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PROBABILITIES OF FREEZING TEMPERATURES AT

FREDERICTON, N.B., CHARLOTTETOWN, P.E.I. , KENTVILLE, N.S,

and NAPPAN,N.S.

R. A. Hornstein

Dominion Public Weather Office

Department of Transport, Halifax, N. S.

In the spring and fall, frost damages crops in small areas on some nights

and over wide areas on others. The damage in small areas usually occurs on a

clear, calm, and relatively dry night when the temperature of the air near the

ground drops below the freezing point for the tender parts of a tree or plant. On

such a night heat is lost rapidly to the open sky from the soil, branches, leaves,

flowers, and fruits. Damage is greatest in places with poor air-drainage, that is,

low-lying areas.

Damage occurs over a wide area on those nights when a mass of freezing

air moves into a region. A general freeze of this kind is usually accompanied by

strong winds.

With either a local frost or a general freeze we know that crops may be

damaged when the air temperature falls below the freezing point of water, 32

degrees Fahrenheit. Frost may also cause damage when leaves, blossoms or

fruits become colder than 32 degrees even though the measured air temperature

is above 32 degrees. This condition occurs fairly often for reasons explained

below.

In the Maritime Provinces the weather one year may be very different from

that in the corresponding week or month of the next year. In one year, for ex-

ample, the last cold spell may occur in April; the next year, crops may be frozen

in June. If careful weather records are kept for a number of years they are useful

as a guide in planning.

Toward that end this publication shows the percentage probabilities, or

the numbers of chances in 100, of freezing temperatures from early spring to late

fall at four experimental farms in the Maritime Provinces. Weather records for 33

years were used to estimate the number of years out of 100 that a particular

temperature is likely to occur on or about a given date.

This knowledge is especially useful because of the interest being shown in

growing tobacco in the Maritime Provinces. Furthermore, a large part of the apple

crop in the Annapolis Valley was destroyed by a heavy freeze in late October of

1959; this suggests that growers are not aware of the risk involved in leaving

fruit on the trees so long.
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Tables 1 and 2 indicate the chances of freezing temperatures at Fred-

ericton; Tables 3 and 4, the chances at Charlottetown; Tables 5 and 6 , the

chances at Kentville; and Tables 7 and 8, the chances at Nappan. The chances

shown are based on daily minimum temperatures recorded from 1924 to 1956. The

thermometers were read at weather stations of the Meteorological Branch at the

experimental farms, in official shelters 4 feet above the ground. The period 1924

to 1956 was also used in a similar publication (Canada Department of Agriculture

Publication 1047) for the Ottawa area.

The tables range all the way from 40 to 20 degrees. We need information on

temperatures as high as 40 degrees because the air temperature a few inches above

the ground may be 6 to 8 degrees lower than that 4 feet above the ground. In other

words, the leaves of low plants, and the blossoms or fruit, may be damaged when

the minimum air temperatures on which the tables are based are as high as 40

degrees. We need information on temperatures as low as 20 degrees because all

crops do not react in the same way. For example, apple tissue freezes when the

core temperature reaches about 27 degrees. The fruit, though, cools more slowly

than the air around it. Evidence shows that permanent damage to the apple does

not occur until the air temperature drops to 23 degrees and stays there for one

or two hours.

The information given in the tables helps to show the risk of frost damage

for each of the four localities. You need to know the temperature that each crop

can tolerate, and also the length of the growing season that the crop needs to

mature. You may consider it profitable to grow a crop if you are sure that it will

not be damaged by frost in more than one year out of five. The tables suggest the

dates of planting and harvesting for which the risk at the experimental farms

where the records were compiled is of this, or any other, degree.

Unfortunately, temperatures differ greatly from place to place. Even in one

field the temperature in the early morning may often be several degrees lower in

a hollow than on a nearby knoll. This is because, on a clear, calm night, the

cooled surface air drains away to lower levels. Also, a farm near a seacoast

is usually warmer on a fall morning than one farther inland. In this case the rela-

tively warm sea water radiates heat to the land nearby. Through experience,

though, you can relate the temperature patterns on your farm to that at the nearest

experimental farm. This is especially true if you keep your own temperature

records for some years. Suggestions on how to use the tables are given in the

sections that follow.

SPRING FROSTS

Tables 1, 3, 5 and 7 show the chances you would take in exposing tender

plants on various dates in the spring at the four stations.

We know that a 32-degree temperature kills young tobacco plants. Table 3

shows that at Charlottetown on May 18 the plants have a 20 per cent chance, or

1 in 5, of being subjected to an air temperature of 32 degrees. On May 10 the

chances are 50 per cent; another way of looking at the 50 per cent date is to say
that it is the average date of the last spring frost. It is unlikely though, that you



would want to take that great a gamble. Looking at the extremes, you can see that

every year the air temperature is likely to be as low as 32 degrees as late as

April 29. If you want to avoid any risk of a 32-degree temperature you have to

wait until June 8.

You may use the table in another way. We have seen that up to April 29

temperatures as low as 32 degrees are almost certain. However, there are crops

that can stand somewhat lower temperatures; let us see how they would fare. On

or after April 29 the chances of a 30-degree reading are 75 per cent, or 3 out of 4,

the chances of a 28-degree reading are 2 out of 5, and the chances of a 26-degree

reading only 1 out of 5. The lowest temperature recorded on April 29 in the 33

years was 20 degrees. Similar information is given for each of the other three

stations.

The tables for the four stations show some remarkable differences. You

may expect an air temperature of 32 degrees in one year out of two at Charlotte-

town on or after May 10, at Fredericton on or after May 16, at Kentville on or

after May 22, and at Nappan on or after May 24. It may be profitable to gamble on

loss from frost in one year out of five. You may expect a 32-degree air temper-

ature in one year out of five at Nappan on or after June 1, at Kentville on or after

May 31, at Fredericton on or after May 23, and at Charlottetown on or after May
18. This shows that Charlottetown has an advantage of about two weeks over the

Nova Scotian localities even though it is farther north. The nearby sea surface at

Charlottetown more than balances its more northerly location. This local effect

shows how important it is for you to know the temperature history on your own
farm.

FALL FROSTS

Tables 2, 4, 6 and 8 show the chances you would take in exposing crops

until various dates in the fall at the four stations. You should harvest tobacco,

for example, before it is subjected to an air temperature of 32 degrees. At Char-

lottetown (Table 4) the earliest date on which this temperature was recorded in

the 33 years was September 29, and the date on or before which it is likely to

occur in 1 year out of 5 is October 7. By October 15 the chances are 1 out of 2,

and by November 8 it is almost certain that the air temperature will fall to 32

degrees.

For harvesting late varieties of apples you need to know when the fruit may
be subjected to an air temperature of 24 degrees. At Kentville (Table 6) the

earliest date on which this temperature was recorded in the 33 years was October

11. The chances are 1 out of 5 by October 18 and 1 out of 2 by October 29, and

it is almost certain that a 24-degree temperature will occur by November 16.

The differences among the four localities are even greater in the fall than

in the spring. The chances of an air temperature of 32 degrees are 1 out of 2 at

Nappan by September 18, at Kentville by September 26, at Fredericton by Sept-

ember 27 and at Charlottetown by October 15. This gives Charlottetown an edge

of three weeks over Kentville and almost a full month over Nappan.
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ĈN

E
4) tj
*- O
E "?

c -o
o o
_ TJ

D «
CO an

t— CM



LU
• o ^-~.

n_ 3 J— E
z a t-

> a
^ c u-
o 4> —
1— > O
LU CO C
1— n °
1— ° E
o O i:

_J 0)

4) Q.
LY. ^ X
< = LU
X
u 2 o

4> _c
CL *-

H £ «-
< <y O

o C
CO o>

2. c _*

LY. n^
Q. «/> «0
CO

UJ

_L o
h- 0) +-

Z CN
« o»

CO o ,

LU -JC
- E
• o

_) o *£
1— o
<
rv N+- *-

LU O
Q.

S oS
111

1- •'"«

O E v>

z
N o •

LU (^ *r

111
<r>

°
q: -2-°
u_ E c

Li.
3 oc +:

o • 4>

GO w w

<
CQ
o
CtL

Q_

CO

LU
_J
CO
<

O O
Q. C
<D

°

c u
0) o
o
1— __
4) ._
CL £

o CO ^r nooo<-i- CN ^ IO O N CO O •— CN "^ no •

—

o •— CN CN CN CO CO •— ^— — »— CN
-<*

>* >» >, >* >s >s * J) 1) jj D (,i Q)Q) 0) 4) 4) V 4>

g c c c c c
3 3 3 D 3

C C C C C C
3 3 3 3 3 3

C
3"~

> —» —> —> -

>

->—>—»—>—»—) -

}

o
oo

co O CN <* lO |s co O O •— .— CN ^nT CO no CO O CN* CN CN CN CN CN CN CN CO CO •— CN

CO >» >> >* >N >S. >S >» >s >s >s «> « <u o a> a> id a, 4)

o o o o a o o ooo^S c c c c c c C
s S ZS S S => S 3 3 3 3 3 3 3—

>

CO CO OO O r— CN CO •^f >0 N CO O O^-CNCOION co
o r— •—•—•— CN CN CN CN CN CN CN CN CO °° —

'

o
CO 3k >» >s >. >s >. >. >s >s >s >N >s

4) O 4) 4)

C* C" c C C C 4)

D O D O D O O o o o o o O O 3 3 3 3^ S S S S S ^ ^ ^ s s s S ^ —) —) —» —

>

—

>

O O CN Tf CO no CO O O •— CN CO CO no l^» On CD CN CO
o CO r— t— f— r— >— .— •— CN CN CN CN CN CN CN CN CO I—
-<*

CO fe >N >N >N >N >S >>
O O O D O

M ^ ^ S ^
>» >. >s >» >^ £ 4)

C
CL o o o o o o O O O O O 3 3< s s ^ ^ s ^ s s s ^ s -^ -

>

o Or-ro^fo n CO O. O CN CO ^lO N COO CN CO

o CN CN

CN — —
CO i_ i- >»>»>*>>>>» >» >N >^ >» >S >s >*>*>»>» >s 4)

Q. cc o o o o o o o a a o D D D O D D C
< < s s s 2 ^ ^ ^ S S ^ ^ S S ^ S ^ -1

r*«. ** vO CO O O CN co tj co no r^ CO O O CN CO CO CO
o •— CN CN CN CN CO t— t— t— i— CN
o _
CO

Q.

<
i_ i_ i_ i_ j_ >-a a a a a a< < < < < ^

>N >, >S >S >S
o o o o o^ s ^ s ^

>N >» >^ >» >^ >s
o o o o o o
^ s s s s s

O

3
co r^ o o cn co -^r co vo r^ co o i— CN CO ^f no CO CO

2 o •— — <— CN CN CN CN CN CN CN CN CN

Q. CN
E

i_ >» >s >« >s >s >» >s
a. CL Q. CL Q. a. a. CL CL Q. CL Q. o o o o o o o

0) < <<<<<< < < < < < s ^ s s s s s

CO — co co o r^ o O •— CN CO "*J CO NO CO •— CN o
CN CN CN CN CN CN CN CN CN CN

o
nO _c
CN u

l_ >s
o a a a cl a a cl a. cl cl cl CL CL CL CL o O os <<<<<< < < < < < < < < < ^ 2 ^

^_ f— co co r>» co o O r— CN ** CO ON CO 0>- t o
CN ,— — — — i

—

•— i— — CN CN CN CN

O _c
-»tf u

1- 1_ l_ 1_ l_ s_ >_ >_ l_ V- i_CN ka
o Q. o. a a a a Cl cl Cl Q. Cl CL CL Cl CL CL Cl CL
s <<<<<< < < < < < <<<<<< <

CO <0 O O — CN CO
CN CN CO

co no r>-s co o O CN CO "^ no CO o•~ t— ^— i— ^ r— l— CN
O

r- r- r-

CN u i_ i- i_ iw i_ X- I— k- k- i- l- k.

a D D CL CL Q. cl cl a. a. cl CL CL CL CL CL CL Cl

s S S 2 < < < < < < < < <<<<<< <

<*t CO CO ND CO O O r- r- on co \r ION CO Or- CO O
O

—

CN CN CN CN CN CO CO •— »— CNO
CN u

-C _C _C J= JC r-
O O U O U u

_c

1_ i- t- %- i- i- y 1_ 1_ 1_ 1_ 1_

D O O O O O n o cl o, Cl Cl CL Cl Cl CL Cl rj_ Cl2 s 2 ^ s s 2 s < < < < <<<<<< <

O co O co O co O CO O CO CD co O co CD co OO OO OO N N >0 no co CO ^ TT CO CO CN CN — .—

CnI CO .t
+- o —- •— CN

C _Q 4-
0) O Ifl— O _Q 4>
•- o 4-

o a) i: o
LU D_ Q_ _J

c

e

k. SO
m

c
•

(1)
CN!

n O
E

'

V "0
+- O
F w
d
E"

i)

.c.
•-

D)
>- C

a>

TO
D l.

O
V) u
a 0)

CQ (XL

8



LU
•

a> x-—*.

Q. 3 E
o L.

Z > o
^ LL.

o co
—

1- > U

LU
\-

O

en

o
«-4-

O

c
CO

E
k>

_l Co
CL

X o 4)

u 4)
Q.

_C

h- F -»-

< 4)
4-

o

z C
E
=>

4>

Z> O
I—
3 3

D
•no
co< ^_ o

LU
X «-t-

H- 4> ^r

Z _C CNO
4- r—

co
LU

o
4-

E
o 4)

CH t_ w.

3 o m- 3
4-

h- o D o
< w~~ 4- 4>

L"£

LU
o

D
-a

Q.

E
a. 3

o

c
o

4)

LU 00
13
4)

h- 4) V)

O £ omZ *
<-»-

N o 4)

LU (/> O
LU

4>
~o

QL _D c
LL E o

D
LL. C 4)o • V
CO (/) a
III 4)

<u

\- "~

_J _Q v^— O -o
CD _Q V-

<
CO

O
a.

o
eo

4)

CO

o

Q_ o 3
U

|
c u
4) o

"tf
U —

LU
_l

4>

i
cu
<

NO "*T NO 00 o _ CO rr to r\ CO On R CN CO to rv. On O
o •

—

— CN CN CN CN CN CN CN CN CN
o
CN > > > > > > > > > > > > > U u u u U V

o o o o o o o o o o o o o 4) CO CO CO 4> 4>

z Z Z Z Z Z Z Z Z Z Z Z Z a Q Q Q Q Q

NO o CN Tfr CT) r^ CO o ^— CN Tt CO NO 00 o _ CO NO O
O *— ^- I—

-

r—

-

r— CN CN CN CN CN CN CN CN r—
CN
CN > > > > > > > > > > > > > > > u C) u uo o o o o o O O O o o o o fl) <1> 4> 4)z z Z. Z Z Z Z Z Z Z Z z Z Z Z Q Q Q Q

o CN
NO oo O CN CO co NO r^ oo o

CN
CN
CN

CO
CN

to
CN

NO
CN

CO
CN
O
CO

CN

TJ-
CN ^_ > > > > > > > > > > > > > > > > > U

U o o o o o o o o o o o o o o o o o 4)O Z Z Z Z Z Z Z Z Z z z z Z Z Z Z Z Q

o to 00 CN xf to r^ 00 o o CN CO •^f NO r^ o 'Nf

NO

—

CN CO 1
— *-~ *— "— 1 " "* CN CN ,—

CN
+_ +_ > > > > > > > > > > > > > > > u

u u u o o o o o o o o o o o o o o o 4)

O O u Z Z Z Z Z z Z Z z z Z Z z Z Z Q

O o ^f NO 00 o CN CO TT to r^ oo o CN f o oo ^f
00 CN CN CN CO CO 1

— ' •

CN

u U
4-
u U u

4—
()

>
o

>
o

>
o

>
o

>
o

>
o

>
o

>
o

>
o

>
o

>
o

>
o

o
CO

O O O O O O Z Z Z z J. z Z Z Z z Z z Q

CO CN to r^ oo o CN ,^- CO NO IV. ON o CN ^r NO o
O •— 1

— r— ,— CN CN CN CN CN CN CN CN CO CO

co

O UO o o o o O U
O o o UO o O Uo o

u
O

>
o
Z

>
o
Z

>
o
z

>
o
Z

o
CN

o CO to t»»» O O CN '"d- co NO rv 00 o CN -<cr NO oo
CN CN CM CN

CO
"a. >
4> u u U O u o U u u u o u u U u u u o
CO O o O O O O O o o O O o O O O O O z

o
O
CN 8.

- co "?r to NO h^ O o «- CN CO ^3- to r^ oo o
CN CO

'*• • •

CO 4-
a.

4-
n

4) 4)
CO

u u u u u u O u u U u u u u V u u
CO o O O O O O o o O o O O O O O O o

o n- NO 00 o CN CO "d- CO r^. CO o o . CO co |NV CO

o CN CN CN CN CO
ND . . • • • • .

CO 4-
CL

->-

n a •o o *- 4- +J +r +_ +T +1 4- -t- *- *- -t- u o
4)

CO
4)

CO
4>

CO
4) 4)
CO CO

u
O uO uO

u u
o o

u
O

u
o O O O O O O O

to o CO ^ NO r^ 00 o CN CO -^r NO IN. o CO CO
o
00

1
— " CN CN CN CN CN CN CO 1

— CN

CO 4- ^_ +_ jl +- . . . . . • .
•

.
•

o_ Q Q_ o. a. n Q. CL CL u
O

uO4>

CO
4>

CO
CO

CO
4> 4>
CO CO

4>

CO
4>

CO
4)

CO
4>

CO O
U
O

u
O uO O O u

O
o
O

o O CO CO no hs On O B CO CO NO r~^ oo CO XT NO
o ^~ CN CN CN CN CN CN CM CO >—
"3-

4-
CL a CL a. a. D. CL CL Cl D. CL a. CL D. Q. a. *- •4- *-
4) 4> 4> 4> 4) a.' 4> 4) 4) 4) 4> 4) 4) 0) CO u o
CO co CO CO CO CO CO CO CO oO CO CO CO OO OO OO O o O

o CO O CO o to o CO o CO o CO o to o to o
CN CN c*5 CO "^t

4)

U j CO NO NO hs rv. oo oo O

CM CO
4- O ~~

CN
M r _o

4) o M_ || r> 4)
k> o *-
o 4) a
LU a. LI- _l

4.- *: -• *: *:-*-. 2
k NO
3 U>
4- •
O N1

IS
*- o

E fe

E a.

i- CN



co 0> *—.
3 '

Z — E
O k.

« > D
LU C^
_l QJ

_l > o

> CO C
4)

1- ° Ez o *-
0)LU

^ 4> Q.

h- =.LU
< 2 «
o _c

Q. *•

z. E •-

QL
ft) D

Q. C
CD 0)

CO C _*

LU Q.
*^

X </> >0
V- - iC?

«/> Oz o ""

CO o *
LU £ ^
rv CN

3 o£
< ** E
tt

• o
LU o
LL
S o
LU O D
h- ^_ T3

O * §
Z PE </>N
LU •jz o
III CQ
Qi o •

LU

LL
o

E c
CO
LU is

La
\- i 0)

w <->

_l
.5 D

en .tL ^
< — 4>

m -^ ^TO D O

C£ O O
Q_

O
• o> Jr

•O o ?,
-<- u

LU c u
_J O

<
O
&.
4) —

r- Q- £

CO CN(N ^ "1 N OO O CN CO "^r CO r-> oo o CN "*J CO
Oo
"st

CN , w— I •— • •— CN CN CM CN CN CN CN CO •

—

CO <D 4) 4> <1J CO a> V 4) 4) 4) 4) a 4) ^ >.>» c c c c c c C c C c C C C E c
o 3 3 3 3 3 3 3 3 3 D 3 3 3 a 3 3 3 3* —

> —> —i —» -> -

>

—

)

—» —

>

~

1

—
)

—1 —

>

—

>

-

>

—

»

—

)

—>

CN CN ^f voN CO O CN CO ^3- CO NO r^ o O CN -^r On
o
CO
CO

CN i— CN CN CN CN

0) (u CO CO CO <D 4> 4) 4) 4) 0) 4) 4) <D 4) 4)
>N c c c c c c c C C C c C c C C c C C
o 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3s —>—>—>-->-» —1 —

> -

>

-1 —

1

""1 —» -1 —

)

-

>

—J "-> —

>

lO ^ vO CO O •— i— CO ^ CO rs CO ON CN 'Sf NO m CN
o
no
CO

CN CN CN CO CO CN

>, >. >s >. >s >s 4> V a> 4) 4) 4) 4) 4) 4> 4) 4> 4>

o O D D O D ^
^ ^ S 2 S -^

c c c C C C C C C C C C
3
—>

3
"1

3
->

3
—>

3—

1

3—

>

3 3
-I

3—

>

3—

1

3—

>

3

o CO N o r- ro io vo CO o CN CO CO r^ 00 o CO O
•— — CN CN CN CN CN CN CO * """

CO
>* >s >, >s >s >, >. >> >N >» 4)

r
4) a>

c
4)

C
4)

C
4>

C
4)

C
4)

r
4)

C
D O O D O O O o o o -» 3 3 3 -) -) 3 3 3S S S ^ S S S ^ >: ^ —

>

-1 -> —} -

>

—> —
1 -o —

>

o CO CO r- fO »0 N CO o CN ^3" CO sO CO o CN CO CO
CN

^~ CN CN C^4 CN CN CN (.Nl CO '

—

CO
>s >S >S >S >N >s >» >x >s >s >- >» >» >» >» >s 4)

C
4) 4)

Co a o o o o o o O U O O n n o
s S ^ ^ S S S s 2 S S S 2: 2: s —

>

-

)

-

>

Tj- sO CO O CN CO CO sO r-«. O o , CN ^r U") rv o , CO

oo
CN

^~ 1 CN CN CN CN CN CN IN CO

4)

cCO 'Z >N >. >s >s >. >s >s >N >» >> >* >N >* >» >s >• >>
a. o o o o o o o o O a O o o o o O o 3
< s ^ 2 s s s s 2: S 2: 2: s s ^ ^ ^ s —

>

4>

3 CN NO O O CN CO U") sO r^. CO o ^_ CN "^r LO rv CO
CN

CO
CN

O o
CN CN CN CO

CO — — —— —
a. CN W k. 1- >»>»>» >s >N >» >« >» >N >s >- >N >> >> >s
b a. o. a. o. o o a o o o n o o o D o D o O
4> < < < < S S S S: 2: ^ S ^ >. >. S: ^ ^ ^ S

CO sO O •— CO UO o r^ On o , CO "st <i co O CN "tf co
CNr— .— CN CN CN CN CN CN C) ' "

O
NO
CN

O

CN

O
CN
CN

OO
CN

Q.

<
Z 'Z 'Z 'Z 'Z 'Z 'Z 'Z 'Z >* >. >> >> >* >* >• >* >*
CLQ.Q.Q.Q.O. CLQ.Q.OO -5^^^^^-?<<<<<< <<<^s sss^^ss

o rv o cn "st so rv

Q. 0.0.0.0.0.
< < < < < <

OOCN-^-CO N COOCN ^ N CO— CN CN CN CN CN CN CO i—

1_ W i. l_ i_ l_ k_ w >v >~ >> Jv
0.0.0.0.0. Q.Q.O.OOO O<<<<< <<<SSS^

°s 9^^ c'0lorv.co OCNCOCOnO oo o •— CO CO CO *o
CN CO ,_,_,_._,_ r- r- CN CN CN CN r-

_C -C_C
u U O — — — — — — — — — — — — — — •- w.

O o O O- Q. Q- Q- O.O.Q.Q.O. Q.O.O.O.O.Q. o
S SS<<<< <<<<< <<<<<< S

s CO 00 O •— CO CO N m O CN CO COsOOOOCOsO CO
CNCNCO w ^_^_^ ,_ r_^_ CNCNCNt_

_C J=_C-C
O o o u — — — ._._.-._— — — — — — —
1_ l_ »- 1_ 1- 1_ 1_ 1_ l_ V. 1_ j_ 1_>S
o oooQ-Q-o. a a a a q, 0.0.0.0.0.0-0
S SSS<<< <<<<< <<<<<< 2:

2 S

E
""

© -D
•" O
E '£

E
a

I i
^ ;
>» c

c -xj

o •_ -o

ocoocooco ocoocoo coo^oocoo
ON0000rv.rv.NO >o 10 »o ^ 'T co cocn cn - •-

4)

co a:
— CN

o
LU

4) >>
CO -
O h^
*-
c _Q
4) O
O .a
1-

4) 1-

CL Q_

10



CO*
4) ,

3 •

5
feZ

> o
LU C LL-

_J
_l > B
> °>S
1- E
Z
LU

v*
v:

0} Q-
»- X

\- £ LU

< o a>

-£z a.
-

S E o) <D °
l-3

* C
c g
E -S<

LU 3 NO
T D CT)

\- *. o
«/> ' '

Z •^ O— v*- 4-

CO 0) TJ
LU -c cn

3
* ON

H- _c E
< * o
ry

N4_

LU O,-
2 o

2 m- a
LU o -a
H •tr C
O o °
z

!f!

"•

N S> V)
c O

LU •^ CQ
LU
LU O 4>

LL.
4—

LL. 45 -°

o _Q C

CO ii
LU c V— 0)

1- 1 o

<
CQ
O
on
Q_

no
LU
_l
CQ
<

'Z 9»

_Q Qj

a .-o

0)

D
C
4>

u
~

.— ON , CO CO r^ ,_ CN ^T CO NO oo o CN '^r NO O •OCN CN •"" CN CN CN CN CN

oo ^J +2 > > > > > > > > > > > > > > > > U
CN U u o o O o o o O O o o o o O o OO U z Z Z Z Z Z Z Z Z Z z Z Z Z Z Z Q

"3- NO CO o CN CO ^J- NO |N^« On . CN "tf NO O to

O
CN

•

—

CN CN CN CN CO CO 1 1 1
—

1 •

—

CN 4- > > > > > > > > > > > u
u U o U u u u O o o o o o o O o o o
O O O O O O O Z z Z Z Z z z Z Z z z Q

, CO NO CO o CN "sT NO hv o _ CO LO r--. o "» NO

O
•~" 1 ' 1

— CN CN CN CN CN CN CO 1

—

•—

CN 4— > > > > > > > >
o u u u U U U U O U u o o o o O n o OO O O o o o O o O O O z z Z Z Z Z Z Z

CN 00 _ CO ^r NO rv. 00 o . CN CO CO NO CO o CO ^r

O
NO
CN

•"" •~ 1
— •"" •— 1

— CN IN IN CN CN CN CN CN CO r~

4- > >
U o u u u u u u u () U u O ( * u U <

»

o O
O O O O O O O o o o O O O O o o o z Z

O CN
— CO "Nt CO NO fNs. 00 O O — CN CO "st LO r^ CO o

CN O
00
CN a. >

u u u u u U V U U u o o U u c; u O O
CO O O O O O O O o o o o O O O O O O Z

o CN ^r NO r^ o o CN CO "^ u~> NO r-- oo ON CO ON

o
CN <N CN CN CN p5 —

o ^j +2 +_ +_ •

CO Q. Q. a. Q Q. O o_ >
CO fl> <i> 4> (1> u u u u u u u V u u u o

0)

CO CO CO CO CO CO CO O O O o o O O O O O O Z
1_
3
o
*- o

o "* NO CO O ^ CN ^3" LO NO 1^ O CO CO ^r NO On o
>

—

1

—

CN CN CN CN CN CN CN CN CO CN

2. h
E °°

*- 4- 4- - •4- . m 9 , #

Q. a. Q. Q. n a. a. a Q. a. Q. a. a. 4—
<1> <D Qi 0) (1) 9) u u u u U u

4) CO CO CO CO CO CO CO CO CO CO co CO co O O O O O O

cn NO CO O , CO "Nt CO |Nn. CO o O ^_ ro ^Nf NO r^. o to

O
CN CN CN CN CN CN CO

• • . . . . m

CO a. Q.
4-
o_ Q. Q. "o. Q.

4-
Q.

4-
a

4-
O-

4-
OL

4-
a.

4>-

Q.
4-
a.

4-
o. "B.

4-
Q. 4-

4> 4> a> 4) 0) 4) 4) 4> a> u
CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO O

, CN <«* CO r- CO o to ^^ CN CO 'nT CO NO l\ OO O fNs.
CN CN CN

o
NO 4- 4- »- 4- 4- 4-
CO Q. Q. a. Q. a. o_ a a. O- a. Q. a. Q. Q. a_ cx a. Q.

4) 4> 0) 4) 0) 0) 4) O 4) 4> 4> 0)< CO CO CO CO o CO CO CO CO CO CO CO CO CO CO CO CO CO

CO NO CO o , CN CO -nT LO NO r^ O o , CN 'nT NO OO O
o

8

1 CN CN CO c; CN

-»- 4- 4- 4- *-
cd L)> U) CD a. a. a. Q. Q. a. o. a. a. o_ Q. n Q. Q.

_) _)
a> 0) a> (1) 4) 4> (!> 4)< < < < < CO CO CO CO CO co CO CO oO CO CO CO CO CO

NO CN LO CO o CN '^t NO |NV» O _ CO ^r NO O ^t fN>.

oo
"~ 1— 1 1 CN CN CN CN CN CN Ci 1

•"" *"

>- cd cn cn CD CD cn O) CD CD CD a. a.
4-
n.

4-
a.

4—
n o. o. a.

3 3 13 3 _) D 3 3 3 _) J> <o C) o> <i> 4) 4)
—) < < < < < < < < < < CO CO CO CO CO CO CO CO

o LO o LO o lO O to o CO o to o LO o LO oCN CN CO O -<* LO CO NO NO 1^- r^ 00 OO

CN CD *:

4- U —
CN

C _Q 4-
O WM u _Q

k. O -
o a> k a
LU Q_ Q. -I

>
o

-£>

D
4-
o
o

_x
<D
4-
o
E
'x
o
a
a
o

c

a
4-

M

3 NO

2 ^o-

«, CN
Q. O
E

""

« -D* O
E "5
3 2
E °"

•-
c _c

;

4-4-4- D

O
ca or

>-H CN

11



co
UJ

CO
<
CO
o
cr
a.

r**.

ULl

_J
CO
<

oo

O
CO
CO

ft) "^
co .2 E
Z
Z
<

c

a.
a
< o E

z
2 8-
4) x< 3 UJ

o 4-
D 4)

z S>^

a.

a. ._

E a
CO

™ •co j,.LU
X .E o

»_ *-

z «/> u^
4- O*.
«/) •

—

CO o
III — o
fK

*-

3 ^ CN
1—
<
ck •£ E
LU

• o
a.

• »_

:£ oo»-
LU — D
1- **- t;o °o
z •4-

3 C^— o oN
LU

o
*o
CO

o
*<3-

CO

o
CN
CO

oo
CO

ft)

a.
E
ft)

O
CO
CN

f* *:
.§ S

CO
»*-
°
tn •*-
*- a

E .E
3 D
C ^-

• fc

.S> o
+2 »*•— <D— >3
-° ^To °
-a %.
o o
i_
a- c
ft)

°
CO ^
•J- u
c o
ft) O
o
4) ._
a- £

o
*0
CN

O

CN

O
CN
CN

OO
CN

r- Tf IO N 00 O

ft) ft) ft) 0) a> ft)

c c c c c c
3 3 3 3 3 3

CN
CN
CN

CO
CN CN

co
CN

i**«

CN
CO
CN
O
CN

•— CO CO CO

ft)

c
3

4)

3

ft)

C
3

ft)

C
3

ft)

c
3

a>

c
3

•
c
3

ft

C
3

_>*_>*>*
3 3 3

_>*

3

CN
CN

CO «0 CO O •— CN ro rt o n co o •— CN rr co oo
«— CN CN CN CN CN

ft) ft) 4) ft) ft) ft) ft) ft) ft) ft) ft> ft) ft) ft) ft) <D ft)

c C C C C C C C C C c C c n C C c
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

o
CN

CO CO CO O f— CN
CN CN CN CO

ft) (1)

>*. >»>»>» >s c C
O O O D O 3 3

CO CO >0 CO O
ft) ft) ft) ft) ft)

c c c c c
3 3 3 3 3

^— *.N *xT <o UJ '~~ CO
CN CN

ft) ft) D ft) ft) ft) ft)

c c C c C C C
3 3 3 3 3 3 3

*** NO CM \f «0 00
>— .— CN CN CN CN CN

>*
D

>s >. >, >N >s
O O D D O

O •— r— CO **»

CN CO

>, •>, 4) ft> ft)

3 3 3

«0 I
s*. O — CO >0 CO— — •— CN

o o
ft) ft) ft) ft) ft) ft)

c c c c c c
3 3 3 3 3 3

O — CO CO I
s*. CO O — CN rt CO vO CO O O '— co *o— •— — i— — CN CNCNCNCNCN CNCNCO

O
>, >N >» >» >s >S,

O O D O O O
>*. >N >N >N >S
D o a D o

. . . ft) ft) ft) 4»
>S >S >S, C C C C
_2 O _2 3 3 d 3

.-D
C
Z>

o

>
o

^2:=£2£ ^2°^Rcn ^S^^c^c^ ^
>*
a

>*. >. >N >, >S >»
D D O D O D

>n >* >s >^ >,
o o o o o

ft)

>> >S >s. >* >N >N Z
O O O O O O 3

«

^>

_>«

e
*-

o
E

O lO CO O CN Tf IO OCOOOCN ro in *o CO O CO I
s*.— CNCNCO >——-— ^-i— •— CNCNCN

i_ i_ i_ t- >* >* >*
Q. Q. O. Q. o O O
< < < < S S ^

>*.>S>S>N>» >.>*.>>>«>S>S
a a o o o ooo_goo >*

o

>o

a.

<

O CS *? vO N OO
CN CN CN CN CN CN

a a a a a a<<<<<<

O r- (N CO Tf
CO

'»- >< >N >» >,
Q- D O O D< ^ :£ ^ S

•O I
s*- CO O CN ^J-

>s >, >s. >, >s >*.

O O O O D O

CO
CN

>*
O

rr. oo r— co co *o I
s** o o — CO **3-

•— CN CN CN CN
CO I

s*. CO O CN -5*

CN CN CN CO

u
a a a a a a<<<<<< Q. D. Q. Q. r>

< < < < <t

i_ »- »_ i_ >*. >*.

a. a. o. q. o a< < < < ^ S

co

o

gCN ^ V3COO
CO

—

•— co xr *o I
s*. co o cn -^r *o o

>~ CN CN CN CN CN

o a. o. a. o. a.

S < < < < <
Q- Q- Cl Q. Q.

< < < < <
b. a a a a a<<<<<<

>*
o

LO Is* O •— CN CO
CN CN CN CO

T "O Is*. CO O •— cn **r *o co o o
CO

0)

S -*
"

4) CM
Q. CA

E
ft) -a* o
E

"=

= S
E

°"

- E
*

u
_C _C _C -C
U O (J u — —
O O O O O- Q.

s s s ^ < <
1- 1_ 1_ 1_ »_ 1_ 1- 1_ 1- 1_ >- l_a a a a a a a a a. a a ex<<<<< <<<<<< <

OCOOCOOCO OCOOCOO COOCOOCOO
Ov CO 03 NN >0 «0 IOIO ^^t CO CO CN CN •— •—

O ft>

CQ 01
•— CM

ft) >*
CO +-

o
*-
c _Q
ft) O
u _Q

O
ft) i-

CL Q_

12



V ^
co 3 E— t-

Z o o
> LL.

Z c —
O o< > £

Q_
CL

CT> 4>

„ £< o .r

Z ^o *>w
o.

h- 0) X
< 5LU
Z D «>

^ O *-U a «.

H- E o
3 £ <=

< *" o

ill £ £X 3 *"

% no

Z o
4- __
V)

co .^ o
l LI

v«- "•"

0£
Z>

O -si"

^ O
1- 4-

< 1 E
4= o

LU
Q- o>—i o
LU
h- o ^>

O 4- C
Z 3 O

O
N V) 0)

LU a> ia

III E o
C£ •-CD
LU

o «>

U.
o k. -a

o
co _Q c
LU E o
h- i *
_J I u

CO
to D
O< ._ «

OJ — <£,o
LL _Q i-

O O
O C

00 O °
LU Cn !r

_l £ u
OJ c o< o o
t— u _

o ._
0- $

oo
CN

o
CN
CN

O

CN

O
\o
CN

O
CO
CN

oo
CO

O o
Q. CN
E CO
O

o
CO

o
NO
CO

o
CO
CO

oô
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