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30Table Captions 
 
 
 
Table 1.  Sequence of operations in the probabilistic forecast verification procedure. 

 

Table 2.  Best-case Brier score results arranged by gridpoint pair and event.  See text and   

               Table 3 for interpretation. 

 

Table 3.  Interpretation of the column of three entries in a given box of Table 2. 
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34Figure Captions 

 

Figure 1.  Relative operating characteristic 2x2 contingency table.  The four possible 

contingencies are a “hit”, “miss”, “false alarm”, and “correct rejection”.  As an example 

of the table’s interpretation, if an event is forecast and is ultimately observed, then a “hit” 

is recorded.  An event is considered to be forecast if the ensemble-derived probability for 

the event exceeds a pre-specified threshold value.  The allowable threshold values are a 

function of the number of members in a given ensemble.  For instance, if an ensemble has 

three members, then the allowable threshold values are 0.0, .33, .67, and 1.0. 

 

Figure 2.  Illustration of possible hybrid ensemble configurations.  The area within each 

panel describes a two-dimensional sample space.  Operational ensemble members and 

pair-wise samples are represented as dots and X’s, respectively.  a)  Configuration A.  b)  

Configuration B.  See the text for further interpretation of these configurations. 

 

Figure 3.  Orientation of the gridpoint pair referenced in the idealized experiments.  The 

horizontal position of a particular gridpoint is indicated by a black dot. 

 

Figure 4.  Example of a table that provides α as a function of error variance and nf.  

Values of error variance (m2) are given along the top of the table, and values of nf are 

given along the left-hand side. 

 



 

35Figure 5.  Two examples of α as a function of nf from the experiment where the errors are 

drawn from a normal distribution with  µ = 0 m, σ2 = 400 m2,  and ρ = .4.  a)  Results 

obtained using the 18 February 2003 ensemble data.  Values of nf are given along the 

bottom of the plot.  A bar describes the value of α for a given value of nf according to the 

scale along the left-hand side of the plot.  A dotted line denotes the height of a bar 

associated with α = .5.  b)  Results obtained using the 21 July 2003 ensemble data.  

Otherwise same as for a). 

 

Figure 6.  Ensemble joint distribution of 500 hPa geopotential height at two gridpoints.  

Possible values of height Ф1 (m) at a gridpoint located at 170.0W longitude, 52.5N 

latitude define the abscissa, and possible values of height Ф2 (m) at a gridpoint located at 

22.5W longitude, 60.0N latitude define the ordinate.  Each point on the plot depicts a 

particular ensemble member’s specific values of height at the two gridpoints.  The 

ensemble members are associated with the 14 May 2003 NCEP GFS 192h ensemble.  

The grey point corresponds to the control ensemble member, and the black points 

correspond to the perturbed ensemble members. 

 

Figure 7.  As for Figure 6, except that the dotted lines identify the climatological values 

of 500 hPa geopotential height c1 and c2 at gridpoints 1 and 2, respectively, for 14 May 

2003.  Also, the labels S1, S2, S3, and S4 indicate the sample subspaces described in the 

text. 

 



 

36Figure 8.  As for Figure 7, except that the pair of signs in each parentheses are the signs 

of the verifying 500 hPa geopotential height anomalies at gridpoints 1 and 2 in the case 

that the point corresponding to verification falls into a given sample subspace.  The first 

entry in parentheses corresponds to the sign of the height anomaly at gridpoint 1, and the 

second entry corresponds to the sign of the height anomaly at gridpoint 2. 

 

Figure 9. a) Composite 500 hPa geopotential height (m) anomaly pattern associated with 

the negative phase of the Pacific North American (PNA) pattern.  Composite based upon 

NCEP/NCAR Reanalysis data for the month of January and the years 1968, 1969, 1971, 

1972, 1982, and 1989.  Contours every 15m.  Negative height anomalies ≤ -15m shaded.  

Figure created using NOAA-CIRES/Climate Diagnostics Center interactive website.  b) 

Horizontal positions of two particular gridpoints located at the 500 hPa vertical level.  

The position of each gridpoint is indicated by a black dot.  The designation of each 

gridpoint is indicated by the number below the dot 

 

Figure 10.  Orientations of the five different gridpoint pairs referenced in the analysis.  

The horizontal position of a particular gridpoint is indicated by a black dot, and the two 

gridpoints in a given pair are connected by a black dotted line.  The designation of a 

given gridpoint pair is indicated by the number alongside the black dotted line associated 

with the given pair. 

 

Figure 11.  a) Composite 500 hPa geopotential height (m) anomaly field associated with 

the positive phase of the Pacific North American (PNA) pattern.  Composite based upon 



 

37NCEP/NCAR Reanalysis data for the month of January and the years 1977, 1981, 1983, 

1985, 1988, and 1992.  Contours every 15m.  Negative height anomalies ≤ -15m shaded.  

b) Composite 500 hPa geopotential height (m) anomaly field associated with the positive 

phase of the North Atlantic Oscillation (NAO) pattern.  Composite based upon 

NCEP/NCAR Reanalysis data for the month of January and the years 1984, 1986, 1987, 

1988, 1989, 1990, 1991, 1993, and 1994.  Contours and shading same as for a).  Figures 

created using NOAA-CIRES/Climate Diagnostics Center interactive website. 

 

Figure 12.  Percentage relative improvement in Brier score derived from hybrid version 

A.2.17 for gridpoint pair 5 for each of the four dichotomous events (-,-), (+,-), (-,+), and 

(+,+).  The four boxes represent the partitioned sample space (refer to Fig. 8), and the 

relative improvement is superposed on the sample subspace corresponding to each event. 

Positive relative improvement less than 5.0% is represented with a check mark. 

 

Figure 13.  ROC curves of the operational ensemble and a given hybrid ensemble for a 

particular gridpoint pair and event.  The solid (dashed) line is the ROC curve of the 

operational (given hybrid) ensemble.  Each open circle (dot) defines  the operational 

(given hybrid) ensemble’s false alarm rate and hit rate for a specific probability threshold.  

For reference, the dotted line is the ROC curve of an ensemble with zero skill. 

a) ROC curves for the operational ensemble and hybrid 

    ensemble version A.2.21, gridpoint pair 1, event (-,+). 

b) ROC curves for the operational ensemble and hybrid 

    ensemble version A.1.20, gridpoint pair 3, event (-,+). 



 

38c) ROC curves for the operational ensemble and hybrid 

    ensemble version A.1.19, gridpoint pair 4, event (+,+).    

 
 



Fi
gu

re
 1

.  
R

el
at

iv
e 

op
er

at
in

g 
ch

ar
ac

te
ris

tic
 2

x2
 c

on
tin

ge
nc

y 
ta

bl
e.

  T
he

 fo
ur

 p
os

si
bl

e 
co

nt
in

ge
nc

ie
s a

re
 a

 “
hi

t”
, “

m
is

s”
, “

fa
ls

e
al

ar
m

”,
 a

nd
 “

co
rr

ec
t r

ej
ec

tio
n”

.  
A

s a
n 

ex
am

pl
e 

of
 th

e 
ta

bl
e’

s i
nt

er
pr

et
at

io
n,

 if
 a

n 
ev

en
t i

s f
or

ec
as

t a
nd

 is
 u

lti
m

at
el

y 
ob

se
rv

ed
, t

he
n 

a 
“h

it”
 is

 re
co

rd
ed

.  
A

n 
ev

en
t i

s c
on

si
de

re
d 

to
 b

e 
fo

re
ca

st
 if

 th
e 

en
se

m
bl

e-
de

riv
ed

 p
ro

ba
bi

lit
y 

fo
r t

he
 e

ve
nt

 e
xc

ee
ds

 a
 p

re
-s

pe
ci

fie
d 

th
re

sh
ol

d 
va

lu
e.

  T
he

 a
llo

w
ab

le
 th

re
sh

ol
d 

va
lu

es
 a

re
 a

 fu
nc

tio
n 

of
 th

e 
nu

m
be

r o
f m

em
be

rs
 in

 a
 g

iv
en

 e
ns

em
bl

e.
  F

or
 in

st
an

ce
, i

f a
n 

en
se

m
bl

e 
ha

s t
hr

ee
 m

em
be

rs
, t

he
n 

th
e 

al
lo

w
ab

le
 th

re
sh

ol
d 

va
lu

es
 a

re
 0

.0
, .

33
, .

67
, a

nd
 1

.0
.

Ev
en

t  
Fo

re
ca

st
 ?

Ye
s 

   
   

   
   

   
   

   
N

o

Ev
en

t  
O

bs
er

ve
d 

?

Ye
s

N
o

H
it 

 (H
)

Fa
ls

e
A

la
rm

  (
F)

C
or

re
ct

R
ej

ec
tio

n 
 (R

)

M
is

s 
 (M

)

39



Fi
gu

re
 2

.  
Ill

us
tra

tio
n 

of
 p

os
si

bl
e 

hy
br

id
 e

ns
em

bl
e 

co
nf

ig
ur

at
io

ns
.  

Th
e 

ar
ea

 w
ith

in
 e

ac
h 

pa
ne

l d
es

cr
ib

es
 a

 tw
o-

di
m

en
si

on
al

 
sa

m
pl

e 
sp

ac
e.

  O
pe

ra
tio

na
l e

ns
em

bl
e 

m
em

be
rs

 a
nd

 p
ai

r-
w

is
e 

sa
m

pl
es

 a
re

 re
pr

es
en

te
d 

as
 d

ot
s a

nd
 X

’s
, r

es
pe

ct
iv

el
y.

  a
) 

C
on

fig
ur

at
io

n 
A

.  
b)

  C
on

fig
ur

at
io

n 
B

.  
Se

e 
th

e 
te

xt
 fo

r f
ur

th
er

in
te

rp
re

ta
tio

n 
of

 th
es

e 
co

nf
ig

ur
at

io
ns

.

X

X

X
X

X

XX

X

X a)
b)X

X

X
X

X

XX

X

X
X

X
X

40



Fi
gu

re
 3

.  
O

rie
nt

at
io

n 
of

 th
e 

gr
id

po
in

tp
ai

r r
ef

er
en

ce
d 

in
 th

e 
id

ea
liz

ed
 e

xp
er

im
en

ts
.  

Th
e 

ho
riz

on
ta

l p
os

iti
on

 o
f a

 p
ar

tic
ul

ar
 

gr
id

po
in

ti
s i

nd
ic

at
ed

 b
y 

a 
bl

ac
k 

do
t. 

41



Fi
gu

re
 4

.  
Ex

am
pl

e 
of

 a
 ta

bl
e 

th
at

 p
ro

vi
de

s α
as

 a
 fu

nc
tio

n 
of

 e
rr

or
 v

ar
ia

nc
e 

an
d 

n f
.  

V
al

ue
s o

f e
rr

or
 v

ar
ia

nc
e 

(m
2 )

 a
re

 
gi

ve
n 

al
on

g 
th

e 
to

p 
of

 th
e 

ta
bl

e,
 a

nd
 v

al
ue

s o
f n

f
ar

e 
gi

ve
n 

al
on

g 
th

e 
le

ft-
ha

nd
 si

de
.

10
0 

   
   

   
22

5 
   

   
   

40
0 

   
   

   
90

0 
   

   
  1

60
0 

   
   

  2
50

0

5 
   

   
  0

.2
6 

   
   

  0
.2

4 
   

   
  0

.2
7 

   
   

  0
.2

4 
   

   
  0

.2
5 

   
   

   
0.

20

10
   

   
   

0.
51

   
   

   
0.

60
0.

65
   

   
   

0.
69

   
   

   
0.

70
   

   
   

 0
.7

6

15
   

   
   

0.
39

   
   

   
0.

51
   

   
   

0.
58

   
   

   
0.

68
   

   
   

0.
70

   
   

   
 0

.7
3

20
   

   
   

0.
59

   
   

   
0.

65
   

   
   

0.
69

   
   

   
0.

71
   

   
   

0.
77

   
   

   
 0

.7
7

25
   

   
   

0.
26

   
   

   
0.

25
   

   
   

0.
25

   
   

   
0.

24
   

   
   

0.
22

   
   

   
 0

.2
1

30
   

   
   

0.
20

   
   

   
0.

22
   

   
   

0.
22

   
   

   
0.

21
   

   
   

0.
21

   
   

   
 0

.2
1

σ2

n f

42



Fi
gu

re
 5

.  
Tw

o 
ex

am
pl

es
 o

f α
as

 a
 fu

nc
tio

n 
of

 n
ff

ro
m

 th
e 

ex
pe

rim
en

t w
he

re
 th

e 
er

ro
rs

 a
re

 d
ra

w
n 

fr
om

 a
no

rm
al

 d
is

tri
bu

tio
n 

w
ith

  µ
= 

0 
m

, σ
2

= 
40

0 
m

2 , 
 a

nd
 ρ

= 
.4

.  
a)

  R
es

ul
ts

 o
bt

ai
ne

d 
us

in
g 

th
e 

18
 F

eb
ru

ar
y 

20
03

en
se

m
bl

e 
da

ta
.  

V
al

ue
s o

f n
f
ar

e 
gi

ve
n 

al
on

g 
th

e 
bo

tto
m

 o
f t

he
 p

lo
t. 

 A
 b

ar
 d

es
cr

ib
es

 th
e 

va
lu

e 
of

 α
fo

r a
gi

ve
n 

va
lu

e 
of

 n
f
ac

co
rd

in
g 

to
 th

e 
sc

al
e 

al
on

g 
th

e 
le

ft-
ha

nd
 si

de
 o

f t
he

 p
lo

t. 
 A

 d
ot

te
d 

lin
e 

de
no

te
s t

he
 h

ei
gh

t
of

 a
 b

ar
 a

ss
oc

ia
te

d 
w

ith
 α

= 
.5

.  
b)

  R
es

ul
ts

 o
bt

ai
ne

d 
us

in
g 

th
e 

21
 Ju

ly
 2

00
3 

en
se

m
bl

e 
da

ta
.  

O
th

er
w

is
e

sa
m

e 
as

 fo
r a

).

5 
   

  1
0 

   
 1

5 
   

 2
0 

   
 2

5 
   

 3
0

α

.2.4.6.8

5 
   

  1
0 

   
 1

5 
   

 2
0 

   
 2

5 
   

30

α

.2.4.6.8

n f
n f

a)
b)

43



Φ
(1

70
.0

W
, 5

2.
5N

)
1

Φ(22.5W, 60.0N) 2

Fi
gu

re
 6

.  
En

se
m

bl
e 

jo
in

t d
is

tri
bu

tio
n 

of
 5

00
 h

Pa
ge

op
ot

en
tia

lh
ei

gh
t a

t t
w

o 
gr

id
po

in
ts

.  
Po

ss
ib

le
 v

al
ue

s o
f h

ei
gh

t Ф
1

(m
) a

t a
 

gr
id

po
in

tl
oc

at
ed

 a
t 1

70
.0

W
 lo

ng
itu

de
, 5

2.
5N

 la
tit

ud
e 

de
fin

e 
th

e 
ab

sc
is

sa
, a

nd
 p

os
si

bl
e 

va
lu

es
 o

f h
ei

gh
t Ф

2
(m

)a
t a

 g
rid

po
in

tl
oc

at
ed

 
at

 2
2.

5W
 lo

ng
itu

de
, 6

0.
0N

 la
tit

ud
e 

de
fin

e 
th

e 
or

di
na

te
.  

Ea
ch

 p
oi

nt
 o

n 
th

e 
pl

ot
 d

ep
ic

ts
 a

 p
ar

tic
ul

ar
 e

ns
em

bl
e 

m
em

be
r’

s s
pe

ci
fic

 
va

lu
es

 o
f h

ei
gh

t a
t t

he
 tw

o 
gr

id
po

in
ts

.  
Th

e 
en

se
m

bl
e 

m
em

be
rs

 a
re

 a
ss

oc
ia

te
d 

w
ith

 th
e 

14
 M

ay
 2

00
3 

N
C

EP
G

FS
 1

92
h 

en
se

m
bl

e.
  

Th
e 

gr
ey

 p
oi

nt
 c

or
re

sp
on

ds
 to

 th
e 

co
nt

ro
l e

ns
em

bl
e 

m
em

be
r, 

an
d 

th
e 

bl
ac

k 
po

in
ts

 c
or

re
sp

on
d 

to
 th

e 
pe

rtu
rb

ed
 e

ns
em

bl
e 

m
em

be
rs

.

44



Φ
(1

70
.0

W
, 5

2.
5N

)
1

Φ(22.5W, 60.0N) 2

S 3
S 4

S 1
S 2

Fi
gu

re
 7

.  
A

s f
or

 F
ig

ur
e 

6,
 e

xc
ep

t t
ha

t t
he

 d
ot

te
d 

lin
es

 id
en

tif
y 

th
e 

cl
im

at
ol

og
ic

al
va

lu
es

 o
f 5

00
 h

Pa
ge

op
ot

en
tia

lh
ei

gh
t c
1

an
d 
c 2

at
 g

rid
po

in
ts

1 
an

d 
2,

 re
sp

ec
tiv

el
y,

 fo
r 1

4 
M

ay
 2

00
3.

  A
ls

o,
 th

e 
la

be
ls

 S
1, 
S 2

, S
3, 

an
d 
S 4

in
di

ca
te

 th
e 

sa
m

pl
e 

su
bs

pa
ce

s d
es

cr
ib

ed
 in

 
th

e 
te

xt
.

c 2

c 1

45



Φ
(1

70
.0

W
, 5

2.
5N

)
1

Φ(22.5W, 60.0N) 2
(-

,+
)

(-
,-)

(+
,+

)

(+
,-)

c 1

c 2
S 3

S 4 S 2
S 1

Fi
gu

re
 8

.  
A

s f
or

 F
ig

ur
e 

7,
 e

xc
ep

t t
ha

t t
he

 p
ai

r o
f s

ig
ns

 in
 e

ac
h 

pa
re

nt
he

se
s a

re
 th

e 
si

gn
s o

f t
he

 v
er

ify
in

g 
50

0 
hP

a
ge

op
ot

en
tia

l
he

ig
ht

 a
no

m
al

ie
s a

t g
rid

po
in

ts
1 

an
d 

2 
in

 th
e 

ca
se

 th
at

 th
e 

po
in

t c
or

re
sp

on
di

ng
 to

 v
er

ifi
ca

tio
n 

fa
lls

 in
to

 a
 g

iv
en

 sa
m

pl
e 

su
bs

pa
ce

.  
Th

e 
fir

st
 e

nt
ry

 in
 p

ar
en

th
es

es
 c

or
re

sp
on

ds
 to

 th
e 

si
gn

 o
f t

he
 h

ei
gh

t a
no

m
al

y 
at

 g
rid

po
in

t1
, a

nd
 th

e 
se

co
nd

 e
nt

ry
 c

or
re

sp
on

ds
 to

 th
e 

si
gn

 o
f t

he
 h

ei
gh

t a
no

m
al

y 
at

 g
rid

po
in

t2
.

46



Fi
gu

re
 9

. a
) C

om
po

si
te

 5
00

 h
Pa

ge
op

ot
en

tia
lh

ei
gh

t (
m

) a
no

m
al

y 
pa

tte
rn

 a
ss

oc
ia

te
d 

w
ith

 th
e 

ne
ga

tiv
e 

ph
as

e 
of

 th
e 

Pa
ci

fic
 N

or
th

 
A

m
er

ic
an

 (P
N

A
) p

at
te

rn
.  

C
om

po
si

te
 b

as
ed

 u
po

n 
N

C
EP

/N
C

A
R

 R
ea

na
ly

si
s d

at
a 

fo
r t

he
 m

on
th

 o
f J

an
ua

ry
 a

nd
 th

e 
ye

ar
s 1

96
8,

 
19

69
, 1

97
1,

 1
97

2,
 1

98
2,

 a
nd

 1
98

9.
  C

on
to

ur
s e

ve
ry

 1
5m

.  
N

eg
at

iv
e

he
ig

ht
 a

no
m

al
ie

s ≤
-1

5m
 sh

ad
ed

.  
Fi

gu
re

 c
re

at
ed

 u
si

ng
 

N
O

A
A

-C
IR

ES
/C

lim
at

e 
D

ia
gn

os
tic

s C
en

te
r i

nt
er

ac
tiv

e 
w

eb
si

te
.  

b)
 H

or
iz

on
ta

l p
os

iti
on

s o
f t

w
o 

pa
rti

cu
la

rg
rid

po
in

ts
lo

ca
te

d 
at

 th
e 

50
0

hP
a

ve
rti

ca
l l

ev
el

.  
Th

e 
po

si
tio

n 
of

 e
ac

h
gr

id
po

in
ti

s i
nd

ic
at

ed
 b

y 
a 

bl
ac

k 
do

t. 
 T

he
 d

es
ig

na
tio

n 
of

 e
ac

h
gr

id
po

in
ti

s i
nd

ic
at

ed
 

by
 th

e 
nu

m
be

r b
el

ow
 th

e 
do

t.

b)1

2
a)

b)

47



Fi
gu

re
 1

0.
  O

rie
nt

at
io

ns
 o

f t
he

 fi
ve

 d
iff

er
en

t g
rid

po
in

tp
ai

rs
 re

fe
re

nc
ed

 in
 th

e 
an

al
ys

is
.  

Th
e 

ho
riz

on
ta

l p
os

iti
on

 o
f a

pa
rti

cu
la

r 
gr

id
po

in
ti

s i
nd

ic
at

ed
 b

y 
a 

bl
ac

k 
do

t, 
an

d 
th

e 
tw

o 
gr

id
po

in
ts

in
 a

 g
iv

en
 p

ai
r a

re
 c

on
ne

ct
ed

 b
y 

a 
bl

ac
k 

do
tte

d 
lin

e.
  T

he
 d

es
ig

na
tio

n 
of

 a
 g

iv
en

 g
rid

po
in

tp
ai

r i
s i

nd
ic

at
ed

 b
y 

th
e 

nu
m

be
r a

lo
ng

si
de

 th
e 

bl
ac

k 
do

tte
d 

lin
e

as
so

ci
at

ed
 w

ith
 th

e 
gi

ve
n 

pa
ir.

1 2

4
3

5

48



Fi
gu

re
 1

1.
  a

) C
om

po
si

te
 5

00
 h

Pa
ge

op
ot

en
tia

lh
ei

gh
t (

m
) a

no
m

al
y 

fie
ld

 a
ss

oc
ia

te
d 

w
ith

 th
e 

po
si

tiv
e 

ph
as

e 
of

 th
e 

Pa
ci

fic
 N

or
th

 
A

m
er

ic
an

 (P
N

A
) p

at
te

rn
.  

C
om

po
si

te
 b

as
ed

 u
po

n 
N

C
EP

/N
C

A
R

 R
ea

na
ly

si
s d

at
a 

fo
r t

he
 m

on
th

 o
f J

an
ua

ry
 a

nd
 th

e 
ye

ar
s 1

97
7,

 1
98

1,
 

19
83

, 1
98

5,
 1

98
8,

 a
nd

 1
99

2.
  C

on
to

ur
s e

ve
ry

 1
5m

.  
N

eg
at

iv
e 

he
ig

ht
 a

no
m

al
ie

s ≤
-1

5m
 sh

ad
ed

.  
b)

 C
om

po
si

te
 5

00
 h

Pa
ge

op
ot

en
tia

l
he

ig
ht

 (m
) a

no
m

al
y 

fie
ld

 a
ss

oc
ia

te
d 

w
ith

 th
e 

po
si

tiv
e 

ph
as

e 
of

 th
e 

N
or

th
 A

tla
nt

ic
 O

sc
ill

at
io

n 
(N

A
O

) p
at

te
rn

.  
C

om
po

si
te

 b
as

ed
 u

po
n 

N
C

EP
/N

C
A

R
 R

ea
na

ly
si

s d
at

a 
fo

r t
he

 m
on

th
 o

f J
an

ua
ry

 a
nd

 th
e 

ye
ar

s1
98

4,
 1

98
6,

 1
98

7,
 1

98
8,

 1
98

9,
 1

99
0,

 1
99

1,
 1

99
3,

 a
nd

 1
99

4.
  

C
on

to
ur

s a
nd

 sh
ad

in
g 

sa
m

e 
as

 fo
r a

). 
 F

ig
ur

es
 c

re
at

ed
 u

si
ng

 N
O

A
A

-C
IR

ES
/C

lim
at

e 
D

ia
gn

os
tic

s C
en

te
r i

nt
er

ac
tiv

e 
w

eb
si

te
.

b)

a)
b)

49



Fi
gu

re
 1

2.
  P

er
ce

nt
ag

e 
re

la
tiv

e 
im

pr
ov

em
en

t i
n 

B
rie

r s
co

re
 d

er
iv

ed
 fr

om
 h

yb
rid

 v
er

si
on

 A
.2

.1
7 

fo
r g

rid
po

in
tp

ai
r 5

 fo
r e

ac
h 

of
 th

e 
fo

ur
 d

ic
ho

to
m

ou
s e

ve
nt

s (
-,-

), 
(+

,-)
, (

-,+
), 

an
d 

(+
,+

). 
 T

he
 fo

ur
 b

ox
es

 re
pr

es
en

t t
he

 p
ar

tit
io

ne
d 

sa
m

pl
e

sp
ac

e 
(r

ef
er

 to
 F

ig
. 8

), 
an

d 
th

e 
re

la
tiv

e 
im

pr
ov

em
en

t i
s s

up
er

po
se

d 
on

 th
e 

sa
m

pl
e 

su
bs

pa
ce

 c
or

re
sp

on
di

ng
 to

 e
ac

h 
ev

en
t. 

Po
si

tiv
e 

re
la

tiv
e 

im
pr

ov
em

en
t l

es
s t

ha
n 

5.
0%

 is
 re

pr
es

en
te

d 
w

ith
 a

 c
he

ck
 m

ar
k.

Φ
(1

20
.0

W
, 4

5.
0N

)
1

Φ(80.0W, 40.0N) 2
(-

,+
)

(-
,-)

(+
,+

)

(+
,-) 6.
3

50



b)

fa
ls

e 
al

ar
m

 ra
te

hit rate

c)

fa
ls

e 
al

ar
m

 ra
te

hit ratea)

fa
ls

e 
al

ar
m

 ra
te

hit rate

51
Fi

gu
re

 1
3.

  R
O

C
 c

ur
ve

s o
f t

he
 o

pe
ra

tio
na

l e
ns

em
bl

e
an

d 
a 

gi
ve

n 
hy

br
id

 e
ns

em
bl

e 
fo

r a
 p

ar
tic

ul
ar

 g
rid

po
in

tp
ai

r
an

d 
ev

en
t. 

 T
he

 so
lid

 (d
as

he
d)

 li
ne

 is
 th

e 
R

O
C

 c
ur

ve
 o

f
th

e 
op

er
at

io
na

l (
gi

ve
n 

hy
br

id
) e

ns
em

bl
e.

  E
ac

h 
op

en
ci

rc
le

 (d
ot

) d
ef

in
es

  t
he

 o
pe

ra
tio

na
l (

gi
ve

n 
hy

br
id

)
en

se
m

bl
e’

s f
al

se
 a

la
rm

 ra
te

 a
nd

 h
it 

ra
te

 fo
r a

 sp
ec

ifi
c

pr
ob

ab
ili

ty
 th

re
sh

ol
d.

  F
or

 re
fe

re
nc

e,
 th

e 
do

tte
d 

lin
e 

is
 th

e
R

O
C

 c
ur

ve
 o

f a
n 

en
se

m
bl

e 
w

ith
 z

er
o 

sk
ill

.
a)

 R
O

C
 c

ur
ve

s f
or

 th
e 

op
er

at
io

na
l e

ns
em

bl
e 

an
d 

hy
br

id
en

se
m

bl
e 

ve
rs

io
n 

A
.2

.2
1,

 g
rid

po
in

tp
ai

r 1
, e

ve
nt

 (-
,+

).
b)

 R
O

C
 c

ur
ve

s f
or

 th
e 

op
er

at
io

na
l e

ns
em

bl
e 

an
d 

hy
br

id
en

se
m

bl
e 

ve
rs

io
n 

A
.1

.2
0,

 g
rid

po
in

tp
ai

r 3
, e

ve
nt

 (-
,+

).
c)

 R
O

C
 c

ur
ve

s f
or

 th
e 

op
er

at
io

na
l e

ns
em

bl
e 

an
d 

hy
br

id
en

se
m

bl
e 

ve
rs

io
n 

A
.1

.1
9,

 g
rid

po
in

tp
ai

r 4
, e

ve
nt

 (+
,+

).


	jsub3title.pdf
	NRC/Naval Research Laboratory, Monterey, California
	University of Wisconsin, Madison, Wisconsin

	jsub3tables.pdf
	Table 1.  Sequence of operations in the probabilistic forecast verification procedure.


