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Foreword / Avant-Propos 

I am pleased thai we have three articles from Ihrct' different countries in th is 
issue. This international flavour should stimulate Canadian contributors in 
bot h of our official languages. Please keep the manuscripts and news items 
flowing. 

2 

Alec H. Paul 
EdilOr 
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Impact Of Climatic Warming 
on Residential Consumption 
of Natural Gas in Canada 
B.F. Findlay and L Spicer 
Canadian Clima te Cent re 
Atmospheric Environment Service 
Downsview, Onlario M3H 5T4 

[Origi na l manuscript rece ived 8 May J987; in revised fo rm 
I March 1988) 

"H ST RACT 

Natural gas, an increasingly popular fuel for residential space hellting in southern 
Canada, is foreseen to undergo demand changes over the next half.ccntury as a 
result of climatic and population changes. "Greenhouse effect" climatic changes 
ought to reduce nalional per capila use for winter fuel, but bulk regional 
requirements a re projected to increase in western Canada as a result of net 
populmion increases. These fo recasts are necessarily quali fied by a number of 
simplifying assumptions regard ing ma rkets and technology. 

Le gal. naturel cst un combustible qui devlent de plus en plus populaire pour Ie 
chauffagc rcsidentic l au Canada meridiomt1. Pendant Ie prochain demi-siecle, on 
prevoit des changements de dCOl:tOdc suite aux changements climatiques Ct 
dcmographiques. Les changements climatiques causes par «I'effct de serrell dcvraient 
reduire I'utilisation nlltionale per capita des combustibles hivernaux: cependanl, on 
prevoil que Ics bcsoins regionaux bruts 3ugmentcront dans l'Ouest canadiell 
prorOTtiollellcment a III croissance nClle de III population. A ellu~c de certaines 
hypot hi:~es simplifieatrices concernant les marches et la technologie, les previsions 
sont etablies sous reserve. 

I NTRO D UCT I ON 

"Greenhouse effect" climatic' warmi ng is a po pular scientific quest ion 
currently enjoying broad su pport (Schneider, 1984, World Climate 
Programme, 1985, Bolin et al 1986). It is expected that global temperatures 
will increase by 1.5-4.5° C or more wilhin the next century as a result of 
growing levels of radiativc1y-active gases in the a tmosphere (COl' 0 .1> N20, 
NHJ , CH., elc.), which absorb or renecI the Earth's radiation of heat to space. 
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Measurements indicate that atm()spherie COl has increased !O per cen t 
since 1957, and some of the other gases seem to be increasi ng faster 
(Environment Canada, 1987). The ma in so urces of these gases are from 
com bustion of fossil fue ls and deforestation, but other natu ral emissions from 
areas like marine wetlands may playa role. The oceans have been absorbing 
about half of the atmospheric increase, bUI this effect is expected to decrease 
very soon. The fo recasted tcmperaturc risc is based on a doubling of present 
CO2 levels which is bclit..'vcd to be possibk by 2030 AD and higbly proba ble 
by 2050 A D. Temperatures are expected to be warmer than the globa l 
avcragl."S at high latitudes and during winter (Environme nt Canada, 1987). 
Such a change could engender profound socio-cconomic effects, which would 
be important to Ca nada. Canada's geographical location presenll y e:'wcts an 
an nual eco nomic burden, that of the space heating of buildings over winter. 
Wamlcr tem peratures could have subst;ln[ial alleviating effects, although 
these might be offset by higher fuel costs, popula ti()n growt h and energy 
eK pend itures for air conditioning. The impact of technological change is also 
a factor very difficu lt to esti mate. 

!-lere, we mak e a projcction of rtsidcntialnatura l gas 
consumption over the nex t fifty years, using available info rmation on usc 
patterns, popUlation growth and forecasts of climat ic warm ing. It is a simple 
projection, not incorpora ting all factors , but may have strategic valuc for 
long-te rm energy and economic planning. For this paper we made a 
conscious decision not 10 speculate on future energy conservation, as there 
are many opinions, and the necessary deta i l ~ ofu rgument co uld detract from 
the main themes presen ted here. A second majo r si mplifi ca ti on introduced is 
that thc proportion of population using natuml gas for home-heating will 
remain constant. Intuitively, we sense that Ihe rat io will increase, but how 
much" Projected fu ture fuel mixes remain controversial. We do expect, 
however, that usc will continue over several decades des pite longer-term 
concern over foss il fuel supplies (Bach, 1984). 

USE OF NATURAL GAS FOR SPACE HEA T I NG 

Over the past q ua rter-cen tury an extensive pipeline network has developed 
over much of so uthern Canada outside of the Atla ntic Provinces, in order to 

transport natura! gas from prindpal source regions in thc West. The fuel has 
severs I advantages over others for future use which include: direct con ncetion 
wit h cllstomers, effectiveness in small , efficient (umaces, additional use fo r 
water hesting, cooking and refrigeration, and government su bsidies for 
house hold convcrsions. In each province, indigcnous distribution agcncies 
have been formed, creat ing problems of data standard ization for a nat iona l 
study such as this onc. For the present forecast, data were selected from six 
major cities and their respective provinces. There is generally a JO-year record 
for residential gas consumpt ion (Table I). 
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T"OtE I: Cilies, GIU Delivcry Agencies ami Periods of Record 

Ag~r>Cy City Recofti 

Oa? Mtnopolirllin MOnlreal 1975·84 
Omsumers' Gas loronlo 197H4 
Gre81cr Winnipeg Gag Co. Winnipeg 1975-fl4 
5.1shlchc"·an !'ower C(lrP, Regina 1975-84 
Northwestern Utilil;!:!; Edmonlou 1979·84 
Orinsh Columbia Hydm Vllncouver 1981-84 
Slall~lics Canada Provincial Total.~ 1975·84 

As well. gas consumption is mostly for space heating, compared 
with elect rIcity ,."herc uscr billing does not disti nguish between lighting, 
appliance operations and heating. 

POPULATION GROWTH 

While world population is ex pected to exceed six billion by the turn of tne 
ct!nt ury, the forecasted growth ror Canllda is much less spectacular, being 0. 1-
0.4 per cen t cum ulatively from 1983 to 2006. Provincial estimates are 
available from Statistics Canada unt il 2006, while from 2007 to 203 1 national 
projections have been used. The greatest relat ive growth , at least until 2006, is 
foreseen 10 be in the western prov inces. (Sta tistics Canada, various years) 
(Figure I) 

These rales are considered to be "medium growth" by Statistics 
Canada. Such population data give a n esti mate of futu re customers fo r 
natural gas within a set of assumptions regarding ma rket size. Although it 
may be desirable to input an energy conservation faclOr, or attempt to 
estimate future fuel mixes, we consider that these would be highly speculati ve 
and have chosen to assume consumption pc r-customerj per heating-degrec 
day to be con~tant. The estimated pl)pulat ion~ for the years 20{)6 and 203 1 
arc shown in Figure I. 

RELATIONS W I T H CLIMATE 

In 1927 the America n Gas Association demonstrated a quan titative 
rclationsh.ip between ambient air temperature and heating IO?d from which 
the heating-degree day concept was developed. In generaJ, the heating season 
is assumed to begin when the mean daily temperature falls nelow 18"C. 

The th reshold is selected by stat is tica lly rela ting the qua ntity of 
hcaling fuci necessary to keep the indoor temperature steady at a comfo rtable 
levcl to the neg.1live departure of tcmpemture below the base. Houses with 
good insulation can make usc of lower ba~es in the calculation . While beating 
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FI GURE I. I'oplllalion Projccrj(lnS 198J.-2031 AD: Estimated Populalion (in millio"s) 

I 

degrce..<fays are empirically derived a nd lack theoretical foundation, they 
serve many practicaJ purposes (Gullett and Phillips 1986). 

The fo ll owi ng climatologica l cx pressions were examined in 
rela tion to gas consumption: 

IIcating-degree days for year: bases 18, 15, 13 and IO"C; 
- Mean mont hly temperat ure calcu lated two ways: 

(a) mean daily max .... mean daily min .-+- 2. averaged for the 
month; 

. .... '.,,. 

(b) mean daily temperature computed from hourly values -:-- 24, 
and averaged fo r the month. 

These were examined by linear regression for a 100year record at 
six cities and for their respective provinces. Thecoefficiems of determination 
(r2) shown in Tnble 2, suggest thaI no particular expression has a ll advanlage, 
and therefore, the mca n monthly temperature comp uted from the. da ily 
maximum and min imum va lues was selected. This was because of ils broad 
application to ord inary climatological stations, and its ease of comparison to 
cl imat ic cha nge scenario temperatures, as will be discussed bclow. Monthly 
temperatures higher tha n, say ISoC, will correspond to a very minima l use of 
gas, and therefore playa negligible role in defini ng the terms of the 
equations, which are presented in Table 3. Table 2 confirms the continued 
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TADLE 2 : Coefficients of D~!enI1ina l ion (r') lor Corrciallon5 Between Gas Con~umption and 
Climate Heat Load Expressions 

lleating- Degrcc Day M~an Monthly 
lemperature aa~s ("C) -H:mperaturc 

Variable 
10 IJ " T8 Method (8) Melhod (b) 

Montreal .77 ." .79 .'" . 76 
(brOnlo . 86 ... .89 ... .86 
Winnipeg .89 .90 .90 .90 ." 
Regina ." .76 .77 .76 ." 
c<.lmQtltotl .80 ." 8J " .8J 
Vancollv~r .42 .>1 ." .55 .55 
Quebec .81 .S< ." " .84 
Ontaril) .91 .93 .9) .93 .91 
Manitoba .89 .90 90 .00 . 89 
SaskatCh~wan .92 .,) .9' .94 .93 
AJbcna .86 ." ., ." . " B,C. .80 .81 ,88 ') ." 
I MI.l:. 3: Relalions of It e~jdentlat Naltu"JI G~s Consumptinn III Monthly Ilc:ning 
Requirements 

.76 

.86 

.88 

." 

.8) 

.55 
.84 
.90 ... 
.93 ... 
.SO 

Coefficient of 
Equa tions for Cities and Provinces Ddcrnlln!llion 1(1) 

Montreal 
roronto 
Winnipeg 
R~gin3 

Edmontnn 
Vancouver 
Quebec 
Ont3rio 
Manitoba 
Saskatchewan 
Alberta 
!J.e. 

T he equalions are of the f()rm : 

where 

Y =mX " h 

y eo -IS.3X" 374.1 
Y = -20.7X • 477.2 
Y c: -ll.0X • 391.8 
Y: ·15.5X i 380.0 
y ,= -205X .. 476.6 

yeo -14.5X" 557.4 
Y : -16.2X • 3711.6 
Y =-2l.0X· 476.4 
Yeo ·17.4X' 390.7 
Y '" -17.!:IX' 41 1.4 
Y =-21.9X ; SJS.l 

Y '" -l6.SX • 538.4 

Y i$ the e,1imate(! per ~us!Umer natura! gas ctllluunption iml) 
X is the mean mOllthl~ tC01pcmtun: eel 

.). ... 

.90 

.16 .) 

.55 

.85 

.9) 

.90 

.94 

." .81 

valid ity of the ISo C or ISoC thresholds. Home energy conservation across 
Canada may allow lower thresholds in futu re. The lower y2 va luc-~ for 
Vancouver in Tabl es 2 and 3 are li kdy related to the shon er period of record 
fo r gas consumption (Table I), and the information should bc ustd with 
greater cautio n. 
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To estimate the possible magnitude of regiona l temperature 
changes resulting from a doubling of COl concentrati on, recourse was made 
to output rrom two genera l circulation models (GeM's). These arc modified 
versions of tile Goddard Institute for Space Studies (O ISS) and The General 
Flu id Dynamics La boratory, Princeton University (GFDL) models which are 
elabora te simulations based on the atmospheric laws of energy, moisture and 
momentum. They arc costly to operate because of computer time needed to 
perform the many calc ulations, and so many fac tors arc parametcri:t.cd. Their 
in!ent is for hemispheric ana lyses, but output is available fo r grid points 
providing informa tion al a regional scale. A rceen! paper by Cohen ( 1986) 
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summa rized the applicability of such models fo r regional studies. The two 
models he uses are those utilized here and referred to as Sccnario A :l.nd 
Scenario B. A a nd B have somewhat different grid sizes IlI1d point va lues in 
many instances, but the signs and magnitudes have broad ~im i lar i ties. The 
grid-point valucs were interpola ted to the six cities st udied here (Table 5). 
Figure 2 is a gcneralized Illap of thc inercmcn taltemperatu re warming 
accord ing to the two scenarios. 

Both scena rios su pport the general view that the southern in terior 
of the country from the Great Lakes through to the prairies will be drier liS 

well as wa rmer than a t prescnt, while the Arctic will be considcrably warmer 
and wetter, enabling places like Fort Simpson I() grow crops now being 
cultivated at Edmonto n. Some of the increased popUla tion forecasted for the 
west may well come to reside in the northwest. 

S [J M MAR Y 0 F ME T JI 0 0 

Tempe rat ure/gas consumpti on rela tions were developed from linear 
regression, aod Pearson product moment correlations indicuted a significance 
at the 95 per cent level. Fo r the years 1975-84 a ra tio of custo mcrs to 
population was computed fo r each city and the mean va lue was adjusted to 
tht' projected 2031 AD popUlation. Then the scenario tempera tures were 
substit utcd in the eq ua ti on. The output is su mmarized in Tables 4, 5, o. Table 
4 projects population and gas customer data fo r the six ci ties and provinces. 
Table 5 shows yca rly per customer eonsu mplion under climate scena rios A 
and B, und finally Table 6 provides estimates for reduced per customer 
consumption across the cou ntry (exce pt the Atlantic and nort hern a reas) 
once major climatic warming has set in. 

fAlIl.h 4: Pupu[ation and Residentia[ Cu~tomcrs fOI NaturaJ Gas (thOltSJmb) 

Rlltio uf Proj~cttd 

Mean Custom~f$ / J>rojccted Number of 
Mean Number of Population PopulaLion Population Customers 

Customers (1975-84) (1915-84) 203[ 203 t 

MonLrc"J 'SI 2821 .OS 3078 154 
Toronto 261 2941 .09 "99 '" Winn lpe ~ 135 "6 ."13 610 '" R~gi na " 16' J' 212 66 
Edmonton 136 621 .22 """ 221 
VancouVl.'r " 1132 . OS J8S' .. 
Quebec '65 6369 .03 700' 210 
OnLariu 1105 854[ . 13 J0282 [))7 
Manitoba '6() [031 . 16 [[13 IS" 
Sask.atchcwan 19. 951 .20 1242 248 
A[ bcna 49' 2095 .23 3423 7S7 
British C.o[ombia 369 2642 . 14 4082 571 

B. F. Findloy alld L. Spicer I Natural Gas COIISWI1Pliol7 9 
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T ... 8LE 5: Estimated Anllual Consumption with Scenarios A and B 

(] 
% Change % Change 

'f 
Mean Annual Gas Consumption f rom rrom 

" 
1975-1984 S~nario A Scenario B Present to Present to Mean Annual Tempera ture (og 

0 (100m!) ( I()tm' ) ( 106m') Scenario A Scenario B 
0-
~ Monu~1I1 310.5 426.7 448.6 -16.4 -12. 1 o· 
EO. TOlonlo IO&U. 1114.5 975,4 +4.6 ~.J 

19S I..so Scenario A Scenario B 

6.2 9A '.6 
7.J 9.2 10.9 

'" Winnipeg 702.2 767.3 650.3 "'.J ·7.4 2.2 J .5 6.' 

" Regina 197.6 242. 1 205.3 +22.6 +3.9 = 2.'2 ' .7 7.7 
g Edmonton 646.8 1015.2 9585 ·57.0 *48.2 1.6 ' .5 5.5 
5' Vancauver 2.45.6 329.1 322.2 +34.0 • 31.2 9.' 10.9 II.( - Q~bec 553.5 572.6 61)4 .3 +] .5 +9,2 

'" O nta rio 4386.3 4543.0 }97M +3.6 -9.5 
"- Mllnitoba 664.J 743.2 630.5 ~ 11.9 -5.1 
§. Saska t~hewan 836.3 975.2 814.3 +16.6 -H , 

Alberta 2649.3 4)22.2 +55.6 
"-

3908.4 +47.5 

3 British Columbia 1205.3 1715.7 1697.0 +42.4 ~40. 8 

• 0 Provincial Tota l 10295.0 12672.0 11625.0 +23.1 +1 1.9 
0-"'. ~ 
" " ~ 
"" '" ~ 
00 
00 



lABlE 6: AClualllnd Forecasted Annual Gas Con~umption Pcr CuslOmcr 

I\l\!1ual Per Annual Pe r Per ecnt Per cenl 
Mean Annual Custolner We Cuscomer Use 
per CUslOfller wllh ",ilh 

Dcx:reOIsc In ~reast in 

U~ Scenario 1\ S«1l~rio ij 
Con.~umplion Cnnsumpllon 

(m') (III ') (m') 
frolll Prt:sent from Pre~cnr 

<0 '" (tllOusantls) Scenario 1\ S<:enario R 

Montreal ]A 2.' ~9 IS. t 0.9 
Toronto 4.0 3.4 3.0 14.0 24.7 

Winni~g ' .2 5.0 4.2 ' .0 19.5 
Regina 4.0 3.7 3. ' 9.0 22.\1 
I:"dmonton 4.7 4.6 4.3 3.2 8.6 
Vancouver 3.6 3.' J.4 37 '7 
Qucbt:C 3.4 2.7 2.9 19.2 i4.1S 
Ontar io 4.0 3.4 3.0 14.2 25.0 
M:lnit ll ba 4.2 ' .0 3.4 '.0 19,4 

Saskatchewan 4.3 3.' 3.3 '.7 24.6 
I\lb ert~ , .. 5.2 ' .0 >6 7.6 
Bri ti~h Columbia JJ 3.0 3.0 '.0 10.0 

Total Provinc,al 24.5 27.2 204 '.3 16.7 

D I S C USS ION 

While Ontario is foreseen (0 receive the Olo~t people, tht greatcst relative 
population growth over the next half-century is projected to oceur in the 
western provinces. With high customer to popUlation ralios (Table 4), overall 
consumption of gas would be expected to trend upwards wit hou t considering 
climatic warming. [n <[able 5 increases in gross co nsumption arc seen to be 
projected over most of the country, particularly in Alberta and British 
Col umbia . However, as Table 6 indicates there is a per customer dccrease in 
eon~umption whkh is particularly marked in Quebec and Ontario, An overall 
national reducti On of one-tenth to one-fifth of present use secms apparent by 
the year 2031. 

Many fac tors must be considered when analysing regio nal 
patterns , The A and B scenario tempcratures differ, with Scenario B being 
warmer (mean annual temperature) for all c itics except Montrea l. However, 
the Montrcal cuse is seen to be locally anoma lous, arising from the 
interpolation of grid-point values, and this is not identified in the broad-sca le 
analysis (Figure 2). 

CO N C I. USION 

This projection of future Canadian n:!lum l gas usc indicates an average [0-20 
per cent decrease in use by individual residential consumers by 2031. 
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However, the climatic warm ing does not offset an overa ll increase in 
consumption wh ich resul ts from popu lation growth . It must be emphasi;ecd 
that this is a simple projection which assumes si lUations regarding markets 
and tech nology which may not remain true. These assumptions and 
generalizations are, in summary: 

technology does not advance and develop better cfficiency ilnd 
conserva tio n. 
the proporti on of the population using natural gas rClnnins 
constant. 
the climat ic warm ing occurs by 2030. A recem pa per (Bolin e/ (II 
1986) confirms that the combi ned effect of all radiatively act ive 
gases could well produce such a temperature rise. 
temperature scenarios interpolated from grid points to urban 
ce ntres arc also used provincially. 
population projcct ions after 2006 arc national. These have been 
divided provincially using the proportion!; established for 1 983~ 

2006. The projection is for a "medium growth" scenario. 
A further limitation is thai the GeM (esults are "noisy", reflecting 

the different pa rameterizations of the two models and the simplifications 
necessary to drive both. Scenario A temperatures a rc generally lower than 
those of B. Any interpretation of these projections must be made with 
caution. They pertain to broad areas and the nu mben are approxim~ltc. 

Howcver, general concl usio ns such as these arc well above guesswork and can 
shape thc contingency allowances Cor long-term strategic planning of energy 
supply. An alternative approach which avoids using GCM resul ts 011 regiona l 
sca les wou ld be to examine the sensiti vity of gas consumption to hypotht'tical 
temperaturc changes. This would enable the development of stra tcgies to 
respond to a range of possibilities and oughT to be considered in a fUTure 
st udy. 
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Seasonal Snowfa ll Totals 
in Northern New England: 
Recent Trends and Variability 
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AIISTRACT 

Long-term trends and season:!l variability in snowfall total~ for ten nort hern New 
England siles were slIldied for the 37 winter seaso ns from 1949-50 through 19115-86. 
Uti li1.ing ten-yea r moving averages to depict trends, many of Ihe sitts experienced 
distinct increases in snowtall tota ls from the beginning or the study period to the latc 
1960s and 197&. Thereafter, a majority of siles showed 3 significant decline in the 
seasonal snowfaJJ Ifcod into Ihe 19805. It is suggested that the IlIIe 1900s through 
197()s pe:J k was the mort' exceptional period , Analysis of cxtreme snowfall seasons 
ulilil'..ing n snowfall varifibi li lY index indicated II higher frequl'nCy of unusual yearll 

for the laller half of lhe study period , 

Les tendanccs ii IOng-Ienne ella variabililc des (O!ales de I1cigc;'l dill stations de la 
Nouvelle-Anglcterre du nord onl t l ~ el ud iees, La periode d'etude eomprend trentc
sept sais()ns hive-rnales, de 1949-50 jusq u'iI 1985-86. En decrivanl les lendanees par 
les moyennes mouvllntes de dill ans, on Irouvt' qut' la plupart des stalions pre~cnle 
unt' augmentation distincte de lotale de neige du debut de la periode d'bude j usqu'iI 
la fin des annees 1960 ct durant It'S annce$ 1970, Ensuilc une majorit6 deS stations a 
cnregistTc une tcndance significative de dc';clin de la neigc saisonniere. On suggerc que 
la pointe de la fin des annees 1960 au trllllers des annees 197\1 1\ ctt la p~fiode la plus 
exceptionncllc. Une an:llyse des saisons de neigc extreme, suiv;\111 un indite de 
Ya rill bili lC de neige,:I indique Ulle frequenee plus clevce d'annecs clI(.'Cpl ionnelles 
pendant la dcrnicre moi tie de la ptriode d'clude. 

L IN'I'RO DU C1 tON 

Snowfa ll in mid~latitudc: climates is of considerable im po rta nce with respect 
to impacts upo n water re,~ourccs (e,g., Hendrick and DeAngelis, 1976), 
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transportation (e.g., DeFreitas, 1975: Cohen, 1981) , and other economic 
activities (Oliver, J9XI). Lynch et nL (1981) and Dubreuil ([981) have 
documented the economic impacts of thc unusually light snowfall fo r the 
1979-80 season in Ontario and southern Qucbec. Ski resort operators felt a 
large negat ive economic impact due to the lack of snow during the season, 
thus providing one iJiustration of the important.'C of snowfall variability. An 
assessment of temporal trends and interannual variability of snowfall can be 
uscful in planning appropriate preparations or actions in response to such 
climatic variations. 

Northern New England is a region with an im portant recreat ional 
ski ind ust ry. Thc objective or this stud y is to investigate the tempoTHI trends 
of seasona l snowfall totals during re!:cnt dcr:ades for northern New England 
and to lIssess the interann ual va riability of snowfall, i.c. whether extreme 
seasons (either with unusually high or low totals) have become more or less 
freque nt in recent years. 

2. DATA 

Snowfall records for 37 seasons from the winters of 1949-50 thro ugh 1985-86 
were obtained from the Ciimat%giral 00/(1 publications of the National 
Climatic Data Center for ten si tes in Vermont., New Hampshire and western 
Maine (Figu re I). CommentS in Table I document any data problems 
incl ud ing substitutio ns of data from nearby ~ites 10 facilitate a complete 
record with no missing data. The most elabora te su bstitutions of estimated 
values occurred fo r Rum ford, Maine. Five of the siles had complete records 
necessitat ing no estimat ions from nearby sites. Mean seasonal snowfall totals 
and standa rd deviations for the entire period are given in Table). 
Considerable V'Mialion in mean sn()wfall receipt exists across the study area. 
Also presented in Table 2 are Chi-square values for a test of whether .~easonal 
snowfall totals arc normally distributed (Panofsky and Brier, 1958). Results 
indicate that snowfall amountS are indeed norma lly distributed for all sites. 

3. ANAlYStS AN D D I SCUSS ION 

To assess long-term trends in IOta I seasonal snowfall, to-year running means 
were calcula ted for each site (Figure 2). Snmvfa!l sensons arc labelled 
according to the calenda r year for the January of the winter season (i.e., 
winler of 1949-50 is referred to as 1950). Ten-yenr means were used following 
the suggestions of Dixon and Shulma n (1984) who have shown that running 
means of 10-30 yea rs in lengt h perform better than shorter averaging periods 
for predictive purposes. To illustrate the signHieanee of any difference 
between the most recent to-year average and those of previous periods, 
t-statistie values (Panufsky and Brier, 1958) were calculated comparing the 
mean snowfa ll lOtals for the ten-yea r period 1977 th,ro ugh 198610 all other 
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T"IILf. I: Rckvanl 1nformallon on weather stat,ons used III this ~tudy, 

Latitude. Altitude 
Si te Longitude (m) Comments on Data Record 

RumrOl'(\ ISSE, ME 44" 32' N .92 For 1983-84. 19S5-86 ~asons, usc:d West 
7ff'32'W Paris. Puor to 1971 , seve,... .. 1 mrlfllhly and 

"tawna) values wcre.derived from 0111er 
Rumford siles (Rumford IS, Kumford 
JSW, Kumforu Power Plant) at sliglltl~ 
different 1000\i()ns 0nd cleVlllionJ. 

Concord, NH 43" 12' N lOS Rtcord complete 
71° 30' W 

Fir.;1 Conn L3ke, Nil 45" 05' N SO. Retord comph,t., 
7 1" ITW 

Mount Washington, Nil 44" 16' N 191)9 Substituted I' lnkham Not(:h for I misslog 
71 ~ Ill' W mootllduring 19111-111. 

Surry Min. La~e, NH 43" 00' N ." Record completr 
72" 19" W 

\Vest Rumney, Nil 43" 4S' N 171 Sulls!ltuu:d Woodstoc~ for I missing 
71" 51' W lJI<)fltll in each of 1950-51,1956-57,1958-

59, 1959-60 

lIurlington, VT 44" 18' N .0. Ikc(>rd complete 
73¢ 09' W 

Ca\1:ndisll , V-I 43" 23' N '44 Record complete 
72" 36' W 

Saint Joh n~!)ury, VT 44U 25' N :m Subslitutl~ Monroe, Nil for u rew 
72" or w montils incitell of 1959-60, 1974-75, 1975-

76. Substituted GIlman for R month rn 
1%1 -t'i2. S\lb~ti(ulCd W. Danville ror a 
month in 1952-5.1. 

Seauhorg Stalion, VT 42" 52' N 475 SubstilUtcd Rcad~boro for I mi s~;nll 

7:!" 55' W monlil in ~ach of 19(,8-69, 1971-72. 
SubstItuted ScaT'<br.lrg MOllnlain for 
entire $ca$ons of 1952-53, 1955-56 und 1 
month in 1961-62. 
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-r"'fll_ ~ 2: Mean seasonal snowfalilOlals (based on 37 seasons) with slandllrd deviation values 
and Chi-square value, for test ofnorln:!1 di.~lribuliol\. 

'standard 
Mean ])ev~1t,on 

Sit~ (em) (em) Chi-squHre~ 

Northern Porlit>ll of Study Area: 
Mount Washington. N H 723. 1 26~.2 7.43 
first Conn Lake. N H 42].0 81.1 2.68 
Rumford, ME 234.3 71.2 5_24 
SIIin! Johnsbllry. VT 219.0 58.1 7.72 
Burlington, VT 205.1 52.1 6.68 

Soulhern Portion of Study Art~: 
SeDTsbu'g StMion. VT 29 3.1'1 68.7 5.03 
West Rumney, NH 241.7 65.4 6.57 
Cal'endish, VT 240.6 67.4 7.63 
Suny Mountain l.ake, NH 173.0 54.7 6.93 
Conconl, NH 163.1 50. 1 JO.OO 

• To reject the hypothe)'is of II normal distribution. Chi-square needs to exceed 1).]6 (0. 10 
significance level) or 20_09 (0.01 significance level). The.efore. all sites had normally 
distributed seasonal snowialJ tOlal~. 

IO-ycar averages. Portions of the trend lines in Figure 2 found to be· 
significa ntly di ffe rent fro m the 1977-19H6 period at the 0.05 and 0.10 
significa nce levels arc ploned with thick and thin solid li nes, respectively, 
while the da.~hcd portions rep re!;;ent periods when 10-year means were no! 
signifi ca ntly different from the 1977-\986 average. 

The curves in Figure 2 ill us trate that for 8 of the 10 sites the 1977-
1986 decadal snowfa ll average is significantly lower than for earlier periods, 
especially compa red to the mid- 1960s through the 19705. For several of the 
sites, recent snowfall tota ls arc at the lowest level for the entire study period. 
By contrast. no significa nt trends are evident for Saint Johnsbury and 
Concord. Mount WashinglOn experienced its lowest average totals during the 
1950s, although the most reccnt decadal value is sign ifican tly lower tha n that 
experienced during the mid J960s thtough 19705. 

Several of the si tes ex perienced a rise in tbe snowfa ll ttend line 
depicted in Figure 2 during the first portion of the study period, from the 
1950s to the 1970s. This co rresponds to the observu tions of Jones and Jiusto 
( 1980) in New York Sta te. Severe winters during the 1970s brought 
exceptio nally high snowfa ll amounts to much oflhe United States includ ing 
New England (Diaz and Quayle. 1980),. resulti ng in a much greater extent of 
snoweover by the late 1970s ( I!eim and Dewey, 1984). Howeve r, t.he trend 
was distinct ly reversed with the advenl of much Imver snowfall amounts in 
more reccnt years. as in the 1980-81 season across North America (Foster and 
Rango. 1982). 
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Although Figure 2 iHustrflles a significant downwa rd trend in 
recent years for most of the northern New England sites, it should be noted 
that such lower snowfall tota ls may not be unprecedented. In a st udy for the 
northeastern United States from 1929 through 1959, using a more limited 
data sel including only two of the nort hern New England sites in the present 
study, Namias (1960) fo und that severa l winters during the J950s ranked 
among the highest snowfall amounts for his study period; they also included 
the two highest (1 955-56, 1957-58), Although Namias' results were dominated 
by exceptionally high ~nowfalls in New York, Pennsylvania and eastern 
Ohio. they nevertheless suggest that the northeastern United States 
experienced distinctly lower avera ge snowfa lls in decades pri or to the 19505. 
Thus, the genera lly low snowfall tOlals ex pcrienced in recent years in 
northern New England may not be unusual. On the contrary, the 
exceptionally high totals for the late 1960s through 1970s may be lhe more 
unusual phenomenon. 

The rapid drop in the trend lines for recent yea rs depicted in fig. 
2 for most sites is partially the funelion of some extreme anomalous winterS". 
In a study of the whole Uniled Slales for the willlers of \949-50 through 
\980-81 , Wa lsh et al. ( 1982) noted that the ext reme cases for snow cover 
totals occurred during thc more recent years: most Snow during 1977-78 and 
1978-79, and leasl snow during 1980-81. Diaz and Quayle ( 1980) also noted 
the importance of the extreme winters of the late 19705 in terms of increased 
variabili ty. 

To ass~s whether there has bee n a n increase in the frequency of 
extreme winter snowfalls in recent years for northern New England (i. c., la rge 
departures from the long-term average regardless of whether the dep<trturcs 
arc positive or negat ive), the climat ic variability index of hvakol and Jones 
(reported in Lamb, 1982, p. 256 and subsequently used in studies of 
h:mpera turc depart ures by Suckling. 1984, 1985 and Higuchi et aI., 1986) was 
modified fo r use in the present study. The original index formulat ion was: 

n 
Climat ic Variability Index "k ~ 

;:::. \ u, 

(I) 

where x is the average of the entity under study for the enti re period for sitc {, 
x/ is the value for site i for the specific yea r for which the index is being 
calculated, 0 , is the standard deviat ion of x for site i, and n is the nu mber of 
sites. 

Essentially such an ind ex a ttempts to determine how well, or how 
poorly, the standardized values of x for a year fit the normal pattern. Hence, 
as demonstrated by Suck ling (1987). a more appropriate ex pression fOf 
closeness of fit is a least-squares approach where: 
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~ 
n 

Snowfall Variability Index::: k k 
j;: I 

and x refers to seasonal snowfall IOlaJs in the present study. 

(2) 

The median index value obtained utilizing Ihc formu lation in 
Equation 2 is about 0. 8. Relati vely low index va lues represent seaso ns with 
snowfall amounts close to "normal" for the region, whereas high index va lues 
indicate extreme cases with va lues either much higher or much lower than 
average. Calculated index values are plotted fo r individual snowfall seasons 
(again referred to by the calendar year for the January of the winter season) 
in Figure 3. High index values (above 0.95) are highlighted by large solid dots 
for exceptionally high snowfn ll seasons and large open dOls for unusua lly low 
snowfa ll years. It should be noted that the extreme years identified in Figure 
J using the snowfall variability index for mu lat ion from Equation 2 a re 
identical to those found in a test run using the formulation given in Eq uation 
I. 

The sing le highest index value in Figure 3 occurred for the 1970-
71 seasOn during which many weather stations reported the highest December 
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FIG URE 3, Soowfall variability index values. l..argc solid dots represent exceptionally Iligh 
~nowf311 seasons while large open dots represent exaptiooally low snowfall ~easons. Solid and 
dashed lines reprciCni 5- and to-year running means or 11l~ index values, respectively. 
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snowfa ll totals on record (Ludlum , 1(72). For the present study, 6 of the 10 
sites had the hCliVicSI snowfalls of the study period d uri ng this season. The 
second highest index value depicted in Figure 3 corresponds to the 
except ionally low snowfall totals recorded Juring 1979-80. All but one si te 
recon.!t:d the lowest seasona l tota l of the study period during this season 
(second lowest at "ITst Connect icut Lakc), Note that this corresponds to the 
same exceptiona l season for Ontario and Quebec reported by Lynch et at 
(1981) a nd Dub.Teuil (/981). 

To illustrate tbe temporal trend for the variabi lity index , 5- a nd 
IO-yea r running mea ns of the index values arc a lso plon ed in Figure 3. From 
the 5-year running mean curve, periods of high variability arc evident during 
the late 1960s and early 19705 and again during the early 1980s. The first of 
these periods is dominated by th ree winters with unusually high snowfall 
(1968-69, 197(}-7/ , 1971-72) and one with low snowfall (1973-74). The 
exceptional winterS of the late 19705 documented for the whole of the Uni led 
Sta tes by Diaz :lIld Quayle (1980) and Walsh el a l. (1982) do not emerge as 
significant extreme years for northern New England. The second period or 
high index va lues in Figure 3 (the ea rly 1980s) is dominated by three 
exceptio nal winters with low snowfa ll tolals ( 1979-80, 1980~!l I , 1982-83). The 
low s ll owfall~ for these three winters are tile main cause ror the rapid drop in 
the Irend lines depicted in Figure 2. 
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The lO-ycar running mean Cu rve in Figure 3 illustra tes lhat 
variability index va lu~s are generally higher for t he second half of the study 
period . This suggests that a larger frequency of unusua l snowfall setlsons has 
occurred in recent years. 

Visual comp:llison of Figure 23 a nd Figure 2b suggests that 
snowfall trends may differ \0 an important extent between the nort hero a nd 
so uthern sites. Snowfall varia bility index values wer!! calculated for str'd.t ifit:-d 
samples of the 5 nort hern and the. 5 so uthern sites. 1\ sim ple correlntiOn of 
the index values fo r the two subregions yielded r = 0.68. Plo\ s of 5-ycar 
runni ng meilns of l he index values (Figure 4) illuStra te no appa rent difference 
between the trends for the two subregions; also, results in Fig. 4 are simila r to 

those depicted in Figu re 3. 

4. CONCLUSION 

This stud y has illust rated that during recent deca des seasona l snowfa ll to tals 
in northern New England have varied significant ly at the majority of st udy 
sites. The trend has heen to lower average sea:\()nal snowfa ll a mounts for the 
most recent yea rs, follo wing pell k IO-year averages encompas~ing t he late 
19605 and 1970s. However, evidence from some sites and within I h~ li tera ture 
suggests that the most recent decada l snowfall averages may not be unusua lly 
low compared to those of decad es ea rlier in the cent ury. On the co ntrary, the 
high snowfal l avemges of the late 1960s through 1970s may represent the 
more exceptional period, albeit a short aberration. 

A nalysis of ex treme snowfall seaSo ns utilil.ing a snowfall 
departure index ~uggests thaI a higher frequency of unusual yea rs has 
occurred during the latter ha lf of the 37-yea r study period. This was a 
consel/ uenee of somc ext reme high sn()lvfall seasons in the late 1960s and 
ea rly 1970s follo wed by ex tre me low snowfall seaso ns especially during the 
19805. 

An increase in seasonal variability is an important aspect of the 
region's snowfall climatology. RecrC<lt ional skiing as well fl S ot her economic 
aelivi liell may require opermioml l a nd budgetary strategies Ihat take int o 
consideration greater variati ons ill ann ua l s nowfall amo unts. 
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ERRATA 

Dr.Olajire} , Olaniran of the Univen;ily of Ilorin , Nigeria has drawn our attention 
to the factlnat tbe captions to Figures 4 and 5 in his article "The Ju!y-Augusl 
Rainfall Anomaly in Nigeria" (Climatological Bulletin, Vol . "22, No.2, 1988, pp . 
26-38) were reversed. Our apologies to him and lO the readership for this 
unfortunate error. 
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The July-August Rainfall Anomaly 
in Nigeria 

Olajire.l. OIUl/iran 
!-aculty of Busine~~ and Social Sciences 
University of IIorin. 
lIorin, Nigeria 
[Origina l manuscript received 15 July 1986; in revised form 15 
February 1988] 

,\O ST R ACr 

The: July-August period is considered to he an Ilnornllly in the minfall clima tology of 

Nigeria beca use raiI1fall is reduced over southern Nigeria despite the grelll depth and 

humidity of the tropical maritime air near the coas\. In th is study the number of dry
spell days and the length and frequency of d ry spells during the July-August period 

in Nigeria wcre analysed qu~ntitati\lc ly in order tn illustrate this phenomenon. The 

inter-a nnual v~Lrillbility WllS also nnalysed. The clilllatological SI ructurc of the rainfall 

anoma ly varies significant ly for southern and northern Nigt:ria according to the 

weather ZOllt: that prevails over each <lrea. La titudina l and elcv:lI ional features o f the 

spatia l pattern were identified here in addition to the longitudinal variation reporled 

by other researchers. 

La periode de juillel-aout est consider&: comme anomalic ilans la clima wlogie des 

pluies du Nigeria, car les preci pitations sonl r!!duiles au sud du pays ma lgrc la 

profondeur et l'humidile bien clevee de rai r maritime tropicale vers Ie lilloral. 
L'article analyse Ie nom bre dejours des periodes seches, cgalemcnlill dur~ el la 

rrcqu~nce de telles periodes, pendantj uillci-aoiit en Nigeria, ainsi que 18 vadabilitc 

annuelle. La st ructure elimatologique de l'anom<llie de$ pluies di ffhe 

significativcrnent du sud au nord .~elon It: systeme de': tcmp~ qui prcvaut da ns chllquc 
region. Les caracteristiqucs de 18 distr ibut ion concerna nt la latitude et l'altiludc sont 

idcmifiees iei, ainsi que celles selon Ja longilude rapport c!c.s deja pM d'a uucs chet~hcurs. 

t NTRO D UCT I ON 

The J uly~l\ ugus t period is important in the ra infa ll climatology of Nigeria. In 
the south it is a time of red uced rainfall separating two main rai ny seasons, 
and can last up to six weeks (Ojo, 1977). Such term s as 'li ttle dry season' 
(Ireland, 1962). 'lu ly~August break' or 'in termonsoon period rainfall' (Davies 
ct aI., 1985) have been applied to this period. Ojo ( 1977) rega rds it as pa rt of 
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the 'rainfall anomaly' of the West African region , because this break in the 
"' iny season is experienced near the coast of southern Nigeria at It time of 
year when the very humid tropical maritimc (mT) air mass is deepest there. 

Bar graphs showing mea n monthly rainfall amount (I reland, 1962; 
Griffiths. 1972a; and Oguntoyinbo, 1982) or rain-days ( Ireland, 1962 and 
Griffiths, 1972a) have been used to illustrate the 'little dry season' 
phcnomcnon in Nigeria. On these charts, stations whieh experience the 'July
August break' exhibit the double rainfall maximum with peaks about MaY I 
J une and September/October, while ot lter Nigerian /itations show a single 
rainy season with a maximum about August. By rainfall amou nt and number 
of rain-days, the double peak extends from the coast to about Bida (9° N) in 
western Nigeria but is barely evident even at 4° N in the east (Griffiths, 
1972a). Ireland ( 1962) also noted that for southern Nigeria the intensity of the 
' litt le dry season' decreases progressively eastwa rd; it if> not recognizable 
beyu nd longitude 5° E when illustrated by ra in-days. 

This considerable spa tial variation in the rainfall anomaly cannot 
be adequately illustrated by bar graphs of either rainfall amount or rain-days. 
or by monthly averages of rainfa ll amount or rai n-days (I reland, 19(2). Th is 
paper therefore uses dilily da ta to analyze the d ry spell com ponent of the 
reduced rainfa ll of the inter-monsoon period. These data include number of 
dry days per year. and the dura tion and frequency of occurrence of dry spe!ls. 
Fi rst, however. in order to provide an understanding of the clima tological 
bas.is of the 'lit tle dry season', the systems producing rJ.i nfali over Nigeria will 
be disc ussed. 

SYS Tf:M S PROI)UCING RAINFAl.l OVER NIGERIA 

Duri ng the ra iny seaso n, Nigeria receives moisture front the tropical Atlantic 
via low-level southwesterly !low across her southern const. At the su rface. this 
moist southwesterly airstream can penetrate beyond the cou ntry as far as the 
southern fringes oftbe Sahara Desert near2f.1' N. Figure I shows that this 
southwest monsoon now decreases in thick ness northward from the Gulf of 
Guinea. It is overlain by a hotter and drier northeasterly airstream emanating 
from above thc Sahara. The disconti nuity between these two contrasting air 
l1l a~ses, knOwn as the inter-tropica l discontin uity (ITO). is steepest neaT the 
surface and fades (lut at about the 700 mb (3 km) level. Figure 1 also 
subdivides Nigeria on the basis of wellther zones which nuct uRte seasonally 
with ihe ITO. 

ZOnC A, north of the ITO, ma rks the rart hcst penet ration 
sout hward or the dry ha rmattan ai.r at the surface. This 7.Qne is charaeteri1.ed 
by rainless cirrus douds at greal heights. Apart from this cirrus and 
suspended dust, skies are clear. 

The ITO reaches the surrace at the north edge of Zone B, which 
exte nds southward for 240-320 km. Cloud development is genera lly limited to 
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slight cum ul us act ivity by day, but on 1-5 days per month. isolated 
thunderstorms hreak out in the a ftern oon or eveni ng. 

Zone C extends southwards for b00-800 km. It is periodically 
traversed, gcncrally from easl to west, by 'distu rhance lines' ranging from 
well-defincd line sq ualls 10 belts of heavy cloud without rain. 

Zone D covers an average width of about 32() kill. hs weather is 
characterized by clouds of great verticlll development; days with mi n arc the 
rule rat her than the exception. and rainfall lends 10 be morc prolonged and 
less intense than in Zone C. It may last up to 12 hours and produce 
substantial amounts, particularly on the coast. 

Zom' E. the most southerly, penetrates only a relatively short 
distance in land in July and August when the ITlJ has been d isplaced north 
beyond Nigeria. St ratus wi th a base of only 200-300 m is common, with littie 
sllnshi ne, Rela tiwly sta ble condi li ons. sometimes with a tem perature 
inversion , are preva lent above Ihis level. inhibiting upward movement and 
conseq uently rai nfa ll occurrence. 

The descriptions presented above refer lO weather cond itions 
during the northward movement ofl he ITO. During the soulhwa rd 
movement, Zones C and D are d ifficult to separa te. f.igure I also shows Ih(
position of three cities in rclation to t he lTD in January and July 
respcctively. 

It appears that Zone E weather is responsible for the short dry 
season over so uthern Nigeria in July-August. Bu t dry conditions of shon 
duration can sti lt occur over non hern Nigeria, especially if Zone 0 wcather 
docs not cover this a rea completely. Bar graphs of monthly average rainfall 
or rai n-days wi ll tend to mask such short-term features of rainfall distrihutio n 
for northern Nigeria. 

Ireland ( 1962) and Ojo (1977) hallC considered physical causes of 
reduced minfaJl during J uly-August other than 7.one E weather ovcr thc 
sou th. They suggest that t he mai n rain-bearing systems, the south westerl ies, 
become deflected into westerl ies which, according to Nieuwolt (1977), ex.hibit 
only scattered areas of weak eonvergencc. Thus, rainrall occurrence wi ll 
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increase eastward s over southern Nigeria as the westerlies weaken in that 
directio n. 

Another hypothesis regarding the 'lillIe dry season' invokes 
stllbilizi.lt;on of the lower atmosphere by the coolness of the sea in the Gulf of 
Guinea. This may be a result of the northward extension of the col<./ Bengue la 
current or an upwelling of cold water. 

Ireland (1962) hypothesized that the 'Lill Le dry season' is a 
northward ex tension of the main dry .~euson of the southern hemisphere. 
Southern Africa come!; under the innuence of the subtropical high pressure 
belt in July. This effect may reach the coast of sout hern Nigeria, thereby 
producing a st able southwest airs tream. 

The rolc of topography in the occurrence of thc 'l ill ie dry season' 
over southern Nigcria has not been eva luated. However, accordi ng to Davies 
el ul (1985), anabatic winds generated in highla nd areas intcract with the 
tmdes to favour instahility and consequently rainfall occurrence. Griffiths 
( 1972b) noted a simila r sit uation in the highlands o f Kenya. 

In the absence of actual meteorological o hserva ti(lns, it is difficult 
to evaluate these scveral hypothcses. Possi bLy the various fo rces rein force o ne 
another in reducing ra infall during the July-August period in Nigcria. 
Longitudinal, latitudinaL and perhaps aLtit udinal differences appear to be 
~ign i rican t, and are thereforc studied in rela tion to number of dry days, 
frequency and duration of dry spells in this paper. Southern and northcrn 
Nigeria arc treated separately. 

METHO DSQFSiUDY 

(a) The Data Ba.re 
Daily rainfall data for J uly and August 1971-80 were collected fO!' the 46 
stat ions sh()wn in Figure 2. Complete daily rainfall records are availahLe fo r 
this decade. $tatiom south of go N represcll t southcrn Nigeria , and the 
remainder northern Nige ria . Accordi ng to Adejokull ( 1966), the ITO has its 
mean annual surface location over Nigeria at lat itude 9° N, with a fluctuat ion 
of ± 0<' 30'. 

In addit ion to the map of the data collection stations, in Figu re 3 
the relicf and schematic phy~ical region~ of the country arc showl1 . 

(b) 11w Definifion ~f (J Dr)' S,u41 
A 'dry ~pell' refers to a series of consecutive days, none of which is 11 rain-day, 
In this study a value of 2 mm was adopted to define a rain--day because, 
accordiog to Nieuwolt (1 977), dai ly rainfalls of less than 2 mm arc 
insignificant to agricuLtu re or water supply because in wa rm climates ~uch 
small amoun ts largely evaporate before infiltrating the soil. A dry spell is 
derined here as a period of 5 or more days, each with less than 2 mm of 
rainfall. 
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(c) 'I1te CJllIraclerislics oj Dry Spillis 
This st udy analysed number of dry-spell days, and frequency and duration of 
dry spells, al each station in July and August. The annual avt:ragc number of 
dry-spell days was taken to be the total number of days Involved in dry spells 
divided by the number of years in which dry spells occurred. The mean length 
of dry spells was taken as the total number of days involved in dry spells 
divided by the total number of dry~spell occurrences. The frequency of 
occurrence of dry spells was taken as the number of dry spells of variouS 
lengths divided by the number of years uscd in data analysis. 

(d) S'Dlis/ jC'u/ AI1Q~llsis of Rl'Sl/fl.~ 

The three aspects of dry-spell occurrence described above were each related 
to latitude, longitude, and elevation using the multiple regression technique. 
Results of the si mple linear correlation and the multiple regression <lna lysis 
are shown in Tables J and 2 and maps a re presented in Figure 4, '10 gain 
some idea of the in ter-an nual va ria bility. the coefficient of variation of the 
yearly value~ was com puted for each station fo r each aspect of dry-spell 
occurrence, and mapped (Figure 5). 
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l1\"tt I: Simple correJ~tion between different a~pet:ts of dry spell occurrence during tile July
August period in Nigeria lind geogmpllic.al factO/,1 

1.Jllitudim. l Lungitudinal Elevatitmal 
Factor Fael!)r Factor 

ia) SQulhern Nigeria «IPN) 
Number uf dry"spdl days 0,582· -<l550' 0.29J 

MClin length of dry spchs 0.227 -0.603" -<l,On 

Mean frequency of dry spells (J,!\49" -0.26] 0.5J2 ' 

(b) Nortl!crn Nigeria (>9"NJ 
Number uf dry-spell day~ 0.J98 fun -o.41~ 

Mean length of dry spells O. 20~ 0,263 -0.478' 

Mean frequency of dry spells 0,422 0.21J -0.561 ' 

(e) Southcrn Hnd Northern SUllions Combined . 
Number of dry-spell days .4J , I)R -<l,2011 -0,J29" 

Mean leuglh of d ry spells -1). 17) -0.268 -0.36)· 

Mea n frequency uf dry-spe:lls _0049 -0.137 -(J,BS" 

·Stalislieally signifieant al 95% probability Irvcl. 

'1\IIl! 2: f'ercenlnge of variation of dilTerenl aspecu of dry spell oeoeurrenee during tile .Iuly
August period in Nlgtnu e~plained by different geol!:faphical factQr$ 

l.~ tiludin3) Longitudinal Elevational All Facturs 
Facior Factor FuclClr (umllined 

(a) Southern Nigeria «9'>N) 
Nu mbe. ofdry-s"ell days H9 23,1 M 6J,6 

Mean length of d ry spe lls 17,4 3M '.' 5"' 
Mean frequency ot dry spells 72.1 25 1.2 1s'S 

(b) Northern Nigl.'ri3 (>9" N) 
Number or dry-spell days 15.1>': '" 17.5 48.0 

Mean length Qrdry spells 2.2 15.5 22.8 40.5 

Mean rrequclloCy of dry speU~ 17.6 6.7 lU 55.S 

ic) Southern anti NQrthcrn SI~li<.Jl1s Combl!lcd 
Number of dry-spcll days 0.5 0.' 10.S 12.2 

Mean length of dr~ spells 0.5 2.' 132 16. 1 

Mean rrcqucncy Qf dry spells 2.6 0.' I J.S )4 .1 
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FIGU RE 4. The occ"rrence of dry spells during tilt 
~r;od of rainrall anomaly in ;.Iigeria 

(a) average number of dry days. 
(b) mean Jen81h of a dry sl'¢ll (day§) , 
Ie) mean rr~qucncy of dr)" speUs. 



M.EGIONAL PATTERN OF T H E M.AINFALI. ANOMAI. Y 

Figure 411 .dlOWS the spatia l va riution or the average number of dry-spdl days 
()wr Nigeria during the July-August period. Only around Ikeja (extremc 
south west) and on the top of tile southwestern upland docs this number 
approach 4() days. Ovcr southern Nigeria the avcrage number of dry-spell 
days during the 'little dry season' shows the greatest variation according to 
la tit ude (Tables la and 2a). Figure 4a shows that this va riation is most 
noticea ble cast of abou t longitude 5" E. The depth of the mT air mass 
associated with Zone E weathcr decreases inland from the coast causing an 
increase ill dry-spell days with latitude (Figure 4a and ·Iable I) over southern 
Nigeria. Up to longitude 5° E, the average number of dry days decreases 
eastward s in southern Nigeria as the westerlies weaken. These two fea hl res 
cause the average number of dry days per year d uring Lhe lit tle dry seaSOn to 
exhibit strong lat itud inal and longitudinal varia tions over southern Nigeria. 
The results of the multiple regression analysis in 'fable 2a confirm th is. 

Over nOl1hern Nigeria (north of about 9° N), the average nu mber 
of dry-spell days varies ra ndomly, with abo ut J4-26 da ys in the northeast and 
14-17 days in the northwest; over thc north-CCll traJ upland arcOl !he number 
decreases grad ually with elevation (rigures J and 4a). The lack of significant 
correlations in Table I b c1carly aHests to the randomness. Whcn Zone C 
weather which is capable of causing dry spells over non hem Nigeria is in 
residence, the associated be lt of heavy cloud without rain moves in almost 
a ny di rcction. This leads to a random occurrencc of dry spells. 

The high numbers of dry-spell days in Ihe nonhcast and the 
northwest (Figure 4a) confirm the view of Ireland ( 1962) tha t it is dillicul! to 
detect dry conditions of short duration from monthly avcr:tgcs of rain fall 
amount ilnd rain-days. which de.pict J uly-August as a period of peak ril in fall 
fo r northern Nigena. 

Figure 4b shows the spatial variation of the mean 1cngth of July
August dry spells. For southern Nigeria there is a strong west-cast reduct ion 
in mean length (Fi g. 4h and lable la), reflecting the pa ttern of operation or 
the. Vlcslerlies over the region. 

Par northern Nigeria thc resul ts in Ta ble Ib show that the mea n 
length of dry spells decreases signifi cantly with increasing elevation. Over 
much of northern Nigeria, part icu larly over the notth-centra l highland, Zone 
I) weather is in residence during the J uly-August period, and days with rain 
are the rule rather than the except ion. However, the north<entral upland 
may furt her enhance the rainf., ll , as suggested by the results in Table lb. 

Figure 4e shows the spatial varia tion of the mean frequency of 
July-A ugust dry spells. This frequency is found to vary strongly accord ing to 
latitude for southern Nigeria (south of 9° N). The increase in the freq uency of 
dry spells with lati tude is more apparent for statio ns cast of S° E (Fig. 4c) and 
this is due to the decreasing depth inland of the mT air mass associated with 
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Zone E weather. In spi te of the general relati onsnip wi th lalitude, however, it 
ca n be seen from Figu re 4e tnat tne frequency or occurrence of d ry spells i,~ 
comparatively higher for thc sout hwestern part than for the ea~tel'll section of 
southern Nigeria. The higher values arc caused by the westerlies which are 
stronger in the west than in the east of the region. 

The results in Table la also show that over sout hern Nigeria the 
higher the elevatiOlllhe greater thc freq uency of dry-spell occurrence. 
Elevatio n tends to increase with latitude, however, and la titude appears to be 
the more important factor. The results of the Illultiple regression analysis 
("!able 2a) show that 72. 1% of the variation in dry-spell frequency is 
associated with la titude and only 1.2% wit h elevation. 

Two points emerge. Fi rst, the climato logical structure of rainfall 
anomaly during the July-August period differs significantly between the 
southern a nd northcrn purts of Nigeria. For example, thc percentage of thc 
variation in number of dry days associated with the variations in latitude. 
longi tude, and elevation is 63.6 for southern Nigeria, and 48.0 for northern 
Nigeria, but only 12.2 for the whole cou nt ry (lable 2). Thus, the physical 
causes of dry spells during the July-August period do not reinforce one 
another fo r the whole country. Over southern Nigeria Zone E weather 
reinforced by thc westerl ies is responsi ble for the occurrence of dry spells 
during the July-A ugust period. Over the north-central upla nd the prevalence 
of Zone D weathe r prevents thc occurrence of dry spells, while ovcr the 
polewa rd end of the northern plain. Zone C weat her encourages the 
occurrence of dry spells. 

A second general observation is that analysi~ of dry·spelJ 
characteristics gives a better spatial perspective of .luly~Augllst ra infall 
anomaly over Nigeria than docs ana lysis of monthly averages of ra in fa ll or 
rain-dnys. Over southern Nigeria, fo r example, the average number of dry
spell days was fou nd to exhibit both latitudinal a nd longi tud inal variations, 
the mean le ngt h of dry spells was found to ex-h ibit a strong west-east 
va riat ion and the freq uency of occurrence of d ry spells was found to increase 
inland from the coast. For nort hern Nigeria, the avcmge number of dry-spell 
days had an irregular spatia l pattern while the d uration and fre4uency of dry 
spells were eaeh found to decrease signlfiea ntly with eleva ti on. In contrast, 
only the west-east varia tion has been appa rent when the 'lill Ie dry season' has 
been ill ustrated with monthly averages of rainfall amo unt or rain-days for 
southern Nigeria (sec Irela nd , 1962 and Griffiths, 1972a). 

INTE R .ANNU,\\. y,\ RI All ILl TV 

To gain some idea of the year-to-yea r variation of the occurrence of rainfall 
anomaly, the coefficient of varia ti on of the yearly values was computed and 
mapped (Figure 5) for each aspect of dry-spell occu rrence during the July
August period in Nigeria. 
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Year-to-year variation will he high when the physicul causes of 
rainfall anomaly over an area chal1gc from season to season. T hus, for 
southern Nigeria east of longitude 5° E Ihe yearly variabil ity of the tota l 
number of dry-spell days is high except in the coasta l belt (Figure Sa). In 
some yea rs the westerlies will reach further eastward than in others thereby 
ca using high va riabil it y of occurrence of dry spe lls. Also, for the area between 
the sout hern boundary of Zone 0 weather and the northern boundary of 
Zone E weather (between about 8°30' and 9D 30'N) the variability of the 
length of dry spells is high (Figure 5b). Zone E weather may penetrate as far 
inland as 9" 30'N in some years but may not reach gOJO' N in o thers. 

If the physical causes of Jul y-August rainfall anomaly (disc ussed 
in the section on systems producing rainfall over Nigeria) reinforce 
them.~elves in ~ome yea rs but not in others over an area, there will also be 
high variability in the pattern of occurrence of dry spells. Thus, over the 
ex treme southwestern corner of sout hern Nigeria, the dUr'dt ion of dry s pdls 
changes considerably fro m year to yeilr (Figure 5b). The situa tion may arise 
that, due to atmospheric changes OVtr southern Africa, the influence of the 
subtropic..'11 high pressure belt is carried eq uatorwa rd s therehy srabilil'.ing the 
SQuthwesterlies at the coast of West Africa. This may reinforce Zone E 
weather and lead to prolo nJ;ed dry spells in some yl:ars. co ntrihuting to high 
variability in the duration of dry spells from year to ycn r over the region. 

It has been h ypothesi~ed aboy(" that over the coastal area of 
Nigeria the nir can hecomc stabili·zcd in the lower parts of the atmosphere 
during the july-Aug ust period due 10 coolness of the sea in the Gulf of 
Guinea. This may result from the northwa rd extension of the cold Benguela 
current or from an upwelling of cold water. Zone E weather rein fo rced by 
such a strl bilil'.ed a ir mass willicad to a high occurrence of dry spells 'I t the 
eOIlSI in some years. This may co nt ribuLe to the higher variability of the 
freq uency of dry spells over the coastal than over the inland areas of southcrn 
Nigeria ( Figure 5c). 

Over northern Nigeria the inter-ann ual va riabi lity of thc different 
aspects of dry-spell occurrence is more random (Figure 5). The basis of the 
irregularity in the pattern of occurrence of dry spells over the region has becn 
explained above. 

CONCLUSION 

Previous studies of the J uly-August rain fall anomaly, namely those of Ireland 
( 1962), Griffiths ( 1972a) and Oguntoyinbo ( 1982), were desr..: riptive ilnd were 
based on monthly average..'i of rainf311 or min-days. They found that the 
rai nfall 3nomaly of southern Nigeria exhibits a predominantly longitud inal 
pnttern of varialion. I n this study, however, dilTerent aspccts of dry-spell 
occurrence, namely the total number of d ry-spell days, length and frcllueney 
of occu rrence of dry spells. '\!ere su bjected to qua ntitative analysis for 
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~outhern and north ern Nigeria. The yeaNo-yea r variation was also ana lyzed. 
It was fo und tha t the climatologica l structure of rainfa ll a noma ly 

dUli ng the July-August peri od d iffers signifit,'a m ly between southern and 
northern Nigeria accord ing to the weather zo ne which p revails over each 
a rea. The rainfall anomaly for sout hern Nigeria was found to vary according 
to both lat itude and longitude when illust rated by the total number of d ry
spell days, in thc wcst-easl d irection when illustrated by t he durat io n of dry 
spells, but according to lat it ud e when the freq uency of dry-spell occurrence 
was ullaIY7.ed. ,",or not1 hern Nigeria, the rainfall anomaly had an irregu la r 
spatia l patte rn when illustrated by the tota l number of d ry-spcll days. but a 
signi ficam decrease with elevation when illustrated with both the duration 
a nd freq uency o f occurrence o f dry spclls. Th is ann lysis gives a better spatia l 
perspective of the occllrrence of rainfa ll anomaly (lver Nigeria during the 
J uly-August period than does a na lysis of mo nthly averages o f rainfall or rain
days.ll provides a basis for furt her research int o the phenomenon. 
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CLIMATOLOGY GOES TO COURT 

Bryan Smith 
Ontario Clinmtl! Centre 
Atmospheric Environment Service 
Toront o 

The term forensic cl imatology was coined in the United States during the 
1960's to label the role of climatology in con nection with legal ma tt l!rs in 
ge neral and criminology in particular. In Ontario, the development of 
fo rensic climatology began in 1973 when David Murdoch, climate services 
specia list for the Ontario Climate Cent re of Environment Ca nada. beca me 
involved in a successfully prosecuted murder trial. Subseq uently Toronto area 
police forces began to turn more frequent ly to past weather information as an 
aid in their investigati ons. Then, in 1976 Murdoch was invited by the Olllario 
Provincial Police to attend 'The First Conference of Forensic Meteorology' in 
New Orleans, Louisiana. 

This t ruly opened the door to a growing involvement of the 
Ontario Climate Centre with thl: Ontario j udicial system-a system that 
includes as ma ny as 1400 courtroo ms in the Oshawa-Toronto-Oa kville area, 
During the pasl len years, Ontario Climate Centre staff have testified in over 
fi ve hund red trials. In fact, in the early 1980's when the demand on Climate 
Centre personnel for court appea rances was particularly high ( J r I court 
a ppeara nces in (981), the Climate Centre arranged for the regional weather 
offices to handle local cases and most recently has begun to refer cl ien ts to 
the private sector in hopes of establishing a forensic expertise there as welL A 
conti nui ng demand for lectures and seminars on forensic climatology bas also 
evolved. Classes arc regularly held a t police training colleges at Brampton 
and Aylmer, educat ing special automobile accident a nd criminal investigation 
tea ms on using past weather deta ils in erime solving. Also the lecture circuit 
inspires requests from conventions of fire marshals. insurance adjusters and 
others, all interested in the fascinating relationship betVr"een wea ther. climate 
and cri me, 
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T H E FORENSIC eLl MA T OLOGr S T AS WITN e S S 

In general. forensic clima tology is bused upo n the presentation of eerl ificd 
past wCMher facB a nd statis tics, Opinions on the weather art: ex tremely 
speculative as anyone who has see n 'rain on one side of the street and nOI Of] 

the ot her' ca n allest. As an expert witness. the climatologist is often asked to 
give op inion evidence on mailers which he has investigated in his professio nal 
capacity. This ability to give opinion is a privilege not given to most 
witnesses, and it often weighs heavily on tht Outcome of the case. 

T he three ma in reasons for ha iling a climatologist a ttend court are: 
I) 10 discredit or refule another witness's testimony 
2) to corroborate another wit ness's testimony or ellidcncc 
.3) 10 assist the cou rt in understanding the relevance of certai n 

technica l fac ts. 
l 'he climatol()gist is usually ace red iled or qualifi ed as" II n expert 

through a se ries of questions based on hi~ curricul um vitae, If the court 
accepts these qualifications. the questi oni ng begi ns in e<l rnest - questi oning 
and cross-exa mination thai can be very demanding. Since few lawyers are 
versed in the field of meteorology themscilles, the age-old practice "if you 
can't attack the evidence attack the credibility of the willwss" is oft en 
employcd. Accord ingly, it is often the manner in which the weather facts are 
prei>entcd that separa tes thc forens ic expert from the 'amateur': demeanour 
and prepara tion afe all-important in imparti ng credibil ity to the testimony. 
Also impo rtant is the discipli ne to stlly within one's bounds of expert ise and 
to refuse 10 ram ble into speculation and embell ishment despite attempts by 
questioning lawyers to lead the witness down the proverbial garden path . 

The forensic climatologist requires a thorough knowledge of 
weather obserlling practices as wel l as a complcte understanding of the codes, 
inspcction, qua lity control and instrumentati on involved in Ihe coJitetioll of 
weather data. In addition, the cl imatologist needs to know Ihe theories of his 
trade in a special way. Li ke:l teacher, the forensic climatologist requi res an 
ability to express in lay terms to a judge or jury the weather processes 
(adiabatic lift, lake effect, radiational coo ling in the fo rmalion of ground fog, 
etc) that lie behind his evidence . 

.... urthe rmore, aUhough the climatologist has not taken the 
\lICather observat ions himself (i,e. the Climatologist is reading from certificd 
documents com pleted by iI trained weather observer), the expert should know 
that he is allowed to present such dala to the court under The Canada 
£videllf'e Act. Section 30, Subsection I which states that "where or<ll evidence 
would be admissible, then in lieu of such information, a record made in the 
course of busi ness or procedure is acceptable", 
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TH E EV ID ENCE 

Testimony on the weather presented by a climalOlogist who was not at the 
scene of the crime is cJassed as circumstantial evidence, in Ihal it is nol first· 
person testimony based on facts perceived by the fi ve senses. l e1cvision 
lawyers have given circumsta ntial evidence a 'bad name', but it is orten the 
weight of Ihis Iype of evidence that swa ys the case. 

In a discussion regard ing which weather elements arc used as 
evidence in court and how those clements arc applica ble, Table I should 
prove useful. 

HBI.F. I: Meteorological elements a nd thcjrforcn~ic applications 

Observctl/ Derivetl Well ther 
Element 

Dry bulb temperature 
Wintl ch ill 

Wind vt:IOCI IY 
(su rfacc, upper) 

Visibility 
(rcstrietlnn$ to visiun 
such as fog, snow) 

Precipitfttion 

Cloud cover 

Snow on ground 

Dewpoint, relative 
humidi ty 

Humitl t)( 

Forensic i\pplic3!ions 
(c.,ampJe) 

coodition of roads 
(icy or not) 
bm.Jy coohn/! alier dealh 

insuranec claims. 
~truc t urJI da.mage 
voiccti. gun.hots hearu 
duwnwilld 
movement of smoke, o,l (lur~ 

ponu!i!}!! 

identi fica t ion of 
bUspects 

whi t e-out~ 

hc~vy snowful15 
(roof collapse) 

hellvy rain. nooding 
wet roods 

- footprints . wet soil 
slippery $idcwalks 

lightinll levc!s 
identificBt;nn (Full moon) 

- footprints 
• frost pcn~trati()n 

dtw fOrm alion. wet shots 

discamrar! levels 
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Type I)f 

Proceeding 

mOlm ~I"clr. 
aeeitlenu 
criminal 

- inquesl5 

civil 

t.iminal 

environment 
otfenecs 

crimillAl 

- civil 

e.vil 
- accidents 
- criminal 

<lip/fall 
civil 

erirmn!l.l 

crimi nul 
• civil 

criminal 

la bour OOa.rd~ 
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rORENS1C eLl M IITO L O(jY T ODA Y 

The past few years have again held thei r share of fascinating "front-page" 
trials in which climatology has contributed a piece towards the solution of a 
legal puzzle. fo llowing arc two act ual cases in wh ich the Ontario Clima te 
Ccntre has been deeply involved. 

J. l/llJul'~·' of Erica Daigle/", September IIJ86, Toronto 
On August 15, 1986, an archway fell a t the Canadian National Ex hi bition. 
grou nds, fa tall y inj uri ng a young New York State girl. AI the subsequem 
inquest. a cli matologist was called to testify as to the nature of the winds on 
that afternoon. Following a st udy of the CNE terrain and the associated 
weather conditions, he was able to state clea rly that the highcst gale-fo rce 
winds rel:lIed to the thunderstorms of that August afternoon did not occur 
un til after the sign/archway fell. As a result, the concl usion was tha t lesser 
winds had blown the archway down, and negligence was assigned in the 
inadcquate archway constructi on. Although this was a n inquest, the results 
were crucia l as the opportunity for civil lia bili ty action was now clea rly open 
to the gi rl's fa mily. Media coverage included both Canadian and American 
TV stations. in one of the highest-profile inq ucsts in which the Climate 
Centre has ever been involved. 

2. Firsf-degree Murder, December 1986, Simcoe, Onfllrio 
The victim d ied as a resul t of a fire in his cottage on a farm ncar Simcoe. The 
prosecution contended that the victim was involved in an ex tra-marital 
relationship wilh one of the female farm workers, and that his wife had set 
firc to the cOllage in rcvenge. The charge against Ihe wife was murder, The 
defence's posi tio n was that a thunderstorm on the night in questi()n had 
produced a light ni ng stri ke that ignitcd the huilding. At the trial. the 
clima tologist showed conclusive evidence that no thunderstorm activity 
cx istcd in the area on Ihe night in questio n. much to the surprise of the 
defence lawyer who had not counted on expert testimony to refute his client 's 
sworn defence. 

Accordingly, these two examples illust rate some of the important 
applicat ions of climate data in a fore nsic setting. However, in order to keep 
the true nature of fore nsic climato logy in perspective, note that for evcry 
high-profile case there arc perhaps 20 less dra matic cases. Included in this 
latter ca tegory are civil law sui ts involving disp uted insura nce cla ims, 
contractual disputes, sl ip and falls. and offences under the Highway 7,allie 
AN. 
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T ilE FUT U RE 

In the United States, the forensic climatologist te nds to be in business fo( 
himself, The National Oceanic and Atmospheric Administration. the 
American equivalent of Canada's Atmospheric Environment Service , has 
basically assumcd the role in forcnsic maller~ as a provider of certified 
docu ments, referring all demands for court appearances (unless the federal 
government is involved) to Ihe priva te sector. A look through the America n 
Meteorological Society Bullet in shows advertisements for numerous private 
fi rms eager to sell their climatological e;o;pcrtisc. In Canada , the forensic 
cl imatologist is most likel y a public servant. However, given the curre nt 
gove rnmental inte rest in promoting private enterprise, a grea ter move 
towards encouraging a viable pri va te secto r e,xpertise co uld be real ized in 
Can:lda as well. In this regard . the Ontario Climate Centre as pa rt of tbe 
Scientific Services Division . Environment Canada is considering a workshop 
in forensic climatology in the coming yea r. Perhaps the Climate Cent re could 
remain the main provider of climatological data . while. the private sector 
could assume an expanded role provid ing consult:Jtion and ex pert co urt 
opinion. 

The i1c!d of forensic climatology is an expanding one. With out 
benefit of any formal advertising, the Ontario Climate Celllre contends with a 
very dem:J nd ing workload . Clcarly there is a market for more forens ic 
service, and a n opport unity exists for those interested in this fascinating 
blend of science and l:Jw. 

NOT E. : Special thanks are due \0 Mr Da vid Murd och for his advice 
regarding this a rt icle . Further inrormati on can be obtained from the au thor. 
at the Ontario Climate Centre, Room 301, 25 51. Clair Avenue F ... 1st. Toronto, 
Ontario. M4T 1M2, 
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CLIMATE CHANGE DIGEST I 
SOMMAIRE DU CHANGEMENT CLIMATIQUE 

This series of summary reports published since 1987 by the Canadian Climate 
Centre now numbers eight. Single copies of any of these repo!'ts may be 
obtained, free of charge, by writing to the: 

CCD 87-01 
SCC 87-01 

CCD 87-02 
SCC 87-02 

Climate Program Office 
Canadian Climate Centre 
4905 Dufferin Street 
Downsview, Ontario 
M3H 5T4 

Canadian Climate Impacts Program 
Programme canadien des incidences climatologiques 

Implications of Climatic Change for Agriculture in Ontario 
Consequences de changement c1imatique sur l'agriculture en 
Ontario 

CCD 87-03 Implications of Climatic Change for Navigation and Power 
Generation in the Great Lakes 

sec 87-03 Repercussions d'un changement de climat sur la navigation et la 
production d'electricite dans les Grands Lacs 

CCD 87-04 Effects of a One Metre Rise in Mean Sea-Level at Saint John, 
New Brunswick and the Lower Reaches of the Saint John River 

SCC-87-04 Effets d'une hausse d'un metre du niveau moyen de la mer a 
Saint-Jean (Nouveau-Brunswick) et au passage inferieur du 
Saint-Jean 

CCD 88-01 The Implications of Climate Change for Agriculture in the 
Prairie Provinces 

sec 88-0 I Repercussions du changement climatique sur l'agriculture dans 
les Provinces des Prairies 

CCD 88-02 Preliminary Study of the Possible Impacts of a One Metre Rise 
in Sea Level at Charlottetown, Prince Ed ward Island 

SCC 88-02 etude preliminaire des effets eventuels d'une hausse d'un metre 
du niveau de la mer a Charlottetown, dans l'ile-du-Prince
Edouard 

CCD 88-03 Implications of Climate Change for Downhill Skiing in Quebec 
SCC 88-03 Repercussions d'un changement c1imatique sur I'industrie du ski 

alpin au Quebec 
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CCD 88-04 Economic Perspectives on the Impact of Climate Variabi lity and 
Change: A Summary Report 

sec 88-04 Perspectives economiques lices aux repercussions de la 
variabilite et du changement climatiques: Rapport sommaire 
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