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This online appendix provides additional figures that help provide a
more complete set of forecast verification diagnostics.
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Figure A1: Reliability diagrams for day +1 forecasts, > 1-mm 24 h-1 event. (a)
ECMWEF, (b) NCEP, (c) CM(, and (d) UKMO. The dark line on each is the reliability
curve. The lighter grey line on panel (a) is the reliability for the 50-member
ensemble. The inset histogram bars show the relative frequency of usage for each
probability bin. The black lines on the inset are the relative frequency of usage for
the climatological distribution across all the sample points. The grey dots on the
inset histogram of panel (a) are the relative frequency of usage for the ECMWF full
50-member ensemble.
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Figure A2: Asin Fig. A1, but for the day +2 > 1-mm 24 h-! forecast.
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Figure A3: Asin Fig. A1, but for the day +3 > 1-mm 24 h-'forecast.



Observed Frequency (%)

Observed Frequency (%)

100

80

60

40

20

100 [~

80

Reliability, Day +4 1.0mm

(a) ECMWF
| B T T - —
10° A
r E"g 107 [ Fa=T L ?;f ——————————————
Lo 107 i
2 10 B
O |
85 o .
I 10°0 20 40 60 80 100 /
Forecast Probability (%)

BSS = 0.349
BSS,s0 = 0.362

1 IS T R S TS R s
20 40 60 80 100
Forecast Probability (%)
T I/
. 7/
F O~ e
2% s
Lo s
ey a
&
i L BSS = 0.235
L | I S R S S | s
0 20 40 60 80 100

Forecast Probability (%)

Observed Frequency (%)

Observed Frequency (%)

100

80

60

40

100 [~

80

20

(b) NCEP
T T T T T T T —

. 10° 7
e 107 =" == AR 4
~ UEE 10 1M . ’

85 o 7
i 10°0 20 40 60 8 100 /

Forecast Probability (%) , 4
L , 4
BSS = 0.254
’ 1 [ S .
20 40 60 80 100

Forecast Probability (%)

(d) UK Met Office

Posaes

Lo

o

10°
107
107

20
Forecast Probability (%)
s

40 60 80 100 7

BSS = 0.266

20

40 60 80 100

Forecast Probability (%)

Figure A4: Asin Fig. A1, but for the day +4 > 1-mm 24 h-'forecast.
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Figure A5: Asin Fig. A1, but for the day +5 > 1-mm 24 h-'forecast.
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Figure A6: Asin Fig. A1, but for the day +1 > 10-mm 24 h-1forecast.
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Figure A7: Asin Fig. A1, but for the day +2 > 10-mm 24 h-1forecast.
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Figure A8: Asin Fig. A1, but for the day +3 > 10-mm 24 h-1forecast.
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Figure A9: Asin Fig. A1, but for the day +4 > 10-mm 24 h-1forecast.
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Figure A10: As in Fig. A1, but for the day +5 > 10-mm 24 h-! forecast.
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(a) ECMWF CRPSS Day +1 (b) NCEP CRPSS Day +1
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Figure A11: Map of CRPSS for day +1 forecasts for (a) ECMWEF, (b) NCEP, (c) UKMO,
and (d) CMC.
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(a) ECMWF CRPSS Day +2 (b) NCEP CRPSS Day +2
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Figure A12: Map of CRPSS for day +2 forecasts for (a) ECMWEF, (b) NCEP, (c) UKMO,
and (d) CMC.
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(a) ECMWF CRPSS Day +3 (b) NCEP CRPSS Day +3
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Figure A13: Map of CRPSS for day +3 forecasts for (a) ECMWEF, (b) NCEP, (c) UKMO,
and (d) CMC.
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(a) ECMWF CRPSS Day +4 (b) NCEP CRPSS Day +4
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Figure A14: Map of CRPSS for day +4 forecasts for (a) ECMWEF, (b) NCEP, (c) UKMO,
and (d) CMC.
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(b) NCEP CRPSS Day +5
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Figure A15: Map of CRPSS for day +5 forecasts for (a) ECMWEF, (b) NCEP, (c) UKMO,
and (d) CMC.
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(a) Day +1 RMS error
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Figure A16: (a) RMS errors, and (b) bias for day +1 forecasts, both as a function of
the climatological probability of > 1-mm 24 h-1. Light grey bars in panel (a) denote
the relative frequency of each climatological probability.
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(a) Day +2 RMS error
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Figure A17: Asin Fig. A16, but for the day +2 forecasts.
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(a) Day +3 RMS error
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Figure A18: Asin Fig. A16, but for the day +3 forecasts.
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(a) Day +4 RMS error
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Figure A19: Asin Fig. A16, but for the day +4 forecasts.
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Figure A20: As in Fig. A16, but for the day +5 forecasts.
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Figure A21: Observed > 10-mm 24h-! precipitation boundary (black line) and area

(grey shading) for 25 cases with the largest areal coverage of greater than 10 mm in
the upper Midwest US. Red lines indicate the 0.5 probability contour from the NCEP
ensemble for the day +3 forecasts of > 10 mm 24 h-1.
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Figure A22: Asin Fig. A21, but for the UKMO day +3 forecasts.
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Figure A23: Asin Fig. A21, but for the CMC day +3 forecasts.
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(a) Multi-model CRPSS, day +1
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Figure A24: CRPSS of day +1 forecasts for (a) multi-model, (b) multi-model with

ELR calibration, and (c) ECMWEF calibrated with ELR using reforecasts.
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Figure A25: As in Fig. A24, but for day +2 forecasts.
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(a) Multi-model CRPSS, day +3
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Figure A26: As in Fig. A24, but for day +3 forecasts.
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(a) Multi-model CRPSS, day +4
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Figure A27: As in Fig. A24, but for day +4 forecasts.
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(a) Multi—-model CRPSS, day +5
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Figure A28: As in Fig. A24, but for day +5 forecasts.
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Reliability, Day +1 1.0mm
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Figure A29: Reliability diagrams as in Fig. A1, but for > 1.0 mm 24 h-1 day +1
forecasts from (a) multi-model, (b) multi-model with ELR calibration, and (c)
ECMWEF calibrated with ELR using reforecasts.
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Figure A30: Asin Fig. A29,

Forecast Probability (%)
but for day +2 forecasts.
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Figure A31: Asin Fig. A29,

Forecast Probability (%) Forecast Probability (%)

but for day+3 forecasts.
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Reliability, Day +4 1.0mm
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Figure A32: Asin Fig. A29,

Forecast Probability (%)

but for day +4 forecasts.
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Figure A33: Asin Fig. A29,

Forecast Probability (%)

but for day +5 forecasts.
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Reliability, Day +1 10.0mm

(b) Multi-model / calibrated (c) Reforecast—calibrated ECMWF
T T T T % 100 N T T T T

(a) Multi—-Model

o
o

100

o~10°g

0
o
2]
o

]

=]
8
s
&

20 40 60 80

Forecast Probability (7
/4

/

~ ~
N N
= =
> >
o o
c c
] ]
3 3
o o
1 7 1
2 2
[ [
o °
o [
< <4
° °
7] 0
a o
o o

BSS = ] y BSS =
0.339 0.384 0.361

0 L L 1 L 0 L L L L 0 L L L L

(=]
o
N

L
(2]
(=]

T

L
(=]
o

IS
o
T
\
L
IS
o
T
L
>
o
T
N
L

Observed Frequency (%)

N
o
T
N\
N
(=]
T
L
N
o
T

BSS =

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Forecast Probability (%) Forecast Probability (%) Forecast Probability (%)

Figure A34: Asin Fig. A29, but for > 10.0-mm 24 h-1 day +1 forecasts.
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(b) Multi-model / calibrated (c) Reforecast—calibrated ECMWF
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Figure A35: Asin Fig. A29, but for > 10.0-mm 24 h-! day +2 forecasts.

Reliability, Day +3 10.0mm
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Figure A36: Asin Fig. A29, but for > 10.0-mm 24 h-! day +3 forecasts.
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Reliability, Day +4 10.0mm

(a) Multi—-Model (b) Multi—-model / calibrated (c) Reforecast—calibrated ECMWF
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Figure A37: Asin Fig. A29, but for > 10.0-mm 24 h-! day +4 forecasts.
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Figure A38: Asin Fig. A29, but for > 10.0-mm 24 h-1 day+5 forecasts.
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