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BM i?2 /�i�b2i, kdG- kd_- yNG- �M/ yN_X
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Qmi#QmM/ bi�M/ ivT2 ai�M/ ivT2 Q7 i?2 +QMM2+iBM; ~B;?iX
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h�#H2 �Xk amKK�`v bi�iBbiB+b Q7 i?2 MmK2`B+�H T`2/B+iQ`b

K2�M K2/B�M bi�M/�`/ /2pB�iBQM
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�++m`�+v _2bmHib "�b2/ PM i?2 *QMiBMmQmb _�MF2/ S`Q#�#BHBiv a+Q`2 U*_SaV �M/
GQ;�`Bi?KB+ a+Q`2
�Hi?Qm;? r2 7Q+mb QM [m�MiBH2b r?2M r2 2p�Hm�i2 i?2 �++m`�+v Q7 /Bbi`B#miBQM�H 7Q`2+�bib- ?2`2 r2 �HbQ
`2TQ`i i?2 *_Sa �M/ HQ;�`Bi?KB+ b+Q`2b r?B+? 2p�Hm�i2 i?2 �++m`�+v Q7 T`Q#�#BHBiB2b T`2/B+i2/ #v i?2
/Bbi`B#miBQMbX 6Q` i?Qb2 K2i?Q/b i?�i QMHv ;2M2`�i2 BM/2T2M/2Mi [m�MiBH2b- r2 7QHHQr GB+?i2M/�?H 2i
�HX UkyRjV �M/ �TT`QtBK�i2 i?2 2MiB`2 /Bbi`B#miBQM #v }iiBM; TB2+2rBb2@HBM2�` +/7b iQ i?2 }p2 `2TQ`i2/
[m�MiBH2b �M/ i?2 KBMBKmK �M/ K�tBKmK p�Hm2b T`2/B+i2/ #v i?2 KQ/2HbX h?2 *_Sa Q7 � `2�HBx�iBQM-
x- �M/ � T`2/B+i2/ +/7- F - Bb /2}M2/ �b CRPS (F,x) =

∫∞
−∞

(
F (y)− 1(y − x)

)2
dy- r?2`2 1 Bb i?2

BM/B+�iQ` 7mM+iBQM i?�i 2[m�Hb R B7 y − x ≥ 0 �M/ y Qi?2`rBb2X h?2 HQ;�`Bi?KB+ b+Q`2 Bb /2}M2/ �b
LogS(F,x) =− log(f(x))- r?2`2 f Bb i?2 T/7 Q7 i?2 T`2/B+i2/ /Bbi`B#miBQMX JQ`2 /2i�BHb `2;�`/BM;
i?2b2 irQ �++m`�+v K2�bm`2b +�M #2 7QmM/ BM :M2BiBM; �M/ _�7i2`v UkyydVX �b b?QrM BM h�#H2 �X9
�M/ �X8- i?2 `2;`2bbBQM i`22 KQ/2H T2`7Q`Kb i?2 #2bi BM T`2/B+iBM; i?2 /Bbi`B#miBQM Q7 +QMM2+iBQM
iBK2b- �M/ i?2 irQ@T?�b2/ �TT`Q�+? mbBM; `2;`2bbBQM i`22 BM i?2 }`bi T?�b2 QmiT2`7Q`Kb i?2 Qi?2`b
BM T`2/B+iBM; T�bb2M;2` ~QrbX

h�#H2 �X9 *_Sa �M/ HQ; b+Q`2b Q7 i?2 7Q`2+�bib QM +QMM2+iBQM iBK2b
*_Sa GQ; b+Q`2�

L�śp2 KQ/2H dXjy jX3y
GBM2�` `2;`2bbBQM eXkN jXek
G�aaP [m�MiBH2 `2;`2bbBQM eXkR jXe3
Zm�MiBH2 `2;`2bbBQM 7Q`2bi eXke jXej
:`�/B2Mi #QQbiBM; K�+?BM2 eXRN jXdR
_2;`2bbBQM i`22 eXRy ∗∗∗ jX83 ∗∗∗

o�Hm2b BM #QH/ BM/B+�i2 i?2 HQr2bi 2``Q`bX h?2 bvK#QH ∗∗∗ BM/B+�i2b
i?2 /Bz2`2M+2 #2ir22M i?2 `2;`2bbBQM i`22 KQ/2H �M/ i?2 b2+QM/ #2bi
KQ/2H BM 2�+? +QHmKM Bb bB;MB}+�Mi �i i?2 RW H2p2HX

� 1t+Hm/2b RXdW T�bb2M;2` `2+Q`/b i?�i �`2 QmibB/2 Q7 QM2 Q7 i?2b2 KQ/@
2HbǶ T`2/B+i2/ /Bbi`B#miBQMbǶ bmTTQ`iX

h�#H2 �X8 *_Sa �M/ HQ; b+Q`2b Q7 i?2 7Q`2+�bib QM T�bb2M;2` ~Qrb +QMM2+iBM; iQ
/QK2biB+ �M/ BMi2`M�iBQM�H /2biBM�iBQMb �i i?2 +QM7Q`K�M+2 /2bF

.QK2biB+ AMi2`M�iBQM�H
*_Sa GQ; b+Q`2� *_Sa GQ; b+Q`2�

L�śp2 KQ/2H dXde 9Xyy kdX3j 8Xk9
a�_AJ� rBi? +Qp�`B�i2b 9X3e 9XyR R8Xye 8XyN
ai�iB+ H2;�+v bvbi2K dXdk 8Xdk kNXe8 8Xe3
.vM�KB+ H2;�+v bvbi2K 8X3k 9Xyk kjXdy 8Xkd
GBM2�` `2;`2bbBQM rBi? +QTmH� jXe8 jXkj RRXek 9XjN
_2;`2bbBQM i`22 rBi?Qmi +QTmH� jXdN 9XRy RkXdd eXj3
_2;`2bbBQM i`22 rBi? +QTmH� jX93∗∗ jXkj RRXje∗ 9Xjd

o�Hm2b BM #QH/ BM/B+�i2 i?2 HQr2bi 2``Q`bX h?2 bvK#QH ∗∗ �M/ ∗ BM/B+�i2 i?2 /Bz2`2M+2
#2ir22M i?2 `2;`2bbBQM i`22 KQ/2H rBi? +QTmH� �M/ i?2 HBM2�` `2;`2bbBQM KQ/2H rBi?
+QTmH� BM 2�+? +QHmKM Bb bB;MB}+�Mi #�b2/ QM � i@i2bi �i i?2 8W �M/ RyW H2p2HX

� 1t+Hm/2b 9X3W �M/ RkXyW iBK2 BMi2`p�Hb i?�i �`2 QmibB/2 Q7 QM2 Q7 i?2b2 KQ/2HbǶ T`2@
/B+i2/ /Bbi`B#miBQMbǶ bmTTQ`i 7Q` i?2 /QK2biB+ �M/ BMi2`M�iBQM�H ~Qrb- `2bT2+iBp2HvX
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