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33Figure Captions 
 
Figure 1.  Conceptual depiction of forecast trajectories evolved with the dynamics of the 

real atmosphere and of a numerical model.  The light grey striped shading represents an 

initial PDF, and the grey dot represents an initial state sampled from the PDF.  Black 

solid arrow (dashed arrow) is the forecast trajectory evolved from the initial state using 

the dynamics of the real atmosphere (of a numerical model).  Time increases from left to 

right, as indicated by the axis at the bottom of the figure. 

 

Figure 2.  Conceptual depiction of errors introduced by a numerical model.  Same as for 

Fig. 1, except that the open circle (black dot) represents the state at time t on the forecast 

trajectory evolved with the dynamics of the real atmosphere (of a numerical model).  The 

difference between the two states, represented as the thick solid grey arrow, defines the 

errors introduced into the forecast as of time t by the numerical model. 

 

Figure 3.  Illustration of the nature of the error component associated with systematic 

processes.  The box encompasses a two-dimensional forecast sample space for some time 

t.  Each open circle mi  (black dot ni) represents the forecast state obtained by evolving 

some initial state si forward in time using the dynamics of the real atmosphere (of a 

numerical model).  A grey arrow represents the error associated with each ni. 

 

Figure 4.  Illustration of the nature of the error component associated with stochastic 

processes.  Symbology the same as for Figure 3. 

 



 

34Figure 5.  Two simple illustrations of the effect of averaging two dissimilar vectors.  

Each panel represents a two-dimensional space, with coordinate axes given as thin solid 

lines.  In each panel, two dissimilar vectors are represented as solid black arrows.  The 

average of the two dissimilar vectors is represented as a dotted black arrow.  Note that the 

average vector has smaller magnitude than either of the two vectors it derives from. 

 

Figure 6.  Several conceptualizations of the scenario wherein the possible true states are 

all grouped near a small proportion of the filtered states.  Each panel encompasses the 

sample space for some ensemble forecast.  In each panel the forecast state associated with 

a given ensemble member is represented as a large dot, and the pair-wise samples 

associated with each pair of ensemble members are represented as X’s.  The continuum 

of possible true states is defined with grey shading.  In each of these examples the event 

E1 is very likely to occur just because the possible true states are all grouped near the 

pair-wise samples with asterisks. 

 

Figure 7.  Composite range of 192h 500 hPa geopotential height rmse (m) for a) the basic 

operational ensemble and b) the distribution of pair-wise filtered states.  In each case the 

composite range of rmse is delimited by a grey shaded box and the composite median 

rmse is depicted with a dashed line.  The composite lower bound of the overall 

operational ensemble’s range of rmse is depicted with the dotted line. 

 

Figure 8.  Number of pair-wise filtered states whose 192h 500 hPa geopotential height 

rmse is less than that of the best overall operational member, for each of the 361 



 

35ensembles available between 21 December 2002 and 21 December 2003.  Each bar 

represents the number of filtered states for a specific ensemble.  The bars are arranged in 

chronological order, beginning with the bar for the 21 December 2002 ensemble in the 

upper left corner and proceeding left-to-right and top-to-bottom.  The labels ‘J’, ‘F’, ‘M’, 

etc. identify the bars associated with the ensembles on the first day of January, February, 

March, and so forth.  The number of filtered states associated with a given bar is 

determined by the scale on the ordinate of each rectangular plot.  The bold horizontal line 

indicates the average over all 361 ensembles of the number of pair-wise filtered states 

whose rmse is less than that of the best overall operational member. 

 

Figure 9.  The best pair-wise filtered state’s percentage improvement in 192h 500 hPa 

geopotential height rmse relative to the rmse of the best overall operational member, for 

each of the 361 ensembles available between 21 December 2002 and 21 December 2003.  

Each bar represents the percentage improvement for a specific ensemble.  The percentage 

improvement associated with a given bar is indicated by the scale on the ordinate of each 

rectangular plot.  The bold horizontal line indicates the average over all 361 ensembles of 

the best filtered state’s percentage improvement in rmse.  Layout otherwise the same as 

for Figure 8.  

 

Figure 10.  Number of best filtered states whose percentage improvement, α, in 192h 500 

hPa geopotential height rmse relative to the rmse of the best overall operational member 

lies within a specified range.  The abscissa indicates the number of best filtered states.  

The ranges of percentage relative improvement are given along the ordinate.  Bars with 



 

36light (dark) grey shading are associated with best filtered states that yield positive 

(negative) percentage relative improvement. 

 

Figure 11.  Mean and median anomaly projection value, and mean anomaly projection 

value plus or minus one standard deviation, as a function of forecast rank.  Forecast rank 

is given on the abscissa and anomaly projection value is given on the ordinate.  The “+” 

(“•”) symbols indicate the mean (median) anomaly projection value associated with each 

forecast rank.  The upper (lower) sequence of diamond symbols denotes for each forecast 

rank the mean anomaly projection value plus (minus) one standard deviation.  The grey 

horizontal dashed line indicates the mean anomaly projection value for all forecast ranks. 
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•”
) s

ym
bo

ls
 in

di
ca

te
 th

e 
m

ea
n 

(m
ed

ia
n)

 a
no

m
al

y 
pr

oj
ec

tio
n 

va
lu

e 
as

so
ci

at
ed

 w
ith

 e
ac

h 
fo

re
ca

st
 ra

nk
.  

Th
e 

up
pe

r (
lo

w
er

) 
se

qu
en

ce
 o

f d
ia

m
on

d 
sy

m
bo

ls
 d

en
ot

es
 fo

r e
ac

h 
fo

re
ca

st
 ra

nk
 th

e 
m

ea
n 

an
om

al
y 

pr
oj

ec
tio

n 
va

lu
e 

pl
us

 (m
in

us
) o

ne
 st

an
da

rd
 

de
vi

at
io

n.
  T

he
 g

re
y 

ho
riz

on
ta

l d
as

he
d 

lin
e 

in
di

ca
te

s t
he

 m
ea

n 
an

om
al

y 
pr

oj
ec

tio
n 

va
lu

e 
fo

r a
ll 

fo
re

ca
st

 ra
nk

s.
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