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Pw ~ Since February of 1982 the National Meteorological Center (NMC) has

been receiving, via the GTS, 500 mb height (and sea level pressure) forecasts

made from the European Centre for Medium-Range Weather Forecasts (ECMWF)

operational model. The forecasts are valid from day one thru five (in

1 day increments) from the 12GMT initial observation time. They are sent
on a 5° latitude-longitude grid coverning the northern hemisphere from

20°N to the pole. For NMC's convenience the data are promptly interpolated

to the NMC 1 bedient grid for display and for verification and comparison

between the ECMWF and NMC model forecasts. These objective verifications

and intercomparisons are the subject of this essay.

Method of Verification

All verifications have been made with respect to radiosonde observa-
tions. The forecast information (500 mb heights) is biquadratically
interpolated from the NMC grid points, to a selection of radiosonde

observation locations. The difference (forecast minus observation) and

squared differences are accumulated at each station so that monthly mean

verification statistics may be compiled with ease. In addition to error

statistics at individual stations, collection of stations are grouped
into networks to allow for summations over space, as well as time, of

the error and squared error terms.

Three such station networks are used for this report:

a) NH102: A "quasi-uniform" set of 102 regularly reporting raob

stations scattered over the Northern Hemisphere (Fig. la);

b) NA11O: All of the North American radiosondes from 20°N to

60°N and 40°W to 145°W (Fig. lb);

c) EUR96: All of the European radiosondes from 35°N to 70°N
(plus 01001) and 29°E to 10°W (Fig. 1c).

For the figures that follow the error statistics used are the mean
error (bias) and standard error of the height forecasts, averaged over

each of the three networks of stations and over time for either a monthly

or annual period.

The period of the annual mean is from April of 1982 through March 1983,

a slightly unorothodox one selected to terminate in the month prior to

the ECMWF's conversion of its model from grid to spectral form.

The observations are given a quality control check prior to the calcu-

lation of the errors. The procedure makes use of a previously run analysis

(NMC's) and checks that individual observations do not depart from the

analysis value by too great a margin. Those that do are excluded
from the subsequent verification calculations. Test have shown this to

be a conservative quality control method, only removing those observations

that are patently incorrect.

The NMC and ECMWF forecasts are verified against the same set of

quality checked observations in precisely the same manner.



Verification Results

Figure 2 (a,b,c) shows the mean 500mb height error for the entire
year as a function of forecast hour. The general tendency is for the

ECMWF model to forecast heights too low and for this negative bias to
grow during the period of the forecast. NMC performance is considerably
more complicated, partly because of the verification of forecasts at
12-hr. intervals and the inclusion of model statistics for twice-daily
runs 

In Figure 2a, NMC statistics show a generally small bias, becoming
positive after 48 hrs. and increasing slightly with time. The positive
bias in 3, 4 and 5 day NMC forecasts is not present in North America or

European verifications (Figure 2b and c). We can only assume, therefore,
that there must be relatively strong positive biases in NMC forecasts for
stations in Asian or Oceanic regions (see Figure la).

The oscillation between positive and negative biases in 72-hr. to

120-hr. NMC forecasts over North America (Figure 2b) is probably the result
of the inability of the NMC model to represent changes in temperature due
to diurnal variation in solar insolation. NMC forecasts beyond 60 hrs. are
made only from OOCGMT analyses; thus, all 84- and 108-hrs. forecasts in the

sample verify at 12GMT. These particular 500mb NMC forecasts show anomalous
positive biases that are probably the result of low-level atmosphere cooling
during the early morning hours that is not reflected in the model. This

process is not simulated in the ECMWF model either; however, all ECMWF
forecasts in the sample end at 12GMT.

Statistics over Europe (Figure 2c) show negative bias for NMC forecasts;
however, this bias is less than the ECMWF bias for 36- through 96-hr. forecasts.

The 12-hr'. oscillation in bias is much less pronounced than over North America

and, as would be expected from the time change, opposite in phase.

Figures 3 (a,b,c), 4 (a,b,c), and 5 (a,b,c) show the mean 500 mb
height error fori each month-of i thestudy for 1, 3, and 5 day forecasts
for each area. In general NMC mean height error values suggest an annual
cycle of various':amplitudes (increasing with the length of the forecast).

ECMWF centre mean height errors tend to show a roughly semi-annual

fluctuation, some superimposed on longer period trends. The amplitudes of
these fluctuations also increase with the length of the forecast but are
markedly smaller than those exhibited by NMC forecasts in NH102 and

NA1l10. The smaller fluctuations exhibited by ECMWF forecasts in these
regions suggest a better ability to incorporate seasonal heating and
cooling trends, compared with NMC forecasts.

Of special interest are the mean 500 mb height error graphs for'
area NH102 (Fig. 2a, 3a, 4a & 5a). Figure 2a shows that the annual mean
error for NMC forecasts is small regardless of the length of the forecast,

while ECMWF forecasts show increasingly negative values (heights too
low), making -17.5m at 120 hours. For individual months NMC mean error

values are either quite highor low and tend to cancel in the annual
means. ECMWF monthly errors, although variable from month to month, are
less so than NMC - ECMWF shows a more consistent bias which may be easier
for a user to contend with than NMC's rather more variable bias.



Fig. 6 (a,b,c) shows the mean standard error for 500 mb. height for
the entire one-year period, as a function of forecast hour. As can be
seen, the ECMWF model consistently outperforms the NMIC model. In addition,
the lines diverge in areas NH102 and EUR96, indicating a slowly increasing
advantage for the ECMWF model as forecast time increases. In area NH110,
the lines are nearly parallel beyond 48 hours.

Fig. 7 (a,b,c) show the monthly values of mean standard error for
500 mb height forecasts (24, 72 and 120 hours). The ECMWF model's superi-
ority over the NMC model is quite consistent. The various pairs of
curves are fairly parallel, especially at 24 hours, and there are few
points where the NMC model is better than the ECMWF model. Both models
exhibit seasonal cycles (maximum error in summer, minimum in winter);
however, changes in the model's performance with respect to each other
seem to occur in a rather random fashion.
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Mean Time Advantage of ECMWF Over NMC

Another informative way of looking at the relative merits of the
forecasts from the two centers is in terms of how fast the errors grow
with length of forecast. In particular the relative error growth can be
couched in terms of the time advantage one model may have over another.

This can be defined by reference to the annual mean standard error vs.
forecast time charts presented earlier. The "time advantage" is the horizontal
separation distance between any pair of points on the two error curves.

It represents of course, the number of hours (or days) that one model is
ahead ("better") than the other; for example if the 4 hour forecast error

of the ECMWF model is the same as that of the NMC model at 14 hours, one

asserts that ECMWF model is 10 hours "better".

Rather than extract this information from the annual mean error vs.

forecast time graphs we have turned to monthly mean graphs (not shown).
This enables us to indicate how much variability there is in the time
advantage over the course of the April 1982 - March 1983 year. The
calculation simply involves the tabulation of the time separation of
the ECMWF and NMC forecast errors for the points 1 thru 5 days of the
ECMWF forecast, followed by calculation of the mean and standard deviation.
The results are plotted in Fig. 8 (a,b,c) for the three verification areas.
(We have assumed a linear variation of error in the NMC error curves between
the 12 or 24 hourly verification times.)

In the Northern Hemisphere sample, (Figure 8a), ECMWF forecasts
based upon data from April 1982 through March 1983 are more accurate than
NMC forecasts by about 5. hrs. at one day, 10 hrs. at 3 days and 15 hrs.
at 5 days. Corresponding figures over Europe (Figure 8c) are about 8 hrs.,

14 hrs. and 19 hrs. In both of these samples, the change of time advantage

is quite linear, with forecast advantage increasing at a rate of about 25
to 3 hrs. per forecast day. Over North America (Figure 8b) the advantage
is about 6 to 7 hrs. at one day but the rate of increase is only about 1.5 hrs.

per day. 

Although the points in Figures 8 (a,b,c) appears to be linearly related,
it is obvious that that is partly an artifact of the restriction of
comparison to forecasts out to 5 days. If we assume that neither model has

skill beyond day n (where nis probably in the range from about 7 to 9),
then-the advantage of one model --over the other should disappear at day n.
Thus, the advantage may grow in an apparently linear fashion for some time,
reaching a maximum prior to day n and then fall to O.

Because of the clear advantage of the ECMWF forecast as-early as day 1,
it is difficult to assume that the superiority of the 500mb forecasts is

due largely to more sophisticated physics. This may undoubtedly be a
factor, especially in the longer time ranges, however, the later data cut-

off (9 hrs. compared to less than 4 hrs.), differences in the.analysis system
and higher resolution in the forecast model all must play a role. It will
be interesting to see how these statistics change as we increase the resolu-
tion of the NMC forecast model, improve the NMC analysis scheme and then
gradually introduce more sophisticated radiation, boundary layers and
precipitation physics.
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MONTHLY MERN STRNDRRO ERROR FOR 500 MB HEIGHT FORECRSTS:
emu l ,HR ECX2YHR NHC72.HR X X- ECM72HR
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MONTHLY MERN STRNDRRD ERROR FOR 500 MB HEIGHT FORECRSTS: EUR96
NHC2qHR ECH2qHR NHC72HR - ECM72HR
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