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Forecast system performance in summer 1999
Part 3: EPS

by Roberto Buizza

Abstract

The quality of deterministic and probabilistic products generated using the European Centre for Medium-Range Weather
Forecasts (ECMWF) Ensemble Prediction System (EPS) during 1999 is assessed. Attention is focused on two key periods,
summer 1999 and October-November 1999, during which the EPS control and the ECMWF high-resolution model
performed in a significant different way. Forecasts for the 500-hPa geopotcntlal helght over the Northern Hemisphere and
Europe are considered. : : e . : ‘

Summertlme results for the past 5 years indicate that the EPS performed very well durmg summer 1999. Results based on
Brier skill scores md1cate that the system upgrade of December 1996 (from 33 T63L19 to 51 TL159L31 members) brought a
significant increase in predlctabrhty (more than 1 day if the Northern Hemisphere is considered).

Results of single deterministic integrations run from 15 October to 10 November indicate that horizontal resolution was the
main cause of the different quality of the EPS control and the ECMWF high-resolution (T1.319L.31) forecasts. This is one of
the clearest indications of the impact of horizontal resolution on forecast skill.

1. Introduction

The performance of the ECMWEF (European Centre for Medium-Range Weather Forecasts) high-resolution
deterministic forecast was unusually poor in the late spring and summer months of 1999 (Simmons et al. 2000).
Objective scores were low for the Northern Hemisphere (NH) in early May, early July and the second half of
August. Scores for Europe were exceptionally poor in August. Klinker and Ferranti (2000) have linked this
performance with the existence of especially unstable flow conditions over the Atlantic. During such unstable
conditions, predictability may be low, and deterministic forecasts will be unreliable.

Since December 1992 the ECMWF operational forecasting system has been supplementing the high-resolution
model] forecasts with products from the Ensemble Prediction System (Molteni et al. 1996). The EPS, based on a
finite number of deterministic time integrations, is a practical tool to predict the time evolution of the probability
density function of forecast states. The model resolution and the size of the ensemble (i.e. the number of time
integrations) are constrained by computer resources. Since 12 October 1999, the EPS has been running with
horizontal spectral truncation Tw159 (horizontal spectral triangular truncation with linear grid), with 40 vertical
levels, and it has comprised 51 members. By contrast, the ECMWF hlgh-resolutlon model has been rurmmg with
horizontal spectral truncation T;319 and 60 vertical levels.

This paper discusses the performance of the EPS during 1999, in particular during periods when the ECMWF
high-resolution forecasts were particularly poor (summer 1999), or a significant difference between the
performance of the high-resolution model and the EPS control was detected (from 15 October to 10 November
1999). The past 5 years of EPS forecasts are analyzed to investigate whether there is any significant inter-annual
variability of the EPS performance, and whether the EPS system upgrade of December 1996 improved the EPS
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quality. A set of single deterministic forecasts run for the period 15 October to 10 November 1999 are compared
to assess whether resolution was the principal cause of the poor quality of the EPS control forecast, especially with
respect to the high-resolution model.

All the results discussed in this paper refer to the 500-hPa geopotential height field, and performance is assessed
over the Northern Hemisphere and Europe.

2. The ECMWF EPS

Routine real-time execution of the ECMWEF EPS started in December 1992 with a 31-member T63L19
configuration (spectral triangular truncation T63 and 19 vertical levels, Palmer et al. 1993, Molteni et al. 1996). A
major upgrade to a 51-member Ty 159131 system (spectral triangular truncation T159 with linear grid) took place
in 1996 (Buizza et al. 1998). A scheme to simulate model uncertainties due to random model error in the 5
parameterized physical processes was introduced in 1998 (Buizza et al. 1999a). The present EPS configuration can
be schematically described as follows. '

Each ensemble member ¢; can be seen as the time integration

t
e,(t)= [[Ale;,1) + Pl(e,,0)ldt (1)
=0
of the perturbed model equations
de,
a_tjzA(ej’t)-l-})j,(ej’t) ‘ (2)

starting from perturbed initial conditions
e;(t=0)=¢,(t=0)+3e;(t=0) 3)

A and P’ in Equation (1) identify the contribution to the full equation tendency of the non-parameterized and
parameterized physical processes. For each grid point x = (7\., 0, 0‘) (identified by its latitude, longitude and vertical

hybrid coordinate), the perturbed parameterized tendency P’ (of each state vector component) is defined as
Pj’(ej,t) = [lﬂ- < rj(/l,¢,t) >pr1P(e; 1) ‘ 4)

where P is the unperturbed diabatic tendency, and <..>p rindicates that the same random number r; has been used
for all grid points inside a DxD degree box and over T time steps. The random numbers are currently sampled
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uniformly in the interval [-0.5,0.5], the same random number is used inside 10° degrees boxes (D=10), and the set
of random numbers is updated every 6 hours (T—6) (note that random numbers do not vary with the vertical
coordinate).

e, (t = O) in Equation (3) is the operational analysis at ¢ = 0, while 8e; denotes the j-th initial perturbation. For

each d, the initial perturbations are defined using the singular vectors (Buizza and Palmer 1995) growing in the
forecast range between day d and day d+2 at initial time, and the singular vectors that had grown in the past
between day d-2 and day 4 at final time

ljl

5e(t—0) 2 [o “*2(r_0)+ﬂ, 4=2d (t = 48h)] (5)

where v¥*2(¢ =

0) is the i-th singular vector growing between day d and d+2 at time t = 0 (Barkmeijer et al.
1999). The coefficients o, ; and {3, ; set the initial amplitude of the ensemble perturbations, and are defined by

comparing the singular vectors with estimates of analysis errors (Molteni et al. 1996).

A brief summary of the most recent changes introduced in the EPS is listed in Table 1.

Date Change description
19 December 1992 EPS starts with 33'T63L19 members; it is run 3 times a week
1 May 1994 EPS is run daily
11 December 1996 51 member, Ty 159131 system introduced
25 March 1998 Use of evolved singular vectors in the initial perturbations
21 October 1998 Simulation of random model errors (stochastic physics)
12 October 1999 Vertical resolution increases from L31 to L40

Table 1 List of the major changes in the EPS configurations (note that other system modifications like changes in the model
cycle or in the data assimilation system are not listed here even if they can affect the EPS). :

3.  EPS performance during 1999 at the 5-day range

EPS predictions of the 500-hPa geopotential height are assessed over two regions, the NH (latitude from 30°N to
80°N) and Europe (latitude from 30°N to 75°N, longitude from 20°W to 45°E). Apart when clearly stated, all
diagnostics refer to the 5-day forecast range. First, the quality of EPS deterministic products is contrasted with the
quality of the forecasts from the high-resolution ECMWF model. Then, the quality of EPS probabilistic products
is assessed.
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3.1. Quality of EPS deterministic products and ensemble spread

Consider a forecast field f{x) and a verifying field (the analysis) a(x) defined over a geographical region x €& .

Define the inner product
(fra)=Y, _ wx)fx)a(x) ©6)

where x is a grid point with longitude A and latitude ¢, and w(x)=cos(¢). Denote by |..| the norm associated with
the inner product defined in Eq. (6).

The quality of a deterministic forecast can be measured in terms of the anomaly correlation of the forecast and the
verification, or in terms of the root-mean-square (RMS) distance between the two fields. The anomaly correlation
of the forecast f with the verification a (analysis) is defined as ' '

| _{f-e)a=c)
AC(f,a) = F=da—d )

and the root-mean-square error is defined as
RMSE(f,a)=|f —d| . S ®

where c is the climate.

Figure 1 shows the time series of 14-day mean anomaly correlations of the day-5 forecasts from the high-
resolution and the EPS control forecasts over the NH and Europe For the NH (Fig. 1a), generally speaking the
scores of the two deterministic forecasts have a very similar behavior, with the high-resolution model performing
better than the EPS control during the first 4 months of the year but worse during August and the first half of
- September. For Europe (Fig. 1b), the EPS control performs better than the high-resolutidn model during May, but
significantly poorer during October and November. The large difference in scores during the autumn is reflected
in the NH scores (Fig. 1a).

The ensemble-mean, defined as the average among the EPS members

150

= — e.
514

®

em
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is the simplest and the most immediate product that can be constructed using the EPS. Results show that the
ensemble-mean forecast is in general more skilful than the control forecast (Fig. 2), especially during August for
Europe (Fig. 2b).

In terms of anomaly correlation, the ensemble spread around the control forecast is defined as
sp =< AC(e;,€)) > ;.15 (10)

where AC(e;,e)) denotes the anomaiy correlation between the j-th perturbed-member and the control, and where

the average among anomaly correlations is computed applying a Fisher Z-transform (Ledermann 1984, Buizza
1997). The ensemble spread sp is a measure of the dispersion of the EPS perturbed-members from the control. A
necessary condition for the EPS to include the analysis inside the EPS forecast range is that the spread sp is
comparable to the error of the control forecast. The ensemble spread can be used to identify predictable situations.
Ideally, a small ensemble spread should indicate that the error of the control forecast is small. By contrast, a large
ensemble spread should indicate that the error of the control forecast could either be small or large, or in other
words that the situation is less predictable.

The comparison of the time series of the ensemble spread sp and the control anomaly correlation (Fig. 2) indicate
that the ensemble spread is larger (i.e. smaller values if measured in terms of anomaly correlation) during periods
of poor control performance. Two indices can be defined to measure the agreement between the ensemble spread
and the control accuracy (Buizza 1997). The first index is the correlation coefficient between the daily values of
the two curves, and the second is the percentage of cases for which the ensemble spread sp is smaller than the
control error. During 1999, the two indices have similar values for the NH and Europe (Table 2).

CC spread/control error % of cases with too small spread
NH 46% 13%
Europe 46% 12% .

Table 2 Correlation coefficient between ensemble spread and control error (measured in terms of RMS), and percentage of
cases with ensemble spread smaller than the control error during 1999. Results refer to the day-5 forecasts for the 500-hPa
geopotential height.

The anomaly correlation of the best and the worst EPS forecasts illustrate the range of accuracy reached by the
EPS members. Results indicate that the best EPS forecast never had anomaly correlation below 0.80 at day-5 over
Europe (Fig. 3). Thus, during 1999 at forecast day-5, at least one member had an anomaly correlation hlgher than
0.80 even in cases of very poor performance of the EPS control.

Similar considerations could be drawn by considering other forecast times, and root-mean-square distance instead
of anomaly correlation as a measure of skill (not shown).
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3.2. Quality of EPS probabilistic products

For each month, the average standard deviation of the observed field with respect to the long-term climate has
been computed. Then, the following 4 events have been considered:

"e 500-hPa geopotential height anomaly (with respect to the long-term climate) larger than half standard
deviation;

e 500-hPa geopotential height anomaly larger than one standard deviation;
e 500-hPa geopotential height anomaly smaller than half standard deviation;
e 500-hPa geopotential height anomaly smaller than one standard deviation;

and the probabilities of occurrence of the 4 events have been predicted using the EPS. The probabilistic
predictions have been assessed using the area under the Relative Operating Characteristic (ROC, Mason 1982)
curve as a measure of the capability of the EPS to discriminate between hit and false alarm rates (Stanski et al.
1989). (ROC-areas above 0.5 indicate a skilful system.) Furthermore, the Brier score and the Brier skill score
computed with respect to a climatological forecast (Brier 1950) have been computed. [The reader is referred to
Wilks (1995) for a general discussion of the problem of the assessment of the accuracy of a forecasting system, and
to Buizza et al. (1999b) for a recent application of these accuracy measures to the EPS.]

Figure 4 shows the time series of 14-day mean ROC-areas. Generally speaking, the ROC-areas vary between 0.8
and 0.95 over the NH. Results indicate that during 1999 the EPS was more skilful in predicting positive than
negative anomalies. Considering Europe, there is a correspondence between periods with a poor EPS control
forecasts (and poor ensemble-mean forecasts) and low ROC-areas (see for example the bad spells in May, July and
August). Similar considerations can be drawn by considering the Brier score instead of the ROC-area as a measure
of skill (Fig. 5). '

4. Inter-annual variability of the EPS summer performance

It is of interest to investigate how the summer-1999 performance stands with respect to the EPS performance
during the previous 4 years.

4.1. Quality of EPS deterministic products and ensemble spread

Figure 6 shows the performance of the EPS control during the past 5 summers. Considering the NH, results
indicate that the performance was best in 1998, with all the other summers characterized by a similar performance.
For Europe, by contrast, results indicate that the summer-1999 EPS control performance was indeed the worse of
the past 5 years. Klinker and Ferranti (2000) suggested that this poor performance was related to the especially
unstable flow conditions over the Atlantic, measured for example by the percentage of increase/decrease of the
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Eady index over the Northern Hemisphere (see Fig. 4 in Klinker and Ferranti 2000). [The Eady index is a
measure of the instability of the atmospheric flow, Hoskins and Valdes (1990).]

Results are slightly different if one considers the ensemble-mean forecast (Fig. 7). The performance during
summer 1999 is the second best for the NH, and the third best for Europe. It is worth to point out that the
performance was worse during summers 1995 and 1996, prior to the EPS upgrade of December 1996 (from 33
T63L19 members to 51 Ty 159131 members).

The ensemble spread was largest during summer 1999, both over Europe and for the NH (Fig. 8). Compared to
1998, the (seasonal average) ensemble spread was about 10% larger in 1999. Earlier experimentation have shown
that the introduction of the evolved singular vectors (March 1998, Barkmeijer et al. 1999) and the implementation
of the stochastic scheme to simulates random model errors (Buizza et al. 1999a) brought a small increase in
ensemble spread. These earlier results estimated that these changes could explain about 4% of the spread increase
between 1998 and 1999. The remaining ensemble spread increase is probably due to the fact that the atmospheric
flow was more unstable over the NH, and in particular over the Atlantic region, in 1999 than in 1998 (Klinker and
Ferranti 2000). This can be detected by comparing seasonal-average maps of ensemble standard deviation for
summer 1999 and 1998. Ensemble spread is larger in 1999 especially in the medium range (say forecast day 5)
over the Atlantic and European region (Fig. 9d). *

The ensemble standard deviation is particularly large during August 1999, specifically over the Canadian Arctic
region at forecast day 1 (Fig. 9¢) and over the northeastern Atlantic at forecast day 5 (Fig. 9f). The comparison of
the two maps indicates that one of the locations where initial EPS perturbations had maximum intensity was the
Canadian Arctic, from where they propagated to reach the Atlantic-European region after 5 days. Reversibly,
perturbations located over the Atlantic-European region in the day-5 forecast originated in the Canadian Arctic
region. In other words, the EPS indicate that the Canadian Arctic region is the principal region from where
analysis uncertainties (errors) that develop into day-5 forecast errors could originate. ‘

This result is in agreement with Simmons et al. (2000), who identified the Canadian Arctic as the region where
differences between the initial states (analyses) of a very poor and a very skilful forecast were located (see Fig. 20
in Simmons et al. 2000). The first initial state was the ECMWF operational analysis (model cycle 21r2) from
which the very poor high-resolution forecast initiated. The second initial state was the analysis generated by
experiments performed with an updated model version (cycle 21r4), from which a more skilful forecast started.

The increase in ensemble spread had the positive influence of reducing the difference between the ensemble
spread and the control error to the smallest values yet recorded during summertime. This is indicated, for example,
by the reduction in the percentage of cases with ensemble spread smaller than control error (Table 3).

Another verification measure of ensemble performance is the percentage of outliers, defined as the percentage of
times the verification lies outside the ensemble forecast range (Buizza 1997, Talagrand et al. 1999). Ideally, for a
randomly sampled 51 member ensemble the percentage of outliers should be 3.8% (i.e. 2/52). The summer 1999
spread increase had the positive impact of reducing the percentage of outliers to about 10% (Table 3).
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Considering the correlation between ensemble spread and control error (both measured in terms of RMSE), there
is no clear signal of an impact induced by the EPS upgrade of December 1996. Despite this, it can be pointed out
that the correlation was highest in summer 1999 (Table 3).

CC spread/control % of cases with too % of outliers
error small spread
NH Europe NH Europe NH Europe
Summer 95 0.47 049 16 16 38 29
Summer 96 044 0.23 19 19 35 29
Summer 97 0.56 0.39 - 18 20 25 18
Summer 98 0.57 041 19 18 20 14
Summer 99 0.57 0.52 15 13 11 10

Table 3 Correlation coefficient between ensemble spread and control error (measured in terms of RMS), percentage of cases
with ensemble spread smaller than the control error and percentage of outliers (see text) during summertime. Results refer to
the day-5 forecasts for the 500-hPa geopotential height.

4.2. Quality of EPS probabilistic products

For the NH, the EPS performance in predicting the probability of geopotential height anomalies was significantly
the best in summer 1999 (Fig. 10). Furthermore, results indicate a clear and significant EPS improvement after the
system upgrade of December 1996.

The forecast time when the Brier skill score crosses the zero line of no-skill can be used as a measure of the
quality of the EPS probabilistic products. For the prediction of positive anomalies larger than one standard
deviation the crossing forecast time has increased by more than 1 day after the system upgrade of December 1996,
from day-8 in 1995 and 1996 to times longer than day-9 afterwards (Fig. 10e). The increase is even longer, say
more than 2 days, for the prediction of negative anomalies smaller than one standard deviation (Fig. 10f). About 1- |
day increase in predictability was detected for the probabilistic prediction of the event “positive geopotential
height anomaly” (not shown).

Results for Europe (Fig. 11) confirm the positive impact of the system upgrade. There is still evidence of a 1-day
increase in the forecast time when the zero line of no-skill is crossed for the prediction of positive anomalies larger
than one standard deviation after December 1996 (Fig. 11e). Results for negative anomalies smaller than one
standard deviation also confirm the improvement, even if there is a less clear cut between results before and after
December 1996 (Fig. 11f). Results for the event “positive geopotential height anomaly” are similar to the results
for the negative anomaly (not shown).

For both areas, similar conclusions could be drawn by considering positive and negative anomalies of half
standard deviation (not shown). ‘
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5.  Impact of horizontal resolution on deterministic forecasts

The performance of the EPS control was significantly worse than the performance of the high-resolution model
during the second half of October and the first half of November 1999, especially at forecast day-5 (Fig. 1b) and
day-7 (not shown). Despite this, it is worth mentioning that the EPS performance during autumn 1999 (1
September to 30 November) was very good according to all measures of ensemble skill discussed above (not
shown).

The only difference between the two deterministic forecasts is resolution (Ty.159L40 vs. Ty 3 191.60). Thus, a set of

single deterministic integrations has been run to investigate the impact of horizontal and vertical resolution on

forecast accuracy (Table 4). All these experiments have been performed with the ECMWF model cycle used -
operationally during the period of interest (cycle 21r4) and starting from the operational analysis (computed at

T1319L60 resolution) truncated, for each experiment, at the corresponding resolution.

Experiment Horizontal Vertical Initial conditions

name resolution resolution

| Oper. Anal.

Oper. Anal.

Oper. Anal.

Oper. Anal.

Oper. Anal.

Oper. Anal.

159-60 Oper. Anal.

159-31 Oper. Anal.

159-60-N e Ty 159160 Anal.

Table 4 List of the main characteristics of the single deterministic forecasts run for the period 15 October to 10 November 1999.

A comparison of the daily anomaly correlation values of the two forecasts indicates that they differ majnly during
two periods, 24-to-27 and 29-to-31 October (Fig. 12). The first conclusion that can be drawn from the comparison
of the different forecasts is that vertical resolution played a small role. All experiments run with different vertical
resolutions but the same horizontal resolution performed very similarly, especially during the two key periods. The
second and more important conclusion is that horizontal resolution was the key reason for the different
performance, with Tp159 forecasts performing worse and T;319 best. Results also indicate that a resolution
increase from T;159 to T;255 would have improved scores only partially.

Apart from the forecast resolution, one of the reasons for the poor performance of the low-resolution forecasts
could be the fact that errors can be introduced in the forecast initial conditions by the interpolation of the high-
resolution (T;319L.60) operational analysis to the forecast resolution. To verify whether this was the case, the
ECMWEF data assimilation system has been run at T;159L60 resolution for the whole period of interest, and a
second set of T 159160 experiments has been performed (Table 4). The comparison of the two Ty159L60
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integrations run from the two different analyses (Fig. 13) indicates that the interpolation played norole at forecast
day-5, and it had a positive impact in two cases at forecast day-7. For these two cases (the forecasts started on 25
and 26 October) the Ty 159160 forecasts started from the Ty 159160 analysis performed better than the T 1591.60
forecast started from the operational analysis (Fig. 13b). ’

r

6. Conclusions

The main issue discussed in this paper is the performance of the ECMWF Ensemble Prediction System during
1999, particularly during periods of poor performance by the ECMWEF high resolution model. The EPS
performance has been assessed using a variety of accuracy measures and considering the 500-hPa geopotential
height over the NH and Europe. For reason of space, most of the results have been confined to the day-5 forecast

range.

Two periods have been identified in 1999 by considering the performance of the EPS control forecast (I1159
resolution, with 31 levels up to 12 October 1999, then with 40 levels) and the ECMWEF high-resolution (T1319
with 50 levels up to 12 October, than with 60 levels). The first one is summer 1999, a‘period during which the
high-resolution forecasting system performed particularly poorly (Simmons et al. 2000). The second period, which
starts on 15 October and ends on 10 November, is characterized by remarkably poor performance of the EPS
control forecast compared to the high-resolution model.

Compared to the previous 5 summers, the EPS performance during summer 1999 was one of the best according to
several measures. This was particularly evident for probabilistic predictions of geopotential height anomalies. The
comparison of the summertime Brier skill scores confirmed that the EPS upgrade of December 1996 (from a 33
T63L19 system to a 51 T 159L.31 system) had a significant positive impact. In terms of the forecast range at
which the Brier skill score crosses the line of no-skill, results indicated an increase in predictability of 1 to 2 days,
depending on the event considered. Some indicators of the EPS skill nevertheless indicate relatively poor EPS
performance at the times of the poor performance of the high-resolution deterministic system in late spring and
summer 1999. This was especially true for Europe in late August.

For the second period (15 October to 10 November 1999), a set of single deterministic experiments has been run
with different resolution, to investigate whether resolution could explain the large difference in the performance of
the EPS control and the high-resolution model. Results indicated that horizontal resolution had indeed a major
impact, while vertical resolution had practically no role. These results constitute one of the clearest evidence of a
positive impact of a horizontal resolution on the performance of single deterministic forecasts.

Experimentation has started to assess the impact of an EPS resolution increase from Tp159 to T1255 (with 40
vertical levels). Preliminary results indicate a positive impact, especially in cases of severe events associated with
rapidly developing features. Results will be documented in due course.
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0.46E+00

[2d 5C

990101 365 CASES Z500 -NHem

ML

(d)
DEC

EM
M_SP C

TR Y
e o
e e e e m e o]

C(d)

1
1
1
1
1
O
1
1
2
t

=TT

OCT NOV

|||||||||||||||||||||||||||||||||||||||||||||||||||||||

el mm e am el el .-

0.46E+00

SEP

e

LI s e e

AUG

JUL

1999

||||||||||||||||||||||||||||||||||

PRI VPt StV oy PRI U UG SO UG URP UG V) SRS S0 U

B L T P P L L

MAY

it Bt It

L 3 Inbadedele

lllllllllllllllllllllllll

]
1
|
]
|
]
1
]
]
1
1
]
'
'
-
|
'
'
]
]
1
1
]
]
'

||||||||||||||||||||||||||||||||||||||||||||||||||||||||

i Aaieieinbeieinial: Snfehe b 2 aintat Sadafalafatiuiafeli hefiefinfinfieiindi

MAR APR

B LT T

JUN
990101 365 CASES Z500 -Europe 12d 5C

[l ]

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

*8

)
3
L)
' N
R R N ettt e R R
]
]
v
)
1
1
)
)
1
H
T
ave -y

.’:
FEB

.
Lo ]

T T

|||||||||||||||||||||||||||||||||||||||||||| [ ST PEDRPEPPN SPRPRPIP

.'vi

B R L T LT P
B Lt T

a)

Forecast system performance in summer 1999 — EPS

13

DEC

OCT NOV
the ensemble-mean (dashed

JUL AUG SEP
1999
)

JUN

" FEB MAR APR MAY

JAN

© JAN

]

0.9 -~

0.7 f-rmnnns

0.6 f-----n-

0.4 -nrnenns

0.3 f---nns

0.2 frsnnres

()5 [ SR S
0
1

0.94------

0.8-

0.7 4

Y —
0+

0.44-mnnee

- 034
021l
0.1

o0V

Q
&
<
b)

line) and the ensemble spread (dotted line), for (a) the NH and (b) Europe. Results refer to the day-5 forecasts for the

500-hPa geopotential height.

Fig. 2 1999 time series of 14-day mean anomaly correlation for the EPS control (solid line

Technical Memorandum No. 323



Forecast system performance in summer 1999 — EPS

8

[2d 5

990101 365 CASES Z500 -NHem

0.0}/

“.\ " : s ) ) ) ' | .
1 1N Y 1 1 1 ] 1 ]
1 1 _~ 1 1 1 1 1 1 .C
A Y e St
t ' | ¢ [t U] 1 1 s .D
1 3 [ I* 1 ] (&) a
K < - & [
..... o R R AREt EEC © ot
! ! Y S S22 5 2>
t i V8, 3 N i@ 9 .O
; o jowas|ls
i 3 _l-l ] ] |
..... R 4 Shruhtt CEREE RS CEEet S I LR & o
! ! E e : s e
! ! s ‘ e 118
i AR T | R
..... L, N A SR H [ 8
: : < \ " : o
! Lonn " " " ' - W
! PN " " ‘ [ 0
] ] 3 g, ! [ '
..... e B Irrr DERE R B TS FESTRS EECEE S
[} 1 1 t P S} T 1 L
“ ' L=t : ! J9)
' ¥ Py 1 1 ] 1 U
1 $ ‘l ] 1 ] 1 ] o
¢ B gt 1 1 1 1 1 A
1] .Q- ] 1 ] 1 1
..... S T I s AR e
] 1 0} 1} ] 1 1 T
" N ' : : ' [
| A T
¢ e S ! " ! !
..... .ﬂ A S S S e Sl R A N
! ooy “ " ! " =
! ! R : " ' =)
" ! Feal, : ' : [ =
..... I SRR R N RN U, SR o
" : ! .o : ! L
“ ! b : : " - 2
] t 1 $, ! 1 1 ] L
1 i 1 W 1 1 ] M
1 ] ] ” 1 1 ] 1
1 1 1 T, 1 1 ]
||||| - - e R et ltd SRR b Sl Rt il il o
] 1 1] -1 1 1 T
] 1 t ‘ot 3 1 H
“ OOt B o
_ L S A R
" " w 1 1 1 1 1 L A
] T ~ 1 1 1 1 ]
lllll 1= - g B e e R e R e il ity 2
" S " " ! ‘ I
! " ' ' ‘ “ ‘ L
" S L <
| ' » 1 t i i} 1 M
1) ] h] 1 1 1 1] 1
||||| _llvx Tlxxn\..||1||_|||II..|||||rl|||......|||r||l....|
1 1 '— 1 1 1 1 1
1 t ot 1 ] 1 1 1 i
! Eood ! " " ! : ol
P B S R B A
_-J [ ] 3 t 1 t ]
||||| le By - ||||l_lxUUIL|IlII-IIIIILI||llrllllL|lllIrlll||I
1 -ﬂ 1 1 -, 1 ] 1 3 1
" : " _w. ! : : : ! i
1 1 1 al 1 1 1 1 1 I N
T ST L A T A A ¢
LA : : " " ‘ " ! L 3
t f } t } f } t f
- O 0 N © O ¥ 0 o - o
o o o o (e ] o (=] o o

1999

990101 365 CASES Z500 -Europe 12d 5

b)

o0V

\ : : H i ] i i i B
Y < o O
AR NT S R S Bl £ VN S S ST
. ) : i N : : iR r 0O
. 7 } 1 t 1 1 _.J '
& v ' t 1 ' [ I
||||| H SR, - SN SUIPIVIVIN SINEPUPN SRppupuy: ppapepupet ppupuyr 1 3 ST SRSIPIRS )
b R R -
¥ A T A T G
o ] ) 1 k3 1
% e T T
. 1 ) Il t ¥l ]
..... g R e P e |
. A R S T
.t 1 t LT, ] ] 1 - C
L] 3 3 1 -y, ! T
. ¢ ' ' ] L] ] I O
. R R N |
- B e P NU R i SRR PR o
1 _‘ '
o-m 1 J1 1 : H F 0
decho 40w
. i S A I 72
4 N T it At S |
||||| ) ||||||l_l|..I..l.lllll...llll..ll.....ﬁ-_r‘-.-ﬁllI
) N} 1 [l 3 [ |
' : H i e i : [ O
' 1 1 ' L t i D
[ 1 1 1 [ ] i -
Ig 1 1 & -t 1 1 A
[ [} [ -_‘-\- ] 1 ) F
e v Rt B L7 s s s R
' Y, ' ..
" N L A
“ R S S Sioie soilc” S =
1 1 ' t - ' )
) ) ) ] \l_ v t -
||||| 1 o ‘.-i_.ll.....\ll. RS S ISR I
". H i k v K
g ' t 1 1 1 1
: A S
& : : T Dt i ' i
(Y] ' 1 ] Y T i =
IIIII - _——— —IIIII. Illl-llll.-ll’-l I-Illll- IR I
o R e ]
" A s s
4 1 | 1 Lemt™ 1 -
b ' t e 1 ' M
. t T 4 ' 1 ] 1
. .A ||||||| i i &, ] [ SV IO
TN T . 4 A T
] : A ' : : o
4 ST A A
S - I A A A <
. ! | l_.l.v ' 1 1 '
PR oY o e R dmm———— - r‘. ||||| FPoemmdm— e ho——— -
., ‘ . R, 0 i '
LR 5 1 D b ] ' | C
LX) 1 1 a" t 1 ]
- 1 1 'M t € s 8 A
' 1 I _qemt 1 ] '
: i e
g oS A B R B
Ly L
: A % N B
! O ; : ' L I
. X . 1 1 : ]
B L e iy IS R el s St
o i i H S T | 1
* : ' : Ry i i [ =
1. 1 3 ] ) 1 l..l “ " i A
e e
} t t t } t t t t
- @ @ N © 1 ¥ 0O o - o
o o o o o o o o [e]

1999

-day mean anomaly correlation for the EPS control (solid Iiné), the ensemble-mean (dashed

Fig. 3 1999 time series of 14

-dashed line) ensemble members, for (a) the NH and (b) Europe.

Results refer to the day-5 forecasts for the 500-hPa geopotential height.

line), the best (dotted line) and the worst (chain

Technical Memorandum No. 323

14



990101- 365 CASES Z500 - N. Hem. d 7

15

'DEC

SEP OCT NOV

MAR APR  MAY 'AUG
1999

FEB

JAN

Forecast system performance in summer 1999 — EPS

a)

_ U e m BN
b | “ [ " Time P
10 " " o " R " "
JO b o bl i _meT o] N S - ot - GRS O SO
+ + T 1 1] 1 1 13 [}
= - " " P " " " " "
< < b " 9 " “ ! " " .
[N RN E ] i F 2 1 -ﬂil‘ ] b ¢ I
o T : : L : S, ! ! .
< < oo toooo o demmee N boo--- i e SRRREES -
! ! s e " : “ “ [
I : : F QO s : : : :
I : : O ! : : : :
. 1 R e A b PP B L e e A ]
! T e 2 TR A
I “ !  ul © " ; " " " .
' : [ : ! : : : I
S - 8 | e paae S SO
m L fg 8 | Pamimad |
[l ] 3 U s ) l.llhlu‘ﬂ.' 1 ]
“ ' ' [ << w : S A : :
SRS SO S (i A S S - 7 S SRR SN S
1 ' ' | O 1 1 ] 1 1
] t ] L 1 - t 1 1
m i = B A e SIS by | [
" - [P N " g Y : [
||||| ' " 1 1 [e)] \ pee® o S ]
B e S N E ot T T 7 B T AlrRI= Ehakied B A
: ! ! =z uw “ Jam T “ “ 1
: ! " [ D 7)) : & ! : '
" " " - < " ~ " " "
...... IR T <L SO SR I O -t Sel TR ]
1] 1 ] s (o ' '
] ' ' ] ¢ - v ¢ '
“ " " 2 © : A " "
! " ‘ = ) " i : : :
" K ! “ [ ' “ " ‘ “ :
...... ol i S Sl S [ B i Sty sl el
m m : [ = ! : : ' “
_ . : [ “ > ! : ! :
! : : < D : : : ! "
...... U SO IO 1> DR Byl - JSSORS SORRULPIS SISO AORUPRUOUE SO I
' : ! o ! ! ! ' !
! : : [ <C ! “ “ : "
| 1 1= | R
m m m [ m m m m : : [
v | ' | LU ' ¢ t 1 1 |
! “ : [ " ” : ! : [
...... ol TTTYTTTYTTTTTTTTTY
m L iz m b A B R
" N A S
n " " N _ m " n m m
wn ~ | To) © Te) » Yol [s0] 'e] ~ el [(e]
o) s 9 3 T e g @ g5 N 5 @ g
o O o (] (] (o]

b)
<C
L
s
<<

deviation® (solid line), "positive anomalies larger than half standard deviation" (dashed line), "negative anomalies
smaller than one standard deviation" (dotted line) and "negative anomalies smaller than half standard deviation®
(chain-dashed line), for (a) the NH and (b) Europe. Results refer to the day-5 forecasts for the 500-hPa geopotential

Fig. 4 1999 time series of 14-day mean ROC-area for the prediction of "positive anomalies larger than one standard
height.

Technical Memorandum No. 323



Forecast system performance in summer 1999 — EPS

8/

990101- 365 CASES 2500 - N. Hem. d 5

........
' 1 ' ' h\ ! O
! " LA : [ L0
L o " ‘ R 4 : s
I Bt S - N LIS . O .o AU S [
S oJd bl : Py !
R | PR O SN 2
CRORORONE .y s ! [ =
0o ommaaoj: [ N [
- 't M G _‘l\ IIIIII T T T u
T : m s
I I 'T : L O
Pyl - ©
-- [ N -
| I N 3 ' [ o
: ! ﬂ " L LU
! ' 7 ' w
||||||||||||||||| L U M - Jlllll._...lllllllnl
1 " : 7
_ m s s ! -G
: " A 2
“ " NS <
TTTTTTTTATTTTTTTA [ A P 7 I A i
1 1] \ 1
: ! ! -
1 1 1 L D
! : ! =
........ R L T S J e N ks EEEEEE T, N
: " = :
! " X’ “ L=z
: ' < ! D
: ! : ) " F
FARE S 19 Y B S
“ ! : M :
" " . A " <
. ! _ =
SN S RIS ST S SN R emmenen] [
! ! EXS :
H 1 ' .R
: " .vfxl n 0
H H . ~ H <
........ bl sttt sl S \ Uil etk Rl
! ! _ ! o
' ) . s =Y
! ! ! ¢ ! >
" < : i
" o 7 0
; “ " [ L
........ T !
TR R A I S
“ " e, A L Z
" ! S AR LSS
+ t } + m
(s} 0 (aV] n -~ [To] o
[ 2 ] ~— - 0
© o © o © S
3HOOS H3ldg

1999

990101- 365 CASES Z500 - Europe d 5

T R R SR ¥
m P e Y s
“ “ ~ - i
........ JSUUSRRRRIS NOUPMPPRN . P i SNy AJS SO
: “ b ¢ L
“ | b 53)
: LT 7 [ Z
' 1 .ll )
........ RN,
o ¥ I9
: : W [ O
........ e s ST TR ST AL N RRREREEY
m m I o
" : 5 [0
........
: " : [
: : : | O
; : v | <
 ERREEE EEEREERE: e s (R O
" “ " [
" : " [ D
| " - -
xxxxxxxx ._”:::::munn.....-....- s o-......;.ﬂW:-:---..,
: : <  Z
] 1 " - U
! ! I )
........ S
: H ‘ [ >
" : ? (<
i : : | =
........ [ R A <30T
; " N - @
1 1 ‘\_ 3 P
L | [ <
........ LT
“ “ ~ Wis
| m i
: " N =
|||||||| B LT ey Y dotg— - - mmmm =
: : _ S I
: : " L m
¢
" " L L
I 1 .__a\ﬂ | L
_ _ ~
........ [ B R~ i L i S
m m m ; [ Z
R Rala i R &
t t t t t
5 § % &8 3 8§ °
o o o
JHOOS H3Hg

1999

Fig. 5 As Fig. 4 but for the 14-day mean Brier score.
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Fig. 6 Seasonal average anomaly correlation for the EPS control for summer 1995 (thin solid line), 1996 (chain-dashed
line), 1997 (dotted line), 1998 (dashed line) and 1999 (solid line), for (a) the NH and (b) Europe. Results refer to the
500-hPa geopotential height.
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Fig. 7 As Fig. 6 but for the ensemble mean.
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Fig. 9 EPS average standard deviation (a) for JJA 1V998 at forecast t+24h; (b) as (a) but at forecast t+120h; (c-d) as (a-b) but
for JJA 1999; (e-f) as (a-b) but for August 1999. Contour interval is 0.5 dam with shading every 0.5 for t+24h, and 1.5
dam with shading every 1.5 dam for t+120h. Results refer to the 500 hPa geopotential height field.
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Fig.10 (a) ROC-area for the prediction of positive anomalies larger than one standard deviation for summer 1995 (thin solid
line), 1996 (chain-dashed line), 1997 (dotted line), 1998 (dashed line) and 1999 (solid line), for the NH. (b): as (a) but
for negative anomalies smaller than one standard deviation.
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Fig.10 (c-d): as (a-b) but for the Brier score.
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Fig.10 (e-f): as (a-b) but for the Brier skill score.
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Fig. 12 Anomaly correlation skill score over Europe at (a) forecast day-5 and (b) at forecast day 7.
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Fig. 13Anomaly correlation skill score over Europe at (a) forecast day-5 and (b) at forecast day 7.
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