
Climatological 
Bulletin 

Volume 18, Number I, April 1984 

Canadian Meteorological 
and Oceanographic 
Society 

La Societe Canadienne 
de Meh~orologie e l 
d' Oceanograpt'lIe 



Information for Contributors and Subscribers 
As a publication of the Canadian Meteorological and Oceanographic Society. the Climatological 
Bu lletin provides a medium of information on climatology. The editorial bDard gives special 
encouragement to the submission of manuscripts on applied climatology, e.g., agriculture. climatic 
change and variability. climate impact assessment, data bases. energy. environment, forestry. 
health. measurement, recreation, and transportation. Several formats are provided. including the 
formally reviewed" Articles", and the less formal "Notes" section. The latter consists of shorter 
contributions. such as research notes. surveys. overviews. and book reviews. Submissions from 
students through their professors are encouraged . News items are welcome. and are placed in a 
separate "News" sect ion . 

Authors. including students. may choose to submit their scripts to forma! review. or 
Notes. This should be indicated in the cover letler accompanying the manuscript. Research articles 
are independently reviewed by at least two anonymous referees. Notes are reviewed by the editor in 
consultation with the editorial board . Articles arc accepted in either English or French. An abstract 
is required preferably in both English and French. 

Contributors should submit manuscripts to Stewart J. Cohen. Editor. Climato logi· 
cal Bulletin. Dept. of Geography. York University. 4700 Keele Street. Downsview. Ontario. 
Canada. MJJ 1 PJ . All manuscripts should be typed double spaced on one side of good quality 
white paper. 28 em x 21.5 cm or its nearest equivalent. The abstract. list of references; tables. and a 
list of figu re captions should be typed double spaced on separate sheets. The total length of 
research manuscripts should not exceed 5.000 words. exclusive of illustrative material. Comments. 
reviews. opinions, and news items should not exceed 1.500 words. Furnish an original and three 
copies if possible. in the order listed below . . 

l1 TI.!: I'AG!: should include the full names of authors. and professional affiliations. 
The ABSTRACT should be less than 250 words, and typed on a separate page. 
The 'l E:>n of longer contributions should he typed double spaced on numbered pages, and divided 

into sections. each with a separate heading and numbered consecutively. The section heading 
should be typed on a separate line. 
ACKNOWI.EDG EMENTS are typed on a separate sheet immediately following the text. 
IfFOOTNO"1F.S are required. they should be typed. double spaced. on a separate sheet under the 
heading "Notes" at the end of the text. 
REFERENCES should be arranged alphabetically by senior author's last name. The text citation 
should consist of name(s) of the author(s) and the year of publication. for example Jones (1975) or 
(Jones. (975). When there are two or more cited publications by the same author in the same year. 
distinguishing leuers a. b. etc .. should be added to the year. A reference \0 "in press" implies that 
the paper has been accepted for publication. Titles of periodicals should be given in full. 
FI(jUR!: tF(;ENDS must be provided for each figure. and should be typed together. double spaced. on 
a separate sheet. 
IL1. USTRATI ONS should be numbered sequentially. Original drawings. lettering. and symbols should 
be large enough so that after reduction. the smallest character will be at least 1.5 mm high. 
Each TABLE should be numbered sequentially. Type all tables double spaced on separate sheets. 

Authors should use the International System of units. but may show other un'its in 
parentheses . Authors should provide instructions in the margin for any special type required 
(Greek leiters. capitals. bold face. eIC.). 

Page charges are not levied against the author. Authors of research articles will 
receive 10 reprints. Notes authors will receive 2 reprints. 

Correspondence rega rd ing Society affairs. membership. Institutional subscriptions 
and back issues of the journal should be directed to the Corresponding Secretary. Canadian 
Meteorological and Oceanographic Society. Suite 805. 151 Slater Street. Ottawa. Ontario 
KIP 5H3. Telephone (613) 237-3392. 



Renseignements pour les collaborateurs et 
les abonnes 
Publication de la Societe canadienne de meteorologie et d'oceanographie, Ie Bulletin clima tologique offre 

un moyen d'information sur la climatologie. Le eomite de redaction encourage cn particulier la soumission 

de manuscrits sur la climatologie appliquee. comme l'agriculture, 1es changements et la variabilite du cli­
mat, la prospective climatologique. les bases de donnees. ['eneTgie. I'environnemenl, la sylviculture. la 

sante. les mesures, les loisirs et les transports. Celte publication compte plusieurs categories d'articles, dont 

les "Articles", officiellement eva lues, et [a partie plus lihre des "Notes", qui se compose d'articles plus 
courts, comme les notes de recherche. les etudes, les vues d'ensemble et les critiques de livres_ On incite 1es 

etudiants a presenter des articles par l'intermediaire de leurs professeurs. Nous faisons bon accueil aux 
informations, qu'on publie a part dans la partie des "Nouvelles". 

Les auteurs, y compris les etudiants, peuvent choisir de soumettre leurs manuscrits a l'ap­

preciation officielle ou aux "Notes". lis doivent l'indiquer sur la lettre d'accompagnement du manuscrit. 

Les articles de recherche sont independamment soumis a l'examen d'au moins deux appreciateurs ano­
nymes. Le redacteur en chef examine les "Notes" conjointement avec Ie co mite de redaction. On acceple 1es 

articles so it en fran~ais. soit en anglais. II faut envoyer un resume. de preference en fran~ais et en anglais. 

Les collaborateurs sont pries de soumettre leurs manuscrits a Stewart J . Cohen. redacteur 

en chef. Bulletin climatologique. departement de geographie. universite York. 4700. rue Keele. Downsview. 
Omario. Canada M3J I P3. 11 faut dactylographier taus les manuscri ts a double interligne, sur un cote d'un 

papier blanc de bonne qualite, de 28 sur 2!.5 em ou des dimensions 1es plus rapprochees. 11 faut dactylo­

graphier a double interligne. sur des feuilles a pa rt. Ie resume. la liste des references. les tableaux et la liste 

des Jegendes. La longueur totale des manuscrits de recherche ne devrait pas de passer S 000 mots. illustra­
tions non compTlses. Les commentaires. 1es critiques. les opinions et les informations ne doivent pas 

depasser I 500 mots. Fournir I'original et. si possible. trois copies. scion la disposition suivante: 

LA PAG E DE TITRE doit comprendre: nom. pn:noms des auteurs. ainsi que les affiliations professionnelles. 

I.E Rf'SU MJ':. dactylographie sur une page a part. ne doit pas compter plus de 2S0 mots. 

I.E TEXTE. II faut taper a double interligne . sur des pages numerotees. Ie texle des articles plus longs et Ie 
diviser en sections, chacune dotce d'une en-tete a part et numerotee dans I'ordre. II faut dactylographier 

ren~tete de section sur une ligne a part. 

LES REMERClEMENTS doivent eIre dactylographies sur une page a part, aprcs Ie texte. 
LES NOTES DE BAS DE PAGE doivem etre dactylographiees a double interligne, sur une feuille a part. au­

dessous de l'en-tete "N otes". a la fin du texle. 

LES R£F£RENCES doivent eIre disposees dans l'ordre alphabctiquc. d'apres Ie nom de I'auteur principal. Les 

citations doivent comprendre Ie ou les noms du ou des auteurs etl'annee de publication . comme Jones 

(197S) ou (Jones. 1975). Si I'on cite deux ou plusieurs publications du me me auteur pendant la me me 
annee. il faU! ajouter a I'annee des lettres qui permettent de les differencier, comme a. b, elc. La mention "a 
I'impression" implique qu'on a aceepte de publier la communication. II faut indiquer les titres des perio­

diques en entier. 

LES IJ:GENDES: eJles sont requises pour chaque figure . O n dactylographiera ces lCgendes ensemble . it double 
interligne. sur une feuille a part. 

LES II.LUSTRATIONS doivent etre numerotees dans I'ordre. L'original des dessins. des caracteres et des sym­

boles doit etre assez grand pour que. apres reduction. Ie caractere Ie plus petit mesure au moins 1.5 mm de 
haut 

I.ES TABLEAUX doivent eire numerotes dans rordre. La dactylographie pour to us les tableaux doit ctre a 
double interligne sur des feuilles a part. 

Les auteurs doivent utiliser Ie systeme international de mesure . mais ils peuvent indique r 

d'autrcs mesures entre parentheses . Les auteurs doivent porter dans la marge des instructions pour tout 

caracterc special voulu Oettres grecques. majuscules. caracleres gras, etc.}. 

On ne fait pas payer de pages a I'auteur. L 'auteur d'un article de recherche re~oit dix tires a 
part et les auteurs des notes deux. 

La correspondance concernant les activites de la Societe. Ics souscriptions des membres et 

des institutions et les numeros deja parus. devrait etre adressee au Secreta ire-correspond an t. Societe cana~ 
die nne de meteorologie et d'oceanographie. Suite n° 80S. 15 I rue Slater. Ottawa (ONT.) K IP 5H3. 

Telephone: (613)-237-3392. 



Climatological Bulletin 

Vol. 18, No.1, April 1984 

2 FOREWORD 

ARTICLES 

3 Atmospheric Carbon Dioxide and Canadian Agriculture 
D. W. Stewart 

15 Growing Season Dry Spells in Somhern Onlario 
D. Murray Brown and William D. Wyllie 

NOTE 

31 A Simple Procedure Used to Estimate Selected Growing Degree ­
Day Summations in Spring and Autumn in the Atlantic Region 
A. Boo/sma 

NEWS AND CO MMENTS 

35 Comments on "Do Increases in Atmospheric CO2 Have a Cooling 
Effect on Surface Air Temperature?" 
Kevin Hamilton 

37 Reply 
Sherwood B. Idso 



Foreword 

As we lea rn more about carbon dioxide and the "Greenhouse Effect", addi­
tional concerns arc raised. regarding potential side cffcct ~ of increased CO2 on 
the environment and the economy. One arc.'1. ofwidcsprcad interest is agri­
cuhure. Allhaugh considera ble unccrtHinlY remains when ftllempling 10 pred ict 
changt.'S in the climate of specific regions. plausible scena rios do exist, which 
permit us to explore potential impacts on food production. The article by 
Stewart addresses both the direct effects of increased CO2 on plant growth. as 
well as the indirect effects on Canadian agriculture of COl-induced climatic 
change. 

Agricu lture is also the focus of the a rticle by Brown and Wyllie, and 
the note by Bools01a. Brown and Wyllie examine the spatial and temporal 
aspects orsummer dry spells in Southern Ontario. a region with a humid 
climate. but where dry spel ls of2 weeks or longer are a frequen t occurrence. 
J une and J uly, 1983. wi!llong bc rcmembered in the Toronto arca as one oflhe 
warmcst and driest periods in recent memory. [n Bootsma's note, temperature is 
examined, particularly the accumulation of heat units or "degree days". The 
author presents a simple statistical model for determining the datcs of threshold 
accumulations of growing degree days. 

The October 1983 issue includ ed ldso's note which presented an 
alternative scenario of COr induced climale change, one which pO~lulates a 
possible cooli ng trend. This led to a comment by Ha milton which appears in 
News and Comments, immediately followed by Idso's reply. 

SIi'warl J. Cohen 
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Atmospheric carbon dioxide and 
Canadian Agriculture 

D. W. SI/'II'(II'I 

The concentration of atmospheric CO~ has increased by 50-75 ppm since I he middle of 

the lasl century dul" 10 tlllroing of fossil fuel and the d ctlring of!(l nd for agr icul ture. II 

will continue 10 increase lind may doubk (rom prc-indust rial levels sometime in the next 

ccnlUry dcpC:nd ing on future consumption of fossil fuel. This increase will affect agri­

cul ture in two ways: directly through a COl coffect on phulOsynttll'liis :.nd plant gmwlh; 
and indircctly Ihro ugh Ihc Clll'C[ of CO! on Ihe earlh's climate. There tue grounds for 

Ulllillli~l!l llial ilK'1 casC\.[ lllUll)Sphcl ie CO, shuuJd k<1u Iu jm.:rl·a ~l-u p l<lUl gJ ow[11 I tiles 
and larger Wil ier IISC efficiencies of agricultural crops. The CO2 effect on climate is 10 
increase surf:l CC temperatures and. in some regions. precipil::llio n. Longer growing sell­
son~ and more favourable tempcr.lturcs for plant growth should help Clinada's 3gricul­

turl,alt hough risks of droughls in some areas will increase. It is imporlllnt 10 qUllnlify 

these erreelS orco! so Ihallhc continued usc orrossH fuel CllO be fully eval uated. 

La concentration de CO] atmospht'rique a augml'n te de 50-75 ppm dt'puis Ie militu de 

sieck dernier dO a l'utilisation du wmbustible fossi1c ct au d~boiseml'nl dcs ter rt's pour 
I'agriculture. Elle continuera de croit rc CI pourra mcmc douhle r les nivcuux de la periode 
pr6- indust riellc [ot ou tanlau cours du prochuill .~ ii:c1e depe ndant de 11'1 coosomrn::ll ioo 

future du combustible fossiJe. Cet aecroissement affcctera I'agricull ure de deux (acons: 

dircdement par un cffcl du CO~ su r 18 photosynthese ~ la croissance des plantes; c t lndi~ 

rectemCnl par I'dfct du COl su r Ie ciimal de la terre. 11 y ~ lieu d'espererque I'augmenta­

tion du COl :l1mospheriquc cOllduira Ii une auglllcnllltion des raux de croissance des 
plllnl~ er a unc plus grande dricacire dans I'utilisation de I'eau par les plan l~ cul t iv'~s. 

L'cffci du CO! sur Jc climot ~e traduit pur une il ugmentation des temperutures de surface. 

et, dans certains regions, des pn!:clpitations. Des saisons de croissance plus 10ngues Ct des 
ternperatUIl:S plus favorablcs a la croissance des plantcs devmie nt alder J'agriculturc 

canadienn.: bien que les risques de seehcressc 3ugmenteront dans certaincs regions. 11 cst 

important de quantifie r ces dre[s du COl de f:lcon it ce que J'1I1i1i~alion conl inue du com­

husliblc fossile puisse eire plaincment C:valuee. 

i\glorncteorotogy Section, 
Land Resource R~~eareh I n~litllle. 

Research B!"IIneh, Agriculture Canada, 01l8W;\. Ontario 
(LR RI Cnntrihulion No. 1I3~S3) 

Please address corresp-ondence and repri nt rcque!\s \(> D. w. Stewart. 

3 



IN'! RODUC1'ION 

T he a tmospheric carbon diox ide cont:entmtion has been increasing steadily lit 
about I ppm per yea r since accurate measurements started at Mau na Loa, 
Hawaii in 1958 (Kecling ct al.. 1976) and il is now aboul340 ppm (Hecht, 1981 ; 
Gates, 1983\. Prc-industria llevds arc estimated 10 have been belween 265 and 
290 ppm (S luiver, 1978; Heehl , 198 I), Therefore, a rise of 501075 ppm has 
taken place wilhin the past 150 years, Stuiver (1 978) has attributed about one­
half of this increase to biospheric sources, mainly clearing of forests and the cul­
tivation of new la nds for agricu lt ure that rdeascd c:lfbo n stored in woody tissue 
and soil organic matter. The other ha lf has come from the burning of fossil fuel. 

There are nUlllcrous projections of future CO2 increases (Brocckcr, 
1975; Wood well, 1978), Assu ming an exponentia l type increase, CO2 could 
double in concentrat ion by the middle of the next century. If we simply project 
the average increase over the lasl 20 years, the atmospheric CO2 would be about 
410 ppm by the middle of the ncxt century. Sut'h projn.1ions depend on <l multi­
tud e or complex functions such as the fut ure per capita usc offos~il fuets, the 
contrihution of atmospheric COl from the: bio~ phere and fut ure population 
growth. none of which can be predicted with accurncy. Although on ly trace 
amounts oflh is gas arc present in Ih e atmosphere, il has, and will have, pro­
found effects 011 maflY aspects ofJifc on this planet Ifl this art icle I will discuss 
fi rst how agriculture has contrihuted 10 the COl incrcase, and more important ly, 
how it will hc affec..1ed by fu ture increascs. 

CAUSES OF TH E CO, JNCR EASe 

A fl atural ecosystem slowly rcmoves COl from the atmosphere and stores it in 
Jiving plant material and soil orga nic malter. Some eeosystems storc more ca r­
bon than ot hers. The: short grass prairie of sou thwestern Saskatchewan, with its 
hot dry growing conditions, has less soil orga nic matter than Ihe long grass 
prairies to the norlh and cast where cooler more humid cond iti ons produce a 
soil with a deep. black surface horizon, Anaero bic conditions in hogs favour an 
even greater build-up of soil organic malter. 

Ecosystems also differ in where they store Iheir carbon, Most of the 
carbon in a pra irie ecosystem is in soil org<lIlic matter whik fores ts, C!ipeeially 
tropical fo rests, stOre most oflheir carbon in above ground woody tissue. In 
Table 1, values for above ground ca rbon (kg/ m1) for various ecosystems 
(Wood well, 1978) and weighted averages uf soi l organic ca rbon (kgl ml) for 
North America, South America and Eurasia, Africa and Oceania (Bohn. 197fi) 
arc tllbulated, As well, for comparison purposes, J have calculated the amount 
of carbon in Ihe atmosphere (kg/ ml ). It is clear from Ih is lable Ihat su bstantial 
amounts of carbon are stored in fores ts and soil orgaflic maHer and Ihat clearing 
fo rests and cultivating land , thereby ox idizi ng a substantial fraction of such ca r-
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bo n, C3 n lead (0 significant additions to atmospheric COz' 
In Canada, soil organic losses. particularly in the prairies has been of 

co ncern fo r some time. Losses o f nit rogen. which a re usually proportiona l 10 
organic maller, of 18 to 33 percent have been reported fo r periods of 14to 22 
years of cu ltiva tion in the prai rie provinces (Soper ::md Racz, 1967: DoughlY, 
Cook and Wa rdner, 1954; Newton, Wyath and Brown, 1945). The pra{'1ice of 
summerfllllow (leaving a field fallow fo r one growi ng seaso n) has been identified 
as a m::lin factor fo r co ntinued decrease of orga nic matter wit h cult ivation 
(Campbell and Souster, 1982; McGill ct aI. , 198 1), 

Measurements by Stuiver (1978) ilnd Wilso n (1978) ind iC::l te that one 
half of the modern day CO2 increase co mes from deforestation and cultivalion 
of land. Most of th is biospheric release came between 1860 and 1900 when ' new 
lands' were cleared and cult ivatcd in North America, Eastern Eu rope, New Zca­
land, Australia and South Africa, This is important fo r two reasons. It means 
the current incre::lsc in atmospheric CO? began over o ne hundred years ago, 
Sceondly, if agricu lture a nd deforestation have been major contri butors to the 
incrcase, then perhaps, as suggestcd by Wilso n ( 1978), the increase could be 

moderated to some extent by agricultur::ll practices, 
Th ese same studies ofCllrbon isotopes fro m tree rings suggest that 

fossil fuel has become the major source of CO2 in the last three decadcs. 
Broecker et a l. ( 1979) show that during th is time ::lpproximatcly one h::llf of the 
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co] released has remained in the atmosphere: the ocean has absorbed about 
40% of the remainder. The rest is assumed taken up by the biosphere. However, 
Wood well (1978) a nd Ballmgartner (1978) argue Ihat present destruct ion of 
tropica l forests ill developing countries would make t he biosphere a net source 
rather than a net sink of COl ' This makes the world carhon halance a PU7:1.le 

since there i ~ no explanation as to whcre thi.~ extra carbon is going. Here aga in, 
this is im porta nt for both future predictions ofCOz a nd for possible solulions to 
the CO2 increase. 

PLANT RESPONSE TO nrE CO, INCR EASE 

An increase in atmospheric CO} h3s a direct effect on pla nt growth mainly 
through the process ofphotosynthcsis. This process can be e.~pressed as: 

CO~+ 2H 20 ~ (C HlO) + H,O+Ol 
C H20 and 711' represent carbohydrate and solar radiation (0.4 - 0.7 Jl). respec­
tively. Plants and some bacteria have the abi lity to combine cal with water to 
form carbohydrates which are essent ial to all fo rms of life on this planet. 
COlrhohydrates arc both a building material and a source of energy for plants 
(a nd higher forl1l~ orlife as well). Energy is needed for growt h a nd maintaining 
exi~t i ng tissue. Energy becomes available via respiration exprc~sed as; 

CH,O + O2 - CO. + ]-I!O + energy 
T hus. a plant can bot h absorb and release CO2 depending on which process is 
dominan t at a given time. In lighl, the plant is a sink. and in darkness, a ~ource 
ofCO}_ As the plant matures. respiration rateslCnd to approach \ho~c of photo­
synthesis as increasing amou nts of energy arc needed for ma intenance purposes. 

Light capture for the pholOsynthcsis process takes place atthc chlo­
roplasts situated mainly in leaf meso phyll and pallisade cells. Thus CO2 lIsed in 
photosynthesis has 10 diff uSc through the epidermal layer of the plant via special 
valve-like struct Ufes called stomatt$, through the intercellula r spaces and into 
plant cells. This process can be expressed as: 

p = (c" - c,,) I (r. +r$+rnJ 
where c" and Cu are COl concentrations in the ambient air and at thech loro­
plasts respect ively, and r., r~ and rm arc boundary layer resistance, the stomatal 
resistance and the mcsophyll rC$is tance rcspectively. The boundary layer resist­
ance is usually small compared to r, and Tm. While fm ean be inereased by water 
stress, the main controlling resista nce is r. , a com plex funCtion of incident light 
nux densi ty, water stress and concent ration of COl in t he intercellular spaces 
(C;)(Rashke, 1975). 

Fora pla nt to function eHeclivc1y, waler has 10 bc prescnt ill the 
plant tissue. Most cult ivated species ar{' 80-90% water. A 20 \025% loss in tur­
gidity closes the stornales and stops photosynthesis. Leaf ex pansion ~tops wit h 
even smaller losse!) in turgidity. To maintain turgidity water lOst through open 
stomates (transpiration) i~ replaced by soil water via the root system. Water 
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stress develops when ava ilable soil water cannot replenish waler lost due 10 
transpiration. When this happens rate of dry matter production decreases. 

Stomales respond tb intercell ular CO2 as wcll as water ~trcss. This 
response varies with the type of plant. Cult ivated species can be divided into C4 

(e.g. corn, so rghum, millct and suga rcane) and C, types (almost all 01 her culti­
vated species). The main exception is pineapple wh ich belongs to a third smaller 
group (CA M). These.groups are differentiated by different chemical pathways 
10 accomp lish the phot osynthetic process. 1 n general thc stomales of C4 plants 
arc much more sensit ive to increases in C; than CJ plants (AkCla and Moss. 
1972; Goud rian and van Laar, 1978; Rosenberg, 198 1). The measurements of 
Aketa aod Moss (1972) fo r example. show that transpiration declined 50% for 
C4 plants when c,. was increased from 0 to 800 ppm and only 20% for CJ plants. 
This means that as C;, increases fo r C4 plants. the increase in the difference 
between C. and CII is offset by an incrcasc in r$ so that P remains relatively con­
stant. For C1 plants the increase in r, does not offset the gradient and P 
increasts. In both cases, water use efficiency (mg ofC H20 fi.'(cd per mg of water 
transpired) increases, wh ich is good news fo r arid and sem i~arid regions. Even in 
humid rcgions slJch as Ontario, summer droughts arc relatively common. 

T here is no douht that all plants bencfit to some ex tent from an 
enriehcd CO~ atmosphere. Certai nly CO, ferti lization is relat ively common in 
the greenhouse ind ust ry (Wittwer, 1970). As wel l. growth room stud ies such as 
those by Sionet ct al. ( 1980, 198 1) indicate increased yieldS, at least fo r C1 plants. 
However, Kramer( 1981) and Lcmon (198 1) have cautioncd aga inst ext rapolat­
ing growth room lind green house studies to the natural environment . CO2 fc rti l­
i73tion is extremely difficult in jield situations (Allen, 1973. 1979). Thus. there is 
little or no data to gu ide our thinking in Ihis situation. 

One reason for caution here is that studies by Aoki and Yakaki 
(1978) have shown that at high CO2 levels photosynthesis mtes decrease with 
time. This scems to be caused by high concent rati ons ofsta rch forming in Icaf 
cells at very high ratcs of photosyn t hesis (K ramer, 1981). Naf7.iger and Koller 
(1976) were able to demonstrate a ncgat ive correlation between pho\()synt hcsis 
and starch accumulation for soy bea ns. However, Mauney el al. ( 1979) were able 
to demonstrate a signi fi cant negative correlation for cotton only 3t330 ppm 
CO~ . Photosynthesis rates for cott on at 660 ppm and soybeans, sunfl ower and 
sorghum at bot h 330 and 660 ppm were not significantly correlatcd with starch 
accum ulation. The main difference betwecn these stud iJ.:s is that the daily photo­
synthate accu mulation fo und by Nafziger and Kollcr(1976) was much higher 
than that fo und by Mauney et al. ([ 979) due to higher light nux densit ies and 
longer daylengt h5. Thus, Nafziger and Koller's sta rch accumulations were high 
enough to inhibit photosynthesis. A key qm:stion is what levels of COt in the 
natu ral environmcnt would cause starch accumulation in the leaves to inhibit 
photosynthcsis - a question which deserves much more research. 

Trying to assess the effects of CO2 increase on plant growth in the 
natural environment will not be easy. The plant growth system is ext remely 
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complex and vades among species. T hercfore, to assess responses fo r ;1 number 
of specic.<i in a nat ural ecosystem will be even more difficult. As wel l, photosyn­
thesis is just onc process involvcd in plant growth. Leaf expansion, flowering 
and tran~locati()n will affect the final economic yield and may dccrease the effect 
of increased !"ates of photosynthesis. I Jowco,lcr, there are grounds for optimism. 
Photosynt hesis is such a basic process in plant growt h that increasing it should 
havc some effcct, pa rticu la rly 011 agricultura l crops, which a rc geared 10 maxim­
ilingdry matter. Alt hough it will bediflicult to quantify thiscffect, it is necessary 
sincc we must be able to determine how the di rect clTccl of rising atmospheric 
CO] will offset any of the negative aspects of climat ic change which will bc d is­
cussed next. 

( ' I. t.M ATiC C f t ANO I'. 

Ma ny scientists, with at least one except ion ( Idso, 1980), agree t hat increa~ i ng 

mmospheric COl concentrations ,shou ld lead to an increase in the eu rlh's surface 
tcm perature. Thc best evidence for this comes from three--di mcnsionnl general 
circulation models orthecart h's atmosphere. Recent reviews of l hL'Se models 
(Charney et a !. , 1979) co ncluded that best estimates of t he COl effect predict <I n 
average global warming of 3.0 ± I.SoC with a doubl ing of present kvcl~ of COl' 
T hese same models pred ic.1 an enha ncement of the effect with latitude. However, 
thcre is d iffic ulty in discussing the effect such a changc wo uld have on agricul­
ture duc to the rat hcr large uncertai nty in predicting future climate ~ not only 
mean annual tcmperaturcs, bu t also precipitation and the seasona l distribut ion 
cf each . T hereforc, the possi blc effects wi ll be covered here in relat ively general 
terms. 

At first glancc, 1:1 warming trend should be beneficial for Canada as 
agricu ltura l regions would be cxtended northward. However, for mueh of 
Ca nada, this northward ex tension is blocked by the Canadian Shield. Major 
except ions are the clay belts of nort hern Onta rio and Quebec, the Peacc River 
area of northern Alberta and Britis h Columbia and river valleys inlhe Yu kon 
and Nort h West Territories. 

The ma in climate restriction in the clay belt at present is tcmpcra­
tun:, Growing season precipitlttion is 400-500 111m co mpared to :150-400 mm for 
southern Ontario, T hus, a warming trend, even if not accompanied by a corres­
ponding precipitation increase would markedly improve the agricult ural poten­
tia l of this region . A 1.5 ll nd 3.00C rise at Kapuskasing would incrcase the frost 
frce period from 90 to I 10 and 135 d ay~, respect ively. Ottawa has an avcrage 
frost free period of 130 days, Si milarly, degree days (base temperatu re ofO°C) 
would increase fro m 1430 to 1870 and 2350, respectively. Ottawa has 2370 
degree days (D. W. Stewart, unpu blished data). The main problem with this area 
is lack or surface drainage. Today, tile drai ns for most ficlds in the clay belts a re a 
prerequis ite of succe5sfu\ crop production. If large acreages, parliculllrly in the 
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northern paris o f the clay belt. afC to be cultiva ted , surface drainage action wi ll 
have to be undertaken on a regiona l basis. 

The Peace River area has a much tower a nnual p recipita tion raTe 
(350 to 400 mm annually). This co mpares with 300 mm at Swirl Cu rrelll. Grow­
ing season precipitation is very uniform over most orthe Canad ian Prairies 
includ ing the: Peace River District at 200-250 mm (Chapman and Brown, 1978). 
A J.5 and 3.0"C rise in average temperature would increase the frost free pcrioo 
from 105 10 130 a nd 155 days, respectively. ll t Beavc rlodge. Degree days wou ld 
incrcase from 1080 to 1620 and 2200 rc."pet.1ivcJy. at FOTI Vermilion. Swift Cur­
rent has a frost free period of 11 0 days, a nd 1820 degree days ( D. W. Stewart, 
ulipubl isht:t.I cil lcu[lIl iul1s). T hus. with the.sc warm ing lrt: l!us, wht:a l gruwing 
areas could ex tend into the northern Peace Ri ver Dist rict. However, wi thout an 
increase in precipitat io n. wheat prod uct ion could easily decrease in the south 
west as temperatures rise. Gains in wheat growing areas in the north could be 
negated by loss of prod uction in the south due to drought. At the same time. 
rape, Canada's second most im portant ex port crop. wou ld be limited to north­
ern fri nges of cultivable la nd. 

T he area which would be most affected by a warming trend wit h no 
increase in precipi tation is the Palliser triangle of southern Saskatchewa n and 
so utheastern Alberta. Fig. I shows water deficits (precipitation-potentia l evapo­
transpiration) of frosl free pcriod~ fo r Medicine Hat in ~o lllhea~tern Alberta 
Crom 1922 to 1978 (D. W. Stewart, unpublished data). Five-year runni ng means 
were used to reduce the varia nce. Potential evapotranspirat ion was calculated 
u~ing the equations of Baier a nd Robertson ( 1965) a nd Baier ( 197 1). No d irect 
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effect of CO2 on transpiration was considered. Water deficits were calculated for 
actual temperatures, actual temperatures plus I.SoC and actual temperatures 
plus 3.0°C. Note the extended dry period from 1930-1940. Other periods afound 
1960 and 1970 approached the I;onditions of the thirt ies but fo r shorter time 
intervals. The thirties. of course, are well know n for the havoc weather condi­
tions created fo r western Ca nadian grai n farmers, particularly those in the 
Palliser triangle. Oneca n sec from Figu re I lhat a 3°C increase would result in 
average growing conditions being worse Ihan what actually existed in the 
thirties. While technological advances have improved fa rmers' ability to farm in 
this area, they would he severcly tested by warming trends. 

The potential fo r increased drought and wi nd erosion in the Palliser 
triangle are thc ma in negative aspect to be anticipated with a warming trend. 
There are some very positive aspects. For exa mple, fruit and vegetable produc­
tion in Ca nada should increase thereby decreasing imports. In Eastern Canada 
corn and soybean :Icreages would increase, as well as yields. Northern limits of 
wintcr wheat which cu rrently ru n through Montana and Nort h Dakota wou ld 
migrate north into Alberta. Saskatchewan and Manitoba. On the whole, Can­
ada would be one ohhe few countries in the world to benefit from a warming 
trend. 

PLANN tNG FOR THE COl EFFECT 

I am sometimes asked what agriculture is doing in anticipation of'a COl effect. 
For exa mplc, is now the time to start establishing peach orchards in the Ottawa 
Valley of Eastern Ontario? (This was suggested 10 me by a science reporll:r for 
an Ottawa newspaper.) The answer is an emphatic no. Thc CO2 effect oncc has 
a rather largc cstimated error of± I.S°C. Also, desp ite the effort put into model­
li ng the earth's vcry co mplex weather system, no one has sa tisfactorily ex plained 
why the earth's surface has been cool ing sl ightly since 1940 despite the increased 
combustion of fossil fuel (M acCracken and Moscs, 1982). In this sa me time 
period surface temperatures in southern Canada have cooled about O.5°C 
(Phillips, 1981). Whether warming will resu me in the next 20 ycars (the earth 
was warming between 1880 and 1940) will depend on whether the CO2 effect 
offsets ot her factors. /\n analysis of 016 from ice cores on Denn Island has pro­
jected a cooling trend for the nex t SO years (Koerner and Fisher 1980). Uncer­
tai nty about the modcls themselves, plus OUf inadeq uate understanding of long 
term climatic cycles, make predicting climatic trends for thc nCllt20-S0 years 
very hazardous. Howcver, there is little doubt thai if we keep burning fossil fucls 
at current rates the at mospheric e02 concentration will continue to rise, and 
that th is will res ult in a wanner climate than would be present if this CO2 
increase had not been present. Other trace gases such as ni trous oxide, metha ne 
and chloronuorocarbolls will also increase in concent ration and add 10 the 
warming effect because of their ability to absorb infra-red rad iation. 
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Therefore, I think current planning should be general rather than 
specific and oriented towards resea rch. The possible exception is the Palliser tri­
angle where warming cou ld have its- most serious negative affect. In this casc. 
research is a lreacJy being directed towards stabiliz.ing t he soil struct ure of the 
arca. It has been recognized thaI the croll-SUm rncrfaliow rotation or spring 
wheat in Weslern Canada has co ntlibmcd to a decline in soil orga nic matter. As 
well, tile soil after summerfallow and before spring seeding is very suscept ible to 

wind erosion. Thus. emphasis in researeh is being placed on reducing summer­
fallow and minimizing tillage. This not only increases soil organic matter and 
so il stability but also \caves more wheat stubble ()n the ground surface to combat 
wi nd erosion. Pos~ i ble changes that could la ke: plal;:c- wit.h a definite warming 
trend wou ld be introduction of winter wheat on better drained la nds and the 
conversion of cash crops to permanent grass on sandier soils. 

Minimum tillage is also bccom ing important in the more humid 
arcas. Row crops such as corn and soybeans, planted year nner year. also con­
tribule to declining soil orgll nic matter. This leads to soil eompilci ion and more 
water erosion. The practice of minimum tillage together with grain-crop-forage 
rotations arc therefore gaining popularity. Th is, in effect. takes COl from the 
atmosphe.re and adds carbon to the soil; while it may have little effect on 
reducing inl;:reasc~ in atmospheric CO!' at leasti! is not eontrihuting tl) the 
proble m. 

T here are, of course, on-going research programs designecJ to 
produce and test new crop varieties and agronomic production tech niques. Most 
breeding progra ms produce new varieties within ten years. Unless there is ;\ very 
abrupt change in climate, these on-goi ng programs, with possibly more 
emphasi~ in quant ify ing faclOTS contributing to yield, should take carc of ncc~­
Sil ry crop adaptations to both CO2 in(~rcases and climate cha nge.~. The modern 
farming community adopt new varieti~ rclatively quickly. P'orcxampJc, the 
development of ea rly mat uring varict ics of. first corn, and more recently, soy­
beans, have led to substantial increases in acreages of these crops in Eastern 
Ontario and Quebec within the past twenty years. 

Another program has Ihe potential of making a significant contribu~ 
tion 10 oLlr understanding ofthc eart h's ca rbon balance. Desjardins et al. ( 1981) 
have developed a method of measuring vertical fluxes of COl over largearca.~ . 

Accurate measurements of these nuxt!s, particularly over natural ecosystems and 
oceans, should lead to better cSlimat~ of world-wide sources and si nks ofCO~. 
Thcse est imates arc necessary if we arc to understand where the COl from 
burned fossi l fuel is going. and whether the biosphere is a net source Or sin k of 

COl' 
Th is leads to the question offulllre usc of fossil fuels. Should we 

continuc to burn coal and oil'! If the COl effects on climaleare large (J"e for a 
doubling or COl' for example) with oceans buffering any obvious jnt'rcase in 
surface temperature. then these effects will linger long after a decision is made to 
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convcn to an a lternat ive energy source. In this situa tion. a decision to convert 
should be made as soo n as possible. However. such a decision would be 
extremely d irlicult \0 make for the fo llowing reasons: (a) some countries sueh as 
Canada and the USSR would proba bly bendlt from increased surface tem pera­
tures even if most of the world would be nct losers; (b) western industria lized 
countries a re heavi ly structured to usc fossil fuels. and changi ng to an alternate 
fucJ would be ex pensive; (e) the evidence for surface warming can be questioned. 
and even the most recent general circula ti on models are crude representations of 
the rea l world; (d) there are positive effects of the increased atmospheric CO! 
concellirat ion on plant growth a nd these arc d ifficult to quant ify. Thus COl will 
al most cenainly co ntinue to increase in the near future at least. Improving our 
knowledge on all aspects o f atmosp heric CO, is l'SsentiaL 
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Growing season dry spells 
in southern Ontario I 

D. I'durm.\' Brou'II2 anti William D. WI 'l/ie,1 

An analysis of the frequency and diSlr ibution of growing season dry spells from 195110 

1979 indiCIlIet! tha t $ho tt-pcriod (10-10-20 dny) spells Qccur li t so me lime every year in 

sout hern QnlMio. Dry spells uf longer duration (four weeks or morc) occur about once 

every three years. l wo criteria were used in defining the dry spcUs. These !!rilrria were 
hased on nil or small precipitation amounts and the percent of stations receiving less 

than Ihcgiven amount in a specific area. By dividing the region into five areas it was 
shown that one or two d ist ricts may be dry in one period of the growing season and 

others in ;mothcr period o r thcdry spells Illay clltcnd averl hc whole region at the same 

time. e.g. 1966. App:lrcntly the l1vcrage dry ~pc ll is of longer duration in the southwestern 

a nd cent ral a reas ofsoul hern Onta rio than in tht' area east from Georgian Bay to the 

Ouawil River and t he SI. Lawrence-Ottawa lowland~ of eastern Ontario_ Rain fall during 

five of the longest and mo~t extensive dry spells was accumulated and mapped to show 

thc driest art'as during such periods. T here. were no pntterns tha t indi t'ntcd,thilt some 

areas could expeet to receive more ra infall duri ng dry s jl cll~ than olhers. 

Une analyse dt' III frtquence c\ de Ill. distribution dc.~ peri odes de deficits hydriqucs dUf'Jnl 

Its periodt's de C-ro i ssll. ot~ depuis 1957 j usqu'a 1979 a dcmontrc que de courtes peri odes 

de deficits hydriques (de 10 a 20 jours) Ont lieu ehaqucllnncc nu sud de rOnta rio. Oes 

deficits hydriqucs d' une plus longue d uree (c·cst-.'I-dire de Ijuatn: semaincs ou plus) ont 
lieu environ une fo is il tnus Ics trois aos. On a utilise deux critcre.~ a fi o de defin ir les d~ fi ­

eits hydriqllCs. Ces critl:res soot ba56 sur In hauteur minima Ie (ou inc}(i~tant e) de In plui.: 

I Thl5 SIUtly is part (lr l'fClject 657 (lr lhe Unive rsity of Guelph. Ontario 
Ministry uf Agr ieuhul't' aou Foil{! Prug ram 3S. Agricult ural Meteorol­
ogy.llnd WilS untlerl a~cn in cooper-l1ion wilh IheOnlnrio Region. 
Al mOsphcnc Envr.onmC111 S~rvie". EnvirOl1ment Canada. Toronto. 

HOlh lite pro~ i ndal Exper ience and th~ r«ler~1 Empluymcnt In~ntives 
pr0l!fll1ll fllntl~ were UM'tI to provide a!;.l istllnts (or lht origlnlll data 
as.embly. 

I PlOfcsror. Agricuhural Meteorology. Department of land R~~ourt:c 

Scienc~, O.A.C.. Universi ty of Guelph. (; llt t I'll. Ontario. N I G 2W I. 
, Reti. cd . Form"r Scicnl.fir lial~on Officer. Onlano RCl!loJl. Atmo­

spheric Environment Scrvice, roN.O~TO. 011lario. 
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et $lIr Ir: ponrccnt(lge de stations reeevllnt moins qu'unc cert:!ine hauteur de pillie ualls 
line ec:rt ~l in e region, En divisan! III rtglon du sud de l'Ontario en einq lones, on a 
demontre Qu'une ou dell x de ces lOnes soun-rent de dcficits hydriqllC'S il un lnlHTIl'n\ OIl A 
un autre dumnt la periOl.il' de croi!;Sa ncc; quekjuefois, les dcrlci t ~ hydriques s'ctcndent a 
la region l'ntii:reen memc temps comme Oil i t consl~tee ll 1966, II semble quc Ja durer: 
d'un deficit hydriquc moyen soil plus longuedllns Ie slid-ouest et au coeu r dll sud de 
rOlltari6 que dans In region S'Clcndilnt de rest de 1:1 buie Gcorgiennc jusqu'l! Iii rivii:re 
Olllaouilis e\ Ic~ ba~ses lerres de hI region OUlllouais-SI-Laurcnt de rest de I'Ontario, La 
hautcur dc I~ pluie durant cinq lks deficits hydriqu~'"S les plus long.~ et les plus etenuus II 
Ctc cnregislre el dc:; documents carLographiquc~ onl etc prepares afin d'indiqu<:r Ics 
rtgions Ie!; plu~sCches durant (;t:s periodes, On n'" note allcun lien entre les dirfcrente~ 
regions ~t udi&:,.; i.'l la hautl'ur des prccipi t<lt ion~ dunln! lcs periodes de deficits hydriquts. 

Short dry periods of between three days a nd two weeks are cha racteristic of 
su bhumid and humid regions as a result of the pattern of passage of weather 
fronts and storm centrcs. Periodically dry periods extend as lo ng as four to six 
weeks in some areas Ix!fote a general rainfall occurs, Thunderstorm activity 
usually brings rainfall to some localitie.~ in these regions during the extended dry 
periods. Southern Ontario is typical of these patterns due to its location relative 
to the changing posit ion of the 'polar front' , This paper presents the results of a 
5t udy of t he frequency of occurrence of dry spells over a period of 23 years and 
distribution of rainfall d uri ng five extended dry periods in southern Ontario. 

Precipitation is usually cxpressed in terms of the average or 'normal' 
amount per month, although recently tht! sfandard deviation and extremes arc 
also included (AES/CCP, 1982), On average most areas or southern Ontario 
receive between 60 a nd 80 mm of precipitation per month (rainfall + water equi­
valent of snowfa ll), In the May thro ugh September period between 300 and 
400 mm of rain can be expected, Another precipitation stat ist ic sometimes used 
is the return periOd (in ycar~) of large rainfalls (Bruce, 1968), The frequenc), of 
occurrence of specified precipitation a mounts and the extreme amount in each 
IO-da)' period of the yea r lVere summaril_t!d by Brown et al. ( 1969) for sevcral 
Ontario s it es, However, such statist ics alo ne are not adequate when considering 
the need to su pply water for irrigation and the agricult ural production potential 
for [1 region. 

Prolonged periods with li ll ie Of no rain during the growing season 
c.'l use dry soils, crop Siress and reduced yields, The effects of such dry spells 
depend on their durat ion, time of occu rrence, eva porative demand and the 
amou nt of rain du ring the period, Short dry spells in spring can he beneficial for 
seed ing and warming the soil so that newly seeded crops emerge q uickly and 
develop a good primary root system. Dr)' weather in autumn can also be bene­
ficial fot harvest operations, On the other hand, dry spells in summer are 
usually dt1rimental to crop production pa rticula rly if accompanied by very high 
eva porative demand days, Some st udies have calculated sea~onal moisture 
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deficiencies (Sanderson, 1950) and the occurrence of bOI h short du ralion and 
extended dry periods (brown et ai., 1968) for a few locations across the region. 
The average annua l seasonal water dcficit also has been mapped in several 
studies (Sanderson, 1950; Brown el aI. , 1968: Agriculture Canada, 1977). The 
present study concentrates on the oecu rre nce and duration of dry spells between 
extensive rainfalls across the region. T he Objectives were: (a) to com pare the 
occurrences of such dry spells fo r different regi ons in southern Onta rio; and 
(b) to map I he dist ribution of rainfll ll during thc longest and most wide-spread 
dry periods Ihat havcoccurred over thc 23 years from 1957 to 1979. 

DEFtNtTlON OF [)RY SP EL L S 

Both tempora l and spatial variations a re typica l of precipitation cvenlS, espe­
cially during the summcr season when much of the fa in fal! results from thun­
derstorms. Thus dry spells, too, vary in length and geographieexlcnt. Th is 
makes it d ifficul t to be specific in defin ing a dry spell because two ur three 
separate thunderstorms may occur in onc locality and completely miss a neigh­
bo uri ng area. T he Jailer area wo uld have a dry spell. Numerous defin itions and 
criteria have been used to define droughts (long dry spells) in humid and semi­
humid rcgions (W.M.O., 1975) and their effect on nsriculture (G ibbs. 1975). For 
th is study two quite different criteria werc used to determine if compa rable dry 
periods would result from the analysis of rainfall dnta for a defined area. These 
are referred to as the 60% and ISO% criteria. 60% criteriOI1 - a day at an observ­
ing station was considered dry if thc rai nfall was less than 7.6 m m (0,3") and for 
an area to be considered dry 60% of the stations in the a rea had 10 expericncc 
several days of 'd ry' weather; S01'o ('rirerion - a day a t any station was con· 
sidered dry if no measurable rain fell and an area was considered dry if more 
Ihan 80% of the stations in the area had no rai n. 

A REA D I VISIONS OF SOUTlI ER N ONTARtO 

T he precipitation records examined in this st udy were abstracted from copics of 
the Mont hly Record of Meteorological Observations in Ca nada. Over two 
thirds of these records for the years 1957 to J 979 were reported in groups of 
counties such as the La ke Eric and Niagara Co unl ies. In dividing up southern 
Ontario into fairly uniform geographic arcas for this study, it was decided to usc 
these county grouping as much as possible, As a consequence, southern Ontario 
was divided into rive areas as shown in Figure I. 

CIJ MATl e STATIONS USED I N TH E STU D Y 

Climatic sialions used in the analysis fo r Objective (a) were ,~eleC'ted to give as 
uniform as possible a dislribUlion of data across each area, thus, prevcnting a 
large number of stations in one sector from dominating the analysis for an area, 

17 



",..- . ,. , 
.. ,. 

SOtlTIIUN OfHAJlfO 

.......- •... 

... 

F ICUR E I Areas orsoutllcrn Ontarto with 1000Jl ions of Climatological Stulions usc<.l in ~luJy o( 
ocrurrcnccs of <.1'1' spells. (Nufuericll ilisting nnd names ofStHtions arc in Appendix A). 

TAflLE 1 AVl:r~gc !cngll1 and range;n length OflOflgC~t dr~ 
spe lL~ fOr each area considering eacll year in the 1957 to 1979 
period Im.ed on tilt 80% criterion (top) 3nd tile 60% ctiICtion 
(bollom). 

Range of Longest Average length 

A", Dry Spell~ longC!\t Dry Spells 

(a) 80% crirerion 
I 1241 23.3 
2 12-47 26.0 
J 12-47 24.7 
4 10-31 11.4 , 10-21 11.3 

(h) 60% rrirl";Q/I 
I 7'1-67 46.6 , 25-102 411.8 
J 32-73 48.8 
4 23-.56 40.7 , 20-54 37.4 
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Stations were selected which could provide data for the full 23-year period of the 
study from 1957 to 1979. When a st ation hnd missing data for any mon th, it was 
substituted fo r by a nea rby station as shown in Appendix A, Areas 1,2 a nd 4 
had sufficient stations available 10 achieve a uniform diStribution. However. in 
Are<ls J and 5, a uniform distribu tion was not possible due 10 data being 
unavailable in cerlain sectors. Rainfall data for all sites wit h II complete record 
were used for ma pping purposes to sat isfy O bjective (b). 

COM f>I\RtSOI\' OF DR Y SPELLS OCCUR REN C(!S Il ASED ON Til E 
TWOCR r rERIA 

Daily precipitation records for the period May lSI to September 15 th fro m 1957 
to 1979 were examined so as to determine the percentage of stations in eaeh area 
which sat isfied the criterion of no measurable rain. or ofless than 7.6 mm of 
rainfall. From these duta, the length of dry spells satisfying the 60% and the MOCk 
criteria wen: determined, The periods with the longcst dry spells based on each 
criterion in each year and in each a rea were selected fo r cval uation. The 80% 
criterion yielded shorter dry spells than the 60% criterion. The lIw' I"axe lengths or 
the longest dry spells fonhe 2J years based on the 80% criterion ranged from 17 
days for Area 5 to 26 days for Area 2 (Table la) com pa red to 37 to 49 d:tys based 
on the 60% crilerion (lhble I b). A compa rison of the length and time of occu r­
rence of the longest dry spells using thc60% and 80% criteria is shown fo r four 
example years in Figure 2, The d ifferences among Areas in timing of the dry 
spells based on the two criteria are shown by the occurrences in 1958, 1967 and 
1976. This lack of consistency occurred in most years. The most obvious consis­
tency among Arcas, particularly Areas I to 3, occurred in 1966. This d ry spell 
lasted fro m mid-J une to late July across most of sou the TIl Ontario. Other years 
in which both criteria showed uniformity in timing among dry spells across at 
least thrce of the Areas were 1957, 1963, 1974, 1977, 1978 and 1979. Since there 
was a lack of co nsistency in liming among dry spells betwee n the two criteria in 
most of the 23 years, it was decided to use the 80% criterion to ill ustratc the 
timing of the longest dry spells for each of Ihe five areas in the 23 years of the 
study. This was the obvious choice since it provided the truest picture of dry 
spdls across the region. 

l.~NGTHS OF DR Y SPELLS tN EACH 1\11. EA OVE R TH E 23 YEARS 

The timing of the longest dry spells based on the 80% criterion is illuSlTated in 
Fig. 3 fo r each Area in each year used in the study. In the 23 year period there 
were seven yea rs tha t had fairly long and extensive d ry spells in mid-summcr 
(between J une 15 and Aug. 15). Two of these (1966 and 1978) covered all of 
southwt'Stern and eentra l Ontario (Areas. 1,2 and 3) and lasted for a 30 to 47 
day period from mid-June 10 the Jailer pari of .July. Another extensive spell 
occurred in 1963 and lasted over 30 days in Areas 1,2 and 3, but ended before 
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F1 GD R E2 A compMrison of the length and lime of OCClIrrtncc Of lhc longc~1 dry spellS 111 e:lCh 01 
four years usin~ rhe 60% a110 80% crilcria ("Of five areas . 

mid-J uly. Thi5 was the long dry spell tha t reduced hay and pasture yields in 
eastern Ontario (Area 4). 11 does not show up as very severe based on the 80% 
criterion. bul was more apparent when Ihe 60% criterion was used. T his was the 
fi rSt year ora series of 4 years, from 196310 1966, when a lack of precipitation in 
the early to mid-part oflhe growing .scason affected yields of many crops in 
southern Ontario. Parts of eastern On1<lrio received less than 60 mill of rainfall 
in June a nd July, 1963. T he 'nonna l' for the two mont hs is over J50 mm. Th is 
areil was a lso fai rly dry in J une. July :md August 1964, when a large part of the 
region received less than 100 mm, 111 1965, the dry weather occurred earlier as 
much of eastern Ontnrio received less tha n 50 mm in May and J une. C()n~idcra ­

ble hay was hauled into the region from western Ontario, Q uebec and New York 
Slate in order to sustain dairy herds through the followi ng winter. Dry weat her 
prevailed in much of southern Ontario fro m early June to early Augusl. 1966 as 
depicted in Figures 2, 3 a nd 4. 

The d ry spell in 1979 lastcdju~t over three weeks in .Iuly main ly in 
Areas 3, 4 and S. In 1957 , 1958 and 1970, mid-summer dry spe.1ls occurred a fter 
mid·J uly a nd into August. These latler spells were a benefillo spring gra in 
harvest , hUI slowed seed fi ll ing rales in crops such as co rn, soybea ns, and while 
bea ns. The dry spellS that occurred in May 197 1, 1975 and 1977 were a henefit to 
corn and soybea n plant ing operat ions but could have caused problems with seed 
germi nation had they lasted longer. 

T he late growing season dry spells, based on 800/1i criterion ( Pig. 3) 
are most evident in 1969 (ailS Areas), 1973 (Areas 1,2 and 3) and 1976 (Areas I 
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FIGURE ) Dry spells based on 8Q%crilerion for growingscasons from 1957 tQ 1979 for the five 
Areas , 

and 2) . There was evidence oC latc season dry spells in the same years based o n 
the 60% criterion. 

It is apparent from Figure 3 and Table I that d ry spells last longer in 
southwestern and centra l Ontario (Areas t, 2 and 3) than in eastern Ontario and 
the Algonquin highla nds (Areas 4 a nd 5), This pattern is very important from an 
agricultural standpoint as over 90% of the farm cas h receipts in southern Onta­
rio go to farmers in Areas 1, 2 and 3. 
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D tSTR tlJUTtON OF RAtN FALL DU RING SELECTED SEV ERE DRY 
SPEt. LS 

Five significant dry periods in terms of duration and extent IVcre selected fo r 
mapping the distribution of rainfall across the whole of sout hern Onta rio. T hese 
dry periods occurred between July 19 and August 28, 1960; May 23 and July 12, 
1963; June 16 and July 26, 1966: J une 13 and July 25, 1978; and June I I a nd 
August 8, 1979. Rainfall data for all sites with a complete record, as published, 
were used for each period rather tha n t he limited num ber of stations used in the 
origina l survey study (Objcctive a). Thus just over 200 sites were used r or this 
part of the study, except in 1960, when about 175 sites recorded usable rain fall 
data. Unfortunately, thl'Se sites were not unifo rmly dist ri bUled across the region. 
T he greatest concentration afsites occurs in the southwest part of Area J and 
the sparsl'St in Area 5. As a result of the sparseness of sites in parts of some 
Areas, it is likely thai so me thu nderstorm evcnts went unreco rded during these 
dry spells. Nevertheless ma ps of the rainfa ll d istribu tion based on the'official' 
recording sites should provide useful in fo rma tion on the approxi mate extent of 
the driest areas for agricultural water ma.nagement pla nning in the future. 

T he dry spell in 1966 wa~ the severest and most widespread in the 23 
years studied. The rainfall pattern fo r this dry spcll is illustrated in Figure4. 
Most of southern Ontario receivt.'"d less than 25 mm of ra infall (<24% of 
normal) int he4 1-day pcriod from J une 16 to Ju ly 26. and a large part of Areas 
1, 2 and 3 received less than 15 mOl. Normally, rainfalls from mid-J une to J uly 
26th average just over 100 mrn. The south west part of Area I was the only part 
of southern Olllario to receive near or above normal rain fal l during this period 
in 1966. Isolated localities received in exccss of 50 mm. The rest of southern 
Ontario was very dry during this critical mid-summer period wit h widespread 
areas from the Lake Huron/Georgian Hay to Lake Ontario receiving less t han 
15% of normal rai nfa ll. 

The next most severe dry spell in this 23-ycar period occurred in 
1978 du ring a period simila r to t hat in 1966. It lasted 4) days from J une 13 to 
July 25 (Fig. 5). Thcd riest pa rts wit h less tha n 25 mm «23% o( normaJ) 
occurred in na rrow bands - one from near southern Lake Huron to northern 
Lake Erie; anot her nort h of the wcstern end of Lake O ntario and extend ing to 
so uthern La ke Si mcoe; and a third on the nort h shore of Lake Ontario althe 
easteOl end. Most of the rema inder of southern Ontario received less than 
50 mm, wh ich is stil1 4uite dry when one considers that the evapotranspiration 
fro m well-watered crops could have exceeded 200 mm (based on Thornthwaite, 
1948 method) du ring this 43-day period. T he only parts that exceeded 100 mm 
were in the nort hern and eastern sections of the region. 

A morc recent mid~ummer dry spell in 1979 (Fig. 6) sta rted about 
the same time as t hose in 1966 and 1978, but lasted into August for a total or 59 
days. This dry spell was less severe tha n the ot her two as most parts rcceived in 
excess of 100 mm of rainfa ll (:>66% of normal) and some isolated parts received 
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F]CiU RE 4 Approximate distribuTion of rainfall over soul llern OnTario during a 41-day dry 
period in June-July, 1'166. 
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F1GU R E 6 Approximate distribution of rainfall over ~() "lhern Onlan() during a 59·day dry 
pl'I';od in J un~·J u\y. AlIgu~L 1979. 
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FIGUR E 8 Approximate distribution or rainfall o~e r southern OntDrin during n 41-<1ay dry 
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in excess of normal (150 mm). The driest parts with less than roo mm are fair ly 
widely scaltered across the region. The largest dry areas occurred sout h of Geor­
ginn Bay and in eastern Ontario. The driest spot wit h <50 mm of rainfall 
occurred iTl lhe Bellcvillearca (slat ion 28 in Fig. I). An ind ication of thcseverity 
o f t his dry spell can be gai ned from the fact that the evapotranspiration frorn 
well-walered crups could ha ve exceeded 270 mOl in this 59-day period. 

The 1963 d ry period occu rred earliest in the season of the five major 
dry spells studied, sta rting in latc May and lasting to mid-J uly (Fig. 7). It was the 
firs t of the four mid-sixties d ry seasons to severely affect erop production in 
southern Ontario. Thc IlIrge a rea in eastern O ntario that received less than 
50 mm of rain in the 5 1-day period illustr3tes why hay a nd past ure crops were so 
severely affected that year. No doubt new seedings of hay were :.I)so affected and 
resulted in lower yielding hay crops in subsequent years. 

In 1960 the main dry arca occurred cast o f Lake Huron, and east 
from Georgian Bay ineluding all of the easlern counties (Fig. 8). This dry period 
occurred lalert han the others, July 19 10 August 28 . The normal rainfall in this 
period would hcjust over 100 mm, and less tha n 50 mm fell in most of Areas 2, 
4 and 5. Area.\ along the north ~hores of L1kes Eric a nd Ontario received the 
most rainfall wit h a few parts cx(~eeding 150 mm and over 200 mm in the Belle-­
ville a rea (station 28 in Fig. I). This was the centre of olle of the d ~iest areas in 
bot h 1978 and 1979. 

A com parison of the five maps shows there is little consistency in the 
spatia l d istribution of dry periods across southern O ntario. ·there a ppeared to 
be a tendency for areas ncar the Great La kes to be sl ightly morc prone to dry 
spells. However, the small encircled localities with rainfall greater than the sur­
rounding areas occu rred just as frequen tly near the Lakes as further inland. 
Thcse circles indicate thunderstorm events at the measurement sites a nd may not 
represent a large enough a rea due to the sparsity of sites. Th is is especially true 
fo r Areas 4 a nd 5. On t he ot her ha nd, very scattered storms, such as a rc com­
mon in d ry spells, may give a n exaggerated impression of t he exlent of ra infall 
when caught by two or more stations in a n area. Radar mapping co uld assist in 
determining t he extent of such rainfalls. 

SUMMARY ANO CONC LUS tONS 

An attempt was made to depict the frcquency and distri bution of dry spells 
during thc growi ng season across southern Ontario. Two criteria were used to 
determine their frequency of occurrence from historical ra infall records. T he 
region was divided imo five areas ( Fig. I) a nd the criteria applied to each. When 
only 60% of the chose n recording sites in a n Area and a small amount of dai ly 
rainfall were u~ed to assess the lengt h of d ry spells it was a pparent that this 
criterion res ulted in periods whieh were too long to be representative. When 80% 
of chosen sites and no ra infall was used as the criterion, it appeared slightly too 
restrictive. T he average len},'Ih oft he longest d ry spell fo r the 23 years ranged 
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from 37 to 49 days based on thc60%criterion and fro m 17to 26 day~ from the 
80% criterion (T:tble I). Figure 2 sho ws examples based o n both criteria. In some 
cases the d ry spel ls based on the I wo criteria coincide and in other cases the olle 
eriterio ll occurs at one t ime of the growing season a nd the ot her at another time. 

Five of the most severe dry spells. in du rat ion and geographic extent 
were ehos!;!n for ma pping. The tota l ra infa ll recorded d uring each of thc.se dry 
spells at all measurement sites was mapped to provide an indica tion of the real 
dis tribution of the driest areas (Figs. 4 to 8). Three o ( I he~c spells occu rred 
between mid-J une and the laller part o f J uly or early Augu~t, when tempera­
tures and eva po rative demand arc usually the hig.hest. T hcre was no consistency 
in the spat ial distributio n of d ry periods across the regio n. 

A study of this nmUre, o nce t he dry spells have been esta blished , 
co uld be assisted co nsidera bly by integra ting the eompUier-derivcd SC EPT ER 
radar ra infa ll maps du ring the dry spell. This wo uld help 10 pUl limits on the iso­
la ted thu nderstorm d ownpours and !ikely pick up a few that go un recorded at 
the o fficia l r(l infall measure ment sites. As the need for more careful plann ing of 
our water rCSQun:cs i n e reasc.~, and to be sure that agricul ture gets its share, the 
benefi ts of such a study usi ng the SC EPTER tn(lPS will be more appa rent. 
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AI'PENL>IXA 

Area 1 

I Chatham 7 Sarnia 
2 Hamilton 8 Simcoc 
3 Harrow 9 Vi ncland Slat ion 
4 Lond on " 10 Weiland 
5 Ridgetown 11 Windsor 
6 St. Thomas " Woodstock 

Area 2 , 
13 Blyth ( 13a Cl int on) 20 K itchener 
14 Brueefield 21 Lucknow 
15 Chat sworth 22 Om ngevi lle 
16 Durham 23 Paisley 
17 Fergus Shand Dam 24 Redickville 
18 Godcrich 25 St rat ford 
19 Guelph OAC 26 Wiarto n 

Area 3 

27 Albion 37 Midh urSt 
28 Belleville 38 Midland 
29 Bloomfield 39 Orillia 
30 Bradford (30a Ncwmarkcl) 40 Orono 
31 Rrampton 41 Peterborough 
32 Burl inglon 42 Pickcring(42a Oshawa) 
33 Campbellford 43 Port Il o pe (43a Cobourg) 
34 Co llingwood 44 To ronlO 
35 Kingston 45 Toronto Inri Ai rport 
36 Li ndsay 46 Trenton 

Area 4 

47 Apple Hill (473 Dalkcith) 54 Hawkesbury 
48 Arnprior (48a Chat's Falls) 55 Kemptvil le 
49 STockville 56 Metcalf(56a Ottawa N RC) 
50 CaTelt oll Place (50a Almonte) 57 Morrisburg 
51 Carp 58 Ottawa 
52 Corn wall 59 Port ElmJey 
53 Glen Gordon (53a Lancaster) 60 SL Elmo(60a Russel) 
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Arca 5 

61 Bancroft 69 Minden 
62 Chalk River 70 Mliskoka 1\ 
63 Chcnaux 71 North Bay 
64 Combermcrc 72 Parry Sound 
65 Des Joachims (65a Rolphton) 73 Pembroke (73a Pctawawa) 
66 Haliburton 74 Powassen (74a Magnctawan) 
67 Huntsville 75 Scotin (75a Burkes Falls) 
68 Killaloc (68a Madawaska) 
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A simple procedure used to estimate 
selected growing degree-day 
summations in spring and autumn in 
the Atlantic region 

A. Rno/sma 

Simple. regression equations were developed which arcumtcly esti mate the average date 

when 350 and 450 growing degree-days above SoC (G DI)~ ) have accumulated in spring 

and when 450 G DL\ ,lTe remaining in aut umn in the At lantic fegion ofCanarla, 
Monthly normal tcmpcrat urt:s were used as predictors in thl'; eq ull tions. Codficienls of 

dete rmination (r1) were high (;:j),98) and standard errors of cstimlltt were nl."ar r day. 

On a ctabli des equations a regrcssion simple pcrmel1ant d'eva luer avec precL~ ion In date 

moyenne fll llquelle 350 Oil 450 dcgrcs-jollrs au-dcssus de SoC (GDD~) sc sant IIccumules 

au primcmps et celie a l:lquelle il restc450 GDD5 en au tomnc dans In retion de ['A tlan­

tique d u Canada. Lcs nurlllaics ml!l1suel les de temperature servent u',ndices dans Ie.~ 

equat ions. Lcs coefficients de detcr mination (rl) pour Ct.'!> equations sont eleves (:.?O,98) 

ct I'errcur-Iypc dcs estimations ne dcpasse pas un jour. 

Growing degret.'-days (GOD) above selected base temperatures arc commonly 
used in agricultu ral applications as an ind icator of erop development and for 
classifying agroclimates of re!:ions. Normal G D 0 va lues ca n be calculated from 
temperat ure normals, alt hough corrections must be made for periods when 
daily mean temperat ures can fall below the base va lue. Thorn ( 1966) developed 
a met hod of estimating the required correction based on the standard deviation 
of the mean monthly ai r temperat ure. A morc direct method is to usc daily 
mean temperatures to calcu late GDO and then tak e the avcrage for the req uired 
perIod of years. 

Average dates when selected summations of GOD above 5"C 
(GDD5) were reached in spring and remained in autumn were required 10 for­
mulate general cutting management guidelines for fomgc Grop production in thc 
Atlantic region of Canada . Summations of350 and 450 GDDs in spring were 
chose n for this purpose since these su mmations corresponded closely with the 
GDD~ requ ired to reach the optimum stage of development for the first harvest 
of several forage cull ivars recommcnded for prod uct ion in the region (Bootsma, 

Agromctcorology Se~tJon. La"d Rc~nurtc Research Institute. Re~ellrch 
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1984). The nveragi: date when 350 G DD5 have accum ulated in spring was a rpli­
cable to early timothy cultivars such as Clair, white the 450 GDO~ date applied 
to alfalfa. red clover and timothy cultivars which reach optimum maturity for 
harv(.'St at about the sa me ti!TIt: liS Climax timothy. The 5DC tcmperature base 
has also been used by other workers to estimate the development stage in alfalra 
(Sclirio and lhown. 1979). The avcrIlgc date when 450 G DOl remain in autumn 
was required as a n indicator of the start ufthe a utu mn period during which 
a lfalfa sho uld not be harvested for plan ts to gai n winter hard iness (Bootsma and 
Suw ki. 1983). 

The methods described a bove for C<lkulating GOD normals are not 
p;lrtieularly welt su ited for calculati llg dates when the reql!ired GOD summa­
tions arc reached. T horn's method is used on ly for ca lculat ing mont hly normals. 
Published G DO normals arc £cnera!ly for monthly values (Environment 
Canada. 1982) o r SOmetimes weekly for .selected climate stations (Treid l, 1979). 
Conseq uently. the req uired data for all climate stations in the Atlantic region 
were n Ol readily <l vailablc fr6 m publ ished sources. Possi bly the beSt proced ure 
for calcu lating average dates of tile selccted GOD summations would be to use 
dai ly temperature records, but this also has several d rawbacks, namely: 

i) daily temperature records for all climate stat ions in the region would 
nccd to be readily avai lahle to the user; 

ii) dates calculated from short term stat ions would need to be adjusted 
to the long term norma l; 

iii) tile prOpt'T starting dale for accum ulati ng GOD may be difficu lt to 
determine in years when GOD begin to accumula te before growth of 
fo rages begins. 
"10 overcome the abo ve limitations. a simple method was dcveloped 

which estimates average dates o f selected summations of GO~.) rro m month ly 
normals of averagc mean daily ai r tempera ture. Regression a ud eorrclatiOl1 
analyses were used to determine thcrelut ionship betwt'en thcse dates and air 
temperature. Normal rather than yearly data were used t hro ughout th is study 
because the intent was to determine spatial but not temporal variation in the 
dale of selected GO Ds summations in the Atlant ic region for zonation purposes 
(Bootsma, 1984). 

D r: V F. J.o rM ~l'n OFKEGRI::SStON EQUAT IONS 

Regression eq uat ions were determi ned using climate data for the 1941- 1970 
normal peri od from 68 selected stations in the provinces of New Brunswick, 
Nova Scotia . Prince Edward Island and Newfoundland (Environment Canada, 
1971). 

For the spring period, the equations determ ined using 68 cases (sta­
tions) were: 

SJ~= 126.72 12.5271', +0.3077 T ,2 ( I) 
S4SO = 140. 11 - 13.201 1' , ... 0. 3354 T il (2) 
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where SJ..'oOl and 54'" arc t he average dates (1941·1970 normals) when 350 
and 450 GDD~. respect fully. have accumulated in spring (june 1=1): 
T, is the norma l average me<t n dai ly tem perature fo r May and JUIlC', 

Le. T(M ay) + T(June). (DC) 

2 
Equat ions (I) and (2) had coeffkients of determination (rl) of 0.99 

and sta ndard errors of estimat e (s.e.e. ) of 0.90 days. [nclud ing the quadrlltic term 
(T,2) in add it ion to T , in the regressions increased the ex pIa ined variances sig­
nifi ca ntly (P <S; 0.0 I) a nd reduced the s.c.e. from 1.5 days to 0.9 days. 

For thc autumn period, the following equation was determined 
using 68 cases (stat ions): 

F~ lfl = -43.34 '" 6.3 17 T; (3) 
where F4~' is the average date when 45() GODs rt'mai n in a utumn (August 1=1); 

T l is th e average melln daily air tempeflliure for September and 
October, i.e, T(Septem ber} ... T(Octo bcr}, (DC) 

2 
Equation (3) had an r1 value orO.98 and a S.e.e. of I day. Including a 

qUild rat ic term (Ti) in thl' regression d id not increase the ex plained variance 
significantly ( P ::::; 0.05). 

T he dependent variables in regression (SJoW' S4jO) were calculated by 
accumulating daily values of GODs from normal temperature graphs plot ted 
ll ~ ing monthly air tempera tu re normals for the 194 1- 1970 period, Slight correc­
tions (less than 25 GOD!) were applied to monthly GOD su mmations fo r 
months in wh ieh daily mean air temperatures could drop below thc 5°C bal'c 
tcmper<uure io so me years. Corrections were based o n a comparison between 
monthly GOD3 sum~ calculated from the normaltemperawre graph and th ose 
calculated rrom daily maximum and minimum air temperatures by Environ­
ment Canada . T he corrections have been described in more detail elsewhere 
(BOOUTllil, 1984). 

T he independent parameters '1', and Tl were selected because (i) 
GOD'i a rc derived from temperatures, (ii) the period when selected GOD sums 
accumulate in the I\t lul1lic rcgion coincided cl osely with the period over which 
T , and T2 were averagcd, a nd (i ii) these variables were readily availa blc for most 
short and long term climate sta tions in the Atlantic region. 

Values for SJ~' S~~ and F 450 determined from normal temperature 
graphs, with corrections appl ied, wen' compared with dates detcrmined by 
interpolating weekly G ODs summations published by Environment Canada 
(freidl, 1979) for 36 locations, using linear regression and correlat ion analyses. 
The dates determined using these two methods were highly t orrelated (I" ;:: 0.98). 
Regression coefricie nts fo r the spring dates (SHO and S~lfl) were not significantly 
different from the I: I relationsh ip (P <S; 0.05). The s.e.e. was 1.2 days for both 
dates. The slope of the regression line fo r the autum n date (F450) was not sig­
nifican tly different from 1.0 (P ::::; 0.05) but the consta nt in the regression equa-
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tion was significantly different from 0.0. T he dales obtained using Ihe graph 
method were consistently 2 to 3 days clIriier than those obtained from En viron­
ment Canada data. Reasons for this bias were n01 immediatelyapparenl. For 
agricull ural purposes, the differences were relatively insignificant and cou ld be 
readily adjusted for ifnceded. Tlles.e.c. for the a utum n regression was 1.27 day~. 

DISCUSSION 

The regression equat ions wh ich have been dcveloped here can provide estimates 
ofavcragc dates when the sd ected GODl sum mations have accumu lated in 

spri ng or remain in autumn in thc Atlantic regilm from long-term temperature 
normals or from short term temperature data adjusted to the 30-year normal 
period. The accuracy ofthcse est imates is more than sufficient for the agricultu­
ra l applications which have bccn presented. Dales can be read ily computed ror 
new 30-yea r normal periods without recalculat ing the regression coeffi cients. 
However, the relationships shou ld not be used outside the Atlantic region wit h­
out furthertesting. Although the mcthod used may be applicable to other 
regions, the regression coefficients and the independent parameters T I and Tl 
may differ. Forexample. in regions with ca rl ier springs it may be desirable to 
includc the mean temperature for April in the pammeter T ,. 

Tht' regrc$sioll eq uations were developed fo r specific GDO summa­
tions using n base ti.'m peralure ()fSoC. Equations could be developed for appli­
ca tions requiri ng di fferen t base temperatures or GOD sum mations. It would be 

useful to test the vrt lidity o f using these ei..juations fo r individ ual seasons so that 
expected date~ of selected GOD su ms could be read ily ca lcu lated from long 
range tem perature anomaly forecasts, should Ihese become sufficiently relia ble. 
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Comments on ~Do increases in 
atmospheric CO2 have a cooling effect 
on surface air temperature?~ 

Kevin Hamil/oil 

In a recent paper Idso (198]) makes some very misleading rcmllrk!( about the 
possible effect of H20 co ntinuum absorption on the predicted sensitivity of sur­
face temperat ure to changes in atmospheric CO! concent rations. He correctly 
points out that the widely quoted estimates of the warm ing expected \0 accom­
pany increas(.-d CO2 levels (c.g .. Manabc and Wetherald , 1911.0) arc based on 
mooels that do not include H20 continuum absorption in the r 2-18 micron 
region or the spectrum. He then nOICS thai recently Kiehl and Ramanatha n 
( 1982) have in(;orporaled this extra source of infrared opacity in a Hldiativc 
transfer model o f the atmosp here. In their paper Kiehl and Ramanathan ( KR ) 
determined the change in the ca lcula ted infrared flux resulting from a duubling 
ofCO~ concentration (usingfi.W'dtropospherictemperatures for the compari­
so n). 1<.1 .'>0 remnrks that K R found the cha nge in their downward infrared flux at 
the ground was red uced by a fat lOr of three when Hp continuum absorpt ion 
was included in the model. ldso ckarly means to imply that current esti matcs of 
the surfact'lempewt ure response 10 Cal va riations must thus be 100 large by a 
raetorofthrec. 

J n rea lity the earth'~ surface temperat ure and the <LI rno~phcrie 

tem perature.s throughout the depth of the troposphere arc strongly coupled 
th rough dynamical mechanisms such as small sca le co nvection und vertical heat 
transporlS by baroc!in;c waves. Thus, a.l· K R thMMelves roth!'r empl/alkol/v 
.I'lole, the tOlal radiative heating of the ea nh plus troposp here 5yslcm is a mue-h 
morc suit<lblc quantity to employ when jUdging the possible effects of a change 
in the radiative tran5fer a lgorithms on calculated climate sensitivity. K R a lso 
computed this quantity and found Ihal the .~ens ili viIY of the 10lal earlh­
tropo~pheric heati ng to a doubling of CO~ is altered by only 4.5% when H}O 
continuum absorplion is included. Th us one can bc fairly confident that con­
sidera tion of HzO conlinuum effects will make only very modest changes in 
modcl esti mates of climate sensitivity . 

Department QrOCeflllog.apil'l 
Ullivt:rsit'l or llrit l~h Columbill 
Vancouver. B.c' v6T I \\15 
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The impetus for CO2-induced climatic 
change: a reply to comments of Dr. 
Kevin Hamilton 

Sherwood B. '''su 

Kevi n Hamilton's comments Cut to the very core of a key question of the COr 
cli mate cOntroversy: What is the proper i mpel us or uriving fo rce for su rface air 
tempcralUrc change'? In the short nOle of mine wh ich he cha llcnges (Idso, 1983), 
I imply Ihall his d ri ving force is the COrinduced change in total rad innt energy 
a bsorbed alt he Ea l1h's sllrface. Dr, Hamilton disagrees. joining with Kiehl and 
Ra ma natha n ( 1982) 10 "emphatica lly sl at('" that thc total CO~-j nd uced radiative 
heali ng of the Ea rth- troposphere system is "much morc appropriate." 

The manner in which this latter philosophy is posited by both Dr. 
Hami lt o n a nd Kiehl a nd Ra manat han is a prime exa mple of what I hnvc called 
"science by decrec" in my recent book (ldso, 1982a). It i.~ the unqualified decla­
ration that somel hi ng is proper o r impro per. enlightening or mi~leading, true or 
false, presented with out a ny evidence 10 su bsta nl iatc il. I n fact . Ihe stale ment is 
gencrally made so matter-o f- racl ly tha t il has a lmost the ring of a natural law. 

Contrasl this ap proach wi th t hat ta ken in my short note r~lative to 
the ultimate climat ic conseq uences of the ra pidly risi ng CO~ contcnt of Eart h's 
atmosphere. Act ual data fro m the real world arc presented, possible in ferences 
a rc drawn, and tentat ive co ncl usio ns n:achcd . I then state tha t the cl'ercise in 
question merely indirQ!('.f someth ing a nd close wit h the caution tha t it by no 
meansprOI'i'S it . Indeed , even the title ormy pa per is followed by a question 
ma rk. 

But let us return to the key point raised by Dr. Ha milton, the q ues­
tion o f what is the pro per im petus for COr induced climatic cha nge. It is surely 
true, as he implies. that the surface of the Earth is coupled to the troposphcre 
a bove it. a nd that they in some way funct io n as a system. But wha t is the physics 
or that interrelationship? Is the linkage of sueh a nature that a eha.nge in the 
energy contcnt o r the total system results in a unique change in the temperature 
of its lower bou nda ry? O r. are there mu ltiple solUlions to the problem, such that 
differe nl d is/rihw ioTls of the total energy conten t of the sy~tem may resu lt in 
different bounda ry cond iti ons at its lo wer surface? 

U. S. Wa ter Conservation Laborarory 
4331 F.. Fl roadway Rd. 
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Irrespective of whitt the correct answers to these queslions may be, 
it seems reasonable 10 believe that the temperature of t he [ower boundary of the 
system will be determined in large measure by something happening in the 
vicin ity of thaI boundary; and a not-illogical choice for that "somethi ng" is a 
perturbation of the downward nux of radiant energy to the Eart h's surface, for 
this phenomenon-process would sccm to qua lify as a good mechanism by which 
information about what is happening in the troposphere above may be tra ns­
mitted to the surface below. Consequently. this IlUndl, as it were. a llows llS to 
form ulatc a (('.I'laMe hYf)o(h('~·i.\', which is t hat planet Eart h has a IIlIiqlle "surface 
air temperatllre response funct ion." ddincd as the cha nge in surface a ir tempe­
ratu re brought abollt by a change in radiant energy absorbed itt the surrace, 
And iflhis hypothesis can be proven, it follows as a logical consequence thai the 
proper impetus for surface air temperature change withi n t he context of t he 
CO2-climate question is indeed the COr induecd cha nge in total radiant energy 
absorbed lIllhe Earlh'J JUi/rtCt', 

Now the first eva luation of a surface air temperatuH: response func­
tion for Earth's atmosphere to be made by empirical means wit hin the context 
of the CO2-climate question was thai of Newell and Dopplick ( 1979), who 
inferred from a va riety uf experimental observations that an appropriatc mea n 
va lue for the globe as a whole was O, loK (Wm'Zr'. Can this number he obtained 
by any ot her empirical means? 

Consider the Ea rth as it presently exists. It currently has:1 mean sur­
face air temperature of 288° K. Imaginc ncxt lhat the cntire atmosphere were 
su mehow removed. but that the absorption of sola r radiation at the surface 
remai ned unaltered, The mean surface tem perat ure of the globe. in this si tuat ion 
would ult imately decli ne to about 254.4° K. This 33.6° K decrc:Ise in surface 
temperatu re comes about as a result of a 348 WIl11 reduct ion in atmospheric 
thermal rad iation to the surface (ld50, J982 b,e). Conseq uently. the IOtal equili­
brium surface ai r tem perature response fu nction of Earth's atmosphere i ~ 

derived from this "thought experi ment" to be 33.6° K/348 Wm'z or about O, loK 
(Wm-lrl. precisely the same value as that derived by Newel[ and Dopplick, 

Consider once aga in the Eart h as it presently exists, with its mean 
annual equator-Io-pole surface a ir temperature gradient sustained by the mean 
annual equa tor-to-pole grad ient of Iota I surface-absorbed radiant encrgy. If the 
former parameter is plotted as a fu nction of Ihe laller parameter, IwO distinct 
li nea r relalionships result, one ofs[ope 0. 196° K (W m'l)"1 bel ween the poles and 
630 N,S lat it ude, and one of slope O.090oK (Wm·1rl between 63° N,S lati tude 
and the equalor(ldso, 1984a,b). Weight ing these res ults for the propcr per~ 

centages of Earth's surface area 10 which they apply ( 12% and 88%, respec· 
live[y), a lOla/equilibrium surface air tem perature response fu nction ofO. 10 K 
(Wm'lyl is again obtained for the globe as a whole. 

These exa mples iI [ustrate the fnci t hat there are at least three sepa­
rate and independent ways of empirical[y deriving an ident ical res ult for the sur-
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facc a ir temperature res ponse function o f Earlh's atmosphere. All of lhesc " natu­
ra l ex periments," as I like to ca ll them, involve ind isputable equ ili brium 
transit ions, and they all a pply to the globe as a whole. thus sat isfying the two 
crite ria which a re essentia l fo r a proper derivation or lh is uniq ue number­
concept. Consequently, thcre is co mpelli ng evide nce to ind icate that this 
nu m ber-concept will successfu lly pred ict the ult imate surface air temperature 
conseq ucnces of alZY at mospheric perturbation which res ults in a cha nge in 
surface-absorbed radiat io n. G ive me the value of the init ial o r prima ry cha nge in 
rad iat ive energy abso rbed a lthe Ea n h's surface due to any phenomenon what­
soever, plus the value of any feedback-induced change in radia t ion a bsorbed 
there, and I will give yo u the ulti mate cha nge in mean globa l surface air tem pe­
ra ture to be e;<peclcd when equilibri um is tinally achieved, merely by mu ltiply­
ing the sum of those two fl ux changes by 0.1" K (W m·})"I. The three examples 
j ust ci ted demonstrate that (his pro('('dure works; a nd as t hc old adage goes, the 
proof of the pudding is in thecat ing. 
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