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PURPOSE

This paper depicts in a graphical manner the skill of the Medium Range

(3-10 day) Forecast Group (MRFG) man and machine (numerical model guidance)

forecasts. It will be updated each February in order to present the latest

scores for each of the several forecast categories in the MRFG. Only scores

with at least a 5-year period of record are presented. This paper contains

the standardized and unstandardized mean sea-level pressure and 500-mb corre-

lation; the Gilman, Hughes and experimental precipitation skill; the

minimum/maximum absolute temperature error; and the 5-day mean normalized

500-mb correlation, temperature, and precipitation skill scores.
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Numerical Model Guidance (Past to Present)

1. Acronyms

a. 8aro - Reed Barotropic Advection Model Hemispheric
b. 6L PE - 6-layer Primitive Equation Model Hemispheric
c. CM - Course Mesh 380km FM - Fine Mesh 190km
d. SMG26 - Spectral Model Global 24 modes 6-layers
e. SMH2C - Spectral Model Hemispheric 24 modes 12-layers
f. SMG3C - Spectral Model Global 30 modes 12-layers
g. SMG4C - Spectral Model Global 40 modes 12-layers

2. OOZ Guidance

a. To 84-hours

(1) From 1970 through 1977: 6L PE CM 
(2) From 1978 through 1979: 7L PE FM
(3) From January 1980 to August 15, 1980: 7L PE FM to 60-hours then

7L PE CM with Fourth Order Differencing to 84-hours.
(4) From August 15, 1980, to April 15, 1981: SMG3C to 48-hours then

SMH2C to 84-hours
(5) From April 15, 1981, through October 19, 1983: SMG3C to 48-hours

then SMG2C to 84-hours.

(6) From October 19, 1983,through December 1984: SMG4C

b. Greater than 84-hours to 144-hours

(1) From 1970 through 1979: Baro (Mesh 1977-1979)
(2) From January 1980 to August 15, 1980: 7L PE CM with Fourth Order

Differencing.
(3) From August 15, 1980 to April 15, 1981: SMH2C 

(4) From April 15, 1981, through April 1982: SMG26
(5) From May 1982 through October 19, 1983: SMG2C
(6) From October 19, 1983 through December 1984: SMG4C

c. Greater than 144-hours to 252 hours

(1) From November 1977 through April 1981: Baro Mesh
(2) From December 1977 through April 15, 1981: 3L PE CM
(3) From April 15, 1981 through October 19, 1983: SMG26 to 192

hours then SMH26 to 240 hours.
(4) From October 19, 1983 through December 1984: SMG4C to 240 hours.

3. 12Z Guidance

a. To 60-hours

(1) From 1970 through 1977:6L PE CM

b. Greater than 60-hours to 96-hours (500mb only):

(1) From 1970 through 1977: Baro (Mesh in 1977)
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c. To 48-hours

(1) From October 1971 through August 1977: 7L PE FM (old LFM)

(2) From September 1977 through 1984: 7L PE LFM (127km)

d. Greater than 48-hours to 120 hours (500mb only)

(1) From 1978 through 1984: Baro run from the 48-hour LFM inserted

into the 60-hour SMG4C from OOZ.

SMG4C

48hr LFM

Day 6

12Z

156hrs
OOZ

Day 7

12Z

180hrs

_ , r -I'
OOZ

Day 8

12Z

204hrs
00

Day 9

12Z

228hrs
OOZ

BARO

Day 10

12Z

252hrs
00Z

SMG4C>
*NOTE OI ANALYSIS REPLACED THE HUF IN LATE JULY 1984.

Figures

Figure 1 depicts the North American (NA 130 grid points) and the

United States (US 86 grid points) subset mean sea ievel pressure (MSLP)

and 500 mb correlation score verification areas.

a

Forecast Day Day 1 Day 2 Day 3 Day 4 Day 5

12Z 12Z 12Z 12Z 12Z 12Z

12hrs 36hrs 60hrs 84hrs 108hrs . 132hrs
)QZ OOZ ; OOZ OOZ OOZ 0 Z (

OOz
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Figure 2 is a plot of the calendar year 1984 monthly mean standardized

correlation scores for the man and NMC/NWP model North American area mean

sea-level pressure progs verifying on days 3, 4, and 5 after forecast day.

(See Appendix A for an explanation of this score.)

Figure 3 is a plot of the 17/15 year (1968/70-1984) average monthly

mean standardized correlation scores for the man and NMC/NWP model North

American area mean sea-level pressure progs verifying on days 3, 4, and 5

after forecast day. (See Appendix A for an explanation of this score.)

Figure 4 is a plot of the 1968/70 through 1984 calendar year standard-

ized correlation scores for the man and NMC/NWP model North American area

mean sea-level pressure progs verifying on days 3, 4, and 5 after forecast

day. (See Appendix A fbr an explanation of this score.)

Figure 5 is similar to figure 2 except the score is unstandardized.

Figure 6 is similar to figure 3 except the average is for 8 years and

the score is unstandardized.

Figure 7 is similar to figure 4 except the calendar years are 1977

through 1984 and the score is unstandardized.

Figure 8 is a plot of the calendar year 1984 monthly mean standardized

correlation scores for the NMC/NWP model North American area 500-mb progs

verifying on days 3, 4, and 5 after forecast day. (See Appendix A for an

explanation of this score.)

Figure 9 is a plot of the 15 year (1970-1984) average monthly mean

standardized correlation scores for the NMC/NWP model North American area

500-mb progs verifying on days 3, 4, and 5 after forecast day. (See Appendix

A for an explanation of this score.).^ Figure 10 is a plot of the 1970 through 1984 calendar year standardized
< correlation scores for the NMC/NWP model North American area 500-mb progs
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verifying on days 3, 4, and 5 after forecast day (See Appendix A for an
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Figure 20 is a plot of the calendar year 1984 monthly mean standardized

correlation scores for the man, NMC/NWP model, European Center for Medium

Range Weather Forecasting (ECMWF), and Linear Regression (LR - see NMC ON

259 of June 82) North American area 500-mb mean progs verifying 6 to 10 days

after forecast day.

Figure 21 is a plot of the 6 year (1979-1984) average monthly mean

standardized correlation scores for the man and NMC/NWP model North American

area 500-mb progs verifying 6 to 10 days after forecast day.

Figure 22 is a plot of the 1979 through 1984 calendar year standardized

correlation scores for the man, NMC/NWP model and ECMWF (1982-1984) North

American area 500-mb mean progs verifying 6 to 10 days after forecast day.
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D@ Figure 23 depicts the 41 stations in the United States where the temper-

ature forecasts are verified.

Figure 24(a,b,c) is a plot of the calendar year 1984 bi-monthly mean

absolute error minimum temperature scores for the man, Klein Lewis (KL) objective,

and climatology temperature forecasts verifying on days 3, 4, and 5 after

forecast day.

Figure 25(a,b,c) is a plot of the 14 year (1971-1984) average bi-monthly

mean absolute error minimum temperature scores for the man, KL, and climatology

temperature forecasts verifying on days 3, 4, and 5 after forecast day.

Figure 26 is a plot of the 1971 through 1984 calendar year absolute

error minimum temperature scores for the man, KL, and climatology temperature

forecasts verifying on days 3, 4, and 5 after forecast day.

Figure 27(a,b,c) is similar to figure 24(a,b,c) except the temperature

* is maximum.

Figure 28(a,b,c) is similar to figure 25(a,b,c) except the temperature

is maximum.

Figure 29 is similar to figure 26 except the temperature is maximum.

Figure 30 is a plot of the 1972 through 1984 calendar year absolute

error (minimum + maximum) . 2 temperature scores for the man, KL, and clima-

tology temperature forecasts verifying on days C3+4+5) .' 3 after forecast

day.

Figure 31 is a plot of the calendar year 1984 monthly mean 5-class

temperature skill scores for the man, forecast persistence (FP - persistence

of the 1-5 day mean temperature forecast as a 6-10 day), linear regression

(LR - see NMC ON 259 of June 82), and observed (T OBS-persistence of the

1 day mean observed temperatures as a 6-10 day forecast) mean temperature

forecasts verifying 6 to 10 day after forecast day. (See Appendix B for

an explanation of this score.)



7

Figure 32 is a plot of the 7 year (1978-1984) average monthly mean

5 class temperature skill scores for the man, FP, LR and T OBS mean temper-

ature forecasts verifying 6 to 10 days after forecast day.

Figure 33 is a plot for the 1978 through 1984 calendar year 5-class

temperature skill scores for the man, FP, LR and T OBS mean temperature fore-

casts verifying 6 to 10 days after forecast day.

Figure 34 is similar to figure 31 except the temperature skill scores

are 3-class.

Figure 35 is similar to figure 32 except the temperature skill scores

are 3-class. -

Figure 36 is similar to figure 33 except the temperature skill scores

are 3-class.

Figure 37 depicts the 100 stations in the United States where the pre-

cipitation forecasts are verified.

Figure 38 is an example of a day 3, 4, or 5 precipitation forecast.

The dashed lines are the 24-hour departure from normal probability of precip-

itation (DN POP) forecast for January 3. The solid lines are the 24-hour

climatological (normal) probability of precipitation (NPOP) for the first

15 days of January. A total of (DN POP + NPOP) t30 is considered "yes"

forecast of precipitation (C .01 inch). All stations with an (NPOP)230 are

considered as a yes climatological forecast of precipitation.

Figure 39 is a plot off the calendar year 1984 monthly mean Gilman

precipitation skill scores for the man, climatology, and NMC/NWP model precip-

itation forecasts verifying on days 3, 4, and 5 after forecast day. (See

Appendix C for an explanation of this score.)
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~D Figure 40 is a plot of the 15 year (1970-1984) average monthly mean

Gilman precipitation skill scores for the man and climatology precipitation

forecasts verifying on days 3, 4, and 5 after forecast day.

Figure 41 is a plot of the 1970 through 1984 calendar year Gilman pre-

cipitation skill scores for the man and climatology precipitation forecasts

verifying on days 3, 4, and 5 after forecast day.

Figure 42 is a plot of the 1970 through 1984 Gilman precipitation skill

scores for the man and climatology precipitation forecasts verifying on

days (3+4+5) -- 3 after forecast day.

Figure 43 is similar to figure 39 except the skill score is Hughes.

(See Appendix D for an explanation of this score.)

Figure 44 is similar to figure 40 except the average is for 8 years,

the skill score is Hughes, and climatology is not depicted.

Figure 45 is similar to figure 41 and figure 42 except the calendar

years are 1977 through 1984 and the skill score is Hughes.

Figure 46 is similar to figure 39 except the skill score is Hughes

Probability. (See Appendix E for an explanation of this score.)

Figure 47 is similar to figure 40 except the average is for 7 years

and the skill score is Hughes Probability.

Figure 48 is similar to figure 41 and figure 42 except the calendar

years are 1978 through 1984 and the skill score is Hughes Probability.

Figure-49 is a plot of the calendar year 1984 monthly mean 3-class

precipitation skill scores for the man, NWP/NMC model and climatology mean

precipitation forecasts verifying 1 to 5 days after forecast day. (See

Appendix F for an explanation of this score.)

Figure 50 is a plot of the 7 year (1978-1984) average monthly mean

3-class precipitation skill scores for the man and climatology mean precip-

itation forecasts verifying 1 to 5 days after forecast day.
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Figure 51 is a plot of :the 1978 through 1984 calendar year 3-class

precipitation skill scores for the man, NMC/NWP model and climatology mean

precipitation forecasts verifying 1 to 5 days after forecast day.

Figure 52 is similar to figure 49 except the observed (P OBS - persistence

of the 5-day mean observed precipitation as a 6-10 day forecast) is depicted

and the forecast is for 6 to 10 days.

Figure 53 is similar to figure 50 except the forecast is for 6 to 10

days.

Figure 54 is similar to figure 51 except the forecast is for 6 to 10

days.

Figures 55 through 66 and 67 through 78 are plots of the calendar year

1984 monthly mean unstandardized/standardized correlation scores for the

man, LFM, ECMWF, LR, NMC/NWP model and climatology North American area mean

sea-level pressure progs verifying on days 1 through 9 after forecast day.

Figures 79 through 90 are plots of the calendar year 1984 monthly mean

standardized correlation scores for the LFM, LR, ECMWF, and NMC/NWP model

North American area 500-mb progs verifying on days 1 through 9 after forecast

day.

Figures91 through 102 are plots of the calendar year 1984 absolute

error minimum and maximum temperature scores for the man, KL, LR and clima-

tology temperature forecasts verifying on days 1 through 7 after forecast

day.
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DAYS 1 THRU 7 NORTH AMERICAN AREA MS LP
STANDARDIZED CORRELATION SCORES FOR
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DAYS 1 THRU 9 NORTH AMERICAN AREA MS LP
STANDARDIZED CORRELATION SCORES FOR JUNE 1984
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DAYS I THRU 7 NORTH AMERICAN AREA 500 MB
STANDARDIZED CORRELATION SCORES FOR
JANUARY 1984

qo 7- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1-
85,

80

75

65 /" . . .. __
A. ,-'-- ~ii

6 50 · --'- .

f '"-"'~. :-.,t , *- i -i
' -T.

so_35 I ;'r.

.. , I i'_~ .- I

uj 30 4-1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~---

~~~~~~"'Z '-} -- , F~~~~:.
4-~~~~~~

00_:_

~~ :. ,7 ,, ..
-MA-

LR....
EC MWF .....

:LFM...'
ig 79

DA ys , !



|O-O -* -, .
, .. ..L* .-"
.-4 I ,_. , / -

^AILS . . t !I. ". ,
- , I-
.- �4 -

4 -
1- .. -+.!

r. :- -t.. ; I

- -.: ..... .

7!.?: S

, .

i -t.; ,

r-

j...

f+4L+

,:- i-t
INrjkE

< -D A YS !
77 DAYS I T
I~ HRI

9J.. 1 .N I !. A-R- tA..L i I ...: .I-: r -. '. M .i B i. ..l. :

U 7 NORTH AMERICAN AREA 500 MBr!.24-i- STANDARDIZED CORRELATION SCORES FOR
.A4 FEBRUARY 1984

_L . . . . . 1' -~~~~fr I i ...4:~~.~~~~-1- Ff - ' " . . . , , , 

.-£

- i I }4-i t:- ]fi::..-:
; '. i-i- ~"-* ..-.

:HH --H-H

2.-I VI. i- I E J - fi

I- ;r T'
7 ,.' L. -r-. t:{:i!a:

J F4H,-T-4 I ii t-
tfffH rF ~1 '~5i~ ~r4 4 ApFT

. .. ; - '..

_+~~~~~~.11 A- r].~~~~~~~~~~~~~~~~~~

I-' ; : .li : L' -I--

I ~~~~~~ ~ I 

.'-r-:~~~~~~~~~T · r.- %

I ill:} 2 ..

T: 2 I ! i jI 't" J-t- ..I~~1 V . 11> 1Th{---, "' ...~,. I ;i. '1t'' !d-4'l ]T- !-
-~~~~~~~~~~'" '_ ' 2"2"~. '~~ ' ~..

li- i-.~:~..I. ,' ', '.',I ,

MAN
S MG
LRd |EC MWr

LFM

O0r0 0 r .... --- - -.,
qoqRs RV
DA ys

;1-

.~~~~~. !

.36 958 6
/~~~~~~~~~~4

...l-.. .: .-.
.A : b 
.i t ! :

I-i:-il :-:' --.4--
t- rt

1- 'i FI .I.

I.

L

If,

I

.., !... I
.1

1T.T..:-
l.!i j!'.:

.~~~~~..14 * .. ...

!...'. i .; 1. :., .. . . J i:' .,r, _ _ ; .

<ifi g .'--t-JiSL -'" ..a...' ''t: -i ......t '. ..~ :_;, _.':a. ...: .to p~~~i sY9g fil 3 + 6/8 /0
27Z 8't 96 1¢8 faO 19,,1 155M /0 7

:-
: '.-; :

i

85

80

75

70

65

60

oI 1S0

~13 v

4oiZ35

N ~30

'k2

ze

,:-

-

:

1.

_I.

I I rf-t.--H--H-+-HII I:; ti-

L:L

.-

-..',.+r-TT',':'. r-l-I-.

l

I

I

I

.. 1, ." I
J: I

.: I 

1 ! | 
.i

it

'.. ... I.J - . . , -- .

:,.t-f:H



-I

I
I

I J 1t ~... , · , I I I t t I I X , ; t -L

LFM E...

l i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~" 

~~0 0 L ~ 2 .. I j 4 4 T Fig 81 - t
HOURS 24 36 48 60 72 84 96 108 120 132 144 156 168 180

DAYS. 1 2 3 '4 . .

lo00

qo

85

80

15

70

65

60

.0
0 45

355

.~-

0

o i

W 35-O°
,r0

[.-, 3

15

,

IItC



*II It

101
DAYS 1 THRU 7 NORTH AMERICAN AREA
STANDARDIZED CORRELATION SCORES FOR

APRPTT. 1QR4A

80

75

70

65

60

50

u +5
En(I4
z
0
-4O

0

35

s0

20.

15

l0

'05

-I

4t

-4-

i�1

4-

h

I... -

.11

Li
-.4

I

oo'___ I_ .... I._ .I ..... [l]
.HOURS z24 36 48' 60

DAYS. > -1, 2

' .'''' ':.:'I
72 84

3 
108- 120

':! 4 , .. . ._. .

':.- -~ : .. f

1-.. .. -'f.. 
132 144 156 168 180 

' ~ 5. '4 i 6 -
.. r~ - --6~~~- 7

100

q5

qo

85

i

II

I

4

f

::

.. .

'

I ' I I -i& 'j 4- '4- ~ -.44 I I I I 1 | I I A-i I] I I i i I i



I-f- i .-I

- -1-#--
Im

I .! 

- tI F--

I

.NL ~_ L!I.!.I ~l.t J 04 -_ - I..L .i.l.Li l-.l..'--L--,--14 L4 -:.--:-L ;. ..L t. .. L .1

DAYS I THRU 9 NORTH AMERICAN AREA 500 MB
STANDARDIZED CORRELATION SCORES FOR MAY 1984

A

A L:.. +~~ ~~~~~" '1-" --';-,'" -'- "''-...." ; . . ' ' " . . " -rT ... ."--', ....

' ' : r - : ' " .' -t £4... '- T . _: -'_ i XE1~~ ~~~-.t T~ - - ' '. 4. _

SX XS4S@XIi X

.....

4LL '- -j-:--.f,-.~~ ~-!][i!!!
~~~~~~~~~...!-'I .... r- ;i"~

I *T : I

]~~~~~~~~~~ | r *t~ T [. ! tT -i 
fi L

-' | * | | -| ' t _ f4 _ t-+ T T X-_ -

· · .i ..

SMG 12Zx,,,,,, x x ax.' e " .' D;! . t . ;i

I L igb i :;~P-TLTA i ' , - .
. ECMW'F ~~...... ,-'" J:,

LM4 .... ..'.."

IL~ ~~~~~~,~ L~

4441 --

'-* ~~J-. j-4A~~jh

ttj4

TF

LFM~~~~r t r

24 36 48 60
I 2

72 84
3

96 , 108 , 120 13Z 144 1 156 - 168: 180 . 19Z 204 Zlb6 ' ZZ8
1 4 ; 5 6 7 8 ' 9

I00o

85

80

15

70

65

60

i0

u

0u0

20

i5

10

S

00
HOURS

i

4-

i

I
i
I

DA YS

.1- t-- H ,H-

{I-



wLILjJlL]ZT
+H-F

14- '444444444114L.I~IZIthAL.t tU
1U3

DAYS 1 THRU 9 NORTH AMERICAN AREA
STANDARDIZED CORRELATION SCORES FOR

36 48 6.0
I 2

72 84 96
3

A'1' ' .- ......-.+..'I---- -.-.-..'..4.,.£1+- r X ,uF 1 11i iIr.I ; i j 7 f1- 4 --11U t
108 120 12 144 156 168 180 19 204 1 216 -Z28
4 5 6 7 8 9'

I4-

-- i-
.I

-1
i

.1.

500 MB

0,

.85

o80

75

70

65

60

55

0u4O. 40
r 3.5

c~ 35
0u -30

-9

-I 

S..

4..-

-1

Te

Lpj

4:

II.

ol
HOURS

DAYS
24

L II

[:

'.

. _

I 1, TTI E 1 



H--]t4-- t4-1 -1--I-4 44-I-I-:I:rm..:1 -:l: Ir -FuL'[TiT rtu:EiTi'!i I 11 1-rt-t 1- I-rr tl-t+I

t.
F

4-

_..

fK

t

: + t4 Fi g 8 5,_,t4tf~Fi:-L.~~~ ~~~~ .ti t X
s' 36

t

0

)

.4

-4

-r
-V

t
-I..

1�

-4

Ii

-t

4:

F

8.5

SC

75

70

65

6C

%.4O

v 45rin 

Z
o01-4-0

w 3 5

0 :
U 0

20

15

5;

00
HOURS

DAYS

'I

I.
t

I:
-.2

iI.
H, 

I

48 6.0 72 84 96 108 120 152 144 156 168 180 192 Z04 216
Z 3 4 5 6 7 8

Z28
9.

I

- I

_ ..

4

;,

10



K~ [f..

--I- .IT- .4-
II-

._L

.... .. l'. -l '"[T ..|l1tlr--....4. Il- '- 2-"'- ' l- -:: ' l-"~:1:u l 22"'1!: 1 I ..[- _ L i. u u t U f L tZ W .. t 4.~ ... .L t [i[l
105-.

DAYS I THRU 9 NORTH AMERICAN AREA 500 MB
STANDARDIZED CORRELATION SCORES FOR AUG. 84-

1f flj ,*i .. · '.. T"....i'i""* [....... I . . .. -"' .... ~....~ .. q--~, ..---- ......
*. I_

~~~~~-........ f.-.- _,~ ........ :i. ,: , ... -. ... i. _~. ~r.t. _ ... r.~ __. L ...

r~~~~~~~~Fr

J~~t.-

a . ; , .: 4 . . ..... L ... J" ' ... * _ .., , ..... ; .... ·---:' '- " '----'- 1 ....... _ ...

1 - .I . 1 · r ;I: ' : ' ft i 2: ' [ '

., I , ' .1 · -, ' .-·- .--I- f. t ...1 ...

L: ' ..' .. "- . ... i-- ..t .; -, ..... I- -r ..~-~......'--'' -
,. , - .* . .. ;I : .... -, . ,T 1 _ ' ; r I ,

.!11:. '- -1 ..... . -" ...--J J T-

4~~~~~~~~~~~~~
.- T~~~~9

_' l F. '- . : ~ .- · -: 

NGM~~~~~: , .... , * ~) -i ... .,l ~ · C LIMATOLOG :- . .O, .'. ~ .- , ;. -| .. -, ·

__* !4- : ' -' ' ' ' 
..... ~-, ...... : .... ~.-' ~ - . r-~- ,: ..... '-*- :FF :.t~_'! 1.~~~~r -

SG : :- -X- .....

t~ ~ ~~tj'

, . _ , , -.- ,.i . : : - : : -
, ..--- --- .... TO ;OG

__~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ II . · .L -.j
,:_ .. .]t .4 .

*~ ~~ i' . .. :"i 1 : 1 ... ' '; " .

.' : :..i '-1- ""=' :
_...i _ '.':3...'*: ' -....... ' ': j[ , ---,.,,-----~~~~~~ ~~~~~~~~ Iw, L ·I~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---+-i---,--~ - '-- -..iI , I 1- t ' -

SMG12z,~~~~~~~ I~-I-:'

LR~ ~~~ i..-.. F3 I , :-:'7Z :LFM. .. .. Fi~6 ,,,-t --~- t '
t~ ~ .Ij ·I. __'__'___ 

: '": .. : ' ~ 

- H'I...,r"--'i. l- -r_,'_ _ , '_..._-'"'_ _ .j:I._..- .__.q:T .. -2-,----
24 36 48 60

.,
72 84

3

96- 108' 120 132 144! 156- 168: 180 . 192 204 216 '228
! 4 i 5 6 7 8 9! 4 ' 5 6 - 7 8' ' 9'

I00

85

80

5is

70

65

60

0
z

4O
Z

E4

w 35

0 30(J©

W

00
HOURS

DAYS



I-. .if-

.~~~~~~ _.4 -.
i, >1- !~~~~-.- I - ... -f 4

r-* r'ki
- . -k. . -. -r f ~l-- :..i. , ..-.

I
1f J

-~.-14--~-~.I :-: ,2 '.1 : -[---4---- . l l ' . ---;-i ----- ,44- 1 -- .- .; - L.-ill -.:-,. .-
106

DAYS 1 THRU 9 NORTH AMERICAN AREA 500 MB
STANDARDIZED CORRELATION SCORES FOR SEP 1984

:- lI:
4-t:- ''- '

t, r _, I-, i1

i LirI -f-
1i- t (If! 

1-.

f .t1.17 ''t I

t 1 -..
--i -i

4-

I Ii -I

.,~~~~ I_'- f t tt Nf", -. I 1-t- 
.4 i .

-4- :-

M.AN1 ... , ...

-~~~ ~~ r- - -- rX--rr i - - I'l||>+;1*}|4
_ r- I -S MG+ I

-1 I LR ... '.t10-t1;t-:. _

.S, - r-+--+- I 4 r *;

-. *... AT...GY O. .. . .

!~~ ~~~ -4-T

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. .
1 r~~~~~~~~~~~~~~

fIT

MA N
S MG OOZt.
LR
ECMWF.

LFM
MGM .CX,.$ CLIM ATOLOGY 0

I00

85

80

65

60

0
u 45

0

L43524o
ct;-

0
u 30

I

oo00
HOURS 24 36 48 60 72 84 96 108 IZO 132 144 15b 1b8 180 III 2U4 241 LZZ

DAYS I 2 3 4 5 6 7 8 9

I

m

.J...

I

I

, . . .
- !-
; 

I

1-r : l -I--'.- i t ,I

-Ii - !-| .-1 ,.i .. i-

!-1' I'N,"'It!"

1._I

- fir .. .. .



- -f- -It- itit...:1--i_ i I ii t J 1 I I I 1 i I l ' 1 t jit td
DAYS 1 THRU 9 NORTH AMERICAN AREA 500 MB
STANDARDIZED CORRELATION SCORES FOR OCT. 984

MAN 
S MG OOZ
LR -.. -. .
ECMWF ...... .. .
LFM
rw-:?A .VW - v . V. v+

,00 _ ^ t Ir~ I 
HOURS 24 36 48 60 7Z 84 96.

DAYS. -. Z 3 .
I - ; ' : .

I - ,

CLIMATOLOGY - 0
-'I * I r" - -t .. -

.108* 120 I~ 2' 1441 .1168 1 80. 192 204 Z16 \228
;4 -, ,5 . 6 , .7- 8 ., 9

_Y .l _ _ . . - . -

100

,-u

85

o80

75

70

65

60

- 7:

. .1

f
-f

-7

-- j-

-r. �r

iI

II

. .. -SM G .. . ..SMG 12Zz A x A JL&, A

II

I

t
I

k-

I

I

I 



H4ItL lili[t. lqi I .t --l- :-! LL 'IniEl- I 'Tt t1 i t 1 i'1rt 'r ,-f t -I10

t--

-l -I

- 108~ -- - --~- - -- ~+I-.4.J108 .. 
DAYS 1 THRU 9 NORTH AMERICAN AREA 500 MB
STANDARDIZED CORRELATION SCORES FOR -NQCV .84

3i I ! -'t.: .l i i1 1 1 1 i i ;ii i f 4 i .' !

-4-

I
i Tt tr t1 i --f i -I+fi +±-I-I 1 44 I ! I11i!I1~11181111!T I i I I I I.- H Z 4I

t

T. I:

I t I4W-Ftte
- I-- �J�L4:{:j4Zf

IL II

.-

I.

*..
. .

d.::-.
q4-,-r

L ,--I

'--

T-f
*1* i-[- T

I I

El

I

H-I-H- i-i

i ! 4 1 I-~ J1 f l 4 T 4 c .

'~~~~~~ _T -T- --l-t1- I ! 4rt .. ;_ t t.__ -,-.F|
MG 12 Z 'k r. : ;g 1SFM -l-2Z -I-- _ i ig H-4 TTi -1 .' iX 4-T -i*- j- -i' _|

__ -_'-r .r r -. .F
=S MGL(LIMAT OOZ. _ 

ECMWF~~~
LFM ~ ~ ~ ~ ~ ,l' I .. ....... F._iarq..

TqGM xCLIMATLOGY 1

H-_
9-1

/4 36 48 6P
-I ' 2

72 84
3 

96 - 108 4 120I 132 1441 156 i 168 180
4 5 s 6__ - 7

192 20421 6 kZ28
8 , 9-I

--rt

I -: ti . ,

0

)

--I

T- --

...; ' -..
_;.- :I

SC

75

70

65

60

I1

.I

_ I

IJ

.4

.4I-LI.

..

: -4-'
· iI

i--

.1 .1

I _ i
r

-t

-- . .. -l .

V q5
U)

X 35

.2:

04o

0p0

15

5

00
HOURs
DAYS

.. : I ! II

' I I I I !lI . i I l; i--1 --: ' 1: . '
I l l l l T I ! I ; I I i

I

t

Ii

I 

t I

I

I

-:1

-1-1 I
.I

I

:1'

I

I

I

L

^ ^
I

1

" ~ ~-4I

?-

I

I

t
.... I

I

&C I ,

I 

:-

I.... .

'. O

'-F 

i

4-H4wLh-.�-Jd±

'T

I

IIII-1-1 llL I,
+!! I I

1 -. - -

I .-- I II | l l 



I I ! i I -I_ ,, ...r .1.
K-i Jt TWJ 
!I lk . I

1 ;
.|t 1

4! -

K 1. .. I~

_I I--

.I .. . . . . - I . ,'' , ... .. . . ' ' . .. I ...... -. *' . -..--..... .. . ... .. .. .
DAYS 1 T4MT 9 NORTH AMERICAN AREA 500 MB
STANDARDIZED CORRELATION SCORES FOR DEC. 1984

A1

I

... '. .'

I1

.

. 1

-Ib

I'_ F1

: I
·r- .r'

i . I
-- 4- --.---

.. -

I-

I-

. .
H-- -

L,.
4

-I
I1

I

I I

- i , 01 l4Ai'~gSLFj-4i Fi -. t 41 I

,,~~~~~~ ~ ~ ~~~~~" :. 1 . ,- 

S .. .. _ ' 1.: l''... '_I

EC MWF~~~~~~~~~~ +4 ~

LF' I-. -ji

~~~~~- 'Fr -- '4.. f-I-,

SqGMG1Zz*CLIMATOLOGY- 14-
· .

______ 1 1~ 

LEM~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'!. -'-'"--+-:- 

'1

I.y:

i..

..4

1-4.i-

-I.-

T.

-I

I.

-- I

ft

IC

95

85

75

70

65

60

0uq

15

10

'5

oo00
HOURS
DAYS

.- I

- I-
tk

4 36 48 60 72 84 96 2108 120 132 144 156 168 , 180 192 204 1216 .ZZ8
1 2 3 4 5 6 7 8 9 

--) LX~7

.-F

-Ir

p

It

-1

.1

I

7,

f

I

1

I I

I

I

..

L
i I

.I.

- ,,t

1, I

-: -

I 

.I ...

I... ....

.7."' i

..: ' .:'.a.' '.

;

f-F.

...I.
i ,

. I

..- !
i. t..! 1-F-



1:.u

11.5 4my-

,.0 -g
10.5 1

10.

9.

9.

8.

8.

7.

,0

5

0

: I . I - I
t t r -+12--F'1' �-

Ii

:1:Pi1
- i-tF- --' - I_ 

gj± tL 1 L Lj- j... F tl.1: I-. 1" ......
k14- -] ' ...I l-, t X-~- .

- t.-?'"': - -' " "

.I - M .: ..

.r I. i.
, . I...1,

4-.-i -.- k- .'-i-1T-. I 

3 .( +-; r
..... !.. _ ,. .:.:-c:_, ,. .,.., .: ;:1

2_. ,-
DAY Y 1

HOURS 36 4

, -

L * ,.

-:I *?-:

;�

¶ I

4p:.j4441444�
t -i -:. ,t .- : .t~~~~~~~~~~~~~~~~~~..--' -

:1t.

.t
vr

± C-I-i'

-!-t
, -:.

:" i 
' -Li
.

, . . T

_./'.?:.. .4.7 .

". i.-

i-t 

'T"-
h/F

i. i.-..:.:.I
f .t:1:. ' '.

I I'.'

I1- - -

I .... . ..I.'.'':"I44f 

1.10 . ' .i.'-.1- -'- .;
hi p

* ERROIt- *Spq

I

I_
.-

'I

iI,:. . / 0.- .
"

* N.! I ,;
I

,.
. .. .

. .]1

!

iTi~r + 
r [-i_ .. _' .i_i L _ .. .4........... .~~.+._ .. . '.. '?.-'''!';: r-';' '.I,. .4',.4 -;- J" V4' -,1... .! . .. : : ! ; ..I.. - ...

.v 1. ! i' ~..... ~_ -':'. .' .... *'j,_ ... i : - -'.'. ,-: .ti.:
4.; & ?, r j +ti.L,- .. '_j .'., ....~.'....-... .K. .,.:..~~~' ~"' ... X!- +1--- -@--. i j;. .... i'.~'..4-. '-i

· :' 'i:-' ~~~~~~~~~~~~~~~~ ... ...

1. I.: ·

S. 
.;.*--.:11S.1 -

'-,' -S-,.
.-. , .t;

l. -4.-t--F

J-1-4-T]:--.!- --ti-'-l:1;

i-

2

~i- I.. i 

i. J ... .. L.

-I f-r+J1-
. ..i.! ,- __ 

!~. '', .'..
-, -:t-t

.1: I9{S

!i 

:LL
41jJ41%. . iI. 4--. 1..... 4 - F**, ig 9t

3 
4

I
'i'"H-t -T! ;:. ~! 

I I - ! I * ! 1 . ; I 1 'r-L4 I ; L. I I

I

!

5

IC
05

C .

0.

4444.

II

.it:,L .

. ..

......

.' I ' :' .
:11- -I'

i

I

...

Ir
7

-I

J

..i

:. .
4

I

-

.

i
I

I

I

I

,

f

-

L-

l. ,

Ik .( -..L!..

1'. . L. -..

6.(

F,
-J

4

4

3

I ~'

I

II

II

3 4

_11--i-1-141-

-. f. '", I'..r. .- _, .;-

J4 iih
I' T -t 

ti_0hs

4-. ; ,
A.--t .

I1!1 t .,I

I- '- I
'I-;' 1I
I- It--

_ lq,L Jl.s

72 84 96 108 120 1328 60



-. 4 4 ~4~.bL~~~-l. c i .j . T.'
"" '" --- H t-t-t--1-

..--'"- ' ".,; "--'S-
J,,,. . '-rD'T -e li'"'FH!..

J

11.0

in 

-;. I-..i4
i0 1. I

,-.I ! .
-- -!- -.-.- :- !.-

-! :--,-

1. ;.:.. ...

. W .

-I -1-
- '-I-t-
. ., I, ..
!__ .' Jl:f

w-I 44

. ....

:: -19-
.'.:X 

. ... ,

I',it: :i
I!PERA'3
._1 . it- I 

., I..
4 .: !..

'. -I ' ! ' .''

......
.i ;'..

. i ..-
, ; l i

... - ... ,.... [...3°
· : -. -'

,..._

Red-A

' ! : I

.-;---...1_

· .:.-.L.;_I

14,QLPT-
I I I-

,.q.: .~I

i-4- '--'I -'

I--Hi"!~'

.-i: :.-.:-..
,41:[-:

- : I

1

ERR0A SCOR.

- FOR.- 

.. , .. 1 ...:

I . , ..

I. .t..

. :.
... ..

; j i

J.~
,; ..

-,

o. t '·

- .. * ! . .i

10 0~ H 1

'fi. 4 

9.

8.

...-..t.i-- T.' 'J]tJ(y ij , J~....: I. .1
. Li'-L" ...l-''l ..:,::- , *'. *- l;-'t* e': ·; ' ,l -* ; ' '* ... : .... | ' -: 

'- :- ' - -t. 2 J : ..... "-*..... : ,, ' !' ~ " ' '-' .-- ......... *' ",-' ' * -"'* : '. . " . : '. * I" " *: 1;;: ."'!1-' - ' - "-: -- *::6 ....... : -,-.-.:.....M":.... -::'".... L!- , * 'X : "' '"*' · .. ·
, ' I-i'............. ,-;- -;-'; .... . ...........- .,. - ·: .., .,,, i, .,_ r , ._!' . . : : '..te..-.-?-.--'C- ~=AT zOY-I4.X"/......M..:-... !, 4 '.; .... ;.:...... i .... :. __1i ' .... ':. _i .. ,.r ,, 51.......... 

-I. I.-:..t-~--J -L:.: ........ l ,-~ ,,,-.J.... --:. .... ....1. ~. . ... : ....' . . .. '..! '., ... '-.r -
, ' ?-I' f

8 .0 3' ": ! T''j''- r

7.D5 _ 
j -. '. j:. · ' -.

7.0l "' ... ;. ..--

7 ! .- -

V 1 i : i

i .- ... 1... .

A. ;~'.:~:.,

DAYS
HOURS

I

I .� K.
- I
- I

;eI
.i .

.J..

; i.

I

1- : '-.*: .
, ' -.. I

. I. '
.., '-.

1- :, - --

-. .. I

.:.[.i..-

... " .. I

.; ; --

.t-

���-.1
'I..

'I
I .I�

132

1-

i-.: . ' . i ... .:... ..

/ ' i

4: -. I

SI- 4?.

,: .'.

,.I
* M4.L'' ... J

Ji s

t 
51

144

t.R |

j

- .4- . . 4

-I

IVT. 4

.'1 - ..: . I ' : i
i I , -: ' I : . ' J. ' .. '. _ ._

156 168 180 7 192156 168 180 192
1 2 3 4

36 48 60 72 84 96 108 120

1

i

jI

I

-

I

I

I

f

IZ..

.

i

:E

...2

"'i

.

,I

I

-I-

:

I

t

I

t

I

9I

l

I

I

II-

.

i ..

I ? -. 1 !-

T- -~~~~~~~~~~~~~~~~~~~~~~~~~~

q _ _

I ·
!

i

.i -
%.~

f

:; ..
I I _ .

....

.__

I ' 1



- . : - 12. 0

11.5

i i
11.0

10.5

10.0

9.5'

8.

8

7

6.

6.

5.

. i.. -.. ..
I ...--!-

A. I I...
-"t.

.I.

3 U

4. -

j . : ' 

3 -:-- -- --- --
I ' . '

3.

? 1:. . .. I
C.9 q ;. . . 3-. 

2

DA'

HOUW
(

I ... I"1 : , : . .-

.. . :-§ *1 .: .~iI- 

p

. -

. .:

, 11

I. ,-:
! ..: 

F IIT~

., ..

L!-

I'1:Ir 1--L;:

!!.<

.J..
3 i
!-t--.

I.:'

f, -f
/./k.,

,�; :, .1.
-i- . ..
.; ..:. i �

0

.1 _ 
... £. , . I.. 1 4 

I. . .: i . .A 

'-*2--�E2 ! -SC' 

ERRO. S.. o- 

.1
.1

·1

- I

* .

· _. I

i

*..L: i. :.!.i ...
I : ·' ! ~ 

; j : :.; 

-I
!: i:

--I ,.-

· .L- J.. I..

',. -. 1i! .' ' .

I

"; ..._ f T

*1 · -~
i; '.iT-

j ;.1I

'---R-

I aw

; ' :i..I 
-: -'i --!-

_ ;.

..· ..;. 
1'I! 

2721971

V 2

.;.
:'.., .- !1

I I ji I

_..~..:

.I-

-I -- 3-- 

If.. ... .
._ '__"?'._ 

[.. .J. -t
! I '

'f- T-'

3- I- 
*' :
.. ..

q'-'!-r :

.; . i. I

i...,. : .

_. i. J ... ,...

* i-F-'

..t ,..J.
I I 

i- ' '- :.
I: L-(I-

.I
9

'I 

II,

84

.o 

1- . I

. . .4

:.:, 

si ., _i...i ...

,,t 'r',...
I

'.1 '-'i
... : 1.

.... :..; .

i-!. i -

/I \: ! /
i

/.

.- I

f--t -----
i
i

i
II
i
I
I
I
i

I
f

II
-I

i

i

I

i
I ;. ...

. : ' 1 o. :
VI!

.i !$:.
_ _.;',: . ; .. !

.4

i-

0
C>or~l

LIJ

ILJl_ ,-

-J
0

3/')
CLco

LLJJ
CD

Of
. LL

Ijv -' 1,. .7 * ' : , - ! :-- r -- -- . -.

/ .T ! ./Z_ i :1% _-_ ................. :_.,/: 1.,/".., - ...- :j_ ,;' .' ::,:.2 -",.;/.'- - ;_ ;-:r ., -1 - i

.. . , I .. i
-.. ,.. .4. . _,_

'3 ·; : : -- L . , L * :

·~~~~~1 - I ..

$1 2 3 4 5I- 5 - 6 7 
36 48 60 72 84 96 108 120 132 144 156 168 180 7 192

4- |-I4. 

II

m

'-'; 
:..!: i ii;llI ., I 1

_ ' ., 

! .,

_ .__ ____

___. ,

-4. .

-:-__* 'T · l I ' 

--

!.' ;': , . - -- im

.
_ :; ; I ! -

JI L :i

.- :_._ 
A. .,:iJ- . . . ..

_ _

I . .

.. .

,,.I

I

.Z

I
I-

I

i

Ik

!

I

;

I

I

I-

i

-:i

I

I

I

i.

I

.

, . ..

.

. .. i
- .I

. -I..,

...1 .. I.

.: I -..i

,... .. ..~i: L i

-" '" :-

j . .

:: '.

. . I

L.

�1-�
- Y

.. j

:-.j
I--- ,

. !;
.1 i'.. , ..: .

$ ! ._. .l-

i 
. . _ .-2-~4..l

. A

lw,

h,-- / .
. j

- . ,..... ...
I . -.."." '- .-

1' . -I-e ;-

1. ,}; 

.le

1: -

C-

' : ! I'

1: , :.;.
! i'

; I' '

t..T!- -.-

T"~'"i-!"
-i t-I

-Tare

.- .i. V

, i 

,:t:

... ,sI

I__. .

~i~":"''l'! ' :'r""i--':- ' t.:.1. ... ~I"2....



12.0j
I ~- I.. : S

I? 2 

11.5 

Ji-.:,; ,'

._ :. _L-.L11,0 -'!, 

.. ' ._..._;..

10.5

-_:, !,i 
10.0 -. i ,-

i. t q.-
9.0 

8.51 j
.. : 'i HF

8.0

7.54
7.

6

.4 -

-... L-- ........ '.'. ; ..t.0' ' '-
113-R 4E- . ERRj SCPR SFR.....; : -! .

TE ]vMRERA'Ui- ~~'[-k:.: ERRO~ s:CORI:-5: :FOR.

-..iT,

J .I_

r. -- I-;
--'- ;._

-_j...,_j._

1 ... ;~ i' L'.

:MT
i"i'i ,"

.':- 1 i. ..: .'-
: .... ..:: - ·

I '.. - .T

1.- '-- '''I
I a

5

/
4

3�.

.I

2.Q.
DAYS

HOUR5

, i .

.-i .:
., j. .

:..:: ...i!
I I

.-... +.'
i ,

i

-'-4.- -

I 1 :
._ -- : :;-.., :{-.,.-i-_-1::, .. ~ :'! 'I'i I" I-

-- * . 1 ..- . -j

.. j~ i..:. 1. ,%.I :

,. - -i 1 . -l 4

-:. i:-: :i// : 
-.

*- I]

. . .4-

1.'
.,, , L.J;.-I,

I.. I ..
* - I

...-
: ,,: 

,,'. ,. . j,

_. -...... .

.......

i,- i-

: ! J _. .

.,F.

i 74

7L. ?-t. .'.:
, I... - .

_ -I_ j, .1 , .:

_ I I ...

,. .. i. -
I 4. .

I~L] I
,. i..!...

.1i !... '.
. j... U . .

i --i1 -K .

;. : ]I/---
..1 , :-L · .

- .. ,- - --

-; 7: .: .
-~-t- --- i

I 1 : 

., r..!.j.....- -i t!-t
, ' L ..!

·. . ;. L ;.'
. ' i 
I, .
f . ::1

! i

: D. i ' I.:_

i S. ' I :!

. 1. I

' q ' I' ' '

V

1 2 3 4
36 48 60 72 84 96 108 120

, : ..m '-.- _.. : .; -
. :- I-APRI 194

tw; 

;I:I II
I.

-� .� 1-V:

- -- .-.

,;1.; ......

. .. . I....
.,.L '.. I

.'... I

;' I , E .:._
* . .1. i ~

I .

AKl--~.

/

I x
- , '

i'- = V '1:
*,;. I \ 

I 1~9; 1
. I

I~ ...... { .. ..... i

I-

��'��1

I0
1

-1

4

1

1
1

1.
i
I
I
I
i

I

1\ /1

Ii

1, i;iv
V* I,

,, i : !
! MAS- l -

.... ......... K-_L_._ :.j._ ....... ... -

:; LR I 7'-I
...... .1~._:-]" '. : ; ,,_ . J_ 

5 6 7
132 144 156 168 180 192

0
CY

LLJ

k 0L

C-5

....

UD,
Wi

-Iml f -@ e- *: s
S

.
=

_
: 

4_ - I I -,.4 -::i . .

...__+_ _ .....
a_+_, .,. T___.__ ^

.

..-I 
i ·

...
4 -'. ;..'" ' I . I ,l

meI;!I1F . .,

. .

' . . !i : . i :

I

:

· ' I r~__

-~~~~~~~~~~~~~~~~~~~~.-: 1 ..

!f I

I

I

I

II
I

II

I

I

i

I

I

I

I

I

I

6

-

-

,-.I

i

·. I .:

L

,...I

:-H"I ''

. j ..
I,

?'"i 
-..:..:

I.e _

J :: .

. ;:. '' . ';
i . .;

; . ._1 T'

i

i

:
. ........ .. 4!

i

I 

.... .~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

..I .. ,..:

.1 . . . . I

, . I

· I

. ._



..: .. LL 

I. :. .i-i; ._.
.I..l-;
,_, i1-1

:[ ' T-1 '! !I.
i- i i-

I-_

-A..i...
t rt §-i-§ r i''

"If" "" V'1~.~ 'i I.

I i I Iw' L~J L
Tl4i ;4 : L 4-

--,*J:ff'4'4 -'" -'

+ Xt t
I--? 'bhi- t-?i-,-q-f

_~ttti11 Ilitil
1.

36 48 60

IMIt

2

�

�1
1

1> L�

- 1:

1-l F- 4 { ±

i- i,_,i_+_. i
-,j -4-!
-I-- -i'

72

L j 1 ~ . ' 'I . I
1 : 1 .- . I. I ....- 'I . ._!

I : ! t'

Fi'-t '1:', i

.'.t F

FI
? I I

.i - i-.-.,-
;:' - I. '-. ',i 'r-','x

t

: -I ,. "..
! . i.Lu, .j. .

-'-;':' "-1--

.

. 1...i... _

. .._ I...

. i

_ i .. I ,
..i. 

i' i
-Z: !.J

H.. i~-t

i I 

I , mi''
J. P ' t

-I-1 t TiA

.J :,. .' t' i .

'I,'','''''-'; '

rr ...-

i;7 !_.

i... i,_ ;.t....

i5; -Lo- i I ,
.1iL.T t. 

i. .

-- i
- - L:i 

... J , '. .

-:-...:

! i

-I I.: .I I

,,i.. .; I, A , .,

F--~~~~~~I-.1-I-.4~~~~~~~~~ Ii-
i-- -.I--;-L ....~. ~ . - . ...,L,:._,-i . ... . ' ' , ' , - ' ":~~~~~~~~~~~~~~; 4 .i. .. .[: .

3 4 5 6 7
84 96 108 120 132 144 156 168 180 192

I .U

11.5

11 .0

10.5

10.0

9.5

9.0

8.5

8.

7.5

7.0
a:
w

V)

co

Cr
ct
'Lt

5.q

4.C

3.i

2.[
DAYS

HOURS

!1

I

r

e

f

II
II

I ; ,

.o..I,A i,/

: I

· .... LLL
IL. . I_ .I

t 4
- tt'-

. . J I .
i ,

X-j-!-'H-H-"-t--r-'-'" !'--". _-'_._j_.

, X 
-]--L I.!-

I -T1 !-
!!_:f I-
i J .-- 1



I..IL.

11.

10.

10.

9.

9.1

,- 7

7

12. -. 0 ':"- X -- ;- '. . ' - -

!r -.- -_' irff H t- .-- -- T-';'j~; - . ] r ' rt4 .~~ '-i"<: -:
I ;?.~~~~~~~IP- Alt-ii:-::;: J-:.--.l. . .

-.. :. D-_.IJ I .-r;
.~..fi .. ..i -IITW,i - I IT 4~ . 115I 1---4 q.

FR. ` .-

-i.I . ; .· 
.. ,
-.... .... .I

I~F,..' I~.L...,.., -F ~ ~ ~ ~-.-~--I-' --- .__II___F~
I 

.14 J~~~~- --t**A ' ".4*)JI V~Z

'~~~~~~~~~~

. ...-- ---.... · ,-: 4. f- -- .4.-], ' :' .~'-' t'-~i I '

J.- .o[4.....-i-- Il.::-'-~ ' ~ ~iT, ' '-,~,....::.- ' - .... , 1 i~ t -~.~ .i L ,.I j** '~'' 

.·! '> 44" .... ' -' ......,- ..-...:.-:,- ,.'.-'"";", .......'"~i' .~...f...;...:-,---' .. " .. "...... L !F ... ......

-I- T P-t IT 
1

r-z d-

8.0 -

, rt 34--

,e '4

-.,--J .4

.. i i
'; :I --..-

.i- .

-.tt...4. 
t1 -- 1-1 q

I4I I 

-L- I z
I-I- .I,.-

-'. 4-! 
_. J,..j...
.-t LJ--+-
rjA-

4 -

..Wt

[- 41 f--

-194~t.T

L
L

,
t
, ..;.

.T ._. j. _, .t

tL.

.-- l ..

14
i-I--
+ I
42

11
I'--

. , ,--I -.~ J .---'!--
f.:-,--.i4i. I ...

+- ..-..

* f,
k

.lIf- :.1
:!4_h

t::

1.

i

i

.j.
'. ....-! I-
1 . I. . .

I .. . -. %,l

,' '4 · .L '.
-'r. . , I --'

;S ! . l I .I . I : !
. -I-I

.I . .. . -

... I .

._. .: .. .

I .! . . .v 

.! .. j
.4 . ..:.;J .!-

- . ' I

! .J . ..
I:.. '..

I .

I ..

I-I.. ..

! 1. .,-

.- I ., ; --, i ,. t
-I. ,

. L �-! : ,.5 ?.....T. .- i._
lI-

.s: S - :1, :q'jl- - : -:, -L r '. -] " ':" ':.

I~~~~~ r- -; I .... " ·| . i' i .... : ' i

.q<+ > ~ ~~~~,-. ; ... _\ ' · ' _...... "'-'

L -LIIZIhA(J 
4. ; '

3..

3 J.

2 I -: --~ 

2 -;.- ,--- I. - -

JOYX-MINIhm

- -- !..i
-- '-1

T

t . .- I:'. :_."
2. 'i" "" .- f.. .H i 

DAYS 1
HOURS 36 48 

A U M1 +
tuM-_

Vi,:

i.

-I ..

· ;. i:-'.i:i:L'=-

/l /
t4

- *.-- 4 Ii 

---- ._ . ;.

7>
,/

r~ ~~~~~~~~~

.f 

I ; . ., ; I I 

-. Fig 96
, _ > I

V

I.

2 6 7 8 3 4 
48 60 72 84 96 108 120

I.,

.. i i. i ! :It I '. I 
I . I i'

5
132

./

-,{.._.-
. I

I I' :,. :;

, ' _ ,

' :-. :. ...
I IA } .I ',
i 4 . J t .KI.

-K f-% I M-T

I

I
I

i

I

. -.. r

- I

.i

..... -i..

!

°t

J. 

i

_ _,_ I -~t-4 , , , , , -- :_ II~f~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_z--
'I -.- -- I

iI - - -_i

_ I_

i { ,- - J ~ 4 -i .. .. 8, . . _ IJ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i ; k I . ._ . . ..- J.
6 7

144 156 168 180 192

.- I
CA>V)

co

-,c

LLI<:
cr:
LI.

6

5.

IL -.I .l :- -

L.j,._.- -f---f-=1

_,
'J'--'- .-...t.-.-. .- I-i.-:-.!-!.9 :. ....-L -.,. I_ * _. _ -.' i. . ; . . I -, I 

...................IL] , 1 . - .;A I . .1

_- i 1 7 4 .! i 2 -.' 1 � i 4 -- - --- � - - I
, _ -- s _ r

> .___.1 _ __4'! I i

*, i I '__ __
-

-L-!--- - -....... t

L_ _ |-_ ,..'I

,. . _, _.- b 

.,i.,:;i;i

I

I

T-

I

I

I

;

.Ii

i.-

If

·1

I

l

t

I

I

l :-:

I'--
i

t,
I

I
t

I

I

I

I'

t.

I

I

t
41
.t
!4

l.

j ...__.

. . i,

_.J
.-:1

r. .,- I

.' . I:; . 1
.- I m; . 4

1

/ :1
0 ?

.. :

t'-: -'i'-'

-4.!-i-.i I

. - .. - .-----
1- 4: t - . 1
LTT T 1TJ QQA 

9.0o

. .:...-L

- I-;

i f..

I . [.I ;.
: .:S -.TI'! '..? .

__! '.., I.

-.. ;.1 '. .!.. ;,_

1 .. f r: 

..F .;.::I
-t"l--'- :.--L -4. .." .. .
_.,... I . ... '

. w;. -i-...j. I

.1 ' ' :-
-.., i ,

. '' 

.:..1 ..: .'.

... -, .:.

:'._ _.i:.. I. ! !. ...

. ~~~~~~~~~~~~~~~~~~~~~~~I

r, �'- fr-., :6j5

. .J. ,. ,XII-

t' ;.-.-'/--'

~ , .

I

:'LK~~ / 1 +41.- R -I- t -. - , -- i
,; l . I I Ij



12.0

. 11.5

11.0

10.5

10.0

9.5

9.0

8.5

8.0

7.'

7.t

5

Lu
I-

CD

o

:ccLL

:c
iji '

5.

4.

2.

2. 1

-r- f i - i. .. .... tlI-! r. " 1--- A - 1 ! I I
j] - I i+ -A -- + -I T 'q £J!

[91
I-

I,
LI '77

. !'?- '._
if

! i

t I

. I .1 i ..

.-.L ._ ..-..
4. I., L
--.T 1 -

..-.- - .,.

, l t 1- -~.-I 4- -.b-

-II.L

·-- " r -I.. --I 

I.1.

-I
-W
..

--L

/F71~

1-4-L.i

-1-

l

:-
. lJ_ I.tj}!!h I

f34

4---f _I-.-

t -1--~- I

'I-1 -'1

iII I I .Li ..;--. -t -+ -- -' - 1 -

/I =;/ , ,/ :1 !

L A49b

GCLI3v

I' -t. ... - .4.,
I__

11I�42I

-I

DAYS 1

HOURS 36 48 60

1 N--.f. ~.-iA 4ii:.
. -

I- I...

A¶TOi

I , :
LATOZ

L: I :. -
.t . .,

-1--I--qIL l:i~
-,4 f 

2

.-- LF- -

- I . ..i
.'-.I ILS]

. . ...

- ' -t-
4-

~I - .-..; -
1' 4-'
I'll-

L ji- -r -t -

L i...

1 Zi i

OGY I

t- I-

-I :-' I-"-

|- . i-| ' -. -t-

J '. .,,...!.

_-t-.: -

.-4 . .-!t I17I:!;
-f I: :~

-I-F-I--t -
.--4- -;..J....--

. I i !

4i I -

: -it ~ T K

AININ

... '...,d-~ j: 

* 1*;-:

Y- 4 -T-r--
116: t-..:-l0., '. ...,@. .-

l' ERROR--iSCPRI

'Im

11,m ' I.--.-- -'I
I - ; ; 1

- i I ,7
IFig 97 .I

4

.t4-, t--.-. -TL
.- , _ --I ,rhy4-,F) gT

-+4? -,;4 4 WILt.F

X . . .,..

i. H.t !.

I I j

I-f:-i-':-
II

I. -i ;..-... . i. 

-: -- -I--
-!: i ., . ~ 

#.E _1X-

. .

-, .. .....
.-$. h4-.
.I..,. m .-

I 1 J.

.. i ....
Fist i '...-.SL s

.4 _],LJ. _
I, . -L .. _I

t J- ,t z-Li

t: --1t

I

-j i - . -

-M,41-t---; .

--tI

4' ;I i'

if -dIT
'-~I If'

4-4-1 .m-. 

.-i - -i-- .i -~
I III-~~~~~~~~~~~~~~~~~~~~~EL --W -- -I.

:F.- .-- -irt

4 1I 1j

H-- I--.
i -It-!'r'

i--I'

14,

I....

F il

14Lt �

-1

Ja. -

... :

!- -

3 4 5
72 84 96 108 120 132 14

4

Arh

I f I'

I'Z.4 :.i;,-
i, . ....-.- - .- i ..
-- ' I 

.. ... t .: -

.,. .. 
I, 

I.

.1'

.,
I I

.- j: - : : I

.:. . _ ...
I. 

.i j.. I

-L 1. :, .W.1....
"K ~ 1; '7''

-: . ! , .'-!- ' 6 .
... L.. I. 

,:·

.Li.4....I...
/ I. !. :. : / -

-�

ii . -

-4-

...LJ.... ! .U. j : . ! ' 
_, .I _: . .

- i ... , ...

~~~~ -~ ~~ 
. I I .. I.

-._L ,.. i . .;. ; : , ....

t

. ...'

.. _

;.-. !-.

N..

-'- L. ' i,-- ,,:'
;'.L i_ .

it -L ... I-r-p-, 
~ , - J- .L ~...'. ^ S .

.''.' .... :._' 

I.' 1

... i .....

t

. i ' I

k : , I I

~t

4I

I

I

I

If

±j_ I. J,: ]: . , ' l. 1~
........... 6 .1.6... .7 19
I 11 6 7
T4 156 168 180 :~192

-

Iu

I-

41-

Ii

I

I
I

I

i

I

i

I

I

i

l!

1[t

i

I'

t:i

0

ik...

4~

,t

l

I

I

I

_ _
I

I

L.

I

1

l: l,
.

I

I

. . .

.,.: '.. :

..- ,
m.

. .. !I
.t:.. :.

. ;
.;: '.'; 

. - -' -L

['}: i' "-
', I7 -

. I I '

:; ,,_ J _

I ..l

t .

, I ',- :
!:. :, .'1-

1 _. .1,

. .! i ;

_ _ . "...._ ..

I
I
I

I ¸

M
I 7-

: ]. 

-
., .jI

1..4 -- i-Nh 1 r-lk-1t-1 

. ..:....
.:.. _. .. .f~" I!:.-.i::;.

L

.t '.L!

.. .. L.!
-... I- 1-I-i-

.... ;.. ..'
.. .:':..-. j l

- j' l-4'-

'. . I .

6.1



,..j I ~ 1T1-FtT-E r ,'T'?•~~~~1 
I I I- .J.

' If
ill.

.l'IFrjLP, I UINrI 1ID.UElFr 11

I 

.4

.... -.WiL I ,---L L j I i I i .I I-tH10 4 
- 5 1" I

1-

a. .... . j ..

I I 1 -

:_IIL --I '''

If-?, -1 H,-IT !-!: .::_':_L.:I.m:
' 'J j-- 

Ti

' .-. .. i -.-.- - I I I I L I i 1,!

i . .

II "'J
-,-~-rl

41I::4:'

tLH it l ti
-II. I -j_I L I I

IIT- ...
~-:.- .'

J-rTh:'J

!Il

4 I-l, .,_

-' ! -
; ' I.-- -
.- ,.-.i V

I ! !
i. ..

.f-

. 4.

i

,, r

4-,-.

i. .-. - .r- . '

117
t -IT;-r>W

'EiRO-. ;V +tiR-1 EizR R0- -DRI

i -a-

14 P
- 'iI -i ' --

I'' II
. -' "L!-.-

.: '; 1 IL[ -

: : :, . III,-'I':"', .. ; .., -
I. ;'' ; p: ' J£;I 

Hi'- i'. . I
I i

'f1>W !'ltS

I -'�

.. . : i . , :

.j. . , ' .

I,'I . .i ,,.,,, *-

:. {. J... ;

a.!.

I .

14::
I- 4

.- .' - _-t-I-I- '- - I '
I , :.1 T j"~'1 ,?

I-

I I I! 
. I.

1- jl_ i
I '"' ~ ~j' .-

[.~ilI

I-

i: .: I:_....L.L. ..

-.-!-- - b ....i .
. 4t-

I 

-1- F.d'

-- . -J- . ...

-L,;1_ :I 1I -;-n-:
44.+. 

1Ij

-:--; -.--

i: -!-.-..
Lia t' .'. 

.-1,

-l .. I

4 ':.. i. t ..
i-4 't-M4 , ,.

_t_...I .

i
h -:,I

:iEj.L 

I I .I i -I -I-! .J I, I..- it
:.- {- -;

_,.I . I .
r- .-I1' i 'v'I"'

.T- t 44F 
[:i -:'!

-'::i.T:

. j .! .,
I .

.; ,. ..:-: - I

-. .2 .

--.-- . :..

..l I ! -ti~.~ -..; .-ll' 
I....... I .: .. l-` I 

-1' 4jt[

- .1

'; .. i-:

T.!'...:J ..::

- �A�L.f
- .[.

.cfl.

a1U- i~~~~~~~~t4 L1 1J31 'V [4),~~~~~~~~~~~~~~~~ : 
w 4 I- -"- : .

4-t t ;$Cig~~~~~~~~~~~~~~~~~g e ffi 9 ~~~~~~~~~~~~4

~~~4...

I ~ I T 1--:-II 1
-A~A ~~ F'. _}I L I

~~tA ~~~~A~~IFQ oGYK~~~~~~T~~~i UM ~~~~LW~ L' I

. --

-4 4+ ~-k~ ~ . J ~;~ J.... .LL! .d~.L-l.-A.~..i_ ' 1...MA~~~~" ;'~ !'' :l 'i'' ---'"i ~~ : ?.[

; I : .. -- ! , i ! i 

!':L2_: ; :- T-

-t-,d-HI: tT
L~~~

1

i

, !.
.L l It ,__ -_

-Ul-
[-HdI

2

jI ,I I I
I-2i-]."-.-LI, a

i -:T

1.A.44.. [.4.1.44:.

--J .. . .
b- -

I Ij- , 4 iI
.. 1 L V

A

.. ... ! 
v, ,, II

'
if. I

-I I-i ' 
-I' .

.I T-
J- Fig 98
*-1 1 : I I

72 84 96

. '.

i -.1

4 .- i -.L '-
- -- ! -t-

-: < 1-i: |:1d-
F.. .1.. -1

1. :-i-...i
1--- 4
1' I 

.'. j ' ... I .. -- , - .i

1 ' I -- l

j ... : ,, i/
"-Ti l-.1"11 " - .

'.U':! . - ; i
.. ... i .

-i -` I I

--, ';.1.... ..
;Q ' ' C

: .a -: -: -i

-t--~' t :

I1
1-- I

II.i

I

.- I

* ! ! I 
_, :.

I

I

I

I

I

98~~:
L,.L.J.,~~,. -. ,. .L._1L

108 120vt L14 fj _i 6 1 n 7 J - - r
4 51 6 7

108 10R3 14.4 l~f~ I 1;R !PR0 .19?

\ r

t

11.0

in t;

10.0

'9.5

9.0

8.5

8.0

7.5

7.0

.5

IC
Lu
I-
,II-J

6A
,:
LU
CD

CLLJ

C:c

4.

3.

3.rJ

2. If

2.DA
DAYS

HOURS

.L....T: .- j .___IJJLL L i 1 !- I -I J I'I 

_;.. . I . I I I - - , . .
, _, , . _1

. . .. .I I
2 1 1 m I 4 ; I IIm .

II

,, I i''- ' ' ' '' ' 1- ''; -1 -- 1
]]

, i , . .'t--

. ." . _ 1I .,, , . 4,,, I : : ,........ ............... , .

W.
I I:i; i l ;iI , i . -; _L�

I

- I . ...... .. I l; I L- % i
I 1) ----- - - IL , i I L I I : ; I I

_/__

dI

I

L.

F

f

I

.

.i

L-

I

l

t-

Ii.-f, -i. .. § . - : i,
_ ~ I i :I I _; ::f2 . . . I'.''l-+--t-, L~ ~'I. : -------- f ....'

~-S-]FDR-'~~~ I J -

-

I-

.

I

!.-

.3
1-1

.11I
. 4

.-N
L..

.j .

f-1-

L., .

i.jL

..-, 
A_

I r I I

I-

t1
.

..- 1i

i 

I

�l

, r -

I.- ,
i

IF'

.i

-+

I

_i

T?

:1i

L.
I
If-,

I.1

.I

-- i

-I

-4
- i

_,

_vas; 4, -t t .-tr. I =1_ I

I-

II

.;.. 4 . 1.
I

- j.. ... .:, .;. .
: I
f : :

.'+-

. . - .I

·, '. :-

....J 
4 . I !
!'¥.- ,-

- .' I I 

.. : Z I 

L =,. 

3

11 .5 U lutl lil,!j

.41.1� 'T -I .
1-F-11

.�_l

,: }

------1-_,_l-

,: ILJ- - "4. j , ._ . j.

_ I I, .,

.- .44T
I ;:+4 'ti. ..

- -.F

J--L I I , I~

i

36 48 60



4-,:.- 4:-
11.5 1 1

11.0 n .

10.5
in.-

:f,-tl - I l-

9.5

9.0

8.0

7.

7..0

6.!

5. 

.1iA ..:4. LL.

2. 'I- --'I ' --i 

2 . v . -, t- I - : 

2.1
DAYS 1

HOURS 36 4

L

Lt :

Ir

?a!-'F

: .;-T':' -

I a-.,q 4,

I ': ,

'.'. _1;.:

.1 - __+I_ 

q i 'Li ..; 1 - -'.-. . -L _l_

-t-t i ii

J

1.
1.

J.,

L

i1-lH----HlS--44- .
...ERR 4 .· i I L'`F.RA-;W. W _Al I -

i-f:
l-1t- --

4-4---

I] l f! ei! El -!-19 * f !f I ~J · . F P- i ! 4 -I i~ ; -I -- ' ·

;.. : -.!lI.

I' N. I

.L'-. t-.l .1. 'x !' 
I'

' ;.-.s. 4-. 1..i..

Jjt " 4.I -
HH-±41--- 4-Lt41 I I - .-!.l-!-FHH -f-i-H

4H.--

:!-F

_EI j 

I.
.... : .!-~-,_. .I-ff;
I ~.I ..:JL.

.....I. .! , J .-J
- - -I

1. . . .
.L- !- r--r_
1 - .

4

... -..

If ..-

-1-l t1 .' -/ , .. T'
I .... h l'l '-'

.H i... l.. fE. rrI -'T- -T ' ' ..-F ' -. -- '1
14' 

... ' .. F .. .1-- --. .- ,; T ]4- ] ~',,-. . ... -''F I""'" ..... ,-I a''~ -, T,'' !' r--f I 'I

I- , . I

I . -.
_l

. - I ! L i I I I I i I i i I i i i 1- I, ' ~4I

_dI

.]..

!

..

i; I-I I

I

-.' L L ]_

L_, i..Ji,±
.-I -"1 "-JFT'"

; i ....

----- r '.-

-th:!
i '-]4TiL

I -

a ~ ~~~TI--
J FJ~i .- '; ;"'Yt-i'

IL..

. . . ! *
.- .M....-.,.:.... Lt ' · - I ~~~~~~~~~~~~~I .t''

,"''' T7 " -T'-'--'
- i- - -. .

I- I - '
i ;I ;'

t ;- i i /.
" " J..... ' .' f .-

II I ' I

- .z - faj

1 J 1

-4.. !- .!- -
t'?'?

.li

r .,
.-L j_ "-

' -! , *.t.I iI i I ..' _'t: ! I.. -L_ ._!._![.L .1;tl l~ i , ; , !f ; ; : 1 ; 4 I [ ; ! : i I -1 i . ; I - ...... . . ...... - '

.S
�-I.Jl-t.f_
it. - --i..-. I. ..

-- 1 -1
-11 i
__llI I±h

V1 I r: 

y;' :1
I. ... h..+.

'-I- i".-h: 'I~

-..+ .
ht--ht-

1-'.... F . ...
:....., i..

- .. if. :I

... --... 4-.-.. 4....L-
·I~... . i 4 
·; '-; FI

I .I., . .,T. -

i.j-iJ I. 

-i .- .r:IL 

I i --I

I II

it} .;j 
I ; -

I I .

-- I
44 L

X-8iII

LTLdzF:~

a I

7- I

I I...

it · 1 . ! ,.i ' ' ' . '._ - ....
. . . .-L I ! -4I ' . '

i . I'

_.~ . I( 

.. i.... -..
.; i

L. -

.1 1 . -

- . _ . ... .. 1 ...I I i j.. j ]..
. *1

I'

-4-
4:J .tlt
±1_:11-_

_., .I I.

4.H1
I I I I-L

r

4:
H-:

-j -i .4 _-..U ;;..
W_ L . --_-.I.. "I'-..--i'

L '

;IA
t.... i

:,i:.:-i-':-

f..± .'-- I".. L f_
'-t'r''7-iI., l. . ,

. I,.1 "i
.Lj. :. .1 :..
:--. .-..

I.i..; ,. .I

-- I I

-J-! ],
LJ...I ..

CEM-

I I I i

4---.:'?'i:i

I444I

47-f7 :

-' '' ! !
.;l : . .:

.1. _ 

--i4 -II-
rT I-

I 

'- I I ['.
}-i-.,. j--

..4i

... : 4
I, I .

.Li.I
J.. _Li .... ,_

....! ! .. ..
-+H-+-
-1_K ;. -,1.=1 

±-:hi: 
1.1.. _.

I I I ,I- -

-4-.

-�

·-.1 -; -.I
-- ---. -. I

-- 4'- ?-
a; :!!
.1 '�[.41

I tI... L.-: !- . t .:, -. r-.
:',::_: :-: ! .-....J14 fi ! ,

.z ... h. .-', I , . - , 
tffl0 ki-.-. 4.LL. - I I I f t. ! i- !

!' i / ' i -iT'J- : '"1- t.-~--I. .-.... ,...i---
X4i_" i_,- K

m 40t t>i 

K r �III
.

.~ ~ ~ ~~~C~~~~~~~~~~~~~~~~~~~ . . . . I ' 'i ' ' T : ' :- ' i r -
' 1 2 . 4 132 1 I 6

2 3 4 5 6 7
36 48 60 72 84 96 108 120 132 144 156 168 180 ,192

8A- i
.I

f.1

f-
1*

af0
u-'

; I I I'
.i- .. !

-- -i'-

.. ...... 

a:80

Licr
u:I
Lu

:C

,"11I
I1

', ' 'i'I ! i

x -¥-: , a
:.". * I
:. ' \ i'....... 4-d

'. !; .__

I i --oi e l l ll 

i_,i !I I I
, 0 wa-W II

_
. _ .. ; .

, .. * ..--..+ .1: . .ii ' !- ; !--!- d I s I I : !
i i;

._.._. _.._ __ _ _

f
i

! ', '; : l |J:: !=~j I, _- ;: i
I

-1

i. !-/
V

a L12' ---'-
.ri,.. IziA4

.

; iIj I , , , ·.t; I -; . [ I I I , i- i -

-1

f

- I

d

p-

i
1.

t

0

5

g '

I _

_4

Iii:;

....1 t .-I:' 4-

" :'--1: ---1"'. ..... .i-- t- ..

_t,

, II

F- i

t 

L"

.= 

I

i1 ... l. .I

I 1� �' �

1., I I i

1 I I : I I . .-

.... ....
.. .. . ... I 

. , - 1
.....

: -.. ! .

3.!

.. ... -.
I : ;

~ . _.
.- il.;.
9.;,' I: _'-9_

Ihkt

.TI ' I i-
T'--f-

+ Ft

'i, i!

'-7-

I - , _

�.[ 'I-
I

�i_Iq .



' j~3: a °: J"j . :.... :" '+"' '; 'i '- -. -' -il*'".:- : -......... ....i~ I .., ,,.Ijj -1 ! 
-i-t--Tf--- fLi--[-;4-;l~~l/ I . : .-i "l' -- F -f~ --[ ----:l.. --4-:-.Ml,:

I ;ftJ!l", }':MIERA'

-.-.-~..- .

t.".

....
.-~ -i'- .--f-, -?f-t.i ,! -

1. I' , t
I-

I .
I ;:-- j-- -I--

1. ::? , :

j. ,_1 .'_

|- '- t-i--..
| i r --l I

.: i 1.
-.. , I- rI· I ..- .L 

… II
'wI I

K I+IJIg}F

fit �¶-�Jt�7�
$Kj L�J �JJ�j

:-.t '.
:-L-j -FtI
. I ..I.--
Il ,J-

', ... 1' -
:4 -i- .~ .-Ht-
FT- V ,

.- :I--

L~~~. -I-

:7 '7 -,'..
-f'i-.~

,I..

.. .

F,L
.L.

.

ti4-~ 

.,. 2:;._i:.'
-. L.L.J_
'.... i+

·- ---t t-,
:':, r'

-: -'r- F-

±t14

l--t-l-i

- ;..~ ~ ~~~~~ K :!i j~- -

__ .

.-t 

i.· .. .... :.

--,-.N-f--
; .I .
-.:;::::',:--i .. ..- ...--:..:..L .
- -H4:

---- i--!l,i-1 1
If I-1

2

I I I

U � � I.

11£ II

-i<4444�; -v-4-42
1

.2r.1,:

... i ","L-"
:i_ ::!-1:
. ; t

-4-4.1-,--
.'. ;. :- .L

.. :-.l- L. L.-
I-'- 'i-',:

'1I I

. -4-

::.:-..+

.- Z--.f-

K

Li
36 48 60

. .. . A ...

· : ...- - ..

.-i .: _ ,-

, : ....:

: L-. _ j.:

- i......

.':-i4:..-f-I' '' 4s''

i

I
i-

I

I

Z -

-. 1

-- I

I

. -1
.1I

i
-..L

IJi''i1':

- -ff-..I:

I-.

I .
_J.:i :;

.1....:..J. ..
. .i;

ts--I--4-. 1--j'. I 
.I '-r -I-

I 'I
-.. .. -.. '+ J_' -.~ ... I. l .... ·4. L.!-
;i: ; I I

.4

-.

I j 1 I'
� � 1.Ii

I I

JILL-L I

·+ · I i *;.:-l --- ..- ..----
' :-!-, ,. .+1"

· ..V-" i.: ~!- ; -4, i

'. '- ;' '
Zi: : i ]

-1_L__::. ' .
_- _ _, , 

1 --- . I -
I. I ...

- Fig 100 |
.I- | , I I .

�1�

'I. ii
A

I

.4 - I :

.. : . I C, a

.t -.I . .I . i _ -.

' i- , I; I. . .

I jI, } i '

4-'t:-ttt. :,:

'"-)- -i-'T-
-tr-. ?. -! ! I . .

-I

i

L-'

i:'

1--'! -- '

... : ' I

4.-t . .- /. 
1 ' i -

LJ lr
-...Z. I - -,t !- L

1��

L
m_: I I

I I-
I V

1=-*

ilL!1- ,- FT' i"':'':;.i

'J i J r-!..... 

. :_L-.1_
.- j'._' i ....
"~t rr'!"-~

i-" l'- 5-.-, ;. i .1.. 

.-.. -.
-; I-I I

1-i !-Ft

::, '.tf.......I -i

'i i1 "i

: I-+.,..J ..

-1

3-.-

L j: . : .

t-t : --I

t :,V:'i I;.:7
: "I : - i '1,-'i. :':!. /:.

I . ... .
-I . /

Ij--i,.. -1y w. lI
:: .::! l

I-,'

* I.

I,

-t.B..!,EIR:-1

i;:!

IVJ-Ir ~.
-4--t--'-

I--4 ,! '=+

.. F--4-i4_. *

I , ..

I....
-- I-H

I. FL.. -

I",! i i ,

I-.-t- --t I.-:,-,-:.-,-I-!--.4 

... : ..:. .-

84-
?84

-.

-i:j 

-i;-

L .J : ... L..:-.. I...
. i . ! .

I i i :.-L. L -:

:E .:-4 : .
a ..-...j .I
. I . ...

1--j--, l;

1, ' .' i.- , . .. .I

I..--i ;-

i:.,-: 

i:' /
1: -: ''. ' I
'-'. I ;'-

r--

. m
i

---

I .

.....

I
P.-

t
I

.i

I

I

I

I

iI -
__ !

r- --I 1-

I
/ ,

I ."
........\... . . . .

* -I I
- I

* '1. .* �O�4KL'_- - -

*1 _______________

- I.4.4.4...i... L � � ._�-UL2i � -.. 4
3 4 5 6 7 .

84 96 108 120 132 144 156 168 180 192

--4
:t 'v.

12.0

11.5

11.0

10.5

in 

a

9.0

8.5

8.01

7.

-j° 6.5
n

6.1:

,CC

,jI I 

c:
5.

5.

.t .

44ZTIf

.10
I i. ;I '/'-JI"I

., I
.. -:.k--'f':'k
.!: [ .'

. .- .i-T+i 

-t-r'--:-

L. .. ..:-H--

i: .L

.i :! ! -..I . ,

- i !.i.
; : I t-,

; I. : .,

- . !-: -f

.I

.:

.· 

'-F

.-,
I .

!?

3.C:E

2. 9

2.d
DAYS

HOURS

X. I |I~ -E- rr~-- -e I
L___. A-: I- e .I "~1'3

I I I i I I I ! I; l I I J i I
' Jo

. ___. a,_.I : .- I I ' , i
I :t

_ _.

:,Ii II . i I I 1: I I- --

:.t

iI ' -1--[ * Ii . l;:. 

-

I

, A, . , _
l I m _1Is,_. .:

V- .I I * , T
.. . .f

i . T

] : i , 

I . - .; 

11 :,-' .

-4--,.

: , .; .i . ; .. J i .,
r 

. . . .. . . .

_ __ __._

__ 
_ ._ . i .

_ . . .
_ 

_

I! .,,};Ii I I I I/*F iT

t~~~ . . .. . . - .. 0 , : _siz . L .I I . . Ie I il _ . i i-i ............ ..i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~----- 
-.

I
I

.I 

.I

f

i..

. ..

.L.

I

I 

L,

t

. :J

J 

,I .'.-.- t- .: . . · .'L ;]"J': T":'""!' ": r:: -.-.-- :

t
i
t

II

1--i

,..t. . .

l-i ·

-. -i .... ! .
---I .....

I '

*-... i.'.I F.......
. .. ,, 

.- i . .
-. 1. r -..

..I .- .... -
I;, I

. . -s

: ' -:--:

. I

72

VR84
1 -. ! a : 

.-t- . ...;
-:.-I.t-.. I..

[ ' I '

I j ...

--.- -!
; _ _ _. I .

. i--: .'
..._:. ..
._:LI ::

Ij 

-:]. L. ! -.:.. t. :.:,J- i:- I
J ; t : · .. -- . ' .. : . 1... -

., - .-.. ! ?- _

.... i. 'r-i + -b -iT --L .._: ; A _.-- J .... LI-tj .

I. .. 

L 
I

..
L_ _J~ .i_-1I

.- J... I_

X..

.1. , 1.

. : l.~;

"..:. -.
- I-TI



I

I -

.,LL _£J.!..L. 1

I-

I-
ILT-

f ' i I

I ;, 

.I..F-H-L L.' I.-~f-r-;
--t -,shA -;

S-I M

El· I I I

. . .- 4 .+..I' k 'k"-

~I t:1 I V I i I I I I I I f i i. 1 I.

"-T' ' ' -L

; I- I-
L!i r-:L~~

..-.. .4-.. L t i-t
. .i.: .£ ,. ...,.Q~ . .II' ti
I' Ir , I.

t-I- .... 

.I .
K,- -,

.!I -

L J.-.I,.

. ti
· I.

IAzu j - .t.
R R I . .S . _.

·: .. ' l . .. ' " I.

,ERRO~ ,:CP'i

T1

.,; : -

I.i;:
It .. ....

"t'I" '

,, e

i -1
;ii;. i-: ','

.,f .; i. I

.: .1.. - .I..,.:,,

: J .

DR

.'1 

,.'.

* F-
I .; _-

!-'

t L

i . - -, i.

. 1-W.-t, J' ['-

1: '_: :!':
L _- i. L _L

I L.. IlI I I r

I,

1. ,
! .i.-'.._i ., I.

I : i 5 '..

I....ia:

I I ' I

I. I', ~. tI
7 ; : I t- . :

.FO.R1-NOYI

.1-L.I;"
7 1

. -- ..j.l.

I- F-- L - i--. .J'-t'- i-l-' r-

_.. .. ., - _ ,
1...j _j.'..

I'i ' 1
F.-..

"~ ': - ,:2.. j.;. ..

I i :.
I - .t

. i.
.... :.:
.;. ,-..: 
.. - . . .' .

..s ...

+.-,...-
I __J. J..

Ii I ! 

.1

*1

1-,, -.-'- ':

_4 i lI L.

. : .. I
1_ --- '-'

-j · !i.-.

1.' _

_1 .. ...7,

._.., .. i.!,1

_.! . L -J

I ... .l._i. I-::: :-::2:I 
:. . .!' : !

I ' I . j ....

.-'; I'' I. j'..,. ';.,,!.. '?

t- i 'J -
-t- t

ii-;-?.
I fJKft
Liii''

:4i� >,'

- I -

MBEIi:,

+.. ...
.'

_ J__..L

_ i_'_j ..
_i .Z:::_ ._
-f"-- i-,:i

I i '... :i::.::,:
-1- 4--t 

7- : T'.' I :-.I I : -I

I--l-:.-?1

I..!
. .

_j'::.. ,.

-. L : t
J ll,1 t 1

4.a4. i-.,'1]
$'--'-i -.....

--F .;.._ f.

k 198

- 5 -

L:.-j'i~ .J'
L., . .: . .

. I 1:

. i .
. i

.:1 -+,

-.4 -- . I

I !
. I.

i I
.-. 

.. i, !
_1~.._; : .:

i? i ~:

-1 -, 1:

4; :. 1..
rI - ' 

- i.

-- I

* I

r

'.-' _- 'w j.::.::. '. .. _ ,' " x/;__*'-l - t

a4tI±4~ X~I.L-K Al x L4 'L

,i. IT'117 ~ ~ ~ ~ ~ ~ ,.; ..... J "'̧r~~~~~~~~~~~~~~~~~~~~~~~.... J "::i'JF~~~~~~~~~~~~~~~~~~~!· ''"'":i.
· - 5i 

..1 '1~ .n.

-- ti. ' .''.t -L_

4-

I-.

.-.; !..i -. I I i : I jF j- : --tq . -- :--
': 'L i.. t_ L-

i'. 

. -i :. - --- .-: . ,J.,A ;
Fj~t I .I I .. L

'1 -i I .- I . j~ ...J -4. '. t.-

L4j£
L 4

± A
1

, .. I .J-- -I!-
.I-:. -L t .

. ; j.

.FF;4

.i

.I

i. --
I, -.

I1'- ... ~--

.. i..i.

..~_..!... .

i .- -i,

F-f_ j. ..P1

,- --.. _L L i
._' i t
_-' ft-J I

2

, .I i· .-'~ -
A.:-:-l:

.: _ 1.

: ; ?.-.... ....5_

S.17
--

.I

, I

I :!.i .i.-

-I , ; !.---,J

i 

. -I-. ! I-.... L.. -i -.'-
' -r-1-; .

I./

· i .. ! :

I _ _ _ I. --_ : -

i

F F
FI g , , 

- F t .

II F

I :.

I !

' --'.' i
.~-~ ..:.. I

IT
: . ' .

.MA-1 -w
_ JA I r- /Kr- -I-- : -

'-,L_. I -_
LR |

-kI

3 4 _ 5 6 
72 84 96 108 120 132 144 156 168 180

L+- fj ;- 412.0

11.5

11.0

10.5

in ol

9.5

9.0

8.5

8.C

Ii

-1

5 -

.0
,n:e / Zo~0

. 7.
w
I_1

-J 
/ 6

<CT

a:
LI

56

LI'I

-::
5)

-l t r ., .F .I * I f ]T .. ~ i *'_J I~~~~~~~ .* · I '~ -. A T 

-.,
-I

. '-t-

If

._

I. ,

4..

3.(

2.

2 .
DAYS

HOURS

t- -- 4:%- -

_r + t'w 
-F 

jib._; 

,1 .4 
_ _

III77 I,.~.4--d--&.----~.

? , ~-: .'::i 'i·
, ,J , .-~,im ! 1. .- ,- ,. .

I I i I t ! ' I l ~ I J ' I i 1;';'l

i ' I: : I ' i

. . _.... _* II

1, ,;; .Ii -- 1-+ '

w' - imi i
-ETA f .-

I I 1 L.I- !., . . , i l

_

__ _+

i ^7.?---.r, .I : i
_ L

, - - _ . _ . _- _ - -. --...

. . .. . . . . . 1 : -I I I .. I i I... ;- i i ,.---_ _.. -.

.1 _. I i _ . -_ ..

IL_. - -~, !4 .._ :._ .,_I.. .. ,._.. 7. . . .;. :' .
.:jLe . .i _; -. '. 1 ' .1I

J

I"

_.

i

.,o

-. 

YI 

'~. '

.I

. . .

1-!
i,

"-

,

._..

I

I

-:i Lt4.::: J. J.. :

:--- '--'-.-':'l -'.1 l---J.

"'-, ~ :'-':-4 ":'1" -.["

Ji:.3-H.l.i..

;'!.--:i--
I

t,

I'

.-4-''

L.

. .

l

-,

I_

i

J

1-

.I.

...

. .

I

..

1
.t

I

..

..

: m

I

I '.,

i . .
i .1

........ . .,I

/ I '1 : -1 

I

.tt .. ;.. . .

_.I ..

-..; . !. . . t.

, I '! . .- .

.- -: .. ..
i. i 

I '- ' I

; i::I

.i

tI

:J
. . t .

_ . I

I
i

q
I
i

I

I ,I

.80 7 192

i -:i._. ':
.~__!. _. -_

-- , A - ..-
-:I- : :

.. . 4. -! ../
: ..'.''.: I;/ '. 

I. j 

.'t-
1,.I-_
,; I -I; -l-4- -�-__4.-- 4 -I- ::: 2

I-.--.:-

' '-12 i'-

36 48 60



I

i:

.1 .�

I.

1

36 48 60
2

72

I-

I

K

JTt

I.

1 'S t'' i': '<' ' .' X'.. ' .a': , ' A.-; t , , ' i;1
ii_ oigl'' _X ,, . , , _ ._..

I I.{ :j , !' tf* : - I , - !
- I _ ' _, .._

8~~ 3 1 5 6 8 9

' ~ I : '' ... "1 ... -:" ' -....I'·-/

3 4 5 6 7'84 96 108 120 132 144 156 168 180 ,192

o
CC

Li)

CD

L~l.,::

2.,1
I

2.-
DAYS

HOURS

F ' _ I ,, I I !
{ , , {

_ . ,

_ 7
, __ __

1.

-W

i
4

i

I

I
I

LI

,I..

.;,I

.'.

I {. ;

'.,.. .,'
10

7.

I

vi .,
i..
I -;

.. .

_ _ . , _

: M

4-,



122

COMMENTS

SECTION 1 - MSLP & 500-MB CORRELATION SCORES PAGES 10 TO 32

The pattern correlation score (Appendix A) has been the basic score

used by the MRFG to verify the MSLP and 500-MB progs since the start of the

MMRFG program. The correlation score was chosen because it is more sensitive

to the phasing of troughs and ridges (considered to be more important) than

to the depth or heighth of these systems. The MSLP and 500-MB operational

analyses (HUF) were used to verify the forecast through 1976 and the LFM

since 1977.

The North America (NA) standardized correlation score is the oldest

score of record. The US subset unfortunately was contaminated from the begin-

ning through 1975 by a coding (program) error affecting the observed field

(verifying analysis).

It was assumed from the start that a MSLP standardized (anomalous field)

score of greater than 0.0 (climatology) would result in the derived forecasts

of temperature and precipitation having more skill than climatology (as a

forecast). However, experience has indicated that a NA score of 0.17 or

better is required to accomplish this.

Most of the forecasters complained from the beginning about verifying

a forecast of the anomalous MSLP field (which they could not "see") instead

of the one they produced (the actual MSLP field). In order to appease the

forecaster and obtain a score for the normal (climatology) as a forecast

the unstandardized (actual MSLP field) score was introduced in 1977 and has

been used successfully ever since.

A glance at figures 2 through 22 shows that, for the most part, the

monthly mean scores during 1984 were higher (better) than the long term mean

scores (note - the long term mean includes the 1984 scores). Also a compari-



123

son of the current long term mean scores (figures 3,6,9,12,15,18, and 21)

with those published in NMC ON 284 of February 1984, indicates an upward

trend. The many monthly mean record scores (figures 2,5,8,11,14,17, and

20) set by both the man and NMC/NWP model guidance resulted in 1984 being

a near record year for the days 3, 4, and 5 (figures 4,7,10,13,16,18, and

22).

No comment is made concerning the "betterment" of the man over the NMC/

NWP model guidance except that it appears to be significant. No overall

increase in skill of the guidance in the 1984 was apparent after the intro-

duction of the Optimum Interpolation (OI) Analysis (see page 2). Since the

-scores for the circulation were near records, one might expect the derived

forecasts of temperature and precipitation also to be near record levels.

SECTION 2 - TEMPERATURE ABSOLUTE ERROR & SKILL SCORES PAGES 33 TO 47

In 1984, as usual, the bi-monthly mean absolute error minimum (figure

24(a,b,c))and maximum (figure 27(a,b,c)) temperature scores for the man ex-

hibited a clear superiority over the KL and climatology temperature forecasts

for days 3, 4, and 5. The man minimum (figure 26) temperature scores tied

the all-time record for day 5 and were second best for days 3 and 4, while

the maximum (figure 29) tied the record for days 3 and 4 and was second for

day 5.

The man 6 to 10 day 5-class (figure 33) X 3-class (figure 36) temper-

ature skill score was/tied a record in 1984 while the FP scores declined.

SECTION 3 - PRECIPITATION SKILL SCORES PAGES 56 TO 73

The Gilman skill score, except for the problem mentioned in Appendix

C, is quite sensitive to correct forkcasts of precipitation. The Hughes

skill score is quite sensitive to correct forecasts of no precipitation at

stations with a high climatic precipitation probability. The experimental
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score is quite sensitive to correct forecasts of precipitation at stations

with a low climatic precipitation probability. Thus, these three scores

complement one another.

In 1984, as in recent years, the monthly mean Gilman (figure 39), Hughes

(figure 43), and Hughes Probability (figure 46) precipitation skill scores

for the man showed a clear superiority over climatology and the NMC/NWP model

on days 3, 4, and 5. The man Gilman precipitation skill scores (figure 41)

were a record for days 4 and 5 and tied the record for day 3. The Hughes

skill (figure 45) and probability (figure 48) scores, however, were not quite

so record breaking. The monthly mean 3-class precipitation skill scores

for the man 1 to 5 day (figure 51) and 6 to 10 day (figure 54) forecasts

were modest in 1984.

SECTION 4 - MSLP, 500-MB & TEMPERATURE SCORES FOR

DAYS 1 THROUGH 7 PAGES 74 TO 122

Certainly consideration has to be given, after looking at figures 55

through 102, to producing (operationally) for public consumption man MSLP

and temperature forecasts for days 6 and 7. It should be noted that for

comparison purposes (operational utility) the ECMWF scores have to be "backed

down" approximately 12 hours.

CONCLUSION

In retrospect, 1984 turned out to be more of a "high plateau" year than

a record breaker for the MRFG. 1985, promises to be an interesting year

with the introduction in January, 1985 of the SMG4I with E-2 physics (radia-

tion) and silhouette mountains.
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Appendix A

The standardized mean sea level pressure correlation score is used to

determine the skill of the man and machine days 3, 4 and 5 mean sea level pressure

forecasts. The correlation score is employed because the phasing instead of the 

intensity of systems primarily determines how well the various weather parameters

can be forecast. The standardizing procedure prevents the contribution of the

high variability (higher latitude) grid points from overwhelming the low variability

grid points (lower latitude). 

f = forecast mean sea level.pressure at a grid point 

o = observed mean sea level pressure at a grid point

o= standard deviation at a grid point

n = normal mean sea level pressure at a grid point

t ~ F- ~= f-n 0=o-n

F = average standardized forecast across n grid points

o = average standardized observed across n grid points

RMS F RMS o =Fo

RMS Error = (F

Average Absolute Error = F-of

F0 - F 0
Correlation = V( o - X1 00

Since the normal mean sea level pressure is subtracted from the forecast/

observed pressure at each grid 'oint, it is assumed that the correlation of the

normal to the observed is always zero. Therefore, any positive score is considered

_:y~~~~~~~~~~~~~
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to have skill over the normal. Some doubts have been raised about this assumption,

however, and for the past 5 years the unstandardized correlation score also has

been calculated. This procedure allows a-correlation score to be computed for the

normal. This score then is simply the correlation of the forecast to the observed

meansea level pressure.
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APPENDIX B

The 5 day mean temperature skill score is a generalization of the

Heidke skill score where the expected values are derived from the observed

temperature

Heidke Skill = C-E C = total correct (hits)
N-E N = total number of fnrmraec fl 

E = expected number of hits

expected value is calculated as follows from the number of

in each of the observed temperature categories:

1/8 x Much Below + 1/8 x Much Above +

1/4 x Below + 1/4 x Above + 1/4 x Normal

The

stations

E =

The

much

then

5 day mean 3 class temperature skill score simply "lumps" together

below with the below and the much above with the above. The expected

is equal to 1/4 X Below + 1/4 X Normal + 1/4 Above.

.4-

f

the

(E)

i
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The Gilman skill score is a generalization of the Heidke skill score where the

expected values are derived from a randomized version of the precipitation forecast.
C-EHeidke Skill = N-E C = total correct (hits)

- N = total number of forecasts (100)

"3~~~ 9 ; E = expected number of hits

However,for a randomized forecast allowance must be made for stations having far

different precipitation climate (N POP) across the United States. Therefore, to

compute and score.an expected chance forecast, climatology must he considered.

The procedure for this is as follows: .

First, the actual number of forecasts of precipitation are distributed

randomly taking into account station climatology. The expected number of

chance hits is then given by:

E = (Pi ri + (1- Pi )(1 - ri)) or

;E= 2J Pi ri + N-- Pi -g ri (a)

where ri = 1 for precipitation (Z.01 inch) and 0 for no precipitaiton (U.01 inch).

Now an expression for Pi, which is the probability that after the forecast

precipitation events are redistributed randomly a forecast precipitation event

will fall at point "i" is given approximately by piF (b). Here F = total

number of forecasted precipitation events and ai = climatic precipitation

probability (N POP), This approximate value for Pi is most valid for small

values of F and (ai /$ai ) and is unstable at times. Because of this instability

the less sophisticated but more stable Hughes skill score was developed.

..... Substituting the expression (b) into (a) gives E + N-F-R, where

E = the approximate expected value of a randomized forecast, R = total precipi-

tation cases, and N = total number of stations. If the climatic probabilities

are uniform (ai =aj =a), then the approximate value of E reduces to the standard

Heidke value given by: E - (N-F)(N-R)+FR
N



129

Appendix D

The Hughes skill score is a generalization of the Heidke skill score where

the expected values are derived from the observed precipitation:

Heidke Skill C-E - C total correct (hits)

N-E N = total number of forecasts (100)

E expected number of hits

If the average precipitation climate (NPOP) of 12 stations having-precipi-

tation is 25, then the expected (precipitation) is simply 12 x .25 or 3 stations.

If the average NPOP of the (100-12) stations not having precipitation is also

25 then the expected (no precipitation) is simply 88 x (1.O-.25) or 66 stations.

The-total expected (E) then is 69 stations. If the forecaster hit (C) 75 stations

correctly, his skill score then is (75-69)/(100-69) x 100 or 19.
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APPENDIX E

The (Hughes) probability score is not a skill score yet it is quite

simple to understand. A rough score (RS) is calculated for each station

(N=1 to-100) as follows:

Forecast Observed RS

(DN POP + NPOP) -30 P=1 +(1 - NPOP)

(DN POP + NPOP) Z.30 P=O and NPOP -- 50 -(NPOP)

(DN POP + NPOP) .30 P=1 and NPOP a50 -(NPOP)

(DN-POP + NPOP) 30. P=O and NPOP :50 -(1 - NPOP)

(DN POP + NPOP) -30 P=1 and NPOP c50 -(1 - NPOP)

(DN POP + NPOP) '30 P=0 +(NPOP).

Since the total rough score (TRS) for the 100 stations does not equal

100 points, a simple iterative technique is employed which uses the RS as

a f(NPOP) for each station to bring the total number of points up to 100.

The FORTRAN. language routine is:

TTY = 0
70 DO 69 I = 1, 100

TRS = (100.0 -ITRS) * ABS(RS(I)) * .01
IF(RS(I)) 73, 74, 74

73 RS(I) = RS(I) - TRS
GO TO 69

74 RS(I) = RS(I) + TRS
69 TTY = TTY + ABS(RS(I))

TRS = TTY
TTY =0.0
IF (TRS - 99.8) 70, 71, 71

71 CONTINUE
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APPENDIX F

The 5-Day mean precipitation skill score is a generalization of the

Heidke skill score where the expected values are derived from the observed

precipitation:

Heidke Skill = C-E C = total correct (hits)
N-E N = total number of forecasts (100)

E = expected number of hits

For example, in January the number of stations in the area covered by

the (NP/P), (NP/M/H) and W(/M/H) categories is-21, 28 and 51 respectively.

The average value of the probability of NP for the stations in the (NP/P)

area is 59% and 40% in the (NP/M/H) area. Now if (NP/L) is coded as 1, M as

2 and (P/H) as 3, then the number of stations expected to have coded value

1 thru 3 is as follows:

33% of (L/M/H) = 51 x .33 = 17 stations coded 1, 2, 3

40% of (NP/M/H) = 28 x .40 = 11 stations coded as 1 and 8.5 coded.'as 2,3

59% of (NP/P) = 21 x .59 = 12 stations coded as 1 and 9 coded as 3

Thus, code 1 = 17 + 11 + 12 = 40 stations

code 2 = 17 + 8.5 = 25.5 stations
code 3 = 17 + 8.5 + 9 - 34.5 stations

100.0 stations

Therefore, the expected value = .40a + .255b + .345c

where a, b and c are the number of coded values 1, 2 and 3 observed.
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