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* PAMs :: primary assessment metrics
¢ (ACC, RMSE) x (NHX, Tropics, SHX) x Level x Variable x
Forecast length x Verification time
* NAMs :: normalized assessment metrics
¢ Normalized using the reference sample
* SAMs :: summary assessment metrics
e Average of all or some NAMs

3-step calculation procedure

1.Sample. Define the reference sample. Example: all
experiments, all initial times, for NHX AC for 2-day
forecasts of 500 hPa height. Under H,, the null
hypothesis, all the members of a subset are from the same
distribution.

2. Normalize. Each PAM is converted to a NAM that ranges
from 0 (poor) to 1 (excellent). The normalization depends
on the subset. Empirical c.d.f. normalization is
proportional to rank in the reference sample. Under H,
the NAMs are uniform on [0,1].

3. Average. Since the NAMs are comparable, we may
average them over dimensions and values. Under H,,, the
averages (SAMs) are approximately Gaussian with mean
0.5, and variance 1/(12n).

SAMs for the BGK OSE

* Hoffman et al (2017) apply ecdf SAM to the data gap OSE
experiments of Boukabara et al (2016, BGK) using the
January 2015 NOAA operational system

e cntrl: All observing systems used in operations.

¢ 3polar: Retains only one satellite in each primary orbit.
e 3pgps: Like 3polar, but with few RO obs poleward of 24°.
¢ 2polar: Like 3polar but without the PM satellite.
° PAM dimensions :: levels
e variables :: geopotential height (HGT), temperature (T), and
vector wind (WIND)
e levels :: 250, 500, 700, 850 hPa
o forecast times :: every 24 hours from 1 to 7 days
o geographic domains :: NHX, SHX, tropics (TRO)
e initial times :: 00 UTC from 25 May until 31 July 2014
e experiments :: 2polar, 3pgps, 3polar, cntrl

2015 SAMs for NWP centers

* The reference samples is all =
initial times for all centers,

month by month. .

¢ Each center’s analysis is H

P618

used for verification.
° PAM dimensions :: levels

AC + RMSE SAMs for different NWP centers. Overall
ECM > GFS ~ UKM > CMC ~ FNO > NCMRWF.

e variables :: geopotential height (HGT), temperature (T), and
vector wind (WIND)

e levels :: 250, 500, 700, 850, 1000 hPa

o forecast times :: every 24 hours from 1 to 6 days

e geographic domains :: NHX, SHX, tropics (TRO)

e valid times :: 00 UTC from 01 until 31 of each month in 2015
o centers: cmc, ecm, fno, gfs, ncmrwf, ukm

NWP centers Jan 2015 RMSE SAMs
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Models that improve relative to others over time
likely have smaller model errors (GFS, NCMRWF).

GFS is quite good in the tropics, but
not in the SHX, where UKM is better.

§ =
UKM is poor for T. )

FNO does best at P850.
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1l The overall SAMs confirm the
BGK findings:
cntrl > 3polar > 3pgps > 2polar
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SAM as a function of forecast time for different levels and different experiments. Inan
‘OSE, NWP model error is expected to tend to mask the impact of the differences in ICs
with increasing forecast time. Here we see (out to 72 h) there are greater impacts higher
in the atmosphere, possibly because the data assimilation system extracts more

g information there.
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Summary and Conclusions

* SAMs are defined as the average of a collection of NAMs.

¢ The main advantages of the ecdf approach are that it is amenable
to statistical significance testing.

© The ecdf normalization is tested for two cases.
e The ecdf SAMs are relatively easy to interpret since the metrics
for various subsets vary relatively consistently.
o The OSE results are consistent with BGK’s conclusions.
e The NWP centers results agree with our prior assessment of
relative forecast skill and show some interesting details.
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