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Ontario - coldest July this century?

Cool, changeable summer weather
continues to be the pattern in Ontario
this summer. To add to the summer
vacation woes, rainfall totals at many
locations are well above normal.

Mean temperatures in Ontario are run-
ning approximately 2 to 3 degrees below
normal for July, to-date. Also, in contrast
to the last five summers in Ontario, maxi-
mum readings in the thirties have been
almost non-existent this year. Last week
on July 14 and 15, record-breaking below
zero temperatures were registered at
Moosonee, erasing the records previously
set in 1933. This week widespread frost
was reported as far south as Sudbury, and
patchy ground frost even occurred In
some areas of south-central Ontario. Cur-
rently, July 1992 stands as the coldest July
in southern Ontario since 1895!

Precipitation-wise, rainfall has also
been more frequent than desirable, ham-
pering both the tourism industry and the
agricultural sector. For example, a trace or
more of rain has fallen in Toronto on 14 of
the last 26 days in July, and last week,
some locations in southern Ontario, re-
ceived more rain than they would nor-
mally receive during the whole month of
July. Between July 14 and 20, general
rainfall totals at a number of locations
across southern Ontario ranged between
70 and 110 millimetres.

This moisture would be beneficial if
the weather was hot and sunny, but as it
stands now, fields are soggy and weL

Harvesting of forage crops, in general, has
been delayed significantly and waterlog-
ging is harming the root systems of some
crops. Disease and mould is of growing
concern. Soybeans and winter wheat are
not doing well. Grain crops are showing
signs of sprouting. Comn is stunted due to
the lack of heat, but is struggling along;
there has been good growth in some areas
during the few warm, sunny days that
there have been. Hay quality is deteniora-
ting and is a concem, but grass and weeds
are growing well.

Elsewhere...

It was mostly sunny and warm across the
Mackenzie Valley this week, with just
scattered afternoon
thundershowers. A

to some heavy shower and thunderstorm
activity later in the period - hail and fun-
nel clouds were reported. The Maritimes
started off humid and unsettied then be-
came mainly sunny; a heavy thunder-
storm dumped 50 mm of rain in one hour
on Charlottetown. Warm summer weather
finally arrived in Newfoundland!

Look ahead...

For the week of August 3, below normal
temperatures are likely across southern
Ontario and Baffin Island. Elsewhere near
to above normal temperatures are ex-
pected. A return to a more normal summer
circulation pattern is indicated.

July Mean Temperature - Toronto City

heavy rainfall event

NORMAL 22.0

over southern Baf- 1
fin Island gave way SOt L] 18] . 490, 190 - 3
to sunny and warm i s a b ; L ]
weather; readings _ | % 1
climbed into the & 151 o -_
high teens. In the w is year | Coé%est

Yukon and northem 2 G TEenrc

British Columbia, g 10 | // —
cloud and rain & [F | A | | | / |
began and ended ﬁ / ;
the week. Further to 5 | % ]
the south, sunshine [ % ]
was interspersed i / i
with showers and R e A ]
thundershowers. 1920 1992 1895 1888 1886 1891 1884

Across the Prainies,
sunny and warm
weather gave way

Toronto has just endured the coldest July this century. The
above graph gives a sampling of other cold Julys that have
been experienced in Toronto since records began in 1840.
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' i’///////g///‘/l"%%"/?" / Whitehorse A 195 19
2 /j// 'é/ % 4% ; NS o Iqaluit A 12970 47
/¢//¢ //// I///I.:I,I //4 0 %% of F Yellowknife A 20.2 119
/ /4/‘// 4{{”.’ Bl V%, I Vancouver Int’l A 223 13.0
7 : Victoria Int’l A 222 109
, // Calgary Int’l A 240 95
Edmonton Int’]l A 223 89
// Regina A 266 120
Saskatoon A 258 11.8
Winnipeg Int’l A 263 13.7
Ottawa Int’] A 26.6 154
Toronto (Pearson Int’l A) 273 15.1
Montréal Int’l A 26.7 16.2
Québec A 253 136
Fredericton A 26.2 13.1
Saint John A 22.7 11.8
Halifax (Shearwater) 21.9 134
Charlottetown A 232 139
Goose A 213 104
St John’s A 20.1 10.8
Weekly temperature and precipitation extremes
Maximum ~ Minimum Heaviest
temperature ('C) temperature ('C) precipitation (mm)
British Columbia . ... ... .. Kamloops A 34 Dease Lake 2 Cranbrook A 53
Yukon Territory . ... ... .. OldCrow A 27 Sheldon Lake 1 Tuchitua 28
Northwest Territories . . . . .. Hay River A 31 Cape Hooper -3 Iqaluit A 35
AIDEFEa- - & 5 5 v i Fort McMurray A 30 Banff (aut) 3 Cold Lake A 30
Saskatchewan ... ... .. .. Moose Jaw A 31 Cree Lake 5 North Battleford A 28
.......................... Wynyard 5
BEARIOhA ¥, ol e il w e T Gillam A 30 Churchill A -1 Island Lake 52
OnEaris oo b feand o il L B e Moosonee 29 Timmins A 2 Moosonee 65
SINEDEE oo b v s bl el Gaspé A 30 La Grande Riviere 0 Kuujjuag A 42
New Brunswick . . ... ... Fredericton A 29 St-Léonard A 4 St-Léonard A 42
NovaScotia ........... Greenwood A 29 Truro 7 Sable Island 12
..................... Sydney A 29 :
Prince Edward Island . . . Charlottetown A 27 Charlottetown A 10 Charlottetown A 53
Newfoundland ... ... ... Comfort Cove 29 Churchill Falls A 2 Cartwright 23
Across The Country...
Highest Mean Temperature . ... ... ... Kamloops A (B.C.) 23
Lowest Mean Temperature . ... ... ... Cape Hooper (N.W.T.) -2
92/07/20-92/07/26
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ALABAMA - AL
ARKANSAS — AR
CONNECTICUT - €O
DELAWARE - DE
FLORIDA - FL
GEORGIA — GA
WLLINOIS - 0

INDIANA - N

IOWA - 1A

KANSAS - KA
KENTUCKY - KY
LOUISIANA - LA
MAINE ~ ME
MANITOBA - ™7
MARYLAND — ™MD
MASSACHUSETTS — MA
MICHIGAN - ™

MINNESOTA - MN
MISSISSIPPI - MS
MISSOURI — MO
NEBRASKA - NE
NEW BRUNSWICK — NB
NEWFOUNDLAND — NF
NEW HAMPSHIRE - NH
NEW JERSEY - NJ
NEW YORK — NY
NORTH CAROLINA - NC
NORTH DAKOTA — ND
NOVA SCOTIA - NS
OHIO — OH
OKLAHOMA - QK
ONTARIO — ON
PENNSYLVANIA — PA

PRINCE EDWARD ISLAND— PE

ON

Forét Montmorency 7/, -
; :

Chalk River 3:13“2” e /¢ Kejimkujik

” TNT \ =
e Dorset "',

ACID RAIN

The reference map (left) shows the loca-
tions of sampling sites, where the acidity of
precipitation is monitored. All are operated
by Environment Canada except Dorset (*),
which is a research station operated by the
Ontario Ministry of the Environment. The
map also shows the approximate areas (sha-
ded), where SOz and NOx emissions are
greatest.

The table below gives the weekly report
summarizing the acidity (or pH) of the acid
rain or snow that fell at the collection sites,
and a description of the path travelled by
the moisture laden air. Environmental da-
mage to lakes and streams is usually obser-
ved in sensitive areas regularly receiving

QUEBEC - ou
SOUTH CAROLINA  — SC precipitation with pH readings less than4.7,
R aiter il while pH readings less than 4.0 are serious.
VERMONT oW
VIRGINIA — VA
WEST VIRGINIA - Wy
WISCONSIN - Wi
SITE day pHamount AIR PATH TO SITE
July 19 to 25 1992
Longwoods 22 4 17 R Western Pennsylvania, Ohio
25 A2 88T RETE o TR Northern Illinois, northern Indiana, southern Michigan
Dorset * 19 43 1R it Northern Illinois, Indiana, southemn Michigan, southern Omario
Chalk River 19 3.1 280 R LRl Michigan, central Ontario
SUMON = o e s s No precipitation this week
. Montmorency 20 44 IR ;ST R Lower Great Lakes, eastern Ontario, southern Quebec
LT R e A el RSt e No precipitation this week

R=rain (mm), S = snow (cm), M = mixed rain and snow (mm)
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temperature Precip Iﬂ'dmax ------ e ‘precip.iwind max
S TA T I 0 N |mean anom  max min p!o! sl dn ve! S T A le O N p;xot '?st dr vl
British Columbia i Ontario g
Blue RiverA . ... .. 19P .0 ~30FT B8P § 1sP*** X| GoreBayA ....... 16 -4 24 8 299300 & |
Cape StJames . . . . . . 14P 1P 17P 10P 9P*** 300 70| KapuskasingA . ... .. 16 -1 28 5 34°%* 340 46
Cranbrook 7. NG T 18 " -1 28 100 53 %%+ ‘300 44| KenoraA . 0. .. s . 16 -4 25 9 2% 200" 43
Fort NelsonA .. ... .. 17 PeiNgR 8§12 X | Eonden A awilr. .G 17 _1-3 %26 9 .. 37 30 3
Fort St John A . 00 clat 18 228 8  18%***¢ 140 61| Moosonee . ... . .. 14 22 129 3 65%* 30 4
Kamloops A . . ...... 23 1. .34 003 1*** 100 70| NorthBayA ....... 15 -4 26 3 6% 270, 50
Penticton A, .. . . o' e 22 1. 30 15 (30%+ 170 52| Ouawalnt'l A /. . .0, 18 -3 26 8 2% " 21 4]
Port Hardy A .. ... .. 14 0 19 9 O*** 320 37| PetawawaA ....... 17 =2 128 3 1 *#*%,. 300, 56
Prince George A . . ... 18 3 128 5 2%%*; 320 48| PickleLake . . .5 . 16P . -2P~ZIP: 3P _gpsses 3208 3]
Prince RupertA . . .. .. 14 1. 07 8 25%++ 150 37| Redlsake AR .°. /. .L. 15 4 26 5 Sees 300 43
SmithersA ........ 17 3 3l 7 2 e X | SudburyA ........ 16 -4 26 4 5% 9500.4]
VancouverInt'lA . . . .. 19 ! s & ol i X | ThunderBay A . . .. .. 15 . =326 6 4%*+ 320 54
VictoriaInt'J A« .. 1w 2l 17 D24 [ 10 L] ves X| Timmins A ........ 15 -3 29 2 Z1**"320--30
Williams Lake A . . . .. 18 2.~28 8 .23 % X | Toronto(PearsonInt’l1A) . 17 -4 26 8 g *%s 030, 31
Teerton A .. . .5 o 18+ - =3 25 8 ) w100 43
Yukon Territory Wiarton A 2502 0705 L 14 -6 24 6 | 92 39
Komakuk BeachA ... .10 3019 4. 5 10 e X Windsor A" & L% o & s 9P~ BP 28 11E . 15P % U050e 33
Teshini{aut) v 7o s o'% - 14 ® 24 6 19 **+ X
Watson Lake A . . . . .. 16 Ide S 5 16*** 270 54| Québec
Whitehorse A . . . . ... 13 B 23 4 15%% 170 32| Bagemville Ar" 8" 0.0c 16 -2 29 5 210%f 000 §1
Blanc SablonA .. ... 10 ®s 18 e s A
Northwest Territories Inukjuak A . ....... 7. 316 2 T%%. 360 39
AT 2005 N o paspis s 6 g, g 1 ke X | KuupjuagA . . = = . < . g8 4 18 L 42 %% IR0 - S0
Baker Lake A . ... ... g -3 .16 3 0 3 340 43| KuujuarapikA . ... .. Ta  4TE 1 22 "5l 35
Cambnidge Bay A . . . . . 10 25719 4 O*** 130 46| Maniwaki ........ 7 5 Jesx 200 44
CapeDyerA ....... 5 =1 1Bl 2 5 280 56| MontJoliA . ... ¢ 175 =1 1 23 9 14***..270 6l
ClBE X 5 5 5 5 -0 A 3P 2P 12P -1P 6P*** 330 78| MontréalIntl]A - ... .\ . 19 -2 29 8 S wEERI0 4b
Coppermine A . ... .. 14 5. 29 4 0 *** (090 44| NatashquanA . ... .. 13 _¥=2 222 5" 10*** 270 44
Coral Harbour A . . . .. 7 3 .19 1. 10#** 030 43| QuébecA . . .. s s w - 17 =2 21 6 35 240 43
201 A S g 8 bl 2 ] u X | ScheffervilleA ... ... 9 .=3..235 ARG i e o W 5 ()
Fort Smith A&  : o o0 s 00 16 0 28 6 4 *+% X | Sept-lles A . . fbs o 14022 223 Sunplguts 230 50
HallBeachA .. ... .. i | ] 2 *** 330 48| SherbrookeA. ...... 1= 2] 3 L 200 33
Inuvik A« ol s e RN 17 5 28 7 4 se» Rl ValdiOeA 2% 0. %5, e T 2° .29 110 52 ‘
L L 5 -2 18 ] 35k RAR0 N517 (
Mould BayA .. ... .. 6 T 3 I X | New Brunswick
Norman WellsA . . . .. 19 3 28 -10 (153+* 310 A4lrhedericion A oo =% 19 -1 29 8 g *** 240 46
Resolhite A & v w95 = 5 5 g7 <1d 0 0*** 130 50| Miscoulsland(aut) ...17P -1P 26P 8P (QP***
Yellowknife A . ... .. 16 0 24 10 Q**% 0RO, 44| MonctonA: . & . « s 503 18 -1 28 8 31%*=* 240 44
SaintUohii A . - o ita g 16721 o @6 7 7 %% 220 4]
Alberta :
Calgary’Int'l A . 4. s .. 16 Y 4 10*** 160 50| Nova Scotia
Cold Lake A ' .. 0. S84 17 N2y 7 30*** 100 52| Greenwood A ...... 18 i1, 29 8 Jaes 240 37
Edmonton Namac A . . . 18 1. 26 9 7%** 290 65| Shearwater A . . ... .. 18 0261 12 2 N X
Fort McMurray A . . . . . 17 I 30 T AT *%es 250 . 50| Sydn€y A . (2 ¢ i w2 18 0 29 8 L= 2710 31
Highlevel & w26 50 s 15 ] .28 g 20 wen 33l 46/ Yaomeuth & . . . . L£F. 15P,. 220 2P "RP S EIRT X
YREPET pees 5 o b AN v e S - N S X
Léethbridpe'A . . & oo . 17 2.« 28 7 14 *** 260 52| Prince Edward Island
Medicine HatA . ... .. 18 2 28 7 14 *** 240 56| CharlottetownA ... .. 18 0 27 TS5 240 ad
Peace RiverA . . .o . 1. 17 Lte 28 813 %sk, 280 52 | East Point(aute) © . . 4.4 17 * ot 25 4k3 Qikee
Saskatchewan Newfoundland
CreeLake . . . . .54 g 15 0 28 5 v 24 %« 1070 521 'Cartwright . . Wi . . 12 %=l o2l grragsees’ 3307 52
Esievan A . .« s 5 « w ks 17 ... =41 30 5 4 *** 160 54| ChurchillFallsA . .. .. 10 3 25 2 19 280 - 5}
LaRenge A o . 2% & aia 16" -1 27 5 201 970" 3T GanderInt"l A, .o - 16 0L 27 7 15%* 220 52
Bemna A . . - Yrseals oF 18 -2 30 6 4. vee 00032 Goose Al . o . 2l A 13, 230 24 5 21w*-270 48
Saskatoon A . « . w v'a o 18 -1, 29 6 : 14902 200 W87 16t John sl Fan Lk = 16 0 26 6. JO ey 1250 6
Swift Current A . . . . .. 17.. 2 28 5 *2%= 900 . R2I"StlLavaenes ot 14 1-22 877 Qe X
Yorkton A , 5 -« s < s 5 16%: 3 - 24 6 15*** 180 41| WabushLakeA ... .. 11 -3 24 3 ] 300 56
Manitoba 92/07/20-92/07/26
Biandon A -« .v o i« o 17 3 26 7 g *xe X
GharehillA, (g s B K 200 2 5+ 010 43
Lyrmlake A. .. ..... 15 -1 28 7 4 =% 020 57
The Pas A v U woe i 16 -2 28 6. 16*** 1230 56
Thompson A ;. % n 15 0 30 4 3 *¢x 230 50
Winnipeg Int'lA . ....16 -4 25 9 ] Ak 21048
mean = mean weekly temperature, 'C ptot = weekly precipitation totalin mm — Annotations — C]
max = maximum weekly temperature, 'C st = snow thickness on the ground in cm X  =_noobservation >
min = minimum weekly temperature, °C dir = direction of max wind, deg. from north. P = lessthan7daysofdata
anom= mean temperature anomaly, °C vel = wind speed in kmh * = missing data when going to pnnting.
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The Soil Moisture Index

Each week during the summer months we
include on page 3 a map of soil moisture
conditions across the country. The element
shown is a moisture index of the soil which
is computed by expressing the fraction of
the water available to plants in the top
metre of the soil compared to the maximum
water holding capacity or saturation
amount. What follows is an explanation of
how this map is prepared, and how readers
should interpret the values and patterns
shown.

Climatic Water Balance

The amount of water in the soil is not often
measured directly. Usually, itisacalculated
value from a climatic water balance model.
The climatic water balance is a replication
of the hydrological cycle, where the fate of
precipitation reaching the ground is follo-
wed as it percolates through the soil, flows
across the land surface, accumulates in
ponds, lakes and rivers, or goes into storage
in a frozen state, or evaporates/transpires
back to the atmosphere (evapotranspira-
tion). Operating a climatic water balance
model 1s a bookkeeping procedure, where
the soil serves as a bank or storage facility,
and moisture is added/deposited according
to rainfall and snowmelt, and withdrawn as
evapotranspiration occurs. Just as it is im-
portant to know how much money you have
in the bank, knowing the soil moisture with
some precision can help in estimating plant
growth, the nisk of forest fires, and the
chances of stream or reservoir flooding af-
ter a storm or rapid snowmelt. This rather
valuable tool was developed by the Amerni-
can climatologist, C. W. Thornthwaite, fifty
years ago, and we are making use of a
refined version of that work here.

Before the water balance model can be
pul in operation, it is necessary 1o estimate
the water holding capacity or field capacity

of the soil for a location, or meteorological
station, where the the input data are obtai-
ned. This is dependent on the soil composi-
tion, its mineral texture, structure and depth
to bedrock. Fortunately, the Department of
Agriculture has computed this for Cana-
da’s main soil associations. However, it
must be appreciated that we have to gene-
ralize conditions in order to have a coun-
try-wide perspective. As a rule of thumb,
within a metre-deep soil profile, sandy tex-
tures hold about 100 mm of water, while
denser clays can hold up to 280 mm.

The water balance model is initiated at a
time when the soil is at field capacity. A
suitable time often is during early autumn
following a major rainfall. From then on,
rainfalls and snowmelts add water to the
soil, while evapotranspiration draws it
away. When the moisture added exceeds
what the soil can hold, the excess is directed
down to the ground-water table or to over-
land flow. As air temperatures decline be-
low the freezing point most precipitation is
in a solid form, and is not added to the soil,
but is held in storage until melt occurs.
During the warm season there may be pe-
riods when the evaporative demand de-
pletes the soil moisture to a point where the
supply cannot meet the demand. A provi-
sion is made to progressively ration the
remaining moisture as the tensional bonds
within the soil increase. In our case, we
assume two layers within the soil. The up-
per layer can hold 40 per cent of the water
holding capacity. It supplies water on de-
mand, while available. The lower layer (60
per cent) only supplies water when the up-
per layer is depleted, and the amount sup-
plied is usually less than the demand
according to a linear drying rate.

In summary, the climatic water balance
model makes use of the following data:

— (a) daily precipitation: rainfall enters the
soil or runs off; snowfall is held in storage.

When temperatures rise above 0°C snow-
melt is computed, and the liquid water en-
ters the soil or runs off. As temperatures
fall below the freezing point, all soil mois-
ture is put in storage and evaporation
ceases.
— (b) weekly average air temperature: to-
gether with daylength information and an
empirical coefficient, potential evapo-
transpiration or the full evaporative demand
when water is non- limiting, is computed.
The model outputs each week: actual
evapotranspiration, run-off, storage, and
soil moisture status.

Interpretation of the Soil
Moisture Index

When the model is initiated under condi-
tions of saturation, and there are no sub-
sequent breaks in the temperature and
precipitation data, the index should give
reasonably representative values for the re-
gion. Because of local soil and climate va-
riability, applications should not be too site-
specific. Special situations may need closer
interpretation. For example, an area may
receive an extensive forest fire, while the
soil moisture index remains high. Such a
case occurred this spring in New Bruns-
wick. The surface layer of the forest soil
was very dry and fire-prone, while there
was good moisture in the regional sub-soil.

Some of the seasonal values shown on
the map for the Arctic region may be more
speculative. High latitude soils for most of
the year are frozen; because the model re-
sponds to air temperature, not soil tempera-
ture, which can be quite different, this may
throw off the accuracy of the calculated
values. As well, Arctic soils are less deve-
loped in terms of parent material break-
down and integration of organic material
with the mineral particles. This affects wa-

— | SRS |
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ter retention and transfer through horizons.
Finally, it may be difficult to select an ap-
propriate initiation date for the model. The
thaw season is short; precipitation is meagre
throughout the year, limiting the possible
situations for recharge to field capacity.
Caution in the use of Arctic values is sug-
gested.

Water budgets have been used over the
past few decades in many different
sciences. Problems in hydrology and agri-
culture are the most obvious places where
knowledge of the water budget can provide

quantitative answers to specific questions
such as the monthly or annual streamflow
of ungauged streams, the available water
supplies for reservoir storage or irrigation,
or the probabilities of drought or flooding.
But the water budget affects many other
aspects of human activity. For example,
information on the distribution of soils and
vegetation, the effect of a suburban deve-
lopment on local ground-water recharge,
and the understanding of seasonal changes
in lake and reservoir levels can all be ana-
lysed using the water budget approach.
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The water budget has been used and, at
times misused, in an effort to modify nature
to suit our needs. Examination of the water
budget shows us the great mobility of water
between the earth and atmosphere. Know-
ledge of this budget in different geographic
locations and temporal time scales is neces-
sary if we are to understand both micro-cli-
matic processes and develop a sound
physical basis for land use plans.

Aaron Gergye and Bruce Findlay
Canadian Climate Centre




