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Foreword / Avant-Propos 

This issueof the Bullelill contruns three articles of general interest and a reviewal' 
the 1986 severe local storm season ill Canada. The flow of submitted manuscripts 
has improved greatly, and we continue to receive some from outside the eountry . 
The journal clearly has potentjal for further growth. 

Ce numera du Bullelill conticnt trois anicles d' imcrcl general aussi qu' une revue 
du temps violem est ivai de 1986 au Canada. Le taux de soumission de mllnuscril.~ a 
bcaucoup amc]iore. y compris un Certain nOlllbrc de l'ex terieur du pays. Le 
BlIllelill a vraiment Ie potCnliel de plus de dcvc loppemenl dans ['avcnir. 

Alec Paul 
Edilor/RCdacleur en chef 
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Automated Data Collection and 
Management System for Climatic Data 
at an Agricultural Research Insti tution 

8. Grace and S.M. McGinll 
Agriculture Canada Research Station 
P.O . Box 3000, Main 
Leth.bridge , Alberta , Canada TIJ 4B I 

LRS COnlribution no. 387880 1 
(Original manuscript received 15 September \988; 
in revised foml27 January 1990] 

Automation of cJimalic data collect ion and management is invaluable at agricultural 

research institut ions. A Climatic Data Manllgemenl System implememed at the Lethbridge 

Research Station utilizes commercially available dataloggers and sensors for data collection . 

Sufficie nt Oexibi lity is built in to the data collection system to accommodate standalll 
climatic mcaSlirements as well as supplementary InCasurement~ in suppon of local research 

activities. The data collected are processed using a menu-driven computer progf'd ll\ 10 

provide quality control checks, to update histori(."al archives, and (0 produce rclXlns for 

investigators on stat ion and at clltemal agencies such as Environment Canada. The 

intcgration o f historieul archives with the most ctJ lTCnt climatic data collected provides II 

resource to resean:hcrs wherein most ofthc required cl imatic info rmation is reud ily 

available. 

L ' infomJ31isation dc.~ donnees dimaliqucs etkur manipul~tion son! des rcssoultes 

essentielles it toute stalion de recherche agricolc. Un syslcmc de manipulation de donnees 

cl imllt iques devdoppe ill Is Station de ti:<:herchc de Lethbridge utilise pour I'acquisition de 

donnees des collccteurs deJonnees et des captcurs disponibles sor Ie marc he. Le systc!me 
d'acqoisition cit: donnees cst Ires Ilcllible puisqu'U peut S'adapter a des observation~ 

climatiques Sl!tndards a/llsi que des observations supplcmcnta ires afin d 'appuycrdcs 
activites locales de recherche. On tmite Ics donnees ~quises par un pmgr'olmmc 

in ronnatiq uc controle par mcnu afin de veri fier leurqual ite, de mettrc it jour les an;hives, el 

de produi rc des mppol1s pollr les .:herclu:urs de Ja S131ioo aUSsi bien que pour d'aut rcs 

agenccs teUcs Eoviroonemeot Canada. L'integration des archives eI deli donnees 
climatiques cou runtcs constit lle pour les chen;heurs uoe rcssour.:e Olt la plUplll1 des 

tenseignemcnts climatiques son! faciles d'acci::s. 
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I . I NT ROOU C Tl Ol'l 

Al though the first automated weather slatioll inCanada was iostalledover45 years 
ago (Douglas, 1981), ooly in the past JO years have automated weathcrstations 
become common . With recent advances in datalogger and microcomputer 
technology. an increasing number 0[organi7..ations and jnstilUtions are automating 
their c limat ic data collection . It is generally recognized that, with restricted 
resources , autOmation is one way of reducing manpOwer costs (King ef al .. 1987). 
However. in some instances, increased quantity and quality of data may be the 
primary objective in automating climatic data collection. Recently. fhe 
Atmospheric Environment Service (AES) has recognized the growing number of 
autoslaLions and has sct data collection standards for such stations (Anon. , 1989). 

Complete and reliable automated climatic monito ring systems are 
readily available today. Many are used on an operational basis in climate 
monitoring networks (Curry et al., 198 1; Hubbard et al., 1983; Howell et 01., 
1984). Howcver , automation of climatic data collection at research institutions 
specializing in agriculture requires special attention since Ihcy are often part of Ihe 
national climalOlogical network and also funclion to support local research in 
many disciplines. 

The automation of a weather station at an agricultural research 
institute requires that a) standard climatic measurements confonn to specifications 
and guidelines of national standards. b) Supplementary Climatological 
Observations (Anon ., 1989)can bemadeon anopcrational basis, and c) sutTiciel1l 
nexibili ty is available to accommodate speci fic requests fordata collection in 
support of individual research programs. 

A data coUecrion system must be intcgrated with a system for 
reponing and retrieval of data. Such a system must satisfy reporting requirements 
of the Canadian C limate Progr.lm and other external agencies . as well as serve as a 
resource to scientists who require a variety of dimatic data. A retrieval ~ystem that 
provides accurate , up-to-date, as well as historical, data in a readily usable fonn 
will accommodate most user demands. Data from other locations may also be 
required . For example. in addi tion 10 the 500 hectares of research plots at 
Lethbridge, the Research Station maintains substations at Vauxhall ( 190 ha), 
Onerom ( 17,000 ha), and Stavely (360 hal for studies in irrigation , range 
management, and hydrology . To date, only the cl imatic data collected at the 
Lethbridge sta'tion and the Vauxhall substation are incorporated into the retrieval 
system, 

This anide describes a Climatic Data Management System 
(abbreviated as the CDMS) that inc ludes automated data COllecting. reporting and 
retrieval which was ini tiated in 1986 (upgraded in 1988) at the Agriculture Canada 
Research Station at Lethbridge. Research activi ties conducled by a staff of270 are 
d ivided into forage and cereal crop science . soil science , and livestock science. 
The C DMS, described here, attempts to provide for the needs of the resean:her and 
the nationa l climatological network. 
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2. DATA CO LL ECT IO N 

Several types of commercially avai lable dalalogger.; are compatible with most 
meteorological sensors and can provide sufficient flexibility for the required 
number and type of measurements. At Lethbridge, the Campbell Scientific modd 
CR 7 and the Sciemetric Instruments model8082A dataloggers have been used for 
data collection since 1986. Both these dataloggers allow maximum flexibility in 
tllctype and numbcr of sensors being monitored. The Sciemetric 8082A 
datalogger requires a low cost microcomputer as support. Although both 
dataloggers have performed satisfactorily for data collection, the CR7 proved 
more reliable because of its internal power backup and has been in use since 1981:1 . 
The Campbell Scientific 2 1Xdatalogger with an AM32 Input Multiplexer ha.~ 
provided sufficient flexibility at the Vauxhall Substation. Technical specitications 
for these dataloggers arc avai lable from the manufacturers (Table J) . 

The data collection system must have sufficient flcxibil.ity to 
accommodate requcsts from researchers for Supplementary Climatological 

r ... D LIl I . Dataloggers and senso", {or the autornnted data colJ.:ction system. 

Instrumentation 

CR7 dataloggeT 

21 X uatalo~er 

8082A datitklgger 

DC I03A Answer Modem 

C20 Cassette Intmate 

Modet207 tcmpclll ture/RH pm~ 

Models 107 and I07b tcmpcrJlurt: pro~ 

Relat ive Humidity, tempcrnture probes 

Met One Hcavy Duty AllCmometc( 013 

Met One Wind Direction Sensor023 

Kipp aud Zouen CM5 pyrnnomctcrs 

Middleton pyrradromcler CN L 

Tipping bucket l1Iin gall!;e 

Source 

CampbeU Scientific Canada Ltd .• 
Edmomon. AJ~na 

Campbell Scientific 

Sciemetric InS!lunICnl!; III<.· •• 
Nepcan. Ontario 

CampbelL Scientific 

Camp~u ScientifIc 

Campbell Scientific 

Campbell Scientiflc 

Micromet Sy~tems, 
Vam:Ollvcr, B.C. 

Met Ont tnc., 
GranL¥ Pass, Oregon 

Met One Inc. 

KippandZonen. 
Oelf!, Netherlands 

Middleton Instruments, 
Mcibourne, Australia 

Environment Canooa AES 

NO"!"};: Thc list ing ofbnmd mImes and supplien. above shlJtJld not be construed as endorsernem or only 
these specific products. Other commercially Ilvnilnblc instrlJments may be equally S.lt i~ tDctol)' . 
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Observations for a ShOil period of time . Forexamplc, measurements of night-time 
wind and tempemture profiles may bercquested to suppor1 a slUdyof flight acti vity 
of cutworm moths tor the months or July and August, The data collection system 
must be able to respond to such requests and often several such requests 
simultaneously and without interference to the routine data collcction at thc 
Ordinary or Principal Climatological Station (Anon. , 1989). 

The Campbell Scientific dataloggers were programmed \0 sample 
sensor output every 5 second .. in accnrdance with recommendations by King I!I at. , 
(' 987) . Output data were generated each hour, UI 0800 and 1600 h. and during a 
rainfall event at I-minute intervals. The hourly output consisted of avel"dged 
temperature (:«lil, grass and screen) , humidity , mdiation, wind, and rainfa ll data 
as well as the top-of-Ihe-hour ( I minute) avemged tcmpemtures and humidity . The 
latter output corresponds to a manual measurement conducted at Principal 
C limatological Stations . The averaged hourly data may be morc relevant for 
research . The output at 0800 and 1600 h (MST) produces maximum and nlinimum 
so il , scn."'Cn and grass tempemturcs, which correspond to manual mea~urements 

made at Ordinary C limatological Stations. The event output produces rainfall 
amounts occurring every minute during rainfa ll events to enable a calculation of 
r'dinfall inte nsity . 

Data collected by the data loggers arc recorded on cassette tape 
(Lethbridge Station) or transferred via modem (Vauxhall Substation) to the 
mainframe computer (Figure I) once a week. Although the data tr.msferred via 
modem arc very reliable. cassette tape i.s used as backup at the Vauxhall 
Substation . 

Conunercially available sensors for the measurement of 
cl imatological elements are li sted in Table I and conform to, or exceed. 
Atmospheric Environment Service (AES) guidelines (Anon . , 1983). Ail sensors 
are of the "off the shelf" variety and were configured and in!'.talled 'dccording 10 

manufacturcrs' specifications. AJditional signal cables flOm till: dataloggeJ's WCl"l: 

installed and connected to junctio n boxes positioned at varioLL~ locatio ns within lhc 
weathcrobscrving site. Thus. 'dny additional Supplementary Climatological 
Observation requcsted by researchers can becolJccted with a minimum o f 
difficulty. 

Calibrations for the anemometers, net pyrradiometcrs, and 
pyranometers at all stations are conducted during March (initiated in 19R8) by 
mounting Ihese sensors on a fixed horizontal bar located at the Lethbridge wcather 
station . Anemo meters are re ti tted with new bearings and reed switches prior to 
calibration against a standanJ (previously calibrated againSt ;1 pilot tube 
anemometer in a wind tunnel) . Net pyrradiometers and pyranol11cters were 
calibrated against sensors previously calibrated at the National Radimion Centre . 

Although the dependability of current dataloggers and senwr~ appears 
satis factory, there continues 10 be a proble m with such measurements as 
evaporation , daily snowfall , depth of snow on the ground, and sunshine hours. 
Research to resolve these problems is ongoing (Goodison t't (Ii ., 1987). In thc 
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Sensors 

Cassette 
recorder 

DC103A 
modem 

lJM~a~in~f r~a~m~e~~--j[ ~I~ 
=~ 

@@ 
• • 

Weather 
services 
operator 

V=ij V=~ V=ij =ij 
Station users 

FIGURE I. Schcmauc diagram ofdata collc<:uoll and infonnallOndiscrimmation of thc CDMS at tile 
Agz'itullurt: Caoflda R~sel)rch Stat'On, Lethbridge, Alll<' rla . 

interim , daily vis ilS arc required at Ordinary Weather Slation~ if Ihe...e 
mca~uremcnts are incorpo rated into the measurement program. It is di tllcult [ 0 

envision a com pletely automated, maintenance-free. agroclimatic stalion. For 
example. week ly visi ts to the Lethbridge :.lnd Vau:o.:hall weather stations are made 
to maintain the sensors and to check sensor readings against measurements made 
using manual methods. More freq uent visits may be required to rcmoveicc/ frosi/ 
dew from netpyrradio meters , although these may be reduced by heating the sensor 
(McGinn and King, 1988). The weekly visits, inconjunclion with the data quali ty 
control checks, ensure that lhe quality of the dala from sensors remains optimum. 
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3.1 CUmale Services 
The three main functions of Climate Servicesal Lethbridge Research Station are as 
follows: 

I) ensure quality of data collected, 
2) on a routine basis, produce weekly , month ly, and yearly summaries 

and reports of climatic data for research scientists on-station and at 
external agencies such as Environment CanaLl .I, and 

3) respond to inquiries for specific climatic infomlation from research 
scienlisfs and the public by preparing specialized or customi .. ..cd data 
sets upon request. 

Thc CDMS provides an integrated data rcporti ng/retrieval system to accommodate 
these objectives. Full access 10 the CDMS is restricted to the Weather Services 
Opermor responsible for thc maintenance and operation of the weather stations at 
Lethbridge and at Vauxhall. 

A series of progr:uns written in DATATRLEVE tAllon ., 1984) and 
FORTRAN (execution controlled using a forms management system, FMS), 
collectively named "WEATHER", has been constructed to meet the data 
management TCquiremcntsofCDMS. Included in WEATHER are programs which 
allow the Weather Services Oper'.uor to cntcr any manual observations including 
sunshine hours. Class A pan mcasuremems, and snow accumulation. Once data 
from thc dataloggcr have been loaded into the mainframe (via C20 Cassette 
Interface or modem), several calculations (e.g., for longwave r"Jdialion 
downward) and quality control (seescct ion 3.2, QuaJity Control) arc 
automatically performed. The data from the diltalogger which pass the quality 
control arc appended to a single DATATRIEVE database. Manual measuremCnts 
(sunshine, evaporation, and snow depth) are subject to quality control as they are 
e ntered by the Weather Services Operator. The DATATRIEVEdatabase, which is 
archived each month , is used to updatc five Principal Daln Source Files (PDSF) 
outl ined as fo llows (Figure 2): 

8 

I) Rainfall Intensity File, which contains rainfall dala(April toOclober) 
since August 1988. 

2) Daily Data File, wh ich contains a summary of climatic observations 
for each day (since January I, 1909 at Lethbridge). and is used 1(1 
update other files in the PDSF, 

3) Monthly Historical Data File. which contains infonnation fo r each of 
the 12 months, e.g., mean monthly temperature, total monthly 
precipitation , tolal sunshine hours, 

4) Daily Summary File, which contains long-tenn averages and 
extremes for each parameter for each day of the year, 

5) Long-ternl Fi le, which contains long-tenn monthly averages and 
extremes for each parameter for each month of the ycar. c.g., average 
June precipitation , a .... erage December temperatUre. llvcrage August 
C lass A pan evaporation" 
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, 
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Climate services Stalion 

user services 

FIGURE2. Schcmaliciliagralllof lhc nowof data In Ih~ CDMS ol lhc AgricuJmrcCllnoda Research 
Sialioll , l-elhbridgc. AlbI."11H. 

The PDSF prov ide the data source 10 create opcmlional work tiles. Work files 
contain the speci fi c data sets required for each of the specified reports. graphs, or 
retrieval operations . 

3.2 QI/(diry COlltroJ 

Quality Control of the data frt,lln Ihe dataloggcr is penomled when the data are 
loaded lntothe DATATRIEVEdatabase (first step in theCDMS) . Data arc flagged 
if they fall outside an inner or outer range or if continuity between time steps is 
e xlrCme (Table 2). The inner ranges correspond 10 statiun eXlreme high and luw 
values (e.g . , temperatures); an inner range failure can alert the Weather Serv ice 
Opemtor to a new extreme value. After all data have been tmnsferred to the 
DATA TR IEVE database . the Wealher Services Operator is able to scan quickly for 
flagged data and decic.lcs toacccpt. edit. or reject flagged values . Thcflags reflect 
the decision of the Weather Services Operator and accompany the data in the. 
subsequent output. 
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T"PLE 2. Quality eorllml paramclCl'S uscll by Climillic Data Managemem Syslem. 

Lower Upper 
ConlinuilY 

Mcasuremenl Ourer Inncr Inncr Ourer (unilS/h) 

Tempenllurc ("C) 
Soil 2cm - 20 - 15.0 38.0 4<) J 

5= -20 - 12.5 31.0 40 2 
lOem - 20 JI.O 2-7.5 40 2 
2()cm - 20 - 10.0 26.0 30 2 
50cm - 15 - 7.0 23.0 3iJ I 

lQUem - 10 - ].0 17,) JO 
150cm - 10 0.' 15.5 30 
300 em - 20 1.5 12.2 30 I 

Air - 50 - 43,0 39.1 50 15 
Grass - 65 - 4) " 60 20 
roo - 25 - 15 35 35 to 
BBCt - 65 -45 40 50 15 

RadiatiOIl (kJ/h) 
ITlComing global 0 0 3600 <700 JOO(J 
Re flected global 0 0 2200 2400 1500 
Diffuse global 0 0 252. 4680 1500 
Nctallwilvc - 1440 - 710 26>0 2880 2500 
Net allwave ( BBCt) - 1440 -720 mil 1150 27>0 
U1ngwave down - 144(1 - 710 2160 "SO 7>0 

Wmd speed {mts) 
O.5 m 0 0 i3 20 10 

10m 0 0 28 40 
Maximum 10m 0 0 28 40 
Wind direction frequency " 0 I I 
Prevai ling direction 0 0 360 360 360 
Humidity (%) 5 00 100 I ~) 40 
Vapor prcs.~ure (kPaJ 0 0 5 10 
Precipitatiofl (111m) 0 0 '" 90 

Batlery voll3gc (V) 12 12 15 15 

t BBC _ lIlack Body Cup. 

3.3 Reporting 
Traditional Environment Canada dala reporting fomlS such as Snow Survey FornI 
(0063-2333), Climatological Station Reports (0063-2304), Sunshine Records 
(0063-2307), Monlhly Records of$oil Temperature (0063-227 1). and Class A Pan 
Evaporation Monthly Records (0063-2270) are still in wide use. Some wealher 
slations that have aUlOmated their data collection now generate computer printouts 
with fonnats identical to the required AES reponing fomls. These prinloul1l are 
now routinely submiued . A furt her advance in this area has been tbe recent AES 
Weste rn Region guidelines (Anon., 1987) for fonllatting climatic data on 

10 ClimatologicaJ Bulletin I Bullet in cl imalologique 24( 1). 1990 



magnelic tape or diskettes for submission so that no hard copy is required 
providing specific fonna lting criteria are followed. 

At Lethbridge, a series of data and graphical summaries is als\! 
routine ly produced for station investigators (Table 3). The graphs are fumlaHed 
with in WEATHER employing SAS/GRAPH (Anon., t985) so thatlhey arc 
updated and generated each month on a routine basis with thedata summaries and 
agency reports. Figure 3 displays examples of the graphs currenUy .in usc at 

rAB LE 3 . ReportS produced by the Climatic Data Mall.8~mcnt SYStem . 

Repon Type 

ATMOSP~LERlC ENVIRONMENT SERVICE 

AGRICULTURE CANADA 

STATION CIJMATE SERVICES 

Data Summaries 

Graphical Summaries 

CLlMATE SERVICES OPERATOR 

Check Reports 

Report Name 

Monthly Sunshine Rt:C(lrct 
Climatological Slalion Repon 
Momhly Rcconl of Soil l"cmpenllure 
Clu.l-!l A Pall Evaptlnuion Rel"\)rd 
Rainfall I Dll:n~ny 

Canadian Weather Review 

Munthly Climate Summary 
Monthly Wind Summary 
Munchl), Radiation Summary 
Slation Soil Temperature R~port 
Weekly Sununary 
Yearly Summary 

Hi~torical and Cunelll Pre<.:ipnation 
Historical and Currenl Ternpcnmnes 
Historical arid Cunenl Evaporati()n 
$e.il..'IOn aJ Prc.;:ipitation Wld EV3ponnirm 
Historical al'd C!,IneRt Wind 
Accumulakd Pn.'(:ipitalion 
Daily Difference from the Mean 
Cunent Tcmpcllllufe Wld Wind 
Current Temperature Tfellil.~ 

Quality ChCl."k 
Missing D8t3 Check 
RadiatIon (\) Ch(:(k 
Radiation (2) Check 
Wind Cha" 
TempcrJtures Check 
Humidity GIeCk 
Rain/Snow Check 
Evapomrion Check 
Sunshine CIu:d: 
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FIGURE 3 . Examples of gmphicaJ data $ummarie:; produced mon!hly at lheAgriculture Canada Rcscan.:bStation, Lethbridge, Albena. 

3) Total monthly precipitation and class A pan evaporation for cum:m ycar (January III :'Ilovember 19119 inclusive). 
b) Daily m~an air temperatures and lotal daily wind run for current month (November 1989). 
c) Daily difference from mean temperature forcum:m month (November 1989). 

2S 30 

~ 
c 
2 

~ 

d) Historical daily maximum, minimum and mean air !C:JIlpeI1ltures (shaded area and broken hne) and obsel"'ed daily maJtirnum. minimum and mean air temperatures 
(vertical bars and wlid line) for the current month (November 1989). 



Lethbridge: for eltample, a graph showing mean daily temperature and tOlal daily 
wind run (Figure 3b) is produced on a regular basis to give an indication o f the 
frequency and intcnsity of chinook episodes. Such a graph may not provide useful 
infomtation at other locations. 

In one operation , a complete series of operational work fil es, one fi le 
for eaeh of the preprogrammed reports and graphs, is generated. One or more of 
the PDSF arc used as the source o f data for the operational work file s. Employ ing a 
me nu , the Weather Services Operator may then produce anyone or a complete 
series of all the required Agency Reports, Station Reports, and Graphical 
Summaries. The repom and graphs may be displayed, printed . mailed to any other 
MicroVAX account on-statio n or merged with mailing lists for dissemination 10 
users off-station . 

3.4 Retrieval 
Agricultural research institutions have requirements in addition to the reponing of 
recent climatic data . Often climatic data from the past few years or growing 
seasons are required for accurate analysis of experimental resulls . Some 
experiments may be conducted over years , even decades. For example , crop 
rotation trials initiated at Lethbridge in 1912 arc still in progre ~.s and are constantly 
bei ng evaluated (Janzen, 1987). On othcroccasions il may be necessary to 
compare recent climatic events with historical data to evaluate the validity of 
experimental results from the field. 

Often climatic data arc required from a substation where the 
mcsoclimate or soil type is differe nt from that at Lethbridge. Data from the 
VaultJlaJl Substation arecUITentJ y imegrated with thcCDMS. In addition to, and in 
support of, panicular research projects, Supplementary Climatological 
Observations must be made available 10 investigators. Finally, and again in 
support of research activities, the CDMS must be capable of real-time data 
reporting should any research project demonstrate such a need. 

The Weather Services Operator has access to all historical data from 
the Lethbridge and the Vauxhall substations. Requests from station researchers or 
external agencies for specialized climatic information can be processed quickly . A 
series of menus allows the Weather Services Operator to select the location , 
climatic parameters and the time period of requested duta . Thc request for climatic 
data is submitted in a batch format and compiled from the PDSF; the output is 
cither printed, displayed a ll screen, or mailed electronically to the client by 
selection of the appropriate. option. 

The DATATRIEVE database containing the complete record o f all 
parameters for the c urrent month is readily available upon request. Data for prior 
months (since 1986) are accessed by the Weather Services Operalor through the 
mainframe's archive retrieval system. 

By combining a sySlem for controlling the entry of current 
climatological observations into a series of data files containing historical 
databases with a system of data management and manipulation, the major 
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objectives of Climate Services (data quality control, reporting , and retrieval) arc 
fulfilled. 

4 . USEK SEKVI CES 

To alleviate the demands on Climate Services for the most frequently requested 
datil , restricted access to WEATHER is available to all sc ientists on stal ion through 
Stalion User Services. To ensure accuracy of the climatic data base and to 
safeguard the CDMS from inadvertent alteration, slation users do not have access 
to any of the editurial functions, programming, or prcseL report s or graphics . 
Access to these features is limited to the Weather Services Opcmtor only. 

Within WEATHER , a menu is presented to the Station User that 
contains five options for accessing current reports or retrieving data from historical 
data files. The options are: 

I) Query on Daily Data (most currenl 2 yean; only) 
2) Monthly Data from Historical Records 
3) Query on Long-Term Means and Extremes 
4 ) Mosl Current Monthly Summary 
5) Most Current Weekly Summary 

Upon selection of one of the above options, subsequent menus prompt 
the user to select Ihe localion, climatic parameters required , and time period of 
reco rds requested. According to selec tion~ made, the user Illay then d isplay Ihc 
data, print them, or mail them e lectronically to a computer account for further 
processing. In addition , the most current station weekly and monthly climat ic 
summaries are available. 

5. CON CLUS IONS 

This papcrdcscribcs a climatic data management systcm (CDMS) uscd at thc 
Lethbridge and Vauxhall Weather Stalions . The CDMS , because it handles both 
standard and supplementary climatological observations. has proven invaluable in 
managing climatic data at our agricultural research institution. The CDMS is 
written using FMS (fonns management system) , DATATRJEVE and FORTRAN 
computer languages and employs some functions ofSAS-GRAPH on a MicroVax 
3 600compU{cr. TheCDMS llscsapproximatcly 70,000 blocks which includcs the 
DATATRlEVE and PDSF databases for Lethbridge and Vauxhall . Changes are 
currently being made to convert from DATATRIEVE to FORTRAN to allow the 
transfer of the CDMS to other agricultural research institutions that do not usc 
DATATRIEVE. More detailed infonnalion olilhe dalalogger and mainframe 
programs ofCDMS is available from the authors. 
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14 Climatological Bulletin I Bulletin cliznatologique 2:4( t J, 1990 



programming, B. Nishiyama was responsible for programming the final version of 
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Some Impacts on Rice Yield 
from Changes in the Variance 
of Precipitation* 
S, Panwrm l 

,nd 
A. E(Jdy2 

[Original mlinuscripi received 15 July 1989; 
in revised roml 12 January 19901 

The infonnation most commonly made availublc from thcGlobal Climate Models (GeMs) 
for use in work on the impact of climate change comprise,~ " long-leon" momhly mean 

temperatures and precipitation estimates from both " BASE" and ",2 x COl " runs. 
Variances of these variables aboUt their means (and h<::ncc implied change~ in variances) arc 
not generally 3villlable. However, changes in risk associated with a climate-sensitive 

ellterprise require an assessment of the consequcn(~s of such changes in varil;lllCC. 
This paper po.~tulates scenarios of change in precipitation variance which an: 

used, together with u quarter century of BASE climatological data lind its nss.xiatcd 
2 X C02 climate change data as· d~rivcd from GCM model outpu t, in order tooblain planl 

process model e.~timates of changes in the stalistkal distributions of rice yield and irrigation 

water demand in nonhem Thailand , One scenario simply i ncrea~ the variance aOOullhe 

monthly means by aOOu1 20%, which leads to increases in e.~timates of varia nee of both rice 

yield and irrigation water demand. The Other scenario nxlislTibutcs the variance (without 

changing its mlal value) in such a mannenhat the impact on the Southeast Asia study area of 

the ENSO (EI Nino/Southern Oscillation) phenomenon is in<:reascd. This leads todcereases 

in the estimates or variance or both rice yield and irrigation wmer dcmllnd in Chiang Mai 

province, Thailand. 

Les renseignements disponiblcs des mode-Ies de dima! global tMCO) pour ce qui CSI du 
travail sur I' impact du changement clinuuique sont u'habi lude Its estimations a long-temle 

des temperatures et des precipitations moycnnes mcnsuelles obtenues a. part irdcs mooeles 

" BASE" et "2 X COl··. Lcs vHrillnccs de ccs varinblcs autour de leu,"" moyenncs (cc. qui 

inclue les changements de variance) oe sont generalemenl pas disponibJc.s, Neanmoins, Ics 

... Sponsored in p~rI by tlie UNffi> l'roj<!Ct on ·'Sodo·Economic hupacts and Policy Responses 
R('..~lIhinK from Climate Clumge~ A. Study in SOI.ll licast A.lia". 
Srinakharinwirot University, 'Mlailalld 
Amos Eddy, Inc., 318 I{oyal Oak DrIVe, Norm:l.n , Olt/anoma 1306'1, U.s ,A. 
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changements de risque des cntrcpriscs agricoJcs sensibl.:s 3 U climat exigent une evaluation 
des consequences du chan.gement de la variance. 

eet article propose des scenarios dcs changements de la variance des 
precipitations. On utilise ccs scenarios, aussi que 25 annces de donnees cJimatologiques et 
leurs donnees associeees au modCle 2 x COl issues d'un M(:O, afin d'estimer, par un 
modCle " plant process", les changement~ des distributions statistiques des rendements de 
ril.et de 13 demande en caux d ' irrigation en Thailande du nord. Un dc ccs scenarios 
augmentc la varinncedes moycnnes de precipitations mensueJles d'environ20 pour cenl, ce 
qui provoquc des hausscs des estimations de variance des I"Cndemcntsde rizct dc la demande 
en eaux d 'irrigatioll , L 'autre sceoario rt:distribue la variance, sans touterois changer sa 

valeur lotale , de fa~n a ce que I'impactdu phenornene ENSO (EI Nino/Southern 
Oscillation) soit mis en evidence. Ceci pmvoquc dcs rCduclionsdes estimations lie va.-jance 
des rcndemcnls dc rizcl de la deffi llnde enCIlU )l d·i rriglilion dans 13 prov ince de Chiang Mai 
en Tha'ilande , 

INTRODUCTION 

O ne o f Ihe factors in the assessment o f risk associatL-d with grain fa rming is Ihe 
d istribution o f yields 10 be ex pected in the long lerm. Since bOlh the mean and the 
variance of yield are required to delemline Ihis risk , any change in grow ing 
conditio ns which affects ei ther or both of these parameters sig nifi cantly is of 
importance 'in the estimation of changes in this risk. 

The present paper de"ls with changes in the ciimalologicai aspects o f 
the crop·s growing cond i t ion~ , with a particular focus o n the impacts of changes in 
the variance of precipitalio n on upland rice yie lds simulaled over a quarter of a 
century. Cooter (1 985) and Parry, Carter, and Ko nijn ( 1988) stress the fact that, 
while we deal with crop y ie ld on an annual basis, the wilhin-season variabi lity in 
the weathe r has at least as much impact o n the y ie ld variance as does the 
between-season variability in total growing-season precipita tion or energy degree 
days. Cooter (l985) has docume nted this quantitatively using theCSR ES-MAIZE 
plant process model, 

For this reason il is vi tal to usc a daily process model as opposed 10 a 
regression mode l 10 eslimale Ihe impacts of weather and cl imate on crop yield. In 
the prescnt study we use the CERES-RJCE (Upland Version) model (Ritchie, 
1988). The model makes explic it use of precipilalio n, tc mperature, and solar 
rad iatio n on a daily basis in estimat ing changes in biomass and phe nological 
developmcnl o f the crop. Parry and Read (1988), as well as Eddy and Siadewski 
( 1988), me ntion the importance o f the impact of changes in rainfall variability 011 
changes in the variabil ity of water yie ld from a catchment basin . In the case of 
irrigalcd agriculture, this translates into changes in the uncertainty of irrigation 
water supply . 

Our study area is in Southeast Asia and tbe rainfall , on which we will 
impose well-defined and explicit changes for introduction into the plant process 
mode l, is monsoonal in character . Our cl imate change scenarios are developed by 
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modifying the daily rainfall amounts using the basic observed daily rainfall data 
for the period 1951 -1975 . The rainfall 'days of occurrence' arc nOI changed. This 
is a very important constraint because, if an increase in rain were to occur by 
increasing the number of days ofrain instead of by increasing the intensity, then 
the associated changes in solar radiation reaching the plant could have as much 
impact on yield as would the changes in water availability . Apan rrom Ihis , 
variations in the timing of runs of rainy days can have significant impacts on 
subsequent yields. 

THE C I. IMATli SCENAR IOS 

We define four climate scenarios for usc in the study: 

x 
W 
o 

i) BASE: this is the25 years of daily valucsofobscrvations from 195 J to 
1975 (UN DP, 1982). While daily temperatures (maximum and 
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minimum) were obtained fromobscrvalions. dllily solar radiation was 
obtained by regression for wei and dry days separately . 

ii) GISS: this is obtained from the BASE scenario by modifying the 
temperature and precipitation using thcoutput from the particular 
GeM (G lobal Climate MOOel) used by the Goduatd Institule ofSpacc 
Studies, The 25 years of dail y data prolluced for this scenario exhibit a 
6.8% decrease in the variance or the daily precipitation about the 
monthly mean. 

iii) BAVA: thi s is obtained from the BASE scenario by changing thc 
observed varianccufpreeipitation about the monthly means . The total 
variance is increased by 2 1% over that of the BASE. 

IV) BASO: this is obtained from the BASE scenario by redistributing the 
(eigenveclOr componenL<; of) variance of the precipitation in order 10 

enhance the ENSO (El Nino/Southern Oscillation) effect (sec , for 
example, NichoUs. 1988). The total variance is left unchanged. 
Figure I shows the large (lime) scale events which are enhanced in the 
case of this sccnario. Associated work not reported here shows these 
events 10 be reflected in the precipitalion regimes of Southeast Asia . 
The technology for accomplishing this variance redistribution is 
de.scribcd and illustrated in some detail by Panturat (1987). 

I LLUSTRATIV ElM P" CTS O I~ T H E C UM (\TE C H ANGE SC ENA RIO S 

ON RI CE YI E I. D 

We chose to illustrate the impacts of the above described climate (variance)changc 
scenarios on upland rice yield at Chiang Mai, 'f haiJand under selected cultural 
practice constnlinlS. Two of these scenarios (the BASE and theGISS) are 
ill ustrated in Figure 2. As implicd by Figure 2, the July precipitation shows the 
only increa.<>e from the BASE to !.he GISS, the other months showing decreases. 
Ma;<!. imum and minimum temperatures were predicted by GlSS to increase by 
3.0- 6.5"C depending on the time of year. The BASO and BAVA scenarios have 
the s<tme daily temperature values as does the BASE scenario . All four have thc 
same daily solar radiation values. For the purpose of this study the upland rice 
plant process model is cons idered to be a system transfer function which 
transforms input random variables (the climate scenarios) imo output random 
variables (rice yield) under a specified set of treatments (parameters) called 
cu ltural practice, soils, genetics. etc. The process model used is Iypical ofsuch 
systelll transfer functions; however. the treatments used here were chO!len to 
illustrate the impacts of the four climate scenarios ra ther than to simulate actual 
farm practices in northern Thailand. 

A major rice crop was planted in June with its genctic paramcters set to 
a 150-day growing season. Second rice (90-day genetics) was planted in February. 
When irrigated . the amount of water supplied each day was enough to bring the 
soil water up to fie ld capacity after thc effect of any precipitation had been 
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considered: thus there was no water stress on the plant g iven the irrigation 
treatment. When fcniLize r was applied it waijconsidcred to be Urea with 10 Kg/Ha 
applied at each of three times during the growing season: I) 300 growing degree 
days aflCremergencc, 2) about one wed bcforc. thecndofthc juvenile period, and 
3)one week after the end oflhejuvenile period. A soil was picked to bc typical of 
the area around Chiang Mai , Thailand , and its characteristics held conSlalll for this 
study. 

Figure 3 shows the 25-year lime series of rice yields produced under 
I"ourclimate scenarios given major rice with fenilized, non-irrigated treatments. It 
can be seen that the BAVA scenario made the bad years ( 1959, 1966) worse and the 
good (1966) better, while the GISS had the opposite crfect. Table 1 summarizes 
this e ffect . 

With respect to the BASE scenario; in lhis case: 
i) BASO increases the mean yield and decreases the variance. 

ii) BAVA decreases the mean yield and increases the variance, 
and, iii) G ISS decreases the mean yie ld and decreases the variance. 
Figure 4 shows these effects in terms of cumulative freque ncy distributions. 

SOIL 2;NO IRRIG;30 KG/HA FERT;<i CliMATE 
4 

BASE 

3 '" X \,l " BASO 
~ .. ~ ~ ~'" 

X X 0 <i Xo 0" 

" XGl x ~~xffi \,!Xx Xffi o ~'" 
e- X '" xX ~ ~ BAVA 
0 2 - X 
~ 

\" X ClSS 

X 
\ - 0 a 

OLrTT,-rr,T,TT",rrrT" "-rrT,,,-,rrTT,~, 
1951 1963 1975 

YEAR 
FtGURE 3. Non-irrigated Major Rice model output tirne,;eries for Chiang Mai , Thailand 
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'" TABlE. I . Chiang Mai Statistics on Grain Yield and I.nigatiOIl Water Demand for25 Year1l951-1975) L'pland Rice Model Runs Using Four ClimateScenari05 
N 

with Differing Variances in Precipitation InpulS; Grain .. 2.5-Year MeAn in T/ Ha; Water = 2.'i-Year .\Iean Irrigalion Demand (mm/growing season). 

BASE " ASO BAVA GISS 

CROP SOIL IRRIG FERT GRAIN VAR GRAIN VAR GRAIN VAA GRA1~ VAR 

MAJOR 2 NO NO Ll6 .<l'69 1,19 .0483 1.1 6 .0517 1.[5 .0416 

[! MAJOR 2 NO Y'" 2.34 .2423 2,]8 .1960 1.30 .2,.. 1.21 .1270 

3' MAJOR 2 YES YES U9 ,0076 B9 .0075 2.59 .0082- 2.40 .0069 

• SECOND 2 YES NO LOS .0061 1.08 .0060 1.08 .0061 1.07 .0081 
6 
,; 

SOIL !RRIG FERT WATER VAA WATER VoR WATER VAR WATER VAR ~ 
o· MAJOR 2 YES YES 394 3756 39Z 3482 391 4315 382 5028 "- SECOND 2 YES NO 568 5281 569 5595 51 1 5559 142 10000 

'" 0 

" , H IH.E2 , Percent Changes AS!iOCI8ted with Table 1. - Defmitions: BASO/BASE ~ 100' (BASO-BASE)fBASE 

'" : GIllIfI '" 25-Year Mean GMlin Yield 
0 :. WaleT = 25-Year Mear1 Irrigation Used 
0-g-

BASO/BASE 0 BAVA/BASE GISS/BASE 

§ CROP 
" 

SOIL IRRIG FERT GRAIN VAR GRAIN VAA GRAL'l VAR 
;; 

MAJOR 2 NO NO 2.6'k 3% 0% Z3c,l; .1\6% 11% ,; 
~ MAlOR 2 NO YES 1.71 % -19'ib -1.7% 4.3% -"'% -48% 
15' MAJOR , YES YES 0% -1 .8% "" ,% -7.3% - 8.8% 0 
0 SECOND 2 YES NO 0% - 1.6'* 0% 0% -.9% 33% ~ 

" ~ SOIL IRRlG fERT WATER VAR WATER VAR WATER VAR 
MAJOR 2 YES YES -.5% -73% 8% 15% - 3% 34% 

~ 
SECOND 2 YES NO -.18% H 'iV ;g .53% 5.3% ,,% 82% 



Figures 5 and 6 present resul ts from another sel of treaUIlCnls: major 
rice, irr igated, and fertilized. Since the crop has been irrigatcd, thcchanges in 
precipitation imposed by the BASO and BAVA scenarios have not affected the 
yields (Figure 5) significan tly , but rather the effects show up in the demand for 
irrigation water(Figure 6). As can be seen in Table I, whereas there has been an 
increase in mean yield for the GISS scenario (major rice, irrigated, fertilized) over 
Ihal of the first case (major rice , non-irrigated, fert ilized) described above, this 
increase has been greater than the cases in the other thr.ec scenarios. This is a ralher 
complicated consequence of the fae l thc G ISS has a hotter growing season and a 
welter July than do the other three scenarios . For example, the higher temperatures 
decrease the amount of time the plant spends in the grai n filling slagc in general for 
this type of culti var. 

To summarize thjs case, with respect to the BASE: 
i) the BASO produced no change in mean grain yield and a slight 

decrease in mean water demand , while il produced decreases in the 
variances of both the mean yield and Ihe waler demand, 

SOIL 2;NO IRRIG;30 KG/HA FERT;4- CllMATE 
4,--------------------------, 

31------

x 
x - ,. ------aD 

o I I I I I I I I I I I I I I I I I I I I I I I I I 

1 3 5 7 9 11 13 15 17 19 21 23 25 
2 4 6 6 10 12 14 16 16 20 22 24 

RANKED VAllJ£S ()I PERCENT SCALE 

FIGURE 4 . Ogivc 0 1" non-irrigaled Major Ri~c mood ou tpul (I"'\>ITl l1g ur;, J data) 
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ii) the BAVA produced no change in mean gmin yie ld and a slight 
increase in the mean water demand , while it produced an increase in 
the variance in both variables, 

iii) theGiSS pruduceddecreases in both the mean grain y ield and in mean 
water demand , whi.lc it decreased the variance of the yield and 
inc reased the variance of the waterdemand , 
Table.<; I and 2 show that in the cuse of Second Rice, which was always 

irrigated . the four scenarios produced cssenti:dly the same mean yield , although 
the BASO scenario tended to dec rease the yield variance slightly from that of the 
BASE, while the GlSS scenario increased the yield variance considerably_ 

However, in the case of the Second Rice demand for irrigation water: 
with respect to the BASE, alllhese cl imate change scenarios showed increases in 
both the mean water demand and ils variance. The increased dry-season 
temperatures associated with the GISS scenario produced ralher dr:lmalic 
increases in irrigation water demllnd and in its variance, 

SOIL 2;IRRIG;30 KG/HA FERT;4 CUMATES 
3,---------------------~ 

2 , , , I I I I I I I I I , I I I I ! , 1 I I! I 
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2 4 6 8 10 12 14 16 • ~ ~ ~ 

RANKED VAlt£S CtJ PERll:NT SCAlE 
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X 
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FIGURE 5 . Ogive ofiITIgated MajOr Rice modcl _~SIlrI1~IC(] Yk:I(] lor Chi~nj!. M~I , rh~lb .. ,j 
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FIGURE6_ Oglve of irrigated MaiOl Rkc model -estimaled irrigal'on {for n~urc 5 yields) 

SU MM ARY 

Fourclimatescenarios were generated and tested to discover the impact on upland 
rice production of di fferences among the fnur series of 25 years of daily 
precipitation values . With respect to the BASE scenario of observed variables, the 
variances of the dail y precipitation abou! its 25-ycar monthly mean values of these 
climate change scenarios were: 

j) increased by 2 1 % for the BAVA scenario ( Ihe standard deviation was 
increased by 10%), 

ii) left unchanged but redis tr ibuted (to enhance the longer (lime) scale 
events) for the BASO scenario, and 

iii) decreased by 6.8% for the GlSS scenario (which also was endowed 
with significant temperature increases). 
With respect to gmin yie lds produced by the BASEscenario, thelhrcc 

climatcchange scenarios produced no startling changes in the 25-year avemge 
yields; however, the variances or lhe non-irrigated crop yields gener-lIly were i) 
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decreased by the BASa and by thcGISS and ii) increased by the BAVA, whi le the 
variances of the irrigated crop y ie lds were left unchanged by the I1ASO and BAVA 
and increased by the G [S5. The impacts of the changes in precipitation variances 
on irrigated crops showed up in the demand for irrigation water as iI function of 
growing season. In the case o f Second Rice the variance o f the irrigation water 
applied increased for al l thescc limatechange scclilirios; whereas, in the casc of 
Major Rice this irrigation demand variance dccreased for the BASO and increased 
for the· BAVA and GISS. 

It has been demonstrated Ihat changes in precipitation variance will 
show up as changes in risk ( in tcnns of changes in variance) associated with crop 
production: directly in the case o f rain-fL"<i crops, and indircclly in the fonn of 
changes in water demand in the case ofirrigatcd crops. However, these change:; in 
risk are a fu nctio n of both cuJlurdl practice and climate change . This implies Ihat 
some ponion of an increase in risk cou ld be mitigated by changes in culturaJ 
practice which might require an increase in irrigation water supply to be most 
e ffective. 
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I'oaSTRACT 

Records of daily maximum and minimum temperatures forToromo City exis t and :Ire 
archived from Murch I. 1840 10 the prescnt day. This lengthy lime series has been c)l tclldcd 
back 10 1718 in this article by using standard differences in mean monthly Icmpemtllrcs 

between Toronlo and a nlJmber ofUnited Slates stat ions. Tempcmluredma taken three lim.:s 
II Jay from another station in Toronto inliJe decade of Ihe 1830s arc also available and were 

used in this process too. 

Lcs donnees des temperatures maximales el minimllics quotidicnncs de la viUe de Tommo 

onl elc presc:rvees it panir du Jer mars J 840 CI eeJajusqu 'a aujourd 'hui. On peut ctcndre de 
bcaucoup celie longue serie lemporelle, en uliJisam les (carts-types de temperatures 
mensuelles moyennes entre lastalion de Toronto et pJusieurs stations des Elals-Unis. la dute 
la plus ancienne CIanI juillet 177K. En outre, de 1830 a 1840, un nombre considerable de 
donnees slir [a temperature ont ele amassecs a partirde relcvCcs tmis fois par jour, a lJllcautre 
station de Toronto. On a utilise ec:s donnees aussl dans Ie processus decrit plus haul. 

I N TRODUCTION 

In December 1839. the Brilish government established a metcorological and 
magnetic observatory aI ToronlO. Dnlario. Some sporadic observations bt!gan latc 
in the month at Fort York. on the.shoreofLakeOntar;o jusl west of the town. then 
calJed York. Fixed hourly observations of temperature commenced ;n the new 
year. but it was not until March I . 1840lhal regular daily max imum and minimum 
values wecc recorded. and on this date daily digital archive readings begin. On 
September 5, 1840. the observation sile was moved to the Universi ty ofKing's 
College. now the University t)fToronto , about two kilometres north of the 
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lakefront. Although a Dumber of small changes in location occurred in later years , 
a relatively homogeneous, high-quality data set extends from September 1840 10 
the present day . However , the fa lherlarge urban heat-island effect. which 
influences the reeords of all such large cities, is evident. 

The Toronto record from 184() to the present comprises the longest 
contin uous temperature time--series in the Canadian Climatological Archive, and 
thus it is freque ntly used in the analyses of long-Ienn temperature trends, The 
purpose of this paper is to pre...ent a method of extrapolating the Toronto 
temperature time-series backwards from 1840 , using various United States and 
other data . The earliest American data used in thc analysis were taken in 1778. The 
extcnsion of this time-series by sixty years is of significant interest to those who arc 
studying the variability of histo rical climates, and the methodology may be 
applicable to other studies of paSI c1imatc. 

SOURCES 01' EA RLY C LIM AT E DATA US ED 

FOR COMPA RATI VE PUR I'OSI!S 

Toronto Area 
The first fragmentary c limate data for Toronto wcre taken in the year 1801. Thesc 
are contained in the Hodgins Papers in the Archives of Ontario, Toronto. The data 
are identical to those published in the Upper Cml(lda Gazette at the time the 
observations were taken; so it may be presumed that Dr. Hodgins merely copied 
long-hand this original source. The dala include the tcmperature and weather or 
sky conditions althrcc fixcd times a day. Similardala were published for a number 
of months in the same newspaper around 1820. Neither data set was lengthy 
enough to be used io this study. 

Later a longer, more useful data set was taken by Charle$ Dade 
(183 1- 184 1) from January 183 1 to April 1841 . Rev. Dade was thc headmaster of 
Upper Canada College, then situated close to the centre oCthe town on the lake 
shore, no t far from the later Fort York stati(m. The thermometer was read two or 
three times a day at fixed limes, bUI slight changes in the reporting hours occurred 
during the decadc and occasionally only one observation was taken in a day. Only 
a few months were incomplete . except for an extended period from October 1838 
to June 1839 when Rev. Dade returned to England fo r the winter . 

The periods of record for the various early Toronto stations uset! fo r 
the purpose of comparison are shown in Figure I . Data from Fort York are 
combined in the Archive with the University statlon and identified as "Toronto" 
(no modifier) , but are unoffi cially called " Toronto City." Data later than 1855 
were not considered. 

RemaillderofSoutherllOmal.io 
Data for Ancaster , about 65 km soulhwest of Toronto, were taken by Craigie 
(1835) from January 1835 to December 1845 and provcd 10 be only of limited use 
in (he Toronto data extension. William Craigie was a surgeon who apparently 
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tahulated daily mn ... imum and min imum tempermures as well as lixed-hour 
rcadings. His thennometers "were in a northern exposure, fi ve feet fro m the 
ground , and shaded from the effects uf direct insolation and radiation from the 
sky." However. only newspapenabulalions ofmonlhly means of the 9 a.m. lind 
9 p.m. observations survive . 

American Statiuns 
Mean monthly temperatu re data were abSlffleted from the Smithson ian Institute 
( 1927) for Albany, New Haven and New York City and from the United Stales 
Weather Bureau ( 1932- 1937) for Albany, Baltimore and Rochester. Considerable 
monthly data were also available from grammar schools in New York State. These 
were published by Hough l1855. 1872). Data for Auburn, Bu ffalo , Cortland, 
Fairfie ld , Fredon ia , Hamilton. Lewiston , Lowville, Oneida, Rochester (College) 
and Utica were used. Other Stations listed in the above publications did not have 
surriciem useful data. 

All stations actually used in the slUdy are shown in Figure 2. In the 
case of the New York State grammar school records. there were many missing 
monlhs and years for InO!'i t stations, and only the lirst and last years of data are 
shown. In all cases, data later than 1855 were not used. 
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As seen in Figure 2, the only data available for the study are from 
stations to the southeast of To ron tn . Ln order to estimate any possible bias 
introduced by not using data from all quadrants, mean temperatures for each 
month for the 3D-year period 195 1- 1980, at Bridgeport cr (near New Haven) , 
Huntington WV, Green Bay WI and Val d 'Or PQ, were each correlated with 
Toronto's monthly means. These stations are approximately the same distance 
from Toronto and represent each oF tne four quadr.mts (see Figure 3). A principal 
component analysis averaged for the twelve months showed Ihat 26.0% of the 
variance in the Tocomo means was represented by the Bridgeport means, 23. 7% by 
Huntington, 25.8% by Gree n Bay and 24.5 % by Val d'OL lndividual monthly 
values ranged from 20% to 29%. 

In the case of most or the data prior to 1840, observations were taken 
with thc thermometer attached to the north wall of a building . Recording 
maximum and minimum themlOmeters were not generally used. Monthly means 
were computed from two, three or more observations a day , and Ihe Lime and 
number of daily observations frequently changed and were not consistent, either at 
a site or from one station to another , In addition, the thcffilOmeters may not haye 

• Il lJI'ImlliGTON 

• 
VAL O' OR 

FIGURE 3. Stat ions chos.:n trom each ,/uildlllni t()r data condalion with Torooto, 195 1-1:,1110 
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been calibrated accurately or sufficiendy shielded rrom insolation, andchange.~ in 
exposure or siting may not have becn recorded. 

METH O D OF ESTI MATtON OF TO RaN T O MEAN TE MP ERA T U K £5 

Three distinct methods (Crowe, 1989) were employed in the calculation of 
Toronto mean temperatures, due to significant differences in the ronn o f the source 
data: monthly means at the American stations (calculated by a variety of methods 
depending on the station) ; several observations each day for Dade; and monthly 
means fo r 9 a .m. and 9 p.m . in the case of Ancasler. These were labelled Method 
" S'·. Method " 0" . and Method "A", respecti vely. 

All three methods were employed whenever data perlllllleU. In 
deriving the final Toronlo estimales, however, Method "0" was chosen whenever 
Daeledata were avai lable . Thus, Method "S" was used up lo December 1830, bUI 
Method " D" from January 1831 to Pebruary J 840. For missing Dade months, 
Me thod "S" was substituted before 1835, but fro m this year on. a linear 
regressio n equation was used based o n the 52 mo nths when the calculated 
American data could be compared with both Dade and Ancaster ealcu lations. 

T = - 0.1 26 + 0.6045 TA. + 0.4108 Ts. 

where T is the estimated Toronto monthly mean 
TA is the estimaled Toro nto mean using Method "A", and 
Ts is tbe estimated Toronto mean using Method "S", all in "F. 

Method "S" 

Method "S" is outljned in Figure 4 . There are five dis tinct steps: 

I. Difference calculations. Mean momhly tempe rature data for Toronto (City), 
1840 (March- December) - 1870, and lor all available American statio ns within 
about 400 miles of Toronto having sig nilicant daw before 1870 were tabulated . 
S ixteen distinct U.S. stations were available. Most stations did not have data 
before 1820 , but New Haven c r had data as early as 1778 (Figure 2) . In order to 
facilitate comparison of data from all stations, for each individual month , 
differe nces were calculated foral l possible pairsofstations , tor example, Toronto 
minus Rochester, Toronto minus Albany. Toronto minus New Have n . ... 
Rocheste r minus Albany, etc. 

2. Correction and delelion of bad data. 'I'he d ifferences for each station pair 
were tabulated by month and year and the overdll monthly mean differences 
calculated. Also, standard deviations of the mean month ly temperatures for each 
stat ion were calculated. Then , for each station pair for each of the twelve months, 
an average standard deviation was calculated , and all differences greater or less 
than one standard dev iation were identified . For example. the S.d . or the August 
means at Toronto is I .SoF, Albany 2. r F, for an average o f2 .0°F. The mean 
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difference for the momh , Toronto-Albany, is - 4.5°F, $0 that the I s. d. range is 
- 2.5°F (0 - 6.SoF. By idenlifyingdifferences outside the I s .d . range, it was easy 
to spot unusual months or questionable dala. For any month for which no stalion 
pair differences lay outs ide the I s.d. range , the data were assumed 10 be good. 
Otherwise, a subjective assessment was made by the areal plouing of the means 
and departures from normal. In a few eases, it was possible to correct a value when 
it was obvious that a Iypographical error of I O~ had been made in the printed 
source. Mostqueslionable data , however, were discarded. 

3. Choosing of stations and periods Cor analysis purposes. Following the 
corrections and the discarding of questionable months. a new data sel for each of 
the 16 American stations was prepared. The Toronto data were assumed to be 
.. good" and the aim was to choose as many of the 16 U.S. stations as possible for 
1840- 1870 for the purposes of comparison. Many of the stalions had missing or 
discarded data in the last half or this period, and so it was necessary to use only the 
1840- 1855 record . Within this record, not enough dma were available for the 
computalion of reasonable momhly means at Auburn or Buffalo. and the datil fOf 
Rochester College were identical to or varied by only a small constant fro m the 
Rochester data and hence were suspect. The number of U.S. stations for the 
purposes of comparative analysis was therefore reduced to 13 _ 

4. Standard difference calculations. For each of the 12 months, mean 
differences in monthly temperatures between Toronto and eaeh orthe 13 Americall 
stalions were calculated. The calculations were based on all months, September 
1840 10 December 1 ~55 , inclusive. It was felt that the early data forToronto, 
March to August. 1840, taken neaTlhe lake shore at Pon York , were not 
homogeneous with the later University sile observat ions , Becauseofsome missing 
months for most U.S. stations, thcavailabilityof data varied from month 10 month 
and from slation to stalion. The standard differences were ealcuJated from means 
based on 10 to 15 years in mOSI cases. Those between Baltimore and Toronto 
ranged between 1O.0"F and 13.5°F, depending up<m the month. Because of its 
great distance from Toronto and the resulting high and variable differences in the 
monthly mean temperatures, it was decided toeliminate Baltimore. Thus, only 12 
stations were left for funher analysis. 

5. Calculation of Toronto means. For each month, July 1778 to l'ebruary 1840 , 
an estimated mean temperature for Toronto was calculated separately based on 
each American station for whieh a mean monthly temperature was available. 
Thus, in June 183 1, the mean monthly temperature at Albany was 72 .8"F, and 
since the standard difference, Toronto-Albany (based on 1840- 1855) is - 6.SoF, 
the resulting estimate of tile Toronto mean is 66.0°F. The overall Toronto mean for 
a particular month wa" calculated as Ihe unweighted average of all the ind ividual 
estimates from the U.S. stations with available data; the nurnberof slleh estimates 
for any month varied from Ito 12. Theeslimated Toronto means then were 
checked against the actual means from September 1840 to December 1855. 
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Although errors for some months were as great as4.0"F, the standard deviations of 
the errors varied from O.94"F to 1.75"F for individual mOnlhs, averaging I . 17"F. 

Method "D" 

Method " 0 " is outli ned in Figures 5 and 6. There are e leven distinct steps: 

1. Estimation of daily maximum and minimum temperatures. Rev. Dade lOok 
one, two or three observations a day, often but not always at 9 a.IlL , 3 p.m. and 
6 p.m. It was necessary to estimate da ily Illaltimurn and minimum readings. This 
was done by using mean hourly temperatures in comparison with mean dally 
maxima and minima for each month at Toronlo's Pearson International Airpon 
(Atmospheric Environment Service, 1978). Thus, a correction factor was 
calculated to be subtracted from the muming reading 10 estimate Ihe daily 
minimum and to be added to the mid-day and evening observations to estimate the 
daily maximum. These applied to Pearson Ai rport, so corrections for Dade were 
computed by multiplying the Pearson eOlTCctions by the ratio of Ihe monthly mean 
daily range at'foronto (City) to that at Pearson. These figures were rounded to the 
nearest whole Fahrcnheitdegree . 

2 . Calculation ofmt!an monthly temperatures, For each monUl , the mean daily 
maximum and roean daily minimum were calculated from the daiJy values . The 
meun mOlllhly temperatures were then si mply the mean of the mean daily 
maximum and the mean daily minimum. 

3. Standard difference calculations, Dade minus U.S. stations. In order to 
eStimate Toronto mean temperatures by using Dade data. it was necessary to 
compare Dade monthly means as computed above to those of as many American 
stalions as possible. F'orcach of the 12 months for the period January 1831 to April 
1841. mean differences in monthly temperature wereealculalCd between Dade and 
eachof9 U.S . stations: Albany , Cortland , Fredonia , Lewist{)n. New Haven, New 
York, Oneida, Rochester. and Utica. Data for Fairfield , Hamilton and Lowvi lle 
were not used in this analysis due to many missing months during the decade. 

4. Standard difference calculations, Toronlo minus U.S. stations. Similarly, 
for each of the 12 months for the period March 1840 to December 1855, mean 
differences in monthly temperatures were calculaled between Toronto and each of 
the 9 U.S. statjons used in the Dade standard differences above . 

5. First approximation of Toronto-Dade differences. Since both TomnlO and 
Dade means arc compared to the same 9 American stalions, the first approximation 
of Toronto-Oade differences was obtained by subtracting the Toronto standard 
differences above from the Dade standard differences above . These were 
calculated separately for each of Ihe 9 U.S. stations and the overall mean taken 
each month. This analysis indicated that for every month or the year Dade values 
were high, and that correction values ranging frOIll - O.6"F (February) to -4.0"F 
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(J uly) had to be appljed [0 Dade means 10 give a rcas(jnab l~ estimate ofToronlo 
means. 

6. Comparison of mean lemperatures for 18J 1- 1841 and for 1840-1855. 
T he re was no reason to assume thai 183 1 10 J 855 was cl imatically homogcncuu~. 

In order to obtain a measure of the differences in mean lempcmlure between the 
early period oflhe Dade observ:l.lions ( 183 1- 184 1) and the later period of the 
Turonlo observations ( 1840-1855), calculations were pcrfomlCd for Ihe Ihree 
U.S. stations wi th the best and most con tinuous observations, Albany. New Havcn 
and New York. Mea[ls for both pcri<.Kis were calculated for each of the 12 months 
separately for each of the three stations, al lowing for those months during which 
Dade observalions were missi ng. For each month , an overall mean difference 
(un weightcd average of the three stat ions) between the means Mthe two periods 
was obtained . The carlier period was colder than the later al each orthe three 
stations for each of thc 12 months. The overall monthly differe nces ranged from 
O.4~F for April 10 2.5°F for December. 

7. Second approximation or Toronto-Dade differences. The second 
approximation takes into cons ideration lhe fact that the earlier 183 1- 1841 period 
was significantly colder Ihan the later 1840- 1855 period . The first approximation 
Toronto- Dadedifferenees were Increased by the overall mean d ifferences between 
the two declldes. Because of the variability from month to month, Fourier 
smoothing was applied to the monthly values. As a result, the second 
tlpprox imation of Toronto- Dade differences ranged from - 2. 7°F in September 
and October to - 4. l oF in December. 

8. Preliminary calculation or mean Toronto temperatures using Dade and 
sc<:ond approximation differences. For each month for which Dade means were 
available in the period January 183 110 April 184 1,11 l bronto mean was calcu lated 
using the second approxi mation di lferences (Fourier smoothed) above. 

9. Comparison of mean temperutures at Toronto by using Dade calculations 
above IlDd by using Method US" . Por each month for which Dade means were 
available in the period January 183 I to April 184 1, the Toronto mean using the 
Fourier smoothed second approximation difrerences wi th Dade were compared 
with means as calculated by Method "S". which uses all availablc American data . 
The over-iii mean d ifferences in the two methods were compiled for each mOnlh 
and it was found that Method " S" gave higher values than the Dade melhod in the 
case or all months. mngi ng from O .4~F in March to 2.6°F in February. The 
standard dev iation of the monthl y differences between the two methods ranged 
fro m O. o°F in June 10 l.rF in January . 

10. Final appromnation orl'oronto-Dade differences. Since Method ··S" 
ind icated somewhat higher means for ToronlO for cvery month of the year than 
those by using the preliminary Dade calculations, it would appear thal lhe second 
approximation allowi ng fo r Ihe mean temperature difrerences between the two 
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periods was based on differences that were too great, Consequently. the fina l 
approximation of Toronto-Dade differences was calculated by reducing the second 
approximation differences by the differences indicated between Method "S " and 
the prelim inary Dade calculations above. Again. because of the month-to-month 
variation in the correction val ues, :l Fourier smoothing was appl ied. The tinal 
approximation of Toronto-Dade differences then ranged from - I . 1°F in October 
to - 3.rF in June. 

J I . Final calculation of Toronto means. Foreach month for which Dade means 
were available in the period January 1831 to Fcbruary 1840, a Toronto mean was 
calculated using the final approximation differences (Fourier Smoothed) above. 

Method'i1" 

Method "A" is outlined in Figure 7. There are three distinct steps: 

I . Correction of mean monthly temperatures. No daily obSCrv<\lions arc 
available for Ancaster, only published monthly means of9 a.m. and 9 p.m. 
observat ions, from which a simple average was computed to produce a monthly 
mean. Correction values were calculated for each month in order 10 provide 
monthly means based on the modem practice of using daily maxima and minima. 
These were done by comparing means produced by averaging 9 a. m. and 9 p.m, 
monthly means at Toronto's Pearson International Airport (Atmospheric 
Envjronmenl Service, 1978) with the mOnthly means at the same station, wh ich 
arc calculated by the usual mean of daily maximum and minimum values. 

2. Standard difference calculations . Ancasler and Toronto data overlap for the 
period March 1840 to December 1845. For each of the 12 nwnths during this 
period, mean difle rences were calculated between the corrected Ancastermonth!y 
means and the official Tu(onlo means. 

3. Calculation of Toronto means. For each month January 1835 to February 
1840, a mean temperature was calculated for Toronto using the corrected Ancaster 
mean and the standard differences above. 

T H E ItECONSTRUCTEU TO IWNTO l ' EMPERATU ItE ri ME SE RI ES 

By using Method "5", '" D" , Or "A" as appropriate, monthl y mean temperatures 
were estimated for Toronto from July 1778 to February 1840. No American data 
were available for September 1778 or February , July, August, October, 
November and December 1779, so that no means could be estimated for these 
months. Beginning with January t 780, a complete set of monthly val ues was 
obtained. All caJcu laiions were done using the Fahrenheit scale. and then the 
whole set was convened loCels ius and combined with Atmospheric Environment 
Service A rchive values that begin March 1840 and continue with no breaks until 
the present day . 
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Statist ical F tes ts were applied to monthly and seasonal values to legl 
the homogeneity of variance between various lime periods. In the firs t instance. 
three 3D-year time periods were chosen: (A) 1780- 1809; (B) 1810- 1839; and 
(C) 1840- 1869. Period A involves only Method "S" and through much of this 
period o nly one, two o r three American stations had datil available for comparative 
purposes. Period B in\lo\\les Dade data a~ well as an increasing numbcrof U.S , 
stations. Period C in\lolvcs the early instrumental record at Toronto befo re urban 
warming was significant. On ly June temperature \lariances are significantly 
different at the 99% lC\lcl between periods A and B and between A and C. In the 
second instance , two 40·ycar time periods wercchosen: (A) 180 1- 1840 and 
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a. Toronto 

(B) 1841-1 880. Period A represents the 40 years of reconstruction prior 10 the 
official observations beginning in March 1840, whi le Period fJ contains the firs t 
full4Q years of instrumental data . Only January variances are significantly 
different OIl the 99% level. 

In Figure R lrend tines based upon 50-year running means piQued for 
the middle year arc shown for all mo nths. Fifty-year means over the period 1780 to 
)987 can be plolted only from 1805 10 1962. The overall rise in tcmpcr:uure during 
the period nmges from O. 9°C in January to 3 .r C in October, with an ann ual 
a verage of 2 ,2°C. A significam amount of this increase is no doubt due to the urban 
heat- island effect. which became increasing ly significant from the 18808 on. 
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T O RONTO C ITY MEAN TEMPERATURE 1778-198' 

YEAR JAN fOB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AI'iNUAL 

1778 M M M M M M 205 20.9 M ' .3 -, - 4.8 M 
1779 -4.7 M -.' 7.2 12.8 18. 1 M M 13.9 M M M M 
1780 - 5.5 - 4.9 - 2.2 '.1 I ~I 16.2 21.4 21.8 13.6 ,., •• - 2.7 ••• 
178 1 - 1.6 -2.6 -.8 .., I I.! 15.1 20.7 20.1 14.4 8.' .2 -3.2 7.3 

0 1782 - 6.6 - 6.3 - 2.7 7.2 12.0 17.7 18.3 20.4 16.0 '.7 , -3.4 6.6 

3 1783 - 5.9 -3.2 - 2.2 '.3 11.5 17.1 18.8 19.2 11 ,8 ' .9 - .6 -4.2 6 2 

" 17" - 8.6 - 9.8 -3.1 22 10.6 16.6 19.1 20.0 143 6.4 ]A - 4.5 '.6 
C 1185 - 7. 1 - 6.1 - 4.9 3.9 9.0 17.4 19.2 19.1 13.0 7.' 1.7 -3.3 '.8 
C 
~ 1786 - 6. H -4.6 .7 ' .6 10.3 11.5 19.4 17.5 14.3 S., -.' - 6.2 '.3 o· 1787 -5.0 - 5.6 -, S.' ' .9 15.6 IS. I IH.4 U.2 ' . 1 3.0 - 3.3 6.2 

" 1788 -0.4 - 6.5 - 1,5 ' .3 Il.l 16.4 20.3 19.7 15. 1 I !.2 S.2 - 4,3 7.2 

" 171:19 -5 .0 -g.o - 1.3 ' .3 9.3 17.3 19.8 19.0,1 \4.6 '.3 2.7 - 1.2 6.6 S 1790 - 2.8 -·u - 1,6 3.' 11.3 16.7 IS.5 1':1 .4 14.7 7.7 1.8 -7,4 6.S g: , 1791 -4 .9 -6.5 .7 ' .2 12.7 17.2 19,3 19.6 U .8 6A 1.7 -].6 6.' - 17')2 -S.8 -6.2 .3 ., IVI 15.6 18 .7 llU 11.] .., 2.7 -4.2 6.4 

" 
179] - 3.0 - 4.4 7 7.2 12.6 17.] 20.3 20.1 15.2 7.3 1.9 - 3.6 7.6 

e 1794 - 4.2 - 5.5 .' '.7 12.g 16.2 18,8 19. 7 15.9 6.5 23 1.6 7.6 , 1795 - 5.4 - 5.1 - 1. 1 •. , n .2 15.3 20.3 20.9 14.9 8.2 .8 -, 73 
5' 

1796 -4.5 - 5.6 -3.4 6. 1 '.8 16.4 19,4 111.4 14,4 ' .9 U -7.3 6.0 0. 1797 - 6,7 - 2.1 - 1.0 S.2 9.8 16.0 20.6 151.1 11.9 6.1 - .S - 7.1 6. 1 = 1798 - 5.1 -7. 1 - 1.6 ' . 1 13.0 17.6 19.4 21.8 15.S '.0 -.8 - 7.6 6.7 

l 17'" -5 ,6 -7.] - 5.2 l .6 10.6 11.4 20.3 20.2 ]4.6 7.' 1.0 -3.9 6.2 
1800 - 5.7 - 5.1 - 1.4 ' .7 11.2 17.8 21.0 19.2 15.1 8.' •• - 1.8 7.2 

~ 
j5 ' 1801 - 4.4 - 4.7 1.2 ' .7 12.5 15.9 20,2 IlUi n.o 8' 2.3 -1.3 7.6 e [SOl - 1.0 -5.3 - .3 , .• 10.7 11.2 20.J 20.7 16,4 10.0 2.7 -3.3 7.8 0 
N lS03 - 4.7 - 3. 1 - 1.4 6.' '.3 17.3 20,9 20.2 14.8 '.7 ., - .3 7.' .. 1804 - 6.7 - 4.5 - 1.7 S.7 12.7 17 .9 I \U 19.4 16.] 7.8 3.0 -4.9 7.0 ~ - ISO' -7.5 -3.9 1.3 7.7 11 .8 16.9 20.6 21.3 16.7 ' .2 2.7 U 7.' 

~ 1806 - 5.0 - 1.1 - 3.3 3,4 11.9 17.6 IS .\I IS. I 15. ] 77 2.5 - 3.6 6.8 
:8 lS07 - 6.2 -5.3 - 2.9 .., 10. 1 15.2 19.7 19. 1 13. 1 ' .2 .J - .3 6.3 



'" YEAR JAN FEB MAR APR MAY ]UN JUI. AUG SEP = >JOY DEC ANNUAL to 
Q 1808 - 5.7 -3.1 .6 5. ' 10.0 17. 1 19.8 17.1 14.4 72 2.6 - 1.9 7.0 
e iS09 -6.9 - 6.9 -2.3 5. 1 10.4 15.6 17.1 18.\ 12.9 11,2 -.3 -.' 6,1 

• 18ID - 5.0 -3.3 - 1.8 5.2 12.2 17. 1 18.2 18, 1 14.8 6.3 .9 - 3.7 6.' • 
18 11 -5.3 -5.9 •• 5.2 10.5 16.8 \9. 1 18.5 14.3 10.0 2,2 - 3.9 6.9 

,.; 1812 - 6.9 -5.9 -4.0 4.3 7.4 13A 17 .6 17.7 i2.) 7 .1 1.2 -3.7 5. 2 e 1813 -6.7 -5.7 -3.2 5.' ,. 16.6 18,g 20.1 16.0 6.' V -4.1 6.4 

~ 1814 - 6.4 -H - 2.4 6.2 13. 1 15.9 18.3 18 ;8 14.3 7.0 1.7 - 5.0 6.5 
181S -6.6 - 7.1 -l.0 5, 1 8.9 lSA 19 .9 IUS 13 . 1 6.6 2.3 - 4.8 5,8 

;;; 1816 -7 .6 - 5 , 1 -]A 3.1 8.5 13.3 HI.! 17.9 12.1 7.' 3.' -3.7 5.2 
~ J8n -6.4 -9.9 -3.4 ' .3 8.' 13.9 17.3 18.2 14.11 5.6 2.4 - 3.7 5 I 
• ISIS - 6.3 -9.4 - 2.4 2.' '.2 16.9 19.3 17.4 12.9 61 3.2 - 6.5 5.3 
~ ]819 -] .4 - 3.4 -4.8 ' . 1 ,.4 16.4 19.0 18.7 16.4 6.8 2.9 - 3.8 6.5 

~ 
1820 -7.2 -3.2 -2.4 6.0 10.2 17 .2 21.3 HU 15.9 6.8 - .4 - 5.7 6.4 - 1821 -9.3 - 2.9 -2.5 2.' 10.9 17.1 18. 1 19.9 l j A 72 L7 - 4.5 6.2 -~ 1822 - 7.7 -S.4 7 5.1 12.7 16.8 19.8 192 16.5 8,4 ' . 1 -3.3 7.3 

~ 1823 - 4.9 - 8 .3 -2.4 ,., 10.S 16.4 19.9 19.3 1J .3 6.2 -.' - 2.6 6.0 
I 1824 -2.7 -4.4 -1.7 '.5 , .. 15.3 18.6 17 .6 14.1 77 1.4 -.' 6 .7 - 1825 -4.\ -3.8 I.' 6.5 11.4 18. 2 21 .7 19,4 13.8 ' ,2 I.' -].7 7.7 
~ c 1826 - 4.4 - 3.0 - .6 3.1 15.2 17.3 20. 1 19.9 16.0 8.' 2.2 -3.2 16 

1827 -7.9 - 3.8 -.2 1.4 10.8 15.9 19,6 18.5 14.8 " - 8 - 2.3 6.7 
1828 -2 .4 .7 .7 ' . 1 12.2 19.8 19.8 20.' 15.2 7.2 3.0 .0 '.4 
1829 -6. 1 -8.2 -2.6 5.' ]).4 \6 . 1 \7 ,7 18.5 12.1 1.7 LS .8 6.' 
1830 - 6,4 -5.8 .2 '.1 10.7 15.1 20,8 18.6 ]) .~ 8.9 6. 1 - 1.3 7.5 

183 1 - 6.9 - 8.6 2.4 5.7 10_8 18.9 18.9 19.8 14.6 8.2 I.' -10.1 ' .3 
1832 -5.8 -6,9 -.7 '.0 '.2 17.1 19.4 17.9 14.3 8.7 I.' -1..5 6.5 
1833 -2.9 -7.3 -1.8 1.7 ]),3 15.2 19.6 17-9 14.8 7.2 .2 -1.7 6.' 
1834 -7.5 - 1.7 - .2 1.0 11.2 )5.9 21.4 19.2 14.0 6.1 I.l - 4.5 6.' 
1835 - 4.8 - 8.4 -1.1 .. , 12.4 16.4 19,1 17.4 11.6 9.1 I., - 5.6 6.0 

iSJ6 - 4.9 - 9.4 - 4.2 3.6 11.0 15. 1 19.9 16.8 14.2 3.9 .3 - 4.6 5. 1 
1837 -7.8 -5.8 - 3.4 3. ' '.6 16. 1 18,2 Ib.7 ]),5 6.0 2.4 - 3.3 5.4 
1838 - 2.8 -\0.3 1.8 J.8 8.4 18.2 21.4 19. 1 14.9 6.' -.' - 6.4 6.0 ., 
1839 - 4.8 -3.6 -.9 '.2 10.9 14.2 la.7 \7.0 11.3 ' .8 1.2 - 2.3 6.1 ~ 



.. YEAR JAN FEB MAR APR MAY JUN JUL ALG SEP OCT NOV DEC ANNUAL 0-

"'" -7.8 -1.9 1.2 '.1 12.4 15.7 19.5 19.0 12,0 1.' 2.1 - 4.9 '.8 

[84[ -4.5 -5.5 -2-3 43 10.':1 [<;.4 1<;. 2 111.7 16.1 51 I.J -1.0 6.8 
1842 -2.9 - 2.2 2.1 10 10.2 14.5 111,6 IY,j 13.ll 1. ' U -3.8 7.2 
1~3 -2. 1 -8.5 -5.8 '.1 I O.~ 14.11 1\1.0 1'J.4 16.4 6.4 . 1 - .1 6. l 
18" -6.5 - 3.6 .2 9.3 J],:Z 16.1 "5 18 .4 15.3 66 1.9 -2.1 1.4 
1845 -3.2 -3.5 L6 ,., 10,) 15 .':1 19.3 1'1.4 12.8 1.5 2.6 -6.] 6.9 

Q 
1i!46 - 1.8 -7.5 - .3 6.' 13. 1 17 .3 20.4 1':i.Ii n.) 1.2 '.1 - 2.8 1 .1 3' 1847 -5.3 -5.6 -3.3 l.3 lU 14.4 1<;.9 J7JI 13.0 6.8 l.' -2.0 6.2 " C "'" -2.7 -3.0 -.u ' .9 n.l 16.4 litO Pl .D 12.2 1.6 .9 - J.S 6.9 

" 1849 -7.3 -1.6 .4 l3 ' .9 16,1 19.3 ltU 14,2 1.1 ' .6 -),6 6 .3 
~ 1850 -1.9 -4.0 - 1.7 3.3 9.' 17.4 20.' I'J.U 12.11 6.S 2.9 -5.6 6.6 o· 
"- 185 1 -4.5 -2.6 .4 '.0 10.7 15 ,0 lilA J 7.3 14.9 '.1 -.1 -6.3 6 .4 

'" 1852 - IU -5.2 -3.5 3.0 10.6 IS.!! 111.8 111,2 1l.4 ' .8 I.' -.2 6.1 " g: 1853 -5.6 -5.3 - J.5 S.U 9.S 119 18.5 10.U 14.9 6.2 3.1 -4.3 6.6 
1854 -5.9 -7.0 -1.3 4. 1 10.0 16.8 22.0 20.1 ltd 10.1 L8 - 5.6 6.8 
1855 -3,\1 -10. 1 - 2.2 ,., 11.9 15.5 20.2 18 .0 15.2 6.S 2.' -3.4 6.4 

'" 1856 -\UI -10.2 -5.7 , .. 10.1 16.7 21.0 17.5 13.5 1.0 2.1 -5.5 5.2 

" 1857 -12.1 -2 .2 -3.0 I.' 9A 14. 1 20.1 18.2 1~.4 1 .1 .1 -1.1 , .• 
g: 1858 -1.4 - 8.1 - IA S.2 9.3 IS.5 19.9 19.6 15.2 9.9 l.l -2.6 7. 1 

1859 -4. 1 -3.5 2.4 4.4 12.9 14.7 J~.4 1<J.b 1l.4 6.6 3.6 -7.2 6.9 - 1860 -4.6 -5.] l.S 4.3 ll.] 17.8 IlU IHA 12.9 '.7 3.6 -4.5 1.0 "-;; 1861 - 6.<J - 3.7 - 2.8 ,., 8.' 16. 1 1i:1.6 19.0 15.1 9.2 2-9 -.8 6.8 • 1862 -5.9 -5.7 -1 .7 4.' 11.0 15.6 19.7 19.6 \5.1! 9.0 2.0 -L7 6.8 S 
~ 

186] -2 .1 -5.2 -3.] SA 12 .7 16.0 1~.7 19.4 1l.3 8 ,2 4.0 -2.6 1.1 
1864 -4.8 - 3.8 -1.7 '. 1 12.5 17.2 21.1 2tl.1I 13.6 1.1 2.9 -3.3 1 .3 

E IS65 -8.1 -5.5 .2 6.0 J 1.4 18.6 ilL> 11$.5 18.7 1.4 3.9 -1.7 1.3 
" • 
~ 

1866 -7.0 -5.5 -2.6 •. , 9,3 15.9 21.2 16.2 D.6 10.4 3.1 -J.6 6.S 
1867 -S. l -2.2 -2.5 ' .9 8.5 J8. 1 20.1 20.5 15.1 10.4 3.9 -S.3 7.0 - 1868 - 7.8 -8. 1 -. 3 3.' 11.2 16A 24.4 19.8 14.1 6.2 '.6 -4.9 6A 
1869 -2.1 -4.5 -'U 4.6 10.4 14.8 18.6 17.7 16.5 6. 1 .3 -1.6 6.3 

:g 1870 - 4.0 -5.9 -2.9 1.3 13.9 ]9.4 20.5 11),5 16.5 10.5 Z.9 -].2 7.9 



'" YEAR JAN 

'" 
FEB ~ .. lAR APR MAY JUN JUL AUG SEP ocr NOV DEC ANNUAL 

n 1871 - 6.2 -4.8 I.' ••• 12,0 16.6 19.0 19,9 13.2 9.7 - .4 -5.4 •. , , 
1872 - 6.2 - 6.2 -6. 1 4.' 11.0 H . I 21.2 21 ,0 15.4 7.6 •• - 8.2 ••• 0 Isn -8.3 - 7. 5 - 3.3 4.2 il.O 17.3 20.0 19. 1 13.7 7.' - 2.4 -2.0 5' • • 1874 -4.4 - 5.6 - 1.4 .8 11.5 17. 1 19.5 19,3 17.4 8.5 L7 - 3.9 6.7 
Ian - 9.2 - 12.6 - 4.9 2.5 10,\1 16 .1 19.2 18.7 1].3 • .4 - .I -3.0 4.8 

~ 
o ' 1876 - 1.3 - S.O - J) :16 10.7 18,6 2{LJ 2U 14.3 5.' 2.9 -8.3 6.6 
0 1871 - 8.8 - 2.0 -3.6 6.5 12 ,0 16.7 21.2 20.'} 16.6 ,., 3 .• L2 7' , 

1878 -4 .5 -3.0 31 9.6 11.5 17 .0 22.4 20.5 16.4 9.6 '2,5 - ''-2 '.4 " :;l 1879 - 7,0 - 8.1 - 1.8 4.2 12.0 16,6 20.5 IIU 13,2 11.7 2 .• - 3.2 6.6 

• 1880 .4 - 2.6 - 1.7 5 ,3 14.7 18.7 111.7 19.3 15 .8 U - 1.2 -6. 1 7.5 

" 1881 -9.0 -7. 1 - 1.1 " 14.5 " J 21.5 11.2 20.2 9.' 2.S I.. 7.' • il 1882 -5 , l -1.0 - 2 46 9.5 16.] 19.4 1':1.1\ 16.4 10.'::1 2.0 -3.7 7.4 

~ 
1883 - 8,2 - 7. 1 - 5.9 3.5 9.6 16.7 111.5 17.6 12.5 7.2 2.8 - 3.5 5.3 
1884 - 9,2 - 4.9 - 2.3 5.0 10.6 18.2 17.8 ]11 .6 ]6.5 9. 1 I I -3.8 ,.4 
]S8S - 8.3 - ] l.9 - ~ . l 2.9 11.0 [5.6 I 11.'1 n .3 [3.11 7.' 3.' -2.6 '.1 

~ 
~ 1886 - 1.4 -1.1 - I ,l 7.2 11.1 16,2 ['1.0 111,7 14.\11 ' . 1 1.9 - 6.l ,-' 
'" I [887 - 11.0 - 6.0 -4, 1 '-' 14 .7 17~ 22.') ]'1 .0 13.7 '5 1.6 - 2.3 6.' 

'" 
[888 - 9 .6 - 6.0 - 5.4 4 .0 10.6 lSI 19.0 19, 1 13, 7 6.3 3.1 -1.5 , .• 

'" [889 - 2 J -8.3 ., 6.3 12.2- [5.7 2M UI .7 15.6 ' .0 3.7 1.2 7.5 

" 1890 - 1.4 - 2.4 -2.4 ' .7 10.1 111.7 1'J,S 111 .1 14.2 9.2 2.S - 5 .3 7.3 

J8':11 - 4.9 -2.4 -1.9 ' .3 10.S 18.0 17.'1 III.!! 17.3 ' .7 2.' .8 7.7 
1892 -7.0 - 44 - 2.3 5.3 10,9 IR.6 20, ] 19.11 15.6 8.7 L7 -),6 7.' 
1893 -10.0 -7.6 -1.7 4.4 I I. I 19.3 20.2 19.3 14 . 1 9.2 2.9 - 4 . 7 , .. 
1894 - 2.1 -6.5 2. 1 70 IU 19.3 20,6 186 11. 1 lIJ.2 1.1 - .4 '-2 
]895 -6. 1 - 8.7 - 4.4 6.3 13 . 1 19,<) 1':1. 1 UUI 16.0 6.1 2.8 -1.4 ' .8 

IS,. -5.8 -5.6 - 4.S 8,0 15 .7 18. 1 2(" '" 141 72 4.3 - 2.4 7.4 
1897 - 5. 1 -4. 1 - .1 ' .3 11.6 [6.4 22.S Ig.6 16. 3 IO.S 3.7 -2.2 7,9 
18118 -3.8 - 4.l 2.' ' .j 13.2 IS.iI 2 1.7 21.4 17 . ~ 10.3 2 .0 -3.1 8.6 
111')9 - 5.0 - 7. 1 - 1. 1 7.2 13.0 186 20.5 21.1 140 lOA 4.7 -1.8 7.' 
1900 -3.4 - b.7 _4 .~ 75 12-.'>' 18.4 20,6 12.5 Ig.o u.s 3.7 - 1.7 8.4 

1901 - 4.7 -11,5 - 1.2 HU 12.5 [11 .5 229 207 Ib.6 94 1.4 - 3.0 7.7 .. 19U2 - 4.8 - 6.0 3. 1 ' .7 11 .9 15.6 20.5 186 15 . ~ '3 61 -4.3 77 ~ 



<- YEAR ''"' FEB MAR APR MAY JUN 'UL AUG SEP OCT NOV DEC ANNUAL ~ 

10" - 5.0 -3 .5 4.3 ... 13 ,) 16 .6 20.7 17.7 16.2 10.5 1.7 -5. 1 7.8 
19IJ.I - i:!.9 - 10.4 -1.'.1 4 .U 13 ,2 17.3 1<;1.7 llU '" 7. ' 2.J -54 5.9 
1905 - 1-8 - 3,6 -8 5.7 " 5 17. 21.1.) 1') .7 16.g 93 27 -.5 7.2 

1906 -.6 - 5.4 -2,8 7.1 12.4 18.1 21.1 22.1 Hi.) 9.' 3.0 - 4,9 8.2 
1907 - 5.5 - 7.5 I.U 3.' Y,U 17.7 JU 7 [g ,(> lid 7.2 2.8 -1.4 6.' 
19'J8 -4.2 -71 -.3 5.5 13.5 1'1.0 21.6 1'),5 17 ,7 10,'S 4.J - 1.6 8.2 

Q 1909 -), ( -3.0 -1.1 S.U 12.1 18.6 1\),9 20.7 J5 ,7 7.9 4' -3,) 7.' 
~ . 1910 -3.6 - 6.1 3.8 8.3 "5 18.1 21.1s 19.11 15.6 lIl.7 2.3 -6.0 8.0 

[ 1911 - 3.4 - 3.7 -1.1 ' .3 163 11:1.6 22 .0 20.1:1 15,'1 9.7 2,2 1.1 8.7 
0 1912 - 10.0 -73 -3.5 5.5 12 ,9 16.8 21.4J 11,lI n.! 10.4 '.7 .4 7.2 

" 1913 -.' -6.~ .8 ,0 12.4 18.2- 213 2U.4 15,3 
" U 5.7 .8 8.' F." 191-1 - 3.6 -9.2 -.7 5.3 14.8 Ig.o 21.4 20,J 10.2 lUi 3.4 -3.5 7.8 r;. 

19 15 -4 .6 -3.3 -1.2 10.0 1L2 16.9 20.3 J9.1 17.5 [Ll 4.8 -2.5 8.3 co 
< 

1916 - 1.0 1.u 
if 

- 7.3 -3 .7 11A 15.7 24.5 22.3 16.2 " 3.2 -2.8 8.0 
!9!7 -5 .2 -0 . 1 5. 1 9.7 16.0 21.4 19.'J 14.1:! 7.U 1.4 -7.0 '.2 s · (9 III -10.4 - 6.0 .9 • .5 14.0 16.4 21.0 21.7 13.6 IO,g 5.' -, 7.8 
J919 -1.6 -2 .1 1.0 5.' 13.0 22.5 23.0 ltl .U 17.5 11.7 3.5 -5 ,2 9. 1 

co 1920 -10.6' -0.6 1. 1 , .• 12,5 hl.1:I 1!I.2 21.1 17,7 12.1I 27 - .3 7.8 
E. 
0 1921 -2.3 - 2.0 3.7 9.6 14.6 2\1.4 25.5 2U.I ]I}.') 10.2 2.4 -2,0 10.0 
S· 1922 -4.8 -3.1 1.3 7.3 15.'1 19.3 20.9 20.6 17,6 '.9 4.' -2.0 9.0 
0 1923 -5 .7 -7.4 -2-7 5.' 10.9 19.2 20.6 III.M 16.U 9.4 3.9 2.4 7.6 

;; 1924 - 4.8 -6.5 -.2 6.0 10.0 17.2 19.0 1\1.4 13 . ~ 10.4 3.9 - 4 .5 7.0 

• 1925 -6.5 -1.6 1.1 7.4 10.5 i9J 19.11 1U.5 16,5- 5.8 3.2 - 3. 1 7.7 

" 1926 -4.1 -6.1 -3.3 3.0 11.6 15.4 ", 20.3 15. 1 C '.4 3. 1 -4.5 6.6 ". 1927 -6.0 -2.8 1.8 • .4 11.6 16.5 20.5 IIU 17 ,,. 11.7 5.0 -1.6 8.2 
~ 1928 -3 ,8 - 4.3 -.8 5.4 12.3 16.4 2l.1 21.5 14.3 10.5 ' .3 .5 8.1 

" 1929 -5.0 -5.6 2.7 7.' 11.7 17 .7 20.4 111.6 16,8 9.2 3.3 -3.7 7.8 

J! 1930 -5. 1 -"2.9 -.' ' .1 14.2 19.4 21.2 1U.7 17.3 9.5 4.9 - 1.8 8.6 

:- 1931 -4,0 -],0 •• 7. 1 13.3 IS.~ 23.1 11.1.11 n!.1) !I .~ 7.7 .8 9.7 
1932 "9 - I.] - 1.6 5.0 1].0 19,2 111.9 21.0 16.7 1O.l:\ 2.1 -.9 8.8 

~ 1933 .9 -].] -2 7.3 14.2 19,9 2H m,' 17.1 8.9 -.2 - 4,3 8.' 
~ 1934 - ]A -12. 1 - 2.2 5.' \4.3 19.9 22.0 111.7 17.2 9.3 5.7 -3.6 7.6 



'" YEAR JAN FEB MAR APR MAY 

'" 
JUN JUL AUG SEP OCT !\OV DEC ANNUAL 

" 1935 - 6.3 5.' 1.' 6.' ILl 177 23.3 21.1 14.\1 IU I 4.4 -5.2 7.9 
<l 

1936 -5.3 -8. 1 I.. 4-3 14.9 IS .3 11, 20.6 17. 1 '.5 U -3 8.1 ~ 1937 -, - :;U - 1.9 6,3 13.7 18.9 21 .9 22.6 15,7 8,7 3.7 -2.6 8,7 - 1938 -5.4 -2.7 -2.1 8,' 12.9 18.8 22.2 22.1\ 150 II ~ 5.1 - . 6 9. 1 

C' 1939 - 4.6 - 4.0 - 1.8 ... 14.4 18,7 21~ 22.4 lid 10. 1 2.8 -.' 8,4 

§ ,'''' -7,5 -4.2 -3.2 52 12.3 J7A 21.6 20,5 ltd ,~ 3,4 -],2 7,' 

'''' -5.3 -4.5 -2.7 10.'1 14./1 20.5 223 20, 1 17.5 I I . l '.7 .1 9,2 B 
,"2 - 4,0 - 6.2 2.4 ,., 13.7 19,0 21.3 20.S 10.4 lOJI •• -4.0 8,7 :>' ,,,3 -6.9 -3.5 - 1.1 4.' 12.8 20.8 21.9 20.5 15.6 9,4 3.3 -2.~ 7,8 .§ "44 - 1.1 -3.7 -1.9 ' .8 15 .6 19, 1 210 22.3 16.8 IIU ' .5 -3.5 8,8 

• 1945 -9.'1 -].4 6.1 8.7 10.3 J7A 10.6 2l.U 16.11 9.2 '.4 -4.2 8, I 
OJ • '''' -3.4 -5.2 6.1 7. 1 12.5 liu 21,4 I!J.I 17 .2 1l.3 " -1.5 9, 1 , 

1947 - 2.9 -5.3 -.6 ,., 11.3 18.1 21.0 2].0 11.5 14.5 3,' -2.7 8.6 ~ 1948 -1.3 - 5.0 ,I 8.5 11.9 ]S.8 22.0 11.7 [<J.O 9,4 7,' -. 8,9 -~ 1949 - 1.6 -1 .4 .. 7.7 14.7 22.2 23.] 22.<,1 [5.1 U.I 30 .2 10.0 
O;! '''{) -. 1 - 4_6 ~2.2 4.' 13 .2 18.3 10.8 20.4 15.5 11.2 3 ,7 ~ J.9 8.3 
I - 19.5 1 ~2.b - 2.5 L7 7,6 14.8 18.7 21.9 20.0 16.7 I 1.4 L7 ~ 1.7 9.0 'l:: 1952 ~2.6 ~ 1.8 , I 9,8 12.7 19.7 23.5 10,8 18.0 85 ' ,7 I.' 9 .6 c 1953 ~ 1.3 -.8 25 7, 1 13 .8 195 22.3 22,0 17 ,4 12.u 6.8 1.1 10,2 

1954 ~6.0 ., .0 7,9 12.5 19,9 2U 2U ( 16.5 11.U '.3 -1.8 9 .0 
1955 - 3.9 -3. 1 " 10.5 15.5 20.2 24.6 23,5 16.8 12 ,2 3.7 - 3.8 9.7 

1956 - 3,9 -2.2 -,9 ,,' 1l.2 19,2 20.5 20.2 14.4 12,2 ,2 .1 8.' 1957 -6,5 -1.4 2.2 8,6 12.6 20.0 2U 10.2 16.8 10.4 , .• 1.1 9.3 
1958 -3 .8 - 6_2 2.6 .91 12.7 16,4 21.6 20.~ 17 ,1 10.8 5.4 -5.2 8.4 
1959 -5,8 -5.7 -.6 8.0 14.5 20,3 22.9 24.2 1~.3 lOA 3.0 -.1 9.1 
1960 - 3,5 -2.9 -3.7 8,1 13.9 18.6 20.9 21.J 18.6 11,0 6.5 - 3.9 8.7 

1961 -6.4 - 1.2 1,1 'A 12.4 I~ . I 21.8 21.4 20,3 B.U 4.8 - 1.2 9, 1 
1962 -5.5 -6,2 1.4 7,9 16,4 19.6 20.6 21.3 15,6 11.4 '.1 -2.7 8.7 
1963 - 6.9 -7 .5 2,0 7.9 12.6 19.8 22.3 19.7 15.U 14.6 7.3 -5.3 8.' 1964 -1.8 -3.2 .7 7,0 15_6 18.7 23,0 18.6 16.3 10,U ;,8 -1.1 9.1 
196' -5. 1 -4.2 -8 ;,4 IS.3 18.5 19,6 19.9 16.9 '.3 4.5 1.1 8,4 A 

'" 



~ 
0 YEAR JAN FEB MAR APR MAY JUN JUL AUG 5EJ' ocr r-OV DEC ANNUAl.. 

1966 -5.9 - 3.0 2.1 6.' ! LO 20. 1 23.2 21.0 15.9 9.' 5.' -1.6 8.7 
1967 - 1.1 - 6.7 -.6 7.3 10.2 20.' 20.9 I,. 16.1 10.5 2.' - .I 8.3 

"" - 6.2 -5.9 2.1 9.3 11.5 18.0 2LS 20.9 18.6 12.2 4.3 -3.0 8.' 
1969 -4.1 - 2,6 - .2 8.' U . I 17 .5 22.2 23.0 17 .8 W.O .. , - 3.4 8.' 
1970 - 7.4 -4.5 -.3 8.4 13.6 19.6 22-5 22 .2 17.6 12.3 6.3 - 2.9 9.0 

1971 - 6.8 -2.8 -. 7 ' .2 13.5 19.7 21.4 20.11 19.2 14.5 4.4 .9 '.2 
[] 1972 - 3.6 - 4.9 - 1.8 53 15.4 17.5 22.3 20.6 17.9 ' .S 3.4 -.7 8.4 

3 1973 -2.2 - 4.9 •. , 7.8 12. 1 20.0 22.9 23.7 18.0 127 '-' - 1.9 ,., 
• 1974 - 3.0 -5.3 .S 8.7 11 .11 18,2 22.4 22.1 15.8 9. 1 5.0 L3 8.' 
C 1975 -1.0 - 1.8 -.' 4.4 17.0 20.1 23.J 21.8 15.4 12.0 8.S - 2.] ' .7 

" ~ 1976 - 6.4 -.1 ' .1 '.J 12.4 20.9 20.6 20.6 16S 8 .. 2.2 -S.O 8.S ". 1971 - 9.1 -3.8 '.1 8.' 16.5 18.6 22.3 20.4 17 .2 10. 3 S., - 2.0 '.1 • 
'" 

1978 -6.7 - 6.8 -1.3 S' 14.4 18.5 21.5 ILl 16,5 10. 1 4.' -.' 8.1 
c 1979 -6.0 - S.8 2.9 '.6 12.7 18.3 21.9 19.9 16.7 ' .S 5.4 .J 8.3 

§. " SO -3.6 - 5.7 -. 1 7.S 15.5 16.1 21.9 22.5 16,9 8.' J.S - 4.3 8.J 

1981 -7.9 - .4 '-, 8.J 13.4 18.9 22.2 20.1! 16. 1 8.3 S. I - 1.1 8.8 - 1982 - 7.8 - 4.7 .2 S.9 15.2 16.6 22.2 18.8 16.1 ]1.3 S.6 2.3 8 .S 

'" 1983 -2.3 - 1.5 2.2 6.' Il.] 10.0 23.4 22.4 18.2 10,9 4 .S - 4.2 9.3 

"- 1984 - 6.6 .S - 2.6 8.2 11.7 19.1 21.2 22.3 15.6 12.0 4.11 L7 ' .0 
F- "" - 6 .2 -3,4 2.1 8.' 14.7 17.1 21.0 20.5 18.4 11.4 4.8 -3.2 8.8 
o . = 1986 -3.9 - 4.4 2.2 9.3 15.7 17.9 22.0 20.0 16.0 10.6 3.S ~.I "- .4 

3' 1987 -2..5 - 3.2 3.6 10.3 15 .8 20.8 23.7 21.1 17.0 8.8 4.9 1.2 10. 1 
1988 - 3. 1 -4, 1 ., 7.3 15.3 19.7 24.2 22.7 16.6 8.7 6.0 - 1.0 9.' 

5 1989 - .4 -4.5 - .7 6.2 14,2 19.4 23.1 21.2 17.2 I I. J 3.7 -7.8 8.' 

" ~ .e' M .=o Missing c 
0 
N 
J>. ,.. 
~ 
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News and Comments 
Nouvelles et commentaires 

CLIMATE CHANGE DIGEST ~ RECENT ISS UES 

CCO 88-07 Socio-Economic Assessment of the Physical and Ecological 
Impacts of Climate Cbange on the Marine Environment of the 
Atlantic Region of Canada ~ Phase I 

CCO 88-08 The Implications of Climate Change for Natural Resources 
in Quebec 

CCO 88-09 CO, Induced Climate Change in Ontario: Interdependencies and 
Resources Strategies 

CCO 89-01 Climate Warming and Canada's Comparative Position 
in Agriculture 

CCO 89-02 Exploring the Implications of Climatic Change for the Boreal Forest 
and Forestry Economics of Western Canada 

CCO 89-03 Implications of Climatic Change for Prince Alben National Park, 
Saskatchewan 

ceo 89-04 Implications of Climate Change on Municipal Water Use and the 
Golfing Industry in Quebec 

CCO 89-05 The Effects of Climate and Climate Change on the Economy 
of Albena 

Single copies of these publications may be obtained, free of charge, 
by writing 10 the: 

Climate Services Division 
Canadian Climate Centre 
4905 Dufferin Street 
Oownsview, Ontario M3H 5T4 
(4 16) 739-4331/4328 
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NECROLOGY - V. P. SUBRAHMANYAM 

Professor V.P. Subrahmanyam of Andhra University, Visakhapatnam, India died 
on July 18, 1989. He was an internationally known worker in the field of drought 
research and an important member of the Indian clirnaroiogicaJ community. Prof. 
Subrahmanyam visited North America on several occasions and hjs most recent 
vis it to Canada was in 1986. He will be greatly missed . 

G .A. McKay 

ALBERTA CLIMATOLOGICAL ASSOCIATION 

The Proceedings of the Thirteenth Annual General Meeting of the ACA, held on 
March 2, 1989 on the theme ofC/imate Challge - Is It Here? are now available . 
The Fourteenth AGM was held on February 22, 1990 on the topic of Severe 
Weather . For informalion , write: 

52 

Teja Singh 
Chainnan, ACA 
Canadian Forestry Service 
5320 - 122 Street 
EdmOnton , Alberta 
T6H 3SS 
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Climate Review / Revue du climat 

SUMMAR Y AND HIGHLIGHTS OF THE 1986 SEVERE 
LOCAL STORM SEASON 

M.i. Newark', L. Coldwells' , M . Leduc', G. Madlllee', T Noga' , B. Paruk', 
S. Siok', and D. Waugh' 

[Original manuscript received 5 January 1990J 

ABSTRACT 

This repo" provides an overview and summary of the 1986 severe local stann season in the 

broad region from the Rocky Mountains to Quebec . Stann statistics were compiled from the 

seasonal repon prepared by each offoU! Annospheric EnvironmcmService regions . and are 

summarized in tahu.lar fonn . Highligbts afLbe season arc presented from an overall point of 
view and also by region . 

Ce rappon donne un perspective global et un sommaire du tcmps violent estival de 1986 dans 

la vaSle region du Canada des monlagnes rocheuses j usqu 'au Quebec . On a compile les 

statisliques des orages du rapport saisonnier qu 'on a prepare it chacune des quatre regions du 

Service de I 'environnement atmospherique (SEA), et on les a disposees en tableaux . On 

presente generalement Jes clous de la saison et on les presente aussi par region du SEA . 

t Canadian Climate Centre, Oownslilew, Ontario 
! Alberta WeatherCemre, Edmonton, Alberta 
J Ontario Weather Centre , Toronto , Ontario 
"' Prairie Weather Centre, Winnipeg, Manitoba 
5 Centre Meleorologique du Quebec. Monu·eat , Quebec 
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I. 1 NTRODUCTION 

This repon has been compiled mainly from infonnation contained in the annual 
reports of the 1986 severe local stonn season prepared by the Atmospheric 
Environment Service weather centres. in 4 regions (Western , Central , Ontario, and 
Quebec) and is Ihe third of a series published in Climatological Bulletin , The 
purpose is to summarize the statistics of Ihe season and place them in an overall 
perspective, and 10 presenl seasonal highlighlS in narralive fonn, 

The statislics should be interpreled with care because the defi nilion 
(Table ]) of what constitutes a convective severe local stann varies rrom region to 
region and because some changes in the definitions have been made over time. 
Strictly speaking the statistics are not comparable from one region 1.0 another; 
however, because the definitions are similar, it can be considered that the numbers 
approximate the picture across part of the country , Counting the number of events 

I A 8 LEI . Regional Oefini lions of a Severe Convective Weather Event 

Western Region 

I ) tornado , waterspout, or funnel cloud; 
2) hail :2: walnut-size (2 1 mm), (note: changed from the prev ious det1nition of 2:. 12 mill), 

3} wind gusts ~ IOOkm/h; 
4) rainfaH amounts 2: 25 mm in one hour. 

The observation of any orthe above cond itions. singly or together. IS necessary (or an evem to be 

labelled severe . Some subJcctlvc screening is required to ehmlnatc synoptic-scale wmd events 

Central Region 

I) tornadoes o r watcrspouts: 
2) hajj :2: 20 mm; 
J) wind speeds or gusts ~ 100 km/h; 
4) rain amounts ~ 50 mm within o ne hour. or 2:. 75 rnm withm J hours _ 

(Note : changed from previous definitions) 

OnWio Region 

I) tornado; 
2) hail 2. 10 mm dlaslletet: 
J) damaging thunderstoml wind gusts or, if winds measured, gusts ~ 80 km/h (44 kt.5) : 
4) nooding downjX>urs. 

Quebe< Region 

Objecfive criteria: 
I ) tornado; 
2) hail :2: 15 mm diameter; 
3) strong gusts 2: 83 km/h (45 k(5); 

4) heavy downpour ~ 25 mm/h or, :2: 50 mm/24 h. 

Sf~bjective criteria: 
Report of material damage or loss of life or injury caused by mong winds or heavy downpours. 
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TAB LE 2 . Severe Local Slorm Summary for 1986 

AES REGION IIl<ST .... eENTIW. Ot<TAB.10 QUtB,e NATIONAL 

..... INRJf 'EIllI 
PROV INCE Ie ALTA SASK !WI ONT ot<T O!<T out 

S~VER£ LOCAL STORKS • 
Nwab. r of ev.nu 0 80 n 58 J n , 8J J7t 
nWllb.r of day. 0 '0 28 21 , 2S , " " number o f d.ath. 0 0 0 0 0 1 0 0 1 
nWlbe r of inJuri •• 0 0 0 0 0 0 0 0 0 
date •• ason startad Hay 21 K.y 04 Hay Ot. Hay OS H.y 06 Jun 16 Itay 06 Hay 04 
date •••• on ended Au! It. Sap 02 Sep 26 Au! 01 Sap 29 Sep 29 S.p 29 Sep 29 
I.ngth of •••• 01'10 (day.) .. 12l " . .. 147 10. 141 149 

TORNADOES 
Number of .vent. 0 21 Jl , 0 , 1 , 7S 
number or days 0 10 " 1 0 8 1 2 JJ 
nUliber of deaths 0 0 0 0 0 0 0 0 0 
"WIlber of I.nJurhs 0 0 0 0 0 0 0 0 0 
date ,l;ell,l;on starte d Hay '21 Hay 04 Hay 11 May 16 Jun 16 Jun Hi May Ot. 
date Jeason endad Jut 26 Sep 02 Aug 2t. SlIp 29 Jun 16 Aug IS Sep 29 
length of season ( days) 67 l2l 10' 137 1 61 '" 
llAIL 
I'l~ar of avents 0 " 28 2. 2 16 I 22 111 
nUl!lber of day. 0 16 16 II 2 10 1 11 48 
date .ea.on .t-art.ad Hay 21 Kay 22 .. y 04 Ha.y OS Jun 16 Au! 06 Kay 06 H.l.y 04 
data ••• son anded Au! 14 Aug 24 Au! 24 AuS 01 Sap 29 Aug 06 AUI21 Sap 29 
len!th o f .eason ( 4IIy') .. " llJ .. 10 • I 10 • 149 

VLN. 
Numbar oe even t.. 0 11 16 21 0 " 2 21 liB 
nU/l.ber of days 0 , , 10 0 iB 2 LJ " 
!<AIM 
NUlllber of event.. 0 I8 , , 0 II I " " numb.r of days 0 IS • , 0 .. 2 " 48 

"Al'ERSPOtn'$ 
NU/llber of event.s 0 0 0 1 0 • M 4 • 
FUNNEL CLOUDS 
I'lwaber of events 0 " • 1 0 16 M • M 

LICllTN1NG 
NU/llber of deaths 0 1 0 0 I 2 M M M 

Nons: (I) Statistics In the " National " column MenOI truly represcnlative due 10 regional dili ercnces 
in definitions (see Table I). 

(2) M = not known . 
(3) a = nOI Includmg waterspouts or funnel doudl:l 

is also a problem which is approached differently from region to region (see 
Section 2) . Although a "national" summary is provided (Table 2), it does not 
include information from Canada's north , from much of British Columbia, nor 
from the Atlantic provinces. Some severe local Slonns are known to occur each 
year in these regions , but a systematic record of them is not maintained, and 
indeed , in some areas is impossible to compile due to Jack of infonnation . A map 
of the four regions is given in Figure I of Newark e<al . (February 1987), and it can 
be seen that they cover the part of Canada most susceptible to such storms. 
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2. RECORDING AND COUNTING e.VENTS 

From a climatological point of view one would like to know the number of severe 
local storms obtained by treating each observation of a phenomenon as a distinct 
event. These have been referred to as " proper-events " (Legal, 1984 p. 22). In 
practice, difficulties arise when this is attempted because often there is not enough 
infonnation available to distinguish each unique event. Even when there is 
sufficient infonnation , it is not ;always possible to delennine whether a series of 
damage inGidents very closely related in time and space was the result of one 
intennittent stoml, or a succession of independent storms. 

The Quebec region circumvents this problem by recording severe 
local storms in terms of "region-events" (Siok, 1987 p, 14) , According to this 
scheme, weather occurrences which take place within a given forecast region are 
counted as one region-event provided they occur with an hour or so of each other. 
The remaining regions attempt to record proper-events. With resources that vary 
from year to year, and from region to region, and without a clear dennitton of what 
constitutes a proper-event, the numbers of events shown in Table 2 should be 
treated with great caution because it is not known how weUlhey represenllhe true 
numbers. The number of tornadoes is perhaps an exception because a greater effort 
is expended on coilecting infonnation about them and identifying each one. 

For an excellent summary of the problems related to identifying single 
stonn events, and the non-metooro)ogicaJ factors which cloud the issue of 
interpreting severe thunderstoml data , the reader is referred to Kelly and Schaefer 
( 1985) . 

3 . DATA SOURCES 

Reports of severe local storms in 1986 were gathered as follows: (a) from the 
primary observing network ofAES; (b) from volunteer weather watchers in each 
region; (c) from newspaper clippings; (d) from field surveys of storm damage; 
(e) from contacts with the media, private individuals, provincial agencies, 
insurance companies, etc . More detailed infonnation concerning sources can be 
found in the individual regional reports (Leduc and Noga, 1986; Machnee, 1986; 
Paruk el al., 1986; and Siok, 1987). It should be noted that the infomlation is 
gathered primarily from populated areas (approximately shown by the shaded 
areas in Figure I of Newark et al . , February 1987) . 

4. SEASONAL HI G HLI GHTS 

4. I "National" 
Severe local storms (as defined in Table I) occurred on 84 days during a season 
which began on May 4th , and ended on September 29th, and which lasted 149 
days. During this season there were 44 days with severe wind slOrms and 48 days 

56 Climatological Bulletin / BuUetin c1imatologique 24(1), 1990 



FIGURE I. Hailstones up to the size oflennis balls fell in the vicinity of Montreat on May 29, t yg6 . 
Photograph by Marc A. Gelinas . [Readers will find the photographs of hailstones from SlOnns in the 
I 970s on the Prairies included in Wojliw and Lozowski l 1975) 1110st interesting also . One 01 them is 
considered to be a record for Canada. - Ed. J 

with severe rain stonns . The stonns were responsible for alieasl [ death. 
Lightning claimed at least 4 other lives. 

One of the more notable events occurred in Montreal , Quebec on May 
29th, when damage from hail the size of tennis balls (Figure I) resuhed in 
automobile insurance claims total ling $64 million . On June 16th, many damaging 
wind storms (with gusts as high as 150 kIn/h), and 6 tornadoes (3 of which were 
strong) occurred over a large area from southwestern Omario to the Eastern 
Townships of Quebec . June 18th was a particularly bad day in Alberta and 
Saskatchewan, when there were downpours of 40 mm in 2 hours, hailstorms and 
an outbreak of 9 tornadoes. 

The tornado season also began on May 4th and ended on September 
29th , a total of 149 days. There were at least 75 tornadoes on a total of 33 days 
during the season. 
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Severe hail occurred on 48 days during a 149-day season which also 
began on May 4th and ended on September 29th. 

There were at least 9 waterspouts reported and 45 funnel clouds. 
A summary of these statistics is provided in Table 2 . Table 3 compares 

the statistics on a yearly basis . It can be seen that severe storms have been 
experienced every 2 or 3 days during the season, with to rnadoes every 5 days on 
average, and severe hail every 2 or 3 days . Tables 4 to 8 show the days when 
various types of stonns occurred in the four regions. 

4 .2 The Western Region (Northeastern B.C. and Albertaj 
In 1986 no reports of severe local stonns were received from northeastern British 
Columbia. Although the average occurrence of thunder at a point in the region 
(between 85% and 90% of normal) was nearly the same in both 1986 and 1985 , 

T A Ii LE 3 . Yearly Companson of "National" Severe Stonn Statistics. 

Thl! return period tS the rounded value of the length of the season diVided by the number of days on 

wh ich the phenomenon occurred. (a = statistics unavailable prior 10 1984, but values for J 9MO from 
Newark . 19~ I , b = excluding 7 in Ihe Maritime provinces; c = from Newark: et at. February 11}~ 7; 
d = from Newark etal" Oclober 19H7; M = nOl available). 

'986 
••• ::::":="'.""".'"'.".""'="="'t-"~,."-"".,=a"a"", ... =,",.",,a,,.aa"'.="'""".,"'."'''.2''' •••••• .,,,,,:=: ••• '''=,,: =,, ,,:::,..,,.''''' .. 
: SEVERE LOCAL STOR"S 

:Oate s nson began (Juli .... I'II.II'ber) :Ap!" 06 (097) : Apr 27 (118 ) : Apr 04 (094) :Mav 04 (125) 

;Dllte s~asan ended (JuLian nurUr) :Oet " (285) :OCt 03 (277 ) :Oet 04 un) :Sep 29 (273) 

:len&th of season 1n days 189 , .. '84 14. 

:Nl.I!Der of storm days (return period) 64 (3 .0 ) B1 (2. 0) 7B (2.4) 84 0.8) 

:Nl.IIber of wind days (return period) • 48 (3.3) 27 (6 .S) 44 (3.4) 

;Nl.I!ber of rafn de.". (rt'turn period) • 37 (4 . 3) 23 (8.0) 48 (3 . 1) 

:N~r of deaths (not by lightning) 7 13 

:Nl.II'ber of injurlt's 21 45 170 0 

:TOAN.AOOES 
:Date season began ( Ju lian numer) : Apr (16 (097) :Ap" 27 (118) :"11)' 01 ( 127 ) :May G4 (125) 

:Date season ended (Julian nu!ber) : St']:l 28 (272) :Oct 03 (277) :OCt 04 (277) : Sep 29 (273) 

:length of nason In days 176 , .. ", 149 

:Nurber of tornado days (return period) 39 (4.5) " (5 . 2) 28 (5.4) 3] (4.5) 

:Nurber of t ornadoes (at teast) n b 74 51 75 

:SfVERf HAIL 

:Oate sesion brgan (~u\ian 1'lUI'ber) • :May 12 (133) :Apr 18 (108) :Hay 04 (125) 

:Date season ended (Julhn I'lIo.IIUr) • : Sep 02 (246) ~Sep 19 (262) :Sep 29 (273) 

:Length of season in day, • '14 155 149 

:~l6!ber of hai L days ( reNrn period) • SO <2.3) 48 (3.2 ) 48 (3 .1 ) 
ft • •••••• _ •••• ••• • • • _ ••••• _ ••• • ••••• _. __ •• __ •••••••••• --- _ •• _ • •••••• -. - -~- . ..... ... ... ...... . . ... 
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there was a major increase in severe weather repons in 1986 as compared to the 
previous year. The 1986 severe Slonn season began on May 21 Sl , ended on August 
14th , and lasted for 86 days. A lOlal of 80 events occurred on 30 severe wealher 
days during the season . As was also the case in Saskatchewan , nearly 90% of the 
total number of severe wealher days were during May , June and July. With rainfall 
amounting to only 25% to 50% of normal , August was a very dry monlh . 

The most ae li ve period was from June 17th 10 L81h wilh a lOla l of 15 
severe storm evenlS , including 7 tornadoes and 4 hailstorms. Wind gusls from 
non-tornadie storms reached 130 km/b. During Ihe season there were 
21 tornadoes , 24 severe hail events, It severe wind stonns, and 18 severe rain 
storms. 

4.3 The Central Region (Sasknlchewall , ManiLOba, 
Northwestern Ontario) 

The 1986 severe wealher season was very aClive with a record high number of 132 
evenlS reponed . There were 39 tornadoes (also a record high) , 3 1 ofwhich were in 
Saskatchewan . The number of severe weather days (4 1) was near average. The 
season stmed on May 4th, and ended on September 261h, lasli ng a IOIal of 146 
days, but these statistics are a little misleading because the severe weather was 
vinually finished by the end of July , with only 2 events reponed in August and 
September. July 1986 was excessively weI on Ihe Prairies , and one of the weltesl 
on record in central Saskalchewan , and was followed by a very dry August. 

Saskatchewan experienced several significant outbreaks of tornadoes 
in June and July , On June 181h , June 30th, and again on July 291h. there were 
outbreaks of 4 tornadoes each day . Of Ihe 31 lornadoes in Saskalchewan, 13 
occurred at nighl. afle r 2100 CST. In con""SI , only 8 small and weak lornadoes 
were reponed all season in M anitoba. No tornadoes were reponed in northwestern 
Ontario. 

Hail the size of baseballs was reponed twice. first at Thornhil l, 
Manitoba on May II th , and again at Oxbow , Saskatchewan on June 26th . Severe 
rain events occurred in both Saskatchewan and Manitoba, and there were several 
cases where 100 to 125 rnm of rainfall was reponed to have fallen in a few hours 
causing local flooding. However. there were no reports of amounts grcaler lhan 
200 nun as the re were in 1984 and 1985. 

On June 20th , there was one lighlning fatalilY near Alikokan. Ontario. 
One waterspout was reponed on August 2nd, over Lake Maniloba. 

4.4 The Olltario Region (excluding northwestern alld extreme 
southeastern sections o/Ontario) 

The 1986 summer severe stann season had about an average number of Severe 
weather days (25) bUI the number of confirmed or probable tornadoes (9) was 
significantly below Ihe 1978- 1985 annual average o f 27 . An imponant ingredient 
in tornado production is the presence of dry air at mid-levels of the armosphcre, but 
record rainfalls indicale Ihe contrary during the summer of 1986 (which was Ihe 
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TABLE 4. Severc Local Slorm Days, 1986 

1 - NERN Be; 2 - ALTA ; 3 - SASK; 4 - MAN; 5 - NWRN ONT; 6 - 0NT; 

7 - SERN ONT; 8 - QUE; 9 - NAT10:-.lAl 

DATE I 2 3 4 5 6 1 8 9 0.1.1£ 1 2 1 , S 6 1 8 9 

'" ,jut 13 

" • " " " 17 

" " " 20 

20 2Z 

" 23 

" Z4 

" 25 

" " M " " , 
" , 
" • '''' 7 , 

" " • 
" 7 
17 • 
18 , 
19 ID 
20 " " " 2Z " " " " 19 

25 " " " " " " '" 
, 

" 
, 

" ID 
M , 

" • " 7 " • " , 
" " . ....... .. ... .. . .... . ............ 

" TOTAl 0 lO " " 
, " , " .. 

wettest in aJmost60 years at some southern Jocations) . HaiJ and flooding rains 
were the most predominant events, causing damage estimated at $100 million to 
crops in southern Ontario. 

The season began on May 6th and ended September 29th, lasting a 
lotal of 147 days . June 16th was the singJe most acti ve day , producing 18 severe 
storm events (mostly damaging wind gusts exceeding 100 km/h), including an 
outbreak of 3 tornadoes. Major damage was caused by an F3 tornado which 
traveUed from Brady Lake to Maynooth. The two days of August 1st and 2nd were 
also very active with widespread haiJ up to the size of golf balls, resulting in 
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TABLE 5 . Tornado Days, 1986 
I - NUN BC: 2 - AlTA: 3 - SASK ; 

4 - MA.N; 5 - NWRN ONT;6 - oI'olT : 
7 - SERN ONT; 8-QUE; 9 - I'oIATIONAL 

DATE I 2 1 4 § 6 1 II 9 

'" , 
" .. 
" 
6 

" 17 ,. 
" " " " 29 

30 
J ... t a 

" Il 
17 
2J 

" " " " ,. 
'" " " " s" , .. 
TOTAL 0 10 14 7 D 8 1 Z n 

damage to fruit and vegetable crops estimated at $20 million . Although a number 
of funnel clouds were reponed both days, no actual tornadoes were confirmed . On 
August 15th, during the afternoon and evening, hail , strong winds, and flooding 
downpours occurred throughout the lower Great Lakes region . As much as 100 
nun of rain in 2 hours was reported . There was one death in Toromo due to the 
winds . 

OnJune 29th , two children were killed by lightning near Niagam Falls. 

4.5 The Quebec Region (southeastern Ontario, Quebec) 
Despite a cool summer with above-nonnal cloud cover and up to 150% of normal 
precipitation. 88 severe weather events (about 55% of which were severe rain 
events) on 35 days were recorded in a season stretching from May 6th to 
September 29th, and lasting 149 days. During the first two months of the season, 
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TABLE 6. Severe Hail Days, 1986 
1 - NERN 84:; 2 - ALTA; 3 - SASK; 4 - MAN: 5 - NWRN ONT: 6 - 0NT; 

7 - SERN ONT; 8 - QUE; 9 - "'A nO"'A!.. 

O,IiTE 6 7 I 9 DATE 6 . , 
•• u ............................. ........... n ... ........................................... .,.. •• • • • 

'" M " " 6 " 22 

" " " 24 

" " " " ,~ " '''' 
" 2 . 

16 3 
17 6 

" • 
" 24 " 
" " 26 " " " M " " • 24 

" '" 
, 

" " .. -----._---_ .. 
TOTAl. 0 " " " 2 \0 

TA 8LE 7 . Days with Severe Local Wind, 1986 
1- NERN sc; 2 - ALTA; 3 - SASK: 4 -MAN; 5 -NWRN ONT; 6 - 0NT: 

7 - SERN ONT; 8 - QUE; 9 - NATIONAL 

OAf( 2 6 9 DAlE , 6 

" .. 

• 
.n • •• n~ ••• " . . . ...... . .................. ~""u~ ... ............... .... ,. ....................... . 

'" " ,. 
" " " " ,~ , , 
" 
" 17 ,. 
" " " 23 

24 
2S 
26 

" " 

62 

JISI 29 

Jut 3 

" " " ,. 
20 

" " 
" " 31 

"" , 
, 
• , 
" " S~ 10 

TOTAl. 9 9 10 0 111 l 1] 44 
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TABLE 8 . Oayswilh Hea\ly Local Rain, 1986 

1 - NEttN DC; 2 - AlT" ; 3 -SASK; 4 - MM>I: 5 - NWRN ONT: 6 - Of'H; 

7 - SERN ONT; 8 - QUE . 9 - NATIONAL 

00\11: 1 Z J 4 S 6 7 • 9 DAlE 1 Z 1 4 S " 7 a 9 _ .. _-_ ....•....••.. _._._---_._ ........ _ .. _._-_.-
"" , 

20 

" .. 
,~ , 

, 
7 

16 

17 

" " " 26 

27 

" 
• 
7 , 
" " " " 

Jvl 22 

" " '" 27 

" '" , 
2 

'" 

l 

• 
7 

, 
" " " " " 
" " " 26 

" 
IOTAl 0 1S 't 06ZZJ48 

wind and hail Slonns were the mosl common , but from July to September heavy 
downpours repeatedly caused flooding in many areas. 

Major stonns occurred on May 29th, with widespread hail along the 
St. Lawrence valley between Trois-Rivieres and Monrreal. Hail the size of tennis 
balls battered the south shore and east end of Montreal resulting in automobile 
damage claims of $64 million . On June 16th. severe storms moved in from 
Ontario, and extensive wind damage occurred over much Ofsoulhwestem Quebec . 
An F3 tornado struck Lac Gareau (near Maniwaki) severely damaging several 
summer chalets and ovenuming a truck. Two other weaker tornadoes occurred 
further easlo From September II th to 13th, a widespread heavy rain of more than 
100 mm resulted in floods in many localines. A dam was damaged at Lachute, 
roads washed out in Ste-Agathe, and a marina wharf swept away by rising water in 
Nicolet. 
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