsorship of the 

Research Council of Alberta or some o ther interest ed agency .  

I have enj oyed my year as chairman and would be prepared to 

continue if the committee so wishes . We shall hold elections at the 

end of the meeting today . If the work of the committee is to continue 

or increase after our discussions today , I believe we should consider 

appointing one or two o ther committee members to the executive to 

assist the chairman and secretary , as required . In this way your exec

utive will work in less isolation between meetings and be able to more 

effectively advance the goals of the committee . 



ATMOSPHERIC ENVIRONMENT SERVICE� FISHERIES AND ENVIRONMENT CANADA 

B .  Janz 
Western Regional Office 

Atmospheric Environment Service 
Environment Canada , Edmonton 

Items that are new or areas where there have been changes 

during the past year are reported on . 

Metrication 

As of February 1 ,  1977 , all Atmospheric Environment Service 

(AES) first-order stations had been converted to metric instruments  for 

measuring temperature and precipitation . Some parameters are still being 

measured in Imperial units but are converted by station personnel . 

Climatological stations (Precipitation and Temperature) are 

being converted to SI as they are inspected . All new stations are being 

supplied with metric instruments . The change to metric should be completed 

in about 1-1/ 2  to 2 years . 

Automatic Climatological Stations - MATER 

Instrument Branch at AES Headquarters has developed an automatic 

climatological station that is suitable for collection of data at remote 

or unattended sites . The MATER has several advantages over other automatic 

stations : 

1 .  Events are recorded on magnetic tape rather than on paper 

charts . 

2 .  They can be left unattended for periods of 3-4 months . 

3 .  There is no need for manual abstracting of the data , as data 

are retrieved via computer printout . 

4 .  The station has been designed t o  use currently available 

sensors , such as the 4SB anemometer and the t ipping bucket 

rain gauge . 

5 .  Wind and liquid precipitation events  can be recorded much 

more frequently than is possible at the ordinary climatological 

station. 
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Disadvantages of the MATER include : 

1 .  A t ime lag in the data retrieval--the cassete tape must 

be  processed by a computer . It does not lend itself to 

retrieval or reading of data between tape changes . :'. 

2 .  As yet a sensor to measure solid precipitation is not 

available for the MATER . A Fischer-Porter could be 

adapted to the electronics , but there is  no real advantage 

in this because the Fischer-Porter has its own recording 

device .  

Climatological Station Census 

At the end of 1 9 76  there were j ust over 400 stations in Alberta 

providing climatological data . Of this number , 140 were seasonal stations 

operated during the summer months by the Alberta Forest Service .  During 

19 76 there was a net loss of 18 climatological stations in Alberta . Other 

provinces in Western Canada also reported net losses in the number of 

climatological stations ; British Columbia and the Northwest Territories 

lost 17  each , Manitoba 6 ,  and Saskatchewan 9 .  

Alberta Oil Sands Environmental Research Program (AOSERP) 

A number of s tations collecting data of a climatological nature 

are now operating in support of this program. In addition to climatological 

stations collecting data of a conventional nature (temperature , precipitat ion , 

wind , and humidi ty) there is  a program of ongoing data acquisition in the 

boundary layer . A l50-m meteorological tower with sensors at five levels  is 

operating continuously . The minisonde program , although not cont inuous , is 

intended to provide data on t emperature and wind pro f iles in the boundary 

layer at various locations in the proj ect area . Data from the AOSERP program 

will contribute to the boundary layer climatology and provide quantitative 

data on mixing heights , vent ilation coeff icients ,  and inversion frequencies . 

A map showing the observational network is attached . The climatological 

data from this proj ect are archived at AES ,  Edmonton and Toronto . 
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AIR QUALITY CONTROL BRANCH� ALBERTA ENVIRONMENT 

R.  Angle 
Alberta Environment , Edmonton 

The role and general activitie s  of the Air Quality Control 

Branch , Alberta Environment were outlined in the 1975 agency report 

(February 19 , 1976) . 

In 1976 the development of urban air pollution models for 

the cities of Calgary and Edmonton was completed . Copies of summary 

reports may be obtained , free of charge , upon request . 

Two of Edmonton ' s  air quality monitoring units (ERMU and 

EIMU) were equipped with digital printout , electronic averaging wind 

sets . These sensitive , high-quality instruments have a threshold of 

less than . 3  mls and an accuracy of ± 1% . The vane has a distance 

constant of less than 1 m and a damping ration of 0 . 4 ,  while the cups 

have a distance constant of less than 1 . 5  m.  The instruments are 

mounted at a height of 15 m to overcome the disturbances caused by 

obstacles near the sites . The hourly average wind speed to the nearest 

0 . 1  mls and hourly average wind direction to the nearest degree will be 

reported in the quarterly air monitoring data publications o f  the Branch . 

Similar instruments will go into service in Calgary later this year . 

In a letter to the Climatological Committee dated June 29 , 

1976 , a list of gas plants that regularly measure wind in conjunction 

with air quality monitoring was supplied . At that time users were 

cautioned that the anemometers rarely had a standard exposure . The 

Branch issued a new Air Monitoring Directive (AMD-76-l) in December 

requiring that all air monitoring stations conform to standard site 

criteria by the end of 1977 .  Complete site documentation is also 

required . A random site inspection program will be initiated in the 

near future to ensure adherence to the siting criteria . 

Commencing in the summer of 1977 , in cooperation with the 

Research Secretariat , Alberta Environment , measurements of global 
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solar radiation and ultraviolet radiation will b e  made on the roof of 

Oxbridge Place in downtown Edmonton . The data will be made available 

upon request .  A similar radiation measurement program is planned for 

Calgary the following year . 

Alberta Environment .  1976 . An application of an air pollution model 

to the City of Calgary,. A summary report .  Prepared by 

Western Research & Development Ltd . June 1976 . 33p . 

Alberta Environment . 1976 . An application of an air pollution model 

to the City of Edmonton . A summary report . Prepared by 

Western Research & Development Ltd . June 197 6 .  60p . 

Alberta Environment . 1976 . Sour Gas Industry . Air Monitoring Directive 

AMD-76-1 . 



FLOW FORECASTING BRANCH 
TECHNICAL SERVICES DIVISION 

ALBERTA ENVIRONMENT 

A .M. Mustapha 
Alberta Environment ,  Edmonton 

The Technical Services Division maintains a flow forecasting 

service designed to inform the public of unusual occurrences on the 

province ' s  river s , streams , or lakes . Heavy rainfall or rapid snowmelt 

may result in potentially dangerous high water conditions . The Flow 

Forecasting Branch is responsible for the development and application 

of procedures for forecast ing floods and operating reservoirs . Monitor

ing of precipitation amounts and stream discharge plus analysis of river 

or lake characteristics allow flow forecasts to be developed . Knowledge 

of probable flood levels allows private landowners , communities , and 

government agencies to undertake appropriate action to reduce the damage 

occurring from high water condit ions . The Flow Forecast ing Branch gives 

advice on the operation of reservoirs under provincial control to ensure 

opt imum management of the water resources of the province to provide 

flood control , minimum flow requirements for water supply or pollution 

abatement , and irrigation water requirements .  

In cooperat ion with the Atmospheric Environment Service , four 

Fischer-Porter precipitation gauges were ins talled in the past year at 

Ghost Ranger Station , Elbow Ranger Station , Jumpingpound Ranger Station , 

and near Mayerthorpe .  These stat ions are equipped with telemetry units 

and can be interrogated by the department ' s  computer-based data acqui

sition system .  The prime purpose of these stat ions is to make precipi

tation data more readily available for operational streamflow forecasting . 
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CLIMATOLOGICALLY RELATED HAIL RESEARCH 
AT THE ALBERTA HAIL PROJECT 

G .  Lunn and L .  Woj tiw 
Atmospheric Sciences Division 

Alberta Research Council , Edmonton 

The Alberta Hail Proj ect is a cooperative investigation into 

phenomena associated with hailstorms in central Albert a .  Its primary 

aim is to determine the causes and behaviour of hailstorms in Alberta 

and to devise models of  hail stone growth as a basis for developing hail 

suppress ion techniques . 

Until 1974 the proj ect was directed by Alberta Research Council , 

with financial and scient ific contributions supplied by Atmospheric Envi

ronment Service , the National Research Council of Canada , and the Stormy 

Weather Group of McGill University . The Interim Weather Modificat ion 

Board of the Alberta Department of Agriculture then assumed direction of 

the proj ect and began a 5-year program of hail modification tests and 

research . The proj ect has grown steadily since its inception in 1956 . 

The operations and field research program are based at the Red Deer 

Industrial Airport near Penhold , Alberta . 

The Atmospheric S ciences Division of Alberta Research Council 

continues to be associated in various climatological aspects of hail 

research . The following is a summary of such research proj ects . 

1 .  Upper Air Station Data 

The Mobile Rawinsonde System (MORAS ) ,  first introduced in 19 75 , 

has been extensively used the past 2 years . Sounding data have been 

collected in conj unction with the passage of hailstorms . This informat ion 

includes vert ical profiles of temperature ,  humidity , and wind and contri

butes to hailstorm model development and understanding . These variables 

play an important role in delineating covariates for hailstorm prediction 

and proj ect evaluation .  An attempt to define the temporal and spatial 

limits of  soundings representative of the hailstorm environment is currently 

9 7  
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underway . In addit ion to the MORAS data,  three other upper-air stations 

( at Penhold , Rocky Mountain House , and Calgary) collect data through the 

sununer months . 

2 .  Radar Systems 

Three radar systems (C , S ,  and X-band) are employed at the pro

j ect . The X-band is used for tracking aircraft , the C-band as a backup 

facility and for general surveillance ,  and the S-band for data collection 

and research programs . In 197 6 , a total of 250 hours of S-band radar data 

was collected on computer tapes . The data collected are used in analysis 

of seeding techniques and storm history and as support data for other 

research programs on the proj ect . PPI data from the S-band are also col

lected on 35-mm film as backup to the computer system .  The occurrence of 

radar-observed phenomena is important in studying the climatology of vari

ous thunderstorm observations . 

3 .  Computer Support Systems 

The Alberta Hail Proj ect PDP 11/50 computer records radar dat a ,  

digitized hail pad data , rawinsonde data , hail/rain report s ,  hail swath 

dimensions , surface weather observations , distrometer data , mailing and 

telephone list s , and various calibration programs . Programs have been 

developed to display storm radar data ,  to run various hail size predictor 

models (Hirsch , LMA) and to display and contour weather map data . 

4 .  Surface Networks 

Three surface networks ( two volunteer and one staff-operated) 

were set up and operated in 197 6 :  

a .  Precipitat ion Network of  500 stations over an area o f  3 4  500 km2 

( Figure 1) 

b .  Dense Network o f  162 stations over an area o f  930 km2 ( embedded 

in the prec ipitation network in the Rimbey district of Alberta) 

(Figure 1) 

c .  Two Microdense Networks of 2 6  and 1 6  stations in , 6  km2 (embedded 

in dense network) 
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All stations in the first two networks were supplied with a 

rain gauge , hai1pads , and rain/hail sample beakers and appropriate 

forms to report the occurrence of hail fall and total amount of daily 

precipitation . These collected the following dat a :  

a .  Daily rainfall information from June t o  September , from which 

daily and monthly rainfall maps for central Alberta are pro

duced 

b .  Hail occurrences , impact energies , hail size distributions 

c .  Hail-rain samples for silver analysis 

Data from the Dense Network will be used to develop crop

hail fall parameter models as well as mesoscale rainfall patterns . The 

two microdense networks were set up to examine the variability of hail fall 

on a smaller scale . 

Within the Precipitation Network and Dense Network eight anemom

eters and eight hygrothermographs were operated from June to September in 

197 6 .  These data are used t o  examine hai1fa11/crop damage events ,  as 

input data to hail predictor models , and as i�put into other research pro

grams within the Alberta Hail Proj ect . 

5 .  Surface Measurements 

Investigations into surface measurements can be grouped into 

three categories . 

a .  Mobile Precipitation Sampling 

This phase of the proj ect determines the spatial distribution 

of silver released in cloud seeding . Results  of this research include 

rainfall rates over short time periods , spatial/temporal surface wind 

measurements during hailstorm passag�. and occurrence/nonoccurrence of  

silver in precipitation samples . An atomic absorption spectrometer was 

used to determine the background level of silver content in samples , as 

well as in samples collected during seeding . The typical background level 

for central Alberta is 6 x 10-1 2  g m1-1 , and samples with concentrations 

greater than this are considered to have been influenced by seeding . 
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Silver fallout patterns are used in relation to storm tracks and seeding 

events in order to better understand the traj ectories and dispersion o f  

seeding materials . 

b .  Correlation o f  Rainfall Measurements to Radar Measurements 

Measurements of rainfall s ize-distribution with a Joss  dis tro

meter were conducted in 197 6 . Data were collected for numerous s torms 

and are being analyz ed at present . 

c .  Isotype Studies 

A program run by the Meteorology Department of the University 

of Alberta collected precipitation samples to invest igate the isotopic 

content of rain and hail in Alberta s torms . 

6 .  Airborne Measurements 

Airborne cloud photographs have been taken for document ing 

cloud seeding events and correlating them with changes in visual and 

radar echo structures . Seeding and patrol flights regularly take temp

erature soundings and record the temperature at cloud base . These data 

are used to supplement rawinsonde data and are useful in hail growth 

models . 

One of the seven seeding aircraft in 1976  was instrumented to 

provide environmental meteorological measurements of such parameters as 

temperature , dew point , liquid water content , ice nuclei ,  and turbulence . 

7 .  Conclusion 

In addition to the preced ing brief outline of the maj or research 

programs undertaken by the Atmospheric Sciences Division the following 

Bibliography lists maj or references published in the last few years . A 

comprehens ive list of  earlier publications is reported in Woj t iw ( 197 5a) . 
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CLIM.4TOLOGICAL DA2'A AND RESEARCH AT THE ALBERTA HAIL PROJECT 

J . H .  Renick 
Alberta Weather Modification Board 

Mynarski Park , Alberta 

Data: Hai1fa11 Records : 

1 .  volunteered b y  farmers throughout Alberta giving date , 

time , duration , size , amount , and accompanying rainfall 

amounts where available . 

2 .  solicited from farmers by telephone in target area 

(approx . 130-km ( SO-mile) radius of Red Deer Airport)  -

same data as above . 

Data collected since 1956 from various areas . 

Precipitation Measurements :  

Ob tained from approximately 600 volunteer stations in target 

area giving rainfall amounts by storm and day , rain samples (discontinued 

in 19 7 7 ) , hailfall as above , and hailpad measurements from June 1 to 

August 31.  

Data collected s ince 1974 . 

Radar records o f  s torms within l60-km (IOO-mile) radius o f  Red Deer Airport . 

Upper-air observation from University o f  Calgary and Rocky Mountain House 

twice daily , mid-June to September 10 and once daily from Red Deer Airport 

plus irregular soundings by mobile unit  within l15-km ( 70-mi1e) radius o f  

Red Deer Airport . 

Records from Rocky Mountain House since 1969 , Calgary since 1975 . 

Research : Current climatological research includes : 

1 .  long- term trends in various meteorological surface parameters 

with view to removing any such trends in hail fall records that might other

wise be interpreted as seeding effects 
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2 .  establishing an upper-air climatology and relating 

synoptic-scale meteorological events to hailfall 

3 .  the study of singularities in temperature and precipi-

tation.  



ALBERTA FOREST SERVICE - FIRE-WEATHER SECTION 

E . V .  S tashko 
Alberta Fores t Service 

Department of Energy and Natural Resources , Edmonton 

I .  Weather-Reporting Network 

The Alberta Forest Service operates a network of 140 lookout 

stations that were originally set up for the purpose of fire detection 

but that also assumed duties as a communication and f ire-weather net

work as well . Another 40 ranger stations , provincial parks , Mennonite 

settlements ,  Indian reserves , and private individuals complete the 

A. F . S .  weather reporting network. 

While some east slopes ranger stations date back to 1914 and 

earlier , and some of the oldest lookouts to the 1920 ' s ,  the bulk o f  the 

lookout network was b uilt during the 1950 ' s  and 1960 ' s .  A detailed 

seasonal historical weather and lightning s torm record has accumulated 

for a period of 10-15 years for mos t  s tations . The reporting season is 

generally considered to be late April to the end of September , although 

select ranger s tations have at times reported all winter as well.  

Twice-daily weather reporting of  variables s imilar to the 

aviation teletype format and as per attached sheet are received on a 

real-time basis and shared with Alberta Environment (Flow Forecasting 

Branch) and the Atmospheric Environment Service Weather Office at 

Edmonton International Airport .  Climatological data are published in 

the Monthly Reaord of MeteoroZogiaal Observations in Canada serie s .  

II . Alberta Fores t Service Fire-Weather Services 

Real-time fire-weather operational forecasting during the 

fire season April-October is the maj or function of the Weather Section . 

Its purpose is to provide the b asis for allocation and movement of  

multi-million dollar fire suppression , presuppression , and prevention 

resources . Forecasts are shared with some agencies or maj or woods 

operators who have reciprocal agreements with the Forest Service . 
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ALBER2� AGRICULTURE AGROMETEOROLOGY 

C . w.  Gietz , Agrometeorologist 
Soils Branch , Plant Industry Division 

Alberta Agriculture , Edmonton 

Peop le engaged in agriculture are of  necessity concerned with 

weather and climate . Climatic conditions have shaped the character of 

agriculture from place to place within the province and shall continue 

to do so . Efforts are being directed towards bringing about a greater 

appreciation of meteorological influences upon specific aspects of agri

cultural production .  

Soil moisture reserves have an important bearing on farm manage

ment decisions , particularly in areas of relatively low growing season 

precipitation . Low levels of soil moisture in some parts of the province 

have been of particular concern in recent months . During the fall of 

19 7 6  maps of precipitation anomaly were updated weekly . These and other 

data have been used in estimating levels of soil mois ture and identifying 

the areas most affected . A map of precip itation anomaly with suitable 

interpretation was mailed out to farmers along with their soil test results .  

There is an apparent need for the increased use of climatic 

information in land use decisions where agricultural land is concerned . 

Because climate influences production potential , agroclimatic analysis 

is necessary in making the case for agricultural land use in the face of 

other pressures such as urbanization . 
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CLIMATE DATA COLLECTED AND THEIR USE BY 

HYDROLOGY SECTION, NORTHERN FOREST RESEARCH CENTRE 

D . L .  Golding 
Nor thern Forest Research Centre 

Fisheries and Environment Canada ,  Edmonton 

Climate data are gathered by the Hydrology Section of Nor thern 

Forest Research Centre for research projects carried out either solely 

by the section or as part of the cooperative s tudies of the Alberta 

Watershed Research Program. Following is a brief description of the 

data collected , the use to which they are put , and the results of several 

of the studies . 

1 .  The James river study , 2 4  km southwes t of  Caro line , has a s  its 

obj ective to determine the influence of  small forest openings on snow 

accumulation amounts , melt rates , and snowmelt runoff  patterns . This 

is to be done through quantitative determination and theoretical process 

des cription of snow accumulation and melt wi thin 10 replications of  nine 

circular-opening sizes of � H (where H is tree height) to 6 H in diameter , 

p lus control . For the past 4 years snow accumulat ion has been measured 

(over 24000 measurements of snow water equivalent) pe riodically during 

the accumulation and melt periods . Results are summarized in Figs . 1 

and 2.  This year will see the end of  the empirical part of  the study . 

A start has already been made on the theoretical : evapotranspiration 

determinations have been made for short periods over the last three 

summers based on measurements of net radiation , temperature , humidity , 

and wind at two levels on each of two 30-m towers in the forest .  Esti

mates of transpirat ion have been made using the heat pulse veolcity method . 

Baseline data have been recorded for the past 4 years on temperature , rela

tive humidity , precip itation , and wind run at four locations . 

2 .  A study to determine evaporation from snowpack during chinooks and its 

relation to large-s cale topographic features has been carried out for the 

period January-March , 1975  and 1976 . Three transects were es tablished . 
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III 

Two , of  five meteorological s tations each , were located in mountain gaps 

(Red Deer and Bow river valleys) at  elevations of  1400-2250 m asl .  The 

third transect of  nine stations extended 240 km from Nordegg to Kanana

skis at elevations of 1370-1670 m .  Temperature and relative humidity 

were recorded at each s tation and wind speed and direction ( 6-m towers )  

were recorded at every other s tation . Using the method described b y  Boyd 

(1967) , based on Diamon4 ' s  (1953) work and equations for eddy conductivity 

over a snowfield dev�loped by Sverdrup (1936) , evaporation , melt , and con

densation were cSlculated for 4-h periods . 

Chinook intensity as measured by snowpack evaporation was not 

consistently greater in the mountain gaps than along the foothills . Eva

poration was greatest at the highes t  elevations ( in the mountain gaps) , 

due to higher wind speeds above treeline , although for a given elevation , 

evaporation was no greater at mountain-gap sites than at o ther sites . 

Evaporation amounts were as high as 1 cm/day and over 8 cm " for the dura

tion of  the four chinooks , a significant loss in an area of relatively 

shallow snowpack . 

Snowmelt amounts reached 3 cm/day and over 15 cm for the period , 

but mos t of  this percolated into the pack , refroze , and was thus retained 

in the pack. 

3 .  Rain water has been collected throughout the summer for the past 4 

years at three s ites on Marmot Creek experimental watershed . Chemical 

water quality analysis has been carried out on the samples , the results 

to be used as input to a nutrient budget o f  the watershed . 

4 .  Since 1969 , NFRC has measured snow water equivalent at 1500 points 

regularly spaced across Marmot Creek basin . These data have been used 

to relate snow accumulation to topographic and forest variables , to 

indicate the amount of increased accumulation in the cut blocks on Cabin 

subbasin , and as input to the mathematical model of the hydrologic system 

on Marmot Creek basin .  Data are published in the annual Compilation o f  

Hydrome teorological Record , Marmot Creek Basin , along with data collected 
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by Atmospheric Environment Service on precipi tation , evaporation , wind , 

temperature , relative humidity , radiation (short wave and net) , and 

data on streamflow ,  sediment ,  groundwater , and water quality .  

5 .  At S treeter Creek Experimental watershed , two 40-point snow courses 

(one wi thin and one outside the treated subbasin) are measured periodi

cally throughout the winter . These data are used to as sess the effect 

of the 19 7 6  tre atment ( cutting 0 . 2- to 0 . 4-ha openings in the aspen 

stands) on snow accumulation and melt . They will be published along with 

the meteorological data collected by AES (precipitation , temperature , 

relative humidity ,  wind) in the compilation of  Hydrometeorological Record , 

S treeter Creek Basin . 
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STUDIES WITH CLIMATOLOGICAL INPUT IN THE 

NORTHERN FOREST RESEARCH CENTRE PROGRAM� OTHER THAN HYDROLOGY 

John M. Powell 
Northern Forest Research Centre 

Fisheries and Environment Canada , Edmonton 

The Centre has one full-time forest climatologis t and one 

technician who give advice on climate for all other studies in the 

Centre program. Several other s cientists use climate data . 

Current climate or related studies are as follows : 

1 .  Climatic zonation for the forested areas of the Prairie Provinces . 

This s tudy has been completed other than the reporting . I t  

involved use of nearly 2 0 0  stations in Alberta. Daily temperature and 

precipitation data for May to September for the years 1961-1970 were 

used as input for a factor analysis with 22 independent variables . The 

resulting factor scores were used in a hierarchical profile grouping 

procedure to delineate s tations having similar summer climatic regimes . 

A map classifying the summer climate of the fores ted and adj acent areas 

of the Prairie Provinces was produced with 26 groupings . 

2 .  Climate of clear-cut forested areas in the Hinton area. 

To date 6 years of summer f ield data and one o f  winter have 

been collected . Each year 40-50 locations were sampled , and in all 

about 110 s ites have been used . All stations were equipped to measure 

temperature , humidity , and precip itation . Base stations and some other 

stations have also been equipped to measure wind , radiation , soil tempera

ture , soil moisture , and evaporation . On some cut areas intensive micro

climate networks have been established to identify the zones of stand 

border influence for each climatic parameter .  A dense network of 

precipitation gauges was employed for 4 years in support of a hydrology 

study . A report on the summer climate of the Hinton-Edson area based on 

20 stations for the 1961-1970 period was published . 
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3 .  Effect of  microclimate of clear- cut areas on pine and spruce seedling 

growth . 

A 3-year study on four areas near Hinton to es tablish any effect 

of the fo rest stand margin on growth . This is the final summer for sampling . 

4 .  Biogeoclimatic ecosystem classification of the Province of Alberta . 

A new study to provide an ecological class ification of the 

forested areas -- a j oint study by the Alberta Fo res t Service and the 

Canadian Fores try Service . The proj ect aims to provide a biogeoclimatic 

zonation in terms of plant associations . 

5 .  Soil moisture and temperature in relation to topography , soil , vegeta

tion ,  and climate . 

This was a study based on five fores t types in the Hinton area , 

but is being terminated due to the resignation of investigator . All field 

data were collected . 

6 .  Analysis and synthesis of  fores t insect and disease survey his torical 

data and information .  

Used historical survey and climate data to relate insect outbreaks 

to climate . Two recent publications were on Heat units and outbreaks of the 

forest tent caterpi l lar and Weather and outbreaks of the spruce budLJorm. 

7 .  Fire behavior in boreal forest fuels .  

Related to improving the Fire Weather Index . Work on four forest 

types near Slave Lake to develop fire spread and intensity tables for 

important fuel types by maj or sites and climate within the region . 

8 .  There are also a number of studies in the AOSERP Program on effects of 

S02 on vegetat ion that involve climate and its effect on atmospheric effluents . 

9 .  A pathology s tudy has also been looking at the role of winter inj ury and 

especially frost damage in poplar canker and d ieback. Several papers in this 

area have recently been published . 



UNIVERSITY OF ALBERTA., DEPARTMENT OF GEOGRAPHY -

BRIEF SUMMARY OF CURRENT RESEARCH TOPICS 

K . D .  Rage 
Department of Geography 

University of Alberta , Edmonton 

1 .  M . S c .  Thesis Topics with Some Relevance to Climatology 

Temperature , Precipitation 

A.  Lachapelle : Spectral analyses of  monthly mean temperature 

and precip itation data from eight Alb erta s tations . 

Satellite Meteorology 

B .  Green : Analyses of land-sea horizontal temperature gradi

ents in the Arctic . 

J .  Broszkowski : Identification and analyses of  cloud types 

and cloud heights over western Canada. 

D. Oracheski : Modification of clouds by the Rocky Mountains . 

Rail S tudies 

L. Woj tiw ,  T .  Krauss ,  P. Wrenshall : Analyses of radar data 

in relation to crop damage , hail size , and e ffects o f  

cloud seeding . 

Air Pollution 

B .  Thomson : Prediction model for the dep th of the mixing 

layer. 

Microclimate 

S .  Cohen : Analyses of energy balance components in relation 

to surface vegetative cover for aspen , spruce , shrub , 

b arley , grass and fallow. 

2 .  Field S tudies 

c .  Lab ine , G. Reynolds : Measurements of temperature , wind , 

humidity , precipitation , precipitation intercept ion , 

radiation components , soil temperature , and soil moisture 

in a stand of Pinus banksiana on a s teep sand slope at 

Richardson Fire Tower in northern Alberta . Field program 

is now in its second year and is expected to terminate in 

late summer , 197 7 .  
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REPORTS ON CONTINUING PROJECTS AT THE UNIVERSITY OF CALGARY 

E . C .  Rhodes and L . C .  Nkemdirim 
Department of  Geography 

University of Calgary , Calgary 

The Department of Geography is continuing work on the urban 

heat island studies in Calgary . The firs t s tage of the work -- the 

surface features of the island -- has now been completed , and the second 

stage is underway . This involves the s tudy of  the changing pattern of 

the urban boundary layer above the city . The target date for its com

pletion is June 19 7 8 .  The third stage , which should involve the coupling 

of the surface and atmospher ic patterns , is  scheduled for completion early 

in 19 79 . The final stage , the numerical model of the three dimensional 

structure of the island , is scheduled for 1980 . 

The first report is now being published as a monograph that 

should be ready for distribution by 1 April . Any member who is interes ted 

in obtaining a copy should write to : 

Calgary ' s  Urban Heat Island (Part 1)  
c/o Mr . E . C . Rhodes 
Department of Geography 
The University o f  Calgary 
CALGARY , Alberta 
T2N lN4 

The department is also carrying out diffus ion studies from a 

stack located in an area of varied topography to the northwest of Calgary . 

The programme should be completed by the fall of 1977 . 

Dr . Peter Les ter is continuing his work on the chinook .  A Mas ter ' s  

thesis on the mesoscale aspects of the chinook has j ust been completed by a 

graduate student in geography under Dr . Leste r ' s supervision . The thesis is 

availab le in the Department and the University library . 

Dr . S tuart Harris (Geography) continues to maintain meteorological 

instrument on sites in the Bow Valley and the eastern slopes o f  the Rockies . 

Dr . Harris is studying soil movement and permafrost in the area.  
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Dr . T. Mathews (Physics) is using acoustic sounders to monitor 

atmospheric stability and motion in the lower atmosphere . His work has 

already proved useful in the observation of s tability profiles , movement 

of chinook waves and atmospheric turbulence . The first report on the 

proj ect is appearing in Boundary Layer Meteorology later this year . 

Drs . Richard Rowe and Stephen Benjamin (Chemical Engineering) 

are doing plume studies at Jumping Pound and Crossfield gas plants . 

The Alberta Hail Research Proj ect continues this summer from 

our Weather Research S tation . We have some data on the upper atmosphere 

for three summers . There are a few for selected winter days . 

Dr.  Alan Legge (Environmental Sciences Centre) is directing a 

field/laboratory study on the impact of sulphur gas emission from a sour 

gas processing plant on a forest ecosystem. Surface temperature , wind

speed and direction , and wind and temperature profiles to 2 8  m are some 

of the variables in the study . 

Finally , we are pleased to announce that our temperature and , 

wind sensors on the CFCN tower to the west of the city are now in opera

tion .  The tower instrumentation is designed t o  complement the Bonnybrook 

tower profile . The two towers are located almost directly oppos ite each 

other at either end of the city , and there is almost a 250-m elevation 

differential between them due to topography . 



THE PEACE RI VER LAND EVALUATION PROJECT 

J . S .  McKenzie and W . A .  Rice 
Research S tation , Agriculture Canada 

Beaverlodge , Alberta 

INTRODUCTION 

A Land Evaluation Program has been given high priority by 

Agriculture Canada ' s  Soil Research Institute in Ottawa . Both a long

and short-term plan are developing . The short-term p lan will develop 

a proximate quantitative assessment of the food production capacity 

of Canada . This proj ect has a target date of December , 1977 . Follow

ing this , the goal of the second proj ect is to develop a long-term 

program for land evaluation whose obj ec tives are to obtain an inventory 

of the land resources of Canada and then to evaluate and interpret the 

capab il ities of these resources for agricultural and other uses . 

Planning and development of pilot proj ects have b een initiated 

in three different regions : 1) southern Ontar io , 2)  the Great Plains 

( Saskatchewan) , and 3) the Peace River Region of Alberta and B . C .  Work 

on the first two areas and on the proximate quantitative assessment of 

the food production capacity of Canada is being supported by Agriculture 

Canada , Research Branch funding through contract research . The research 

contractors include the University of Guelph, Shawinigan Engineer ing , 

University of  Manitoba , and the University of Saskatchewan . 

The proj ect in the Peace River Region will operate primarily 

with in-house funds . 

THE PEACE RIVER REGION : A suitable area for the Pilot Proj ec t .  

The Peace River Region was selected a s  an area for a pilot 

land evaluation proj ect for several reasons . 
1 i .  The region consists o f  over 250 000 km£ with approximat ely 

9 million ha of po tentially arable land . To date , only 

1 . 2 million ha are under cultivat ion . Development of the 

remaining potentially arable land will require the type of 

information assemb led from the Land Evaluation Program.  
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2 .  The extreme climatic and soil variab ility in the Peace River 

Region produces numerous meso-environments within the region. 

To optimize agricultural productions these environments must 

be mapped . 

3 .  There are more than 5 0  meteorological stations in the Peace 

Region , many of them continuous since about 1940 and some 

dating back to 1914 . In addition , we are in the process of 

developing a plan to utilize 32 sets of meteorological 

equipment for additional sites . 

4 .  There i s  a wealth of agronomic data collected since 1916 by 

the Beaver10dge Research Station and former Experimental 

Farms and Illustration Stations in the region . 

5 .  The Northern Research Group (NRG) at Beaver10dge is very 

interested in the program. An extensive review of research 

priorities by the NRG in 1970 clearly defined the need to 

understand how crops respond to our northern environment .  

The maj or thrust of the NRG has since been to develop an 

understanding of principles that govern crop responses to 

the northern environment .  Consideration of the crop

environment interaction is an important part of every 

research program at Beaver10dge . 

OBJECTIVES OF THE PILOT PROJECT 

The obj ective of the proj ect is to evaluate the potential 

of the land resources of the Peace River Region for food production . 

This evaluation is to be achieved by developing methodology to compile 

the data , then to integrate the following four main work areas : 

1 .  climatic zonation and mapping 

2 .  land resource base evaluation and mapping 

3 .  agronomic data compilation 

4 .  farming systems inventory 

The time frame for this proj ect has been divided into 3 phases : 

1 .  Planning - 1 year 

2 .  Compilation - 2 to 3 years 

3 .  Analyses , modelling , etc . - 1 year 
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WORK AREAS FOR THE PILOT PROJECT 

The roles of cooperating agencies are indicated in the follow

ing detailed examination of each work area : 

1 .  Climatic Zonation and Mapping 

Groups in British Columbia , Alberta , and Ontario have 

indicated a strong interest in this part of the program. Accordingly , .  

plans are progressing very well and some work is actually underway . 

Our obj ective in this area is to map the numerous meso

climates in the Alberta and B . C .  Peace River Region. We would 

like to use two types of mapping systems : 

1 .  The B . C .  climatic classification scheme or a revision o f  it  

2 .  The mapping o f  the photo-thermal resources for barley and 

wheat 

The latter system was developed by Mr . Dan Williams from 

the Ag Met Section of the Chemistry and Biology Research Institute 

(CBRI) in Ottawa . This system map s ,  on the basis of the photo

thermal resources of a region , iso1ines indicating the numb,er of 

days from ripening barley and wheat to the first killing frost  in 

the fall . 

Developments and planning this part of the proj ect are as 

follows : 

a .  The Ag Met Section ,  CBRI has summarized data from a large 

portion of the meteorological stations within the Peace Region. 

b .  A manuscript on agroc1imatic resource analyses mapping methods 

is in preparation . 

c .  The Ag Met Section , CBRI i s  preparing photo-thermal resource 

maps for barley and wheat .  The map for the Grande Prairie 

country is almost comp lete . 

d .  Through a contract ,  Shawinigan Engineering in Ontario will b e  

developing a first approximation of a ciimatic resource data 

bank. This is based on temperature and precipitation normals 

on a 10 x 10 km grid developed from available climatic data 

and topographical maps in the Region . 
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e .  Environment Canada , Atmospheric Environment Service , 

Downsview , have provided the Northern Research Group with 

32 sets of meteorological equipment.  We now have the 

capacity to set up 32 additional meteorological sites . 

f .  The final s tages o f  the climatic modelling and mapping 

are yet to be planned in detail.  The B . C .  Environment and 

Land Use Secretariat , Environment Canada , Atmospheric 

Environment Service , the Ag Met Section in Ottawa and other 

groups have indicated a willingness to help us develop the 

plan .  

2 .  Land Resource Evaluation and Mapping 

This section of the program will  involve a compilation 

of the physical land resources in regard to parent material , 

texture , landform , topography , soil water , salinity , erosion , 

etc . This area is s till in the planning stage . First approxima

tion for key areas is to be comp iled this winter , but maj or work 

will begin in the fall of 1977 . The work will be done cooopera

tively by the Soil Research Institute , Edmonton and B . C .  Department 

of Agriculture , Victoria within a framework provided by Soil 

Research Institute , Ottawa . 

3 .  Agronomic Data Compilation 

The Beaverlodge Research Station will carry the main 

responsibility for this area . Compilation and evaluation are 

envisioned in two categories : 

a .  Compilation o f  crop-environment interaction data . This includes 

a crop-by-crop compilation of agronomic data indicating require

ments ,  phenology , diseases , plant survival , soil management 

techniques such as those pertaining to acid soils , fertilizer 

responses , soil crusting , etc . , pertinent to northern agricul

ture.  All data will be entered into the CANSIS Performance/ 

Management Files . 
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Tom Peters , Alberta Soil Survey , will be  using crop insurance 

and soil testing data to form a basis for p art of the soil 

productivity rating . 

b .  Compilation of environmental boundary conditions . The environ

mental conditions for growth of various crop s will be defined 

as af fected by climate,  soil,  and land characteristics . Where 

possible these environmental boundary conditions should be  

sub stantiated by  experimental fact ; however ,  evaluations based 

on prac tical experience and unbiased observations are equally 

acceptable . This format for the comp ilation of agronomic 

data is s imilar to that proposed for a national program in 

1974 by a j oint meeting of the Canada Soil Fertility Committee 

and Canada Soil Survey Committee (Charlottetown , 19 7 4 ) . 

4 .  Farming Systems Inventory 

This part of  the proj ect has received the least amount of  

planning . I t  is envisaged as the development of  a system classifying 

farming operations according to type , s traight grain farming vs . 

cow-cal f or feedlot operations , for example , and several variations 

in between . Some discussions have been held with Agriculture 

Canada ' s  Economics Branch . 

THE FINAL INTEGRAT ION OF DATA 

The climate , land resource , agronomic and farming system 

information will then b e  integrated to provide an assessment of  the 

total resource in terms of crop production possibilities in the Peace 

River Region . The final product may be envisaged s imply as a climatic 

map superimposed on a soil map , and each area so delineated will be 

classified according to agronomic capab ilitie s . 

THE POTENTIAL USE OF INFORMATION FROM THE LAND EVAULATION PROGRAM 

1 .  Land use planning 

The program will provide the foundation for land classifi

cation in the Peace Region and the remaining 8 . 1 million ha of 
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potentially arable land in northwestern Canada . In addition , a 

valuable base will be established for the Departments of Environ

men t ,  Agriculture , Forestry and Northern Affairs to cooperate in 

programs for the efficient utilization of land in northwestern 

Canada . 

2 .  Food production capability predictions . 

The program will be used to provide a rapid assessment 

of the impact of land or economic policies on the food production 

capability of the region . It will also provide valuable informa

tion for Agrometeorologists who are developing productivity models 

based on agronomic , climatic , and soil data for northern regions . 

3 .  Agricultural extension services . 

After the compilation of agronomic and climatic data is 

completed and the environmental boundary conditions identified for 

each crop , particular problems will be more easily diagnosed . 

Problem areas will also be easily identified . 

4 .  Agricultural research planning and needs . 

To more fully understand the complexity of plant and 

animal production problems , one cannot separate the plant or animal 

from its environment .  The program will provide researchers with a 

better understanding of our total environment .  It  will help us 

more fully understand the complexity of the crop-environment inter

action and it will help us identify the extent of particular problems 

so that research priorities can be  more easily defined on production 

problems in the area . 

The program will also provide an opportunity to verify 

class intervals from the B . C .  climate scheme against actual crop 

responses to weather factors , and bring greater precision to current 

climate studies in the N . W . T .  and Yukon . 
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CONCLUS ION 

The program has many outstanding merits . Its success , however ,  

depends primarily on the support , in terms o f  budget , manpower , and 

professional consultation , from many agencies . S ince the Peace River 

Proj ect is to be financed through in-house funds , it is obvious that 

the Research Branch , Agriculture Canada will provide the leadership 

through the personnel in the Northern Research Group and the Soils 

Research Institute . 

The program should be challenging , and we welcome both your 

criticisms and your cooperation .  

The following map , listing of land areas and recent reports 

on northern agriculture were supplied by J . S .  McKenzie after the meeting 

for inclusion in the proceedings . 
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NORTHWESTERN CANADA AGRICULTURAL POTENTIAL 

(Hectares) 
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( 1) Peace River Region of B . C .  and Alberta 
(2) North Central B . C .  
( 3 )  Slave River , N .W . T . 

1 20' 

(4)  Ft . Nelson - Ft . Simpson - Ft . Providence 
( 5 )  Yukon 
Total Owned Pasture (mostly undeveloped) 
Total Community Pasture 
Pasture - Range Potential - 4 , 046 , 856 (approx. ) 

Developed 

1 , 861 , 554 
80 , 937 

17 , 015 

115" 

Undeveloped 

8 , 660 , 272  
404 , 686 
687 , 966 

1 , 214 , 057 
121 , 406 
809 , 37 1  
160 , 255 

1 1 0"'  
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LAND AREA SERVED BY NORTHERN RESEARCH GROUP - 1975 

ALBERTA 
Native Pasture Cultivated Potential 

(ha) (ha) (ha) 

Upper Peace 490 , 59 3  1 , 336 , 802 5 , 058 , 5 7 0  

Lower Peace 7 2 , 385 94 , 080 2 , 7 11 , 394  

BRITISH COLUMBIA 

B . C .  Peace 218 , 87 7  563 , 865 890 , 308 

North Central 80 , 937 404 , 686 

Fort Nelson 202 , 34 3  

YUKON TERRITORY 121 , 406 

NORTHWEST TERRITORIES 

Slave River 687 , 966 

Mackenzie R.  566 , 560 

Liard River 440 , 856  

TOTAL 7.81 , 855  2 , 075 , 684 11 , 084 , 089 

Community Pasture 160 , 255 1 7 , 401 

Rangeland 4 , 046 , 856  

TOTAL 942 , 110. 2 , 09 3 , 085 15 , 130 , 945 

In the Peace River area of British Columbia and Alberta there was an increase in 

total cultivated land from 862 , 89 2  ha in 1955 to 1 , 7 7 7 , 532 ha in 1975 .  

W . L .  Pringle 
February 197 7  
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Reports - Northern Agriculture 

1965 Report on the Potential of the Slave River Lowlands for Agriculture 

and the Feasib ility of Developing a Viable Cattle Ranching Industry 

in the Area . 

Field Surveys in 1965 

Team members , Nowosad , Day , Cody , Looman , S tutt , Philpotts 

1974 Agricultural Potential of the Mills Lake and Horn River Areas , N .W . T .  

(Report to Department o f  Indian and Northern Affairs) - W . L .  Pringle 

and E .  Wiken 

1975 Report o� Soil Investigations and Agricultural Potential in Parts of  

the Yukpp Territory . 

(Prepared for · Department of Indian and Northern Af fairs) - D . F .  Acton 

and W . L s,  Pringle 

1975 Yukon Agriculture - A Policy Proposal - R . W .  Peake & Associates Ltd . 
; 

Lethbridge , "  Alberta 

1976  Soil Survey and Land Evaluation of the Liard and Mackenzie River Area , 

N . W . T .  

H . P .W .  Rostad , R . A .  White and D . F .  Acton and others 

(Graz ing potential of the area by W . L .  Pringle) 

1976 An Assessment of the Agricultural Potential of the S lave River Lowlands , 

N . W . � o' , Canada . 

By Northern Research Group - (W . L .  Pringle , B .  S iemens , and A . M . F .  

Hennig) 

1976 Assessment of the Grazing Potential of the Yukon Territory . W . L .  

Pringle. To be included in a report · by the Saskatchewan Institute o f  

Pedology . 



SU�RY OF ALBERTA AGROMETEOROLOGY ADVISORY COMMITTEE ACTIVITIES 

D . H .  Laverty (Chairman) 
Soil and Feed Tes ting Laboratory 

Alberta Agriculture, Edmonton 

1 .  Alberta Agrometeoro10gy Workshop . The committee organized a workshop 

held at the Research S tation in Lethbridge on March 24 , 197 6 .  Guest 

speakers presented papers on agriculture research proj ects involving 

meteorology and meteorological services available to agriculture . 

Copies of the proceedings of this workshop have been distributed to 

interested agencies and to persons upon request .  Further copies are 

available for distribution from Plant Industry Division , Alberta Agri

culture , 9718-107 S treet , Edmonton . 

2 .  Requirements for Climatic Information and Research . The committee 

requested that other agriculture advisory committees submit statements 

of requirements for climatic information and research . S ix statements 

were received and these have been reviewed by the executive . These 

statement s  indicate that agro10gists need to define their meteorological 

requirements more specifically and mus t  be prepared to research c1imate

related problems . The role of the meteorologist is to assist with 

requirement definition and to bring meteorological expertise to bear 

upon the problem once it is defined . 

3 .  Future Action . The committee has planned a working meeting for April 4 ,  

197 7  to more clearly identify meteorological requirements for agriculture 

and to establish priorities . 

Recommendations to the Committee 

The following recommendations were referred to the executive of the 

committee and have been acted upon . No formal recommendations or resolutions 

were forwarded to the Alberta Agriculture Coordination Committee at their 

annual meeting in January 197 7 . 

Recommendation No . 1 :  Meteorological Reporting S tations 

(a) That the closure of exis ting climatological stations be 

avoided , especially those s tations that are of key importance 

because of their location or length of record . 
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(b) That in the selection of new sites for climatological 

stations , greatly increased stress be placed on ensuring 

that the site selected properly represents the surrounding 

area or a microclimate of special interest . 

Recommendation No . 2 :  Agrometeorology Training 

Whereas climate is a maj or factor in the management of agricultural 

crops and livestock in Alberta ; and 

Whereas students studying agriculture at the college and university 

level should receive some instruction in agrometeorology , 

Therefore , it is recommended that ways of emphasizing agrometeorology 

training need to be investigated with colleges and university 

faculties of agriculture . 

The current membership of the Advisory Committee is as follows : 

Representatives and Committee Members : 

Animal Industry 

Cereal and Oilseeds 

Dairying 

Economics 

Education and Rural Extension 

Engineering 

Forages 

Horticulture 

Pest Control 

Pulses 

Soils 

Veterinary Medicine 

Weeds 

Alberta Climatological Committee 

Alberta Agriculture Agrometerologist 

Weather Modification Board 

R . J .  Christopherson 

T . A .  Peterson 

R. D .  Clark 

E . A. Pungor 

R . M .  Trimmer 

H . G .  Phillips 

G . R .  Webster 

D . H .  Laverty (Chairman) 

W . O .  Haufe (Director) 

M .K .  Price 

J .M .  Powell 

C . W .  Gietz (Secretary) 

G . T .  S terling 

J . H .  Renick 
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Environment Canada , Atmospheric Environment 

Service 

University of Alberta , Meteorology 

Department 

Canada Committee of Agrometeorology 

Representative 

B .  Janz (Director) 

- C . E .  Thompson 

- K . D .  Hage 

- W . O .  Haufe 



OTHER ITEMS OF BUSINESS - ANNUAL MEETING - W . E .  KERR, SECRETARY 

A. OLD BUSINESS 

1 .  Climate of Alberta Booklet - This booklet will again b e  published 

and distributed by Alberta Environment .  The 1976 booklet contain

ing A . E . S .  precipitation , temperature , and sunshine data will be 

published in metric units . Please contact Alberta Environment ,  

Communications Branch at 9820 - 106 S treet , Edmonton , Alberta 

T5K 2J6 for more information . 

2 .  Directory of Alberta Climatologists and Climate Related Courses -

Copies of this directory , which was comp iled by Dr . John M. Powell 

for the Alberta Climatological Committee , may be obtained by 

writing the Northern Forest Research Centre , Canadian Forestry 

Service , Fisheries and Environment Canada , 5320 - 122 S treet , 

Edmonton , Alberta T6H 3S5 .  Persons wishing to have their names 

added for any future editions of the directory , please forward 

their names and addresses to the committee . 

3 .  Alberta Hydrometeorological Data Sources - Continuation o f  this 

proj ect will be carried out by a commit tee consisting of Elliot 

Kerr , Lub Woj tiw and Will Prusak . Any other interested persons 

should make their support known by contacting one of the above 

committee members . 

4 .  Inventory o f  Unpublished Climate Data - This proj ect to update 

the 1972 listing has received very little support to date by the 

members of the Committee . Therefore , a plea goes out to those 

persons or agencies that have unpublished climatic data to contact 

John M. Powell at the Northern Forest Research Centre . Also , 

anyone interested in helping the Committee with this proj ect , 

please let us know. 

B .  NEW BUSINESS 

The new business portion of the meeting was completely taken over by 

the following discussion : 
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Dr.  H. Sandhu suggested that the Alberta Climatological Committee 

should no longer be called such , but should be renamed to form an 

"assocation" . This idea was supported by many , including the 

"Father of the Committee" , Pro f .  Richmond Longley . 

Therefore , the Alberta Climatological Committee was renamed the 

Alberta Climatological Association and it was decided by the members 

present at this meeting that a new executive format would consist of  

a chairman , secretary , and two directors . 

An election to select a new executive was then chaired by Ed S tashko, 

past chairman . By maj ority consent of the members Dr.  John M. Powell 

was reelected chairman ; Elliot Kerr , secretary ; Ben Janz , A . E . S . , 

director ; Conrad Gietz , Alberta Agriculture, director . 

The new executive was in.structed to formulate new goals for the 

Association for discussion and possible approval at the next Annual 

Meeting . It was also sugges ted that a similar workshop be held next 

year . 

Meeting was adj ourned at 4 : 30 p .m .  



PARTICIPANTS ' NAMES AND ADDRESSSES 

*R. Angle , Air Quality Branch , Alberta Environment ,  9820 - 106 S treet , 

Edmonton .  T5K 2J6 

N. Assmus , Water Surveys , Alberta Environment ,  9820 - 106 S treet , 

Edmonton . T5K 2J6 

H. Barber , Business and Humanities , 01ds College , 01ds . TOM 1PO 

Dr . B . L .  Barge , Atmospheric Sciences Division , Alberta Research Council , 

11315 - 87 Avenue , Edmonton . T6G 2C2 

I . E .  Barnaby , Flow Forecasting Branch , Alberta Environment ,  9820 - 106 Street , 

Edmonton . T5K 2J6 

R. Bothe , Hydrology Branch , Alberta Environment ,  9820 - 106 S treet , 

Edmonton . T5K 2J6 

*G .M.  Bradley , F . F .  Slaney & Co . ,  11724 Kingsway Avenue ,  Edmonton . 

o .  Braun, Arctic Weather Central , Atmospheric Environment Service , Environment 

Canada , Box 9860 , International Airport , Edmonton . T5J 2T2 

F . E .  Burbidge , Western Regional Office , Atmospheric Environment Service , 

Environment Canada , 10225 - 100 Avenue , Edmonton .  T5J OA1 

B .  Burns , Western Regional Office , Atmospheric Environment Service , Fisheries 

and Environment Canada , 10225 - 100 Avenue , Edmonton. T5J OA1 

*Dr . R. B .  Charl ton , Division of Meteorology , Department of Geography , 

University of Alberta , Edmonton. T6G 2H4 

B . R .  Croft , Stanley Associates Engineering Ltd . , 11748 Kingsway Avenue , 

Edmonton. 

F . D .  Davies , Hydrology Branch , Technical Services , Alberta Environment , 

9820 - 106 Street , Edmonton .  T5K 2J6 

*J . Devonshire , Mount Royal College , 4825 Richard Rd. S . W . , Calgary . T3E 6K6 

L .  Diehl , Atmospheric Environment Service, c/o Division of Meteorology , 

Department of Geography , University of Alberta , Edmonton . T6G 2H4 

P .  Doyle , Calgary Power , Box 1900 , Calgary . 

*F . J .  E1ey , A . O . S . E . R . P . , c/o R . R . 1 ,  Leduc . T9E 2X1 

B .  Feuerherdt ,  Arctic Weather Central , Atmospheric Environment Service , 

" Fisheries and Environment Canada , Box 9860 , Edmonton International 

Airport , Edmonton . T5J 2T2 
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S .  Figliuzzi , Technical Services Division , Alberta Environment , 

9820 - 106 S tree t ,  Edmonton . T5K 2J6 

Dr . R . J .  Fletcher , Department of Geography , University of Lethbridge , 

Lethbridge . T1K 3M4 

D . B .  Fraser , Arctic Weather Central , Atmospheric Environment Service , 

Fisheries and Environment Canada , Box 986 0 ,  Edmonton Inter

national Airport , Edmonton . T5J 2T2 

*C . D . W .  Gietz ,  Alberta Agriculture , 9718 - 107 Avenue , Edmonton . T5K lE4 

*Dr . D . L .  Golding , Northern Forest  Research Centre , Fisheries and Environment 

Canada ,  5320 - 122 S treet , Edmonton .  T6H 3S5 

B. Green , Atmospheric Environment Service , c/o Division of  Meteorology , 

Department of Geography , University of Alberta , Edmonton. T6G 2G6 
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