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ABSTRACT 
The theme 01 the 1987 meeting 01 the Alberta 

Climatological Association was current applied climato
logical research in Alberta. The workshop consisted of a 
tutorial on methods for estimating evapotranspiration 
and a technical session on climatological research. In the 
annual meeting, 14 agencies and institutions presented 
reports on diverse topics that are currently being. investi
gated in Alberta. 
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RESUME 
Le congres de 1987 de I' Alberta Climatological 

Association portait sur la recherche en climatologie 
appliquee en cours it l'heure actuelle en Alberta. L' atelier 
de travail comportait des travaux diriges sur les methodes 
d' estimation de l' evapotranspiration et une seance special
isee sur la recherche en climatologie. Au cours de la 
reunion annuelle, 14 organismes et agences ont presente 
des rapports sur divers sujets faisant l'objet d'etudes it 
I'heure actuelle en Alberta. 



FOREWORD 

T he Albert a Climat o logical 
Association (ACA) provides for the 
exchange of scient ific and technical 
information on climate activities in 
Albert a .  Individual s and agencies 
from both the private and public 
sectors are encouraged to share their 
climatological experiences and con
cern s .  The theme o f  .climate activi
t ies has brought together a very 
interest ing and diverse selection of 
t echnical papers for the 11th Annual 
General Meeting of the ACA. 

The future direction of climat e 
studies and research in Alberta is 
addressed by the keynote speaker. 
Emphasis is placed on climate change 
and how impacts might be addressed in 
long-term planning for more-efficient 
use of renewable resources .  A tuto
rial session on evapotranspiration 

, . 
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marks the first time this type of 
seminar has been included in the 
program. It is hoped that a topic of 
interest can be addressed each year 
in a similar fashion. The remainder 
of the prog ram covers subjects from 
climate activities in Saskatchewan to 
microwave at tenuat ion by rainfal l .  

The members o f  the executive 
extend their appreciation on behal f 
of the AC A to A. D. Kiil ,  Director,  
Northern Forestry Cent re , and hi s 
staff for host ing the 11th Annual 
General Meeting and publishing the 
proceeding s .  Also , the assistance of 
the executive, the speakers , and all 
o f  the part ic ipant s was great l y  
appreciated . 

Bruce Thomson 
Chairman 
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CLIMATE RESEARCH IN ALBERTA: 
IDEAS FOR THE FUTURE 

Robert G. Humphries 
A Lbepta Reseapoh CounoiL 

Edmonton, A Lbepta 

INTRODUCTION 

In 1 985 I agreed to provide the 
Alberta Climate Advisory Committee 
with a few ideas about climatology 
research in Alberta. At first I 
developed a list of topics that fell 
under the general heading of applied 
climatology. This list , however ,  did 
not stir my imaginat ion or enthu
siasm, and it did not relate to the 
hot topic then and now of climate 
chang e .  I realized that we in 
Alberta were not in the best position 
to do work on Global Circulation 
Models (GCM) , since that type of work 
was in the good hands of the Atmo
spheric Environment Service and more 
recently McGill University. What was 
not obvious to me was how these 
l arge-scale models could relate to 
problems on a regional scale . Also, 
being somewhat cynical I felt that no 
one outside of Albert a would really 
look at climate change scenarios on a 
regional scale within Albert a. So , 
somewhat naively I suggested that the 
c ommunity o f  cl imat o l o g i s t s  in 
Alberta should consider a regional 
climate model . 

At the invitation of your chair
man I am pleased to be able to 
explain my thought s on this subject 
afid' to offer a few additional ideas . 
There is no expect ation that the 
members of the Alberta Climatological 
Association will now receive true 
enlightenment , but one thing with 
being a keynote speaker is that I 
feel no compunction in bringing forth 
the odd wi ld idea, since this could 
cause someone more sensible to see a 
problem in a new light . 

CLIMATOLOGY. CLIMATE CHANGE , AND 
ALBERTA 

Climate is "the synthesis of the 
weather" ( C . S .  Durst) ,  the long-term 
manifest ations of weather , however 
they may be expressed . More rig
orously, the climat e of a specified 
area is represented by the statis
t ical collective of it s weather con
dit ions during a specified interval 
of time (usually several decades) . 
Climatology, as we all know, is the 
scient ific study of climat e .  For 
many of us the most common activity 
is climatography, the presentation of 
climat ic dat a. Another common activ
ity ( and the theme of this meet ing) 
is applied climatology, the applica
tion of climatic data to the solution 
of specific design or operational 
problems . 

Heretofore, the expression of 
climate has been largely by means of 
numerical tables and chart s of aver
age and extreme values of climat ic 
element s .  The manipulation of these 
element s into various significant 
indices and coefficients has been a 
f airly recent trend in climatology, 
along with the int roduc t ion o f  
statistical frequencies, deviation, 
correlations , and the like . 

Alberta Environment ' s  Research 
Management Division report 82/ 1 2 ,  
An assessment of oo L L eotion and 
handL ing of oLimate data by A Lbepta 
govePnment agenoies, has shown that 
most of the climatology research 
within Alberta is related to applied 
climatology or to climatography . 
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At one time we would have been 
content to under st and the natural 
v ariat ion of climat e due to changes 
in the inclination of the planet or 
its orb it or the output of the sun; 
however , other influences ( such as 
volcanoes and ,  more recently, man) 
add extra complexity to the problem. 
Concern over changes in global cli
mate caused by rising atmospheric 
concentr ations of carbon dioxide and 
other trace gases has increased in 
recent years as our under standing of 
atmospheric dynamics and global cli
mate syst ems has impr oved . Yet 
despite a better under st anding of 
c l imat ic pr ocesses , many o f  the 
effects of human-induced climat ic 
changes are still poorly under stood 
( Gleick 1986) . Attempts have been 
made to translate these changes in 
climatic variables--such as tempera
ture and precipitat ion--into environ
ment al and societal impacts.  Such 
assessments have focused primar ily on 
agricultural productivity. Climate 
change is not always a source of 
problems but could provide new oppor
tunities in agriculture,  forestry, or 
tourism. 

An important aspect of the study 
of climate change and impacts is the 
identification and evaluation of the 
l ikely impact s  of such climat i c  
changes in order to begin developing 
appropr iate public policy responses 
in areas such as agriculture,  water
r e sour c e  management , and ener g y .  
Perhaps the greatest limitation of 
this research is our inability to 
evaluate the nature of the most
impertant local and regional climatic 
impacts. (The only people who really 
care about local and regional impacts 
are those living in the area; hence 
we must be responsible for under
s t a n d i ng wh at c o u l d  hap p e n  in 
Albert a . )  The U . S .  National Academy 
of Sciences concluded in 1979 that 
"At pr e s ent , we cannot simulat e 
accurately the det ails of regional 
climate and thus cannot predict the 

locations and int ensities of regional 
climate changes with confidence . "  

As the theoretical under standing 
o f  t h e  g l o b al c lim at e s y s t em 
improves , there is growing confidence 
that the "greenhouse effect" from the 
addit ional carbon dioxide generated 
by burning fossil fuel will cause a 
gradual warming of the Earth . If a 
warming trend does persist , there 
will be complex changes in regional 
climat es virtually everywhere .  Since 
the warming is expected to be greater 
at the poles than in the �quatorial 
zone , the resulting decrease of the 
temper atur e  gr adient wi l l  cause 
changes in the large-scale atmo
spheric circulation patterns , and 
this will most likely lead to changes 
in pr ecipitation patterns and soil 
moisture as well as temperature.  The 
shifts in precipit ation and soil 
moi s t ure wil l  gener a l l y  be more 
import ant than temperatures in deter
mining where things can grow on a 
warmer Earth, and that in turn will 
have political and societal implica
tions . 

Evaluat ions of global climate 
change are based almost entirely on 
results from gener al cir c ul at ion 
model s .  These models solve prognos
tic equations representing physical 
and dynamic climat ic processes , in
cluding equat ions of motion, thermo
dynamics , and mass and water vapor 
cont inuity in three dimensions. Some 
models include nine or more vertical 
layer s with spat ial r e s o l ut ions 
around 250 to 750 kill. Such models 
are used primarily to evaluat e car
bon-dioxide-induced changes in cli
matic variables such as temperature,  
pr ecipit at ion, changes in soil mois
tur e ,  and runoff . The complexity and 
spat ial scale of these model s ,  along 
with the significant computing power 
and time required to evaluate det ails 
of climat ic changes ,  significantly 
limits their usefulness to research
ers interested in regional impacts.  



Kellogg (1985 )  suggests that a 
first step in climatic impact studies 
should be to develop climate scenar
i o s, whi ch are fairly det ailed 
descriptions of what could occur to 
the climate regionally and which 
should include estimates of changes 
o f  seasonal precipitation and soil 
moisture as well as interannual vari
ability. These would not be actual 
predict ions, but s e l f-con s i s t ent 
pictures of likely pat t e rns o f  
change. According t o  Kellogg (1985 )  
.. there have been remarkably few at
t empts to develop such surprise-free 
climate scenarios and to apply them 
t o  agricultural crop production or 
economic models, and there have even 
been pronouncements apparently in
t ended to discourage such effort s . "  

Climate models are sti ll incom
plete in several respects, and when 
used to reveal the regional patterns 
of climate change accompanying a 
global warming they may not have 
sufficient spatial resolution or may 
not respond in the same way as the 
real system. There are, however, 
appro ache s that can be used to 
develop climate scenarios, and these 
include: 

1 )  u s e  o f  g l o b a l  c i r c u l a t i o n  
models, 

2 )  

3 )  

comparison to 
Period, 4500 to 
and 

the Altithermal 
8000 years ago, 

comparison to anomalously warm or 
cold periods in this century. 

Despite the known limitations, 
general ci rculat ion mod e l s  offer 
detailed information on potential 
large-scale climatic changes that may 
result from increasing atmospheric 
concentrations of radiatively active 
gases . Some results from GCMs sug
gest that plausible changes in cer
t ain critical hydrologic variables-
especially precipitation and evapo
t ranspirat i on-.,.may lead to maj o r  
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regional wat er- supply problems, 
including changes in runoff and soil 
moisture patterns (Gleick 1986 ) .  

Major changes in water availa
bility caused by alterations in tem
perature and precipitation patterns 
may be even more import ant to soci
ety. Such hydrologic changes will 
affect nearly every aspect of human 
well-being, from agriculture produc
tivity and energy use to flood con
trol, municipal and industrial wat er 
supply, and fish and wildlife manage
ment . This sensitivity was witnessed 
in southern Albert a when there was a 
lack of moisture in 1985 and too much 
moisture at harvest in 1986 .  

Soil-moisture changes are ant i
cipated in some of the most produc
tive agricultural areas of the world. 
Recently there have been a number of 
attempts to evaluate the regional 
hydrologic implications of climate 
changes . The results provide the 
first tentative evidence that rela
tively small changes in regional 
precipitation and evaporation pat
terns might result in significant 
changes in regional water availa
bilit y .  For example, Nemec and 
S chaake ( 1 9 82 )  show that a climate 
change of +l°C and ±10% in precipi
t ation results in a ±50% change in 
average annual runoff. 

Schwarz (1977) concluded that 
cert ain charac t e r i s t i c s  of wat e r  
suppli e s, part i cularly the vari
ability of streamflow, are very sen
sitive to changes in climat e .  He 
also concluded that a full under
standing of the relationships between 
climatic changes and water supply, 
not yet achieved, is a desirable goal 
and that a range of likely climate
change scenarios should be available 
to water-resource planners . 

. GCMs do not yet provide suffi
cient detail on regional impacts to 
be used for purposes of predict ion, 
but they do provide an internally 
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consistent description of plausible 
patterns of climat ic change .  One 
approach has been to combine the 
strengths of global climate models 
with the st rengths of regional hydro
logic models . Water balance models 
coupled with the results of GCMs were 
investigated by Gleick ( 1986) with 
promising results .  Once a region has 
been characterized by water balances , 
the effects of climatic changes can 
be evaluated in several ways : 

1) After verifying model accuracy 
using historical dat a it is pos
sible to use that historical dat a 
t o  evaluat e the effects of past 
f luctuations in precipitation and 
t emperature on historical runoff 
and soil moisture . 

2 )  By determining the sensitivity of 
runoff and soil moisture to theo
retical changes in the magnitude 
and temporal dis t ribution of 
precipitation and temperature, it 
is possible to assess a wide 
range of hypothetical climate 
changes in order to evaluate. the 
hydrologic sens i t ivity of a 
watershed . 

3 )  By incorpo r at ing even rough 
regionally disaggregated changes 
i n  temperature and precipitation 
predicted by GeMs , a first esti
mate can be made of the impacts 
o f  future pred i c t ed climat ic 
change on regional hydrology. 

AGRICULTURE AND IMPACT ON CLIMATE , . 
In addition to "natural" climate 

changes and those induced by burning 
foss i l  fue ls , man can al t e r  the 
regional climate in profound ways . 
Consequently, it may be wise to look 
into this potent ial problem. 

Consider the Indus river region 
of eastern Pakistan and northwestern 
India that now contains the Raj put ana 
desert . Two thousand five hundred 

years before Christ the area con
t ained an early agricultural civili
zation that lasted about 1000 years . 
There was a rapid decline about 1700 
B . C . , with changing climate a con
tributing factor . People helped make 
it a dust bowl and the lakes became 
salty, indicating less recharge with 
fresh water; however ,  this region has 
now remained dry despite several 
subsequent global climatic changes . 

The air over the Rajputana has 
been and cont inues to be moist .  
Summer monsoon winds from the Arabian 
Sea moving over the desert contain 
four times the wat er vapor of air 
over most desert s and 80 percent of 
that over tropical rain forests 
(Bryson and Murray 1977 ) .  These are 
therefore monsoon winds of the rainy 
season , but rain does not fal l .  In 
the Raj put ana the air ,  instead of 
rising and causing rain, is sinking , 
absorbing moisture , creat ing the 
conditions similar to the subtropical 
ant icyclones--a desert region. 

Climatologists at the University 
of Wisconsin-Madison found that dust , 
which man may have started and con
t ributes to today, may be an impor
t ant reason. Over 5 tons of dust is 
suspended over each square mile.  The 
desert thus sustains itself by sup
plying the dust . Civilization may 
have created the original dust bowl 
condit ions by overworking the land 
during dry periods and hence creating 
more dust . Now, when grass and vege
t ation t ry to reestablish, cattle,  
sheep ,  and goats graze it  because of 
food pressures and kill off the vege
tation again. The result is that 
today the desert is growing about 
one-half a mile per year, advancing 
into arable lands . 

We assure each other that such 
c o ndit ions could never aris e  in 
Albert a .  In India the pressure to 
use and hence abuse the land is eco
nomic. In Alberta keeping the land 
is as much an emotional issue as it 



is economic .  I f  the government 
through its economic support policies 
keeps land in use that should not be 
cultivated, is it contributing to a 
process in which continued land use 
during poor climat ic condit ions leads 
to further decline of an agricultural 
region? 

CLIMATE HONITORING 

Satellite instrumentation now 
allows for monitoring reflected solar 
and emitted earth radiation. These 
dat a  are the basis of the heat budget 
and the global vegetative index prod
uct (Gray and Tapley 1985 ) .  Gray and 
T apley reported that 

1 )  the global vegetative index prod
uct augments the heat balance 
dat a  by providing early detection 
of atypical vegetation changes , 
suggesting changes in synoptic 
climatology, and 

2 )  the global vegetative index time 
s e ries depicts the bot anical 
response to accumulated weather 
effects , thereby being a real 
i ntegrator of weather into clima
t ology. 

Discussion at a recent workshop 
in Toronto on land modeling looked at 
the effects of climate change on 
t errestrial ecosystem complexes . The 
p remise ,  which is similar to that of 
Gray and Tapley, is that vegetation 
is a major characteristic of a cli
mate zone . The vegetation distribu
tIon" under different climates indi
cates aspects of the sensitivity of 
the earth system to climate change .  
The analysis of large-scale veget a
t ion ,changes can help define require
ments for regional climate impact 
studies . One study reported at the 
workshop looked at ident ifying sensi
t ive regions based on the biotempera
ture (BT = 0 i f  <C) ,  precipitat ion, 
and potential evapot ranspiration. 
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The Canadian Climate Program 
recognizes that plants , insects , and 
other organisms are extremely sensi
tive to climatic variables . It is 
well documented that extensions or 
reductions in their distributions 
represent one of the most convincing 
and cost-effective ways of measuring 
the impacts of climate change .  One 
could ask if it would be a worthwhile 
exercise 
network 

to 
of 

develop 
climatic 

a monitoring 
indicators of 

pests , plants, and diseases . 

SYNOPTIC/MESOSCALE LINK 

An import ant question is how can 
one handle a sparse surface network 
of climate stations when t rying to 
carry out a regional climate analy
sis . One way perhaps is to correlate 
surface observations with synoptic 
diagnosis above the ground . For 
example ,  Kline and Klein ( 1 986 ) 
assessed the synoptic climatology of 
monthly mean temperature at 109 sur
face stat ions in the U . S .  relative to 
700-millibar heights at 133 grid 
point s .  

STATISTICS 

Another use of long-term climat e 
data is in the development of proba
bilities of various climate scenar
ios . For example , based on past 
information what is the probability 
of a wet harvest ,  given a set of 
antecedent condit ions ( that is , we 
want a conditional probability)? In 
soil erosion studies a question that 
has come up is , in a given period of 
time, say 5 years , how much soil 
could be eroded? This of course 
depends on the type of weather condi
tions , such as snowmelt , that are 
conducive to erosion. One way to 
handle this ques t ion may be t o  
dev,elop dat a sets that show the 
probab i l i t y  of cert ain t ypes o f  
weather phenomena , given cert ain 
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conditions . One could then use a 
Monte Carlo technique to simulate the 
5-year weather for many trials, cal
cul at i ng soil movement for each 
t ri al ,  and hence develop a probabil
ity curve for the amount of soil that 
c o uld be eroded in the 5-year 
period. 

O ther types of probab i l i t y  
analysis have been carried out to 
determine whether another heavy pre
cipitat ion event in the vicinity of 
the Great Salt Lake can be expected 
within certain time periods, such as 
50 years or 100 years (Karl and Young 
1 986 ) .  Statistical techniques are 
being tested b y  the Atmospheric 
Environment Service for climate pre
dictions , and such methods could be 
useful in Albert a for regional impact 
assessments . 

GEOGRAPHIC INFORMATION SYSTEMS 

Combining climate information 
and change scenarios with other data 
such as soil types and groundwater 
condit ions into a geographic informa
t ion system (GIS) offers an exciting 
potential for evaluating the use of 
our land resources . 

Geographic information systems 
are the hot topic in land use. They 
are simil ar to nongeographic informa
t ion systems in that they share the 
abil i t y  to accept , process , and 
p resent dat a, to update and modify 
dat a ,  and to combine dat a from dif
ferent sources . Specifically, a GIS 
proo(Tieles 

1) informat ion support for govern
ment operat ions (property owner
ship , land value , tax assess
ment ) , 

2 )  information support to improve 
services to users ( transport a
t ion , health, education) , and 

3 )  the ability to 
from all sectors 
decision making 
activities . 

int egrate dat a 
to provide for 

and planning 

Geographic informat ion syst ems 
are unique in that locational ident i
fiers are att ached to the data that 
form the comput erized maps . These 
maps can then be analyzed by a vari
ety of techniques to yield informa
tion that is valuable in resource and 
cartographic concerns . 

There are two generic classes of 
info rmat ion asso c i at ed wi th GIS : 
spat i al d at a  and themat ic dat a .  
Spat i al (locational) data describes 
the location of map features using a 
c o o r d i n a t e  r e f e r e n c i ng s y s t e m .  
Themat i c  ( no nl o c a t i o n al )  d at a 
describes the actual phenomena or 
characteristics, such as the vari
able,  its classification, and value 
name ( at t r i b u t e  -in f o rmat i o n ) . 
D at a  management is very import ant in 
a GIS ,  which is basically a technol
ogy that handles graphic and tabular 
geographic dat a .  At the Albert a 
Research Council , GIS development is 
directed toward land issues , but 
there is a requirement for climate 
informat ion so that land-use deci
sions can include all factors . 

Combining different types of 
data sets can improve our ability to 
underst and more complex problems of 
regional climate and to carry out 
better and more complet e analyses . 
This could be one justification for a 
regional climate cent er. 

CLIMATE SERVICE CENTERS 

Albert a Environment has con
ducted a study into the feasibility 
o f  a climat e service cent er. The 
results of this study have not been 
released , but it is int eresting to 
consider the concept . One could 



imagine such a center providing the 
c apabil i t y  for mul t id isciplinary 
t eams consisting of climatologists 
plus other types of experts devoting 
their att ention to the investigation 
o f  regional climat e ,  changes,  trend s ,  
and impacts .  

Combining dat a bases is feasible 
only if agencies now using climat e 
data fully support the concept. 
Perhaps contributing agencies should 
provide a level of funding in addi
t ion to dat a ,  but I do not believe 
there is a desire yet to do so in 
this province . It is doubtful that 
cont ract funding could support a 
climate service center without some 
form of subsidy. The planned Prairie 
Climat e Workshop (Fall 1987 ) could be 
a valuable forum in which to deter
mine the private sector interest in 
climat e ,  which in turn may help sup
port the concept of a climat e service 
cent e r .  

CONCLUSION 

O ften our activities are carried 
out in spite of the weather. Much of 
our economy ( forestry and agricul
ture) is sensit ive to climat e pat
t erns , changes , and trend s .  In 
Albert a we should be placing a 
greater emphasis on climate impacts . 
I encourage the development of a 
" regional climate model" for Albert a 
and the development of innovat ive 
techniques for climate research. , . REFERENCES 
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METHODS OF MEASURING OR ESTIMATING EVAPOTRANSPIRATION 
FROM NATURAL SURFACES 

John Wilson 
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Edmonton, AZbena 

ABSTRACT 

Methods of direct micrometeorological measurement of the 
vertical wat er vapor flux (I . e . , evaporative flux) will be 
explained , with emphasis on underlying assumptions . Also, 
methods of estimating evapotranspiration from related observa
t ions (weather-station type observations) will be introduced. 

INTRODUCTION 

This brief paper is by no means 
a comprehensive review of evapo
t ranspirat ion. The aim is simply to 
give an introduction to some of the 
underlying notions of evaporation at 
a very basic level , emphasizing key 
variables and unde rlying assump
t ions . 

It  is hoped that this will serve 
as a point of reference for people 
who are interested in evapot ranspira
t ion (ET) , have not been t rained in 
agrometeorology, and might errone
ously think that -'pan evaporation" is 
the whole story (if pan evaporat ion 
happened to equal the actual evapora
t ion from a natural surface this 
would be an accident )--or that the 
wealth of empirical relationships 
between ET and variables such as mean 
da!ly' temperature and daily sunshine 
hours represent the essence of our 
knowledge. 

It  is convenient to categorize 
knowledge of ET as : 

1 )  Forecast . At present we have 
no great skill in forecasting the 
weather beyond about 5 days; 

therefore, we cannot forecast ET. 
We can, however ,  make a climato
logical type of forecast of ET 
b a s e d  on c l i m at o l o g i c al 1 y
expected weather, Le. , expected 
radiat ion , wind, and tempera
tures . 

2) Diagnost ic/hi s torical . Here 
we are concerned with past and 
p resent ET rates ( and perhaps 
thence cumulative wat er loss) in 
terms of 

i) direct measurement of 
over a short period at 
specific locat ion, and 

ET 
a 

ii) indirect determinat ion of ET 
from related measurements 
over a short period at a 
specific locat ion. 

Clearly there are other possible 
subdivisions of the historical knowl
edge category ( including the popular 
subdivision of indirect determination 
from poorly related me asurements over 
a long period of t ime and over large 
areas) . Here the concern is not with 
what is practical , but with what is 
known and what might be done with 
sufficient resources . 



METHODS OF DIRECT MEASUREMENT OF 
EVAPOTRANSPIRATION 

There are only two possibili
t ies : measure what wat er the soil 
loses , or measure what the atmosphere 
gains. 

Change in Soil Storage 

Water loss ( and hence ET) from 
the soil may be measured by 

1 )  Lysimet ry (weighing of an iso
lated soil sample) . The weighed 
s ample must match its surround
ings in all respects ( including 
soil moisture profile, perhaps 
t he hardest aspect , since the 
core cannot recharge naturally) , 
necessitating large inst allations 
( ideally) . Expensive, not port
able,  cannot resolve ET over very 
short periods. 

2) Changes in soil moisture profile. 

Clearly these methods determine 
ET from a specific locat ion, and 
extrapo l at ion t o  a l arger area 
involves an assumption of symmet ry.  

Micrometeorological Methods 

The general procedure is to 
mount inst ruments at some height z 
(see Table 1 for symbol definit ions) 
above the ground and determine the 
vertical vapor flux E( z )  at that 
height averaged over some period of 
time , typically about 30 minutes 
( subsequent 30-minute averages of 
course being added to get the cumula
t ive loss) . 

Micromet eorological methods 
ALWAYS involve an assumption of sym
met ry (Fig . 1) . Applying a simple 
intuit ive notion of mass conservat ion 
to the ( imaginary) box drawn, and 
assuming ( as is usually very reason
able) that one may neglect any change 
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of storage of water in the box , one 
may readily conclude that the mea
sured f l ux E ( z )  is only equal 
( even ideally, let alone allowing for 
inst rument errors) to the surface 
flux, that is to say, the rate of 
loss from the ground , Eo , pro
v ided the lateral vapo r  flux is 
independent of position . 

Hence only at a spat i al1y
uniform site may one use a micromet 
technique to measure ET . Micromet 
t echniques do have a major advantage 
in being fairly portable and not 
terribly expensive . 

What IS the vertical vapor flux? 

A slab of air (Fig . 2) of cross
section A and depth !1z = w!1t is con
sidered to be the air that in a short 
time interval !1t has moved (with ver
tical velocity w) across the hori
zont al plane z through area A. The 
volume of air crossing z through A in 
time !1t is w!1t A, and the correspond
ing mass of water vapor crossing z 
through A in time !1t is Pv w!1t A.  
The RATE of passage of water vapor 
across plane z per unit area is 
simply 

E = 
Pv w!1t A 

!1t A 
= 

(having dimensions, of course , of kg 
m-2 s- l ; i . e . , mass of water per unit 
area per unit time) . This is the 
instantaneous rate of water vapor 
movement across the plane at z .  The 
atmosphere is turbulent , so that w 
and Pv fluctuate drastically in time . 
We therefore AVERAGE N consecutive 
measurements of the instantaneous 
vapor flux over a period of time of 
the order of 30 minutes to obtain the 
AVERAGE vert ical vapor flux 

E(z) 

N 

_ 
1 I - N i=l 

Wi PVi 
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Table 1 .  Definition of symbo1sa 

e 

e* (T) 

cp 

r 

rv' rH 

s 

w 

z 

B 

E 

Eo 

EP 

L 

Q* 

QH 

QG 

T , • 

p 

Pv 

., = 

vapor pressure (Nm-2 ) 

saturation vapor pressure at temperature T 

specific heat of air at constant pressure (J kg- 1 UK-i) 
turbulent t ransfer resistance (s m-1) 

values of r for heat , vapor 

slope of the curve of � (T )  versus T (Nm-2 UK-i) 
vertical velocity of the air ( m  s-l) 

height above ground (m) 

Bowen ratio 

water vapor flux density (kg m-2 s-l) 

surface value of E, i . e . ,  rate of evapot ranspiration 

value of E from Penman's  combination equation 

l atent heat of vaporization/ sublimation (J kg-i) 

net radiation (W m-2) 

sensible heat flux density (W m-2) ;  the flux of heat to/ from the 

atmosphere 

latent heat flux density (W m-2) ;  the energy equivalent of the 

vapor flux density 

soil heat flux density (W m-2 ) 

temperature 

air density ( kg m- 3 ) 

vapor density = absolute humidity (kg m- 3) 

p cp/ 0 . 622 L psychrometric "const ant " (Nm-2 OK-i) 

a An overbar denotes a time average value . 



r ------_t"' _____ -,_ Measurement 

I I height 
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11 

Figure 1. The measured vapor flux at height z will differ from the surface 
evapot ranspiration rat e ,  unless the rate of horizontal vapor 
movement is independent of position ( i . e . ,  unless there is 
horizontal uniformity) . 

, . z 

Figure 2 .  

Area A 

Length = w Ll t 

vapor flux 

The slab of moist air drawn is the volume that in time lrt: has 
crossed the plane at z with velocity w through area A. 
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and provided we have a horizont ally 
uniform sit e ,  this is equal to the 
surface evaporation rate for the same 
period of time. 

T his type of measurement is 
c alled eddy correlat ion, because in 
effect we are measuring the correla
t ion between two fluctuating vari
ables, the vertical velocity w and 
the ab solut e  humid i t y  pV' The 
variables ARE correlated because,  
generally, upward-moving air has come 
from regions close to the ground 
where the humidity is largest , while 
downward-moving air brings our 
instrument the relatively dry air 
remote from the ground . 

We may say that the time average 
vertical vapor flux is DEFINED by, or 
is , 

E(z)  = 
1 

= -
N 

N 

I Wi PVi 
i=l 

[ 1] 

and the eddy correlation technique 
measures ET directly. 

Eddy correlation became techno
logically feasib le only fai rly 
recent ly. There is an older micromet 
t echnique falling in the category of 
"direct measurement of ET over a 
short period at a specific locat ion" 

called the Bowen rat io method, but it 
is crucial to not e that this method 
involves assumptions that may not 
always be reasonable--these will be 
pointed out in the following develop
ment . 

Figure 3 illustrates that over a 
uni f o rm sur f ace the net radi ant 
energy flux density Q* (J m-2 s-l ) is 
b a l ance d b y  a comb i n at i o n  o f  
heat ing/ cooling of air QH, evapora
t ion/ condens at ion at the surface 
( consuming/ releasing energy at a rat e 
QE = LE ) ,  and he a t i ng / cooling 
o f  the s o i l  QG' Here , QG QH , 
and � are all energy flux densi
ties like Q* , having dimensions J m-2 

s-l , i . e . , energy loss/gain per unit 
area of surface per unit time . The 
energy balance is 

[ 2] 

with the sign convent ion being 

Q* > 0 rad i ant energy g ain at 
surface 

QH > 0 heat flow from surface to 
air 

QE > 0 . vapor flow from surface 
to air 

0* tOE ltOH 
_______ � _______ lL __________ _ 

, . 
Figure 3. The energy fluxes to and from the surface ( assuming horizontal 

uniformity) . The fluxes must add together in such a way as to 
conserve energy. 



QG > 0 heat flow into the soil 

D efining the Bowen ratio, B = 

QHfQE' we may write 

= 
Q* - � 

1 - B 
= 

QG will usually be 
to Q*, so that to 
E, the evaporation 
trolled by Q* and B. 

[3] 

small relat i ve 
a large extent, 

rate, is con-

But how would we determine B? 
At this point the assumptions enter. 

Figure 4 conveys the simple 
hypothesis that turbulent mixing 
causes heat (vapor) to flow from 
point zl to point z2 in response to 
the time average temperature (vapor 
pressure) difference at a rate con
trolled only by a transfer resistance 
whose size depends on the degree of 
mixing. Mathematically this concept 
is expressed by the aerodynamic equa
tions (which may be expressed in a 
host of different but equivalent 
forms). 

Z2 

Transfer 
resistance 
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Qa pCp 
i\ - T2 

rH 
[ 4a] 

QE = � E!l - E!2 
-y rv 

[4b] 

where rv' rH have the same units 
(s m-1), get smaller as wind speed 
increases, and are certainly similar 
in magnitude. 

Let us adopt these equat ions to 
express QH and �. Then, further 
assuming rv = rH (which is fairly 
well above short crops but very risky 
close above tall crops, which have 
complex and perhaps not coincident 
height distributions of the vapor and 
heat sources) 

B = -y tfff 00. 

The Bowen ratio method consists 
of measuring 6T and 00 over a small 
height interval z2 _ z 1 � 1 m above 
the surface (averaging for �30 min
utes), simultaneously measuring Q* 

flux 

Figure 4 .  In the Ohm's-Law analogy for turbulent transport of heat and water 
vapor between separate points zl and z2' the flux is assumed to be 
proportional to the driving difference and inversely proportional to 
a transfer resistance . 
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and QG, and combining to obtain 
E from equat ion (3 ) .  QH pCp 

T -0 Ta 
r 

The measurements of �e and 
Hf are very demanding--one must 
measure, accurately, tiny differences 
in temperature, perhaps only of the 
order of O. OSeC. Once a suitable 
system has been designed and built 
( this is not expensive, but it 
requires care and knowledge) one has 
a portable system to measure ET. 
Again, note the assumptions, most 
critically horizontal uniformity, and 
rv = �. 

We have covered the two direct 
micromet techniques for determining 
ET; we will now turn to indirect 
determination. 

INDIRECT DETERMINATION OF 
EVAPOTRANSPIRATION 

I wi11 go back only as far as 
Penman (19 48). Like others before 
him, Penman wished to deduce ET from 
w eather station data. Earlier 
efforts had been based only on aero
dynamic theory such as that outlined 
earlier to evaluate QH and QE' 
Penman's vital step was to combine 
both aerodynamic theory and the con
cept of the surface' energy balance, 
and his equat ion is called Penman's' 
Combination Equation. This is the 
foundation for modern methods of 
estimation of ET from weather station, 
data. 

Penman's equation can be applied 
to 'all kinds of geometries (evapora� 
t ion from wet blotting paper to air
stream), but here I will consider 
evaporation from a horizontal surface 
against which the vapor pressure and 
temperature are eo and To' Let 
us assume there is a Stevenson screen 
above, where we measure ea and 
T a' A11 atmospheric variables will 
now be assumed to be time averages--I 
will drop the overbar. Penman com
bined 

� 
l' 

Q* = 

e = 

e -0 
r 

ea 

Note the last equation: THE AIR 
ADJACENT TO THE EVAPORATING SURFACE 
IS ASSUMED TO BE SATURATED. Penman's 
combination equation gives the 
evaporation from thoroughly wet sur
faces. 

Some fairly simple manipulation 
yields 

+ 

= 
s 
-
s-'+"-I'

- (Q* - QG) 

pcp(e*(Ta) - ea)/r 
s + l' 

Here s, 1', p, and cp 
functions of the gross 
and pressure. Hence the 
of evaporation from a wet 
determined primarily by 

[5]  

are simple 
temperature 
actual rate 

surface is 

1) Q* - QG, with QG often negli
gible, 

2 )  pressure 
- ea, and 

deficit VPD = 

3 )  to a lesser extent wind speed, 
which affects r (actually r a 1 
/ /wind speed). 

The first of the two terms, A 
(the equilibrium term), is often much 
larger than B, the vapor pressure 
deficit term. Note that for a satu
rated atmosphere above a wet surface 



P rovided energy is supplied 
(open system--radiant energy deliv
ery), evaporation can continue into a 
saturated atmosphere. This equilib
rium rate is relevant to, for exam
ple, conditions far out over the 
ocean (where QG would be a convec
tive transfer term in the water). 

then 
Conversely, if Q* 

pcp(e*(Ta) - ea) /r 
8 +1' 

Evaporation may continue, 
the air is not saturated. 

0, 

provided 
How? The 

ground becomes cooler than the air at 
screen height, and QH (the heat 
flux) is directed downward, providing 
energy to drive QE, i.e., 

The assumption of a wet surface 
is a problem--how does this help us 
for the more common case of an 
unsaturated surface, a dry canopy 
transpiring, or a wet soil overlain 
by dry soil? 

We may regard the actual rate 
from a wet surface as the potential 
rate or atmospheric demand from an 
unsaturated surface--Penman's value 
is the upper limit. There is a 
tricky conceptual point here: we 
c!nn'ot say that, having measured Q*, 
T, etc. over a dry surface and calcu
lated the corresponding EP, if we 
now flood a large area the actual 
rate will be what we calculated-
wetting the surface will have modi
fied the atmosphere and invalidated 
the values Q*, T, etc., that we 
plugged into the formula. 

How is 
unsaturated 

the actual rate from an 
surface calc ulated? 
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There are several approaches, and 
these will be mentioned but not pur
sued: 

1) 

2 )  

3)  

Penm an's approach of QE f 
QE P , w h e r e  Q E P i s  t h e  
value obtained from his formula 
and f is an empirical function of 
soil moisture and other relevant 
properties; 

the approach of Monteith (and 
others such as Tanner) is to 
allow the vapor resistance from 
the site of saturation (within 
stomates, or deep in soil) to 
differ from the heat transfer 
resistance (extra terms rv/ rH 
appear in the equation and these 
are generally hard to estimate); 
and 

over well-watered short crops 
various authors have suggested 

a -
s""":--y

- (Q* - �) 

with a = 1 or perhaps a - 1 . 2 .  

This summary does not do justice 
to the valuable efforts that have 
been made toward estimation of actual 
rate from nonsaturated surfaces. It 
is probably fair to say we can now 
construct physically-sound models of 
this process, but in doing so we 
invoke a complexity that renders the 
models impossible for use based on 
weather station data alone--we start 
needing details of the soil and can
opy (leaf area profile and stomatal 
resistance, for example). 

SUMMARY 

The pri nciples and processes 
cont rolling ev apot ranspirat ion are 
well understood, and methods are 
available with which we may measure 
evapot ranspirat ion directly; these 
methods are port able and not terribly 
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expensive but require care and atten
tion to underlying restrictions on 
their validity. If we wish to esti
mate evapotranspiration from related 
measurements we have in general a 
very difficult problem--except for 
the case of a wet surface, for which 
Penman's equat ion is exact and fai rly 
manageable. Considering the range of 
possible dry surfaces (bare dry soil, 
short crop, tall forest) it is not 
surprising that different adaptations 
of Penman's approach have had success 
over different surface types. 

The many empirical formulae that 
estimate actual or potential evapo
t ranspirat ion from basic and widely 
available data have not been men
tioned but appear to be quite useful 
(see the following paper by Dr. Barry 
Grace). 
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PRACTICAL APPLICATION OF EVAPORATION 

EQUATIONS IN ALBERTA 

B. Grace 
A gpieuLtupe Canada 
L ethbpidge, ALbepta 

ABSTRACT 

Eight different, commonly used methods of calculating 
potential evapotranspiration (PE) were compared under differ
ent climatic conditions at the Agriculture Canada Research 
Station in Lethbridge, Alberta. Under conditions of low wind 
speed and moderate humidity the methods produced similar 
results; however, under dry, windy conditions estimates of PE 
differed widely. Equations that require the use of wind and 
humidity data as well as temperature and radiation data are 
recommended for use in computer simulation models in the 
Chinook-dominated, semiarid climate of southern Alberta. 

INTRODUCTION 

The use of computer models in 
agriculture to simulate field condi
tions is widespread. Most of the 
models currently used on an opera
tional basis in southern Alberta for 
soil moisture evaluation, crop yield 
prediction, irrigation scheduling, 
etc., employ the widely accepted 
concept of potential evapotranspira
tion (PE) as the driving function for 
the calculation of field evapora
tion. 

PE may be defined as evaporation 
from an extended surface of short, 
green crop that fully shades the 
ground, exerts little or negligible 
res:Lstance to the flow of water, and 
is always well supplied with water. 
T here are several methods of calcu
lating PE, and the methods generally 
yield similar although not identical 
results. The more-common methods in 
use in western Canada include some 
adaptation of the Priestly-Taylor 
formula, Baier-Robertson formulae, 
and Jensen-Haise equation. Real 
evapotranspiration cannot exceed and 
is usually less than PE. Evaporation 

from a class A evaporation pan is 
always greater than PE. The reasons 
for these differences are best 
explained by reference to the condi
tions imposed by the definition of PE 
and an analysis of the reality of 
these conditions. 

It is the intent of this paper 
to review and compare the most common 
methods of calculating PE currently 
in use in southern Alberta. The wide 
variety of models proposed for esti
mating PE are not reviewed in detail 
here. Doorenbos and Pruitt ( 1 97 5 ) ,  
for example, identified 40 formulae 
for estimating potential and actual 
evapotranspiration for irrigated 
crops. No new methods or formula
tions for the calculation of PE are 
presented here. 

PE MODELS 

The problems associated with the 
concept of PE are related to the 
imprecise nature of the definition. 
Since the concept of PE is an 
abstraction, there is no reference 
standard to determine true PE values. 
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The lack of a suitable reference 
makes it difficult to test the vari
ous approaches to estimating PE. 
N early all formulations estimating 
P E  are empirical and depend on the 
establishment of a known correlation 
between evapotranspiration and one or 
more climatic variables suc h  as 
temperature, humidity, wind speed, 
and radiation. Some formulae relate 
evapotranspiration to direct observa
tions from porous plate atmometers or 
pan evaporation. Almost all equa
tions contain empirical coefficients 
that must be used to calibrate the 
models for local conditions. Each 
model for the estimation of PE has 
advantages and disadvantages. 

Thornthwaite 

Thornthwait e (1944, 1948) is 
credited with first proposing the 
c o n c e p t  of evapot ranspirat i o n .  
Indeed, the original concept was that 
PE would be equal to the consumptive 
use of water in irrigated agricul
ture. Thornthwaite, using the strong 
correlation between radiation and 
mean ai r temperat ure, proposed a 
model relating PE to air tempera
ture: 

PE = (d/360)1. 6(10T/I)a 

w here T is the monthly 
temperature, I is the heat 
the site (derived from 
monthly air temperature), 
function of I, and d is 
length. 

[ 1] 

mean air 
index for 
long-term 

a is a 
the day , . 

Certain shortcomings are inher-
ent in the method. Only day length 
and temperature are used as climatic 
input. Application of this method to 
short time periods leads to signifi
cant errors. For example, Pelton et 

al. (1960) found that PE estimations 
based on short-term mean temperatures 
by this method are unreliable because 
of the often excessive variation in 
mean temperatures. The failure of 
the Thornthwaite method over short 
time periods is attributed to the 
fact that short-term mean temperature 
is not a suitable measure of net 
radiation. Both PE and mean tempera
ture are, however, correlated with 
net radiation over relatively long 
periods of time and, hence, the 
Thornthwaite model has success on a 
long-term basis (Rosenberg 1974). 
The use of the empirical method of 
Thornthwaite has declined in recent 
years as the availability of mete oro
logical data required for more physi
cally based methods (i. e., Penman and 
Priestly-T aylor) has increased. 
Certainly, for computer simulation 
models of soil moisture, irrigation 
scheduling, etc., which require PE 
estimations on a short-term basis, 
the Thornthwaite method is not recom
mended. 

Pan Evaporation Hodel of 
Doorenbos and Pruittl 

Gay (1981) suggests that a 
possi ble st andard for PE is the 
evaporation rate, which is measured 
directly with an evaporation pan 
(Epan). The basic model 

PE = Kp(Epan) [ 2] 

where K is a constant determined 
empirically, is a simple one. As PE 
rates differ from those of pan evapo
ration due to oasis and clothes-line 
effects, Doorenbos and Pruitt (1975) 
give guidelines for the appropriate 
reduction coefficients for a variety 
of climatic .and site conditions. 

1 For appropriate coefficients and units of calc ulation for 
described PE models, the original authors should be consulted. 

each of the 



Considering the acc uracy, sim
plicity, and cost, Stanhill (1965) 
recommended class A pan evaporation 
as the best method of estimating PE. 
Usually crop wat er use is 60-90% of 
pan evaporation in regions where 
advection of sensible heat is unim
portant (Rosenberg 1974). Thus, the 
relation between adjusted evaporation 
rates and PE from irrigated crops is 
quite good in temperate regions (Gay 
1981). The ratio of real evapotran
spiration to pan evaporation for 
class A pans over a range of sites is 
about 0. 8 for grass to 1. 0 for 
alfalfa (Pruitt 1966). 

The Jensen-Haise Hodel 

Jensen and Haise (1963) devel
oped a model to predict PE by combin
ing the effect of temperature on 
evaporation rate with that of solar 
radiation. 

[ 3) 

where Td is the average daily tem
perature, Tx is a constant for a 
given location, Ks is daily solar 
radiation, L is latent. heat of 
vaporization, and Ct is a tempera
ture coefficient that is approxi
mately equal to the reciprocal of the 
mean temperature. Ct can be esti
mated by 

[ 4) 

with 

[ 5) 

where e2 and el are the saturation 
vapor pressures at the mean monthly 
maximum and minimum air temperatures 
for the warmest month. For actual 
calculations, refer to Jensen and 
Haise (1963). The coefficients for 
Ct and Ch vary with elevation and 
atmospheric moisture content, as well 
as with temperature. The adjustments 
are presented by Jensen (1966). The 
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Jensen-Haise method produces good 
results when applied under conditions 
when advection is minor. 

The Statistical Method of 
Baier-Robertson 

In a statistical study of six 
Canadian sites, Baier and Robertson 
(1965) presented the results of a 
correlation of eight climatic vari
ables (maximum temperature, tempera
ture range, wind, duration of bright 
sunshine, vapor pressure deficit, 
solar energy at the top of the atmo
sphere, day length, and total sky and 
solar energy on a horizontal surface) 
with latent evaporation as measured 
with black, porous disk atmometers. 
Based on the equat ion of Holmes and 
Robertson (1958) for the conversion 
of latent evaporation to PE (equation 
6), simple empirical estimates of PE 
are possible from readily available 
climatic data. 

PE = 0.08636(LE) [ 6) 

where LE is latent evaporation 
(Holmes and Robertson 1958). 

Baier and Robertson (1965) pro
vide eight different equations for 
the estimation of LE from different 
combinations of climatic parameters 
with the appropriate regression 
coefficients ranging from R = 0.68 
for three meteorological variables 
(Baier-Robertson equation I) to R = 

0.84 for six meteorological variables 
( Baier- R obertson equation VIII). 
Baier-Robertson I and VIII are 
presented here as equations 7 and 8. 

LE = -87. 02 + 0. 928Tmax [ 7) 

and 

+ 0. 933(Tmax - T . ) 
+ 0. 0486Ka 

m�n 

LE = -53. 39 + 0. 337Tmax [ 8) 
+ 0. 531(Tmax - Tmin) 
+ 0.0107Ka + 0. 0512Ks 
+ 0. 0977U + 1. 77(ea* - ea) 
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where LE is latent evaporation, 
Tmax is maximum daily air tem
perature, Tmin is daily minimum 
air temperature, Ks is the solar 
radiation measured at ground level, U 
is wind run, ea* is the saturation 
vapor pressure, ea is the vapor 
pressure, and Ka is the solar 
radiation at the top of the atmo
sphere as given in the Smithsonian 
Meteorological T ables (Baier an d 
R obertson 1965). 

The Penman Combination Equation 

The model of Penman (1948) is 
probably the most widely known PE 
estimator. Penman's equation has a 
sound physical basis. In contrast to 
the pan observations and the empiri
cal models, the Penman model is based 
on a simplified radiation budget. 
T he formula requires observations of 
net radiation, wind, temperature, and 
humidity. In the manner of Doorenbos 
and Pruitt (1975), Penman's model may 
be written as 

PE = S/(S + 'Y) [Q* + feu) 
(ea* - ea)] 

[9] 

where S is the slope of the satura
t ion vapor pressure-temperature 
curve, 'Y is the psychrometric con
stant, ea* is saturati*,n vapor 
pressure of the air, Q is net 
radiation, and f( u) is a wind func
tion that approximates the diffu
sivity of the atmosphere near the 
ground and is given by 

; 
f tu) = 0. 27(1 + u/100 )  [10 ] 

where u is the 24-hour wind run in 
kilomet res (Doorenbo s and Pruitt 
1975). The weighting factor (SIS + 
7) is the same as in the Priestly and 
Taylor formula (see below) and 
e xpresses the relative importance of 
the radiation and aerodynamic pro
cesses. 

One of the major problems with 
the Penman model is the requirement 
for net radiation data. Unfortun
ately, net radiation data are not 
readily available for most locations. 
Net radiation has been measured at 
only six stations in the Canadian 
climatological network since 1965 
(Selirio et a1. 1971). For models 
that require estimates of net radia
tion--such as the Penman model or the 
Priestly-Taylor model (see below)-
daily net radiation (Q*) can be cal
culated with equation 11 (Jensen et 
a1. 1970) as adapted by Doorenbos and 
Pruitt (1975) and Jury and Tanner 
(1975) • 

Q* = (1 - r)Ks - oTa 4 
(0. 34 - 0.44 ea

l/4) 
(1 + 0.9 Ks)/Ka 

[ 11] 

where Ks is solar radiation, Ta 
is absolute air temperature, ea is 
the water vapor pressure of the air, 
rJ is the Stefan-Boltzman constant, 
Ka is maximum possible solar radia
tion, and r is the albedo, assumed to 
be 0. 25 for a crop surface and 0. 1 
for a bare soil surface (Doorenbos 
and Pruitt 1975). The actual vapor 
pressure ea was calculated from the 
mean relative humidity and mean air 
temperature. 

The Priestley-Taylor Correlation 

The focus of the Priestly and 
Taylor (1972) model is the available 
energy (Q*) or net radiation, the 
primary factor contro.lling PE from 
well-watered crops in most regions. 
I f  measurements of net radiation are 
unavailable, estimates may be made 
using equation 11. An empirical 
constant (a) and a temperature
dependent weighting factor (SIS + 'Y ) 
are also required. 

PE = a(S/S + 'Y )Q* [ 12] 



where a is a 
o b t a i n e d  b y  
( Priestley and 

const ant that must be 
l o c a l  c a l i  b r at i o n  

Taylor 1 97 2 ) . 

The Selirio Adaptation of the 
Priestley-Taylor Correlation 

Often measurement s of global 
solar radiation are not available. 
Selirio et a1 . (1971)  employed a 
regression equation utilizing solar 
radiation at the top of the atmo
sphere , duration of bright sunshine , 
and day length to provide an estimate 
o f  global solar radiation from which 
they calculate net radiat ion. Sub
stituting this value in the Priest1y
Taylor formula results in a func
t ional equation: 

PE = 
f( vp) * f( rdn) 

59 
[ 1 3 ]  

where f( vp) and f (  rdn) are the vapor 
pressure and radiation functions , re
spectively. Vapor pressure is ex
pressed as the daytime mean tempera
ture according to the following : 

f (vp) = 0.516  + 0.02T�m 
- 0 . 000152Tdm 

[ 14 ] 

where Tdm is the dayt ime mean 
t emperature . Radiat ion function is 
an estimate of net radiat ion based on 
the approximations of global solar 
radiation (Se1irio et al . 197 1 )  where 

f ( rdn) = 0.52( 0 . 23 + 0. 57n/N)Qa [ 1 5 ] 
+ 7 . 3  

wl!'ere N is day length, n is bright 
sunshine hour s ,  and Qa is sol ar 
radiation at the top of the atmo
sphere . 

The Advection Modified 
Jury-Tanner Adaptation of the 
Priestley-Taylor Correlation 

To account for the effects of 
high local advection on PE , Jury and 
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Tanner (1975) proposed an advection
modified form of the Priestly-Taylor 
equation employing a vapor pressure 
deficit term and local calibration 
coefficient. 

PE ( 1  + 
( a  - 1 )  

D ) (S/S + )Q*[ 16 ]  
( ee* - ea) e 

where Dz is the average vapor pres
sure deficit for the crop cycle. The 
quantities a and De must be ob
tained by local calibration (Jury and 
Tanner 197 5 ;  Shouse et a1 . 1980) . 

COMPARISON OF PE MODELS 

Climatic data collected at the 
Lethbridge Research Stat ion for 1983 , 
1 984 , and 1985 were used to calculate 
PE for each day of the growing season 
by eight different method s .  The 
e quat ions chosen for comparison 
incl uded the methods of Penman , 
Jensen-Rais e ,  Doorenbos-Pruitt , and 
Priestly-Taylor , the Selirio adapta
tion of the Priestly-Taylor equation, 
the Jury-Tanner adapt ation of the 
Priestly-Taylor equat ion, and two 
B ai e r-Robe rt son equat ions ( I  and 
VIII ) . Climatic dat a from a 21-day 
period in June 1984 were arbitrarily 
selected for the comparison of PE 
methods .  

Class A pan evaporation i s  the 
only measurement of evaporation made 
on a regular basis . Other parameters 
such as temperature , radiation, wind 
speed, and relative humidity all 
affect the magnitude of pan evapora
t ion . Analysis of daily PE values 
from 1983 , 1984 , and 1985 indicated 
that formulae based on only radiat ion 
and temperature , L e . ,  Jensen-Raise , 
S elirio adaptation of the Priest1y
T aylor formula ,  and Baier-Robertson I 
were the most poorly correlated to 
pan evaporation (Re of 0 . 43 to 0 . 67 ) .  
These models also produced the lowest 
estimates of seasonal PE for 1983 , 
1984 , and 1985 (Table 1 ) .  Equations 
that required humidity and/or wind 
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Table 1 .  Accumulated pan evaporation and potential evapotranspiration (mm) for 
the 1983, 1984, and 1985 growing seasons 

Pan evaporation 
Doorenbos-Pruitt 
Jury-Tanner adaptat ion 
Priestly-Taylor 
Baier-Robertson VIII 
Penman 
Baier-Robert son I 
Selirio adapt ation 
Jensen-Raise 

data were better correlated to pan 
evaporat ion, with Re values ranging 
from 0.67  for the Penman formula to 
0 . 96 for the Doorenbos-Pruit t equa
t ion. These 1at t er models tended to 
yield higher est imates of seasonal 
PE . 

D aily values of PE for a 20-day 
June period ( 1984 ) at Lethbridge 
indicate the disparity of the esti
mat es of PE for eight d i f f e rent 
methods of calculation (Fig. 1 ) .  
T emperature , wind , humidity, radia
t ion, and class A pan evaporation 
data for this period are displayed in 
Figure 2 .  Under conditions of low 
wind « 500 km wind run) and moderate 
r e l at ive humi d i t i e s  ( 45 - 8 5 %  RH) , 
c alculated values of PE ranged from 
50 to 80% of pan evaporation. This 
is illustrated in Figure 1 for the 
t ime period of June 10 to June 20,  
1 984 . Cool temperature s ,  high humid
ities , and precipitation (24 . 4  mm on , . 
June 2 1 )  had the effect of depressing 
pan evaporation and calculated PE 
values on the 2 0 ,  21 , and 22 of June . 
Under conditions of high wind ( > 500 
km wind run) and lower humidit ies 
« 40% RH) , however ,  est imated values 
o f  PE varied widely, ranging from 15 
t o  60% of pan evaporat ion. For 
example, the dry (35% RH) and windy 
( 1126 km wind run) conditions of June 
30 resulted in calculated PE of 2 . 6  
mm to 10 . 8  mm . 

1983 1984 1985 

1320 1334 1287 
964 937 896 
831 779 773 
817 746 745 
7 1 1  702 738 
665 610 610 
639 619 589 
600 549 548 
587 540 543 

Employing the pan evaporation 
method o f  Doo renbos and P rui t t  
( 1 97 5 ) ,  a reduction of 55-85% was 
applied to pan evaporation dat a for 
Lethbridge according to these guide
lines . Under most conditions the 
highest estimates of PE were calcu
lated using this method. Thus , sea
sonal totals (Table 1 )  are also the 
highest of the models examined . 

The Jensen-Raise method for the 
estimation of PE consistently gave 
lower values than other met hod s 
tested and thus produced the lowest 
est imat ion of seasonal PE , wit h  
values ranging from 540 t o  587 mm 
(Table 1 ) .  

The Baier-Robert son equations 
ut i l i zed were the mo st simpl e :  
Baier-Robertson I ,  with only three 
meteorological variables (equation 
6 ) ;  and Baier-Robertson VIII , the 
most complex, with six met eorological 
variables ( equation 7 ) .  Equation I 
yields lower est imat es of PE than 
does Baier-Robertson VII I .  The dis
crepancies are most apparent under 
windy conditions where values of PE 
with equation I are often less than 
one-hal f those est imated with equa
tion VIII . Under calm or low wind 
conditions Baier-Robertson I esti
mates of PE exceeded those of Baier
Robertson VIII . On a seasonal basis 
the simplest Baier-Robert son equation 
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Figure 1 .  A comparison of class A pan evaporation and calculated values of 
potential evapot ranspiration for June 10 to. 30 , 1984 , for 
Lethbridge, Alberta. 
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yielded low estimat es of PE similar 
t o  the other temperature-radiation 
based models of Jensen and Raise and 
the Selirio adapt ation (Table 1 ) .  

The PE estimations by the Penman 
method tended to be midway between 
the low values of the Jensen-Raise 
and S el i r i o  ad ap t a t i o n  of t h e  
Priestly-Taylor model and the high 
values of the Jury-Tanner adaptation 
of the Priestly-Taylor formula and 
the Doorenbos-Pruitt method . The 
seasonal estimat es of PE with the 
Priestly-Taylor model ranged from 745 
mm in 1 985 to 817 mm in 1983 . These 
values were higher than the estimates 
from models that employed temperature 
and global radiation, L e . ,  Jensen
Raise and Baier-Robertson I .  The 
P riestly-Taylor formula ,  however , 
does not react to changes in humidity 
and wind . For example , the increased 
wind and decreased humidity on June 
2 9  and 30 (Fig . 2)  do not affect the 
PE estimates for these days . 

V alues of PE estimated with the 
S elirio adaptation of the Priestly
T aylor formula were comparat ively low 
( Table 1 )  and most closely approxi
mated the values of the temperature
r ad i at ion mod e l  of Jens en-Rai s e . 
Again, the effects of wind and low 
humidity are not accounted for by 
t his method . Estimates of PE with 
the Jury-Tanner adaptation, however , 
were consistently higher than those 
of the Priestly-Taylor model (Table 
1 )  and indeed , with the exception of 
the Doorenbos-Pruitt estimat ions , 
were higher than the other models , . 
t ested . 

SUMMARY 

Many of the simulation models 
currently in use in Albert a accumu
l at e  PE totals to estimate the total 
evaporation from a site during a 
given period of time. This informa
t ion is then used to make management 
decisions . The accumulated PE for 

the 21 days examined here ranged from 
a low of 75 . 0  mm as calculated wit h  
the Jensen-Raise method t o  a high of 
138 . 1  mm with the Doorenbos-Pruitt 
formula .  Discrepancies this large 
could have serious consequences for 
such app l icat ions as i r r i g at ion 
scheduling . 

Some of the computer simulation 
models currently in use on an opera
tional basis in the semiarid ,  windy 
environment of southern Alberta may 
considerably underestimate evapora
tion by employing equat ions that do 
not account for advective energy 
input . Potential evapot ranspiration 
equations that require humidity and 
wind dat a  more correctly simulate 
real conditions in the Chinook-domin
ated climate of southern Alberta .  
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THE BYDROMETEOROLOGICAL EVENTS OF THE .JULY 16-18, 1986 , STORM 

Brian J .  Paruk 
Scientific Sepvices Division 

Atmosphepic Enviponment Sepvice 
Edmonton, AZbepta 

ABSTRACT 

Over the 3-day period of July 16-18,  1986 , heavy pre
c ipitat ion fell on the already moisture-laden soi l s  of west
central Alberta .  Extensive flooding followed . The hydro
meteorological events surrounding the storm are discussed. 

INTRODUCTION 

After a dry June , July began wet 
across central portions of the prov
ince and continued wet through the 
middle of the month .  This was 
especially true over the foothills of 
west-central Alberta ,  where at least 
s c at t ered aft e rnoon showers were 
recorded during each day of the first 
hal f of the month. A cloudy first 
half of the month and cool tempera
tures kept evaporation and evapotran
s pi rat ion rat es re l at ively low. 
Thus , by the 16th, foothil l s  reser
voirs were high, and soil moisture 
holding capacity had essentially been 
used . Over the period of July 16-18, 
a storm moved from southern British 
Columbia to central Saskatchewan . As 
it  crossed central Alberta it dumped 
heavy precipitation over west-cent ral 
watersheds .  Very heavy snow fell at 
higher elevations; Grave Flat s ,  at 
2074 m ,  reported nearly 75 cm. Por
t ions of the Banff-Jasper Highway 
were briefly closed due to snow accu
mulations. Heavy surface runoffs , 
augmented by snowmelt from higher 
mount ain elevat ions , res u l t ed in 
several rivers reaching one of the 
highest flood levels in many, many 
year s .  Extensive flooding was re
ported along the Athabasca, McLeod , 
Pembina , Paddle , North Saskatchewan, 
and Red Deer river s .  

DATA SOURCES 

Precipit ation measurements are 
made and recorded at several differ
ent times during the day, depending 
on the requirement s of the agency 
collecting the dat a .  Atmospheric 
Environment Service (AES) stations 
t ake precipit at ion readings every 6 
hour s ,  beginning at 1200 UTC (0600 
MDT) . Most climat ological stations 
record measurement s twice daily: at 
0800 and 2000 MDT . Forestry lookout 
towers also report readings twice a 
day, but at 0800 and 1300 MDT. For 
climatological purposes , daily pre
cipitation is measured in 24-hour 
period s .  For AES s t at ions in 
Albert a ,  the period is from midnight 
to midnight MDT . For forestry and 
climatological stat ions , the period 
runs from 0800 to 0800 MDT: precipi
t a t i o n  c o l l e c t e d  o v e r n i g ht i s  
ascribed to the previous day. 

ANALYSIS 

The l a r g e s t  pr e c i p i t a t i o n  
amounts produced by the storm were 
over the foothills roughly half-way 
between Edmonton and Jasper and mid
way between Edson and Rocky Mount ain 
House (Fig . 1 ) .  Two major axes of 
maximum amounts are evident : one 
from Obed ( just east of Hinton) to 



t
.

) 
. I / 0- - "

, -/ / 
. 

- -
74.

/:.. 

.MN 
". 1;..7.2 RH 

- '-' 

·�.4.6 /· / \ y" '� '
. " ", 'V . L/ ( 

) 
77.0 \4HJR .)* 

' ..- 64. 2 eo, ., 
_ '. 

. 

' e n  
/ � 

\) 

" 

23. 1 

\ " 5 . ' 

" ' "  

" " , .  " 

. 
458 ",[6.4 

� 

33.' 
.HM J2 \.. ; e CM 75, ,. 

50M! ' . YO� )' . o . vv 0 -VM '"- ,./ ' I 

. '" 

" " . -
'" ' 

',,, 

,. 
-

-

,. ., 

, 

.. 

7 5 . 
..... 64.0 .SD '. " " , ,

.

, -. "' - - " 

! \ 47)---; BD\:.EC 43.3
1175 _ 

" ';2 .0 \ 

' 
"" . 

, . 

- "., 

". 

1 0 Oli" : '-
5�LO 

.L6
. [n 0 FA J "-

� .2 

" ,-
,,, , 

, 

'.

" '

- -

'f-5" I " " " . .  = 
, . . ' �  ! / • • • • 

. . , " ' - " � , 
1 

•..... /" 
, 

. ..
.. 

7'-. ...... : .• ' / �., . • '">� -''''''' ' , 

.

. 
/ ..... 

; 175.7 o O l  � .." -..... '\. ( .WC .87.2' 
f 

. 

.
" " . co., , , , 

r ,- .... 2 e HU J \. e MB _ e so 

"=:;:). .3-:� 

G,lL /' 

/ .,.2 
---- . 75...) / -, ( 6 •• [ \ 

.. ' ' •• � T __ b6. I 
'L1 

.
O�FO 

i f 71. \ 
"'<: - " 

cb OX1<D 

' 

. 
,, -

" 
� 

, 

'
" 

'
. 

"., 

,, � � •• 

, 

1 27 

!fa/ 5 

" " . , <e. '-l.,�� 
. 

�.,: � " .''0\ 77 . @o�. YETO aA� '  18 . 0  L..:.:-.......
. --_ .

. O YEG - 0 ' . 

. ,  e olY 
e 

C; ' 
.. . 

'. 5 " ,  ,. 

" 

" \ 
. .. .

. 

-.. B�'4" 

. 

" \ 

' 
" ,  

, .. 

, - ... , 

., " 

"'
, " 

\. . �  ..... , 
j::-4'8� 

['2.5 
1 50 ���,

4
150'53.� 

o OVG O R 
"\

" 
... -. \�:.� •. :,.( .. . 

.. __ .... 

../ �  
/:::• .LO • &;: . ' I 

\ I., OAF 75 
' 

" ' ''' ' "', , �" '� 
" " ' >��!L" r i O� • • "' , •. , 1 1 00- " ( o.:;,) 

"I � 
\. 75 ... e AU . 

O LA \_ o sT �'
. \' '', 

..... 

.,. [ 
... [24.4 

I 

l_, ___ - \. \' " \ --
_ 

_ -. BY yRJ.O 120. e 
.J"'. r i'-'" 

'. '. --
I " RM roo r -'. ... I 1m , 'I . '" rT ' " -,-' ' ''Y-- i 

MAT STATIONS 
15 1986 

\� [CHORN DAM." 0",\ 
. . J 

eLI 
" 

T\' . ,,- , ., 
. v  

. 1800Z Ju 

19 1986 
. 

.
C
E "  \ [[7 .• , •. B ,/ 

f r om. 

OOZ JUly 

... ... ; 1-" " 
ecw e B

.

< ;;-

to: 1 8  

T IONS 
'::-," 

"
-...• '_" 

I -'1su OOL 

LOOKOUT AND 
fr om: 1400Z 

to: 1400Z 

SCALE: 1 CM 

NGER ST A 
"

"
' " 

.�/ 

RA 
6 

" ' " . � . _ � Ju 
1986 

,J ,.... , 
, .. , 

42.7 

Ju ly 

" 
..•.. ', <. 

ly 15 198 � k 0 \ .. ' ,. .j \..::.-6, � 

19 

" .... " 

.BB \... .. '.:; .. ,.. 
.;jg.B 

' '" 
. 

'. ::.� .. '- " ' - " ,  

\ 
':ii

'

,

"

""
.

� 

"

, 

.

_ 
t b e e n  

'.. c. r. .. " \. .. 
PCPN h a s  no 

, 

Forestry 

tro l l e d  l · ty con Qua 1 

Figure 1 .  Precipitation amounts for west-central Albert a, July 15-19 , 1986 . 

1_ "--. 

.... \ ····--�·-.·-· .
. o AI .......•. 

. 39.8 N " 



28 

Clearwater ( just northwest of Sundre) 
and one from Whitecourt to Eckville 
( just west of Red Deer ) .  The pre
cipitation amounts were not records 
except fo r the 24-hour rainfall 
amount of 104 . 5  mm at Carrot Creek 
( CC) on July 17 , which was the great
est reported in 42 years (Table 1 ) .  
S everal higher elevat ion s i t e s  
reported significant snowfalls (Table 
2 )  • 

Considerable rain occurred over 
central Alberta during the first 2 
weeks of July (Fig . 2 ) ,  and this 
provided sufficient moisture to satu
rate soils in many areas in the foot
hill s .  Coincident ally, the largest 
2-week accumulations were in the same 
areas that the July 18 storm would 
affect . The combinat ion resulted in 
an extreme flood situation. 

The July 16-18 storm was of a 
t ype commonly referred to as a ' cold 
low' • This feature is not uncommon 
for Albert a or , for that matter,  
North America.  A great number of 
variables are involved , so that each 
cold low event is unique and there is 
considerable variation in precipita
t ion type , amount , pattern , and areal 
extent for similar appearing storms. 

At 1200 UTC (6 a .m. MDT) on July 
1 6 ,  a low was evident on the 50-kPa 
chart (500 mb or approximately 5580 
m) over southern B . C .  A t rough 
ext ended f rom the low to near 
Edmonton then weakly toward Cold Lake 
( Fig . 3) . At the surface , a weak 
t rough reflected the upper air fea
tll.re . Showers were reported along 
the north of the trough line , and 
t here was some thunder shower activ
ity over the foothills .  

Over the next 48 hours ( from 
1 200 UTC , July 1 6 )  the main upper 
atmospheric feature would spin north
ward in t o p- like fashion acr o s s  
southern B . C .  and weaken (Fig . 4 ) .  
A t  the same time, a weak trough would 
sweep across southern Washington and 

deepen and intensify into a low as it 
crossed the Rockies just north of 
Pincher Creek. This feature was the 
dominant one by the time it reached 
eastern Alberta (Fig . 5 ) .  

A surface low developed over 
eastern Mont ana by the evening of 
July 17 in response to the upper 
atmospheric activity over the moun
t ains . This surface feature t racked 
north-northwe s t  t o ward Edmont on , 
stalled just south of the cit y, and 
then swung eastward with the upper 
center. The moist air wrapped around 
the system contributed to a broad 
band of continuous precipitat ion that 
persisted to the west of the surf ace 
center ( Fig . 6 ) .  The 70 kPa ( 700 mb) 
and 85 kPa (850 mb) charts for 0000 
UTC July 18 are illust rated in 
Figures 7 and 8 .  

Relatively cold air accompanied 
the upper center ( hence the term 'cold 
low) . This increased the air mass 
instability associated with the sys
tem and also resulted in snow falling 
at high elevations along the foot
hills and throughout the mount ains . 

Figure 9 is an NOAA (Nat ional 
Oceanic and Atmospheric Administra
t ion) sat ellite picture t aken at the 
height of the storm ( L e . , 2054 UTC 
July 17 , 1986 ) .  

As the upper and surface centers 
moved into Saskatchewan on July 18 , 
the precipit at ion diminished to scat
tered showers .  

SUMMARY 

A major storm crossed Alberta in 
mid-July. It exhibited many classi
cal met eorological characteristics in 
a fashion that was interesting from a 
meteorologist ' s  viewpoint , but the 
storm was not otherwise spectacular • .  

A wid e s p re ad heavy rainfall did 
occur , but general precipit ation 
accumulations remained well below 
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Table 1 .  The 24-hour precipitation amounts for July 17 , 1986, and comparable 
24-hour precipitation records 

July 17 , 1986 , 
24-hour 

S t at ion rainfall (mm) 

Banff 4 . 2  
Brazeau 4 2 . 0  
Carrot Creek 104 . 5  
Clearwater 6 6 . 0  
Edson (Airport) 37 . 6  
Jasper 1 8 . 4  
Lovett 63.0  
Mayberne 61 . 6  
Obed 4 3 . 6  
Red Deer 1 6 . 4  
Rocky Mount ain House 7 2 . 0  
Whitecourt 7 5 . 0  

record level s .  Unfortunately, the 
g reatest rains fell on areas that had 
already been saturated by the events 
o f  the previous 2 weeks . Flooding 
followed. 
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Number of 
Record 24-hour years of 

rainfall (mm) dat a  

53 . 1  9 1  
80 . 8  43 
7 3 . 4  42 
9 5 . 8  28 
68.6  63  
86 . 6  53 
94 .2 41  
7 9 . 8  39 
6 7 . 8  26 
85 . 3  47 
7 6 . 7  37 
90 . 6  43 

Table 2. Snowfall amounts during 
the July 16-18 storm 

Total 
St ation snowfall ( Clli) 

Baldy 
Burnt Timber 
Cline 
Grave Flats 
Moose Mountain 

8 . 5  
1 7 . 0  
2 1 . 5  
7 4 . 8  
17 . 0  
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Figure 5.  July 18, 1986, 500 mb analysis (heights and thickness) over 
Alberta. 
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Figure 6 .  

1:-1 10 28 

9�r T _C _  A n _ 1 y _ � _ J L' � y 1 8 ,  1 98 6-O O O O Z  
July 18 , 1986, surface analysis of Alberta. 
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Figure 7 .  July 18 , 1986 , 700 mb analysis (heights and temperatures) Qver 
Alberta. 
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Figure 8 .  July 18 , 1986 , 850 mb analysis (heights and temperatures) over 
Alberta. 
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Figure 9 .  NOAA satellite picture taken at the height of the storm, July 17 , 
1986. 



38 

APPLICATIONS OF CLIMATOLOGY--THE CURRENT 
SASKATCHEWAN RESEARCH COUNCIL EXPERIENCE 

Elaine E. Wheaton 
Saskat �hewan Reseap�h Coun�iZ 

Saskatoon, Saskat�hewan 

ABSTRACT 

The applied climat ological activities at the Saskatche
wan Research Council (SRC) are concent rated in two main 
areas : 1 )  applicat ions by met eorologists and climat ologists 
and 2) advisory work to assist people of other fields in the 
applicat ions . The work in the atmospheric program consists 
primarily of applicat ions of climatology to the fields of 
agriculture , hydrology, engineering , and environment al impact 
assessment . The advisory work embraces a much greater vari
ety of subject s ,  including crop science , engineering , law, 
veterinary science , biotechnology, archaeology, and recrea
t ion , for example .  The SRC supplies dat a ,  provides advice on 
i t s  use , and refers the user to other sources of information, 
i f  required; therefore , the SRC is involved in applied clima
t ology of both a det ailed and an advisory capacity and can 
p rovide a useful picture of activities in applied climatol
ogy. 

INTRODUCTION 

The Saskatchewan Research Coun
cil (SRC) has been undertaking ap
plied climatological projects for 
many years now. Projects in this 
field continue today, and the purpose 
o f  this paper is to describe some of 
the more-recent projects of this long 
history. 

The advisory work embraces a 
much great er variet y of subjects and 
disciplines , including agriculture , 
engineering , law, vet erinary science , 
biotechnology, archaeology, and rec
reat ion, for example .  We supply 
dat a ,  provide advice on it s use and 
refer the user to other sources of 
informat ion, if required . 

The applied climat ological 
activities at the SRC are concen
t rated in two main areas : 1 )  appli
cattions by met eorologists and clima
t ologists and 2 )  advisory work to 
assist people of other fields in 
the! r applicat ions . 

T he primary appl icat ions o f  
climatology by meteorologists and 
climatologists at SRC are in the 
fields of agriculture , hydrology, 
engineering , and environment al impact 
assessment . 

INTENT 

The purpose of this paper is to 
provide an overview of the recent SRC 
experience in the field of applied 
climatology. The more unique , use
ful, and/ or lnt eresting applicat ions 
are emphasized whenever possible . 
This work has provided the author 
with many insights int o the applica
tions of climatology, several of 
which cannot be found in the text
books or articles on the subject . 



Thus , this information may also be of 
use to many other people .  

APPLICATIONS BY SRC METEOROLOGISTS 
AND CLIMATOLOGISTS 

As stated previously, the main 
applicat ions are in the areas of 
agriculture , hydrology, eng ineering , 
and environmental impact assessment . 

A common use of climate/weather 
dat a  is for crop growth modeling . A 
joint study with the University of 
S askat chewan simulated spring wheat 
yields for the Saskatoon crop dis
t rict using the CERES wheat growth 
model (Fei and Ripley 1985 ; Ripley 
1 986 ) and daily weather data from the 
S askatoon SRC Climatological Refer
ence Station from 1960 to 1984 . The 
comparison of the observed versus 
s imulated wheat yields showed moder
ate success . The model ' s  main weak
ness , overestimation in high-yield 
years and underestimat ion in low
yield year s ,  appeared to be partly 
related to unsat isfactory root growth 
simulation . 

Evaporation is a parameter that 
is of critical importance to plant 
growth . Another SRC study compared 

. evaporat ion es t imat e s  bas ed upon 
records from the several types of 
atmometers at the SRC Climatological 
Reference Station (Fei and Shewchuk 
1 986 ) .  The class A evaporation pan 
provided the most consistent dat a set 
from the 11 years of this study. , • Another agricultural problem is 
that · of herbicide spray drift . Her
bicide spray drift trials have .been 
conducted in joint studies with Agri
culture Canada ,  the purpose of which 
was to evaluate and compare the per
formance of different types of spray
e r s .  Also , a position paper on the 
dynamics of herbicides within the 
a t m o s p h e r e  h a s  b e e n  p r e p a r e d  
( Shewchuk 1987 ) .  
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Considering that agriculture is 
quite susceptible to climat ic change , 
the effects of climate warnings were 
explored . A publication with a chap
ter providing an estimation of the 
impact s  of climat ic change on agri
culture in Saskatchewan is soon to be 
published (Williams et al . 1987 ) .  
Impact s  were est imated for climatic 
scenarios representing an extreme 
year and period of years from the 
instrument al record and a climate 
affected by doubled atmospheric car
bon dioxide as simulated using global 
c l imat i c  model re s u l t s  ( Goddard 
Institute for Space Studies Model) . 
We believe that we have demonstrated 
that it is possible to make useful 
translat ions of climatic scenarios 
into est imat es of likely effects on 
agricultural production, on the envi
ronment , and on the economy. 

Wind erosion of soils has become 
an inc reasing conc e rn in recent 
years . The 1980s have witnessed 
several of these black blizzards in 
the prairie provinces . This has led 
to a preliminary analysis of the 
temporal , spatial , and climatological 
aspects of dust storms in Saskat che
wan (Wheat on 1 9 8 5 a ;  Wheaton and 
Chakravart i 1987 ) .  Dust storms have 
serious impacts , such as air pollu
tion and the concurrent wind erosion 
of soil .  

Reg ional and local climat i c 
conditions influence the atmospheric 
dispersion of natural and anthropo
genic emissions . Climat ic factors 
such as wind speed and direction, 
atmospheric stability, mixing height , 
and frequency of ground-based inver
sions all cont ribute to the effective 
description of an area when ai r 
pollution processes are considered. 
The Saskat chewan Research Council 
works with government and industrial 
organi zations to effectively develop 
long-t erm ( moI).thly,  seasonal , o r  
annual) and short-term ( hourly or 
daily) site-specific meteorological 



40 

condit ions that are considered impor
t ant in the construction and opera
t ion of major industrial plant s .  
Over the last several years SRC was a 
lead agency in the description of 
dispersion climatology for several 
s ignificant projects in Saskatchewan . 
Much of this climatology served, in 
part , as input to air quality models 
that provide a systematic means of 
relat ing industrial source emissions 
to changes in ambient air quality. 

Much work has concent rated on 
the atmospheric and climat ological 
e f f e c t s  of such development s at 
t hermoe l e c t r i c  and hydro e l e c t r i c  
pro j ec t s  and d i f ferent types o f  
mines . The atmospheric and climato
logical considerations of such devel
opments usually form one of the com
ponent s in an environmental impact 
assessment of the project . The main 
t op:ics of applied climatology coming 
into play here are air pollution 
climatology and indust rial applica
t ions . One study, for example , con
s idered the effects of a thermoelec
t ric power plant on the atmosphere , 
soil , and crops in the vicinity of 
the plant (Shewchuk and Abouguendia 
1 986 ) .  Atmospheric , crop, and soil 
characteristics were measured during 
the summer for the past 4 years over 
an area of 10 000 km2 • This data 
would also be of use for other re
gional agromet eorological studies . 

C limatology also can and should 
contribute to the design of struc
tures such as dams and reservoirs 
( e .g . ,  Wheaton and Whiting 1986 ; 
Whlt i'ng et al . 1986 ) .  An examination 
of the history of severe storms in 
the area provides a good bas is for 
the sound design of a structure . 

I n  
logical 
applied 
heavily 
mate to 

summary, many of the climato
projects are in the field of 
climatology and often draw 

on the relationships of cli
another sector. 

ADVISORY WORK/USERS ' WORK 

Almost 1500 requests are fielded 
annually by the SRC in this area .  
There i s  a great variety in the 
nature of the reques ts , and almost 
any type of request can be expected . 
The highest frequencies of usage are 
by the SRC , closely followed by the 
' other ' category ( that is , the public 
schools,  libraries , and so on) , then 
by the University of Saskat chewan , 
private business ,  and the federal 
government (Table 1 ) .  

The pool of climat ic informat ion 
that is used to supply the requestors 
with informat ion and that is the 
basis of the climat ic informat ion 
system consists of two main portions 
(Fig . 1 ) :  1 )  climat ic records and 
statistics and 2 )  climatic studies 
and report s .  Users init iate interac
tion by means of their requests to 
the SRC . The interaction then re
sults in 1)  sat isfact ion of their 
curiosity, 2) modification of their 
activit ies , e .g . ,  mat ching of activi
ties to the climate ( as in planning 
for great er beer sales in a warmer 
area or time) and/ or 3 )  planning of 
reports to be done by SRC or the 
reque s t o r . The report may then 
become part of our cl imat e library 
and may form the foundat ion for fur
ther work and fulfilling of more 
requests . This step, when under
t aken , completes one of the feedback 
loops of the information system. 

The nature of the requests range 
from the common to the highly unu
sual . The most common requests are 
for monthly, daily, and/or hourly 
temperature and precipitat ion infor
mat ion. Extremes of temperature and 
precipitation are also quite popular 
items. These requests are quite 
predictable , as wel l ,  occurring with 
high frequency at the times of ex
treme weather conditions . 



Table 1 .  Types of c1ifuatic information users and their average annual frequencies. 1980 to 1984 (Wheaton 
1985b) 

Type of user 

Federal government 
- Atmospheric Environment Service 
- National Research Council 
- Canadian Wildlife Service 
- Prairie Farm Rehabilitation 

Administration 
- Agriculture Canada 

Provincial government 

University of Saskatchewan 

Media 

Private business 

Saskatchewan Research Council 

Other ( public, schools, 
librarie s ,  foreign, etc . )  

Total 

Average no . 
regular requests 

( on mail list) 

26 . 0  
39.0  
13 . 0  
13.0 

91 . 0  

26.0 

247 .0 

1 3 . 0  

2 2 1 .0 

2 94 . 0  

296.0 

1279.0 

Average no. 
nonregular 

requests 

24 . 2  
8 . 6  
0 . 6  
0 . 6  

3 . 8  

6 . 2  

5 5 . 4  

1 1 .2 

1 2 . 2  

3 1 .0 

1 l . 0  

164.8 

Total 
requests 

50. 2 
47 .6  
13 . 6  
13.6  

94. 8  

3 2 . 2  

302.4 

24.2 

233 . 2  

325.2  

307 .0 

1443.8 

Percentage 
of tot al 

3 . 5  
3 . 1  
1 . 0  
1 . 0  

6 . 6  

2 . 2  

20 . 9  

1 . 6  

1 6 . 2  

2 2 . 5  

2 1 . 3  

100 . 0  

' ' '-.;: 

..,. 
..... 
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CLIMATIC RESOURCES 

r - 1 )  Records and St atistics--i.� 2 )  Studies and Report s 
• 

I 
• 

I • t I ( Interaction) 

( Feedback) 
I 
• 

I 
• 

I 
• 

I 
• 

USERS 

• 
I 

( Feedback) 

I 
• RESPONSE 

I 
L_ Planning-activities�-----�.� Studies and Report s 

matched to climat e and/or 
more records/statistics 
compiled 

Figure 1 .  The Climatic Information System (Wheaton 1985b) .  

The re quest s  can be grouped 
according to area of application: 
recreation, legal , educat ion/medial 
conferences ,  engineering , wildlife, 
agriculture , environmental impacts ,  
geology/g eohydrology, vet erinary 
science s ,  hort iculture , and miscel
l aneous . A few examples are provided 
for several fields of applicat ion in 
T able 2 .  

The more unique or int eresting 
ones , depending on the perspective 
t aken, are often the ones derived 
f rom simple curiosity. One request , 
for example ,  resulted in a descrip
t ion of the development and morphol
ogy of snow rollers.  Another person 
was interested in the time of sunset 
at a small town in Saskat chewan sev-

eral years ago ,  because he want ed to 
make sure the sett ing of one of the 
scenes in his novel was correct . 
Another unique reque s t , to this 
author anyway, was for the climat e  of 
Saskatchewan in 1200 A.D.  Saskatche
wan Research Council archaeologists 
were looking for pieces in the puz zle 
of migration of the people living in 
northern Saskatchewan at that time. 
Another request that is possibly 
unique to the prairies is the use of 
weather and climate dat a to explore 
the causes of disease and damage to 
Saskatoon berries . Others that were 
new to this author were the use of 
cloudiness and bright sunshine data 
to explain bee ' s  activities and the 
use of temperature dat a to hel p  
explain fish productivity. There 
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Table 2.  Some examples of requests for climatic information 

Discipline/field 
of application 

Recreation 

Law 

Educat ion/media/ 
present at ion 

Engineering 

Wildlife biology 

Agriculture/ 
horticulture r • 

Geology/ 
geohydrology 

Request 

- wind speed and direction 
for a specific location 

- t emperature and precipitat ion 
normals and variation 

- area, extent , and severity 
of a hail storm 

- rates of rainfall 

- tours of the climate 
reference station 

- frost season information 

- daily, monthly, and extremes 
of precipitation, tempera
tures, wind speed, relative 
humidity, and bright sunshine 

- soil t e�peratures 

- global radiat ion 

- heating degree days 

- mean annual air 
temperatures 

- air t emperature 

- t emperature extremes 

- precipit ation, growing 
degree days , and frost 

- daily temperature and 
precipit at ion 

- monthly precipit ation 

- daily air t emperature 
and wind informat ion 

Purpose 
of request 

- to facilitate planning of 
a marina and breakwater 

- information for a tourism 
booklet for locations in 
northern Saskatchewan 

- evaluation of a hail 
insurance claim 

- evaluation of flooding 
insurance claims 

- TV science shows , field 
information for class tours 

- winter wheat presentation 
at a conference 

- Star Phoenix readers 

- effects on pressure in gas 
lines and buried cables , 
pipeline stress calculations 

- for considerat ion o f  
efficiency of low energy 
housing 

- to compare with heating and 
vent ilation costs , effec
t iveness of insulation 

- to evaluate fish 
productivity 

- to evaluate the caloric 
int ake of falcons 

- t emperature tolerances of 
cacti in Saskat chewan 

- pasture productivity 

- relat ionship to cattle 
health problems 

- to compare with groundwater 
levels 

- to explore the reasons for 
seismic traces and explosive 
noises 
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seems to be a new use of climate/ 
weather data every week.  

CONCLUSION 

Although many areas of applied 
climatology need further development 
to refine knowledge of the int errela
t ionships, we have made some prog
ress . It appears that users are 
becoming more knowledgeable about the 
potential use of climatology in their 
f ield of interest and will likely 
become increasingly sophisticated in 
thei r demands .  More models do need 
t o  be developed and verified before 
t he process can become fully opera
t ional , so we have much work to do . 
I n  conclusion, I hope to have trig
gered some int eresting research ideas 
o r  operat ional are as of app l ied 
research. It was good to have the 
opportunity to share some of the 
unusual and intriguing applications 
of climatology with you. 
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THE USE OF WEATHER RADAR TO PREDICT 
MICROWAVE ATTENUATION BY RAIN 

Terrence W. Krauss 
A �bepta Reseapch Counci� 

Edmonton, A �bepta 

INTRODUCTION 

The past few years have seen an 
emerging requi rement to ut i l i z e  
microwave frequencies above 1 0  GHz 
for terrestrial radio-communication 
networks. Rainfall can cause sig
nificant attenuation in the received 
signal at these higher frequencies, 
and rain att enuat ion stat istics in
fluence system design. For a given 
value of the signal-fading margin 
with specified availability and per
f o rmance o b j ec t ives , limit at ions 
regarding the maximum spacing of 
repeater stations in a radio relay 
system are dictated by the rainfall 
climatology in the region. 

Dat a  collected by the Albert a 
Research Council ' s  C-band (5-cm wave
length) weather radar at Red Deer 
were used in the summer of 1986 to 
simulate rain attenuation at an 18-
GHz frequency along an 18-km micro
wave path operated by Alberta Govern
ment Telephones (AGT) in the Wetaski
win area. Three tipping-bucket rain 
g auges were used in the vicinity of 
the microwave path to "ground truth" 
t he radar-derived rainfall estimates . 
The relation developed by Marshall 
and Palmer (1948) was used to convert 
the radar reflectivity to rainfall 
int etls4.ty, and an empirical relation 
was chosen from the study by Zawadzki 
and Rogers ( 1 97 2 )  to convert the 
rainfall intensity information to 
signal attenuat ion. 

The purpose of this paper is to 
demonstrate that weather radar can 
provide valuable rain climatological 
informat ion at high spat ial and 
t emporal resolution on an area-wide 
or regional basis. 

DATA AND METHOD OF ANALYSIS 

Radar Data 

The Alberta Research Council ' s  
C-band ( 5-cm wavelength) weather 
radar is located at the Red Deer 
municipal airport . The characteris
tics of the radar are : 5 . 635 GHz 
frequency; 478 s- 1 pulse repetit ion 
frequency; 2 �s pulse duration; 200 
kw typical peak power; linear hori
zontal polarization; 1 . 5  degree cir
cular beam width; 40 dB ant enna gain; 
8 rpm maximum ant enna azimuth rot a
tion rat e; and a step scan antenna 
elevation program going from 0 to 9 
degrees elevation in 1 . 5  min or 0 to 
21 degrees elevation in 3 min. The 
radar reflectivity is integrated over 
"bins" with dimensions of 1 km range 
and I "  azimuth,  and the data for this 
study were recorded onto magnetic 
disk for the 1 . 5-degree elevation 
scan at approximat ely 3-min int er
vals. 

The AGT microwave path was 18 km 
long between towe r s  located at 
Kavanagh ( radar coordinates:  012" 
azimuth and 109 km range) and Huard 
Lake (021 " ,  99 km) and operated at 
18-GHz frequency. At 100-km range,  
the height of the radar beam cent er 
is approximately 3 km above ground 
level and the beam cross section is 
approximat ely 1 . 7 5  km. Unfortun
at ely, the high beam altitude meant 
that the melting level (O"C tempera
ture level) was usually int ersected. 
The mixture of water, ice , and mixed 
phase hydromet eors increases the 
uncertainty in the reflectivity ver
sus rain-rate relat ion. 



Rain Data 

Three tipping-bucket recording 
rain gauges were used in support of 
this study. One gauge (1 mm/hr reso
lution) was situated near the micro
wave tower base at Kavanagh, and two 
different· gauges (1 mm/h and 0 . 1  mm/h 
resolution) were set up on the roof 
o f  the AGT o f f i ce building in 
Wetaskiwin.  The accumulated rainfall 
per minute for each gauge was re
corded on magnetic tape cassettes 
using a 21X Micrologger system from 
Campbell Scient ific Inc . 

An int eresting result was found 
upon compari son of the two rain 
gauges at the Wetaskiwin sit e .  The 
low-resolution gauge consistently 
recorded approximat ely 20% more rain 
than the high-resolution gauge,  even 
though both gauges had unobstructed 
exposure , were level, and · were sepa
rated by only 2 m. The radar
estimated rain amounts taken from the 
radar bins directly above the rain 
gauges often differed by a factor of 
2 from the gauge measurement ; how
ever, much of this uncertainty is 
l ikely associated with the drift ing 
o f  precipit at ion from the illuminated 
volume above during the fall to the 
surface. The terminal fall velocity 
of a typical raindrop of 1- to 2-mm 
diameter is approximat ely 4 to 6 m/s.  
R aindrops can , therefore , eas i l y  
drift a horizontal distance o f  3 km 
or more during their fall time, given 
a mean wind velocity of 4 to 6 m/ s 
( not uncommon) within the lower 3 km 
of the atmosphere. Summertime con
vE1l'Ctive precipitation is character
ized by great spatial and temporal 
variability, which makes it very 
difficult to make point predictions . 
Furthermore , because of turbulence, 
very exposed rain gauges may have 
catch deficiency errors up to 50% or 
more (Gray 1970 ) ;  therefore, it is 
difficult to use the rain gauge mea
surement s as an ab solute ground 
t ruth. It is estimated that the area 
rain amount s est imated by the radar 
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in this study are accurate to within 
approximately 20% error. 

Radar-estimated Rain Intensity 

The empirical relation developed 
by Marshall and Palmer (1948 ) was 
used to convert the radar reflect iv
ity measurements to rainfall rat e :  

Z = 200 Ri • 6 [ 1 ]  

where Z is the equivalent rad a r  
reflect ivity factor (mm6m- 3) and R is 
the rain rat e (mm/h) . Although this 
relation was developed in eastern 
Canad a for summer rai nfal l ,  the 
Marshall-Palmer relation has been 
found to be a reasonable approxima
tion for steady rain at cont inental 
midlatitudes in general . 

Estimation of Attenuation 

An approximat e re lation for 
attenuat ion at 18-GHz frequency as a 
function of rain rate was obtained by 
interpo l at ing the re sul t s  from 
Zawadzki and Rogers (1972 ) ,  who sum
marized the calculat ions and measure
ment s of various authors.  The rela
tion used was 

A( P , Q) = JO. 055Ri• 15dr [ 2 ]  

where A is the attenuation between 
path points P and Q expressed in dB , 
R is the rain rat e (mm/h) , and dr is 
the differential range (km) . 

The int egrated attenuation was 
estimated by selecting the radar bins 
that were situated directly above the 
microwave path between Kavanagh and 
Huard Lake and computing an average 
rain rate for each bin along the 
path,  which included the radar bins 
on either side of the cent er line. 
This average rain rat e per bin was 
used to allow for soine drift of the 
precipitation from the volume aloft 
to the path near the ground . For 
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this study, no wind information was 
recorded at the sites; however, some 
wind information regarding direction 
and speed can be inferred from the 
movement of the radar echoes in the 
vicinity, which can be used in the 
interpretation of the resul t s .  

CASE STUDY: JULY 9, 1986 

A radar plan-posit ion-indicator 
( PPI) plot showing the storm rain
intensity st ructure at 00 : 08 ( all 
t imes are Mountain Daylight Time) on 
the morning of July 9 ,  1986 , is shown 
in Figure 1 .  The microwave path was 
situated on the northeast side of the 
most intense port ion of the storm at 
this time. The storm appeared to be 
a mesoscale convective complex com
prised of three or four convective 
cells,  as described by Byers and 
Braham ( 1 949 ) ,  each cell evolving 
over a time period of approximat ely 1 
h .  Regions with rain rates exceeding 
2 5  mm/h were typically less than 10 
km in diameter. Maximum rain rates 
exceeding 50 mm/h were confined to 
small reg ions , typically only ,one or 
two bins (1 to 3 km) in extent . The 
individual cells moved toward the 
northeast at a speed of approximat ely 
9 m/ s and passed directly over the 
microwave path.  

The radar-estimated rain accumu
l at ion di rect l y  above Wet askiwin 
tot aled 5 . 8  mm for the time period 
from 00 : 01 to 00: 56 , with an average 
rainfall rate of 6 . 3  mm/h. The mea
sured rain amount s from the two , rain 
gaug�s 'were 0 . 6  mm and 1 . 0  mm for the 
period 00 : 36 to 00: 50, corresponding 
t o  rain rat es of 2 . 3  mm/h and 4 . 3  
mm/ h ,  re s pect ively. The rad ar
estimated rainfall at Kavanagh was 
only 0 . 7  mm, whereas the gauge mea
surement was 5 . 0  mm over the period 
0 0 : 2 1  to 00 : 28 ,  which corresponds to 
a rain rate of 42 . 8  mm/h. A close 
inspection of the digital radar dat a 
recorded at 00 : 27 shows that rain 
rates of 41 . 7  and 46 . 1  mm/h were 

estimated for radar bins located 
within 3 km east of Kavanagh sit e .  
Since the storm cells were moving in 
a northeasterly direct ion one can 
assume that either the high rain rat e 
region had passed directly over the 
Kavanagh site before the radar scan 
was recorded or that the rain drifted 
horizontally 2 to 3 km during its 
fall from the rad ar illuminat ed 
volume aloft . This case study illus
t rates some of the difficulties asso
ciated with comparing point surface 
observat ions with radar est imates for 
convective storms . 

The predicted at tenuat ion as a 
function of time for this case study 
is shown in Figure 2 .  The maximum 
estimated at tenuat ion of 22 . 78 dB and 
the trend and response of the esti
mated at tenuation curve with time 
ag reed re asonably we l l  wi th the 
attenuat ion measured by AGT . The 
maximum at tenuat ion measured by AGT 
was approximat ely 28 dB. 

DISCUSSION AND CONCLUSIONS 

This brief study, in many re
gards,  was a feasibility study. The 
use of an approximat ed empirical 
relation to est imate the att enuat ion 
at 18-GHz frequency gave encouraging 
resul t s .  Maximum estimated att enua
tions were usually within a few deci
bels of the measured values when 
maximum rain rat es along or near the 
path were used. Measured att enuat ion 
was generally greater than the 
estimated value. The relat ionship 
between specific att enuat ion at a 
given frequency and rainfall int en
sity depends on the microstructure of 
the rainfall. The rain drop number 
concent ration, size distribution, 
shape, and terminal velocity as well 
as the temperature and pressure are 
all variables in determining the 
specific at tenuat ion. The relations 
used in this study are approximat ions 
of the more complicat ed situation 
that exists in nature. 



Figure 1 .  A map of radar-derived 
rainfall intensity (RRT 
given in mm/h) for the 
storm on July 9 ,  1986 , 
(Case Study Humber One) at 
00:08 MDT near Vetaskiwin. 
The range ring spacing is 
20 km. 

Based on the analysis of four 
storm case studies, some preliminary 
conclusions can be drawn . Rainfall 
rat es >50 mm/h are required over path 
lengths of approximat ely 5 km before 
significant at tenuat ion ( > 20 dB fade) 
occurs at l8-GHz frequency . Summer
t ime convective showers are generally 
the only met eorological phenomena in 
Alberta that produce such high rain 
intensit ies. Regions with rain rat es 
>50 mm/h are often confined to areas 
l!esa than 5 km wide; however, rain
fall rates >100 mm/h in regions 1 to 
5 km wide are often associated with 
hailstorms and severe thunderstorms. 
S ince mo st summert ime convective 
cells travel at speeds between 5 and 
1 5  mi s ,  periods of sign i f icant 
at tenuat ion generally pass within 5 
t o  1 5  min. 

Future studies should att empt to 
use the Alberta Research Council ' s  

> � � � = = > = = >-
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HUARD LAKE 10 KAVANAGH: JULY 8-9 , 1 986 
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I I UE or DAY (UDI ) 
Figure 2 .  A p l o t  o f  e s t im a t e d  

attenuation as a function 
of time for Case Study 
Humber One computed using 
the empirical relation 
given in equation 2 .  

S-band ( lO-cm wavelength) rad a r ,  
which has a 1 0  beam width, which 
illuminates a smaller volume and is 
able to scan closer to the ground. 
The S-band radar also has negligible 
at t enuat ion and should provide more
accurate rain rates.  Wind informa
t ion would also be useful to improve 
the estimate of the precipitation 
that actually fell at a specific 
point on the ground. 

The cumul ative dist ribution of 
rain at t enuation for an " average" 
year is needed to design a terres
t rial radio-communication system. 
Many prediction methods are based on 
point rainfall intensity cumul ative 
distributions. Variability in the 
point cumul ative dist ribution from 
year to year is generally ext remely 
high. In many models, the micro
structure of the rainfall is assumed ,  
on average, t o  be the same in every 
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region . Radar can provide valuable 
information regarding the spat ial and 
t emporal structure of rainfall inten
sity to produce cumulat ive distribu
t ions of rain att enuat ion in much 
shorter time periods than can be 
achieved by using point ground mea
surements .  
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KICROMETEOROLOGICAL RESEARCH 
J .  D • .  Wilson and J .  Argete 

Measurement s of mean wind speed 
and turbulence wer e  carried out 
behind two sections of 50% porous 
fence differing only in the vertical 
distribution of their porosity. One 
section of the fence was uniformly 
porous , and the other was relatively 
dense near the ground and open aloft . 
Slightly greater mean speed reduc t ion 
was observed near the ground in the 
near lee of the section that was 
dense at ground level without any 
det rimental increase in the turbu
lence . This advantage was offset by 
less effective protection in the far 
lee. The numerical model, Which uses 
a second-order turbulence closure 
scheme , simulates shelter flow by 
parameterizing the fence as a local
i zed momentum sink. 

Experiments on the modification 
of climate (wind , temperature , and 
humid ity) within omnidirect ional 
windbreaks (with a square , enclosed 
plot ) will continue unt il the effects 
of a wide range of governing factors 
such as plot size versus fence 
height , ratio of fence height to 
surface roughness length, and atmo
spheric stability, have been exam
ined . , . 

OROGRAPHIC BNHANCEMENT 
OF SNOWFALL 

C .  Schneider and J . D. Wil son 

A simple model that has been 
claimed to give useful predictions 
for snowfall in the Colorado Rockies 
is being implemented for test ing in 
the Alberta Rockies . The model pre
dicts mountain snowfall rate on the 

basis of readily available input 
data. 

ATMOSPHERIC ICING RESEARCH 
E . P .  Lozowski , K.J .  Finst ad ,  
K. Szilder, W.P. Zakrzewski , 

A. Nowak, W.W. Jiang , Y. Zhuang , 
R. Blackmore, and K .  Johnson 

E . P .  Lozowski is complet ing a 
review and synthesis of atmospheric 
icing model s .  K. Finstad has devel
oped an operational time-icing model 
for cyl i nders and ai rfoi l s .  K .  
Szilder has designe,d a new, time
dependent model for cylinder icing 
that takes into account the effects 
of internal heat conduction . He is 
also investigat ing the overall heat 
transfer coefficient of rough cylin
ders . W. P .  Zakrzewski is investigat
ing the accretion of ice on fishing 
vessels by modeling the splashing 
effects of wave-generated, freezing 
spray. 

A. Nowak has completed experi
ment s in marine ice accretion using a 
small out d o o r  wind tunne l . It  
appears that icicle formation and 
sponginess may be the reasons for 
enhanced growth When brine sprays are 
used in place of fresh water. In 
view of this result , K. Johnson is 
carrying out modeling and experi
mental investigat ions o f  icicle 
growth ,  and R.  Blackmore is making 
calorimet ric studies of sponginess in 
accreted ice . Y. Zhuang is applying 
Monte Carlo methods to a modeling 
study of the diffusion of spray drop
lets in the marine boundary laye r ,  
with the aim o f  predicting the varia
t ion of the liquid cont ent wit h  
height . Ms . W. Jiang is taking many 
of these result s  and incorporating 



52 

them into a model of ice accretion on 
offshore drilling platforms. 

SYNOPTIC AND MESOSCALE 
METEOROLOGY 

G .  St rong , E. Chan, D. Ball , 
C .  Doyl e ,  C. Nguyen, C. Sackiw, 

and E . R. Reinelt 

G .  St rong has completed a dis
sertation on the synoptic-mesoscale 
interaction and dynamics of severe 
convection storms. E. Chan is inves
t igat ing the effects of the sea
surface temperatures of the 1981-82 
EI Nino , which have been simulated in 
the Atmosphere Environment Service ' s  
General Circulation Model . 

D .  Ball is studying the dist ri
bution and frequency of cloud pat
t erns associated with fronts and 
cyclonic systems. Using digit ized 
satellite images , he is deriving 
histograms pertinent to the climatol
ogy of cloud cover in we s t e rn 
Canada. 

C .  Doyle is investigating vari
ous aspects of the hydromet eorology 
of ice jams in northern rivers. In 
particular, he has obt ained interest
ing dat a set s for the Athabasca, 
Peace , and Hay rivers . 

C .  Nguyen is analyz ing the 
c auses of a heavy spring snowstorm in 
Calgary and the evolution of the 
weather patterns responsible for the 
extensive flooding in the Edmonton 
district in July. He has compiled 
comjSrehensive dat a sets by integrat
ing and correlat ing satellit e ,  radar, 
and surface observat i"ons . 

C .  Sackiw has completed a study 
on the cohesiveness of upper-air 
soundings in space and time . The 
results of this study will help in 

the design of an upper-air network 
capable of detect ing and t racking 
atmospheric systems on a scale of a 
few kilomet res . 

E.  Reinelt worked on synoptic 
climatology of upper-air parameters 
relevant to the incidence and cont rol 
of forest fires.  A cat alogue of 
vertical wind and temperature pro
files is being compiled for specific 
sites within the boreal forest s of 
northwestern Canada. 

ENVIRONMENTAL STUDIES AND 
RADAR METEOROLOGY 

R. B .  Charlton, F .  Hopper, 
K. AI-Jumily, and D. Yiu 

R. Charlton has written a text
book, currently in the form of 285 
photocopied pages ,  that is being used 
by 7 5  student s in Meteorology 307 , an 
introductory course at the University 
of Albert a .  

F .  Hopper has compl e t ed an 
interest ing study on the composit ion 
of Arctic haze . Hopper' s related 
work on urban visibilities at low 
temperatures was recent ly published 
in Atmosphepia Enviponment . 

Working with the Weather Radar 
group , K. AI-Jumily has found that 
the correlation between two circu
larly polarized component s of the 
radar echo is a bett er indicator of 
the presence of hail than previously 
believed. 

D. Yiu is studying the relat ion
ship between in-cloud measurement s of 
raindrop and ice-particle size dis
t r i b ut i o n s  and s imul t an e o us l y  
recei ved radar echoes . This work 
concent rat es on the d i f f e rences 
between showe r s  and cont i nuous 
precipit ation. 
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N.C.  Bkemdirim 
Depaptment of Geogpaphy 

Univepsity of catgapy 
catgapy, A tbepta 

Climatological research at the 
University of Calgary is conducted 
primar i l y  in the department s of 
Geography and Physics . Some scien
tists in the Faculty of Environment al 
Design also engage in studies with a 
fair · amount of climatological con
t ent . What follows· is a partial list 
of persons involved in climatological 
research and their interest . 

Dr. Mario Giovinetto (Geography) : 
Short-term research is on atmospheric 
water vapor transport in the southern 
hemisphere . In the long term, he is 
involved in research on air-ocean 
interaction and Ant arctic ice-sheet 
mass balance . ·  

Dr. S .A.  Harris (Geography) : Dr.  
Harris is a geomorphologist with a 
wide ranging interest in applied 
climatology. He is investigat ing the 
d i s t r i b ut i o n  o f  p e rm af r o s t  in 
Albert a ,  the Yukon , and B ri t ish 
Columbia .  He is also working on 
thermal regimes and origins .of vari
ous permafrost landforms in the west
ern Canadian Rockies. 

D r .  A . W .  Harrison ( Phys i c s ) :  
Atmospheric radiation is his main 
interest . He is atteJ1lpting to opera
t ionalize the use of radiometers for 
detecting and estimating cloud cover. 
D r .  Harrison maintains a continuing 
in�e�est in atmospheric pollution and 
haze. Dr . C .A.  Coombes (Physics) is 
also involved in radiation research. 

Mr. Robert Hudson (Geography) : He 
developed a model for the estimat ion 
of groundwat er cont ri but ion to storm 
runoff in the Marmot Creek basin. He 
is also interested in modeling of 
storm flow. 

Ms .  Pamela MacQuarrie (Geography) : 
Ms . MacQuarrie ' s  research is on the 
soil moisture budget in irrigated 
wheat fields in Brooks . She is 
primarily concerned with the adequacy 
of moisture supplied through irriga
tion for optimal crop development . 

Dr. Titus Mathews (Physics) : He 
studies mesoscale features of Chi
nooks including gravity and hydro
s t atic waves . Dr.  Mathews ' research 
team includes Peter Lester and R.B .  
Hicks . 

D r .  Lawrence C .  Nkemdirim (Geo
graphy) :  Urban effects on climate 
continues to be the major focus . He 
is currentl y  investigat ing micro
meteorological processes near the 
ground during a Chinook. 

The Inst itute of Humanit ies is 
holding a 3-day international sympo-

. sium ent itled "Civilization and Rapid 
Climat e Change, .. on August 21-24 , 
1987 . Dr . Harold Coward is organiz
ing the conference . 



54 

W.D • .  Hume 
A tmosphePia Enviponment Sepviae 

Enviponment Canada 
Edmonton, AZbepta 

SCIENTIFIC SERVICES DIVISION 

The following special report s ,  
climatological studies , and activi
t ies were undertaken by Scientific 
Services personnel in the Western 
Region: 

86-2 The effect of arctic haze on 
northern climate 

86-3 Climate networks in the Terri
tories: Policy and standards · 

86-4 Spring snowstorm: May 13-15,  
1986 

86-5 Foothills rainstorm: September 
1 2 ,  1985 

87-1 Ice thickness climatology for 
northern Canada 

87-2 Rainfall extremes analysis 
87-3 Breakup of Beaufort sea land fast 

i ce (draft ) 

Climate of Wood Buffalo Park - com
pleted 

Winter Olympic Corridor climatology -
completed 

Climate of Calgary - in press 
Climate of Yukon - in press 
Station Climate Digest - under prepa

ration for the following cities : 
G r ande Prairie , Lethbridg e ,  
Medicine Hat , Fort McMurray, and 
Whitehorse , . CO-OPERATIVE PROJECTS 

T he Alb e r t a  Agromet eo rology 
Advisory Committee has completed a 

2-year study to develop a new climate 
rating system for arable land in 
Alberta. A draft report was pre
pared . 

A study of the frequency, dynam
i c s , and impa c t s  o f  Chinooks in 
southern Alberta is underway. This 
project is headed by the University 
of Calgary in cooperation with AES , 
S an Jo se State Col l eg e ,  and the 
Alberta Research Council.  

The Alberta Climate Advisory 
Committee will be holding a climate 
change workshop in September 1987 . 
The dynamics and impact of climate 
change will be examined. 

OTHER ACTIVITIES BY AES PERSONNEL 

- Olympic data-logger data processed 
and stored in nonstandard hourly 
data format in AS/9 .  

- Automatic weather stations estab
lished at Pelly Island , Herschel 
Island , Cape Bathurst , and Sachs 
Harbour. 

- Canadian Air and Precipitation
Monitoring Network (CAPMoN) station 
c ommissioned and put into operation 
at Esther , Alberta .  

- Unpublished report prepared for 
Emergency Preparedness Canada on 
the flooding of mid-July 1986.  
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Atmospheric Environment Service Climatological Network additions, deletions , 
and program changes during 1986 . 

S t at ions 

New 
Cameron Coulee 
Maisie Mae 
Florann 
Pennance Tower 
Whitesand Tower 
Sunnydale 
Rancheriab 

Athabasca 1 
Ellscott 
Miette Hot Springs 
McQuesten 
U of A Metabolic Center 

Closed 
Bragg Creek West 

Program changes 
Ricinus 
Kananaski Pocaterra 
Florann 
Cameron Coulee 

Latitude 

50°39 ' 
63°17 ' 
49°16 ' 
58° 23 ' 
59°40 ' 
64°03 ' 
60°07 ' 
54°43 ' 
54°29 ' 
53 °08 ' 
63°31 ' 
53°31  ' 

50°58 ' 

52°05 ' 
50°42 ' 
49°16 ' 

50°39' 

Longitude 

114 °02 ' 
138°47 ' 
111 0 24 ' 
113°09 ' 
115 ° 1 2  ' 
139°28 ' 
130 °41 ' 
113°17 ' 
112°57 ' 
1 17 ° 46 ' 
137 °26 ' 
113°32 ' 

114 °37 ' 

115 °00 ' 
115°07 ' 
1 1 1 ° 24 ' 
114 °02 ' 

a P = precipitation; T = temperature; W = wind. 
b Storage gauge. 

, . 

Date 

86/06 / 1 1  
86/05/01 
86/07/08 
86/06/01 
86/06/01 
86/07 / 29 
86/06/24 
86/07 /24 
86/07 / 24 
86/08/12 
86/10/13 
86/ 10/22 

86/05/22 

86/05 /28 
86/05/22 
86/10/09 
86/10/09 

Programa 

P 
TP 
P 
TP 
TP 
TP 
P 
P 
TP 
TP 
TP 
TP 

P 

P to TP 
TPW to TP 

P to TP 
P to TP 



56 

G. HacCulloch 
Watep Resoupaes Bpanah 

Enviponment Canada 
CaZgapy, AZbepta 

The Water Resources Branch is 
made up of two divisions : the Water 
Survey of Canada ( WSC) and the 
Hydrology Division. The WSC is the 
agency responsible for collecting, 
archiving , and distributing water 
quantity data from a nat ionwide net
work of more than 3000 gauging sites . 
This data consists primarily of river 
and stream discharge but also in
c l udes flow vel o c i t i e s , widths , 
depths , water level fluctuation in 
rivers and lakes , sediment transport , 
and less consistently more general 
dat a  such as water temperature and 
ice thickness .  The Hydrology Divi
sion conducts analytical and inter
pretive studies designed to comp1e-

. ment the basic dat a co llection 
activities of  the WSC . 

Current work in progress by the 
Hydrology Division within Alberta 
includes the following : 

, . 

a) McLeod River Basin Modeling by 
application of the Tank Model , 

b) an investigation of Alberta lake 
level fluctuat ions , 

c) peak discharge determinations by 
indirect means , 

d) comput ation of natural flow data 
for regulated streams such as the 
Milk River, and 

e) N-day low flow duration and fre
quency analyses for selected 
streams in Alberta. 

Water Survey of Canada data is 
available free upon request and may 
be obtained by contacting any of the 
regional o f f i c e s  in Vancouver , 
Calgary, Regina, Winnipeg , Guelph, 
Longueui l ,  Dar t mo ut h ,  or Yellow
knife. 
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Teja Singb 
NopthePn FopeBtpy Centpe 
Canadian FopeBtpY Sepviae 

Edmonton, A �bepta 

Climate research activities at 
the Northern Forestry Centre focused 
on three projects during the year : 
c limate of wetlands and the boreal 
forest , forest hydrology and micro
climat e ,  and research related to fire 
weather and environment 0 

RESEARCH ON CLIMATE OF WETLANDS 
AND THE BOREAL FOREST 

Wetl ands are widely distributed 
across the prairie provinces and 
other parts of Canada .  The study of 
peatland dynamics and environment 
were continued during the year. A 

. map of the wetlands regions of Canada 
has been published . A map and report 
on the ecoclimat ic regions of Canada 
has been finalized and submitted for 
publication to Lands Directorat e .  A 
publication on improving Canada' s 
wetlands for forestry will be pub
lished this summer . A symposium on 
t he wetlands of Canada will be held 
in Edmonton , August 24-28, 1987 . 

As a major timber source , the 
boreal forest and its climate are of 
considerable importance to Canada. 
The effects of microclimate on the 
g r owth of trees and of clim at i c  
extremes on regeneration in harvested 
areas are of particular significance . 
A journal paper on climatic trends in 
tYie • three major subregions of the 
boreal forest in western Canada was 
p ub l i shed i n  C � imat i a  Chang e . 
Microclimatic data collected by the 
C anad i an For e s t r y  S ervice near 
Hinton, Albert a, were analyzed , and a 
paper is being prepared for publica
t ion in FopeBtpy Chponia�e . Work 
i s  also starting on a contract from 
the Canadian Climate Centre , entitled 
"Assessment of the implications of 
climatic change for boreal forests 

and the fo rest  indust r y  in the 
prai rie prov inces and Northwest  
Territories , "  in cooperation with the 
Saskatchewan Research Council and 
University of Saskat chewan . 

The three experimental areas 
( Goose River, McLennan, and Wolf 
C reek) established during 1985 for 
wetl and drainage research provided 
dat a  on ground and air temperatures 
during the year. The ground tempera
ture readings were at the soil-air 
interface and at depths of 7 . 5 ,  15 , 
30, 45 , and 100 cm. Approximately 
half of each area is drained, and the 
remainder serves as a cont roI. A 
weather station consist ing of one 
Belfort recording hygrothermograph , 
for measuring air temperature , and 
one Bel fort universal recording 
precipitation gauge were operative in 
each experiment al area during 1986. 

MICROCLIMATE RESEARCH RELATED 
TO FOREST HYDROLOGY 

A study was conducted during the 
winter of 1986-87 to characterize 
aerodynamic properties of a juvenile 
stand of lodgepole pine . The aim of 
this research was to determine the 
t ime required for aerodynamic closure 
of a clear-cut through regrowth o f  
planted lodgepole pine . This study 
has relevance to areas of the Alberta 
foothill s where dry ai r and st rong 
winter winds can evaporate signifi
cant amounts of snow. 

In the field study, measurement s 
were t aken on wind speed, air tem
perature , relative humid i t y ,  and 
evaporation from snow pans in the 
open field and within the experi
mental stand . The study indicated 
that the snow evaporation in the 
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st and was one-half to one-fifth of 
that in the open field . Detailed 
analysis of data is expected to pro
vide an aerodynamic resi s t ance 
parameter that could be related to 
st and height and density values . 
Further research will be needed to 
apply the results obt ained from the 
artificial stand to natural stand s .  

FOREST FIRE RESEARCH 

The joint CFS-AFS experiment al 
burning project in the lowland black 
spruce fuel type of north-central 
Alberta was cont inued during the 1986 
fire season. Three experiment al 
f ires were successfully conducted and 
documented in spite of the above 
normal precipitation in July. The 
p roceedings of two f i re we ather 
seminars held in 1986 were produced. 
A paper coauthored by the AFS weather 
sect ion on the 1980 and 1981 fire 
s easons in northern Alb e r t a  was 
published. A paper dealing with the 
adaptation of the Canadian Forest 
F ire Danger Rat ing System in Alberta 
was prepared for an international 
conference. 

PUBLICATIONS 

Harvey, D.A. ; Alexander ,  M.E . ;  Janz , 
B .  1986 . A comparison of the 
fire-weather severity in north
ern Albert a during the 1980 and 
1 981 fi re seasons . For .  Chron. 
6 2 : 507-513.  , . 

Kii l ,  A. D . ;  Quint ilio , D. ; Alexander, 
M. E. 1986 . Adaptation of a 
national system of fire danger 
rat ing in Alberta, Canada:  A 
case study in technology trans
fer .  Pages 410-421 in Pro
ceedings of the 18th IUFRO World 
Congress , Division 6 :  General 
subject s .  Int . Union For. Res .  
Org . ,  Vienna, Aust ria. 

Singh, T. 1986. Microclimat e of 
c l e a r c ut s  i n  we s t- c e n t r a l  
A l b e r t a .  P ag e s  4 7 - 4 9  i n  
Current climatological activity 
in Alberta .  Proceedings of the 
10th annual general meeting, 
Albert a Climatological Associa-
t i on .  20 February , 1 98 6 .  
E nv i r o n . C an . ,  Edmont o n , 
Albert a .  

Singh, T .  1986. Climate o f  the 
boreal forest in western Canada. 
Page 6 in Albe rt a C limat o
log i c al Assoc . ,  Gen . Circ . 
Summer 1986 . 

S ingh, T . ;  Powe l l ,  J .M .  1 9 8 6 .  
Climat ic variation and t rends in 
the bo real forest region o f  
western Canada. Clim. Change 
8 : 267-278. 
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Walter Nemanishen 
ppaipie FaPm Rehabilitation Administpation 

Agpieultupe Canada 
Calgapy, A lbepta 

In 1986,  the Alberta Regional 
D iv i s i o n  o f  t h e  P r a i r i e  F ar m  
Rehabilitat ion Administ rat ion (PFRA) 
continued with its long-range effort 
to improve its drought forecast ing 
c apabilities based on the extant 
scientific knowledge of solar radia
t ion cycles , the E1 Nino phenomenon, 
and other probab l e  cont ribut ing 
f actors . 

I n  the 1985 Alberta Water Sourc
ing Study (Phase I )  report , PFRA 
recommended that hydrologist s ,  wat er 
resource managers , agronomist s ,  and 
climate scient ists work together to 
determine how to effectively use the 
knowl edge being acc umul at ed on 
drought s to formulate and implement 

, . 

water resources strategies that will 
make our prairie agriculture less 
vulnerable to recurring drought . To 
achieve this objective, PFRA has 
encouraged the Hydrology Inst itute in 
Saskatoon to undertake appropriate 
prairie drought rese.arch. Also , PFRA 
staff involved in various hydrologic 
and design studies were briefed on 
the implications of climate change as 
it relates to water resources and 
soil conservation on the Canadian 
prairies . 

Draft terms of reference have 
been prepared for a proposed study to 
assess the impact of climate change 
on PFRA water development programs. 
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R. Barlow and L .  Wojtiw 
A tmosphepic Sciences Depaptment 

A �bepta Reseapch Counci� 
Eimonton, A�bepta 

INTRODUCTION 

In 1986,  the main activity of 
the Atmospheric Sciences Department 
was the complet ion of the 5-year 
weather modification research project 
f inal report . The object ives of the 
5-year re search project were to 
develop weather management capabili
t ies in hail suppression and precipi
t at ion augment ation to assist in the 
economic development of the province. 
In addit ion to the weather modifica
t ion work,  research act i vit ies 
through cont ract work were conducted 
in weather sat ellite applicat ions , 
hydrometeorology, air pollution, crop 
yield model ing , and art i f i c i al 
i n t e l l i g e n c e  f o r e c a s t  sy s t em s  
development . 

The result s  of the program have 
been summarized in a final report to 
A lb e r t a  Agri culture submit ted in 
early November of 1 9 8 6 ,  and the 
report is available from the Alberta 
Research Counci 1 .  Some of the 
result s from the study are as 
follows: 

1 .  Research based on analysis of 
crop damage suggest s a decrease 
of about 20% in the loss-to-risk 
ratio;  however ,  this decrease 
cannot be statistically shown to 
be att ributable to cloud seeding 
Dnly. 

2 .  Research al so indicates that 
towering cumulus clouds can be 
made to rain by seeding, even 
when such clouds would not rain 
naturally. This is significant 
because towering cumulus clouds 
are just as prevalent in drought 
periods as they are in periods of 

normal rainfall . It was esti
m a t e d  t h a t  in s o u t h e a s t e rn 
Albert a ,  the rainfall in the 
growing season could be increased 
by 10% by seeding t owering 
cumulus clouds. 

3 .  Limit ed observat ions of snow 
clouds over the Rocky Mount ains 
in southern Albert a indicated 
that a pot ent i al exi s t s  for 
increasing mount ain snowpack for 
wat er supply augment ation. 

4 .  Economic benefit-cost analysis 
has indicated that the capital 
and operating costs of a cloud 
seeding program in Alberta would 
be recovered if annual crop 
losses were reduced by about 5% . 
G iven experimental evidence to 
dat e ,  this is a realistic goal. 

In November 1986 , the weather 
modificat ion research program was 
canceled by Albert·a Agri culture . 
This cancellation has had impacts on 
the Atmospheric Sciences Department 
and has resulted in further reduc
t ions in staf f .  About a dozen people 
of the previous department ' s  st aff 
will remain, and the department will 
still maintain some capabilities in a 
majority of the disciplines involved 
in weather modification research. In 
April 198 7 ,  it is ant icipated that 
two departments (Atmospheric Sciences 
and Civil Engineering) of the Natural 
Resources Division of the Alberta 
Research Council will combine to form 
a new department , the name of which 
has not yet been finalized. The 
direct ion and go a l s  of this new 
department are in the process of 
being developed. 



ACTIVITIES 

Field Project and 
Precipitation Network 

A substantially reduced depart
mental budget for 1986-87 resulted in 
a reduction of st·aff and the elimina
t ion of field work during the summer 
period, including operat ional seed
ing . The network of about 700 volun
t eer precipitation stations , main
t ained since 1975 , continued because 
o f  the ·· minimal cost of its opera
t ions . The radars were . not operated 
except for limited contract case 
s tudies . 

Brown Haze 

A preliminary project of urban 
aerosol effects on visibility and the 
design of a monitoring protocol for 
the Calgary area was completed for 
Alberta Environment . 

Radar Studies and 
Computing Facilities 

A pilot project on accessing and 
processing radar dat a from the AES 
C arvel and Vulcan radar sites was 
completed for Alberta Environment . 
I n  add it ion , a study to provide 
Alberta Government Telephones with 
radar-derived. rainfall rates along a 
t elecommuni·cat ions path was Com
pleted . Development continues into 
the means of predicting damaging 
l ightning flashes using radar infor
m!it 1'on. 

Kes.oscale I'orecasting Studies 

Studies of the mesoscale reac
t ions of the atmosphere to. approach
ing synoptic weather systems has 
confirmed the existence of preferred 
regions for convect ive storm develop-
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ment induced by 
weather systems. 
tinuing to improve 
forecasting. 

the larger scale 
Studies are con

convective weather 

Greek Weather 
Modification Program 

A number of Atmospheric Sciences 
Department s t a f f  as s i s ted Int era 
Technologies Ltd .  of Calgary in the 
weather mod i f ic at ion program i n  
Greece . 

New Research Initiatives 

Proposals for studies of wind 
shear, microburst ,  and other aviation 
hazards are under development . A 
project for the U . S .  Federal Aviat ion 
Administration for provision of air
craft ic i ng paramet ers has been 
initiated. A joint proposal with 
·MacDonald Dettwiler Associates for 
development of an artificial intelli
gence forecasting system is expected 
to be approved for funding by AES . A 
test project for monitoring Arct ic 
haze has been initiated with the 
Government of the Northwest Terri-

. torles . 

PUBLICATIONS 

Alberta Agriculture . 1986. Effects 
of hail and drought on major 
crops in Alberta .  Prod. Resour. 
Econ . Branch, Edmonton, Albert a. 
Agdex 100/70- 1 .  

Alberta Agriculture. 1986. Pot en-
t iat for. weather modificat ion in 
Alb e r t a ;  a five-year study 
( 1980-1985) . Report to the 
Minister of Agriculture , Govern
ment o f  Albe rt a ,  from the 
Advisory Committee on Weather 
Mod i f i c at ion . Three H il l s ,  
Albert a .  
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Alberta Research Council . 1986 . 
Weather modification in Albert a:  
S ummary report and recommenda
t ions . Report to the Minister 
o f  Agriculture, Alberta Govern
m e n t  f r o m  t h e  A t mo s ph e r i c  
Sciences Department . Edmonton, 
Alberta .  

Al-Jumily, K.J . ;  Humphries , R.G. ; 
Phillips , J . D .  1986.  Discrimi
nation between rain and hail 
with polari zat ion dive r s i t y  
radar. Pages 70-73 in Proc.  
2 3 rd Conf . Radar Met eoro l . ,  
Snowmass ,  Colorado , Sept . 198 6 .  
A m .  Met eorol . Soc . ,  Boston,  
Mass . 

B a r l o w , R .  D . ; My r i c k ,  R .  H . ; 
Robit aille , F .E . ; Renick, J . H. 
1 986 . Microphysical character
i st ics of winter clouds over the 
s o uthern Canadian Rocki e s . 
P ag e s  1 1 0- 11 4  in Proc . 10th 
Weather Modif . Conf . ,  Arlington, 
V i r g i ni a ,  May 1 9 8 6 . A m .  
Meteorol . Soc . ,  Boston, Mass . 

Berry, K.J . ;  Mielke , R.W. ; Wong , 
R.K.W.  1986 . Approximat e MRPP 
P-values obtained for four exact 
moment s .  Commun . Stat . Simula 
15( 2 ) : 581-589 .  

Elio, R. ; 
1 986 . 
models 

de Haan, J . ;  Strong , G. 
Combining statistical 

and art ificial int elli-
gence for forecasting. Pages 
3 4 5 - 3 5 2  in F i r s t  W o r k s h o p  
Oper . Meteorol. Can. Meteoro l .  
Oceanogr. Soc . ,  Ott awa, Ont o , . 

English, M. 1986 . The testing of 
hail suppression hypotheses by 
the Albert a Hail Project'. Pages 
7 2- 7 6  in Proc . 10th Weat her 
M o d i f,. C o n L , Arl i ng t on , 
V i r g i n i a ,  May 1 9 8 6 . Am . 
Meteorol. Soc . ,  Boston, Mass. 

Ewing , C .G . ;  Wojtiw, L. 1986 . A 
method to est imate the effect of 
hor i zont al wind drift ing on 
result ant surface observations 
in the subc10ud region of an 
Alberta hailstorm. Pages 19-22 
in Proc . 23rd Con f .  Radar 
Met eorol . ,  Snowmass , Colorado, 
S ept . 1986. Am. Meteorol . Soc . ,  
Boston, Mass .  

Farley, R. D . ;  Orville, H. D . ; English, 
M. 1986 . Numerical simulat ions 
of the seeding of feeder cell s :  
Alberta hail storms case o f  26 
July 1983 . Proc . 10th Weather 
Mod i f .  C o n f . ,  A r l i n g t o n , 
V i rg i n i a ,  May 1 9 8 6 . Am . 
Meteorol. Soc . ,  Boston, Mass .  

Heimbach , J.A. , Jr.  1986. Ground 
based plume t racing in Alberta.  
Final report to Alberta Research 
Counci l .  Montana State Univ . , 
Bozeman, Mont . 

Humphries , R.G . ;  English, M. ; Renick, 
J .H. 1986 . Weather modifica
t i o n  re s e a r c h  i n  A l b e r t a ,  
Canada .  Pages 3 5 7 - 3 6 1  in 
Proc . 10th Weather Modif . Conf . ,  
Arlington, Virginia, May 198 6 .  
Am . Met eoro l .  Soc . ,  B o s t o n ,  
Mass .  

Kochtubajda, B .  1986 . Observations 
of seeding effects in Alberta 
cumulus clouds .  Pages 100-103 
i n  P r o c . 1 0 t h  P l a n n e d  
Inadvert ent Weather Modi f .  
Conf . ,  Am. Met eoro l .  Soc . , 
Boston, Mass.  

Oleskiw, M.M. ; English, M.  198 6 .  A 
comparison of several seeding 

, treatments on growing towers 
within Alb e r t a  hai l st o rms . 
Pages 85-89 in Proc . 10th 
Weather Modi f .  Conf . ,  Arlington, 
Virginia, May 1986. 
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V i r g i n i a ,  May 1 9 8 6 . Am . 
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Rogers , D. C . ;  Oleskiw, M .  1986 . A 
case study of hail embryo forma
t ion in an Alberta feeder cloud. 
P ro c . C lo u d  P hy s i c s  C on t. 
S nowmass ,  Colorado , Sept . 1986 . 
Am. Met eorol . Soc . ,  B o s t o n ,  
Mass . 

Strong , G . S .  1986.  Operational 
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procedures for using the synop
t ic index to predict organized 
c o nvective weather . Paper 
presented at Mesoscale Forecast
i n g Wo r k s h o p ,  W i n n i p e g , 
Manitoba, Feb. 1986.  Atmo s .  
Environ. Serv . ,  Downsview, Ont o 
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Lamb, G . ; Budzinski , D .  1 986.  
Logistics of  a short-term meso
scale network. Paper presented 
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in Proc . 10th Weather Modi f .  
Conf . ,  Arlington, Virginia ,  May 
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Boston, Mass. 

Wojtiw, J . ; Ewing , C. 1986. The 
relationship of time-integrated 
radar reflectivity with hail 
crop damage.  Pages 23-26 in 
Proc . 23rd Con t .  Radar Meteo
rol . ,  Snowmass ,  Colorado . Am .  
Meteorol. Soc . ,  Boston, Mas s .  
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P .  Dzikowski 
Consepvat ion and Development Bpanch 

A lbena AgpicuZtupe 
Edmonton, Albena 

The Agricultural Weather Re
source Specialist position in the 
Conservation and Development Branch 
was filled in Sept ember 1986 , by 
Peter Dzikowski. 

The climate-related activities 
of Alberta Agriculture are service 
o riented and are intended to provide 
a wider dist ribution of available 
informat ion and climatic dat a analy-

. sis for agricultural applications . 

The Brooks Hort icultural Re
search Centre is the only provincial 
agricultural agency operating a full
t ime climate station. Weather data 
collection by Alberta Agriculture is 
t ypically short-t erm and proj ect 
specific . There is growing interest 
and awareness of the requirement for 
weather monitoring at agricultural 
t rials and research project s .  The 
department is a user, not a supplier, 
of weather and climate dat a .  

Alberta Agriculture 
the following projects with 
or climate component . 

continues 
a weather 

a) Farm Weather Line is a coopera
t ive project with AES that pro
vides farmers with direct access , . 

to up-to-date recorded agricul
tural weather forecasts at four 
locat ions : Lethbridge, Calgary, 
Edmonton, and Grande Prairie. 

b) Land Capability Classification 
for Alberta Agriculture is a 
project nearing completion that 
has a significant climat e compo
nent . 

c) An agriculture weather summary is 
issued . regularly throughout the 
growing season. 

d) A map of estimated soil moisture 
reserve"s on medium textured soils 
with stubble is issued in the 
fall . 

e) There is ongoing evaluation of 
snow-t r apping t echniques to 
enhance soil moisture reserves.  

f) There are a variety of  projects 
r e l at ed to i r r i g at i o n  t h a t  
i n c l ud e  on- f a rm i r r i g at i o n  
scheduling , an irrigation dis
trict model for determining water 
s upply requi rement s ,  and the 
evaluation of wind mills for 
pumping water.  
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David R. Graham 
Rivep Fopecast Centpe 

A lbepta Enviponment 
Edmonton, A lbepta 

No new climatological stations 
were added to Alberta Environment ' s 
real-time meteorological network in 
1 9 8 6 .  

Because of budget ary considera
t ions ,  Alberta Environment will no 
longer be compiling precipitation and 
t emperature data from Alberta Envi
ronment ' s  real-time meteorological 
network in the st andard AES format . 
It will therefore no longer be sent 
to Downsview for public access; how
ever , the Fisher and Porter IS-minute 
punch tapes are st ill being processed 
and published at AES in Downsview. 

Cost-cutting measures have also 
led the River Forecast Centre to 

discont inue their involvement in the 
Penhold Radar Project . On a positive 
note ,  the snow cover area project , 
which uses NOAA (Nat ional Oceanic and 
Atmospheric Administration) sat ellite 
imagery to compute the percent snow 
cover for the upper Bow River water
shed wi l l  cont inue for the 1 9 8 7  
season. 

PUBLICATIONS 

Water Supply Review and Snow Survey 
Summary,  1985-86 . River Fore
cast Cent re, Alberta Environ . ,  
Edmonton, Albert a. 
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B. Janz 
Fopest Ppoteetion Bpaneh 

A Lbepta Fopest Sepviee 
Edmonton, ALbepta 

The Forest Protection Branch 
continues to gather weather data for 
real-time fire danger evaluation . A 
spin-off is the climatological data 
b as e  t h a t  t h e s e  _ ob s e r v at i o n s  
provide. 

In add ition to the regular 
climatological elements observed as 
shown in Table 1 (max/min/precip) ,  
all of our stations measure relative 
humidity and wind ( twice daily at 
lookouts (LOs) and once daily at 
other stations) .  We have the capa
b ility of hourly weather observations 
at all RAWS and FTS st at ions . 

Anticipated Changes for 1987 : 

- a number of LOs may close or oper
ate only during high fire-danger 
periods. 

no change in the number of RS sta
t ions is anticipat ed .  

- RAWS--there will be no change, but 
one is being relocated .  

FTS telemetry type stat ions--we 
hope to have 10 operating by the 
end of the fire season. 

FUTURE OUTLOOK 

A detection study is currently 
underway to evaluate the detection 
efficiency of the forestry lookouts .  
As a result , some LO stations may be 
closed , others may be relocated , and 
others may operate only during high 
fire-danger period s .  The impact on 
the Climatological data base will be 
negative in that the cont inuity of 
climatological data may be inter
rupted or stations will be closed 
permanently. 

There is some reorganization 
t aking place that may affect some of 

Table 1 .  Alberta Forest Service summary of climatological information, 1986 

Period of Elements AES 
Type of st at ion a Number observation observed archiving 

LO 133 Fire seasonb Max/min/precip Yes 
RS ' 14c All year Max/min/precip Yes 
RS 26 Fire season Max/min/ precip Yes 
RAWS ( telemetry) 5 Fire season Max/min/precip No 
FTS ( telemetry) 1 Fire season Max/min/precip No 

a LO = Lookout ; RS = Ranger station; FTS = Forest technology system; RAWS = 

Remote automatic weather stat ion. 
b Fire season is normally April 1 to October 31 . Lookout stations normally 

operate for 4-5 months during this period. 
c Winter observations jointly funded by AES and AFS .  



the rang er d i s t r i ct s .  This may 
result in stations being closed or 
the cont inuity of obse rvat ions 
broken. 

THE LIGHTNING . LOCATION. AND 
PROTECTION (LLP) SYSTEM 

Our lightning data are being 
analyzed by Transalt a  Ut ilit ies to 
produce annual lightning maps for the 
province . These maps do not have a 
g re at deal o f  signi f i c ance on a 
yearly basis . The first few years 
will also suffer from weaknesses in 
l ightning detection efficiency and 
location of direction finders; how
ever , once we have 5 years of data to 
generate a cumulative map we will 
have a product that is meaningful in 
t erms of the lightning climatology of 
the province . 

Two new direction finders are 
being added this year: one by AES 
and one by Transalta Ut ilities. 

, . 

INVESTIGATIONS RELATING TO 
CLIMATOLOGY 
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1 .  At our RAWS station we measure 
both the 10 and 1 minute wind 
means . We have found very litt le 
difference between these measure
ment s .  In general , the errors 
due to anemometer exposure are 
greater than the errors int ro
duced by t aking the 1 minute mean 
rather than the 10 minute mean. 

2 .  In cooperation with the Univer
sity of Alberta we compared the 
performance of Stevenson screens 
with the t radit ional double 
asbestos roof ,  and we compared a 
screen of the same dimensions 
with a double crezon plywood 
roof .  Our conclusion was that 
the error int roduced b y  the 
crezon plywood was less than the 
error in reading the maximum or 
minimum thermometer . Our screens 
will be constructed with a crezon 
plywood roof in the future . 

t�\; \':,:': : 
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Allen Nip 
FopeBt ReBeapch Bpanch 
A �bepta FopeBt Sepvice 

Sppuce Gpove, A �bepta 

TRI-CREEKS EXPERIMENTAL 
WATERSHED PROJECT 

The Forest Research Branch com
pleted its collection of climatic 
dat a  on December 30 , 1986 . Precipi
t at ion , air temperature , and relative 
humidity data have been collected for 
the past 20 years . A report ent itled 
C�imate of Tpi-CpeekB expepimenta� 
watepBhed is in the final stage of 
preparat ion. 

An additional study involves the 
determination of snow accumulated in 

the cut block as compared to the 
adj acent forest . A report of the 
results of this study will be avail
able in the summer of 1987 . 

The prec ipit at ion gauges in 
Tri-Creeks will no longer be moni
tored except those operated by AES 
(Fisher-Porter precipitation gauge) 
and by the Fire Protection Branch of 
AFS (maximum of 2 sacramento gauges ) .  
All other inst rument ation (hygro
thermographs and wind and solar radi
ation sensors) have been removed from 
the basin. 
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I . S . SeUdo 
A �bepta Hai� and Cpop InBupanee Coppopation 

L aeombe, A �bepta 

FORAGE RESEARCH UPDATE 

In 1986 , a research project to 
quantify the effect of soil moisture 
on growth and development of forage 
c raps cont inued , following essen
t ially the same treatment s and pro
cedures carried out in 1985 . Weekly 
harvest of all the plots to determine 
growth were made together with weekly 
determination of soil moisture . In 
1 987 , we expect to cont inue final 
t rial s at Brooks on plot s seeded in 
1 984 and in Lacombe on plot s seeded 
in 1984 and 1985 . After the 1987 
season, data from all the trials over 
the years will be analyzed. 

LIVESTOCK FEED SECURITY PROGRAM 
(HAY AND PASTURE CROPS )  

T he weat her-based insurance 
program for hay crops was modified in 
1 986 to allow producers to insure 
either their hay crops or their live
stock feed requirements .  The program 
covered all areas south of and in
cluding the Municipal District of 
C le arwat e r  and the count ies of 
Wetaskiwin , Camrose , Beaver , Minburn , 
and Vermilion River . 

I n  1 9 8 6 ,  4842 producers partici
pated in the program and reported 
d aily rainfall records during the 
period May 1 to August 31 . Also , AES 
pItoV'ided official records of rain
f all , temperat ure , and hours of sun
shine from 1 7 1  st ations. 

soil 
To support the program, actual 

moisture observat ions in the 

spring were conducted on over 250 
sites , and actual hay-bale measure
ment s were t aken of over 500 hay
fields throughout the program area .  

Drought 
east-cent ral 

in south-cent ral and 
Albert a resulted in 

another heavy payout for the third 
successive year under the Canada
Albert a Lives tock Feed Secur i t y  
Program. Payments amounted to $18 . 4  
million, for an average loss of $1 . 16 
for every $1 . 00 in total premium or 
$2 . 32 for every $ 1 . 00 in premium paid 
by producers . 

GRAIN CROPS 

Total grain production in 1986 
may have been a record , but for many 
farmers the year did not turn out 
nearly as well as expected nor as it 
appeared likely to do in early sum
mer . Early drought , unseasonably 
early frost s ,  an extremely wet har
vest season, grasshopper s ,  aphids ,  
hail, and other hazards all contrib
uted to a drastic reduction in crop 
yields and a serious loss of quality 
of grain over wide areas of the prov
ince . Fortunately, damage from hail 
was below normal. 

Crop insurance payment s exceeded 
the $100 million mark for the third 
successive year , although losses were 
well short of the record levels of 
the previous 2 years . 
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ALBERTA CLIMATOLOGICAL ASSOCIATION 

Annual Meeting Minutes 
February 24 , 1987 

Patti Papimik 

1 .  Meeting was brought to order at 
1 0 : 20 a.m.  by the chairman of the 
ACA, Bruce -Thomson. 

2 .  A brief introduction was given , 
which included an announcement of 
a tour of the facilities of the 
Northern Forestry Centre and an 
anno uncement of the upcoming 
symposium of climate change to be 
held in September 1 98 7 .  The 
executive of the ACA was then 
i nt rod uced • 

3 .  Adoption of agenda: Rick Barlow 
moved to accept the agenda as 
written. Elliot Kerr seconded 
the motion .  

4 .  Election of officers : Two posi� 
t ions are up for reelection this 
year . S .  Dupuis was thanked for 
h i s  years of service to the 
execut ive. Pat t i  Papirnik' s term 
has expired . Two nominees were 
put forward by the chairman . 
These were P .  Papirnik and L. 
Wojtiw. No other nominees were 
suggested from the floor.  B .  
Hume moved and S .  Selirio sec
onded the motion that nominations 
cease . Accordingly, P. Papirnik 
was reelected for a second term 
and L. Woj tiw was elected for his 

' f frst term. 

5 .  Treasurer ' s  report : D. Graham 
read his treasurer ' s  report for 
the period of February 1986 to 
February 1987 . The bank balance 
now stands at $184 . 20 .  In re
sponse to a question from the 
f loor , it was stated that the 
Northern Forestry Centre will 
cover the costs of the 1987 pro
ceedings. 

6 .  Public information and communica
tions: B .  Thomson gave some 
background to the issue of how to 
address the question of public 
informat ion. He stated that the 
Alberta Climate Advisory Commit
tee requested the ACA to examine 
this issue . The chairman stated 
that if pursued this would be a 
new direction and activity for 
the ACA . The members present 
were asked to comment and give 
the executive their recommenda
tions. 

In the following discussion it 
was mentioned that as. climatolo
gists we have topical information 
that should be communicated. This 
could be done through press re
leases , newslett ers , or by dis
seminating our keynote address . 

P .  Dziko wski moved that the 
executive investigate this issue 
of public relations and communi
cation of climat e activities to 
the media and that the executive 
report back to the members at the 
next annual meeting . This was 
seconded by B .  Hume . 

The motion was amended by P .  
Dzikowski following a question by 
R. Barlow that the executive come 
back to the members with their 
recommendations before the next 
meeting as the execut ive sees fit 
to do so . This amended motion 
was seconded by P. Mills and was 
carried . 

7 .  R. Barlow moved that the business 
meeting be closed at 10 : 45 a.m. ; 
this was seconded by P.  Mil l s .  
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